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Insight into new magnetic recording principle with magnetoelectric writing

M. Sahashi, M. Al-Mahdawi, S. P. Pati, S. Ye, Y. Shiokawa, and T. Nozaki,
(Tohoku University)

The recording areal density has continued increasing to nearly 1Tbpsi with Perpendicular Magnetic Recording
(PMR). However, it seems that the growth rate of a recording areal density is fairly reduced for the trilemma problem
due to particulate magnetic recording principle. Of course, such alternative technologies or methods as energy assisted
recording (HAMR, MAMR etc.) have been worked on with energy towards realizing the next generation recording
system where they are still based on a particulate magnetic recording principle. Considering a magnetic recording (i.e.
head/media system), STT and SOT are not suitable for magnetic recording principle. So in this paper we propose a new
magnetic recording principle with voltage effect on magnetization-switching, especially Magnetoelectric Effect of
Cr203 sesquioxide, that is to say that magnetic bits are written on Cr203 antiferromagnetic media by E(electric
field) - H(magnetic field) product.

Magnetoelectric (ME) effect has so far been paid attention to be applied to a nonvolatile memory (NVM). Cr203 is
a typical sesquioxide with ME effect and its antiferromagnetic Neel temperature is TN =307 K, which is higher than RT.
A robust isothermal electric control of exchange-bias at RT is actually reported for bulk Cr203 single crystal sample
when both of electric field E = 0.02 [MV/cm] and magnetic field H = -1.54 [kOe] was applied [1]. But ME effect has
not yet been clarified in Cr203 thin films because of its large leakage current and imperfect antiferromagnetic-ordering
while ME effect like behavior up to 200K is reported to be observed in an ultrathin Cr203/Fe203 Nano-Oxide Layer
(NOL) [2]. When considering the application of ME effect to magnetic recording technology with voltage-controlled
magnetization switching, there are some problems except the above issue, which should be resolved. The first is to
realize and design an effectually high exchange-bias filed between antiferromagnetic (AFM) Cr203 and ferromagnetic
(FM) thin film multilayers in the higher temperature range than RT, which means higher Neel temperature (TN) and
higher blocking temperature (TB), where the properly low coercive force of FM is also required. The second is to invest
FM layer with a perpendicular anisotropy which is thought to be caused by both of the hybridization of FM 3d and O 2p
orbitals and the magnetic coupling at the interface between FM and Cr203. The third is to confirm ME effect in the thin
film Cr203 after getting Cr203 thin film which shows good electrical properties.

In this paper, electrical and magnetic performances of the thin film Cr203/Fe203 sesquioxide were investigated.
We successfully fabricated the Cr203 and Fe203 thin films with small leakage current and good magnetic properties.
We successfully confirmed ME effect of Cr203 thin films (100nm~500nm) and the switching of both exchange bias
field and residual magnetization using Co/Cr203 exchange bias bilayer with low FM layer coercivity (~20 Oe)
structure, shown in Fig.2 under both of ME filed cooling and isothermal process conditions for the first time in the
world [3],[4]. In addition, we succeeded in enhancing TM of Fe203 higher than 400K by Ir-doping where
perpendicular-spin-alignment of Fe203 was also confirmed in both of Mossbauer spectroscopy and weak ferromagnetic
moment measurement with SQUID magnetometer. These results support our new magnetic recording principle concept
with voltage controlled magnetization switching of AFM Cr203 thin film above room temperature at the first step.

In addition, we also propose low EH product writing with positive exchange coupling in Chromia/Co bilayer system
where an induced weak ferromagnetic moment is also observed of antiferromagnetic Chromia. The related experimental
results and phenomenologically analytical consideration will be discussed.

This study was partially supported by IMPACT Program led by Council of Science, Technology and Innovation
(CSTI), Cabinet Office of Government of Japan, and JST-ALCA Program.
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Characterization of magneto-electric switching energy in Cr,0s

antiferromagnetic thin films

M. Al-Mahdawi, S. P. Pati, S. Ye, Y. Shiokawa, T. Nozaki, and M. Sahashi
(Tohoku University)

Introduction: Towards applications in voltage-controlled HDD and MRAM, usually the ferromagnetic layer is
considered as the “active” media. A possibility of using antiferromagnetic (AFM) media is hindered by the difficulty of
controlling and accessing the antiferromagnetic state. Recently, there is a revival in utilizing the magnetoelectric (ME)
antiferromagnet Cr,Os, where the electric control of perpendicular exchange-bias in a Cr,Os/Co multilayer system has

been realized under the simultaneous application of electric and magnetic fields'™

. However, The required energy of
the product of electric and magnetic fields (EH) is 2 to 3 orders of magnitude higher in thin-film systems compared with
bulk crystals'”. In this presentation, we will present the investigation of the origin of this increase, and a novel way to
control it.

Experimental procedure: Two samples were used, sample A was a commercial bulk Cr,Os substrate, sample B was a
sputter-deposited thin-film sample of the following structure: ¢-ALOs; sub./Pt 25 nm/Cr,O; 500 nm/Pt 25 nm. The
average domain state of Cr,Os; was measured by the linear magnetoelectric susceptibility (o) in a SQUID magnetometer.
The application of a small electric field (E) results in an induced magnetization (M = oE), and the sign of a indicates the
AFM domain state of Cr,0s.

Results and discussions: Figure 1 shows the comparison between the 4r
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decrease in Neel temperature, the magnitude of a is same and the ME
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property is intrinsically similar in thin films as to bulk crystals. The
increase of EH switching product in thin films is mostly due to the
increase of exchange-bias energy density as the thickness becomes
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reduced orders of magnitude.
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Additionally, we surprisingly found a weak magnetization from Cr,O;
films, which was coupled to AFM order parameter. This weak

magnetization required an additional EH switching energy for single- [
layer Cr,O;. However, the sign of switching EH energy required to 0 100 200 300
overcome the weak magnetization is opposite to the EH energy TIK]

required to overcome the exchange-coupling energy with the Co layer. Fig. 1 Temperature-dependence of a in
We could design a balance between both, and we could decrease the  gamples A and B

switching energy 2 orders of magnitude compared to other reports on

thin-film Cr,Os.
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Magnetic field dependence of threshold electric field for switching
exchange bias polarity

T. V. A. Nguyen, Y. Shiratsuchi, R. Nakatani
Department of Materials Science and Engineering, Graduate School of Engineering, Osaka University

Electric field control of magnetization in magnetoelectric (ME) insulators plays an important role in spintronic
applications owing to various advantages such as the high processing speed and the low power consumption.
Antiferromagnetic (AFM) a-Cr,O3 is a typical ME material which showed a fascinating exchange bias as coupled with
a ferromagnetic layer [1, 2]. The isothermal ME switching of the perpendicular exchange bias in an all-thin-film system
was reversibly achieved with the change in polarity of exchange bias from negative-to-positive (N-to-P) and
positive-to-negative (P-to-N) by tuning the applied electric field while maintaining the magnetic field [1]. At a
temperature, the threshold electric field (Ey,) at which the polarity of exchange bias is reversed depends on the applied
magnetic field [1]. However the study on magnetic field dependence of Ey, for switching exchange bias polarity, which
is indispensable for future spintronic devices, is still insufficient.

In this study, we investigated the isothermal ME switching of perpendicular exchange bias in Cr,0s.
Pt/Co/spacer/Cr,O4/Pt stacked films were prepared on an a-Al,O3 substrate using DC magnetron sputtering system. The
isothermal switching of exchange bias was investigated by the anomalous Hall effect (AHE) measurement using a
Hall-bar device with a 2-um-width and a 40-um-length. At 275 K, the exchange bias field was reversibly switched by
reversing the electric field under a fixed magnetic field. Fig. 1 shows the hysteretic electric field dependence of the
exchange bias field (left) and remanence ratio (right) under -60 kOe at 275 K. The rectangular hysteresis is in agreement
with the isothermal switching of AFM domain state in Cr,05. Fig. 2 shows the magnetic field dependence of Ey, for
switching exchange bias polarity, in which Ey, was evaluated from the cross point of remanence ratio curve with the
horizontal axis for both N-to-P and P-to-N processes. The switching condition, simply expressed by EHy, = constant,
followed the coherent model [1, 2] in which the ME effect leads to the energy gain for switching exchange bias polarity.
The asymmetry of EHy, between N-to-P and P-to-N was attributed to the uniaxial nature of magnetic anisotropy of AFM
layer and the unidirectional nature of exchange coupling of the FM layer. The detail of the dependence of Ey, on
magnetic field (magnetic field and direction) will be discussed in the presentation.
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Fig. 1: Hysteretic electric field dependence of the Fig. 2: Magnetic field dependence of threshold electric field =

exchange bias field (left) and remanence ratio (right) for switching exchange bias polarity measured at 275 K.

under -60 kOe at 275 K.
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Enhanced magnetic anisotropy of magnetoelectric Cr,0s film by Al-doping
T. Nozaki, Y. Shiokawa, S. P. Pati, S. Ye, M. Al-Mahdawi, and M. Sahashi
(Tohoku University)

ERBEMETH D Cr0s ITEEIC L DAL ZE AlRE & T A AR RT A A, EBIEHIHH HDD <°
MRAM OfEffi & L CTHEHZHE D T D, T4, CrOy/Co A V72 3R CHERELAHL A T A OB SHE 23 F
BanizZ &nb YA ERENR LY BEEREZHFRTE TS, LoL Cr0s/Co ZZH#ifE G TlX, Cr.0s D
LKETTEDME (Kar ~ 2 x 10° erglec) 7= 6D, FFIZHE CrOs i &2 W25/, RN, T AD Ty F o7
BERR—MREIY SRIBIZTFR S TLEI ZEBMEE RS> TWD, FrxiL Cr0; ERIL 2T & L
1 &R a-Fe05 W~ Ir D B iEHIC X 2 HERKEGEOR BICHZI L TR Y 39 RBFZE CIIooH &
IZ& D CrOs DR R F DR Ea B L7,

RERAE

JEERE AR I AlLOs ZEA/Pt 25/Crp03 7213 Al-doped Cry0s teroos/Co 1/PE5 (nm) T 5, (Al (& #2)Cr04 R IT Cr &
721X AICr 44 — 7y baEHV, ROSEA Sy ZIETERL L 7o, HIEO Al FLAE XRF 12X 0 R L7,
Al 5atm%® Al-Cr 544 —7" > &2 W TER L7 IO Al 5 A &% 3.7atm%f2fE Th - 7o, DR
itz 1% SQUID i /151 % RV 7=,

RERER

] 1 I SRS L OY Al BB OSSHA 7 A DBEK 7000 e
b 7T, SRRV T3 CraOa MOMITA 2500m Tlho ool '3 o done G209 280/ lm)
T, EOMERRERAIE K E RS AT ADED, T | = —
7y X 7R 130K R & —/WIRJE~300K LV b /el o 2%

NEWEE o, ZICHLT, Al EHERETE, Bogs S0P a9 _
FAURETHSICHHb 5T 280K BEDKE 270 vk, =000 B 1
BT DAL, & BIC, A T AOKE S kL EER 2000 | s ﬁ
BUEHE D b EVEAE DL, BT 450008 2 HE KRR 1000] E o :
Ha A T A0 5172, Meiklejohn -Bean DET /NI LD &7 0 __.__._h._q_-lL_-
oy #yy{ﬁ};#‘{j:@ﬁﬁﬁ‘l‘iﬁlj(%b‘iik\ jﬁfl\ ?&Tﬁ&/*‘% > 0 50 100 150 200 250 300 350

T (K)
ADRKREIP/PNIWVEEREL R E0E, Al BHGUET

ERIR AR RS OB R 5 TS EBX BB, 20 1 IRESBURHS & OFALEREUR O
5 RERRIEOMAIL, BRMANRT A AoBgEty S0 T AORERIEE.

MR T DT B AR TH D,

ARWFFEDO—IIENEIF IMPACT 7’1 /' F A O &%) TiTbhiz,

B35 3 H

1) T.Ashidaetal., Appl. Phys. Lett. 104 (2014) 152409.

2) T.Ashidaetal., Appl. Phys. Lett. 106, (2015) 132407.

3) N. Shimomura et al., J. Appl. Phys. 117 (2015) 17C736.

4) T. Mitsui et al., J. Phys. Soc. Jpn., 85 (2016) 063601.



5pA-5 F40lE] AR AR AR (2016)

Effect of heavy metal doping on the Morin transition of

epitaxial a-Fe>O3 (0001) thin films

M. A. Tanaka, K. Mikami, S. Ando and K. Mibu
(Nagoya Institute of Technology)

Hematite (a-Fe;O3), which is an antiferromagnetic material with high Néel temperature (Tn = 950 K), is attracting
great interest, because this material can be applied for assisting layer of perpendicular magnetic devices, e.g.,
electric-field-writing-hard-disk drives. In pure a-Fe,Os;, the Morin transition, which is the antiferromagnetic to weak
ferromagnetic transition, occurs at 253 K, so that c-axis oriented a-Fe,Os thin films have the in-plane spin configuration
and show weak ferromagnetism at room temperature. Recently, Shimomura et al. reported that the Morin transition
temperature (Tw) can be enhanced above 400 K in c-axis oriented a-Fe,Os thin films by doping 1% Ir Y. The Morin
transition can be explained by the competition between magnetic dipolar anisotropy Kmp and single ion anisotropy Kes.
The enhancement of Twm is caused by the increase of Kes. In this study, we report the heavy-metal-doping effect for
Morin transition of c-axis oriented a-Fe,Os3 thin films.

Heavy metal (Ru, Ir and W) doped a-Fe,O; films of about 80 nm in thickness were deposited on Al>O3(0001)
substrates by pulsed laser deposition method at various substrate temperatures in background oxygen pressure of 10 Pa.
X-ray diffraction (XRD) measurement and conversion electron Mdssbauer spectroscopy were performed for these
samples at room temperature.

XRD measurement clarified that the growth direction of the heavy-metal-doped a-Fe;Os3 films on Al,03(0001)
substrates was along c-axis. Figure 1 shows the Mdssbauer spectra of 5% Ru doped a-Fe,Os films deposited at the
substrate temperature of 300°C, 400°C and 500°C. The angle g between the average spin direction and the vertical axis
of film plane can be estimated by the intensity ratio of the six peaks of the Mdsshauer spectra. When the spin direction
is perpendicular to the film plane (g = 0°), the peaks indicated by the arrows disappear. The results show the peaks
indicated by red arrows decrease with increasing growth temperature. The Mdssbauer spectra indicated that the spin
direction of 5% Ru doped a-Fe;Os; films deposited at the
substrate temperature of 300°C is nearly in-plane (g = 76°) and 0
that the Tw is below room temperature, while the spin direction o %{aw dé}?ﬂ ;‘Avemge spin direction
of the 5% Ru doped a-Fe;Os films deposited at the substrate iting line
temperature of 500°C is almost perpendicular (g = 16°) and the T .
Twm is higher than room temperature. The spin direction angle of f 500°C
5% Ru doped a-Fe,O; films deposited at the substrate
temperature of 300°C is 31° indicating that the Tm of this
sample is near room temperature. These results imply that the
lattice location of Ru ions in a-Fe,Os3 films varies with changing
deposition temperature and that the difference of spin-orbit

E
interaction of Ru ions affects the enhancement of Kes. 3 % 8 g%
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1)  N. Shimomura et al., J. Appl. Phys., 117, 17C736 (2015). Fig. 1 Mossbauer spectra of 5% Ru doped
a-Fe;O3; films deposited at the substrate
temperature of 300°C, 400°C, and 500°C
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Challenges toward voltage-torque MRAM

Shinji Yuasa
(AIST, Spintronics Research Center)

A magnetic tunnel junction (MTJ) consisting of a thin insulating layer (a tunnel barrier) sandwiched between two
ferromagnetic electrodes exhibits the tunnel magnetoresistance (TMR) effect due to spin-dependent electron tunneling.
Since the discovery of room-temperature TMR,%? MTJs with an amorphous aluminum oxide (Al-O) tunnel barrier,
which exhibit magnetoresistance (MR) ratios of several tens percent, have been studied extensively. In 2004, MR ratios
of about 200% were obtained for fully epitaxial MTJs with single-crystal MgO(001) tunnel barrier® and textured MTJs
with (001)-oriented MgO tunnel barrierY. MTJs with a CoFeB/MgO/CoFeB structure were also developed for practical
application.” In the CoFeB/MgO/CoFeB MT]J, a highly textured MgO(001) barrier layer is grown on an amorphous
CoFeB bottom electrode layer. By post-annealing the MTJs, the amorphous CoFeB layers are crystallized in bcc(001)
structure due to the solid-phase epitaxial growth from the MgO interfaces®. Then, the (001)-textured
CoFeB/MgO/CoFeB MTJ exhibit giant MR ratios as well as other practical properties such as low resistance-area (RA)
product ® and/or interfacial perpendicular magnetic anisotropy (PMA).® Because of the high manufacturability and
practical magneto-transport properties, the CoFeB/MgO/CoFeB MTJs are widely used as the read heads of hard disk
drives (HDDs), memory cell of non-volatile memory (STT-MRAM) especially with perpendicular magnetization,
spin-torque oscillator (STO), and physical random number generator (Spin Dice). 0tV

Although the textured CoFeB/MgO/CoFeB MTJs have been very successful, the properties are not sufficient for
future device applications. Novel voltage-driven MRAM or voltage-torque MRAM based on voltage-induced dynamic
switching ¥ requires not only very high MR ratio (>>300%) but also very large voltage-control of magnetic anisotropy
(VCMA) effect and PMA at the same time.'? For satisfying these requirements, we need to develop novel MTJs with
new materials for barrier and magnetic layers by using epitaxial growth on Si substrate as well as the wafer bonding and
three-dimensional integration technologies to integrate the epitaxial MTJs in practical LSI. This paper summarizes
challenges toward the voltage-torque MRAM.

