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Variable magnetic field technology and permanent magnet characteristic by the request of
electric traction motors
H. Nakai*
(Toyota Central R&D Labs., Inc.)

A traction electric motor of HV, PHV and EV is required high efficiency to reduce fuel consumption. While, to secure passengers
space, the motor is also demanded downsizing. Since the motor is in the industrial products, low-cost is also required without doubt.
The motor requests a several characteristic of a permanent magnet for fulfilling above 3 demands. In order to downsize the motor,
firstly, we need a high magnetic flux density magnet (a strong magnet) and a magnet which is hard to demagnetize. The motor is often
put in a small space for which it is easy to be filled with heat, for example, an engine compartment. The motor which uses a strong
magnet can produce large torque, even though the motor is put in a small space. The motor is often cooled using by a transmission
fluid to prevent temperature rise. Even if the motor is chilled using the fluid, the temperature is more than 100T. Therefore, the magnet
which is hard to demagnetize in high temperature is desired in the motor. Almost traction motors use a Nd-Fe-B sintered permanent
magnet in order to fulfil the demand of minimization and demagnetization. It is, however, a problem that the Nd-Fe-B magnet has
high cost price. Reducing the cost of the Nd-Fe-B magnet is a 2nd request of the motor. In order to realize high efficiency which
is a 3rd demand for the motor, we request high electrical resistance magnet and variable magnetic field magnet. Cyclical change of
magnetic resistance caused by stator tooth make a magnetic flux change in a magnet placed in the motor. An eddy current occurred
by the magnetic flux change makes loss in a magnet. High electrical resistance of a magnet avoids eddy current and reduces the
loss. Reduction of the loss achieves increasing motor efficiency. Maximum torque of the motor determines a magnet force in many
situations. However, the magnet force is often too strong to achieve high efficiency in high rotational speed and small load area.
The efficiency in this area has great influence on fuel consumption of a vehicle. Therefore, variable magnetic field magnet is desired
to improve efficiency. The strength of a Nd-Fe-B magnet is also fixed like other permanent magnets. The motor used in vehicle
replaces a part of magnet torque with reluctance torque to carry out variable magnetic field. Reluctance torque is not, however, large
enough to replace all magnet torque. So, last 10 years several studies which achieve variable magnetic field using not only reluctance
torque but also new mechanisms have been done actively. As one kind of studies which achieve variable magnetic field, there is a
motor which controls permanent magnetic force”. The advantage of this motor is that the structure is almost same with an ordinary
IPM motor. The disadvantage is vibration occurred by pulse current which is used for controlling magnet force. Changing magnetic
resistance method using mechanical way? is one of a variable magnetic field study. The advantage of this method is that the magnetic
field can be accurately measured using a mechanical air-gap. The motor needs, however, a mechanical actuator. This actuator is a
weak point. Other method controlling magnetic force has an electromagnet in addition to a permanent magnet. This method has
ability changing magnetic force quickly because of an electromagnet. An electromagnet needs space bigger than a permanent magnet.
Therefore, it is a problem to increase the size of the motor. There is a study solving this problem in order to achieve downsizing
with high efficiency®. The proposed motor in Fig. 1 constitutes a 3-DOF magnetic circuit with dust core. The circuit has one radial
air-gap and two axial air-gaps to increase torque density. This motor settles an excited field coil of an electromagnet in the gap of
a radial and an axial air-gap not to increase the size. Therefore, this motor can achieve variable magnetic field with downsizing.
As mentioned as above, traction motor demands various performances

to a magnet. A magnet that satisfies all performance has not yet been
Magnet Cyelic (excited field) coil

developed. Development of a higher-performance magnet will improve
Toroidal (armature) coil

Salient-pole

characteristic of the motor and realize restraint of the global warming.
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Fig. 1 3 air-gaps motor with excited field coils.
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Development of Measurement Technique of Three-dimensional
Demagnetization Distribution in Permanent Magnets for Motors

Y. Asano, S. Araki, A. Yamagiwa
(Technology Research Association of Magnetic Materials for High-Efficiency Motors (MagHEM))

It is important to estimate the demagnetization state in the magnets in Interior Permanent Magnet Synchronous Motors
(IPMSMs), which are often used for consumer electronics and HEV traction motors . However, the distribution of
demagnetization in permanent magnets for these motors is not uniform due to the difference of coercivity of local parts
in the magnet material and the difference of the working point of local parts in the magnet caused by the variation of
magnetic circuit in a motor. So, it was necessary to estimate the demagnetization distribution in the magnet by FEA,
because there were not techniques to measure that. Therefore, we develop a method to evaluate the three-dimensional
demagnetization state including the inside the magnet by cutting the magnet into the cubes, as shown in Fig. 1, and
measuring the B—H characteristics of each magnet cube using Vibrating Sample Magnetometers (VSM), as shown in
Fig. 2. At first we lock the motor rotation in high temperature environment, and an electric current is applied into a coil
to hang opposing magnetic field. Next, magnets are taken out from the motor. Then, we cut the magnet into the cubes
without demagnetizing anymore. Finally, we measure the B—H characteristics of each magnet cube shown as in Fig. 3
and , formula[1] and calculate demagnetizing ratio distribution.

Demagnetizing ratio[%]=(B1-B2)/B1 X100 [1]

e - .
fagnet  7mm Smm 2mm
for HEV

motor

Fig.1. Magnet cut into cubes

Fig.3. Calculation method of demagnetizing ratio
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Grain size refinement of Nd-Fe-B sintered magnets

Y. Une, H. Kubo, T. Mizoguchi, T. Iriyama and M. Sagawa
(Intermetallics Co., Ltd. (Technology Research Association of Magnetic Materials for High-Efficiency Motors /
Nagoya Branch), Creation-Core Nagoya 101, 2266-22 Anagahora, Shimo-shidami, Moriyama-ku, Nagoya, Aichi
463-0003, Japan)

High remanence and large coercivity are required for Nd-Fe-B magnets in high-efficiency motors such as traction
motors for EV or HEV. The addition of Dy is the most common way to increase the coercivity of Nd-Fe-B magnets.
The problem of the Dy addition is the reduction of the remanence or the rise of material cost. Accordingly, efforts to
reduce Dy use have been undertaken all over the world. One of the important idea to reduce the Dy use is a grain size
refinement of Nd,Fe;4,B crystal. Also, optimizing the grain boundary structure is necessary to achieve the large
coercivity. We have been challenging the grain size refinement of Nd-Fe-B sintered magnets since 2007.

From 2007 to 2012, we had developed under “Rare Metal Substitute Materials Development Project” commissioned
by the New Energy and Industrial Technology Development Organization (NEDO). In this project, we obtained fine
powder with average particle size of around 1 um using a helium jet-millingY.  We fabricated the fine grained Dy-free
Nd-Fe-B magnets using this powder with coercivity of around 20 kOe; about 40% of Dy can be saved by this technique.

Then, from 2012 to now, we have been challenging to develop the new production process for the further grain size
refined Dy-free Nd-Fe-B sintered magnets under "Future Pioneering Projects / Development of magnetic material

technology for high-efficiency motors" commissioned by NEDO.

mmam——

The sub-micron grained sintered magnet was developed using both as sintered _

Nd;,Cus, (at%) alloy GBD

HDDR process and helium gas jet-milling®.  This magnet (HDDR
sintered magnet) had a better temperature coefficient of coercivity
than the conventional sintered magnet. However, the coercivity at
room temperature is around 13 kOe which is rather lower than we
expected”. It can be seen that the HDDR sintered magnet has
thinner Nd-rich grain boundary phase with around 1 nm than that of
conventional magnet (thickness: 2 nm).  We have been trying to

expand the grain boundary phase of the HDDR sintered magnets by

| | . | |
H(kOe) .20 -10 0 10 20

various methods such as the grain boundary diffusion (GBD)
technique. One of the results is shown in Fig.1.
Fig.1 GBD for the HDDR sintered magnets
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Newly developed (R,Zr)(Fe,Co);,4Tix-Ny compounds for permanent
magnets (y=1.3 for R=Nd, y=0 for R=Sm)

K. Kobayashi, S. Suzuki, T. Kuno and K. Urushibata
(Shizuoka Institute of Science and Technology, Toyosawa 2200-2, Fukuroi, Shizuoka 437-8555, Japan)

(Ro.7:08Z103.02)(Fep75C0025)11.5Tips (R = Nd and Sm) alloys for permanent magnet materials were prepared by
strip-casting. The homogeneity of the elements detected using electron-probe micro-analysis (EPMA) was fairly good.
The occupation sites of the substituted elements, i.e. Zr in R sites, Ti in Fe(8i) sites and Co in Fe(8j) and Fe(8f) sites,
were revealed by using spherical aberration-corrected scanning transmission electron microscopy (Cs-STEM). The
stabilization of ThMn,, structure at a low Ti content of Tiys mainly originated from the substitution of R sites with Zr.
The nitrogenated R = Nd alloy, (Ndg 7Zr3)(Feo.75C00.25)11.5Ti0.sN1 30 compound, showed good magnetic properties of J; =
1.67 T and H, = 5.25 MA/m at room temperature (RT). The R = Sm alloy, (Smy sZr,,)(Fe(75C0¢25)11.5Tip s, also had J; =
1.58 T and H, = 5.90 MA/m at RT. The values in the R = Sm alloy were still J;=1.50 T and H, =3.70 MA/m at 473 K,
and were higher than those of Nd,Fe 4B phase at the temperature [1]-[6]. Because the R = Sm alloy is a Dy-free and
N-free powder, it is a promising candidate as a material for sintered magnets (4).

For the measurement of magnetic properties of the samples, physical properties measurement system-vibrating
sample magnetometer (PPMS-VSM) under a maximum applied field of 9 T was employed. Especially, the J; and H,, i.e.
K, was calculated from the magnetization curve using the law of approach to saturation (LAS) method. The sample
powder consisted of secondary grains composed of isotropic agglomerated primary grains of about 5X5~20 um. The
sample powder was mixed in epoxy resin, then the magnetically isotropic sample. The analysis was performed by using
the following equation [7], [8].

dJ(H) | dH = J5 (8/15) (K*1Js%) (1/H?)) + o (1)

Here, J(H) is the measured polarization under applied field H, Js is the saturation polarization, and K is the first-order
anisotropy constant. Equation (1) was applied to the measured polarization under a high field of 6-9 T, and the plots
between dJ(H)/dH and 1/H° are used to calculate Js and K; values. This method was used to obtain the results in our
previous studies [1]-[4] . In the study [4] , however, we compared the results obtained using above equation (1) with
those using J(H) vs 1/ H* plots, and employed the latter method for the stability of obtained values. As mentioned above,
the comparatively high magnetic properties in R=Nd nitrogenated compound and R=Sm alloy were measured using the
LAS method.

Evaluating the a-(Fe,Co) phase concentrations in the samples is important for calculating precise J;. We determined
the volume fractions of the phase using two methods. First, we compared the largest XRD peak height of the a-(Fe,Co)
phase around 20=44.5° with that of the main ThMn,, phase of around 26=42.4°. The ratios of peak heights corresponded
to the volume fractions of the phases. This method included the error from the crystallinity of each phase in the samples
and the local distribution of the phases in the sample particles. Second, we obtained the volume fractions directly,
through measuring the surface area fractions of the a-(Fe,Co) phase on

the polished surface of electron back-scattering diffraction (EBSD) v ,__(_T‘_cho;v_Zfo;sZ(ffgv_s(_??gzs)l1.5Tio.5N1.3
image of the sample particles. Each phase was clearly distinguished in :\(f)_c_)_ _______ (_b_)!_,:

this method, however, there were errors arising from the difference in 1.65 1

the particles observed. Although numerous observations are required 5

for this method, the number of observations was limited for some 16 R ANdFe,B

particles in the experiments.

The above Js values of samples were corrected using XRD data (Smy sZ10 2)(Feg 15C00.25) 1.5 Tio s

those for eliminating the contribution from a-(Fe,Co) phases. The 5 55 6 6.5

obtained values were indicated in Fig.1. The values (a) were shown in H,/ (MA/m)
our previous papers [1]-[4], and those of (b) were newly obtained in g 1 Results of the LAS method using
our recent measurements. PPMS-VSM (at RT)

— 236 —



(Smy Zry 2)(Fe0.75C00.25)11.5Tio 5

1.6 26~
~ 14 7 L.
Bop
1.2 1 A 1.2 1 A
Nd2F€]4B Zﬁ NszemB
1 : . : ! 1 : : :
300 350 400 450 500 300 350 400 450 500
Temperature / K Temperature / K

(@ (b)
Fig. 2 Temperature dependences of J; in R=Nd compound (a) and in R=Sm alloy (b) with those in Nd,Fe 4B phase [6].

The Curie temperature (7,) of the alloys was measured also using the PPMS-VSM with an maximum applied field
of about 9 T. Tc of (Ndg7Zry3)(Feq.75C00.25)11.5 195N 30 compound is more than 840K that is sufficiently higher than that
of an Nd-Fe-B magnet of about 584 K [5], [6]. The temperature dependences of J; (Fig. 2) and H, of the alloys showed
that the J; and H, values at 473 K of (Nd7Zr,3)(Feg75C0¢.25)11.5Ti9.sN1 30 compound and (Smy gZrg)(Fey75C00.25)11.5Tio 5
alloy (T¢ estimated to be 880K) were higher than those of Nd-Fe-B (the figure for H, exists in ref.[4]). As mentioned
above, (SmygZrj,)(Fe75C0¢25)11.5Tlos has still J;=1.50 T and H, = 3.70 MA/m at 473K, and we would like to insist
again that the alloy is Dy-free and N-free, therefore, it is a promising candidate for permanent magnet material for
high-temperature applications.
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Research trends for the high-performance La-Co substituted
M type ferrite magnets

Yoshinori Kobayashi
Hitachi Metals, Ltd.

1. Introduction

The hexagonal Sr-M type ferrite magnet has been widely used in applications such as the motor for car electrical
equipments and for air conditioners and refrigerators. Recently, the magnetic properties of ferrite magnet has been
improved by substituting La and Co for Sr and Fe atoms, respectively. The La-Co substituted M-type ferrites (Sr-La-Co
M-type ferrite and Ca-La-Co M-type ferrite, to which we will refer as ‘SLC-M’ and ‘CLC-M’ hereafter)"™ are known
to have the higher magnetic crystalline anisotropy compared with Sr-M type ferrite. In this study, the occupation sites of
cobalt ions in the La-Co substituted M-type ferrite compound were analyzed by the neutron diffraction, the extended
X-ray absorption fine structure (EXAFS) and the X-ray magnetic circular dichroism (XMCD) to understand the
relationship between the local structure and the improvements of magnetic characteristics in the La-Co substituted
M-type ferrite, and furthermore, microstructure of CLC-M sintered ferrite magnets were analyzed by Spherical
Aberration Corrected Scanning Transmission Electron Microscopy (Cs-STEM) to get guiding principles for improving
magnetic property.

2. Cation distribution analysis of La-Co M-type ferrites by neutron diffraction, EXAFS and XMCD*-*

We investigated the site distribution of the cobalt ions in SLC-M (Sry ;Lay3Coq3Fe;13019) and CLC-M
(CagsLaysCogsFe;g10,, a=19) by neutron diffraction and EXAFS measurements. Fig. 1 shows the one half of unit cell
for Sr-M (SrFe;,019, space group: P6s/mmc). The five different sublattices for the ferric ions are denoted using
Wyckoff’s notation as follows: 12k, 2a, 4f, (octahedral sites), 4f; (tetrahedral site) and 2b (bipyramidal site). In this
study, we estimated the local structure on the assumption that cobalt ions simultaneously occupy some of the five ferric
ion sites. It was suggested that cobalt ions are partitioned in the 2a, 4f; and 12k sites in the ratio of 1:2:2 for SLC-M.
Meanwhile, it was suggested that cobalt ions are partitioned in the 2a, 4f and 12k sites in the ratio of 2:6:2 for CLC-M.

Fig. 2 shows the X-ray absorption near edge structure (XANES) spectra and the XMCD spectra at the Fe K-edge for
Sr-M, SLC-M and CLC-M. The ferric ions at the tetrahedral site (A site) of the spinel ferrite give a pre-edge peak
around E~7.11 keV in the XANES spectrum . The pre-edge peak is observed in the XANES spectra at the Fe K-edge
for Sr-M, SLC-M and CLC-M. The M type ferrite has a ferrimagnetic structure, that is, eight ferric ions with the up-spin
at 2a, 2b, 12k and four ferric ions with the down-spin at 4f], 4f, exist in a unit cell. The pre-edge peak originates from
the ferric ions of the down spin at the tetrahedral site, 4f}. The intensity of the XMCD spectrum peak at the pre-edge
peak is smaller for CLC-M than for Sr-M and SLC-M. This suggests that the contributions of the ferric ions in the down
spin site to a magnetic moment decreases, suggesting that the ferric ions at the tetrahedral site 4f] is replaced by more
elements of a smaller or no magnetic moment for CLC-M compared to Sr-M and SLC-M.

3. Microstructural analysis of Ca-La-Co M-type sintered ferrite magnets by Cs-STEM”

We investigated composition and microstructure at the vicinity of grain boundary by Cs-STEM for CLC-M sintered
body. Table 1 shows EDX analysis results for multiple-junction phases of CLC-M sintered body with additives : (a)
CaC05:0.0 mass%, Si0,:0.34 mass%, (b) CaCOj;:1.25 mass%, Si0,:0.68 mass%. It was confirmed that there are Ca-Si
based oxides, which consists of Si, Ca, La and Fe, at multiple-junction phases of sintered body by adding only SiO,
instead of both CaCOj; and SiO, which are sintering aids for ferrite magnets. And then it was almost confirmed that the
abundance ratio of Si, Ca, La and Fe at multiple-junction phases is 30 : 60 : 2 : 5.

Fig. 3 shows HAADF-STEM image on intergranular grain boundary for CLC-M sintered body with additives :
CaCO0s:1.25 mass%, Si0,:0.68 mass%. We found that the step-terrace structure of Ca-Si based oxides are formed at the
surface of the M-type ferrite grain, and the maximum width of intergranular grain boundary is nearly equal to half the
edge length along z-axis, which is 1.15 nm, of M-type ferrite unit cell. This suggests that M-type ferrite grains were
magnetically isolated by the presence of Ca-Si based oxide phases at intergranular grain boundary.
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Fig.1 One half of unit cell of the Sr-M type hexaferrite Fig. 2 The XANES and hard X-ray MCD spectra

(SrFe ,019, space group: P63/mmc). for the Sr-M and the La-Co substituted M type ferrite.

Table 1 EDX analysis results for multiple-junction phases of CLC-M sintered body with additives.

(a) CaC05:0.0 mass%, Si0,:0.34 mass% (b) CaCOs;:1.25 mass%, Si0,:0.68 mass%
Si Ca La Fe Si Ca La Fe
(at%) (at%) (at%) (at%) (at%) (at%) (at%) (at%)

1 29.3 64.1 2.7 3.9 1 30.2 63.5 1.2 5.1

2 27.7 67.2 1.6 3.5 2 30.9 62.0 1.5 5.6

3 32.4 60.2 2.0 5.4 3 30.7 63.3 1.7 4.3

4 29.7 60.4 33 6.6 4 30.1 62.2 1.9 5.8

5 30.9 63.9 1.3 3.9 5 31.7 60.5 1.1 6.7
Ave. 30.0 63.1 2.2 4.7 Ave. 30.7 62.3 1.5 5.5

Fig. 3 HAADF-STEM image on intergranular grain boundary for CLC-M sintered body with additives.
(CaCO0s5:1.25 mass%, Si0,:0.68 mass%)
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Observations of Coercivity in RE-Fe-B Magnetsin Pulsed Fieldsup to
30T

K. Nakahata® K Yamada®, H. Shimoji® and M. Enokizono*
'0ita Advance Technical Academy, Oita 870-1141, Japan
?Saitama University, Saitama 338-8570, Japan
®0ita Pref. Industrial Research Institute, Oita 870-1117, Japan,
*Oita University, Oita 870-1192, Japan

The measurements of the coercivity (Hc) of magnets are very important to obtain the stored energies in magnets.
However it is difficult to determine Hc as a function of the effective fields in samples with arbitrary shapes in pulsed
fields. We tried to obtain the exact coercive force and the M-H curvein high pulsed magnetic fields up to 30T with long
pulsed fields (e.g. half width of 80ms in 20T .,) by using an induction method with atriple-fold pick-up coil [1]. In this
experiment, the values of Hc were found much smaller than 10-20% in the Nd-Fe-B and in Sm-Fe-B magnets which were
supplied and announced ratings by a company. These errors might be caused by the sample insertion gap in between the
sample and probe. These magnetic field configurations of samples with some insertion gaps of the pick-up coil were
well smulated using IMAG and were well coincide with the experimental results. Fig. 1 shows the experimental results
of Het vs. toH for two samples of Nd-Fe-B. Tablel shows the discrepancies of the several parameters between the
announced values and those in this study. Here it must be noted that we obtained the same samples with a sample maker
and we prepared two types of samples which were cut along easy and hard axis, respectively. Therefore, to avoid errors,
we prepared samples with the largest diameter up to the allowance to insert samples into the inner diameter of the pick
-up coil (10mm®). The physical origin of this discrepancy is very plausible to consider the magnetic flux density at
B=pHe«+M. In other words, at the coercive field (Hc, M=0), the effective fields as a function of the positions are
uniform as described by B= 14H« (= toHC). Therefore the voltages in the pick-up coil with its cross section are always
larger than those of the samples by the insertion gap.
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Tablel. Experimental results of typical samples

1.0 ~

@ Easy |' - Nd-Fe-B(1) Easy Hard | Easy(Cataog)
s Mr (T) 1.48 0.168 1.48
g 0 - He(kA/m) | 867 91.1 1046
- Hci(KA/m) 1024 607 875
- i 1| (BH)wiax 314 3.90 421
10 0 10
Hetr (MA/m) Nd-Fe-B(2) Easy Hard Easy(Catalog)
1.0 P S Mr (T) 112 0.16 1.13
®) Easy | { " Hard
[ ;r{l Heg(KA/m) 697.2 92.3 835-915
g 0 1 / I He(KA/m) 2499 1051 2387
f | (BH)wmax 197 3.76 240
--1.0 —— ' JJ___ £ Sm-Fe-B(c) Easy Hard Easy(Catalog)
-10 0 10
s (V) Mr (T) 1.07 0.16 1.08
. _ Hes(KA/m) 579 88.9 557
Fig.1 Experimental results of M-H curves of Ho(kA/M) p— — 598
Nd-Fe-B magnets measured along Easy and (BH)vm 1748 348 5

Hard axesin pulsed fields
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Switching of bulk single particle in TboFe14B/Fe core-shell system
— magnetic hardening by exchange coupling with Fe —

H. Kato, R. Sakaguchi, M. Itakura*, D. Ogawa, K.Koike and Y. Ando**
(Yamagata Univ., *Kyushu Univ., **Tohoku Univ.)
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FLTw5S, INET, FHEHZEOHIHEIC X > Th T4 4 X% 300 nm 2> 5 50 nm F CTRHFEMICZEIE 7
NdoFeuB K 12 FH-IL 72 & 25, Z DRSO > TREIICH T 2 2 &, Zhs oitkhc
Nd g La @208 L CBVLIE T 2 2 & T, RIS THRT 2K " S 2 R LTw3, C
DRERIE, RGN RICENTH 5 & 30z TRt d ) & TRIERIEL &v ) 2 DDBRIEK LM TH D |
MEIMBENICHFLS T2 2R T05S, fEoT, NdFeuB 3L 7 Bl D X 5 IR I K & 7%
Hach TEY)Z2RmEE 2 SR, RIEA RIS AR RO TTREEDS B B L EZ S D,
Z 2 CARWIZETIE, NdoFesB 20D 3)L 27 Hifh FEtkRHI D W T, 2 0 RERGE & RN OBR 2 TR 2 2 LT,
XY LA DRI IR~ DIRE %2152 2 L2 HIWE L. 51, NdoFeB X D ESRE T EIKRE L,
RIMIRE D LA S~ BT 2 LIRS 12 ThoFesB N)L 7 il 2 G & L, 2 O RImIRE
ARG DBIR & RIS TR AE R Z Il T 5.

FEBRICHEH U 72 ThoFeB 23)L 7 HUE S, IRERAARE CHR S 1L b O T, XMERIKSE 7 7 2ikic
ko Tz oMM EREL, MADT AT MRS OEGHFICKR S X Ul - WL 72, EH RO
FBADFZ1Z 03 mm ~ 1.5 mm TH 2. ik, NdoFesB FLIE /5 A& D (001) i X OF (100) [ 12 AT
BEMPRANEBEICZ D, ZOERATAPRMICKR S L) BHIRIRICEZ L2 b 0%, %% (001) ilkE L O
(100) 5hkF & s L 72, Wil el o RIIREIZ S o6, RBAPIREIC X 2 THRBLIRE, Tdh 575,
—IBDOIEHT DV TIE, WEEZEZ Sy F3EEE LT, FEEZM 4.0%10° Pa, Ar 77 A 1.0 Pa, #AE
J120 W DT AR, WAy Ik D FI4 2y F o7 &2T0, BIUERSOREZRAL, DR
BHZ oW, FE{EBAIERE & LT in-situ ¢ Mo % 20 nm B L 72,

R FEBRIC X > T, HARBLREBOREIOEZ WIS E T 28 Lilifis &, DT ofRE2 /R,
(1) ¢ T PAT 2 BUR D ThoFesB (001) 23)L 7 il i Tld, JEHARICE W TR T v ZINARLRA 23/ 5 1
7-.

(2) LEEEHS B 2L D 2 T v 7L, BEO 7 A7 PRI L, c O L, clilih
MOERDIERT 5 &, RHEWCHINT 2 2 Lbdoik,

(3) ¢ Wl PAT 2l R W IZIR D ThoFesB (100) 23V 7 Hifififiid, MAHANZIZ100% DA 7 27 e 27 &
A%RL, ZOWENZ, B T3~5k0e Dfiz £ 22 EBbhrol,

4) TS DIEHZI DWW T TEM Bl 21775\, ZOXRMREEZFARZL L 25, BRPIHRIEL 7 AALRH %
DNl 7 Hifk i TooFesB 50BFClE, Z DM IC 100 nm ML EDEZ 2HT 2 a-Fe HDBEET 5 Z L DER
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i @) ofEE» S, ZoiEkHZ, mm YA XD ThyFesB 2 723, #4100 nm JED a-Fe 3 = )L TP E 7z,
a7 -z MERF o TWwB I ERRL TS, 2D ThFeuB a2 7IiC a-Fe ¥ 2 V3L T3 2 & T,
TboFesB HUEIC Tb 2SFEH L TR 2854 TYH, Fe & ORHFEAIC X o TEAMER T 2MH Y 0, g2
FBLL T AARENED D 5. —5, ThoFeuB 27 & a-Fe & = VORMEICEB W TIE, AP IN T THEL
7= NdoFe14B / a-Fe 52 TOAHafEAIRAE +O L [AIEIZ, TbaFeisB (001) / o-Fe Fiifi T IE D3 #aft £, TbaFersB (100)
/ o-Fe T TR D LIFEADIL D > T2 EfE? Sha, Dol s, —HoEBER (1)~0) 13,
TbaoFe14B (100) / a-Fe FLAICOE D LHMufE G L, Fe BB d 2 2 LI X 2B 01E, ROEERKLEZ DD
BRI DKW 2 BB L 72a 7 « ¥ 2 VETFIVRSICRITIICHIRETH 2 2 b o,
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First principles study on effect of stabilizing element M in NdFe;;M

Yosuke Harashima'?, Kiyoyuki Terakura’, Hiori Kino®, Shoji Ishibashi', Takashi Miyake'*”
('AIST CD-FMat, >NIMS ESICMM, *NIMS CMI?)

Recent experiment succeeded epitaxial growth of a film sample of NdFe,N. The sample shows larger magnetization
and stronger magnetocrystalline anisotropy than Nd,Fe 4B [1]. NdFe,N and its related materials can be expected as
good candidates for the permanent magnet materials [1,2]. NdFe ;N is synthesized from NdFe,, by interstitial
nitrogenation to enhance the magnetization and the magnetocrystalline anisotropy (see Ref [3] for the effect of
nitrogenation). Even though the epitaxial growth of NdFe; is succeeded, synthesis of the bulk sample is still difficult.
To stabilize the materials, third elements, ex.) Ti, have been used, but the magnetization is reduced by the substitution
[4]. For the stabilizing elements, much stability with less amount of substitution and less reduction of the magnetization
are required.

The purpose of this study is to find better stabilizing elements for NdFe;;M in terms of the stability, the magnetization,
and the magnetocrystalline anisotropy. We perform the first principles calculation of NdFe;;M (M=Ti, V, Cr, Mn, Fe, Co,
Ni, Cu, Zn) and estimate the stability, the magnetization, and the magnetocrystalline anisotropy.

The calculation is performed by using QMAS [5] based on the density functional theory and the projector
augmented-wave method. The exchange-correlation energy functional is approximated by using the generalized
gradient approximation. Nd-4f electrons are treated as open-core states. The magnetocrystalline anisotropy is estimated
from the crystal field parameter A,°.

To estimate the stability of NdFe;;M, we calculate the formation energy by M substituted with Fe. The formation
energies for Ti, V, Cr, Mn give negative values, and especially Ti stabilizes the alloy more than other elements. In
experiments, these alloys are indeed observed and the amount of substitution of Ti is less than other elements. We found
that Co, Ni, Zn also give negative formation energies, and that the stability of NdFe;;Co are comparable to that of
NdFe;; Ti. NdFe;,Co has as large magnetization as NdFe;,. Nitrogenation enhances the magnetization of NdFe;;Co. For
the magnetocrystalline anisotropy, nitrogenation enhances the crystal field parameter as well as NdFe;, and NdFe;,Ti.
This indicates that the uniaxial anisotropy is enhanced by nitrogenation.

As conclusion, Co is a good stabilizing element for NdFe;; M.

In our talk, we will also discuss the effect of Zr substitution.
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Temperature-dependence of Nd magnetic moment in a NdFei2N, thin film

by X-ray magnetic circular dichroism

Y. Hirayama*, T. Nakamura**, Y K. Takahashi*, S. Hirosawa* and K. Hono*
(*ESICMM/NIMS, ** JASRI/SPring-8)

BACKGROUND

The saturation magnetization, M, of NdFeixN compounds with ThMn,, structure is expected to be a high M; because
of a high concentration of Fe. Recently, we successfully prepared the NdFe;;N, film with the M, of 1.66 = 0.08 T at
300 K.? Moreover, the Curie temperature of NdFe 2Ny was 150 °C higher than that of Nd,Fe 4B. However, the M; and
the anisotropy field, Ha, decays more rapidly as the temperature increase for NdFe;,N, compared with those of

Nd,Fe4B and SmyFe 7N;. ¥ These trends of the Ms and Ha against temperature strongly depend on the strength of the
indirect exchange coupling of Nd(4/)-Fe(3d) according to the ab initio-based calculation®. In order to investigate the
origin of the trend of the M; against temperature, we measured the temperature dependency of the Nd magnetic moment
by measuring temperature dependency of amplitude of the magnetic circular dichroism (MCD) signal from the
Nd-My.v edge.

EXPERIMENTAL

MgO(001)//W/NdFe2N,(50 nm)/W(2 nm) was prepared . . . . .
by co-sputtering system followed by ref.2. The XMCD 104
measurement was performed at SPring-8 BL25SU by using -é —
electromagnet in the range between -1.9 and +1.9 T at 300, % %O'S i
200, 100 and 15 K. 20.6-

=
§ %OA—

RESULT =3

The MCD spectrum was successfully obtained through (z% SO.Z—
W cap layer of 2 nm for Nd-Miv.v edge although the 0.0 .
probing depth for this XMCD measurement is several nm. -0 05 00 05 10 15 2
Figure (a) shows the hysteresis curves for Nd magnetic L .M,a gr.wti,c F.iEI(,j (T) T
moment at various temperatures. Here, the vertical axis was < '; 1.0 Jl.‘_.“.“.--..l_
normalized at the value at 15 K and 1.9 T. The magnetic E @ 0.8 \l\ .\."",“NdFeQNX
moment of Nd decreases almost lineally with increasing @ X Nd “m :
temperature and 30 % of the Nd moment was missing at § % 0.6
300 K as shown in Fig. (b). This trend is different from the § l; 0.4
total magnetization of NdFe,Ny, which is dominated by the 'Té @ \.\
Fe magnetic moments, indicating that the indirect cZB S 0.24 \-\
Nd(4/)-Fe(3d) coupling might be relatively weak®. = o

0 100 200 300 400 500 600 700 800

REFFERENCE Temperature (K)

1) T.Miyake et al., J. Phys. Soc. Jpn. 83, 043702 (2014) Fig (a) The magnetic hysteresis obtaining from Nd-Mv, v

2) Y. Hirayama et al., Scripta Materialia 95, 70 (2015).

3) Y. Hirayama et al., JOM, 67, 1344 (2015).

4) M. Matsumoto et al., J. Appl. Phys. 119, 213901
(2016)

edge at various temperature of 300, 200, 100 and 15 K.
(b)The temperature dependence of the Nd magnetic

moment together with the total magnetic moment of

NdFei2N,.
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In-situ high temperature neutron diffraction study of isotropic Nd—Fe—B sintered magnet
K. Saito, K. Ono, Stefanus Harjo*, T. Fukagawa*™ and T. Nishiuchi*
(High Energy Accelerator Research Organization, *Japan Atomic Energy Agency, “*Hitachi Metals, Ltd.

