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Voltage control of ferromagnetic resonance in FeRh/PMN-PT
multiferroic heterostructures

Ming Zheng, Takamasa Usami, Tomoyasu Taniyama
(Department of Physics, Nagoya University)

Voltage control of magnetism is promising for developing dense, fast, nonvolatile magnetic random access
memory (MRAM) with low energy consumption and emerging spintronics [1]. Multiferroic heterostructures, exhibiting
ferroelectricity and ferromagnetism simultaneously, have attracted much interest due to the ability of achieving
electrically modulated magnetic states through magnetoelectric (ME) coupling and have led to many novel multiferroic
devices [2]. Compared with conventional tunable magnetic devices, which are tuned by magnetic fields, these
electrostatically tunable multiferroic devices are high-speed, compact, lightweight, and much more energy efficient.

In this study, we investigate voltage tuning of ferromagnetic resonance (FMR) in epitaxial Fey;Rhg;
(FeRh)/PMN-PT multiferroic heterostructures. A SrTiO; thin layer was grown on (001)-oriented PMN-PT ferroelectric
single crystals as a buffer layer using pulsed laser deposition (PLD). Subsequently, FeRh thin films were fabricated on
SrTiO;-buffered PMN-PT substrates using molecular beam epitaxy (MBE), followed by a 3 nm thick Rh film as a
capping layer. An Au layer (100 nm) was coated on the backside of the PMN-PT substrate as a bottom electrode. Figure
1(a) shows the schematic of the FeRh/PMN-PT multiferroic heterostructures under an electric field.

Figure 1(b) depicts the frequency as a function of resonance field (Hggry) of the FeRh film when the PMN-PT
substrate is under positive and negative poled states. We find that the Hpgyy strongly depends on the polarization state of
the PMN-PT. In a high frequency region (£>10.5 GHz), the Hrry is almost same for the different polarization states. As
the frequency reduces, there are two absorption peaks in S,; spectra. In a low frequencies region (/<6.7 GHz), the Hgry
at the negative poled state is smaller than that at the positive poled state (e.g., AHprmv=120 Oe at f/=2.9 GHz). These
findings reveal that the FMR can be effectively controlled by electric field through ME coupling. Voltage dependence of

Kerr signal was measured to explore the coupling mechanism for this FeRh/PMN-PT multiferroic heterostructures.

Reference
1) Y. Tokunaga et al, Nat. Phys. 8, 838 (2012).
2) Y. Lee et al, Nat. Commun. 6, 5959 (2015).
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Fig. 1 (a) Schematic of the FeRh/PMN-PT multiferroic heterostructures and the electric field configuration for
measurements of Kerr effect. (b) Frequency as a function of resonance field of the FeRh film when the PMN-PT

substrate is under positive and negative poled states.
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Fig. 2 Wavelength dependencies of
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2) N. Kobayashi et al., Scientific Reports, 8, 4978, (2018).
3) R. Hashimoto et al, Journal of the Magnetics Society of Japan, 39, 213, (2015).
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Micromagnetics Simulation for the Soft Magnetic Triple Layered Thin Film

°Naoki Saka, Yosuke Tsuchida, Makoto Tsuruoka
(Tokyo Univ. of Technology)
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Micromagnetic calculation of magnetization reversal mechanism for hollow FesO, particle
N.Hirano, S.Kobayashi, M.Chiba
(lwate Univ.)
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Coexistence of antiferromagnetism and molecular clusters in a layered compound CrSe, with anomalous
valent Cr#*
S. Kobayashi?, N. Katayama?, H. Sawa?, C. Michioka®, H. Ueda?, and K. Yoshimura®
(JASRI, 2Nagoya Univ., *Kyoto Univ.)
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CrSe [ LB SIETHE D Z LI1XTE ., HIbEA KXCrSe, 2O D T VB ) BROT A 2 —h L—3 g ik
XA LTZ[4,6], 2. Wb 21T 5 BBl E LT, CrSe; D Se A M. S Z#BorE#a L 7= Cr(SeossSo.0s)2
O LIz, Bon=BmaRaEE 4 VT SPring-8 BL02B2 (2T, U X BEIFHAIE 24T - 7=,
ERAER
FEAR 2R IE AT 22 D . CrSex [ LB UMEIEFIRRE I EV, 2 BEREIZ Cr OB —BK A BT 25 Z L 03 5
W7o 72(X 1) [6], 2 F V., CrSexid/y 17 7 A% — & RBEREMEN AT U2 R i e JLRIRREZ EBL L T D
Tl D, ZOREEIREIEROEIREZ A ST D720, S H 0 E# A 1T o 72 Cr(SeossSoos), DG, WM.
R AR L 2 A, RIRREN R 77 7 A% — &2 Bk Lk (a)
WIERHEMRIR TH D Z LS ST/ o 72, W#E O L 21T -

°. o ° ..
7ol ZA EM T =A HIEEREDS Cr(SeossSoos)2 (2N TRE SR L .’a.‘ » o .‘m.‘ »
TWZenb, BHEOT =4 G OH R E O OE N O 0,;' .’\' t‘“
KThdEEZ 6%50 YHIX, AROFFRYNE L Cr O B &l o Y N
FORHE O BIFRME I B L TR % . [ e .
S JCER - R :
[1] B. L. Chamberland, CRC Crit. Rev. Solid State Sci. 7, 1 (1977). N 4d). .

M. A. Korotin, et al., Phys. Rev. Lett. 80, 4305 (1998). 45 .. N S
[2] K. Hasegawa et al., Phys. Rev. Lett. 103, 146403 (2009).
[3] H. Sakurai et al., Angew. Chem. 124, 6757 (2012).
[4] S. Kobayashi et al., Phys. Rev. B 89, 054413 (2014). i i
[5] J. Sugiyama et al., Phys. Rev. B 94, 014408 (2016). 1. ()RR, OIKEMIZE
[6] S. Kobayashi et al., Inorg. Chem. (ASAP), 2019. 7% Cr OEME = EEOESI[6 ]
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PARHEER SryVFeAsOs.5 (5 = 0.150) O H Fé kAt
AR 1 R SEARORRR 2, SRR E 2, I HIE KRR |, ARG FRZE 3, 0% 3, Mk — 1
PEEEFEEARE, P W - MIBIIRIERERE,  PESEEANRR ST IEAT, AR A L o X —
Spontaneous magnetization in iron-based superconductor Sr;VFeAsOs.s (0 = 0.150)

S. Iwasaki', S. Adachi?, Y. Takano®, M. Yamaguchi', K. Kihou®, C. H. Lee’, Y. Kamihara'*
'Keio Univ., 2 NIMS, 3AIST, “CSRN, Keio Univ.

i

FRIBREIR [1] SraVFeAsOs, (3, BAFE KIEE 078 0.031 < 0 < 0.145 TV REE R T[2]. £,
0.124 < 6 < 0.631 T V-3d & IR IN T 57 = UREMEE 7R T[2]. SraVFeAsOs5 137 UREE LR EZ LB
Y 6=0.145 T 37.1 K [2] LELE Y@ VIS BEBIRE (T) 2789, 2O IR IREFH &7 = URENEDFA
BARAMRE SN T 572012, 7 = VRGO B BB LA E BHIEHUE T 20BN H 5. L7 B R EE RS
VN RSB TIE StaVFeAsOs.s D H F8 bz i |AIZFHl T& 5.

AR TlE, A TEEEZRET V3d EAITERNT L7 = UM EEZ R EHE S TUVD SrVFeAsOs 5
(6=0.150) WS EFEWALEH THZEERL, EREIICFHML-.

5£ o o SVF=~36%
— e e A —0— 5K —8—150K SoiEK =~36%at5K
S VFeAsOs 5 (fEiA A 6 = 0.20) D& fE bk E, A3 o i i
EHWEEMRMESEIZ LV ARKRL, ZO%Ey T LA » :3(3)5 - %%E

(HP) L 7=. £ S 7= 30HT 6 L C, X R EIHT(XRD), B L O, s
WAL SRMNTE 24T o T2 BILR (M) OREFREEFE (uoH) AT 5
WZBWTCEBSBRO T vy N AW TR FIEIZED
IEIEAR 2 R E LTz, ZOEMROUITE Miinear & EFL
7. £77,5K & 10 KD 2 SOEEROFEE YA Z 0 K
W28 D Matinear & LTER LT,

M (ufu.)
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HEREER
Figure 1(a) IZ 5 K 5 350 K I[C&B ) 5% A& Fig. 1 (a) Magnetic flux density
St VFeAsOs-s [6 = 0.150(2)] DRI (M) DOREHEEE (uoH)  dependence (uoH) of magnetization
(A7 % 5. Figure 1(b) 15 K, 10 K, 20 K 1235175 M- (M) at temperatures (T7) from 5 K to
wH 70 v k% 0 mT < uoH < 1 mT Offciik Lz 520 Kfor Sr2VFeAsOs-[6=0.150(2)].
& 5. Figure 1(c) 1L M-uoH 7' 11 > R B3RO 672 H 36 (b) Expanded view of (a) at kof/ = 0-1
Figure 1(c) 13 M-po > mT for T=5K, 10K, and 20 K. (c) T
EOBRERFETHD. 2O L&, Mosinear (0 K) =455 dependence of Ms -iinear Obtained from
myusg/fou. ThoTz. M-poH curves.