This work was supported by the IMPACT Program of the Council for Science, Technology and Innovation.
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Large voltage-controlled magnetic anisotropy change in epitaxial
Cr/ultrathin Fe/MgO/Fe magnetic tunnel junctions

Takayuki Nozaki', Anna Koziot-Rachwat'?, Witold Skowronski®?, Vadym Zayets?, Yoichi Shiota?,
Shingo Tamaru?, Hitoshi Kubota!, Akio Fukushima?, Shinji Yuasa?, and Yoshishige Suzuki®?
(1 AIST, Spintronics Research Center, 2 AGH Univ., 3 Osaka Univ.)

Technological development in electric-field control of magnetic properties is strongly demanded to realize novel
spintronic devices with ultralow operating power. Voltage-controlled magnetic anisotropy (VCMA) effect in an ultrathin
ferromagnetic metal layer?- 2 is the most promising approach, because it can be applied in MgO based magnetic tunnel
junction (MTJ). We have demonstrated fast speed response of VCMA effect through the voltage-induced ferromagnetic
resonance® and pulse-voltage induced dynamic magnetization switching® so far. One of the outstanding technical issues
in the VCMA effect is the demonstration of scalability. For example, for the development of G-bit class memory
applications, high VCMA coefficient of more than 1000 fJ/Vm is required with sufficiently high thermal stability.
However, the VCMA effect with high speed response is limited to be about 100 fJ/\Vm at present.

In this study, we investigated the VCMA effect in an ultrathin Fe layer sandwiched between epitaxial Cr(001) buffer
and MgO(001) barrier layers.®) High interface anisotropy energy, Kio of about 2 mJ/m? was recently demonstrated in
Cr/ultrathin Fe/MgO structure,” probably due to the atomically flat interfaces and suppression of surface segregation
from the buffer material. We applied this structure in the voltage-driven MTJ and performed systematic investigations
on perpendicular magnetic anisotropy (PMA) and VCMA effect through the tunnel magnetoresistance (TMR) properties.
Fully epitaxial MTJ of MgO seed (3 nm)/Cr buffer (30 nm)/ultrathin Fe (tr)/MgO (tmgo)/Fe (10 nm)/Ta/Ru were
deposited on MgO (001) substrates by molecular beam epitaxy. Here, the ultrathin Fe layer is the voltage-controlled free
layer with perpendicular magnetic easy axis and top thick Fe layer is the reference layer with in-plane magnetic easy
axis. The PMA energy, Kema and VCMA properties were evaluated from the normalized TMR curves measured under
in-plane magnetic fields with various bias voltage applications. Saturation magnetization value was obtained by SQUID
measurement.

High interface anisotropy energy, Kio of 2.1 mJ/m? was confirmed in

our sample. Figure 1 shows an example of applied electric field 02 ' ' ' ' '

dependene of surface anisotropy energy, Kematre for the MTJ with tee 048 Fe |

= 0.45 nm and tugo = 2.8 nm. We observed large VCMA coefficient of -

about 400 fJ/Vm under the negative electric field application, while £ omft Ultrathin Fe| |

non-linear behavior appeared under the positive direction. In the é Cr

presentation, we’ll discuss the possible origin of the enhanced VCMA “g 040} i

effect and non-linearity including the evaluation results of structural X

analysis at the Cr/ultrathin Fe/MgO interfaces. 036} -
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Write error rate of voltage-driven dynamic magnetization switching

Yoichi Shiota!, Takayuki Nozaki!, Shingo Tamaru?, Tomohiro Taniguchi?, Kay Yakushiji*, Hitoshi Kubota!,
Akio Fukushima?, Shinji Yuasa!, and Yoshishige Suzuki®?
(1 AIST, Spintronics Research Center, 2 Osaka Univ.)

\Woltage-control of magnetic anisotropy [1,2] is a promising technique for ultimate spintronic devices with ultra-low
power consumption. To apply the voltage-induced magnetic anisotropy change to the writing process, the dynamic
magnetization switching triggered by the sub-ns pulse voltage has been demonstrated. [3,4] One of the important issues
for the practical application is the evaluation and improvement of the write error rate (WER). However precise control
of the magnetization dynamics is not easy because the proper pulse duration is about 1ns or shorter. In this study, we
investigated the WER of voltage-induced dynamic magnetization switching in perpendicularly magnetized magnetic
tunnel junctions (p-MTJs). [5]

A film for p-MT]J, consisting of buffer layer / [Co (0.24 nm)/Pt (0.16 nm)]” / Co (0.24 nm) / Ru (0.46 nm) / [Co (0.24
nm)/Pt (0.16 nm)]° / CoB (0.4 nm) / W (0.15 nm) / Co1zFeesB2o (1.0 nm) / MgO barrier / FeB (1.8 nm) / W (2.0 nm) /
cap layer, was prepared by using ultra-high vacuum sputtering machine (Canon-Anelva C-7100). The film was annealed
at 350°C for 1 hour and micro-fabricated into a 120-nm-diameter p-MTJ. The magnetoresistance ratio and
resistance-area product are 101% and 370 Q-um?, respectively. We investigated the WER from the 10° repeated events
at various conditions of pulse duration and pulse amplitude and external magnetic field.

First, we observed the bidirectional switching and oscillatory behavior of switching probability. These results clearly
indicate that the observed switching originates from the voltage-induced magnetic anisotropy change. Figures 1 (a) — (c)
show the WER as a function of pulse duration under different conditions of the in-plane magnetic field strength. The
minimum of WER, (WER)min, was obtained at the half period of the magnetization precession, which becomes shorter
as increasing the in-plane magnetic field. Increase of switching time results in low (WER)min because the effect of
thermal agitation becomes negligible. However further increase of an in-plane magnetic field increases the (WER)min
due to the reduction of thermal stability factor. Under the optimized condition, the lowest (WER)min of 4 x 10 was
obtained as shown in Fig. 1 (b). The comparison between the results of the experiment and simulation based on a
macro-spin model shows a possibility of ultralow WER (< 10°9).

This work was partly supported by ImPACT Program of Council for Science, Technology and Innovation, and a
Grand-in-Aid for Scientific Research (No. 26886017).
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Magnetization switching property in a free layer having higher-order magnetic anisotropy

R. Matsumoto*, H. Arai***, S. Yuasa®*, and H. Imamura*
(*AIST, *JST-PRESTO)

1 0000

CPUO SRAMO DRAMOOOOODODOOO0O STF-MRAMOOOOOOOOO,00000 (A0 600000000000
00000000000000000000000 (Jyw 0O I1MA/m>0000000000000000.00000,000
000 A(=60)0000000,000000000 (c-FL)YOODODOOOO0OO0DODO0O0O00O0O0ODO0O00O 22%0000000
000 5% 00000000,cFLO0000D0O000D0000000D Y2, 0000000,00000000(@O0000
KnwsOOO,0000000000O0O0O0O0O0CO)000O0O0O0O0OO0OC0@COOODO KpOOO)OoOoOooOOODOOOOOOO,
ooooooooooooooooooooooOo.oooooobOobo0O00 Kpb Jyoooooooooooooo.oooo
0,K, 000000000000 STTMRAMOOO AyQO J,, OOOODOOO0O0,00000000.

2 00Oooooog

00000000 STEMRAMOODOO 1(00000. 00
0000000,00000000000000000.00 00
;00000000000.000000000 (QO0000 e
00)ODoOoOoOooooooooo.

D00000O00000 (000000000000 €=
Kol e Sin® 0 + Kypsin 0. 0 1(b) 000000 Kyjer, Ky 0000
00000, Kuper <000 Ko > —(1/2)Ku e 00000000
D00000000. K, >0000000000000000
ooooooo.

A0DO0ODOO e0D0OD0D0O. O )0 @OOOO
000 [Kuer < 000 Kpp > —(1/2DKuer] 000 Ay =
(Kuleff+1(u2+ “““)V/(kBT), ®@O0000000 [Kyeg > 00
0 Ko 2 —(1/DKuer]l 000 Ay = (Kurerr + Ku2) V/(kgT), ®

0000000 [Kyeg > 000 Kpp < —(1/2)Kujeq] 00 O
Ao = [-K2, ¢/ (4K)| V(e ) DD D Y. 00000DOD0 Ag
0 Ko, Ke 00000 1(d)000. Kyeg O Ke DOODDO
Ay0ODODOO.
JwO0O00D0DD0O0O0-00000-00000000000
O0D0. 0 1e)0 @OUO0D00000 [Keer > 000 Ko >
(1/DKu1egl DO 0O [Kurer < 000 Kpo > —(1/2)Ky1eg] 00O
Jo = 3?";’,‘5',/% 000, Kue O Kpp 000000
Jw 0OOD. 000 @O0000000 [Kueg > 000 Kpp <
(/) Kuieg] 000 Jy = 42K, ¢ 0000y O Ko 000
0000.000000000 Jow DO Keer, K 00000 1O
00.0 1(e), () 00 [Kue > 000 0 < Kyp < (1/4)Kyye¢] 0O
O00KeO A 00000000000 J,0OOOO0OOooo
00O00.A 0000000 J,,0OOODOOOOOODODO00
0oo0D00000o0ooO.

References

a (b) - mp K.
H 0y
A T
. EBERIL
-e AR—YE =
z 1 e ~~\~f<u1‘eﬂ
N BEE _
ERIL
y
X
(c) (d) A,
u2 2.0 w |150
@ @ 1.00 K 100

o

uleff

50

—2.0 1] IO
~200 -1.00 0 1.00 200
3
K., o (Merg/cm?)

J, (MA/cmz)

-2
7200 -1.00 1.00 200
Kot e (Merg/cm3

» (Merg/cm?®)

-1.00]

—~
D
-~
—
—
]

R
N
=}

=3
S

o

K, (Merg/cm?®)
I

Fig.1 (a) STTMRAM OO OOOO. (b): 0000, (c),
(d) AO» (e), (f) sz O Kul,efﬁ Ku2 ooo. (C) O (C) ood
goobooobao.

1) R. Matsumoto, H. Arai, S. Yuasa, and H. Imamura: Appl. Phys.Express, 8, 063007 (2015).
2) R. Matsumoto, H. Arai, S. Yuasa, and H. Imamura: Phys. Rev. B, 92, 140409(R) (2015).
3)) 000000000 0000ooo0oooooon :vodoooooooooo,kg 00000000, 7T00000,e0000000

ooooooo,r00000000,POOO0O00O0O.



5pA-10 FA40[E] A ARBEASERTAITREE AR (2016)

Deep etching microfabrication of perpendicularly magnetized MTJ

Akio Fukushima, Kay Yakushiji, Hitoshi Kubota, Shinji Yuasa
(AIST, Spintronics Research Center)

Low damage microfabrication is one of the most importance issue to fabricate higher density magnetic memory
devices. Etching process of the pillar part of magnetic tunnel junction (MTJ) is thought to be the main origin of the
processing damage. Argon ion beam etching has been used widely to fabricate the pillar part of MTJs because its
etching rate is not much sensitive to film materials. Reduction of the beam voltage of Ar ion beam etching is a straight
way to decrease the processing damage. Here, we report the deep etching microfabrication using low voltage Ar ion
beam etching, and some of the deep etched MTJs show enhancement of coercive field (Hc) and keep thermal activated
energy (A).

We introduced new fabrication machine which is combining one etching chamber and two deposition chambers. This
machine makes possible to etch the pillar of MTJs and then to transfer the deposition chamber without breaking the
vacuum. The beam voltage and current of Ar ion beam is set to 150V and 45 mA, respectively. Low resistance
perpendicularly-magnetized MTJs [1] were used to estimate the process damage. We prepared a film of
perpendicularly-magnetized MTJ, which is consisting of buffer layer / [Co (0.24 nm)/Pt (0.16 nm)]°/ Co (0.24 nm) / Ru
(0.52 nm) / [Co (0.24 nm)/Pt (0.16 nm)]*/ W (0.1 nm) / CoB (0.4 nm) / W (0.1 nm) / FeB (1.1 nm) / MgO barrier / FeB
(~2 nm) / MgO cap / cap layer by ultra-high vacuum sputtering machine (Canon-Anelva C-7100). The top of the buffer
layer is about 50 nm-thick Ta layer. The film was annealed at 330°C for 1 hour, and then microfabricated into circular
MTJs with etching masks of 85, 75, 65 nm diameters. The resistance-area (RA) product of the film was 2.0 Q-um?.

Two etching processes are tested; the first is standard etching where the MTJ film was etched down to just top of the
buffer layer; and the second is deep etching where the film was over etched into the middle of the buffer layer. The
etching depth was monitored by secondary ion mass spectrometer, but we need to care that the etching depth near the
pillar tends to be smaller than that of the plane part. The typical etching time for the standard etching is 30 min. and that
for the deep etching is about 50 min. After that, the pillar was covered by SiO, layer without breaking the vacuum, and
then lift-offed the etching mask and made the top electrode.

For both cases, the magnetoresistance (MR) ratios of the MTJs were 110~120% and well coincident. Diameters of the
MTJs were estimated from the resistance of parallel state and the RA value. Reduction of the diameter was about 15nm
for standard etching and that was about 25 nm for deep etching. We found the deep etched MTJs tend to have larger
coercive field (Hc) that standard etched one and those MTJs have relative large thermal activation energy (A) where A
was evaluated from the current dependence to the switching probability [2].

This work was supported by ImPACT Program of Council for Science, Technology and Innovation.
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(1st edition, Elsevier), Authors: Y. Suzuki, A. A. Tulapurkar, and C. Chappert, Chap. 3 (2009).
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Spintronics devices for nonvolatile VLSI
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Here | review two- and three-terminal nano-spintronics nonvolatile devices for VLSI integration. VLSIs can
be made high performance and yet standby-power free by using nonvolatile spintronics devices V. The most commonly
employed device is magnetic tunnel junction (MTJ), a two-terminal spintronic device that can scale beyond 20 nm with
perpendicular CoFeB-MgO 23, | will describe the development of such devices and its performance together with
associated materials and physics issues. While two-terminal configuration is suitable for high density applications,
three-terminal configuration allows high speed and relaxed VLSI design constraints compared to the two-terminal
counterpart. Of particular interest are three-terminal devices that utilize spin-orbit torque (SOT) switching, which does
not require an antiferromagnetically aligned pair of magnetic electrodes as in current-induced domain wall motion
devices 4. On this front, I will discuss high speed operation of an SOT switching device with a target ferromagnetic
pillar having an out-of-plane easy axis ® or an in-plane magnetic easy axis collinear with the current flow direction in
the underneath heavy-metal ®. The magnetization switching is achieved with 500-ps pulses, which is not readily
available in two-terminal devices utilizing spin-transfer torque (STT) switching, because STT requires switching current
inversely proportional to the switching speed in this speed range. | then report the use of an antiferromagnetic material
as a source of spin flow as well as the exchange field. Before, structures for fast SOT switching required a small
constant external magnetic field to induce switching, which was an obstacle for application. It has been shown in a
(Co/Ni)-multilayer/PtMn structure that one can switch magnetization in the absence of external magnetic field using
PtMn as a source of spin 7, removing this obstacle. | summarize my talk by comparing two- and three-terminal device
performance.

This work has been carried out with S. Fukami, H. Sato, F. Matsukura, S. Ikeda, and the CSIS team, and has
been supported by the IMPACT Program of CSTI (PM Dr. Masashi Sahashi) and in part by the R&D Project for ICT
Key Technology of MEXT.
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Low Power NV-Working Memory and NV-Logic with
Spintronics/CMOS Hybrid ULSI Technology
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In information and communication technology (ICT) equipment indispensable for modern society,
semiconductor memories occupy the main position of silicon storage, working memories, and logic blocks.
Semiconductor memories in ICT equipment normally constitute a pyramid-like structure from cache memory (SRAM),
main memory (DRAM) to storage memory (NAND). In such current semiconductor memories, there are two key
issues: (1) speed gap between different levels of the memory hierarchy and (2) rapid increase in the power consumption
because of the increased density. In order for ICT technology to keep contributing for the world society under the
situation, where the more energy-saving is strongly required, it is essential to develop and commercialize LSIs which
achieve both reduction of power dissipation and enhancement of speed performance.

In this invited talk, it is reviewed material and STT-MRAM device technology including the basics of MTJ
device. Especially, our recent development results of spintronics LSIs are reviewed. We discuss STT-MRAM including
the fast differential type STT-MRAM and the high-density 1T1IMTJ type STT-MRAM, and then move onto MTJ based
Nonvolatile (NV-) Logic LSls. From these results, it is shown that STT-MRAM will solve both issues of speed gap and
power consumption simultaneously. Next, from the background mentioned above, the directionality of the revolution in
the semiconductor memory hierarchy structure is discussed. The realization of this revolution with STT-MRAMs is
introduced. It is shown that our developed 1Mbit STT-MRAM fabricated with 90 nm CMOS and 70nm MTJ process,
achieves Read/Write performance of 1.5nsec / 2.1nsec which is sufficient for cache memory application. Next, we show
ultra-high speed 1Mbit STT-MRAM with developed differential type STT-MRAM cell (twin 1T-1MT]J cell technology),
which achieves the read latency of 500 psec. Finally, NV-logic as one of application technology of leading edge
memory technology is shown. It is discussed that power of MPU and Associative Processor for Image Pattern
Recognition is extremely suppressed with spintronics based NV-logic technique

This work was supported in part by CIES's Industrial Affiliation on STT -MRAM Program, R&D Project for
ICT Technology of MEXT, IMPACT Program of CSTI, and ACCEL Program under JST.
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Three-terminal spintronics devices with spin-orbit torque induced
switching for ultra-low power and high-performance integrated circuits
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Spintronics memory devices with three-terminal configuration are suitable for high-speed and high-reliability
applications compared with the devices with two-terminal configuration, owing to their separated current paths between
the read and write operations V. Spin-orbit torque (SOT)-induced magnetization switching 2% is a promising scheme for
the write operation of the three-terminal devices. Here we show our recent studies on the SOT-induced switching which
open new possibilities of the devices and integrated circuit technologies.