1 RU®IC

T 1 D Nd-Fe-B BERSIEFT % 18 2 7 O I X RIMH OGS EE TH b | BERSE BT 26 - R oA S 2 & i & WA
DN 132 Z Lid X AEN T 5, BIUBIEEPRIIOSARICBI L TE T TIc% DB MTbNTE D /i
710 113 NdyFe 4B FAR 2 @3 @A O ARBERDL MM OBMUBIC X 2 L TH 3 EEA SN TS VD, Lo L, iMEEROE
g I3 B SN T2~ T, BAENSTORIMEOE RN 2T IETR 4 O SR O #HE %\, KPR TR, BEEEHE <
2L 7 BB R O R 5 5 B PR LT, BB T T Nd-Fe-B BERSEA O RIMHD £ 95 2T 2 » 2 L 72,

kHE 7mm f, B 30 mm DEHHRICE) D B U 7 2 MO %51 Nd-Fe-B Befiif7 (31.0Nd-1.0B-bal.Fe ¥ Cu0.1% i
JEED % AV, I IE MLE/J-PARC @ T 2R RHAT 48 BL19 IR CTfT - %, Eifi2* 5 900°C % T 0.7°C/min THET 3 H D
FREHIEZ TV, T4 7 b X =% =& AW TRAAoMNE S 02 b FRHCHIE L7,

2 BREIUER

iERHS B\ TR O MEZ D NdO (fec) K U Nd,O3 (A-type, hep) DI 2 A7 € — 7 23EM S 41, Cu 0% EHZ B> TidW
bW 2% Brich #] & MEN 2 NdsFegBig Ol E— 2 BElE 07 (Fig. 1), U — b~Ub MMEHTIZ & D K& 72 NdyFeyB. NdO,
Nd,03 DT E# % Fig. 2 12T, NdyFeiyB DT EHIZ a, cfiiE bi2% 2V —HED T THATEIC X 2 RN 2 g ZE L% =
L. RS c Bi51A13 Andreev & D U 7 BAFESL DMK B8 & 13 B2 2 IR ERGME 2 F O 2 LS s o 72 P, NdO KO
Nd,O3 1 FFMHD ¥ 2 ) —HED LIRS U TRIBICZ T 2—5C, ¥ 2V —IREMU T TIEFMHOMEICHE L2 Z T Tw
L2 EPHLDICE T, IHEFRFEPTEEEBTRHAL TVE I L2E®T 2,

FH OB ARE O =R & Rl o Bl m o R X 024l % ik L 72 Fig. 3 22513, Cu 0% #kHTid 750°C, Cu 0.1%
Tld 630°C BL 12 S 3AEHE S OB IO R EZM & D LB BN ERT 2 E¥bh» 5, JHEREANTEO NdO, Ndy0s
DA DRI, % 5 <1 dhep #i&ED Nd DWIRET 270 F 2o b,

Cu 0% Cu 0.1%
900 0.035 900 0.035
800 0.03 800 003
700 700
—~ 0025 ~ 0025
O 600 & 600
g 500 0.02 g 500 0.02
(o] [o]
5 5 400
§4OO 0015 aé 0.015
300 300
° 0.01 ° 0.01
200 200
100 0.005 100 0.005
0 0 0 0
222 224 226 228 23 232 222 224 226 228 23 232
d(A) d(A)

Fig. 1 Brich HHoBHiE—2
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Preparation of Rare-earth-saved hard magnetic materials

Masashi Matsuura, Nobuki Tezuka, and Satoshi Sugimoto
(Department of Materials Science, Graduate School of Engineering,
Tohoku University, Sendai 980-8579, Japan)

Rare-earth magnets are used in numerous devices and are essential materials. However, rare-earth elements, especially
heavy rare-earth elements, are limited natural resources; therefore, it is important to develop rare-earth-free permanent
magnets. Recently, developing rare-earth-free hard magnetic materials has been performed by using tins films,
nano-powders, and non-equilibrium process. Some research have focused on o”-Fe;sN,*?, L1-FeNi*®, and Mn
alloy®” showing relatively high magnetic anisotropy. Although Mn-based compounds show low saturation
magnetization, some Mn-based compounds show high corecivity because of high crystalline anisotropy. Our group
reported that Mn-Sn-N and Mn-Sn-Co-N alloys® exhibit high coercivity more than 800 kAm™ without rear-earth
elements. High performance permanent magnets must have the large coercivity, therefore revelation of cause of high
coercivity has possibility of important clue for development of new type magnets.

FeCo alloys are also candidates for rare-earth-free permanent magnets because they exhibit high saturation
magnetization. FeCo alloys, which have a stable cubic structure phase, can show high magnetocrystalline anisotropy
when the unit cell is distorted tetragonally.”*® In these days, distorted FeCo film grown on Ir(001), Pd(001) or Rh(001)
underlayer have been reported by several researchers™™®. Our group reported that Rh/FeCo-Ti-N thin film has
perpendicular magnetic anisotropy derived from lattice distortion at the interface®.

Our group have also preparing nano-particles for high coericivity, and shows high coercive Mn-Bi and Fe
nano-particles. Then, | introduce our recent research about rare-earth free hard magnetic materials. Topics are shown as
follows;

» High coercive Mn-Sn-Co-N alloy

Mng,5Sn;5C0- 5 (at%) alloy was annealed at 900 °C (high-temperature ool 1270 kAm-!
annealing) and subsequently annealed at 400-700 °C (low-temperature E
- .. <
annealing) under N, gas atmosphere. The coercivity strongly depended 2 300
on the low-temperature annealing and reached a maximum of 1270 f
kAm™ for annealing at 500 °C (Fig. 1). The alloy consists of two phases *g 400
of perovskite-type Mn-N and B-Mn phases, and there are many twins § 0
. . . - H n | ] ] ] |
and stacking faults in the perovskite-type phase. In addition, Co and Sn < W/O 300 400 500 600 700
enriched at the twin interfaces. These results indicate that the magnetic J .
. . . ha 2"d-annealing temperature, T,/ “C
anisotropy could change at twins, and the twins could play as a pinning
Fig. 1 2nd-agnnealing temperature

site of domain wall motion for Mn-Sn-Co-N alloy.
» FeCo-Ti-N anisotropic films
FeCo-Ti-N thin films with the thickness (t) of 23~62 nm deposited on

dependence of coercivity of Mn-Sn-Co
nitrided alloy.

Rh buffer layer. The FeCo-Ti-N film shows relatively high anisotropy 10 E ' 7 l

constant (K,) of 0.98 MJm™ for t=23 nm (Fig. 2), and the value is 0.46

MJm™ for t=64 nm. Addition of Ti and N into FeCo layer improves %> [ M=% + ]

lattice distortion of the lattice and it also improved the K. Z 00 —

» Mn-Bi and FeCo-based nano-particles with relatively high E-o.s B FeCoN-Ti | |
coercivity T“gé?&"f)

High  coercivity =~ Mn-Bi  nano-powder are obtained by 10 L s s !

-1000 0 1000

Hydrogen-Plasma-Metal-Reaction (HPMR) process. The coercivity is
1090 kAm™, and (BH)max reached to 105 kim? ™. The (BH)max is
highest value for Mn-Bi. The HPMR process can prepare Fe-based
nano-particles, and FeCo nano-particles shows relatively high
coercivity over 90 kAm™,
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Magnetic field, H / kAm

Fig. 2 Hysteresis loops measured with the
external field perpendicular to the plane
(1) and in-plane (/) directions for the
FeCo-Ti-N films prepared with 5% N2

gas.



Reference

1)
2)
3)
4)
5)
6)

7)

8)
9

T.K. Kim and M. Takahashi, Appl. Phys, Lett., 20 (1972) 492.

M. Komuro, Y. Kozono, M. Hanazono and Y. Sugita, J. Appl. Phys., 67 (1990) 5126.

L. Néel, J. Pauleve, R. Pauthenet, J. Langier, and D. Dauteppe, J. Appl. Phys., 35 (1964) 873 (1964).

J. Paulevé, A. Chamberod, K. Krebs, and A. Bourret, J. Appl. Phys., 39 (1968) 989.

A. Makino, P. Sharma, K. sato, A. Takeuchi, Y. Zhang, and K. Takenaka, Scientific Reports, 5 (2015) 16627.

F. Wu, S. Mizukami, D. Watanabe, H. Naganuma, M. Oogane, Y. Ando, and T. Miyazaki, Applied Physics Letters,
94 (2009) 122503 1-3.

H. Kurt, N. Baadji, K. Rode, M. Venkatesan, P. Stamenov, S. Sanvito, and J. M. D. Coey, Applied Physics Letters,
101 (2012) 132410 1-3.

K. Isogai, K. Shinaji, T. Mase, M. Matuura, N. Tezuka, and S. Sugimoto, Mater. Trans., 54 (2013) 1236.

T. Burkert, L. Nordstrom, O. Eriksson, and O. Heinonen, Phys. Rev. Lett., 93 (2004) 027203.

10) Y. Kota and A. Sakuma, Appl. Phys. Exp., 5 (2012) 113002.

11) F. Luo, X.L. Fu, A. Winkelmann, and M. Przybylski, Appl. Phys. Lett., 91 (2007) 262512.
12) B. Lao, J. Won, and M. Sahashi, IEEE Trans. Magn., 50 (2014) 2008704.

13) F.Yildiz, M. Przybylski, and J. Kirschner, J. Appl. Phys., 105 (2009) 07C312.

14) M. Matsuura, N. Tezuka, and S. Sugimoto, J. Appl. Phys., 117 (2015) 17A738.

15) K. Isogai, M. Matsuura, N. Tezuka, and S. Sugimoto, Mater. Trans., 54 (2013) 1673.

— 248 —



8pA -6 FA40[E] A ARBEASERTAITREE AR (2016)

Fabrication of tetragonal FeCo based alloy films with uniaxial magnetic
anisotropy to develop an innovative permanent magnet

S. Ishio and T. Hasegawa

Department of Materials Science, Akita University, Japan

Based on the first principles calculation, tetragonal distorted FeCo alloy has large uniaxial
anisotropy energy Ku and high saturation magnetization A%, which is the most desirable
feature for innovative permanent magnets 1-2. In fact, the epitaxial tetragonal FeCo films with
c/a~1.2 prepared on Rh buffer layer shows Ku larger than 1.5x107 erg/cm3%. FeCo-Al forms a
B2 ordered phase in a wide composition range and is expected to enhance Ku through a B2
ordering and a huge magneto-elastic interaction?. In this study, the tetragonal (Fei-xCox)1-yMy
(x:0~1, y:0~0.2, M:Al, Ga etc) films are prepared on Rh buffer layer, and the uniaxial magnetic
anisotropy is studied.

(Feo.5C00.2)0.9Mo.1(2~20nm)/Rh (20 nm)/MgO(100) and Feo.5C00.5(2~20nm)/Rh (20 nm)/ MgO(100)
films were prepared in a high vacuum multiple dc-sputtering system with a base pressure
lower than 1x106 Pa. Rh thin film was first sputtered on the MgO (100) substrate at 300 °C.
Then, after decreasing the temperature to 200 °C, FeCoM films were epitaxially grown on the
Rh layer. Finally, SiO: was sputtered as a capping layer to prevent oxidation. The film
structure was analyzed by in-plane and out-of-plane XRD. Magnetic properties were measured
by VSM, Polar-Kerr measurements and torque magnetometer.

The values of Ku for (Feo.5C00.2)0.9Al0.1 and Feo5Coos films are plotted in Fig.1 as function of film
thickness. These data are re-plotted as a function of the lattice distortion ¢/z in Fig.2, and its
Kii-c/arelation is understood by a tetragonal distortion?. (Feo5Co00.2)0.9Al0.1 exhibits a maximum
(2.1x107 erg/cm?®) around ¢/a~1.2. A coercivity Hec over 10 kOe is calculated from the single
domain theory and, in fact, the coercivity of 3-7 kOe was observed in dot patterns with less
than 100 nm in diameter. With taking account of Ms~1500 emu/cm3, the tetragonal FeCo based
alloy is one of the most probable candidates to develop an innovative permanent magnet with
60 MGOe. The results for other M metals will be introduced in the conference.

25 3.0
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Artificial fabrication and characterization of L1)-FeNi thin films for
rare-earth-free permanent magnets

M. Mizuguchi, T. Kojima, T. Y. Tashiro and K. Takanashi
Institute for Materials Research, Tohoku University, Sendai 980-8577, Japan

Large uniaxial magnetic anisotropy materials are extremely promising for the application to rare-earth-free
permanent magnets. As one of the materials, L1o-ordered FeNi alloy is attracting attention because it reveals large K,
(uniaxial magnetic anisotropy energy) value in bulk”. However, it is difficult to obtain the L1, phase by conventional
techniques because the order-disorder transformation temperature of L1,-FeNi is too low (320 °C) and the migration of
atoms is not fully promoted to form the ordered phase. From this reason, the artificial fabrication of L1y-FeNi films
from seems to be one of the scarce solutions to realize this material. In this study, we successfully obtained L1,-FeNi
thin films with a large K, by alternate monatomic layer deposition using molecular beam epitaxy (MBE)*®. FeNi films
including L1, phase were also fabricated by sputtering and post-annealing”. Structural and magnetic properties were
systematically investigated for FeNi thin films, and clarified the origin of the large magnetic anisotropy in L1o-FeNi.

FeNi films were fabricated by MBE employing an alternative monatomic deposition of Fe and Ni layers on several
underlayers. They were fabricated also by sputtering on a MgO(001) substrate and subsequent rapid thermal annealing
(RTA). Structural properties were investigated by X-ray diffraction (XRD) using synchrotron radiation and
transmission electron microscope observation. Magnetic properties were characterized by a superconducting quantum
interference device or a vibrating sample magnetometer.

K, of FeNi this film fabricated by MBE was evaluated to be about 0.7 MJ/m? from the magnetization curves, and it
is confirmed that large magnetic anisotropy is induced by the formation of L1, type FeNi structure. The relationship
between K, and chemical order parameter (S), which was estimated from XRD measurements, was investigated. K, was
roughly proportional to S, indicating clear correlation between K, and S as shown in Fig. 1. On the other hand, XRD
patterns of FeNi films fabricated by sputtering drastically changed depending on the condition of RTA. Magnetization
curves also changed with the annealing temperature and the annealing time, which implied the successful formation of
L1y-FeNi. In addition, the enhancement of coercivity (H..) and remanent magnetization (M,/Ms) with S was observed
associated with the appearance of L1, phase as shown in Fig. 2. The effect of the other-element-addition for FeNi on
crystallographic and magnetic properties was also investigated for both MBE and sputtered FeNi films, and
enhancement of S or increase of the order-disorder transformation temperature was clarified.

The part of this work was supported by the Elements Strategy Initiative Project under the auspice of MEXT.
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A Theoretical Approach to Synthesize L1, type FeNi Alloy Powder

Y. Hayashi', S. Goto', E. Watanabe®, H. Kura', H. Yanagihara®, E. Kita®, M. Mizuguchi®, K. Takanashi’
'Research Laboratories, DENSO CORPORATION, Aichi 470-0111, Japan
?Institute of Applied Physics, University of Tsukuba, Ibaraki 305-8573, Japan
*National Institute of Technology, Ibaraki College, Ibaraki 312-8508, Japan
*Institute for Materials Research, Tohoku University, Sendai 980-8577, Japan

L1, type FeNi alloy (L1, FeNi) is a potential candidate for a rare-earth free magnet. However its synthesis is very
difficult as it shows an order-disorder transition temperature at 320°C. Various synthesis routes such as neutron
irradiation®, alternate monoatomic layer deposition? and chloride complex reduction® have been investigated, but
industrial synthesis has never been achieved. In this paper, a new route to synthesize L1, FeNi by nitriding and
denitriding of the disordered alloy is presented.

The nitrogen in iron nitrides is interstitially located in the lattice and weakly interacts with metals. Nitrogen tends to
coordinate around iron atoms since its affinity to iron is stronger than that to nickel. FeNiN, formed by the nitriding of
disordered FeNi in a rapid stream of ammonia®, has an FeN/Ni alternation layer structure. The coordination of metal
atoms to FeNiN is similar to that in L1, FeNi. Therefore it is expected that L1, FeNi can be synthesized by topotactic
denitriding.

Dynamic simulations were performed by a combination of molecular dynamics (MD) and Monte Carlo (MC)
methods. MD calculations were carried out using the free calculation code “LAMMPS”. The embedded atom model
(EAM) potential was employed between metals, and the Lenard Jones (LJ) potential was applied between the metal and
nitrogen. Results shown in Fig. 1. (a), (b) and (c) demonstrate nitriding, denitriding and the diffusion path of nitrogen,
respectively. Iron and nickel were ordered in nitriding, and remained ordered in the denitriding process. In nitriding, the
corner positions were ordered when the nitrogen/metal ratio was around 1/4. The face-center positions were ordered
when the ratio was above 1/4. Nitrogen diffused randomly in nitriding, but it diffused along an iron layer during
denitriding. This may be the reason why iron and nickel do not become disordered in the denitriding process.

This work was supported by the NEDO project “Developing high-performance magnetic materials in pursuit of
high-efficiency motors”.
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A New Route to Synthesize L1,-type FeNi Alloy Powder

S. Goto', Y. Hayashi', E. Watanabe', H. Kura®, H. Yanagihara®, M. Mizuguchi®, K. Takanashi®, E. Kita*
'Research Laboratories, DENSO CORPORATION, Aichi 470-0111, Japan
®Institute of Applied Physics University of Tsukuba, Ibaraki 305-8573, Japan
*Institute for Materials Research, Tohoku University, Sendai 980-8577, Japan
*National Institute of Technology, Ibaraki College, Ibaraki 312-8508, Japan

L1o-FeNi is a potential candidate for use in high performance magnets free of rare earth elements because of their high
magnetic anisotropy. Various synthesis processes such as neutron irradiation®, alternate monoatomic layer deposition?
and chloride complex reduction® have been carried out. However, a technique for obtaining a large content of this
material has not yet succeeded. In this paper, we propose a route of large scale synthesis of L1,-FeNi alloy in powder
form by successive nitriding and denitriding of FeNi alloys.

We first optimized the nitriding conditions of FeNi alloy powders such as the process temperature, flow rate of NH;
gas, and so on. Then a denitriding technique was developed to obtain L1,-FeNi alloys by hydrogen gas treatment. In
order to characterize the nitride and the reduced alloys, transmission electron microscope (TEM), scanning electron
microscope combined with energy dispersive x-ray spectroscope (SEM-EDS) and x-ray diffraction (XRD) were
employed. We also performed magnetization measurements at room temperature.

XRD results indicate coexistence of (Fe,Ni),N as the main phase with (Fe,Ni)4N as the second phase (Fig.1). We also
found that the iron and nickel atom positions of the (Fe,Ni),N alloy are almost ordered. The estimated volume of the
(Fe,Ni),N phase was at least 85%. The denitrided FeNi alloy was mainly composed of the ordered phase of L1,. We
observed a correlation between the two order parameters of the FeNi nitrided alloy and the FeNi denitrided alloy. The
order parameter and the magnetic coercivity of the L1,-FeNi compound were S = 0.67 and H, = 815 Oe, respectively
(Fig.2).

This work was supported by the NEDO project “Developing high-performance magnetic materials in pursuit of
high-efficiency motors.”
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Relationship between microstructure and anisotropy of Nd-Fe-B magnetic powder prepared by d-HDDR
M. Yamazaki'?, T. Horikawa™®, C. Mishima®’, M. Matsuura', N. Tezuka', and S. Sugimoto'
(‘Tohoku Univ., *Aichi Steel Corporation, *MagHEM)
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Magnetic properties of Sm-Fe-N/Zn powders prepared by arc plasma deposition
Yuki Nishijima, Masashi Matsuura, Nobuki Tezuka, Satoshi Sugimoto
(Tohoku University)
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Micostructure-coercivity relationship in Nd-rich Ga-doped Nd-Fe-B

sintered magnets

T.T. Sasaki, T. Ohkubo, Y. Takada**, T. Sato**, A. Kato***, Y. Kaneko**, K. Hono
(National Institute for Materials Science, **TOYOTA CENTRAL R&D LABS., INC,

***Toyota Motor Corporation)

Recent trend in coercivity improvement of Nd-Fe-B sintered magnet is to refine the grains size. However, magnetic

alignment of fine particles of less than 3 um is difficult in a large-scale industrial production process. Recently, Hasegawa
et al. reported that a high coercivity (1nH.) of 1.8 T can be achieved even for the sintered magnets with an average grain
size of 6 um. This opened up the realistic approach in achieving high coercivity in industrially viable Nd-Fe-B sintered
magnets [1,2]. The alloy contains an excess amount of Nd and a small amount of Ga-dopant and the high coercivity was

attributed to the formation of NdsFe 3Ga phase, and non-ferromagnetic grain boundary phase separating Nd>Fe 4B grains,

both of which are rarely observed in standard commercial Nd-Fe-B sintered magnets. In this work, we analyzed the

structure and chemical composition of the constituent phases at grain
boundaries and triple junctions in the Nd-rich Ga-doped Nd-Fe-B sintered
magnet annealed at various temperatures, and clarified the role of Ga on the
substantial coercivity increase.

Two samples were used in this study. One is Nd-rich Ga-doped sintered
magnet with the chemical composition of Fe-24.6Nd-7.87Pr-0.85B-0.13Cu-
0.92C0-0.35A1-0.53Ga (wt.%), and the other is Ga-free magnet with the
chemical composition of Fe-24.6Nd-7.87Pr-0.85B-0.13Cu-0.92Co0-0.35Al
(wt.%). Hereafter, these samples are denoted as Ga-doped sample and Ga-free
sample, respectively. The sintered samples were post-sinter annealed at
various temperatures for 1 h in a vacuum atmosphere. The microstructures of
the samples were analyzed by scanning electron microscope (SEM, Carl-Zeiss
Cross Beam 1540EsB), transmission electron microscope (TEM, FEI Titan G2
80-200).

Figure 1 shows the variations in the coercivity (1oH.) as functions of post-
sinter annealing temperature. Ga-doped samples exhibit higher coercivity
compared to the Ga-free samples, and the temperature range to achieve high
coercivity in the Ga-doped sample is much wider compared to the Ga-free
sample. Figure 2 shows backscattered electron SEM images of as-sintered
samples and the samples annealed at 480, 600 and 750°C. In all samples, Nd-
rich phases are present at grain boundary triple junctions. The variation in the
areal fraction of the Nd¢Fei;3Ga phase is consistent with the change in
coercivity. Thick non-ferromagnetic grain boundary phase is formed between
neighboring Nd>Fe;4sB grains in the samples annealed at 480 and 600°C.
Therefore, the main reason for the substantial coercivity increase can be
attributed to the formation of non-ferromagnetic grain boundary phase. Based
on these results, the effect of Nd¢Fe 3Ga phase on coercivity will be discussed.

References
1) Hasegawa et al., Abstract for Annual meeting, Japan Society of powder
and powder metallurgy, 202 (2013)

2) Yamasaki et al., Abstract for Annual spring meeting, Japan Institute of
Metals, S7 - 21 (2014)
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Scanning soft x-ray magnetic circular dichroism imaging of the changes in
magnetic domain structure in Nd-Fe-B sintered magnets throughout the

demagnetisation process

D. Billingtonl, K. Toyokil, Y. Kotani', H. Okazaki', A. Yasui', W. Ueno', S. Hirosawa’, and T. Nakamura'*

'Japan Synchrotron Radiation Research Institute (JASRI), SPring-8, 1-1-1 Kouto, Sayo 679-5198, Japan.
*Elements Strategy Initiative Center for Magnetic Materials (ESICMM), National Institute for Materials
Science, 1-2 Sengen, Tsukuba 305-0047, Japan.

One of the most desirable properties of a permanent magnet is a large coercivity, a property that is directly
related to the nucleation of reversed magnetic domains and pinning of the domain walls in the bulk of the
magnet. In order to understand the relationship between the coercivity and the generation and evolution of
magnetic domains, magnetic domain observations throughout the demagnetisation process are essential. In
Nd-Fe-B sintered magnets, it has been shown that fractured surfaces largely maintain bulk coercivities, whilst
polished surfaces do not [1]. This makes magnetic domain imaging of the fractured surface under applied
magnetic fields highly desirable. So far, many magnetic imaging studies of these materials have been reported.
However, conventional magnetic microscopes that can operate under magnetic fields are limited to polished
surfaces or transmittable thin films, whilst those that can observe the fractured surface cannot operate under
magnetic fields. In order to overcome these limitations, we have developed a scanning soft x-ray magnetic
circular dichroism (XMCD) microscope with a spatial resolution of about 100 nm and a focal depth of +£5 ym
from the focal point, thereby allowing element specific magnetic domain observations of fractured surfaces.
Furthermore, this apparatus is equipped with a superconducting magnet (with a maximum field of +8 T), which
permits investigations of the magnetic field dependence of the magnetic domains. In this talk, I will briefly
describe our soft XMCD microscope, and demonstrate its effectiveness by showing some recent results from
commercial Nd-Fe-B sintered magnets (see, for example, Fig.1). In particular, I will show and highlight the
differences in the magnetisation reversal process in the fractured and polished surfaces of the same sample.

The authors thank T. Nishiuchi and T. Fukagawa from Hitachi Metals, Ltd. for supplying the sample. Part of
this work is supported by the ESICMM under the outsourcing project of MEXT.
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Figure 1: (a) Positive helicity x-ray absorption map of a commercial Nd-Fe-B magnet taken at the Fe

Ls-edge. (b) Same as (a) but at the Nd Mi-edge
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Domain structure of exchange-coupled and exchange-decoupled Nd-Fe-B
sintered magnets
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Y. Kaneko?, A. Kato®, and K. Hono*
'National Institute for Materials Science, 1-2-1 Tsukuba 305-0047, Japan
*Toyota Central R&D Labs., Inc., 41-1, Nagakute 480-1192, Japan
*Toyota Motor Corp, Advanced Material Engineering Div., Susono 410-1193, Japan

Understanding the magnetization reversal processes in Nd-Fe-B sintered magnets is important in order to obtain a clue
to enhance the coercivity of Nd-Fe-B magnets without using heavy rare earth elements. In order to meet the demand of
high coercivity without changing the currently established powder metallurgy route, Nakajima and Yamazaki [K.
Nakajima and T. Yamazaki, Japan Patent. (2015) 5767788] reported a new series of sintered magnets that achieve the
coercivity of more than 1400 kA/m and the remanence of 1.38 T without refining the grain size. The microstructural
characterization revealed well-isolated 2:14:1 grains with Ga-doped Nd-rich intergranular phase’. Such non-magnetic
intergranular phase with the chemical composition Ndg(Fe,Ga)14 was reported to decouple the ferromagnetic grains and
reduce the influence of the reverse domain formation between neighboring grains. In this work, we observed the
magnetic domain structure of Ga-doped Nd-rich Nd-Fe-B magnet and the commercial Nd-Fe-B magnet by means of
magneto-optical Kerr effect in order to understand the mechanisms of magnetization reversal processes in these two
types of magnets. The samples were mechanically polished with the c-axis out of the plane and in the plane. Magnets
were first fully saturated in magnetizer with the field of 5 T and then brought to the remanent state. In the commercial
magnet, much more grains remained saturated compared to the Ga-doped Nd-rich magnet (al and b1). The reason for
this is better isolation of 2:14:1 grains in Ga-doped Nd-rich magnet. If the grains are better isolated, each grain feels
higher stray field which lead to domain formation on the surface of magnet. When the reverse magnetic field was
applied to the magnet, we observed different domain formation. In the commercial magnet cascade-like domain
propagation occurred (marked region in a2 and a3). At high-enough field the surface domains of a few grains were
switched simultaneously. This implies the grains are exchange-coupled due to the low amount of Nd-rich intergranular
phase. On the contrary, in Ga-doped Nd-rich magnet the domain formation was initiated from the boundary and at
high-enough field the domains propagated through the whole grain (marked region in b2 and b3).

Commercial magnet -300 mT -400 mT

Figure 1: Domain structure in commercial and Ga-doped Nd-rich Nd-Fe-B magnet

! T.T. Sasaki, T. Ohkubo, Y. Takada, T. Sato, A. Kato, Y. Kaneko, K. Hono, Formation of non-ferromagnetic grain
boundary phase in a Ga-doped Nd-rich Nd-Fe-B sintered magnet, Scripta Materialia 113 (2016) 218-221
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Coercivity enhancement of hot-deformed Nd-Fe-B magnets by the eutectic grain
boundary diffusion process

Lihua Liu®®, H. Sepehri-Amin®, M. Yano®, A. Kato®, T. Shoji°, T. Ohkubo®, and K. Hono™"
YESICMM, National Institute for Materials Science, Tsukuba 305-0047, Japan
Graduate School of Pure and Applied Sciences, University of Tsukuba, Tsukuba 305-8577, Japan
“Toyota Motor Corporation, Advanced Material Engineering Div., Susono 410-1193, Japan

The eutectic grain boundary diffusion process was applied to hot-deformed Nd-Fe-B magnets using various types of
NdM, compounds as the diffusion source, where M includes Al, Cu, Ga, Zn, Mn, Co, Ni, and Fe. Formation of non-
ferromagnetic Nd-rich intergranular phase was believed as the main reason for remarkable coercivity enhancement, whereas
also leads to large degradation in remanent magnetization !, T.T. Sasaki et al ¥ showed that trace amount of Ga doping to
Nd-Fe-B sintered magnets could give rise to coercivity of 1.8 T by post annealing with more homogeneous distribution of
Nd-rich grain boundary phase. In this work, we used Ndg,Fe ,Ga,oCuy at.% alloy as diffusion source, applying to 4 mm
thick hot-deformed Nd-Fe-B magnets aiming for an optimal coercivity with high remanent magnetization.

Hot-deformed magnets with the composition of Nd,; 2(Fe,Co)ya B47Gag 5 (at.%) in 5x5x4 mm? size were used as the
starting materials. The eutectic grain boundary diffusion was carried out by coating the magnets with melted eutectic alloy
ribbons, followed by heat treatment at 600°C for 3 hour. The microstructures of the samples were studied using SEM/FIB
(Carl ZEISS 1540EsB), TEM (Titan G2 80-200).

Hysteresis loops of the hot-deformed and diffusion-processed magnets are shown in Figure 1. After the heat
treatment at 600°C for 1 h by Ndg,Fe 4Ga,Cuy diffusion process, coercivity can be increased from 1.26 T to around 2.22 T
with a remanence of 1.31 T at room temperature (Fig.1a). The diff. proc. sample can retain the coercivity of around 0.80 T
at 160°C. We find the NdFeGaCu diff. proc. sample shows relatively better texture compared with that diff. proc. with Nd-
Al compound (Fig.2). Detailed TEM characterization was carried out to figure out the microstructure of grain boundary
phase formed after the diffusion process, as well as the interface feature that may contribute to the texture evolution when
the diffusion happened.

This work was in part supported by JST, CREST.
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Fig. 1 Hysteresis loops of hot-deformed and NdFeGaCu diff. proc. samples a); temperature dependence of hot-deformed, Nd-Al, Nd-
Cu, and NdFeGaCu diff. proc. samples b).
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Coercivity enhancement in hot deformed Nd-Fe-B magnets processed from
amorphous precursors

Xin Tang,*2 H. Sepehri-Amin,! T. Ohkubo,! K. Hioki,* A. Hattori® and K. Hono'*?
"Elements Strategy Initiative Center for Magnetic Materials, National Institute for Materials Science,
Tsukuba 305-0047, Japan
Graduate School of Pure and Applied Sciences, University of Tsukuba, Tsukuba 305-8577, Japan
3Daido Corporate Research & Development Center, Daido Steel Co., Ltd.

The hot-deformed magnets have attracted considerable interests since Lee reported their highly-
anisotropic and ultrafine-grained microstructure features in 1985.9 Given the small grain size (~400 nm) in
hot-deformed magnets, the coercivity is expected to be as high as ~2.5 T. However, experimental values are
much lower.? The coercivity is extremely sensitive to microstructure, such as the chemical composition of
intergranular phase and the aspect ratio (ratio between length along ab plane and length along ¢ plane: La/Lc)
of grains. These microstructural features change depending on processing conditions. In this paper, we
processed hot-deformed magnets from amorphous and nanocrystalline precursors and compared their
microstructures and coercivities to explore the optimum processing route to maximize the coercivity.

The crystal and amorphous powders with composition of Ndas 3Pro.06FesaiC03.41Gao.s3Alo.06Bo.o7 (Wt.%)
were produced by melt-spinning with different cooling rates. These two kinds of powders were compacted by
hot pressing at 650°C in vacuum, which were subsequently hot-deformed at 850 °C until 75% height reduction
were achieved. The magnetic properties and microstructure were studied by BH tracer and SEM/FIB (Carl
ZEISS 1540EsB), respectively.

Fig. 1 shows the demagnetization curves of hot deformed magnets processed from nanocrystalline and
amorphous powders. By processing magnets from amorphous powders, the coercivity can be increased from
~1.28 T to ~1.4 T, while keeping the remanence at 1.42 T, which is resulted from optimized microstructure
in this sample as indicated in Fig. 2. In Fig.2, the aspect ratio of Nd,Fe 4B grains in hot-deformed magnets
processed from amorphous precursors is calculated to be ~0.43, which is reduced to ~0.32 in the counterpart
processed from amorphous precursors. Consequently, grains in the sample produced from nanocrystalline
precursors present more feature of elongated shape, suggesting bigger effective demagnetized factor and lower
coercivity. STEM/EDS studies of the intergranular phase suggested the Nd-concentration in the sample
fabricated from the amorphous precursor is higher than that processed from nanocrystalline precursor.

Reference

1) R.W. Lee, Appl. Phys. Lett. 46 (1985) 790.
2) K.Hono, H. Sepehri-Amin, Scri. Mater. 67 (2012) 530.

HDM processed from crystal precursor

—— HDM processed from amorphous precurso? 0.2

2 1.5 1.0 0.5
HoH (T)

Fig. 1 Demagnetization curves of hot deformed magnet  Fig. 2 BSE-SEM images of the hot-deformed magnets
(HDM) processed from nanocrystalline and amorphous  processed from nanocrystalline precursor (a,b) and
precursors. amorphous precursor (c,d).
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CoPt 277 = o T AR DOREZIFME & SRR 2 3 JIFX TR R B b T O 2h R

CH L FL Ay MGl TS, A CEURED Y, AR D
(O H e R T3ERASAL, DHRAERE)
Effect of oxide boundary materials on magnetic properties and microstructure of CoPt-based
granular media
°Kim Kong Tham ¥, Ryosuke Kushibiki ¥, Shintaro Hinata ), and Shin Saito »
(¥ TANAKA KIKINZOKU KOGYO K K., ® Tohoku University)

[FLHIZ FHF, B & LT CoPt EIRBEIESE G &- bW O (77 == THUE) 2 AW BITORER S
FUERIEAR D FOERE X, trilemma RED 7o OO A Z M2 TBY, THEITHT 272010~ A 7 vk 7T v A M
Kitdk (MAMR) SRR SN TS D Z O R T, B SR O EIZ X 2 BUBELICHIT 5 729, 107 erg/em?
B EO—HfEBER BT RN — (K) 2HT 527 DROEERAEA SIS, L LR, ZhET
DRGSR KT 2K A B bR B (B @ Si0,, TiO2, Tax0s) (2 &~ T 1.2x107 55 5.5x10° erg/em® LA T
FCRELPFDTHZENMEINTNDN Y, ZOREDZIHIT DR FMELOREREHN VR TH D, ARGk
B CIE, IR CERR Lo fx ORI LM B 2 H T % CoPt 22D 7 T = o TR ZERIL, & OREKFFME & ik
[ZDOWTH, BRI OBEFRREHZ DWW T E L D7D THRET 5.

