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Fan-out element based on nano-magnet shift register
Hikaru Nomura, Naomichi Yoshioka, Ryoichi Nakatani
(Osaka Univ.)
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Current-induced domain wall motion in Pt/Co/Tb-Co multilayered wires with inserted thin Co layer
Yuichiro Kurokawa, *Satoshi Sumi, and *Hiroyuki Awano
(Kyushu Univ., *Toyota Technological Inst.)
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Large anomalous Nernst effect in CooMnAl,,Six Heusler thin film and its origin
Y. Sakuraba', K. Hyodoz, S. Mitani' and A. Sakuma®
('NIMS, *Tohoku Univ.)
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Spin Seebeck voltage enhancement by inserting Ru layer into interface of oxidized magnetic
material/nonmagnetic metal
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Spectroscopic generalized magneto-optical ellipsometry of Py/Ag/Bi trilayers
S. Tomita', P. Riego? 3, K. Murakami', T. Kodama', N. Hosoito!, H. Yanagi', and A. Berger?
('GSMS-NAIST, Japan, >CIC nanoGUNE, Spain, 3 Universidad del Pais Vasco, Spain)

Spin-orbit coupling (SOC) is a key phenomenon in modern magnetism and spintronics. Much attention has been paid recently to
the Rashba-type SOC at interfaces. Large values of the Rashba coefficient have been found at interfaces between heavy elements
with strong SOC, for example, bismuth (Bi), and non-magnetic metals, for example, silver (Ag). In transport measurements, the
Ag/Bi interface with a ferromagnetic permalloy (Py) layer gives rise to a very large spin-charge conversion !, due to the Rashba-type
SOC at the interface. From the microscopic point of view, SOC is relevant to magneto-optical (MO) properties as well as to electron
transport. However, MO responses in the ferromagnetic Py in proximity to a Ag/Bi Rashba interface have not yet been explored. In
this contribution, we study Py/Ag/Bi trilayers using spectroscopic generalized MO ellipsometry (S-GME) 2.

Py, Bi, and Ag layers were deposited onto silicon substrates at room temperature using magnetron sputtering with an argon gas
pressure of 4.2 x 1073 Torr. The Py, Bi, and Ag deposition rates were 0.10, 0.15, and 0.25 nm/s, respectively. In the trilayer sample
labeled PSB1, a Bi layer having 10 nm in thickness was deposited on the Si substrate first, after which a Ag layer of 5 nm and a Py
layer of 30 nm thickness were sequentially deposited. The other trilayer sample, which is labeled PSB2, has an inverted structure,
meaning that a 5 nm thick Ag layer was sputtered onto the initially deposited Py layer, which was furthermore covered by a Bi layer
of 10 nm thickness. The control sample has only a Py layer with 30 nm thickness. All samples were coated by a 2 nm thick tantalum
(Ta) layer to avoid oxidization of the functional layers.

Our three samples have been characterized in detail using this S-GME setup at various wavelength A in visible and near-infrared
regions. A multiparameter least-squares fitting procedure 2 of the acquired data enables us to extract the reflection matrix. From the
reflection matrix elements, we evaluate the Kerr rotation ¢ and ellipticity ex
values, we have evaluated the Kerr amplitude |@ ()| = \/m

In Fig. 1(a), |@k(A)| of the three samples are plotted as a function of

A. Overall, the three samples show a decrease in |®(4)| at a longer A.

Experimental results in Fig. 1(a) demonstrate that the PSB2 sample (blue 051V 8 v Control (a)
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Contrastingly, the PSB1 sample (red squares), in which the Py layer

has an Ag/Bi underlayer, shows an enhanced |®g(1)| at every A with re-
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spect to the reference sample. In order to make this enhancement clearer,

we have normalized |®k(4)| of the PSB1 and PSB2 samples to the one 1 4] (b)
of the control Py sample. The experimentally observed “enhancement = ~ u
factor” |@k(A)|/|®k()|(Control) is shown in Fig. 1(b) as a function of g 1.2 . g P _l— : o