The previous studies on the SOT switching build on either of two structures, both of which have the magnetic
easy axis of the free layer directing orthogonal to the current: perpendicular to the plane 2 or in-plane and orthogonal to
the channel current ®. We have recently shown the third switching scheme with the easy axis collinear with the current
4, The current-induced switching originating from the SOT with Slonczewski-like symmetry has been observed in a
three-terminal device with the new structure, where a Ta/CoFeB/MgO-based stack is used. Importantly, this scheme can
serve as a useful tool to investigate the physics of SOT-induced switching # as well as an attractive option for the
application to the integrated circuits ®. In the presentation, we show that the new scheme allows us to unambiguously
discuss the factors that determine the SOT switching current density and the difference in the dynamics between the
SOT and conventional spin-transfer-torque induced magnetization switching. We also show reliable switching achieved
by current pulses with the duration of 500 ps and amplitude of 1.9 X 10 A/m?; this feature is highly promising for
high-performance integrated circuits.

This work is partly supported by IMPACT Program of CSTI, R&D Project for ICT Key Technology of MEXT,
and JSPS KAKENHI 15K13964 and 15J04691.
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Room temperature growth of ultrathin ordered Mn-Ga films
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L1o-MnGa alloy films have a large perpendicular magnetic anisotropy and small damping constant? and it is
potentially attractive for Spin-transfer-torque magnetoresistive random access memory (STT-MRAM)
applications. Growth of ultrathin Mn-Ga films, whose thickness is usually less than 3 nm, is required for
STT-switching, whereas it has been difficult.>® Here we demonstrate the growth of ultrathin MnGa films with
thickness down to 1 nm by using paramagnetic CoGa
buffer layer having CsCl-type crystal structure. All the

samples were prepared by a ultrahigh vacuum (UHV) 0018 ' '5

magnetron sputtering system. = oowof 3 ~|
The sample stacking structure is MgO(001) ﬁ 2 —‘:

substrate/Cr (40 nm)/CoGa (30 nm)/MnGa L 0005 T 7

(twnca=1-5)/Mg (0.4) /MgO (5). The Cr and CoGa S 0

buffer layers were deposited at room temperature and § 0000 ==

subsequently annealed at 700 and 500°C, respectively. g 00051 tnca (nm)_

The MnGa layer was deposited on the CoGa buffer £ -

layer at room temperature and not annealed. The X 00101 -

out-of-plane polar Kerr loops for these films are shown

in Fig. 1. The loops with squareness close to unity are 0.015 2 or o 0 20

observed even at twnca= 1 nm.® Figure 2 shows a H (kOe)
cross-sectional image of CoGa/MnGa/MgO layers
measured by a high-angle annular dark-field scanning
transmission electron microscopy (HAADF-STEM).
The atomically flat interfaces and well-ordered
crystalline structure of the MnGa layer was observed.”
These results indicate that the CoGa buffer layer is a
promising candidate for growth of ultrathin film of
Mn-based alloys. We will also discuss the
spin-dependent transport properties.

This work was supported in part by NEDO,
ImPACT program “Achieving ultimate Green IT

Fig. 1 Out-of-plane hysteresis curves for the ultrathin
MnGa films with different thickness measured by
polar magneto-optical Kerr effect.

Devices with long usage times without charging”, and
Asahi glass foundations.
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Ultrafast Dynamics and Control of the Spin Systems
using Terahertz Magnetic Field
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Terahertz time domain spectroscopy (THz-TDS) based on femtosecond laser has become an established
method for studying low-energy excitation dynamics. Especially, the usage of the magnetic field component of
THz radiation was recognized as a powerful tool for investigating spin dynamics via magnetic dipole interaction.
Up to now, we have demonstrated the applicability of this method to study spin states and dynamics in
picosecond region for various materials [1-5]. This presentation aims to giving a brief overview of the study of
spin manipulation with THz magnetic fields we have pursued so far, focusing mainly at the coherent spin
manipulation in ferro-[1] and weak ferromagnets [2,3]. Specifically, here we show the capability of
plasmonically-enhanced intense THz magnetic nearfield to coherent control of macroscopic magnetization in
weak ferromagnet ErFeOs during spin reorientation phase transition (SRPT), which opens new route for the
future spintronics devices.

The ever-growing demand for high speed spintronics devices propelled extensive searches of spin-
manipulation methods based on ultrafast optical techniques, attempting to control the coherent spin dynamics
and macroscopic magnetic order. Recent advancements in the THz time-domain spectroscopy techniques
enabled direct visualization of ultrafast spin dynamics in the picosecond time scales. As the photon energy of
THz region lies far below that of most electronic transitions, in this frequency region the magnetic field
component of the THz pulse can directly access magnetic-dipole transition of electron spins without supplying
excess heat into the system. In this presentation, we demonstrate some of our recent achievements of coherent
control of macroscopic magnetization in spin systems using such THz magnetic fields. It is based on the
plasmonic enhancement of magnetic fields in the nearfield region to locally amplify the spin precession motion,
and the usage of an intrinsically magnetic fluctuation-sensitive process of SRPT.

The ErFeO; (001) single crystal, which is a canted antiferromagnet, was used as a sample. It shows SRPT
between 85 and 96 K accompanying continuous orientation change of magnetization from a-axis to c-
axis at low and high temperatures, respectively. The THz pulse with peak electric field up to 300 kV/cm
were generated from LiNbO; crystal by the pulse front tilting method and used to pump a split-ring-resonator
(SRR) structure fabricated on the sample surface. The spectral amplitude of the THz magnetic field was
enhanced by over an order of magnitude by the SRR with a dimension of 200 x 200 um? [4], to drive spin
precession motion around the SRPT temperature (T=84K), which was probed by near-infrared (NIR) Faraday
rotation. At the moment of spin precession we apply an NIR pulse to heat up the sample above SRPT
temperature into the high-temperature phase.
As a result of symmetry breaking of the

directionality of SRPT caused by THz- g .. |z 8K dt=57ps

induced spin precession, we succeeded in & [

generating almost uniformly magnetized g 002 | % i
states in the final state, with its direction & e TH“’“M"QO)
selectable by controlling the arrival timing i O SRVIRVIRVE

of the heating pulse relative to the THz = 002 L

pulse (Fig.1). The final magnetization is =

over 80 % of saturation value. Our results = -0.04 (dt=65ps )
indicate that even the small-amplitude spin 0 50 100 150
precession can induce macroscopic change

of spin order by utilizing phase transition t(ps)

process, extending the potential of THz  Fig. 1 Typical temporal evolution of out-of-plane magnetization measured by

app|ication to controlling magnetic domains THz-pump optical Faraday probe experiment: Heating pulses arrive 57 ps
within picoseconds time- and (red) and 65 ps (blue) after THz irradiation at t = 0 ps. Black dotted curve

. . shows spin precession without heating pulse.
subwavelength spatial resolution. pinp gp
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Optical-switching of second harmonic light in chiral photomagnet
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To control the physical properties and functionalities of materials via optical stimulation is an attractive issue.
Spin-crossover phenomenon has been extensively studied because it realizes temperature-, pressure-, or
photo-switching of the physical properties and functionalities. In particular, photo-switching from the low-spin (LS)
state to the high-spin (HS) state, which is known as light-induced excited spin-state trapping (LIESST), is effective for
optical control. Up to date, we have reported various unique photomagnetic mateirals using cyano-bridged bimetallic

assemblies.!?

For example, we have reported an iron-octacyanoniobate metal complex, Fe;[Nb(CN)s]-(4-
pyridinealdoxime)s:2H>O and a photo-induced ferromagnetism originated by LIESST effect for the first time.? In this
work, we synthesize a new 3-dimensional chiral cyano-bridged bimetallic assembly of iron-octacyanoniobate,
(£)-Fea[Nb(CN)g](4-bromopyridine)s-2H,O (1), and firstly observed spin-crossover-induced second harmonic
generation (SHQG), light-reversible spin-crossover long-range magnetic ordering, and optical-reversible switching of the
magnetization-induced second harmonic generation (MSHG) effect. ‘ Y™

Cyano-bridged FeNb bimetallic assembly of 1 has a chiral structure in the /4,22 space

group (Fig.1). The temperature (7) dependence of the molar magnetic susceptibility (ym)

shows a thermal phase transition between the high-temperature (HT) phase and the

[/ A |
|

low-temperature (LT) phase. The transition temperatures from the HT to LT (7';) and F

from the LT to HT (712;) are 112 K and 124 K, respectively. The UV-vis absorption spectra c

exhibits optical absorptions at 430 nm and 560 nm, which are assigned to 'A; — T and @ g >3
'A; — T transitions on the Fe' s site, respectively. Therefore, the transition from the HT b -bromopy

to LT in the ymT-T plot is due to spin-crossover from Fe'lys (S = 2) to Fell s (S = 0). Fig. 1 Crystal structure of 1.

Photomagnetic effect of 1 was investigated. [rradiating the LT phase with Photo-Induced Phase 1 (PI-1)
473-nm light at 2 K produces large spontancous magnetization. (Hereafter,

called PI-1.) The magnetization (M) versus 7 curve shows a Curie

temperature (7c) of 15 K. The saturation magnetization (Ms) at 5 T is 7.6 s, out-put light In-put light

close to the expected M; value of 7.8 ws due to ferrimagnetic coupling between 532 nm 1064 nm

Nb'Y (S = 1/2) and the photo-produced Feys (S = 2). UV-vis spectrum and

L
Mossbauer spectrum indicated that the observed bulk magnetization is due to 473nm El785 nm
the light-induced spin-crossover from Feis to Fellys, i.e., LIESST effect.
Next, we investigated the optical-switching effect on MSHG. Prior to Photo-Induced Phase 2 (PI-2)

-~

irradiation, SHG for the LT phase of the paramagnetic state was measured. The
SH intensity versus analyzer rotation angle (6) plot shows that Gy is 0° at T
+H,, which is similar to the € dependence of the SH intensity observed at 80
K. In the PI-1 phase, which is produced by LIESST effect with 473-nm light
irradiation, Gnax at +Hy is +88 £ 3° (Fig. 2). In contrast, at —Hy, Gnax is —86 £
4°. In the PI-2 phase, produced by Reverse-LIESST effect with 785-nm light ] ) o o

. L. o o Fig. 2 Optical switching of the polarization
irradiation, the Gy values are returned to +3+1° and —3+1° at +Ho and —Ho,  plane of the output SH light between the
respectively. In the present system, LIESST and Reverse-LIESST effects  PI-1 and PI-2 phases.

control the polarization plane of the output SH light. The photo-reversibility was confirmed by alternative irradiation of

In-put light
1064 nm

Out-put light
532 nm

473-nm light and 785-nm light, which showed photo-reversible change in the SH intensity at § = 0°.

Reference

1) H. Tokoro and S. Ohkoshi, Dalton Trans., 40 (2011) 6825. 2) H. Tokoro and S. Ohkoshi, Bull. Chem. Soc. Jpn., 88
(2015) 227. 3) S. Ohkoshi, K. Imoto, Y. Tsunobuchi, S. Takano, H. Tokoro, Nature Chem., 3 (2011) 564. 4) S. Ohkoshi,
S. Takano, K. Imoto, M. Yoshikiyo, A. Namai, H. Tokoro, Nature Photon., 8 (2014) 65.
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Ultrafast optical excitation of magnetic materials

Naoki Ogawa
Emergent Photodynamics Research Unit, RIKEN CEMS, Wako, Saitama 351-0198, Japan

The field of ultrafast opto-spintronics has emerged with a pioneering work on ferromagnetic Ni". As one of the recent
topics, we introduce our time-resolved spectroscopic studies on topological spin textures.
Magnetic skyrmions, spin vortices of topological origin, have been identified in several magnetic materials and at

interfaces?.

Their lateral extent depends on the magnetic interactions involved; some chiral magnets with the
Dzyaloshinskii-Moriya interaction produce skyrmions with the size of 1-200 nm, which are suitable for magnetic
information devices. These skyrmions show various emergent electromagnetic interactions, such as topological and
Skyrmion Hall effects”, and can be driven under an extremely small charge current or by magnons. The optical
response/control of this nano-magnetic structure, in an ultrafast manner, will be of practical importance.

We report real-time dynamics of skyrmions in an insulating ferrimagnet Cu,0SeO; ¥, studied by all-optical spin-wave
spectroscopy. The spins in the helical, conical, and skyrmion phases were excited by the impulsive magnetic field of the
inverse Faraday effect” at non-absorbing photon energies, and subsequent precessional relaxations were detected
through conventional magneto-optics. Clear dispersions of the helimagnon were observed, which was accompanied by a
transition into the skyrmion phase when sweeping temperature and magnetic field. In the skyrmion phase, three
collective excitations were identified, distinct from those in the surrounding conical phases (Fig. 1). These spin
dynamics can be readily assigned to the clockwise/counter-clockwise rotations and breathing modes of the skyrmion
crystal.

In addition to identifying the dynamics of topological spin textures, we are able to infer the spatial propagation and
interaction of the magnetic excitations in these nano-magnetic spin structures by using variety of optical/microscopy
techniques. As an example, we demonstrate an optical-drive of magnetic bubbles, which can be topologically equivalent
to the skyrmion. In this case, magnetoelastic waves, coupled propagations of magnon and phonon, were photoexcited in
iron garnet films. These magnetic excitations were found to interact with magnetic domains and domain walls more
efficiently when the domain wall has steeper curvature® (Fig. 2).

If time allows, we will also discuss the spin-polarized photocurrent generation in ferromagnetic topological insulators,
in which the mass-gap in the Dirac dispersion can be controlled by an external magnetic field.

Reference

1) E. Beaurepaire et al., Phys. Rev. Lett. 76, 4250 (1996).

2) N. Nagaosa and Y. Tokura, Nature Nanotechnol. 8, 899 (2013).

3) N. Ogawa, S. Seki, and Y. Tokura, Sci. Rep. 5, 9552 (2015).

4) A. Kirilyuk, A.V. Kimel, and T. Rasing, Rev. Mod. Phys. 82, 2731 (2010).
5) N. Ogawa et al., Proc. Natl, Acad. Sci. 112, 8977 (2015).
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Fig.1 Spin precessions in skyrmion crystal phase. Fig.2 Optically-excited magnetoelastic wave.
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Photoinduecd spin-state dynamics in thin film of perovskite cobalt oxide
investigated by time-resolved x-ray diffraction

Ryo Fukaya
(Institute of Materials Structure Science, High Energy Accelerator Research Organization (KEK), Tsukuba
305-0801, Japan)

Research on macroscopic quantum systems, which involve interplays among charge, spin, and orbital degrees of
freedom, is important in condensed matter physics because it can lead to the emergence of unique optical, magnetic,
elastic, and thermoelectric phenomena. The phase transition caused by optical stimulation is called photoinduced phase
transition (PIPT) and has been of current interest during the past decades. With time-resolved techniques by using
femto- and picosecond pulsed lights, it is possible not only to observe the dynamics of the electronic interactions among
the degrees of freedom but to control the electronic, magnetic, and orbital order on an ultrafast timescale.

Perovskite-type cobalt oxides showing spin-crossover phenomenon have been regarded as promising materials
exhibiting novel PIPT phenomena [1-3]. The LaCoO; containing the nominally trivalent Co ion (Co®") is a typical
spin-crossover system and may take three different spin state: the low-spin (LS) state (tzg(’, S = 0), intermediate-spin (IS)
state (t2g5 egl, S = 1), and high-spin (HS) state (t2g4eg2, S =2). The spin-crossover transition from nonmagnetic LS ground
state to paramagnetic HS and/or IS states occurs with increasing temperature around 90 K. The recent research has
revealed that the magnetic properties and the Co-3d orbital ordering can be tuned by the epitaxial strains [4,5]. In this
study, we investigated the photoinduced state in an epitaxial thin film of LaCoOj;. To identify the transient structural
change correlated with the spin states directly, we measured a time-resolved x-ray diffraction at PF-AR NW14A.

The single crystalline film (60 nm thick) of LaCoO; was fabricated on the (LaAlO;)o;3(SrAlysTagsO3)e7 (LSAT)
substrate with (110) orientation by pulsed laser deposition, which exhibits the strain induced spontaneous magnetization
(T. = 94 K) and the lattice distortion with Co-3d orbital ordering below 124 K [4]. Figure 1(a) shows the (620)
fundamental reflection profiles in LaCoOj;. The peak, which shows a single-peak feature at 120 K, splits into two at 80

K. The peak splitting is ascribed to the lattice distortion with 100 , , ,
Co-3d orbital ordering [4]. Figure 1(b) shows the difference peak T 8 _(a) gl"g“}((]ef\l/ 0) |
profile between before and after photoexcitation at 80 K, obtained <
by an optical-pump and x-ray-probe technique. The x-ray pulse g 60
duration is 100 ps and the photon energy of the optical pump %
pulse is 3.10 eV with the second harmonics of the fundamental é 40
Ti:sapphire regenerative amplified pulse (photon energy: 1.55 eV, g 20
pulse duration: 120 fs, and repetition rate: 1 kHz). The shape of
the difference peak profile indicates that the two peaks are . Z_ (b) : : : |
changed toward the single-peak feature. This result suggests the 2 After 150 ps
structural change due to the photoinduced melting of the orbital % 80K
order. In this talk, we will also present the transient reflectivity % 0 A A A N A
. . = O ATV

change reflecting the change of the spin state, measured by = W
femtosecond time-resolved reflection spectroscopy, and discuss %
the PIPT in terms of the spin-structural dynamics. % 2k i
Reference 1.98 1.I99 2.I00 2.I01 2.02
1) Y. Okimoto et al., Phys. Rev. Lett. 103, 027402 (2009). q(r.lu.)
2) Y. Okimoto et al., Phys. Rev. B 84 121102(R) (2011). Fig. 1(a) X-ray diffraction profiles of (620)
3) Y. Okimoto, R. Fukaya ez al., J. Phys. Soc. Jpn. 82 074721 fundamental reflection along (110) direction at

(2013). 80 K and 120 K. (b) Differential profile of
4) J. Fujioka et al., Phys. Rev. Lett. 111, 027206 (2013). fundamental reflection before and after
5) J. Fujioka et al., Phys. Rev. B 92, 195115 (2015). photoexcitation (150 ps) at 80 K.
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Magnetic dynamics study
by soft X-ray photoemission electron microscopy

Takuo Ohkochi
Japan Synchrotron Radiation Research Institute (JASRI)

By combining synchrotron radiation soft X-rays with Photoemission electron microscopy (PEEM), contrast maps
based on X-ray absorption fine structures (XAFS) as well as X-ray magnetic circular/linear dichroism (XMCD/XMLD)
can be obtained with the spatial resolution in the order of 10-100 nm.