EBRERE MiCHWE CoPt 7T = THAAKO T HEIT

Co60Cr40-26 vol% SiO, (2 nm)/ Ru (20 nm) / Pt (6 nm) / Ta (5 nm) / ] — 3

glasssub. & L7z, CoPt ®e”'T == T AL, CosoPtao-30 vol% FE{L |88 wb@f&@%’ﬁ m _(_X10 emu)

Y (FB{#: ZrO,, Cry0;3, Y203, ALOs, MnO, TiO,, WO,,  SiO», Mn;04, % Oinag (NM): 16

WOs3, Co304, M0O3, B,03) =B CTER L7, —fHlE LT, Zhboo 12
7T =2 RO R TR L EWRES (H) %/R"7 CoPt-B,0; 7/ 7 8
= o ZEHR OB R % Fig. 11 ZR3. AR, REEAR O/ TEM 4
BTHD. V7 =2 TEROBE (dwg) 716 nm DA, H, L ¥ |
HERRER (Hy) 12 FNEN 80 & 1.6k0Oe TH Y, ZhETHESH 20
705 =2 FREOBREBHE L D < 20TV B 2. ZOKIC, K H (kOe)

[ A2kt & O FREE T BAGR T 2 TRl )T 5 DAL AR 4n|dM/dH)I T 1.5
BIETH O, RIRZHRE G RN & 2R LTS TEM 405,
Fme b2 SARE L, TOERZMBREE T D58, TOF I
PIEIX 6.50m TH Y, 1RO T T = = T BARD XKL D 8~9 nm® Fig. 1 m-H loops of CoPt-B,0; granular media with
FH/NPNEL o TWNAD. Fig. 2 {21, CoPt-B,0; 7T =a FHERD !ayer thigkness (_dmag): 4-16 nm. Ins_et shows
a5 AREORERE TR0, kD () B FREAL (M dag) in-plane-view TEM image the granular media.

& (b)) HAE R TME (KuXdmg) & dmag (2K T By R LT
FERZRT . dong & 4~16 nm ([ZZEAL SET2 & &, MXdmg DR A%
ERLTHY, BEEFRICIEREOHSDPFEE LN 2R LT
Wb, £, Zo7ay FOEENERD T M X 780 emu/cm® TH
5. KiXdme D78y MIBWTIE, dng & 4~16 nm IZE L S H T
L&, EHRICEL, BER IRk R o TV D Z L AR
BLTWS., £z, 207y hOBENLRDE K 13 7.6x10°
erg/em® TH 5. 30 vol% Db & brE, AibabhiOfafnmg it & —
RS I SR 5 D E E AT 1115 emw/em?® & 1.1%107 erg/em® T &
D, CosoPta BraD My & KMNTIEE—FK L TEBY, CoPt DfbkLE
BOs FRL M EIZEARITHAME L TV D Z L 2RI LT 5. Lk
DFERZHIET D &, CoPt et/ T = = T AR O AkL & RL A &
DTBEZRE L, 107 erg/em’ Z 2 5 5\ K, 215 5 7291213 B2O;
DELBIRIFIRCIMEI CH D &\ 2 5. FBIE T OR{Li R
RN U T2 BR ORGSR & DR TR L, BEPERE SR RLOD Ko 12 KIS
FE b B D EBERIZHOW TR R T 2. 0 5 10 15
BEXE 1) J. G Zhu et al.,, [EEE Tran. Magn., 4, 125 (2008). 2) J. CoPt-B,0; thickness, drag (NM)
Ariake et al., [EEE Trans. Magn., 41, 3142 (2005). 3) V. Mehta et al.,  gig.2  Dependences of (a) MXdinag and (b) KyXdimag
Appl. Phys. Lett., 106, 202403 (2015). 4) N. Nozawa et al., IEEE Tran.  On dmag of a CoPt- B,O; granular medium.

Magn., 49, 3596 (2013).
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o
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Measurement of Coercive Force and Residual Coercive Force Using Magneto-optical Kerr Effect
T. Miyajima, H. Endo, Y. suzuki
(Nihon Univ. Graduate school, *Nihon Univ.)

FLHIC

WA FLERTIE, FREEE OBRITHE, BERGCEEARRL T OMAME 3 A, 2o T, B b XIT X
LFLERIEHOMERNEE E 725, B D EHIE LGS 5 72 D12id, fix 2eBEf A 77— L T ORME KD
WENRMKETHD, AR TIEL, IV BREOBRG [ T ORISR DR & BER 7 — 23 % F v CTHIlE
T HHEE MR — I REEE)Z R L. b b DR A 1T o 72,

EER &

EkE LCTiE, 28O CoCrPt TE A H L7z, 38 11X, FHEK Co 649Cr 154 Pt 197 [at.%]. AFNREEAL M
= 164.2 [emu/cm®], 1#8% /) H, = 2300 [Oe]. Hx =9 [kOe] T 1 . 3kl 2 1%, A% Co 651 Cr 145 Pt 107 [aL.%]. M, =
181.9 [emu/cm®], H. = 2450 [Og]. Hx = 7 [KOe] T 5, W1 b 8 O JEIE 15 [nm]., #f Ski 1 O 4% 4.5
[(m]TH D, T ZTHelE, VSM TOmENFRBALEIFRED G RD | FARBFPEOMIEIZ L TR, B
— W RIEE A VT, BEERORR 2 JE Uiz, BIEICH W2V ABER O k1% 20 [KOe] Th v | ek
RN KE IR DIzo ., BEREIGEE $ 0.1 [MOe/s]~4.5 [MOe/s] D& T < 72 5,

ERHRRUER

LITRER I — 20 s CHlE L7238k 1 (He = 9 [kOe]) DBkt 2~ d, (R IfhEE D &, ZhD
XH6OXEH DD, EOMALHRBIZIERC & ZAZFHE - TWND Z ERLND, Thbb, BARINEEIC
DD SPREIT—E L ATz, X 21280 2 (He=7 [KOe]) DR iR 2 "4, Z ORI, k1
DA 1) EED, RBRADKE 2D, DF 0 BRANLEE 2 H < 72 2120, REEIDKRE L 725 T
WD, L LR 2 TIX HIZ 2 [KOe] DN B 1 G L O BB L DB EZITIZ< W ERbhD,
1 & [X 2 OBHMEEBRIZR SR AT OIS S & ORI, He DEPBMLIRRICEN - B2 5N 5,

R — AL E OB HIRR(X 1) L 0 . 3B 1(Hk= 7 [KOe]) TO R ) & Kb iz & Z A 4200[0€] & 72
S7c, ZOfEIE, [F U T VSM JIE ) b RO 78 rME 71 3400[0e] L D & R EWME & 72 o7z, ZHui,
VSM T DR FIINEEFE 23 46 [Oe/s] T D DIkt L, MR — B RAEE T OB X, 9.3X10° [Oe/s]
L AKIUERANZ LD BOBBLEZ TS RhololmdTh D, B2 Bk 1 &[RRI B IR) & K
D VSM DFERRAE ) & Hele U 7=, BEA — 2D S & C O F BE AR5% 7113 3600 [Oe]. VSM D7 A IR:A711% 2900
[Cel& 720, kL OEE LR LRI — 2 RIEBO KB RKEL otz

PRRREINCHER LTH D L, 3k L L3 2 COEIXIZIER U TH Y . RBERE TR O TZlE DR
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Fig. 1 M— H curves of sample 1 measured Fig. 2 M— H curves of sample 2 measured

using magneto-optical Kerr effct using magneto-optical Kerr effct
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Galvanomagnetic effect of rare earth—transition metal ferrimagnets
Y. Kasatani, H. Yoshikawa and A. Tsukamoto
(College of Science and Technology, Nihon UniGraduate School of Science and Technology, Nihon Univ.)
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Ion-irradiation patterning of (001) oriented MnGa film grown on Si substrate
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X I
A A RN X0 Bt O R TR 2 2L ST TR S — S A ERT 2 FIET, (R2 XA ho vy b 3K
— R (BPM) {ERITIEE LTHEBITH D, Foxld, KREABMAERMKEFEEZHT 5 Llo-MnGa HLHIA &I
H L, MnGa [E~DJFFTHIRA AV BFNZ X2 By hXF — U OERE T > CTE 72 D, ZhE T, MgO(001)HLfE i
FER EO001)BLH MnGa ED By R /8% — N2 DWW THE L TE 7203, G EZefliZe T AHMREEZ AV 5 3
N5, 22T, For BRI X Si ZEH EIZ001)ELA L1o-MnGa O EE A7 2, 48], Z O Si HAK Ed(001)
B[] L1o-MnGa BE~D JRFTI A 74 2 BEHC X DR 8 7 — iSO ER AR AT O THET 5.
ERG
L1o-MnGa SHIASEO/ERIL, ~ 7% ha A8y X U v ZYEISTITV, BERERR I Cr (2 nom) / MnGa (15 nm) / Cr
(20 nm) / MgO (20 nm) / NiTa (25 nm) / Sisub. & L7z. 723, MgO J& DA E EZE 23512 L 0 iR Tl L 72 . MgO
JE LD Cr Ny 7 7 EITERE T ANy Z R, 600°C T 60 4], BEZedh TRV AT - 7-. F D% 100°CHHTE
TR U721 MnGa 5% I L, AR Lo AL D72 400°C T 30 431, EZeh T 21T 72, B, ~
TR bR ARy AREBERERIFHEZTEINTEY, R2KKABET DL ERIRELE. 20K,
EFE—ABNEEB LY, A A EAEEEZFH L TR — s L.
EBRAER
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FM D MnGa JED M v—7 D (b)KIZ 7T, MgO(001) 10> MnGa I Hb~, fafnfigib 23 100 emu/ce &/ &<,
PREETIDN 10 kOe & KE W Evs, Si HfK F 0O MnGa X MgO(001)JEM D & DIZ L _ED ) — P72 ER3% - T
WHEEZBND., LnLRD, BERTREZRSEME T2 KRE2\BEBKETHEEZRLTEBY, (00D)E MO
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1) D. Oshima et.al., IEEE Trans. Magn., vol.49, p.3608 (2013).
2) HRCRE fih, 538 [H AAMSKTRFRIS, 3pA-2(2014).
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Fig. 1 (a) M-A loops of as-prepared MnGa film grown on Si Fig. 2 MFM images of ion-beam patterned MnGa
substrate. M-A loops of MnGa grown on MgO (001) substrate films with the pitch sizes of (a) 1500 and (b) 150 nm.

are shown in (b) as a comparison.
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Fabrication of MnGa bit patterned structure by low energy Kr* ion irradiation
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FL®HIZ

I FE T A IR & R RE MR T2 O L1o-MnGa 52 30keV D Kr'A 4> %z &4 2 Z & T MnGa
A I b cE 52 & 75:/??“& EHIT, INEFALEEEEY Yy MY —VIROERZH®E L TE 72D
LovL, ERDEBEAOZDITIE, VIR MEBYLICE D28 L PR bR Z — BB HEATHY, O
T DRI A A DR =RV — m'octo MnGa IEDOFEBALR LB L 72 5. AFFETIE, BHFHA Aoz 3
¥—% 10keV & L, MnGa #/E% 150m 75 10 nm 38 X O 5nm (L L, S E ~ b3 — ik 2 R
L7=OTHETS.
EBAE

RE~Z7 R bay ANy X o 7HEEIZEY Cr(2nm)/MnGa (5~ 10 nm) / Cr (20 nm) / MgO(001) % HE L
7=, EF, MgO HH EIZ 400 °C T Cr(20 nm)%& A/ ZRRME L, R4 600°C T 60 43 INEMLER L7-. WKIZ
MnGa % 300 °C TR/ XL, Lo AL D 728 400°C T 30 Sy BVLER 24T > 7= Itk I8l & LT Cr (2
nm)%& ANy R LTZ. By b3 — Ui 7V BIC ZEPS20A LY A R EABAT L, B E—LEL
WLV LA R~RAT BERIL7-2%%, 10keV O—kE72 Kt A A > % 3 x 10" ions/em? IR L7-. =Dk, FEE
TITRATTLYANERELE. 2B, /% — AERD 7= ZEP520A DIEE % 40 nm £ T L7z,
EERER

10 nm @ MnGa (ZAMLE 1 ORERALEEL 720, KRERBEEBKETEEZ T2 & 2R L. Fig. 112,
50nm By FITH T L2 LY R R 3E — 0 OFEERE TS (SEM) B2 /Rr3. LU A NEIZZENZEH1(a)100
nm BLODbMOnm TH5SH. LI A FE100nm TEL I A MREZ =0 BN TLESTWDADICKL, LY
A RNE40nm TEZO XL I REEFIIALNZD. ZOXIICVI A NEE#ENLT D Z T, LML
VA RNNRE = DN AREE 72D 2 E D, Fig. 212 150nm ¥y FCIIT. L7 MnGa By b3 —
EOMK BB 2R3, A 3 FEREER (B b)) [TBmEMLEZR->TEBY, PO M7 2 B3
BONTNDDIZXH L, A A BREFEE (A—R) 3 b Shk =2 F 7 2 RBEELTEBY, A
FUBRRIZ L VRS — U PR TE WD Z ERNbnd. LUANEEEL LIZGE, BRI A 0=
FNF—FELS TEIHERDH DN, 5 40nm DL YA FMETIE 10keV, 3 x 10 ions/cm? DA A > BT
MnGa D/ Z — AL R[RETH D Z LBy o 7=,

>E

1) D. Oshima et al., IEEE Trans., Magn., vol. 49, 3608 (2013)

N B 50nm
>0 "\ ﬂmm |
Fig. 1 SEM images of patterned ZEP520A resist with pitch size Fig. 2 MFM image of ion-beam patterned MnGa
of 50 nm. Resist thicknesses are (a) 100nm and (b) 40nm. film with the pitch size of 150 nm.
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A A RS U 72 MnGa RO B O IR EE IR T

R RHE, INEEAIS, 5 Bk
€PN
Temperature dependence of magnetic properties of ion-irradiated MnGa films
D. Oshima, T. Kato, S. Iwata
(Nagoya Univ.)

ZC&®HIZ
T lT 2N ETIC MnGa [ Z W oA AV IRERIO ©y b F — RO ERICIR A TE 2 ). Zh
X, PEDOKr A A% Lle-MnGa [E~EHI2 Z & T, RHEAIFETH S Al-MnGa A~ L BB I, FEREME
T B2 ZFALTHERLIZEDTHS. LInLARRD, A4 BEIC XD MnGa OREMEBIEFEIZ OV
T DEEINTWRN., 2 CTRIFE T, A 4 B S 7z MnGa RO BRI O 1R E K 771 2 1) E
T5HZLITLY, BB MnGa FEOTEHALEE R E2HE L 7O THET 5.

EBAE

RF v 7 % b > ARy 2352 &0 B i MgO (001) 4% 12 Cr (2 nm) / MnGa (15 nm) / Cr (20 nm) /
MgO(001)D A% % TR L 7=. Cr JEIZFEAIEE 400 °C THEFEL, 600 °C T60min DRA N T =—/L&{T-
7-. MnGa JB 1T FEHIEIE 300 °C THRAE L, 400 °C T60min DRA T =— /L &4T o712, A A EALEE %
VY, PERL L 72 MnGa 12 30 keV @ Kr A A% 5 x 10" ~ 2 x 10" jons/cm® D#FiFH THRE U7-. BEKFHE DR
IRAEVE I T BRI B4 (PPMS) & W TR~ 7=,

EBRER

A Z 2 BBE T O MnGa BEO faFRa L M, 13215 T 650 emu/cc TH o7z, Fig. 1 (24 A > BRERTE L O G4
@ MnGa BEORRET] He DIRERTFHEZ /3. A 4 2 BEFTO MnGa @ H, 1% 300 K T 1.5k0e TH - 7273, 50
K TiZ1.9kOe & #ETFREL potz. —77, WEHED 2 x 10" ions/cm® ® MnGa FETlZ, 300 K @ H, 7% 2.7 kOe
TEI%)%.’)O) W% L, 50K TIE 12kOe & 4.4 fFI2H8N L 7=, 2 x 10" ions/cm® 54 #% © MnGa 5 300 K & 50 K

BIFA MJIXZNZFH, 170 emu/ce, 210 emu/cc ThHo72. £z, ML @BENS REH 72 300K & 50K

’%LT%EM&’%@%@E?&K IXENZEN, 32, 6.5Merg/cc 7272, 300K & S0K D MBS XK, &t
Wt n L, —HRGEOMENCRIT D K, o« M OBRPEZRL TS, —J, 2K,/ M) BRI L= Bk
BER H 12 300 K, 50 K TZH 24 38k0e, 62kOe &72%. DF D, Fig. 1 T/~ L7 2 x 10" jons/em® #5140
MnGa JEDOKIR TORBLBENNT H M T TIEBATE W E R0 o7, RIS, A A VB Sz
MnGa fEHTIE, FERME(L &N 72 A1-MnGa ~ b U 7 2 HZ5REEME D 15
L1pc-MnGa 38 L7 & 9 2k %a & > T\ b L& %, Sharrock D V% I
WTC H DIREIRITFIED 7 4 T 4 VT E2ATV, LIRS E R - 7.
Fig. | ®FE#E, Sharrock DRUZI W TEATIEIEL £ = 10° Hz, BLHIR ¢ =
100 sec, #i%n=0.5, K,~10" erg/cc, IHME(LIAFE V=200 nm’ & L7=fERT 5 |-
b A A IS - MnGa BRI EE G aIc ¥ —etii& 2 59 5 L IRET
% & TEMEALARRE V=200 nm® 13, (3.7 nm)® x 15 nm [ZF S5 . BRI &2 x 107 0
jons/em® 1Z(2.2 nm)* DHEFEICA A3 1 SHET S5 LEHEEND N, —h 0 100 200 300 400 500
LIEHEAL IR O RS DA TR ARIE L 225 2 L By o T, T

2 x 10'% jons/cm?
10
1x10'3

H_ (kOe)

Fig. 1 Temperature dependence
EZ DN of coercivity H, of MnGa films
before and after the ion doses of 1

1) D. Oshima et. al., IEEE Trans. Magn., 49, 3608 (2013).
x 10" and 2 x 10" ijons/cm’.

2) H.B.Callen et. al., J. Phys. Chem. Solids, 27, 1271 (1966).

3) M. P. Sharrock, J. Appl. Phys., 76, 6413 (1994). The solid line represents the fitted

curve by Sharrock’s equation”.
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Atomistic simulation of heat assisted linear reversal mode in nano-dots with
perpendicular anisotropy

Y. Wang, T. Tanaka and K. Matsuyama
(Graduate School of Information Science and electrical Engineering, Kyushu Univ.)

1. Introduction

As a way to achieve ultra-high recording density in a hard
disk or MRAM, so-called HAMR (Heat assisted magnetic
recording), is promising to reduce or eliminate the energy
barrier for magnetization reversal by laser irradiation heating or
Joule heating. In particular, the magnetization process in the
vicinity of the Curie temperature exhibits a liner reversal mode,
in which the averaged magnetization is changing. In the present
study, nano-dots with practical perpendicular anisotropy are
focused, and atomic level spin dynamics in the linear reversal
mode was numerically investigated with atomistic simulations.
Dependence of switching properties on thermal pulse intensity
and duration were also systematically studied.

2. Numerical model

The ferromagnetic nano-dot was numerically modeled by
a cubic magnetic moment lattice (9>9>9, u= 3.2u3) with
nearest neighbor exchange coupling (J;= 3.510™ erg/link)
and single ion anisotropy (K= 3.5x10™"® erg), where the L1,
FePt was assumed as a material system. The dot size is
expected to be 3.4 nm assuming the lattice constant of 0.38 nm
for FePt. The anisotropy energy of the dot is evaluated as
2.6x10"2 erg (= 62 kgT, @T=300 K). Atomistic simulations
were performed by discretizing the Langevin-LLG equation,
based on 3-dimensional Heisenberg Hamiltonian, in time
increments of 10 s, Thermal disturbance effect was
introduced as a heat equivalent random Langevin fields model.
Currie temperature evaluated from simulated Arrott plot was
750 K.

3. Results of discussion

As for a preliminary simulation, time transient of the
averaged magnetization change caused by a rectangular heat
pulse (magnitude AT= 500 K) application is simulated as
shown in Fig. 1, which exhibits exponential demagnetization
process with relaxation time of 2 ps and tail-less fast ordering
time of 2 ps. Heat assisted magnetization reversal process with
Gauss thermal pulse with various pulse width T,, are compared
in Fig. 2. The fast magnetization reversal time of several 10ths
ps can be associated with the linear reversal mode accompanied
with significant averaged magnetization reduction. Heat
assisted reversal probability were studied for various heat pules
amplitude AT and width T,, as shown in Fig. 3(a) and 3(b). It
shows the thermal pulse width dependence of the
magnetization reversal probability when performing the
magnetization reversal in Fig. 3.(b). The results reveal that
superior heat assisted effect is performed at T,, longer than the
relaxation time of 40 ps, and the elevated temperature should
be higher than the Currie temperature T.. Fig. 4 compares the
magnetization reversal field for with and without the heat assist.

S04 {

‘\*‘ { ]
02 | Mysrnnd
0.02 0.04 0.06 0.08 0.1

Time[s] [X10°] 0

Fig.1. Simulated ordering and _;
disordering process of nano-dot 1
induced by rectangular thermal

pulse. The dashed line is an o - —— -/ ——— -]
exponential fitting with ]
relaxation time of 2 ps. -1

I 1 ]
0.48 0.5 0.52

Timels] [X10°°]

Fig.2. Magnetization dynamics for a 10 kOe downward
external field and Guess thermal pulse with 47=500K at an
ambient temperature of 300K.

Switching Probability
o oo

AU SR U R S L i
0 °T0 20 30 40 50 60 ° 100 200 300
External field [kOel External field [kOe]
Pulse Width AT
~-%--400ps --#--100ps --+-20ps --o-- 0K --o--200K --o--400K
--#-200ps --+-40ps --©--10ps --o--100K 300K --=--500K
Fig.3. Magnetization reversal probability for various thermal
pulse width T, (a), and magnitude AT (b).

=

2

% 1 T :“ “i ‘.1' ] 1 T /,&"_D"}‘E"’
=08+ (a) ;o 109 (b) slele
gos- L S

0 0.4F P 107 £ o

=T T 1 0.6L9

0.2 i )

g ols Ay s W 1 05 L . -
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External field [kOe] External field [kOel]

~+-K= 3.5X1070 erg

- K= 1.75><1016 erg

--m-K= 3.5X10" erg
Fig.4. Dependence of magnetization reversal field on single
ion anisotropy for with and without the heat assist: (a) T,, =

40ps, AT=0 K, (b) T= 40ps, AT =500 K.

Though the drastic reduction of the reversal field can be
achieved with the optimized thermal pulse, the reversal field
still depends on the single ion anisotropy even if the averaged
magnetization and the resultant energy barrier is disappeared.

Reference

1) R.F.L.Evans, etal. Appl. Phys. Lett. 105, 192405(2014)
2) M. O.A. Ellis, etal. Appl. Phys. Lett. 106, 162407(2015)
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Recording conditions for high-speed response of isolated magnetization transition
Y. Hirokawa and H. Muraoka
(RIEC, Tohoku University)

[FL®HIC
N—RT 4 A7 %EE (HDD) O@EEEALOT- O EEEFTHEDOLZ O F DM s Tns D, [FlRf
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REEERLTEY, TNENOEBRITFEL t TO~y R

S 1 1.5-
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Magnetization switching time of graded anisotropy recording media

A AL Simon Greaves 44 B
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Naoki Akitaya  Simon Greaves  Hiroaki Muraoka
RIEC, Tohoku University
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1) S.Greaves, “Micromagnetic Simulations of Magnetic Recording Media”, High Performance Computing on Vector
Systems 2007, pp.229-244(2008)
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A new model calculation for HAMR (1)
F. Inukai, K. Enomoto, T. Kobayashi, Y. Fujiwara
(Mie Univ.)
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Fig. 1 Dependence of reversal probability of grain magnetization
on time for writing fields Hy, = 2.0 and 15.9 kOe
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Fig. 2 Dependence of bit error rate on time for writing fields
Hy = 2.0 and 15.9 kOe
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1) T. Kobayashi et. al.: submitted to J. Magn. Soc. Jpn.
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A new model calculation for HAMR - recording time window — ( 2)

K. Enomoto, F. Inukai, T. Kobayashi, Y. Fujiwara
(Mie Univ.)
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8.7k0e, 0T /0x = 7.8 K/nm DA EDHETH 1y =
0.1ns &725. L2vL aT/0x MR EZ V(@)D T tryy
LIBED P DA EIERKE VN,

@& MDY b= F—L— k bER O %
Fig. 2 lZ7R T, Hy 130 <7 < tppin T EM & Goekss
), ZALSATTFRE L Lz ()& (b) b try 25F L
THDHDT, 0< 1< 1D write-error (WE)D bER
DI THIEIZIZIZEF L TH DD, Tpin < T O erasure-
after-write (EAW) (2B L CiX, P. /& W (@)D
73 bER 7MKL,

PLEX Y, bER Lty 72 TR E B 220 P =
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T 5121,

Trw = Tap — (1)

TRW

L0E02 _gg'1' o

1.0E-03 E aT s (/
@ ox o/ nnm
H,, = 10.6:k0e

1.0E-04 -

Fig. 1 Dependence of reversal probability of grain magnetization
on time for thermal gradients 0T /0x = 7.8 and 11.7 K/nm.
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Fig. 2 Dependence of bit error rate on time for thermal
gradients 0T /0x = 7.8 and 11.7 K/nm.

EAW (2%} L C bER &+ FIF 521X
Tmin = TrRw T Tew — (2)
EWVIHIFKERBETH D, T 2T rpp Tl TEAMT
Hb.
ARFFEO—MIATEHRA b L— DWFFEHEERAE  (ASRC)
OO G EfThbE L. ZZIC#EEE£ELET.

B E TR
1) J.Zhuand H. Li : IEEE Trans. Magn., 49, 765

(2013). ) - o
2) BT VA MERGEEHOH LWET LA (1)

— 270 —



¥IZ DER 2SS 725,
T4 5.
Fig.2,Fig.3 13 07/ Tey = 4% (CBWT T LA D

EMI:)i%EE#P OB T IZH/T 2 E(bE T LIz b0
Thob. Tﬁw@mfﬂnm oD T %
Ons & Lt T 0<T <ty F b EGLERS
M), <iLish iTF’?é‘ & LT T T 25 op, 124

B+ 2 &, 1, = 0r /(0T /0x) - v) Tiiéﬂé
T variation window 7= \F ZR4 IR 23 BT 7% 3 5.

IIHGEECTH 5. Hy, DRV E, }&7‘@rw\7

1/4’ ‘/75§ write-error (WE)%E: L T bER 2L 72
%.H, = 6.6k0e ® Fig.2 Ti¥, H, N FHXTh?d
<01 kwTT_J‘+oT@7v4/imﬁﬂ
T, L0 <, T (GRak 1 & B ) itk &

N5, =018\ TH, DHmN EEEGEET M)
WCEDD. recordlng time window gy 7% 0.03 ns & %
w@T‘T_O B D P I /hs <, EEITm
(CHREET 2RI, WE A EZ LTV D, L
LT =T =05, D7 LA LYDPILT= Ty IZBW
THR D NE <, erasure-after-write (EAW) (X % ¥

&RV, —J, Hy BEmn &, EICT, DR\ LA
#EMN%%.LﬂﬂﬂRﬂﬁ<&511-m3ME
@ Fig.3 TIX, Hy DBEWVD T gy 2 0.14ns & <
&é.:@%A@Y;_nm+@mﬁ%r_0L%w
TP T 11T WEIRIEE A SR B0, L2l
Tr,, Trw & cooling time window Ty OFIN R 7220,
= Tem — 07, P, T = Tpin ICB VT PL VNS 72
< EAWﬁ\ELTb‘%)

PEXY T. 08B H5 &, Hy #E < LT WE &
5L TH, EAW 238819 2 O T, bER [FEL 72 5721

Z OJFK % Fig. 2, Fig. 3 & H

ARFFED—HBI%
BhRED & &

B E TR
1) H.LiandJ. Zhu: J. Appl. Phys., 115, 17B744

(2014).
2) BT VR MR

A b V~Vﬁn?ﬁii§%%% (ASRC) @
ThbhE L. ZZITHEERLET.
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BT A K @iﬁﬁaﬁ@%ﬁ LWETLEH
- ﬂ? R *‘/mlfh ﬁ ( 3 )
FEA B, RER SCHL, /R IE, BRIE 4R ]
(ZHEX)
A new model calculation for HAMR — Curie temperature variation — ( 3 )
K. Enomoto, F. Inukai, T. Kobayashi, Y. Fujiwara
(Mie Univ.)
[ L oIz LOBH00 e A
BT oA PESRGEKIZBWT, t@iﬁi U —iR 5
(THDHA &5 &, SN EE3 2K <72,c5 & DV A
HEEIhTWwWsdn 22T iz@ﬁu\%—'f‘w%r%%ﬁﬁu\ 10E01 E
DEITHONWTEZ D, g i B
: UTC/Tcm =4%
B EER £ Lo
ﬁ LB E R Th D 2. FhF = Y —iRE 27 i
Tom = 700K, BGMEHKI K/K,_ . =04, {RE5 = 0 2%
fid 0T /0x = 15.1 K/nm W/J\EMKL%F’? R Trin = 10603 L
0.68ns &9 %.Fig.1ict>y =7 —L— K bER DF : 0%
ZIABER Hyy (X DARAFE AR . T, DR (R i
2% o, &#5& JT/Tcmb>j<é°<73?Za E- TR 10608 L

Fig. 1 Dependence of bit error rate on writing field H,, for
01./Tem = 0,2 and 4 %.

H, | H, T H, |
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TRW
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.DE-02
al N 6.6 kOe
A
0E-03
Tr, Tem + 01, m — 01,
=0.19ns
1.0E-04 X

Fig. 2 Dependence of reversal probability of grain magnetization
on time for writing field H,, = 6.6 kOe.

H, L Hy, 1 Hy, |
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.0E-01;
TRW E T1,
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.0E-02; -
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v
/ .0E-03
7 F Tem + T, Tem \Iem — 0o,
~019n " H, = 14.3kOe
.OE-04

Fig. 3 Dependence of reversal probability of grain magnetization
on time for writing field H,, = 14.3 kOe.
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A new model calculation for HAMR — Curie temperature variation — ( 4 )
F. Inukai, K. Enomoto, T. Kobayashi, Y. Fujiwara
(Mie Univ.)
Hy L Hy 1 Hy !
[ZC&HIZ £ (a5)
BT VA MEKGEICEB W, BRICF 2 Y —RE -
(T) /r#mnsdé % &, SN P’y h—=Z— 1L — | bER 04 02 0. 0.4 0.6 0.8 1.0
NREBIZHEL 725 12), 2 Z TIL bER 2% FET 5 ik Ty \Tcw = 0.47 ns
EHLWETARREMNTE R . . :
RW
R =0Q3ns Ku/Kounc = 0.8
H, = 14.3 kO
% 2 U iR Ty = 700 K, T, OFEME(R % o, N ‘
&L, or/ Tom =4 %, /ABEALER IR 1hin = E03 |
0.68 ns, #HXIALMR Hy, % 143 k0e & T 2. T T
#JLZ, write-error (WE) 2% L T, BLRTO(1) D (2 =0.19ns Tem Fore | Tem Tem = 07
1.0E-04

Tr, ZMAT

Trw = Tr, + Tap & 77, — (1)
erasure-after-write (EAW)IZxt L CiE, LLaid(2)=»
(21, AT

Tmin 2 Tr, + TrRw + Tew — (2)
DEMNRHE L 72D, T 2T 1y i recording time
window, 77, & Tcvariation window, t¢w & cooling
time window T&H 5. Try (& 17, BEIZR <, Tew &

T FHELSTIOILERD .

BITMEERIL Ky /K,y & 049725 0.8 [ZHIN &+
L ED, T bA r OBALIERHESR P DR T (24
T oML %E Fig. 1ITRT. Ky/K,, ERE<TDE,
IRFFETLZ 69 2 IR S DHINEI G AR E 725D T,
Tr, + Trw + Tew (T 2505, FIFFIC try B 0.14
ns27> 5 0.03 ns (2L < 72> T L E 1, bER O BER)
RiThEw.

IR EEARC 9T /8x % 15.1K/nm 2% 30.1K/nm (23
¥ e xo, P ORFHZELZE Fig. 2 (TR T. 20
Bt b trw 13 0.07 ns (2L 72 > TLE 9 25, [AIFIC
77, H 0.19 02725 0.09 ns (2 < 72 % D T, bER D
BEEDNRNP & 5.

Ton @< LT, HEXARREL LS T5 L, ok
~y RRREEA OMEBMEDOREITH 523, AR
20T /3x Z R&EL T& B, £720T/0x DR = 72K
HEDORFbAR L EbiLs.

F22N)EADD, tpin 8 EL<T 5, T 2bbEy b
EyFaER<THILELBZOND. ZOHAITIE
N7 w7 ¥y Foge< 72 % DT, adjacent track
interference (ATD) 23 b3 %. L7272 > TIAIKFIZ ATI

Fig. 1 Dependence of reversal probability of grain magnetization

on time for anisotropy constant ratio K, /K, , = 0.8.
Hy 1 Hy 1 Hy 1
T (ns)
-0.4 -0.2 &\ 0. 04 0.6 0.8 1.0
[Tg, {R }.\ Tewi= 0.25ns
10601} '
TrRW f !
= 0.07 ns f aT
\%32 E =5 = 30-1K/nm
! N L
& F— H,, = 14.3 kOe
-
10€:03
T1, i
= 0.09 ns Tem — 07,
1.0E-04

Fig. 2 Dependence of reversal probability of grain magnetization
on time for thermal gradient T /dx = 30.1 K/nm.

