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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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“Development of new technologies for 3-D magnetic recording architecture.” spectrum measured on a 800 nm

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.
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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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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).
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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).

Resistan A (ohm)
I T E

~
o
o

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
Yasuhiko Hiranol, Keisuke Yamadaz, Y oshinobu Nakatani'
'Graduate school of Informatics and Engineering, University of Electro-Communications
*Faculty of Engineering, Gifu University

XU ®IC

T, TV x vy Ax— - SERMAAEH(DOMDAME < SR RERIZ VT, AT — I A 2 QAR [1]0F 2
IRRERERSEN2) e ENBII S TR Y . DML BAENERT 22 TOMERNERE SN TWD, LNLRRL,
DMI O K& S 2 EEN 2 FiER, ERICHEERNEFEEZ BT SRENH 5[3], £7-o DMI E% HIE
THHEE LT, MERE 2 WD TER ERH D0, K052 DMLENHIE T 5 HENRKD
LN TS, ABFFETIE DMI EZRIET 5 HiEE LT, \BEBKIE GELE DMI 2 SHBIRT 4 A7 DK
R 2 AWD e~ 7 u~I 32T 47 Ialb—va TRl

HELME - FiE

¥ a2 b— 3 Tl CoFeB DM EHERZ HIV =  SAFIREL 1500 emu/em®, ZZHAAT ¢ 7 F AEH 3.1 u
erg/em, BEAUEL 5 PEEEL 14 Merg/em’, BER AR EL 1.76 X107 rad/(s* Oe). 22 E %K 0.1[4], DMI 1% 0~3 erg/cm’
OfE e Ui, MBRT 4 A7 1250 nm, BEE 1 nm & Lz, BRSOV AN ,1301~3ns & L7z, ¥ Ial
—a T, FERT 4 A7 OYIMBCRIEZ mE L& & L, miE R & OAMBER (HP) % (s)fm
R AV R DA M % G~ T, A5 FITx L1000 B OBME KR Y X 2 b—3 a3 U 2T REBERZ R T2,

e

112D =0,1,23 erg/lem’, t, = 1 ns DHFH O SRR L 5 KEBHEROZELER~T, KLY, DMIEOH
e SR KEEE RN B35 2 L 8D, K 2()(b)c, D=0, 1 erg/em’, £,=0.1~3 ns DFEH O, BARIL LT
BRI X B KR O L EZ R~ T, (I D 7V AEIC L) KRR N LT 5 2 LR bd, 72X 2(a),(b)
DX Y D=0 erg/em” TiLt,=0.1~1.0 ns TOXIEHERIIEFE T D DIx L D=1 erg/em’ Tix1,=0.1
& 0.3 ns DHEEREZRD 0.1 LLEDFZAITRY —83 2525, 2L EO SV REOFERIT—FH L7222 &3
o7, UEDORERLY | NV REEEZ CREBMHERZ KD, KBWR 2881 L7z L&/ LV AETOE
DaFHRDHZ L TDMIEZRIETE D REMENH D Z ERbhoTe,

1 " 1 T T T ] 1
QL Ay &!‘
0.8 o A "
&K
4 5 8 ¥
. 0.6 - s o A ¢ .
" | i°? & a0
0.4 9 D=0 erg/cm’ i o 7,=0.1 ns 1,=0.1 ns
A S 1 erg/cm B 1,=0.3 ns 1=0.3 ns
0.2 N 2 erg/cm® ‘@] 7,=1.0 ns ‘@ 1‘=1.0 ns @
3 erg/cm? A 4 1,=3.0 ns t’=3.0 ns &
04 0.01 £ 0.01 LA P Mkl
1 1.5 2 2.5 3 3.5 4 0.40.50.60.70.80.9 1 1.11.2 0.40.50.60.70.80.9 1 1.11.2
HEXT(kOe) HEXT/va , HEXT/ SW )
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
Shun-ichi Takamatsu®, Keisuke Yamada?, Yoshinobu Nakatani*
1Graduate school of Informatics and Engineering, University of Electro-Communications
2Faculty of Engineering, Gifu University

X C®IC

WG AT ) O—FETH S SpInRAM 1F, AE VEAH A XE/NEL T5 L BXARERE/NE S TX
L1720, REBAEVLEBINMEOERLRBIHENTNS, L, AFVBAY A ZDNEL D L, B
BENVEDRRIZNIROTEN B D, ZOREE RIS 571k LT, FER & Ty % Dzyaroshinskii-Moriya
ZhE(DMI) DI B % HALHME, DMI BRI K 0 BEHAROBALEE N 2T 2 72912, SpInRAM D Fiék/E
\Z DMI 258 L1256, BALISHEN 2L L, KIBERSCARZEENENT D2 EnEx b5, Ll
RN, DMIIZ X » TEVZENME 2R - T2 £ 2B T2 0IERHATH D, AFZETIE DMI 2RI
X BOREEROENE, ~A47u~I X T 4 v 7 v Ialb—varyzl0TRi L,

RS

a2 b— 3 TIL, SpinRAM DOFtekE & LTHEET 1 A7 2 HWne, ¥ alb—va VW CTHWZME
EXL, fFE L 600 emu/ecm3, REAKIEIESEL 17.6 Mrad/(s + Oe), ZZH#AAT 4 v 7 1 AEH 1.0 perglem, ELE
#5001 & L7z, M7 4 A7 R(D)LEF 15~60 nm, BEE 2 nm & L7z, A E IO/ AME ()1 0.1~
0ns & L7, Yalb—rar T, ETHBRT A7 ROBMERI L, BVZEMERRE(4)28 608E 725
R STMEES & DMIERIC L D EOMAEHE (DMI E$IE 0.0 erglem? 7> 5 1.0 erg/em? D# T 0.2 erglem?
A F) BRIz, W, BONMAGDEEHE ST, MET « A2 HEICHE SR (@ ) ~A Bz
Zy BT DT 4 A7 ORKERERGF) 2 KD, DMIEE L FET « 2 7 BOKRIEIEE R~

R

1 D)@z, DMIE#., »SIVANE, T 4 A7 A XX D KinER DO ZE{%7~7, D=1530nm T
IFE OV 2 DOEEIZ, DML ZRIC L 0 KERE 238 L72(1X 1 (a), (b)), KExFENEIX D=15nm X Y & D=30nm
DFPP U, bR BASNTZDIE t, =0.1ns D & =T, 33~48%jH L7z, D=60nm O#1%, DMI %)
BICk > TREEBRAEMLZ (M1 (). £7-. WTFNDOT 4 A7 H A XTH, E/7ULZADEA. DMIE
oM e & HIZEEERITHEM L7z,

2 2

3 ] a
18 T 05N el L i X- ;
: 16 fetne O tel mdne O 342
§ = 314 - ¥ S > =
Qg o2 o2l L ]
~ = 10 " - e
08 08
: ‘ 0.6 ‘ ‘ i 06 ‘
0 0.2 0.4 06 08 1 0 0.2 0.4 06 0.8 1 Q 02 04 06 08 1
D(erg/cmz) D(erg/cmz) D(erg/cmz)
(a) Switching current at D=15 nm (b) Switching current at D=30 nm (c) Switching current at D=60 nm
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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Emission Power Analysis of Spin-Torque Oscillator: Micromagnetic Simulation Study
T. Tanaka, A. Furuya, Y. Uehara, K. Shimizu, J. Fujisaki, T. Ataka, C. Yoshida, H. Oshima*
(Fujitsu Limited, *Fujitsu Laboratories Limited)
FLHIS
AV MV REEFET (STO) IFAE Y R T AT7 7 — I ZRIHLET NS ATHY, F 7 A 75—
B A~ A7 o R IERE~OIEHBHFES N TS, BIE/T —1L STO OMRERIEDO—2>THY, 7V —
JBORKE— RROMED T = T U I NVETEBSNTEMT 20, ~ M 7 a~ 7 %7 4 v 7 Z2dimA—4
— CRHMLDER & FLik 32 Z E N TE 572, STO DRI/ Y —RIET— FOMHICH N2 TIETHS.
Sl ARERIEE A I/ a~ TR T 4 v 7 A FAWTHE A e A XD STO IZOWTRES & B+ 21k
ST A OFEEZITV, IR NT — OBk & 2 ORK AT 5.
SEAE
FHEICHWZSTO R Z V=, V77 Lo AE, BEVENLRDHFFTHY, TOHELK 11RT. STO
D7V —f@LY 77 LU ABIIAY Y MVY EE[E LT LLT O Landau-Lifshitz-Gilbert 52Ut » TR
%@

oM _ Y
ot 1+a?

M x (Hosp + Hoap) = 13- M x {M x (aHepy — Hop)},

1+a?

Hs = Seton ey
Z 2 TMIE#EA L2 b pld MgO J& ZERA TIRANNE D T ORUEAL SIVIZRELS T RV, Hopp I3 BIIER
NI R yIE Yy A BEERTER, alIF oV TTERL pold A ARIRIK T, JIXERE L. SITEE. Mol
fafibcdH 5.
fE
STO 12 L CHEA 7o E B AEIIN L, RBIE/ XU —& 3R L7z, X 212 STO O EAN 200nm OHFAITE
T DRIENRT =D~ v TR SNBLIAR A 2k0e 2> 5 3k0e (2T T, IR/ U — TR OB KIZ o3 T
DI B, BERD 4kOe IZUT S\ H T2 0 ML FEHKT 5 2 L AR TE 5. YHITHR TV A Xk b8
HE O T, FHIREBOFEMLRITIC OV THET 5.

Power(pW
S 3.6 x 1011
< 2
_— f’_i 9.0
- Free layer (FeB)/ T 75
K — A =
3 S Mg — <
b — z 6.0
E-f i\lREfl:%(fﬁcc'ff % 25x 10t 45
= E s
“Pinned layer (CoB)” 3
1.5
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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The faraday-effect and transmittance of Co-MgF, granular film prepared by Co-evaporation
M. Miyamoto* **, T. Kubo*, Y. Fujishiro**, K. Shiota**, T. Sato**, M. Sonehara**
(* Citizen Finedevice Co.,Ltd., ** Shinsyu University)

X C®IT

EAECIIAE Y IR E BN MRS FEMAE CTh 5 2 & L EMTh 5. Bk S 72 B8 4 B R L
D L7 & X, EATREEHTA U DA EIRESRRC oA L LTBllENG. 207777 =%
Z R DR 7‘5%"7“‘/*‘4’Xa’&of T (=(5506) TRE O ITR b BEERREDO—>THS. VIG
fidnlx, 74 Y =2 = S 2 BRSO MBI ORE TH - C, @ L LT HITE, Ce EH# YIG
MR V7 3R é:hfb\%a. F 72, Kobayashi HIE, A & ARIMEIZ 23T THieD T Wi B & ROl
BEtEA L & LT FeCo- (Al-Fluoride) 7' 7 = = 7 —#filfi & i LT\ 5 2. 2Kﬁn L FUNBEES SR L CRE
INET BN T 7 7T —F T EGDHZEEBREL, 9@%&4@@5& LT Co %, vhVU w7 RE LT MgF, ZHW
7o CoMgF, 77 = o 7 — A KM T CERLE. 2o&EAE L 7 7 77 — 2RI OV TREN L7265 5%
WZOWTHRET 5.
ERGE

Co 3 LU MgF, Z Bl # DG D AT S, R UHEHEET 7 A (D263Teco) FEt L TRA - HEET 5 Z LT
K oTr =7 —HEEET-. Co & MgF, DIREIX, THENOEEL — Mo Tarhe—1L, #
FEEL Co:MgF,=1:2 725 KO ICEME L=, Al o BB B 1, <70, 250, 350, 450C& L7=. F7=, Z
B OFRBHIRIFES IZ B 22 W C 500°C X 4h O FTT =
— VB 2T oo, BHREHZOWT, FEHEOPHEE LG
Ty ANRN—m Wit T7 7 77 —REEHELEEICT,
A =1550nm DGR A VW THRIE L7z,
ERER

Fig. 112, Co:MgF, HEff L — Rk 1:2, JLHIREE 350°C,
JES lum CER SNV T =2 7 —lilEOFERFEZRT.
FSREE R D FEAR IR BE I PR U Tl IR L, FRICRSME
L’%U‘T%b\’fﬁ%fbfﬁ %*ﬁbuﬂ 7£éi§iﬁ$@iﬁ— 4?00 660 860 1600 12‘00 14‘00 1600 léOO 2000
Co & MgF, DA BEL 777 = 2 T — il D Co K- Wavelength (nm)
BICEAR L TWD EEx LS. ERL LR Ukt ke
BRI abliik s 7 7 77— —T7%, Fig.2 I
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Fig.1 Optical spectrum of the Co-MgF: granular film.

Y. 7T =a T BRI B E R R L, 20 4 —— l—oeAE
BAALHIBR T Langevin BISICAE D . LA L, BRCEIR T CfF G| 7 T on el 0000822043
WSNT CoNgh, 7/ 7 == 7 — L, L +5ke @ »f 028
TR A ZR L, RN Th 7. BES bz N L, E
D ORFT 7 77 —RERAIEK) 0. 44deg. /um & ARSIk & . :
LR & R MENE BTz 2 2 g
S R :ikgooﬁo AOA%
1) Mehmet C.Onbasli et al,, Nature Scientific Reports 6, El :E _‘8 _‘6 _‘4 ‘2 (‘) ; ; é; é |06 =
Article number 23640 (2016). Applied magnetic field (kOe)

2) N.Kobayashi et al, Nature Scientific Reports 6,

Fig.2 Magnetization curve and faraday-loop of the
Article number 34227 (2016).

Co-MgF?: granular film.
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FeCo-MgF F / 7' F = 2 7 — I 1T 5 & A TMD %h

MBS R L AREE T # R 2 RHE
(FEREPPBIIFZERT 1 AL BER T %)
High frequency TMD effect in FeCo-MgF nanogranular films
K. Ikeda®, N. Kobayashi?, S. Yabukami?, K. I. Arai'
(Research Institute for Electromagnetic Materials®, Tohoku Gakuin University?)
IXCHIT
T 7T =2 T —@EIE B nm O RSB AR IR O~ b Y v 7 AT BES S E A A LT
BY., BESROSARIISC T, mARRESRERE, b VRS (TMR) 2R Eovttzmd 2
ETHONTWD, Fex DI NV—T1%, FeCoMgF F/ 7T =27 —RIZIBWT, 30 at. WL T D FeCo HHLAIHK
ICBWTHBRMELZ T 2 L2 L, MR K> THEERVEIT OMAFEDIREZFIT 52 &2 /L
L2V, ZOMKFHEDRIL. BT 2RO b R UREIC L > TIER SIS ELKRIR -, 370
B b VAR GEE (TMD @ Tunnelling Magneto Dielectric effect) 20312 K - TRl S, BBk R o -
YAIGBIZ Lo TEDRMENR R ELS BT 2 PSS D, FHT. bR VREOEMEH OZ(IX, 7FE
BOEEEFECRELSEET L LTINS Z LD, FeCo ML DHIENT X - TR 7RI #EREZ 28 2 7230k
ZAFRL L AR ISR ORI RS B OWIE 2 VT JEE 35 B R & il L 72,
EBRGE
F T =27 —EEL, FeCo & MgF, # —77 > EHW X T AA Ny ZIEIC K > TRl L7, Al
1% 200°C DIMEAGEPHR TV, Ar ZRPHR(L P)lcB W T, ARFER EICR lum B LTz, EhEho X —5
v NOBEBHNEEZD T LT L > TR ZE X TR B 2R U 7o, MG TIE WDS, HofliiiEi X TEM I & -
THEAT LTz, BEAHhBRIZ VSM Z FIWCHIGE L7z, HEEERIT, 7/ 77 =2 7 —HEE BT Au EMCIZAK
Lz a7 L —FRUYRERRE (B0QHEE KRB DY 7 I - 7T v REOBRKEEREZMEL, 7/ 7
T a7 L AR EOBINEEZEBMA S I 2L —a VOFREBR LTS Z LI o THEE LT,
REWEZ, *>y hT—2TF 749 — (R&S:ZNB20) % V>, 1 MHz 7>5 10 GHz O J& ik CilllE L
7= TMD 20RO BT, SR TR 1 kOe DBZSR 2 FHIN S
LN REZFTLZEICko TR LT, Sonw
EBHE R e
Fig.li2 7/ 7T == 7 —#ROWE TEM % 47~ 7, FeCo ki
(KFED) 2AMgF~ R U w7 2 (BI0) 12 B L 7eEnBlEZ s
TW5, FeCo DN LV, FeCo ki1 DFETF DRILE &
Wi M BB O D3RR S D,
B ER O B E A Fig.2 1R T, EEER (SERH) 1. Fig.1 TEM images of FeCo-MgF films.

AR HAEIE I 3 T FeCo 30at. %t Bt DN Em < 7> TEY 80 I eto 2 L% - Caleulation
TEFIE B E D RABALZ R LTV D, 2 ORERIL, FeCo kDl 570 —FeCo 30at.% - <Calculation
NS U C B8 2 BebbhE TR DRSO+ 5 2 Lo k0 K 220 [P

FHID b2 X ASHOBRN AT 5 2 L ICRET 5 52 §ao Sy S

511 %. Fig.2 ORI AR 534 2 Y Afu7= Debye-Frorich 2 ;g =S N
EFETNVICRDEEMETHY . T/ 77 =27 —@EOFEREMNEZ 249

BLHBTEZEMTE D, ZOFECHOEMFLIL, FeCo 0

HLRRIZIE U Cilh LT 0 | TEM B TR S L rohs 1 B LY pequoney (v 100
/ﬁ/}\ & j—”ﬁ Lf:%%ﬁ%% SNTND, Fig.2 Frequency dependence of relative
ECER permittivity.

1) N. Kobayashi et al., Nat. Commun. 5, 5417 (2014).
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Magneto-optic effects of metal-fluoride nanogranular films with optical transparency
N. Kobayashi, K.lIkeda, H. Masumoto*, S. Takahashi**, and S. Maekawa***
(DENJIKEN, *FRIS, Tohoku Univ., **IMR, Tohoku Univ.,***ASRC, JAEA)
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FRIGEMEDG DAL, EHIT~ MU v 7 A AR OfG R ED A B LOGEEERTOND Z LB nnoT
AHE T, FeCo-AIF -/ 7' T = = 7 — D iFim k& KR £ - RIC O W THRE T
5.

SEERAE - HIRERH T, BRI ANy ZIEEIC LY, X T MBI TERIL .. #—4 v M X FeCo
A AR (T5mm ¢) &, MgFe By R BERE FIA(TAmm ¢ ) % 7o, BRI, & 885 65 (WDS)
ZRAWTHONTL, BEMRITIE, &oMEERE FIEHEEHRTEM)IZ X - TiTo 7. O XEEE,
7 — U BN IEFTIR) 2 W CRIE LT, £/, BGP ChRERELFHAIL, ZoZ a2 llE
L7z, WeAbph#id, REFCEMEIEHVSM) 2 FHOCTHIE L, 245 OBEH ORIEIZS W CIIRS I
FPEATICHN L7, 1, SHEIL=ER TITo 72,

#ER - X 1121% FesCosAloFer XD KB DI BARAAE, B 2 (i3 bRz~ i, WET
PR R D 400nm LA F 22 Btk 2~ L, = b U » 27 20 AlF; YR & AR ISV R IZ DT - T
EODEBBMEEZ TR L TWAZ ENbnd. £, BALHBIIERBRILEEI e AT U VA EA L,
CDENBEMETH D Z EN D, 7/ 77 =a 7 —BRIZBIT Mt & RO MmN, =0
T FeCo A& DD 7 7 =2 — VZRIA L, JeBRRtEiE~ b v 7 A2k 3 5 AL IR
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Fig.1 Optical transmittance of FegCosAligFs7 film. Fig.2 Magnetic curve of FesCosAligFg; film.
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Quasi antiferromagnetic layer by using 90 degree magnetic coupling through magnetic oxide layer
G. Nagashima, Y. Hirayama, H. Yuasa
(Kyushu Univ.)
HREN
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JEIE 90 EHAMEA LTS Z ENbnd, ZOECTOH, 90
JERERFE B DFBL LTz, Z DR % @& s finelkii TEM B2 Cfig
RBLIZEZ A, ItMn EERKEWNE T 7 X AIZL Y CoFe(A)E
EB)ETAHL UV E R E L TWEZ ERbh ol £,
e BRI EIV/ NS E Fe BB b SN TITFE > TR . CoFe(A)

Annealing field

L=

Applied
magnetic field

M (emu)

-0.001

200 /100 0 100\ 200

J& & (B)E TR G Z L T\l LbhoT, 7 HOe) 7T
Fig. 2 12 90 FERGAUE & A3 FERR S 4172 30BE D FMR JIE 5 5 % 7% LAX” Y rid

9,20 GHz LL FCT~7 U —J& (CoFe(C)@) DA FMR I S 41,
SRR E  (CoFe(B)E) @ FMR @I S 72dv-~7=, =  Fig.1 MH curve and the schematic image of
M. BUHREEEE O FMR 23 Sub-THz $:Cdb % & F il S . magnetization of (A) ~ (C) layers in 90 deg
KRERTHNZEE TIIE TERN -T2 TH D,

PLbEX Y B SORBENEE 2 BT 5 Z L ICHPI LT, A%
(&, BRI TRIETERE O FMR ZBLHI 2720, BeUUSGREMEE O
WXTIR 2 HIH 2 TETH D,
Eilsa

FUN R ORI LEdE, BB, F S AU VSM illE T, Juil ©
KFORFER, REB#E, LA, FIF ST =—)L

0 deg 90 deg

20

o
2

f(GHz)
(GHz)

. . . N -1000 0 1000 -1000 0 1000
WELE FMR JIETIWH W& £ Lz, ZOMEO—IEx H©e) H©e)
Y MR AL [EEEFEORIAED I X v iThhvE L, Fig.2 FMR spectral mapping
BE R
1) A.S.NGfez etal., Phys. Rev. B 73, 214426 (2006). 2) Z. \ei etal., Phys. Rev. Lett. 98, 116603 (2007).

3) T. Moriyama et al., Appl. Phys. Lett. 106, 162406 (2015).
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ANy ZIEIT KV R L7
CoFexO4 R DM & & fi S ik

JIE 780 - #RE Sk - AR 1 —
(B ERTFE R¥ER B LR
Microstructure and magnetic properties of CoFe,QO;, thin films fabricated by sputtering method
T. Kawakami, K. Kamishima, and K. Kakizaki
(Graduate School of Science and Engineering, Saitama University)

1. %&

AR, 7 —Z EOHEMI VD, BEARGEEREAR I3RS B se sk B B L3k O H LT D, CoFe,04(CFO)I
HilE LT 5 2 L THFICRE MR 2~ L, ZIC/ERATETH D 2 L2 b mE ERKGLEEA L LTo
ISP SN TOWDHMEICH D D, RBFFETIL O H ARG EASIE LA S USRSy ZIEIZX Y CFO
A B RCA AT T A BAR FICRIE L, & ORI E R X OKEHEIZ DWW TR O THET 5,

(!

2. EBHE v CoFe,0,
CFOMEII M~/ R bRy AR F B L VRE L, ¥—4 MMM . O, partial pre;;t;/l;e
v T Fe FI4E(76 mm?) EIC Co F v 7 &R A1 7= b D & 4 u . T .

L7z, F v /3—M%& 60x107 Torr LAFICHES %, Ar B8ETY 5 | el F 15 %
O HAZMAL, 2[E% 10 mTorr & L=, 20K, MENLE = MM”“ o
Jspe == . b= Wi, v " (]

0~20 %D HiPH T S H7z, BAEIIT 4.4 Wiem? & L, RIEK) Z Lot -
50 nm & 72% K5I ARTIEAH T A IR L, (ERLE E | ey 5%
AUBEO A 1T X RRIEIT R (XRD)IC X 0 f#bT L. BEAURRIE 13 e g 8 'OW
Yo o

REIINRE 20 kOe DIRBYREVILREL A FHVSM)IZ J 0 7 L7z, I (R o

15 25 35 45 55 65

L BREBLIUEE 2 6 (degree) Cu-Ka

Fig. 1 1 XM 43 )E 0~20 % ChlME L . K&, 800°CTC 2 Kiffj#AL  Figure 1 XRD patterns of the CFO films
. Py ; . S e deposited at various Oz partial pressures, then
. 3 B PN S
HLL72 CFO WO X BRIEIT &7, 2TOFRPHIB T post annealed at 800°C for 2 hours in air.
CoFe O FH(311) [ 72> & D[RR HIL T Y . CFO DA RS

T&E5, LnL, Z#b D CoFex04 HHDEIHTIREL 1T/ & < #f fntE 12 400
TR 720, ZHUTEEIOBEE 23K 50 nm & # < CFO OffdbkL ¥ _
FTREE LR led B b D, £ICMEFE T 0 %DEETIX = 300 5
CoFe,04 H(400) i 00 T & 78> B 5, g @ E
Fig. 2 12246 OBt fafi LM Ms ). BN 7 m O RiE ) :‘g 6 v 200 §
(Ho). 35 J OVEEI T 17 11 D RBE S (He L ) ORER B TERAPHE T, § g
BT A9 300 emuleme T %, —H . RBEIIIEESE 0 %D © Hey 100 &
SUEHC 3500 C He =10.1 kOe, Hoy=3.7 kOe Ty 0, IR A 2 >
BT, ZHUCK L CERFE Y ED EFIZEN, He & Hey DDV o - = - "
S 7Y, BRMNCET R E 2D, RE R TNINE & Fafl & O, partial pressure (%)
DEWFZIEROEICI VAL AEERETEE FHOEMRFESLZLDS HD Figure 2 Magnetic properties of the CFO films
LEZHND D, deposited at various O2 partial pressures, then

post annealed at 800°C for 2 hours in air.