In SPring-8, we possess two PEEM machines. While a spectroscopic photoemission/low-energy electron microscope
(SPELEEMIII, ELMITEC GmbH) equipped in BL17SU beamline is widely used for electronic- or magnetic-states
analysis of a variety of materials, taking advantage of high spatial resolution and various measurement functions (e.g.
nano-XAS, micro-XPS and micro-LEED), a compact and versatile PEEM (PEEMSPECTOR, ELMITEC GmbH) in
BL25SU plays an effective role in time-resolved imaging by pump-probe method (time resolution 50-100 ps). So far,
we have performed dynamics analysis of magnetic vortex cores excited by pulses or radiofrequencies™?, ultrafast
magnetization switching dynamics under the excitation by femtosecond laser pulses®, and so on. Particularly in
magnetic dynamics of ferrimagnetic GdFeCo films by pulsed laser excitation, we discovered giant propagating spin
waves whose gyration angle reaching £20°, given that the damping parameter of the magnetizations is suppressed and
gyrotropic motion lasts long (that is to say, under the condition not appropriate for “ultrafast” magnetization
switching)(Fig.1). These spin waves are suggested to be created as a consequence of strong spin-phonon coupling and
further analysis is now in progress.

We are also developing new measurement systems for advanced spectroscopic and dynamics studies. For example, a
prototype of complete co-axial sample cartridge for PEEM showed transmission capacity up to 5 GHz. This system is
expected to be utilized for e.g. domain wall dynamics analysis or element-selective nano-FMR.

In this talk, principle of time-resolved PEEM using synchrotron radiation soft X-rays and examples of utilization
researches as well as recent status of system development will be reviewed.

(a) (b)
GdZEFeﬁﬁcos (TAcomp > Tmeas) . ! GdZZFe?DCOS (TAcomp < Tmeas)

Fig.1 Time resolved Gd_Ms-edge XMCD-PEEM images of GdFeCo films promptly after pulsed laser excitation. (a)
swift magnetization reversal (condition of strong precession damping) and (b) long-range spin wave propagation
(prolonged spin gyration).
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2) T. Ohkochi et al. Jpn. J. Appl. Phys. 51 (2012) 128001.
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Ultrafast dynamics studied by time-resolved x-ray diffraction

Hiroki Wadati
(Institute for Solid State Physics, University of Tokyo)

Control of magnetic states by optical excitations in magnetically ordered materials has attracted considerable attention
since the demonstration of ultrafast demagnetization in Ni within 1 ps, explored by time-resolved magneto optical Kerr
effect studies 1). For this study, we chose time-resolved x-ray measurements to study ultrafast spin dynamics in
transition-metal oxides.

X-rays from synchrotron radiation (SR) have time structures related to the SR pulse width of several 10 ps. X-ray free
electron laser (XFEL) creates intense ultra-short (fs) x-ray pulses, enabling much more detailed study of the dynamics
of the materials. We performed a time-resolved x-ray diffraction and scattering study in a pump-probe setup by using
XFEL in LCLS (USA) and by using SR in BESSY (Germany). The pump light is Ti:sapphire laser (800 nm), and the
probe is XFEL or SR.

Figure 1 (a) shows the time evolution of the intensity of the superlattice re ection (2 1/2 0) in charge and orbital ordered
Pro.sCap sMnOs thin films 2). One can see clear oscillations, which correspond to the frequency of coherent phonons.
Figure 1 (b) shows the time-resolved x-ray magnetic circular dichroism (XMCD) intensity in ferromagnetic BaFeO;
thin films, showing rather slow demagnetization of ~ 100 ps 3), but this time scale was much faster in higher-fluence
regions, suggesting photoinduced insulator-metal transitions.

This work has been performed in collaboration with P. Beaud, U. Staub, T. Tsuyama, N. Pontius, C. Schussler-
Langeheine, M. Nakamura, S. Chakraverty, H. Y. Hwang, M. Kawasaki, and Y. Tokura, and has been supported by the
Ministry of Education, Culture, Sports, Science and Technology of Japan (X-ray Free Electron Laser Priority Strategy

Program).
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Figure 1: (a) Time evolution of the normalized diffracted x-ray intensity for the (2 1/2 0) reflection in ProsCaosMnOs3
thin films taken at 6.53 keV (off resonance). This superlattice peak is sensitive to the structural atomic motion. (b) Time
evolution of the XMCD intensity in BaFeOs thin films taken at 710 eV (Fe 2p3,, edge).
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Electromagnetic levitation system for flexible steel plate
using magnetic field from horizontal direction
(Experimental consideration on suspension force for levitation)
Y. Oda, M. Kida, T. Suzuki, T. Narita, H. Kato
(Tokai Univ.)
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Bending levitation control for flexible steel plate
(Fundamental consideration on elastic vibration of bending steel plate)
M. Tada, H. Yonezawa, H. Marumori, T. Narita, H. Kato
(Tokai Univ.)
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Effect of a magnetic field from the horizontal direction on a magnetically levitated transport steel plate
(Fundamental study on the levitation characteristics)
M. Kida, T. Narita, H. Kato, H. Moriyama
(Tokai Univ.)
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Noncontact guide for traveling elastic steel plate using electromagnets
(Fundamental consideration on electromagnets placement using FEM)
K. Kawasaki, T. Narita, H. Kato, H. Moriyama

(Tokai Univ.)
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HR D ET M2 B L 22N O BT 280k 2 BN ER L, ZOFIMEZHERE L TWD 2,
LU, FERABLENE 7 & Rl /e BN O FIEIIMN L STV R, R Tl ETTH O OIG
JIFRAIREIEIZ A B U BT RS SR D> &L — T80 0 O Bl 72 IR R NI 2 585 1 2 7o 0 O SRR 21T o 7o,
EITR QMR D IS S #EAT

AFETIEL B Y T2 TODEMROINT T /VITHKR S 925 L
A CHBREIERRAT 24T o T, MRATIZERRORE G Y 7 F Th 5 8.5

2.89

ANSYS Workbench Mechanical z v 7=, fEHTIC L0 &S 722 252 I

2,16

—¥ RSN D5 % Fig. 1R, EATREO SR 1T — T TR Lo
O FEICIE N OB 2T TSN E L R D EIMES R, 0
ETERDOBERES L UER 0 |
AT & 0 15 B AT IR O i O BT TR A S P s R
t%ﬁ%%%ﬁw\%W®ﬁ%ﬁﬁ®EU%@mﬁﬁﬁ%# z x
IRBME R OFM AT > 72, AWE Tl — 7 TBRES DA

VLR E D (0° 90° 180° ) IZTERGA A FLE L7 RN ‘”’"—%H"””

(A) LEFHR DL — IR E O FEicEdi (200 90° Fig. 1 Analysis result.

160° ) (CERA ARLE L7-RNK (B) ZE L. MROET

—a— Arrangement of electromagnets(A)

JE};"F%_" 1000 m/min & Lflo %%W%%ﬁﬁb‘fij@?ffmiﬁ@%{ﬁﬁ? 12 (] --#--Arrangement of electromagnets(B)
ﬁﬁ%%szsz TNEhOMRE LB D L, BEAZ g - >
=T HARERSY TSP RICRLE L= RNBs (B) it (A &, bl [N il

v Mol U OB EERAE S LT D T & AR TR T, Sos =

AL ORERD B FRFFIC & 0155 RS OBV BT BRL T e,

PR RET S T L CAITTOREMNSEVENENES 0

nsZEpbirot, e e e w o w e e
B3 Tk Fig. 2 Standard deviation of displacement.

1) MR, B AEM 225K, 11-4, (2003), 235-241.
2) IR, %5270 [BEEABEEO X A FI 7 2] YR Y YA, (2015), 52-53.
3) UV MEENETRGES, B v MBS - RO ARG, BEE, (2006), 21-25.
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Optimal placement of permanent magnet in hybrid magnetic levitation system for thin steel plate
(Fundamental considerations on effect of magnetic field from horizontal direction)
T. Suzuki, T. Narita, H. Kato, H. Moriyama
(Tokai Univ.)

FL®HIZ

FESRAR LIS TRRICR W CEE 0 — 712 K A #AMRE N Th, 72— T O L 56500 -2 KRR E
KEMEDOHILNBEE L 725 T D, Z ORBEZ MRS 2 72 ORI LI X 2 IRl SR I BT 2 Mt 2 ik
ATATONTWND D, BT N—T7Tld, BHEAZEEBE L T RWEDICKABE EZZRE L. 25 O
N %% EREADTD ﬁwﬂﬁbtﬂ47)/bmm@t%k/17A%ﬁ LTW532, —J, #EFH
ﬁ@&%ﬂﬁ#éﬁ%@/XTA%mwTﬁW@#&%%%%ﬁot » IRGER A U A EME I L -
TEEFOHRAREY L, T THAREREZEX LD, DD, ;ﬂif WCEFE OITR BRI
AESFNCERA ZRE L, MEROFHIEZFT 5 2 & THRRE EEICKRIIL TV D I, KREIZ AL 7Y
v REEEEE LY AT DA M ONERDHIEZ N2, KEF D HRES 2 B S EA LB T 2 E
0.24 mm DR D 7= i I % 5~ 5 K AR A OfcE Bl E R R T 2 et 217> 72,
NT)y FESBELRTL

% Ext5cdh 5 R & 800 mm, 1 600 mm, HJE 0.24 mm DK Dm ;. ;H
W - XL (L SS400) LD 5 »pRcEmta=oh. & B o m'.m 35 ™
Wt =y N ORBICHEO T = 7 4 ML KPR | " o
W20 2T MR R OB 1L, ERE Z B O S  | w. nu = Sl
B ISR K 51T 4 D FTRE L. AP HFROSR, HE, & ~i~;—;l"%@ l; ~~~~~~ al”
B aAVERE 74— K w7 L, EFEEM I 2 N2 THH DO p® B IR & - [ ]
A TR R E > 5 mm ORRREA (R0 & O BT, " sy 2" " 5 ®
BIEM7ZIILTY XLICKRIERER . nm u

k=01ABEIW05ADFETEEMT VT Y X L% HWTZKA — : i
Wt DR BEEERR ZIT o T2, HRRICEK > TH LA EF ETE (a)Steady current I, = 0.1A
2B DK ARARLE 2 Fig. 1), (DIRT, SH%IIARE THS - mn. ; - MD-
NEREE RO TR ERRETV, TbRMEIBR, B EEEES | aE m g: o u
SNTHRHET> TV FETH B, i

g 0 H'E g -
I- m B . : . H m -I
w _._-._.i_._.._._.@@@_._._.._._.._._.._._
1) T.Mizunoet. al., Mechanical Engineering Journal, 3-2, (2016) , m, = : LI
B g g0
15-00687. = . -:- . =
2) bk, 5 28 B AED ¥ A I s AV Ry a0 | w8
SCEE, (2016), 232-233. =0 ; =Ty
3) fREPAM, HAEEWCSS CHW, 67-661, (2001), 2855-2862. (b)Steady current I, = 0.5A

4) BRI, 5 27 [MIFEMABED XA F 2 7 AL R Y Y Aii#E Fig. 1 Placement of permanent magnets.
U (2015), 53-54.
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(& ILIR%)
Generation of Ac Ampere force for pulling up an aluminum ring
T. Ohji, K. Suda, K. Amei, M. Sakui
(Univ. of Toyama)

[TL&HIZ
BRE Eo—FRXThAXRHHFERTIL, TAI=vA (A) ZOEMIESE (% Lxtgy) LR EK
HEDOMNCHEEF RN EINEL D, Z0EERMBHMAD EFICH EXNEYEREL, BEIZHEDS I L)

WCROR ) B3 S5 2 & CIEEMZ LIRER G O D, EEH L ORET HRMT o ~_— NV AAE LT,
PEFR DA A B TE L DFHEIE NI Z, £RNOFEEIICK LINBR R ZFNT 5 Z & TRIT v
RV HPERENDY, BHERAE EFCRE L, %48 EZO T HICEE LB, ThEo0H
BREEFENGMOBEORMELY ERER EME DR
T =N EERTENE, B os| LTEE
MNA[REEL 725, KFETIX, Al 72 Extgimé L, Al
VU ZICHEERBLORMT o _X—= NV &2 ERT 5720
DOIEEZRIEL, Al Y 708 FIFEERRZIT - 7=,
KREAEE L5 LIFHER

Fig. L IZEBREEOEHE T 5, P BB LA BN
EHOREKA (EML) BNEEINLTEBY, N Fr—%
aA L ERRERTRER STV D, F 7, JEBEICIX 6 HDAL
FERBA (EM2) S BESHhTW5, EM1 & EM2 ([ZPH £
NTZEEINT ALY > 27 (120 mmx?110 mmx5'mm, 24g) @
Sl LR AZ1T 5, EML IZXE 2% EM2 O hREE A 2=

FERICRETE DL HIC 2 BORFER CHIERRIC X 5

[ &AL 5, Fig. 2 I3EEOMHRIEZRLTEY, ki.*

Al UL s LR E Sy % oA VRE EDF vy T E d 0y :__E__Mj!j

[mm] & 4%, G d— 1
Fig. 312 d =10 mm Z¥IifiE L Lz & DAY 7D Spacer ' : B 8

Bl BIERS R 2R, A BB ORRER, AT 3 Disg';;gfp% Aéo“”g

Amax, 120 Hz & L, EM1 Diblé7e T IZ EM2 2 A7 v 7R, i
o7 (3 ) B LTz, KKV ATOEHAETA—  Fig.2 Relative positions of EMs and an Al ring.
i (d =55 mm) LTEY, @ENZRBRERYIC ‘ ‘
L2 b0 TIE e ERENRG LTI DR ETHDL &
DR TE D, B, d=8.0mm DA, V7o
HDH—HFNBIEKRS| EF b= Th D,

FED

Al U 7T LHEE ) 72 280 7 v =V AR
Ll DREEAZBWEL, FEMEESRBOLENRG| ETEE
MARETHDHZ L ER LT, SRIZIZYOIIRSEED

Gap d[mm]

HlFI 2D T & & b5 LI EEORE L2 XD, 0 3 10 15 20
ABFSEIE BRI (25289014) Bhjk 4 5% 1) C M L 7=, Time [s]
SETEk Fig. 3 Experimental results of magnetic pulling-
up of Al ring.

1) T. Ohji, etal., J. Mater. Process. Tech., 181, pp. 40-43 (2007)
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Consideration of Higher-Speed of SR Motor for Electric Power Tools
Y. Kumasaka, K. Nakamura, O. Ichinokura
(Tohoku University)

[FLHIC

FTIZEHELIX, ALy TF NV TF XA (SR) £
— 2 OB TE~OIEHZHE LT, BUROESR) T
HizfEH S TW b kARA (PM) E—# & [RER
® SR E—# Zikat - IEL, RIFEFEOMHRENE S
nNHZezMWLMM LY, AFTIE, SRE—ZD
BREZAEDL, BIROPM ET—% L0 & & 512 E
i3 b L72 SRE— % OHHEIC W T, FIRESE 1 (FEM)
EHWTHHA T =0 THET 5,

BEEEE SR E—2 DT EBITHE

Fig. 112, BMFHZHW= SR =X DFEcE1~7,
ZOSRE—HIF, EEOBH TEICHWLATND
PM E—# LRAKS, FRIXy v 7RETHD, LFOMK
BTIE, SR E—XDlREE LY PM E—% D 2.1
il L, LEN-T, BURO PME—XIZHWOL L
TVHEEMR OB YO XY 9 ThDHDITH
LT, SRE—ZDOXYIiZ20& L=, £72, SRE
—Z QBN 2 (5L B2 0, SHB O KAHE S
NnNa7-8, SUAEHE 6.5%SiFe & L7z,

Fig. 212, FYHCTHRE L7z MV sl Rk & R
T ZOXE RS LIZIEREORENRSE LN TWVS Z
LD, Fig 31%, BRRENEEICXT HHHE b
NI DTS D, [AEKE, [FF v v 7RO SR E—
A ThoTh, Mzt 52 & T, Fd%o kv

JIEPME—%% L[R5 Z LD, Fig 412, 4

H L B ORI AR, mdEElEE L L7z 2 & TR

DHEMBREE S HD, KERMETH S 6.5%SiFe

EERALEZZET, PME—F L0 EHEMES A
LN EDbND,

i Gap length : 0.5mm

) ig Axial length: 10.15 mm

E Core material : 6.5%SiFe

? /1 Exciting voltage : 20V

Winding space factor:  24.00%

,,,,,,,,,, N

Fig. 1 Specifications of a high speed SR motor.

