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0-01 STM/S Observation of Spin-polarized Edge States
on Graphene Zigzag Nanoribbons

A. E. B. AmendA, T. MatsuiA, and Hiroshi FukuyamaA. B
AFukuyama Laboratory, Dept. of Phys., Grad. Sch. of Sci., Univ. of Tokyo, BCRC, Univ. of Tokyo

Graphene, the two-dimensional crystal made from carbon, hosts localized electronic states near the Dirac
point on its zigzag (zz) edges, which can become magnetic on narrow zz nanoribbons (fig. (a)). This is interesting
since carbon materials are normally non-magnetic, and because this could lead to building new spin-polarized
current devices (spintronics). Although theoretically well studied, strong experimental confirmation of the spin-
polarized edge state has long been elusive. A main obstacle is sample fabrication, often samples do not have
precise zz edges or are limited to a certain width.

We developed a hydrogen (H) plasma etching technique that lets us avoid the usual difficulties to fabricate
parallel zz graphene nanoribbons (z-GNR) by producing monatomic hexagonal nanopits with atomically well
aligned zz edges on graphene and graphite (fig. (b)) [1,2]. Here, we report successful confirmation of spin-
polarization on z-GNRs narrower than W = 20 nm on graphite by Scanning Tunneling Microscopy/Spectroscopy
(STM/S) at low temperatures (7> 60 mK). The di/dV spectra (proportional to local density of states) across the z-
GNR shown in (b) reveal multiple peaks at each edge on the z-GNR. This is clearly shown by the d//dV colormap
in fig. (c). The edge spectra, plotted in fig. (d), are depressed between d//dV peaks, forming a peak splitting Ap-
that is inversely proportional to # [3]. This splitting is a special feature of z-GNRs that appears nowhere else,
since outside of z-GNRs zz edges feature a single peak as shown at the bottom of fig. (d).

Magnetic order is not expected if graphene is doped, since the edge states are shifted from the Fermi energy,
thereby not fulfilling the Stoner criterion for ferromagnetic order. To verify our results, we probed z-GNRs on
epitaxial graphene on C-face SiC, that is heavily doped by the substrate, using similar techniques as for graphite.
Here, even on narrow z-GNRs, only single d//dV peaks appear, indicating that there is no spin-polarization on
doped graphene. In conclusion, our study provides clear, new experimental evidence of spin-polarized zz edge
states on z-GNRs.
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Figures: (a) Schematic spin-polarized z-GNR, blue/red representing spin up/down. (b) STM image of a z-
GNR. (c) Height profile and d//dV colormap along white line in (b). (d) dZ/dV curves taken at dots in (b)
(red, blue), and at an isolated zz edge (black) taken from ref.[1].

[1] T. Matsui, et al., J. Phys. Chem. C 123, 22665 (2019); A. Amend, ef al., e-JSSNT 16, 72 (2018).
[2] A. Amend, et al., Jpn. J. Appl. Phys. 58, SIIA13 (2019).
[3] T. Matsui et al., to be published.
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Electrical Transport Properties of the Ferromagnetic Topological

Insulator Sandwich Structure
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[1] C.-Z. Chang et al., Science. 340, 167 (2013). [2] C.-Z. Chang et al., Nat. Mater. 14, 473 (2015). [3] Y. Deng et
al., Science 10.1126/science. aax8156 (2020). [4] K. M. Fijalkowski et al., Phys. Rev. X 10, 011012 (2020).
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Current-spin conversion in Bi-based heterostructures with Dirac-like
band
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MmEHE Yong-Chang Lau #FF5t
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[1] M. DC, R. Grassi, J.-Y. Chen, M. Jamali, D. Reifsnyder Hickey, D. Zhang, Z. Zhao, H. Li, P. Quarterman, Y. Lv,
M. Li, A. Manchon, K. Andre Mkhoyan, T. Low, and J.-P. Wang, Nat. Mat. 17, 800-807 (2018).

[2] N. H. D. Khang, Y. Ueda and P. N. Hai, Nat. Mat. 17, 808-813 (2018).

[3] Y. Fuseya, M. Ogata, and H. Fukuyama, J. Phys. Soc. Jpn. 81, 093704 (2012)

[4] C. Sahin, and M. E. Flatte, Phys. Rev. Lett. 114, 107201 (2015).

[5] T. Fukazawa, H. Kohno, and J. Fujimoto, J. Phys. Soc. Jpn. 86, 094704 (2017).

[6] Z. Chi, Y.-C. Lau, X. Xu, T. Ohkubo, K. Hono, and M. Hayashi, arXiv:1910.12433 (2019)
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Light-induced electron-hole Cooper pair state in semiconductor GaAs
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BT EAFEIN, RICEBBEBFIELy — B ORGSR, SEHREE DEIANT A E v R AL T D W)

oS — RHRRED 4 R ASHE 2220 & L7z MR B R BN S (),

[1] D.G. Fried et al., Phys. Rev. Lett. 81, 3811 (1998).
[2] Y. Murotani et al., Phys. Rev. Lett 123, 197401 (2019).
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Porous Cyanido-Bridged {YbCo2} Assembly Showing
SMM, Luminescent Thermometry, and Proton-Conductivity

Department of Chemistry, School of Science, Sol id-State Physical Chemistry Laboratory
Junhao Wang, Jakub J. Zakrzewski, Michal Heczko, Mikolaj Zychowicz, Kosuke
Nakagawa, Koji Nakabayashi, Barbara Sieklucka, Szymon Chorazy, and Shin—-ichi Ohkoshi

Cyanido-bridged bimetallic assemblies have been proved to be extraordinary candidates for designing
multifunctional magnetic materials. In pursuit of luminescent single molecule magnets (SMMs), our group have
achieved plenty of attractive compounds by introducing lanthanide ions and non-innocent organic ligands into the
cyanido-bridged bimetallic assemblies. Based on these results, the aim of this work is to introduce another
functionality of proton conductivity into such luminescent SMM system, and we successfully prepared compound
(Hs502)2(H)[Yb"!(hmpa)4][Co"'(CN)e]2 0.2H20 (1, hmpa = hexamethylphosphoramide).

Magnetic measurement on 1 revealed the Yb'"'-centered slow magnetic relaxation behavior under the inducing
dc field. Photoluminescence study showed that the UV excitation light could induce the characteristic near IR
emission of Yb'"" ion. Furthermore, the temperature dependent change of the emission peak intensities gave rise to

the ratiometric thermometry effect with high relative thermal sensitivity. In addition, the proton-conductivity was

investigated due to the existence of the H-conductor SMM NIR
Hs0.* ion inside the porous structure. The fr::lrsr:?r:etry

+ € 1
proton-conductivity of 1 is mediated by the H50, ﬂ'.«

— ¢
absorption of water and it showed
conductivity of 1.7 x 10 S-cm™ under the « &
. : . ” | o
highest relative humidity condition (97 % ¢
RH) which classify this compound as 06
’ 10K
superionic  conductor. The activation 97 %RH @ ——300K
-3 (
energy was revealed to be 0.44 eV, o 0.4 5 1 ‘
o . . ¢ ® I
indicating the proton hopping mechanism 5-2- g |||
- I Il
of the conductivity in 1. This compound is ™ 1 / 0.2 ° I
an unprecedented case integrating the 3 ‘H\ ““
o . ol ™ 0.0+ o L
above three functionalities into a 1 23 4 5 1 10 100 1000 900 1000 1100
Z7oQ v/ Hz 21 nm

single-phased material. ] ) .
Figure 1. The crystal structure and functionalities of 1

[1] J. Wang, S. Chorazy, K. Nakabayashi, B. Sieklucka, S. Ohkoshi, J. Mater. Chem. C, 6, 473-481 (2018)
[2] J. Wang, J. J. Zakrzewski, M. Heczko, M. Zychowicz, K. Nakagawa, K. Nakabayashi, B. Sieklucka, S. Chorazy,
S. Ohkoshi, J. Am. Chem. Soc. (2020) https://doi.org/10.1021/jacs.9b13147
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Transformation of hedgehog-lattice and
nonreciprocal resistivity in chiral magnet MnGe

HRAXZFIZFRARRHVEBEIFERR - EFHRE | BILEHRA CENS
Hedr B, '&€F Et, A R

AFFEIL R AR B 2B VRS L XD, FREDBEE TRE ST b Z LIV RSN
b5 —HEOWESHEDEMED —IZHS NI LZb D TH 5,

A TN S A T DMEIRTH D MnGe TiX, 3 DO AEWIEART 2 b AMEOEQE DY
Th D 3QRENERIND, ZHUI~NY VR y THEE &K~y VR v THEED E B L7 1 C
HY ., FARaUIRE SNBSS L o TV D, I MR Y A Ve A Y RSN RETE
%Kﬁbf@%m%k@iﬂéﬁﬁ%@m%%%%ﬁK\_ﬂiF$DVﬁW$~W%%%LLTﬁ%
SND, NNy VR THEE « [~y VIR THEEITRITERS DR E L & RWVIATZITH ST HE S AR—
NMNBLIOKE R—LE LTEEY, [1]

Cubic-3q Rhombohedral-3q
. Hedshor  goR = $e 49
. Structure & & Ty ¢
82 > - e
\‘.__ Anti-hedgehog v o

92

1. ~v Uk v 7+ L Cubic-3g fH/Rhombohedral-3 g fH

ATEIDFER TIE MnGe HLAERE O F AR 1 2 ViR — VIR OB Z E L, (kM b T Zaen
STIED = 7 MG R WA Uiz, 2 ORE A/ M i T BELORE & Il L7, 2o —2 2
Cubic-3q #H/Rhombohedral-3q AHH O SHRIZ ZKIG T 2 Z & AP BT /e > Tz, SRIOFERITZ O
Braris bR T YA OW T, HAHERESORELZE U CTL VISR~ b0 TH L, £
DFER, ~v U v T HEE DB TGRS B O TR LVEAR R b, ZOfRIE, 2ok
SHEEES K& RAREE ) K- b E %) 2 L2 BT TRV | AEEREY (7 208
R~ D = L RIS N,

[1] N. Kanazawa et al., Nat. Commun. 7, 11622 (2016)
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B FHEEE

Quantum transport properties of low carrier density
Dirac semimetal CdsAs: films

ATRRUIRE MEIPER JIKIRE, BIST SEHT
hiEFE A, fTH EE A BR R— A, &k RA G [ 2

ChAs; 1T h AR INNT 4 T v 7 &R LTHMLRTE
V. NV RERICHE D ZIRTEDT 4 T v 7 BEARICE K-S
FoND[, MR IAT 4Ty 7 EERIL MR E DAV
FIKZ D LT D84 72 il a U )V~ BT L
BAORWELE LTHRHENTWAZ LTz, 7= 7 —7
EPEEAI D R R RERIEZFFO Z LRI DTV B[2],

IHNETICER &1L, VAL — P —HERERIE LS vy T T A
INBLERZ ML A B DI LI R 7L Bk i % 8 2 D dh
ZH T2 CdsAsy HEDIFIAFEBILIZ[3,4], ZOIDIZTL THLI
7z CdsAsy WillEIZHOWTIE, ZIRICDOEFIRREZ A I DR
BT HEFHR—LZREB]R. REIREIZH KR T 2B 2615
B AR VIRRE[S] OB & 18 U TN RS SR e Y VR GRS
BRSO FETHEEOMAZED TElz, — 5T, LitOlETE
OB EL T, CdsAsy HIEOX YU TN 1 X108 cm® FREEE,
T2 VNN T 4T 7 B RESBEENCLEW, T4 7> 7 jUEH
BT E TS R 2T 2 2NN EECTH o7, £ TARNF
FTIE, BRDF YT EEOKBOID | sy e sF s — k%
AWz CdsAsy HEIROERZAT 72[6], BRSO RELIZED, 5
X101 cm3 FTOXF YT DO RIERAMEH L N, 3 X104 cm?/Vs
X DBV BBELZA T 5 CdsAsy HIEDOVERAER LIz, 2D X
U THERIL 72 CdsAs Wil Tl LD E IRIEEZ A T 2HEE
FEIE (t > 100 nm) 2BV T, A—/URFHHIEIZIBW T, 2ot
HI72 8 FIRIE DA EZ R T DG MBS IU, ZHUT RS
VT 4T e BOFF LR EIREICH R T 50 0EE 2 b,

U (cm°Ns)

Y
o

—_
o

0.0

(=]
Ll

%]

n (cm™)
1 : fRFA) 72 CdsAsy i D
BABEE &L v ) TEE

N,

T Ll Ll

n=49 x 10"%cm=
1= 31,000 cm?/Vs

=120 nm

1 1

-10 -5

0
B(T)
21 TR B X X —IEIC
TERL L 7= CdsAs, Wi I 1T 5
Byt L OF— VKL,

&0

B

[1] Z. Wang et al., Phys. Rev. B 88, 125427 (2013) [2] Z. K. Liu et al., Nat. Mater. 13, 677 (2014)
[3] M. Uchida et al., Nat. Commun. 8, 2274 (2017) [4] Y. Nakazawa et al., Sci. Rep. 8, 2244 (2018)
[5] S. Nishihaya et al., Nat. Commun. 10, 2564 (2019) [6] Y. Nakazawa et al., APL Mater. 7, 071109 (2019)
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B —EEZLDOnEE LU p B Feiim [11-Vik@REELREKE
AT OEE-BEXRGEEEREANRE T — FEEIC L SHIE -
BOMNT L. LTV IT7A0N TR by L2 Ty b Lung 3, HBHRA!?
RRAZIZRMRR L A—F I UHAFEHEKRE 2, RRIEXRFIZR
High-Curie-temperature n-type and p-type Fe-doped I11-V ferromagnetic semiconductors and
heterostructures — Giant proximity magnetoresistance and control by gate voltage

°Kosuke Takiguchi', Le Duc Anh?, Nguyen Thanh Tu®?, Pham Nam Hai'?, and Masaaki Tanaka*
The Univ. of Tokyo !, Ho-Chi Minh City University of Pedagogy?, Tokyo Inst. Tech.?

