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Spectroscopic and theoretical study on epsilon iron oxide nanomagnets
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studied by in-situ transport measurements
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Strong-coupling 2D superconductivity
in the low carrier density regime of layered materials
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BirSt,CaCuwOsix (ZH1T D & v 7 AE— FOBIRIZ B L.
ERE THz JIC L > Tt S BRE O & A
2T R BRI T =T (R 800 nm) O ST ERIE 2
WUCHAT, ZORER, s WIS L FRERIC, RO
ZMIZH(@)D & 5 IS THz SO 2 FIIEAZIBRE L T
BENT 205 % A L, 51T, ZOIRENTBZEEE
RET LN TRl L (Mb), RKNFEE kDX A F 7
I 70— T ORI IR T2 A i EKAFT 5
Big SRONIORECE 5 2 b, EAL R—TREEZZ{LSET
b A RO HEIC BRI T D Z LR bh o, Bamalh
& DFEFMIRLEIN D, 2D A it v 7 AE— RIZH
KT HZLZWLMTL (2], d EBEEARTHD T v
7 2F— ROBHNIA) LTz, i TIEE OFEM 2 ST
Do
[1] R. Matsunaga et al., Science 345, 1145 (2014)

[2] K. Katsumi et al., arXiv1711.04923, (2017)

4 : (a) Fei F—750EHIIIT 5 THz bkl
BOSITRENDZ AT 7 A (Aig BED).
(b) SHTEIAD Arg 5y OTRPEAAFIE & d I
REX v v T OREIOBX,
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BRAIANUSDLOD4NLL7A—DFEFEAHD=XL

Rate Limiting Mechanism of Film Flow in Superfluid Helium

BPRUIRE - WEFER - GLUHRE ., EREV5—°

FEX B BHF B |\l BB

ABRED “He IZREVEMNR 22N 20D, BHORWARRICIAND &, BEFICUE L
TR 30 nm BRE O Z (> T LT LE S, (T4 T7m—] &
FEIZAIL D Z OBRGITERHOTEL A M L—Y 3 VEBROEED—DOTH
Do ZO&THAKM B ICHMARARZ R R (Fr—L—
R) I BEHEICIMEFE LRV[1], & AN, AeaRimlCERER O
A lEIEDHE, 7u—L— MR 1ML BT EnmonTn5g
2] TORKEE LT, FasEz i< L2 LIk 2FPEEORNE, &
TMOE = T OMENEL L2 LI K DR EDORINZ 8% 2
D, BRI 72 I I SN2 o TV o T2,

Z 2 TH AL, EERERORD VIR T (B

e
00

“a

(a¥

N &7

M1 74Vvh7a—
DA A=

100 nm) & ZAEHT T A AL 0.5, 1pm) & HWT
BERMEO I 7 ool s 2 K& <Ak Esd, 7r—
L— b & Z DRERFMEAZTI~T2, SEM Bl52 & EHER
W AR & 2 RIEFERIE D DL Lo REfEE D€ T v
IZEDWT I 7 R BRARICHI2ANEEE RED
HE, T=20K THO7u—L— MI2HLL EICHZ-T

Jetr (T) / Jegr (0)
(e}
i

~:~:\:‘:~:‘:‘:\:§f$:f:?::;\

----- b=200 nm
----- b=20 nm

----- b=2nm |]
b=0.6 nm

0
ARERIIZEHEIT D5 Z L nhoTe, ZOFETH 1.6
DERET N T O/RTH D, SbIZ, BALAZ)

T(K)

2 2.2

2 T=0 OETHKBILLIAR Y 7n—
L — b DR EEARATME & BRAR A R SOE 7
B3ROz, b ITRLEREORE S,

BEHZLOOHE (A7 08—V —1R) ju B OM
BRLEFHOHBEICLST, nm A Ao =7 %A
K76 O w1 O BB CHE S 2 BBl A v,

BITHIATE . Jegr = dveps(BEE:d, BIRENE L :pg) & T D 2 ENDnoTz, T OERFHEE DR ERLT

PV S & R DI D PR DIREERFIEIC B L T D,

[1] R. S. Chandrasekhar and K. Mendelssohn, Proc. Phys. Soc. A65, 226 (1952).
[2] R. Bowers and K. Mendelssohn, Proc.Phys.Soc. A63,1318 (1950).
[3] K. W. Schwarz, Phys. Rev. B 31, 5782 (1985).

[4] J. Daunt and K. Mendelssohn, Proc. Roy. Soc. London 170, 439 (1939). R.K. Waring, Phys. Rev. 99, 1704

(1955).