5000 <
g_ S e N
24000 S~
S =<
D \\**
& 3000 e————
[72) —m——
8 r
E 2000
g = = Conversion SR motor
c
8 1000 = = Conversion PM motor
0 t t t
0 0.5 1 15 2

Conversion torque (Nm)

Fig. 2 Comparison of torque versus speed characteristic.
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Fig. 3 Comparison of winding current density versus
torque characteristic.
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’;\ 70 | = = SR motor (Copper loss) -
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4 >
- - s
P rd
a 30 - -
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Fig. 4 Comparison of torque versus copper loss, iron
loss characteristics.

S 3
1) K. Nakamura, Y. Kumasaka, K. Isobe, O. Ichinokura,
The papers of Technical Meeting on Rotating
Machinery, IEEJ, RM-15-146 (2015).
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A Study of Control of Linear Generator for Wave Power Generation
D. Kamiya, H.Goto, O. Ichinokura
(Tohoku University)
& ol ZFOFEHEITR L > TWD Z ERbD, ZhiE
- VIR & AT A SR S B 72 T LB A F TR )

W, BAFRET R L —~DOEENEE ST, F
PHZMCHENTWD BRIZEBWTIE, % ER
WHRTZ R —E L CRICEE S VWD, Ll
W T ERRA TR IR E S D 2 &0 b Em O RS
PERMECTH D = LR T U G 23 K
B L, BEIAMRENI ENE, WEEREAML
WX > TR, EFEEIZITN < D02 AN
HOHN, EFLIXY =T HEHREH AL b -
77 =P EEEICER Lie, A5
MRAVZREBRE N RECTHD Z &0 D, FEIEER K % 8
Hex, REFHEICHEND D, ERIZIZE SRS
EHVEELRRD LD, AR TIE, HIEFEC
HHL, FEBRICHEEEE A2 RE L CREER AT S
& TR EIT T,

B L-RERHAX

AFRICHB T H2EK % Fig. 1 1233, FEEHHIE
DFEE LT, WEREEOERZ LRI ELH2 &
THAIREY 2 K& < T 2 IRFIEARE SN TE
7oy, BEBOLIRIC X 5 R E 2l R0, KEI AT
D Z LI KD FRBRIBL ORI & DRSO B )
272 odz, 22T, TNUOLDORBEFRT D=0
BRALFICB T AL E— &/Z?/%/ﬁ@%m

1235 < ACL Hl#I(Approximate Complex-conjugate
control considering generator copper Losses) 23 242 &
iz b, ZofEEE, EERETIEEBEE L TV
Mol FEEWBREZZEL, BEXMNERKMET D
BEIZESWTREZHIERENOESIT S,

B 2 SO RIZ OV T Fig.2 12 =R
BT, BEERLIT 72, Fig3@)IZ AT
JE 1 0.57s RED NI & n s, SLHRHIGEIRE D 251
PRIE2S ACL HiliHFF LV S RELS o TWNDH 2 &N

PND, THUE, LR i?ﬁk%ﬁ%ﬁ%ﬁ%’é@ii@
RIREL o TN DT EE X BN D, Fig3(b)IZ

EBEHNE rﬁo%h%hminﬁiﬁﬁﬁﬁ
23-1.2W, ACL #4725 8.9W & 72~ 7=, IENE A i3t
RHEARKE N OO, ADFHE~DOIRIEN K E L,

DREL, §FHEPBKERoTDEEZLND,
ACL IR DI EE I ITE FRDEIC R D #
AIVTRHEHHDOD, TORE I THARGIEIZ E
R&EL 72K, PR EENTILRHIEFE LV K <
o TNDIENTHIND,

RE, ARRIE, ENAFTERRIE N R L F— -
PEEHANRABREME (NEDO) OREEBORE
REEohlzboThs,
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Permanent magnet

Coil

——~ Ground

Fig. 1 Overview figure of wave generation

Linear motor
(wave simulator

Fig. 2 Appearance of the experlmental eqmpment
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Fig. 3 Waveforms taken in the experiments
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1)  Villa Jaén, Antonio, Agustin Garcia-Santana, and
Dan El Montoya-Andrade: International
Transactions on Electrical Energy Systems, Vol.24,
No.6, pp.875-890 (2014)



5pD-9

Aol ARSI BEELE (2016)

WSy £ CTEE L= EHLO O BRI RN I B9 5 Mgt

B, AR R

A

— /83 #

(ALK )
Electromagnetic Field Analysis for Soft Magnetic Composite considering Magnetic Particles
Izuru Masui, Kenji Nakamura, Osamu Ichinokura
(Tohoku University)
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fitd 2, &2 WITHBICEBEO RN AV A
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THET D,
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FRClE, Fig. LITRT XK H1T, WS 1 >OX
X I &0 140 um DONEHFIR EARE L, T EE6
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Fig. 4 |2, HZLAREYS 720 OmERELOFHH
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R RAEEZEET L2 LICE-T, BEOEW
HREENRTEXHIENTHMEIND,
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Fig. 1 Analysis model of SMC including magnetic
particle.
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Fig. 2 3-D FEM model.
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Fig. 3 SpeC|f|cat|ons of a ring core of SMC.
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R, IIHERER, KHETM e, AR,

I B e, NEBREE, — 8 B
CRAERS:, *H Ak, **+& LEK)

Design and Prototyping of 100 kVA Concentric-Winding type Three-Phase Variable Inductor

based on Reluctance Network Analysis

K. Nakamura, Y. Yamada, T. Ohinata*, K. Arimatsu*,

M. Yamada**, M. Takiguchi**, T. Kojima**, O. Ichinokura
(Tohoku University, *Tohoku Electric Power Co., Inc., **Fuji Electric Co., Inc.)

[FLC®HIC

SEITHER OIX, EPCHIEIERR & A ER R A B
TR U 7= BRI 3 AR — (KA A 57 2 %
BEL, B ea+52 L 2Ho6nc Lz,
AFaTlE, VI 2 A%y hU—7 T (RNA)
\ZHETS X, 6.6kV - 100 kKVA # D EFEgs OFNTERFT &
RERBR AT - DO THET 5,

RNA [2& % 100kVA 2D ETERET - BAERER =

Fig. 112, LT 3 F— KA A X 2 DS Fig: 2 RNA model of the concentric-winding type three-phase
AHER % 5. RNA EF Lo HIzg LT, £ variable inductor.

AT R G T D%, Fig. 2 (TR X 512D
BRIIHBIL, FoFIERE 3 oo BRI
TERY, 22T, MPOBKIEGUIDTIERZ DL
EREID B-H iR 5 Z LN TE 2

Fig. 312, RNA &M\ Ca%Gh L72 100 kVA #& D%
AEERDRETL A R T, Fig. 4 \ZHEHEHIEFHED
BarT, CORMERD L, EIBIEHsoMmE il
FICHEShEE S 2 I FIRETH V, REHE Y OFIH = Fig. 3 Specifications of 6.6 kV - 100 kVA concentric-winding
PELNTWS Z ERNbg, Fig. 5 I, R type three-phase variable inductor.

135

f—

M : 560 turns X 6
Nu, Nv, Nw : 1300 turns X 6
Rated voltage: 6.6 kV
Capacity: 100 kVA
Core mass: 250kg
Winding mass: 160kg

LI ERDERRTH D, ok, FEIEFERTIX 120 ]

IRMIEOEHS KT 58 3 MRS B G Eh TS B ,”;)
TWeZEND, ZhERVEE/ERICOVT LI Z g | ---FEM
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AR EREDA T 5% T O B A R C & 72 2 L 48 2 0

o, £, ZOL I RRERFREBICONTD, £ 40 jﬁf//

RNA &Y 45 7k CREEHATRE T H 5 = & 23 2,

BT 0Tz, 7235, ABFFEIE IST AFFTACAL R B //

% A-STEP O)iﬁé%i U—)TTO 72:0 ‘ la é 1I0 1'5 2‘0 2‘5 3I0 35
%%j{ﬁk Primary dc current (A)

1) K. Nakamura, et al., IEEE Trans. Magn., 51 8402104 (2015) Fig. 4 Comparison of the reactive power characteristics.
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O Meas.(excl. 3rd harmonic)
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]l ---FEM
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Fig. 5 Comparison of the distortion factor.

Fig. 1 Basic configuration of a concentric-winding type
three-phase variable inductor.



5pD - 11

FAOR]  HAMKFREITEEIEAE  (2016)

RNAIZ LD 7 = T4 MgAT—X OWRREANTIZEET 5 E 52

 HAEGL, PIRIRHS, HE
(FKFHR)
A Consideration of Demagnetizing Analysis of Ferrite Magnet Motor Based on RNA
Y.Yoshida, D.Momma, K.Tajima
(Akita Univ.)
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Permanent magnet materials

Fig.1 Shape and specification of the SPM motor.
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Fig.2 A part of the RNA model.
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Fig.3 Comparison of torque waveform between before
and after demagnetization.

5 3R

1) Y. Yoshida, K.Nakamura, O. Ichinokura,
Katsubumi Tajima, 1EEJ Journal of Industry
Applications, \Vol. 3, No.6, pp.422-427 (2014)
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RNA [Z35< DC-DC 22> X—Z H kT o Z &R D

EETTIRHEE (2B 5 & %2
Rl T, R S5 5 3, o5 FRALE S
(FKH KF)
Consideration of estimation for eddy current loss of transformer windings
in the DC-DC converter based on RNA

T.Hiwatashi, K.Tajima, Y.Yoshida
(Akita Univ.)

T

% 51%, DC-DC a > R—Z BT 5 kT A%
MOTRIREHIZ L > THE L DImEFEOHEEIC OV
THRtZ#ED TS Y AR TIE, RNA (Reluctance
Network Analysis) % F\V 7= LSRR IS U 2 EE DT
BoHEFIELZRL, —RILARERMBHN
(BD-FEA)IZ X 2 fEATRER L b #1795 2 & T, 2D
AR OWTHET 21T oD THRET 5,
RIS RNAETIL

Fig.1()IZiEHT et G DR & ~FiE 2R~ T, Wik 23
30mm x 20mm O CHD 7 =54 ka7, KT
37T 72 2.0mm x 2.0mm x 20mm O A SRR B 5
6 AFRENTEY, =2 7ITIEK 10 ¥ —r D aA L)
i STV B, R IR X (@) DFRFER TRd =
7 X v 7O RNA 2B 2 EESEEZ RS, A
FEFIR T = B IR O RN R E B RS D720, x 7
MIZ 10 Z3E], y FFIAic 8 3EI LT\ 5,

Fig2 [ICIREE T VOIS %2 773, KD Rugore ,
Rmgap + Rmcopper [EZAVEN T, Ty o 7, RS
DREIEHEZ LTHY, Rocots Rovgp EZNZER
b A v, ¥ v TORABSES AR LTV D,
FAEERAR T U 2 BRI B R 2 B 8 L TR
TRTBEXIEEE TRE L, BRI Cih
ORI LTE AT,

ESEIR E T 4 Amms TS L 72 RED AAESRAR IS F3 1)
2 & - R VR R A M O SR RE BR% Fig.3 1R,
RNA £ X OV3D-FEA Z £ HLICB W\ T 3 AR R &
1Tole. RN ND L ICHFILRIFIC—L
THEY, REDENBN D EEEFRICBNTH
RNA TIEEROMEIRBLA BB L EHETE L7
REMENH D Z RSN,
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Fig.1 Shape and division of analytical model.
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Fig.2 Schematics of proposed model.
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Fig.3 Frequency - Eddy current loss characteristics.
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1) FEE HE,HH, EFFE  MAG-16-035(2016)
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FHPBCLERAZ VTR "ty b T 2 ADFRNE &
TIA Ny T A N— R ~Di

VERBRE AT *%%, RAEZS 7%, VERRERR**, AR R
(*ﬁ%z’lﬂ%]:%fﬁfhﬁiu atoF—, S EYN\PN)

Fabrication of surface-oxidized Fe-based metal composite transformer

3|

and its application to the flyback-type dc-dc converter
K. Sato®** K. Sugimura**, T. Sato**, M. Sonchara**
(*Nagano Prefecture General Industrial Technology Center, **Shinshu univ.)
FLBHIS

AR, SiC/GaN /XU —F 34 ZD BRI ANATOITE Y, KIEEDD MHz & A A A~ F o ZEfER
beﬁékwoﬁﬁﬂaIch:/n%&@é%ﬁémﬂm ERhFE b HIfEE LTV D, EE LI
MHz #){E DC-DC = > N—& ~ili 3 2720, REELALIR AN L7z 1.6um RO 1 LR = Vg & R ¥
HHIE 25722 D EMEHLL T, F gk CIP/Epoxy) & AW T A v &Z 7 # & fEL, GaN-HEMT £ = —/L %
W2 18V AT, 5V« 2A N ZFEIFERS & L7z IMHz Bi{E Buck =2 > X — 2 ~jifH 35 2 & T, &K 95%
DENEBDENGOND Z L2 LY.

AFa T, R CIP/Epoxy By b 7 A2 RIEL, ACT ¥ X EIZZHESNTWD N THDH 7 T4
Ny 7 av =R~ LT fERICOWTIHRET 5.
ERAE

kT U AOERRIZIE, T0um &, Smm EOHRAR Y A I K7 4 /L L&V, 1 TEERE 2 RERORE O R

7270 2 FE A RIE L. B ROV E mER{L CIP/Epoxy Bl T A > & 7 % o A& 5 79, Fig.1
WORT LD ICERE a7 PICHDIATe S & LTz, Fig2 ISRV 7 T A Ry 7 a v _—Z DK %
RY. 48V AT, 12V - SA I EEIREMR & L, AA v F U ZJEEHIT 400kHz & L7z, DA &
7B AR IO REOEZ A ESE - Mn-Zn 7 = T A bEHWE R T U ACOWT i 21T 72
%Eﬁﬁ%

Fig.3 ICENEBNHEZRT . =T 1.2A~1.3A HAIRFICTRK & 720K 89% 3 F HAL T\ D, BRAMIRET
ﬁé%%@ﬁb\%n@% AD KT ADFPRRITE. ZHUE, 56 0HNEMEFHRFIIMEN - TH D
EEZoND. —J, BAMFIZEBWNTE, A &7 %2 o AZEBIN 2 AN BRI LW )L F
—DEENRELRDIZD, HERBEPRRWVERB O N7V ADFRNEIRITR DT EDNDND
ZE R
1) L%,m Wk 28 FEESRTFRAEKRE, 2-097, p.118(2016).
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D = T Tg I [ Mn-Zn ferrite ( k=0.983) i
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Fig.2 Circuit diagram Fig.3 Power conversion efficiency
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= LR Z U L 7= Fe/Ni RO H AL ELG:

B Bz kB R IR B2 SRk BER D = REES, I HEAT
A ESC @A A
(ALK, 2 AR AR . RURS T IS A )

Chemical ordering of Fe/Ni films with third-elements

T. Y. Tashiro, M. Mizuguchi, T. Koganezawa, H. Suzuki, Y. Miura, M. Tsujikawa,
M. Shirai, and K. Takanashi
(‘Tohoku Univ., 2JASRI/SPring-8, 3’Kyoto Inst. of Tech.)

U HIT

BRI MK &2 BT AREHT, KABA LG A E~DICHR IR S D720, LR HREA
R SILTWD, L LR b, BIRICZ LWERNSEOBIRZ #2425 & 2288 22 nH#EIC K- THK
ENDHDMETHD Z ENEE L, mREIEH 2T AR TOI TN D, Fixid, Zffi7e Fe & NilZL b
RERL S5 Ll-FeNi HAIA4ICE B LTW5, ZOMEBHT, 7L 7 THEE W K, (~1.3x107 erg/cc) % 5 H,
TLHZENRMONTWD [1], LALRn s, SHAI-RHERIZEREIRE A 320 °C & IEF IRV 72 D[2], @HE O
BULEIZ X AERUIREECH Y . FPE IR MBE 72 EOR LN FIETOAER I TN D3], 2D
W AR R RBEE X, LAl OB T XL X —DEPN NS N2 LIER LTS & S5, ik
I T ROWIMC LV R R VX —2 B EIE D FIEICHER Lz, EBERTEORIMIOWTEH—H
HER AT R o7 ZA, T, V,ALICK o T Fe ZE#T 2 Z LICK VR A F—DZENEKRT L2 L0
BiInoTe, I T, AL TIE Fe & Ni 222 HICHEE S 2 BRIC Fe & RFFICHMNICE Ti H DV V 23N
L. ZOBEORA-FHAZEREEE DL & BEEEEIC O W TIE L,

ES T WRiA

WEHE, BEEZE~ 7 Rx hr ANy Z Y v 7 EEE % T Fe-Ti(V) & Ni 2 MgO(001)E:48K EIZ22 A2 A
Ry 2L B2 R CELVER 21T - 72, TI(V) D USINE % 0, 1.5, 3, 5 at% & L BVLERR E 35 K OWER 2 200-500 °C.
1-20 BERIC 2B b S E 7=, B8 L7z Fe-Ti(V)/Ni £ >\ C, BFfr~A 7 17+ 7 AP —(EPMA), EH)
B /1EHVSM), X #RIEHT(XRD), J51- [ D BEASBE(AFM)IC L 0 fHAL, BEKUREME, FEdmikiE, RmPE%x
FNENGHME L7z, 8% O XRD Tit, L1oFHICHK L CTHN DI REK - E—27 28N 25 = & BNREE7
728, SPring-8 D R AL e 2RI L, AH =3 —% Fe-K WIUiHIZ &b CTERE S R2FMH L7
XRD JIEEIT T,

MgO(001) B i FEM 12 FesoTix (x=0, 3, 5 at%) & Ni ##J 0.3 nm 35728 AIZFEE L7258 15 nm OFEHT
DUNTEALER(200-500 °C)%1T > 72, In-plane XRD IEZITo72 & 2 A, 450 °C THULE X 117 [Feq;Tis/Niso]
AEHZ B W T LI BABRICE S S B T Er s Bl S e, ZoROBAIES 2R LZEZ A 01 R
EELNTWDZ ERGhotz, ZHUE, Ti OFINC X > THRAFASHIERIBEN EH L-Z L 2R81 5
ERTHD, —H., VERMLZARHCB W TE, B v —7 238l sis, SHI-RERIZEERE O |5
ITHERR S 720 T2,