S E R

1) T. Niizeki, et al. : Appl. Phys. Lett., 103 (2013) 162407.
2) S.E. Shirsath, et al. : Sci. Rep., 6 (2016) 30074.
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BREERIC L2V N7 2T 4 MEREDOE LSRG HEH

/NEFE VR, B E—ERT, )1l 8 E %, Sonia Sharmint, M ZEA Y
(LA RS, 2. 998 FA)
Control of epitaxial strain and magnetic anisotropy in cobalt-ferrite thin films by buffer layers
H. Onoda?, J. Inoue’, H. Sukegawa?, S. Sharmin®, and H. Yanagihara®
(Univ. of Tsukuba®, NIMS?)
IZC®IC
MgO(001) FIZE B X v ¥ Lk S 7= 230 7 =7 A b (CoxFesx04:CFO) I TEE i 5
Mam L, FOREMRESTIET RLF—Ky 1T 14.7 Merglem® (233 5[1]. = @ CFO/MgO(001) i
B B MERRESVEIL, R E O RIS (-0.48%) 12X DBERMENRETHEL D EHfiE ST
W5[2]. —F T, MgAI04(001)iZ CFO % ik 2% & miNEMEE A EA S 4, K, =-60 Merg/lem® 234
C5[3]. ELLOEM EICHKIE L7260, FHESd K ldEICK UL TRIBIZELT 5 2 & A iR
Shiz. LIno>TZ O TEOHFTIX, CFO ORISR T IEITHS R Th 2 Kz RIC X
STERMICHHTE D, 20728, 3 ANREOFRV EZEAT L2 LT, I HICKERBEMK
RGMEORBNYFFCTE D, £ 2 TAIMIETIE, MgO &L TR TERORE WA E R VALY
Mg2SnO4(MSO) & 5T & L CEA L, Z® EIZlEE L 7= CFO EDE & BT DBtk & EBR i IC
HONZTHZ L& LTz,
HiE
TRME & T & 5 MSO(001) & B fES: MgO(001) 5tk iz Mg &% — 7 v v & Sn &g % —7 v b & H
W2 2 SR ROSHE RF ZAXy &2 ) 7 KRR L7=. MSO IEDBEIREIE 10 nm & L7z, #il\ T,
CFO(001)% CoFe 544 —47 v N & AW RIGHE RF 223y 2 U o 71 7C MSO(001) LIz fERL L 7=.
CFO EOMERLE, FEMENE 500°C, BAFEE 8scem & L. BB & L, S i E R
(RHEED) - X fE#1% - i by 27 JIE - BALRIE 21772 > 7=,
EBAER
MSO(001)#3 & OF CFO(001) sk fEit% @ RHEED i3 3 4 I T I
HARY =2 Ths I Linb, MR THOB 0.62
FEElRELTWD Z En o o7z, Figl 2 CFO(5
nm)/MSO/MgO(001) I 351F D A B R /L(L15) 35 D Wik 1 0.61
~ v 7 (RSM) %R, XHIZR L7z XEIE, MSO & CFO
DAL D& F-H T 5. 2 DOMiks T H AN UAEHh o
B EICIW ST & D CFO DN O EEH MSO D%
EBITHR I TND Z N nDd . W1 RO ED D
A EB A RDTAER, cinplane = 1.83%, gperp. = -1.52% D E
28 CFO RICEAINTWD Z ENER S NT-. BRIV
7 HIEDOFERNE, Ky 40 Merglem® 2 2 5 Z & D3R 057
Shiz. F£7=, CFO OEEIZE, BASINENELT
D EWGhoT. 0.56
Y HIE, ERRICNZ, CFO OFIRIEIZK T HH T
B LR OTHIIC S X, BRI & 0 BURIC 0.15 0.16 0.17 0.18
2R -
O;;;gnmﬂﬁé. Qin—plane (A : )
1) T. Niizeki et al., Appl. Phys. Lett. 103, 162407 (2013). Fig. 1 RSM of CFO and MSO (115) on
MgO substrates. (CFO thickness: 5 nm)
2) J.Inoue, et al., IEEE Trans. Mag., 49, 3269 (2013).
3) MM 2 39 Bl H AR ilTiRS 08pB-14.
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Mn,VAl/Fe FEE I 351 B AN A T AHpE DO BB S K A7

TRAA L, kR, ERES L2, mAeLE
(0 AL KPR ISR, 2 BAb K A B b o= RAREE S E o 4 —)

The effect of the annealing condition on exchange bias properties of Mn,VAl/Fe bilayers
Tomoki Tsuchiya, Ryota Kobayashi, Takahide Kubota, and Koki Takanashi
(‘Institute for Materials Research, Tohoku Univ., 2 CSRN, Tohoku Univ J)

B
i

N=RF 4 AT RFA7 (HDD) OMR Ly RWRT v X LT 7 8AAE Y (MRAM)R EDAE Y b
%727*/\4’2 A AN TREERANSN TS, AL LT HOKEBEMERIT— AR

XV pEEET A O A B E T AEE A H S TV A Ml ITE A SR L E T e v X o IR
%ﬁiféﬂﬁm&ﬁﬂf%étw ANV TREEIRS AL TWAER, rlIfmdE&RTHY ., T
FHIK A 72 B DEAZEOHIBNE EL D, AW TIE Mnslr O ELE LT, A AT —54 Mn,VAL
WHER Lo, BOBRMMER A AT —5B481, Co-Fe B8N —T A ZIVIRA XA T —Ha872 DA iR
FIVO RGP & B RSN B S Rt o] EAWIFFCX 5, il RIEEMERA A7 —G8% AW R
BaxA T AR OWGEIT D72 <. BHMREBRIZED2HMAOFERENMLETH S, MnpVALIZ/ L 71280 T
A2 REE DO RRBEE L 720 | T OFX—VIREIZ 600K LA EEERB IV HHOICEVETH D Z & NME S
NTWA[], Foxld 2016 FELHTH#RE T A2 HiE O Mn, VAL & REEMEIR Fe FEIEIRIZ 351 2 A HARE A 5% 5 1
s Lo [2], ARG ClE, MnyVAFe fEEIR DA A 7 ZAFeEOm EE2 B L L, BULES: 2 Rt
PN (b &, EORBNA T AR EZRETH L 2B E Lz,
EBRF L

FEREEER T MgO(100) BLAE i AR L12 DC ~ 7 % b1 o 2%y Z % IO TYERL L 72, Mn, VAL D R 1T 100
nm & L. FREREZ2=IE) 5 800°C O TAL 7=, Mn, VAL 35 FIZHRBIMEE D Fe & %+ v @D
Ta ZZNEN 3nm, BETHRIELZ, Mn,VAlI BIEOMKITAEE Y —7 v b &EMHT5 2 LIk v bFER
FLAICFREE U7, PR U 72 30B O RS i IS 1T X A & RITIE(XRD),  BERURFE ISR B AR S 7D FH(VSM) I
K OWE LI, &&Ha A T A%, 300K 205 10 K F THUMBLS 1 TIZBW TREG M EI &2 1T - 7= % 1k bith
A JE LR L 72,
A R

XRD HIEDOFER, & TOREHIBW T, Mn,VAL 28 MgO (100)E 5 5 £tk FIZ00)ALm T B X 3 v L
KR LTWD Z ENMER SN, £7-. ARIBHEEE 2 IR, 300, 400, 700, 800°C DOFAEHT 42 #H. 500, 600°C D7k
BHI L2, FH & 725 2 & DR S 72, Mn,VAIFe FEJEFEHI IS W T, Mn,VAL JE O RBEIRE 400°C D 5:44 T\
Rt D in situ 7 =—/1(400°C, 180 /3D HMEIZ L HRMANA T ADOEREZFHE LT, TOME 10 KIZ
BIFDY 7 FOREE X in situ 7 =—/VIEELD 120 Oe lZxF L, 7=—/LFH Y OFECTIE 230 Oe T THEAL
oo FTo. BANRA T AL T7 "RHERTIEETHI 70 v X0 ZIBEX insitu 7T =—/V&1TH Z &£ T, 200
K205 275 K £ TR L, WalEH O A 7 ARED 21T, 7T =— L OF I X DS MEDE VD E
BLTWDHEBEZDLND,

Eila
AHFFED—HRIE JST [ERERHLH N L FEFIeHett 3 (SICORP-EU, HARFIR) i X OVH AL K24 @ik
WRFCAT BT A LR SERR % & v & — SRR ASE (17G0409) DO XEE =T CTiTbiiz,
L Z-DYN
[1] B, BARSRESS 2015 FRKIGEE KRS, S4 - 12, (2015)
[2] LEMA, B AR TS 5 40 [BIE R H S, 8pC-7 (2016).
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Ru FHi= o CoNi A T k& D g4 E

SOMLIELE T, OHRRIECR Y2, BAMNTE 12, mAaLE 12

(AR @R EHIFFERT, 2 ALK AV b e =7 RN SRR E 2 —)
Magnetic properties of CoNi superlattices on Ru under layers
Naoto Kikuchi', Keita Ito*?, Takeshi Seki'?, Koki Takanashi®?

({IMR, Tohoku Univ. 2CSRN, Tohoku Univ.)

[FLHIC

W7 v 2 LT 7 A AT Y (MRAM)IZARHFERIEIC X DIKHEE S, @EIENHIND T A ATH
%o MRAM (Z IV &0 2 58BEMEAM EHZ I, @ —#illfi K B 2L —(Ky) & RN & 28 7 EE (o) 2
KOOI D, @K EFROMELE L TESBICELEORAIGENRRT oM DD, FFRFICRKER AL U HE
FEAERDD o BWRTHMHEANH D, £ 2 ORI TITESBITELE 0 E KPS LT CoNi KAl
A4IZER LT-, Co & Ni ZHJE+E(monolayer: ML)D BN CARAICHEET 2 Z &I12L 0, @ Ky 2H>
CoNi EEMALIEEZ G LD Z ERHE SN TND 12, HEFEND O TR TIE, a ZIK< T 5729121 Co
ENiZLFEFREIEICRERET 2 ZENEELY, 20L& CoNi At fce FETH L LI EE 1T
hep FEE Cdb 5 BuffiiE & £ 2 & TARI D2, B —REEIR OFER)S Br-CoNi N LV KRER K A FFHZ &
RSN TN D 2, ABFFETrE CoNi @ NHIEIZ hep &4 £7> Ru # % Z & T Byr-CoNi #1525 Z LT
IV, BERTREEETRVE KoK a OFRBEMMEIOERZ B E LT,

=B

A 3% T & /) — /LIRIE CHLEE L 7= Al,O3(11-20)J£ 4K % 800 °C T~
Ty L, HFRIE L X —(MBE)EIC L Y BB F 721X
150 °C TRu % 20 nm ikfiiE L 800 °C T7 =— U v 7 &4T > 7=, IRIZ.
ZNHORu FHE E~MBEEIZ LV =RIBIZHBWTCod Niz 1ML
TORLHIZ20EIFEE L. Au¥y > Eale L, REFEE S
R R AT (RHEED),  #& S i 15 2 X MREIHT(XRD), &K%
IRENFUEHRE G (VSM) TR L 72,

R

@-20 XRD JIE DFERN D, WT Ok S Al,05(11-20) Ak T
@ Ru(0001)3 X Y CoNi(0001) or (111)ALM THOT X F o v /LR E
23, p-scan XRD JHIE DFEF D b Wb IE D MG S 417z, CoNi @
RHEED 413, Ru % 150 °C THIE L 723kt 578 o v — 7 72 B 9T4:
L 7golz, Fig. 1IZE=E T Ru & B L 72308k, Fig. 2 12 150 °C THK
5 U7 3B o IR C OBl %2 k9, Fig. 2 @ 150 °C T Ru % fi%
5 U 7o RORE CHE B SR TR SRR S AU, Ky = 6.1x10° erg/em?® & 7¢
572, ZHUE Ru FHUE OREIRE O B2 XD CoNi & OfE b Bl
bEINTTEDEEZOND, ZOFEBHIX LT XLV EEMAR
p-scan XRD HIEE&# 1T o7& 2 A, D ERNB B S hep-CoNi DFFHEE

RBTE T, 5%, hep-CoNi DIAFEEIS & Ky DI KA BT,

ARFFE 1% ISPS BHFEr JEA% S(No. 25220910) D 42 % 5% 11 7=,
SE XM

10+
09

~ 081 .

§ — H L film
07 i = H /film
0.6 —
0.5 [T A N NN R

0 2 4 6 8 10 12 14
H [kOe]

Fig. 1 M-H curves of CoNi on Ru deposited at RT.
Ms = 910 emu/cm?®.

T T T T | T T
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09 —
= 08F _ .
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0.7 [ -
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0.6 —
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Fig. 2 M-H curves of CoNi on Ru deposited at 150 °C.
M; = 970 emu/cm®.

1)S. Girod et al., Appl. Phys. Lett. 94, 262504 (2009). 2)T. Seki et al., J. Phys. Soc. Jpn., accepted for publication.
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AL L O f il Ni/Ni-Co F& 3 I D heg 7= 28 8

FEERMAR ' SRR - KPS 2 ZARIERE ' - SR SCR - FRTE(EE
("Fek, PIERER, CHOREEK, YILER)
Magnetostriction Behaviors of Single- and Poly-Crystalline Ni/Ni-Co Bi-Layer Films
Kana Serizawa', Tetsuroh Kawai', Mitsuru Ohtake'?, Masaaki Futamoto', Fumiyoshi Kirino®, and Nobuyuki Inaba*
('Chuo Univ., >Kogakuin Univ., *Tokyo Univ. Arts, *Yamagata Univ.)

[ZLCHIS MM EHIMR A~y RO Y72 EOBRT A A0 D EEROE— X e EOBR =L ¥ —
WS F CIRIATERH STV D, T30 AR OMERE M EIZIZPREL ) 72 & O AR FF I 2, B
EORIEHERINDGENRH L. £, BBHMEMEHIT A AT T UIE LIERERAIZES S
END. W T, MEEHEAEZ AWV THERBZFHLZENAa8THE V. ZhET, Fxid, EERRIAR T
(23517 D NijgoxCox(001)ge HEAHERIEL (x = 0-100 at. %) DOWEEZEE AT TE7= Y. AFZETIE, ED dig' %
F#2 NisgCosy Bz & BLD A & F5-0 Ni & FlifE S E7- Hitifh B KOS HERBEIR A T2 2 L1tk v, fE
R oD il 2 3R A 7

KEBAZE BHEMRICIIEEEZ RF v 7 X hr ANy X ) o Z3EEAHH Uiz, BAEREE R
MgO(00)FEM EIc~T B B X % v LR 872 Cu(001)Hifsdh NHUE, 285 mIEE kI 1ﬁ7x%m%
AW, LT, Zib D LT NisyCoso(100—¢ nm)/Ni( nm) ~JEEA L L7z (1 =0-100 nm). A&&FEIC
RHEED 35 X OV XRD, AL BEIEICIX VSM, BEERNE T B RIEE v,

EBRER Fig. 1(a-)B X W(c-1)ITZE LI NisgCoso HJEEE (1=0) LN BJEE (¢1=100) D fee[100]/7
A% U CRIER AT > T2 O 1 % 7”3, NisgCoso BEJEIRIZ % L CIZIED 4100, Ni BB L CTED
Ao BARTH DI ERBEINTWAD. F£72, NisgCoso BEDH N Ni BEL U & HIOMHENR K E W I &Ry
2%, Fig. 1(b-1)IZ NiseCose/Ni
“JEEE (r = 50) OHDEEE [010] [110] [010] [110]
OFk Ekﬁ@ ﬂmo%‘f%ﬂ%ﬂ Output Rotating fie

3 d Output Rotating field
5 NisgCoso 3 L T8 Ni DRSE i Rotathg
FrMESEE S, NisgCosp HiJE 0.05v (100) :[0_05\/ 100)
B (Fig. 1@a-1)) 1T M, T L ”

NisoCoso/Ni _J& i (Fig. 1(b-2))
OHNTEIREEETIKRTL
TWAZ &R0 %, Fig. 1(b)
(2 koo 3 FEEH OB LT
£H 0% fec[110]& 45 Z LT

K VRE LB EDOH I
AT Phopict LTy, B0
FIRREE DR D Ly T I
ﬁ;bﬁﬁ%mio v, TS

LB IO T IRR

gn@m.uﬁw_&m%,$ (c-1)
fEmO%E, MERONEZE)
IZBWTH, BmNICEIT 58

Nis,Cogo(100 nm)
/Cu/Pd/MgO(001)

Ni(50 nm)
INig,C0g,(50 nm) (b-2)
/CulPd/MgO(001)

(a-1) (a-2)

Ni(100 nm)
/Cu/Pd/MgO(001)

§%%

i . ~ & = = o) & 5T 5T 5T 5 5
LG AL ORI IEDN B D 2 g 22 =2 22" F g=g8g=g=8=g
Y . - il Bl Bl i il Sal B all B
EMTID. = A ’ #EHEOD 90 180 270 360 0 90 180 270 360
JE R L 2 SRR 2B S BT fE Rotation angle, ¢ (deg.) Rotation angle, ¥ (deg.)

BB IOEAELEL FEEARS Fig. 1 Output waveforms of magnetostriction observed for (001) single-crystalline
HCIRR L= %5t B (a) NisgCoso(100 nm) single-layer (b) Ni(50 nm)/NisqCoso(50 nm) bi-layer, (c) Ni(100
W2 DWW T HRE9 5.  nm) single-layer films along (a-1)—(c-1) [100] and (a-1)—(c-2) [110].

1) M. Enokizono, T. Suzuki, and J. Sievert: [EEE Trans. Magn., 26, 2067 (1990).
2) K. Serizawa, T. Kawai, M. Ohtake, M. Futamoto, F. Kirino, and N. Inaba: to be published in /[EEE Trans. Magn., 53 (2017).
3) S. Ishio, T. Kobayashi, H. Saito, S. Sugawara, and S. Kadowaki: J. Magn. Magn. Mater., 164, 208, (1996).
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Structure Analysis of Sm-Co,_.Cu, and Er-Co;_,Cu, Alloy Thin Films Formed on Cr(100) Single-Crystal Underlayer
Mitsuru Ohtake'?, Ryoma Ochiai’, Ataru Suzuki’, Masaaki Futamoto®, Fumiyoshi Kirino’, and Nobuyuki Inaba*
(*Kogakuin Univ., 'Chuo Univ., *Tokyo Univ. Arts, *Yamagata Univ.)

[ZCHIZ & K, B ER IR G A 2 E~DIG I
M TSN TERY, £72, BHMEF ) a0 Yy Mg
HOEMBRFICLHWLNTWS. FHEERE (R) & Co
N7 % D2 RIS IT AN TAE 2 B> RCos 421 107
~10* erg/em’® DEWV K, ZFFO b ONEW Y, £/, R TH
DIFEF-HF S OHEILE (57 = 68), M, & T. 3N 5%
ERRRD HND. LNLRNS, 7L 7 IREETIT 66 &
LI R 505 (4Dy, «Ho, Er) 22572 % RCos HLHIFAIE
1100 °C LA FICBWTHELZETH D ?. RCos HAIFIL Co
A M Culf - CHEDERT 52 LIV LERLIEDS
NBHZED SmCo A& LTHmEShTEY I,
66-6sR-Co ATk L C b [AER AR R HIFE S L D . AT
TlX. Cu/Co ML x, y Z2&{bE& D LITLY
Sm;7(Co;,Cu,)gs 3 LN Ery7(Cop,Cu))gs A (at. %) %
Cr(100)HLfE & N EICHzRk L, AR 022 b 2 i A 7.

EEBRAE MBEARICITEEEZ MBE EiE4s Hi-.
MgO(100)F:#K 12 20 nm JE D Cr(100) FHiJE 2L, =
® _EIZ Cu/Co Mkt x, y &2 075 1 O TR LS H 720k
EEVC‘\ 20 nm E@ Sm17(C01,xCux)g3 %) L < X Er17(C01,yCuy)83
BN E TR LTz, R ERE O FARIEFE 14 500 °C & L7-.
FEIEEEAM 21X RHEED 38 X O XRD, BEAURFERHMIZ 13 VSM
el LAY

FERER  Fig 1(a)lT Smy5(Coy Cuy)ss BEITX L CHIE AT
572 RHEED /"% — 2 Z R g, WFRLOMBEL x (26 L T
%, Fig. 1R T D24(1120)F Mkt A a3 2 —
NENTEY, T XXy VERERINLTNDE Z &R
703 % . RHEED f#r 2> 6 E L7e Cr FHUEIZ k32 JiL
BEERIE RTS(1120)[0001], (1120)[1T00] || Cr(100)[011]T&H 5.
Sm;7(Coy_,Cuy)gs BEIE ¢ BN HINICAFTE L, AWICER LT
TR ZRF22 DD D2/ 7 FirbIEL STV D
Z L W53 7z Fig. 1(b)IZ Er7(Coy,Cu,)g; f£D RHEED /¥
H—r AT, y =0T, AEERRRY—URBNTE
D, LN E TWARWZ LRS00 5. y % 025 £ THY
MEEDE, Sm7(CoiCuygs i & [FIERIZ D24(1120)F L
HINT DEHTAZ = PBIREINTEY, Cu JRFIZED
o EAUC X0 A R MEE STV D 2 E R
%,y RN0.75 ETHEINT D L&, D2,(1120)F M & (X H 70 5 [F]
Py — U NBEIN TS, LER-T, D2JRAFED
LEAEDTZDIZIE, Cu AL 2EHREOHIEG BEET
HDHIENRGMD.

1) K. J. Strnat: Handbook of Ferromagnetic Materials (Elsevier
Science B. V., New York, 1988). 2) T. B. Massalski: Binary

Alloy Phase Diagrams (ASM International, Ohio, 1990). 3) F.
Hofer: IEEE Trans. Magn., 6, 221 (1970).
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(b-4) y = 0.75

2240

@ o0 % o0 ®
2130 1230

o o 6 6 o 9

D2,(1120)[0001]
(d) | Cr(100)[011]

D2,(1120)[1100]
|| Cr(100)[011]
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© T(=Co,_Cu)
e Cr

LR o NG
ATt
C1{011] e

Fig. 1 RHEED patterns observed during formation
of (a) Sm17(C01,xCux)83 and (b) Er17(C01,},Cuy)83 films
on Cr(100) underlayers. (c) Schematic diagram of
RHEED pattern simulated for D24(1120) surface. (d)
Epitaxial orientation relationship between D24(1120)
crystal and Cr(100) underlaver.
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GdFeCo 7 = U fMEIAR TR i U 5% SR AN — 105 O FR e

Z)IEEZE 1, Souliman EL Moussaoui 2, &)1 K& !, 4 HE— 2 A 2
(" BARRZRZBEE T2 FERE, 2 AR T4H0)
Investigation of magnetic inhomogeneous structures at interfaces in GdFeCo ferrimagnetic thin film
Yasuhiro Futakawa', Souliman EL Moussaoui’, Hiroki Yoshikawa', Yuichi Kasatani?, Arata Tsukamoto®
(* Graduate School of Science and Technology, Nihon Univ., 2 College of Science and Technology, Nihon Univ.)

[FLBHIT: BRI ATVRCAE Y M A L —F 7 EOT A A TIIREFENEE 70D, 2D
DT /3A AT, Landau-Lifshitz-Gilbert J7 200 5 —IH O Gilbert JilE E K o 1 X 0 BAL SR RO HEHT AT
IR D SEREE i BAE 2SR E S5 . o X0 ORGSR AT L7 NI RIS 2 . BEVER OGS,
A 72 E ORI BEHTRB I N DN BEROFGDEESNTWDER, 0 o & OHBIZIMKIZIZIINTE
B3, OIS/ 2 JE IR BN 36 1T DL O BB O fEH] - HIEHA R D STV 5. AIFFE T, B
T LT [ — R R G2 BT 5 78/ 7 7 A GdFeCo 7 = V) MK OREMER R EICE B L, a & DA
BZ DWW THRFETZ1T 9 . GdFeCo 7 = U BEMEIR TSR E I SUUZ L BUR AT Ao L, W LA LS 014 1)
BB, A A D Q% 3514 % . GdFeCo HJB D & 2 IFRHEIPH (2 33\ TR L omiA b B
Fith /X7 A — 2 PSEEIC X 0 AIC KR E S BT 2 2 260 L TE VO, 2T imir kil
N T RN AR HE D B 70 5 RS T B U T2 R 5 02 %t~ 5 R — & DIFE A TIE LTV D, R Tl
Z DOFEBERAE T3t U, BERFFHE DRI A O & 52 il 2 @R 2 1R L, MitaiTo 72,

EEAE: MKEREOFNLIZIE, MRV /) F(Vibrating Sample Magnetometer : VSM) % HV 7=, JHITER
BHZ T Gd (LR & IR K & BB & B EEA D x =22 at.%, EMORALN 0 & 72 D RHUAIE S A2 Bde x =25
at%) & L, ¥~ 7% a8y ZIETHIE L 723 0BHEE A, C @ SiIN(60nm) /Gdy(Fes75Co12.5)100-¢ (£ nm) / SiN(5 nm)
/ glass sub. (x =22:A, 25:C at.%) (t=5 ~ 60nm) % /=, £7=, EHE A ORI EROBR AL —DO¥E
fbx B E L, FEEOTFIECTERLL 7-30EHE B, D : SiN(60 nm) / Gd(1 nm) / Gd.(Fes7.5C012.5) 100 (£ 1m ) / Gd(1
nm) / SiN(5 nm) / glass sub. (x = 22:B, 25:D at.%) (¢ = 5 ~ 60nm) % F /=,

GdFeCo 7 = V) Bt A R SRR —BEDKE § o O_SumpesA + SamplesB
HEEE A, C 2B B BRI L OBUZ A % Fig 1 [RT. £7-, 3 SoElt GledemaCons

EHEE B, D (236517 2 fafnfifb OISR A 2 Fig.2 127 #UEHEE A, C %ﬁ% EMﬁT

TIAER L= SR EEE T, SOMBHL M. O K& RIS SRS B0 Tl

e, BRIRARAEMEIZE R IR AR & R 71— & O JE S O b § ?’"Wf*”“”“ﬂ

B DA RFER BB L TWD b0 L LTHATE, KEFROH LT o 'T':ick:(;ssifj(nmg;o o 7
iﬁ%ﬂﬁiﬁﬁﬂ:fﬁj&Tﬁ‘é LIRSS, kL, ELHBEOR Fig.1 Thickness dependency of Msin
FHEE B, D TIZRUEHEE A, C THERR ST & 9 REAFIRAL OBEKAFNEIX samples A and B measured by VSM.

FERONZRG, BEE L GdEE&IT 5 2 & T, M bliffsns

GdFeCo DRIRHFE & IS\ & FRBLATIE T 5 = & &7 LTz, R e
g M
BEERTIE O BT PAL 25-20 FIECIRREE B R FIIS Y B3 | .
FORH(S1311020), Pk 2630 fEECRBRER RSB G B Bx S [ 1
FEIATE (WFZERE IR M) -/ A B L 28t 27 (Grant No. 26103004), 3 ?@&ﬁﬁ &;%JW%A
EHRA b L — VW EHEERAE OB IC L D fT - 72 0 10 '20 30 40 50 60 70
§%Kﬁﬁ Thickness t (nm)
1. C.D. Stanciu, A. V. Kimel, F. Hansteen, A. Tsukamoto, A. Itoh, A. Fig.2 Thickness dependency of Msin

Kirilyuk, and Th. Rasing, Phys. Rev. B 73, 220402 (R) (2006) samples C and D measured by VSM.
2. A. Tsukamoto, T. Sato, S. Toriumi, and A. Itoh, Journal of Applied Physics, 109, 07D302 (2011)
3. R.Ueda, H. Yoshikawa, T. Sato, and A. Tsukamoto, Digests of MORIS 2015, Mo-P-06, Penang, 2015.
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Fe-Ga VEFIC 35 1T 2 i J8 I e SR M D I E AR A7

EEAS, BOF 3, miR FE, BE O GRAER)
Thickness Dependence of High-frequency Magnetic Properties in Fe-Ga Films

Yasushi Endo, Takumi Sakai, Takamichi Miyazaki, Yutaka Shimada (Tohoku Univ.)

[ZL®HIT Fe-Ga HEBIIERBROT A, KEAFIBLIA, @E 28R OIS DRE &0 o 72 R 2 e R
EETAHZEDNEL, WWHEVYRT IV Faxz—H L W\Wo R BHRT ANA A~DISAPHFE SN TWD. &IT

W, THEELERE BRI T 5 @i - /N - SRV — @R T A ZAOAIFIZ AT T Fe-Ga MR H
ZHEDTND Y. LN - T, Fe-Ga #L, 7 /310 AISHICHENT 72 5Lt ic E@?‘é*ﬁpﬁ Jis < ﬁzbi“bfu\
L. THETOMETIE, FICHKOT A, merk g E s, 2o vy 78O Ga MK FEMEICBE LTk
MENTEE?). —FHT, ZRNOOER/NT A —Z OIERIZ L DB LI L T+ 2manirbhis 51,
E VDT 20 nm LA F O L0 EWFEEE TORRIZ 2N E THE STV, ABFZETIE, MRIEVIEED
Fe-Ga B2 31T 2 @A MR EZ RET L, TOBEIC L 28 i EimT 5.

EERAEK FeysGagy (Fe-Ga) HIEICEI LTI, DC =27 % by 28y Z 2 HWTHERL L. £ 05t
L, Glass 2R EIZHAE L 7= 3-100 nm JED Fe-Ga = TH 5D, CPWIZEH LTI, 7+ MUV Y757 ¢, DC
TR IR ANy ZBEOY 7 M T7EEHWCTER U722 ORI T 7 2 Mtk (B S @550 pm,  FE#%
TERg 1 7.0) FIZHFES 72 Cr (5 nm)/Cu (300 nm)/Cr (5 nm)FEEIECTH Y, T ORARIT A KISz 1
R— MUK TH 5.

YERL L 72 Fe-Ga IOt SIS MENT 121X TEM %, Z OFMLAOHTIZIZ EDX 2 W=, 72k, fidhid 2y
L, BRICBEIfRZR < bee MM TH S, £z, FREKEEICE L CiX VSM & EREREFHIEER
Z, EEREEEEICEI L TIX VNA & CPW 2t btEl-7n
— K32 R FMR JIEHE V% v 7-. = Qo"—‘
BEBEUER Fe-Ga MBIOBLIBIIRITBILIC £ - TRz %ﬁﬂ%izfy
-400 -200 0 l zéo l 400

t=5nm

STW5 (K1), ¥74bb, BEES5Sam LU TiE, FMEEER ORI
JiaE 90 EAL S E D L, BAL AR S AR & EAR IR

Magnetization, M/M
o

Normalized

LRY, ARSI LD L0 THS, —h, B TS am B F cesomm e O]

RN EN aiE S ANEAN 073 el S s i 2 (N A N T § ' ' ! +

WTNDEBXBNS. ZOfEIL, Fe-Ga EOMBFHENBIE 3% o -

Lo THLSRADZLZRLTND. K2 FeGallcbi s 28 [ Y

FFIRER DT () L X e 7R (o) OEFIZ L 524k Th 5 1000 0 1000

% A VIR 30 nm LA T CIZBEE OB & & £ 12 15 ppm 2> 5 24 ppm External Magnetic Field, He, [Oe]

NEFELUHINL, BT 30 nm LA E T 18 ppm £ T L. 2 Fig. 1. M-H curves of Fe-Ga films.