EWF 2 U —iE (To) 2F 7 D@t -8 (Ferromagnetic semiconductor, FMS) (A &
Y hu=7 AT ST TRIPERVHETH D, ZHE TMEINNIN-V S
IZ L DFEMSS Z OFFSEBFDO FICTH - 7223, pPR ULIVFE LR (A TE720), =2
—IRETNEREZBZRNE W BEENR S 572, AL TIE, v v TNV EERIC
Fez N L7285 LWFMS ((In,Fe)As, (Ga,Fe)Sh, (In,Fe)As) & ZD~T7 &z >\ TE 3
2o W-VEEERFNZERMN U 7ZFelZNUl CHIEY A FE2@E X2 5 &R & 72D DT,
WtEL X U7 XA T EMSITHIERTRE & 72 D, T2 IFMRE D T =X F v —IkIc L - Tp
A FMS ((Ga,Fe)Sb [1], (Al,Fe)Sb [2]). n® FMS ((In,Fe)As [3], (In,Fe)Sb [4]) #EH T+ 25 Z &
IZRTh LT, FeiRINFMSIZIS 1T D FFRITFe D UINEICK L, TeAHERICIE KT 52 L Th D,
Fo. BHIFENSRS R DIEETORRE L RDBARH Y . Z OFERIZ S Zenert 7 L
(Fig. D TIFAMATE T, HioET AERELTOD[4], R EOT S L5 FelR X
1% (Gawx,Fe)Sb IR\ T 23% [1].  (InuxFe)Shic U T16% [4]TH V. T /31 ZISHICHT
THERBERIGEONIZEWR D,

ZOED RFeMFMSZ Ve @ B (b)
FuES AL, F LRSS " o’ 400
B (magnetoresistance, MR) % R L ¢ 350 i

72[5,6], AEEIE TIIARC, Hikxm7ep
FUBR R -5 (K (Ga,Fe)Sh (20% Fe, Tc
> 300 K)IZRERE L 7= FEREMENT InAs B
FHFIZBITAMRIZOWTHET S

o 300 s i petiire ™%
= 250 i *
2 200 - o
150 L

100 &+ (In,Fe)Sb

n’
.

o
| R4

(Ga,Fe)Sb 3nm

Z DR T, FERENEINAST v RV D3N E 50k .A'- (In,Fe)As
5 T CREZ72MRLE (80%) %7/~ O.OL.;:f-.'&;".'f . 1(,(53.3725)535
&R 7 — MEIEIC LY MRIEZ10 (I | S

U FEEFTE D, ZDOA =X LIT

InAs/(Ga,Fe)Sb SR i IZ 35 1T % s-d 23 #L
FEAEAER 20 U7z OB KGR 3250 2R
(magnetic proximity effect, MPE) (Z K&

i. 1 (a) Fe #sh0 HI-V &R -5 (K (Ga,Fe)Sh,
(In,Fe)As, (In,Fe)Sb O EA A1 % 1 P SEIC X
LW s 1%, (b) (InnxFeq)Shb, (InixFex)As,

DB 5 E & AL MRS (Garx,Fe)Sh IZF1T 5 Tc @ Fe 12JE x {K1FM:,

fiftT9 2% Z Ll k0, FEREINASE T

HEICHEEEIND A RN — NEIEIZED0.17 meVhr5H3.8 meV FTEMTE L &
o LIZ[7, Ziudsy— MEE BT X B AR oEFx v U 7 OREIRE
DONLEZ BN L, WEIRE OB EE~DRAH LORESEZHELEZZ L1220 THD,
ZOREERWD Z LT, GBEIEOIEMMEERICER 2T L £ ERAN 7RSS & S
LB TX %, ZDX ) BRFelIFMSZ W=7 34 Z1CBIT 58 L WSS ST, &
HROAE L hr =7 AT A ZADOFHERE L L TR DOA[EEMENR H 5,

BiEE Rl 7R B B4 (No. 16H02095, No. 17H04922, No. 18H05345), CREST of JST (No.
JPMICR1777), Spin-RNJ ® 42 (&4 5,

References: [1] N. T. Tu et al., APL 108, 192401 (2016). [2] L. D. Anh et al., APL 107, 232405
(2015). [3] P. N. Hai et al., APL 101, 182403 (2012). [4] N. T. Tu et al., APEX 11, 063005 (2018).
[5] L. D. Anh et al., Nat. Commun. 7, 13810 (2016). [6] L. D. Anh et al,, APL 112, 102402 (2018).
[7] K. Takiguchi, L. D. Anh et al., Nature Phys. 15, 1134 (2019).
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GaAs BFRE LD Bi SR D% P #E R
Transport properties of bismuth thin films on cleaved GaAs surfaces

under magnetic field

BZRMRN MEFER MARMRE
FEE AL AR

C A ANG M BRSPS R R L, x ORENZYMEZRT I L TSN TWAYWETH 255, @
WO AR B YA IAERER T 4 Ty 7 a—VRE 1] 2FD L WS FHEARINT WS X512, FEFICHERE N
IR TH 5, Fx DIFEETIE GaAs DERIZ X > TR VAV TEHZZEBNF SN D Z & 2FAH L TRIZE
JBHEE R EOMFERIT > TV A D (2, 3], AR TIE Z OFEAMi %25 U T GaAs(110) L2 Bi @iE%2/ER L, X
(ZERE %2175 720

AWFZE TR, WY T Bl 2 2m&E L TH 5 300K TEMHE L7z, ZNIZX W RRAEDEG L3R LD, =X
FTEDEWT Z v b2 1.8nm BHEEEZFETE L2 EZ NS, BEECTEREMRSZHMLZE 25, NAKITIIX
53% (9T) DIEDHMAIETRVBEP I N2 000 6T, F—IVIEFUIIER /NS o 72 (K 1(a), (b)), /NIL
70 Bi LHEBIESBRENERINTVWEEEZOSNED, F—VEFINIFLALHbHI NS -0ICE, BT
LIEADBER T TR R BEESEWMIEZ S OBELNH B, £, M 1(a), (b) DFRIC DWW TUSZEE F LT
E2749 T4V %f75 . BT LEAOBEER n[108em2)=34 $ L0 2.9, BEEIF u[102cm?/Vs|=7.5 B &
U84 ZNFNEWVMEN G SNz, WIVIDEARATIIET L EAOANEENRL S0, NS RnwE—)L
EHPBR SN Z L LITHRNTH B, Fx DRE KPR EREOHMRIEIIRNE & /N T 2R —VEFUE, (K%
BESI 7 VDORTHBUINTVWE 4], T4 7 v 27 I—URHRLDRTHEEINTWD LT, AHAIKT
VUYL ST T IV IZRINF =BT 4 Iy 7 EMETES S I TEF L EAD N RNADREEINDE D, Z0
EFL B ICE > THRBIERE F<HBT2Z 2N TED (X 1(a) SEELHR).

AFERTIEI ST, 44 VA DEME-TFST # W2 EBHRME N 7 > VA& (FET) 12 &% Bi MO ELKEE
EMEDZEIZDOWT HIRET B,

190

(a) " eh pud&le model - - - - - /| (b) (C)
~' 180 - e-h parallel conduction model d
G — Ll
T S S
Q 170 e 2
[9]
c s} o
S 160 - S c
o 3 3
B o150k 0 ]
[o) [0} 0
£ o 4
g 140 | = / =
©
S 130f _ T 4, L6K T
pob==” o o oal o . ‘ e
0 1 2 3 4 5 6 7 8 9 0O 1 2 3 4 5 6 7 8 9 “0 1 2 3 4 5 6 7 8 9
magnetic field[T] magnetic field[T] magnetic field[T]

X1 300K T 100 43 MR L 7 1.8nm Bi @@ AR O, (a) : ¥ — MEPL (b) 1 h—)VIEPIO B EBIGHKT
P, BERIE2F Y ) THIEEETFTVICEE T 1y T4 VI OfER, (a) ORFRIZE T EA S RLVETIWIC &
5714971 VI ORR, (c): 1A VK DEME-TFSI 2 i\ 7z FET THMUL72&7 — MEEICHT 5. Bi
HBHEE O R — VIO Z L, BARIE 2 F v ) TUFEEET VLD 71 v T 1 V7 DRER,

[1] G. Bian et al, Phys. Rev. B 90, 195409 (2014).

[2] T. Sekihara et al, Phys. Rev. Lett. 111, 057005 (2013).
[3] M. Niwata ef al, Phys. Rev. Lett. 119, 257001 (2017).
[4] G. Song et al, Commun. Phys. 2, 65 (2019).

[5] V. Guttal et al, Phys. Rev. B 71, 201304 (2005).
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LS/jj #5& DB TIRN B A2TMCls(A = K, Cs; TM = Ru, Os) &
excitonic B¢ DIFER
LS/jj coupling scheme study on A2TMCls(A = K, Cs; TM = Ru, Os) and
exploration of excitonic magnetism

HRAXEXRZEEZAMRHDEZEREAK LI, TYIRTSVOHRHs
MBR#E, dLJIMBKER,, BARKH. s

Rus® Osa+ & W o 72 d 4 FBFR TIHIBERFENMED 720 Van Vieck WREMEZ RT Z L BB TV DA,
ZOWHETIE Hund A Jn & AV VELEMBE/ERA L 0BGk, LS/jj Ao b b Tl SN s i
RESNTND, Fix DFEH L2 ATMCle(A = K, Cs; T™M = Ru, 0s) IO MEEE HH (FRE) ., %f
FRIEDS B < B N M TH L Z LD, 20 ATMCLe 8 LS/jjfEBn b L Ttk &N nEH b
MZTDHON1T>EHOEBTH D,

Ho—DODORERAME LT excitonic BMEDEBAZHEIT 5, excitonic Bk E 1, LS FEAICHBWT
WEPE IR OB A AR ALAER 23 2 & BLEF EAEFIC R TR E WA, FEREMED Jor=0 7 O REVEZ FF
D Jeer=1 ~OFHEDB ORI T~ ROV | a2 8l L PRI TS D TH L [1], T
B2 8 % &K 912 Ke0sCle Tl Van Vleck FRENE 2 KT 1T 2 7 & 2 Wb =25 HBL L, 330K D&l IC 72 -
THBAERE O 372 < FEBGTME A PR > TV D D3, KRuCle TILEIRDOBALFE DD 0N E Jerr=1 ~DJhEE 3
FET 2 2 ERbNY | E KR TORILE O 235 excitonic MMEDIkEE FHAIMD Z LN TE D,
Z DX DT AIMCL6 IZ331F D excitonic BaMEZBRIET D —F, EJ172 EONHNT A—F—|2 LD
excitonic WEDEBIZ OV T HiEmT D,

80

&
S

K20sCl6

K2RuCl6 —- ’g {
NO! 2 3"\
= 60 ; sl \_M——
£ w % n
2 0 50 100 150
E gl Ao T e
S 3
b3
< 207
b
1 10
= @ A(K Cs) 0
0 50 100 150 200 250 300
H 2 ® TM(Ru, Os)
cubic (Fm3m) o o oy

[1]Giniyat Khaliullin, PRL 111,88 197201 (2013)
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BEMNG 2 RTARY DRICETHERS & ZMBFEFOTREMNE

Possible Coexistence between Superfluidity and Spatial Order
in an Ideal Tow-Dimensional Bosonic System

HERRPRH - PEFEY - BUHFRE ', EERFRRES— - AEFIRAEM °.
BEERFHRL S — - RFAREMC
Fhx B4, FH B WA RAHEA EL BAC

He JRFITMKIR T 7 7 7 A MEMICHEF G320 L, AR 2 WorkE2 BT 5, Wi 2
J&H OB & *He TIX, HNEE ORI & I RSHFA A - Hr A & CH—ER & T 5
2 (), FROBFEFHITE SR B Eomn - TBFiEs (QLC) ) TH D alhetksitt
BREMN DM ESN TV D, %ﬂkﬁfﬁ<\ﬁf@@ﬁ®mbﬂﬁw%%@ﬂi3%mKuTT
WMELHE L JE L CRENE DBl S TS 2], B L QLC M 2 WIXEMESEREM 2R3 O TH
AU, BIRER OB ER R E L W o T aT R B FIRENEI L TV D 2 Ltk d, Ll ki
VPEET B R~y OENERBRIC L > TR D120, REOBERr—LOREENRKE L
E O EIREIE Z /R T D FEMIT 523278 > T2,

oz 1T AR CIERR L7 2 8 H “He . Wi Wi

RENTH LT RIS % 4 ol iouid Qe e < Rl
IS TR 5 LY T
Lo ammMETsHEmomEN | |, S| o SN
ERD DT RBBEOTEE | E [ e e

B coROERBEREN<T S| ] T como g1

%o EBRTHLERATHCHY . I 002 005 07 05

F TITRIEIEAFARD & —RIRAR IS ok o—e .T - ,

T CTORIEDE T LA, Cormell K 12 | 14 | 6 | s ' 20 ‘ 22

“He areal density: p(nm™)

DOFER & LS PTIE D BB &

nNTV5 (J), ZHUTE > T, FFA 7 — /L TREHEARREICWE L2 BIR B IR R *He 23 HEITTEIE %
T ERWID THEE LTz, Z OO EEIE CIEKTROBRE N 09K 2 B — 7 [ZBH SN TE Y [1].
ZADNEHE O KT #88 ThHUT 0.7 KT KR E REREEEOROPBH SN DITTTH L, L2A
PFRABNZR U7z & 52 8L S 72 8RB S FE 13K 200 mK LA R CHRLEE O b B L Chatfse A I 1Y
ME% L0 RFERIRDEENE BE TS, BHE, QLC H L IEIZ A THIE Z#H4T L T\ 5,

[1] S. Nakamura et al., Phys. Rev. B 94, 180501 (2016).
[2] P.A. Crowell and J.D. Reppy, Phys. Rev. B 53, 2701 (1996); Y. Shibayama et al., J. Phys.: Conf. Ser. 150,

032096 (2009); J. Nyéki et al., Nature Physics 13, 455 (2017).
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Ry —IV MFBEE~Y T Xy NORR

Development of a Shielded Superconducting Magnet
for Compact and Continuous Nuclear Demagnetization Refrigerator
MERRIZEMREY 4 —. PEZFRMARYEFER
A MIEAB FH A WIILEAB Bl BEAB

A, NARB Y ANVYIEOMSE R N THRICHER I NS X EREHEOWHIR Y, a2 aBHcB\nT
HHREBREE FOERPEA TN T WS, TI T, Hxld, JIEEMOIEEMFIZE I HVBAES
T, BFOFERSHBEIZ T O F FHMTE 21/ 1 mK FBE ¥ TOBKIRE 2 @i ETE
% /NRLEGE G T B EAR HEE (CNDR) 2B L TW5 [1], CNDR X220 PrNig AT —Y % 220
B2y FCEGEHR L -BETHY (M1), ZOERIZIE, WINE /N CEMERER (1) A1 v T
(2) BB RM CTHREER S N/ BEE Y 7 2y b, (3)PrNis AT — YV ORRENBETH 5,

SEBIFE L7 (2) BEEY 27 % v MIEA 4 mm O ER#EM FeCoV THEbLN, MFERIN TS
2], B> I 2L —2avildb, 6 ADERZIRT EHEKRES 1.3 T 2R EL, DY —)L KOATIE
RN I mT A FNIZEET 22 ebhrolz, ZOMRE2E &I1Z, BEEE~ T2y N ERG - 8EL.
WA FRMEZR T2 25, YIalb—Yarve i —HT3EEMESNE (K2),

BEGHRRIREIZ 1, BEEROBS e AT ) ¥ AR L 2 HKED D 5, MPMS THIE U 72 B{REAR D
K ATV AR (K3) 7o, MERIEE 1 mT/s DE&A, 11270 (0512T —=0) H72HD
BB 7 3y N 2RORIEEEIL 248 m] & PRI NG, EBITHRAREZE L /2L 25 226422 m)]
b, MAEOHIMETTRELE —~H U7z, 1 mT/s OHE TG Z 5] L7256 ORBRITE VTV
+ yW DT, FIRBEBED still #HiM BT 1 — %25 2 & CTHMEES 7 %y POIREZ 0.8 K (2H
FdoZenTE, BEBEYITXY MDROBAT—INOBIENEZNZ 5 LN TE S,

200 % - 0.05
Mixing Chamber (15 30 mK) \ '8

| <1 hE ~. AN
K 100 | shieldtop = TSwmy S0,
i < - iy & -—
i <] A S
| | 1|
! c 0 || solenoid ! = 0 \ A
i ~ l | 3 | \
! . E
E -100 |-shield bottom __—— _ & = —
| -200 - ‘
| 10 0054 05 1
A MK B(T)

1. CNDR O#RK 2. MUZE < 7 Ry N OES 3. BEEMOBEK AT Y VA

[1] R. Toda et al., J. Phys.: Conf. Ser. 969, 012093 (2018).
[2] S. Takimoto et al., J. Low Temp. Phys. (2020). DOI 10.1007/s10909-019-02331-2.
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EvJRE—FZAL:
SR L MEBIRE K Bi2Sr2CaCu20sx [T E 1T 5 BIREWP 5 FDOEH
Observation of the superconducting fluctuation in cuprate

superconductors Bi2Sr2CaCu20s+x by the Higgs mode
ABZRMAEE - MEFER - BEHRE. B EXEEEYERHFERT.
CRYKRE, PEREBERZEHEEF—
BR. 1EX A, Z. Z. Li®, H. Raffy®, Y. Gallais€, 5% 35AP

FR B SRV TR, BIEEORERER Th 2 8BInE O b ENEUREEEBIRE T LV I
AR DAEL L EEBRE O RBREERI OB G T T~ (THz) B HCR O Se AR ]
ERMAPESRICE TN EBERERTFIECL > TGN TE -, LhL, BEEDLEDF v+
> MRE Tonset |1ZEBRFIEZT LIZHER Y | H—MRBRITVELZE LN TR, ZTO X5, ITiE,
HRZEI IS 2 Xt D B BRI W BT 5 BIRER T AR ORIEOEREE— R ThodE ¥
JAE— ROBRNFFE L 72 o T&E 7o, Bl 2 X5 BB R 5 K NON[1] 08 2 b ) 8 15 38 K
Bi2Sr,CaCu0s(BSCCO)NNZ B W T EFRE THz 7V A Z WA U7 - 7o —7 53000 = maiii s
Lo T v 72— FOBAIN2ENTWD, & v 7 2E— NIBREORKFER 2 BRI 2
HEHETHDLZ LD, Towa ZIRET DN 72 FUEL 700 9 5, &2 THAIL, EIRE THz /LA
CEV ey 7 2E—REFHR L, £ OREKRFIEDOTFEMRMEDN D Tone DIREZ B LT,

’E L Lz DIEARE K—7(UD76) L%l K —7(0D67)7 BSCCO #FECH v | miE THz /L
R EBHIIGT L, Sl SN/ Z A T 17 ARSIV A DS FREA AR/R %8 L CTHIE L7z,
AR/R \Z1% THz Y IE O 2 RITIEBHE L TIREN I 215 5k m Bl S v (THz U —%2hR) . £ DIRE DR
R AN RORIZ R T D IEE(T )T 1R T L DI Te £V 10-30K V2 & 3o 7=, SEATHFZE[2]0 6
THz #—%hFiFe v 7 AE— RIZHKTHEEZLNDH T D, T ITBEEOHaE— L 2 AN
RETHERELEBEZOND, ZOMREHEID D720, THz JEREH ONAAREERIEIC L - Tl
L N, il 5 &L 2 DOESL F—7PREDGEHZ BN T T I Ny DA & v MEE LN —E

L7z 50T, THZ =W REZIT T L0 &2 SR E THEAF L, X VIR TIRE RS 6 b |k
WD ENDhoTn, RETIEZ OEIRICET DIES) & R 72 7 — /R—% Rk & OREIZ S\ T, #

B DIEFL R —7E D BSCCO HifkshabeHo B 25 R[2] & b Cigind 5.
(a) .