DUFEHMLETHDH. ATI OLFEFHIEL LT,
Ko/K e 0T /0x OHN, 3 %13 shingled magnetic
recording Z ¥l A A HE DL T EMEBEZ LS.

AREFFED—EILIE R A b L — Ve HEERRE (ASRC) @
B Ob LT E L. ZZICHEEARLET.

B E TR
1) H.LiandJ. Zhu: J. Appl. Phys., 115, 17B744
(2014).

2) BT A MRERGEEROH LWETVEE (3)
3) BT VR MEEKGEERDOH LWET LR (2)
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fL=ddin, & /i, FARITH*
(B rfikBe T, *Birii KB ER)
Spin transport in thermally-evaporated pentacene films by using a dynamical spin injection method
E. Shikoh ,Y. Tani, Y. Teki*
(Osaka City Univ. Eng., *Osaka City Univ. Sci.)

FLHIZ

WA, MR E U E AW T B O A B kO ER &, THETICA Yy 2 — METERX
NI E D TR B DT A B UVEEDSZER SN TWD B2, AR IS HEB OBLE D, — Iy B2
%%&Tﬁﬁﬁﬁﬁﬁ PTEMEIO A UELICIER T, v F v r T (A Fig LIORT) O
M IR BRI C L AT Em W R E A L, iR EWEEEEZAT 5 ), ZhETICA Y U RRETT %
FNT=Ry 2 D 2 SR SN E R H DN Y, SMEROPERR S REER -7, ABFET
A B A AR ATRE T, Ho, BEMERIm TOa v 27 4 23 2A~vyF INEHTE D L END A
LR LT (@A E AR RV, X H e RO A Rk R 2 SRIR TR L7z O,
RBRAE

A B — AREER L OMPUINEGE E1E %2 VT Fig 112 1235 207 A PA(EEE 10 nm)/~2> & & > (d)/
NigoFe (25 nm)| O = J@EERE 2 /ERL U 72, JREEPESE FMR 2 W2 A B R BV 702 XY NigFeyo
HARUA T UAHIAE U JsNVERR S, FD JIE Pd ~EWRIREN D, WIN ST Jgld PAd PR B
A=V ISHENIC K W i#E S E B SN, FD7-%, NigFey ® FMR FIZ3W T, Pd D ISHE (2 X %
L) DB S AUE A & ' O A B AR OFEILIZ 72 D, FMR OFHEIZILE 7 A v 2 I
. EEIORMIITT RV N A= Bz, Rl A TERTHER L,
% Microwave

Fig. 2 12 d = 50 nm Xk} D (@)FMR A< L & (b)FMR fE551F Magnetization —=

ZBITD Pd OO ITEERMEEZ R T, SEEO )X 200

mW Td 5, FMR BEEHEICHB T, 8 H o5+ 5 KiExt H;? Lt 0600
itz R D BERHED I STV B, £ 70, B v
BT R O ] LTz, —J7, o791 Pd ofh N Fa

VIZ, A VEEMEERO/NS 7 Cu k-2, 2o F O = ISHE

Fig. 1. Sample structure and evaluation method.

BB X E NS oo T, L EIC L VBl s
HIJEEEIX Pd @ ISHE IC LD EE S Efbim L=, T7hbb, ~
VE R VERBERD A E RIS, Loy IR TER L O,
BB DRy & UERARTFEOFHEIC L0 | R 2 UK
BHEOA YR 420m & AL 72 9, AT E
DFEM & PR THIBEDOFESMED R EIZ OV T hikm T D,

L Z DN

1) S. Watanabe, ef al., Nature Phys. 10, 308 (2014).
2) M. Kimata, et al., Phys. Rev. B 91, 224422 (2015).
3) H. Cheng, et al., Appl. Phys. Lett. 90, 171926 (2007).

dI(H)/dH (arb. units)

V(uV)

4)  T.lkegami, et al., Appl. Phys. Lett. 92, 153304 (2008). g=180°

5) G Schmidt, et al,, Phys. Rev. B 67, R4790 (2000). -400 4®H4&Mm2® 400
6) Y. Tani, Y. Teki, E. Shikoh, Appl. Phys. Lett. 107, 242406 (2015). Fig. 2. (a) An FMR spectrum. (b) Output
7) E. Saitoh, et al., Appl. Phys. Lett. 88, 182509 (2006). voltage property under the FMR.
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CoFeAl BIEDBUS B L BEIFERBI L U HEA
PP RE L A AR KA A, FERAERT A Rifaz AB

JLRPEA, 2 Yttt B)

Thermal transport and efficient thermal spin injection in CoFeAl film
T. Nomura®, T. Ariki®, G. Uematsu®, T. Kimura™ B
(“Dept. of Physics, Kyushu Univ., BResearch Center for Quantum Nano-spin Sciences.)

LIz
BRORDVICAEZFHAT2BA L U IEABRR)IL., FiarBERZ TV -95.5F

A X VARBERE.FHLWVWRAE TN, ZA~ORE & WEF S8 2 BRE RS o
=3

Th b, Fxld, CoFeAl BENEZ L L AEAICHE L=y FREEEZA LTV =T 1200 nvI )
> |

B, WO THEMICAE L REBRE X5 2 L2 EHLEER)., 2hb T

-97.5F

DEBRICBVTIE, Figl IGRT LI 10, BAELEAICE D RAELEAE Y RT
Bk, AT ALTHRE MO TERNICRIIT 5 2 810 X0 FEELTHY | T ey

B I DR L BUR O AR L 0 AT 5 A B Uik & MRIR A 5 s 5
EEICHEBR TE | OB WIS ATREIC 22 D, AR, WA B LR
AWK A RERITH LTV 5 CoFeAl kL Pt %Hﬁffﬁﬁiéné =) Ay S

Fig.1 Thermal spin signal using a
CoFeAl/Cu lateral spin valve.

PRz LI BVER FEREL, £ OREE A L7,
ES IOk
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INEH O Pt A R EEICERI L2, 22T, Lo Pt I REN &I
T LT, YVa—EERAESHE, CoFeAl/Pt Sl E&m%%l%t_?“o z
FUZ LV . CoFeAl 726 Pt ~DER LI ANEL B, SN A RO L 5

WEHN %2 & T, Pt BICHi A o AR— A RICER L 2B EN AT D,
FDAE IR —VEED L —HF — %ﬁ&ﬁ@ T ONRFEARAF M e & & 7R~

AERTOMREEZTM L7, 22 C, BEMTMOEHITIS0QTH S,

eI

M 2(b)ic, BHENAE Y R—VEED L — % —ERKEEEZ 7T, K
R T X9, BEALIE, e —F—ERO _FIZHAHI L TELLTEY,
BEEDEECHS - LARRTE S, — - CRLNEFERL, BERESH o

CHET S L LVIm Th 0 | BRSBTS L 75 0vQ T S 0F IR
b, COME. SRETICHRE S TS RBORER LT, 200F o 1
EREVETH Y | RO R S 2R LTS, P e ]

100 200
Ipc (MA)

B 3CHRk
1) F. L. Bakker, J. Flipse, A. Siachter, D. Wagenaar, and b. J. van Wees. Phys. Rev. Fig._2 Schematic i_IIustration of the
fabricated sample, field dependence of
Lett. 108, 167602 (2012) the output voltage(a) and

2)  S.Hu, H. Itoh and T. Kimura. NPG Asia Mater. 6, e 127 (2014) gt'a;;dép(%’;dence of the output voltages
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Development of efficient dynamical thermal spin injection based on FMR heating
K. Yamanoi?#, Y. Yokotani#, T. Kimura® B
(“Dept. of Physics, Kyushu Univ., BResearch Center for Quantum Nano-spin Sciences.)

[FL&HIZ
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TWD, ZOHFHIMII, A ¥ L ARERIM~ & @EAFRETH VD | JLIR)E I X 0 SRR
PEAFF- T RENAIRETH D720, Hax RICHNHEFGFTE 5, SEFkx X, FEMOE 2 2 mbEie ks
FH DL, EEEAIC X D REBGDROBR L ZUCHTIE L 72 BR I A &R, £, BMRERO
M EIC L 2BA L EANEOHKE B L CEREITo 72O THRET 5,

RERIER

FMR (2 & 0 4 U 28R~ D = 3 L F — 0L, B35 —
<74’ U BRI L CRT 5 2 LN THE Y, mE -
IOV FMR B —7 o U V7 BROMA, BICEBIAAE L EA 2 10 '
m}aa\m CHDThDE PHMENS, 72 THAE, TCICHY S sk -
LT % FMR S8R 005 BARFAII & VT S8 & 84k ook e
DI E T, Figl 2, FMR FEEENRIC L 2 IR LR O3 L - ” -
KEMEE T, TRIEY . FMR BEOREL(LIT~ A 7 v K f(GHz)
OEJEWACILE N, BRI R LT, Fig. 1) Frequency dependence of FMR
Wiz %bé!’ﬁﬂx EVIEADBAFELAEIT 51, CoFeBTa oo ofect
BTIIBTDIAE R —NVELED~A 7 v il B %2 5 L - — = 180
thmﬂm %ﬂ&ﬁf@xﬁyf%wﬁf@h%ﬁfé%TT
FMR FEIZIG DD EBHEDOENIZ, ~ A 7 v A EEOHEM & 28
KL, Fig2(b) IoR-T X oIc, TOEREHIIME TH o2, ZDZ
k@\%%htXEyﬁ%wﬁfﬂﬁxt/El%@@XE/mb
ERL TS Z 2R LTEY, [KEDO g EIzB W TEND
ARV E VT DAY VREACERTERNTHLZ L% 0 10203040 3 4 5 6
RELTWD, oH (mT) (GHz)
FFTIE, BBROERFERICMA T, BMEROKE2mE, #  Fig. 2@ Dynamical thermal spin

A FL A e o injection induced by FMR heating
ARG & Sl LT SRR R B LT O Ly B BT effect in CoFeB/Ta. (b) Frequency

T
‘.

T
..

RF power 100 mW
L

3
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DRI D WAFALICH L TR 5 TIETH D, dependence of dynamical thermal spin
Sk injection.

1) S.Hu, H. Itoh and T. Kimura. NPG Asia Mater. 6, e 127 (2014).
2) K.Yamanoi, Y. Yokotani and T. Kimura. Applied Physics Letters. 107, 182410 (2015).
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Co/Ni =t ¥ & v /L EREIC B EE R A N E

AR, K CORREE, mALLEK
(CRAER)
Anomalous Nernst Effect in Epitaxial Co / Ni Multilayer Thin Films
H. Suzuki, M. Mizuguchi, K. Takanashi
(Tohoku Univ.)
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INi ZJEIEIC DN T BE RV A NEhRORFH L BE 21T\ FRICRER R TME & OMBIIZ W T~ T,
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HhEhs A NVEEZBE L, BiE=7T ECENL, &R Fig. 1 The relationship between
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ey

transverse Seebeck coefficient, Sx,), VK

EIXZ20 K~=iE L LT, transverse Seebeck coefficient
g ar_ld 3((|‘\Ii+Co) layer thick‘ness‘.
RV A NEEILER CEALEBRICIHE Loy —T7 2R L, 20— i‘ l /ﬁf;‘.‘ﬂmi _H'\"‘OM

1 100 K~ SRR £ COMMERMPEA CRA SN2, KLIC, NilBL Colgn 2 | /. o4w"

BIR O & BT — o 7 RHL (Sy) & OBIE b, BT S I, 2 (g Piane Outof Panc]

Sy DMHFENZHIN L T DA R oz, K2 ICEBIROBSKR T L x tsor

Bt —y ZRROBREZ R T, HNRESREIETE, BRREER 2

(Ko) DHEIMCTES, Sy SRS 57, BEBHLSRIETIL, Sy MEd &

THILABM T, TRDIE, SECHT 5 RERARIERRER 2 ﬂ

N A NN L RN B B 2 b AT BRERTH D,

ARG O—TEIL, AR B4 - FAE(S) (25220910)F L Y Fig. 2 The relationship between

JST-CREST O X451} 7=, transverse Seebeck coefficient

and uniaxial magnetic anisotropy

constant K,

1) K. Uchida, S. Takahashi, K. Harii, J. leda, W. Koshibae, K. Ando, S. Maekawa, and E. Saitoh, Nature 455, 07321
(2008).

2) M. Mizuguchi, S. Ohata, K. Hasegawa, K. Uchida, E. Saitoh, and K. Takanashi, Appl. Phys. Express 5, 093002
(2012).

3) K. Hasegawa, M. Mizuguchi, Y. Sakuraba, T. Kamada, T. Kojima, T. Kubota, S. Mizukami, T. Miyazaki, and K.
Takanashi, Appl. Phys. Lett. 106, 252405 (2015).
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e HLRE i FeaN RIS 1 A BF r v o A DR OFE &L T AR A7

OF% BT, KPR, EALsLEer
(=B, ALK - @A)
Dependence of anomalous Nernst effect on crystal orientation in pseudo mono-crystalline
FesN thin films
Shinji Isogami, Masaki Mizuguchi, Koki Takanashi*
(Fukushima National College of Technology, *Tohoku Univ. IMR)
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3. EBEAER Fig. 1 13VT % FeuN PSS TAL[100]38 L OY110]
AT TR TRIE SN, BE RV A MEET) (Vane) DS
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4. BE AT EALKR A BAORMFCRT, Rk 28 4R L [EF]H
W7 v 75 N GRE ;- 16K0089) D XE% 5% TiThir-.
e 2D N

1) S. Kokado, et al., Phys. Rev. B73, 172410 (2006).
3) S. Isogami, et al., Appl. Phys. Express 6, 063004 (2013).
5) IHEFHE— A5, 5 39 [A] H AR 2 TR 2 10aE-6 (2015).
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Anomalous Nernst Voltage (nV)
|"a o

e
ol

NN R
Applied field, goH (T)
Fig. 1 Anomalous Nernst
voltage measurements as a
function of the applied field,
where the temperature gradient

points to [100] and [110] of the
FesN crystal.

2) S. Isogami, et al., Appl. Phys. Express 3, 103002 (2010).
4) S. Isogami, et al., IEEJ. Trans. 9(s1), S73 (2014).
6) W. Nernst, Ann. Phys. 267, 760 (1887).

7) M. Mizuguchi, et al, Appl. Phys. Express 5, 093002 (2012). 8) K. Hasegawa, et al., Appl. Phys. Lett. 106, 252405

(2015).
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Measurement of non-reciprocal electrical conductivity in chiral structures of ferromagnetic metal
Kaoru Murakami, Toshiyuki Kodama, Satoshi Tomita, Nobuyoshi Hosoito, Hisao Yanagi
(Graduate School of Materials Science, Nara Institute of Science and Technology)
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DU UHEMRICSUB LY A RN ET 4 MY YT T T 4 TVFRNIAE—= 7 Lz, ZOREHZZ /L R
(Co) ANy Z Y IR U1, Eha 2 AW TENTHIC 1k0e DRESEEZHINL -, Z Dk % N-
AFN-2-Bul) RAGRITAZ L2k, RE—=2 7 Uiz VIR OFCus BNE D ORIt LT, DOl
CoEF DIS T L W V FHEENEE BN o7, Fig2 @I~ d & 92 VEESAOAMICITAES, ERICiX
JedE D Co LD A T WAEGE N FERICIERITX 5,
HIERRLEER

T 7a—74E (HSZ NE4000) 1T 4 i FIEEXURERE 21T - TofE R % Fig.2 1277, Fig.2 ()IXEX
{REH ER O AR E TS (SEM) 4 TH 5, Fig2 (b)0OIx7n—7 17156 4 1 ZERERKRL, 7u—7
2 L 3DBNAEZNE LR TH D, Fig2()DXIZ7a—7 405 LIZEREZHKL, 7un—73 L 20E
NZEZWE LIFERTH D, K275 Q& a/9L MNEROMIMRE L CZYRBEBRIEIIAHE CTE TR0, Bl
BHITEE T2 030D, BRI A ZIVEIGENREETIE, BEROME IS C THERNELT 51X
TThHDH, LLRRL, EROME 2Vl S THIPLOMEIZIZIER U Th o7z, 2k Co DERIETIH/)N
ENedI, BE BIFRICE L EZ RS> TWRWZ ENFRKR EHELZ SND, S%IT. K0 R OKRE 7ekite
ESEEHNTHA TUVEEEER L, WETHTETH D,

(a) 300 pm (b)

deltaV (mV)
(Gry

Fig.2 In-situ SEM image of chiral-structure (a) and measured electrical characteristics (b)

BE R

1) G Rikken et al., Phys.Rev.Lett. 87, 236602 (2001).
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B St I8 H5, B R
(NHK T i brFEpT)
Study on Recording Head-Magnetic Nanowire Spacing
for Formation of Stable Magnetic Domains in [Co/Pd] Nanowire
M. Okuda, M. Kawana, Y. Miyamoto
(NHK Science & Technology Research Labs.)

XL ®HIZ

T, BRI 31T D REBE DR EBRENZ B3 29 DICIEEEE D, L—A T v 7 AE Y ITREX
NDHLWFEEDO AE Y BRES N TN D, A ITRIEMBR 2 WFNEERE L. N5 OBXZ /L AE
FEEIING & - CRIBIBREN 3 2 8 LW md B GGLeR 7T N1 A D EBLZ HEE LT, [Co/Pd]REIEMMBR D FEAFEMFIE
ZEDTND Y, ZOMEZEIET H720, HDD i~y FEZ2Rknar 27 b AFy o §52 L8108 -
TR DR IRIE 2 #1429 5 nano-MDS (Magnetic Domain Scope for wide area with nano order resolution)%
D& BEPERRR O S ICERIE L 7o RiEkos v R CREIX Z AR L7214k, 2L AEIRIC £ 0 2 OBEX & Mg IZ iR
STHEEIL, &HICZDHKAEZMEGOFAES Y RTHRIET 2 EREZIT>T\D, Z0& & BRI HRE
PE T HIE(SUL) &A1 59 % & 2208 L THEXTERL T & 503, BIRBREI OBRIZHEIX RN AR LEIT 2 D, BEEDR
FEE L ELS 2D WO BN H 7= 9, £ 2T, SUL O WEMERIRRICIB W T HZE L TR « BiIX
BRENCX 5 L5, fidk~y N —BEMEMAREEBESPI X T DAL RO+ 2 & L 7O THET 5,

EBRAE

AF L E— L ARy ZIEBIOEFRY V7T 74—k, £NZ1(a)SUL 72 L, (b) SUL: ®Ni'®Fe’Mo
(30 nm)?D _EiZ, [Co/Pd]TEEL R I Z R imZAFR(L Si K E1Z 30 nm HEFE U CREMEMIFR 2 /ERL U 7=, AR
ME1 150 nm, FMFRFEIE 20 pm & L7z, nano-MDS OFték~> RIZL VD, Fr S ZFN L7225 SRtk
K xEE L TEOBL M Z 2T RS IR ZAIE Lo, B ERIXZ AT 5 & 9 (2ifin & Otk
T Lariee 2 FUIN L 72, BER A~~~ RO"ABS"HIZ1E DLC(diamond like carbon){#ifE % £ 5- L T\ 528, ZDJE
JEDRI2 DR~y REHWD Z L TSP AEEE, EMEBXOEBICHLE L 72D Taie A LT,

ERER
Fig.1 (X(a). (b)ZALZID SUL FHFIZEWT SP 2L S5 D, [Co/PAIREMEMIFR O R X I inffe 3 &
FLEREI OB E R LTI b DO TH D, EHLOMBRICBWTY, SP 28T 5 2 & THBX ORI B 722
Twrite X CTE 5 2 L3R TE 5, F£72, (a) SULELOD
MBEECTH->TCHLSPZ Inm ETHEMITELZ Lick-T,
(b) SP % 3nm FEE £ Tt & ¥/ & & D SUL &5 L 7= #ili

il
O
)—

L ASORRBEAE LIS b0 L RS bh b, REE I o
DL TG~ v KRG ~IEHE S URUE P S ¢ 5 60 | g [ et
BFEE S LICHR LEOT, fEE S B8RS 5, 2 | o

20 l ’ O b) — SP=2nm

1) H. Tanigawa et al.: Appl. Phys. Express, 2, 053002 (2009). 5 10 15 20 55 20

2) S.S.P. Parkin et al.: Science, 320, 190 (2008). Writer Current, |, (MA)

3)  EARMh: BMGIEER A T ¢ T R3S, 68, (1), 134 (2014).

4) A B ARBKTFESWmE <1, 6, (6), 357 (2011)

5) M. Okuda et al.: 13" Joint MMM-Intermag Conference
(BB-10) (to be published in /[EEE Trans. Magn. in 2016.)

L Z DN

Probability of Domain Formation (%)

Fig.1 Probability of domain formation
dependence of writer current for [Co/Pd]
nanowire (a) without and (b) with SUL at

different head-nanowire spacing.
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Magnetic field modulation writing in RE-TM magnetic nano wires with a nano imprinted plastic substrate
Satoshi Sumi, Ryogo Yoshimura, Akihiko Moribayashi, Yuichiro Kurokawa and Hiroyuki Awano
(Toyota Technological Institute)

FLHIZ

et ERRR 2 D 7o B BRENR A £ V IMEKVHEE ) CREE - mEEENIIF T 2 - OIER RN 1TH
NTW5, bhvbild, i HEEEGEBMIEEL WD Z & CIRERBEECmE(LA e 2 & 1), 7/ 4
VY v METCREERIFR RS Z E D RMICERCE DRSS 2t 2HmE L TE R 2), 4F, F
A7 v METER UM E T EA LTV, BEFRBEDERSND Z L 2R LD
THET 5,

ERAE

Figure 1 I2F /A 7" U o METIER U 72 WM IRR O 2 7597, Zeonor ZE# (0.188mm) (245 A & Lo
EENT ) A7) o MEICTIE 80-120nm, 4 & 110nm, Duty bt 1:5 D285 L=, £ @ EiZ MgO Tt
J& 10nm, ThCo B&PERE 7Tnm, Pt R 3nm 2 TN ZN A/ Ny XK THE LTz, 72 R 7V —78 O
PEBIIE DR 7 AR MERKRE WD, BRI OBES T & FEICREIEBR SR S D 2), foéki
HDD MULMH TEERE K~ > N & #54 L 7= nano MDS Ml E 250 4 vy, FREki XL FZEE O TMR £ I kY
IRAIVBEAR AN HBIEL L2 3),

R
Figure 2 [ZREX AR L 0 Kb 7= FedkBRAARE R BT lin & ARFIRRERp BT Is 2”7, fisk~y ROEREL T
100um/sec, FLEREIEIE 100Hz TH 5, XHFIZIENE 80nm DOFLEREE XSG 2T, 7 > N EIC BAF725oekmi X
DRI TWD, Fo, FEMFEN lin & 1S ITERARS 2 DI 20UR T T 5, BEMEMREIC L TR
IR R NS S NT ) A 7 v M K DM BRI AE R TETH D Z R ho Tz,
AWFFEIL, SCHRMFE TRASL RIS O e AR T Rl SR F3E | (2014-2018), JSPS BHif 2 No.26630167

(2014-2016) D 3 H & = 1 TAT DLz, o 80nm, 15mA oo o
—_ - L S = omT
< 50 x m
E -20mT ¢
£ 40
Qo
£ 30 * u
3
depth 110 Pt 3nm o 20 +ls
ThCo 7nm E * n m i
=10 = in
width 80-12 nano imprinted MgO 10nm
substrate 0.188mm 0 ‘ ! ‘
Duty 1:5 60 80 100 120
Wire width(nm)
Figure 1. Structure of Pt/ ThCo/MgO nano wires Figure 2. Domain images of 80nm Pt/TbCo wire and
on a nano imprinted plastic substrate. writing currents for a wire width of 80, 100, 120nm.

L Z &N

1) D. Ngo, K. Ikeda, and A. Hiroyuki. Applied Physics Express, Vol. 4, No. 9, 093002(2011)..
2) A Takeuchi, T. Asari and H. Awano; 59th Annual conference on MMM, November, 2014
3) T.Chikamatsu, A. Ogawa, and T. Mizuno; Magnetics Japan 6(6), 357(2011) .
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Nd T8 % iE L 7= Si bk~ Nd-Fe-B ZREA D BRI

REE, Rk [ (RS

Nd-Fe-B film magnets deposited on Si substrates with Nd under-layer
Y. Chikuba, A. Yamashita, T. Yanai, M. Nakano and H. Fukunaga (Nagasaki University)

8aC -9
Y OHET, U BYE IR ®RE, P
1. [FLE®IZ =2 \v &) o 7ER MV S| R E~o

Nd-Fe-B A A MO ER A HE S 2 00, F x |X
PLD(Pulsed Laser Deposition){% 2 H >, ZAER{LIEAT & Si Kotk
Fiz 15at. %Ll Eo> Nd &3 5% )71 Nd-Fe-B R £ 5
ERETS Lk, WEIOMIE (o RBEELIER O
) Z 3 L, 150 um F2/E F ToOER L2 FEH L TX -0,
L L2 G, EiiofbFEmmiak % KIgIc@ x5 Nd &8
B, BRI Em EESE 55—, BRI (BH)max D
ETFEHL Blt, £0 Nd 58 &% % < & LaB oMM
EEWEBIE Lz 2 A, Si R E Nd-Fe-B SRfAIED
MICES 1 oum BRE O Nd BASTHT 2 F0 MRS, Si
FEM & Nd2FewB FHO R ORI EGR U 2 H 95 Nd 5%
DOEN, WEOBERS A< —2OHEK LHEIND,
AT T, #AEE Si EROFREIZ | pm ELLED 4
FFHDIEAH O Nd FHUE A 5% T, £ O N HUE O FIZ Nd2FewsB
ENRIF R CHBROREA N A (FR 5 Fik &, Si S 1
DEEF M Nd-Fe-B BB IEOBERSER |2 BEt L7z,

2. EBREH AFEHTIIEZE 2.0 ~ 8.0x105Pa fRED
Fx U R—NTEEET 5% —5 > MZ, Nd-YAG 7V AL
—WEBHT D Z LT, REICERE L7 (100) G S Si K
ICHERB B2, O THIBERDOTZDD Nd BIEY —7 > b,
72 5 N O IR A B 5 72 D NdoFewB A4 % — 47 v
Fo 2 FEOL —5 v NEANRY =5 v MRV E—ITH
BL7Z, Nd THIBOERZ, RMEHELY 1, 3,35, 5 um
DA KEDELIZHIE LT, L—F T —% 4 W, Z—4
v &M O A 10 mm ICEE L, RRIEEZOT £V
7 7 ARREDOF R Z SREFREER 3.5 sec DL AEMLER|Z
£V, NdoFewuB FHEFER L7, MKEHEDORIEIL VSM, [
FERR O RN & 2 B 22 1213 SEM(EDX #ERES &) & V=,

3. EEB&ER rFigl 13, £EAD Nd FHEO ki,
Nd-Fe-B RBEAMEA RE L, ZVUEREIC TSI HEARN S OR:
GIEOFEE < [Si B B IR0 ] H534 Cleho izt
BHZBI L C, IRELHMEROBBZREZERLZHDTH D, il
®D Nd ZA &1L, Nd FTHUZO 1T Nd-Fe-B B A HERG L 7= 1%
® as-depo FEEHIBWTFM L7z H D TH Y, 10um 2L LD
Nd-Fe-B WD JE7r 8 72 5 & T HE 2SR ATt~ K 1E 35
B3 DT b o LIl L7z, BIZ, Fig T OREERIE Nd2FewsB
OALF RO Nd EF B2 7T HDOTH S, Nd T
HiE DOE B OB, 15535 B D B KIEE A3
I aEmBNEE SN D, Flx1E, Nd THEDEZ % 5 um
FCTHMNT 5 L, Nd-Fe-B REAMDEIEITRAT 60 um
BEETHETEXAZERHALNE o7, BE#RO Nd T il
J& % i & 9712 Nd2FewsB RLALAHT O30k 2 Si Fatk I E Bz
U7 BRIS, HEMRAOmEE N R U HERMER < 5 b -3k
OEEITHAT 10 ym FEEOTH Y, KERTIE, FRE
@ Nd &8 &0 Nd-Fe-B RfEABUZXT L, Nd FHg2z v
5T L TRIBIZEDEENHEIMTE 2FHEZH NI LT,
ZD—FT, Figl DERICBWTIE, REIOMERS b

— Bl ST, BZIE, Nd FHIED 1% L< 133 um ®
T B A6 L7 BE, Nd-Fe-B RREAAPEDELD 30 pm
OHPFIZEBNT,  Si FERNED D OEEN A U DB R 08—
RSN, ZhiE, EREMORIEIC X0 ERko THE A
JERk &h, Si Bk BICEEE Nd-Fe-B RBEA A S -
EHTN— 8L L, ISBEMBA A+ Ein A Uiz L
EZBND, MZAT, Nd THIEBODEA% 5 um & L72EE,
60 um F TOEFBLEZER LI-—F, 20 um FEBEOHEN
Nd-Fe-B RBEA BT WT, D Nd-Fe-B SRR A
HEET 2B N R 5Nz, ZoRRE, BERoBaRIC
ek &7z Nd O L KREBRTOANTANCIER L= Nd Fit
JE I, R & B FUE il < BTN R T REEI R
RHZEEARBLTCND, EOFELEOREZ 84T,
EREZIZFigLICH LT —Z OAERETI TETH D,
Fig.L IZB W\ T, I b IEWBEAEOBE (Nd FHIE : 5 pm)
DOIREHFR(EE) % Fig.2 |2RT, Z 2T, WEROFIET
H 2 Si AT Nd FHuJE 7 U CEBER L2 ZIERRE O
R %46 % Nd-Fe-B R&A % ff4 CRod 32 (#R), 7=
2L, TOREO NdEHRIZH 23at%TH 5, Nd FHIE
WS Z T, 60 um BREDELDFEHZBWT, Nd 5
HEZ KIEIEKB T, BRI E (BH)mx & 17 | TX
72 A1k, TFTHUBIZ Nd U > 7 Nd-Fe-B EL IR %,

= 20— T
= L
= L < Thickness of Nd-buffer layer >
;' | Oz:lpm A I3pm
1=} | CO:35pum V! 5pum
X 15k i
—_ b
= o)
+ E A Emer=h
=] [ v v
z |° ofy v
= WV,
= 10 N
Z Fig.2
I L1 L
20 40 60

Thickness [pm]

Fig.1 Nd-Fe-B film magnets deposited on Nd under-layers
with various thickness.

1~

+ This study (—)

Jr:08(T|

iHe : 250 [kA/m]

(BH) 0 64 [K1/m?|

Nd buffer layer : 5 pm

Total thickness : 60 pm

Nd contents : 11 at.%

* Previous study (——--)
Jr: 05T
iHe: 1210 [kA/m]

\\\\
Thickness : 61 pm
Nd contents : 23 at.%

T
Magnetic polarization [T]

oo S0 0
Applied field [kA/m]

Fig. 2 Demagnetization curves of Nd-Fe-B films deposited on Si
substrates with Nd under-layer or without Nd under-layer.
XK
AVNIES, BRFR~ T RT 4 7 AR E R, MAG-12-170(2012).

(2) M. Nakano et. al., IEEE Trans. Magn. 51, #2102604(2015).
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MEMS i 2 8EH A T 2 Bk EIZRE L7z Pr-Fe-B REEG IR D 5555
BEEE AR BIE EUE PE OEE Bk M (B

Various properties of Pr-Fe-B thick films deposited on glass substrate for the application of MEMS
Keishi Hirotaki *, Takeshi Yanai, Masaki Nakano, Hirotoshi Fukunaga (Nagasaki University)

T CHIT

MEMS(Micro-electromechanical system)Eilf~DEAEOIEAZ BB L, @BEBLSOH T ZA RO Si
FEARO~DIEFVE Nd-Fe-B RAMLD MR HE STV D, b OREHE, BRFEITEAL T H D
D, (WEHP20um FEIC L EE-THY, +oRBREINB~HET 2 ICITE R DEBEREEND, (2)
ORI TAZ IV T2 £ T 5 [Ta THUE ORI | 250 )T 72 WE DB R ST D, AIFETIT,
BRI A3 %L 10 um/h LA _E D PLD(Pulse Laser Deposition){Z 4 VY, THUEM S 22007 A M B2 Pr &6 &
Z 4 U 725 51 Pr-Fe-B SRR I Z A L, 100 pm F TOJEMEAL & BGIN T~ 2 s L=,
EBRFGE

% 6.5 rpm TR S H72 PryFeuB (x=1.6~2.4) 5@ 4 —% v M PR 355nm O Nd: YAG LV —HF Z S L,
S =0y b= T AR OEREZ 10mm & U TR U723 EHIIERE CTh > 7272 BULPRINGH 3.8~4.1's
RETASARAT ==V 7 % i L%E 51 Pr-Fe-B RWA M2 AFR U 7, BVLEE OBUEHT, FHUMBEAR 7T DX
JVAFEEITV, BREIIESR 25T O b & VSM TRRFREZ G L7, BRIX~ A 7 o A —2 T, fpkiE
SEM-EDX T Pr & Fe O&A &ZWE Uiz, S EILHERE - HEME CHE LT,
EBHRER [

5 =45y NOPr GABEEESE, T AR BlcEgERpL 1500

TR D Pr G A 125 at%Lh BICT 52 LT, WElomE  E
<
(I HAR OB A8 C& 25 2 L2 MR L7c, BUZ30um = 00
I L

PLE, PrafE12.5at %l EOREHCE L, BARHED Pr &
Al L2 AE R % Fig 1 IR T, Pr 88 & OO R R
SRR T L, ndm b+ 5, Znix, PrafF ROk
o . S s Pr/(Pr+Fe) [at.%]
vy, Pr & @R AR E AT L, e By i Fig.1 Jr and Hc as a function of Pr contents
(BafnmE i) & N 25— TR O R HAE A % R & B PR (Glass substrate)
WhnmELZbDEEZX NS, Fig.2 [IZBE 100 um LA E D7 FargetPr, o B

FHEBNT, R bBERBIIEE AT 5 IH V=T 280 B 5 0 m
(BH)ma : 70 kI/m

B Pr 54 £ 14.6 at. %I HBN T, AMEBH)mac 70 KIM? ZHEFE L preotonts - 14.6 at.% R
Thickn -104 Sk
Fo. AEELFEFTIL, XRD X0 TEM I L 5 kb SbErs 7 & O A e T / ~

HEEDBLE & BN T % L 72 i RIS T & JECEET 5., ‘20"w‘/{ oo

L ZD N -

(1) BJ, BASHEAUEE, 28,1043-1048(2004).