O OMEIZT R TEEE SV 7 OfE (98 ppm) (2R TR 72 o7z, g” T T 1 T T11%%%

ZORRIE, BEAORKSES [111] FREa-TnsIeick 3 SN Ll

2H0LEZLND. o lZBILTE, BUE30nmm TiAkLARY, £ £ ] %8

OIEIE 0.084 Tho7=. BIE 30 nm LA LTI, a i3 0.068 £ CHA 53 1" g

L7=. RS OffilE Fe-Ga BRI Y (A TEL, HREAD e 5,00 1 v 1 v 1, 1, 11778

PUTRL, SERBIMb -2 sick b eExbND. Zhb 32 0 0 et
DOFREFIL, BEICRRZR <, &N H D WITHERI 72 AN —MED A Fig. 2. Thickness dependence of A and

LalCE LS WBEEZTWAZ LA RE LTS, o for Fe-Ga films.

BE APEO—EIL, RIERFAE Y b e =7 R EINREE 2 —, RIERFEEEE- L7 b
n=7 ARG H—DOIHEO L O EiTbivTs, £z, RO, BRI (B) (No. 26289082,
No. 17H03226) P& FHITZEESER % (No. 17F17070) OO b & TIirbiviz.

BE R
1) A. E. Clark et al., IEEE Trans. Magn., 36, 3238 (2000)., 2) B. K. Kuanr et al., J. Appl. Phys., 115, 17C112 (2014)

3)Y. Yu et al., Appl. Phys. Lett., 106, 162405 (2015)., 4) Y. Endo et al., J. Appl. Phys., 109, 07D336 (2011)., 5) =S
f, Digest of The 39" Annual Conf. Magn. JPN 2015, 124 (2015).
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7OV A L ——FRFE(PLD) & V7= MgO Jai | L1y-FeNi o g

IR, GUEAR |, WANEN Y, HbwA !, siARKER !, wHEIEM
BETERA 2, NSRS, NEIBRZ S, KRR Y, @ALELE Y, TR
(R RS, 2 AR VERTZERT, 3.JASRI, 4 RALKRZA& @AM EHFSEAT)

Fabrication of L1y-FeNi on MgO substrate by using Pulsed Laser Deposition system
M. Saito, H. Ito, J. Ochiai, A. Mori, Y. Suzuki, M. Tomita
T. Miyamachi, F. Komori, T. Koganezawa, M. Mizuguchi, K. Takanashi, M. Kotsugi
(Tokyo Univ. of Sci., ISSP The Univ. of Tokyo, JASRI, IMR Tohoku Univ.)

ZLHIT

IHFETIELT A Z VOl & & R L~DBENL XX AR OL TR INDL LT A X VT
—REMHEMEHCIER N EE > T D, 29 LIEal 2 b4 X EMA Fe & Ni OATHEER I, BSOBER
HHVEEAT D L1-FeNi \C{EH L, ezt CE 7=, L1-FeNi OBKFHEIIRAEOE 7 1Y —It K& <
W SN D Z LN Kojima b NCE W RENTWS, £72FD—F T, Shen b 2N LV HE OO IR &
WIZBWTIE, 2SR L—¥ =735 (PLD) #EX2 VW5 Z & T MBE JEIZH XV layer-by-layer iRV
ERENARETH D Z EARENTWD, £ Z TH 41X PLD 2 VT Llp-FeNi Z1Efl4 2 = & THAIEOH
EEERERE T (K) O EE2RATZO THRET D,
EBTE

ABFOERIZ X YAG L —— %Y & 3% PLD ZH 2, HARIZIE MgO vy, 7 =— VLB 24T\,
Fe v — REERELZHK, Au, Cuz Ny 7 7@l LTHELT, FeNi BL O FIA~yFE2EEL, ¥
HiEZm EEE 5720, Ny 7 7 8O %28k 2 128 2 CREICIHA L7z fE %, EBAEEIX 300 Cl
Kb ETWD, 0%, HR R HEREEZ T FeNi fi% 50 ML
KA LTz, K, DI Ea BEJIZ, FeNi 25RO IR BERFIE 2 A L,
REFORE T 7 4+ 1 2 —% AFM TEIZT 5 L 3L, i 1T XRD Cff
HrL, SQUID % v CREG R % 5FA4M L 7=,
EBRER

Fig. LICAFMIZ KV BIZE L7 FeNi EOREE 7 + 1 ¥ —D—fil % ~7,
A O R IE FeNi/Cu(50 nm)/Au(10 nm)/Fe(1 nm)/Mgo-sub.f%vi{mf“
300 CTH 5, FHEIFBNEROIZIEEL CTEHTH D Z LRI

, KE SH500 nm FLE O B E N KO SN, TOT7 7y b

73> MgO B D<110>HALITih 9 Z &R SNz, 2D &7 b FeNi 5 :
1% MgO HEBUICH LTI E X ¥ o v LICRE LTS Z LRI SN, Fig. 1 Surface morphology of

Fig. 2 [ Z KD SQUID (= X 0 HIE L7=Réfb i a9, M, = 800 FeNi deposited at 300 “C

emu/ce, K, =1.43 x 10°erg/cc TH 0 ,HINBLIK TH D Z L3 pinotz, B o5 80OF —
EAE LT FeNi FEIIIC A L K, 28K < 1L L, REo b b i 5 r
BENT, BBURE D RO LI SRR HET L2 2 E2VRIR SRS, 8 0L
W HH O XRD 1S & 2 A5 S OFEM, MFM IC L5 2 7 0 AREHE  E 0l
DEEE, BRAEREE OISOV THEREZITY FEICL TN, > igg B

s - — Out-of-plane
85X 5 oo p

= -800 A
1) T Kojima et. al., Jpn. J. Appl. Phys. 51, 010204, (2012). 20 0 20

2) J. Shen et. al., Surface Science Reports 52, 163, (2004) Magnetic Field(kOe)

Fig. 2 Magnetization curves of
FeNi deposited at 300 °C
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RTA AL L 7= Pd-Sb VA L1,-CoPt MERED b i I & RS R
Eloy BIEE - MK S - MR 15—

(B ERT KR B LR
Crystal orientation and magnetic properties of Pd-Sb added L1,-CoPt thin films prepared by RTA method

Y. Kokubun, K. Kamishima, and K. Kakizaki
(Graduate School of Science and Engineering, Saitama University)

1. %

B HRACIZ R, B EEREER DN AT RE 72 FRER LA 2 R D BT B,
L1,-CoPt BT & s R B R A2 A4 5720 VRl b2 2 eI
RECED Z e, IR OGEEEA L L THER I TWVS, 4
FFEEE Cld Pd 35 KOV Sb 2N L 7= CoPt #5235 T, L1,-CoPt &4
DWALRE S Hh T d 5 <001 > J7[m 23 i B 57 mICEL 3 5 2 & 2
w72 P, AFZETIE. rapid thermal annealing (RTA)Z 8 A L, ZVLsf
SRR 5 2 & CEAMER X O EHEO [ EE ERE LT,
2. ERF5 L

R I3 Z—2 y M of = 7% oo 28y ZEEE & -,
& —/7y MIZIE Co A#(76 mm®) L2 Pt F » 7(1 em?), Pd F ~ 7°(1 cm?)
BLOKRRD Sb ZED (T2 b D &AW, Fr o "—HN%E 2.0x10°
Torr LA FICHES %, Ar H AE% 2.0x10 2 Torr & L7z, A8y Z B
NET 44 Wem® & U, BRAHN T AR EICHEIR THRIK L7z, &
WBEt% ., JROMR T B Z - BJEH . 500~700°C & T 40K/sec. T
SOEMEVL . 5 R OBVLER 2 AT OB A 157,

LAERBLUOER

Fig.1 I% T, = 500~700°C T 5 43[#] RTA ZL#E% L 7= PdSb-CoPt j# B X
BETE 2R, T, = 500 3 L O 550°C CRVLEE L 7= ClE, fec-CoPt
FA2> O ORI O B DGR S dv, AL R R+ Th 5, T, =600°CLL
b CEVILER U 72 RIZ T fet-CoPt FH(001)1H 7> B D [BIHTHR A B e 1278
HHND, T,=650 35 LT 700°COBEETIX(001)H A B O [RIFTHR EE 3 K
L. HEME BT 5 2 L b AR tEOm LR TE 5, ZHUTELL
HRE O EFIT WD DFERBIZBAT T 5720 D= R L F—)
ML, HANEPSET L2 B b5,

Fig.2 1% T, = 500~700°C T 5 %y RTA #L# % L 7= PdSb-CoPt DR
{BAE(M ) | HEEE PN 5 TR (Hey) 36 X ORI E 7 1Al (He | ) D ERES T % v 3, T
(BB ZBLERIE E O _E RSP 9 D #E I 2R, — 07, PEE T E
0] OPRAEI1E T, = 600°C LA CEVILER L 72 fI2 38 T 16 kOe 2B 2.5
RKERMEERD | T,=650°C OPETH K 18kOe 313515, MMZ T,
Hc, /Hey VL T, = 650°COE THCORAER) 20 & 72 0 b BAF 72 T EAL
&7 %,

L Z D& N

)

® (001)

@ fct-CoPt
v fee-CoPt
002) e
T, =700°C

Intensity (a.u.)

(111) (200)
o, v Vv 550°C

W 500°C
20 30 40 50 60 70
2 ¢ (deg.) CuKqy

Fig. 1 XRD patterns of the PdSb-CoPt thin
films, then post annealed at various

temperatures for Smin. by RTA method.
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Fig.2 Dependence of magnetization and
coercivity on annealing temperature for the
PdSb-CoPt thin films annealed by RTA
method.

1) D.Weller, A.Moser, M.E.Best, W.Lee, M.F.Toney, M.Schwickert, J.U.Thiele, M.F.Doerner ; IEEE Trans. Magn.,

36 (2000) 10.

2)  FPUPRGL, M, AREEE T 55 39 [l A ARRR SRR B AR (2015) 34.
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VN B X OVC THiJE Bk L 7= F1H FePt {EiE D
BLAtE Iz IET % v v 7O

BAREE s KTt - ZRIERR® - B R ® - faggE=t
Crak, PR, CHUEER, YILIEKR)
Influence of Cap-Layer on the Structure of FePt Alloy Thin Films Formed on VN and VVC Underlayers
Tomoki Shimizu®, Mitsuru Ohtake'?, Masaaki Futamoto®, Fumiyoshi Kirino®, and Nobuyuki Inaba*
(*Chuo Univ., 2Kogakuin Univ., *Tokyo Univ. Arts, “Yamagata Univ.)

[ LIS Li-FePt HLHIA 41T 6.6x10" erglem® D

W Ky ZEF 0720, BB ERSGLIREEARS MRAM Out-of-ﬂ%{é Cap-Iayelrn-plarrle’c_;s Out-of—pla‘r%Cap-layerln-plagi
~OISHBBRH SN TSR, 730 2~osilic |§ 888|888 gy K8
IRALASCH S c OB MW, BAEOm E, S 588| 55  £45) &8 s Sib
BEDFARPEASABE L 72 %, ZE CHA BERTR 278 WT B2 ) F| |58 S &)
NE—OKE R THIE EIC FePt BE T 52 I8 ) @ jE J\Lf Rt

TROREEOM L2 ER L2080, clor g |

S ORI B L C IR A S 7. %y 8| ﬁ&ﬁ

v TEEEAT B & T EN IR B8R 2 | —

HnsRE D, EINHIENS AR TH 5720 2, AR5 i * o el |

T FERI Ay Foke Crmaaa®— LT ]

DRI % 3O g EIZ FePt [RAE R L, THE 2030 40 50 602 5025140

Il Il Il L Il 1
50 60 20 30 40 50 6020 30 40 50 60
. 20(deg.)

JERES KO v v TR OA DS FePt ORI 20 ) 20r)
LA I RIT A T, Fig. 1 (a-1)—(f-1) Out-of-plane and (a-2)—(f-2) in-plane XRD

patterns of FePt films (a)—(c) without and (d)-(f) with MgO

. o -| deposited , (d)] MgO, [(b), VN, and [(c),
EBAE WOV ERE < /% s oa S dposted on ) (9] MGO, [0 @] VN end [0, 0]
Py B T E A UL SITIOS(001) Hadk iz A&

w/o cap-layer w/ cap-layer

R 600 °C T2 nm JED FHIEZTERLL, R\ (a-1) I @2 T 1
<200 °C T 10 nm JE FePt JE% K L7-. FePt W [T 0
B I SEBGRE 200 °C T2 nm ¥ ¢ v TEETE 2 s 0
AL, BLAEARIE D 729 600 °C CHLER Z i L 7. M j it %
FRER TETCTHR y y TTEEL ORI RE L7/ 8 : : : :
YERHAfilZ1Z RHEED, XRD, AFM, RHbiifglEic £ |60 1 (62 N
1L VSM & Wz, B _ JW (‘M il 05

Es 4 I 1.0
EBR#ER Fig. 1/2 MgO, VN, VC FHiJE LICBAL g:mmW M o
L 72 FePtIE D g I L OV XRD /3% — 2 & /- T, § ‘

% v TEBENBE, DTROBICR LT b sk o W “? W"Wi !
LN XRD /87 — AT 3\ CHAS IO 2 T . ’ ) 1%
T DN S NS 72, ¢ EASEmNIZ A T2 ] %ﬁ% {-05
L15(100)3 LY L14(010)3 Y 7> R ANRBAEL TV 5 ‘ ] ‘ ‘ 1
ZENBMD. —F, S v BERITELS, O -0 50 5 10-10 -5 0 5 10

VC
%§

T FHE % VT b E R O TR e Mionel Tl (109

= 3 - = S D Fig. 2  Magnetization curves measured for FePt films
S {L? ¢ mﬁ»ﬂ%ﬁgk[ﬂ b/\ 7= LLo(001)7 I,) ” / ,]:0) (a-gl)—(c-l) witr?out and (a-2)—(c-2) with MgO cap-layers deposited
IR D &5 ICEFDHE S TN D = L3570 on (a) MgO, (b) VN, and (c) VC underlayers
%. XRD O#ER X 0 HH L7= MgO, VN, VC T Hii)E ’ ’ '
O FePtIEOBANE SIEF v v TR ENGS, £ 5=01,02,01 LEVMETH 7223, F¥ v 7@
kT, $=05,06,03 IZZENENEKRL, *¥ v 7FEEZENT 5 Z & THAIE O EAEB T /.
Fig. 212% ¥ v 7 TEOH T FePt IEORAL IR A G L 2R 27T, WIFho THEZHW T ¥ v v
BEIEKT 52 L CEEMIBEFEMERLTND I ERHRTES. ZO/RREIY THEZHWZHEIC
BOWTHF vy TEOEAN c MiOBEHENZADNTHL Z LR g0o7c. HHIZTVC BN ¥ v
JEE AW REROBERTDLTETHD.

BE Lk
1) IEAK, TR, S, R, AR, MR, fRE: /5544, 116, MR2016-40 (2016).
2) M. Ohtake, A. Itabashi, M. Futamoto, F. Kirino, and N. Inaba: J. Magn. Soc. Jpn., 39, 167 (2015).
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Bipb 2y 7 7@ ED Mn,Ga BEOKK /it

EfES T, ERRE . WBECz . LIFES
(Eﬁit%ﬁmﬁ%jﬁ%ﬁml%ﬁﬁ )
Dependence of magnetic properties on different buffer layers of Mn,Ga thin films
Y. Takahashi, K. Sato, T. Shima, M. Doi
(Graduate School of Engineering, Tohoku Gakuin University)

ZL®HIZ

Mn-Ga #HIE &I X 8L (Ms = 200-600 emu/cm?) )| &R 5 V(K = 10-23.5 Merg/em?) & 7=
TIERFBNTND, 1> T, FF T Mn-Ga @RI AABAMERLAY =LY fr=2 27
NA ZAOWHAREHE LTHER & TEHEY . Mn-Ga @ EEO 732 <171 T 5, Mn-Ga R
WX o THBEENS 7 = VB Z R L, Foa—F 7 2fafifl & iR EZ2 s m725 L ST d
WL V7RIS D L1 Mn-Ga (1 % 1) &&3 FERREB TIIFE LRV, Eio, BEEEZ MO TERS
A7z Mn-Ga & ERECk % 7oy 7 7 @ CER SN HE D7, KIFRCIIlEmESEE 7 v — LK%
BEEMOWTER LR DNy 7 7 8 B2 5 Mn,Ga iR OB IEDOBREZH O NCT 5 Z Lz AL
L7z,
EEBAE

WRRUEHI B M E 22 E - U — AFFEE A W TERL 2005 Y — A3 BNERZEE 5X103 Pa LITT O
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A L7z, FE7o. EEIRFR I & SO SR BRI E (RHEED)IC & W . 2 DGBIR 21T - T2,
REHR

Fig. 1 IZTEE/EREFD Cr £7213 Pt Ny 7 7| BalESE (a) Cr buffer (c) Pt buffer
? MnGa 5% = DO581%3 L7- RHEED /N — U &R
9, RHEED "Z — 2 TiE Cr Ny 7 7 IZBWTIEEN z ‘ ‘
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B EECBULER FE 1T 3B 1T 2 A E R L ORmH S & Fig.1 RHEED patterns of Mn-Ga thin films.

BEREPEDBARIZ OV TSI %,
5 £ TR

1) S. Mizukami, T. Kubota, F. Wu, X. Zhang, T. Miyazaki, H. Naganuma, M. Oogane, A. Sakuma and Y. Ando,
Phys. Rev. B 85,014416 (2012).

2) K. Z. Suzuki, R. Ranjbar, A. Sugihara, T. Miyazaki and S. Mizukami: Jpn. J. Appl. Phys., 55, 010305 (2016).

3) Y. Takahashi, H. Makuta, T. Shima and M. Doi, T. Magn. Soc. Jpn. 1, 30-33 (2017).
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Mn,Ga JERIZ 1T DHKFFED Fe N 7 7 B IRAK A7

ik, @B BEre. HIFIEM
CRAE B R R B T r e R
Thickness dependence of Fe buffer layer on magnetic properties for Mn,Ga thin films
K. Sato, Y. Takahashi, T. Shima, M. Doi
(Graduate School of Engineering, Tohoku Gakuin University)
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Fig. 112 Fe Xy 7 7J& 5 nm, 1 nm EIZAE L 72 Mn,,Ga #i D
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1) S. Mizukami, T. Kubota, F. Wu, X. Zhang, T. Miyazaki, H. Naganuma, M. Oogane, A. Sakuma, and Y. Ando,
Phys. Rev. B 85,014416 (2012).
2) B. Balke, G. H. Fecher, J. Winterlik, and C. Felser, Appl. Phys. Lett. 90, 152504 (2007).
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BB MnN i D = & 2 % 3 v LR & A HRE A R

B L PR E, R EEL AR EL R B
CPN W)
Epitaxial growth of antiferromagnetic MnN thin films and exchange-coupling properties
T. Yoshida, T. Hajiri, Y. Z. Ni, S. Ishino and H. Asano
(Nagoya Univ. )
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HOENHALMTZ2Y Y FM L0 BB - @A S5, AFM 2 KL L7 AFM 2B hr =
7 AT T2 WFZE S DA AT TE TV D, TOH TH &1L, MnsGaN (AFM) /CosFeN (FM) FJe i
IZBWT T=4K T, RELHIES E AFM A h T VA7 77— ML 7280 | ARM BEIS T — 4 > b DB
BRI 2 A v F o 7 AHE L2 2, AENE, B TOBILAA vF o 7% BHT7-9I12 660K & @V r—
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1) B.G. Park, et al., Nature Mat. 10, 347 (2011). Fig.2. M—H loops of MgO sub.//MnN/CosFe

2) H. Sakakibara et al., J. Appl. Phys., 117, 17D725 (2015). bilayer, measured at 300 K after annealing at

3) A Leineweber et al., J. Mater. Chem. 10, 2827 (2000). 400 °C in the field of 10 kOe.
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FeCo i~ V, C #INZ X 2 bet # 1G22 E Al & — il dt ek 5 5% 7 M

WARTN (i), rempel (Bed), EfEmE (Bif), ARE=, BaE:
(FKHREET)
Stabilization of bct structure and uniaxial magnetocrystalline anisotropy of FeCoVC films
M. Sakamoto, K. Kumagai, K. Takahashi, S. Ishio, T. Hasegawa
(Akita Univ.)
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1) T.Burkertetal, Phys. Rev. Lett., 93, 027203 (2004). 0260 LMt ) 1,00
2) Y. Kota and A. Sakuma, Appl. Phys. Express, 5, 113002 0 10 20 30 40 50 60 70 80 90 100
FeCoVC thickness (nm)
(2012).
3) FYildiz et al.,, Phys. Rev., B, 80, 064415 (2009) Fig.2 Film thickness dependences of lattice constants ¢

. . (@), a (A) and axial ratios c/a (MgO/Rh/FeCoVC/SiO2
4) H. Oomiya et al., J. Phys. D: Appl. Phys., 48, 475003 B, MgO/FeCoVC/SiO; X).

(2015).
5) AfRBfE T, F <4, Vol 12, No. 1, PP. 21-25 (2017)
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Magnetic properties of bct FeCo nanodots with uniaxial magnetocrystalline anisotropy
T. Hasegawa, K. Kumagai, M. Sakamoto, Y. Nakamura, S. Ishio
(Akita Univ.)
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[1] H. Oomiya ef al., J. Phys. D: Appl. Phys., 48 (2015) 475003. [2] S. Yoshida et al., 8th Joint European Magnetic
Symposia, p. 757, Glasgow, UK (2016). This work was supported by the Japan Society for the Promotion of Science
KAKENHI through its Grant-in-Aid for Young Scientists (A) (JP15H05518).
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Fig. 1. (a) Schematic image of bct structure. Magnetic properties of (b) bet FeasCossAlyg film (2 =20 nm) and (c)

nanodots with D = 50 nm. (Samples were demagnetized before MFM measurements.)
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SmCos )/ a ARy vy MEREED & RV —FE{k

RS B, B OROR, K& R, 0 SRt
(MERME RT3, RATEKRT)
Improvement of maximum energy product of SmCos multilayer for permanent magnet films
W.Koganoki, J.Tanaka, K.Ohashi*, S.Nakagawa
(*Shin-Etsu Chemical Co., Ltd., Tokyo Institute of Technology)
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1) J.M.D. Coey, IEEE Trans. Magn. 47 , 12 (2011)
2)  HHR, 540 [B] B AR RSN 2, 08pC-10 (2016)
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Estimation of Interlayer Exchange Coupling Constant in Nd,Fe 4B/
NigoFe,o Thin Film: A TRMOKE Study

Ruma Mandal'?, Yukiko K. Takahashi'?, Kunie Ishioka®, Toshiyuki Shima®, Daisuke Ogawa'?,
Takeshi. Kato*, Satoshi Hirosawa'* and Kazuhiro Hono'*
'Elements Strategy Initiative Center for Magnetic Materials (ESICMM)
*National Institute for Materials Science, 1-2-1 Sengen, Tsukuba, 305-0047, Japan
*Tohoku Gakuin University, 1-13-1, Chuo, Tagajo, 986-8537, Japan
*Nagoya Univ. Furo-cho, Chikusa-ku, Nagoya, 464-8603, Japan

Enhancement of coercivity in Nd-Fe-B magnet without using heavy rare-earth element is one of the most important
topics in the permanent magnet community. Recent study on microstructure analysis of hot-deformed Nd-Fe-B magnets
revealed that one possible way to achieve high coercivity is to isolate each Nd,Fe 4B grains magnetically by forming
non-ferromagnetic (NF) intergranular phase. Grain boundary diffusion process (GBD) using Nd-rich eutectic alloy [1,
2] in sintered and hot-deformed Nd-Fe-B magnets is one solution to form the NF intergranular phase. However, no
experimental method to evaluate exchange coupling between Nd,Fe 4B grains is established. In order to estimate the
exchange coupling constant (J,,), here we chose a model sample of Nd-Fe-B/Mo (£)/Ni-Fe magnetic multilayer thin film
structure.

The stacking structure of Mo (20 nm)/Nd,Fe 4B (16 nm)/Mo (¢t nm)/NigyFepy (5 nm)/Mo (20 nm)/SiN (65 nm) were
deposited on MgO [001] single-crystalline substrate by magnetron sputtering with a base pressure of 4 x 107 Pa. The
thickness (#) of the Mo layer was varied from 0 to 3 nm. The magnetization curve (Fig.1 (c) and (d)) shows that for Mo
(¢ > 0 nm) the coercivity increases and remanence decreases. To evaluate J,, at the interface between the Nd-Fe-B and
Ni-Fe layers, resonance frequency (f,) was measured using time-resolved MOKE microscope. An external static bias
magnetic field (1H,) upto 2 T was applied at an angle of 8y = 50°. The f, of a single layer Nd-Fe-B thin film is studied
first. Then we studied the magnetization dynamics of coupled multilayer film structure. The f, of Nd-Fe-B/Ni-Fe
resembles with the value of f; of a single layer Ni-Fe thin film with addition of a strong anisotropic field originated from
the Nd-Fe-B thin film. A model calculation [3] of /. vs. H, is done using a macro-spin approximation for this bi-layer
model (Fig.1 (a), (b)). The total magnetic energy of the system is assumed as a summation of Zeeman,
magneto-crystalline anisotropy, magneto-static energy in each layer and the interlayer exchange-coupling energy. Fig.1
(e) shows the fitting of calculated and measured resonance frequencies at different bias magnetic fields. The calculated
resonance frequency curve shows that the exchange-coupling constant (J,,) of Nd-Fe-B (16 nm)/Ni-Fe (5 nm) is 4 x
107 J/m’. But insertion of a very thin (£ = 1~3 nm) Mo layer can totally decouple the exchange-coupled system.

920
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-, 5 = Mo (f)=1nm
N O Mo (f)=3nm
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Figure 1: Schematic diagram of Nd-Fe-B/Ni-Fe bilayer coupled system and their corresponding magnetization curve Mo (# = 0 nm)
(a), (¢) and Mo (¢ =3 nm) (b), (d). (e) Calculated and observed f, as a function of z4H,, for Mo (=0, 1 and 3 nm).