AIFFED—ERIL, SCHRHFEEHEE T 0 ¥ = 7 b u RSB B ZE LR O KR IC K v 1Tz,

235 Sk

[1]J. Pauleve et al., J. Appl. Phys., 39 (1968) 989.
[2] K. B. Reuter et al., Metall. Trans. A, 20A (1989) 719.
[3] T. Kojima et al., Jpn. J. Appl. Phys., 52 (2012) 010204.
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CoNi ZEZ X v VATIKRFICBIT AWRESEEY v EV S

BRI T ' EHIE L SRR L LI L AR L 2. SR L R L FEER
BMbIE S ' K ERGGE . AFRIESC. EALEAR !
bk, PR R )

Magnetic Anisotropy and Damping for Co / Ni Epitaxial Superlattices
T. Sekil, J. Shimadal, S. Iihamal, M. Tsujikawal, T. Koganezawaz, A. Shiodal, T.Y. Tashirol,
W. Zhou', N. Kikuchi', S. Mizukami', M. Shirai', and K. Takanashi'

(' Tohoku Univ., JASRI)

IZCBHIZ

WR 755772 AXEY (MRAM) (&, @EL LV OBEER. SEPENEENIE. 5105
BHEE2EBETEE 77V r—vary LTHIREIN T3, MRAM DOREREE & & 2R ETI21,
Wit O BZEWNZ R T 2 720 O AR T EZ 2L ¥ —(K,) & REREE CHILKE S 27200
By EY TEB(a) L V) M ORERER SN D, —MBIVIC, & KMEHZIE Pt 2 E DB SR 18
TTEPHCONTEYD RELACVIEMAEACERL TadMERLTLE) 2 ERBEIND IMAT,
BFMBOMEL2ZET 5 L, BEELH LR L o FmPuELZHVTICE K HoRaZ2 BT 2 2
EDFREE D, 22T, AT 3d BESEDO AL 55 Co-Ni &I EH L, BT L L TRl
L7 Co/Ni ANLKTZERT 22 ETHK, EMRaDFEHRZHIEL 72, NiJEEZ21LZ 75 B % v,
Ni JBERSREEE X AR IC G 2 2582 2NN, 155 17 Bk B2 55— BB L ik d %
ZET, (IDELFA L 7 Co/Ni ATAEFICE T 2 MEMKRETHEO B 25E5m L. & K, &S Rall W 724
BIEEEF O fa 8t 2 Gt L 72,

FEWRG A

BFMIEY XL —EZWT, 7 74 7 alffSRERE X OB ) a2 VB 112 v/ Au T HIJE
FREIVLBIC NIBEEINCoEEZRAICHBEIETAIKF2E-MLEZ, 22T, CoBE% 1 HT)E
WHEE L, Ni @R ) %2 2 &7, AFFETIE. 0.20 nm 28 1 B IS T %, X #EPT(XRD)
B X OHEE(SR)-XRD 12 & ) BEIEMNT % 17\, 2RI RE STl 12 S i 8 7 AR [0l T (RHEED) & & OV 1+
PMSHAFM)Z 7o, BERRFE O FFAM 12 1%, IREIEURHRG RGN (VSM), Bs8& 7T E T-(SQUID), £ X
OBERIEE A — IR (MOKE) % v, &> B v 78S R 43 fR(TR)-MOKE % V> CHEAfG L 72,

H7 7 A T7HEREICEWT V/Au THIEZ WS Z LT, BEMLZE T2 EY X v LR L7 Co/
Ni AL, 07, BBtV a v ER ECRENERO T 7 AF v =i 2o Y, =
B X v Ve T 7 AF vy —HEO K, BEL a2 MK L7722 A, TRTONIFEICENTZESY X
OV T 7 2AF 2 =L D b E K poEvaziR Lz, BB IOE -FHHETESNE K D
Ni JEEEKEAETIE, WTINd x=2 ICBVWTK,PERAEZR L, FEEEFRENEENIC L &, 3561,
K, L aDBIRIEIC O W TR E 2 A RFRICE W TIZHEZMHBER R oo, 2D Eid, Co/Ni
IEYF T Y IVATIETD, & K, ERaZFARICERTEZ A bu o AMBHZ 2D 9 2 2 L2 RE L
TWw3,

o

5 3Lk

1) A. Shioda, T. Seki, J. Shimada, and K. Takanashi, J. Appl. Phys. 117, 17C726-1-4 (2015).
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Pt/[Tb/Col, )@k DEFLFHEREEBBNIC T 5 PtIEDOZIR

FNE—BR, SEEpEZ
(B THERT)

Role of Pt layer for current induced domain wall motion in Pt/[Th/Co], multilayered wire
Yuichiro Kurokawa and Hiroyuki Awano
(Toyota Technological Institute)

-

F

)

B L ADEEORRENL, L—A T v 7 AF Y ZITI LD E LEFRRBRA T ) RHHERZ -~
SN2 A8 br =7 ZOH LWIESE Ch D, ZHETOMET, FTxr D7 NV—7"TiZ Th/Co £/&
MR HEBICER LI RX R A F—Ey b MY RS FEET S AR Z Lo Lz, Y ZoBE Tl
Th/Co BEMERERR Z FAV C RITHERE D EBIRBRENC 31T 5 ¥ v 1 v v AF —FRMAVEH (DM ORIFIZEH L
THEBREIT- T,

KA E

B O RRIEIZ A R Z U o FHEE A W CTET o 72, [ThICo], 2@z L. 2 nm-Pt J& % 2@ L E 7=
X TFESICHERE Uz, BB OMBRA~OMTITE -2V V7577 40— V7 A 7EERN T2, L
L 7= HIFROBEIE 3um TH 5, Z OHIFRIC 100ns DV Alg % £ OV AEF 2 HINT 2% 2 & CEIH e
B a2 @l52 U, Bitas EMEEBE I — 2 R 2 VTl Lz, £z, MR FHm~W35 %
L 72356 O BB O RERERE D2 L h & DM A3 % RS S - 72,

30 30

REHER n=>5(Pt cap laygr). 7= 4.1 x 101 A/m? n=5(Pt under igyer) Up-down M

EEBIC Pt AT LT I 20 @ " . " »  Downup #
[Tb/Col, ZJl(n = 4 - )i o, B8 T Tl s §
R AR LT o (a) [E X o gp—down u (b) -\‘""“1\‘.3 i

IO, wo¥ ', Downup & 8

A, BTORE CTHEENEIR S 0 400 ;l’;:mo" 50 2o 400 600 ..5 T HJ(Oe)
MA~BET D Z LR mhoTl, _' 10 H(Oe) e Joo s a5 200 o 200 1___2‘50\. 600
- PN, 15 J=55x101A/m
Tt A A—Ey kL 20 ®@® 2
71 Ko THERED BRE) S 41T 7
WHZEERLTVD, Fi, .

2B OFEHI m N 7 [~ Dl Fig. 1 Velocity (v) of domain wall in [Tb/Co]s wires with Pt (a) cap layer and
EAEIN L. DMI A2 % B (b) under layer as a function of longitudinal in-plane magnetic field (H,).
FEbolclZ A, WHEBORENRKE L 252 L0 -> T, DMI AW 030325 2 Lotz 1
|2 Pt J@ % [Tb/Cols D Z N E 4L B, THENCHRA L723BI O H NRES 5x~ 2 BEREER E D2 b DR %R~ X
WZ kD & BEEEHEE DL up-down BEEE & down-up BEEE TR DMIHIRTFEEEZ D, o, THUdPt/E s
Tk & L CHWEGA & BEE & L THWZIGE TR OGN E2 m T 2 L3 o Tc, T b DRk
BIL, [To/Col, DEF A LBEEEE) T PtEH KD DMI SR BT\ D Z L 2RI+ 5, £/, 2 bD
FER S DMIEH A KD T2 & Z ATERDIER L THoO—RREDEIZZ2 ) | ThiCo Z & CTix DMI &
B/ E S TOBBEBENIKT L THIICHFLELTND Z L3 ninoTe,

HRE

ARFFENERASL R PRSI R BRI i SR ¥ (X 7 v« A VSR K2 958 7 ) — B35
-« MR AT O B R(2014-2019) 35 L OFHIFE No.26630137 (2014-2016) Dk % %1 TIT-7- b
DTY,

BE R

1) Do Bang, J. Yu, X. Qiu, Y. Wang, H. Awano, A. Manchon and H. Yang, Phys. Rev. B 93, 174424 (2016).
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Fe;04(110)/3EwsE 4 @ IFe R 2 EiF iz BT 5
BRFNE 5 D IS 4 i J 2 et 3~ 2 Ak A1k

KRARENR NI *Jﬂiﬂﬁﬁlié 2, BEEE 2, REKRR 2
(AbRpei e gt ALRBE TR %)
Dependence of saturation field on non-magnetic (NM) metal layer thickness in Fe3O4(110)/NM metal/Fe systems
K. Omori*, T. Kawai', T. Yanase?, T. Shimada?, T. Nagahama®
(Hokkaido Univ. of Graduate school of Chemical Sciences and Enguneering’,
Hokkaido Univ. of Graduate Faculty of Engineering®)

IFL &I

FERGEMETE 2 A U CoRBsadt g R {8 < & [ 2 #445 A (Interlayer Exchange Coupling @ IEC)1X., Z /@K% T /3 A A
NERAT OBRCEERBER L /0D, FelCr O XL ) @R RZBIEICB WL, 1EC 23 IEREMEEIEIZ 2GS U TR
BRI T2 Z ENMONTEY[]. ZOHBIZOWTITHEGARBERN 2SN T\D, L, shkEE:
fE@\Z &Rt E AW 2RI 5 IEC OF BELIERMEBIE & OBIRICIIRIEARH 2 803Kk > T D,

ARWFFEENFE S ORFFEIZ LV | Fes04(110)/CriFe 22 @I W TIX Cr@NEL 72 512 L7223 > T Fe OfE
FIWEGH) PR T2 Z LB L N E R oTc, ZOBROMPITIIRIEE > T, £ 2 TARBFZETIE
Fe;04(110)/Cr/Fe 2B D EIZ MgO %4 A L 7= Fes0,4(110)/MgO/Cr/Fe 52 % J&fi5, F LT Cr % Pt ’/th
Fes0,4(110)/Pt/Fe A ZJ@IRIZ 1T D Hy OEEARTE A F . Fes04(110)/CriFe S22 @O & & k4 5 2 &
FEME LT T T,
ERAE

AEHI S TR B X 2 —(MBE)EIC K 0 FERR L7z, ERERLIE MgO(110)/NiO(5 nm)/Fe30,(60 nm)/MgO(2
nm)/Cr(0~10 nm)/Fe(5 nm)/Al,03(2 nm) 35 L TF MgO(110)/NiO(5 nm)/Fe304(60 nm)/Pt(0~10 nm)/Fe(5 nm)/Al,O5(2
nm)Tohbd, CrELUCPUBEIZY =T ¥ v X—2ENLANRLAETHZ & T0~10 nm DEEFIZ ST 7=, K
It AR R (RHEED) & W T & B g o R i 2 8152 L. XRD 2 & o THEEMRNT 21T - 72, W bifeix
WSRO 7 — R (MOKE)T L o THIE L, He BFEREMEEIRIEIZ 3 L CED K 5 IZET D Dnii~T,
REBRER

MOKE JIEIZ L - THE LTz A7 U o AN

- 800 —8— Fe30,4/Cr(0-10 nm)/Fe ]
rO HS %g)'tﬂ%kﬁy @ ~ ;FEE@I‘%EH%EG) r ;d’ L/T7 =004 ]\ ?UU—- —e— F8304/Mg0(2 nm)/Cr(0-10 nm)/Fe ]
L 7=(Fig. 1), Fes0,/MgO/Cr/Fe A% JEIFIZHB W TIX ] —+— Feq04/PH0-10 nm)/Fe

Fes04/CriFe R ZJEIEOEE & FIERIC, TRV FEPH T H,
DO EFNR BN, Fe;04MgO/Cr/Fe 522 @ ETiLi
? MgO BIZ L > CTHamsEE M oo E 1197 FE R iLﬁv‘o
GIHNTW5D, L7z T, Fes0,/CriFe +%’7)=H%:
7% He @ LR IXE 072 BAER LA O FEKIZ
LolEEEZLND,

Fes04/Pt/Fe 2 2 JE 151233\ Y Tl Fe;04/CriFe %%E@

BEOGE LT8R ) | PUEREL 2251225 T Hl ¢ (nm)
IFEIE—EDEIZED W, 512, EERB ﬂﬁeﬁl‘i’i’ Fig. 1 Saturation field (Hy) of Fe304/Cr/Fe,
# 2 ColPt R BIEDA LR L ct 9 72 Hs DIRENN 72 Fes04/MgO/Cr/Fe and Fes04/Pt/Fe for
ZAR[2] A BTz, non-magnetic layer thickness (¢).

L 2B

[1] S. S. P. Parkin, N. More, and K. P. Roche, Phys. Rev. Lett. 64, 2304 (1990).
[2] J. W. Knepper and F. Y. Yang, Phys. Rev. B 71, 224403(2005).
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TEH XUy VR LT T ¢ R T @ RO SRk g

GG BB, RE Rz, HH 5L, BH &, Mk EAE, 0 ARE
(B RYE)
Ferromagnetic resonance of epitaxially-grown magnetic Fibonacci multilayers
Tomomi Suwa, Toshiyuki Kodama, Akihiro Yoshida, Satoshi Tomita, Nobuyoshi Hosoito, Hisao Yanagi

(Graduate School of Materials Science, Nara Institute of Science and Technology)

XTI

I, HAEEMZ N TSI L > THIE L. R TIIE LRV IIEZ EET 2 A 2 WEICER N EE
2 TWD, RIPTH—RICA ZWE (LR (X, MBEERN Y TV ThoBRNES TH L T-OMFEL
RGN, RS TR & W SRR PR D3 [RIRH SRR 7o, ) 11/ ) 31 SR 2 o S R S 7 i SR P &
AT HEERFHR ORE RAHE S TR HIREN D, L LR D 20X 5 REBIEO FEERICEE T 2 W& X
LAERY, Ko TAEFA T, BARAROEA 25H TRET 5 7 4 A7) > FEIIEFIH L TR
ZEE (e 7 ¢ R T o FLIENE) 2928 L, RIS 2 72O THRET D,

ERAER L EER

2S5 TR TS IE B 2 O T B E MgO(100) 5/ Lic 2@ isEs — v & % v Lk R S8, Afa
T ELFOROEFITRZA) Z W T D, £33 — FE Fe5, RITNy 7 7 —J& Au200 8@ L7=, &%
JE B4 |2 S R 1 B T MR B4 (RHEED) & FUV N T FeS/Au200 O (100)if DT B4 F o v Vil B A M8 Lz,

(2R 2 S C I [FeS/Au30]is A I L7=, ZHUCKI L7 4 AT v FZEEETIE, 30A% 7 4 RN v FH
FIOMETEl > 7= Au g & Fe5 Z 58 L 7= [Fe5/Au30/Fe5/Au30/Fe5/Aul5/Fe5/Au6/Fe5/Aud/Fe5/Au2],Fe5/Au30 %
RIS U 7=, 2 IR C & RHEED T B4 X v LR %
e L7z,

B A B4 (ESR) #4&( JEOL JES-FA100)% VW T &
2D ESR A7 hVAHIE LTz, KW EH LD, [X(b)
27 4 RF v FLBIEED ESR A2 kL OEIINRES: 5 6 A7
P o=, BEOEE 716 2 6= 0°, 180°L L. HEN % 6= 90°
& LT, FHIZIEEE T AR CTH— O RIBE SR S
tommm%%ﬁWﬁﬁ(%&w):Wié&i%%viﬁm
Bz 7 F LTz, ZOBESIT, Fel@ TR D—F
i AETEENC K D% v TV — RO IR 35 &5
ZHND, XK LT, 74 Ry FLEECIIEROIH
WETNR N5, BICHIRSGAEZ 2SS Ga0 >
7 hEHRE, FHEE TN OHIBEFORFIZONT
i Do
27 3Lk
1) L. D. Machado et al., Phys. Rev. B 85, 224416 (2012) .
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:

Fe/Pd I D fgh <R 1 Pd & D &1 H T IREH G 2 % 5P E
PRGN, SRR, BHISOHRA, PRI RE *, Dol
(B, " I5R)

Effect of quantum-well states in Pd layer on magnetic properties of Fe/Pd films
S. Sakuragi, S. Nakahara, K. Mochihara, M. Sawada®, and T. Sato

(Keio Univ., *Hiroshima Univ. )

1 FU®IC

3d B AEIE/(Pd - Pt) FHENCIZIEF ICR WK TN EL 2720, WEA €Y ANDIGHZ HIE L 2005 o frbivTn
%, RETIE, (Pd Pt E~OBLANNC X D 3d EBAIE/(Pd « Pt) OWABSEIEF AR TH 2 2 EMESNTE D, Wil
WAL 2R RLMAREZHIH T 2 2002 205 3 D, AT Pd hoRTHFREZ 70 —7L LTHwE Z L
T, 3d BRAIE/Pd 1T BT 2 REWGIEDOINE I X 2 B2 B HROBELOHRT S 2 L 2B,