. . 15
(2) Chao Zhi et al., Int. J. Automation Technplogy, 7, 196(2013). Applied Tield KA/l

L 1 " 1 L 1 " 1 " 1
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Fig.2 J-H loop of Pr-Fe-B firm on glass substrate
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Microstructure and magnetic properties of Pr-Fe-B nano-composite film magnets prepared
using laser deposition technique with a multi-target
A. Yamashita*, A. Kurosaki, T. Yanai, M. Nakano and H. Fukunaga (Nagasaki University)

1. [XCHIZ

ProFesB BEVEARIL, =EIE TORIFIRLR S MiE(1.56
T)23 NdaFesB BEMEAHOAE(L.61 TIZLERE D H D!,
Z Ot R R EES (K =6.8J/m®) 23, NdoFewB
WEMEAR (Ky =45 Jm3)ZEE~ 1.5 RE D EHT 5
7200, F ) arRYy MEEDONN— R E L TH
S, W OO ENL I TE7O,
AWFFETIE, LFO Pr-Fe-B & & ffRER o) 1k %
AT DFe-CoD~vNTH—7y haeHni=F/sayv
Ry MO ZERLL, Z OIS b N
[ Z S L 7= D T 5,

2. EBRAE

HEZE[E 2~6x10° Torr OF % > /3—PNTHJ 6.5 rpm
TAHE S W72 PriFewB(x =2.2, 24) ¥ —% v MZ
FeeCoss & —77 v M & REMOEIA & LT 10 %~ A
7 LlzwVvF 2 —0y hOFREIZ, 10 Jem? L Lo
BT R X—EED Nd : YAG L — ¥ (75 :355 nm)
%30 % L< %60 E L, Pr-Fe-B/Fe-Co ./ =2
KTy M E R Lo, s t: o R,
Pr-Fe-B @7 E/L 7 7 AEIE T o 727280, HilibhL
DIHEIZEZN Thd 5 7L ABBLER A IV, sk
SHTz, HARM) 7o BB & LT, 2~6 x 10 Pa
DOFBEZEPICRE 2% E L, T/HH T8 kW D4t
BT 2.0~2.2 s FREEDE L < EWERREIC X v L
WA N U7z, BUR ORISR 2 b N eHR~
v B U7, B CBEMEE (B ARE |
JEM-ARM200F 72 & TN JEM-2100F) % v 7z,

3. EERER

11%, ProFewB #% ~— N#H, ¥ 7 MHIZ Fe-Co
TN A PR L7= Pr-Fe-B/Fe-Co F+/ 2 iRy
MEEABIZE LT, PRI 72 b DN IR 00 i
D Pr G HBRENEZ R LTS, Ko7,
Fex BB EICHE L7z Pr-Fe-B/a-Fe -/ Ry
MggA DRGSR D O ORL TV HO, BT Pr
EHEN 8~9 atW ok & 45 &,

Fe-Co RMMENEZ ¥ 7 MRICH W& EHE, BE#®
FUBHZ B TR R U e oo 1) | 2 gl L 72,
RAITAMIIE T, BULERE 72 b ONT R E % O
BHZ L CEm M E BRI K 0 Wrim 2 852 L7z,
I % OB 2 Bl52 35 &, Pr-Fe-B #H & Fe-Co
FHZMRE)E A 30 nm BE oS EAEE 2 A L
LOO, BULEEZ i3 Z S XV, AR 10~30
nm BEOSEI T a Ry MgEARRIZE T
D2 DR S T, AFEE TIT LR OBVLHL A 6
U ORI E A2 b 2 5URICB L, ol
BROWNCIHHREY Y B 7 OfRR b E 2 THET 5,

3 ‘ 1500
=] r Q[ Pr-Fe-B/Fe-Co Sample |-

% : . D. D;] @B Pr-Fe-B/a-Fe Sample 1 Q
c 17 mlm| o{ &
= L =t
3 | |:|l1—LL| 11000 <
I t <
B T | 00 | =
=05+

2 oé) 0 9540 5
T; [ ® Q C%,) |

g 0 I N 1 L | L | L | L | L
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1 Pr-Fe-B/a-Fe 72 & (NZ Pr-Fe-B/Fe-Co -/ 22 iR Y v b
AN 31T DREKFEIED Pr & A EiR 7
Fig. 1 Magnetic properties as a function of Pr contents in

Pr-Fe-B/a-Fe together with Pr-Fe-B/Fe-Co film magnets.
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1) S. Hirosawa et al., Journal of Applied Physics, \ol.
59, pp.873-879 (1986).

2) F Yamashita, etal., Journal of Applied Physics,
Vol. 109, No.7, pp.07A701-1~3(2011).

3) A Yamashita et al., Japanese Journal of Applied

Physics, Vol.55, No.7A3.(2016) (in press) .
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Magnetic phase diagram of L1o (FeMn)Pt films
T. Hasegawa, K. Ito, H. Nakane, S. Ishio
(Akita Univ.)
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ggooobbooooooo

1

+
"
0.95 e
N

09
I 4 Exp.(film MgO sub.)
| —~L10FmM[2
[ ~o-L10 FM, fipped Mn-spins [2]
085
L o L10 AF, type (AF1)Z]
L10 AF, type (AF2)i2]
[+ el

J Fe/Mn
OE’[

cla

(a) FM

(b) AFI
(c) AF2
(d) AF3

0.8

0 0.2 04 0.6 0.8 1
Mn contents, x

Fig.1 Dependence of c¢/a ratio on Mn Fig.2 Ferromagnetic and antiferromagnetic
composition (x). spin configurations."’
oooo

[1TA. Z. Menshikov et al., J. Magn. Magn. Mater. 65, 159 (1987). [2] M. E. Gruner et al., Beilstein J. Nanotechnol. 2,
162-172 (2011). [3] H. B. Luo et al., J. Magn. Magn. Mater. 378, 138-142(2015).
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L1, FePt SR DR IEIC G- 2 D8R A DR

PRRS}, BRI, ARERT
KRBT
Influence of lattice distortion on the magnetic properties of L1, FePt thin films.
H. Nakane, T. Hasegawa, S. Ishio
(Akita Univ.)

XU ®IZ

L1, 7 FePt #HAIA 4T 7x107 erglem® O i WS ERBER BT ME (K) Z2AT 5720, WO @5 ER AT
FRIBEARBT B UL CHIRFSIL TN D, F72, LLgFePt IZBIT 25— FEGE B 1T, $Hatt (cla) & K, T &ED
BEREFIEICHBENH D Z LR ENTWS Yy L LEN D &2 ERIICEHE L@ 2nd, 22Tk
WFFETIE, MgO, STO. MgALO, D572 25 Fabk BT FePt Z k42 Z & TR FEAEZEA L, A
2 5 BeiE L,
ERGHE

FRIEICIZBRA L ~ L TFF v LR ARy F 4R (BRI Z2 < 5x107 Pa) & MV 72, 45 FH_E 1 FesPtsy % (001)
Blm S 5728, STO(100),  MgAI,O4(100) Hifk st b TIXEEMIREE 640 C THUEZ 1T - 72, MgO(100)HLf
il AR ISR TR 21TV, ARIER2 12 300 °Cls, 800 °C. 20 4y DA MBI 24T - 7=, # S E faaT 12
E X BREHTEEE (XRD) ., BRI ORI I IR B RS ) 3 2 O 2,
ERER

Fig.1 (2. MgO. STO., MgAlLLO, ® %7s % Fabik -
R L 7= FePt #f5 0> XRD /8% — > & 7x¢, MgO
M E STO Foebk & W77k CTi. FePt (001),
00— OAPBP S ND Z D, BEFIZ Ll
HANE - Bl L72RBIR B o s Z Enbnd \ b
MgALLO, ki % Jil\ 7= 30K I, FePt(001). (002)t \
— 27 OMIZ FePt(UIDE— 7 LEH SN TEY ., J”L__J
SR TIEH 2 DEEA L TV R WHEIRDSFE T D
ZEnbn5, Fig2 X, Fig.lZki) % FePt(001) v R SO RN SRR
— 2 L. 2 ZITHOR LT RS In-plane XRD 726 20 30 40 50 60 70 80 90 100 110 120
15 5172 FePt(200) E'— 2 Z AN CH T8k c L a % 26 (deg.)
ThENEH L, £ttt (c/a) 2R LT K, 27 Fig.1 XRD spectra of (a) MgOsub./FePt (6nm),
gy hL7=bDOTHD, Fig2 k0. Mgo Hia vy (b) STOsub./FePt (6nm), (c) MgAl,O4sub./FePt
ZREHCB W TR FEAD IR KN E R Y  FOELRRIT  (6nm).

FeP1(001)
FePt(111)

(a)

FePt(003)

( FePt(002)
E,
V4 GePt(OM
s

log (Intensity)(a.u.)

<
L

1

0.78 w2 (BFRMEIX 9.4 %) ThDLAMbL LN 5
7:—0 i 71$EEH§ (c/a) k K k @Fui i$ﬁfﬁ'§%§{-ﬁ7ﬁ 271 - [ ] +MgOsub./FePt{20nm)
£ 4 BMgOsub FePt6nm)
5D, Fe)) 3 * AMgAI. O, sub./FePt(Bnm) ||
ii%‘)‘(fsﬁk g ) @ STOsub./FePt(6nm)
X A °
1) X. B. Liu et al., J. Appl. Phys. 109, 07B762 ;é 1
(2011). 0 !
2) T.Hasegawaetal, HAGRBRTEE H79% &H 0.945 0.95 0.955 0.96 0.965
9 75 423-428 (2015). cla

Fig.2 Lattice distortion dependence of K.
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THUE R ERS L O AR TEDY FePt & &V M O 12 KT T 8

B - AR - AR R ZARER ' - MESCR Y - R
(! EPSU(, PLRER, CHREER, fER)
Influence of Underlayer Material and Crystallographic Quality on the Structure of FePt Alloy Thin Film
Tomoki Shimizu', Masahiro Nakamura', Ryoma Ochiai', Mitsuru Ohtake'?,
Masaaki Futamoto', Fumiyoshi Kirino®, and Nobuyuki Inaba*
('Chuo Univ., >Kogakuin Univ., *Tokyo Univ. Arts, *Yamagata Univ.)

(X LHIZ L1-FePtHAIA4:136.6x107 erg/em’ D&\
K &R0, Gl &% R RGeS MRAM
~OISHAPBR SN TWD R, BALE S < d 5 cfif
ZEREICR LRE LM ETDHZENMETHY,

(001)AL ) L 7= T HiJg o dis B~ D B A T o 41 T
WA KRFZETIE, MgO(001), SrTiOs(001)3:Hx 3
Z OB ARBR LA DS FIZ, NaClEi&Ez FFo T
HuJE A TR L, T HUB B S FePUIBE OB IE 12 L IF T 5

B AT BT g e : 4@@%“
| | g , : 202 1?90 200 %0 202
EBAZE BERICIIEBREEZERF~ 7R hr o AN 02 0 i 2%0 2%1 ogo 281 230’

v &Y 7B Z AW FR B2 2 nom/E 0 T HiE, Fio 1 RHEED corved T Y

KT 10 nmfEDOFePiR &Rk L 7o, BURHERGE L L s&lg le- lay(ez?_a(;()i (a-2 é)atterns OOSeQ/? e;) rfll(r?ls )aélc)os)lted z(%)(rjl
°Cd T ant 1 1 Substrates af

T, 600°C m%*ﬁﬁmff%ﬂ%ﬁ‘éﬁ{f (1 Bebiik) éd?{ O(cooelrzla([lljc) §ha amsoé) ng 5 Oatt%ms t;lgnilategff%? C’(g)

& 200 °C TFePtE A JE AL L 724, 600 °CCEMLEEZ 1T BI(001), (e) L1,(001), nd ) L10(100)+(0 0) crystals.

2 HE (2 BebgiE) o2 %ﬁ*ﬁ%ﬁﬁb\t. MG I

RHEED, XRD, AFM, &AURFMERIEICIZVSMA

7.

One-step method Two-step method

45&&602)&200)

SRR Fig. 1 [CRHEED/S¥ — %7R7. MgO&
SrTiO; FEt_EIZHE AL L 7=MgO T H#ltfE 13(001)ELA LT
BV, ZD EITERK LIZFePE S BLAIRE LTV 5D 2

EREHFARZ = inb iy D, —F, SiHiR BT : Sien|| g} S (b
MgO3 & USFePtIE o A4 13 U /747%(, W H% " ‘
RIS T D 2 &34y 5 . Fig. 2 ICIEAMXRD/S Z — Z

V&Y. MgOF L UNSITIO; Kb b TIZFePy(001)# ° : ) ” 7\ (c2
T F 0580 B DA, Sifl L il sncn

720N, Fig. 3 ODAFMEN G 1 BepEIE T L 7= FePt L 1 .

T T
10 30 50 70 9010 30 50 70 90

By 7 7 &y MM IZEN TR OZ O EIR Fie.2 Out f219<deg)gRD " df%gd}gf/fwom
TR D R > TWD OISR L, 2 B h?f“éﬁﬁﬁi L72IE filns formed gnan&%omop ), (b) SETION001), 2 0 St

SITiO,(001)
SITiO;(002)

Intensity (arb. unit)

ePt(111)
Si(004)

F

B¢ 1), d(b) S{TIO3((30180 and € SI0/Si
substrates (a-1)—(c- eposition @ one-ste
TIHRAFRRETFHEDTFOND Z LB DD, met hod) and a c—2) gy deposition at 200 °C followed bg
NaCIH§it 2 F5 S ftud FHUE (VC, VN) 73FePyiopfiy  annealing at 600 °C (two-step method).
RECRE AL AN IET B OV TS AR TE [Gq) ..1.'.\"' (b-1) 35 ."ﬁ
Tho. ‘fsﬁ - I'-I
BEXM :

1) Y. K. Takahashi, K. Shima, and K. Takanashi: J. Magn. Ong 1:\)’/[ A@%/Il)lm c;s %?%?35(%5% F%I:éM 8 blsllgy/eélﬁhgasbg(grggg
Magn. Mater., 267, 248 (2003). a‘li"‘z f,’yd CPOStion 81, 00% (gefine sich, method) and
2) T. Suzuki, K. Handa, and K.Ouchi: J. Magn. Magn. (_two ste;%’g%ﬁgﬁ‘)a oriowed by annealing

Mater, 193, 85 (1999).
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L1y-Mn,Ga = E° % % o ¥ )L EE O /ER & K 1

EEBEE. FIOREK, B2, BIFIES
CRAEZBE R 2R e T SRR

Fabrication and their magnetic properties of L1)-Mn,Ga epitaxial thin films
Y. Takahashi, G. Teshirogi, T. Shima, M. Doi
(Graduate School of Engineering, Tohoku Gakuin University)

FL®HIC

VTAE TIE Mn-Ga & & I3 & kR B T PE(~ 107 erglee) VAT 2 L D HBUK AR AR 2 B =
L7 hr =l AT A ZAQWMARMELE LCTHEE SNTE Y, Mn-Ga GE&EROMENRLZ < IThbhTnd,
L1o % Mn-Ga MR IT5RELME C oM@ W fafifib 2 Rr L, @fmMREGEEZ AT D & SN TH0DHR, L
JIZBT 5 Lg% Mn-Ga (1 % 1) G4 FERIRREX TIIAF/E Le\, F7o, ZEEE AWV TER S 72 Mn-Ga
HAEREOHRE V7 EBRICK L TESGEAREEIZ MW o m W EERKETEE AT 52EEL®E SN
TV, AL TITEREEE T v — 25 EE 2 O CTER L7z L1758 Mn,Ga = &% % 3 LSO B
HIEE R X OE I SIS DB EOBR A ST 5 2 L2 BB E LT,
EBRAE

FEIEGUEH I S T U - AR EEE A O TR L, &S Y — A TRGEEZEE 5X 107 Pa L FOREE
TT — 7 EIREIC L 0 B L 72 M, oGa A4 % V72, BIEEEZ2ME 8.9X 107 Pa LI R, MR T,= 300 C,
ELVERIE FE T,= 300 ~ 600 °C, ZVLERIFRH] 3h, AR Cr i 0.1 (A/s), Mn-Ga 1 0.3 (A/s) & L7z, & 72 [ nk
1L MgO(100) EMR Bz Ny 77 —Jg@e LT Cr% 5S5nm, kg & LT MnGa % 5~100nm, ¥+ » /gL LT
Cr% 10 nm & L7, 7E8 L 7250BHTHAL 2 = 3L ¥ — 088 X BREDX) oWl | i iaiE 2 X RnrE
B (XRD)., ffiin b aTAl % 55 s (RHEED), f&&FRM: % (SQUID)IZ X 0 34l L 7=,
ERER

Fig.1 |2 IE/ERE O MgO #tlk s Cr Ny 7 7
—. WEMEE D L1,-MnGa[100]azimuth % % D581
%3 7- RHEED /¥ —> %7~7, RHEED /{4 —
YTCIRERENDA N — VRS TOREICE
I EIITHRELTEY ., L1-MnGa & TII R H
BogE S b B STz, 2T L UL T
RERPRESI N2 Xy VR ERTH
% EWZ %, Fig2 |2 Mn,;Ga HEIZEBIT 5 X
[B4fr 88— Z R, X BREIHT R 2 — o Tl
BRET, BULERZ O WL E L1-MnGa O (001)#
FE—27 L00)EAE —7 NEIR S, &WE
BRI Z AT 2 EIEPG O T, 36 T
Mn FHAK & B A 25 b S A 7o IR D Fop iR <0
BULRIRE BT 2 ER L ORBEM S & Fig.1 RHEED patterns of

® L1,-MnGa

(001)

Intensity (log. scale)
L
<
£ g e (003)

[100] azimuth 20 30 40 50 60 70 80 90
2 theta (deg.)

Fig.2 XRD patterns of Mn-Ga thin

EREHEORRIZ OV THET 5, - Mn- itaxi .
SUREIE D BA R WS L1,- Mn-Ga epitaxial films T, = 300 °C. T, = (a) Without
2% CER annealing, (b) 500 °C, (c) 600 °C.

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).

— 287 —



8pC -5 FA40[E] A ARBEASERTAITREE AR (2016)
L1;MnGa HE K v MBI D BERRFIED YA X7

WHO, & BB Brz. B RS
CRAEFBERT)
Magnetic properties dependence on size of L1, - MnGa circular dots
H. Makuta, Y. Takahashi, T. Shima, M. Doi
(Tohoku Gakuin Univ, )

de B
B 3R

L1g-MnGa &4 135\ — R T ME(~ 107 erglem3) V&2 R$ 2 &b, W HH#E, BB TELE TV
EPEREREMEM B E L CHER 28D, AV LY ha=g AT S, A58 E~oISHICHIT 7255 < O
ZEMTONTERZY, LLARNBL, /A RIZET 5 L1p-MnGa & & OREEEHEC B4 298 @5 130 70
<, BEEAEYMNT SNA ASDOISHOTOIIZZ OfANLEEND, AL T, ETHRY V7T 7
J%Wtﬁﬂml_iofLMMMbmﬂFyFEW%H%W%L\F/F#%XEM Rk o BAR 2 Gl A
L7,

EREGE

EIREEHIE A~ 7% e 2Ny Z1 o ZAEE 2 VT MgO(100)55#i 212 Cr Ny 7 7 |8 MnGa g |
Cr¥ v v 7REOIAICTEE LIER L 7=, MnGa & O IR 21X Mn B ("MnGa (40:60 at. %) &4 —47 ~ b & Hu,
Mn 2: MnGa % &2 FACHE L, ZIUCEVLER 2 4 2 212 LV L&~ AL 2 (R S w7, HIEO R
MTICIEBETFRY V7T 7 4 OV Ar A A2 ) o 7EEE AV, i REROME Ry E2ER L, HiE
B(ITES ,fﬂﬁjz AT = L F— 53 BUR X AR HT(EDX). il d A& AT I X AR EIHT(XRD), RS ME R 2 8
R BT ¥WHE 1 SQUID) L O~ A 7 v A 65 Kerr 20 7E (u-MOKE), #EEFHRFIE, v MR
JE - 1B SR (AFM), XA S8 22 IS T BRI BE(MFM) & Z Ve v 7z,

RERER

MnGa J& IR O FARIEE T, Ol S 2 et T 2720, %RBUWLIRIRE % 300°C ICEE L, T, 22 L3¢
THb G & R ORI 21T > 72 MnGa J8 OB IL 20 nm & L7z, ZHH#EEED XRD /X% — b
T,= 100 °C 7> 5 300 °C D#iPHIZ BT L1,-MnGa D
(001), (002)"— 27 WHABRICBIZZ S NI Z L b, . .
LR ICHENE L7z MnGa ARG 5N TS Z & Zgg-@ faore 1l
DIMERE ST, WAL iR % Fig.1 1IZR3, BEHIE 100F i
DOFER. To= 100 °C 1BV TH H &L 288 emu/cm’
DEFIRALSHER S AL, SHIC T, 2 lNEE5 &
BRI DME T U7e, GEE T, 2406 MR &
PR T U CERE N[ Ky b O BRFED

1001 1t |
WA ZEAFHEIC DWW TREMICHRE T 5, 0 l‘;
-100F 1t t |

-100F g
-200+ g
-300 Co 1 1 ] 1

300[(¢) 7, =200 °C JFa 7. =300°c
200 i

Magnetization (emu/cms)

EXH ok 1 ]

1) S. Mizukami er al., Phys. Rev. B 85, 014416 Y Negetereason
(2012) Fig. 1 Magnetization curves for the MnGa thin films with

2) Q.L.Maeral, Phys. Rev. Lett. 112, 157202 (a) Ts = 40 °C, (b) 100 °C, () 200 °C, and (d) 300 °C. The
(2014) field was applied to out-of-plane direction.

— 288 —



8pC -6 F40lE] AR AR AR (2016)

EEMALIREE b o R NVEEE DT DD
L1754 MnAl JEEO/ERL & e BRI

PR, KRR Z, MR, ZikREER
(ALK R T FEFR)

Magnetic Properties of L1,-MnAl Thin Films for Perpendicular Magnetic Tunnel Junctions
K. Watanabe, M. Oogane, M. Kubota, Y. Ando
(Graduate School of Engineering, Tohoku University)

[E#]

G-bit 7 T ADWERT VA LT 7 AAEY (ST-MRAM) % EH 457012, #H LW EN O B3 23k
D HITWD, STT-MRAM O mERLIZHEW, B4R S S X 2 WMEE O E ML 3B & 72 5, #+ nm
DFAY A RXITB W THRBEIEIRIEZ 10 LU EHERFT 5 7290121%, 107 erg/ee T O @S AR 7 MEA
BCThbH, £lo, BEXIALBNEEBT 5701203, KEaffb LKL v v VT ERZIFEFOLER D 5,
Fx 1 G-bit 7 7 2D STI-MRAM O EEUZ[E1F T, S BER 7 PE(K, = 1.5X 107 erg/ec), AR L (M,
=550 emu/cc), NERZ L T ER(a~0.006 ¥in-plane)Z AT 5 L1, MnAlL & H L=, VAR T,
O SR K, > 107 erglec), KT 7 R AR, < 0.50m)EH T D Ll MnAl KA 28y &) v 7
FICK D ERL . RERALIBRBE b o RS ~OICHFREEEZA LT 52 2 E L,

[E=57E]

HEEUEHT, MEEZEZ L~ 7R br v ANy ZEEE A I T MgO(100) B AR ISRl U7z, B Ak
13Xy 7 7B & LT CrRu & 40 nm. EJE & L C MnAl & sy nm. F{LIEEREES L CTa%® Snm & L7,
BEEZZHE 13 4.0X 107 Pa LLF CHUIK 21T - 72, MnAl J& DR IT tyear = 3 ~ 50 nm.  FEHIEE L T, =200 ~
400 °C, RA b7 =—/ViRJEIX T, =300 ~ 400 °C TE L W7z, B, #dmEiE L X #RETEXRD), MK
R IR E & T RLES R GH(SQUID), 2% i P 1R - [ ) BEMBE(AFM) 2 F WV CREA L 72,

[;ﬁlj%] 600 T T T T T 2
Fig. 1 12 fyaar = 50 nm 3B SRR L(M,) & i Lo ,ﬁw
HLE (R DR KA MEA RS, T,=350°C 2% 80— — — — — — — — —

W CRFIRE L M, = 561 emu/ce & FEFIT R X 7 ib b
WS PE Ky =1.2X 107 erg/ec 2157-, —7F. K@
MEIE R, =11 nm & K&, WBIE b 2 VEES = 450F

500

(emu/cc)
R, (nm) (log. scale)

B 1.1
DEBIIET B IR+ Tho Tz, 2 OEEH wool ;@;x” :
SEUETHIHEMNT, RA RN T =— VOB E1T - SRRt ay ¥
Too WA NT =—/VIRFE % Al U7 R %0500 225 250 275 300 325 350 375 400
IckE L, mEBAL bR VSIS ATRE 2 Substrate temperature (°C)

MnAl IR & 45 2 L8 C & To SRECIE, BEURY Fig. 1 Substrate temperature dependence of M, and R,.
PEDREIEARAFIEIC DWW T ik 5,

BIRE: AREFICIT SR A TRKEH O 720 O ICT BT OFIERR%E | 35 L OB 2 Je 2 i Bh 4 24 S (No.
24226001) D3RI L W fThivT,

B E TR
1) M. Hosoda, M. Oogane et al, J. Appl. Phys., 111, 07A324 (2012).
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Mn,VAl/Fe fEJEIRIC 1T B AZHA S A T A0 R
TREAL RIER!, BEESE N, ERLgL sk
(1 AL KRPEBAMEFZEHT, 2 Bk Kk 2 b o =7 R 2AndER R HE v % —)

Exchange bias field of epitaxially grown Mn,VAl/Fe bilayers
Tomoki Tsuchiya, Ryota Kobayashi, Takahide Kubota, and Koki Takanashi
(‘Institute for Materials Research, Tohoku Univ., > CSRN, Tohoku Univ.)

i

i

N=RT 4 AT RT7A47 (HDD) DR L PROMKRT VX L7 7 EAXEYMRAM)ZR EDAE S ki
=T AT RNIAE UL THEER VLN TV D, AL LT O CREEE R — J7 R R 7 M
(2 &V BEBET B BRI O & [E T A EE 2o TV D, Mgl (X R AR L w7 a v % o iR E
ZWSLT DM DBIRMBI CTH 2720, AU AATHEEIAS WL TWDR, It I/HPE&BTHY . T
FHIK D) 72 B DA EOHIRA B EN D, RS TIX, Mnslr 2R L 5 2808 E U CRBBEMER D R A
AT —G®IEH Lc, RORBEMER A AT —H4&1E, Co-Fe B8N —T AL NKRART—HEREDAY
AR AN O BRBIE AR B S TSN B S Ftbom EAIETE D, M, RORBIMES A AT —A/4
Z N T AW A T 2R ORGET A 72 < | BB ERIC K 2 MR OERMR LI TH 5, AL TIEL Mnslr
OB ELE LT, A AT —H4 My VALIZHEH Lz, MnpVALIE L2 IS8\ T A2 1S O R SRR
LY ZOR—REIZ 600K LLEEER LD b FAICEVETHL Z LB HESHTND[1], €T,
A2 HEXED Mn, VAL & FREBEMEIR Fe & OFEEIR A ERL L | £ OfE G, BAAELZ RRMNICGRE T2 2 &%
B & Lz,

EBRF L

FEREERER T MgO(100) BLAE i AR L12 DC ~ 7 % b o 2%y Z % IO TUERL L 72, Mn, VAL D R 13 100
nm & L., FRBERE 2SR5 700°C O TEL S E7-, Mn, VAL 35 EIZHRBIMEE D Fe & %+ v @D
CrxEnZh 3nm, R THREL 7, BEBHIREAIERZIZ 1 T OBGZFIINL 72728 5 200 ~ 500°C TR A |k
7 ==V EAT o 70, M VAL FERE DR AIXRIRE R /X Z IR K 0 AP Eamf I < X 9 I L7, (E#
L 73R O fb I 13 X BRHEIE I PTIE(XRD), BRI IREhSURHIRE 115 H(VSM) & B {535 & 1 TG
(SQUID)IZ L W J|lE L7z,

& 5

XRD JlITEDFER, 2 TOREHIIB VT, Mn,VAL 2% MgO (100)H b FaA EIZ(00)ELA T B 4 o v L
BE LTS Z RSz, Fio, BRBHEEA=RIE, 300°C, 700°C OFEHT 42 #1, 500°C OFEHT L2,
FHE 20 2 EMER SN, —F7. HUNEES 1 T ICEB W TRESE TR EI 24T - 7% R B O RGAY, #ie 2 E
L7 R, 200 ~400°C THRA R T =— &7 o 723 lBHZ DWW T, HERE 10 K 2BV TRAB Hi#R 0 22 #
NAT AL T SOBE S, FORKIEIL450e TH -7, 500°C TRA BT =—/L 24T - 7=k kHT, Fe &
O M, VAL JE~DIEHICRINT D L B2 DN DAL OWHENHER S NTZ, 5%, R TORBAAL T AT 7
FOFE, 7 NS OB KIS THARZEOREEEED DL TFETH D,

Eilsd
AWFFEO—H 1% JST EREF FEI LRI F 2 (SICORP-EU, HARFIR) 35 X OV # b4 3[R
JepA%e v —LEFRIHTE GREE S : 1660407) DT A X T TIThiLTz,
DN
[11 BHEEI. BASRSS 2015 FFKHIFEH KRS, S4 - 12, (2015)
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IrMn/CoCr AZ#afE A BRI 33 1T D A HAE A RS Hey #F'EJ”WK

PR, A, SR R I*
(AARRZFEREFE, *HAKRT)
Time dependence of exchange coupling field He, in IrMn/CoCr exchange coupled film
T. Yamauchi, H. Endo, Y. Suzuki
(Nihon Univ. Graduate school, *Nihon Univ.)

[FLHIZ

HDD ® GMR ~ K « TMR ~ RIZILiAEMEE & SORBEMEE TRERR S 4L 2 SRS SRR ST v |
SEEEVERE & SOTRIETEE O SN 31T DRI 72 ER O S 1T R HAE G Hy TR N D,

AHFFED E 72 B IIIE He 2 HEK éﬁéﬁiﬂﬁ%ﬁﬁ@*’?ﬁf‘éb LR, WFgEH ’1’@% L7k 2 =E « K&K T
PRAE L T2 BRIT Hex MSRER ORI & SN 2 BIG3 B D 7o AR OMSRE R 421 X 23Ut OB b 2 5e
TRFEIRA B DE T & 5%;*&.“&}%%710 Fio, EBONBETNRN D uftﬂ%f’ﬁ% L. FEHOINEAS Hee DEEIN
HRICG 2 BT, ZNDDORERENS Ho ML ARATE 5 MnitliET L2 ER LT,
REBRAE

ARG AR Ta/CoCr/IrMn/NICr/Si(111) DAk & L. £ 120 [Oe] DRGSR ZFIM L7223 5 DC~ 7 % b v A
PNy ZIEECHIE LT, E£72, Pt AR & Uik & R L OFUB O ER U 7e, EAUMEGEELE LT
INEGEFE 50 ['C]. 100 [‘C] —fEEZER L=, &2 TOREHIIB T IrMn % —74 » b OFALIE IroMng, [at%]

DHLOEMFH LT, 140
EL T 130

BUBHOBREIC & o T Hy A8 & 30T L7 20 5 WTREREIC SV B q0

THAD 1200, (RO S M A LA TR ERL, Sl LTz, £ 100 ff ™ Ta 10 [om]
Fig. 112 Ta (RO A I L OVE & 22 2 TR L 72308 & SR Tk "
B LB Hy DRI L2 7T, REIMOES | FICEDLF, = | | .
H D Ho ZRABRDOBRTHM LT, 22T, REBKEDOHTRKE 2 He 0 ° 10 15
DEALHFEAE L= & KR Uiz, PUREIEZ M L TR L 7= bkt  Slapsed time[days]

Fig. 1 Time dependence of He for films with

THIRRDRERDZE S AL, He EEMBLG O JR R I RFENR O JE X 0 g Ta capping layer of different thickness
JEDBAIZ LD LD TITZ2W EHERIE NS,

BB Ho MG~ 52 5 B =5 1=, SMAEAT fe—r X,
RMHIE A ERL LT, Fig. 2 \CHARIREE 228 2 TIERL L 723B D Hy,
DEAE T, HAHNEAE UT-FRBHD Ho 3, RTOME TR S 6 — sustteheing 50 [}

LORED H £ 0 B Lz, ZOBERE LT, ItMn OMIEZE L2 = 40 1
EBZOND, IRBNEE1F DI IrgMng [at%] 23 Eeid sl ik Cd 5 & 20 E§ E-:su strate heating 100 [C]

BENTWD Y, FEBRINENC X0 SRS 72 51F & Mn 23 ASHuE A S 7 0

without substrate heating

B L, 2 ORR, Tc?ﬁ@%*/—\bi%%i D Ho METF L2 2 ER35 2 B C clapeed timeldayd]
Do FTr. He DN & ST 2 B4 0B L Cld, ZEMUINE: Lo Fig. 2 Time dependence of He, for films

deposited at different substrate temperatures

k& FZAMNER 50°C D uiwrf IR T2 FEHRINE 100°C DFLELT
IFE A ER SN2 o Tz, FEBINEL 50°C OFECIX Fig. 3 12”79 & CoCrFM layer

2. EBONEIT X THRIED HBEEIL TV 2 Mn(E L) O —F AR O
BZ Ko THRAICHRITFTICEYD . Hoy 2SN L 72 IR C& 5, JEiR
JNEL 100°C OFEFCIE, Mn B35t 6 L0 B - £ THEI LT L

ItMnAF layer o)
F U, FEERERE D Hy OEALN ol bBEZ B, (@ I O mn)
B ECER Fig. 3 Model of Mn dispersion

in exchange coupled films

1) K. Hoshino et al., Jpn. J. Appl. Phys., 35, pp. 607-612(1996). (substrate heating 50[C])
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K% = J —JEJE CoPd/Pd %J%H%%ﬁﬁv\f:wﬁ%éﬁ%@w v #n

HEA, KREKEE MRS, BRI, ARk
(HR, VLA HABZERT)

Magnetization switching of exchange coupled bilayers with low Curie temperature CoPd/Pd multilayers
X. Dong, D. Oshima, T. Kato, Y. Sonobe*, S. Iwata
(Nagoya Univ., *Samsung R&D Institute Japan)

1. TC&HIC

A B EABALERY, KAE MRAM % EBT 28T L THEIED 5 TW5HH, Gbit 2 5%
BOFERBIL, BV EN L IROEERER % W S8 5 SRR L FIEDRENR RO BN D, Fix
ILES SRR BB T A ARV EE LT, BFa ) —EE (K To) &mWEEERETE (5 K)
AT LHMEEE Te, 1K Ko D% R#BfEA ST ATV EIZHER L, K Tcfg & LT CoPd/ Pd ZfENE,
& TcJg & LT Co/Pd Z @M %A H W - FEIB I DRV SRR 2 TR~ 7= D THE T 5.