Reference

1) H. Sepehri-Amin et al., Acta Mater., 61, 6622 (2013). T. Akiya et al., J. Appl. Phys., 115, 17TA766 (2014).
2) H.Kato et al., IEEE Trans. Magn., 37,2567 (2001).
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BT kL —ZREE PLD 1512 & Y /ESL L 7~ Nd-Fe-B/a-Fe %

T Gy G A R DRV & B JE AEAROM R D B R
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(Rl RE)
Relationship between metal substrates and properties of Nd-Fe-B/a-Fe nano-dispersed film magnets
prepared using PLD with high laser energy density
Hidetoshi Kondo*, Akihiro Yamashita, Takeshi Yanai, Masaki, Nakano, Hirotoshi Fukunaga
(Nagasaki University)
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t~OmMAEHFLZEEHBE L,
EBRFGE K 6.5 pm TEEESH 72 NdyoFesB @4 —% v NI, #HE 355 nm @ Nd:YAG L —H —% R4 L
Ji¥ M9~ % PLD (Pulsed Laser Deposition){% % V>, @4 @M (Ti, W, Nb, Mo) _IZ Nd-Fe-B Rk
ZUERL U 7=, BARROIZIE, #—7 > b —EWREIEEEA 10mm, L— —/RU—% 4 W, = x/L X —FF 10 J/cm?
Pl E, ARBFERERT 60 min (ZEE LASE L7, WO ERITEBWTY, RIKERZITIERE THo727=2D, 2.0s
FREE DV ZABGLER & fii LS it S¥7, Z0%, FINBR 7T OV AERZER L, SKEIIBR 25T ©
& VSM CTREG R 2 5T4M L 7=, #5% 13 SEM-EDX T Nd & Fe D& A & 2 MIE L, Wi Ot & X TEM
(BRE ISR 2HWBIE LT,
EBREER Ti, W, Nb £ EORIE% OEHE, BE# O Ta £ E ety
DKL (Figl 2/ & RSB E N B S, B A i
ZlIZ R0 S L A DRk AR LT, Fig. 2 BTk 91,
ZD 3 ODOHEEMR EOREOBKFHEITIE L DX X H D H DD, Nd-
Fe-B/a-Fe 738/ 2V RY y MEAMEE LT, (BH) max 13
kI UL EOEE RTEHEIRHL N2 -T2, 76, EilkL7=
AIREIE 252124720, R OREIX L —F —D T %L ¥
— A DRSS NS WD T R BN E o T, *jﬁ‘, Fi.g.l Schematic diagram of the cross-sectional
Mo Jobi EOREHT BT, SUNEEE D (BH) mo AMOHE L e
DOFRBHIHAK L, BAME EROEE N HIHVERBIE I, & i l
LS RADREMBES N, TRLOMBICONTIE, KRBl 7 100 T &
MRR7ZR E b E D, Hamd D TETH D,

k]

m']
-
=

|t

H—

I 5

< S0- xr
B 30k =
(1) P.McGuiness et al., J. Magn. Magn. Mater: 305, pp. 177-181, 2006. “: Thickness of Md-Fe-R fils > 10 um |
(2) N.M. Dempsey et al., Appl. Phys. Lett., vol. 90, 092509,2007. w o W N e

substrate

(3) H.Kondo et al., INTERMAG Europe 2017, HR-10 Fig.2 (BHJuex values of each film deposited on

various metal substrates.
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Si A FERL iR & &5 7 Nd-Fe-B SRJEEG A O Kt D B4R
WA Rk, L0 MR, IUF OBRE, WE EE, REFOEE, Bk e EIRRE)

Relationship between each oxide layer on Si substrates and properties of isotropic Nd-Fe-B thick-film magnets
D. Shimizu, Y. Yamaguchi , A. Yamashita, T. Yanai , M. Nakano and H. Fukunaga (Nagasaki University)

[FLHIC

TR O NI H S B KA O /N LA kD B35 H, MEMS(Micro-electromechanical system) -~ Jis H % 8 7,
ANy B Y 7 iEREFIH Uiz Si ZER A~ Nd-Fe-B RBEA DRI & 312, 734 ZJSHABHE ST 500, Z ol
FEIImRART20umEETHY, TasEERCEFEE LB, BalEOISHAESEOJER, BAEE W=7 /31 2Dk
P A EHIF SN D, el s 1k, RRIBNEFE 285 10 pm/h DSEICER E L 7= PLD (Pulsed Laser Deposition) #% vy,
Nd ORI IRIREA NdoFewB FHE Si B ORDETH D Z LITER L, 2B D Nd &4 &4 8N SRR =F A1
Nd ZHTH &2 2 & T, BVLELRRZ 2 5 EER N D OB Z S L, BUE 100 um BL_E O Nd-Fe-B SREERE A 23 Si
EHR LB HF2HELE O,

AFTlE, ERRO Nd EFEE/NT A—F T2 L300, BEEA & Si BREORmICHFET 2LEIZEER Lz,
BARMICIE, BRBILELUAMNCRE S O R 3 FEOME LI A FFo Si R 2 Wl L, &~ OBIRRHE & st Ic &
ETEEBE R LI,

EEREH
HZ2E 10°PafRIEDF ¥ /X —NTREIEET S Nd-Fe-B &4 % —~ ~ MMZ, Nd-YAG SNV AL—¥ &35 & T,
= NERERRT D 0 O TS A R - O S, XPmICERE L2 2R L (20, 100, 500 nm JEARE) & B AER{L
(1 1nm &) %45 %69 2 (100) HhkEsh Si R LICHERE LTz, 20, L—F AU —%4W, ¥—57" v & ERE O IEAE
Z 10 mm ICEE LTz, TS, REEZORBHIT T 7 7 A Th o 72728, 3.5~3.7 sec DMERFE T ORI % fif
L, NdoFewuB fEER LT, BESAFEDOREIEIX VSM, BHEEOFAN & 36O R mBIERIZI1E, SEM-EDX, #iifEEsiszic
13X TEM & 7=,
FEEBRAE R
Nd &4 £ ( Nd/(Nd+Fe) ) & #9 20 at.% CEE L 7= 10 um JELL E .
@ Nd-Fe-B Rl AN A L5000 4 FESHO Si HAR LICpkIE L, 2yl - Nd content : 20 at.%

B ORERUEME72 B ONTHRISE M 2 L L72 & 2 5, WFRo I
0
1 20 100

FERICAESL U 7= 50D (BH)max B 50~60 kJ/m3 D& H Dl % 7=
500

L

L, PREET) 72 5 DNT IR RES R b I IR E ORFETH - 72,
T bbb, BURORMEOHFTIX, BEFHEIXIET Si Fk b
DAL DT N SN LD o T,

—J5, BRI L2 L 25, BMUIEDIE S DB R
Hivlc, BAERZfERZ X 11Rd, ko Nd S EE2K) 20
at% CHIE L7ZER, BRAEIROIEZDOHIMI R, BMLERR O
BRI & T2 o To B C DI AN HIN U e, R34 Tz
ROtk 285315 &, BARRREEE L 20 nm EORR(LIE 2 A
+ 5 M A I BRH,  Si R B R S RIEES 5, Thickness of oxide layer of Si substrate [nm]
100 7¢ & TMC 500 nm JE OFIRALIED b O T, HIBfETiL7e <,

Si FEHROWNE D SHICHHR L=, 772 b, %5 o (100 ¢, Fig.1 Relationship between each thickness of oxide films
L < 13 500 nm EOEERLIE A V- 6 ) TIIHm & SRS and maximum thickness of Nd-Fe-B thick film magnets.

L DOBRNEFMENBIE ST, BILEOELOEIZEY, ik
RGN R DFREZ D 72012, 500 nm E D 2AER b BEAt =140 Thickness of oxide film : 500 nm

Maximum thickness [pm]

Si ot L BEHC 51T % BULRE O B & 2 Do -

BT 2 A, Si M E Nd-Fe-B REEAEDO R IEHIZ, Fe, -

Si, 0L LV 7255 100 nm EO(LAWIE A HER S T-, B 2100

FEDE 25, ZOEYIRAEDEL ORI LN, L V¥ £ 80

B LR WS ER SN, RS EAEE L LS bOLE ‘2 60

ZHN5D, MAT, X2i2i%, 500 nm JEDOERERLFED & DIz e

%L, Nd &4 EA 20 b U< 1% 25 at %R Lo Hi L 7= fso £ 40

Nd-Fe-B RJSIRI AT DIk I 257 LT 5, 3EHD Nd G4 £ 20 I

AT 12660, Nd SRR, =@a7 1 i, & X o

1R & JERERE R O R BT 2T 2BE S s, LT = 5 20 5

L7z Nd 23, BVLERIC I 1T 2 Foti & RIS A DR IZIRER I D

IR E T B AR L, B RBUE QSN K L= b 0 Nd content [at.%]

SHEZR SN D, AFERTHL, X217 100 um JEZ R 5 Fig2. Relationship between each Nd content and
Nd-Fe-B RIEEREA K L THA T TR =y by
F o 7wl LERER b O THRET 2,

2E IR

(1) R.Fujiwara et al., Int. J. Automobile Tech , Vol.7 No.2 pp. 148-155(2013).
QVNES, BRFER~ TR T 1 2 I EE, MAG-12-170(2012).

(3) M. Nakano et. al., IEEE Trans. Magn. 51, #2102604(2015).

maximum thickness of Nd-Fe-B thick film magnets.
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Ga ¥shnEfE Nd-Fe-B g4 @ FORC fifft

EEEFOA Y, EEER !, WA 2 AGHRE Y A HE Y A R 2, RABRIENS 2, E R FniE 2,
e B2 2R 3, PRI 3, 5 3, Nk ¢
(ALK, 2ESICMM, W4 B, 3 S gk, 4 2 2 HEhHD)
FORC analysis on Ga added Nd-Fe-B sintered magnets
K. Miyazawa!, T. Yomogita', S. Okamoto'?, N. Kikuchi', O. Kitakami', T.T. Sasaki?, T. Ohukubo?, K. Hono?,
Y. Takada®, T. Sato’, Y. Kaneko?, A. Kato*
(Tohoku Univ., 2ESICMM, NIMS, 3Toyota Central R&D Labs., Inc. “Toyota Motor Corp)

1. DI

Beft Nd-Fe-B WA ld A 7V v R/EKBEEORIHE— X ~OmE M7 L, R - B =3/ —Hific
BIFLXF—~TITNVO—2THb. I 5R5EMBILDIZOITLREE ) H O¥ERPELS KD LN TEY,
mH A & U CGIFEER 28O TV 2D O 0 Ga IRINEERS Nd-Fe-B %4 T& % V. First-order reversal curve
(FORC)fFAT 1TV RHAIZ BT DM A BT 5 9 X TR ICHRFETH Y 9, T E TITHAIX
EAIIN T Nd-Fe-B A 12k U CREMZR it 2 D C & 72 9. 48], Ga HSINBERS Nd-Fe-B #4712 %t L C FORC
gt & ol L= R R 2 s+ 5.

2. EBRFE

I~ 7 v 2 R /NS < 95728 0.5% 0.5x3mm’ D BT — RIS L L CRIE 21T - 72, c-dilllx
FEC AT TH D, HIEZX VSM Z W=, el 72 D12 FABERE Nd-Fe-B B b AR THIE L TR Y, #l
EIRE LRI 200 °C DOFiPH TIT - 72,

3. BRLEE

Fig. 1 ICRMBEA, Fig. 2 12 Ga IS A O FORC gt R4 ~d. pEHRAA CTIE, uoH, =1.07 TTHY, £
@ FORC diagram (21X H = HAZKHET DIV AR v MIIZ TE v BT IV AR v N3 HER S
Do ZODX )RR AR v N OIFE(EI, BERE Nd-Fe-B A IC BT A5 MO —>TH 5 9. —J7, Ga Bk
1 ClipgH, = 1.56 TTH Y, Z? FORC diagram (2B T, EEGS AR v FOEFICH o Tnb Z &
AN T H B E OFBENTRB SN, BUE, ZNOOEEREMEZEE L, BSROEARHE AR~ b
& HAEBOMHBEIZOWTHE L TWD.

ke d

1 " 0 o 0 7
[\ _— Norm.p
s E 1- —y E -ir 1
~ = \ hy i i .
S0 T ) \ 2 Ll \? H»o
. ‘N
1 ~ = -3 1 1 -3 L 1 L
0 3 2 -1 0 1 2 0 3 2 -1 0 1 2
KoH(T) HoH(T) UoH(T) LoH(T)
Fig. 1 FORCs and FORC diagram of Fig. 2 FORCs and FORC diagram of Ga-added
commercially available sintered magnet at rt sintered Nd-Fe-B magnet at 50°C
4. BEIR

1) T.T. Sasaki et al. Scr. Mater., 113, 218 (2016)

2) C. Pike et al., J. Appl. Phys. 85, 6660 (1999)

3) T. Yomogita et al., under review

4) T. Schrefl et al., J. Appl. Phys. 111, 07A728 (2012)
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KRR I 2 L—2aVICLKBRFROEY ZV THROIAE
BEH, AIE, SRTE L GIIE, NFER
(A MF, T IRBEAS)
Investigation for directional dependency of pinning effect of grain boundary phase using large-scale

micromagentic simulation

H. Tsukahara, K. Iwano, C. Mitsumata', T. Ishikawa, and K. Ono
(KEK, 'NIMS)

IFU I
AR AN A A & 2 AL EZ] LB A H B 7 & ORR B IR 22 B EEIC 2> Tw b, K
AWEFIEZ DB O P ER I MEITH D 6 4% 2 EmEi LI 2G2S Tw s, KA
WA 13 % B DRI T SRR S 1, BEERHER B 72 12 13 1R DGR 23 T 1S X 2 WAL Sz o0 BELIE A3 B 2
27 %, KARGA TIREEIIC X 2K FMHOKE 7% £ O F L THAUKIEDO B2 HET 2, L Laeds
AR 35 1) 2 KA O BEENZ SE 4 I IE B S LT de v, A XIS DO RIFE b & o R AH D 1%
WCOWTRBIBY S 2L —y a v Z2HOVTIREL 2. Z D8R, SRS AT 51 & R TRIE A TN L
THRIFHIC X 255w 2179 & & THRALIE DB ASIHE SN 2 FHE2Ho I L.

HEFE

M1 (a) ISR EN BRI EOR T2 RIS B ERAE T L ZHGTY S 2L —vavy2{T-o
7oo WiFRIX 64nm TH H BAWERA T TN 1 LAOE X1 1024nm TH 5, Wby 4 > 2 7 ZIGBGHERG
EFTIV% 134 2nm DRI THHE L, Landau-Lifshitz-Gilbert sz BSOS FIE L
7. ko TZOEGMHEAET NI 4,096 [HOR F2 5 EINTEY, ¥ Ialb—rarTilBNl1ErL
ZHWTWS, ROy 2L —yary TR 1(b), (¢) RIS vy FIHE L O 2 87 H D HKLHR
Wb 256%2% 72, ZNFI type A BX U B & L7z, SR E 2 WlamicEmE s, K%K
T 2YE I NdoFey B 20 L, Il 1281.2 emu/cm®, BEAUETHEESL 4.5 x 107 erg/em®, 5KHa A
T A7 FAER12.5 x 1077 erg/em B L EF N N— ¥V EV ZER 1.0 w7z, F 2RI @R
ERE L, BRI BRI E 10%, WA T 4 7 F AEHIE 1% & L, BREGHEEmeE Lk,
PIal—YavIidMBICRELLY I AL —¥ —
ZMAL KEK DA —R—av¥a—F4 v 7y
AT L Blue Gene/Q THEAITL 7 [1]. BHMIZT
YT 2 Wi 5 11.6° 2T IVEAER L 7.

(TS

¥ al—yarhpoatR SN2 1(d)
T AV R A DS EAE T 2 TR & < 1

(b) (c)

1024 M

WAL, PRIEEITIE type A THJI 36kOe TH D type o8 © //r"‘ IﬁZQ .
B IZHR1.28 fFRERfHEE o7z, Type A Tl go '

WAL ERZ 1D L T2 DIkt L, type B Tl s |

APUCEAEDRA T 5. K 1(e) B XV (f) 1T type 0 -40 I N 40 60

A B XU B DAY DY —36k0e TOREAVIREZ
RY. Type A TIFRAMHTOE v = v 7RI &
D WAL SRS 2 WT O AIEHKR L Tw 55
MDD, ZHUIK L Type B Tl KGO0 2
XD, 2 HENTRIAHED B %12 b B & T L
WO RERITIRD S .

HiEE

ARFZEDY T 2L —v a i, WL F —ids
WFERERS (KEK) DRSS 2L —3 a VIf%E (R Fig 1: The simulation model (a), the grain bound-
EES 16/17-25) 12X hiTbis:. ary phase of type A (b) and B (c). The black lines
represent the grain boundary phase. The calculated

a5

e

05

[1] H. Tsukahara, K. Iwano, C. Mitsumata, T.
Ishikawa, K. Ono, Comput. Phys. Commun, 207,
217 (2016).

hysteresis curve (d), and the magnetization of type
A (e) and B (f), when external field is —36kOe.
— 147 —



21aC -3 FALRl  HAMK SRR (2017)

UHM 3541238 L 7= Nd-Ce-Fe-B A4 #EHE D BRFE

B EBIR, FePe, fEREKER* serHG7E*
(ROYR, *IHAT TV 3)
Development of Ne-Ce-Fe-B based melt-spun ribbons for UHM magnetization
Kanta Murakami, Takashi Todaka, Kentaro Hanashima and Haruhiro Komura
(Oita Univ., MinebeaMitumi Co. Ltd.)

[FCHIZ

WA, BHEAROE—ZBEPBRAIATONTEY . BAIZBMMEWERERIN TV D, MHEW A & LT
X, AR OB A ZFIRT 5 2 LN 0D, AR X o QIMER » Al H S h 2560
B D, MR FREA TR MER SN TWE, Ry R & LTIEma A MIARd Z & mik

N L DBEMEOIRTRREE 2> TS, £ T, AL TIXERFEDOEWERITIETH S UHM (Ultra
High Magnetizing) & Y 1238 L 72K =2 2 S DD @ EREE S 72 THEGR » RieA HOBBTE 2 B & L1z, £7-,
UHM E21T 2 %6, ANy FIEA D Curie IRENMES 25 Z LIk 2 AUy M35, 22T, Nd& XD
ZAfi 7 Ce l—¥pE#ad 5 Z & T, DMK = 2 ME & Curie EEDOHIE 272, F 72 Zr RN X 5 (-6
J1& Curie #EE~5-2 % B OV TS FRIRFICRRGET L7z,
EHSAME S URNEBEY

FLARIE Nd-Fe-B RafEEr L, AHMEE 311 X0 13at% T, Nd OAOFEE Nd @ 30% % Ce T
AL 7-3UB 2 ERE L | Ce BHADNRZFH 7=, £7-, B1L6, 8L Tl0ath &Z{bIH, BKFIEIZS 2
LB EPAT, SHIT, Zr 22Kk ON5at% WL, fREL & Curie JEE~DORBER -, Bix, B4
SIERAZIZ AN NAE = 7RI L 2 8m a7 TER L7z, /ERL L 723 08HE 600 °C, 650 °C X r700°C T
EVIVEE U (PRFFIRERT 72 L), PREET) Ho, fAFNRSAE Js (e RIAE at 15 kOe) 72 & DNTHRIE ) 23 e b R & WakEko
Curie 1 Te DWEZIT - 1=, FAAITB/IVUEZE 7 — 7 [RIRLEE (H HEMHY, NEV ADO 3 % v CT1E
L, AV TR AV RS (B B i, NEV-A05) % AW CIERL L7, BEAAFE ISR B R R RS )
FH(VSM : HFE T, BHV-35H) Calfi L 7=,
RIERER

Fig. 112 Zr OWINEICxET D61 7] & Curie W DOBfR A <, Fig. 1(a), 154 LA Nd OATH Y | Fig.
1(b)iENd ®30% % Ce TEHLLIZHETHD, Fig. 106, Ce EHLUZ K - T Curie IRENMET LTb\Za
ZENbnD, Ce OEHEIC L - T Curie IBEOHIBEINFIRE/R Z E0RBEND, —TF, Zr DU
PREE S DI E Curie WL DK FHIN 235 DALz, M BHIX, WER R OFEM & Zr %ﬂuwﬁj:*”ﬁgﬁkf

DNWTHET D,

1000 w1000 0
[ 900
00—
— —> 00 300
o == 800
° _ \—>

E 700 260 _ E 700 . 250 _
= 53 o \ g
< 600 w05 . Mg
£ 500 gZ w0 £
E 25 1508
2 400 e 2 w0 @
@ = o =
& 00 —— 1003 & 300 —.— H, 1003

200 —a—Curie Temp. —e=Curie Temp. ©
50
g Nds:Fex.BeZr, o0 2 Nds+CessFess.Bs2r,
] 0 o ]
o 1 2 3 4 5 6 0 2 4 6
Zr content (at%) Zr content (at%)
(a) Nd11FessxBsZrx (b)Nd7.7Ces sFegs-xBsZr

Fig.1 Relationship between coercivity and Curie temperature with respect to the amount of Zr added.

L Z DN

1) sEFF. Nd-Fe-B 7R v FlA O IREMERTE & mzhZ & BT, SOKEIZAIL Vol. 52, No. 8, pp. 1-5, 2011.
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R UCE U 7= Nd-Fe-B R BERG A DO E A AR & U E

WY& —. HRECHESL. v /KL, PHREERA. mAREUG
ONITNES)
Heavy Rare Earth Elements and Magnetic Properties of Grainboundary Modified Nd-Fe-B Sintered
Masgnets
Ken-ichi Machida, Masahiro Namba, Xiaohong Yu, Hiroaki Nishio, Masaji Endo
(Osaka Univ.)

1. B8

Nd-Fe-B R BEREMEA TlE, NdoFewB AR ZHY FHTe Nd U v FRIFAIEIRANIZ SIRE I  Thd D
HAHELHE (Dy X Th) #8AT 22 & KWAWHEIE) T, @b &R & 23R 7oA &35
ZEMAREL D1, Z DA, Dy R0 Th WV RIS —ICEAT A EETHY ., ZORBIZK
O WERURFE, FRICIBBEH BRI B W TRAE A BUITIR T 3 28 e odi =R (AAIM:) ICBEREVDRAE L D, K
(2, A L7 Dy X° Th OHEHAE S Ak DI FE OB —PEDMEREL ) OBINEI G O K/ & ERC BT 5 &
EZHND, &I T, ABFFETIE DyAl 5% £7-21% Th-Al 52 A4 % VT Nd-Fe-B RBERERLA (2% L TR
B U Wb, PRI AR TR & ORFEETR SITXET 2 BB O D ST HOWTHRE L2 D THE T 2,
2. EB

BB WA B B b TR N52 ¢ AR (3X3X 2.8 mm) F 721X Mtk (10 mmg X 3.5 mmL)
DRGAT I LA CIE . . BERANICIE W SCE R A2 e L 7, BB Tod 5 Dy-Al R FE 721X Th-Al
% & Nd % & e Dy-Nd-Al 5% £ 7213 Th-Nd-Al 52 54:1%, FIEEOZTNENOHMREE (M : 99~99.99%)
BT WETH 2L TERIL, R Ar FRFASH. 950°C T 4 RERINEAL, 5] X kex 550°CH 5 600°C T 2
REf 7 =— VALEE U 7o, 15 6N AARIRECA TIXENEN O > THEHIS, EHERREA TlTm S
JiTA LAZ{R > CIRELZ AR 2 0P L, 24 & ORI S VSM 24 2 FV TR TIIE L7z,

3. HRLEZ
Nd-Fe-B FEERRELIH LT, ThA BRMRESEME L g 10 Asis SN <
THH 7= (Z OBA1E L=7 mm O HARRESA T, Bl o § 00 00 E
LIACRIE) B — 7 i s RO R e RAARROE § oS ) s 3
B EPRETR 1 ITRT, s, Th-Al ZA&OHEIC LY /G o 7
RBE A DN AN RS 2 S, RAFRRG A P C A S S
LAETLTNDZ ERNbMND, ZHUIUELEIZ X W NERIC 1sp ' : ~ {80
BASHE Th RROMAIMRY SRV, WEFEKHLT T oo 0 YKT 1° Z
BREND AT YW LT b0 LRSS, £ oo 1 £
WAz, L=35 mm o FFEREEA 2 112% U C R o s g o l 1% 3
AT, L FOENZ RO % [FFREEHFE LB O R4 (i Sl E——
PAF LIRS, 22T, LOKE SIIHE L -HREA 2 ) &ggl;gd;gZT%Aéf
il L @‘@/a\%%‘&; O RIFED L=7 mm» 5D E S DEN : &,/;gw:mf%@%g%%
WS LTRSS IR %, L0, BT 5 2 L THL & Bk
TRF TS LR L RIS RRE Ch o7, R 1. TO-AURGE CUH L7 PR O
TN D R TE S & BT ME T L, RO R RETEL BHER
Dy-Al RAGLEAUWEM & LCTHEALEHATLRONT, Sarple  Br(T) Ho(MAMM) BHmax  Hy/Hq
As-is 1.46 0.969 410 95
m Th3AI2_L7.0 1.32 1.900 339 89
1) ETH. 2. 4J&. 78 (2008) 760 72 & Th3AR L66 1.3 1.890 341 88
2) WTH., fp. HEE. &, TR, =HE BARGRTS 2017 BHIRA. Th3AR L62 134 1.890 347 87
FHEE S S1.16 Th3AR L58  1.35 1.896 347 85
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Nd-Fe-B A1 DRI E 23 i iy O PRl 7112 M 1T 350 8

JRE R, BIHRE, PBIERE, kg (RIFKT)
Influence of microstructure of Nd-Fe-B magnet on coercivity at high temperatures
T. Harada, T. Yanai, M. Nakano and H. Fukunaga (Nagasaki University)

[FLHIC

Nd-Fe-B BAlE, BEEDBERIRILF—EEELD
KAMEBETHHN, BETORBALENEL <,
BELENRAFTNLIAERTOFERANERETH D,
COMBEDOREAIL, HEEOWMBEIZIKRKET S
ENHILNTEY, BEROMMEEDZE %
TEHLENBRTOREAREZEDFENLY &4 D,
Sepehri-Amin 5 (&, #ERARHSRITTEEIZDONT,
REAORESITFEELTCHE#H S 2L—2a3 Y
FToTWAHMN Y, KHARTIE, RAR=ZESDOKE
SITMAT, RWRT 4 TRRAEH, RRREOH
SEAUTHIEEBORBARIFZIHZES., &t
EHERWTENET o=,

@t Ak

Nd-FewuB Z84EE L, ZOSMAIZIEH N FREE
BEELE-ETILEEZRE LR (Figl), 1=, #&
BEREDEAUEROEZEZBRATHBRICIEBEL
ERTHIKIEAMEROAMET LE-EELIEE (B
& 15nm) #BMEREICEELZ. ETILO—BL
(480r96nm) #ZFNhEFh 32~64 %5 L, 322~64°
BEOMIAARERICHEIT S &L THRENBDIE—H
BREFEERL: 2, BREGFLE L TARERSEE
FRAVCERICKELGHMAFRE Lz, HEALR/A
A —4% % Tablel (ZRT,

Tablel Simulation parameters.

Nd.Fe14B phase nonmagnetic

300K 400K 473K phase
Ky [MJ/m3] 4.50 3.01 1.62 0
Js [T] 1.61 1.41 1.22 0
Ac[pdim] 870 6.66 4.97 0
Kg [MI/m?] 0~ Ky -
t —___nonmagnetic
T / ~ phase

/ main phase ]
nonmagnetic NdzFe;q8 3 ’--f-dete:;);?ec’

triple junction P

- L >

Fig.1 Simulation model.

R e R

Fig.2 ICREAN Hc DBREXRGFEZRT . RICITH
REZEEOKESITE60nm, KPR T 4 ITRARATE
A% Tablel IZTRTIE (A), MKRLBIEBOEAME
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Fig.2 Temperature dependence of coercivity He. f is the
temperature coefficient of Hc between 300 to 473 K.
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Magnetic properties of nanocomposite Nd,Fe ,B/Mo/Fe-B multilayer films
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Magnetic properties of anisotropic Sm-Co/ « -Fe nanocomposite thick film-magnets
prepared by two-step annealing
Y. Maehata, Y. Furukawa, T. Yanai, M. Nakano, H. Fukunaga

(Nagasaki University)
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Fig.1 Dependence of remanence ratio on Sm content.
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Fig.2 XRD patterns of Samples A and B.
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Fig.3 Hysteresis loops of Sample C.
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High coercive Sm-Fe-N Zn-bonded magnets prepared using Zn fine powders with low oxygen content
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Reduction in cracks of Fe-Pt film-magnets prepared by an electroplating method
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Masaki Nakano, Hirotoshi Hukunaga (Nagasaki University)
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Effect of target composition on the barium hexaferrite (0001) thin films

Ritesh Patel', Yuma Ikeda', Sonia Sharmin', Eiji Kita"?, and Hideto Yanagihara1
Y Division of Applied Physics, University of Tsukuba, Tsukuba, Ibaraki 305-8573, Japan

? National Institute of Technology Ibaraki College, Hitachinaka, Ibaraki 312-8508, Japan

Barium hexaferrite (BaFe,0,9; BaM) is a magnetic oxide with the magnetoplumbite structure which has a
hexagonal close-packed (hcp) oxygen frame-work structure [1]. In our previous report, the BaM(0001) thin films
grown by using stoichiometric (BaFe,Oy9) target shows lower saturation magnetization (M;)[2]. The reason for
lower My is due to change in the composition ratio (Ba:Fe) in the deposited thin films. For applied purposes, the
high quality thin film growth technique is required to achieve large magnetization comparable to the bulk.
Nevertheless to say, fundamental physical properties of a film are strongly dependent on chemical composition if the
film is alloy or compound. In the present study, BaM thin films were investigated by changing target composition to
observe the effect on the magnetic properties.