T T T T T

1.

T T
T T T T —

Temperature (K)

Temperature (K)

THz 71— MG 5 OIFERAFNE GR#R) . T 13 THz B —20R1E 5 DI X % 2 B
) DL ERYNBERL, RIEEIRICIT D THz I —FRAE 5 DLH B0 2 HiEFR LTz,

[1] R. Matsunaga et al., Science 345, 1145 (2014).

- b T [
‘ué) LoF 2z o2p ( )1-0‘ gz 015 e s ® 3)
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[2] K. Katsumi ef al., Phys. Rev. Lett. 120, 117001 (2018).
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P—OG 7—_ 3 /\)I/\\/ 5&?‘%%%&%%1_ 2 {7_]: FeSeo_5Teo_5 O)
RN IARE

Photo-excited state of iron-based superconductor FeSej5Te 5
probed by terahertz wave
ARFRIARR - MEBEER - BHEARE. BJ7UTrvy 2 IAOYET K,
CHRAEXEARBIAERIZEY - gIEARE. PEERZHAR LY 5 — - HRERIF
L FIE A T mEA. Wong, Jeremy B B5R BARA. BE BRI C. BT MR C.
WS L6 C. BIH RAIC. 58 =AP

2006 fEICFE N S L7 BREIR LA (FeSCs) (ZHBRILYIR 1CHt < IR EMATH D, BifE S 2 Did
{REFE BB DRI % H 8 IR DS I Thb 1t T\ 2. FeSCs (X STHINR iR E I )G U TR mE
M, BRI, % 72 B FI0E QRSN TEME T T 282~ T4 v 7B EOEMERFZRL, T
5 IRFFEI OB 2 Bl § 2 Z & S S BIRERERI D 72 0 F 7B EIEIRE T, O X D HeEO
Rt DT DICHETH S LEZ SN TS, FeSCs DHFTYH FeSe (HHETTT. ~8K) 3E T F—7"PHE
FHIMZ X b T, 240 K FLEE £ CEIMIC ER L, BHI2 SrTiOs FICHEICEE L 72821213 T, > 60 K D
HLH LI EDPHHEHEZED TS, FeSCs D% X T AR — VN Y R M BICE TN Y 2R
WEESETH 505, 0K ODBBIREZ R TR TIZ T HOR— LNV F7 2L 3 LLVEUFIZHA
TLATPEHESNTEY, 72V IHO b FuY =L T, o REH I Tw 3 (1, 2.
TAZEERICE ) F v ) PEEZRMIEBICD T, ERT2 2 E2F L, BEEX v v 7221
F—RBREONT TR X— (~meV) ZFfO 7T 7~V YR HOTR Yy 7270 — 75612 L D FeSep 5Teg 5
2B B NEFHLIEERIRIEZ JH 7. RIS (T, = 14K) LT OWRE 4.5 K T, WA OV 2 % BHE L
7-BEDNAAREEE DA 2 JIE U 7o fi S, BB AT 2 B3 2 A8 R Im (o) (o< 1/w) A3GHUR
B 1ps BEICE VTN 2282 B L 72 (X). X 72BEEMARICE VT Higgs €— F EMFIEN S

WIRERFZBDOIRIEE — FICHR L TT 7LV 5 19 I
SRS T U T ORISR L CEEEBIEE, o fﬁ?ég_—g{jgg_

THG), 2 ERBOBEEKRTE IS 70—7 § 4 oumpan
LEnTLS [ A EREGEORKS SO THG 2B S e |
U7, S E om0 s 2

7z L [A U REEGEIR © THG O S 4, 25D E’ ol

HIE &6 52k T OIS X 2 @8R D8 EDs 0 ! . | i .

o o 1 2 3 4 5 6
ARSI NI Photon Energy (meV)

[1] Y. Miyata et al., Nat. Mater. 14, 775 (2015). AR 4.5K, &> 7-71 — 7RI
2] X. Shi et al., Nat. Commun. 8, 14988 (2017). (tpp) 1.5 ps IS & 2P FAARBEERE T (7K
[3] R. Matsunaga et al., Science 345, 1145 (2014). ). AR PEMREE CONABEE 2R (AR
[4]

4] H. Chu et al., arXiv:1901.06675 [cond-mat] (2019). 17K (WZEIRAE), F: 4.5K (BIEEIRGE)).
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T IANIVYEMEIZ & 5 COW ¥ME 3R-TaSe, DAFFEAAER
Photo-induced phase transition by terahertz-wave excitation
in CDW material 3R-TaSe,

BRELURE EFER BEHHRE, IFRWRHE DEIZFER BERRE?
EEE CENS’, EERNFMREL 22— BRBARIMMA*
BEBXE' SNEE, RESHE., BHER’ PBER’ SE&EY, BER"

BEBAR A A T3/ A K (Transition Metal Dichalcogenides, TMD)iZ (k&2 & 0 | KK THR
KB OB LR (CDW) &5 B 2 RO N S5 AFET 5, COW (X, KO I ER Sy
NP D X5 MR iEEEZ L D 7 2L EICCDOW v v P EEEN S =R X —F v v 7B <
TENEMTH D, DX D RWER T, KB K o TR RELT 5 RS O
TEPEFERZEHOTND, Iz, 1T-TaS, TEF v v V=R FXF—Z @2 2 =RV F—% 6 Olif
EXZEHWTEFREZBE LK 0Tz —5ET 2 L2 Lo TEERBIZIZ RV LWL EZR
CDW HEN LT 5 2 L BAHE SN TWAD[L], — T, OWERTITE meV FBREO/NI VWX
NF—ZFFOT T~V A O T EFH SR b #E STV 5 25[2]. CDW RIZHEW TITARTZZ OB
HBENER N, & 2 TAMFFETIX, CDW fi% 759 TMD T % 3R-TaSe, iV C, EHRET 7~
BEHAWTMHEEEBNE LTT IANVY R T - T Iy T a—T 0% e{To7-, KT T T~
VN KD ERICRERBIEZ ST C e —T T T ANV EEFBRIEDH Z L TT TV OIHR
B DRFRIFE R 2 HIE LT,

MR L7=DiE, COW ARIZH 5 43 KIZBWTT 7~ L i 2.
V(AT RF—1.31 WemdFEhiEE% 0.4 ps 12T 5, S I
PHERRAED O O F N FAREE D A5y Th 5, 10 meV LA T
DI PAREEFELD AL "y =4 3 10 meV BLEoD
TR —ANZT T b L, FAUTKHS LT ES P RE
FEREESAY 10 meV (23 T M & FF IR 2 ZE VA L &
Nz ZTDOEH AT UL COW ¥ % v 7 o iR
IRANRY MVIBIR AR L TERD | &L/ CDW(HCDW)MH D 0 5 10 15 20
HBLEZ R LT D, SOIZ, B PEEHECS A7 Photon energy (meV)

4.3 K, THz pump 0 o0,
O oo,

1 -1
cm

50 (x10° Q

A% W5 LRIET— RN &R CIREEOREEES BN S X, 4.3 K 2B 57 5~V ¥k
720 ZHUX HCDW ¥ v » 7R B EHRRAED COW IRIEE 0.4 ps 1% OFEHRREED & DI FmiE
— ROWEEEAHBE L TWAH Z L ZRIBL TS, EDEE (do1) LOEE (603) .

[1] L. Stojchevska et al., Science 344, 177(2014)
[2] X. Li et al, Science 364, 6445(2019)
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FKNRSA M)V IRBEEEZERREEZRAV-DFNARLROFERE
Development of Mid-Infrared Light Source Using Optical Parametric
Process and Differential Frequency Generation

HEZRAMREHMEFEY - BEMRE'. EEMFWRtE 52— - BIRFASREHM°
EEHEFE . BREXN BBx"’

350 um O EZE b OBRIZITF IR L KT, WL E T T~ S0 R O RAER IS AL E
Do ZOHHRIMEBR OB OV ZNFITEBRE RN G L Z L RE DM I LA LW b, [F
RO YEHERREDFFTRIZ RO TR REEER Ch o7z, £DO—H T, ZOHRIMERIZIIEE % 728
BDOT7F ) ORINE—7 BIFET D20, BIRTONTET + /) & B 25 2 & CFE#EpRE T
AONR VR IEE N T 5 Z AR SO RER T H 5, Hil 2 XS LB R8 Ak o —f
Td 5 YBarCuzOess (TR 15 pum OHRISEZRSTT 5 2 & T, WRBIREM LT o8 mEOMENR AL
NDEZEPRESNTEY[1,2], FREE AW EHEBEEO /RN RIS TN D, ITHER
AMAAT TR R L TV D EIRICEK T 2 7 m y RIBEBUC L > THHERQERMHENR S 2> TV 5,

A lEFR 2 X ARSI X D ERO Y EREDIRE D 7=, TIRONEIE TIEm 12155 2 L 0nEEL
2o7c 10 pm Z 2 2 R ECH R AT R RN SV ZORIRZ B LT, AR DI AEIT NN T
AN w7 BEE L ZEERRAEL VD 2 ODBBENL 2D, T A R v ZHEETIR, R 70N
TRNAX—% VTFAN T A RT—HEMIND 2 DOHDON T =R N X —ITHET 5, SEIER
YN E LTHEE 800nm, XU — 2W, #t0 K UJEREE 1 kHz OV A L—HF—HEHW\ e, VT
ZEWRAETIE, VTN ET A RT—HE IR Wavslangtn )

FEAHICAST L, 20T RV F—DEITHY T 5 H 201816 14 12 10 6
FANERAESED, KT A R Y v 7 BRTHAT > T
LITFINN e TART—HOWREEINIERSD &
T, ZFERBETHE LN P RISEDOW E AT 5

ZEmTE S,
B L7 IR CREREBRICA DT RA D AT |
. . 15 20 25 30 35 40 45 50
NVEENZRT, PR EIL 7-17 um OFIPH CTRIZAE T Frequency (THz)

boe PR 15um T 2 OBESELNTY g pagg L= Sio 222 M Ofl, LSt
Bo ARIIBHF LR Z W, S b i s LT LT 4y N EOLEN R AT
(RO TR R RE D YEFHIE , FRIABIE R D T

7 u R OBLIZAT O GHETH 5,

[1] D. Fausti et al., Science 331 189-191 (2011)
[2] W. Hu et al., Nat. Mat. 13 705-711 (2014)
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P-09
Photoinduced Inverse Spin Hall effect on Bi>Ses thin film

Di Fan*, Rei Hobara, Ryota Akiyama, and Shuji Hasegawa
School of Science, Department of Physics, University of Tokyo

As well as the ferromagnetic materials, materials with strong spin-orbit coupling
(SOC), such as Rashba type materials and topological insulators, are promising for
spintronic devices since they have spin-split bands without external magnetic field.
Spin injection and detection can be realized by Inverse Spin Hall Effect (ISHE) due to
the strong SOC. Some researchers use a laser to excite the spin in topological insulators
and measure it through electrical measurement setups [1]. The optical method is
contact-free and causes no damage to the material compared with the electrical one.
Besides, the spin injection rate is far larger than that of the electrical way.

As presented in the previous report [2], the direction of the photocurrent flow is
related with the helicity of the circularly polarized light that shines the ample obliquely
to inject in-plane spin. Depending on the helicity, the excitation of the electrons is not
equivalent between those of the two directions of spin due to the requirement of angular
momentum conservation. Due to the spin-momentum locking, then, the photocurrent
flows in one direction with spin polarization (circular photogalvanic effect, CPGE).

In this study, we fabricated the topological insulator thin film of Bi>Ses on Si(111)
by molecular beam epitaxy. The infrared laser of A=1550 nm was irradiated vertically
on the sample to inject out-of-plane spin, and the electrical photocurrent was measured
with electrodes clamping the sample at the both ends [3]. The laser-spot-position
dependence of the measured photocurrent is shown in Fig. 1(a). The sign of the
photocurrent at two edges is opposite, and there almost no current detected at the sample
center. This is not the CPGE mentioned above. Figure 1(b) shows the simulation result
based on the inverse spin Hall effect (ISHE) by injection of pure spin, showing that an
electrical diploe is generated at the laser spot position at the sample edge and a finite
potential difference appears across the sample; pure spin current flows out from the
laser spot position which is then converted to the charge current.

(@) os
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Electric Potential (a.u.)

ISHE(pA)
o

-0.10

-0.15F

| 1 1 I 1 Y B

1
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Spot position (mm)

Figure 1 (a) Laser-spot-position dependence of the measured photocurrent. (b) Simulation result based
on the photoinduced inverse spin Hall effect.

References

[1] P. Deorani, ef al., Phys. Rev. B 90, 9 (2014).[2] J. W. Mclver, et al., Nature
nanotech. 7, 96 (2012). [3] D. Fan et al., arXiv 1809.08063 (2018).
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P-10
FRERBEEREZNO-S)DERFTWART v IILELE

Spatial fluctuation in conduction band minimum of amorphous zinc
oxysulfide (ZNO1-xSx).
RAKRFEPRMRMLFER BHECFHARE
T3 BA. K B, EH B RA) Gt

[ 5] a-IGZO IZRESNDHIEEE LD LR (AOS) I, AR T AR E TRV E BB (>10 cm? V!
SHERTZENDLE AT AAAISHASN TS, LrL, A0S DL i%ﬁ/}\jﬁ—;ﬁf?ﬁé In ZA&RoTRELTH
To7=3b LA ITLFE D BIDIR BB B ORZE D ED LN TS, Tz 1Tikilr. FEMRE AL SR (a-Zn0S) )3
a-1GZO LRIREDOBENE L~ n BREEKRTHHZ L2 WA L], @awmw&%m%m DEET =A
AEEW T ARG FUH(CBM)MWNHE— I F 420 s #{L1E T IR SILDT2DIZ CBM DZERIFI/RFELE N
/IS, AOS EEEARTBENE R R <7D ATREMEA RIS AL TV D [2], ABFSETIX, ZORGRAMRRET 5729, a-
ZnOS IO WL ED IR R E M % R —a L — L a BT T LB KO RFT L 7=,

[EBRTFik] VAL —H—HERREE VT ZnO BERS AL ZnS BEfs 1A% 52

=
T
1

-1

HICT 7 L—vad B2 LTIMBATAMM 1T azn0S MEEEIERL 5 | v

720 YT B (VAR OB L I COR AN =— e s S| .

AL BEIRETREILE X RETIEIC OB, A £ 1),

JEE (o)1 4 ¥ T-HIE | nel DC (ne>10" em3) & LT AC (ne<10Y em3)Rk—/L &

BRI LRI, B R
1000/T(K")

[RER] B 1 SR EDIR AR AFIEZ 2R T ne 23R/ NS 7 (sample g 1. Temperature
#1, 5x10% cm3@300K) 13, UT DRIKIZHEST ne & 0 BEBITHATHIE  gependence of ne and o of the
PRI D 2B AR LTz, — 77, ne A% 10%cm 2 B #iffi(sample #2, #3) TlZ. e 2.7n0S  thin films  with
TR S IRFTRAFE T 0 OHRDMEIR TR LTz, ZORDINEL B 2% various ne. Solid lines denote
BESREOE D, ZERIRRPDEICISRT L v VERELOBIRDF  fitting curves.
RETHHELTHETE S, TNODMRERAMENG R /N T RIEICLY a- o
2008 DEF L A M HRED THIES g0 LEUERE 0y 2ROFEZS, a- " [ 35

0.10

IGZO LIZIERIL Th-7- (K 2), T70b5H  CBM ARHL—HF A4 ChERk S °

(eV)

% 0.08 (;

BLAMMIMELE NS ADEVHERIL aZn0S IS TEESANS  £2 wol o
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Fig. 2. Barrier height of the a-

[3§52] AC F—/L 20 Bl 1L AL FERR O MK E e B2 . P HEBy%  ZnOS and a-1GZO thin films
WS INTZI2 W, ARSI R 16H06438, 16H06441, 18H02054  evaluated based on percolation
DR OH EFEME LTz, conduction model.