FLOHOESBEDRE

T D SraVFeAsOs-; [0 = 0.150(2)] 2%k it EHE T< 300 K IZB W T H ML A2 R L=, 0 K /M
RO BITZ Matinear (0K) 13 45.5 mup/fu. THo72. SHRITHRLD 0 D Mytinear (0K) % E & L, HmE
& Miinear (0 KYDOFHEAREFR 2 fiFFR T~ 5.

SEXE
[1]7Y. Kamihara, et al,. J. Am. Chem. Soc. 130, 3296 (2008).
[2] Y. Tojo et al., J. Phys.: Condensed matter 31, 115801 (2019).
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Magnetoresistance in an o.-RuCls/Pt

Yuushou Hirata®, Hidekazu Tanaka®, Nobuyuki Kurita®, Takahiro Moriyama®, and Teruo Ono*¢
(AICR, Kyoto University, BDepartment of Physics, Tokyo Institute of Technology, °CSRN, Osaka University)

Introduction

Recently an a-RuCls has emerged as a primal candidate for hosting a Kitaev Quantum Spin Liquid [1] and has been
attracting great attentions. In this study, we investigated the magnetoresistance [2] in Pt/a-RuCls bilayers at low
temperatures where the Kitaev QSL state and zigzag antiferromagnetic state [3] are expected to emerge.
Experimental method

We transferred an a-RuCls flake on a SiO- substrate by exfoliating with the Scotch tape and then deposited 3 nm-thick
Pt on top of it. The bilayer was patterned into a 50 um wide Hall bar using e-beam lithography technique. The rotation
angles (a,5,y) and the measurement configurations are defined in Fig. 1(a).
Experimental results

Fig. 1(b) shows the temperature dependence of magnetoresistance normalized to the base corresponding resistance
(AR, /Ry = Apyy/pxx) Obtained for the three field rotations. Below 50 K, Ap,,./p,, increase with decreasing
temperature for both -g and -y rotations. In the presentation, we will discuss the temperature dependence of Ap,../pPxx
with respect to the temperature dependence of magnetic state of an a-RuCls.

(b)
3.0
O xy plane_a
25 A yz plane_f3
' O zx plane_y
204 /=05mAH=9T
< &
Ao
o £ S—R.JAR,,
SO T P VA
05| .
E o 50 100 150 200 250 300 350
® P a
L @ A
00 " 1 1 | 1 i g | 1 $ 1 | N
0 10 20 30 40 50 60 70 80 90 100
7(K)

Fig. 1 (a) The measurement configurations. (b) Temperature dependence of Apu/ o Obtained
at 9 T. Inset: the angular dependence of the longitudinal resistance Rxx(a) at 5 K.

[1] A. Kitaev, Ann. Phys. 321, 2 (2006).
[2] H. Nakayama et al., Phys. Rev. Lett. 110 206601 (2013).
[3] R. D. Johnson et al., Phys. Rev. B 92 235119 (2015).
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Fe304(001)/MgO(001)/Fe(001)FREENE ko R NVBEEIZEB T 5
AD b FIVEER IR R

LIRS AR MR BEECE " KRR
exiafble, *HOREE, **dbRT)
Inverse tunnel magnetoresistance in Fe;04(001)/MgO(001)/Fe(001) magnetic tunnel junctions
S. Yasui, J. Okabayashi®, T. Yanase ', T. Shimada"", T. Nagahama""
(Hokudai CSE, "Univ. of Tokyo, “'Hokudai Eng.)

[FCHIC
FesOu [T A B R NAEE 2 FFO 7 = VMR (L THY . BIRLV +omnd =V —BELFO, KT
HIE MgO DIFIT2FETHY | Fe/MgO RDOLZ@ELHAGDOE T EX XUy LET 5 Z ENARETH
5, Flo. ACUGBRNPATHY ., DOFEFITHEWI ERTRENTEY ., EMERAY Y bu=27 2
Be LTSN TS [1], BIC TMR EFICBWTIIRE RBEIETR EN R SN, 2 &b, £<
DR HE SN, LavL, BIEE TRER TMR RIZBHIS N TE 59, 20/ LI L—7 I X
VELELTHD [2], TOLIITLEE LMK EBIR B S Wl & LT, WA R EIC X D
{EIEFEDZFHRC Fe304 O FLEMNEDBME S DR SN TV 228, BAfEZREH T LTy, RIFET
1%, Fe304(001) / MgO(001) / Fe(001) b R/EAZIERIL T, Z DA b FIUUREIZHOW TR, £
72, Fe304/MgO D XMCD JIE 21TV, Fe304 J&D Fe A A 2 OIRREIZ OV That L 7=,

KRG E

PBHERUZIISOGE S TR B 2 U —iEE HW e, BEEZEE X 10 Pa B TH D, 1ER LG O
£, MgO(100)5:H/MgO/NiO/Fes04/MgO/Fe/Au & LTz, #EdaPEOFEANIZ X RHEED, XRD #HV), =& ¥ %
VA NVEERELTWAD Z E R LTz, BR N RRERHEOFMM 2T 572D, 74+ NI VT T T 1 —,
At A A IV 7 ARy 22 HOWTHEIIN T 24T, 10X10pm? D~ VS EER L7, LT
F 1 EHAOVTIV JESCB AT R ORE Z1T 572, XMCD OH|EIZIE KEK-PF @ BL-7A % H 7=,
HR-EBE

RESIRHLORIE DFE R, IR T-10%. 80K THI-55% D TMR 252 BA L 7=, X 112 80K T TMR #ifit & <
T Fe04MTJ T-50% %% 5 TMR FLiZ 2 E THE STV Yy, £72, IR EDADHEZ R LT Z L1T
N FHBEICLDADAE U R E —T 5, £72 MR #HRA 5 Fes0, 037272 5 0T b ER L, AL
D/INSVEIRRE RS> TWD, ZOZ LIFCEATHALIREEN AR+ ThH 2 2R LTEY, MkEfEotE
SOV SIORE R E L JEORFICLY . FICKREAR MR EAEBRTELZ L 2R LTS, Fiz,
BEZICONTE, BEOK T E & HIZ TR bt , :

IEEFITIE R L, Verwey B8R IZHIRT 5 b orxb

RE DR 72 BIXBRl S e o T,
B -
é
1) A. Yanase and K. Siratori, J. Phys. Soc. Jpn. 53, 2
(1]
312-317 (1984). o
2) M. Opel et al., Phys. Status Solidi A 208 232 g 407 g,
(2011). 50+ y _
_60 1 I I

-3000 -2000 -1000 0 1000 2000 3000
magnetic field (Oe)

1. 80K I2351F % Fes04/MgO/Fe > TMR i,
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AT X X VR mIIBITAAEY RS

TAR EURET, BY LR[S, Fi7l< B3 23 okt 2 JIIRF FER] 22,
G SR 2. IERE AT OfEF kA
(LAFRLRHL, 2. FRHF CEMS\ 3ﬁj:1\ A KHE, 5.IST & X 01))

Spin pumping in all-oxide epitaxial interfaces
Masaki Terabayashi®, Shinichiro Seki?, Rina Takagi®® Masao Nakamura®, Masashi Kawasaki?®,
Koji Ishibashi?, Tomohiko Saitoh®, ©Jobu Matsuno®*°
(1. Tokyo Univ. of Sci., 2. RIKEN CEMS, 3. Univ. of Tokyo, 4. Osaka Univ., 5. JST PRESTO)

HEEER

AV UBEESRIX 10T B — /) — ROBANERR EICHEA TE L U—n—_2T7 ¢ U7l e L
THBEZHEDTND, TOHR IR & IERIEASE & O 2 BECTHER I, B CIREZEN S AR S
NIZAE RS (R EBE—_y 7 R) | BHEIEASNTEESNEEREIND AL R—ER),
Y3FesOy, (YIG) - Pt DFAA DX & FIWTZHFEREIT L T DR Y, YIG NHEfER, PSR THH -0
ZOREIEHETH D, ACFAREZE L CHBESRICIEA SN DR, HANLZAE TIXL Y &0E
AZRPNHF SN D, AR CTIIRFE L~V CEHARRE 2R TE 50 7 A A MRk % v,
TEHF TR VFEICET DAY CROBIEZITV, SR ECIIEAZRIZE 2 58O 2 BT,

ER7AE

(@)
AR 7 i 2 15 5 KA A DR & L CREMERER IR Microwave l/@/l
La,NiMnOg (LNMO) . FEREMESJRE 12 SrirO; (SIO) 2R L, 2 & %‘ ’;,
PR 2 L A L—HF —HEREE (PLD) (24X 0 LSAT(001):AK %[‘ ; ,‘
FICER U729, ZoBHOR LT, MR IC R\ CRmmrE S, > M
B (FMR) IZE D ECAE U A IEMEBICIEAL, HAY Spin currents
VIR—NVEELE LTHRIHT A RETHAIAE R THIE