The barium hexaferrite (BaM) (0001) epitaxial thin films were deposited on an a-Al,O3(0001) substrate by radio
frequency (RF) magnetron sputtering. Barium-rich (BaFe,O,) target with a diameter of 68§ mm was used. The flow
rate of Ar was 10 sccm; total pressure inside the sputtering chamber was maintained at 0.41 Pa. Before the
deposition, the substrate was annealed under vacuum at the growth temperature of 800 °C for 1 hour. The RF power
of the sputtering process was set at 50 W. The BaM(0001) thin films of 23.5, 54.7, 73.6, 104, and 140 nm
thicknesses were deposited. The BaM(0001) thin films were post-annealed in the atmosphere at 1000 °C for 10
minutes.

Figure 1(a)-(f) Shows typical §-26 XRD patterns of a sapphire substrate and BaM thin films of different thicknesses
after post-annealing. The dominant reflection peaks are (006), (008) and (0014), which indicate excellent c-axis
orientation. However, at a higher thickness of 140 nm, BaM thin film shows the additional peaks supposedly
assigned as (105), (207), and (315) with very low intensity. It is also found that the value of the lattice parameter ¢
of the BaM thin films deviates from its bulk value 23.18 A [ICDD PDF 01-084-0757] are shown in Fig. 1(g). In all
samples of BaM(0001) thin films using the position of (008) bragg peak, the obtained value remains in the range of
23.1 to 23.18 A. This indicates the crystallites of the thin films are under some strain. The BaM(0001) thin film of
thickness 104 nm shows saturation magnetization (out-of-plane) of 379 emu/cm’, which is comparable to that of the
bulk value of M, = 380 emu/cm’ [1]. Although the M, in the case of stoichiometric target thin films remains almost
constant (~300 emu/cm’) for all films [2]. The increased M, suggest that the strong dependence on the target
composition. On the other hand effective uniaxial magnetic anisotropy ( K,*™) shows the similar trend in both cases.

.
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@ g - d300=
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Fig. 1(a) XRD patterns of a sapphire substrate, (b-f) XRD patterns of BaM thin films with thickness of 23.5, 54.7,
73.6, 104 and 140 nm after post-annealing, (g) Plot of saturation magnetization (M) (out-of-plane), effective
uniaxial anisotropy ( K,™) and c-axis lattice parameter of BaM(0001) vs different thickness.

Reference
1) B.D. Cullity and C. D. Graham, Introduction to Magnetic Materials (Wiley, New York, 2009).
2) Y. Ikeda et al, The 64 JSAP Spring Meeting, 14p (2017) P10-52.
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La-Co EIAM KL 7 £ 54 b D Co DAili - AE: 'Iﬁ

9Co-NMR 2 X A%

PRz, RN, Wi, MR, SR, A, C Meny**
(BURL, *JET-JI58RE, **IPCMS)

Valence and spin states of Co in La-Co cosubstituted M-type ferrite: Co-NMR study
H. Nakamura, K. Takao, S. Okazaki, T. Waki, Y. Tabata, H. Sakai*, C. Meny**
(Kyoto Univ, *JARA, **IPCMS)

BLHIT

La-Co H:&E#a M B Sr 7 = 7 A I SrinLaFen,Co,012 D x >y DFREHI X" % ¥Co-NMR FEEET
&, AR ED 3 FMoEE2EMENns (HEYA F2Y 3 bl Ed3) 5, FrICEEBEE (90
MHz fH3E) Db W ES OME - IRICEBIRS 2 L Twi (1], 22T x>y OB
RO % 25k 2 HE L, 2416 D HRFEED ARG5S D@ O il %2 il /e

RS

L 725 BHE 2T NaxO 7 7 v 7 AL CERLL 2 i 2 MRIC L2 boTh 5. 2 ilklo—
Fidx &y 2NFIFH L Vil (FHROBREIE 1 atm) | fl171d Co DAERE L 72508 (x = 0) T
b5, ko s NMR F2551Z Strasbourg @ IPCMS O i [l F A HHRES 1 % F T T,
Co D A EHERFOAR AP NMR FEBR I )H T 18 & X O K T o %

ESIES

Mo ai@B AR 7 PV OREHRZ R, La-Co HLEHGEARITIE x>y & x=y THEHDEDTIZ
FHE AR Sz, S2, S3 DB B Cot DAY VIERE—X >V b 3 pup ITIES 2 fETH
% (Co DIZWEAINEE 10.03 MHZ/T) . S1 OMHEBEFEEIEFIT/NI R E LT, KAE
VIREED Co* DMEET 2 HREME L, Co* DEFTTHE2DDDIIBEE—X > P23 G LAY
VE—X Y DM L NS0V INE < T
T3 AREME GEH R E VR O BB & E
B3 B CHOER T D Z UEIE) , BEINTwE
[1]. yix D HE7Z 2 La-Co HiEf 2 SR DFEEH 50 |
FFELCTH % L) FHHEIZ, S1, S2, S3 DfF
FOET Cor HRDETTHL I L2RRT
%. %7z, Co DAEHADIREIHIZIZ Co3t DAD
HET D EEZoNDDT, FHEART S1, S2,
S3 oI NLBHE N L) FHED, S,
S2, S3 MNETCo* HETHS I E2RBRT S,
SR, ST IR P RSN S LB & L 'w
TAEY « WBRSHESNE I E ko7, % “r
7o, Co OAHEMEEITIEE & Iffu AT (S - l Co only (Co*)
BABHE NS Z L, 20RETHO o ik ; e
(52 VARIEIC 5 5 WHEHEASAC S 1o, 0 100 200 S0 4o 500 00

[1] H. Nakamura et al., J. Phys.: Condens. Matter 28
(2016) 346002

a
=]
T

F
=}
T

Intensity (arb. units)

[La = Co (Co?¥)]
x =0.32
y=0.28

4K |
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TFe-NMR Ik B2 M#AiCa-la7 =594 FDAEY 7Y v SO
ERECK, SRR, MR, HMEEE, bz
(AR

Observation of Spin Flip Transition of Ca-La M-type Ferrite by ’Fe-NMR
K.Takao, K. Uji, T. Waki, Y. Tabata, and H. Nakamura
(Kyoto Univ.)

1 5]

AN 2 750N 4 b 7254 MB7 254 b) & c iliDRMLASEO —BE T2 7 = ) BT, 2oL
WCEE LT, KAWAMEE LTREICHNTWS, BUTO7 254 MEAOMMIE M A Sr 7 = 5 A FIC La-Co FhiE#
L, MENZBRLDOBTHRTH B2, EHE, La-CoiEitz Lz MBI Ca 7 =4 b2 SrRICEARTH 20% RIS 058 K
T vy WEREEIN Y, BB NTwE, —J, (LAMELTOME Ca 7 =54 M2DWwTIE, CaFep0y0 & F-HIIRGE
M EICHFER S, Ca & La DIRMBVEET 5 2 L AN TR0, FEMaHLEELYMEL & ORARWIEE IZW S 2Tl
ot BEHkAZIE MBI Ca-La 7 =94 FOREMEZYISIC L, FHERZ2E2 2 EIRIILE Y, HEREEZ L7z
WALHIED 513, BMLREEA1AIC BT X MR 2 2 2 2L I L, @O —HKREER DS E, X ¥tk
B35 2 WALE B D) 7 & ZICH T 228, RRCTRIALKEI A IC 172 L SIS % 2 EWRENTH L, Hrldin
FTICMB Cala 7 =74 bEFEFHEO YFe-NMR HIEE % 1TV, MGT CRAMENEL T2 2 2 MELTWw3 Y, Kiff%
TIE, X ¥R & RS OB 2 BRI R 2 72 o, BESSEUREZ VT BRI 2 AL IR kG 75 F0 0 ST Fe-NMR A
X7 PAVHIERIT S .

2 REBRAE

M Ca-La 7 = 74 P OHFEFGEENIAD 7 7 v 7 RIS X D EBLL 72, I Vo 72 BRS SEURE O AL IR R R X fksy
¥ (WDX) THE L CagsolagsiFerj01010 THo 7. Fio, BLHED 5 2 Dbl X ¥ B 0.8 T 5 K) Th o7,
STFe-NMR 12 3 AR 0 B ikl 2 H v, AR %2 c i \ELCHIIN L 72, H = 0 -2 T ORiPACRES 2 e L. &8/
WBARTIARY P AR WIE L 7.

3 BRELUVER

Figure 1 & T = 4 K CHIE L %2, SWESHCORBEERIIARY FLvTdhsb, H=0T T, WEHHNICS5 20— 2 &7
L7, WA S Fe D 45, 2a,4f, 12k %94 F o DEFIUFEINS, X EERINLESE, BHEOMBM7 254 +0
NMR 27 FVICHRS T2 D878, CaLaEMLTWABAEDIELEYTFIA P =2 EEZoND, WSHELIT T
&, BE—=7BWAT—A Y FOFAICIEL, SR (4f, 4/ down spin), WM (12k, 2a up spin) ~> 7 M T 5%, X
& MRS IS AT (0.7 — 0.8 T) TRELKE(L, 0.8T DARY FVIFFEMSH & AR OO EFE L T2, St
1%, 2a,4f1, 45 & A FDEBIF 1 ERIDOTHL2DITNL, 12k TOR 3 ARIZHHL THM S N,

2a, 41,4 A MR CTH 27, 12k A Ml TlE R,

WRE—A VR clliZNTWV2 EZFILEDK Fe ¥4 FTHNE

Wi TH 272D AT FVIZ 1 AR LB NR L, —T7F, # T
BE— A P A CHMNICHC & 2a, 4R, 4f F4 F TRBIHED 72 »(E | T=4K 1oT]
BONREHEON, 12654 b IS B 73513 3 KR L A v
T2, 2%h, AV 7V BRI I LRZRLTVS, 2 W
RO, % Fe 4 b T 3d5(Fe) DARIEIC D1 T A E v M f 1 5
BHE L LRI AET 2L — OFEIAA SN, 20 & 12k 94 b EL Lem Jo8T
T c B £ X2 O|IAS D 2 FHTFIHNSBIILS 2 L AR S i 2 00 i
O MM Cala7 =74 MdFeX BEET 2720, 2D Fe* ORE g 12k.
BRAEDBRAEY 7Yy T7ORKERS>THEHDEEZ NS, B 2 4f; o 7
References - X 2a vz 0]
1) K. Iida et al., J. Magn. Soc. Jpn. 23 (1999) 1093. ,/:\ | L\ 1.\/,\ L
2) Y. Kobayashi et al., J. Jpn. Soc. Powder Powder Metall., 55 (2008) 541. 67 68 69 70 71 72 73 74 75 76 77 78
3) N. Ichinose and K. Kurihara, J. Phys. Soc. Japan. 18 (1963) 1700. £(MHz)

4) K. Uji et al., J. Solid State Chem., 245 (2017) 17.
5) ERMKS, % 39 M HAR KA AMEHHS 9pA-1 (2015).
6) F LMK (private communication) Fig.1 M7 Ca-La 7 = 7 4 kB E o #54
STFe-NMR A7 b
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Srzn,Mn,_-W US54 7 =T A ROREETEL R PTG &

K E, I &, R gl ok BE, FH L, IR KR
(RBrRRA:, * H 34 8)
Study on magnetic properties and local structure of SrMn,Zn,,-W-type hexagonal ferrite
K. Ota, T. Nakagawa, Y. Kobayashi*, A. Yonaga, S. Seino, T. A. Yamamoto
(Osaka University, *Hitachi Metals, Ltd.)

HMEBM
7 =T AMEA L AR AN LN R E R R 2R 2720 B2 — AL TEZLFIHAIN TS, SiMe,-W
7 =5 A1 (StMesFeg0y. Me? 2 D& JBA A2 ) 1Z. Me? = Fe®* D334 VSt -M 7 =5 A1 (SrFe1,010) KV H
FOREAL AN 10 %orm< . B VEREFRIL S-M LT 25 A R [RlS 707200 | IR OBEAAT IS L TR S LD, Fe? khd,
MnZ IR T — A R REWZEI2E A LT, StMnFe,,-W 17 =5 A SO R FIRE LA FAA L . Mn OB # 8 H3 %
BDIZONTRALIME F 322858 L= 2, ZDJREEL T, & 7 HICIBOT M2 E, #70 AE A M &
BT DI0EEL T, £ T XU AE YA MO S IRBEND Zn 25 E#HRT 52T Mn 27
TAE Y ANMIEHEE, Wiz ESE 5204 BEE LTz, AMFFETIL, SIZnMn,,-W 17 =5 A kO Wyt RTAf &
Zn & Mn O G AROFENTIZED R MEE SR T & & O AH B BIFR 2 RRGEL 72,
=B
FEDY SrZngMn,.-Fes0,7 (x =0, 0.5, 1, 1.5, 2) £725 59512, a-Fe,05., SrCO5, ZnO., Mn,O3 ZFF &L, R—/L3b
() T2 h iR A Uiz, HR LI IR G FUBH HIHIZ A L, BERIRE A 1523~1623 K, KXU7ET 10 h BERR AT o7,
BHNT-BERLHIZ OV T, PPMS (Quantum Design) Z VT 3 K Db % , #&E VSM 2 W T=RIE TR
PERER & R L 7=, £, HU B rabal o BLES2 THUER JE X AREIFTEITUN, U— U MEHT IZ CREE R 2
FEhtiL7=, IHIT, SPring-8 @ BLO1B1 T, Jialsk X AR & (EXAFS)HIE % Eht L 7=,
EBRER
LICHERIU 72 5 3B BUR e X BRIEIHT S & — A m T, 8 BE ST RREOD i O U G X AR EHTRIEIC BT |
W BB R & R R 5B M ERI CE T D2 e b7z, X 212 Zn OE B EIZH T2, 3 K Ofafifi b s=iRo
MRS O R T, Zn OEBEEOEINIAEW, TR IZHE MUz, ZOZENL XTI AR A A~D
Zn D EEPRBIT, Fo, BRTHERS T x = 1.0 OB ChIMES e o7z, K312 — ML Mg B 157,
n OEEHOEERT, ZORREND EX DAY ARAD Zn O EEREBENT, Y B, EEHE X
BRIEHT DV —h UL MiHT & EXAFS ICEVFHTL 72 Mn & Zn O 5 A YA M EREPPEL ORI O W Tl 5,

140 1100 1.5
3600 1308 1080, _ 125 o —gde(down)
2 AwE 5 ]060% ER! e
Z 2400 = B 3 ‘
< x=00 , | L < 104058 & 075 5
5 £=0.50 LA L g 2 T L oMy (down)
Z 1200 x=10 = 10202 T o5 p ’
E | N il £ = / E
— - 4 & 10002 ) 02| .0 a’ L2k(p)
EETINE DY, YT ’ SRt
L P Wt hseyrvyvy v 2T Aat)
20 25 30 35 40 45 90. 980 Om----- B -
26 (degree) 0.0 0.50 1.0 1.5 2.0 0 05 1 1.5 2
AT %15 o InBHTE
Figl. Synchrotron X-ray diffraction Fig2.Magnetic properties of Fig3. Number of Zn per formula unit
pattern of SrZn,Mn,_,Fe 0,7 SrZn,Mn,_Fe16057 in SrZn,Mn,_Fe0,7

1) # BN ¢ KARA -BPEVRNF LS -, pp.188, 2007.
2) KH EH: BiEmRibaemaimEgzESs k28 FEEF RS (2016) P.15.
3) MUk EE: AAMSKYSHEBEMES Ak 28 FEKF RS (2016) P. 141.
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Fe-Ni b - T EOBIKEFEIC 5 2 DAL A A2 DB

BIFRGE, HREER, =W, O, siBEh, hEIER, kiR (RIERE)
Effect of chloride ions on coercivity of electroplated Fe-Ni films
Takeshi Yanai, Kenta Sugihara, Kazuki Koda, Kazuki Eguchi, Keisuke Takashima,
Masaki Nakano, Hirotoshi Hukunaga (Nagasaki University)

[TLC&HIZ

Do JIETFEIR - HIETCHRIENFRETHY, EELEETHLZ s, BERIEROFELELT—
DELREIETETH D, AFIEETIIINETIS, B2 B EE 10-20 um F2HE O Fe-Ni Rk
Do ZPUZBA LT, Hix et - 2T CTE 72 12, TEMR NI Do X TIASHWLND T v MAT
1%, BB Ni O RERE(LINGI D=9, Flx 13 b= > 7 vie EE2ROTHELA o R o 2~ s
Bo )T, @R A AT EBEONTIE N ZHEMEED 2 E b HMLNTEY, MAEABSE
Hi{i & 4 2 RBENEIR D 6D > Z PEORKE I T A A N B2 Z T 5 L PHEEND, T’x Db o X EME
FLBFRICBW T HEEBMIC Ni 205 2 Enn, bAoA 4V iiMKEEceEE2 525520605,
I TARRTIE, Bt A A U REEEL SO I D Fe-Ni A ERL L, ZVLERFIE ORIE S D2
G 2 DAL A AV REOFBEE R LD TEOFBRERET 5,

EEBRAE

Fe-Ni RO ERLUZITEENLD - TEE H 072, Ni X0 Fe A 42 OMGIRICIINEE = v 7V, ftfesko b
BAEH L7, HALERITD - ZIRNOEAMA T UV REZZCIE LD, fggkz &84 2 T
ZTc. ZOM, Do XWITIZZ = (10g/L), BV F MU DA (5g/ll) BELUNaCl (50g/L) Z#Us

U 7z. BBARICIE Ni Bz, FERiIE Cu #ia vy, 15X5 mm2 @ 40 [Feso, - 40-y 1) |[Nacl 5021 |
FexNizg I8 % Cu i ISR L7z, BIE AL 0.2 Alem?, IR I E

= €97 N1
[ 50°C, RIS min & Ui, WBSUEESEE Bk £ | ——  , m
f#4% D FEHT 300°C, 60 min 0 ELZE hEVILEE % ffi L 7=, R o |

&
REAGER ® | waLTE i

Fig.1 (ZfR1E ) DR LSRE L BRI 2 R 37, Fig.1 IZITBVLER | o

BT D% 1 Ui, HALSREHIC & 2 IR O 212 B & 0 © .
T, FexNig T DR T o7, BMLELETOREHZ B W TIX 0 10 20 30 40 50
YA SR B O BN ARV MERL ) OB R X pu, BULERsg13E BiE#%E v (2/1)

FBOMEER Lz, ARERELY, BULEZWRWES3sE  Figl Coercivity of the as-plated
{EEKEHA D72 (AL A A AR o Xy FeeNive films and the annealed ones as
o . o . . a function of FeCl; in the plating bath.
AEHERDMELRESE 1 2 15 D BR D DITAFITH D Z &R bho

7o Fig2 I XRD /8% — & v = T —0ORM BRI L 7= S 26 Fey:Nisg || NaCl : 50 /L
A% DB O RERRIE &R T, BULERT OB I, Mk A 24

AW DME IR A8/ & < 72 BB VG B, B Ak gg;.k\\“mtaxf%f%
7% as-plated RIE CORMBBEN G LIz L EZDND, £72, w0 o0 ]

AL A A PN OIS CBLERE ORI IT/ N & il & Ao ﬁlé .

Too THAUD ORERIE, AL A NEBEREEER S 2 a8 [ ‘- .
CHBE G250 AL TEY, oML TR 167 RILIERT
TERET 2k L T D, 14 (') 1‘0 2‘0 3‘0 4‘0 5'0

L 2PN BILEE (L)

Fig.2 Grain sizes of the as-plated Fez2Nizg
films and the annealed ones as a function of
FeCl; in the plating bath.

1) T. Shimokawa et al., IEEE Trans. Magn., 48 (2012) 2907.
2) T. Yanaietal., IEEE Trans. Magn., 50 (2014) #200703.
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i EE Fe-(3-7)Wt%Si & 4 DR

TR A [LURTASE> A & AR BT T AR B S R RS —*** FE R IG5 HIPx* i LI
DR BB N 1] 2 ST
(FILLRAEA AR L TUM & B > L LR > UK B L
ok 1 R FEHEMEREAR | > qig ] UL T 5 & B FE AT
Magnetic Properties on Fe-(3-7)wt%Si alloys using High Purity Metallurgy
S. Nakagawa, K. Matsuyama, |I. Sasaki, C. Kaido, M. Takezawa, Y. Horibe, H. Era, S. Hata, S. Kubo,
T. Ogawa
(****Kyushu Inst. of Tech, **Kitakyushu National Coll. of Tech., ****Kyushu Univ.
*FxxE*Kagoshima Univ., ******MERI-FITC)

[ZCHICT EHFBMROFEN OB efitt 2155720, TORAEETHD Fe-Si & & mEL L, 4
PEZFIRTE -, B D TIEEHE Fe-(4-6)Wt%Si A4 DR Z LT IBNT - B2 L, S OICHEEMERE
LT&7=29, L LR, ZOMEEME TIEREgR LTV 5 Fe-3wt%Si & 0 bl ft B DO RREE R E 2+
D LVDhILTN D Fe-6.5Wt%Si 1Z31T 2 mfli L D ZR R D hr> TWhiew, ARHfETiX, mifliE Fe-3wt%Si,
Fe-6.5wt%Si 35 L UF Fe-7wt%Si OB A /ERE L | JIE - MjMT 95 2 ST K 0 | BRI Ciam S 41 D rEkc i
TOBEMECIC L 2R AT L, Frizekkm BERICE T2 HE2 M E L,

EERAE FBHER T ER L OBERIE HFIEIRTR Ve R U Th 5, TOR TN L3 B % Kerr
SRR CRER ZFENEILR L T2, & BT Lorentz T TEMEEIC X 0 BEX R BV 2R3 L OSSR IR E 21T - 7=,

EERREER Table 1 [ZHEAHIE L 0 5 SN TR, 60 HZ ICBI1T 58 2T U v R, R RKBWHR & O
KA R, BB RURAE & LT 6.5Wt%Si & A REI N Ik bEN D721 T < ERiE I L0 FREs M L
TWAHELEDND, Si &N WD 5 6Wt%~DHINNZ LW EREE S E RS — B IZm E L WESER &b,
TWt%Si & A EHI RSB ENME T T2 00, RS A7 U U AT 6.5Wt% & A TH Y |, Kk

PERELE U CRIBEEDRN S D &5 25, 5B TIX A S REKURRE O M 22 SRAT O X O B RFME~ K § 8
b EEm T D,

Table 1 Magnetic properties of high purity Fe-(3-7)wt%Si

Si content Coercivity Hysteresis loss Max.permiability
(A/m) (Wikg) (X 10°H/m)
3wt% 14.96 0.750 8.14
4wt% 14.64 0.742 7.87
5wit% 17.50 0.704 7.05
6wWt% 10.64 0.507 9.96
6.5Wt% 7.76 0.389 36.80
Twt% 7.70 0.482 3.56

HEF K DO—IL, SCGRREE T ) 727 /) ao—7 5y M7 4 — AFERE L U CIUN KR PR s
BTy N7+ —ADKEEZ T CERSNE LT, £7-. BEoMieEaE FHEmELEH ST e
W RS RFEBARB B E M AR & — s oWl s \ R L 97,

L ZDEN

1) bAoA F=b 538 HARSK AR PR HEIZEE 2aE-7 (2014) p. 85
2) Z.Leietal.: Physics Procedia, 75, 695 (2015)
3) Z. Leietal.:J. Magn. Soc. Jpn., 40, 8 (2016)
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7 )L 7 7 A FeSiB #EE -~ Nb #iIN%h 5

BUPRERE, BRI E], AROREEF*, BTHTE =, /MRIE
(ZEKTL, *KFK)
Influence of Nb addition on magnetic properties of FeSiB thin films
Y. Takeuchi, Y. Fujiwara, M. Jimbo*, K. Maeda, T. Kobayashi
(Mie Univ., Daido Univ.)

FLC®HIC

T E/NT 7 A FeSiB @I mfd b 2 R~ TR ChH Y, EiKa —27 OFLRMETHD. L LIk
BEBNPRKEL, FHEELU TR EAOINMTRICEAIND IS X BEKEEDOL LR E SIS, FeSiB
HEHTIT Nb ORINC X W BEEEENAL T2 Z L3 mbnT D P, AFFETIE Nb Mk z2 b S8z
FeSiBNb A (FR L, ZOREKEHE, WHELZFHMI L 7O THET 5.

KEB7GE

RAEIZIZDCRF~ 7 % bm A8y 2 ) o ZAEE 2 L7c. BIEEZEEI35.0X104Pall FTH Y,
A8y H 9] AEITAr0.43PaTH 5. FerrSiuBoti 4 LICNbTF v FZRlE LG X —F7 > FEfiL,
NbF v 7 O¥U L 0 A S L7, FERIIESIA00 2R L TR0, RERERMA L. mEh o
HRIRERTZE Y FEOIREZITH-10°CTH -~ /2. FREITHIB00nmTH Y, K HHIZI1TSisNaZ 20nmHAEFE S
TS, MR A~OMTITY 7 FA 7L 0 ITo 7. BALFREIZVSM, & IXXRD, HafnmsaE &5k
(T ZIETRIE Lz, BRXBLZIZII RO 2 7z,

100

EBRBER

1 {2 Nb 0.0 - 10.0 at.%a B O FR1E ) He OEVLERE FE (kA7 %
Y. As-dep.DFEFTIL, MR Nb I L & IC He 1343 %18 o
M 5. EORMEIHEULEE L & 1T He X L, 350°C 725
550°C THe/ME(Hemin)Z R L TW5. 6O RIE, RERC \
BAINTISNPBNBIC L VERMLEERTHDLIEEZONS. LT
fAFIfE L 4nMs 1X Nb OHANZ & & 720y, 14kG 25 8kG F T
L7z, 72, ¥_XTORBICEBWT, #Ef biEE LI OB ¢ ¥ d
I3 4nMs (2K X R LI R B d o 72 T e me eo

2 1% Hemin @ Nb fHMKEIETdH 5. —ERRIC OV TIE, Temperature('C)
as-dep BB DO FIFIRE T EHAs 7k LTV 5. Hemin |3 Nb5.4at.% % Fig. 1 He as a function of annealing
TITHFNCED LT 8, BT RE 22 idhonszy., & temperature.
72, As®H Hemin & REEOMEEZR LTV D, AsDZE(LIE Inomata 04 2

LRHE L TWDLRHERLFERRTH Y, HEEIZHB WO TH Nb BAsDK 034, A o z

BRI TH D Z E03D 5. Hemin & as-dep. iEFDAs DI [E]— E; 02 A o . g_

O AR LTEY, NbHIMZ X% Hemin DAL, as-dep itk £ o1 : “ 1 :) )

OASICHIET % AR B 575, & BICREAALETHS. " ; 0"
5 6 8 I

R, AR T L OB, (RSB L 5
REBEOFHRED DT THET S TETHS.

Nb content x (at.%)

Fig.2 Hc of optimally annealed
samples and As of as-deposited
&k samples as a function of Nb content.

1) K. Inomata et al.: J.Magn. Magn.Mater.,31-34 (1983)1577.
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PRI BRER HERRIZ X DFeR T BV 7 7 A5 O mHR T Ak

BOEAT, A AR, CERE BT, BRI B, KW ST
CEMRE, "RERIESIN GG 2 —)
High resistive layer formation of Fe-based amorphous powder surface modified by acid solution process
N. Yabu", K. Sugimura®, T. Sato”, M. Sonehara”, H. Mizusaki™"
("Sinshu University, “Nagano Prefecture General Industrial Technology Center)

1

[Z LI

AR, A A v F 7 K ON HRFLOFHHZ A3 % SiC/GaN /37
—TNAANFERSINTEBY, A vTF 7 EEEEZ MHz # 2L R
AT 5 2 & CRRhE L /N E AW N 5 DC-DC =2 3 —4
DERBHHESND. L ARG, $E kHz # DC-DC =2 > /38—
WWERAENTHWDHHE A FaT7=e Mn-Zn 7 = 7 A g EOBLLMEN _dpm
MHz #5241 5 2 7 CHIT % 2 LR Ch Y, NZn 7= 74 b LR o paticle by acid
VAMOEI DR W ODNEFTH 5. FEH DL, MHz HBLOHEHE  solution process.
LCERTENLT 7 A58 (LY Fe-AMO L Riik) & =R % 4
JEMB AR DBERA LN AL KDy ML EIRE L7z D2, Jalad o Fe-

Concentration : H,P0, 5 % HCI 5 %
T T T T

AMO i 7% 51 CHER 5 I HEOTIH 2 HOIC, Fe-AMO Fi 7T (1ot A
DRIV AT LT 2. ARCIE, BRSIUOPRE S 5 ot ot
(= ko T Fe-AMO KL 742 AL L 1 FAEIC U TS T 5. e e

Intensity [arb. unit]

H,P0,-6 h :
TR reme AL
FERIZITAKT b~ A RUETER S SEEPRIES 2.57 um @ Fe-AMO i

¥y (Fe-Si-B-C-Cr) % HA 7=, BAAWZALEIE As-made Fe-AMO ¥R

n 1 n 1 n 1 L
740 730 720 710 700

DOV VB L OEBAEN NS S, Y RS A Z & T Fe- Binding Energy [eV]

AMO Ki 7K M D Fe NEME L, U SR ANH L. 20, Q%@wﬁglwm%
- L e s tration : H;P0, 5 %,

HARRILERS % = L T ) CRRBRA VAR, DR Lis. U VBRI O S Y A T W

1% 0.25-6 [%], ALEERFRILZ6h & L7z, HEER/KIAR OBEEIL 2-5 [%],
ALERRER] 1 0.5-4 [h] & L7=.