2. EERAE

ENERLIEAT Si i Bic~ 7k b ARy ZYEIZ LD, Sisub. / Ta (10) / Pd (5) / [Pd (1.2) / Co (0.3)]6 / Pd (tpa)
/[Pd (1.2) / CoasPdss (0.3)]¢ / Pd (1.2) / Ta (2) (BEE D HALIL nm) Z/ERL L7=. Co/Pd £ L CoPd/Pd ZJ&Ef%
DD Pd JBIE tpa IX 0~10 nm TZAL S W7, BALDIREKR M, MBI X 2BbERIE, o7 vEe—4
—O RIZEFE L, Kerr ZIRAZBUAT 52 LI X0~

3. REREER
Co/Pd £ @K L O CoPd/Pd £ @D Kerr [BlHE DR EARIENED S, Co/Pd ZJENED Te 1Z 300 °C uif«%
IZxt L, Co 8% CossPdss 54 L LIzZEIETIE, Tcx 715°CETRS TED I L AmR L. K1Y
Co/Pd ZJENE L CoPd/Pd R A TEE L - A it S IEIZ DWW, iR, SHEIERRICEIT 5 Kerr [FIEEA %éﬁ‘iﬁu

Kerr rotation{a.u.)
l

°C T Kerr [HEEA DAL F RN 72> TV D
23, ZAUE CoPd/Pd DREAL IS D Z L ioxt
L TWD. WIZ 180°C T, (I) -2 kOe DREA

ZEINULIZE 2 A, BEEAETRE B Lz,

I b b B9, K Te & D CoPd/Pd DAL

1% Te D Co/Pd J& & O HFEEIZ X Y Co/Pd 0 60 120 180
DRI £ AT (FIIE) 1255 T5 2 L Temperature(°C)
N ID OFERNS, K To/E Te ZEE

LEMRTHS. o, 22T ta=0mm OFERZRL TS, F£7, (1) +7kOe DR ZHIM LT,
DOJE DR % L X Zfafn w70, (DK
SR AE T2 180 °C £ CTHIE L2223 6
Kerr BIHA M4 O L2~ (@T/xRT). £ 90 ~ ;
o = H0kOe
| T |copdPd ~
Co/Pd H, = —2kOe
ZAUEE Te D Co/Pd MBI R LT= Z & %

RLTWD. EHIZAV) Co/Pd DIRIESILL T T

& %+0.05 kOe DR ZFHIM L7223 HERE T

WHEN L TZBRD Kerr BlEAf OE(LEZFH~7- (A I T - 10.05k0e ;
TRT). LRX ORISR L22RHAEL | S |

7

Tl ilﬁj/mlflm Te J& DB H WAt KER S H 5 Z

LT, IR TCBORML b KEESEDBND Z LN Fig. 1 Kerr signal monitored during heating and cooling of the
ot [Pd/ Co]/[Pd/ CoPd] hybrid stack. No field was applied
during the heating, and at 180°C, negative field of —2kOe was
applied. Then small positive field +0.05 kOe was applied during

the cooling.
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s & —727 sy FICAR N X% 7= FeCoB/SmCos 78 fiE o {E Y

H R, mAf A, TS
(RO LR
Fabricating FeCoB/SmCos film prepared by Facing Target Sputtering
J.Tanaka, Y.Takamura, S.Nakagawa
(Tokyo Institute of Technology)

IFL &I

B R TR —FEDN 8 < DOMMEME D B O K ARG A R IL, Bkx RBRE T CEAPRE SN~ 7T
JFarz—R—~vA 70t —FOHBRICTHFRENRD D, BUER S EWRKZ R LX—F4% > NdFew.B
I, F = U — i 315°C VEAR S MHEMEIZ#EN & D 72D, ABFSE Tl SmCos 2 VY TR AR A E IO /ERL 4
To7z, Z OB EBFIRAY 2 T 5 72012 FHNTIE, SmCos DL [HHI4E & BiFE L, mfufnkil o> FeCoB
ZEH L7z, FeCoB BODOE S & IR 2 2L S ¥ CTHIRA/ER L, i, MO 21T - 724
ReHE7T 5,

ERAE

SEHIRI X — 7y R Ay ZYEIC L0 AR L7,
Si/SiO,/FeCoB/SmCos/Ta 5 )i i A FL A il E 375-500°C THEL L | it &
pa i IE & X #RIEHTTE (XRD) (BRI 2 SIREDECEHILE ) 5T (VSM) | LS
VES HIMAA T & X BOEE T (XPS), A —3 = WA 5
# (AES) 12X 0¥ L7,

< SMCo;{002)4
FeCoB(110)

i FeCoB thickness :
) 20 nm A

EEBREEE

Fig.1 |Z Si/SiO,/FeCoB/SmCos/Ta 2 & 5235 C FeCoB v — K
BORE 2L SE7=5E8D XRD Z A 7 77 LOEAE IR,
FeCoB &3 5 nm LA C(L0)EL M 235 Hav, LUV Sm-Co & b o
SO (LLOYESER A A BTV 5 2 &35, 7. FeCoB T e
DI % T <+ 5 I2HEV Sm-Co(110) ' — 2 BNEFIC Y 7 R 5 °
ZENER SN, ZORKNEZ AR D T XPSIZ X VRS JFmd
RS A A ME L& 2 A, FeCoB DEE 2 nm D iEHZ 20 nm
DFEL & X Sm-Co J@F DFREFIRENE W T & DR SN, £
7=SmDr I HNTT OFERTIL, FeCoB 28 2nm OFEHIE
W Sm NEIRIICIIL SN TN D Z E R o T, TORER S
Sm-Co 28 Co U wFIZ/2 0 | 1-5 @D 2-17 52~ LN ZE L L
BT E— 7 LEN 7 N LmEEZBND,

KIZ SilSiO,/Ta(5)/FeCoB(5 nm)/SmCos(20 nm)/Ta(20 nm) £ J= fis
% FBEEEE 2 375-500°C THEME L 72, VSM TRESURFIE Z IE L
7o & T A, B EE 375°C Tl FFE % 7~ L, 400°CLL Tl
R EE R Lz (Fig.2), 72 XRD ORIER R & A, 400C

Intensity (arb.unit)

Fig.1 XRD diagram of FeCoB/SmCos(100 nm)
multilayer

Magnetic polarization (T)
=)

——-Ts = 375 °C]
—Ts = 400 °C]

PR PRI il I
-0.5 0 0.5 1

LI ETo Sm-Co Dt bz MR8 L7, ! Magnetic ficld (MA/m)

Fig.2 J-H loop of FeCoB/SmCob
BE multilayer prepared at Ts = 375,
1) J.M.D. Coey, IEEE Trans. Magn. 47 , 12 (2011) 400C
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T B X v /L FePtCaks S OF FePd/Co Ja@ D& it

AT s FRPRER Y s KPR V2 ZARIERR - MBS R 2 - FRdg(E e
(PRRRR, PTERER, CHUREER, YILER)
Structural Characterization of Epitaxial FePt/Co and FePd/Co Bilayer Films
Ryoma Ochidi Masahiro NakamutaMitsuru Ohtaké?,
Masaaki Futamoto Fumiyoshi Kirind, and Nobuyuki Inada
(*Chuo Univ.,2Kogakuin Univ.,*Tokyo Univ. Arts,*Yamagata Univ.)

FECOHIZ RN & B B DAL S 4L Out-of-plane In-plane
AT RIS ) 2By M oM Mgo(g)@ & ao(zo0 Co £&-£40002
AR ShC0s, mEEE s LT, |§ |8 8§

SMCe > NdFeuB 72 & O HER A &R ER)S Eo4nz o2 Fe P20
BSOS, BERESHTIE, & K eelP Ve & Fepd

C
B F5o L1pFePt, FePdh4e7e & b A & 72 5. °

| Co-Fe-Pt(0002),

Ui Lranits, TR Bl S 19, & 1 [Fe'P"CFZ(.lplt?%o%
BF5E T, MgO B HEMR 12 FePtd L < 1% 20)FePY) 4 \F&mgégggﬁ
Co (200),,

FePd Co /b7 2 BT B X ¥ v v VEAZTE
L, WS AE T,

EEAE WHEIOIBREZE RF~ 7R ke
ARy BAEEER L, HAIZIE MgO(001)

(110) (112)HfkAL 2 V=, bl 112 200 °Co
FEARIREEC, FePth L< 1% FePdiE, CofgnlE
TR L7 i s, Az L e
IR LTo. IR, Ll AR~DOMHRNEZ1{E
X579 600 °CTHWLER A L 7.
fi#HT21E RHEED, XRD, AFM, &R TR N S

20 40 60 80 20 40 60
[ZIZVSM & Ve, 26(deg.) 26y (deg.)

EBER Fg. 1(a)C FePd/Co/MgO©0BtE Fig 1 (a-1)H(d-1) Out-of-plane and (a-2)«(d-2) in-plane XRD patterns
CHE LTS £ IR XRD /55— 2m 08 e e et ) ColFePd. and () ColipsPt
9. @S F — 2 Tld Fe-Pd(O0WBRS 1S5,

Fe-PAd(Q0ZEA R B MBI S T D. —JF, TN XRD 734 — Tl Fe-Pd(200F A HHIBIEL STV D08,
Llo-Fe-Pditiihs & ORBH - HHIFRO HiZa\ . 6> C, FePd@id ¢ il SB[V 72 L1o(001)iE b0 B X
WTWD Z L5, Fig. 1(b)Z FePYCo/MgOQOBUEHIF L THIE L7- XRD /¥ — 2 Z/Rd. ZOW5IEm
A3 L ONEN I Z — 0D Fe-PHOOLEMS SN MBIZR STV D728, ¢ il mEIZ MV 2 L1o(001)RE sk 2Nz
THPIZ A2 L1o(100)s K& TN L1g(010)E Al AN RAE L T D Z & 23375, Fig. 1(cis L ONd)iZ Co/FePd/MgO(001)
B X ColFePt/MgO(00BEF CHIE L7= XRD /X% —r %7, EHLOREHIBW T LRI SY — 2 TOHIER
AP BE SN TS 728, FePd FePtiEid ¢ fli2 s m B AV Vo L1o(001)iE S 7D HAER S AL TW D 2 & 23y
n5b.

ZE@h 1) T. Teranishi, A. Wachi, M. Kanehara, T. Shoji, N. Sakuma, and M. Nak#ya: Chem Soc., 130, 4210 (2008).

2)J. P. Liu, C. P. Luo, Y. Liu, and D. J. Sellmy¥spl. Phys. Lett., 72, 483 (1998).
3) VY. K. Takahashi, T. O. Seki, K. Hono, T. Shima, and K. Takariasipipl. Phys,, 96, 475 (2004).

MgO(200) ke pg-Co(11Q),
lk Fe-Pd(200),

Intensity (arb. unit)

Co/
FePd

Fe-Pt-Co(110Q),

¥, Fe-Pt(200),,

Co/
FePt

Fe-Pt(003),,
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X v v FEMEES X OVEED FePt 54 ORE 2 MIF T35

RATFE L2 o pRbER T« ZARIERE - FBF SR ° - e S
(R, PTERER, SEHUERK, fLER)
Effects of Cap-Layer Material and Thickness on the Structure of FePt Alloy Thin Film
Mitsuru Ohtake’?, Masahiro Nakamura®, Masaaki Futamoto?, Fumiyoshi Kirino®, and Nobuyuki Inaba*
(*Chuo Univ., ’Kogakuin Univ., *Tokyo Univ. Arts, “Yamagata Univ.)

[FLOICZ FePt A4 WIS ERKGEEASS MRAM 72 E~OJSHIZHIT TRAIIITEESH TWS., 5
A RS TCUE, AR S (¢ dil) 2SI E I A < X ) ISR 21T o BERH L. L L7 5, (001)
FEh L < 1X(001) FHUJE BT FePt i ~T 0o B4 £ v LR SE 554, ¢ ESmEIZ < L1(001)4E
FRICINZ, ¢ ElANEPNICTEET B L15(100), (010)fksh (EPN/NU 72 b) NBAET B AN H % 9. K,
Fex X, MgO(001)3 v 7' J& FePt 5, MgO(001) A D FE fE#E1E CAIRAIE G 2 Ff> FePt lEZ R L, %=
D, Ll H~HANED 720 OBV 2 4= S 12Xk 0, FePtfidh X 0 K& 24+ %> MgO filiih & Dk~
FIEBITE D 726 &N B0 /1% FePt IBEICHNZ, Llg-FePt OB MEIEZ1T > CTx 7= 9. AFETIE, Fv
v TREMEHS X OVEIED FePt FBEDOREE 12 KX TR RISV TR~ 7=,

EEBAE BRRICIIBEEZRF v/ 3 hr Ay X U v 7 3EEZ 2. MgO(001) 4k iz 10 nm J&
D FePtfiE, 2~10nmEDO X v v FTEEEA L. ¥ v @ikt LT, MgOBLUCEZHW:-. F7-,

X v v FTEME L O FePt BRI & AL LT-. BB BRI 200 °C & L7=. Z D%, 600 °C THULHE
92 L2 H D FePt liZ L1 AH~ZEHE S W7, & REMIZ 1% RHEED, XRD, AFM, &b Hi#RIIE 21X AFM

W,

KEREER  MgO(001) Mtk EIZHRL L7z FePt i LU o | - =
IZHERE L7= MgO v v 7 JEIZ(001) Bifkf & L T ¥ v 8 5 s 58
X ARELTEY, —F, FPUBEICHRLIEC Xy v 7B | g g g¢ S 8%
IFFEEL & 72> TV D Z & & RHEED BIZ412 L v kB L 7. S Sg| | &8
Fig. 1(@ICF v » ZJEIE L0 FePt JEOESME L OEMN XRD 5 ¢ 3¢ |8 Wt
NG = BRSNS = TINR, NN Y =SB s %’

LL

THAKIRE TIXdH 55 FePt(00) B A N B S TB
v, AANY T RNRIELTWSD Z &0 %. Fig. 1(b)
IZ2nmMED C F v v 7 EBE RO FePt IEOR R AERT. F v

> TR L OYp6 & FERIZ, [N FePt(001) S 23 BTV 5.

Fr v/ EELBIOCxy v 7 EA YO FePt IO c/a
BLOHAE S, £h£h, (c/a S)=(0.978,0.58), (0.978,
0.62) & 720, |FIEREE/ME L 7272, Fig. 1(c)F L OYd)iz 2
FBELVI0 nm JED MgO F v v V& & D FePt iXo> XRD /¥
H— 2 g, A8 Z — 2 Tl FePt(001) A% - S 73 8 2%
ENTEY, HN/NZ — 2 TliE FePt(001) S N B TV 72210
728, L1o(001) bt D Z~ (Z B Al flfE 23 T & TV D 2 & A3 53
%.2 B X0 nm JED MgO ¥ » 7J& % £§> FePt fiXd(c/a,
S)iE, FNFH, (0.960,0.82), (0.959,0.83)& 720, HHNKKIC
Mz, EHRBEMEESNL TS ZENSNS. Cxy v
JEDBE, FERE TH 575 FePt i & k& F- 28k 12 72 > T
59, =77, MgO ¥ v v TEBOLE, #i L 7> T\ b 7o,

B - RIEANT X DG DB FePt BN 0, HANEER

McHenry: J. Appl. Phys., 91, 6863 (2002).

2) Y. K. Takahashi, K. Hono, T. Shima, and K. Takanashi: J. Magn.
Magn. Mater., 267, 248 (2003).

3) M. Ohtake, A. Itabashi, M. Futamoto, F. Kirino, and M. Inaba: J.
Magn. Soc. Jpn., 39, 167 (2015).
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(b-1) (b-2

Intensity (arb. unit)

FePt(001)
FePt(200)

FePt(002)

| I |
. . 20 40 40 50

JFOEFREMEES N DD EHRIND. 20 (deg.) 20y (deg.)

1) S. Jeong, T. Ohkubo, A. G. Roy, D. E. Laughlin, and M. E. Fig. 1 (a-1)~(d-1) Out-of-plane and (a-2)-(d-2)

1 L
50 20 30

1

in-plane XRD patterns of FePt films (a) without and
(b)—(d) with (b) 2-nm-thick C, (d) 2-nm-thick MgO,
and (e) 10-nm-thick MgO cap-layers. The scattering
vector of in-plane XRD is parallel to MgO[100].
The intensity is shown in logarithmic scale.
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Wtk ) R DOREREEFN & X Ar— % o ()L & A T- 358 A

HRAL ' @i

LA mEACK L IESS

RSV 2, MmS5HE >, (umshse . Pt es] !
(BRIRENL RS | B RS2, R Y)
Relaxation of magnetic nanoparticles and inductive heating using a pancake-type applicator
T. Aotol, K. Takahashil, H. Hoshiyamal, Y. Yoshiokal, T. Yamadal,
S. Otaz, Y. Ikehata®, S. Yamada® , Y. Takemura'
(Yokohama National University', Shizuoka University’, Kanazawa University’)

X C®IZ
FxlInAN—h—ITIEHICMT =R A7 U &~
ZHESCBRBERMOMIA R L &21T>Tn5E D, Sk, %
oz, MY A X ChbigT 25 2 & % BRIZERF S
Ty —%Ma e W IRER T 7,

EBRH %

Figure 1 (Z/80 7 — 8l o L 20 %279, ARIC
R N 2R E L CRkRE - BRSO TH
D, A NAE360mm ThH D, U VR (EEE 0.06 mm
DFEMAE 250 K THATZEH D) & 24 KA THRICHR A, $
ZECHEHAM I0mm & LEZbDE S X —BNTNnWD, o
A NOEFITEEKE (7 v FRAIEERE) TS T
BY ., GIBEEIIL 400 A BET 5 Z ENAHRETH 5,

AEHI TR S TV BB IE (RSt 7~ ona
I H I M-300, —WRIER 1143 nm, _RBIFE 52415 nm D
<~ FRHEA b Fes0) AW,

AN B CIEHEE 135wl (8% 50 mg & A7) % Fig.l T
BIZ AR LTIEANMEZ 7> h AT aA A0y 5 90 mm Bz
MR E LTz, 7S 7 —F B oA VT 185 A JEIEEK
142 kHz DAL B i 2 @ L 7=, USR58 1T 2.48 kKA/m
Tho, FIMBRREB ORI bDOTHDL Z & 2
D38 5 7O B R E TR CIRE B2 E
L7,

EBRER

Figure 2 ICHIERE R 2~ 3, BEMEVEARFEHE 10 43 ©
20°CLL LR ER BB S - — )T, BB AR E LR
Do TG EITIRE EABBHEI S 2oz, Zhic kv =
A NVOER DO EEITENZ LR DN D,

Y HIX, AMET 7 > b A E W T SRRSO R AR TR
PR A AT D,

HEE AT O —ER1% ISPS Bl FE 26289124, KX
15H05764 OBhA% % 521 F T Fhti L7z,
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Temperature [°C]

Fig. 1 Pancake-type applicator and
human-body phantom.
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Fig. 2 Temperature rise of magnetic nanoparticles.
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) JdbnT—, KL LHEE TR RE
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Rtk ORI DOREKFEFIRE & 2 DR
WA < RREEMRAE” | BB 39 Bl HARREK
PSS, 09aE-5, 4 E, 2015
.
(NUREEPA NNt - N 7 o AN ] 53R N
KHAEF . “BEAEEOT-ODOZL TV
Rolr—XGaA AV AT AORFE”
BRFRYT AT 4 v 7 AFFRE,
MAG-15-013, 4R, 2015 4F.
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Wat 7/ R DOTEREITHRAT U 7o e URR i o 574

KREPH L, KiERE L. Subbiah Latha®, Chakrapani Prabu®, Palanisamy Selvamani®, 77#fZ&#] *
( F K2, 2Anna University, ° BEIEE N7 K 52)
Evaluation in magnetic relaxation of magnetic nanoparticle influenced by its condition
S. Ota', N. Ohashi', S. Latha?, C. Prabu?, P. Selvamani?, Y. Takemura®
!Shizuoka University, 2Anna University, *Yokohama National University

XLC®HIZ

Wt 2 R OREEFEFIEAE O T, 23 ARBVERSCHERRL 1A A —V v T ~DIcH %35 k
THERBECTH D, ABFETIEL, K, BEIARKREE, MRQEREE DR OREE It 2 22 ik b ik
BOBTIZE VI Lz, £EBERNICB O CTRFOBIENME TIC L 0 BREAEME T+ 5 2 i,
BRI 2345 2 & THLMTR-> TS Y,

ERAE - BR

I TRIRD 9.8nm D~ TR F A NRLFIT DUV The KIS 4, 8 KAIm, JEH#L 100-500 kHz D 5T
AEFHGACIE 21T > T2 K5 EEENLiquid), =R 3 B K 2 EAREHFixed) 2Nz T, 25 A
FRRL 28N L, = OMIE 2 FIEE - [ L 72 aEN Cellulan 2 B L, £ EFUT 20T
TR LIE 21T > 7=,

Fig. 1 2% Bt O ik b fh#t 2 7797, Liquid IZB W CTIE R — /UEFINCINZ CTT 7 v Ui b A4
C %72 Fixed (Z b THEAL., PGS ILICRKE WD & A HER I7=, £ 7= Cellular 1% Fixed (2T
WAL N NE K 7p oz, ZHUTHIIRNIZB W TR OEHENAE U T, B EERANKE < poiziz
HEEZHND D, BRI X 2BAEOIK T IR E 2 26 S WK T HR 1280 T Hhik
RENTWD Y, Fig. 2 1352 B iR O HFE > S 5 H L 72 58 B & (Specific loss power: SLP) il
WEARAF 2R LT\ 5D, SLP DWW, Liquid 1% Fixed £ ¥ & k& <, Cellular I Fixed £ 0 &/ &
7potfe, ZiblE, Liquid iE Fixed &0 HEMEA K E < BEEEMICK T DA HEENLDARKE N
& Cellular % Fixed & 0 AL/ NS SAHHENRRIRE TH D Z L ICENENERT D, 7214
el SE -T2 R 170 E OBMEFREIC OV T Y H R T 5,

BHEE
AIFFE O —E0E ISPS BHFE 26289124, K% (f 15H05764 D BHRE %521} C FEhfi L 7=,
X

B3E Xk

1) S. Dutz, M. Kettering, I. Hilger, R. Miiller, M. Zeisberger: Nanotechnol, 22, 265102, 2011.
2) S.Ota, T. Yamada, Y. Takemura: Nanomater., 2015, 836761, 2015.

3) S.Ota, T. Yamada, Y. Takemura: J. Appl. Phys, 117, 17D713, 2015.
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Single-Sided &SR A A —T 7

AT NDBAZE
A Fab*, e B, 2 BoR, EHEOA EBE
TN KT AT DAEHE AT
Development of Single-sided Magnetic Particle Imaging system
Kazushi Yamamoto, Teruyoshi Sasayama, Masaaki Matsuo, Takashi Yoshida, Keiji Enpuku
Kyushu Univ.
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(JUMIRE)
Intensity and Frequency Dependence of AC Magnetization Characteristics of Magnetic Nanoparticles
Teruyoshi Sasayama, Takashi Yoshida, Keiji Enpuku
(Kyushu University)
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PXIe-5122) IZCHUG L. EOELMEEF DT 5 2 & ThAL M ZRD7- B H 1L v > FEHL (N4L, HF001)
2P B ihig a2 5HHl L TRk 7=,
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Fig. 1 AC hysteresis loops. Fig.2 Harmonic spectrum.
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1) T. Sasayama, T. Yoshida, K. Tanabe, N. Tsujimura, and K. Enpuku, IEEE Trans. Magn. 51, 5101504 (2015)
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Measurement of magnetization dynamics in superparamagnetic nanoparticle
depended on field frequency and intensity
S. Otal, R. Takeda?, T. Yamada?, Y. Takemura®
'Shizuoka University, “Yokohama National University
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TR BIHRIC X DB L DOEEIMFITONWT ORI EZR L TWDH, ZORMES 0 IT L DR FEHRONAE
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BBV U7t 2 k713, AMEEERASH L VRt E L, 2 2ICEHHB L R ET,

BE R
1) S.Otaetal. J. Appl. Phys, 117, 17D713, 2015.

2) T.Yoshida and K. Enpuku, Jpn. J. Appl. Phys, 48, 127002, 2009.
3) R.Hergtetal., J. Magn. Magn. Mater, 280, 358, 2004.
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IKETR T DA F BT L ReET D7 T 7 R L& OFEES

ANEF, e
R TEKRE)
Study of relationship between Brownian relaxation and ionic concentration in aqueous solution
Shoya Oda, Yoshitaka Kitamoto
(Tokyo Institute of Technology)
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Fig. 1 AC susceptibility of magnetic fluid Fig. 2 Dependence of Sht harmonic signal on frequency

D /NHEFA, fl, 5 39 [B] B AR FS PN 2, 8pE-2 (2015).
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Low oscillatory-field relaxometry for estimating hydrodynamic-size
distribution of magnetic nanoparticles dispersed in a liquid medium

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

The relaxation behaviors involving both magnetic moment and particle rotations are key phenomena in a
dynamically-magnetized magnetic nanoparticle suspension, which are practically observable through its magnetization
responses. For a ferrofluid, the varying primary and secondary (hydrodynamic) sizes of the suspended particles are
responsible for the broadening relaxation-time distribution which leads to technical disadvantage toward magnetic
biosensing (i.e., liquid-phase magnetic immunoassay) in term of accuracy. As an alternative method of preliminary
particle-size characterization, we developed a low oscillatory-field relaxometry which is, in principle, an estimation of
relaxation-time distribution corresponding to frequency-dependent complex magnetic susceptibility, further addressable
to the particle-size distribution. Practically, we implemented a coil-based inductive magnetometry which measures the
inductive voltage triggered by a frequency-modulated magnetic field, further converted into a frequency-domain
transfer-function to obtain signal components: magnitude and phase. Comparing these parameters of a colloidal
magnetic sample to that of the reference (i.e., free sample) in terms of magnitude ratio and phase difference estimates
complex magnetic susceptibility of the sample, which is further correlated with the Debye relaxation model to generate
a discrete probability density function (PDF) of relaxation-time distribution. The corresponding hydrodynamic-size is
then calculated by satisfying the well-known Brownian relaxation-time equation® on each sampling point of the PDF.

To demonstrate the performance of the system, we, here, evaluated two water-based iron oxide nanoparticle suspensions
having roughly 0.5 wt. % particle-concentration and different surface-coating; these suspensions are sufficiently-dense
to be accurately-characterized by dynamic light scattering (DLS) measurement. A chirp ac current with the logarithmic
instantaneous sampling-frequencies ranging from 275 Hz to 325 kHz was fed to an impedingly-controlled induction coil,
thus producing a relatively-constant 1 Oe,ns-magnetic field at the operating frequency range. Under this synthesized
magnetic-field, the frequency-dependent magnetic moments of the 80ul samples were characterized, as shown in Fig. 1a.
Since the applied field is considerably-small, thermal energy should be dominant to kinetically-randomize the particle
motions, instead of particle rotation. This system, therefore, indirectly measures translational Brownian relaxation, as
well as nanoscopic single-particle vibration of the weakly-clustered-particles, in which the resulting magnetization
dynamics are coherent with the applied field. Correspondingly, the hydrodynamic-size distribution p(D,,) extracted
from Fig. 1a indicates that the samples were polydispersive ferrofluids with the overlapped lognormal size-distributions
(Fig. 1b). For sample 1 (having 15.85 and 20.01 nm in mean primary-sizes), there are 2 mean secondary-particle-sizes
at 34.12 and 66.69 nm, in which the smaller D, is attributable to single-particle dispersion, whereas the larger one may
include the cluster formed. Meanwhile, for sample 2 (having 6.35 hm in mean primary particle-size), we indicated the
multiple mean secondary-particle-sizes at 19.11, 35.87, 48.42, and 121.51 nm, suggesting that the suspended particles

exist as a particle-cluster. In (a) (b)
i — b6x10% 0.2
concluspn, we have shown that .a = [ samplel] ~ [Sample 1
low oscillatory-field relaxometry is £ - I~y 5 !
i ic = 3x10°4 =01 4
capable of analyzing hydrodynamic = C =, r
[= r - C
size distribution of  ferrofluid. 2 . F Fy i
However, our current system can g g:%g_{ ' | "rau gg A
only characterize magnetic samples o C Sample2| 8 =~ [Sample2
which have magnetic moment more E Ax10%4+ E'-"O 1 A
than 1 x 10™° emu. o} E N
= F n
0x10* _mﬂ_ﬁm 0.0 A
Reference 102 10% 10 10° 106 10° 10! 10? 107
Frequency (Hz) D3 {nm)
D W.T. Coffey ef al, Adv. Chem. Fig. 1 (a) Frequency-dependent magnetic moment of magnetic suspengllons measured at 1
Phys., 83 (2007) 263. Oe;ms and (b) numerical estimation of the corresponding hydrodynamic size distribution

of the suspended particles
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N100 Brain Waves Detection Using Highly Sensitive MI Sensor
Q. Shen, K. Wang, T. Uchiyama
(Nagoya University)
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[1] T. Uchiyama, K. Mohri, Life Fellow, IEEE, Y. Honkura, and L. V. Panina, “Recent Advances of

Pico-Tesla Resolution Magneto-Impedance Sensor Based on Amorphous Wire CMOS IC MI Sensor,”
IEEE Trans. Magn., vol. 48, no.11, pp. 3833-3839, Nov. 2012.

[2] Pause.B.M,Sojka.B,Krauel.K,Ferstl.R.(1996). "The nature of the late positive complex within the
olfactory event-related potential (OERP)".Psychophysiology vol 33,n0.4,pp.376-384.
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M agnetocardiogram measurement using M1 sensor outside magnetically shielded room
T. Tanaka, Y. Hata, Y. Ogata, B. Kakinuma, T. Ueda*, and K. Kobayashi**
(Advantest Laboratories Limited, * PhosMega Co., Ltd, **wate University)
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1) #SIHEZDREEE O B AEAT & BRI, B i GRE A 125 % 2 75, pp.81-84, (2005)
2) L.V.Paninaand K. Mohri: Appl. Phys. Lett. Vol.65 (9), pp.1189-1191, (1994)
3) L.G C.Meoeta :J Appl. Phys. 103, pp.033903-1-6, (2008)
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Evaluation Method of Magnetic Sensors Using Phantom for Magnetoencephalography
Daisuke Oyama, Yoshiaki Adachi, Gen Uehara
(Applied Electronics Laboratory, Kanazawa Institute of Technology)
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W72 % Fig. 3 1 oR$. Sl e 5 AR 7 J850 DRGSR 3 & LT ] 4
FFEE7BE ML, WAL ORISR SN TND Z L35 B
%. Fig.2 KON Fig. 3 DFERMN G, Kt V% Hu T idg e Fig. 2 Measured waveforms.
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S ZCER Fig. 3 Isofield contour map.

1) D.Oyama, Y. Adachi, M. Yumoto, I. Hashimoto, G. Uehara, Journal of Neuroscience Methods, 251 (2015) 24-36.