LNMO
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ZAT9 T & TRl 21T o 72, (®)
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FIG. 1. (a) Schematics of spin pumping
measurement. (b) The inverse spin Hall

SHEIR voltage for the LNMO-SIO film. The
1) A Kirihara et al., Nat. Mater. 11, 686 (2012). microwave incident power is 24 dBm.
2) M. Kitamura et al., Appl. Phys. Lett. 94, 132506 (2009). The measurements was performed at
3) Y. Shiomi et al., Phys. Rev. Lett. 113, 266602 (2014). 270 K.
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ELIEACHR*** A, Spiesser*, 7)1 55 1**, LR BIE*. FEHEFS Fn*
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Tunneling magnetoresistance in fully epitaxial magnetic tunnel junction with SrO tunnel barrier
S. kon*** A, Spiesser*, Y. Yasukawa**, S. Yuasa*, and H. Saito*

(*AIST Spintronics Research Center, **Chiba Institute of Technology)

LI

Si h~D 2 R E F-TEA « B s rE R & LT, Fe/MgO(001) #E AL VBTV 5, filT,
FxlX SiITHEA LR b RVERO A E RS (P) & MO EREERRIE (dugo) DBIFRZFH~, MgO &
DSHEEZIE Y (dmgo = 2 nm) 512 90% (23T D P ABAIL 729, — TP iddugo DD THLIKTL,
ZOFKE LT MQO & Si EORE e+ I A~ v F (29%) (KT % MgO/Si FEITEE TD MgO i dh
PEOFLICIINT D 2 L 2RIB E 72, SrO 1X MgO & [F] U ARG S 2 A9 Dk ThH v | Si & g
LTI A~y FAR/NENZ EnD (B.TI%) . VP ZEHO0, EOBEEENZELE (MR ) 2155729
BRSO RICER TH D E RS D, ABFJETIX SrO % FBEE I W 72 SRR R v %
NAES (MT)) 2k, BEXEEFRERIE 218 L CAE UK b RV HBRREERE & U CORMEZ N L7z,
KRG

EEUEHT 0 TR = B & o —RIC K 0 fERL L 72, MTI A% 5513 Au(20 nm) / Co(20 nm) / Fe(10 nm) / SrO(1.5 nm)
/ MgO(1 nm) / Fe(30 nm) / MgO(001) M CT&H v | IEBROREEEEE X% 25 nm Th D, Fid L OV EES Fe B
IR I C B2 TE DB T =— /L &2 21 300 °C TiT- 7=,
ERFER

RN O St i B AR T S 2 — s L0 | FR LRI A CHRSS TH Y L mE S KON N DR
J5 17 BIRIL 2 U2 Fe(001)/SrO(001)/MgO(001)/Fe(001) 35 & O Fe[110]| | Sro[100]| [MgO[100] | | Fe[110]T & %
ZEMRENT, Fig. 1 ICEEMEIEE T-HEMEE (STEM) 144777, SrO & MgO JEIZHIC Bt L TE Y |
&8 DA FE I FHIZ B W THAJEBCC BATE RS T S 2o 7o, £72, Fig2 2R X912, &KT
90%ITIET D MR L MEH N, WhWAH A U FEHEa e —L 2 ks b I RAEL TS Z LR IR
WENT, Fo, BULEATREICR T D BN 72 0 OF FHHT (RA) 1X 13kQum? TH ¥, MgO(001)H
PEBEfE MT) T STV O & AR S TRVWEZ R L7z, BLEX D | SrO 1X Si Eoi@mélk ko kL4
HOEEEE - L THETHD LR Eiz,

ARFFE 1L ISPS BHF 35 FAF5E (18K13807, A.S.) DBk %% 1T 7=,

B CHR
1) A. Spiesser, H. Saito, S. Yuasa, and R. Jansen, Phys. Rev. B, accepted.
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Fig. 1 STEM image of Fe/SrO/MgO/Fe MTJ. Fig. 2 MR curve of Fe/SrO/MgO/Fe MTJ at RT.
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offi)Il LAY, A Bz ', Xiandong Xu?, I1)I| #E 2,
KOS BRE E5 fl’, =48 &5 °
(TDK', Wkttt )
High-quality MgAl,O.-based magnetic tunnel junctions prepared by reactive sputtering method
°Shinto Ichikawa’, Katsuyuki Nakada!, Xiandong Xu?, Hiroaki Sukegawa?, Tadakatsu Ohkubo?,
Kazuhiro Hono?, and Seiji Mitani?
(TDK Corp.}, NIMS?)

[FL&HIC

MgALLOs (MAO) 1ZAE RWAEEE AT H N Ok & LT b, wietE b o xS (MT)) O
Fo xR 7E LTHWS Z T, IHESEICBWT 300% 4282 5 K& 72 b rUBESHEPT (TMR) ke
DEEINTND Y, F72, MAO-MTIJ (X CoFe AN E4S B & O THEA M B < &L o S inisE 2 5 5
ICHEBLTE D%, B TMR IO AL 7 ZEFKFE (8 VhadB) & 600, ZHUCE > TERWHREH)
DRSNS E WIS EORERH S, MAO kv RN FREOERIELE LT, &BBO%BILEY, B
K OWERE MAO % —7 v N OEBEEBRE Ay XU 7 IRFE ST, B 1330 7R8I 5 7
TR ADFREA, BEITEVEHEERE SN HOD R AN TROBLHIEN LV RNETH D LIk
RN B 2 A, ARFTETIEL, A R E & BSOS S TE 2 2 72 S AL 72 MAO b v kv T RS B T

RPEE LT, KGRy 2 Y o 7 e AW FEE R LT,

EEBAE

BEEZE~ 7 3 b a2 Ay HAEE & VT MgO i ELC Cr
(40)/Fe (30)/Mg (0.45)/M919A|31-OX (tMAo)/Fe (7)/|I’20Mn30 (12)/RU (14)
(unit: nm)#% & 2 = CTRUEE L7, MAO N U 71, RF A Xy Z Y v
T & FAWT MguoAlgy #—%7 > F L0 | Ar-O IRAE T AL VRSN
720 tmao THRABEA S v v ¥ — % W CTHERNE L LT 0.63nm H 5
1.9nm £ TS T, WIZ, 74 NI VI FT7 4 BLOAr A4
Ty F U7 2R L T, Sub-um FREOFEFMRICHEF AR LTz, &
RURERFEIL DC4 7' a— 7RI CER FCHIE L,

ERER

B 1(a)iZ TMR to & RA O tmao IRIFEMEZ 7R T, TMR HLIZAW tvao
HPH CIZIE—E(~150%) TdH 5 —J7. log(RANZ tmao {2k L CTHAALHY
CHIIN L 7=, b)Y, BEx R RAICEIT D, Bk & 72 TMR L
DA T ABERENEEZ R, 1V EBZ D8 Vi B35 iz,
N T AEFEIFIZIAO RAFH TIZIZFR—CTh 0 | IEFICRLF b
RN Y T S DRSO IR o UEREA IS 15 S i AR L
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Fig.1 tmao dependence of TMR ratio and
RA at 300 K by DC 4-probe measurement
(@) and bias voltage dependence of
normalized TMR ratio for various RA
samples (b).

1) H. Sukegawa et al., Phys. Rev. B 86, 184401 (2012). 2) H. Sukegawa et al., Appl. Phys. Lett. 105, 092403 (2014).
3) M. Belmoubarik et al., Appl. Phys. Lett. 108, 132404 (2016). 4) M. Belmoubarik et al., AIP Adv. 7, 055908 (2017).
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Magnetic and thermal conduction properties in Pt on YIG
ADept. of Phys. Kyushu Univ.
BResearch Center for Quantum Nano-Spin Science, Kyushu Univ.
Fang-Yuh LoDepartment of Physics, National Taiwan Normal University
R.Kawabe?®, D.Ito*, K.Miyazaki®, M.Yafuso” ,
T.Kimura®® , W.-C. Lin®, F.-Y.Lo®
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Growth of noncollinear antiferromagnetic insulator SmFeOs films
and Spin-Hall magnetoresistance effect

Nagoya Univ. °Junnosuke Hatta, Naoya Tanahashi, Kento Matsuura, Tetsuya Hajiri, Hidefumi Asano