14



0-06
PbBi,Te, & b RO D HILMEZRAEDIER & /LY G

Fabrication of PbBi:Tes-system topological insulators
and their bulk resistivity

TERBRETT V7 ILIEER RINHRE
IRERfath, EEFLL BRIIE—

AR\ U VAR A (Topological Insulator, TT) 13 2005 4R (2 BEGRAGHEIE 23 72 S 4L, 2007 412 FEBRIVIZ
FEAEDHERE S VT LT LV ERE T D, TI R HE BT ZROCEFBFE L, B0 AER
(RY—(rfH) OHRIZLVEVBEEZ LD, p A BOX v U THIE S BRI L > THEHIAT
2Ds INHT 4T v ZRFIZIERMEEIIMZ, TIRE TIIA Y U FEBREND &ETFERINTEY .,
ITEFEBRICHHER I TS, ZALOMWEND THEX, ZHE TOT /A A L SRR R/
6%%%%7%4%$\XE/FH%7XTA4XLﬁ%éﬂég&ﬂ%ﬁéﬂf“éo
L L TI D% < DR TSIV 7 HEFIEDS TR ST e e o, FRER 2B OBLSF) X — %Y
[CEE LV, EERIZ ZAVE TV BT BB U7 THIE AR 30 FliH 3~4 FRERFE &b 7w, — 7, T4
TI D—FETd % PbBirTes D Bi ¥ % Sb TEE#izx 5 Z & THASMEZ n M p MOM THITE 5 &
Wt SNT[1]23, ZIVE TV MERARE) 23 B OAE U 1T R > T iRinoTo, & 2 CUMAE T
Sb /R ANEEIHIE L=t v T E B L, 27 #fg iR 72 Pb(Bi,Sb),Tes o 7" /L OAERUZ 5T L 72
(1) [2], ZRDITFERRBSETZ R Ly (M2), ZORD ENT 3 IRt D5 RE Tl T &
D ENDhoTo, HFRTIL Pb(BLSb)Tes (IZFEFT D/ VI RED A I = X M kigam LD b, BEFD

]

TI T % (Bi,Sb)y(Te,Se)s & L D /b 7 g & 2R 4 % 72 0 O EHRGEHIB L Tk~ %,

I |
0 100 200 300
T(K)

1 : Pb(Bi1-xSbx)2Tes DHLFLR DR (K FME: 2 : Pb(Bi1-xSbx)2Tes DRFik 22 5 K HEHT

[1] S.Souma et al., Phys. Rev. Lett. 108,116801(2012).
[2] Y. Hattori et al., Phys. Rev. Materials, 1, 074201(2017).
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T4V IHEER Cd:As, BIEIZH TS
BFREBERE RO O h)LEER
Quantum transport and topological phase transition
in Dirac semimetal Cd;As, thin film

IT2RMER DEIXER )I|KRE=E1
RIEKE PMUEHARR 2, BLERRAT SIRDERERRER 43
ERER— 1, THIEKE |, FEHET L, BERA 2, M. Kriener3, /ME#T 1, ZEEE 2,
FHOREZER 3, fEkIF5E 2, JIfHT L3

T 4 7 v 7 & )E CdsAse Tk, 7L 7 N0 RO 3 It
RAERDAEmOSPEIZ L > TLESI, 777 =D 3K
JERPEERICHE Y LR R 2B g A ek s n o1, 2oz
CdsAs2 IZHBWTIE, 3IRTTT « 7 v 7 VEICHRT 20 A T VR
WRED MR e U H VIR B GRe, RHEE - oo - ARV
LB BEERAOZIZE -7 bR r U VAR HL G D R 5
DHIFE SN TV BI[2,3], ARAFFETIL, CdsAse O & ibE %
TERLL . P CiIADZh R % W T2 AR L - T
T4 Ty 7 PERICHIRE S D BT & RIS T,

PV A =Y IR S BT = R G LTI A X 1. (Cdi- XZnX)sAsz (R £= 34 nm,
LoT BB E XX v/l CdsAss HIEO /ERILC Zn & H x=0.12DIZBIF 2 &R —ILhE,
W2 R e b E B LT, RO WEREHZ BV T
PACIADZNRIZ LD 2 ITHI 72 BT IRRE L OV T4 — /LR B
FEHTDHZ L EAOLM L], Zn BRTO/KS v U TIRELIC
Lo TE, HE 34 nm (2B W T H R E R — L2 RO
R LTWA(X 1), £72. A UHUEMAERZ5D % Zn
EHIEL, T4 T v 7 PR L AR ~D R UL
MR ZFHET D 2 RSN D, ZOMHEBBIBERIZI W T,
(B D F 72 2 30k CORKHRPIINE 2 @i £ TfTH 2 & T,
T4 T v YERHO A T IVEEICHET HAMERK ?EE?”#
7&#’*5’] BT 2R A LM LT2(K 2), RN

DFEFIX, NV THBIRERRIRTCHSTZT 47 ‘yﬂﬁé(ﬁ X 2. (Cd1-xZny)sAs2 %Hﬁ(t 85~100 nm)

ORI HT B b b ERARA T L% eI e
bihvd,

[1] Z. Wang et al., Phys. Rev. B 88, 125427 (2013). [2] M. Ninomiya et al., Phys. Lett. 130B, 389-396 (1983).
[3] Z. Wang et al., Phys. Rev. B 85, 195320 (2012). [4] M. Uchida et al. Nat Commun. 8, 2274 (2017).
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Fe-based narrow-gap ferromagnetic semiconductors:

New materials for high-performance spintronic devices

ITERHRMERRIFER HPXRIHRE
Le Duc Anh, Nguyen Thanh Tu, Pham Nam Hai, B 5o Bf

Ferromagnetic semiconductors (FMSs) with high Curie temperature (Tc) are highly desired for the realization
of semiconductor spintronic devices. So far, however, the mainstream study of FMSs is focused on Mn-doped I1I-V
FMSs whose Tc¢ is much lower than room temperature (RT) (the highest Tc in (Ga,Mn)As is only 200 K).
Furthermore, because Mn atoms supply both spins and holes, the Mn-doped III-V FMSs are all p-type with holes in
the Mn-related impurity band (IB). Therefore it is challenging to understand the band structure and design
functional devices. To go beyond the existing Mn-doped III-V FMSs, there have been world-wide efforts to search
for new high-performance FMSs. These research works, inspired by the prediction of the mean-field Zener model
[1], were mainly concentrated on wide-gap materials such as oxides and nitrides. However, reliable and systematic
results have not yet been presented.