[1] Adv. Electron. Mater. 6, 1900602 (2020). [2] Sci. Rep. 3, 1459 (2013). [3] Appl. Phys. Lett. 96, 122103 (2010).
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VEYDIDALT 4 FELUVL 7= FEMAFEAL:
ERABEZEIT SA-_TERERF
Three-dimensional bimetal assemblies

constructed using dipyridyl-disulfide and cyanide ligands

BERURE LFEX KBHRE
EEH KX /bpE Bth )M KA B Bih B B- K R

T BTG RS IR, BB A A RENL 17 & ORESSE
THEBRRT 52 LICL - T, RS ERELHEFE TE L7210 TR
<. ZOYMEHRENE A RREHT 2 Z B A[RETH D, UHEET
TR ML T 1 b ARENE JERENE & W o Te kR A AT
LT BRERME R AR ZHEE L D, N —F 44T
U AT 4 K (DPDS)XZ OAEE M D 72 ik~ 7p i
ERNDTET TR, HEHE VST ALT ¢ REEEIZHET
HIREME AT 2ENL T CTh D, ARKRTIE., INDEMAAD
W7 H A4 B S A [Mn'(DPDS)2]2[M"(CN)s] - 6H,0 (M = Nb, MnNby;
Mo, MnMo) D& flids L OV O, EREFIEIC DWW THET 5,
MnCl+4H,0 & DPDS D=4 J —)L/7K (12)RAHIZx LT
K4[Nb(CN)s]-2H,0 OFER ZH T L, B T TS EH 2 & T
MnNb DA KZ 57, FREOEZ P> < 0 &l S8
TS® 5 Z & T MnMo ORI B AL, WRIKEFRZ AR L
LT 90K F THHEIL7- MnMo O HifES, X BR-HEEHENT 2 5, 22
B C2le DHRRROKEMEEZ A L TWDZ N 0oTle (a=
26.7184(13), b = 14.0808(6), ¢ = 20.0323(8) A, #=130.526(9)°, X 1),
Mo LD CN 2D H 6 4 DB Mn A AU NZENL L TEY . %Y 4
DILRIZ 72 > TUW=—F, Mn A 4212 DPDS ® N Ji 14 D
ECN D NJFEF 2 ONEALL TV, 2D Z &vh, Mn'-Mo'Y

P
T A Al R
| Ly

3 -1

T/ Kem mol

B 1. MnMo D itk
(a) b Hili )51, (b) c #h 7 7]

250

g
1

2
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S
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X 2. MnNb @ ymT vs T HH#

2327 = REL. Mn-MoV {73 DPDS |Z L > CENENEBEIND Z E TRy hUY—I N
B ENTWDZ LR gnote, EHIT, ZOREFE MaNb OB AR X MRAENT OFER2>5H . MnNb & [F]
FROME LI > TWD Z ERghole, £z, RIENY 7 L EFEH L L THWZ SQUID JIEN G
MnNb N7 = VMR TH D Z E RS2 -7 (K 2; IBIRE T, =46 K),

[1] S. Ohkoshi, S. Takano, K. Imoto, M. Yoshikiyo, A. Namai, H. Tokoro, Nature Photonics 8 65 (2014)
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BOCHLEBRE A ToO BIEBKOAR

The synthesis of epsilon iron oxides highly-substituted with rhodium

HBPERBRE (FER KBHRE
BAERX, HBAXE, SHFEYA, £HARE. KBR—

We{b8k Fe0s 1%, HEEDRR D2 W OO ERL, 2D 5 b ) YA RFELTOHRLEICFHE T HD
BA T g bEke-Fe,0s Th D, 2004 4, HIFREITA 7o L (e)FHDOBARAEIZHID THZh L
[1]. TOWMHEER 7=, R, |IRT25k0e B X DM 2R, 728 ol Fompeitkgic
182 GHz |ZEMIE I &2 FF> Z E AV L7-[2], Z ORI NIEEEBIMF CHiR KR TH Y, 182 GHz
S SRS, X U S AEI(30-300 GHZ) £ 7=, & DRGSR & EEREIR WIURRIE 2 | Al i O 8RR T-
EROEFRA AL CTEBTDHZ LI VEIEAETH S Z L bt L CE[3][4], UHFEENHE LT
ELHRTH, AVAR—TALY DEGHFHE L TR LT, FLEROSKFETFO—H%Z21r YT AJT T
#117- Rh & #iMe-Fe 03 1%, PRIESI DI & BRI & — 7 O @B E~D > 7 R H 172 [4],

AWFZETIE, Y A-FEEZAVWT, Rh B#iMe-Fe,0s 2 AT 5 2 L2 BIE L=, HHEMWE TH D
B-FeO(OH) & Rh(NO3)siZ, 7 v E=T /K& AN N A BT b7 =F N %I x TEBEKERLH D Si0,~ k
U 7 ZNZBE DI IRRED RIBRA 2 57, Z 1% 1040 °C T 4 BEEIEERR L, 3L 1140 °C T 4 FRERBERL L 72,
BZIZT Y B~ b U 7 A% NaOH KIEIRIZ L D BRET 5 2 & ¢, RhEERERLEk 2157, Fiz, HEY
B D[Fe] : [RRAEZE S S Z & T, RhElEEZ (LI,

55372 Rh EH# Fe,05 1%, PXRD /8% — > % Rietveld fiffr 42 Z & T, efiz M E LTEONZZ
E W30 T, F T2 BERLATE D PXRD /X% — 2 % Lol U 7o 5R

BT~ . T I ~
3L A EDF LT, TR DB CHERT B 2 & T, FeOs | o) -1
BN EDFERIL L, efIRERLTWDZ EBngholz, F72, M %
XRF %1 % LA & & o1 T Rho.soFe17003, Rho.asFe1 5503, M m 4 4
RhoasFe1 503 7¢ & i E L8 D Rh B #ile-Fe,0s NG L2 & b -

Dol A&RE 2 — 10 G SN 72K He & V72 SQUID c LW M
TEEIZ L0 HE LR e, THz-TDS 35 & CHIE L 7= Bk a
WU I DN T ST 5 FETH D, L A 7m CBRALER O i

[1]J. Jin, S. Ohkoshi, andK. Hashimoto, Adv. Mater., 16,48(2004).

[2]A. Namai, S. Sakurai, M. Nakajima, T. Suemoto, K. Matsumoto, M. Goto, S. Sasaki, and S. Ohkoshi, J. Am.
Chem. Soc., 131, 1170(2009).

[3]S. Ohkoshi, S. Kuroki, S. Sakurai, K. Matsumoto, K. Sato, and S. Sasaki, Angew. Chem. Int. Ed., 46,
8392(2007).

[4]A. Namai, M. Yoshikiyo, K. Yamada, S. Sakurai, T. Goto, T. Yoshida, T. Miyazaki, M. Nakajima, T. Suemoto, H.
Tokoro, and S. Ohkoshi, Nature Communications, 3, 1035(2012).
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AEYYORF—N—FRALEABRIZETS
RAFEDT 75T —HR
Photo-controlled Faraday effect on
a light-induced spin-crossover magnet

HPRMRE - LPER - KEHRE
HMEEA. FBAX, PR, KER—

WE ORI HANERT 5 2 b THRAEIEN R BN BB A REEIFNE L B, BRI & KA
770 By A B U B I IR PE R T b, B mﬁ@yummwm%&bfﬂgmfw —%. %

B 7 v A —/3—(SCOEMRIZ I TSR AL © Al ik

RN 0>7WI:75>5ED%>YLT;%U ek

SCO % LIESST & LTHILALTWD, Y= iﬂewwotn’iaa%a_%ﬁffé VT RAER A R R
[Fe''(4-bromopyridine)s]o[Nb"(CN)s] 2H20 (FeNb){Z 33\ T LIESST M UMY LIESST #h A ¥ o K i BERE &Rk
O b2 #E LT D U AFEFR TIL FeNb (23517 % Faraday Zh F: O SEINEAMEIC DWW THE T 5,

FeNb [IffEfm R & LTHELN, R X BRIEH/$Z—r 0
Rietveld fiEATHE SR G, Fell KX NbY 237 / HiZ L - THE X
NEZWaexy NU—7 Z2RLTWD Z ER o T-, Bk
LS FE Oen D) D I SE AR AF MR EFE R0 50 100% D Fellyigh spinais)
(S = )52 D EIRAN D 85%D FellLow spin 1s) (S = 0)& 15%D
Fellys (S = )M DR KIBM~DE ATV v A &L 5 HEFH
SCO %R ZENIMoTo(K 1), WIEK~NY U LEFEHFE LT
FeNb Z##HI L, 4 K IZBW TR M D AT MV AEJIEL
72 (1% 2), AKIRAH Tl Faraday 2082358 S8 S TV W o2 xd
L C 473 nm Y& §H% O E Tl Faraday 25 OB KB < iz
(PI-1 #H), Z OFER S 473 nm HPREHIC L % LIESST #hRAI2FE -
THRIEAH(Fe"Ls(S = 0)-NC-NbY(S = %)7 5 PI-1 FH(Fe'us(S = 2)
~NC-NbLY(S = W)~ LB\ IRENE(L L, FREBER ST O
\ZPE D Faraday VDB SN B2 bND, 72, 2O PI-1
FEIZ%F LT 785 nmi’l’:;é_’E“'ﬂj'ﬁﬂL L7z & Z % Faraday Zh B DD 3
SA7Z(PI-2 #H), T AUIE3 LIESST Zh5i2 K % Fellys(S = 2) Db

ZAE D B ZHE > T Faraday 20323808 U PI2 f#HEBLHI S 7z &
EZBND, FIZPI2AH~D 473 nm YEIREIC X 5 PI-1 FHFAE A
BRI SN TEY, 473 nm KO 785 nm JEMREHZ L % PI-1 #H & PI-2
FH & DRI IR AL v F o T REBRTHEZR L TV 5,

R AR (Feis—Nb'Y)

1

| ]
1 ru=121K Tu=141 K
4
2 -
0 IR AH (Fel'Ls—Nb'Y)

(]
1

3

T/ Kem mol

Fr—T——T7TTT T T T
0 100 200 300
Temperature / K

4 1. BALRIR R O IR AR A,

+ 785 nm

4
0.09
0.06

Faraday ellipticity / de

0.00 -

T T T T T T T T
400 500 600 700 800 900

Wavelength / nm
X 2. Faraday f§H3E A7 ~L, &,
TR, FRERIZZENEIRIRF, PI-1 A8,
PI-2 fHD A7 KL,

[1] S. Ohkoshi, S. Takano, K. Imoto, M. Yoshikiyo, A. Namai, and H. Tokoro, Nature Photonics, 2014, 8, 65.
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Magnetic Transition in Indium-Substituted Epsilon-Iron Oxide

Department of Chemistry, School of Science
Qinyu Song, Asuka Namai, Marie Yoshikiyo, Seiya Tsukamoto, Shin-ichi Ohkoshi

Orthohombic €-Fe,Os phase is a phase to be found in nature. In 2004, a single phase of &-Fe,O3 was first

prepared by combining the reverse-micelle and sol-gel methods.

Sample 1
This material exhibits a large coercive field (Hc) over 20 kOe at ! .\
room temperature'. Successively, we also found that the coercive g
field and other magnetic properties can be changed by metal- E &% .@
substitution of this material, for example, Indium substitution?. : \ (R ’3‘5
Herein, we report synthesis and magnetic properties of indium- ’ .-
substituted e-iron oxide &-In,Fe,.,O3 nanorods. ®
The series e-IncFe,.,O3 were prepared by combing reverse-micelle 5 o

50 nm Sample 2

and sol-gel methods, which are described below. Microemulsion P

systems were formed by cetyl trimethyl ammonium bromide and 1-
butanol in n-octane. Microemulsion I, which contained an aqueous
solution of Fe(NO3)3, Ba(NO3),, and In(NO3); was mixed with
microemulsion II, which contained an NHj3 aq. Then tetracthoxy-

silane was added into the mixture to form SiO, matrix, and the

precursor were obtained. These precursors were sintered at 975 °C

(sample 1) and 1000 °C (sample 2) for 4h in air. Finally, SiO; was 1 :gure 1. TEM image of e-In.Fe;.0s of

etched by using a NaOH aq. and target product was sample 1 and sample 2.

20

obtained. Figure 1 shows the transmission electron
microscopy (TEM) images. The sample was consisted with 300K

) 104 |—@— 150K
rod-shaped nanoparticles. By increasing sintering =
temperature, the rod length is 31+11 nm (sample 1) and 3 0

S
51£28 nm (sample 2). Figure 2 shows magnetic hystersis 2,
loop of sample 1 measured at 300 K and 150 K. The -104
sample showed the ferromagnetism at 300 K and
antiferromagnetism at 150 K. The field-cold magnetization T Tt 1 T 1
60 -40 20 O 20 40 60

curve under 1 kOe shows that the transition from [kOe]
ferromagnetism to antiferromagnetism occurred around Figure 2. Magnetic hysteresis loop of sample 1
180 K. measurement at 300 K and 150 K.