E-mail: hatsuta.junnosuke@a.mbox.nagoya-u.ac.jp
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Magneto Transport Properties in Antiferromagnetic L1,-ordered Mnslr Thin Films
H. lwaki, T. Moriyama, T. Ikebuchi, K. Oda, Y. Shiota, T. Ono
(ICR, Kyoto Univ.)
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1) S. Nakatsuji, N. Kiyohara, and T. Higo: Nature, 527, 212 (2015).
2) H. Chen, Q. Niu, and A. H. MacDonald: Phys. Rev. Lett. 112, 017205 (2014).
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Study on the Barnett Effect in Ferromagnetic Thin Films Using Surface Acoustic Waves
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[1] D.Kobayashi et al., Phys. Rev. Lett. 119, 077202(2017)
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Perpendicular magnetization and crystal structure of Mnz.;CoGa;+; films
D. Takano!, T. Kubota'?, K. Takanashi'*
(‘IMR, Tohoku Univ., 2CSRN, Tohoku Univ.)
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[1] S. Chadov et al., Adv. Funct. Mater. 23, 832 (2013).
[2] T. Kubota et al., J. Appl. Phys. 113, 17C723 (2013).
[3] T. Kubota et al., J. Appl. Phys. 115, 17C704 (2014).
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Fabrication of L2;-ordered Co2TiSi Heusler Alloy Epitaxial Films

°M. Liu!, M. Oogane** , M. Tsunoda'* , Y. Ando'?*
'Tohoku University, Sendai 980-8579, Japan
2Center for Science and Innovation in Spintronics (Core Research Cluster) Organization for Advanced
Studies, Tohoku University, Sendai 980-8577, Japan
3Center for Spintronics Research Network, Tohoku University, Sendai 980-8577, Japan

Recently, Co,TiSi full-Heusler alloy is theoretically predicted to be the Weyl semimetal that the Weyl points exist in
wave number space. Y Because of the existence of the Weyl points, a large anomalous Hall effect can be observed in the
Co,TiSi full-Heusler alloy. In addition, Co,TiSi has a large spin polarization due to its half-metallic property. ? Therefore,
Co,TiSi has attracted much attention as a potential candidate for spintronics applications. * In this research, we fabricated
Co,TiSi thin films epitaxially grown on MgO substrates and investigated their anomalous Hall effect.

The ultra-high vacuum magnetron sputtering method was used for the preparation of the thin films. The structure of
the sample was MgO (001) sub. / Co,TiSi (50 nm) / Ta (5 nm). For the deposition of Co,TiSi films, the Ar gas pressure
was 0.07 to 0.15 Pa, and the substrate heating temperature (75) and the post annealing temperature (7,) were varied in the
range of 300 to 700°C. The sputtering power (Wr) was also changed from 40 W to 100 W. We characterized the crystal
structure by XRD, the magnetic property by SQUID, and the anomalous Hall effect by PPMS.

Fig. 1 shows the Ar gas pressure p dependence of L2; order parameters for Co,TiSi thin films annealed at 700°C. In
the condition of p = 0.11 and 0.15 Pa, a high L2; order parameters > 80% was successfully obtained. Fig. 2 shows the
measurement temperature dependence of the saturation magnetization in the samples with p =0.07, 0.11, and 0.15 Pa (T,
= 700°C). The magnitude of saturation magnetization was close to the bulk value (213 emu/cc) at low temperature
regardless of the Ar gas pressure. ¥ However, the anomalous Hall conductivity of sample was 20 - 30 S/cm at low
temperature and it was much smaller than the expected value. We infer that the Fermi level for the prepared Co,TiSi is
not cross the Weyl points and further control of the film composition is needed to observe the large anomalous Hall effect.
Reference
1) G. Q. Chang, S. Y. Xu, H. Zheng ef al., Sci. Rep. 6. 38839; doi: 10.1038/srep38839 (2016).

2) J.Barth, G. H. Fecher, B. Balke et al., Phys. Rev. B 81, 064404 (2010).
3) S.Iihama, T. Taniguchi, K. Yakushiji et al., Nature Electronics 1,120-123 (2018).
4) P.J. Webster and K. R. A. Ziebeck, J. Phys. Chem. Solids 34,1647-1654 (1973)
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Fig. 1 Deposition pressure dependence  Fig. 2 Measurement temperature dependence
of L2, order parameter of the saturation magnetization
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Fabrication of magnetic nanowire device with writer for future high-speed memory application
Y. Hori, M. Endo, N. Ishii and Y. Miyamoto
(NHK Science & Technology Research Labs.)
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Fig.1 Magneto-optical Microscope
1) A.Yamaguchi et al.: Phys. Rev. Lett., 92, 077205 (2004).

2) S.S.P.Parkin et al.: Science, 320, 190 (2008).
3) M. Okuda et al.: IEEE Trans. Mgn., 52, 7, 3401204 (2016).
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Temperature dependence of spin Hall magnetoresistance and current induced spin orbit
torque effective fields in iron-nitride heterostructures with negative spin polarization
Shinji Isogami
(National Institute for Materials Science)
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1) S. Kokado,et al., PRB 73, 172410 (2006).  2) M. Tsunoda, et al., APEX 2, ~ field-like effective field (Hr.) as a function of
083001 (2009).  3) K. Sunaga, JAP. 102, 013917 (2007). 4) S. Isogami, et~ measurement temperature (T) for MgO
al., APEX 3, 103002 (2010).  5) S. Kokado, et al., JPSJ. 84, 094710 (2015).  sub.//FesN(3)/W(5)/MgO(2)/Ta(1) (in nm). The
6) N. Roschewsky, et al., APL. 109, 112403 (2016).  7) M. Hayashi, etal.,  jhset shows the measurement configuration of

PRB 89, 144425 (2014).  8) Y. C. Lau, et al., JJAP. 56, 0802B5 (2017). 2nd-harmonic Hall voltage
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! Institute for Chemical Research, Kyoto University, Uji, Kyoto 611-0011, Japan
2 Department of Physics and Astronomy, University of Missouri, Columbia, Missouri 65211, USA
% Institute for Solid State Physics, The University of Tokyo, Kashiwa 277-8581, Japan
4 College of Science and Technology, Nihon University, Funabashi, Chiba 274-8501, Japan
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Korea
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Antiferromagnetic spintronics has been gaining much attention in both fundamental and practical points of view [1,2].
Antiferromagnetically-coupled ferrimagnets have recently been emerging as useful material platforms for studying
antiferromagnetic dynamics since we can use conventional techniques for ferromagnets to investigate them. Both field-
driven [3] and current-driven [4,5] domain-wall dynamics in ferrimagnets are found to be fastest at the angular momentum
compensation temperature T, indicating that the magnetic dynamics becomes antiferromagnetic-like. In the context of
the antiferromagnetic-like dynamics, however, the ferrimagnetic resonance (FiMR) has not been fully clarified. In this
presentation, we revisit the FIMR in ferrimangetic GdFeCo compounds theoretically and experimentally, and show the
rigorous analysis for the FIMR.

For this study, we used a 5-nm SiN/10-nm Gdas oFess 6Co9.4/5-nm Pt/100-nm SiN/Si substrate. We measured spin-torque
induced FiMR spectra at several temperatures T between 220 K and 295 K by using the homodyne technique. It is found
that the spectral linewidth of the resonance peak strongly depends on T. From those FIMR spectra, we calculate the two
versions of the effective Gilbert damping parameter: apy based on the conventional expressions of ferromagnetic
resonance [6] and agjy based on our theory for FIMR that accounts for the difference between the net spin density and
the saturated total spin density in ferrimagnets. As shown in Fig. 1, apy increases significantly as T approaches T,, in
good agreement with Ref. [6], while agjy(= 0.01) is insensitive to T in sharp contrast to agy. This indicates that the
T dependence of the spectral linewidth in FiMR is attributed to the T dependence of the net spin density instead of that
of apy. Our results provide a clear evidence that properly defined Gilbert damping parameter agy of ferrimagnets is
insensitive to T, which is consistent with some recent reports [7,8].

R f 020 ; T T T
eference 3 | —— gy
1) T. Jungwirth et al., Nat. Nanotechnol. 11, 231 (2016). % 0.15} E —— oy A
2) V. Baltz et al., Rev. Mod. Phys. 90, 015005 (2018). E E
S 0.10t ! i
3) Kab-Jin Kim et al., Nat. Mater. 16, 1187 (2017). g 0.10 !
c 1
4) S.A. Siddiqui et al., Phys. Rev. Lett. 121, 057701 g— 0.05} ! 1
[ I
(2018) o 0.00 IT-160K o oo o oo
5) L. Caretta ef al., Nat. Nanotechnol. 13, 1154—-1160 150 200 250 300
(2018). TIK]
6) C.D. Stanciu et al., Phys. Rev. B 73, 220402(R) (2006). Fig.1 The effective Gilbert damping parameter
7) A.Kamra et al., Phys. Rev. B 98, 184402 (2018). apy and the properly defined Gilbert damping
8) D.-H.Kim et al., Phys. Rev. Lett 112, 127203 (2019). parameter agjy as functions of temperature.
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Fabrication of LaBi thin films and their magneto-transport properties toward topological device application
Kenta Suzuki, Kenji Ueda, Yasuhiro Hadate, Hidefumi Asano
(Nagoya Univ.)