A in red squares for PSB1 and blue circles for PSB2. For PSBI1, the en- g 1.0

hancement factor for |@k ()| is 1.2 at 2 = 450 nm and increases up to 1.4 9/ )

at a longer A in the near-infrared region (4 = 800 nm). On the other hand, @M 0.8

for PSB2, the enhancement factor is smaller than one for all values of A, ~ 0 6_ ceo®

starting at approximately 0.5 at 4 = 450 nm and increasing modestly to ®M 0.4, - - m
0.6 for a longer 1. We therefore conclude that the presence of the Ag/Bi —_— ‘ ‘ ‘ ‘
bilayer enhances the MO response of adjacent Py layers, particularly in 500 600 700 800

the near-infrared region .

A (nm)

Fig. 1 (a) Kerr amplitude |@k(1)| of PSB1 (red squares),
1) Rojas Sanchez J C, Vila L, Desfonds G, Gambarelli S, Attané J P, De Teresa PSB2 (blue circles), and control samples (black trian-

JM, Magén C and Fert A 2013 Nature Commn. 4 2944
2) Berger A and Pufall M R 1997 Appl. Phys. Lett. 71 965 gles). (b) [@k ()| of the PSBI and PSB2 samples nor-
3) Riego P, Tomita S, Murakami K, Kodama T, Hosoito N, Yanagi H, Berger malized to the control sample’s |@k(1)|.
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Microstructure dependent magnetization dynamics of polycrystalline YIG thin films

Satya Prakash Pati and Yasushi Endo
(Tohoku University)

Studies on microstructure-dependent magnetization dynamics of yttrium iron garnet (YIG, Y3Fes0;,) have received
considerable attention after it was first studied by Lecraw et.al.[1]. YIG has been proved to be an efficient material for
magnonics and spintronics application after discovery of spin pumping [2], spin seebeck effect [3] and spin hall
magnetoresistance [4] phenomena. Being a magnetic insulator, YIG often considered as the best medium for spin-wave
propagation due to its very small intrinsic damping parameter in bulk ~3x10”[5]. Moreover, for device application, it is
required to fabricate YIG thin films over a metallic electrode without affecting its damping parameter. In this study, we
report the use of a platinum electrode to control the microstructure as well as Gilbert damping parameter of
polycrystalline YIG films.

Amorphous YIG films (#;;6=400,100 and 50nm) were deposited on Al,O; (0001) substrates without and with a Pt (25
nm) buffer layer by RF magnetron sputtering at room temperature while maintaining a base pressure of ~4.0 x 10™ Pa.
YIG deposition was performed at an RF power of 180 W in a mixed gas of Ar = 3.8 SCCM and O,= 1.2 SCCM. The
deposition rate was 2.17 nm/min. The as-deposited YIG films were post-annealed at various temperatures (973—1173
K) in air for three hours. X-ray diffraction (XRD) and X-ray fluorescence (XRF) were used to analyze the structure and
composition, respectively. The surface morphology of the films was studied by atomic force microscopy (AFM). VSM
was used to investigate the static magnetization properties while magnetization dynamics of films were estimated by the
field domain ferromagnetic resonance (FMR) spectra using the coplanar waveguide (CPW).

Figure 1 compares the AFM image of 100-nm thick YIG films without and with the buffer layer exhibiting surface
roughness 4.50 nm and 2.47 nm, respectively. The grain size of the YIG film with the buffer layer is much larger than
that of the YIG film without the buffer layer, and the average values are several hundred nanometers. This result means
that the Pt buffer layer improves the grain size and surface roughness of the post annealed YIG film. Figure 2 shows the
thickness dependence of Gilbert damping parameter () in YIG films without and with the Pt buffer layer. In every case,
a increases as the film thickness decreases. Their values of the films with the buffer layer become lower than that of
films without the buffer layer, and are very close to the bulk value [5]. For example 100-nm thick YIG film has
a~3.5x10™ and 11.4x10™ for the Pt-buffered and non-buffered cases, respectively. This result may be extrinsic in
origin, as Pt-buffered films have both larger grain size and lower roughness, thus lower ¢, however due to the high
structural in-homogeneity in the films without the buffer layer have highera. On the basis of these results, it is revealed
that the damping parameter can be significantly reduced by improving the surface morphology by using a Pt buffer
layer which may act as a lower electrode in magnonics and spintronics applications.

