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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.)

i

BRI L ABEBEDOBEENL, L—ART v 7 AF Y ZIIUD & LEFHHRBR AT RmELE - ~OIs AN
SN DAY hr=7 A0 LWMIES T Ch 5, Fox O 7V —7 Tl DEBEMEMREZ AW T Z 0E
VB RERREN A BlE L C & 1o, R OMFE T, MR- BB R E CAE Y A— R ESHE) E Yy r o
Xﬂ%%%ﬂ“ﬁﬁﬁ{’ﬁﬁﬁ(DMl)#%{%L FANR RV L LT E B EMERENCTF T 52 & bho TE

7o T OWFZETIX. PUTb-Co BEMEMIAE 2 /ERL L. PUTb-Co RAEIZHE W Co BAIHAL TV Z & T, Pt D
TFELD ww ﬁiz%{m“é ZLEEMIGL, EREiToT,
EERAE

B ORIEE A Ry & Y v JAEE & VL TIT > 72, Th-Co A4 % flfE L. 3 nm-Pt J& £ 5 B HERE L 7=,
F-ZORE, t=0-0.3nm £ TORE t ZF5> Co % Pt & Tb-Co DRIZFA L7z, Th-Co & & Co JBix&7t
U CHEE DS 6 nm 1272 5 & D IZE&EH L7z, MEBIOMIBR~DOM LIXEF -2V V777 4 —L V7 NFTEE
HAWTITo 72, L L7ZHIFROIEIX 1.5um TH D, Z OFFRC Lus DL AME &5 L 2B &2 FNT %
Z L CEIRHEMEESRE A B Lo, BN EREREII Y — S REMEI A VT LT,

KRR

Pt/Co(t = 0 - 0.3nm)/Th-Co(6 - t nm) D FEWRFF L  — 10
WEEBBEEE L 25, £ TORCRE 8

DEIST MBS D Z LN ghoTe, Zhix ~ 8 ¥
PURBO M2 12 ko TREERBBI SR TG 2 b
ZEERLTWD, RIT, EIINERE I3 %) 61 =03 zr—L02
SRR IE DA A 1 IR, B K | Z o4
A Co BOBIE A ZLSE T L, Colgn  F =01
BIEASKE < A2 DIC LItso TIRVERBEET g 2 - y L
L0 REEEREICBIET 5 2 Lo T, % . | anBfes =0
PUrLD V7 OZFRY LT SFAEIF A 0.5 1 15 2 25

Yo rav gy B A G TIREENS[L], Co Current density, J (1011 A/m?)
JEZEATHZETHRETOGNENTDHZ L Fig. 1 Velocity (v) of domain wall in Pt/Co(t
WXV, Co@aALTEGAEDIED N X0 peRE nm)/Tb-Co(6 - t nm) wires as a function of current
DRI LTS Role 2 ENEX LN, density (J).

B

ARBFFENIRLSL R P RIS OB R BRI R SR 2 (X 7 1 A VISR L 28 7 ) — BT H#
-« BOBHE AT O HARTE 2 (2014-2019) 35 K OEHFEE No.26630137 (2014-2016) D3 HEA % 1T TIT o712 b
DTY,

BE R

[1] W. Zhang, W. Han, X. Jiang, S-H. Yang, and S. S. P. Parkin, Nat. Phys. 27, 496 (2015).



20aB -3 HAllE ARSI AL (2017)
Co,MnAl_Si, VI I 1T 5 @ B w2 R & Z OEH

BEFERROR | EA—% 2. SRaRE] L EARIREIE ?
(" WokABess, 2 AERPE L)
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
F.Nakata®,R.Nakamurat,S.Inami!,H.Yuasa'?

(1.Kyushu Univ. 2.JST PRESTO)

20aB - 4

[FLHIC
AEREOFHTHILAL L=y VT REIZHONWT, TOREBNEZREMTDIEERRTA—ZD—DT
HHAER—NVAICERL, ARy 7RBEBORENH EZXK -7, TaPWIEPt LY AV LK
—IAPRKRENCHEDLLT V23 YIG LMARETLE EORENIRELS 20VY, ZORKE YIG & DR
HOBILICE DA I X T av X 2 ADHLEB T, TNEUGET D720, Ta®W L0 bRk
LIZ< W EHE SN TN D TasoWso B @ 2 JEWMEBICERH L7 & 25 9, Bfkifilic k2 A 1% 7=
VEI R ZADHEBIIR SN o2, TasgWsg DA B AR— VAR W L0 b RENWZ ENgho72 9, K
AT, REICHBEIEDO S WS B EAFAL, AV IXF o ravy 20 2%%ETHH8E LT,

REBRAE

fif%f%ﬁik LTCES 1 mm D807 BEFEIR YIG & Fuy,
A FEIEREEE 2 2 3 &2 LB A ER L7z, Fig.l ﬁwT
Lf:%i‘wfﬁ%%%%)ﬂb\mitﬂ ZIREE ALz EEZREL,
AV U=y 7R E R LT,
KRR
FERENE R IR DRIEIE 5 nm IZB1F 2 A BB —~y Z{RHD
R&E S % Fig2 1TR7, FEIATHFEA L TORWEEL, Fm
DAL B3 < < FLmiZ Pt 2 0.5 nm A L72308, [F U<
SEIZ RuZ 0.5 nm i A L72alkt &2 T Zhufkpk LTz, 2 2T,
Pt, Rulx Ta, W, TasoWso & A B R— L ADHE SN TH 5
ZEICHEBEPMLETH D, FmIC Pt A LCRETIE, X
VIR T ar gy B ANEE Ta, TasoWse TlIfiEd
WA=y ZJEREPEIM L7200 KERDFEITED
o lz, WIT, Ru A L723EHClL, & ToBTcR
BBy JREITHE R L LT BRI A E R — L D
K& TasoWso DFEFT, AR L5 UEt o Tl b KE 72
A=y VR AR LTs, S HIT, YIGPt IZHRT
YIG/RUPt DEENNRKENZENH RUDAE L IF T T
AVHE TR UANRPLEDENZ ER o T,
HiEE
ZOWFFRIX, IST ZE= 2315 (No. JPMIPR15RS) .
WA O X8R A = AT E Lz,
BE R
1) L.Liuetal.: Phys. Rev. Lett. 106, 036601 (2011) etc,
3) Qiang Hao et al.:Phys. Rev. Appl. 3, 034009 (2015). etc,  4)
5) Yoda et al.:J.Japan Inst.Met.Mater. 361121 (1972)
6) Nakata et al.: The 64™ JSAP spring meeting 14p-P10-78 (2017)

AR FEIR

Kapton BRI [SVTe

tape
TC\ 5 nonmagnetic
. - film
Peltier device
35 mi
$t=1 mm
5 mm
Figl. Experimental structure.
0.16
0.14
0.12
0.1
_0.08
X
3 0.06
& 0.04
0.02
0
A2 A G SR
< \ Qd (\fb Q‘\\ Q})\ Q@‘@ (&\)\

Fig2. Spin Seebeck coefficient dependence
on materials.

2) L.Liuetal.: Science 336 555 (2012). etc,
Ishida et al. :arXiv:1307.3320,



20aB - 5 Fallal  HABRR D FIGREESE (2017)

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)
circles) has a smaller |@k(A)| than the control sample (black triangles) . vv. ® PSBI

over all the explored spectral range. This seems to be consistent with the 'g 0.41 v.vl . e PSB2
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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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