[(BE] THEFEEZBOTCND bRa P UWEIEA~Y DVAYE AFfs s BEBEE 2 fFe 5%, AE
=V AT NAL ZMEE LTHETH L, HAITZEOHTE Te X As HEOHMILHEEE 720 LaBi IZHFEH
Ui A 1T 572, LaBiid b A 7 U WAREPEIZIN 2, FERIC R & R IRFIRI R (~105 %) 2 7”9 [1] 2 &0
EAL TEIBEIRBBIC 2 B[2] Z & D, FFICBELEZED TS, L, WL LaBi 7SV 7 IZRBNTE Y
T A AMUIC KB E T DERRIIER ST, ZZTAMETIE MR P AMEIO A fr=7 &
TN A SN IANT LaBi IO/ & B RURE M O FEAM & 1T 5 7=,

[EBRHE] LaBi EFEIEI A~ v FO/NESR(~25%Y 7 747 m =R EIC, A4 E—bA Ry
> Z(IBS)EZ W CTRRIBEIEE 75 =350~500°C C/ER L7z, LaBi Ofakttld La-Bi &% —% ~ b d La
L BiOmEELREEXD Z & CTHIEN LT,

[REOEZ] miE X BEYHE T, 75=350. 500°C TiZ LaBi ®(000) t"— 7 (2% T LaBi & 3R %
FIZHSRT 5 & —27 A Hi, T5=400, 450°C DTt LaBi ™ (000) & — 727 O H M| & 7= (Fig. 1), LaBi
IO T E$21% 0.6556 nm & HAES 5L 7 E(0.6579 nm) EFIEF—FH L7z, 2 b DOFEEMN S| T5=400
~450°C T c #hfc A LaBi HAHENR S S5 2 L 3o 7, IRIZ, LaBi #E A2 v 7z AR — v 3 —H13E 1-(Fig.
2 AR ZER UESEERl 21T - 72, BRIEPIERITIREICFE SEREE T, B b= 30X —138 meV
EIEFITNS B L o7z, ZHUE, LaBi AR TH HHE LG LTb\é kﬂ%z bhd,

Fo A= ARAENS . 1.8 K TOBEIE N 294 cm2/Vs. o’ T F *:Sub.
X U TEEMN 3.7x1018 em3 L BEL Dz, Ty U TEE L
BB X AL 7l & R T TMRR NS o o3, FEdbtER AR
+3 T L EZTND, BIZ, BRIEH RN EEIT 7= &
A, R TR 2 TR ORGS0 BN - (Fig. 2),
AR B DI NAREEED 2 IRTTARE R IB T I RTERN R
CTWAHEAIZZDE D 7267727’*”0)13%5’[% PEDNBLIL, BXUn

Labi (002) |
AL, (003)

=u

LaBi (004)

T, =100°C

Intensity (cps.)

E R (o) DIEHBMEAFEMEIL, ¥k Hikami-Larkin-Nagaoka N
e . eg.
HLN)ORK[3lIz L - Tgaﬂ‘ SNBEPMHNTWVD, Fig. 1 Out-of-plane XRD pattern for LaBi films

~in(55)
4elpB

LaBi @ oxx— B #iF HLN A CL<< 7 v N TE | 285
alX 1.8 KT—042 &72v, HLN #Hig TTHI S5 —0.5 &1F
E—H L7z, ZNHOEENS, LaBi OB 2 7R O GmE 4
PRI R AR B YA WREIZRA OFRRESRICER T2 b D &
EZEZONIBSTEICE D MR e U NRE A RT LaBi WEME
WTEXDENR NI, Gk, HRD-ERMORELFIC X

D fEemtE At L, LaBi O R deE 2 X > T <,

B2k 1) K.Nitesh, et al., Phys. Rev. B 93 (2016) 241106.

Ao (B)=o S [ (25 o +3)

AGyy(e’/h)

Fig. 2 Magnetic field dependence of conductivity for

2) F. F. Tafti, et al., Phys. Rev. B 95 (2017) 014507. LaBi films measured at 1.8~300 K. The inset shows
. . th tical mi i f the Hall b tt
3) S. Hikami, et al., Prog. Theor. Phys. 63,707 (1980). of the LoBi filme. pe nage of Hhe Hal bar pattern
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Time-domain detection of multiple spin-wave solitons generation
Mikito Kawase, Masashi Iwaba, and Koji Sekiguchi

(Yokohama National University)
1. XTI
A ITRIEEEE N OERF v V7 L LTI STV D, T4, s — FRORERE R Lo
AV W HET DL OFBRIWFTIZ L > TRESN TV LN, KKRE LTAE LV EOMRY B 70
IR A R C & TR0y, ARBFE TITRIE R D A B AEFRIREL FEBT 572012, ZHE TICRFEME
ENTERLAE VY Y b OISHEZFRF LZ[1,2], £/, oo~ A 7 aliiiiizHnC, $EA
By U bR - ARUEERO BRI IS L,

2. EBRFHE

AWFFE TR\ YIG L b T 2 AT 2 — P EE O X % Fig.1(a)lZs L7z, YIG HEIZE X 5.1 4
m, 1§ 1.3 mm CThHb, FTLoATFTa2a—H0D 2507 7 FHEHET S5 mm 725 15 mm O TEZ B
5, AV EOREEITEEEL 5.8 GHz DT v MEFTEZHWTIT> 7o, ZOEWERIZIIT D4MS: H
DRKEZ XT 1407 Oe TH Y | YIG BRI FEATICEHIIN L7Z(MSBVW &— K), SEBRCIX, g 7~ MF
B OME%E 5-150ns, FHEENE 0-2.7W, [E5BHEHEHEZ 5-13mm TENENE(LS T2 & DI
Z 6 GHz RO EE Y TV X A sFn Aa—F 2L - CTHIE LT,

3. WEBLUBE

Fig. (b)B X O 1(e)ix. AJIES 1T W, AJ13Ty MEFIE 150 ns ICEE LTIz D, AL HDFE
eI (B) Z2/RLC0W5, GHFEHEE Smm TlX, £ —2713EHRY Ho T DA, (EFHEEE 7mm
TIIAE R ERICHEEL, M L7450V ) N2 THZEx2BIILE, 70, £V Y F
YU B A E RIS B2 D Z LN b o T, iR A 2 b S5 2 T, KRIEMSIC
BUAZAVERELZBHIL, £EY Y R OERERRE - BEERER S EICRTE T,

(a) | (b) (c)
N —— measured value 80O
. — = = fit value —
- SNy 2 —-- Peak 1' = 600
S o = = — - 'Peak 2' =
- ./ < a3 — 'Peak E] 400
S > 5 —  'Peak 4' &
‘ . A ] o 200
. ) N e e -~ _ ! _ 0 A
Input el S T i& a E 500 FAN
< g ;M- T - 4 2 VA 4
| ) E NP N e oo~ g 0 A A R N
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Outpu - )
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Fig. 1 (a) Schematic of device, (b) shape of spin-wave at 5 mm, and (c) spin wave at 7 mm.
4. FE#w

AWFFETIE, fRRIREE S AR S5Oy MEZFIET D Z &I2k 0, ZEAEWE YU b ORK
HWEROFEMAE BRI Lz, 4 YU brOBEEAPHBICHRHS NI Z E0E, AV VERICBET S
MR R A RITT 5 Z L3 A[RETH D,
BEICHR

[1] B. A. Kalinikos et al.: Phys. Rev. B42, 8658-8660 (1990).
[2] M. Chen et al.: Phys. Rev. B49, 12773-12790 (1994).
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Elucidation of correlation between spin Seebeck voltage and
Gilbert damping constant in polycrystalline garnet thin films
CIEARE Y, AR |, GHRRREEE |, ILEEA !, BIRE—ER 2,
HHBE— 3, LB 3, NEFES 3, BiREE, IRER !
BEERABEH ', LKy R1E? EAILHE?
°S. Masaki!, M. Yamamoto!, M. Ito!, K. Yamada!, Y. Kurokawa?,

Y. Shiota3, T. Moriyama’, T. Ono?, H. Yuasa?, and M. Shima!

Gifu Univ.!, Kyusyu Univ.2, Kyoto Univ.?

[BS] V—x > MBI TH D YsFesOn (YIG) X, F/3— h & o v v 7 EFRIEE) /N
S AV U ERBEEIRCE 22 L5, FERMESRE & OSSR CAAR NS D L, K
ERAC VR VBENRFREIND O, A ha 7 2A5BHICBWCEE, ER2ED
TWBWA RBFFECIEdtikiE Ay a— MEB L OT7 =— /L K 0 S50 YIG W2 fERL L,
T = VRE A AR E U CHEBEOR A, RS, BRI, BREER). A
By 7 EE(Vsse) DEAL TR, Vese EHHREROHBEZHOLNCTHZ L2 HBE LT,
(=B Fe¥, Y O KB /KIRIR & Fe*t: Y =5:3 D
HETRAL, 7o =7 KK ZH T L pH 9.5 Z {RFF
L7 B HpEEIC L0 YIG sk Z2 Ak L7=BL, o
72 YIG iR % =% / — L HRIZ o E&E, A a—Fh
EICE D Si R EICBAT L2, RICKEEHR Flckn
T, 1073~1223 K OiRE T 30 min 7 =—/L &2 47\, JEE
B2 BRI L 7=, XRD, SEM, SPM % Tl otk iE %
FEAfi L. VSM, FREEMEILIE(FMR), A B2 B —_y 7 EJE
BB L0 BRI 2 R~ T2,

[RReEE)] 7,=1173K Tr=—1 L. {ERL7-%#

Applied Magnetic Field H (kOe)

ih YIG W EREL D A BB — Xy 7 BT Vesg DISESHK Fig.] FREEICH T 5 Vose DREIBIRIFIE.