This work was partly supported by JSPS KAKENHI Grant Number JP26289082, JP17H03226, JP17F17070 from
MEXT, Japan and Murata Science Foundation and ASRC in Japan. S. P. Pati would like to thank JSPS for the
international post-doctoral research fellowship (ID no: P17070).
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Preparation of core/shell particles using sub-micron sized Fe-Pt particles
Y. Hayashi, K. Ishiyama
(Research Institute of Electrical Communication, Tohoku University)
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TWheEBxHND, —FHT, BVLEEZ ORI FI213y =
NP TaF7RNHHE L TCnHRFbEE Sz, Zhiiy
T NVERIZERTHHDOLEEZZTEY, ZDOH5REOH
WY = VHHOETF NV ETH D EEZTWD, Ktk
2, BULERZ D a7 v = VRO M-H #li#i % Fig.l (d)
T, BB DRI IZREE T2 22k0e & &V Ml 2 7~
L7223, O M-H fifRIZ ITBE R 2 IR b3 T
Wiz, ZOd, BULEIZ X S Fe-Pt =27 OBANERR
T THDHZ EMET A A U Fe-Pt B+ 0MFFEL
TNWDHZERENEBEZOND, %L, W OB
RN DORFT 21T > T FPETH 5,

BE3CHR 1) T. Shima, et al., Appl. Phys. Lett., 85, 2571 (2004). . . .
BHEE VSV E (RIS RETOKOR)I= i TVl i ), Secondory decton mage of avoytsied Fert
EJIEWEFTI RS B L £ 9, as-prepared core/shell particles and (c) annealed core/shell

particles. (d) M-H curve of annealed core/shell particles.
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Magnetic characterization of well-isolated magnetite nanoparticles
H. Mamiya, H. Fukumoto¥*, J. Nishigaki*, J. Cuya*, and B. Jeyadevan*
(NIMS, *The University of Shiga Prefecture)

Introduction
In recent year, method for synthesizing magnetic nanoparticles has made remarkable progress. However, the
true magnetic characteristics of the nanoparticles such as magnetic anisotropy is yet to be revealed due to
interactions between nanoparticles. As a consequence, the application-oriented design of magnetic
nanoparticles has become difficult. Thus in this study, we have prepared ideal interaction-free magnetite
nanoparticle system by coating magnetite particles with silica of enough shell thicknesses and measured their
magnetic properties to clarify the true magnetic anisotropy of individual magnetite nanoparticles.

Experimental
First, magnetite particles with average diameters of 7.8 nm and 13.1 nm were synthesized. Then, these
magnetite particles were coated with silica shell of thicknesses 20.8 and 28.9 nm, respectively. In the
first-order reversal curve (FORC) diagrams (Fig. 1), we can find that interaction field disappears with
coating. In other words, the magnetite nanoparticles are magnetically isolated by the silica-shell. This fact
can be confirmed by the proportional relationship between isothermal remanent magnetization and DC
demagnetization remanence.

Results and discussion
Using these well-isolated magnetite nanoparticles, the magnetic measurements yield intriguing information
as follows: (A) Remanent magnetization from the magnetic saturation is just equal to a half of the saturation
magnetization, and magnetization curves can be explained as the superimposition of Stoner-Wohlfarth
hysteresis loops considering the switching field distribution derived from the remanence analysis. These
results clearly indicates that uniaxial magnetic
anisotropy is predominant in the individual Distribution(a.u.)
magnetite nanoparticles in spite of the cubic 500 =
symmetry of their crystal. (B) Blocking

temperature distributions calculated from thermal & 300 ¢
decay curves of isothermal  remanent % )
magnetization at various applied fields show that p= 0

the coercivity significantly varies even for the %

same size, although their mean value becomes i'g 566 .
higher when the size is smaller. These results

indicate that the magnetic anisotropy is not only 2
correlated with the surface/volume ratio, but also o080 = 500 50 B00 1200
considerably affected by the other factors such as Coercivity (Oe) 0
crystallinity, lattice strain, or particle shape.