[1]J. Jin, S. Ohkoshi, and K. Hashimoto, Adv. Mater.,16, 48 (2004).
[2] S. Sakurai, S. Kuroki, H. Tokoro, K. Hashimoto, and S. Ohkoshi, Adv. Funct. Mater., 17, 2278 (2007)
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HY)OLEBRE A 70 BIESOEBRBREIN & B FH 1 XHER
Millimeter wave absorption of gallium-substituted epsilon iron oxide
and particle size effect

BZERARMEFERXRKBERARE
HKAE THEFEYA £HRE KBE—

WG 7 N— T NG IR U Tze-Fe03 1, MV VSRR G MEIC L0 I YV I Cdh 5 182 GHz 1T
FARIEISIC X 2 BRI N 2 /R 97 [1,2], Z OSSR ERIC L VAR TH L Z LR L E 7
S>TUW5H[3,4], AFFETlLe-GagaFers0s D X U IEWIAFFEIZ KT T DR A AR EME L 72,

ABFFETIX Y VT k% IV Te-GaoaFers0s @ (a) (b) -y () -
RIBRIAZ SR L. REBERIC KD F ki & LT d .
e-Gag4Fe10s #1557, 1050,1100.1150 “CTKRANBE - ) g !
B L7= % 0 % 22 Ga-1050, 1100, 1150 & LK : :
TV A ROERDY TNV e/, FET T A~
BN HAHTIEACP-MS)IZ & 0 LA, ByoR X #rlE]
Pr(p-XRD)IZ &V FAS> =R it & - BAEE(TEM)
(ZR VR A X BEER - TWEHSQUID)IZ L W KUHHE, 77~ L
o B RIS A3 Y B (THZ-TDS)IC & 0 S U S MRS 2 34 L 7=, Ga-1150

KEBERR OIEEE 7Y 1050, 1100, 1150 °C &N D224, ki -4 X%
14+5, 3013, 4825 nm &M A 278 L7 (X 1), £ 72, RAEDHINIC
PRV BERURFME BN A 7R Uz, PREETIIE 4.07 225 7.62 kOe, FREARLIL
8.25 M5 12.7emu g, BIFNRE LIE 21.5 /25 26.9 emu gt~ & F LN
Zor LTz, WU B — 7 B3RP 1R A X738 14, 30,48 nm & HINF~ 51254
8.54, 14.8, 15.6 dB mm, WX AifE (X 88.5, 114, 130 GHz dB mm™ ~ & #4)11 %
RLTZ(X 2), F72Z ORE, BRGEWILE — 2713 77 GHz (T2~ LI & A T 1
LI E R 2o T, R O BN WIUE B 5 0 BN A o 72\ i 5 % rrecuency | Ghz
F 0 B A R FIIBER R FEICIZE A E TG L TR D &3
Sk ipotz, i, WMINART MLVORIT-H A ZEEMEL Y. kL
FREHTTITAE L OBGE S X2 KX LD BT LN B 2 b D,

100 nm 100 nm 100 nm “i
1. (a) Ga-1050 (b) Ga-1100 (c) Ga-1150 D%
L B
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8

Absorption/ dB mm

2. THz-TDS 12 XA 3V
BRI A7 R v

[1] JJin, S. Ohkoshi, K. Hashimoto, Adv. Mater., 16, 48 (2004). [2] S. Ohkoshi, S. Kuroki, S. Sakurai, K.
Matsumoto, K. Sato, and S. Sasaki, Angew. Chem. Int. Ed., 46, 8392 (2007). [3] A. Namai, S. Sakurai, M.
Nakajima, T. Suemoto, K. Matsumoto, M. Goto, S. Sasaki, and S. Ohkoshi, J. Am. Chem. Soc., 131, 1170 (2009).
[4] A. Namai,M. Yoshikiyo, K. Yamada, S. Sakurai, T. Goto, T. Yoshida, T. Miyazaki, M. Nakajima, T. Suemoto,
H. Tokoro, S. Ohkoshi, Nature Communications, 3, 1035 (2012).
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CUVLNTFFUEED 2RABR T / BEE In-W EREHRHE
DT NIV KRR E
Terahertz wave absorption property of a layered cyanido-bridged Mn—W
metal complex containing cesium cations

HERHRFMEFER PEEFHRE
BE0%E. SHME,. HTRX. PRHZ. XKEE—

TTIVEET 0.1 THZ 275 10 THz OO FEEIZHY | HRIZT25E 3 mm 725 30 pm D ERLE ThH
Do AR, HIRBAFELT 7~V AR LT23H, s L CE T Y, 7 7~/ R fEK
SHIEDBFEIZ LY MEDT T~V ISk T DINEREZRETED LI oTe, —FH., ¥ 7 V444G
A BESEIRIL, [M(CN),]" (n=2-8) (M : &EAA4>) ONFEFPENOEEA A MIZENT5HZ &
TM-CN-M' DX 5237 /%l U TaBRICAE S I iE z A LT 5, HFE= T3 2017 FI1C
CsMn[Fe(CN)g], - zH20 7% 1.4 THz T7 7~V RN Z -3 2 & iy L720, ZoRERE S LT, i
REHCHE L= ET A CTh D VT BEERIEREZ AW, BESREA 4V ELORKELZZELIED &
TE BITERWERETO THz FEOWIN A2 Bfe L7z, AWIETIX 2 ROuERIZ Cs' A A sEeE /o
AT L YT 4R & B 85 /K Cs[Mn(3-
cyanopyridine), {W(CN)s}]-H,O (CsMnW3CNpy-H,0) &
i AR B8 T & 5 Cs[Mn(3-cyanopyridine), { W(CN)s} ]
(CsMnW3CNpy)D T 7 ~ /L7 IR S T
T %,

B & X A WS EE MR X o T
CsMnW3CNpy-H:0 0 80 K (75513 2 RS HiE 09 540 <l g
EpoT=(K 1), ZOREEIT 300 K 2RI DS & il 4 > 4 o S
L CTHRIEDN/ NS oo TE Y FRZ 2 IRTENEL > T ¥ 1. 80 K IZ#31} 5 CsMnW3CNpy-H,O
WBHITH S b BHICHA TN S = & BT, Doy T O
ZOZ LG GREEIC K DRGSO LA R O
CsAF D74 /) = RNIEEEH2, 77~
WL EFEN AT D D TR WM EE X, ZDI-
b, BIRICBIT DT 7~V ERIGRIE 721 TR <
CsMnW3CNpy @ 300 K 75 80 K (BT 5T T~
BIE 24T > 72( 2), X2 XV 0.72THZ IZR. 61
ToE—2713/hEL 720 080 THZ IZR bz — 2 1Tk
Lotz T2, EHE L0 —7 b & ER A~ —
77 MR LT,

Absorbance / a.u.

Frequéncy / THz

2. 300 K(AHL) & 80 K(EA)ITHIT S
CsMnW3CNpy DT T~/ il IY
[1]S. Ohkoshi, et.al, Sci. Rep., 2017, 7, 8088. AT PV
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SLARBIE=F 2 O OEREERHEOFE
Synthesis and evaluation heat storage property of
lambda trititanium pentoxide

BZERHRMEFERXRBERARE
RERS. PlIFEH,. THEFY X, KEE—

YAFFEEE TIX 2010 4RI TisOs & F /KL L CTHIKT 2 Z LI K> THHME TH D 1 -TisOs ZH L L 72,
ZOMITEERA E L T CER THBEMBEBEZEZITLEWTHL Z LB nhoTz, I HITIE
2015 4E{Z, A-Tiz0s 2% 60 MPa F2E D FIUNE ST & > T B-TisOs (ZAHELRE L. [FIHFIC 230 KI/L F2E DA Jik
HT s Z a2WmiE L, —FHTHERLE B-Tis0s ZMEL T R L X —% 5 2% Z & T2 -Tiz0s (ZAHER
BT 5, o0 WNRREEEEZFIAT 52 & T, MTisOs 1IMEIC L VEEDOX A I v 7 TREZELY
H3ZenT&d FAEIIv IR L LTOIRARHIREEND, AR TIL, BBOA K & &V
PEDFH 21T > 7= D THE T 5,

DT, VFAAAD TiO, /K FERFL T T 2 FEHE T 05L/min | 0.7L/min | 10 L/min
R 2 2T 0 ThOs £ AR LE, E, fitEs Lok o W, 3
© e 1190 °C 7, | ]
BIEEE 2 1100°C 2> 5 1300°C., KFEFEA 0.5 Limin 225 1.0 1930 °C
L/min ¥ CORNICERE L TAKET-7-. Bbh-3EHz> | 12600 = e
VOB X AT 7 — o % BIE L Rietveld fiebia 7o 20 [ e R

Lo A BRI D LR KRR ORI - T TisOs 7 TisOr | p-TisO5 M2~ TicOs
T AN RO (K1), RICEERIREN 1230°C, /K L BERCSRIE Z & DR
FVRED 1.0 LUmin O5AET ThERL L. A-TisOs 23 HAH TH &

P BUE 2 BRIIAYIC 150 MPa % THIE L. 2 ok 7 2 — 9 807

V574 —CHET 5 - & THENBR O ZT > 7, WE @

#% 33 ms THRLGIREB2.8C)ICEIE L, 16 s OEEEM AL 001

STEHERECHHENE (M2), ZOBETHLSHESR 8 204

B3 217 KL & AR S B, E 70, W UHER A O RR & E _

—HNEIZ &> T 230 MPa £ THIE L, £ OREHIRZEER 20 F-. . . . .
BERE ATV REEARIE LT 2 A 257TKIL & RAED 0O 5 10 15 20

BT, LA EORERD S | W & R R S A & o - Time/s
. 22 —F T T 4 —IC kD MIERE

O i el E DR IR 2R

[1] S. Ohkoshi, et. al., Nature Chemistry, 2, 539 (2010).
[2] H. Tokoro, S. Ohkoshi, et. al., Nature Communications, 6, 7037 (2015).
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Synthesis methods of ¢-Fe203 using FeO(OH) and Fe3O4 nanoparticles
Graduate School of Science, Department of Chemistry, Ohkoshi Laboratory
FYZEH RR, T #F K8 1

Jessica MacDougall,

%=k
[=R7]

Epsilon iron-oxide is a polymorph of iron (IIT) oxide, which has generated considerable interest for its
exceptional magnetic properties. [1] e-Fe2Os3 nanoparticles show a large coercive field (H¢) value at room temperature,
the largest among metal oxide magnets so far which makes it an ideal material for future high-density recording
media. First synthesised in pure form by the Ohkoshi laboratory in 2004, our group has developed further synthetic

methods using various starting materials, two of which are presented herein.

To synthesise epsilon iron
oxide using beta-iron oxy-hydroxide,
Fei10014(OH), nanoparticles were
coated in a silica matrix using
ammonia  and  tetracthoxysilane
(TEOS). This precursor was sintered
for 4 hours in air at 1020 °C (1),
1070 °C (2), 1080 °C (3), and 1125 °C
(4) and the silica was removed by
NaOH etching. Rietveld analysis of
the XRD patterns showed all samples
were 100 % e-FexO3 (presented in Fig.
1). Fundamental parameter line fitting
showed the particle size increased with
increasing sintering temperature, dep =
13.7 nm (1), 14.9 nm (2), 16.7 nm (3),
23.3 nm (4). Coercive field values

Intensity (a.u)

M &-Fe,0; 100 %

)

Starting material: Fe;yO4(OH)/SiO,

M &Fe,0,23.6%
B y-Fe,0,76.4 %

Starting material: Fe;04/SiO,

50

60
20(°)

100

Figure 1. XRD patterns of sample 4 and sample 5.

ir}cregsed with particle size and {H_ =192 kOe 40 JH_ =20¢ '
sintering temperature; 6.1 kOe (1), 11.3 10— _
kOe (2), 15.5 kOe (3), 19.2 kOe (4) o \/ 20 1
(Shown in Fig. 2). This method is Z o 0
shown to be advantageous for = / 20
. . = -2
producing pure e-Fe;O3 and controlling -10 — .
the particle size and H. value with ' S T 0] =4 ER.
sintering temperature. 40 20 0 20 40 40 20 0 20 40
H (kOe) H (kOe)

In the Fe3O4-based synthesis,
premade Fe3;O4 nanoparticles (sizes 10
+ 3 nm (5) and 20 + 3 nm (6)) were also coated with silica using ammonia and TEOS and then sintered at 1000 °C
for 4 hours in air and etched. XRD analysis of the resulting nanoparticles showed the samples contained y-Fe>O3
and &-Fe,Os3 in ratios of 76.4 % to 23.6 % (5) (presented in Fig. 1) and 59 % to 41 % (6). Average particle
diameters from TEM were: drem = 15.9 + 6.4 nm (5), 19.4 + 2.6 nm (6). The products were shown to be soft
magnets with with H, values of 0.0019 kOe (5) (Shown in Fig. 2), 0.0091 kOe (6). Improving this method which
uses commonly available starting materials like Fe;O4 broadens the synthetic procedures available and furthers the
development of hard magnetic e-Fe>O3 nanoparticles in industry.

Figure 2. Magnetic hysteresis data of sample 4 and sample 5.

[177J. Jin, S. Ohkoshi and K. Hashimoto, Adv. Mater., 2004, 16 (1), p 48 — 51

[2] S. Ohkoshi, A. Namai, K. Imoto, M. Yoshikiyo, W. Tarora, K. Nakagawa, M. Komine, Y. Miyamoto, T. Nasu,
S. Oka and H. Tokoro, Sci. Rep., 2015, 5, p 14414

[3] H. Tokoro, W. Tarora, A. Namai, M. Yoshikiyo, S. Ohkoshi, Chem. Mater., 2018 30 (9), p 2888-2894
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Syntheses and physical properties of aluminum titanium cobalt
co-substituted € iron oxide

BFAMRAMLFERKERRE
ZNNBE - £HRE - KiER—

2004 {2 G RFFER D38 THA TO AR Z WIS U7z e-Fe03 13, KRN T YA XOEH O B2 E T2
THY., ERERAYE U UIR KR E 725 RIRT20k0e LI E & W) RN E2 R4 [1], £72. BEKE M
2E <, BRIIGIZ XV 181 GHz OEBHR ZWINT 2[2], ZhboPtEE, oY A M 2RO EA 4
VCEBRT DI LICKOHIEATRETH V. UHFERIZ I N E T B ER e LS O AR E Z D
Wtk E S L CE T, 2R A A O TH, AP TiY, Co** D 3 D& R A 4127 EH L., AlTiCo
HLEHI D ¢ FR b8k A2 FRLIC AR L TE OOl 21T > 7,

AlTiCo fLEH D ¢ FR{LER DA BIEIZIRDIE Y Th 5, I bKEERLER(I) T/ K1 DK 5 BRI gl T
NI =T A RERTNL M), HAET 2 (VIERE R S, 7 =T KSR, AV b A BT b
TIZTFNEMZDZ LKV BRBKEBICD DU DT ST R AZ 2 U S0, Wi, wigsy
THIBMAZ B AR E LTk, T ORIBRAZ 1100 °CT 4 BEFEIREBER L7z, KER(LT b Y o LkiE
Wa Wb 7oy F o T TRBEMN O ) I ZRVERS 2 & T, HEME ST, fIHAZETTi,Co ®
BAHEEL., Al & Fe DEAZLERTSHEEOY v FADEKREIT -7, W X B SHTIC LY 5
%ﬁ*ﬁﬁ@‘ﬁ‘ > 7 i AlTio0sC00.05Fe1.90 xO3(X = 0 — 0.17) DRARL & £F> Z & AR S iz, R X #REHTHIE

LRV SHEEOY T MIINT G e-Fe 05 & [l UARL T i CZEIRE Pna2, OfE & 2 Ff b, 2O RAHT
HDH LMotz BAERIEIZ LY . Al BEHE ORI LA ERL 71723 7.6 kOe (x = 0)7225 5.2 kOe (x =
0.17)F CTHFIZHA T % Z

b, ¢ .

-.. o e LB BN Fr s T T T

: /(/ko S W BB 53 e 2 T
é ,)/ N EERBRIE AT 1o
L2 A, Al EHE ORI R

4@ o o P 80 100 120 1% 160 180 200 WY B — 7 (7Y 143 GHz

(x = 0)%>5 97 GHz (x = 0.17) &
1. &-AloosTioosCooosFe1si0s OB EAIFE T-BEMEEE (), WAl i & 8 CIEER A T R LT,

RiZ1(b), XV BEIRAZ BI(c), Landau-Lifshitz-Gilbert J7 2=
T4 T AT HIE CTEBKWINAEARILEICL2LDOTHDZ LR LT,

[1] J.Jin, S. Ohkoshi, and K. Hashimoto, Adv. Mater., 16, 48, (2004).

[2] S. Ohkoshi, S. Kuroki, S. Sakurai, K. Matsumoto, K. Sato, S. Sasaki, Angrew. Chem. Int. Ed., 46, 8392,
(2007).
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I AE—EBRXZEHES van der Waals SEARERIZH TS
RFRES R ~OBEEEIE
Regulated Single-Axis Rotations of a Carbonaceous Guest in a van der
Waals Complex with an Entropy Cost

HPRAMEH LFEN EEBIE=E 1 - JSTERATO? - EERXEMEIE 3 - HE KR 4
248 EA'-REH K- hH N -EHE B4 - &8 R - BB Bz 12

B R T O FEBIBTEYNEICRE BT D120, HE

(a) van der Waals #E{xD &

BRCBWTHEETH LS. T ibfkxlE, FkoFH41v 7= %??ﬁ::%

7 V=1L ([4]CC) LERIRGF Coo ZAABDLED Z LT,
fRPNEBIZEL Y JA E - BEERN EEFEES (213 GHz, 335 K) &7 e
FTIHTR_T YT L d 2 &l L[], FEfRMAtED van -
der Waals 7] D H0> 672 523G K0 751 O WUEE#E 3 FEHL

SNZHLDOTHSD. AL TIE, Z DOFFFE7L van der Waals $H{A Iji:{ﬁ%%ﬁ%
2B D EIRNEE O FTIRIZ L DB LB 5720, T

[4]CC LRSI Croo MBI D FXT VU v 7 DB
ERENTL, E@EZ XS AR FEAL I L (K 1a).