FMZX 1ITRT, BEEAT OBEINE & BT Vesg 234 2 0.03
KT BB S, BFORE, AL L=<y 7 € | 4 socmams A :
S O0T4RVIK Tholz, ZORBOAE L=y T Damping consantc @ mmé
(R S 35 L O FMR JI5E T/ B - A oD T =— 1 S g
BEERGFHEAZRK2ICE DD, T=— ViREOHME &b *§ il T 3
I STEAMD U, R ERaIN AT 5 - L MR L, § t $ 1
HARERORKIL, 250 YIC MO TR FRICHT & . H
BRERFROLAT =—MRIEE L IS L, M o T A

DKM AEERNRELS D LIZEDEEBEZBND
4, S@ﬁiﬁ/ﬁfbﬁﬁrﬂc:ou\ﬂi\ FREH L @ﬁl}ijﬂﬁ Figa, %y d—y 7 {FHS.
bHEBEZONHNP MOBERGEICKITHa X7 H WA D T = AR TP
VRVDEELEZ BID,

[ 3CHiR] [1] K. Uchida, et al., Nature 455, 778 (2008); [2] K. Uchida, et al., Appl. Phys. Lett. 97, 172505 (2010);
[3] B. Huang, et al., J. Alloys Compd. 558, 56-61 (2013); [4] /AR —EE {1, 5 79 [Els WL 2SR T Al
<>, 18p-PB1-57; [5] H. Chang, et al., Sci. Adv. 3, 1601614 (2017).

[HHEE] AAFZE O —FBI%, FURALAF H29-31 4R - SLEFIA - LRI OB Z 521 T bz,

Annealing Temperature Ta (K)
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Performance improvement of magnetically driven cytology brush built in capsule-type medical device

T. Okoba , Y.Yamasaki and

T. Honda

(Kyushu Inst. of Tech.)

[ZLC&HIC
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R TIEZ S OEIELRERH I DWW THE T 5,
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HEE 2,

Rz, MHEIREIOENEREIEZ RS, 7 7 > 5ehici: NdFeB fil
(P 3x2mm)DSHL D AHF SNTE Y, Fofd & FRRIC SRR %
FIINg % &, BIEREER D> & 320 B HER RL 712 X - Clg P
a5, BRI IZE D HIED S 2 72 o I BT E 2
(B EEITL P2 Ik > THRNWDIR S, BRI n
ZRMMCREDIRL 77 > 23 mlisiRE 3 2, L EX D, 77721k
A8 DAEAEE)IC X 28I 2, RIEEIREI D D | FREGE D
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FHli#E R

E U OISR TH 7 ITEA L 72 77 & OERE A3 L
7ZEfEZ L Cw b 2iER L 72, Fig.2 12, 1200e, 1Hz D)z
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NS RN IEEE R 5B L ZGHRES R L Tw 5, #
HIfE & FHREIZIZIE—E L, 77 > DEERMAEE /7 2% ) PRI
EWELTH S EDbh s, £, MIEEREOIRIEIXF 180°
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Proposal of magnetic guidance methods for capsule-type medical device aiming at stomach inspection
K. Okada and T. Honda
(Kyushu Inst. of Tech.)
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Performance evaluation of square coils for magnetic hyperthermia
K. Sugi, S. Fujieda, S. Seino, T. Nakagawa, T. A. Yamamoto
(Graduate school of Engineering, Osaka Univ.)
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mm TH2D, 7274 baTIlflFa—7% 7 BX L THRME A VEER- LT, ooz, F&EE
O FILE = A VB ERLL 7=, 1000 pF O~ v F > T Xy R H U ZAB LN T7.07
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Fig.2 (a), (b) Measured and (c), (d) simulated values of
magnetic field strength between magnetic poles and
outside of magnetic poles.
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Evaluation of MI element using amorphous wire and development of high sensitivity
magnetic sensor
X. Zhang, T.Uchiyama
(Nagoya Univ.)
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BAfR A IE LTz,
ERITIE
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enerator Differential circuit
310 (55 0T, FORTM ETORES) 1
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ERRAER
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EME LT, M2D& 51T, BEIFALXDY .
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IS HFBEZ L ZEZ BN D, HIMRAIA /NS
WA, TAVYOREIZLY &V 2 & D3RR
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0.052 0.0559 0.053

B BVLERIEEE AR B O AN E e o
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Number of turns of coil
ults of the relationship between sensitivity and heat treatment,

Table.1 The parameters of wire A,B,C f coil of 3 types of MI el

m in diameter,440°C, 3kg/mif;C:30ym in diameter,475
coil diameter (um) Heat treatment ('C) stress (kg/m)

A 30 475 8

B 30 440 3

C 30 475 3

— 204 —



26aPS - 31 F43 Bl HAMKF TR (2019)

DC HIE rIRE R Nmr i = 7 L AL

B AERD. NMSRRBA. SFREXRT. MNERA. TS
(BB AR ~—F T 4 VIR A ) _—va vy ¥— BEREE £ IV AT ATRI N—T)
Coreless Current Sensor Enabling DC and High Frequency Measurement
Naoki Noguchi, Koutarou Ogawa, Minako Terao, Saki Kobako, Kazuma Takenaka

Yokogawa Electric Corporation
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HEhfEo B L ETe P T, FERO/NYEROETY o — L OEFRELIC

LV ERE Y 2 BLE T D 22 D R

TEl 2o Tn5, £, BEXHBEOMHRBIFFCIIEE A U LORERBBHRICHN D Z LB D, £
D £ 9 IR BNZER Z i D R E TR LU JE I B D @ WV e E R MIE RIS T D720, MK a7 2R
(IR CEITIEN TE, DC 22 b8 MHz ¥ CIAHEICER 2 ME TE 28t 2% L7z, R
(ZDCHIENARFREZR v T A F—& (2 DCHIEMBE Z TN % Z & T URHIR AR B HIE & WHElC L7,

REBRAE

HEEBROEEICBW TNy T Y =L XU —a2 =y MEOERR
72 L MEBFH (R ER) & Wih & OBF(E KB ER) DS I8 LT
ThHLEIREEEIEE L, B ok 288 L, EiE
ZHEET D ATERMET VY A0 %2 AW TERZIE LT,

LICEBRERX 2R, B SMmM, £ & 1m OELEZ 8mm O
% 22 1 CPATICELE L, A& EItIR O EERIZZ N EEE
b AT 5, R EIKERBGEDO D' sy K
AEX EEENEDCTEDOO IRAF—a (T EE B o
WaET7 T Uo7 I®D, SENIFREMEED - DB EIL DC %
-60~60A % 10A % A CHIE ., HIEH 1% 20Ap-p TJE M %L 1kHz, Duty
E50% L L7,

EERIER

=
HE B4R N = e
Ul
rHgAy F
[= k= &
M4r 7 @
cT(BE)
B #vaxa-7

1. SEERAR AKX

TNENDOFERFER A 2 1277, X2 (@) DC HIEREF TIEHIEFR D, 1000A & 7V Ar— b LT
72T 0.1%((LA)+Ft AMEFRZZ F0.5%FEE ThH 5 2 & 2 Lz, X 2(b)DHEBIHIE TIX, b B0 IZERE
L, BIAF—t %0 R—7FMEn DC Rl L v i S, BREAER SN TS Z L 2R L,

80 — 5.0%
60 o B FE{E ! ‘\'\ .
s RE o R 15
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220 Le” .
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EF R EMEIER 2 & T — N7 4 V2 ORI

SR}, AEEERE, NEz, diigEt, BETR, RILHEr, BRI, VERRERL*
(R¥ TS BERMPEL, *EMKRF)

Development of Broadband Thin Film Common-Mode Filter with Quasi Left-handed Transmission Line
Takuto TERASAWA, Takeo ARUGA, Takayuki KOYAMA, Hidetoshi NAKAYAMA, Hideto TANAKA,
Sohei ADACHI*, Makoto SONEHARA* and Toshiro SATO*

(National Institute of Technology (KOSEN), Nagano College, *Shinshu University)