2 REITE

HiSOR BL-14 I2& W T, 7NV IZEHY ¥ v )L 7% Fe(3 JET8)/Pd4-15 JEJ8)/Cu(100) % fEHL L | in-situ 12T X RIS 6
(XAS) #lliEH X O X S A Mtk (XMCD) HIlE 217> 72, BL-14 ¥l 3\ THFEE 22T Cu(100) Bk IR %2 28y
g T=—= L7k, B by X vl PdARRRE K Fe 2 3 JHFEAET5I LT, Fe/Pd TES ¥ v Vi %
EBL L 72, Fig. 112, SR OMBE FREFTERZ R T, 4 FRFORA Ry FBEHIINTED, Fe LY X2 v VITREL
TV I EDgahot, EEL 25k %2 BL-14 MIEMICRE L, £EFIERICE D Pd M RIS X O Fe L TIUHIZE T %
XAS/XMCD @ Pd BB A7 % Ji~ 7z

3 EERER

Fig. 212, Fe/Pd IZ81F % Pd M3 Wi XAS TR D Pd BEEH A2 R T, Pd BEA 8-9 [T EMEICT, XAS BENE —
7 ERT I ENTD oL, RREHZ B 5 Fe BOMREEZ. Fe © LI E T2 XMCD HI%EIC & b #-ii L 72, Ly WU
=27 by 7128 2SR OMED & . Fe DHNBREAEEZE L T L0 d o7, MA T, Fe DRERBAHD
R&EZID P K2R L 2 A, Pd D XAS BEIEE 21201 T Fe DHINKERBEAGEIVNS b L3 otz,

XAS DF T4 b 74 v OB, JEEEHEMEE KT 5, k> T, Fig. 2 1% Pd ® 4d JREEDIEEAGHER 5723 Pd RIFICAKTE
LML E2mBT 5, Zhid, PdDd EBEFRFATRENVREDEEICE VLT 7 )b I 23V F—fhEIcEFHF N v
REBR LA EXVIHEENS, PdEOIFLEAHENDOEIE Fe RADOETRICHERZ 52 570, ZHUSEKL T FeJgn
WREFMICENMPEL 22 L PRENS Y, MAT, PdORTIFANY P2 d,,, L VIBERSNE 95, 7203 T
FNFX —HEDOB B Y 234 U, Fe BOMRRTEDEM L 2 itk %2 208 T 2 05 H 2 45, Tk, Pd oR1FH
FHRABISEER L 72 Fe DBEKRBRAEDZILIC >V T Z R T %,

1.09F T T T T T L—
1.08 -
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1.07 <)

1.06F 7 i
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Fig. 1 LEED image Fig. 2 Pd M; XAS intensity
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TbFeCo B DAL & BRI X9 2 B DR

I sedr. AGHED K. ARE B, MR BUE. ZI EF
(FFELHERT)
Influence of film oxidation on composition and magnetic property in TbFeCo thin films
R. Hara, N. Suwabe, K. Morita, M. Kobayashi, and Y. Yasukawa
(Chiba Institute of Technology)
.|
ThFeCo IIEN TR — W RZ2HF L THY  Fx IR —2R2FH LSRR o O %
HIEL T\ 5, MRt OBRIZIE, £10°8L Lo b —[AEsA I 2 #in 72 mEE KRG HEORBINMLE T
HD, LU ThIFIEFICEIL LT < [1]. ZF L TmEBALIEOERUZ I3k &« 72 B/ T A — 2 O il
HRVETH D, £ 2 TARIZETIE. ThFeCo MIRDELDIHNZIER L, BEtaiTo72, AWFETIEZZ —F
v MR Th F v 7 OiEE S & HEAE X OBRAEDOMHEBIC SV CHHEi L 720 THET 5,
RBRAE
Th:Fe:Co = 22:66:12 at% > ThFeCo 544 —47 v F LIZ Th F v 7 2iE LA —7 ~ N R T, DC~
73 bhu 2y LEICE Y RIEE T -T2, X —7 v NERES 20 DAy Z 80 —% 012 Wiem® & L, H%
J& 65 nm OFEZERL U 7e, IRENEVEHLREL ) FH(VSM) 2 W CEIRICE T KA EE I L=, £,
it X B (XRF) TR DA 2 8 L. X MG T 20 i (XPS) THEBE DR S J57 a ORLAL O 7E & & 45%%9%55
Ze R L7z,
EERER
TV ANy BEEO N AL, RIERO T A EEIELIZ 3mTorr & L, 7L Ay ZEEH 60 4y, FRIEEEFEKD 20
oy CYESL U 72 3B O B T E F MO AR EE Fig.l 19, REHIREMA R FEZ 7R L, BE G TIEHN
6.4 kOe DIRIE N NEE S T=, £7-. Fig.2 1% 3mTorr Thii L7= 7 L A3y Z RN 69 5 ik oo Th #3
K OFEE FH MO T) 277, Th &34 25.5 at% T—E T
BHoT=B, BRI VAR ZIRERID 60 57 LA B2 %
LHI6KOe THEAFI L7, 7L A Ny ZHERIA 20 53 £ TD
AEHL, ¥ =7y & Tb F v FRE OB TEF AR
+3 TV, ZHHEMERICERIZIRA L, BBk Th 237
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o —HTT LAy ZIRHE 60 53 A EOREHZ Kb D
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DTHDHI EERERT D, TiULXPSIZX B HERES S
MO ST REERE L b~ 5, DLENS, FL ARy A Fig.l Perpe_ndicular hysteresis Ioop_of ThFeCo _
7 £ BB+ 21845, SO TIREAIINED  partormea 3 m Tort for 60 min before spuering.
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1) M. Mochida, T. Suzuki , IEEE Trans. Magn., 38, (2002) S 5 A Coercivity
2096-2098. B S s s =
2) M. Tofizur Rahman, et al., IEEE Trans. Magn., 41, (2005) Pre-sputtering time (min)
2568-2570. Fig.2 Tb contents and perpendicular coercivity values of

ThFeCo films as a function of pre-sputtering time
carried out 3m Torr.
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EASA ETHIR L7 Em 2 NET 5 A VY R—F AT ) BEREO /A T RE
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AT IARE, Sea
(BMRZFRZERE HTSRER R TEHK)
Effect of bias bias voltage to mesoporous silica including magnetic metal formed by EASA method
Akio Ichimura, Tetsuji Haeiwa
(Faculty of Engineering, Graduate School of Science and Engineering, Shinshu Univ.)
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FIFHT22LT, VY777 4 —TIIRE LB mmBEORKEIOMT /U A YORAESINER T 5 EHFINTWD,
A.Walcarius[1] 512 EASATEIC LV REICH A2 AT DA VY R—F ZAFWRENEE SN D Z L2 MELTWD, FxlTFET
HBIC L DERLA A YR —T AEEERNET ) VA Y EROBE LCRIAT 2 Z L 2RBTWDH, IR EREICH
LERHLARVWAR S DENEFEET S Z & BN ~ORMEE B OFE A5 TWAD Z ENShoTz,

A5 TIZ, BASAEIC L A A VY R—F ZAHEDOBRITIESL S BRIC A 7 AESEEZEINT % 2 & TUHRER O
LFEom EERLET-OTHET S,

EBAE

BT Cu 2 B 2285 LT 7 AR QMBS U = o0 e ~—Jibli e iz, SRmEisE ANz STAC( R U A7
NATTINT =y b7 0] P&, BEEO 60 FhRTc, #MEE o SUS i & itk & oI, SMEFEIRZ v T 0-
500V OFEFHDSA T ABEZEIM LTz, A Y R—=F 22 Y DEBEORRBEIIIRT g 22y M v, R-HE(LRE IR
BRI L, -1.0V OFEMEZFI L TA Y R—F 23U 7 iz sl Uz, B L7z X Y R—F 22U J3iE3 FE-SEM
W CREmEE 2 BIEE L. BRI TR VRS J) 51 % IV TR L 72,

ERER

Figl 1o314 7 A 100V 2N L7=FE 0 SEM 8 % 773, R CHll o 7233 i A VIR ST, ARV VBT
bbLEZLND, SEMBING, AR VBEBRWIZTEBOBIGZMILELE L, A7 ZAEGREEZ N L7,

Fig2 IcHFLER O A 7 AEFRAF N Z R T, 3 7 2AEE OV OK:35.1% Th o 7=, MFLFEIL, /31 7 ZEE 100V T
R 902%&E 720 FNLL EOEETITEED L L LI T D B3 0hoTe, NA T AEELZEMNT 52 LIT X
- T, BIBRARIEEIRN D STAC DIGA A SERRAEIZE] & FE b, A 7 22~ STACIREM I L. B AR b
REFmO, MAER ENR-T-EEXLND,

Fig3 Iz Co VAo &% Lic A Y R—F A2 U DHEEOHALIREZ R, & 2T U & 2D MNE RGN 7218/ b il &
72 o7z, ColIPoh FIREE TN - 2L TV b & Bbivd, Coll LA b3 R T& 72, BURTix Co iz L2

Figl. Image of SEM Fig2. Relationship of bias voltage and ratio of meso pore area Fig3. Magnetization curve
HiEE
A7 ISPS BLEEE 15K05982 DBk % 3% 1H 7= DT,
BE W
[1] A.Goux, M.Etienne, E.Aubert, C.Lecomte, J.Ghanbaja, A.Walcarius. Master. 21, 731-741,(2009).
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MgO(001) Ktk Iz TRk L 7= Fe-Co-B &4 D

WG & MR

FEBMAR * » BB B e AR Y JIFFERR T - R FE M2 - TARIERS - AR SO 2
ek, 2 TEREK,

(i IEE
SHOREEK, *IIBR)

Structure and Magnetic Properties of Fe-Co-B Alloy Thin Films Deposited on MgO(001) Substrates
Kana Serizawa®, Ryoma Ochiai', Masahiro Nakamura', Tetsuroh Kawai®, Mitsuru Ohtake?,
Masaaki Futamoto®, Fumiyoshi Kirino®, and Nobuyuki Inaba*

(*Chuo Univ., 2Kogakuin Univ., *Tokyo Univ. Arts, “Yamagata Univ.)

[TL®HIZ Fe-Co-B &3 EN 2BEMEMELCTH
0, =0T~y RRTMR B —THW S
, MRAM &EHiifEiftt s L CHbRatshTnd. &
M %fﬂi\‘jﬂ Fe & Co @;\,ﬁﬂﬁkj) 7:3'fﬂ‘iﬁ@(FerCOo,g)loo_xBx
(at. %) FEIIZRRIEE S B fLERIZH#TE L T bee fdh
CHEME THENELT S ENmbn TS DL
MU G, T OFMEPEREER X ORKFE
W RIET BRI OV CRMANTTH AT & 135k & 7
AN Kﬂ%(ﬂi, MgO(OOJ.)%*}iJ:é:(FeojCOo,g)loo_xBx
%, HAREZEIR (RT) 75 600 °C, BifHk%
x=0725 15at. DI TE{L S THEM L, ML
WA 2 ST
REBAE FERICIIEEEZS RF v 73 e A
Ny ) o 7EEEPER L, BRI 40 nm JED
(FeO]COO.?,)loo_xBX (X =0-15 at. %) H%%ﬂ%ﬁk L7-. t#i&
1213 RHEED 3 X 1Y XRD, FMEFREBIZRICIX
AFM, BALHRBRIIEIZIZ VSM, BEENIEIZITR D
gk E =,
EEBRER Fig 1 CEKRREZZEXTERLL
(Fe()jCOo,g)gsBs f&io> RHEED /3% _\/%%jﬂ RT 2» 5
600 °C TIZAK L 7= 2T oD G, Fig. 1(@ITHHEEER
RLUTZETENBEINZ. ZORENS, HEX
HERcH LTIt X oy LEELTWS
Z WD, KEERTAL BRI,

Fe-Co-B(001)[110] || MgO(001)[100]
ThHot-. ZDE X, Fe-Co-B(001)#& 1-1%, MgO(001)
1% LC 45°[alds L= TR TR S TR
D, BFRESITA%E D, Fig. 2 [/ EB L O
W XRD /"% — > %39, @43 % — 2 TlX Fe-Co-B
B 5 D (002) S i, THIN /X & — 2 Tl (200) 5 5 238
BINTWS., ZHOORNSEIMETFER ¢ B
FOHEAKFER aZH ML, ZDk cla ZRH7-.
Fig. 3 |Z cla D HEMGR LA A 7. RT TR L7
Uia, BEREDK T AERIZLV BT ENDINT)
IZ 8D Fe-Co-BFMNEATWDN, FHGEE D E5F-
R, BRSAHEANEOH NS, Y HIT B M
I &R REREIC LT RBIC OV T LT
5.
2PN
1) S. lkeda, J. Hayakawa, Y. Ashizawa, Y. M. Lee, K.

Miura, H. Hasegawa, M. Tsunoda, F. Matsukura, and H.
Ohno: Appl. Phys. Lett., 93, 082508 (2008).

.112 .002 .112

©
|

Fig. 1 RHEED patterns observed for (Feg;C0g3)esBs films
deposited on MgO(001) substrates at (a) RT, (b) 200 °C, (c)
400 °C, and (d) 600 °C. The incident electron beam is parallel
to MgO[100].
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Fig. 2 (a-1)—(c-1) Out-of-plane and (a-2)—(c-2) in-plane

XRD patterns of (Fey7C0g3)95Bs films deposited on MgO(001)

substrates at (a) RT, (b) 400 °C, and (c) 600 °C. The scattering
vector of in-plane XRD is parallel to MgO[110].
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Fig. 3 Effect of substrate temperature on the c/a ratio of
(Fep.7C0g.3)95Bs film.
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fecc-Co(001) Bk i e D fgk 75 255

5pE - 10

JUHAER - R Fe 2« ZARIER !
("R, 2 TERER)
Magnetostrictive Behavior of fcc-Co(001) Single-Crystal Films
Tetsuroh Kawai', Mitsuru Ohtake' 2, Masaaki Futamoto'
(‘Chuo Univ., *Kogakuin Univ.)
X LI
ARy BRI FRT B H F 2 — TR L T2 Co HIBEICITHEREM TH D fec HAFET D V. L DRSS
FITPE7R E AN MR EHES S S TR Y 2, REMTH D hep-Co & ITEAR > T2k 2 R4 Z L35
ATWDS. L, fee-Co BEDBEEZENT OV TIETFEMAREHE 23 e\, A8 TIL MgO  HURE L bk EiC
fee-Co(001) Hifs Al 2 (ERL L, [RIRRES  C 2 OBEE S E) 2 Fi 7z

EBRF L
FEEZE RE v 7% b v 28y 2 4EEIZ L) MgO(001)Hiks L“_«w¢ e

fadEt B2 Pd B LN Cu 2 THIE & L TE X 500 nm @ Co K
Z FEHUEFE 300 °C TIERLL 7=, 3B ORERZIZ MgO(001)/Pd(5
nm)/Cu(10 nm)/Co(500 nm) T 5. FHuEIFIM & Co DK TR
A ZIEMT 5 K 9 10®AS. RHEED & XRD IZ Xk 0 {EfIL 7=

—<110> ’

Co RN E X & ¥ LR L7z fec(QO)HERBETHD Z & &
fifes® L7z, Wibahftix VSM T, BEEITR FEHRIETROK 1.2k0e
D [EHAR R CRIE Lz, MERHICER T2 v 7RERT YV
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ERER L EE

fec-Co RO T v & % o % /LR AL BFRIT fee-Co(001)[100] ||
MgO(001)[100] T ~7=. Fig. 1 IZRAMbBRZ RT. AL S
H3<110>TC R EEHHA3<100>TH 25 4 [BIRIFREE mBS R G EE R L,
FI7MEREST 0.6 kOe FRFE T 5. Fig. 2 (2 [Al#ERELES T O RLEHIE
R ZRT. BEEOBIZITIIE[100]TH 5. HARIBIT = Ak
THENRKE K RBICONTEORIBIIRE L Y, BRI
ZH8Z 5 0.9 kOe I CTRIFINZIESL . HAB AR ERDD
VLR el 5 1) CREE A BLEE LT Ch Y, BiR o Fm LR
D JFE &N —F L W=D Th Y, EIE—FREEEE T L T
k2 P R LZREOMEET S Lw 22T 2 &
A0=60x1070 & 72 572, BEE DIERIZH FIONEFE D Bk L7-.
fec-Ni-Co B4 D A0 1% Co U v FHITRE R IEMEZ T Z &0
MHNTED Y, fee-Co BED A bF DM ZF> TWNDH &L E X

\/W\
6“6 if:, %*Efﬁ%%‘%ﬁf% fCC-CO @/1100i)§j<% ffIE@{ﬁ% 1.2 kOe
FOZ ENMESNTEY ), KRERERLE KT 5.

BEHR . .