EERER { N_ | HCI30 min
Fig. 1(C U U RALEEZ 5%-6 h, HEFRILHLZ 5%-4 h O S TRAHIK e e HgPOsB
JLFR 7= Fe-AMO K- (BT, WAL Fe-AMO Ki7-) OMiifi SEM N e

HCI-4 h
HCI-1 h

Intensity [arb. unit]

% 7. Fe-AMO KL TR HIC 2 OB NHR STV D - LA 110 105 100 %
BTED. NEIOREEIT Y CELEE, SMI ORISR I L 0 Binding Energy [eV]

(b) Si-2p spectrum
S AL D . BRVSIRAVER R mEAIC L 5 Fe-AMO ki f-ZFm O @it Fig. 2 XPS analysis results of surface-

IZ Fe 72 5 TNC Si OFBLMER N T 5T 25 L 0% 2 Jic 3%, Fe- Modified Fe-AMO particle by acid solution
20 B LV Si2p &% —4 v Mz L XPS 12 L A EEM & L. Fig. oo

2 |2 As-made Fe-AMO FiT-, ¥HGALEE Fe-AMO Ki ¥ D XPS /34t 4 7<3. As-made Fe-AMO ki1~ TlI 4 )&
Fe & Fe bt —7, Si,Os 2T\ Si b — 7 NEIIS LD, U VERILERIZ L - T4 R Fe B — 7 3H
Je L, Si B SiOL 1270 B . F D% DIRFEYSIRALIRIZ L > T Fe bk D v — 27 RNk 5 & 41 Sio,
E—BRELRSTWDLZ ENyhD. LLEXY, BEEAEE R EMIZ LY Fe-AMO hi1#&E1X SiO, T
BbNTHEY, BEFEENER SN TS Z EARREN, BOMEE LIS AICiERZ Mk X, 8
BEHNEETE5EE26N5.

BHE R

1) R. Hirayama, et al., Papars of Tech. Mtg. Magn. IEEJ, MAG-16-240 (2016).
2) K. Sugimura, et al., INTERMAG2017, BU-05 (2017).

3) R. Alfonsett, et al., Appl. Surf. Sci., 70-71, 222 (1993).
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ST CMOS 7 A Z1Z K 2 ISR BF I X BLER 2L E O s P RE b
ORE K, *Fk M (AT —7, KT

Improvement of Wide Area Longitudinal Kerr Imaging System by Backside-illuminated CMOS Camera
S. Meguro, *S. Saito (Neoark Corp. , *Tohoku Univ.)

[FCHIC B X[, HEREREREOMRTE & L THZ R LF a0 RD 5T
W5, B —REERIC LD TR F —a AFBIOL S NLERZETHY, b OENRIILER
BEAMEKBICH L TABTHD. ZOMBEICHLINLT A RCEAENDLT T T 7 AE#ECHZ MK
DORESENEE TH D, Hx 1L IS ORMEME OB TEMRNT (A H 72 Bk 5 1k ik RE 2 A3 5 IR
PERBEEE AR L CE 212, ZoEETIIMINFREAA—VA Ty T7747 (L) ZHNDS
ZEIZRD BT A= VA —F— ORI LR RBIE 2 ATREE L. LA LS L LIS THh Y, %
M FERERS L OVSIN 23 L LOPERRICAEA SND 2 ENEER TH o 70, Iill, WIEE - K26 o 2w R
(BSI)CMOS oW —Z AL TEMI A TN EKR L TE. £ZTBSI-CMOS 1 XA 72 HnWbH Z L2k
O AR B X A2 O IS E b, m o fERE LIS K OVR SINEZ T o 72D T T 5.

RPHEL  Fig. 1 (T (@) RO L LERAWERSER E (b) BI%E L7z BSI-CMOS 7 2 F12 X 5 %R RT.
(@) DRERDIEEZRTILZ CCD A A T DIRGEN U3 A F L/NENTD, ML ZBLORH®BL > X L2 12
Lo T 2B fFITHi/hENTBE L LOZ ISR SE, HOhBE Y L—L 2 X L3I2L Y & BT 28 fF12HiH
LR LT D, —TJ7 (b) OAEIBE%E L7252 Tlds M /1.2 4 »F @ BSI-CMOS 7 A 7 =8 H+ % =
LICEOL U XB OB L U X R ICE s TR ENTBE LILEHWS Z R BEERBLTWS.
BRA  Fig. 2 ICBIEHRE L L TREREBOEEBLZYEIRT 272025 4 VFH T AT 4 A7 ITHE L724%
i dh FeTaN I8 A F W 7= BRI BLESKS 2o~ 4. Fig. 2 (a) 1268k D % (Fig. 1 (a)), Fig. 2 (b) X4 HIBEFE L
72365 (Fig. 1 (0) IS E ViR LR THD. WIFNbE—OBXAZ#BLZL TR, ThEh, 100 #
DOEBFERICEL Y /A4 KA Y, SRS EHINE & OSBRI X > THRUADIEROBREZIT> T
WD JERIEE OWLEF S 14X 105 mm Th 2 DITxE L, BFEEE OTLIEF I 16.5X10.3 mm Th Y it T 17%
JRREHE SN TN D, FTz, ZERGMFEEITR 2 6%, SINITK 45 ELTWD 2 & HEND b,

AT CIIREM RIS T 2 D FAZ OV THHE T2 TETH H.

BE Lk
1) S. Meguro, S. Saito, K. Akahane M. Takahashi et al., Ann. Conf. Magn. Soc. Jpn., 14pF-3 (2009), 7aF-10 (2010).
2) S. Meguro, K. Akahane, S. Saito, AIP Advances, 6, No. 5, 056504-1 — 056504-5 (2016).

(a) V3inch
CCD camera
(b) /1.2 inch
L3 f= Backside-illuminated
CMOS camera
i (BSI-CMOS Camera)
I L
L1 p N L1 p EAR
LED = L2 LED o N
....................... eV A A ‘
Objective Objective j
lens lens i
|
Sample Sample — i
Fig. 2 Domain images for the FeTaN thin
Fig. 1 Schematics of the wide area longitudinal Kerr imaging system of film without field obtained by (a) CCD-camera
(@ CCD camera with 1. I. system and (b) BSI-CMOS camera system, with I. I. system and (b) BSI-CMOS camera
respectively system, respectively.

— 164 —



21pC - 10

Fe"-Ti*", KON APTEH#L L 72 BaFe 2019 DVERL & O KURFE

KPS, MRS —. FRE
FEKRT)
Synthesis and magnetic properties of Fe?*-Ti*" and AI** substituted BaFe 2019

%2

FALRl  HAMK SRR (2017)

A. Yonezawa, K. Kakizaki, K. Kamishima

(Saitama Univ. )

M Ba 7 = 7 A ~(BaFenOw)ld, KAWAMELE LTH
WHILTWD, ZOfEsEEEIZR 7 1 v 7 ((BaFesO11)>) & S
71 7 ((2Fe;04)*DOFEEREIE TRk T& | Z O I3IE
WIZLET2 20D Fe¥ % 2, 4 iOBBRERA A28
TEHBETE DD, KRFFETIE FeX-TiYY BL AP TC Fe¥ %
BEHL7-MABa 7 =7 A FEERL, ZOMKENEEZH
HL7-.
2. EBRIGik

}E*il'*ﬁj\(BaCO% TiO3, a-Fe;0s, A1203)7L5R7“I3 R/ N5
(BaTixFesxALON) & 70 D KO ICHE LT, 26 2 lnURE
L. 1200 °CCHERL L7z, JBERK L7t 2 ilE 2R — L I L%
FANTmf L=, ZORT vy 7RI ST 1 v 7 R o
VI REA N EREL, 4FFERES L, IREMEKE
INERIE U a3 12 £ AN L (0.5 Pa), 1300°C CABER 21T
ST, FEELEE 2 AR XBREPTE CRIE L, KR IR ED
FUBHERE T3 H(VSM) & RS &1 T (SQUID)YE A G 2 H
WCHIE L7z,
3. BREBLUEE

1300°C TABERL L 723080 X BREIHF A2 K 1 1SR T, x
23 0~4 OFAPH T M BLfE A& BAH OB S H v,
SHIRCTHIE L72b iR 2 X 2 (2R”d, x=0,1,2 ORE
DOWALIZEIF L TR, FEREMEA 4 Th 5 Tivt b33l
B2 07HLLEAD & 3 ) =7 — A E DN RNIED 5
D, AEER L7 x=0 OFEHZB WUk XH 7= 0 2 8
DTN AS>TNWATZD, a2 =7 —MWMET L., @S
fEEPERK LD EEZ NS, —F, x=3,4 DRET
X B REALRITRD Lz, ZhUd Al BRI L - TRIFIRG
KE—AL IR TBHEE BT, TiA A DoAnEL

Intensity (a.u.)

10

X 1

Magnetization (emu/g)
! e}

] In'“:]vll eI

A

20

30

26(deg.)

40

70

Cu-Ka

BaTi2F62+zFeg.xAlx019 D X %}ﬁ@jﬁ‘

A—x=0

Lx=1

-
. P _
P L x=2

P
Nx=4

-------
Py

-10 -5
Magnetic

0 5 1
field (kOe)

15

2 BaTi2Fez+2Feg.xA1x019 @ﬁﬁgﬂﬁ HE[S[,‘{‘,'?

10

L. 2 =7—MnZtLi-tEZLbN5, Hfﬁmel |
3D ) OBRE— AL bOMERT, w2 ~8 5K ]

B MIHREEA AV BAD b BERE— A Y ME 26

FI 5. AEMERLZRENCS LT, AFORRESENT &

HIZONTHKRE—A Y MIETFTLTWD, iU AP ¥

up ALY A MHERALTALZLDOLEEZ LD,

4.8% 0k N

1) X. Batlle et al. , J. Appl. Phys. ,Vol. 70 (1991) 1614 0 1 2 3 4

— 165 —

3 BaTizFe%zFe&xAle]g @’f[ﬁ?ﬁ
b2 DEIEET— A b



21pC - 11 FALE]  AARBASERTAIREE AR (2017)

fEEL AT D F I B MgO Eifk FIZTERL L=
T H 2y )L FeqrgCosg B4 IR O b 78 25 8

FEIBMAR - JUHARR ' - K9 2 - ZARIERR ' - B SCR - fREE =
(Mg, P IERER, CHEEER, fILEKR)
Magnetostriction Behaviors of Epitaxial Fe;Cosy Alloy Thin Films Formed on MgO Substrates with Different Orientations
Kana Serizawa', Tetsuroh Kawai', Mitsuru Ohtake'?, Masaaki Futamoto', Fumiyoshi Kirino, and Nobuyuki Inaba*
('Chuo Univ., *Kogakuin Univ., *Tokyo Univ. Arts, *Yamagata Univ.)

[ELBHIZ Fe-Co AEITNEMREEMMEITH Y, R~y ROt + EOBKIGHT A A TIHERA S
TWD. T, ADAREMEMRGTT CIIEAYMELZ EMICHIET 52 ENEETH Y, HHRE S ITxE L CHALHE
INATRE/R = B X F 2 VIRZ IO TN D 2 EBRANTH S, BRITEARKINEDOOLOTHY, T34 X
PEREIC R A TS, N ET, Zibdh Fe-Co BEDOBEERHEIIHE SN TWDHD, TE X v VEORET
FEEMBIVTOR, ARRFZE T, fEd AL % MgO Hp 12 FerCoy (at. %) A&fEZ =X v /L
R S, AR PICEBIT DREE R ORI 21T - 7.

EEAE BFERICITBEEZERF ~ 7% oy 28y 2 ) o Z4EE 2 L 72, MgO(001), (110)Hf5 5k HER,
BEY, 50nm ED MgO(11)EEZ~T r T X F 2y /L S W72 ALO;(0001) Hif s itk 2 vy, 2o kL
L FEBGRE 300 °C T 100 nm JED Fe,gCos 2 TR L7z, ff&ERFMIZIE RHEED 35 X O XRD, #é4 bl
ENZIE VSM, BEERIEIZII Rk %2 vz,

EEBRER  Fig. 1(a-1)~(c-1)iZ MgO(001), MgO(110), MgO(111)/AL,05(0001)3EMx EIZFERL L 7= FesgCoso KD
RHEED /R4 — % R9. ZiLEN, Fig. 1(a-2)~(c-2)IZ7 & 9 72 bee(100), bee(211), bee(110)FK Mk T 2
EHfr 87— NN TEY, TEXXT LR L TWD Z &5 h3%. RHEED il h HRE U7k b i B
£&1E FernCoso(100)[0117 || MgO(100)[001], FesCoso(211D)[1TT], [T11] ] MgO(110)[110], FesCoso(110)[001Txw, [1T17ks
| MgO(11D)[110] T& 5. MgO(100)FAR FTIE(100) Bk MmME, MgO(110)FEAR - CldmEE S I AV MT 180°H#xA
L 72 FALBR 2 FF 21D ELE, MgO(111)J4AK _E Tl Nishiyama-Wasserman (NW) & Kurjumov-Sachs (KS)
AR IR F5D 9 DD U T RO SN D(1NOEG = E X X U X VERER SN TS Z &R
otz BALIBRE 21T 72 & 25, (100)HAE R L ORIV ISR L TIEZENZE 4 38 L OV2 Bk
RO HENBER B GHENBINIZ DR L, (1MOEET E X X3 v /UIRISk U CHRISIEEE S 7o s b iR 3 gisz <
M7=, Fig. 2 |[Z[EERRIAF CHIE L7-EE O 1 27777, bec(001)3 L OQIDIEDGA, KEBIAR TIE, BiA
B X0 EUIRERITAL & BAL T TN A EZEN AT Y, RN ELEAARD S, BROBIMIE, B
LR T ENTBRE L, EREESBIE SN TN AD. —J7, bee(110)EIZx L TIE, A D @R & CIERE
DBIEIN TS, Y HITHERE & BREGEOBIRICOWCHEIZEm T 5.

1) T. Kawai, T. Aida, M. Ohtake, and M. Futamoto: J. Magn. Soc. Jpn., 39, 181 (2015).

b-2 _ [ ]
( 222213 222A (c-2) 231KS
211 310NW 220  130NW
Q [J O
[ J 211IKS 121KS
204 208 200NW 110  020NW
@) [ ) O

Fig. 1 (a-1)«(c-1) RHEED patterns observed for Fe;Cos films formed on MgO substrates of (a-1) (100), (b-1) (110), and (111)
orientations. (a-2)~(b-2) Schematic diagrams of RHEED patterns simulated for (a-2) bce(100), (b-2) bee(211), and (c-2) bee(111) surfaces.

(a) Output (b) Output ) Output Folgating
FezCo3/MgO(001) 0.1 VS | | FergCosg/MgO(110) 0.1V FezCos/MgO(111) 0.1V ] ('ISOe)

\/\_/\ J\J\ \/\/\ 400
_j\_f\ W 600
800
Fig. 2 Output waveforms of
\/\/\ 1000 magnetostriction  measured ~ for
1200 Fe,oCosy epitaxial films of (a)
(001), (b) (211), and (c) (110)
0 90 180 270 3600 90 180 270 360 0 90 180 270 360 orientations  measured  under
Rotation angle, ¢ (deg.) different rotating magnetic fields.

Output

— 166 —



21aD - 1 FALRl  HAMK SRR (2017)

FeSiB 7V —@53H3 3 AL /L7 R GMR BEHE VW

A M, LA EA, OINEE BIGE, KRR OREE, 5H R
i B

Spin-Valve GMR Magnetic Strain Sensor with FeSiB Free Layer
Y. Hashimoto, N. Yamamoto, T. Kato, D. Oshima, S. Iwata

Nagoya University

FL&HIS

GMR F X 2 M TP E LT D Z ENTE D720, BRRELIMC b SRt o3& LCHIAT 2 87E0
ThhTnd., AL TG FFD GMR #E 2k LT, BILE BHEOBILTMEERCL > TEbEED L, E
B LTRHATA2Z N TE DD, BHMEHIEAEZINZ 5 L BEEOWIFIZ L 0 MK FENELT 503, K
W2ETIE 7 U —BOBML 10 & SSRBER TERT 5 2 L T, ZOBKEIEOLE ez SRE TR+ & &b, 4
BRI RWELE o E2RIE L.

EBAE

FATFL28 A% A2 L0 BT R T ¢, Ta (2) / Mnsolrzo (10) / CogoFero (3) / Cu (2.2) / (CosoFe10)92Bs (1.5) /
Fer2Si14B14 (20) / Ta (5) / sub. Z {E#L L 7= .0 v a NOEAEIZFEMmm) T, sub.if 0.1 mm JED I —H T 2 M & #
LCWb., EL7ERE 274 R V797 0 BX N Ar A A2y F 72X DEE 100 pm, £ S 1200 pm OFIFRIR
WML L7z, H#FORACESMA MR OELL Sim L L, EitSA Hhe=10~50 Oe IZ LY, FeSiB 7V —Eifba E
HERRT A AS S B 7. RICA ST A E20E 0.6 Oe, 1kHz OMBEAR Hae ZFINML, 7V —BORL 2 iRE) <
w7z (Fig.2) . ZORENIEWFE T ORPUELNZL L T 1 kHz OfE SFEENHND. GMR FZF 37V v PEIEICH
HirTy, TV v PNRTG U ADRNEFEET I Lo TR L 72 b D & IESEE Tout & L7z, Fig 1O LS el
FORMGEL 725 L9 ICEE L7 GMR ETICEAZHNT A &, 7V —J8IZERM L 5MKREGTERNFEIN, 7V
—BRALOIRBIRIENZ(L L, Vout ODEAMEFERHFLND.

EBER

Fig. 3% Abc=100e O & T DEH e IZkT o NEE Vout #7 vy hLEbDTHDH. F2XFIT FeSiB 7 U —
J& > —#h I L EAFEATEND, BAoe & HaoHMFEOHENETE2 I 2 Lb—v a3 v LR L /RT. FeSiB
D IHHIT VRS 10 Oe BA T Hpe= 10 Oe TIXZN AT HITICIEAR 15 Th 503, FereSi1aBua [ L IEDREZEEEL
(A=3.0x105) ZRT720, >0 D5E, EAHAFERGEICLY, 7V —EORGEER T B S, BALES)
RIENAKRE L 20, HUBESEMNT 5. & 512 e 28T L BYUIRBMRIEIXRA 4 5. HTBESHIE TH 5 #ibH (-0.6
x104 <e<0) OF—VER K=AVIWV/eld81 B oNnl. ZHUT—MNREREAT—VDAETHD. IBIT,
Hoc OHNAEZRETH2 LT, K=46 B3 FONDH T & 2R LT

300
Easy axis 250 Simulation
A GMR element Pin layer
; = 200 | ,
-~ H& E 150t *,
A ! = 100 Experiment
A Glass substrate i = P
2 . H Z| 50 .3
R S D! st
0

Fig.1 Schematic drawing of the free layer s 2 9 o0 1 2 3
Strain g ( X 10*)

experimental setup. Fig.2 Top view of the GMR element ) .
showing directions of the easy Fig.3 Experimental and simulated
axis, Hpc, magnetizations of pin output voltage Vout as a
and free layers, and applied strain. function of the applied strain ¢
under Apc=10 Oe.
B 3R

1) S. Dokupil et al., J. Magn. Magn. Mat., 290-291, 795 (2005).
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SmCo A W 7 & a7 L — R R R
AR, MYTZEW, NEFSFRE, AT, BRI, SRR T
CGRAL=EBE RS, B BHITSERT)

Meandering coplanar line type thin film sensor using SmCo film
S. Yabukami , H. Uetake, H. Onodera, N. Kobayashi®, J. Hayasaka", K.I. Arai”
(Tohoku Gakuin University, "Res. Inst. For Electromagnetic Materials)

1L iFL®iz SmCo VMG AT (2 K 0 LR~

NATASHED a7 L —F B Y FA 5P
L7,

2 sHIGIE Fig. 1 (% SmCo MERsf 12 _EIT/E

WML T v arL—F BRI ET
DEEZRLIEDTHD, ZNETEUVFHETIC
S D WM~ BN A 7 AER T BEIED
ZLET, B EFEIT L L ERATN, AT
AN L2A FRE L WHEE ) 2R 53N H
o720, ZF Z TAHRE TIX CoNbZr #E D T2 SmCo
WM AZREE L, "M T RAEHExT, IT7UH
a7 L —FHEEDOE YR FIEHT T AEM(25 mm
X 25 mm, 1 mm J&) 12 SmCo J# 54 A (1.25um JF).,
SiO2 #fiE (2um &), 7 /L7 7 A CoNbZr #fE (1
mmx2.95 mm, 1 pm &) Zp L, SrTiO #f5(0.75
um )& LT Cu @I L3I 7 v a s L—F
B (110 um g, ¥ v v 7 20um,35umJE) & Zh
ZFNY 7 FAZICK DR L 72, BMEEROE T
VBRI XA 7 A EM & L C Cu IR A Rl L 7=,
CoNbZr M ~IL[ElsfmE S ELEE (300°C, 2 IRffH]
03T) DO, EEAHESLE (200C, 1 FFfH) % HE
LT, Fig. 1 DA E~SER BRI EEM S Lz, ¥
¥ VT EFIEa 7 L—F OISR fiiu, CoNbZr
EEBIZEE LW, S 7 ARSI CoNbZr 75
P I L IR #Edh 5 1 (Fig. 1 oo B FJ5m) ~HnE
W5, NA T AERDEIFERR &I MEORBRIZ,
X v U7 ONAZELR L OIRIEELA R KE E 72D
LEZHND, BV OFMEICIIHERO Y T
—7(GSG-40-150) & v 7' % v AW T - v &
WHRE=ELIE T, *y N —2 T F 7 A ¥(R3T67)
OFEREIZ LY ¥+ U 7 OMAHELE Su 20D
Kotz JEPEAPHIL 300 KHz-8 GHz & L, /S K
8% 1 kHz, E bR 16 [5] & L7z,

3 BRI A Fig. 2 1Z Fig. 1 & > HI2BN T,
INA T AREFICHRT B, ¥ VT OMNMHEENLE R L
bDTh%D, X+ U 7 JEEEIL 1.5GHz~3GHz %
it Lz, MABZALIEE 1349 1 0e T 70 degree/Oe 1%
Hilz, SmCo it & A&t IZFHM L 72 BRI i,
NARZEACIE DS e R 72 DIESRITHR 10 Oe FLE TH

V. SmCo A2 X V#90e DA T ARER DM+ 5
S, EREREMESRDRBE R 7 P LIz EE X
biLd,

BEE AAFZED—#BIL JST COl TOHOKU 7' & ¥ =
7 FOWMEBRETH D, EI-ARFFEO—HITEE
(16H04378) DHWFFERE Th %,

ZEE 1) HE E, WTEY, RemKR, i
B, NEFREE RS T RABEBICLDHITF AT
L— TR Y ORR, ERFEmam aE A,
Vol. 137, No. 8 (2017, FIiH).

Cy (3.5 pum thick)

Meandering
coplanar line
(3.5 pm thie

4
SmCo film

(1.25 i/ thick) CoNbZr film

(1 um thick)

Fig. 1 Schematic view of the sensor.

180

—_—
Frequency (MHz)

1500

------ 2000

o —— 2500
—+— 13000

©
(=)

Phase (degree)
)

©
S

- L L L L L L L L L
180 0 5 10 15

. . Magnetic field (Oe)
Fig. 2 Phase difference and phase change as

a function of applied bias field.
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ﬁﬁ%7154fﬂ%%W%ﬂm&L%$?ﬁ

N s, #tE E
“ r%#%ﬁ?%&,

IJ_IEH .(E'; Ijﬂ{{ﬂ; E[—'—r** )—'—»JII ér:‘,%*** ﬂ: %ﬂmj****’ EE% ;:%**** '%E %*****
THRALZEBER S, TR UL BER RS, TR LR,

*Wﬁ%k%“mﬁﬁﬂ%ﬁ%)

High frequency permeability measurement of hexagonal ferrite single crystal

F.Osanai, S. Yabukami®, H. Yamada, S. Utsumi ™

EEE Y

Science Suwa, ““Chiba Institute of Technology,

1 IZUIC AHET = T4 MIREAEBRER
F~OICHREIRF S AL, & O E JER BRI B
T DM T b TN D, KRIFIETIE, ST
=74 P L THEGREE L= Ba 7 = 7 1 b & &R

L. ZOE RS EZRH Lz, BAEMIZI
AL ABEEEE L Lc~vA 7 AN v

(MSL) 71 —7"% Ba 7 = 7 A b Bk LI i
S CHEERI ATV, SR E 5, g
BRE, X v FEEIZOW TR L=,
2 FHATE BERTSEUEHT. A X OYREES R
7% 10 O Ba 7 =7 A MNHAERTH D, B,
AMECX, RWetmN (C m) HIIEFITIOE
Sy 49 % Ba(Feos64Sc0.136) 12019 (6 mm X 3 mm,
JEE 1mm) OFERIZONTHINTT S,

Fig. 1 3@ B ERRFHIT A7 LD, F6 X
OMSLH 7 —7"L Ba 7 = 74 b OFERGRZ
RNR L2 TH D, Al —7 %0 L TRy
ND—=T7F AP (TP bTr s ny—Ml
N5227ANCHEE L7 MSL A 7' 2 — 7 D&~ L AR L
VaA VNIZRE LT, mEEES A Ba 727 A
kN DAL R T A5 Lo, AU ATF L
V7 4V A% LC MSL BRI EEF O R L IR e dih
1 & TR E S B,

1L L DIZ DC /XA 7 AR Hde ZHIINE 3, Ba 7
T4 M~V ARLY a A VNICELE L7V RRE
TSNRIA=HREEIToTz (Nv 7 7T R
) RIC, MSL 72 —7"% Ba 7 = 74 L OEER
RETELRNS, Ba 7 =74 k% MSL |2 TR
B L. DC /A T AfEF(0~1500 Oe FLJE) % = J& I bk
REBEARZTDHEIICEHMLTS 8T A—ZHIEZIT
ST (AAHE), AALWEERY T 7T TR
BE DT L0 BRRE(S) Z I L. (1), (2)=X
W2 X0 BRERICHE LT,

Zg =100(1 = $31)/S21 ()
e =K+ (X = jR) @

T 2T Z IR DS A B — A A R TR,
X1ZV T o 2R, fIFEE KITERTH D,

3 BHFER  Fig. 2 12—#l& LT DC /31 7 A

500,1000,1500 Oe FINIED Ba(Feos64S¢0.136) 12010 D%

e (RECGT) ORI EZ R, 7ok, Mkl

Tohoku University,

,'Y. Yasukawa™", S. Yoshida™"", Y. Endo™"", Y. Shimada"™""*
(National Institute of Technology Sendai College, Tohoku Gakuin University, ™

Tokyo University of

ke 3k 3k skok,

Toei Scientific Industrial co., Itd,)

IRMIETH D, SMBRER OB E & b, TRBEME
B R % (f) 12 5.1 GHz 75 10.95 GHz ~ & &)
Pt~ 7 b L, JLIHRIE (AF) 1243 GHz 725
043GHz ~& < 72 o7z, fAIZBILTIE, Ba7 =7
A b ORGSR L0 R 7= £ O FFRE () 4.2 GHz)
LT 7oty AGIZEE L TIE, Z OZEEN ISR
DN & & 22N FIFPESEL E U ks — ]
BE—NIR-oTWNHIEERLTWVWD, £, ¥
YV TERICE LTI, DC ANA T AR D A4y
< —FEHRE— RICR DT, ZOfIXls X
Z0.02 &7polz, ARIFIMD Ba 7 =T A FMTOW
TH AR DAL 21T 2 6

ZEZ @ 1) S. Yabukami, K. Kusunoki, H. Uetake, H.
Yamada, T. Ozawa, R. Utsumi, T. Moriizumi, Y. Shimada,
Journal of the Magnetics Society of Japan, Vol. 41, No. 2,
pp. 25-28 (2017).
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Fig. 1 Schematic diagram of measurement system.
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FERPIFG %2 v 2 A RCE A £ v 3 D EEi ik
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(P %SG RS2 T
Balancing Method for Fundamental-Mode Orthogonal Fluxgate (FM-OFG) Gradiometer
Ichiro Sasada

(Sasada Magnetic Instruments Laboratory)

FU®IC
77 T4 A A= ZHR ORI L 2 SR ICRIN Y 5, ARPRIERL 7 7 v 7 27—k (FM-OFG)
ZHVEE, TITAARA=F IR A= EDOITLIHENVEZ L2 T o0, ML XHITLT
IR L 7o v~y FZ2fffheC, gz ey Bl 228 fise 3 2 210 ChlgiE < L b D
EFRHGWEZEDRTES, 7774 A X =y OEtEbicid, MEFREIZD & X, BB 2 R %
AHER R O I 2 2 LXEETH 5, FM-OFGD L ¥~y KD
eI 2 IR ER N A 7 AERE RE L T2 EEEMETN

L. NS T2 EBEPHRTZZE2FALT, FHEZED S Ide
T ENTE D, MBINARERE 3 KT CIcSE kel
LT3, ATk, REFETFORTHET L2 HERT 5,

Idc1+Iac
REEAE Ide1=Idc-3lde1
Fig. UCERBERIE 2 ML 72 77 T4 A X — % O g ilalik % R 3,
UDTFRZE LTOEDBTENLT 7ATIAY AT THSL, ZOHIET —

1. EHETIR S TaclZ2o 0 2 7 I IBBIC T, ERANA T AE

D WHLRZEHE RIS 5., AEHEPICORT 2 ERER
DREEZFET 22 LT, AL PABROKE & 2 ICHET =
X2, A VF VY RRREREHIET 270D bDTH 5, lldc%lac

Idc2=Idc-6Idc2
EERIER
FEBRICHOT AT 77 T4 A A= (R=Z2F 4 ~12mm) &, UD
FIMTF 7L 7 7 AT A a7 & , FOREPHICE»NT Fig. 1 Balace circuit =
1000 —> DY L/ A4 PR aA vrsk
278, BEFH30mmTH B, LY tek0050.csv tek0026.csv

~y F ORI 100 KHZCIANIZMA, T 2 /\ A /\ /\ s 3

TNA 7 AEBHIZ40mAE LTW3, EF) %‘ g)\ g E)VAVA__)"'&VA P

#0127 4T, JAVHO0 B2 MR AN 3 ] V \/ \/ \/ T -l

LEMD 75574 A A=y ot hilbeE  © -3 © -3

qu%ﬂ[jﬁﬁ?éﬁt L %ﬁ?&%b@%é}&:“)b) -0.10-0.05 0.00 0.05 0.10 -0.10-0.05 0.00 0.05 0.10
time [s] time [s]

TFig. 2l LTW2, 9/ 3% kX —%
(0.25V,/1 uT) DK 2 PE LR
FT168., $HBET2480I1CET 5,

Fig. 2 Waveforms of the gradiometer no adjustment
(left) and with adjustment (right).