[ & NMR Z I T2 MRAT - S e iflE L, BN
EEZHONCT DO OFENRFIETHS. £, [4]CC &

[4]CCDCqg [4]CCDCyq

Cro M B 72 DA RO E K 3C NMR JIE 2~ ¥ v 7 fialfizz EHIER BEEE
WR WIS TTIT 72 & 2 A, 4 TIENC L0 58l L7 213 GHz@335 K 10.2 GHz@390 K

WRIRTCIRD AT A EDLNT-. 74 v T 4 TNTORE  (b) Bk 8C NMR 2R 2 ML

AR A T Ceo & IXANRAOIC, Cro 1X[4]CC OPIERT _/-JJ\L",
EflE 0 oAz R~ 2 E N7 (X 1b). EHIZA

B R ARFNRERE 20 B Cro DRHABI B E A B L7z, 390 K |2 05 Simulation
B3 5 EEEEEIE 102 GHz ThH Y, Coo LN TRIBIEF = e
U7-. ARSI OB (200 K-390 K) 205 Eyring 7 o0 2 10 Gematanit opmy o °

By b AR L, FEEOBAR ST A —2 58T, Coolilis K 1. (a) van der Waals $5ADHEIE.
BT BT H L — SR AHE = +1.8 kealmol, =2 ke (b) [41CCoCro @ 9 5 1 T 0 [
—[EREIL ASF=-8.6 kcal/mol & EHIZITz. Ceo & DG (it BCNMR A~7 hb.

= +2.0 keal/mol, 45* = —1.5 kecal/mol) |2 XV BIESEEIK TFOE- 2K IIT= L brB—HRIZH D Z &N
HEMNE oz, HFOBEENEIEEERDS 5 FIROBNRZIC LV LS 2 2 L2 LTzE &b
2, EIREXA~OT L P B —HOEENERTHL I L2 RLERETHD LB TWD]2).

[1] T. Matsuno, Y. Nakai, S. Sato, Y. Maniwa, and H. Isobe, Nat. Commun. 9 1907 (2018).
[2] T. Matsuno, Y. Nakai, Y. Maniwa, M. Someya, S. Sato, and H. Isobe, Chem. Asian J. 15 273-278 (2020).
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Crossover between upper critical field from different limits
in two-dimensional NbSe; films

HABET ', R CEMS’, RAMIERE® HiXE&H*
mE S8, PHEER"L MEFRT, T, MR BX, TE T, RH 6
TE ML, XKW, BREFF", BHE R G RF "2 BEBE"’

BEBREBESA N T AR (TMD) X RICHEO TR S ISR 35 RE H -2 %78 kot
PEZFEBLL . ZDHTH NbSep ##IRICI5 1T 5 “ W u gL, ZWRIeiBRIZI 1T 5 clean limit O LRFFR
A UEGEM EAER & O#E L DS T2 BLANBIER SRTWA, ZHUE T, TMD @R O /2 ERLTF L
IIBEAR A 72 FIBEdS L OME P RAHRR Th o 723 AFFE Ty F#— B % % 2 — 15 (MBE) % U /2 NbSe;
HHEOMERZ1T > TRV . UATOWFFEAZTS TR R B8 NbSe, #EO/ERLC >V TG L7z,
AFEFTIL, BIMERRE L TIT o7 NbSer —JEMEIEDER FABLES O A FEARTFIEIC OV THAE T 5, FRIC,
NbSex —Je& {5 | X i (B S5 12 F6 W THILE B 23 SCRLAY Cdo 2 DI Kt L T NS U 133w U fi iR
INKEL TH D E WO RFEE AR L TRV TOABEREMEIT Y U ARIR & BuEMRO 7 0 24— —%
Mg 560 ELBEZ b5, EEICH 21X, NbSex @ MBI L T UL A58 H C ORESIRITIE %
ATV, BRSSO A FERIFHEDMEIR £ T A RO A EIRTFEZ 7R3 2 L 25 L. 2 ZIRocER
BARIZXET % Ginzburg-Landau €7 /WIZKHAGAATZN T URRIRIZ Ko TRl S G5 2 & 2 o nic LTe,
R TITHERER & 2 OMRIZON TR D,
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Nonreciprocal transport in electric field induced 2D superconductor
MoS,

ISAHRY METLER SEFHRE', UCSB %, HILALHS, EH CENS ¢
RiE BIE AE B ATL BL BB B Bk HE

FES 2 WTWBE B W CGEFRE STV EifidntE 2 RotBIEEAR D% < 1, Sl COERCRE
ek et B &2 A LTe, BRI RE SN - B R ER TH D, T D K5 7oz M st itk O il
NIZWE Tl — M, RSt FtE 2 SOt U 72 B Re i C b 2 IEMRE (K DoRIAHIF s [1,2],
WEOEFREXOAE U HELHLGHemitBlg s L GERZED T D [3,4], AIFFETIE, 22
W SRR O 7o BRI 2 ROTHBIRER TH 2 MoS2 ICB W TIEFHMEEZHIE L, 2 RottsE
K ORBZRER LT > 7 ZADOBEBCE TIRIEOMINIZEY FLA T,

MoS:2 1TEBE R L A N alF A FZBTEBIRWETHY AT RIRICL D7 —T 4 712k »T
KT 2 WrBpE A2 EH TE 5, AR TIEZOBRERICBNT, RVT v 7 ADT7F = v MhR

(Z & DI EZFEIC I~ BT v 7 AD

R > RV S B e -4 SR IR R CIEAE SUG -1
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o> iy S TE S & B ROIEEh AN IEM R AT Ko T
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<. BEERHEOMFICHD CHATHDL Z & %
IRIE LTV 5,
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1 FEM AR E BRSO

[1] S. Hoshino et al., Phys. Rev. B 98, 054510 (2018).
[2] R. Wakatsuki et al., Sci. Adv. 3, €1602390 (2017).
[3] T. Ideue et al., Nat. Phys. 13, 578-583 (2017).
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3R-TaSe: TEA2 X v ILBEIZH T BRI

Superconducting properties of 3R-TaSe epitaxial thin films

TRRHEH PEIFER FEHRE
HhER, REFH. PHES. sERE

7772 OFRE RV, JEIRWEZ MR E CHE< L7CBRICRET 2 2 ot ofFges ik
AT TS, BBERS A IV aZ A4 K (TMD) HE0O—2>TH Y Z ORI ZE /M st
FRIEDREIL & R E 7o A B U BuEFE BAERICER Lo fs R ewtE 2R3, 20 CH VIETMD O—FfTh
% NbSe, X° TaS, DMEEMIL, HEHFAICA Y BNEICe v 7 LIEBRE (20 7BEE) 2rd 7z
HIEFICHE LR TH D,

AMFFETIXR T VIETMD T YD RE R AV CHUEMAIEM 2R TaSe ICHEH L, ZZM s bk
DAL & A ¥ BuEF BAERICER U7 Fe R 2085 E M OBRIC I A TS, Skt Z2 oo e s %
v — (MBE) ETERIT 2 2 L2 X 0, ~v 7 B TIRERE B2 72\ 3R ##iE TaSe, 2 3 IRAYIC G KT
HZ LTI LT, ARSI T&E T2 2H i & 13872 0 | 3R EEIT/ VL7 2BV T T 2 b ZE[H]
FHERIFRE DRI Z £ 5 & D B 7R R % F7O, 3R-TaSe; DJEFEIRIZ VTl 2H & TR LT
7o BATEIEN (CDW) FRFOMA R LT, BRERBIRE (T 233K & 2HAIED 0.4 K IZHAT
KIEIZ ER L TWBZ Edbhotz, E7o, BkFHEOBERIFEI D . EELIZ - T Tl XA
DI B —HT, HT-IZCOW BHET HZEEHLNI LT, 51T, 6 EOBEBRGEEHIR L TNk
SRS (He) OIREERFMEZFHO L& 2 A, B riREMRIZEIIT 5 He OfEA BCS Bifn T TR S
MDD VIRIROBAEFRRE E THRT 52 & &0 ZOMEDHE NbSe; DN He IZILHT 2 KRE S TH D
ZEEHLMIT LT, ZAUE TaSe, 73 NbSe; & bils L C K RUSEIT 5 A B U HEM E/EABRKE N &
WWERL TS EEBZ LD,
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PFRIEAXI—ZEFAVENAL—PEAOBEFRHHM F—E e
Doping magnetic impurity into valley materials by molecular beam epitaxy

TRRTARH - MEIFHR - SEREE
REHE. MREX. RRAFHE. PBER. skaR

T, TIRTTE D SR 7 ME EHSEENTE B 2D TV D, FRICHRT. BEBRIAIC X o TS b = ik
(REVEIBI 381 2 ZROeIRIEME DR RUZ L 0 . ZRGTIRIZ I8 1T B BEMEMSS Wt R 2 Wi 7 7 o7 v
T — )L AT BAEIER & W S T 12 2R B B ST E T D, — T, MoS, X° WSe, %5 D 2H il
DIEESZT N 2 T BBV a7 A Rid, Nb—bho=7 A0BE»HBIRIEVERTH 5,
FRIZZEI D OHERECIEL, R ESRFRE DN L iRV —~ RO 2 e U BEFEAERIC LY, AN
L—DHMHEL AL OHBHENES LIZREIeE M ENER L TEBY ., 2o ZMHAICHIET 5
LT AT LWEEE DR BN R S AR, KRS, BRI E R—Y 0 735 2 & CEET L RS
AL RMENE « SN L —IRABIL, AV fr=7
A e NLb— =7 ASHOBANOEETH
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TIEINE TIZHEB I TV RV, ABFETIE
DIRTEX X BRI LA HEREGROT 7 e
—F NG 2H BN L —W)E ~ DR HY) K
—E I A, BEERF OIS, £
W D AT MR O R BLA BIE L T\ D, A8
RTE, WIREHBLOR—E7FREON 1 o0 MEBBER AL =51 RO G

TRELSHRI T2 LHkic, Fon=ielokd (a: top view, b: side view), kBRI Se LT, AREK
LDV RS Do LEB SRR T A £ T,

[1]B. Huang et al., Nature 546, 270 (2017).
[2]D. Zhong et al., Sci. Adv. 3, €1603113 (2017).
[3]X. Xu et al., Nat. Phys. 10, 892 (2014).
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SEABEEIZE TS FAS D F LT 29 AOEMEER

Dynamic phase transition of domain dynamics in helical magnets

IHRPRT PEIFER BEWR=E
HEXIE SFRX, +2iFK. EREX

KEFRME DS T B CIERSERIFAL L TR o B 5 e Kk 2 7o PE DS R 8L 95, BRIF OB AYE
FIXFNENRR2DL0D, BRI AFI7 ACEB D TUIRICES TV kO SR WO Y HL T

IR TEL R TEEN TH D, AFIETIIFRICILBE T DBREZELET WV EL TR AL BED X AT
IVAIZEH L,

R AL U BE TR ME R CHRFAE TBR72 & OBRAITRFF R ICB W TR OB RUCTETEL . B AL BEN SN B E)
ENDHZETHRBRRU DI EZ B T, AL BETAMNE FIC W TR @<L e DR a Iz kb,
IR <S5 R B D AN A F I AN 2 i 2 L RN B 2T ZEN IS TnD
[1]e RAA L ZAF I ADERIFHIER IE R IEZ ROWENSBLUT D52 LN TE DM, FEHR - BlRm LIS
I IRER ThH D, SHIZR A F A F IV AIREHNIERIEINE THLL DD, ZDH A FITADIE
BRIZHEIC DN T OB EIZS HITRBFRIRI T D, £ TARMIZE TIEOEAAE AEIEIZH R L2 ATY
TADRAA L EATIVAIZHE B L, BIFHERR K OFERIE O RFLOMN % HHE L7,

TERBIR~NVTF 7 2uA 7 ATHD CuO DLrha~7 ) ARBIZB WO AMSHEEI VR T IAT)T
AZHI L7 B AR BE DSBS U TR [2], ABFFECI A RIEN M EE T B —T7 L HZ L THZITR AA
EAFTI RGBT D FEE L LT,

10 kHz DL F O #8017 d61F D18 FE ks SR A
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Switching &V R AL & A FI 7 ZDAFH] L
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DA BRI B ZBIRI L7, S5IT4HH E _
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DURIE - S5« IR BURAE D DI 1 D X572 w
m|
RAAL K AFIVAD 3 IRITCAHK A VERR L. qu ~ iokHz
[BRERICTHSTZRAL L HAFITADFE—H
& i) M 224 K s (H2)
7o B R A IHEE LTz, |
SHIZR A DIERICIESZ AT ML OB 0 V/mm

HNZEEPIL ., FRITR AL O Switching (23T & 1 BEE— B — BHROSKITEBICBITBRA
HMIEEB DT T NMEEITIZ LI FILT, AV FAFIVADFEE

[1] X. Chen et. al., Phys. Rev. Lett. 89, 13 (2002)

[2] R. Masuda et. al., in preparation

33



P-26
Hi4EWey £ ERBICE ITAE KM AR E
Giant magneto-optical responses in magnetic Weyl semimetal
ALPRMIRRYEIRER, BRIRAS, CEPICEMS, DRI KLY
FAXA, FERRERA RRE, MEEX. BRARF. EFRXC SFEEA

L EHAEKRERA, V. Kocsist, &FEHA, HORIEHRC, BEME, HHITKERAC, +EIFHAC,
=18 ARRA. ©
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L RHSICE Cley LR LIRS R AORE > _ o0 € ]
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PECH G 5, BIZIT20194 Ny 2B THH 2L s — Im
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T 5 R MRE T, Bl LA ~DBerry i o

L L Cley IR RO/ RGO 55 & AT 00 02 04 06 08 1.0
IFRTZEDNTER,

ABFFE Tl WE O R Hal VG % BRI ¥ Kerr Energy (eV)

R (e D RERER) TRt tE s 2 SICHER L X1, FEERIZ K - TROZIEE20 KBTS

7o CosSnaSele$51} 2 RAMEIK CORMTIEKerr g e CoSmSOIIHal BRI A ST P,
X7 MAVORE &R AST MVOREZBEL T, £
DI FHal UREE AT bV 2RO, KLLZ ORGR

B, TOARS L. F— B ST R 0 T T 1
HHal UREE~O Y FEIRFEBOFESEZHELEZZX 0 \ i, -l
NI RS Lo TELS BRI, 202 Enb g

CosSnsSal 331F % BiHal R 2~ b Lo REIRIL. ~§'ﬂ)—

TONRY FEEDKFER THDH I L 2P LM LI, T 0k — by
ZhuE, DCCOERZREFHaIIZ R Wey I EBO bR X — 1k
BN FHEEICHELTWD T LA ERL T 60" | : | s
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ST 58 B PO ) —ZL ) oS 00 02 04 06 08 1.0
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%’H—‘LTU\%):E%%%z)W:LfCO 5 YE HE - 2 . S Ny 22
2 CorSniSale 517 5 AR COREE SRt IE oo Ay ooy Dl s,
22 PAOBIERRTH S, KerrEligf OICEET 5 BKerr IR0, T EADEHIAIET 2
L. AX— 0.1 eV TELZE 58 mrad DOEEEAE KerrfH 5 T 5.
LTz, ZOFEERAIE, AR R4 E TO/RK L FKerr
R L L TCHHMNICERTH D, ZIUEHEFHal UREE A7 Ry, gk Lz & 51230 i
EOEFEHGICL > THBHICHE K LIZZ LITER L TWS, ZOREZE LT T, Veyl 48 DHT LV ek
RetEZ BT L7,