R R - HY

FIERREEEEDO ) A AR E LTEMEFICEL DT TMBREGTRADRH 575, NPk Th 5 [FEE
LD /A R(mTET— R A X)W RDOTZDIZTTET— R 7 4V F (LT, CMF & tal) 28 b ZEAR AR
Thbd. EFXELIL, EFREEREIRE N —R & LI BPUR AR AR CMF 2428 L Y, I X 55
e, To/NULERF L TE= 2. B 5/NULOT=OIZ, MIEEREE R LA v X7 X DR &%
BRI LTW5 7T, AWFEOHIK CMF (X, FHEMEEMEA > %27 % & MIM v U 2 OMEEIZLD,
KWEZR PR & T 2 T NSy REER G DTy, AR il A B k<, 74 2 /UG5 dlE 1w i
WEECTHIENH o722, LLEX Y, RJETIE, 2GHZ H DT 4 VX UEHBEE RS L L, &5 @il
F CTOW IR ~10 GHz #) 2 A3 5 LK CMF OBR% % BAZIC, TEROMENE CMF % #5(m I 5125

LC, IR A R LT S s 5 5. C a2 G

FEIE CMF EHMERE s & USIEREE —o—| | {f—o—
Fig. 1 (2% CMF O ffiml—~ =~ b zomd. [FEEL, B G= Y =G

Xy RUH, BRI RN EBIOREAA X7 X TR SN H7 ;ﬂk

amy MEAKTHS. EBEEE, BEI% 1o ¥ 5 EOEA 1 Mes a1
LBy BT K B REE T BRI & L CIE il 5 oIk L, Gr T &
TEE— R AR, 2HREBBRBMOTDREGA V272 —od] I} {o—
PSRBT, % v S 2 DBOEEBINC L 0135 R%E S C, .2 a

729, CMF & L CRIEZRBEREL RS, KR CIEFR=2=y
[FIE& 2 3 fEE &8 L C, IRk 2 AR e HiET 5.
[EHEGEE CMF %A

2GHZ DA Lkt & LT, %5 @m0 GHz #)E T
DT 477 by /VE— NMaka-3dB LA E, aEE—R
frik#-20dB LA K & L7 BARAERR A 72 97 [BI#E N T A — & & f
LS R A Table 112 F &6, Fig. 2 1IZZDIRERMED T R
L—a URERERT

Table1l Value of each element.

Fig. 1 Equivalent circuit of thin film CMF unit.
0

-10

-20

-30

-40

Transmission Coeffcient'S,,|[dB]

-50 e
walg N7 A—4 | CuUPF] | CRIPF] | Cuu[pF] | Li[nH] | K : e o
Filter Do 125 | 05 | 005 G R _ 0 s
Filter@DfE 03 08 0.05 05 0.75 Frequency[GHz]
Filter @ 06 01 005 45 0.75 Fig. 2 Transmission coefficient of designed CMF circuit.
FLOHESHRDESE

ERRDO LD RENE ST A= OFPUZ LV, #HIE CMF O FHEERZ K 0 SIS L O FIEEME 2R3 2 &R T
&l L, BEFEICEEGEORMME LY, SBEA LKA T 00BN H L. £z, W CMF
OEARI) 72T S A AAEEHFTB LORIEL TN LV, BEREEZEET 5 2 RS %ROMETH 5.
BEIWR
1) H. Nakayama et al.: Intermag 2009 Digests, CU-02, (2009).

2) EHVEREEA, M BRIEEFOGE A, 1375, 4 B, pp. 221-228, (2017).
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Development of high frequency magnetic field coil for magnetism measurements
K. Yoshida, H. Yanagihara, T. Isobe
(Department of Applied Physics, University of Tsukuba)

[FL®HIC

AR, ST —PEIRIZ L DAL v T v VRO EEFEALICE, a4 03 0T o EOZ B O/
BUEREATND, T ZAO/NUBIE, RNU—EEO LRICERET L2 200, KlERZEE T ORGHT
d. BEOIEHRRFMNA R R ERD, 427 %D a7 AL DM EHZ SOV TIE, &ERIC
BOWTEWBRBEZ R -7 & & OBRKKFHIAEEII /2D, —MRIT, A &7 ZMEHCB T 2 A IC I
ZABA Ay VRO ATy FEE VS TEFEMHWONATE YN, BARDEEE T LB DT A—4
ERHWTHR(A T ——EEHT 52 Ll d, 22T, AR TIIERO BHJEIZ DY 5 5 & JE
P RGA LR T S (S VRS - ~1 T, A%~ MH2) OB Z KL L, ZOEBATREMEIC W T

BRtE 1T -7, _ ,
Table 1. Specification of coil

EBRA & W 2 mm
AEWEHL L 72 22 A L DO fIAES Table 112759, Reoil EX 2 mm

LR R OB . Lo E2A VDAL H T 5 g 139 0

A Coon FEBOIHREFSEA O IO OF ¥ 32y 045 uH  Leoi(pertum)  0.028 pH
PUATHD, BHORS STRASERICEST | 2250F  Cei(pertum) 36 nF

SIb, RUSERESEIMGAVIRKR gy
BENECLAZ L RS, 22T, AENIZE Y
Y NERERG, a1 x—r T eicar T o R B0 LC BEAIILREIK & L TEF L, LB XY
COZNENDOMEAE L HKEBIEDOENZX 72, $us FREOERH OWPEN FRETHIUE, 24 VD%
ﬁmiéﬁﬁm%ﬁbﬁ<fﬁw%®&%ﬁéhé

BB L LTI NI DA =2 EJRE T, BREEHD SMHz £ 72 H K oRkEH L, kiR
RS BHZ DWW THEE 2 R A T2,

5 MHz

ERRE R .
Fig.1 |2 mvwmm BT oA L BT 20
W E2 T, BIRMNETIZ/R D FE TORMIZH 2 10
us Thote, ZOFRERIY, ERPEEL THD E__ 0
Wiy 50 JEE1, MBI LEARRIER 1ops T~ 10
T, T70, AEOERTI = A MTREK 324 OF §8
WA T Z EMTE, 2T 023 T ORESIZFEY _40 . .
T 5, THDOEMETHE LIRS, =1 VI 0.0 1.0 2.0 3.0
WEOHITZRZIT bR oTolh, L KE time[ps]
REMAEBT DL LT RBRENTHLESE Fig. 1 Time development of LC resonant

ZHND, FEE T, MR AREEI 2 RigsA
DOWALMER Y v 7 7 v 7 aA VA fIaA I FEEICEE A LIIE L2 MH BRICOW T T Lz,

B SCHR
[1] EAKEAIED | BERFESFHIGE D, Vol133, p84-93(2012)
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B BRI EhRR % & FAV 7z NSS OF BRI E R OB ORE
HH %, A2, FEEE I, AR EE, SRR
() Magnontech, *— = A ([
Permeability influence on permittivity measurement using open circuited coaxial line
S. Takeda, T. Yamaguchi*, T. Hotchi¥*, S. Motomura*, and H. Suzuki*
(Magnontech, Ltd., *KEYCOM Corp.)

FERZHEL, TNENEZHAMEL TX

FCHIZ Jelz, Foxr TmHs - Faﬁﬁﬁtl’]iﬂif%ﬂ%ﬂ%b\f@@}i
HEFROEIHER DB OB LR/ 2T D &M
Iz L

V)Ebb\fﬁ%ﬁ:;k&’)éﬁ{i%fu)l L= 1) 2). 03[5’”

MmoTz, ARl AR BIROBIR 2 N2 THREMIZ u=1 THERZPE L., BIEIOFEAMIEDORER &
%ﬁbk@fﬁiTéo

REEI Fig. 1 ([CBAMKFIHIFRIE 2. Fig.2 ([CHH& R 27, MRS NAMEIRIC B B L
TREETHA SN TN D, ZNENOMIEIE, PUBER R 2 HHEwm & 92 & FfliBlg & L CES LC [l &
B LC Bl Tl TE 5,

ya

> >
(}/ B 0.38uLo <}, - I %
( (\ pLo

: €Co 3 .38¢Co
% . —I— W 0.38 CI

\
gample sample
(a) cross sectional view  (b) equivalent circuit  (a) cross sectional view  (b) equivalent circuit
Fig.1 Open circuited coaxial line Fig.2 Short circuited coaxial line

K, Lo=Ll, Co=CI TV . L4%7MMmc=w7mmu¢m9ﬁ%ﬁ%®%&ﬁ%t@@4Vﬁ&&
VALBHERBETHDL, E HTRBORELTH 5, B OB L FEFR 2 ul e TR Lz, MO 0.38
ORENE, MARZALA 1.4 radian LT CTHNIE, EFREETED E5%LL T CTRALT B2 D HLDTH D,
REER AR S LTI APCT 2V, HEAEREOTEX 7 mme x 3 mmoTH Y, &BITHH
RN THERR U7z, SRBFOSRERIZM ™M Z /)08, AMER & NER & OB O BRI, < &R TR L TH
ANRNEEDOBEBESTH S, NSS DJERT 300 pm TH 5, Fig.3 | i*ﬂ§$0)/ﬁlmf*%f&>é SRR
As measured D H 0D, BHITIBEHERMER R EAAEMEL-bDTHS, 1 GHz ~ 2 GHz DB TR 72