2 ik

1)  Ichiro Sasada and Shoumu Harada, Fundamental Mode Orthogonal Fluxgate Gradiometer, IEEE Trans. Magn.,
Vol. 50, No. 11 (2014) 4007404
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AR IR U 7= ek =0 7 O Rl XA 1 I 481 L
77y72#~kwmﬁ/%@¢@m

BEKE UAEET. BAMIET. MMEERT
(T AT 4T A, FFILLK)
Miniaturization of Fluxgate Sensors by Magnetic Domain Structure Control of Tensioned Core Materials
H. Miyata*’**, R. Yamamoto Y. Morimoto**, M. Takezawa
(*MTI Co., Ltd., ** Kyushu Inst. of Tech)

ZC®HIC
Bexld, 77 v 7 A7 — MEKRE VT ORENR, 2O a7 B OMXESEZHET s Z LickvtETE
HIEEBRELTHD ) AT, BV EL 20 mm 25 5 mm £ /MUYL LEZEEO® DT
Zo . WRIJAVINC X 2 BEXHERIENC K-> THIflT 5 2 L 2l Adc, 20RO 7 OBXEEE, BoY
HAORERAE TS T-O THET S,
Magnetization

REBRAEE

BIZZEHT FegqB13sSizssCo 7 /L7 7 AT, fFNRE
T35 % 1070, FIRSRBEIZ 1.6 T THDH, ZDOREHT 15
MPa D) & HIN L 72 BR OB X & %2 Kerr 2 RIAMEE T |
%ﬂ L. F£7-. Jibl=A /LT 1~10kHz, 10 mA DOER %

BELEROMABELME L TV BEER. @ oo O 100mm
HEHELER Fig. 1 Domain images (a) with and (b) without tension.

Fig.1 |Z Fe &7 /7 7 A OBKBIERF R 2/~ T, Figl Lbh -~ "¢ ' ' ' '
EAEINATHE CHREBEE N LT 5 2 LR ns, BARMN S ™ 10 mm
RRAK = b7 2 MR RETH D, BEA EFTRA DY 2w with tension
M2 AV TV D23, RAEINZR X 2 B 7 2 R < R0 | Bk § S0 20 mm woj
B ETHEIZZEA ST A hT A TIROBEMEEN BRI, Zh T %of
X Fe 7T/ 7 7 AMEOREN KX < | WREESEIC L v FiR g a00 |
MEBEESICHERECE LRI EEZE 2N, 3 wof 10 mm wo ]

Fig. 2 12 10 mm & 20 mm Ot 3 O RJE O & B EKFIE % = e 2 L L + 0
T ATRTESFMEELO 20 mm BO¥ YL ik LT, W Frequency (kHz)
’C“x‘ﬁﬁ‘%ﬁj} EIAN4E U o> 10 mm 5 D& o HREE 1T 60%FEEE (% F LT Fig. 2 Frequency dependence of sensitivity

o —H T, @TRIENZEMLZ 10 mm D&V TlE, ik of 10- and 20-mm-long sensors.

jjﬁfb@ 20mm B2 UV O 2 ERECKEN GO TEY, EAOM T
INC X D RERHSEHIENC Lo T, ko o/ @ iE b2 £ xS wf
I EBIBD, E ®f with tension

Fig. 312 5mm B¥ > F OBEORMBEHIREEL 7T, ZOBAb. 3 wf
BEAEMC X > T EELRH ETE, 43 BloRhoTna I 5 sk y
Db, LonL, RAZHMLUZESGAETH 10 mm £ oW & g 2 ok 4
L CHREE I 3% RIS AT T LTV B, SHIBERIC £ 0 bPEE 2 | _
j%%ﬁf&ﬁ%‘%éﬁ#t% XK BHEDELBEZLNSH, RARM & | ./ Without tension
WEoTEVHELZ Smm FTMULLEEEE TS, +oIcBmityy o2 Fre:uency:’kHz) & w0
RREVHRENGELX D2 EEHLNE LT,

Fig. 3 Frequency dependence of sensitivity

L 2PN

of'a 5-mm-long sensor.
1) H. Miyata, et al., J. Magn. Soc. Jpn. 38, 169 (2014).

— 171 —



21aD - 6 Fallal  HABR D FIGREESE  (2017)

A N DL —Fy bOWALZ A F I 7 ZAZFIH LT &R E R
Y 7O IR E

M, EEA AL REERS
(REmEmEE, " EEEE, 2Habk, P REREEETE > 2 —)
Sensitive measurements of magnetization dynamics in yttrium iron garnet for magnetic sensor applications
T. Koda, S. Murogal, Y. Endo’, T. Kurosawa’
(National Inst. of technology Oshima college, 'National Inst. of technology Toyota college, “Tohoku Univ., *AIT)

FC&HIZ

WA, ARSI ANT CTRIE CEMET 2 BRERMK v > v ZHM OB ZEBI R AR R I T bt T
e ZOX DR HBITINT T, AR TIE, BMKY VBT EEDOA v b U T AT —F v MNYIG) D5
PEIEIB AT 5 O G0 T CHMIRIG AT L O IERIB et 4 A 2 7 2L &R L, BEGZE b % S 1o e
2D EERBIZOTHRET D,

EERAE

AEHZIZAIDH R A BV T A H—F v b (GGG) HAEREKR FICEM—eZ X v VIETHRE S
JFEE 10um @ YIG( 1D HiAEmIEE v 7o, 3B Lic@m Bl EER E LT, 74 MU V7T 7 0 —IETIESFR
MpaTvr—0xATHA R (FF2 RiE 175um, {5 5848 100um, 15 5#F 45um) ZEEk Lz,
-10dBm D& JEEE ) & Z OEERE HWT YIG FIC AT U, KSR OB T A& 2201 L=, Bk
A F 20 AEBHET D05 EEENOE T GHz #k & @72 AL OB S fREEZ m o 5
Z & 23 R[FE72 Double Mixer Time Difference (DMTD) 4 HW=HIERZMEL [1], KHKOE 47
HERF Yy 7 A7 o AZEDENT 22 & TH LY A F I 7 225 LT,

EERER

B 1) i3S R 5| LB oAb & A F X 7 2O & BB R EBURAFEORER &2 3, KB A7 b
L DTERITER BT R X KAFE L BED B EBIC B W TR RS L CARaB R B a2 RT 2 bbb,
ZORPEEIZE > TRELS AT MAPRETHHERIIFFES N T RWDS, a7 L=z T HA KD
SHEE RN E 2 5 L JARBIREYE L RSB T 5 2 &b, BER, 77 FRoOZhEIZBW
Tl S 72 RFTH 72 B AL D% ZE BN L > CTRAET A VKE O PSRRI L2 HIESREEL TN D
LHEEL TV,

X 1(b) Tl b Ak /e 2~ L Z <3 EIINJE I %2 6.6 GH z T DMTD i % F U - AL AR ZE AL o0 I i S %
R, W K DAL T RREME LIS 3 L Z DRGSR CHEEE & 72 0 FR T 27° /Oe D ELERIR & 720
BRI T DAARE S B Shvie, R IR ER A EOJRIRNIC BT 2 B8 & ORGSR E Hol
ICHET L TETH D,

T T T '30 T
-50 < 0
— & -a0 1% o
S o 3
B — 6.2GHz
& 6o — 6.3GHz 8 50 50 @
© V| —— 6.4GHz 2 ’§
-70 1] o 2Zggz 7 g‘ -60 —O- Amplitude 100 S
I — 6.6GHz < ~O- 'Phase
-80% : - ' 5 7oL 4150
1000 1200 1400 1600 1100 1200
H (Oe) Magnetic Field (Oe)

Fig. 1 (a) Magnetic field dependence of reflected wave power. (b) Magnetic filed dependence of power and phase.
HEE AEICHIZY , RS T 7 7 P blERBI O HZ2THE E Le, T ZITEH SR L £,
2% LWk 1) S. Yabukami et al., :, J. Magn. Soc. Jpn., 38, (2014) 25.
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Wile 75 2h RIS & o Y OIEE & Y~ D5

APk SN, TRIE IR, A E—EE, Al RS
(ALK BARUBEHIIEAT)
Application of strain sensor using inverse-magnetostriction effect to vibration sensor
Y. Kubo, K. Arai, S. Hashi, K. Ishiyama
(RIEC, Tohoku Univ.)

[FL®HIC

AR, BAMEEAT L72@EM ORI L TR Y . @S OB EGCE OfEBRMER S E > T D, L
L, ZORBGEZRRRN D~ =B L 2T E AR EADFICLDBENTL L R>TODI1]L A%
T, BUELLAITONTWD ADFIZ L DT EMREICNRD D, HBREOH/MEE A M T & 5 &K ERD)
YO E AEE LTS,

THVET, WAL ERE ORENE) S 72 % Wik B2 R 2 Fl
ALlcEE vV ORFEIToCE 2], 2o, BrtE Fe,,Si;B,, 0.7um
T~ DBV ORI 5 BREREA L2, &8 B @ E R O Eﬁ I‘g:‘ B ﬁgm
FTDOA L E—F U2 E LTRIET 2 b0 Th o7z, 4, B
ZOEE Y OREE Y ~DISH A RfE L, EEINEOFER R
ZACITHE D = I BT B R DR T OMAHZEIZER L, £ DAL
MZERZEBEZE LTRETE 2R Z/ER L. 51T, .5 mm
Fig.2 DX 512, B HEhbb@EEs L, JMNBIEEICHEN
AL LEDRETHoMEEE Lz, 2k v, AMTIRENC L 5
bHRORHT, FCESEME R, FREEFLIHE S frfazs Fg- 1 Schematic diagram of the sensor
CEBIEE LTRIITE 5 & 5 Bl s %7 Aapk Lz, O Weiehi( 1
AT, £ ORI OB THET 5. Electrode hefi(le)

= Sensor; sample
B % ——\J\EI

Si0; 1pm

Si wafer 200pm

15mm

FTOERITIZIRF A8y &, U7 MAT73EEHViz. Fig. 11 Ji \
AT LI, FEEPEAEE D Mo R4 B E O FeraSiaBis I THeA = 8 = Siwafer  Swinging
AT RIBHEEC L-. $£7-, Mo, FerSwBu & blci—n 1 #—  Lxcitation

VI T U ATARICERIE LT, Si Y = ~OJEAIE 200um, Mo ofiE  device

(L 2.0um, FerSiwBu OBIZIX 0.7um & L7o. pBEERIC 360°C,  Fig. 2 Experimental setup of vibration
240kA/m O [BIEAIESS T D TESLE 21T\, FEIENIE~D RIS /) % detection.

FIH U MR FE SRR AL FHE L.

Fig. 2 ICIREMR M EROBEAK 2 ~d. FEFoOEMmM L 27 Ei
FEL, AHHERRICLT, IHRSRICE Y o7 2 EE 2.5m/s?,
5.0m/s? D % CHREY S W72, Si w7 = el Bk SR )5 i1
BaE T 572012 1g OfEXEE L. £/, F1F~OXFx VU 7l
AR AW T 150MHz & U, (LFAR: HR1ES 2 S TR S 2 6

0.5

Excited Acceleration
® 2.5m/s?
04" @ 5.0m/s? ]

0.3} s
L. ’ kY
ERIEE >
INRERE O tH B O JE IR SR % Fig. 3 127, IRFE R E % 0.2 ;"-:-‘ T

20Hz~200Hz £ T& k.S, (M AL peak to peak HEE & L . .:J \
7= DR JE G H 150Hz CREEIE 2SRRI 72 1), ANEEAN i E 5.0m/s? ogl 2% 3 383335800
1BV T, 0.3V ORIMEBE AT, = O b b RO IEE ® Excited Frequency (He
REBZHND. SRIOERT, b bRMOEE 3 REE
PSS ARETH D 2 ENELNE R ole. 5%, 85735 Fig. 3 Frequency characteristic of detected
BEDR LD, b bRHEERE 4 F S RT3, voltage In excltation.

AWFEO—EIZ, [ESLFZERH T IE NBF AR IR RS (JST) o el M8t anbi s 7' 777 L)
Ik AXEICE > TIThbhT-.
BE X

(1] ELAEE - HEBOZFERPR O E/IZBET 54851 (2014).

[2] Y. Suwa, et al., IEEE Trans. Magn. 46, 666 (2010).

Detected Voltage(peak to peak) [V]
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Study on Lamination Structured Magneto-Impedance Sensor Using Conductive Layer
K. Kusunoki, H. Yokoyama, S. Hashi, Y. Hayashi and K. Ishiyama
(Research Institute of Electrical Communication, Tohoku University)

1 C&Ic

AR ¢ U 7 A WIS L7 B R R OSSR R F IS O BRI A A L, K& 7 v —
5 A E B BRI L, AR E OIS E BIRLT, & b7 5 SRS LOBIEAED b
NTOB 1D, BHEBICELRES v ) T A EET 556, SRR CORMARERAT S0, FF0
EICHL KD, HEQULEDOREA L E—X AR Fx ) TEREICE > TUIBEST OB L2 1T 5 <
BEIS FOBNA DS 9. & 2 TABIETIE, v ) 7 il ISR oS TR & i 1= B O R
TP RFATON TR L OB E1T > 1.

2. ERFE

HTFOMERICIZIRE A%y %, U7 M 73EEHV=. Fig. 1 6.0 mm

- 20 s — DI T EBIR
AT LIS, BIEE S LTL Y= DR T RO Mo(E ,
VT FNEE, 7, DL TICESIED CogsNbiZrs 7 /v _ 5.0 mm L
7 7 AREHEIE( 100 pm, £ & 5 mm)% 4 7 %A ISR L e

0.55 mm Glass substrate

7o B IEAE, Bt & HIC 1.0 pm & L7z, BB 400 °C
TR (3 kOe)Is L U8, #Hk (3 kOe) % FIN L C BB 247 5&&$$$$ﬁwmwmﬂm%wWw
VY, FBPRGFEICRGEEFE L. £, AV E—F U AD
FHZIERy VU= T F T AR AW
3. R

Fig. 3 (Z1& 100 pm OFEfEi#EERE 4~ 200 MHz DX v U 7

4OI T T T T T T T T T T T T

Wi 2 BT LI BROSIRR- 1 € — 5 v AR AR T s 230
BRI ZEFE T ~16 Oe 7> 5H+16 O £ THIM L7=. %I 6 Oe §
FHEC37.6 QDA L E—F v ADEKEE L, Bl v é

— XA ERTETWA., ZORREINGEHEIZBITA A
— B ADEEITEE KR T 23.6 QT, ZLRITHI 169 % L 72>
7=. FLERESESREA 5~ 6 Oe D&EIPH TR b BB /2 A L B —F L A

N
o

bz R L, TOM XTI 354 Q/0e Ligolz. F7z, KJ-2~20e 15 <10 5 0 5 10 15

DEFARRD 2 A v BBV ADEER R END. T, Magnetization [Oe]

Fig. 3 [ R T HEXEE B EIZ B\ T, BFEF I m~O IR
MRELDHITE, BRBXMEL, ¥+ )7 Eif2 654 longitudinal diection g
F B ERERE IR LA BRI LT 2 k28R L
AbND. TNOORREERL, Kerr RN RBIHMEIC L 2B
FUINER D% o Y R F ORKAEE L OBlE, BSOS =4
Y ADRERRND, BEREZR TR P RFOI LR
DKL DT DFFAEE A R 5.

2 E 3k

1) H. Uetake, et al., IEEE Trans. Magn., 51, 4005003 (2015).

2) H. Kikuchi, et al., J. Magn. Magn. Master., 420, 269 (2016).

3) H. Mawatari, et al, J. Magn. Soc. Jpn., 27, 414-418 (2003).

Fig. 2 Impedance change of the sensor element

- > -1%m At > 1%m

Fig. 3 Domain structure of the sensor element
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Measurement of domain wall velocity in magnetic wire using Ml sensor
Yugo Tanamura, Hiroki Hoshiyama, Akitoshi Takebuchi, Naoya Fujinaga,
Tsutomu Yamada, Yasushi Takemura

(YYokohama National University)
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W5 A ¥ DRBER BN OHIE

NGRS

O I T E2H L7~ FeCoV AR TV A i, RAAIANTEB L Dy 7 LTINS & 7 BERER

Lo TRIRZRBALEEZ AT, iHaA LV ZRET 5 Z & T OBMEREE D

ISV AHM DB LND, ZD

HANFEER THRLOND 2 & RMIBA ORI ZLITIEFE LW EOREEA L T, =¥ —
—NAT 4 T REFASDOISHAPER STV D, ABFFETIE, M2 W TEEHEARY A VIZAE L Dk

RED BB 2 HE LT,
BRI E
AWFFEClE, £ & 20 mm @ FeCoV AWK T A
Y A& AW, oD Ml ¥ (AICHI MI
MHB&Mﬂ%U%%@ﬁ%:%%Jﬁ@%@E%U
A XITxt U TKFTIED T (Fig.1), BEEERE)IC
AT DIRIERD B — ﬁ@ﬁﬁ%#%&%@@@&
ZRHRE Uiz, — O REEZ B 5 72 O ISR
BIZRLTH—HFIZ o0 Ml oV &hlE L,
F T2 hRAL 1 % 25 2 RERERS B D28 b2 HIE Lz,
EBREER
U A Y OFLa bl L, B = A V& T RgkE
BENEE OWERR%Z Fig2 DX 9275, Zhix
A U hiNr i C I3 mbieRssss & 250 & & T b [A] URghE
BEHENGOND 2 L 2R T I RICMI BT %
AW RERS R % Fig.3 (R T, BIRNLEN T A Y
DOHFMNTHTS N ON THEBERS BN E N R4 5 Z
ENELNT-, A VBRSBTS
BEEEN EA LT ZENELNTZ MY
WS Z & TR oA L & FREICEBER BhE 4
WETEDHZ LERLT,
BRI 72 bt 5 150 MI DAL %
£7T 5,
HEE - FeCoV MEMERRIT, = v a— IS tiED =
HElCky, #BitW=ZnwieboTd

B 3CHR

1) J. R.Wiegand, et al., U.S. Patent 3,820,090, 1974.

2) R. Malmhall, K. Mohri, F. B. Humphrey, T. Manabe,
H. Kawamura, J. Yamasaki, I. Ogasawara, IEEE
Trans. Magn. 23, 3242 (1987).

3) H.Tanaka, etal., IEEE Trans Magn, 43(6), 2399,
2007.

DOFEMIE Y H ¥

L=

FeCoV wire
[0)
“III|III||HII|IIIH
0 5 10 20 mm
e |
Fig. 1 Configuration of magnetic wire, magnet and
MI sensor.
10 = =
0y B B
= B 500mis &
< 5F B-.. B O 80 Oe
= B . 060 Oe
b 0 1 Positive Output 8 ~a A 40 Oe
(9] i S
% lNegatlve Outpui‘@’_, . .
5 | B .
.aga Y 500 m/s B-.\@
F 10 A L O
-6 -4 -2 0 2 4 6
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Fig. 2 Time difference measured by detection coil.
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Fig. 3 Time difference measured by MI sensor.
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Battery-less operation of Hall sensor by energy harvesting from a single Wiegand pulse
Naoya Fujinaga, Akitoshi Takebuchi, Tsutomu Yamada, Yasushi Takemura
(Yokohama National University)

XL ®HIS
ORI TxaE L7z FeCoV VA Y (LR, HAEMR T A YLk d %) 1o, —ELLEORIE ORI & HIN
THERNAVINTR D ¥ T L) RIBRACREEDN AT 5 YD, a2 A VEEHWDLZ LICLY 2o
ﬁuﬂﬁ)ﬁ%ﬁmﬁ OV AEEMNEGD Z LN TE, Wlegand POVA LRI TV D, Z OV A I EINE
BORHZELRITEKFE LRV E WS TR A FF O 72012, [Flist U E~NCH SN TE T, EF, £HEER
~DOFFEN AR L OWME LR INTND I, ﬁbiiiwﬁ%-A%NX?4V7f%&LT@m%K%E
L. A TITEASHMEA VA Y 2EFR L L THWZEGEAOR—/VHE T O BERERE) 2 2 7=,

EBRAE

& & 20 mm, #£% 0.25 mm DOEARIE Y A 71 3000 turn OFEH A L2z, bo—F — (2355 L7 3%3
x5 mm?3 @ NdFeB ¥4 Z AWK Y A Vs CEind 2 & Tz T\, b s 255 %U" Y, AWK Y
A ¥ OACERZ Ko TRt ST A4 VDSV A ) & B — V57 (THS119, Toshiba) OBRENEJR & LT
A L7, fHliZ21T 9 720ic, R—/LFE 12 100-300 mT OEFEG 2L, EEMR VA Y2 ERE LT
FN =356 0 1 TE % 8Ll L/to FTEAMR A YEERE L THWESE L ERZELEREY V-
BB COR—IVETOHIIFHED AT T2,

REER
BERERTA YOV AWM N ZERE LTHW3 80 :
LB ECEIR 2 T2 @%n%n@$~w$% . —DC bias 3

O Wiegand pulse

[e2]
o

DI E Fig. 1 1279, 2O, R—LHETICATN
SINLHEREKRNEZIELLE 13MA ThbH, KR—/ILHET
DHITEITI A & R sl s, F1ic
HIIN9 2 s 2 Z bS5 & BRORE SITHIG

Hall voltage [mV]
E N
o
I

L BB S e, ARG A YA ERe  © 2O

L THWESAIZB W T, ERESEII L T, A—L 0 I | |
FTOMNEENEITHD Z ERBRISNT, b 0 100 200 300
DRER LV EAMRT A Y & A2 — LR T O MBI Magnetic filed [mT]
BRENASHERS STz, E OO T 0T 3o 2 10T 478 Fig. 1. Hall voltages depending on the intensity of the
TOIZRLE— « N—RRATF 4 VT ETLL L TOIEN applied magnetic field. The Hall sensor was operated
4 X% by conventional DC bias current at 1.3 mA or a single

Wiegand pulse voltage®).

BEE - FeCoV eMERR L, = v a— XS HARD T4
2ok, BN FW L O T,

L ZD N

1) J.R.Wiegand, and M. Velinsky, U.S. Patent 3,820,090, 1974.

2)  A.Matsushita, S. Abe, IEEJ Trans. A, 99, 46, 1979.

3) https://www.ichaus.de/product/iC-PM

4)  A. Takebuchi, T. Yamada, and Y. Takemura, J. Mag. Soc. Jpn., 41, 24, 2017.

5) Y. Takemura, N. Fujinaga, A. Takebuchi, and T. Yamada, IEEE Trans. Magn., accepted for publication, 2017.
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Higher output voltage from energy harvesting element using compound magnetic wire with ferrite core
Takafumi Sakai, Akitoshi Takebuchi, Tsutomu Yamada, Yasushi Takemura
(Yokohama National University)
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Fig. 1 The output voltage measured by detection coil.

LTCWAaWEAE LY bEWEEEA g S, =
E. 7254 FE—XITL > TYU A VI E T

BESHL, DA Y NEBO SRS B RALO RAIN L T "5 Without
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Fig. 2 The magnetic field intensity for magnetization
reversal of magnetic wire.
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0.6 mm vibration sensor without power supply using magnetic wire for detection of heart beat
Ippei Matsuzawa, Akitoshi Takebuchi, Tsutomu Yamada, Yasushi Takemura
(Yokohama National University)
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Fig. 1 Configuration of magnetic wire, detection coil and
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Fig. 2 The length of minimum stroke depending on the
distance between magnetic wire and magnet.
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Fig. 3 The Magnetic field about each magnet.

— 178 —



21pD - 1 FALE]  AARBASERTAIREE AR (2017)

IV A L —HR— 2 NEFIC K A BRI
T EEREE 53 AT I E

AN, SCHIRTE, JRHE, PE—RS, s, allifs
(RAER B <OE E BFSERT)
Measurement of near magnetic field around high frequency circuit element
using burst modulated pulsed laser
Y. Matsumoto, D. Tatsuoka, K. Arai, S. Hashi, Y. Hayashi, K. Ishiyama
(RIEC Tohoku University)
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ERL, L—RIE L GHIERBR OFE AR 2 Hl i L 20 5HA9 5 o
FEAREL, MSL 72 EO R S MHAIER 82 ZHETIT- T "N saemes rouer an
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Development of New Measurement Method for Magnetostriction of Magnetic Thin Film
Yasushi Endo *, Osamu Mori ?, Shin Yabukami ®, Ryoichi Utsumi ?, Yutaka Shimada?
(* Tohoku Univ., 2 Toei Scientific Industrial Co.,Ltd, 3 Tohokugakuin Univ.)
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Development of magnetic thin film high frequency characteristic evaluation method of wafer

O. Mori, Y. Endo”, Y. Shimada”, S. Yabukami™",
(Toei Scientific Industrial co., Itd, “Tohoku University, ™
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Fig. 1 Schematic of measurement system.
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Fig. 3 Magnetic field dependence of resonance frequency.
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Equivalent circuit of ferrite loaded inverse L type wide band UHF antenna
J. Mieda, K. Shinoda, M. Yonehara, K. Nakahara, H. Kurisu, and S. Yamamoto
(Yamaguchi Univ.)
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Fig.1 Structure of antenna.