[1] D.E.Liu, at. el., Science. 365. 1282-1285. (2019)
[2] E.Liu, at. el., Nature Physics. 14. 1125-1131. (2018)
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Spatiotemporal observations of charge crystallization
In an organic system
IFRAWRE MEIFER EFHRRE' RANHARE’
Wi FBA, A AL TN Rt BAN EEL BN b, EHFA —F'

EROHTEFEICERO Y — 1 R AMB< & BT OEB R LEMGES OSBRSS,
LI PR 7 T AR L —2a OBV TR Z 2K, SBAIEH 7 ZWRICHRE L, BEFE - BV S
X IR E W 7o T T AR A RT[1,2], — T, BT ATEWERURENEZ RS 2 LAV
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IREETd 2 BTG~ LB 5, JEITAFFETIE. Z ORI EIBREAESIESE NMR 12X 0 <5,
W O L (AL - AR &R R TR T 5 2 L3 b e e 572(8,4],
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[1] F.Kagawa, et al, Nat. Phys. 9, 2642 (2013). [2] T.Sato, et al, Phys. Rev. B 89, 121102(R) (2014).
[3] T.Sato, et al, Science 357, 1378-1381 (2017). [4] S.Sasaki, et al, Science 357, 1381-1385(2017).
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Pressure dependence of superfluid density
in the organic superconductor k-(ET):Cu[N(CN):]|Br
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EREA, B, EHE—
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T w-Bo) [ IAERO T HIRISRWVE THHBEEZRFOR TH D2, HIETEBTH Y | KR THIR
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5 o tHE 1 Oe. M 10 Ha BT L L 1 V.J. Emery, and S. Kivelsen, Nature 374, 434 (1995).
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A EVEEME «-(ET)2Cuz(CN)s DS T L s

ITZRMRM DEIFZFER BEFEHBIR=E
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[1] Y. Shimizu et al. Phys. Rev. Lett. 91, 107001 (2003)
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Dirac nodal line D1&:E

Exploring Dirac nodal lines
in a single-component molecular conductor Pt(dmdt); via 3C-NMR

ARKI. BRANE
BiR ZEA AR ELA TR ENA S FEA B RS M BFE BFA -3

Massless Dirac fermion(MDF) & ik, Rk BT v ¥ v UG 2 oW EF CEHEEY D L S I235 F
SBTTHY., FELZYMRBDG L UTILMEINT VWS, MDFYED—D2THd7 772 DH
FLLARE, BR% 2B T MDF fFEDP MRS NTE D, MDF D X 5 R 5 BBIZKERFEHIED O N
TW3,

IEAEH T2 12 B R E N7z — 5 FVEEAK Pt(dmdt)s (&, N> REFRIZ X D NV 27 72 MDF 20 EB L T
WBZEARBINTVWAIYETH D, BEHETO 2 HEPHES L OV Y b TORAERHIEIZ B W
T MDF IZF 2 iR 2 B VDB T WD (1], 72, ZOYHEOKRELRREEHE LTHfFEhTnd
DI, 2 RICH7 MDF RO ¥ vy 7L A (Dirac £2) A% 3 RTIEEZE N THE_EIZ 34 L T\ % Dirac
nodal line ZFZ L TW2 & WS Z & TH D, 7272, Pt(dmdt)s HOE FIRAEZ MEHNIT B U 7251
DR, ZFOEBRMMEEV S L RoTWd,

AWFZETIE. Pt(dmdt)y ZAE &R E FHWTHE FT BC NMR HJlE %2RV, AT MLy 7 B &
OMERRRIR 1/T) OISR Z2 TRz, B9 S 20 K £ TORERT, BT DAY VLR \, (L
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[1] B. Zhou, et al., Chem. Commun., 55, 3327(2019)
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PbRuO; EEI- BT AT TE

Magnetotransport properties of epitaxially stabilized PbRuO3

THRMER - MEITFEER - JIIFHRE
B B, 5k ER. K FES
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Growth of ferroelectric semiconductor SbSI thin films
by molecular beam epitaxy
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Low-temperature quantum transport in magnetic topological
semimetal EuSb> thin films
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Effects of 320 MeV Au Irradiation on 2H-NbSe, Single Crystals

'Department of Applied Physics, The University of Tokyo
Advanced Science Research Center, Japan Atomic Energy Agency
Wenjie Li %, Sunseng Pyon *, Satoru Okayasu , and Tsuyoshi Tamegai*

Strong enhancement of critical current density (J;) due to the introduction of columnar defects (CDs) by heavy

ion irradiation has been observed in many superconductors [1]. The way how J. is enhanced depends on the

continuity and configuration of CDs. An anomalous peak effect at ~1/3 By (B is a dose equivalent matching field)

has been reported in cuprate and iron-based superconductors with splayed CDs, in which the CDs are introduced

from multiple directions from the c-axis [2, 3]. The origin of this anomalous peak effect at ~1/3 By, is still under

debate. Recently, a similar peak effect was reported in NbSe,, which is one of the representative conventional

superconductors, after introducing tilted CDs at ~1/5 Bg
[4]. A self-field peak effect [3] related to the out-of-plane
pinning anisotropy is one of the possible explanation to
this anomalous peak effect. However, in the case of
NbSe,, the self-field B = Jit ~850 G (t is sample
thickness) is much smaller than the peak field of ~6000 G
[4]. In the case of cuprate and iron-based superconductors,
there are many reports on the effect of CDs to the peak in
M-H curve. However, in the case of conventional
superconductors, there are limited number of reports on
this issue. Since the anomalous peak effect has been
observed in NbSe; single crystals with tilted CDs [4], this
material is a good candidate for studying the relationship

between the peak effect and the configuration of CDs.
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Figure 1. The magnetic field dependence of J. for the
320 MeV Au irradiated NbSe;, single crystals with
splayed CDs (Bo = 4 T, Ocp = #1099 and parallel CDs
(Bo=4T).

Here we studied the effects of CDs introduced by 320 MeV Au irradiation in NbSe, single crystals. The

pronounced peak effect in J.-B curve was observed in crystals with splayed CDs (6cp = 210 as shown in Fig. 1,

while in the case of parallel CDs (0cp = 09, this peak is absent. We discuss the possible origin of this peak effect by

comparing data on NbSe, with different Bg, and 0cp.

[1] W. K. Kwok et al., Rep. Prog. Phys. 79, 116501 (2016).
[2] L. Civale et al., Phys. Rev. Lett. 67, 648 (1991).

[3] T. Tamegai et al., Supercond. Sci. Technol. 25, 084008 (2012).

[4] S. Eley et al., Sci. Rep. 8, 13162 (2018).
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Electronic structure of TaTe: thin films grown via molecular-beam
epitaxy
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The recent realization of graphene in (@) W

2004 inaugurated the research in

two-dimensional (2D) materials. In condensed L e i
matter physics, the arising of exceptional (b) "}.‘

(c WL ®
. : . €4 o P e 3
properties from bulk to single-layer graphite '. ’\‘g \"‘ : P
Z 53 .
sparked interest in emergent exotic physical _ ﬂ’\:g : ‘ :
phenomena. Charge density wave (CDW), Q’ f"ﬁ‘
pHL P

N /’\ I‘

accompanying the spontaneous breaking of

lattice symmetry, is a core example of physical 1. (a) Side view of TaTes crystal structure. (b) Top
phenomena modulated in low-dimensional view highlighting the trimer formation in a quasi-1D zigzag

systems. As its variety remains as one chain. (c) RHEED image of the fabricated films.
long-standing problem, the study of CDW in 2D may complement the current understanding of the field and
provide further insights into emergent phenomena. Within van der Waals layered materials, TaTe; exhibits a unique
CDW phase with 3x1 lattice periodicity at room temperature which undergoes phase transition to 3x3 structure at
low temperatures. [1] The 3x1 lattice periodicity is characterized by the presence of a quasi-1D zigzag chain, and
the low-temperature phase transition is speculated to be connected to the strong interlayer interaction in TaTe. [2]
In this work, we explore modifications of the exotic CDW phases in TaTe; in the 2D limit. Due to the
strong interlayer interactions in transition metal ditellurides, traditional exfoliation techniques are ineffective for
obtaining large-area flake samples. In this context, our bottom-up approach using Molecular-Beam Epitaxy (MBE)
is suitable for obtaining TaTe, with large-area coverage. In addition, the Reflection High-Energy Electron
Diffraction (RHEED) confirms the layer-by-layer growth mode with single-layer precision. The fabricated films
were probed with Angle-Resolved Photoemission Spectroscopy (ARPES), a powerful method capable of directly
accessing the electronic structure of matter. The results were compared with first-principle calculations. Additional
structural information was obtained using Raman Spectroscopy, and the results were compared with single-crystal
bulk TaTe,. Our results indicate that films as thin as 10 monolayers thick exhibited correspondence to bulk TaTe,
whereas the single-layer counterpart did not exhibit signal of phase transition at low-temperature. In the

presentation, | will discuss the results and possible scenarios.

[1] T. Sorgel et. al Mater. Res. Bull. 41, 987 (2006).
[2] J. J. Gao et. al, Phys. Rev. B 98, 224104 (2018).
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Observation of Spin Transport in Paramagnetic Insulator Gd;GasO»
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[1]K. Oyanagi, S. Takahashi, L. J. Cornelissen, J. Shan, S. Daimon, T. Kikkawa, G. E. W. Bauer, B. J. van wees,
and E. Saitoh, Nat. Commun. 10, 4740 (2019)
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Characterization of magnetic devises for use in cancer surgeries.
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Si-based Spin Metal-Oxide-Semiconductor Field-Effect Transistors

(MOSFET) with an Inversion Channel
Dept. of Electrical Engineering and Information Systems, The University of Tokyo.
Shoichi Sato, Shota Okamoto, Masaaki Tanaka, and Ryosho Nakane

Si-based spin metal-oxide-semiconductor field-effect transistors (spin MOSFETs [1,2]) are attractive for
next-generation electronics on a Si platform, since they can be key devices in nonvolatile memory as well as
reconfigurable logic circuits. The spin-functional output characteristics of spin MOSFETs are realized by
spin-preserving electron transport from a ferromagnetic (FM) source (S) to a FM drain (D) through the Si
two-dimensional (2D) inversion/accumulation channel. In this study, we demonstrate spin MOSFETs with an
electron inversion channel at room temperature, and then quantitatively investigate the spin drift [3] by our original
formula that precisely takes into account the distribution of the lateral electric field [4].

Figure 1 shows a schematic device structure of a spin
MOSFET fabricated on a silicon-on-insulator (SOI) substrate with
a buried oxide (BOX) layer, where the FM S/D electrodes are
Fe(4nm)/Mg(1nm)/MgO(1nm)/n*-Si(5nm) tunnel junctions and

FM Source(S

the BOX layer was used for the gate dielectric. The channel width »-Si layer !F‘ N
Weh was 180 pm, while the channel length Ley was varied from 0.4 —— 1, BOX P e
) T Sisubstrate ; 77
to 1.5 um. The two-terminal measurement set up to obtain - P .
spin-valve signals is also shown in Fig. 1. Here, it is assumed that 0 Len

) Fig. 1 Schematic device structure and the
electrons are transported from x = 0 to L¢, through the Si channel  two-terminal measurement to  obtain

and the lateral electric field F is present along the —x direction. spin-valve signals.
Figures 2(a) shows spin-valve signals measured for a device with Lg, = 0.7 um, which demonstrate the spin
transport through the electron inversion channel. which demonstrates For the same device, AV ?" was also

measured with various gate electric field Eqx and Ips, and these values were plotted in Fig. 2(b) as a function of Ips

o

1
10
Drain current I, (mA)

o
[4,]

for each Eox. The black circles, triangles, and (@) Lo 07 wm Ege = 135 Ve 2 () Ta = g =75 whviem || g
- @ = kK — =
squares are experimental values, and red, green, .2 s S A on_g-gg mm
< mA < ox — -
ey — 200
and blue curves are the fitting curves by our & L 8mA § L= 0.7 pm
T > ‘B )
model [4]. The good agreement between the Eg g Calculation
. . =2 ?100 i
experimental values and fitting curves means that £ | SmA ¢
> @
our theory can accurately explain the spin drift. ;',)
-
[&]

We found that effective spin transport length -8 0
Magnetic field (kA/m)

becomes larger by 3-4 times by the spin drift than Fig. 2 (a) spin-valve signals measured for a device with

the intrinsic spin diffusion lengh /s =0.41 pm. Len = 0.7 pm. (b) 4V *" measured with various Eox and
Ips for the same device.

[1] S. Sugahara and M. Tanaka, APL 84, 2307 (2004). [2] M. Tanaka and S. Sugahara, IEEE TED 54, 961 (2007).
[3] Z. G. Yu and M. E. Flatté, PRB 66, 235302 (2002). [4] R. Nakane et al., IEEE 49th ESSDERC 2019, Krakdw,
Poland, September 23-26, 2019, B2L-F3.
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Large tunnel magnetoresistance in a fully epitaxial Fe/ MgO/ Fe/ y-ALOs/ Nb:SrTiO3
double-barrier magnetic tunnel junction

Ryota Suzuki', Yuriko Tadano', Masaaki Tanaka'~, and Shinobu Ohya'-*?
'Department of Electrical Engineering and Information Systems, The University of Tokyo
2Center for Spintronics Research Network, Graduate School of Engineering, The University of Tokyo
3Institute of Engineering Innovation, Graduate School of Engineering, The University of Tokyo

Enhancing the tunnel magnetoresistance (TMR) is important for boosting the performance
of spintronics devices. There has been an interesting proposal to enhance the TMR by injecting
carriers only with a small in-plane wave vector k; from an electrode with a small electron density
into magnetic tunnel junctions (MTJs) [1-3]. For example, a Fe / MgO / Fe / n-GaAs structure is a
promising candidate due to the small carrier density of #n-GaAs [2]. However, the Fe/GaAs interface
is highly reactive, and thus the large TMR ratio has not been observed in this structure. Meanwhile,
perovskite oxide SrTiO3 (STO) is a good candidate for the injector electrode from which carriers are
injected to the Fe-based MTIJs, because STO becomes an n-type semiconductor with a small carrier
density when doped with Nb, and because Fe can be epitaxially grown on a y-Al,O3 thin layer grown
on STO. Also, STO has a small lattice mismatch with Fe (lattice mismatch is ~2.5%). Therefore,
Nb-doped STO can offer a promising k-space filtering effect for the realization of a large TMR ratio.

In this study, we have grown an MTJ structure composed of Co (15 nm)/ Fe (18 nm)/ MgO
(3 nm)/ Fe (10.7 nm)/ y-ALl,O3 (1.6 nm) on a Nb-doped (0.5 wt%) STO (001) substrate by molecular
beam epitaxy (MBE). As shown in the transmission electron microscopy (TEM) lattice image (Fig.
1), the Fe/ MgO/ Fe layer is epitaxially grown on y-Al,O3/ Nb:STO. We obtained large TMR ratios
of 219 % at 300 K and 366 % at 3.7 K (Fig. 2), which are larger than the typical TMR ratios reported
for the Fe/ MgO / Fe structures (180% at 293 K, 247% at 20 K) [4]. This result can be attributed to
the tunneling electrons with small kj and with As symmetry injected from Nb:STO.

This work was partly supported by Grants-in-Aid for Scientific Research (No.18H03860),
Canon Foundation, and Spintronics Research Network of Japan.
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Fig. 1. Typical TEM lattice image Fig. 2. TMR curves (resistance-area product R4 versus

of the sample projected along the magnetic field uoH) at temperatures ranging from 3.7 to

SrTiO3 [100] axis. 300 K with a bias voltage V' = —10 mV. Here, H is
applied along the in-plane Fe [100] axis. The inset
shows the TMR ratio versus temperature 7.