In this study, we present an alternative approach by using Fe instead of Mn as the magnetic dopants in
narrow-gap III-V semiconductors; InAs, GaSb, and InSb. Unlike Mn, Fe atoms are in the Fe*" state substituting the
group-III sites, which supply neither electrons nor holes. These Fe doped III-V semiconductors have two important
advantages over the Mn-doped counterparts: First, the carrier type (electrons or holes) can be controlled
independently by co-doping with appropriate nonmagnetic dopants. Second, these carriers, supplied by
nonmagnetic dopants (not Fe) would reside in the conduction band (CB) or the valence band (VB) of the host
semiconductors and thus can move faster with higher coherency. Using low-temperature molecular beam epitaxy,
we have successfully grown both p-type FMS [(Ga,Fe)Sb [2]] and n-type FMSs [(In,Fe)As [3], (In,Fe)Sb [4]]. By
optimizing the growth conditions, a significant amount of Fe can be doped in III-V semiconductors while
maintaining the zinc-blende structure [Fig. 1(a), the Fe concentrations X are up to 9% in (In,Fe)As, 25% in
(Ga,Fe)Sb, and 16% in (In,Fe)Sb)]. The most impressive result is the high Tc of these materials: T¢ increases
monotonically with X; and there is a tendency that Tc¢ is higher in narrower-gap host semiconductors [Fig. 1(b)].
Intrinsic room-temperature ferromagnetism has been observed in (Gai.x,Fex)Sb with X > 23% [2] and (Inix,Fex)Sb
with X > 16% [4]. In n-type FMS (In,Fe)As, large s-d exchange interaction energy was estimated [5], and large
spontaneous spin splitting (30~50 meV at 3.5 K) in the CB was observed, which is the first in all FMSs [6]. These
results, contradicting the conventional mean-field Zener model, raise new issues in the magnetism of

semiconductors and indicate that the Fe-doped III-V FMSs are promising for high-performance spintronic devices.
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Fig. 1 (a) HR-(S)TEM images of (Ga,Fe)Sb, (In,Fe)As, and
(In,Fe)Shb, respectively. (b) Tc as a function of the Fe content x
in (In,Fe)Sb, (In,Fe)As, and (Ga,Fe)Sb.
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Magnetic properties of manganese borate glasses

A ERMIRRN - WE - RERMMA - FLHARE
iRHF - MEB/AR - FLiG2

(=1

BT AF, FTHIN DA VWS NRTEMEICH L, BEMENE L, TR « KafbnNES T
HY | MRREC L PR EGICE LS b ND VD TEMICERT-FEERS, LoL, X
EMERCE MRS L CEBEICIA B STV D —J5 T, MM ENZBE L ik d 7 A M Bt o &1
BIZOWTOFEMRIFIEZE D & DD IRNONRER T 5, 2% < DRSS H BRI 72 5 1Bl 8 4 K
B U CHRBEPE RSO BORBEME IR 72 SR T2 — 5 CL W TCWOREME AT 7 A3 T v & W71 Fls % X
ML CAY LT AFRICEEBT 5 2 EDNMONTWD, AT T RIAE L INT & LIRS ZED
THAE LIZRETHY . = P07« ATV —RREORRLBIGERT(1,2], & 0D T 26
DOREME TR 72 T 2 2 DGR OBLE D D & BURRNAY | BEAEIEOMRERITIT L A EI ST
W, ABFZETIE, WEAGBTEEZ A WTS U TR BT 5 2 2L RS 27,

[J25x]

XMnO-(100-X)B20s (X = 45, 50, 55) 77 A ZERAMmIEIC X 0 ER L=, MnCOs 35 XU HsBOs By K %
10g DA TABELND X DITFFE, IRE LIk, I—AR U5 20FIC A, 4%H/96%N, KR D 7 1
— 7Ry 7 AT, 1100°CT 15 mEER L, 2m Lic, XBREFTIZE D, I 2L TWD0E 5 »
AR LT, BEET T2 O T, BMEROEEEAANE 2T,

[#ER & 552
45Mn0-55B,03 7 7 A DE it b= O A % S ooto e 45MnO-55B,0,
B ICRT, BREAE E BEAEIN 3 K 12350 T4 | .-
B L, YISO 2 HIRE CERBHAIIE—2 2R L _ .,
()] -
fzo ZORERDD, 4SMO-SSBy0; 7 AFA LY @ M0 \3
FAEBERTEEZ DID, E .
A
L 0.0006 “
= \\"\\,\
.,
T
[1]H. Akamatsu, K. Tanaka, K. Fujita, and S. Murai, 0.0004 5 ) 5 8 10
Phys. Rev. B 74, 12411 (2006). Temperature (K)

[2]H. Akamatsu, S. Oku, K. Fujita, S. Murai, and K.