Fig.3 Equivalent circuit of the antenna.
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Demagnetization correction of complex permeability of magnetic slab measured by MSL
S. Takeda, and S. Yamasaki*
(Magnontech, Ltd., *KEYCOM Corp.)
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Fig.3 Measurement results ; (a) as measured by MSL “(b) as measured by Coaxial, (¢) comparison
between the corrected MSL result by N=0.04 and the coaxial result.

SEX# 1) S. Takeda, T. Hotch, S. Motomura, and H. Suzuki, Journal of the Japan Society of
Powder & Powder Metallurgy, vol.61, (2014), No.S1, S303-307,
2) KHEEE HK I%@%%mjﬁﬁmw\puxwm)
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BOBREAEE T FIE S BRI 51 5 REDTR OB

AR R, AR FESD, B BEOR, ek
(R T2 MR M)
Consideration of Skin Effect Suppression in Cylinder Multi-layer Transmission Line
with Negative Permeability Material
Ryuta MORIYAMA, Yasufumi AIZAWA, Yuta KUROKAWA and Hidetoshi NAKAYAMA
(National Institute of Technology, Nagano College)
FL®HIS z
e JERE R CTIIR B RIC L DR DOIRD, (R R DK & 2238
ThoH. FFREE MRS DHEFOTEL LT, AOBERKEMEZ V2 N ===
KEDRIHNCEE T 2098 DINHED v, 110 S OEAITHIICL Y, ) ale)
ZOMHIRNFLRES V. FFFE T, SRS E G X D R T
TR D 2 BN AN OFXFHESE 2 78 L7203, FETEAR IR A ME 7 e SR T
AN = AL TH D20, ikt Z W I35 22 a3 A R R BT A e
BT D 55520 AR TIE, BOBREEMEOWE 0 F O B 1
HIRRGED 7230, FFIXFFEWTHBREE 2 R 51 L CHERREEZ AT > TR Y, ) . !
LIRTIZ 2 J@ET /TN T LI R A B E 2 C, 2 E T VIR : .
B Fig. 1 Structure of cylinder
L CHGE L 72 i R 257 5. transmission line.
HOEREMHZ AV SR RICERRER
AMFZE TIRRBREED 728, fig b 72 TR BT R A 1S DR 2 5k 81,
Fig. L IR EBRESE 7 /L THET L7z, [RHD IR O 2 JE#iE o i i % B
oA, ERSEGRXOBEMIC LY X()TRD BN D . EOFEREM
BHE, HEHo, @EMFEN>0 & LT, ADBEMEMENT, EEHRo,,
B P>0 & LT, ENEN OO EIRE L iz2(r) 3 L WV iza(r)iE=(2) e oot o
WX VEHTE 5k, 3EBELBELEBRIZLTRD D). (a) Intensity of current density

@fo(kl?‘) i,,(r) = a3 Jo(kya) ky Iy Jo(kor)

il
A
S

Amplitude of Current
Denstiny |i,| [ 10°A/m]

za(r) = 2raj, (kya), 0, Jo(kya) 2ma J, (ky @) (1)

ZIT, bhBIY RIIEMEFHEICESSBRETHY, hBLT
J1 13 Bessel BA%a~9 9,
RRLER

Fig. 212, 2 JE3s LU 4 JEtE s o MW i d ik o0 BRI L 3 A7 iz () o
— &Y. BIESRMFIL, RIMNE DR rmax, =8 um,  JE %L f =3 GHz
LU, 2 oOMEOREERE Cu &% (o1 = 0, =5.81x107S/m) & L, k. (0) Phase of current density
s . e ) Fig. 2 Current density vs. distance
EHREROREIN L TH E)IE/;%@@E&‘Z%ZM‘*/{’(HH =+1, up = -l)ffiaxﬁi_’ from the center (f = 3GHz, rmax = 8um).
L7z, 2B LA s O FREZME L, HENNS S RDEEE
Et L7 R TH D . Fig. 2 (D)ITR S D i B OAAR Li(r) 34 g o5t im C&M U, (AR b2 RS
LT LIy, EREAMEAKNZ. DENCHRE Lz 2 Ik LT, 48 TR 22BN b .
i

ABFFED—EIE, ISPS FHiFE 17K14674 35 L U@ F5 4 SCOPE 5 F U A ¥ L AWFJEH S5 H 1l 165104001
Ok E=Z T TRY, ZZITEHH L T ET.
2% R
1) Yamaguchi et al.: MWE 2008 Microwave Workshop Digest, 207-210 (2008).
2) Moriyama et al.: Digest of the 40th Annual Conf. Magn. Jpn., 40, 82 (2016).
3)  Mizuno et al.: The Papers of Technical Meeting on Magn., IEE Jpn., MAG-06-82~87, 7-15 (2006).

Phase of Current Denstiny
Zi, [ (deg)]

2 3 . 5 B
Distance from Center r [um]
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R FRER I TBEL 2 V) 72 NdFeB BERE A
O B W ) 7R RS BE RS B D i HY

i SE N N TN S N o I W N
(FKHR., AIZ&JE*)
Detection of reversible magnetic domain wall movement by alternating magnetic force microscopy
for NdFeB sintered magnets
Y. Z. Cao, Y. Zhao, S. Yoshimura, *T. Maki, *T. Nishiuchi, H. Saito
(Akita Univ., *Hitachi Metals, Ltd.)

XU BB O BT 10T, BRI & A & OB ORI N 2, BRI 4 104
L322 EREHEL72D, ARBFZETHW D ARRERK JT B EE (al ternating magnetic force microscopy;
A-MPM) 13, BERABLERIC IR < I DAL TN B R BEIEE (MFM) 2~ — R & L CBIgE S 7z, 22 5 fifhe
H UMM BN FETh 5 1, AW Tl AMP OF - 72 Re & LT, ATV 72 REBERS B % i I R
H - BT 5 FEERET 5,

FiE A-MRM 1. BESHORML &2 RS OIS &0 BRI AL &
52 LT, MBI RAET DS A, EHREI ORERS S ZFI L
TRHAIT 5, A-MPM T3 HBIERES 2 VW5 2 & ¢, B O RHAI R
B VEEHC RN 2 2 RS O FIIC B E L RS el 47 5 - L T &
%o AMPM Uil T EEHC T B S HiREIC & 0 SUBHRME A 2B L
FRVREDE T, R DR B TR A B L TV B AN, ASHERRC
X0 RERUE A LT 25811, B D RAET B ASHRES O FH G
IR ATREIC 72 5, HEHHT X B A BHME O ZEEICIE, SUBHRE O REL ]
i L BRI B 5 S, AR CIIRRERBI ORISR L, SHiRis
IZ LB A R BB B ORI A R s, BIERENE LT, WERREED
NdFeB S5 MpEfsme A (FREEDELAE) @ ab @& HWT, ek IC & i 1
B A FREE A FIN L C. B O BEIELT Co-0d0, Tt mevtresr R '
BIDRE L. BB DR AT 2 ABHEC RIS M O BLFERES & Aciihin e I ;
KRBT TR L. o o
R K1IC, abEICHT 2 REMED. () EHRBSGE. (b) QTR : 2
%t FERRIGHE OREE O EIN S RO A EH 0T 5, RFo ” _
BRI SR R ORIE T % SUEHERICHIN L= R Bea o iR s00 | 5
Oc T b, EFHBEHETIL, FERENT, SREMESEICBES L = :
TW%, WG T, FRESHR ORI OBEFUCAE T DREEDOT [ 1 aA-MPM 1ok 2 SRl Tl
W7 BBIC L > CHRAET 2 MR A BETX 5, MTEMBEOBRTT Ko, () L. (b) 7%
DEEVNC L BBIES TR N R D = b5, MEBEL R

HRIE 200 O LA E TR S U7, = OB EVEHA T T 177 1412 1 R %

AN L 7= & % IS REBE N BI & 030 B RESE L FRE T b » 72, IERORBEB B O HIC 1T B FRG S 2 2 b St 7
DO GEEN B 2 L5 2 EMMETH -T2 DIH LT, AFETIE, Bt/ LI, BEERE) 2 &k
TEAITE 20T, AFER. MEBBIORS SO, MEO Y= F#Ei%s i+ Lo, AHEEXT
WD, T, AMRM T BN A ETREEE K OSHRHE O RHE B R . WA R BN 2 T
L THo7-s S ab—a s R T 5 2 & T, BHIEREZ RS LIS RIc SN T bEET 5,

2 um

2E R 1) H. Saito, F <'#a/Magnetics Jpn., 11, 214 (2016).
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MR ISR 2 Nl A — 0 712t Tz
EA LA - BN Co-Gd03 7T = o 77—l /ERY
hK HEK, CaoYongze, &I 7, Wi UE
(BRI R5)

Fabrication of superparamagnetic Co-Gd.Os3 granular films with high susceptibility
for alternating magnetic force microscopy for high magnetic field imaging

Y. Suzuki, Y. Z. Cao, S. Yoshimura, H. Saito
(Akita Univ.)

[EEOIZ Fox ik, BRI COBSFHZ LB 5 Z & CEMOMFRE R M) b S W72 2R BR T BEEE
(alternating magnetic force microscopy; A-MFM) % %8 L 7= 12, KFik%E 72— REEMEM B0 B R
BN, EEITRRFEAEORE Y 7 MEHEERSE R U, $REHEA L A AT HIINC X 0 AR 2k &
B CEREEB IO RFR R 1 2 A S, ZOREMK I NTFHET 2 REHRE O F R ERB R 2R 5.
LU B, KARGA S ORGSR OBEIXBIZE TIL, VY 7 MEMERST ORAL 3308 D b D FR MY
R fafn L, A AL T b RAb A ZE b TEREHIREN B AT N A U W IED AT S, 2
DOFRPFATNE, WAL BaFD Levy, @R LR OB E MR b Nc 2N E WV 2 REFOBENLEL 2 5.
Fxld, TE CHREBMEER LS LT Co-Ag 7 7 == 7 —HaiEE 9% Si PREHRIAIZ 100 nm Bl L 728
WREPERE 2 ERIT 5 = & TRAREA D A-MFM BLEIZ Y L T2 9. B E MERRET O 228 Jy fiRhe ) B2 i,
FHRVEREE 2 4R L 72 L CERS LSk ke B, @i b - @ E R O BRI K 2 BUENRE O AR )3
WHL 722, ZDOIZOARMIETIE, FeCo 2V T =a 7 —G&HIKOIERME~ N U » 7 AMBIORG 21T - 7.
AE AHETIE, FeCoRZ T =a 7 —AE&MIEOIEMME~ Y v 7 ZpEHE L THi7ZIC ALOs & Gd,0;3 %
B, K77 =27 —8aE%E, Mgy —>7y b~ b v 7 ARPEHHOIERNESY — 7 > N2z 2
JLRRF~ 7% ha o A8y 2 Y 70 K0 BB RIS & Si HofR BT 100 nm O fEJE CEIRNE L 72, KO
b iR 2 IR EhECRHLRE J15F (VSM) 12 L W IE L, B EEhBR D SREER o 3 X OB L ER OFRIZNE FWHM
M L 72,y (L2100 Oe OFIPHIZ IS T HRALHIFROFEEOMEE & LTHEI L, FWHM 1%, B{bihfRofE =
DB AT DO ICR LTI 5 & X OISO E LRI L.
FER  Figl IR R EE O R TO ¢ & FWHM ORR A R~ MM O3 o Mt o e
®E~ M)y 7 AMEE —5y h~OHNE N % —EIC L, 58S —5 >y h~OHIME N 2K 2 TE S
T, WThoO~ b v 7 AMEBIOSLAE TS, BEETEOGEHEENE KT H L, ¢ BAKEXL< 72D FWHM 23
BT 5N L—RETZRELNT. ZhuE, SFBEIBRICK T2 7 0V a NV BEo7 0 v T 4 7 ORER
MG, BRI R L2 L1k D & 2 b, Bl Z1E Co-Gd03 DA, Co & A D 20 vol%> 5 40 vol%
~OHENZEE, Co KA 9 nm 725 20 nm IZH R L7- & RS H 7=, 40 vol%ll o> Co &/ ED
Co-Gdo03 M T, WALHIFRICE A7 U U AN B4, 5@k & BE R & ORMIC/R 72, y ORKE 1.7
X 10° H/im 1%, S BERANSE O LK Co A& 20  Co:d0vol% .

(40 vol%) THEONTZ. Z O y 1%, B BME#ERE T2 - .0
FUE TICHE STV D CosAlOs (026X 105 H/M) 15 4
VL LW LT T ERERE . £ 33v0l% —
~ MU w7 ZBPRS Ag, AlOs, Gd0s DIFEIC, T
BRI NE O N D AD Co A RIL, %%, {:0_5

23,33, 40v0l% & 72, ZDJEHFT ¢y b REL 20T

ZORKE LT, Gd BAmWEBERAMEE AT 52 &1 o0 FeCo-Al,0
£ % Co ko l, MmO ZE N, 1B 2 B, 0 z 4 FWHI\{/IS(kOe) 8 oz
BENWZOWTIFFEE CHEME R TETH D. Fig.1 Relationship between susceptibility and linearity of M-H

BZ 3R 1) H. Saito et al., J. Appl. Phys., 109, 07E330 (2011). curves for each superparamagnetic films.
2) DY, i 575 35 18] A AR A2 PAGREEEIRE, 27pD-2. 3) WHT, fth 25 38 [0l H AR AITRIRIEIE, 4pA6.
4) T, il 55 38 [8] A ABER E NG HEIEELE, 4pA-10.  5) K. Yakushiji etal., J. Magn. Magn. Mater,, 212, 75-81 (2000).
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AER R TR FH = oy BFRE ) 7 M REMEEREF OO B %
— kAR - Fe RIFMERMEIR OMGE(L —
AT 1&1#, M. Makarova, K. Srinivasa Rao, AT #7, 75k %
(FKH K
Development of high resolution soft magnetic tips for alternating magnetic force microscopy:
thin Fe-based amorphous films with high magnetostriction
Y. Akaishi, M. Makarova, K. Srinivasa Rao, S. Yoshimura, H. Saito
(Akita Univ.)

ILC DI FF, BERDBEMETIC W T E R ER RS ORI L 0 225 RRE O m) L3R < kD
LNTWD. FexlZnfreom LIZA R & 722 2 5UBH R T 5 C OS2 F28L LTz, A83BER ) WmEE
(Alternating Magnetic Force Microscopy; A-MFM) % BH% L C, TEMKGLERBEARORXBIZR 21T\, @\ O Afikd
b L ARV BIRIRESS & A3 % FeCoSiB FEabE (25 nm) % Si BREFHRIA A L7z Y 7 MgtEiREt 2 % 2
& T, 5nmBEOEWERSEREEZ STV 5H Y. FeCoSiB FEfbE A XBfEEEE ks 23 1054 —F — LK
EWVCHEDL LT EWZERGHRENGE LN TWVDEN, ZOAD=ANIBIED L ZAFRHTH D,

AWFFETIE, Fe RIEMEGRIREIOZEM DFREZ I HICM ESELZ 2 AL LT, FeCoSiB JEiE R
wPEE, B LU FeCoSiB b EAE L AEFEDOMELZRL, & bICMHERMENEN D FeCoB FEanE G ekt &,
EMERRIE 28 S TR L, BB 72 & NS VLB 2 ffi 3. 15 D 7o ii R 2 (RIEE D CoZrNb FEdH
BHae MsI1X107LLF) ZplE LI RETOSGE LT 2 2 & T, SOl A I =X L2 RmF+ 5.
FE WA ET 2 v FIIRO Si ZEEHIMICZ — 4 MRS FessCo24SitoB1o, CosoZrisNbs DREMER A % h
Z106,8,15,25 nm DIEE TRy 2 U > 7 LA FWGTHREEL, FESE Y 7 MErEBRSt 2 /ER U 7. BULEE X
WS EN RS 2 R o 7 BVUFEE B 2 L7=. A-MFM XTI D EER 7 0 — 7B (L-Trace I, H 72/ ~A
TP A T ZARYZ, T =T A h a7 (AR,

PLL (BIEERE), vy 7 A7 o7&z TR L 100

7=, BESRUEHTIE CoCrPt-SiO, T ELfE S FLER IR (RLER ®

HE 500 kfci) Z MV, PREFFURHHIEENE 2~3 nm TELERES S [TsignTntensity

BUREAT o1 WEHTFINT 2 S O BT 89 H 2 w;w|ts i

&L, #RIE% 50~200 Oe i CZE(L STz 1% S N ;

FER Figl (C—l & LTHABIRIOBIEIITZ 8 nm @ £ Losooo e
FeCoSiB #REHT, AU HRIE 200 Oe ZFHIINL THZEL s . T

7= CoCrPt-SiO T [ELfk S FLERBE IR D B SS 16 & < D ZEfH] ol E el oo
AR ER A Y bV EIRT. Fig.2 [ZEVLERET O FeCoSiB c % e o . -
#1330 CozrNb BREHT 6 LT, MRS 5 0> 22 15 JE i 4k ki (1/pam)

AT RV B FE L7 BEAGEER E N O iR O
MR AV 2 7”3, FeCoSiB #£$#1 Ti, BEMEIRIE % 6 nm
FCH LTHEFMENHE LRV, [KEEE CoZrNb
PREFCITBE ORI, FLskE Y P OEBIREN K E
<P L, BEIE 8 nm DO EREFTITNEE 25 nm O ZREF & g
L, MIERREEN 10 73D 1 BLFIZ/e o 72, Fig.l 7> B 2245y
fiRGE % B/ MR R OECHMT 5 L, 3 nm fRETH
ST, RS CTEWEBRENGONFNE LT, &3k
WS ENIMNC & 0 AT DREEIC K DI A1 0 RS 12 4
HL, el o LREEEZ BB b TWnWAH & &
EZTWD, BEEZRD S8 TEBZ SIS ETHLHRE

JREEDMET LR WERENT, ZERIRRED M LICAER &7 5.

FE T, Fe RmEIERE G GIREO R O MEREIC K
ETELBIRIC O T H A L, mafRiebo A =X
LERBTDHTETHD.

BEICHL 1) K. S. Rao fil, % 39 [A] H AREA
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Fig. 1 A-MFM image of CoCrPt-SiOz perpendicu-
lar magnetic recording medium obtained using the
tip coated with 8 nm thick FeCoSiB soft magnetic film
(inset). Power spectrum of the line profile.

35 -

. FeCoSB __ .-

g = o T ILI----- ¢

o5 o=t
T e
=20
2945 o CoZrNb
< .
€10

5

0

0 5 10 15 20 25 30

Magnetic film thickness (nm)
Fig.2 Dependence of A-MFM signal intensity on the
thickness of coating magnetic film for the soft
magnetic MFM tips.

OFT S EE4E, 8pD-3 (2015).
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2NV Z RS FEIN - RS BRI A W T2
1865370 BATR B RS D Rg AL th R R
T BT, K. SrinivasaRao, A ¥, Rk U
(BRI R5)
Measurement of magnetization curve of MFM tips by pulse magnetic field MFM
K. Kudo, K. Srinivasa Rao, S. Yoshimura, H. Saito

(Akita Univ.)
XU DT BEMEA B O R 2%, BRI 2 BE R R ML
2T, BHRNRBKEEO DA ZMmD Z ENEE LD, % Cantilever oscillation signal
WA 72 BE RS DFANIE, T4 ORERA A — v V' FiEZ
WCRER T CRERBIZE T 5 Z LIC L W IELfThlTWa., =
T CIKAREAT S DARRE ) O K Z 7o WA B C IR R BE 5 23 24
e D, AW T, R DBEEI(MFM)IZ L AR A %
AT Z & T, BERBELRITATRE OY AT TR 22 ik ih
MAEFHAICE 2 EEOMREAE B L LT, MR &k &
OHEMEFCLVEOND MFM E 5 ORICKLEL 25,
MFM B DAL RO G715 & e IS ARET L7z,
FiE  Figl IZEBEE ORAX 2 /R7. MFM (28125508 &
BREETIC, MFM WONHRE L7z MFM $BEHZ OV AR %
N L7=. 2L ZREEOEIIN AL, ek &2 —o3tpiE — Fi9-1 Schematic diagram of pulse magnetic field
CRE ST C D 5. L ARSI S EeHREB oz MV

Signal in

Ref. Lock-in Amp.

Amplitude Phase

ch3 h4
ch2 c

—|chl

Oscilloscope

Magnetic
coil

Condenser

Discharge trigger pulse

fbrmy /A TV TRINL, Ay rRa—T TR AR g @ @
W U7, EBRIZHW MFM $£8HE, B1EL 72 FePt-MgO %/~ — REEPEREEE = 1
Thn. KEEHET T X~ Uiz Si EEHIMIC FePt-MgO #ifiaz ~ 2 % T .

har xRy 2 U IR K0 g, BB L CERIL 7.

BR 0L LT, BEMEBIEA 30 nm @ FePt-MgO %/ — REEMEZESHZ
W, Fig2@)IZ v At H, OFREZE L%, Fig.2(b)lZ/ SV A RGN
DOYEEWNIAR 0 DRFRIZ L 2R, 22T z FIad UV ARBE ORI mH &
L7o. REMERREHIE, WIERTIC SV ARG OG0 & ¥ & (2 60 kOe T R T T o T
e L7z, O13HREHEAL M, &8s H, O ARL & IRADBRD & 5. Time (msec)

O(t) oc M, (t)(&*H, (t) /1 62°) XIS X 912, 0137V AREGEIINEICA T Fig.2 Time dependence of (a) applied
1 UFAH1) IR L%, T (BIA%1) (2T 5. -2 TenY  pulse magnetic field and () MFM
07 BRESHIE M, 258 01272 B (RRE ISR LT 5. phase signal for FePt-MgO hard

Fig.3a)I 6 & H, Ic ki B 25{L A 1. 01cAfb B IO @%H, () /62)  ooene MEMIP.
1%, H, () & RERIZ SV ARGAZHEI D BRI L TE{b+ 5 DT,

o (degree)
s
=

(@°H, 1)/ 02°) oc H, (t) DR D 32 h, 0% H, ThT+5 - lcky, g
Ot/ H,(t)c M, (t) 720, 6(t)/H,(t) ZiHti+ 5 = & T, #EERMEM, D @’ 0 e
FHAIZSFIREIZ 72 5 = L 3D . Fig.3(0)iZ 61 H, D7)V ARG EIINT £ 5 =

&

BAba R 4. BUCRD X512, 0/ H, ihiftiE — NREMERBH R 7o i
LHBROTEIRZ R 2 &R bnd. —J, etz SV ARG & RN E

o
3

B L7881, BHMEIENEIE —E L 2% 0/H, R LB 5N TV 5. T o

MFM HE2F DR % 37T % = L IX 2 E TIRAS Tl - 7278, S osf .

ARFEEZHND Z LIZL D MFM 80 E R 2, BRIE L 72 Batbst Bl o - . ‘

AR D REHENE & et 5 2 L NTTRE L 72 D . ATIEIL MFM $28+% B 0 5 10 15202

¥35H ETHERRY =MD EEZBNRD. U n:-;zo(lkOeL f

F2TUE, RO MM B OBMLIBIEEORM E & bic, ATk D8 pggg;;% o ggg”(b‘;”;‘jgz g
(2 & BEQURFIEZRRA L 72 MPM BREE2 JTNC, AR AL O R PTHY 7 FePt-MgO hard magnetic MFM tip.
WAL AR O FHI Z OV AREGHIIN MFM 12 X 0 BRET L 2R IC o\ T

WETLTFETHD.
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IR D o P ALENG E DME SR HEE IS 5 2 % 5

INLERAST, RSEEN, RO
(BIRTERY: ot F-HAC HATSERT)
Influence of Sensor Positioning Accuracy on Signal Source Estimation of Magnetoencephalography
Daisuke Oyama, Yoshiaki Adachi, and Gen Uehara
(Applied Electronics Laboratory, Kanazawa Institute of Technology)

[XLOHIZ 4, BN XD BEINRERBR Y O BB R, IR 2 o A (R G HI A~ DI
BT DHERED SN TN D, T b O I ARBKGEHINZ — b T 2 R
WZHERTRENS L0, FBEHISESTOND ZERFIRLE LTETFLNTND. EELIFINETIT, M
Weat” 7 o M A 2RI UIEHAIFERRIC LV, SEBKE oI KD MBI EHI O 2B T REME IS DU THRREEE L
7. 7, BEEEHT R W TIREROBR Y o OMEPRE LG L IR R 5720, B 7R A0 & 52
BRI EE RONLE N RIS 720 T 2580835 5. B P RMEFRICEWSG AT, BEWSGEIZH TS
RAEBREINIZD, BV OMNETNOREEZRE T HHIIRRISN TV, £ 2 TRUFIETIE, ki
Ot IALERENE SRR EICE AR e Ialb—ra Tl THLNT L.

EEBRAE 1)THE LG T 7 v b AL RERE Y U 2 AWEERICA DY, EEETH 5 %MiE
Vi BA-1-(Equivalent Current Dipole: ECD) & & @ JE I R FRRICELE L7254 F v XA DBV T LA IZ X
HIal—ia EREITo7-. Fig.1ICECD L ¥ 7 LA OREZRT. AFZETIE, z8hinS 0E

BiE(r) 2276 mm & 96 mm D 2 fEEHDOE VT LA IZONT

Wiy 5. BB IRRRBR Y IS L B MRGE 2, %81 Oﬁ
—%E072 SQUID (2 & B Mg A ARE Lzt o7 LA Bl 20
Thh. i outline of the
£, BE LA RN L CRBEEAROT T b 2o
Bk e, ORFTNE 5 TR AL o FESEZMAEL, = o [ o oD
Sarvas O3 1T & 1 4 L BRI B RERIE O K X L 7o oo TS 76 mm
EEAT S, KT, RELEBRAERORE S Loty TE e e
PALENEHZ O CHREEZ MRS, EEIRMEEZHEET 5. 100 ° o000 © r=g6mm
D IIAB ZIRALIE & eI 23X E L7Z ECDLE & Oz [
(EEFHEEREL T 5. e0fi% 01~50mm & LTER P —
LIS U CTHREELEOE 2 28 2 7253 & 100 [al#: v ik L, x [mm]
% epfEIZI 1T D5 IR ERR A= DO EHE A B L7z, Fig. 1 Positions of the signal source (ECD) and the
sensors. The squares and circles indicate the sensor
%ﬁﬁ% Fig.2 It I =21 —i3 VHEBRLART. r=76 positions with r = 76 mm and 96 mm, respectively.
mm, 96 mm M5 DEAITBNWT, B EFhskE < 8
RHIZONTEFEHEEHED RE <D, FlZr=76 mm 7t
DFEIFE P ETS 2mm 2l LRaMICEE B o f
PHEEREL K& Ao TOD ZEBHDD. ARDD, ZF 5| ”76“?,_..%1
TP EESRICEVIBICRES 25810, Br i 55 ¢
B L0 EVEE CRODLERDH D Z LRl %é el & .
B 3k ch i B ....-,;:::.'.'.g ...................... &~ 96 mm
1) D. Oyama, Y. Adachi, and G. Uehara: Journal of the 0 ?@ 1 2 3 4 5 6
Magnetics Society of Japan, early access 1706R001 (2017) Assumed error in sensor position: e, [mm]
2) J. Sarvas: Physics in Medicine and Biology, 32, 11 (1987) Fig. 2 Displacement of source localization as a function

of the error in sensor position
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Uniaxial torque curve of hexagonal Co bulk single crystal
measured by torque magnetometer capable for 10° dyne*cm
°Sota Nakamura ®, Kazuya Sato ®), Shiho Kinno ¥, Yoshiyuki Sotome *, Shintaro Hinata *, Toshiaki Kikuchi”,
Katsuki Tamakawa ©, Tomoyuki Ogawa *, and Shin Saito ® (*Tohoku University, ”Hayama, “ Tamakawa.)
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231,612 (1950). 2) R. Pauthenet, Y. Barnier, and G. Rimet, J. Phys. Soc. Jpn. 17, bulk sample.

309 (1962).
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