Further discussion will also be reported. Fig. 1 FORC diagram for magnetite particles of 13.1 nm.
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Mn 7 = Z A MR DVERL & e XU MERTEAR

HPEE, Hawa Latiff, FARME, E25490, PIFEZEA
(LB R A E R AT
Synthesis and characterization of magnetic property of Mn ferrite nanoparticles
R. Shigesawa, H. Latiff, M. Kishimoto, E. Kita, and H. Yanagihara
(Institute of Applied Physics, Univ. of Tsukuba)

[ZLC®HIZ

AEFIAMEED Co 7 = T A MEBIZ KT REAEICLDEFEACL Y K& AEEMKETEE RS Z &
DEHBNTWS[L, LER->TIESLE Z»%%betiimﬁftf%hi BRI IREAREL & 72 2 AT HE
PERBRT 5, £ 2 CHA IR b L7z Co 7 = T4 MIIEEHFEAZEATHFEDOLHDELT, ¥—r -7
F—(TIRICEB LTI ITAA L THAHCUHEAER NV T 2T FOBYA O Co L FEEEZ & T,
(Cu,Co)Fex04 b FICIETEAZBAL, RENDIERT D2 L 2R L2[2], LrL, Cu? A A 0E, 1u
g DR E— A L N LDFEFZ e fafBi b2/ S S KABAMERE L TEY T, ZhaiET 572
DM A pe)z ITA A L LTEATLZEZ BRI, BAIOAT v 7 LTMn 7 =74 FMEHAOEK
SR & ARSI SOV TRRE LT,

EBRAE

FUBHZE Mn?*, Fe¥* A 7 L /KR NaOH /KSR & A L, BEAMEE & U QUi S 2 s 2 W Ca L
Too B e UCTAR LT Mn 7 = 7 A MR- 13, KBVEIZ X - THlb) 7ok ISR E S ¥ 721212 KBEL .

pH=7 I L7, Mn* & Fe¥* DAL & n = Mn?Fe®* 2 Z5{k &#,n=05, 0.67. 1, 1.3 & 7250k 2 (ER
L7-e BRI GIEICIE, B E R EE(TEM) TORL TR BIZR . X BREIHT(XRD)IC & 5 i il A s AT |
IRENGUEHRIE ARG H(VSM) & W T2 SRIRIC 368 1T 2 A KREVINIE Y 8 kOe CORELHE 21T > 72,

#R

Fig.11Zn=0.5, 067, 1.0, 1.3 TO XRD ¥ —Th 5, T n0s y| vy ||V MnFe:Ouleubic)
ROMATH LML LA @A CXLOBFRIBM SN B [row 1 |Jeammer
12 n=067, 1.3 DML TIHHEAORENE O L8 Fg Sz, £ Yjv Vot |/
—J7. n=05 QML T Fe* s Mn¥* % G125 o & AEORL 2| pao
¥, n=1TIEFEAE RO M0y DNEEICHTH L7z, Fig2.i2% 40-‘2 b\W,J ]

nENO n TORMErFRZ RS, L7 E A BRI VBN ER ST n=1.3 |

W5 n=0.67 OFETIE, 70 emulg FREE OfIFIBLE R LT, T )
X Mn 7 =74 hOfafEbOBREETH S 117.5emulg L0 /) 20 30 40 50 60
SIRETH LN, WL ODDIATHIFEDE & RSN TN U ETH - 260" )
7= [31[41, B0 T M & Mn ORR(LER O HIENICBIT 5780725 Flg. 1 XRD patterns of samples
BRiE R A T S a\Uzvi—t;h ‘n=0.'5’0.-67"1.0,1'3..
B Lk or

40
1) T. Niizeki et al., Appl. Phys. Lett, 103 162407 (2013). o 20}
2) H. Latiff et al., IEEE Trans. Magn, accepted April 2017. % 0
3) P. Iranmanesh et al., J. Magn. Magn. Mater, 425 31-36 (2017). 0t
4) Y.Koseoglu et al., Ceram. Int, 38 3625-3634 (2012). S wf