S. Ohya et al., Phys. Rev. Lett. 104, 167204 (2010).
G. Autes et al., Phys. Rev. Lett. 104, 217202 (2010).
R. Suzuki et al, Appl. Phys. Lett. 112, 152402 (2018).
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Spin-dependent current modulation
in perovskite-oxide-based three-terminal magnetic tunnel junctions

for the realization of vertical spin transistors

OYouhei Asahara', Le Duc Anh'2, Masaaki Tanaka'-? and Shinobu Ohya'->3
!Department of Electrical Engineering and Information Systems, The University of Tokyo
2Institute of Engineering Innovation, The University of Tokyo
3Center for Spintronics Research Network (CSRN), The University of Tokyo

A spin MOSFET, which is a MOSFET with ferromagnetic source and drain electrodes, is expected to be a
next-generation device that overcomes the limitations of the current semiconductor technology [1]. For the
realization of the spin MOSFET, single-crystalline half-metallic perovskite oxide La;..SryMnO3 (LSMO), which
has a high Curie temperature (7c = ~370 K), is a promising material for the drain and source electrodes. By
combining LSMO and perovskite semiconductor materials, we can make high-quality all-epitaxial single-crystal
heterostructures, which can suppress spin scattering and realize efficient spin injection and detection [2]. In this
study, we have successfully modulated the tunneling current by applying a gate bias voltage to an LSMO-based
magnetic tunnel junction (MTJ) using ionic liquid. Our result is an important step for the realization of perovskite-
oxide-based vertical spin MOSFETs.

As shown in Fig. 1, the MTJ examined in this work is composed of, from top to bottom, LSMO (7.0 nm) /
LaMnOs; (LMO) (7.8 nm) / LaAlO3 (LAO) (3.4 nm) / LSMO (16 nm), which was grown on a StTiO3 (STO) (100)
substrate by molecular beam epitaxy. Here, LMO/LAO is a tunnel barrier (or a channel), and the top and bottom
LSMO electrodes are the ferromagnetic drain and source electrodes, respectively. The insulating OMR resist was
used for isolating each device from the gate electrode, and gold was deposited as the gate electrode on the OMR
resist. Ionic liquid N,N-Diethyl-N-methyl-N-(2-methoxyethyl) ammonium Bis (trifluoromethanesulfonyl) imide
was used for the gate-voltage application to the device. Fig. 2(a) shows the external magnetic-field (// [110])
dependence of the drain-source resistance-area product (R4ps) at 3.7 K, indicating that RAps is controlled by the
relative magnetization directions of the LSMO layers. The tunnel magnetoresistance (TMR) ratio, which is
defined as [RAps(AP) — RAps(P))/RAps(P) x 100, is about 40 — 60% at V'ps =+10 mV, where P and AP represent
parallel and anti-parallel magnetization configurations. Fig. 2(b) shows the drain-source voltage (Vbs)
dependence of the drain-source current (/ps) (parallel magnetization state) with various gate-source voltages
(Vgs), indicating that Ips is modulated by Vgs. The Ips modulation ratio, which is defined as [Ips(Vas) — Ips(Vas
=0 V))/Ips(Vss = 0 V) x 100, is about 200% at Vgs = +0.5 V and |Vps| < 4 mV. These results suggest that
perovskite oxide heterostructures are promising material candidates for the realization of spin MOSFETs. In our
presentation, we will discuss the above-mentioned results in more detail.

This work is partly supported by Grants-in-Aid for Scientific Research (Grants No. 18H03860 and No.
17H04922), the CREST Program (Grant No. JPMJCR1777) of the Japan Science and Technology Agency, and
the Spintronics Research Network of Japan (Spin-RNJ).

[1] S. Sugahara and M. Tanaka, Appl. Phys. Lett. 84, 2307 (2004). [2] L. D. Anh et al., Phys. Rev. Appl. 12,

041001 (2019).
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Fig. 2. (a) External magnetic-field (// [110]) dependence of the drain-source resistance-
Fig. 1. Schematic area product (RAps) at 3.7 K, Vgs =0V, and Vps = 10 mV. The black arrows represent
sample structure of the magnetization direction of the LSMO layers. The orange arrows show the sweep
our MTJ device. direction of the magnetic field. The TMR ratio is about 44 %. (b) V'ps dependence of Ips

with various Vgsat 3.7 K.
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Current-perpendicular-to-plane giant magnetoresistance in ferromagnetic semiconductor (Ga,Fe)Sb
heterostructures with high Curie temperature

Takaoki Kido', Kengo Takase!, Le Duc Anh'?, Kosuke Takiguchi' , and Masaaki Tanaka'-

!Department of Electrical Engineering and Information Systems, The University of Tokyo
’Institute of Engineering Innovation, The University of Tokyo
3Center for Spintronics Research Network (CSRN), The University of Tokyo
Email: kido.t@cryst.t.u-tokyo.ac.jp

Ferromagnetic semiconductors (FMSs), which show both the properties of ferromagnets and
semiconductors, are needed for future low-power spintronics devices. To realize practical spin devices, both p-type
and n-type FMSs which have high Curie temperature (7c) are required, but prototypical Mn-doped FMSs
(In,Mn)As or (Ga,Mn)As show only p-type with 7c < 200 K [1]. On the other hand, we have successfully grown
Fe-doped FMSs; p-type (Ga,Fe)Sb with 7c =~ 340 K [2] and n-type (In,Fe)Sb with Tc =~ 335 K [3], which are
promising for devices operating at room temperature. To realize practical spintronics devices, the spin-valve effect
is one of the basic and necessary characteristics. We have recently demonstrated current-in-plane giant
magnetoresistance (CIP-GMR) effects in (Ga,Fe)Sb heterostructures [4], but the MR ratio was less than 2%, which
is very small. Further improvement of the MR, by optimizing the geometry and structure, is necessary.

In this work, we demonstrate the CPP-GMR effect in a spin-valve structure using high-7¢ (Ga,Fe)Sb.
Generally, the magnetoresistance (MR) ratio of CPP-GMR is larger than that of CIP-GMR, because the MR is not
only caused by the spin-dependent scattering at the ferromagnetic/nonmagnetic interfaces but also by the
spin-dependent density of states of the ferromagnetic layers. As shown in Fig. 1(a), the samples examined here
consist of (Gaos,Feo2)Sb (50 nm, Tc> 320 K)/ InAs (5 nm)/ (Gags,Feo2)Sb (40 nm, 7c> 320 K) grown on an
n-type Si-doped InAs buffer (200 nm) and an n+InAs substrate by low temperature molecular beam epitaxy
(LT-MBE). Figure 1(b) shows the MR measured at 3.5 K with a magnetic field H applied perpendicular to the film
plane. Clear GMR of ~ 3.5% is observed, whose peaks (= £250 G) agree with the coercive forces of the
magnetizations of the (Ga,Fe)Sb layers observed by magnetic circular dichroism (MCD) magnetometry. Although
the observed MR of 3.5 % is not high enough for practical devices, this result of the spin-valve (GMR) effect in
Fe-doped FMS heterostructures is an important step for device applications of high-7c FMSs and heterostructures.
Acknowledgements: This work was partly supported by Grants-in-Aid for Scientific Research (Nos. 16H02095,
17H04922 and 18H05345), CREST of JST (No. JPMJCR1777), and the Spintronics Research Network of Japan.

Fig. 1. (a) Schematic sample structure and
3 measurement geometry. (b) Magnetoresistance
5 1 \ of a (Gagpsg,Feo2)Sb (50 nm)/ InAs (5 nm)/

(Gaos,Feo2)Sb (40 nm) structure measured at 3.5

=
(Ga,Fe)Sb 20% 50nm DEC
! K (upper panel) and the normalized hysteresis

0 measured by MCD in the same sample (lower
(Ga,Fe)Sb 20% 40nm =l panel). The magnetic field H and current I are
g 100 applied perpendicular to the film plane. In (b),
. E o the red and blue curves are magnetic-field-sweep
InAs:Si 200nm S -100 directions of — to + and + to —, respectively.
= 200
n+InAs sub. 10 o 10
Magnetic Field [kG]

References: [1] L. Chen ef a/, Nano Lett. 11, 2584 (2011). [2] N. T. Tu et al, Appl. Phys. Lett. 108, 192401 (2016).
[3] N. T. Tu et al, Appl. Phys. Express 11, 063005 (2018). [4] Kengo Takase, Bachelor thesis, The University of
Tokyo, 2019 March.
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Epitaxial growth and characterizations of quaternary alloy
ferromagnetic semiconductor (In,Ga,Fe)Sb

Kengo Takase'-*, Tomoki Hotta"*, Kosuke Takiguchi', Karumuri Sriharsha!,
Le Duc Anh!2, and Masaaki Tanaka'?
!Department of Electrical Engineering and Information Systems, The University of Tokyo
’Institute of Engineering Innovation, The University of Tokyo
3Center for Spintronics Research Network (CSRN), The University of Tokyo
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Ferromagnetic semiconductors (FMSs) are promising materials for spintronics applications because of
their high compatibility with the semiconductor technology. To realize practical devices operating at room
temperature, both p-type and n-type FMSs with high Curie temperature (7¢c > 300 K) are required. Thus far,
although the prototypical FMS (Ga,Mn)As has been intensively studied, it shows only p-type conduction
with low 7¢ (£ 200 K) [1]. Recently, we have successfully grown Fe-doped I1I-V FMSs with high T¢; both
p-type (Ga,Fe)Sb with 7c = 400 K [2] and n-type (In,Fe)Sb with 7c = 385 K [3]. For device applications of
these new Fe-doped FMSs, we have to control their fundamental material properties, including the lattice
constant, band structure, carrier type, 7c and magnetic anisotropy.

In this work, we have created a new type of Fe-doped quaternary alloy FMS, (Ini..,,Ga,Fe,)Sb, with
room-temperature ferromagnetism. We grew heterostructures consisting of (from top to bottom) InSb (2
nm) / (Ino.74,Gao.1,Fe0.16)Sb (15 nm) / AISb (100 nm) / AlAs (6 nm) / GaAs (100 nm) on a semi-insulating
GaAs(001) substrate by low-temperature molecular-beam epitaxy (LT-MBE). Figure 1(a) shows an X-ray
diffraction (XRD) spectrum of our sample and the lattice constant of (Ino.74,Gao.1,Feo.16)Sb. The XRD
spectrum suggests that the (Ino.74,Gao.1,Feo.16)Sb layer grown by LT-MBE maintains the zinc-blende crystal
structure without any other second phases. The lattice constant of (Ing.74,Gag.1,Feo.16)Sb follows the
Vegard’s law, suggesting that In and Ga atoms reside in the group-III sites. Figure 1(b) shows normalized
magnetic circular dichroism (MCD) spectra measured at 5 K with a magnetic field of 1 T, 0.5 Tand 0.2 T
applied perpendicularly to the film plane. These spectra overlap on a single spectrum in the whole
photon-energy range from 1.5 eV to 4.5 eV, indicating intrinsic and homogeneous ferromagnetism in the
(Ino.74,Gao.1,Feo.16)Sb film. From the Arrott plot of the MCD intensity vs. magnetic field (MCD - H) curves,
we estimate the 7¢ of the (Ing.74,Gao.1,Feo.16)Sb film to be 320 K. This high 7¢ and good crystal quality are
promising for realizing more materials functionalities and device applications.

This work was partly supported by Grants-in-Aid for Scientific Research by MEXT (Nos. 26249039,
17H04922, 16H02095, 18H05345 and 18H03860), CREST Program (JPMJCR1777) of JST, and the

Spintronics Research Network of Japan (Spin-RNJ). (b) o ¢
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Figure 1(a) XRD spectrum of our sample and the lattice = 0 001 002
constant of (Ing.74,Gao.1,Feo.16)Sb. (b) Normalized MCD g 0 F H/MCD (T/deg)
spectrum measured at 5 K with a magnetic field of 1 T, g— L o
0.5 T and 0.2 T applied perpendicularly to the film plane. g -so }—100k —1s0k
(c) MCD - H curve of (Ino.74,Gao.1,Feo.16)Sb measured at —iggi _;izi
a photon energy of 1.94 eV and the Arrott plot. 320K
-150
-1 -0.5 0 0.5 1

Magnetic field (T)

References: [1] L. Chen et a/, Nano Lett. 11, 2584 (2011). [2] S. Goel et al, Phys. Lett. B 99, 014431
(2019). [3] N. T. Tu et al, Appl. Phys. Express 12, 103004 (2019).
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Carrier type switching in quaternary alloy ferromagnetic semiconductor (In,Ga,Fe)Sb
by controlling the composition of In and Ga
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Ferromagnetic semiconductors (FMSs) are promising materials for low-power spin-based devices
because they show both the properties of ferromagnets and semiconductors. Recently, we have successfully
grown both p-type and n-type Fe-doped III-V FMSs with high Curie temperature (7¢); p-type (Ga,Fe)Sb
with Tc =400 K [1] and n-type (In,Fe)Sb with Tc = 385 K [2] by low-temperature molecular-beam epitaxy
(LT-MBE). With alloying p-type (Ga,Fe)Sb and n-type (In,Fe)Sb, we may be able to switch the carrier type
with only a slight change of the lattice constant and band structure while maintaining high Tc, which will
be useful for understanding the origin of the carrier type and ferromagnetism in the Fe-doped FMSs.

In this work, we have grown both p-type and n-type (Ini«.,,GacFe,)Sb thin films with
room-temperature ferromagnetism. We grew heterostructures consisting of (from top to bottom) InSb (2
nm) / (Iny.x,,,Ga,,Fe,)Sb (15 nm, x = 2,4, 6, 8, 10 %, y =16 %) / AISb (100 nm) / AlAs (6 nm) / GaAs (100
nm) on a semi-insulating GaAs(001) substrate by LT-MBE. Figure 1(a) shows X-ray diffraction (XRD)
spectra of our samples and the estimated lattice constants of (Ini.r,,GasFe,)Sb as a function of the In
content. The XRD spectra suggest that the (Ini..,,GayFe,)Sb layers grown by LT-MBE maintain the
zinc-blende crystal structure with no other second phases. The lattice constants of (In;.x,,Gay,Fe;)Sb follow
the Vegard’s law, suggesting that In, Ga, and Fe atoms reside in the group-III (cation) sites. Figure 1(b)
shows Hall resistance Ruan of (Inix-,Gay,Fe)) (x =6, 10 %, y = 16 %) measured at 300 K with a magnetic
field applied H perpendicular to the film plane. From the linear slope of the Ruan — H at high H# (> 10000
Oe), the carrier type of (Ini..,,Gay,Fe,)Sb is found to be switched from p-type to n-type by decreasing x
from 10 % to 6 %. This trend is consistent with the previous result; (In,Fe)Sb is n-type and (Ga,Fe)Sb is
p-type. Table I shows the summary of the carrier type, carrier concentration, and 7c of (Ini..,,Gax,Fe,)Sb (x
=2,6,10 %, y =16 %). The carrier type of (Ini-,,Gax,Fe,)Sb can be changed between p-type and n-type
with a slight change of the lattice constant and band structure.

This work was partly supported by Grants-in-Aid for Scientific Research by MEXT (Nos. 26249039,
17H04922, 16H02095, 18H05345 and 18H03860), CREST Program (JPMJCR1777) of JST, and the
Spintronics Research Network of Japan (Spin-RNJ).
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Figure 1 (a) XRD spectra of our samples and the lattice constants of (Ing 34-x-y,Gax,Feo.16)Sb (x =2, 4, 6, 8,
10 %) as a function of In content. (b) Hall resistances of (Ini.r.,,Ga.,Fe,) (x = 6, 10%, y = 16 %) measured
at 300 K with a magnetic field applied perpendicular to the film plane.

Ga content x (%) Carrier concentration (cm3) T (K) Table I Carrier type, carrier
10 P-type, 2.2 X 1018 340 concentration, and Tc of
ve (In14,GaxFe,)Sb (x = 2, 6, 10 %, y =
6 N-type, 1.2 X 10%° 340 16 %). Tc is estimated from the Arrott
2 N-type, 2.0 X 108 300 plot.

References: [1] S. Goel et al, Phys. Lett. B 99, 014431 (2019). [2] N. T. Tu et al, Appl. Phys. Express 12,
103004 (2019)
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Fabrication of ferromagnetic iron oxide BaFeOs thin films
and their magnetic properties
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Development of infrared single photon detector with Ir-TES
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Analysis of low calcium sensitive mutant in Arabidopsis thaliana
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Superconducting NbN under Supercurrent Injection
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Development of a Superconducting Heat Switch for a Compact and
Continuous Nuclear Demagnetization Refrigerator
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