% . P S 2 DR IERAY R
Tanaka, Phys. Rev. B 80, 134408 (2009). 1. 45Mn0O-55B203 77 A DI FefeA LA O

FEMR AT
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Study on the defects of calcite crystals in the prismatic layer of
Pinctada fucata

RPEGHPEHRY - BALEGIEFEER - FHEERRE
RS2 BEXE, HEEEX, FEGT, DERS, FEEF, HKEE

KB O Hakix, IREEA VL7 LTS E LTWDR, MEO AR 2N Y O FE L & s
I L, RIS U7 & A i 2 TR STV 5, T B ORI S B L 7= TR ol 7 &
DRt AT D72, AR BAEH OISR A B ORI IR 5 Z L B3I S D,
BHRRBIICHOWON TS T av A OHZIL, RO DAY A MBRFVEE - T-EIEN S 72 5 HHE
R0, HEFEE TIE 2 OBENEWNAEIEE O E N, OO X5 tiEL2 LD, &
TS HWTBIEIC L > T, Tav WA BRI ALY A FOWNEIZIL, AEME S £ 720 IEEDT
TV A MRS IR DR WBUN S T O ERDNRE SN TWD[1], = OFE S XMaE oL
A MTEIZ L KBV E W I BBENRFS AZ RO Z bR CW b, X DICHEERE I VA FNTIE,
FEsb RG> CTHEM Z 7 A N—B Ky RT—2ZRIZHA LTV D 2 ERBIE SN TER V2], KM
Oy N —ZICLoTAELDEBZ LN TND, L, ZiIVE T 2 HERNAEEAE N
FEISNTNDLHT, AWKy NU—27 OBIZIEIRITHY . LD &5 2 FH THbidh R TERK
SNDDONHH BT S TR,

AR TIXEND ZFEIAT L7200, T A FEFBRCHIK Ly MU —2 iyt Lz, IR
L LCMS/MS Z TR Z it L7 2A, ERBIEZHEOFF L BIZHFFUICHAE L TWDF
FUNREESE TH D Z EDVHIB LT, HIKEN) Cldx T 3 aKIbD &S L L TE b TV 5 235,
X T U EDRT DR P AIKACIZE D S TV D &V ) EIIZIEE, Ry NU—7 e LTxFT
EXRTFUNMRBERDBRE SN 0D, ZNLODOHEMN ED L I A FOFEEICBE D> T
WD NEFIRD T2 invitro DIREEI NV U AERALFERZITo72, £9. FTFT 27 ubEgidF
FIAZX T U o fRER 2 N 2 C 24 BRARE SH T2, ¥ T IR L > THIK 2o T B2 B D,
ZOBRFFT L TNNTRIBHIN U LEfimlb S, B LIEI YA M2 EFEME Bl L., B
REMZTXTF T NOHBOEE TITIBEFE DO A SBTER I, BERREN ERDIZONERIRD D
YA MZEE LTz, E72 XBETHEIZ L > THVYA FOFREERBORE I EZEH LIZEZ A, B
FRIRED EDR DI ONMEEERIBIIRE LS oo TW e, o THXFFUNMRBERIZ L > THIK oo Tex T
PRER ARG EZE L SETWVWD I EDREBE I T,

X F LR OVER OA I L 5% F U fMEOE W& | 8% O SEM CIERa Uil N EE L T L &
DT, TR L CRESE D Z LR <BIZETE 5 Cryo-SEM Z HWTHBIZE LT, hA¥A1 ME
ML DXTF TN EBRE L A, DEEREEASE T RWRTF SR fFH S 2T
YINVTIRE DN T ARHER VYA MIZADIAAL TS Z EDVHII LT,

[1] Okumura, T., et al. (2010) Micron 41, 821-826
[2] Okumura, T., et al. (2012) Cryst. Growth Des. 12, 224-230
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INA IR—N=H L B -LilrO; D NMR - B{ERIEIZ & & EHE
High-pressure phase diagram by NMR and magnetization study on
hyperhoneycomb B-Li:IrO;

HRAFEFRAMRAHNMEZER &K - LIIHRE"
RYIPRATSVIBRRM®

ME2" LNEAERY, E4KF", SWLHMEA®, SAREHAN

B AE R EITETHBEICL > TR EEE TAE U RO LWEEERFLRVRETHS, £
D—FTHLF ¥ T T7HET ALY ARIKIE, A U128 =0 2T E TR Y RIZRTAE L CoRiEMEIC
HEFEH L T DR OIEERETH H[1]. 1V U AB{EYa-LilrOs% TE D EBNRE S TLK
[2]. BAICHIFE STV D, FEROFRI A == M) ETHERTE, TOREIRIED
B AERIATH 5[3], B-LialrOs TE DEBAHIF ST228, W T CIIEMER R BT 2R T[4,
LUENZENT D 2 L THIBHROBKT— A MBHRT 4], JTENFROE T A Y ARIKIREEN
FHL TWDATREMED B D, —H & BICEE T TIHEEERE L Clrddimer 2727 2 £ 31 H T 5 [5],

T2 1 IB-LidlrOs At db &2 Ak L. @)L T CHALE ENMRAZJIE Lz, BifbRE T4 b7 MW T
i Cdimer ~DHEf & 4 5 1L 5D BB S 72 (X2), Lo LIS ORI TR b & 2RI REfmPE
ICRERBANR LN, FHEBEBIRESESEORE S L FAICKEIKFEL TS, ZNLIT@EE
D% 7172 Heisenberghl HA/EHIZ & D singlet dimerfEi & 1T K& < BApn L B2 b5, A HERM
HAER7 v MERICE o TET B, ¥4 = 7HHAEHCsymmetric off-diagonaltd A/EH [6]1Z & - T
FH TR D S EDORE Z2dimerfANEB L TWD EB 2D,

300 - - . ‘ .
Para-
magnetic i
__ 200} | .
1. A== DA, ¢ Dimer
g L .
N ‘ o phase
2. B-LiolrOs DETHIK, @IIRALE, X 1T e
NMR, Wi XRD[5]CHR 57~ M, 100 |
[1] A. Kitaev, Ann. Phys. (N.Y.) 321, 2 (2006) ] |
[2] G. Jackeli and G. Khaliullin, Phys. Rev. Lett. g | o | . | .
102, 017205 (2009) [3] S. Mandal, and N. 0 2 4 6
Surendran, Phys. Rev. B, 79, 024426(2009) Non-collinear P (GPa)
[4] T. Takayama et al., Phys. Rev. Lett. 114, order