60 |

80 e TR
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H (kOe)

Fig. 2 MH loops for n=0.5,0.67,1.0,1.3.
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Rotational hysteresis loss analysis for SiO2 coated a”’-Fe1sN2 nanoparticles
Masahiro Tobise, and Shin Saito (Tohoku University)

[XLHIS

ERRFAEUCEY) o’-FesNe 1347226 emu/g Dfafnfigit.l 9.6 X 108 erg/em3 DL D — ik s L 5 Mk —
ANF =2 HTLHIEND, N—FRHLINIEIN—FEHEMEIEL TOISHADB RS TWD V. GEEE OISR L Ek
oKL EREE T LT Fe bl F 2% b T2 812k > T a’-FesNo bl F- 2557 0B A BN\ T, HZEFEHRT
D EAGMIZED o’ -FesNe b F-OIFREZAL, BILOZENOBBEKFHEIC G2 DB ONWT—H O 41T> T
W52, BEIZa”-Fe1sNe 7 7B 7O B G VER A 2 @D oL EH1C, AR TORL 1 BB B WIR BAEH 21K
RS TR 12 7 LS EDHZETHD. Fe R b 1T, B L0 E RO B CTIREZ IEMEIZFHT 528
DINEETHLHZED D, F /R DEHRE ATV A K (& R, ARSI W72 BRI L7 #fi# o
72) ZE T 52 LI Io T 2 DA R 235 DRt TR 22 2:7§>
UITHAIEEZ TS, A8l R ORI BAE A 2R T 5728 w\
a’-FegNeF ki - M2 SiO 2 # B L, MLoA— 5’%%“1@?&1217‘) .
AR Lo THE 2 DR AT L 72D Tl AT 5. ‘
EBRAE

HFEFCEHZ 1T Nanotek L8O ERIK v -FeoOs F ki 1% vV iz, 300~
380 CTAFEH 2 KO E IR, 5lEktX 135~170 CTT U E=T
H AR 4 B O E(LE 21T > 7. RIZ TEOS (Tetraethyl
orthosilicate) & HAWTHIELALDBDMIGSHE o’ -Fe1sNe F /Hi - 12
Si02 S HT. Si02 DIESIT TEOS EBIUSURKMEZZZ THIMEH  Fig. 1 TEM image of o”-Fe,N,
L7z. [FHEEAT U AL Weld 0 L7 DRET Hweo, We MR E7enR4S  nanoparticles coated with SiO,

H, #5587 A—42—"TC, H.% VSM THIELT-. 5000
eIV ] — 4000 74—_. H,
Fig. 1 1T SiO2 THEINT- o”-FeisNe ki 1D o 3000

TEM @& /RLTz. BEE OFEESIL TEM B 53R o 2000 .rﬂ H,
7=. Fig. 2 |2y -Fex0s 7 7RI & ZFEIELT Si02 3
WBIE OS2 2 TR0 FewNe F /K70 = 1000
Hwr=0, Hy, He, #3500 Hyl Hwe=o DZE{L% 7R L7=. 5nm L 0
L SiO: THETHZEIZED Hwe=o 1T 12.4 kOe 705 15 _'c_aL;uTa{e?'aﬂe'ro_rv'vﬁo'ut_?n'ag_néﬁi;te_ra}%? 0.5
11.5 kOe FEEEIZIX FL7=. He X 2050 Oe 7>5 2300 Oe

< 14 — 04 ¢
FREEIZ, Hpld 3700 Oe 705 4200 Oe FREIZF <727z, g 13 HylHur=o 0.3 :l:§
Hy IHiio 13, 0.30 706> 0.37 BEELARD, BEAIMMRIIE ¢ :: 02 =
FR2 NG5 OB R FTFAE 0.561 D 60 %035 76 %E T I; \.“—. Hyr=o o
M L7z, SiO2 THAE T 5 LI KO BEMERL 7 DI " o
FEESTEEZLND. 10 5 5 10 5
$ZxX#H 1) R. Skomski and J. M. D.Coey, Scripta Si0, thickness (nm)

Mater., 112 (2016) 3. 2) M. Tobise, T. Ogawa, and S. Saito, Fig. 2 Hweo, Hy and Hp /Hwro changes as

J. Magn. Soc. Jpn. 41 (2017) 58. a function of SiOz thickness.
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Columnar-structured assembly of iron-nitride nanoparticles fabricated by external magnetic and electric
fields and its static and dynamic magnetic properties
“T. Ogawa'*, Y. Honnami', Y. Endo’
("Eng. , "RaMGI, Tohoku Univ.)