IIAEEMEIC LD KIEICHEAD T2, EiRIE, 5k0e OBERZEMLANOLHTE LZHDTHY, 72X
i‘oc:cii@wa“éo =1L, 2 Ko — 7 NElEnT-, Figd 1TxdIET 5EMBROMERETH D, As
measured OIREETIL, 4.5 GHz T O — 7 BB S, FEEHIET 2 & 2GHz~4 GHz @ p 13
L3800, 5 GHz D —72 ijté“b\b( ECH D, MR T CTHIE L e Z HNTHIETS L, A
NA T ) ARTFEDD, 1FES GHz DE—7 A TAL— AR E e o7, ZOdifx, A CHED
200 um CHIE LR EIRIERI L Th o772, 2LV, JEWNSS O p 2 HIE T 5 & @Ak o e —
7 NEEINT B L, NSS OFERDHS ZEL WD I EngnoTz,

1000 40

A T ] e As measured 1 L[ [ | 2 As measured
. Ja — — AL & ) N[| = = i
E 800 STy A §%Eﬁﬁjﬁi:ﬂ7]ﬂ = 30 < _— H%ﬁﬁ&ﬁ'* e flIE
g NS H.;;-. WA —§ u \
£ 600 \J\ E 2 N
& 400 3 " /Q SLad ]
= L -\ = 10 / Ju-&*'
£ 200 ENH-3 g ® w” 3
=3 Q -L N.
(&) hatskt? / «t: o 0 ,\-r-b
0 = — @L —5
0.1 1.0 10 0.1 1.0 10
Frequency GHz Frequency GHz
Fig.3 Complex permittivity vs. frequency Fig.4 Complex permeability vs. frequency
&3
1) sCHfl TS - BARLIRIERES 2 W o @ s - BB ROMAMERE] % 38 | H A2 (2aE-4)
(2014)

2) S. Takeda, et al, “Theoretical Consideration on Short- & Open- circuited Transmission Lines for
Permeability & Permittivity Measurement”, J. Magn. Soc. Jpn., 39, 116-120 (2015)
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BEEEAE S, ADRFIHUR, PAERRZE, P, HhHE
(R T3 m B R 22A0)
Theoretical Study on Loss Reduction of Multi-layer Transmission Line
with Positive/Negative Permeability Materials
Yasufumi AIZAWA, Kodai KUBOMURA, Reona Nakamura, Hidetoshi NAKAYAMA and Hideto TANAKA
(National Institute of Technology (KOSEN), Nagano College)

LI .
R JELBE AR C IR AN R £ B A ORIK A8, IRHUSRAL D K & 72 TR i
Th D, WA RIS 5 ER TR L L, AOBREMEE - o4
REFAHC BT 2 ZIHMELRE SRR S Y, 110 5 D SATHIZE - §
LY, EOWRARARIES N . AT, WRSEEC L B
RIS D32 B D B DR FHES 27 L7208, A IREEEMNT S I adecton s
Bt et & LT MR AR T b o 72 DI, ADBREEE e ,/
(2 & B AR R A RN R AT B 7200, BRER BRI 65 < et & d
TN D . AR B LB RS & 24 2 56, SiERmi ko [_| Positive permeability material(Cu)
WBEERTDUEN DD 10, KT TIL, HIHSIBREHRE OB [ Negative permeailty materil

REGRICHESE SRR TR L 2K OHBE Nk L EH LG FD | Sueormgong@)
AR DERATM OB R E, TR LR 2 05, e
E/AEHEMHOBREEEICE T 2ERREBHAER

AR TR RA O 720, WE0 AR AT, S0
LR AR L S TGS O A5 & RIS, Fig. | OBRIREF LT
Bt Uiz, B2 AR OIS HE & B RIB I~ 7 2 7 = L 7RRC
g, KH)~RAG)TREND. n EHOBEERER L, 13X3)T
BHITX, SEMEICHIT R0 EREFIN L, R/ RTEHEERE

—Cu only

Optimal stacking condition 4

i

Current density
|Jzy| [ 10%5 A/mA2]
- o
=t N w

=
in

0

ERETTAZENTED. °o 1 2 3 4 5 &
_ _ +hny —kny Centre Distance from centre y [um]  Surface
Jen(y) = OnEn(y) = 0n(Ane™ + Bre™) (M Fig. 2 Current density distribution
ky? = Jwo, iy 2 considerating the effect of surface
roughening.
_ rtn UznOI?

Ly= [ “=dy 3)

BHBRRRUSERORE

Fig. 1 ® 5 EREREICH VT, BEMEE LT CuCEESR 581 X107 Sm)ZAE L, H.OORGBHEHEM
W20, HERe N Cu ERI%T, HiBHEERun=-1 TOIIEMNMEIZEREL, F2BEICCu Z&REL,
FBAOVEIZE S lum ORMEFLIE 2 (E LT, £ DEEHRg % Cud 0.5(2.91 X107 S/m)IZE & L TR L 7-.
WRETSRAEI, JRIE f=1GHz, TS RIVEE TOEE puae =6 pm & L, T EFBRLRMEOE)E 5
1 DRI ZZALEETHARDEBZI R ZMat L. fRE LT, =403 um OEAICHEER RN EZRD, Cu
BILORBHILEOADOET L EE LT, AR 36%ETE 5 Z L3 8 T& /-, Fig. 212, RuHllb
B LI A OBRBE 2 mT . AEEEMEOMEAIC XY, Rtz BE L THREROBEREE
DIRY 2R TE D Z LB nhoTe. 5%, ERBHEOEMIZ L DM EZ 50, M HJERE
RIET D BRI 2 EME 2 20 S8, BRI SHE OBRRE A BRY & U7 Rl Esit 2 et 5.
EiilLd

ARFFED —E1E, JSPSEMF#E 17TK14674 % N19K04521 08k E2Z 1 F - b0 TH Y, HH L B9,
B SR
1) Yamaguchi et al.: MWE 2008 Microwave Workshop Digest, 207-210 (2008).
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Generation of 2D vector magnetic field by mangle type magnetic field source using permanent magnets
H. Sakuma
(Utsunomiya Univ.)

(= Y. ») p (a) Pattern 1

AR O K AR A %2 Ve — 7 —BUOK AR A
KEHFIE, BEEORAEIIIBIRNARE T, KAR
AHEBIRIED LI VIEEREDOKG 5SS
ZLENTE DD, AGEE T Z O AR A SR
T, B DR O F 72 535 ) AT RS 4
WEETHDH L EIRT.

> N
0T T 4
> X W

4—

<+

S . CIRC IR
Wik £ B3 i
BF AN FERE LTz 4 RO PIRERL R A Y A4 % 1E - .
oo 8 o ig. 1 Rotation patterns of magnets
FICAZEE LTcn — 7 — AR A5 2 5. WD
FREE A L S DI, WL DD OBEAER N Z — ) Table 1 Angles of magnets
EBEZONDIND, ZOHFTHRED N2 DD/3FZ—2  Pattern MI M2 M3 M4
Z Fig. L ISR T . BGEOFMEZLSEDI2E, 450 1 -0-¢ 6-¢ —-6-¢ 0—¢

WA 2R CAHERZ TS E 5. ZOREAKEE ¢ LT 2 180°+60—¢ 6O-¢ —60—¢ 180°—0—¢
#L, Fig lO¢EEr LTS, SLITHIGOMEZR
TET DRA DR AED Table | DXL 9D 7R2EFRE HND

L, —ODONRTRA—HY TRBLTES. 0, ¢ 12X DF0MIE
DRSO L FIOEE 2 WILAREREICL Y KD
7o, WA OERIL 20 mm, B HOROBEREL 60 mm, #A
DREHBEEIT 1.29T & L7-.

ARER

WREBEORESIZIELLDO R —IZBWWTHOICL -
THFHIZE L Lzn, ¥ —2 1 T ¢ IREER R LT,
WA E O H L Fig. 2 ISRT L I8, ¥ —2 1 TIIFFE
D GITBNTO RN H Y ERCHE S 720, —J, ¥ —
V2IZBWTIIBREEDO F AT ¢ I L TEBY, 0 KT
PEH72. (=0 TIEBRBEEORKRE IR |2V T
FINIEE H720)

lED X oIz, R"¥—r 2 %2HNWBE, BGFOREILSH
B ZEEICHECE 2 2 EAURENT-. 5EE CIXFEEER D
FERLTTTETHD.

ﬁﬁiﬁ 2] (deg)

Fig.2 Direction of magnetic flux density as a function of

Bdirection (deg)

Bdirection (deg)

1) R. Bjerketal., J Magn. Magn. Mater. 322, 3664 (2010)
2) MeARIVERS, HABER TSRS 3, 43 (2019) magnet angle ¢
3) EARIER, HHEH, EX TR~ RT 4 v 7 A EE MAG-18-160 (2018)
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