077202 (2015) [5] L. S. I. Veiga et al., Phys. Rev. B. 96, 140402(R) (2017)
[6] J. G. Rau et al., Phys. Rev. Lett. 112, 077204 (2014)
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BIEAY ) LTHEEShT= SQUID BERET DERER IS
Clinical application of SQUID magnetometer cooled by liquid helium

MEmBE TAMAtEE—
ZHE BEA

1972 4ElZ~ Y F 2 —F » Y TR KT David Cohen HIZ L~ T, BT —/L Rb— AN Cl{sE &1
T3 7 (SQUID: superconducting quantum interference device) B FH 2 H W THI®H T b OAMREE 3 Fo6k
ENTLSE, SETHERFBMLI L ZOMIC, b FOMBSE 4306 2558 (MREED 1%, FREHI
TE LT ¥ 1V EAE 7,14,37,122 LHIN &, BifE, S %E 306 7 v /LD SQUID WEHEH T A3 —
T 5 RFRIMREGE AR TR bW & LTV D, MBETIE, 1990 4FRARAIBHIC 37 T v VIR E O BRIRIRER
EATWVE R MBEEE OENE— S & U CRFRAR I N D72 Y, MBEEFHU O BRI I 48] 7 5 B D 41

Fx, BUE, 306 F ¥ R /VEFARUNREEEE VectorView (Elekta Neuromag, Helsinki) 23 HSui2 i I 0 X ==
IZA VA R—Eh, BEHL TS

t%@%%%%@ﬁ@ﬁﬁm%@ 0 BEERAMCAE U DR DA — 1%, MARBIEMIC LT 108 LB
Bimits (Mg ~1074, %Bm/4’2~10‘6 DMEE~1072) (ZHE_THREI 72728, IMREETIE mu-metal 72 & D
SRR T 2~3 BICH DN IZEAORAK  —/L FL— ANICERE S CYBRITEE O H T SR 2 FH
NI BEE e BRERBEC B D 726D, FIZY —/L Rb— DA OBREIRGS % fluxgate & CEHAIL, v —/L R
Jo— A% 3 BT ICEY & a A VICEREIRT Z & Ty Rb— ARN~DOIR A% adaptive | cancel
out 3~ % active shield 23N STV %), SQUID % mEER S & L TREESE 5700, Xt
BWHETHT 2T —WNIZITRE~Y U AR FTE I N D, B OMBEGHIIEA~Y 7 A ADENL - b
BN STV D D, UBE2 3 OB E SNzt T, b Liz~U 7 A0 REKRKHITHK
HEh 572, —HFIZ 80~100L DIRIA~Y 7 L& HEE LT\ 5.

MRRETIX, SAR I EM 2 235 U CMEN 2 5T~ D IR EHT T, A a2 X b, ZEE Ok & b &l
Th D0, FEMENMN TG LNRVER EARRERPMES I TITE EN TV D, BT, e TIX
R CERVEFERD, MBI TR Z N TEDANRTOND. N OEIR % B AR 1 & L
T &, FREDOBIPNRTDIEE EITHE D B G & B AR X AT 90 ) & A e 5720, M Cik
FHRTIZ R E AR TR R I BB e R O BERUEEh 2, MG CIL L 0 mERE 2 2 2 &R Tx 5. il
IR IV TIE & RIRFI IR A fidk 9 4uE, BREEORR LA ENTE L. H UL, EiRN
T 3 WITALEHEE S, BMFENL L 0 b BMRES 2 05 > 7= F S IEMEICAT 2 D s bius. b N O
R OEERIL, B LMK TR 200 FR7e 570 ERY) oM T 50, BHRITIZITETI D%
i%a@fﬁ*ﬁﬁ@k . SHEBREAR AT ITARAT L2 WE DD 72 W ks 7 — 2 % T2 7 D3I B IR
DONEZ EMEICFETE D, ZOX D REEND, MEGEHITITADATETERIERa Fr— L TER
WTADABEE OHAFHERIZBWT, IREFSHOPREICE S OA R RERZIE L TV 5.

[1] D.Cohen, Science 175 664—66 (1972)
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Function analyses of basic residues in the acidic proteins of biominerals

REPLEGRPHAREISAEGILPRERSHILFEHRE
TRHEE. BE—Xx. REF. BFFH. REHF. KHER, HKXEE

FEWDME D H U T2 R s & B D R 2 NA A I R TNV EMES, NA T I X T AN H T EIT
X< OBERIET 2 VNG E, WA U LR EOEREOMAERICEE B 2R 1 Z LWL
MeleoTnD, —J T, < OEEMEFRENBIERLOTHITHET D Z ERENTE 20, HEL
PEFREEDOBEENZ DWW TIIRERRA R Z LR L, £ 2T, AR TITAKIIZIS T 2 EREMERIEO%E|
DO E B E LT,

7 2% H A (Pinctada fucata) ELERJE H1 3D Pif 802124 ¥ i LB 5. DDRKDDRKGG & W 9 Bl4I)IZ
EHL, AT T RERAWTEREIT O Z & CHEMEOREOREI O] 23 7-, Pif80 OtV i
L% DDRKDDRKGG % P1 & L. thifest£ & L C DDAADDAAGG(P2). AARKAARKGG(P3)% Hefi L
oo THHONTF RaE AW CERMEEMBAENE(TC) 21T 72 & T A, Wikt & IR O )7
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[1] Weiner and Addadi, Trends in Biochemical Sciences 16,252 (1991).