— 305 —



8pD - 1 FA40[E] A ARBEASERTAITREE AR (2016)

SERERIRE T I 5 M~ DHL 4 A AT D A2 T L O
M AP~ DB

P JE R, Al IEAC T, HIES SR
(BRKRF)

Effect of magnetic fields on anticancer drug uptake to human cells and cell viability
D. Matsui, M. Kakikawa, S. Yamada
(Kanazawa University)

FLHIC

T IRFE I L0 KIGEICB W CHEAWERAD M I N Z 2517 T, & NODBARRICHKGRET S &
(2K VRN OFFNWER Z @, HIKEOWAD B FHE & euX, BWERA I Z Dav, BEEIC X 2 03 AR
HBEORNIP G TE 5, iz, KIBEOLAEITIE, BEIGREEIZ L 0 A OMBIN ~DO LY JA I &8H3
ML, ZoORRE L TERAERANREE 722 ERERITRBI TS, A TIEE Nllg~DHEHFI/E
DI DA J1 = X L O Z BRI E L, FUS AAIDER Y AT & & Ml AR~ DR 5 B Al
EIToT-DOTHET A,
MAREEES L UEBRAE

AlEl, Eoag L LTe MEld Ab49 Bk A L7z, ABA9 [T EMIL TT « v & 2 (TAHE L THEGE %
DIRT Z Enh, MBAEFROAZTBSEOFN FiEIIXan =—7 vy EEZ VT,
AN~ DO FAIEL Y IAZBEOREIZ OV TIL, FIBAAI RSV L ey > DA, Ht(excitation : 485 nm,
emission : 590 Nm)Z A LT\ 572, Fili~ R VL eV Ui, RIS, WERERER X OJERBREE
FIORRIKR (MRsMIE L Ry ve s rate) 20 H L, MlENIC AT RE Y Ve ot sd
L— R =TT 2%, —H PIBAKIC AT T F AL RF VLB O KD it R E FElz 72\ T2,
N A~OIR Y IAHRBEZWEE L L TEHIT 20 TiEa < MIEANICA - 23BN O B X Ol (5%
) 125D HAWER Ml AR BHE Lz, BRMICITMIRT « v ¥ 2 OREIKIZV AT 7 F 2R
L. Kbtk BB ERER JOFBRER TN T NORERREZRY H L, iz oT vy a2 b Ttap=—
7 A BT FIRNAERVIAENTZY AT T F AL DAELER) B H LB 08 WM
4y alZINL, K% (EHLORELIERET) TOMBOAEGFEZIE L, MIasMNEL AT T F
aRPE LT,

ERFERLLUER

b Ml A AS49 BRICHIRAKIT AT S F % X
10 pg/mL N L 7= & = ORGRERES L OJERERE o .&@m$
D 0~4 BRIBUSDAAFE FINICA 122 2T 75 87 « CisplatinsMF
V2 X D) EFiglITRd, Figl KOHAAAKI AT £ o1
5T RN B LR A BET 52T 8 ek
MR AT Ly 4 BERAOE CIIRB RIS =
BELC HL I 7731 T0% b U, S s s © 001 4
NTVWD T ERbhD, ]
Al b M liA AR ABA9 |2 H5\ T RG] I 0.001 hd
K0 RGN N R D = LSRR TE =, L L, 0 1 2 3 4 5
BUIE 7R BAS IR IR TR L 1 Fos AAIFEF S 38 & Time (h) *P<0.05

AR ERZ N, Sk, MIEBNICEY A E 738

. Fig.1 Effect of magnetic fields on
HIEIZ DWW THRET AT I,

Cisplatin potency (intra cellular)
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Effect of magnetic field on anticancer drug in multidrug-resistant cancer cells
H. Ohno, M. Kakikawa, S. Yamada
(Kanazawa University)

FLHIC

IHETHUMFREETIE, KBEB IO M AMBIZRT 5 EANEH D R BIC L > THMEn b
L ERER LT, 77, EEWEH OB ITMMIC L o TR D Z L bHEER S, T OHMMEITREE A K
E)olo, KBE &b A AMIE CITMIAEOEN RS Z XML TS, —F, BKRTIE, <D
PR AHIDND T2 2D BAMENE T 27 =203 H 0, ZNHITERAZHEET 2L VR E a2 80,
HRRIEAE E 02 ORSBEO AL NRIR & Wbl T b, RIFFETIE, ZAIMME 285 L2 MAAMRICET
B EANWERH~DO R T B2 RG LTz, £z, BE R HITMROREEMIZ L > THIE S Tnbd &3&
ZHINTWDHT, TR HIREEN 25 2 2 BIZOWN T H T,
XRBAECEOFMSE

FPT AR TIEIMBAKI O 52 L0 ZAIME 285G Lo e N2 S0 AN MES-SA/DX5 Z i H L7,
MES-SA/Dx5 IE & k1= SH0 AT MES-SA 25123 A% Doxorubicin % #% 5- Uit 2 K-> K 9 1272 o 7o /i T
%éo##Aﬂwm_ﬁﬁéxmmﬁ%%@%ﬁTiMBSNmémﬁﬁhﬂuwmm%&5L£&%ﬁo
Too BUBS AR Z B G UT- Ml 2 iR g i, JEZRERREIC , BREERETIE, 37°C, 5%CO, DEREE TSR AR (JE
W4 60Hz, WA FE 50mT) A Ig#E L, %%@Hfi HWPTTMﬁ%% 287 s &7z, MES-SA/DX5
ORI THY au=—7T v AL DHMIEOAFRIMA TR T2, MIGtk, FIBNAAIZEREL
aun=—7 vEAICL VIR AKIWERICH T 2 TR 2 et Uiz, WA X 2 BN L O R
JFHEIE, RIS MES-SA/DX5 (2 RN RS M (3% DIBACA(3) % FV 7=, DIBACAQ) TN (I U CH s
AN AT L, FRAICECD SAE N D L asf R A i = 3, T O®ENEMEOELZRET 5 Z L TR
@ﬁ’iéﬁ@ﬁﬁm%ﬂﬁbﬁgﬁﬂhﬂﬁﬁ TR DA B ORI T 15 & RIERIZ, AiiE & iR R,
IHERBEET T, BBEHECEASFMORMBA 2T L, FERBHECEIBRA2BRT T MRs R L, M
fakE %1%, 74’ rarb— ) —F—|2 X BEEMNEZHEOREIC L DHEEMEZHIE L, WRERE, FEREDN
THET D 2 &I X0 QIR BT X D IRENM AL
R LI, *0<0.05
Rt S BB Dt R

Z AN MEHIIE MES-SA/DX5 (ZH1A% A% Cisplatin % #
B U T2 )t ORI AEAFRICOWT, FERBRIITT D
W 2 1 O A S DA kL % Fig 1 ISR,
FTARTORBNEEE TN 1 L0 /SN D, i

FUC K O EFMERAP IR EIND Z ERH LN E o T2,
T, HWANBRENKE L RDIZERTBRAFENKEL
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fEIZ DWW THRET LTV 5, Concentration of cisplatin(ug/ml)

-

o
o

=3
=

=]
=

only)

o
-

o

Relative rate of survival cells
(exposure+Cisplatin/Cisplatin

Fig.1 Effect of magnetic fields on cisplatin in
multidrug resistant cells
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Synthesis of magnesium ferrite nanoparticles and their induction of cell death in human breast cancer cells at
elevated temperature under alternating magnetic field
M. Kanazu, S. Matsuda, T. Nakanishi, Y. Kashimata, T. Momma, T. Osaka
(Waseda Univ.)
FL®HIZ
MgFe,0, 1%, MEICHENWTHO 7 = T4 F XV @EWREBGRPHE Sh Y, AR Le2atkodmo e
DHTHERINTNDED, RN N —ITOEBYKE L CTHRHTE 5. MgFe,0, 7 / ki DEKIC
YV - TOERES RIEEIC L DMEBIDEL FFIEL, BRNA =T —=I T ~DJSHbRETENn T
WD M, MgFe,04 7/ B30 AR AT T8 % Fim L TV 235130720, RRREHCTIE, MgFe,0, 7
JRIFEERRL, b MDA AMIEZ O THESANA N—H— I T OFREYR L L ToOrEEMEZ 7 L 72.
REBRAE
E/VEE 1:2 TIRA L2 MgCly6H,0 & FeCly6H,0 % & e /KA &2 NaOH & )i &8 CTH B - RiBRIA %,
KREIRH K TELLEL (800°C, FREFIREA] 10 43) 95 Z & T MgFe,0, 7 / Rl F A ERL U7z, BVLEE X, FRE
FE#) 20 °C/ min « FEIRIEESK) 6 °C/ min D 5efk & ZudnER (%) 260 °C/ min) - TUEMAD (K 140 °C/ min) &&fFT
1Tol=. BoNRFE2EIMN LT TE ML AL MCF-7 % 24 40
REREEAE L7ots, R T-URINCHE S JEIRE & K72 I IAA TS MIao®E] 30 | ORHC
B%, Tu—HA AR —C L ZRFNEEE L. 72, 1M 1T e

3%}
(=)

b1 ) ORLTHR Y A% SREEA A OWEEREIC L W FHH L. 5 10 7
KL BIODROFMIL, K720 A A TRIAD B2 RSML,  § 0]
AR (BRI 500 Oe, JHiki#k 325 kHz) & 20 /MIFIINL 2B 5 ) |
OISR IR DIREE 236 K ORI SE IR 2 1 E L 7=. =30
RERREE 40 -

-70 70

XRD /84— 35 L O TEM 2 & 0 WP RO BULEISIEC b — ok Magnetic field /kDe
K40 nm T D MgFe, 0, 7/ B DAERRN R I NN, BEZEMAL Fig. 1 Magnetization curve of
PCAFToRLF DIE D 23 7T0kOe IZH 1T D kA m < (Fig. 1), KIF53#  synthesized MgFe,O, nanoparticles.
TR OZR iy T CTORIFERE L E< o7, ZHUFRAMIZE Y A¥ RHC: Rapid heating and cooling.

A MTEDD MPPFDEIEN LR L2 I eE2 N5, = DEE 100

g0 |

AT B TR (T o7 b =5, KT (RSEmAL) =0
) 3 2 by simple addition
(ZfE S MCF-7 DML, RMEOEINI VTR o8m = 70 - : :
N . . . = 60 - with AC magnetic field

ZHDHOD 10 %KM TH -7, £z, B 5mg AL, LA 2 00|
H72Y 3ng ORI NIV IAE I, LS T CORFREEUCIED 53°C < 40 |
F COWRE EFIZ LV K) 90 %O MIIaFEREN S Bl (Fig.2). LLk gn ig I
L0, BEGRLINC LD RBBEOR MgFe,0, F/ Kif-tiak k., 2o | =
ZNO Z Y IATE MCF-7 ~O ZZFREHIINC & 2 2019 7 Mg sk o '_1 ‘5
DFED RS NI, Amount of MgFe,0, added to

5 X 10° MCF-7 cells / mg

B3 ik Fig. 2 Percentage of non-viable MCF-7

] cells at various doses of RHC MgFe,0,
1) T.Maeharaetal., J. Mater. Sci. 40 (2005) 135-138.

2) M. Jeun et al., Appl. Phys. Lett., 95 (2009) 082501.
3) Y. Ichiyanagi et al., J. Magn. Magn. Mater. 310 (2007) 2378-2380.

nanoparticles before (shaded) and after

(filled) AC magnetic field application.
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A Study of the Wireless Power Transmission Used Square Wave Supply For Rechargeable Cardiac Pacemaker
Taku Sato, Atsuya Ito™, Ryuta Kato™ and Takuya Kutsuwada™
(Department of Electrical Engineering, National Institute of Technology, Sendai College,
*Advanced Course Production System and Design Engineering, National Institute of Technology, Sendai College )
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RIRHEABERDIENE - L CHERTRIARNE A b= b l— 2 A — 0 APIAMER L L R4 Tl B 0%, SIS
(o TOMEIRIC L O ARIR T E I B2 DB D 5. & 2 T2 ITERGHEIC L DU A ¥ L ARGE LA LI &
SHRBED < A KBS L, TR IS BRI 5 & 27 AEHER LB, AR AR L L
T, A Y LTI TR < S TV S 0 U A o L A BRIV TER L0 TR 5,

2. EEEHiE
21 ERES L VERRTOTA Y LABHEED LE
Fig1 OFEBREREIZBNC, 777y arVoRl
— X (FG-281)\Z & ¥ 10kHz DIEF%H, Hizit(duty
10-90%) &/ ER L C7 v 7 CHEIE L, 2B = A L~HI
T5. DL EDREE, SN, ZEEEV,,
ZAEEN) Py A WE LT 5. £, FRROFRZ 1
WR IO KAREE= 79 C, CGEBEOSRMTIT
9. PIEIZIZ ST —TF 7 A H(PZ 4000) % FH\ V7=
2.2 RLC EFHIRERR TOES)

IR 2 WU A % L ABSUEDOFEEN T A
L AFEEIRFE R BIG Ch D EMERT D121,
RLC EFHRAF 2R L, 10kHz HE (Duty
10-90%) Z N L7355 A A RIE /ST A —2 N ED K
I IR R R T EMERT 5. FERIEEIX 2.1 LRICT
HD.
3. BREELUER
30 EREB L VEBRTOTA ¥ LABNGED LE
Fig2 I[ZHIEREFR T HREIZI TR duty |2
EOTNHTETHY, 11, LZEEEV,, <HEE
71 P2 1% Duty kb 50% 2460k & LCE 2 BEELDIZD
AU 3 2 RHE 7o B S eR S ALz

R T U HEBETOT A ¥ L AREIZBNT
CI DFBEZ L VAEEREN K E S B2 D 2 V3o
7o. CiATlIFig2 &EROMEM AR, CELT
L Duty A% CHXEE/NIEDEEThH-oT-
I CEBINCIENFRECH T R & LT, HE
B 7 — U oHEURBT 5 2 & TRRA 2B O
AOECTHBLTE A28, BXRRIKIZEOTHIEGK
EIEDOEREGDENRENL L2 B2 Hib.

f(8) =2(sin@ + 2528 +2sms€ +-) (1)

(D= duty50 DR 27—V THREER L= b0
ThDHN, FEHEN L DX EENERELD &,

PEEBEINKT LTI 4% L ED TN LAy
otz ZiuTTiebb, EREEORENRY 72N
L, EARETCOUA ¥ L REINRE L FEOEIIN
EESNTZHDEELRTE D,

32 RLC ESIHRERETOHOEE)

RLC EFIIREFRIZEEZEE (Duty b 10-90%) A-FH1
MUTRER, Duty lUIC X OT=RITEIC—ET, &
B & 1 RDFRIT Duty HelZ k> T8I 5 Z & 035970
0, DAY L AEINRERRE COMRRERE LA L7
AR L-. ZOREEY, Fig2 ORIV A v L
AEINRRFA 72 b O TIHe<, RLC HIZRIZAS
2 BRI T D 2 & DR ST,

SRS AWITSTIE JSPS BHFE 26350687 DB ZZIT =%
DTH5.

S5k

[1] T. Sato, F. Sato, H. Matsuki, T. Sato, J. Magn. Soc. Jpn., Vol.32,
No.l, pp29-35, 2008
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Fig.2 Electrical parameters of wireless power transmission
used sine wave supply or square one.
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Feasibility of magnetoreception in human
K. Takahashi
(Chukyo University)

1 b MESHOBEARAOELEER

%L OEPIHIERZBEAIL FEF =2 a v R EICHHL TR EEbNdd, b FPPHRBEREZEL TR E I nIconT
AR TRy, FBALLDESEOSITTIE 1980 4ERIC Baker & 12 25t b OHRESAI O TR 2 R T HARE T — 5 2 0FE
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2T EDRENTWEDY, E D hCRY2 # VRV EEF->TE Y, ZOFBUIMEBICE R L T3, 2000 £, BI85
AT & D hCRY2 DFEXMEDHER I LT 5, Foley 6 ¥ IBEETFEEICL h T CRY1 2GS €7, ZOBEFTHZD
W RbND, ZOHRE SIEETEAZITVANTIC hCRY2 2 HH S L 2AMHEBHIEL 72, ZoFERIZE F DA%
ZETL Y —2MBRICKRICET 5 L W) HEZHNRTHIDOTH S, ZDLIHICI 7B LRNVTOWREE L VI — D
EWRRI N, ZOP T FESMEOTREY (ot MFREEDO T T) FHBRLTWE, L LRFDIENREE» S E 2
. RO L L, RV —DRATEES Y T 4 OFEHE EEICHIETE S 2 LIRREETIE R, v —IRAEL
1EBEOMADEE, KOZDESROEBHIC O W TOMNOAI - BB Z BT T, BN - RN 722 MR aTHE
E %, T ZMABECNNICHERZEME DR H -7 & LTH, BB HFRRAZMEL Tw 5 &) ITIFET Toi,
U, WRHERDEF 0D S B L T W ITEEEE, Bl IZRERUE S 3B L v 2 2D R b kR % 2 4
RELTUHL T3, AJREl, o @b 3EZon b,

2 BRERE

ZDEXH I 7u LAV OERERZEDOMEE R T, BETIEE MERMHEOAEEM: % Bt L C L a7 L — 7 idEED
MBWHFT2 SNV —TH%, EIE, T, Kirschvink 1% Human Frontier Science Program (HFSP) DXXED b &, v/ %%
A MSERL~NVAFILY 34 )V THEE S & 72 RIR ORISR 2 B o SOG % BGEEHS & 0 BlE L. BRI
BT 2 iEE %2 B L T3 Y, —J5, EilGid hCRY2 IS H L, FBAER L Cw 28IAHEIC 1 205 2Hz BRE O RN 4%
WS E 2L, & P OEERNICRDEEICR DT 20 ) 2 BEEL T3, TN ETH 10 LREEEOBEERS IC L TS
EALAN DN LD EDEL 20 E ) DEFHRTLE0BE5D E 2 AWMBICHEAELIZE TV T 0 B HEBREIZFEL Tuiwy,
7o ISR R E 7 A AL L TUIIL C0 3 EET 2 &, MohDFETINES 7L E LTS ¢ 2 08DS
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MES 7 FNMMEEHIE L7, ZRBBED L 208y 7L Th b, EBINHEANE ORI TEIIZE S Tk,

DEDZ D6, MKty —Lta2PEME FMEBICIIEE L ToT, AR STELMEI BGE L Tou 2 iR b R S
20H 5, Lo LITENCHAAEEZR S 7L (B Z I FEHREEE) & U CTHRERIIOERE L 5 22>, &\ ) mUCBY U T BHmE 2 # i
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Interfacial frustration originating from quantum well formation in epitaxial Fe/Ag/Cr trilayers
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ZWE L, £72. ZOREE L LICEFHIAERICE Y AU LT- Au & CroREIZBIT AR T 7
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Study on simple measurement method of Dzyaloshinskii-Moriya interaction by using simulations
Yasuhiko Hirano', 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 rvr Ax— - SERMAAEH(DOMDAME < FRBEERERIZ VT, AT — I A > QAR [1]0F 2
IRERERSEN 2] ENBII S TR Y . DMI WAEINERT 22 TOMERNER SN TWD, LNLRRL,
DMI O K& X % B 5 FiET, EROICEERNE FEE2ET 53], o DMI @2 HET 5 HikeE LT
X, BEEERENZ W2 MR HIER EN B 508, L5 DMI ERHIE TE 5 FIENRKRD LTV D,
AWFZETIL, f 52 DML EZHE T 5 HiEE a4 272912, DMI M8 < TRERB LI Z RO MRS 2 7
DONFERC L DALY R 2 b —2a v &fTo Tz, KIBMRAOHEET + 2 718 L DMIEERGFEZ 5
Z LT, REWZDMIEERD D FiEEZRE LT,

B S

MPBHES L, CoFeB DAEZ VY, AIFIRAE 1.5 Kemu/em®, BEKEGPEER 14 Merg/em®, BER AL 17.6
Mrad/(s * Oe), AT ¢ 7 X AEH 3.1 perg/em, HIEE 1.0 & L7z[4], I a2 b—a VAEIL, M
F 4 A7 ROMEMERIT L, DMI OfEZ 0225 1.0 erglem® O TEL S8, TN FNMBRT 1 2 7 TIZFAT
725 1) (x J7 1)) & LT [ (z J7 ) ~INRBE R (H Ho) 2 N Z T2 R T — A Y M x,z FIAZZEN TR LT
L EXDOINBBEROKRE SHH)ERD, TOEZELE L, L CRO-ME DMI i E HET 27
RIZED XD IRTFET D0 e ifi~Niz, HET 27 R(D)ILHEL 16~100nm, FEE 1am & L7z,

e

1,2 I2ZE N E 4 DMI=0,1.0 erg/em® O x, z F [ D KEEER D 7T 7 %7~ LT 5, X 3 13 DMI=0~1.0 erg/cm’
EELSE x FBE z FEIONKEBEROES (AR =H" - H'"%R->7-77 7 CTh b, X3 OFER LD DMI
DAEDS 0 erglem® DA, AH™ 13 A R HFEFD/NE N, DMI DENRKEL 2D L A BRKREL 7R
%, DMI=1.0 erg/em® D5Er, WA ZBEAHKI 20 nm ORFIZ AH" B RICR D 2 bbhotz, ZOMBELY
H™, HYZWEL, £0E%%Z & TDMUMELZESGHICHIETE S 2 Enbhrole, £V A4 XRITK
FLIZARYZ B LT, LV EMEDMIEZRDDZENTEDZ ENbrnoTz,

4.5 18.0
4.0 16.0 DMI=O.0er<;[/cm2 -
. . .0 0. ZErg/cmz nan

3.5 14.0 0.4erg/cm; il
~ 3.0 ~ 12.0 0 0. Gerg/cmz g
g g ‘ 0
g 2.5 g 10.0 1
s 2.0 s 8.0 .0
T 1.5 T 6.0 )

1.0 4.0 .0

0.5 2.0

0 20 40 60 80 100 0 20 40 60 80 100
D (nm) D (nm) D (nm)
Fig.1 Switching field at DMI=0 erg/cm’ Fig.2 Switching field at DMI=1.0 erg/cm’ Fig.3 Difference of Switching field x and z
2 E P YN

[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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ZRITA R F % CeFeq_,Cr,PO D Mossbauer 43 3% K UM EL24EIE

A I ORHR, HEE AR, MR R, AR ECE] *, JEE A, Bl — o, NEDS R, IS IERR, MU —
(BBREA* 50K, BOK)
Mdossbauer Spectroscopy and Heat capacity of two dimensional Kondo lattice CeFey_, Cr, PO
S. Taninaka, K. Ida,T. Okano, S. Kitao*, M. Seto*,K.Kindo™, Y. Ohama™,M. Matoba, Y. Kamihara
(Keio Univ.* Kyoto Univ.** Tokyo Univ.)

1 FU®IC

BEWETREIRAETS fETHEO HPEEET LIRKAT S ZLICXVETOENEEIEE OBE ~BT15
LR BYEMTHD. BEOETRICIE, BEARE 26 X1 200 H L AT 2 ZE{b X85 RKKY HEEHD
U &0, IREALFH AR LT, BRI & B OB, 0 K AHEcHE T 2 AR TR A (QCP)
MPFEET S, FlZIX CeRhing O QCP % TIFRAGMEBEERIET o )b I RSB EIE Hiz s & AN BT 5 2
W, BREMEINTWS. N8 AL, 4f BT2E TS Ce (bAYMD 55, CesOy JEE FeoPy JEH 5 72 5 JEIAKS
i % B0 TR MR 1% CeFePO % RHHE U7z CeFei_,Cr,PO(IESi R, P4/nmm)¥ 2% L. AWE
B RTEE R RO T TH DRI QCP 2739 2 e AMRINTH H U, WM QCP EfFEIZB T 587274
LAY BETIREBOMHNEETH 5.

Z 2 TAMZEIE, 5Fe Mossbauer 46l K O ERESBARIR L BHISE 12 & 0 | Fe B 74412 813 2 RFTSMRE S,
SARIER DIE(E K O Kondo —HIHDIE MM A S 22T 22 L2 HWE T 5.
2 ZERAE

AT BT 2 SHERHE 2 BERSIC T 2B RISIC K D AR L7z, 1 IREYLEII L BRI T Ce : Fe: P (ML
#% Ce-2Fe-2P)=Ce: Cr: P (B2 Ce-2Cr-2P) =1:2: 2 ITRA LB, AIEICHEZES AL THALME
To7-. 2 REWLHE I 1 REWEOYES L UKL 7z CeOy Z2AWT, ¥ 8T Ce - 2Fe - 2P : Ce - 2Cr -
2P :CeOy =1-a:x: 1ICRALE. TOHK, Ly MRIZERE U, A3E L —EH AL TEWME %2175 72

ARLE R, °TCo KRIE % FIFH U7z °"Fe Mossbauer 26 HIEE 3 >Ry ¥ a FURBEBREICED, 751 A AR Y
MEAWT 4.2 - 300 K £ CTOHIE% CGF60'5CI‘0_5PO IZBWTiro 7=,

(KL - G hCOBMIE X, A ZE L ZEE 50 um, B& 1 - 10 mg OS2 AV, KR - #5 T
(04-15K,0-9T) 28T PPMS(Quantum Design ) IZ & D175 7. @G HANIE OMFORR E 3 59HE
ix Cellll &AW CeFe;_,Cr,PO(x =0.00, 0.200) & L7z. CeFe;_,Cr,PO(x=0.100, 0.500) TIX¥ BB T, 2
300 K 2B W T HEHEZIT- /2.

3 ERERBLIUEER

1.00

300K

090 |
1.00

090 -
1.00

090 |-
1.00

/ Not | 1
| Soluble

AFM (SDW)

090 -
1.00

Transmission

090 |-
1.00

1
0 2 4 6 8 10 12 14 16 0 T 1 v :
T(K) 00 02 04 06 08

x in Ce(Fe, Cr)PO

1.0

< LR

090

-2 0 2
Velocit /s . .
elocity (mmis) Fig.2. Temperature dependence of specific

heat capacity in CeFeg.gCrg.2PO at several . .
Fig.3. Phase diagram of CeFe;_,CrPO

Fig.1. Observed 5"Fe MS of magnetic fields.
CeFeg.5CrgsPO at several tempera-
tures.

CeFeg 5CrosPO ® Mossbauer 2 YHIE DGR % Fig. 112577, 20 — 50 K O TRUEDM KA TR S, LI L
A5 sextet HBENRNZ &0 5, NG A GOFEEZREL, ART MVDT 4 v T4 VT %4To7-. TORER
25 K fHEIZ 8T Fe DEEIREBA A Y VEER (SDW) IREZRLTWD iU 7-.

CeFeq gCrg oPO OHEMIEIZ BT B Cedf DFE % Fig. 2 1TRT. Cr O N — 7 &k 2 MRS (T.=5.71 K)
OHB L BFHREDOELVWREDPE O S, ZHIMEERFESR TR E N Tz Kondo —HIHO RKKY HHH{EH
HEUZ & 27 (Kondo breakdown) A4 U 727208 F X 5N 5. £7-, B O NN & 0 AR IERE O3 KA
MR NI, THITEBEEAIC B 2 BB S EOFEE2RT.

CeFe;_,Cr,PO OIKIRIZ B I 2K MHER 2L DB L Fig. 3D X5 o7,

SE M
[1] G. Knebel, et al., Phys. Rev. Lett. 74, 020501(R) (2006).
[2] S. A. Grigera, et al., Science 294, 329 (2001).
(3] H. Hegger, et al., Phys. Rev. Lett. 84, 4986 (2000).
[4] T. Okano, et al., J. Appl. Phys. 117, 17TE123 (2015).
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R R S B A B KER (LY My(OH),(TPA),
(M =Fe, Co, Ni, Cu) D&M & i

FOFviR, AREZEAP> AIFBEE>, mERE], SREEZ, REER
(B RBEBE T, *BROK Setm iR )

Magnetic properties and crystal structures of organic-inorganic
layered transition metal hydroxides M,(OH),(TPA), (M =Fe, Co, Ni, Cu)
K. Anai, T. Kida*, M. Hagiwara*, T. Fukuda, N. Kamata, Z. Honda
(Saitama Univ., *AHMF, Osaka Univ.)

[T ®HIT]

@k = S ROKER b IR 2 7B A L D R LTV D, T CoOg N ARANAIEA & sl
TR 2 TERL L 7= Co(OH)(TPA), (TPA 7 L 7 Z JLR) 13EE T =2 K TIRH% /) H. =50k Oe Z7~d = & 7»
O LT T —RAEROWROERBEIBEEMEIOBLE N DR SN TWE, 20X 5 AR Ry E T EM
TS TXOBBA 4 OEBRBIERES TH Y, —#HOBELYE @&Aré%ttim“é & TR ORI
RADIIFF S D, £ 2 TH A 1T Coy(OH)(TPA) D mfrfie 1) DIFLIA « SefF 2B B2 3 2 2 & & AIZ B 7y
FROF LR A B L - — O A B ERER B KER LY My(OH),(X), (M =Fe, Co, Ni, Cu, X =TPA,
NDCA, SDCA)Z &Rl L. i bt & etk 4 bhilie L7,
[EBR ]

Mo(OH),(X) 1T BB 4 B & ¥ LR g X DKIFIKIC NHs %

KEE Al L TINAT2t2, KBEUEIZ XD G LT, GRDEE. KX
TR < WEfE KER AR S % O Bl 2 MRt L7z, &kt
A O [FE 12 1E Bruker #3809 K X #REIPrEE#E L OV — R ~L
b ¥E & RV, BEPEOFEMNIZ 1% Quantum Design #1:3 SQUID REHTE
R,
[R5 5]

112U — UL MEIZ L D HEE L 72 Coy(OH),(TPA) D b
E#~7, M=Fe, Co, Ni IZHAE, M=CulZ =R TH Y, MOg

WZ XV RERR S - MRS & TPA AR N AR AR L& T [ 1. Coz(OH)2(TPA) i il i it
BTz, M =Fe, Co, Ni TITEEMSE % AT 5 MOg /\ [ {K7S— il

T EVICR L, CuOg DA—Hil F A RE MM TEY, ¥— 1.5 ———s

VT TR R LTz, My(OH)(TPAYDRENE 2 IlE L7 & = | 792K -

A M =Fe N GREENE, M =Co 2385 5REEME, M =Ni, Cu 23l %
7~ L., Co DA EifRAs 7] 52k Oe % 7k L7, [X] 2 |2 45 Fl My(OH),(TPA)
DIRE 2 KIZFB 1T DAL HIHE % 75797, Ma(OH)(TPA) DR E — A
Y FDOREEEFE L7 E Z A M =Co DA 8liE A EE) O AF
ORISR E T, & 5T Co(OH)(TPA)D & [H] 4y 1 B4R & &
AR L, BEMEZ TS L7 & 2 AR & A E TR B e

{EBE S H, =52k Oe (7

B

M (u sz'ion)

72, Co(OH)(X) CIEAEAFEAE fEB i & > T CoOp Ntk — 15 g
TN A L DB EE SN DIRNA V2 T RIR B IT DA T H (10k Oe)

CoOg /\ IR D ELYs O il D 1A = PR L THATTRNI &2 9. %&F& My(OH)2(TPA),
DIRIESI DR E VIR Z R LT L BER b5, (M=Fe, Co, Ni, Cu) DRt i
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2 UBREARANG N~ =1 LB & - D b

WE. WEE BAm>, REZFA* BB, mBRE, $EEZ, AR ERA
(B ERBEEE L, *BRORSebm i)
Magnetic properties of oxalate like ligands bridged honeycomb coordination polymers
Q. Lin, T. Kodama, A. Okutani*, T. Kida*, M. Hagiwara*, T. Fukuda, N. Kamata, and Z. Honda
(Saitama Univ., * AHMF, Osaka Univ.)

DI

Bl @ ISR A 4 DA I L > TRIES . BFE b oEZ I LRk Th D, £
7o SREIAMERA 1200 U A BER @< 720, ZEREIE OMMEROREZEN AIRE CTh 5 & 4
WZF DREMENEE LT W ERZORME LTETOLND, BAIXINETIZY = VER(IEFrox) & Bl L
T TRIEDOE U IV r-2- 0 VR (K FRpymea) & B AR & OMAG DRI L0 H e BUL &y 1
RERE - B L CTE T, TORR, £O—HP2RTTN=T MEELZTERT 52 &P LN Lic, =T
LKA B DA B AT BRI D3 L D7 W DB O A BEICBE SR lo i b, £ ~N= AERO
BEREME (T EMEe ©) bHITF SN D, £ Z CAHEI CldpymcaZBFGHECLAT 57y 1-Ma(pymea)s(Cl04), (M=Fe, Co,
Ni, Cu) % HLMZ R D/~ = 1 AEPEIR O fb i & e DWW CHET 5,

EBRF B

REEZ W, 2GRN T-pymea s 7= 1Tox & BB &R A 4 (Fe?, Co?*, NiZ*, Cu?) DB DA G b IC
E VENLE S F DB EAT - 120 KBS B A5 B AU 7= BOAT 5 43 - B i M Oy R BUEL 2 XHR B4 (XRD) % &
THIE L, BRSRMEMRITIE, U — hUb METRESBIEEMNT 217 - 72, BISEB{RE &1 T3 7 (SQUID) i
WEHZ L0 BFl A= DB ST T OB Z R, RO FELZML7-d~vA r7ain ) — A —%—|T

LD HBIE 2T o7, o—o--3 @ —a
Y 2% odd o4 d o Pa
%ﬁﬁ% i Q,r;‘ P .,_lﬁ_,c‘ .Q' ‘{:9.;_
BB AR L pymea, oxDIKEE AT o TR, fbFEK 2 ‘ : o4
Ma(pymca)s(ClO4), (M=Fe, Co, Ni, Cu)} U}(H.dab)M2(0x)s-nH,0, °q b
(M= Ni, Cu)D—HDENL 53 % 1372, Ma(pymea)s(ClOa)iE = %¢;,

T TH Y | 21MBEBEIEA A4 Apymeal XV 246 S, abifi
WIZAN= D MEEZTERR L Tz, Fizo, =0 54N
ClOsA A BAFAEL Tz (K1), b 4
2D DENLE S T OREERIE DFE R, pymeafk Uoxz I L \ a e
ToN= T DR TN O SHAR AR IO 00 b RORBEMER T &

1. Cus(pymca)s(ClO4) Dk i ik

= 72, Mz(pymca)s(ClO4) Kz TN (Hdab)[M2(0x)s]-nH20, (M= Ni, 0.012 ‘ ‘ ‘ ‘ ‘

CODF =V —EHIIFEERA AL DAL ANZHESIELE & H =1000 Oe

< —FH L. 2R TEN= T DA B o ~L O ER T T L & 0.01 - ° Cu,(pymca),(ClO,) | -

< —# L7, Cua(pymca)s(ClOs) DHREHR IR EETHIMR & 2 & = ¢\ —honeycomb

VU= T DT IRRAE R 7 L o ez 2w T, 1 € 000 b8

BN O 54 Ma(pymea)s(ClO), (M=Co, NNATIERS 2R L7 § () 006 [

73, Cua(pymca)s(Cl0s)IZT=0.5 KE THEEB DIkEL RS 2h N 5

>77, 0.004 - ~
FIZZNG DR ES FOH AREEE TR A, D TN

FTHOMBVAENEEZ R U, WA SITCBESE T OREMED BT 0'0020 5‘0 160 1%0 260 2%0 00

I, T (K)

2. Cua(pymca)s(ClO4) D »-T dhig &
INET]BET IV E D
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EAECBEE AT BRI T AREME T 4 NV Z — DRI FHEFRSIRTE D F DL EI 5%

BEHEC, K . mBPEDLE M EEE
(WpEsRE . *H RAERET)
In-situ observation of particles deposition process on a ferromagnetic filter during high-gradient magnetic
separation
Noriyuki Hirota, Tsutomu Ando’, Tadamitsu Takano", Hidehiko Okada
(NIMS, *Nihon Univ.)