Magnetic field (Oe)

Fig. 1 Magnetization curves measured for
fcc-Co(001) single-crystal film.
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1) D. Weller et al., Phys. Rev. Lett. 72, 2097 (1994). Angle (deg.)
2) M.J. M. Pires et al., J. Magn. Magn. Mater. 323, 789 (2011). '
3) T Kawaietal., J. Magn. Soc. Jpn., 39, 181 (2015). Fig. 2 Magnetostrl'ctlve behavior measured
. . for fcc-Co(001) single-crystal film along
4) S. Kadowaki and M. Takahashi, J. Phys. Soc. Jpn. 18, 279 (1994). fee[100] under various magnetic fields.
5) R.Q.Wuetal., J. Magn. Magn. Mater. 177-181, 1216 (1998).
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Fe, Co z# W =iFEZm T 7 4 V2 D7 7 77 —[BlinkeE:

EAYCE e SRR T SRR (R R
(*F R T 7 A TN AR, *HEM )

Faraday effect of Induced transmission filter with Fe, Co films
M. Miyamoto* **, T. Kubo*, T. Hanada**, H. Ihara**, T. Sato**, M. Sonehara**
(* Citizen Finedevice Co.,Ltd., ** Shinsyu University)

LIz

Fe, Co ZILU® & DmMBEMEMRIL, D TRERERICTFIREZFOME L LTHS 6N T
Wb, L., @RFFA O THROWERIUZ K-> T, FFloEReoFHITRETCH S, b Liziats
FAT LA IImBER L U O EICRE T XEX Th D, A ZEMH D WIS E R g
WZELES 2 2 L 2B R A. WE. BRI RITmEME RO ZN LY S ERITNS S, £D
JRITHREDN D ROEIER AT D, K0 ZOFBELEFIHT 57 31 AT & o TUIRHE & ] Ui
WHORABELE BT D2 ENEETH D, BEICBMEE L FERELZBIEE LfIRR 65 Y,
AFR T, RPN & FFEEZE T WL O L7256 ONFRE L 7 7 7 7 —EER PRI DV TR T,
ERGE

AR B ICHEE G (HIL) /HIMIH(L/H), (H:TayOs, L:SIO,, M:Fe,Co) T X115 DMD B 58 % T
W7 4 V% % IAD 7835 (lon Assisted Deposition)iZ &> TR L7, ZZ T, H,L @%’f’fiogzw%ma):
BUIREIER M B TH D AH (n=1.46) L DOT7 R v X U AMENER/NE2D LD umanJrféiP
KD RE LTz, ZORITBHINTRABZ T 7 A N—THEINT=T7 7 77— lﬁlaﬁfznﬂﬂﬁm
A=1550nm DR %A W CHIE L7,
EBRAER

FigliCHMERE & LCFea WA OFERZB T Y 4 L4
DN Z R T, AHEEIZBWT, }a‘mi): Fe ORI Bz L
Te Z MR D £ FEHAR(N=1.46) 1% 27 R v X o AfHIT 132 &
20 FOREHERIZ024T%TH D, DL I KFHE K % i
WS LEAER, BRFHEE 1 c=1550nm ([281) 5 v — 7 Fif

KT HEREENOEONTERT ooy LBERE B LT,
TE8L U 7=t R i O CRIE S e 7 7 7 7 —alinket: % L T~
Fig.2 |27~ 7, M@ & L T FeB5nm 35 J UF Co50nm % IV 7= 354 12601300 1400 Mmvelongts (my 1900 2000
D7 7 7T —BEERAILE NI 1.22deg.. 1.21deg.(@10kOe) T & Fig.1 Spectrum of the filter with Fe65nm
o7, ZHUTHINEES; 10k Oe (2 &Zoﬁmmp&ﬁﬁzlym%ﬂ fil
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1)  M.Inoue,K.Matsumoto,K.I.Arai, T.Fujii,M.Abe Fig.2 Faraday rotation angle o the filter
J.Magn.Magn.Mat.,196-197(1999)611-613

2) K.H.Clemens,J.Jaumann : Zeitschrift fur Physik.,173,135-148(1963)
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BT RN — AT VBRI LD T T T 2 ~D~NT R R— 7

B4 EHS, KO P, R SekERr, MR VR, BT OGkE]
(%%ﬂ%&ﬁﬁn%%%%%fﬁ%k%ﬁﬁﬁﬂﬁ AT, “th%m%ﬁ%ﬁ AT
Heteroatom doping into graphene by high energy ion irradiation
Shiro Entani, Masaki Mizuguchi*, Hideo Watanabe**, Hiroshi Naramoto, Seiji Sakai
(QuBS QST, *IMR Tohoku Univ., **RIAM Kyushu Univ.)

X ®IZ

7T 7 2 NFAECBELOENTH D A - HEMEEAN NS, EeEERE2 B2 5% v V) 7 BEE
ERTIEND, HENRAY Y hr=J R - 2Ly hur=s AMELE LTEHEASNTWS, —HF T T 7
=%, FERNREREERMZ TR TIE0G, RPICHZERTAEDIZE, N FEYy vy 7OEAD
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AW 7 v RBIRFEDOT T 7 20 ~O R—=E U 7 RfESNTNDA, [RFETIE F—7 e e iR R
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MBI T 72 O~TaR R TEERDIERINNF—A AV BHICE S F—E 2 775D
REIT-oT,

ERF
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ERIL72 (K1), ~7 v EIcid 3 IR DT 3 &8 Jp——
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MgALO, (001t Fic— v Z o v L& Lz
NiFe,04 #5171 F 4 2 45 4f

MANK, Az, H EIE—BR, Sonia Sharmin, &% 3R, HIJFIEA
(FLP KM 1)
Cation distribution in NiFe,O, epitaxial thin films grown on MgAI,04(001)
M. Matsumoto, Y. Hisamatsu, J. Inoue, S. Sharmin, E. Kita, and H. Yanagihara
(Institute of Applied Physics, University of Tsukuba)

ZL®IT

IE 7% A L7z CoFe 0, MMRICEIN 2 —#illlE R BT HEIL, Co' A A v D h, iEEEE LIZ 1A A ET
MR VBT 2 Z LR HRD . ERE O FAESIHEVWESFEREASNTE D 6, B ORI KD 7=
DICHLE A ET &GS 7o T, TOREAE VHLEMBE/EH %2 U CTHIEFERBND. [1] T4
DEFREN OO THRARGTE~OEBEZHAL T DD, BTIENS 2% NIT2HT 5
NiFe,04(NFO) IZDOWTHARIZE 2 A, RERADO—HIKE TR L7 10§ RE R bEZ T & v
IRFRABIGNAET L L2 WE L2 [2] £ 2 CTHElL, 2 b OBGEFRT 5 72 9D12, MgALO4(MAO)(001)
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il A I A, BEALIE, B RV JIEIC K DRI 21T o 72, & B2 KEK S YR #af i sk PR
@ BL4C IZBWT X MEFE HIELZ HW e XBRETFHI 2179 2 & T, B F Ao haiT/e -7z,
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[1]J. Inoue et al., Mater. Res. Express 1, 046106 (2014) [2] M. Matsumoto et al, 5 39 [F] H AL 2GR
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MoxFe3 xO4(00 1) D {8 & fg SURr

IKA#EZE, Sonia Sharmin, AJIJEHE A
(BLER)
Growth and magnetic properties of MoxFes «O4(001) thin films
Y. Hisamatsu, S. Sharmin, H. Yanagihara
(Univ. of Tsukuba)
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LR DOWE 21T > 7.

ERER

Fig. 1 (Z(a) MgO(001)F X (b)) Puo.=30 W TIEHRI L /=
MoxFesx04/MgO(001)?> RHEED 4% 7~9". pfiits > RHEED 4
% Pro DIEIZ X HFONCRT LD BRI A N Y — 7 X —
R LT, SDHIC, BN BN TN D Z &b, i Ot
DEWEIRBIND. £, H2IZ MgO O 2 5O EEIC
KIET DA RN =7 RNBNTEY, Zdb R R VRS

Fig. 1 RHEED images of (a) MgO(001), and
(b) MoxFesxO4/MgO(001) (Pmo=30 W).

WEOBENREEND.
Fig. 2 |2 My & Puo DBIfRZRT. Mo DEA &IE Puo (\ZIKAFT 600 T T T T T
BHEEZLNDZ LG, LD FesOs 7> 5 MoFe,04 -~ & -3 g O perp. 300K
. . . . 500 = <> in-plane 300K |}
ICHENT M WhEL o T2 L F A5, M OfEIFEIR & ® perp. 100K
100K TIZT L AP L L TR W=8, X—/VIREII=R LY & mg 400 € in-plane 100K |
T ENEEZBND. S ool ® 1
Y FE RSN R, T EAOIMEE L0 §
DIHIZIES %, MFO OREAIHEIC SV C ot 5. = 200 - 2 _
1) M. P. Gupta et al., J. Phys. C: Solid State Phys. 12, 2401-2409 0 L L L L 5
(1979). 0O 10 20 30 40 50 60
I:)Mo (W)

2) M. Abe et al., J. Phys. Soc. Japan 31, 940-940 (1971).
Fig. 2 RF-power of Mo target dependence of

saturation magnetization of MoxFesxOas.
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BRERRICEL D2V 7 =T A FEROEHHE

/NEFEVE R, ARMEZE, JE ENE—RE, Sonia Sharmin, =Z%35yR, I A
(B KF)
Control of epitaxial strain in cobalt-ferrite thin films by various buffer layers
H. Onoda, Y. Hisamatsu, J. Inoue, S. Sharmin, E. Kita, and H. Yanagihara
(Univ. of Tsukuba)

XL HIT

MgO(001) Bz L7z =230 7 =54 | (CoxFesxOs : CFO) I/ v 7 LiX B7p 2 —iili: O R 7
PAERL, TORE &1 14.7 Merglem® 126395 Y. CFO/MgO H#fEIZI 1T 5 RERK R T MEE, Flk s
DA TREES (+0.47%) IC X DR IFIC L > THEL D LHM SN TV D D, T OIRHIAE OPRE A T
D57, BEEROHF LB CTHENZ (Brimi7e) BlanoBRizEd Tnos L ZATHDH Y. BT
AR RIS ERMEZ B 2 572012, JROHEIH TR E 2 20 S 2 O RGHE S 2 BT 2 5
THZENRAIRTHD. =2 TABIETIE, MO &b LTI EHDOKE VNN 8 L
Mgo7CaosO(MCO) % ¥k fEifg & L CEAL, £ LIZHE L7- CFO HIEORHEZHN, 2T A—FZ L L
TR BT E DAL 2 ERANTH <5 2 & Al ATz,
HiE

MgO HLfE i HAR FICREPE RF~ 7 % ha v A8y 2 U o ZYEIZ X ) NN I & MCO s 2 {ERL L
7o RRBEREIL 600C & L, £ ZiL NbMidEZ —7 > b & MgO-CaO(7:3)BEfb 1k % — 4 k&Ml LTk
%17 >7-. CFO ML CoFe &% —7 v ML CRISMERF v 7K hr ANy &Y U 7IEIZLD
ERE L7, BOBIREEIL 500°C & L, Ar+ O, FPHRH TR Z1To 7o, (ERU7Z30BNE, RO mEEF-#RIE
115 (RHEED) 2 k2 RifitEEOBILE, XHEHE (XRD) 12K D481 EE & b & O, 6 KO
KD RN 24T o 7.
ERRER

Fig.1 {Z(a)NbN(001) & (b) MCO(001) @ RHEED %% ~3. NbN Tix, (@D X 5 ITHMRERA N —27 "% —
VRBNTWD Z EDNDIEHMEO RWEA G LN EE XD, MCOIZBWTYH, ()DL IIZANY—r X
A= ThHDHIENLEHEOBWVETHL Z ENEZ 5. L, MCODAKY —7 OMIEIZIAL,
FHEITER L TS OO TFELRENLDEEZEZLND. 21X, MgOo & MCO DR REA DK &
<, MEFREADIE Z 5188 T EFEROEGRIICEM L TWD ZENFRERZEEEZ D, KT AEED
B Z D L&, ZNUURRITEFICEANE LR R D700, EHEEOREEZEL 3% Z & T RHEED &1
WESHDEEZHND. Fig.2 1IZ(@)NDN & (B)MCO L IZ i L 72 CFO(001)> RHEED 44 7~4. NbN _LiZ
el L7= CFO HEilEE, @D XL Hic g —nR_2—r Lo TnNAZ Enn, REFERIZT TV 7 RIRT,
JFEAESNDH > TN 2 E 23 0n5 . MCO IRk L 7= CFO jEifiE
1%, ()P X 51 MCO D 2 {0k TERICHIET 5 A R U — 2 psinT  JR ®) | ‘ ‘
BY, ZHUFAERVAGEAEGE AR L TR Y, CFO MED = v X ‘ ‘

NbN(001) MCO(001)
Fig. 1 RHEED images of various

XUV NVREICRS LIZEE XD, LrL, MCO BT L 7= CFO #
fE o in-plane Il E 24T - 7245 R 2005, CFO WD RN O - E £ /v

7 DE XV /NS ENEMESDBEAIINTND Z LRI, il buffer layer (a) NbN (001)/MgO (b)
MR ORI D, ENBLIECH 5 = L ymnotz. MRDREAs Mco  MCO(001)/Mgo

A (ER U CRE IS ORI 217 9 72 £ MCO HIZ SO\ TS 6725

FENT IS LB TH D .

L 2 BN
1) T. Niizeki et al., J. Appl. Phys. 103, 162407 (2013).
2) J.Inoue et al., IEEE Trans. Mag. 49, 3269 (2013). Fig. 2 RHEED images of Co ferrite (001)
3) J. Inoue et al., Mater. Res. Express 1, 046106 (2014). grown on (a) NbN (001), (b) MCO (001)
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BOSEA S B o THRIC X D

FesxO4 (001) Al fi5F: > RHEED #R 8 O 8 2%

NSRS HAEIEEE Sonia Sharmin I A
(BLE R WP T
Observation of RHEED oscillation of FesxO4 (001) thin films deposited by reactive sputtering technique
T. Ojima, T. Tainosho, S. Sharmin and H. Yanagihara
(Inst. of Appl. Phys., Univ. of Tsukuba)

X CBIC
BRM B OWERBIZ A < AV H ATV 2 WEAREE (PVD) L LT, 4 AT B X % 2 —(MBEJESD/ UL A
L—H—F RV g (PLD) L, A Xw & U U ZEp ERRET b5, MR, k. RSN S =
& T, MBEJERPLDIETIE, WA —JRFETOMET 2BIRMEEZ T2 LMo TEY . ZhITHIG
U C RO i EE 78R E T (RHEED) O it SO Al oy DFREZE LA B S D, —RICA v N U 7ETiE, K
DEEABEFEILERTHY . ZOENKEL 2D L THRENMEMT 2720, RO < IRk
FITH LW EEZEZ DN TERE[AL, Fox DI V—7Tid, etEA Sy Z ) o 7B L 0 DO <
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5. PHMEOEWZE X Y VETH D LR
S5, Fig. 2 IZFe;O4B%liEH @ RHEED 5 O#HER %7~

T BZEFREEIZLDIRT LU TORIRAER TR
M 72 ERE NS A KR T H B S h, AL 7.6 Fig. 1 RHEED images of (2)MgO(001) and
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XRRPIE L W sROT-pEEEL— + 0.282A/s & k< —%
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[2] H. Yanagihara et al., J. Phys. D: Appl. Phys. 47 (2014)
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Fig. 2 Time dependent RHEED intensity
corresponding to the square area of Fig. 1 (b) .
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Topotactic phase transformation of spinel FesO4 to FeO with rock

salt structure via ion irradiation
Yang Liu, Yuki Hisamatsu®, Sonia Sharmin?, Daiki Oshima?, Takeshi Kato?, Satoshi lwata?, Eiji Kita®
and Hideto Yanagihara®.
(1.Institute of Applied Physics, University of Tsukuba, 2. Nagoya Unversity)
Introduction

An interesting topic of recent study is how spinel materials, such as MgAI.O., MgGa,04 and MgIn,O.!, are
affected by ion implantation, a technique which can change a material’s fundamental properties. However,
hardly any investigation has been carried out on irradiated spinel ferrite materials. In a previous study, we
investigated the effect of Kr ion implantation on the epitaxial growth CoFe,O4 thin films, and found that the
magnetization decreased due to ion irradiation causing a structural transformation from spinel to rock salt type.
However, the mechanism of topotactic reaction in epitaxial films was not well explained. In this study, we focus
on prototype spinel FezO4 thin films and investigate the structural transformation from spinel to rock salt via Kr
ion implantation.

Experiment

FesO4 thin films were fabricated on MgO (001) single crystal substrates by reactive RF sputtering. The
substrate temperature was kept at 300°C. Kr ions were accelerated in a conventional ion implantation system in
Nanotechnology Platform. The acceleration was set at 30 keV and the ion dosage was controlled at 5x10%°
ions/cm?. An annular 25% 57Fe enriched tablet placed on a natural Fe sputtering target was custom-made in
order to perform room temperature conversion electron Massbauer spectroscopy (CEMS). The structure
transformation was measured by X-ray diffraction at beamline BL-4C of the Photon Factory, KEK, while the
magnetization was measured by vibrating sample magnetometer (VSM) at room temperature.
Results

Figure 1 and Figure 2 show the result of the (0 0 )
scan, which defined with MgO lattice, of sample Mgo002)
after 5x10% ions/cm? ion irradiation. In Fig.1, the
intensity of strongest peak (partial shown) indicates
the reflection of the substrate, MgO (0 0 2). The
protuberant part on the right side of MgO (0 0 2)
peak, shown by the arrow represents the thin film.

From the lattice constant value, we estimated that T Y T T T T

the thin film observed is FesO4 (0 0 4). In Fig. 2, ¥

the reflection of the MgO (0 0 2) substrate is also Fig. 1. The result of the (0 0 [) defined with MgO

observed as the peak of strongest intensity, the lattice, Wh'(.:h showzs .Fe3(.)4 (0.0.4) after 5x10°°
o . . ions/cm? ion irradiation.

arrow indicating the slight swell on the left side of

the MgO (0 0 2) peak (shown by the arrow)

indicates the presence of FeO (0 0 2) thin film, as

estimated from lattice constant.

From these results we understand that after ion
irradiation, the spinel structure of FesO4 changes to
the rock salt structure of FeO. However, some
FesOs remains. In other words, the structural 0

1.91 1.92 1.93 1.94 1.95 1.96 1.97 1.98 1.99
transformation is partial, both Fes04 and FeO can -
be observed in the irradiated sample. We consider Fig. 2. The result of the reciprocal lattice indexes
that this incomplete change is due to ion irradiation defined with MgO lattice, which shows FeO (0 0 2)
not being enough to affect all parts of the thick thin film after 5x10'® ions/cm? ion irradiation.
FesO4 thin film. To solve this issue, we will
fabricate thinner films of about 15 nm thickness. 1) B.P. Uberuga et al., Nat. Commun., 6 (2015)

N TTFes0,(004)

Intensity(arb.unit)
T

MgO(0 0 2)

@

Intensity (arb.unit)
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