[2] Suzuki, Saruwatari, Kogure, Yamamoto, Nishimura, Kato, and Nagasawa, Science (New York, N.Y.) 325, 1388
(2009).

[3] Loste, Wilson, Seshadri, and Meldrum, Journal of Crystal Growth 254, 206 (2003).
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Evaluation of magnetic beads using magnetic immunostaining
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[1] R. Liu, et al., Talanta 81 (2010).
[2] S. Sakamoto et al., Clin. Chem. 60 (2014).
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pH dependency of iron coordination by TtFbpA, the periplasmic
iron-binding subunit of the ABC-type iron transporter from Thermus
thermophilus HBS8, analyzed by solution NMR
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Introduction

Iron is one of the vital elements in living organisms and the way of absorbing iron from the environment varies a
lot. In Gram-negative bacteria, the ATP-binding cassette (ABC) transport system is involved in the iron uptake and
named ABC transporters. A typical iron-uptake ABC transporter basically consists of three subunits, namely the iron-
binding subunit (FbpA) in the periplasm, the transmembrane subunit (FbpB) in the inner membrane bilayer and the
nucleotide-binding subunit (FbpC) in the cytoplasm. Subunit B and C are highly conserved among the ABC
transporters, however, FbpA can be exclusively found in Gram-negative bacteria. In our previous study, we have
determined the crystal structure of the FbpA subunit from Thermus themophilus HBS (TtFbpA). This crystal structure
of TtFbpA at pH 5.2 shows a six-coordinated form of iron binding with three tyrosine residues, one water molecule,
and two bicarbonates. Another crystal structure of TtFbpA at pH 7.5 was reported, which shows a five-coordinated
form of iron binding with three tyrosine residues and one carbonate. These two different structures suggest that the
iron-coordination manner could be influenced by pH conditions. The objectives of this study are to analyze the iron-
coordination manner of TtFbpA at different pH conditions in solution to further understand the mechanism of iron-

uptake in Gram-negative bacteria, which will give rise to a new conception of anti-bacteria drug design.

Methods and Result

TtFbpA was overexpressed in E. coli and purified as reported. The last purification step was performed by the size
exclusion chromatography under several pH conditions ranging from pH 5.0 to 9.0 in the presence or absence of
Fe3+ ion. 2D NOESY spectra of TtFbpA with or without Fe3+ at pH 5.0, 6.0, 7.0, 8.0 and 9.0 were measured. The
cross-peaks of tyrosine side chains were hardly observed in the absence of Fe3+. However, some of these signals
became observable by the addition of Fe3+, suggesting that these tyrosine signals could be involved in Fe3+
coordination. The chemical shifts of these tyrosine signals were pH-dependent. the chemical shifts at pH 5.0 and 6.0
were prominently different from those at pH 7.0, 8.0 and 9.0. These results explain the different coordination modes
of Fe3+ in the two crystal structures of TtFbpA at pH 5.2 and 7.5. These pH-dependent Fe3+ coordination modes of
TtFbpA are probably based on the pH-dependent equilibrium of bicarbonate and carbonate ions.
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Proton conductivity of cyanido-bridged coordination polymers
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[1] S. Ohkoshi, K. Arai, Y. Sato, K. Hashimoto, Nature Materials 3, 857 (2004). [2] S. Ohkoshi, K. Nakagawa, K.

Tomono, K. Imoto, Y. Tsunobuchi, H. Tokoro, J. Am. Chem. Soc. 132, 6621 (2010). [3] K. Imoto, K. Nakagawa, H.
Miyahara, S. Ohkoshi, Cryst. Growth Des. 13, 4673 (2013).
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Crystalline microporous materials such as aluminosilicate zeolites and aluminophosphate-
based microporous crystals have long been used in the fields of catalysis and separation, and
greatly contributed to modern society.l'! Hydrothermal synthesis of crystalline microporous
materials, however, typically takes a long period ranging from several hours to even several
weeks depending on the targeted framework and the chemical composition. Considerable
efforts have been devoted to shorten the synthesis period. Fast synthesis of crystalline
microporous materials is still a daunting challenge yet highly demanded.

Figure 1 Ultrafast synthesis of crystalline microporous materials on the order of minutes. a, The tubular reactor. b, The oil
bath. ¢, SEM images of the representative crystalline microporous materials synthesized in the tubular reactor (time and
temperature below the images represent synthesis time and temperature, respectively). d, N, adsorption-desorption
isotherms for the the fast-synthesized S5Z-13 and SS5Z-13 synthesized using autoclave for several days.?!

We recently developed a methodology aimed at ultrafast and continuous flow synthesis of
crystalline microporous materials.>¥ A tubular reactor (Figure 1a) made of stainless steel tube
with diameters of several millimeters was introduced to the synthesis of crystalline
microporous materials. Because of smaller size and higher surface-to-volume ratio, the tubular
reactor is able to achieve a fast heating if a preheated oil bath is employed (Figure 1b). This
feature of the tubular reactor, together with rational design of synthesis precursors as well as
the use of seeds, enabled us to synthesize a class of crystalline microporous materials on the
order of several minutes (Figure 1c). Thanks to the ultrashort synthesis period, the continuous
flow synthesis was also easily established. The products of the new synthesis route possessed
similar porous and textual properties as characterized by XRD, SEM and N2 adsorption-
desorption (Figure 1d). We also proved that this continuous flow synthesis method can be
applied to a wide range of industrially important zeolites.