B ABCBE R T BECIERBENE 7 VX —F L, VA Y — ORI XV Z OB AR 2 AR SR S
HZEEFIALT, METICOBT ABMERL T2 W5 L, 74NV F—T A Y — RICHERES S5 2 L TE S
DEET D, T4 NE—OBEITR SO A XL D b RIS THbRW=), JEEN/NE W, 12, BEGOR
INZLDIUEBNERL 137 4 VW E =D BRAET DD T, 74V F—OFEENARETH D L VI FBEFT D,
B AR R T BT D AU R ORISR BE KK DEH LI O BTV B I1ED, ITETIE, BEHEDE
TR EINE HEOF(L~OFHABBRF ST 5

mﬁmm%%%@@$ﬁ\%%#6&%@@m\@ﬁ74w&—@fyvz%4f%&ﬁ T ANE—T
A Y —OERE, WAROWHE, MBS/ 8Ok 2 7237 A—2 =2 X0 RE D, BEMED/NS 2205 BExH %)
LCh, MMEORESRRLFICRE ST D MR 217725 2 & CHlfraE L 72 5, BRI BES: O S b o
720l LIFLIEY R 2b—varbitbhd i, 22 TiE, 744X —UA Y — EICHERE L2 1 O IRFE
D EINDZENEL, BFEEVORERBEUICFHI SN TR, 74 Z—TA Y — EIZR TR ED

INCHERET 0o, FHOTmERCBWT, SRHILERGEORELICTHFSTHEE2 60
Do £ ZT, ABIFETIE, BIERA ORT B CEARBEADEEE 1T O BRIZ T 4 L H — LDk T OHERE
WA ZF OB LT,

FEBRIZIIANV U LT U —H A T THRKI3 THINARERBEEMAZFHA L, 74 V¥ — P 7Dt
BEZT 7 UVTER L NEOBIRINAIRE & Lz, £ OEELIANIZIZELMOMRLCCD Y £ 7 UN43HZ FIIH L 7=,
7 4 VA —ESUS4308 THEAL25 mm, UV A ¥ —£80.22 mm, 30 X v ¥ = Db D& F T2, 43 EES 5 50EHT0.6 um
DYNaA=T 774 MRi10.5g%1 LOFKFIZOBSEZLOTHL, VVva=rT 7 =74 MR TDoH
Ha~7 Ry b bt L, BT LICRELET 1 i I a e T LT
I B —i T ORL 28 & Z OIS D, FHUINES . L A
iEE T A—H— L L TCEREIT RS T,

KX 10 TORGES A EIIN L 723556 (B & 7R+ HE
O TH D, o LAz A1 7 RofEiEE
L TR DR L CWD Z Ebnsd, ok
B, HUMBESEMEVIZ L. BT~ 9 AL 7
HENEL 2D, EoiE T E < 72 S
BllsNT, ZHBIEHREOIERSC, VA v —okb
DZERINSS\ 52 DB BET 5 2 & CEMEMICHE
&2, HRITFEMIC O W THET 5,

Figure [n-situ observation of deposition of

magnetic particles on the ferromagnetic filter
under 10 T
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W T v A MZ K DMK A e 7T LAoErh=Rm RIZEE 2458

I, BRER K%, @R ZZaEx, dR B, AR BEEr, NHEOAr, b OtsEx
(BB EINEL R, **IST S & A3 0T)
Improvement of diffraction efficiency of volumetric magnetic hologram with magnetic assist recording
Zen Shirakashi*, Taichi Goto***, Hiroyuki Takagi*, Yuichi Nakamura*,
Pang Boey Lim*, Hironaga Uchida, Mitsuteru Inoue*
(*Toyohashi University of Technology, **JST PRESTO)

[FL®HIC

AT T AAEVIEEEEL— b - BEESEBENEBTEL2 00, KEROA ML —UF s 2L L
THIFF S TWD D Frxld, ESHMIDARETENLZEEICENT B AR EEAA >~ N U LT —3
v MEZHWZBR AR 7T AZREL, ZOE « BEICHKI LTS 2. LM LR AT « 7 ORI
KIIEKL, T—FA ML=V L LTHWDZOIZIES LR DEHEOM EAMNETH D, Maha s T A
DOEHTh=IE, B D 7 7 77 —[Rlsf G (TIEAFT 203, 1ERDOBBK LR TlX o 2B LR B
P, BB 5 7 7 77 —[EfRA N NS OWAREMER H D . ZOWEHEDO—o L L TEWA LI O
WERETTIN Z, AN BRER 2 HIN LR LR 2 BT 2R T VA b 3bh 5. AR TIE, BRFe /7
LORPTEhER LA IS, BERT VA M XD BWR R BT =R AT TR OV TR L7z,

EBRAE

FLERMELE LT RF~Z7 3 b ANy # U o 71 CRE L7z BiDyALYIG & (FE/E 0.7, 1.2, 2.7 um) %
Wiz, 2L AT 50 psec, PR 532 nm DL —HEFAWT, TORRTEEIC L VAT o2, TV A MR
X, FRERMEMUTICRRE LB A IC K DEIN L2, ERTIE, BT VA R LAy (H=0) AL, mik
EED WAL LT 1H] & W5 1A 10~60 Oe DR 2 EIN L 7= B S iidk 241~ 7. 7=, FAWRE2S 0.67 um &
WSk 7 AR 33 1T D YRR D O VRS R & AT FR2ESR 1% (COMSOL Multiphysics) (2 & 0 #Aifi L 7z.

EBRBERRUER
Table 1 I3 2 b—3a TRV RO, BE tyic & TFIERET Hpay DR E S ORERART. BEESEOIZE
EHRETER OTRIERER DN/ NS W by o 72, Fig. TICERICE VR 7z, KilEHZBIT 27 v & MR &
BIFTROBERZ R T, ERhRIIER T & A b LRV (H=0) A OFKEEIZEB T 5 B350 oo THIKL
LTWa., BT A ML EFFEIEm EL, SREHL
7EHETIE, R 0.7 um O RN R K& o7, LavL, H
ISR %2 K& T2 LREPTHRIIE—7HEERY, ZD%, K

Table 1 Calculated stray magnetic
field on interference pattern

Garnet film thickness

FTH 52 EBbnotz. ZhiE, 7Y A MERIC LY KSR tvic (Um) 0r 1z 27
IRELLTETC b, IR F R DAL/ NE L 72 572D TH Stray magnetic field 53.8 592 60.9
2EZBNS. ZHLD, 0.7um OETHE, Jox OIFRERR N Haray (Oe)
NS, TUA MR KD WIBAE T I D 7 7 T T — Bl 8
DB bNE D oT=Z LD, BRT VA NOEN L VA B A
ThokbEzbhD. BRTH, BRITOY 777 —HiA e .
£ O BRERZRIERAERR, AT/ 82 — > CORREHIC g e =i,
DV THE LR OFEIIC O W T LT 5. S 1ol b S—
ABF G2 O — E 13 B AIF LA BF S (S) 26220902 I L TN(A) g m

15H02240 DR & %21 fTo b D TH 5. % Ny : 07 ®

© 2.7 um
B0 S e

=z 0 10 20 30 40 50 60
1) H.J. Coufal, D. Psaltis, et al.,“Holographic Data Storage”, Assist magnetic field, H (Oe)

Springer, New York (2000). Fig. 1 Normalized diffraction efficiency

2) Y. Nakamura, et al., Opt. Express 22 (2014) 16439. of magnetic assist for Bi:YIG films.
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a-ThFe/BiDYAL:YIG & Ja i & v 7=
BT 3IRILT 4 A7 LA D EEhEk

HRTRIRT, fRER K—**, | ZZEEx, R HE—x AR BEMEx, NHEORAx, b o
(CEEEANE RS, *XIST S & 23F)
Enhancement of efficiency of magneto-optic three dimensional displays
with a-TbFe/BiDyAl:YIG multilayer structure
Kazuki Nakamura*, Taichi Goto***, Hiroyuki Takagi*, Yuichi Nakamura*,
Pang Boey Lim*, Hironaga Uchida, Mitsuteru Inoue*
(*Toyohashi University of Technology, **JST PRESTO)

ZLHIC

BRI ZRRT DI LN TED 3RLFREINE LTEFRR T 740305, Hxlk, o tHE
BRA > B U T AT —F » MBIDYALYIG) Z W2 SR B f OBERN T 3 RIET 4 A7 LA IOV THFSE
EToC& i D AT 4 AT LA DY 7 BVBRICIE, YR « F = U —IREZ2F A Uz B kaisk %
AT, BAESNS 3D B0 XL, 2REOMEE & MEOEFHIC X D EIPTISRICIEF L TR Y,
ISO13406 Tlix, T 4 A7 LA OB 100 cd/m’ LA ERSHELRR S LTS, HRIREFIAT 5 EEIAHL TRV
X — LRI AFT A EITIRIZI S L — RA T ORBRICH D, =2 T, BWKREICHERT R
F—IMEL K& 2RFRERHME(1614 G) 2 HiH> T /L7 7 AT /L EY Afk(a-TbFe) Z A 1 7' LA DitéxE, [
LM < /N E 7216 71(200 0e) % &S % 4k BIDYALYIG Z k1 7T AOFARE &+ oS 2 TER L,
FLEREN DA U SR CTHAROB(ILERIET A2 & C, ERO ML — RA 7 &R TEH EE X T,
EEBAE, BEBLUSBE

a-ThFe & BIiDYAL:YIG OFEE & X SiN (50 nm) / a-ThFe (100 nm) /Al (20 nm) /BiDyAL:YIG (576 nm)(LL T,
FEEMELIEE L, A A =LAy ZIETIER U7, AUBIISUHIEOREIZ A L, SHNEREZ 670
W BET . EERD 72912, a-ThFe E(SIN (50 nm) /a-TbFe (100 nm) /SiN (20 nm)), BiDyAl:YIG (576 nm)(LA
T, BB LI bER L7, £30B o R 532 nm 128 1) B BEROEFEE R L OO0 21T - 7-.
Z O, FEEIEIL BIDYALYIG &b O, a-ThFe IR AHE, HBBRIIEE Y TCOFME 21T 7. 7%
W RlA A 2 HE I & RS Tl L 72 & 2 A, FEMEIEIT 15deg. TH Y HEED 155 Th 72, R
Hif8 DR E S & - THARZREHDR § 2 p=@Im)Tsin*(0) TH L 7=, 22T, TIXEBR, 013H B
A ThHD. IR LTI E IV & R EER A 2 V7o, IR X O IR o [BIrhEiE, 7.0
X 10°%, 8.2X10%% & 72 o 7= RICFLERSAT: & B LHER] 2 msee, L — /807 —2.7~26 mW O#iH TA L S,
B/NDOEIAHTFRIVX— %02 LT~ FEEIX a-ThFe BICAWIAGE A 1T\, BIiDyALYIG &) HREIX 28
LTI ZAMRY 7 B NVOEERHER SN, FREOR/NDOEZ AL T XX —%2 3l L7 fER, FHE
1% 4.8 milem? AL Z. ZAUTHIBIEOK 14 TH Y, a-ThFe B4 A5 Z & Tridk= /L X — DK
EATHO ZENMHKRE., VAT —T L —LDONFKRERET LAY T L% a-ThFe BIZFLEK L7214,
BiDYALYIGHID & S FAEETT 9 2 & THAEBRISE LN
72(K 1). /A ADOJRINIE BiDyALYIG J& O A4
HMRORE—MICIDbDEEZBND. 5k, Bk
7% F=y 7 REEEIEEOEAIZ L - T, BiDYALYIG @
R 2R T 5 2 & T/ A4 OB CTE 5.

ARWFGE D — EBIT R BARFSE(S) 26220902 5 L OY
JSPS Bt %t 15305710 DM 2% 1T THT-7e b D TH 5.
BEXM

K. Nakamura, H. Takagi, T. Goto, P. B. Lim, H. Horimai, H. () X (b) 1F i X
Yoshikawa, V. M. Bove and M. Inoue, Appl. Phys. Lett., 108, 2, 1 BRI XA HEAR
022404
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RIMNENT Z v 73 T —%& v
AR R IBARENE 7 + b = v 7 #idh O /R

EARTRR*, BIER—***, mARZ S, P, NEHRAY, B
(FERBEAN PR, **IST S &3 )
Fabrication of magnetophotonic crystals working at near-infrared region
using high thermal resistant Bragg mirrors
Takuya Yoshimoto*, Taichi Goto***, Hiroyuki Takagi*, Yuichi Nakamura*,
Hironaga Uchida*, Mitsuteru Inoue*
(*Toyohashi University of Technology, **JST, PRESTO)

XU DIZ

Wt~ + b=y 7 fEd MPC) 1%, 4 v U UASRT—Fv b (YIG) 72 EOFEWRMAME 2T T v
7' 27— (BM) THAZHEERTH Y, FFEHEEDONOMKIET: (MO) REEKT 5. BB
BCHDYIGD, YW A hECetf AL TEB LY 7 AEHYIG (CeYIG) I, drRFMEEIkicB VT,
UL R/NE L, KERMOBEEHT Y. ZD7=H, CeYIGE IV \=MPCILEMRIMNE Bk CIEH Iz K
ERMONEEAT D, L, TN E TIER EIN7-CeYIGE & TPMPCIE, #E 1570 nmiZB W\ T~
7 I F—EHEMAIE 3.0 FEL REXNo723, BREN 2.3% LK o722, Zhik, BMFDTa0sA5 i
L, HMEELNAELTZTZDTHDL EEXLND. £ 2T, AW TIETa0s DfE s LIRIE %2 CeYIG D
LR DL IS ERATREZR, Ta,0s12Y 032 N L7-Y-Ta-03% W5 Z & ¢, fEfmibic X 28l
H# L7-MPC % {EHL L 7-.

LR 1E
BRATRER B2, A4 E—A 2y ZEZHWTY-Ta-0 L Si0, # & HAZ 16 jE, &g L7-BM%ZE
B L7-. ABEoOBEY, HEREICBWCBraggd RIS 23723 K 2 IZiEF L7z, Y-Ta-OD flfist ~#

—/7y MZIE, Ta0512Y,03% 14 at %Rl L2k 2 L=, ZoBMEIL, EEK~7Rr e
A%y B R & BEZEEULR A2 VT A RCeYIGE UL LT-1%, T & RERICBMEZ TEAL L7-.

TERL L7ZMPCIE, Fig. LIZRT & 912, R 1470 nmiZH W\ T 5.4
ED7 7T 7 —nllnfizRx L, CeYIGHEMR & b+ 25 L, £ 50
RN Lz, £, YEEERWTa 0% H L TRk L
TMPCE T 5 &, 77 77 —[mHaMA) 1.8 %, FiEEN 15 fF
WZm B U7, BEES T, FRMARRUEERCG L, Y- Ta-O DR
OFER, BLO~ hY 7 27 70 —FkzE AV i=MPCOMOF:
DI & ORERIZ SN THRET . el I —
5 4 3 2 1 0 1 2 3 4 5
%gﬁﬂé Applied Field H (kOe)

44 MPC

Faraday rotation angle ¢_(deg.)
o

AHFFED—ERIL, JSPS BHIFE: 26706009, 26600043, 26220902, Fig.1 Faraday rotation loops of MPC

15H02240 DAk A 321 TIT iz, comprising fused a silica

substrate/(Y-Ta-0/Si02)8/CeYIG/(SiO2/Y-
235 3R Ta-0)2 and CeYIG film at a wavelength
1) M. Gomi et al., J. Magn. Soc. Jpn. 13(2), 163-166 (1989). of 1470 nm.

2) T. Yoshimoto et al., Opt. Express, 24, 8, 8746-8753 (2016).
3) H. Fujikawa et al., R&D review of TOYOTA CRDL., 30, 4 (1995).

— 319 —



8aE - 10 FA0E R ARGAR ML (2016)
{6l B TR X AROETRIC K 28T/ MR DOBK L F R R DML

AR AP B O REEC SEHEE M RIS, IAREE MR Yempese M0 BEILE— B
ILARAL &80 FACERBE A, FEARTERT A, (AR M8 E R A BREIESR N AN
fAEN . FERM AP EhE A Rk P
(CHRHERE, PHORER, CRRBEEMA, PHRALKRT)

Magneto-optic effect of Fe nanofilm using polarization-controlled soft X-ray source
Y. Kubota™ B M. Taguchic, Y. Hirata®®, R. Hobara®, Sh. Yamamoto™®, T. SomeyaA’ By. YokoyamaA’ B
K. Yamamoto™ B, K. Takubo”, M. Araki®, S. Yamamoto™®, J. MiyawakiA, M. FujisawaA, Y. Harada®,
M. Tsunoda®, H. Wadati™® ,S. Shin®, I. Matsuda™®
(“ISSP, the Univ. of Tokyo, ®*Department of physics, the Univ. of Tokyo, “NAIST, ®Department of
Electronic Engineering, Tohoku Univ.)

FL®HIC

WO — 2K (MOKE) ORIEIZIZ AT HEHEIR O£ DR — RO D08, £ DB
% VUV~X SREEIR O TCE ORI I A 5 2 & T nHFH@IRMAENR ATEETH D & & BT,
AEEE WD D GERR—HEAZBIHITED ZENMOBNTWD[L, 2], AGHEB TIL,
SPring-8 BLO7LSU (T T 3281 L 7o b il ALk X B 2 WV CllE L 72, 867/ #iEoo MOKE (2
DNWTHET D,

KEBRAE

Fex D7 NV—7"Tld SPring-8 BLOTLSU (Z THAME—DpEIRI 7 m 27 Vo b — 2 28 i L |
{w AR S 7o = kL S — 3 IRRE < mBREE OBR X MO A4 FEBL L 72, £ Ol A VT Fig. 1 (a)
(ZRT & D Ze k) /RO LW I IZ 3 1) 5 LS MOKE Ml E 247 - 7=,

EBRER

Bt RO L3RI I 1T D B —BlEEf % Fig. 1| (OIZRT, Ly & Ly OWPUmIZ W T —
HERANE— 7 2D, SLICZEDOHENRNIEL TS Z EEBH LTz, £72. SONFEHEMND
[3]. HHVERBGAIC IS D —RlEsf A7 MVOFEEZITV, ERERZHATEENE O
77 BT, R X MEBGLEGRZ H W27 7 A X —FHERKR[NE O HITo 72, ZOE il
EOLEHEND LRIURICHIT 27 4 vy 7HBELHBAT L2 LT LT KGEETIZIzsn b~

7 B RED D OBRIEFDE (a) (b) —

DEZITIMZ, SPring-8 Ta 2 nm) " 1

BLOTLSU O SR I % £ 1

%7 L 7=, MOKE D YAk 171k Cu (2 nm) g°

CONWTHHET 2 TETH D, 5° ]
Fe (30 nm) E 1o —8— Experimen i

5% T 8 ,

1) Sh. Yamamoto et al., Phys. Rev. MgO(001) 700 705 710 715 720 725 730 736

Photon Energy (eV)
Fig. 1 (a) A schematic drawing of the 30-nm-thick Fe nanofilm on the
MgO(001) substrate. Ta (2 nm) and Cu (2 nm) are capping layers. (b)
Kerr rotation angle spectra of the Fe nanofilm at Fe L, j;-edges
obtained by the measurement (filled circles) and the classic calculation
with the empirical constants (open circles).

B 89, 064423 (2014).

2) S. Valencia et al., Physica B 345,
189-192 (2004).

3) H.-Ch. Mertins et al., J. Magn.
Magn. Mater. 240, 451-453
(2002).
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JERF e BIEGE S E&E DRI E—2

Ve BR 2NN TR 5B
(SACOAFE) (Wi ¥ HE)H) CGRILKR BT
Soft magnetic properties of Fe-base thick amorphous alloy sheets-2

T. Sato® Y. Koyama?® Y. Nakamura®
1) SACO LLC 2) Isuzu Motors  3) Tokyo Institute of Technology
X CIT
FTNAY y METER LT 500 mOERF e HIHEAOEHE (ERIEN) ORKIMEZRE 2 BIZH:

D L CE e PP ARENE, BRI OREEZ R TE L O a‘é.ébﬁf%ﬁmﬁm#% et
Al
EBRF

AifEl & FERIS, RIEDORRDMBEZMNET 5. BHERO 50 mERE (B-1) & 30y mD#ERE (B-3), ifi
WD 22~28 pm ORI (X, Y, Z2) D 5 FFH. BSAHAMUITS T X TAPR FerSiBly, JRF%) TH S.

ZAUD % E 25mm, = & 100mm (ST L, 800A/m DWELHES 235 . S 375°C x 60min 35 J 1UN390°C x 60min,

N, S CTH D, REE @ (BR) @ SST(SY-956) Z{#\>, 50, 60, 100Hz ¢ 3 5Tl » 7= 848 % . J4
WHAETE 27 U 2 248 (Wh) &imFETTE (We) (2508 L7z, & B 1T, XRD, VSM, DSC, JuSABIEE, SR ikl AL I E 217V,
PR SR B K & T %
FER L B8

Fig. 1 @ X 912, BESREIINC K 0 JEES B-1 OFBRITSE L, 1k 2 thowiast & A2 > 7= 23 Wh ©
RN BERBIGHESL LV REWZ L2 LD, KRB ARG RENM LV SWIRE T =—/L L XRD &~ 72. 420°C
T B-1,B-3 D — VHIZHINE— 7 DENTZ AM0CTIEE—Z X I BICRELRD. Y ICIEE—7 BENT X Z

T/ NS W=7 THDH.2DZ LD B-1 ICITEBEOFEMIEE CTH XRD TR T Wik FE
LTWDDTIERW, =T Ry bEOWAESR XIS 155 %2 £ CHEMERBX BB ST 2 /TREMER &
%. BEGRESIIZIZZ O X 5 X fFET AERARH D L B2 bb.

VSM T Bs (FIUINMEHS 15k0e) I L7=. B-1,B-3, Z IZIFIEME U 1. 548T. X:1.595T, Y:1.538T, Z:1.545T T

S 7. FEe b BEAETE 1L B-1, B-3:500°C, X:490°C,
/l"'B-g/.

Y:530°C,Z:500°CTH - 7=, :h%@%@“é & X 4E1E Fe
Z B-1

GATEMATRE D E <, YAEMICEN O L 2MEE S
/HX/O
Y

«@
w ot A

NoH.FEl, =7 R v b ESBORBERIE, RIEDEN
LETIFFERN T, 27 Ry NEEL LD
WCEHBITIEN U 7= — 05, B-1 I XERR D HARERER M K
ERAY N
ZoZEnb, ZTRT Yy MY AW AIEBTE
I, ERBEOBIELZ KIBICUETE L EZHND.

= .
DN Ot

Core loss/f x103(J/kg)
o ' o
S ot —=ot

0 10 20 30 40 50 60 70 80 90 100

Frequency f (Hz)
BE I : y
D PR © 45 38 [0] B AREEE S A SR 2aE-11(2014) Fig.1. Core loss/f against frequency

2) e, N, AT S B 39 [nl A Rk A 2 i TERE AR
11aB-10(2015)
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EHFHRE G ORI R E R
eig B
(SACO &fF&th)
The Characteristics of Oscillation Power Generator Using Thick Amorphous Sheets
(SACO Liability Limited Company)

IEL®IT

HIES5 0 um DIEPIIEEEEG@ENERERE CRIE TE 2 RB LA TC 72 Z &1, 83 2 B OAG
RTHE L. ZNOOHBIIEIZETELR,. T2 RHICBW-bDOTh o720, ERM OFFE % &)
LIS ZZEZFEBR LR RICOWTRERT D, BANITIREBER 7 CTh 5. BERMIFIEFFIT X
MBI UL LRIV ERET5. ZOWHEEENE S LEZT-.
ERF L

Fig. | IZIRERBFEBROB S 2773, HRED 65um O Fe LIEHEAET (1§ 25mm) % F X 80mm |2
O LFEfg L Cca7 b Lz, BEESKTHSD. a7 o—maba L, thimiXE < 33 el % i
PEDOH LM TS 2. BETRFIMCTHL (F0) OBBMELZHATS. 27712 0. 4nm OHIFE Cu
A 180 X —rBNTaA Ve Lic., a7 ORIFICKAA ZELET 5. B iTH 06 - 2 em B 7207
& T 30mT, 3cm T 10mT DR Z/R LTz, aA NVOWIRHIEIT VX NT AL —ITHHE LT, ZDT AH—
IREVEEP OEE Max, Min(rms) ZFHHITE 5. 2 7 ORI 2 F TS A TETICRY 2 72 KE S
iz, a7 ORIEZRET 572010 m & O 72 2 IR (Amplitude frame) O H CTHRE) S H7-. 7083,
FEACT ORI 1— 2em, IREEUIFN3HZz TH 5.

EBRAER

Fig 21237 OHWBmEOENRE (Peak to Peak) |ZXf4 % aA WIZHHIE SN/ EIE Vnax 2777, RIE &
EHICEBIEIIHINT S, aA VOB 1.8Q &~ THEH L7=REH I Pmax X, BED 2 FIZHEIT D
DT Vmax LV & SIZABICEIINT 5. $EIE 8cm (peak to peak) THE HH7-HA D EEM 49. 9nV 75 35

L7= B 1. 38uW [ TIREI = R X —nbEbN5ES & L TITHEH Vi t/\“ﬂ%&b\ ZRE.
ZOBHIZZTORLAER (L)L D EHER LT, mbADBE U2 WS TREROFERZ L.
a7 :JE%EE%%T a7 DizbAEMATIREN T, [ UHRME 8em (2% L C, #EE Vmax 1, mbAER %
TR LTEGAIChe_ T, BHEIE 5%, BEL T (W) X 12%IE T L. DLEofkERiT, ERIERE
7&.@7‘:30?%#&%%%% LT, fﬁfﬁiZ\/VﬁF*—’%%%ﬁE’ﬂ CERT RN AW TEDL T LR 5.
60

50 | ® Bending

Amplitude frame - @ No Bending

S
£
o 40
Amarnhotis core Coil c_g 30 r
1: g -
$ — M § 20
@ L
\ 3 0]
Magnet - 0 A R R R S

01 2 3 456 7 89
Amplitude peak to peak (cm)

Fig.1 Image of oscillation generator experiments. Fig.2 Induced voltage against oscillation amplitude.

BEXHE 1) M Zucca et al:IEEE Trans.Mag. 50 (2014) 8002104
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I I v I AEEEALTCo-SIO T/ 7T =aT—FED
IS & U

FHARGEE, RIEEEGL> AR, 110 IEFE
(AR, *EEREAT)
Structure and magnetic properties of ceramics intercalated Co-SiO; nano-granular films
H. Aoki, S. Ohnuma, H. Masumoto and M. Yamaguchi
(Tohoku Univ., *DENJIKEN)

[FLHIC

Co-AIN 27 7 == 7 —[E%, 50-85 at. %AV Co I\ CHREMAVICER T 5 mNE % & 5
iz B AR EZ R T 2 2RE LD, 2o OmNE I, FRRERROREMR 703 B S
MHSHS & Lo (SRR 3 2 MEM LS EOMK BT HICH ST 20, RIFHEHFIIE1000e THY
3-4 GHz DM ILIE JE A (F) LA B Cal B (u) 1 ZTFEF 1T/ &, F2, EREEESI(p) b 100 pQem &/
L, BAEWET A ZGH EOEE L 2o TV D, miIRIOHE T, @72 (Co-AIN)/SIO; %Eﬂﬁ%{’ﬁ
B 73, @R SiOp JE M A S AU CHEE T M ORI IT WD LicTo ., £l 3 GHz 2
£/, —HT, CoSiO %7V T =27 I TMR Z R~ ESEHIKITH Y . LR LI-mN— %iﬁ
PRI C I 72 i R B REME (fe = 2.5 GHZ) bR STV 2 I8, L0 mWisHL, f 243 5 e 5 ik
DT, AWETIE, @S Co-SiO, DS & TEBMLICEN T 2 uf F5EEH ST 5
Elbiz, T REERCTET I v/ A@EEAN LTSE OHARE ORI OV TR LT,
EBRAE

SiOx Fet EIZ Co F v 7 &2 D= Si0 & AIN X —4 MIHAWT, X T A ANy XIETHEIR T T
RHI\CFEERIE L=, /T =aT—J@ L5 Co-SiO MO ANES % 200W T—EL L, WTFho
(Co-SiOz)/AIN JEIZ I T % Co-SiO2 J8 DJE A (Co R F£8)IL 3-4nm & L7z, —F. AIN o AE
0-200 W & 2L &, AIN OREHER L O OEAE2 2L SH 7=, AIN O AFE 7% 0-200 W mﬁ/ﬁ
T 5L L bic, BEORMBEERE T 0-2.5 nm/min ~& b Uz, RO T IE XRF 35 L OVEDX, Wi
Ble2 kJQU\fi_aaﬁﬂﬁ I TEM., p i 415, BALBRIZ VSM, u-f FitEld~A 7 a2 b » 7RKEE

FHD TR L 72,

%Eﬁﬁ%
BT ST 038 LUV 100 W THE#RL L 72 Co-SiO, I35 &L U (Co-SiO2)/AIN BED p-f Rtk % 7797, 1 GHz

iéﬂ%@ plX 4 THY | fIIZNETN 125 BL V134 GHz & &\ 729 5 GHz (i £ THRAEN /N E
VY, Co-SiO: 535 L UN(Co-SiO)/AIN D i NI bIZ Z £ 114 B3 L TV10.0kG TH Y | AaFnmi it
1£26 8L UN29k0e ThH-oTo, Tz, p IETHE 4 3600 35 & UV 2500 uQem TH 0 | (ERKDOE\LYHR T
T =2 7B TEW, o -

T T T T T T T T T T LA N |

WEIFIRGAR (R & 7R RERALA D) Co-Si0, 1| (Co-siO,)/AIN
0D p A3 T NS5 500 i JE k. ®1" =360 pom [ P =2500 p0em N
EHZHE LTS LB § o i 3
o E 4 s |
0

L 2 BGN g L
1)  H.Kijima, S. Ohnuma, H. & _— Y

Masumoto, IEEE. Trans. Magn., ] e Sanaaat] I

47-10 (2011) 3928. 31T} R SN ETTY —
2) S.Honda, Y. Yamamoto, J. Appl. 1 10 !

Phys.,93 (2003) 7936. Frequency /GHz Frequency /GHz
3) K. lkeda, T. Suzuki, T. Sato, IEEE. 1 Co-Si02 35 1 UX(Co-SiOR)/AIN 850> 1-f 5, @ (32H) = O (i)

Trans. Magn., 45-10 (2009) 4290. i . . e _
FENZN B L0 " OERE(LLG HRRDFHEAE) 2 R,
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7 IV 7 A CoFeSiBHT 5 D g 5 MF M D FE Al 771

PRORIE 1, IR FY, THKFISC
(RFEIR%, "=EKRY)
Composition Dependence of magnetic properties in a-CoFeSiBHf thin films
M.Jimbo,Y .Fujiwara, T.Shimizu
(Daido Univ., Mie Univ. )

1. [FC&HIC
TENT 7 A (a-) CoFeSiB A4x1E, BAEMEITE 1 THEESIA 0.10e LU & #HBEASFEICIER BN TR
DY RS T =2 T — %H%ODTMR%*U?JLKGIGE@Z oY —oa— IS TS, Ll
Z OWEBRIIIEE B RFEICEN TV DD, MIETH DL 7-0ICE4E8 L IHEWENMEL, T, Brt
INTF %720 DIHEWED L ENLETH S, 2T, Fx 1T a-CoFeSiB i IEIZ Hf 2/ BIRINT 5 Z & T,
RARIE ) 2 fEFF LoD EWE 210 LS5 Z L3 kD Z &L 2Hd Lz P, A, a-CoFeSiBHf IZHW\ T,
ABZNRAZTA ROMARIZ LV BEEKEFEN ED X IZBbT 20 %Mt L2 T, ZOREICONTHE
T 5,
2. EBRAE

FHoBHE, RF A%y Z3EE 2 N, Si, B, Hf OO R 2EEH O

BeF =7y FEHWTER L7z, Co & Fe OMBITENZE K 75~ 100 F——
80ath, 5athTh %, (EHL7Z3EIOBIEIZM 500m T, L#icitfg 3 |
L LT SINEER 1onm 2645 U7, {ERL L7 30BHE, 2x10°Torr ® 2 o 0 © ]
ZerhiC 1 BERIRE R P BVARL 21772 > 7=, BUAELEAEIE, 200°Ch 8§ | o
b 350°C T B BESURBHEIL VSM THIE L, XRD 72 & CHEEE MR G o
Brlde, AL, FEBRREETHLRNTHD, s f ]
. RBEE S, Lrsssae o
5 10 15 20
Fig. 1%, Hf Ok A —EIZ L T SitB O BB S =B {R-EE Si+B Concentration (at%)

DEACERLIZZ 77 ThH5H,S1 EBOAZBA ROED 10athfe & T

X, RBOREINZIELSENHDH, N6 ORETIE, BEMKES Fig.1 Dependence of the coercive

VERTEIET AREZRR BH L — 7% L, BENRKXL 2o TD L Hbi force on (Si+B) concentration for
CoFeSiBHf thin films.

%o DI, WEHEREFDOIC I LV IRENZIED &N & 2

Db, AZ A FH 12athz Bz 5 & MAEMED BVMRIREE ) 2 =3

< . b= - o 10— T T3
BsfG b s, Fig 213, SitB&EEZ —EIC L THf B2 ZLS 72RO g SisB
BB DINCER LIS T 7 Tlo D, A4 0L FORN athomz, 8 | A vat
HE 2 WRINT 5 L RREA N ABICE T LIEL 2 8 258, Axn 3 10F i E
A R 15ath T HE 2N LT HRBEAIKIEE A LEDLRNI L 2 g |
Mo 72, 3 1| 515at% i
(&) F 1
S8 | 4
I °© 50 g |
% ik oal.02 8
= 0 5 10 15
1) #1 %21% H.Fujimori and N.S. Kazama : Sci Rep. RITU, A-27 (1979) 177 Hf Concentration (at%)
2) N.Kobayashi et al. : J.Magn.Magn.Mater.,30 (1998) 188 Fig.2 Dependence of the coercive
3) M.Jimbo, Y Fujiwara, T.Shimizu : J. Appl. Phys. 117, 17A313 (2015) force on Hf concentration for
17A313-1 CoFeSiBHf thin films.
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