1L LI

Fex i, WeET 2 b HEA R E GHz HIR CREEh X &5 O e DD FiEE LT, mfafniiib )/ hit%—Jm
(WD 2 & THERARPTONTEA LR AITCRETHAMNET LI LE2REL TS DV, ZAET, MgkT
/KA O TOMBBE R 2 FUIN L 72278 S Rp 2 [y % 2 & THERIES R 2RI L T& /2, LirL, ZOF
ETIET /K- ORINDB A5 « RE—ThoTo, £ 2T, AWFETIL, @it/ ki1 & Lfiﬂﬁf/ﬂi
(0”-FeieNo) 7 /B & v, IS, AMERESR & RIRFICANI R 2 FIN 2 2 & T, R R4 & [FIRFIC RERA )
DESI % A2 LHERIE S TR ORI 2 A 7o, £z, 15 DTSR B IR R AR & OV 8 BRI
MEOFEM 28 LT, GHz fisBRE O REEZ 1T > 72,
X Vske

R LT a”-FeigNy 7/ KI - LR =R % R BIR 2R A LT 7 0 o F a— 723k, BT T
DC 5 (Ha = 4.5k0€) & Z 1T FA4T LT DC TS (B =50V/em~8kV/em) & FIAN L 72223 5 100°CIZ AN L C g
ZEDTEAKRE Uz, BEHREHBIFHVSM), B XN mHNEERE 77— 20T, GonEAE
DFH - BIRORRE 2 384 L 72,
EBRAER

VESRL L 7 FIARIRERR DO 2 7 1%, y, ) DBEALIIER D & B U 72 ROBESURE 2 TS B 5 N TR E 5P
FRE m (=Ny/N) D FEERIKTFEZ Fig 1 1R T, 2LV, SRIAWTARREEO =R L ftHE o & Sk
FUTIN AN G ER 2 FRFEINS 2 Z L2k D miTRK T3S BEETTRESARY . JTEskT) /b4
AEROFEREEMEE L TV D Z & Z2RIBT 5, Fig2ll, S/8T7 A—X D Sy TSy O M Sk F: %
o BHREITRS AT BV ORRANLE I REEME I 2R L, m23 16 205 30 ETHMT 5L &b
IZ. 11.7GHz 7% 19.1GHz £ TR L TV 5 Z L 3opinotz, ZIUTE(LEkT /B -G RO E O

WL VESGEPONEBANRKREL 20 | fHRE LT, REERELIZERT2bD B2 b5,
B R
D /NIFEZ, £<4 12, No. 3, 115 (2017).

40 Hoc = 4.5 kOe, Ey = 50 Viem ~ 8 kV/em £ =19.1 GHz
Y T T T T
3 @ : Fe+ CoHy, W Hy, (10~30 kOe) ' ' '
A : Fe-N + epoxy, W/ Hg,, wio Eg,
30 v AWl Hy & g, wi dielectric
\ A Wl Hy, & Eg, wio dielectric m=230 (pFE_NTmal = 0.9 vol.%)
25h—1-1 5
o
€2 Ha Eoe X 1 =
A @» 18 (7.0 vol.%)
15 % Y T
i 4
1 L i ‘.\‘
A ~u .
oD limig } 16 (1.5 vol.%)
A‘.. ™ . T Ll L el Ll
e TR~ 0 7 8 9 10
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) ° ) ¥
Fig.1 m v.s. preN™ for Fe-N assemblies Fig.2 Frequency dependence of real part of S;; for
fabricated by w/ Hrx and w/ or w/o Egy. Fe-N columnar structured assemblies with different m.
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