References
[1] Davis, M. E. Nature 2002, 417, 813.
[2] Liu, Z.; Wakihara, T.; Nishioka, D.; Oshima, K.; Takewaki, T.; Okubo, T. Chem. Commun. 2014, 50, 2526.

[3] Liu, Z.; Wakihara, T.; Oshima, K.; Nishioka, D.; Hotta, Y.; Elangovan, S. P.; Yanaba, Y.; Yoshikawa, T.;
Chaikittisilp, W.; Matsuo, T.; Takewaki, T.; Okubo, T. Angew. Chem. 2015, 127, 5775.
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Superconductivity in low dimensional systems based on Transition Metal Dichalcogenides (TMD) materials
has been attracting significant attention in recent years. Among them, the TMD nanotube is a fascinating platform
for the research of superconductivity due to its unique dimensionality and geometry [1]. Especially, the novel chiral
superconducting transport originating from the nanotube chirality has been discovered recently in an individual
WS, nanotube via electrochemical doping with ionic gate [2].

Here we report the diameter dependence of superconductivity in individual WS, nanotubes. The
superconductivity is realized by electrochemical doping with ionic gate, in which the diameter of nanotube is
estimated from the periodic oscillating magnetoresistance, known as Little Parks effect [3], while the critical
temperature of superconductivity is estimated as the half resistance from the temperature dependent resistance
during the superconducting transition. As a result, the critical temperature displays a systematic relation as a
function of the diameter. The present results might offer the crucial information to understand the microscopic

mechanism of superconductivity in individual nanotube.

Figure 1. (a) Schematic figure of WS, nanotube with ionic liquid gate. (b) The temperature dependent resistance

and superconducting transition with Tc of 5.8 K. (¢) The critical temperature as a function of the diameter.
[1] R. Tenne et al., Nature 360, 444-460 (1992).

[2] F. Qin etal., Nature Commun. 8, 14465 (2017).
[3] W.A. Little et al., Phys. Rev. Lett. 9, 9 (1962).

28



P-08
EEERICE DS 4-HIL EREBZEOILERIREDOHE

Structure-guided optimization of stereoselectivity of 4-HIL synthase

'R KRR R A MRIRIER « SAAMEEEK
Oa%Z'. BfmM', FHE' &' EZAE'
PRBRFZRFGERFIER - o AEMPHRER

B 2 /NIIE 2
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Cyanido-bridged metal assemblies with nano channeled or
thermally stable structures
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[2] S. Ohkoshi, K. Nakagawa, K. Tomono, K. Imoto, Y. Tsunobuchi, H. Tokoro, J. Am. Chem. Soc., 132, 6620 (2010).
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Effect of Surface Coating onto a Semiconductor Photoelectrode
for Solar Hydrogen Production
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Spin metal-oxide-semiconductor field-effect-transistors (spin MOSFETs), whose source and
drain are composed of ferromagnetic materials, are promising candidates for post-scaling era [1]. In
the previous studies of spin MOSFETs, however, the magnetoresistance (MR) ratios reported so far
were less than 1% [2, 3]. To improve the MR ratio for practical applications, it is necessary to use
ferromagnets that are compatible with semiconductors for the suppression of spin scattering at the
interfaces. The ferromagnetic semiconductor GaMnAs is one of the ideal model materials. We can
obtain an atomically abrupt interface between GaMnAs and GaAs. In fact, we have recently obtained
a high MR ratio up to 60% in a GaMnAs-based vertical spin MOSFET [4]. However, in our previous
study of the vertical spin-MOSFET, the gate modulation of the drain current Ip was small (£ 0.5%)
[4]. In this study, we fabricate GaMnAs-based lateral spin MOSFET structures, which are suitable
for efficient gate modulation, and investigate the spin-dependent transport properties of these devic-
es. We show a large MR ratio up to ~10% and successful gate modulation of Ip of ~10%.

We fabricated a GaMnAs-based lateral spin-valve device whose channel length d is 200 nm
shown in Fig. 1 (a). We measured the MR characteristics of this device with a magnetic field applied
in the plane along the [110] axis [Fig. 1 (b)]. We obtained a high MR ratio (~ 10%). The MR ratio
remained positive for all in-plane magnetic field directions, which confirms that this signal does not
originate from tunnel anisotropic magnetoresistance (TAMR) but from the spin-valve effect. Fur-
thermore, we fabricated a lateral spin MOSFET structure with d = 100 nm shown in Fig. 2 (a), and
successfully modulated Ip by applying the gate voltage Vgs [Figs. 2 (b)-(d)].

This work was partly supported by Grants-in-Aid for Scientific Research including Specially
Promoted Research, Project for Developing Innovation Systems of MEXT, and Spintronics Research
Network of Japan (Spin-RNJ).

[1] S. Sugahara and M. Tanaka, Appl. Phys. Lett. 84, 2307 (2004).

[2] R. Nakane, T. Harada, K. Sugiura, and M. Tanaka, Jpn. J. Appl. Phys. 49, 113001 (2010).
[3] T. Tahara et al., Appl. Phys. Express 8, 113004 (20151).

[4] T. Kanaki, H. Asaﬁara, S. Ohya, and M. Tanaka, Appl. Phys. Lett. 107, 242401 (2015).

Fig. 1 (a) Schematic sample structure of the
GaMnAs-based lateral spin-valve device
with the channel length d. (b) Magnetic field
dependence of the MR ratio measured at 3.5
K with a source-drain voltage of 100 mV and
, with a magnetic field applied in the plane
along the [110] direction when d is 200 nm.

Fig. 2 (a) Schematic sample structure of the
GaMnAs-based spin MOSFET. (b), (c), (d)
Vs dependence of Ip with the drain voltage
Vps of (b) 350 mV, (c) 300 mV, and (d) 250
mV at 3.5 K when d is 100 nm.
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richer, D. Loss Phys. Rev. B 65, 165327 (2002). [4] J. Klinovaja,D. Loss Phys. Rev. B 90, 045118 (2014).
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Orbital magnetic moment anisotropy in heavy metal-Co
heter ointerfaces studied by x-ray magnetic circular dichroism
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Dzyaloshinskii-Moriyainteraction (DMI) [1,2] is considered to play an essential role in stabilizing
Néel-type domain walls (DW) in 5d heavy metal (HM)/ferromagnet (FM) heterostructures. Such Néel-
type DWs could be moved by electric currents due to the existence of spin-orbit torque. This
phenomenon makes HM/FM heterostructures  a promising candidate for future electrical-control of
magnetic memory devices. However, the origin of DMI at the HM/FM interfaces is still unclear,
making it agreat obstacleto design practical devices. In experiment, it has been found that the strength
and direction of DMI at the HM/FM heterointerfaces can be modulated by the HM underlayer [3,4].
Meanwhile, theoretically the orbital magnetic moment anisotropy (OMA) of HM and FM at the
HM/FM heterostructures will also be changed by HM underlayers, which has similar HM-element
dependence to DMI [5]. It suggests that there should be correlation between DMI and OMA at the
HM/FM heterointerfaces.

Inthis study, the OMA of Co and HM at the HM/Co heterostructures were studied by x-ray magnetic
circular dichroism (XMCD) based on synchrotron
radiation. It has been found that the OMA of Co in the
HM/Co/HM  heterostructures shows HM-element
dependence which is similar to that of the strength of
DMI (Fig. 1). The XMCD spectra at the Pt L edge of
Pt/Co/MgO heterostructures were observed, supporting
the fact that the magnetism of Pt can be induced by Co

dueto proximity effect. However, negligible OMA of Pt
was observed in the results. Fig. 1 HM element-dependent orbital

magnetic moment of in HM/Co/HM.
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A 7 V& &% A= PZT/Nb-SrTiO; 5 HE D= B H{H
Control of Electrical Conduction at PZT/Nb-SrTiO3 Interface through
Ionic-Liquid Gating

THRMER MEISER JIIBHEE' BELPEHEm fIRDUREmEE 42—
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[R] A ik %E 7 — Mgk e LImBR EB N7 VRS TIX, A A R EE R R R ICER
CHEEPEAR S, FEREIZ10Y em? UL EOF v U T RERMIALDL[1]. T OMEITHRE 22 TREE R
FFOBRROWIE & A — 4 —T—8T 2720, A F U RIKRFEERRE TIEF ¥ U 7 OZEFRE TIE72 < 4
FHEMRAE U D 2 &Rl STV B [2], AHFZETIEA A IR % W CTHREEE R PbTiosZro20s (PZT)D A
oA R S, n BREEIRTH D Nb B —7 SITiOs Olgk it DB T 2175 7=,

[FEBrEAER] R L —HF —HERFIEZ FW T
SrTiO; #:HR 12 PZT/Nb-SrTiOs @ s & RS L 7=,
Bonl-EEZHNVCER _—EE N T UAH
ZVERL L. Nb-SrTiO; O fifi ok FiE 2 34 L 72,
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JEAR 2R, 7 — NEBIE Vo M IE(R)DIRFZ
Rs IHR(EDIRPUREEZ R L, 2N HIE V=0V T
HAERF S D A ERMEZ R LTz, 72, Re 17—
NEEIZXH LT AT U U A A& 5RFEERD
P-E 7 —7 LRI IR D EVNE BTz, Hall JIE
253K 72 Nb-SrTiO; D 150 K TOF ¥ U 7K
E, IR PTIREET 1.5 x 10 em 2, &IKPUREET
50x 108 em? Th Y, HEHOEMITEICF ¥ Y
TEOEIZERT D Z RS iviz, L EDORE
FiX B 1(b)D L O ICHFFERREICWET DA
T OFZNELT D Z LT PZT O HBEIEH
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Design and synthesis of chiral Ln(lll)-W(V) molecular magnets
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The synthesis and design of new enantiopure chiral magnets is one of the major challenge in researches on the
multifunctional molecule—based magnetic materials [1]. Interplay between magnetic properties and chirality
enables us to observe unique magneto—optical cross—effects such as: magnetic circular dichroism
[3], magneto—chiral dichroism [4] and magnetization—induced second harmonic generation (SHG) [2]. In last few
years our group has made significant progresses in this scientific field and reported a unique
effect of photoswitching of SHG polarization plane in the Fe"—[Nb' (CN)g]" chiral photomagnets [5]
and a novel SHG—-active family of LnHI—[MoI(CN)S(NO)]3 “molecule—based magnets [6].

In this work, we report 11
isostructural cyanido—bridged
Lo"{WY(CN)] (Ln = Ce, 1; Pr,
2: Nd, 3; Sm, 4; Eu, 5; Gd, 6; Tb,
7; Dy, 8; Ho, 9; Er, 10; Tm, 11)
zigzag chains crystallizing in the
non—centrosymmetric space group

C2 (Fig. 1). All coordination
Fig. 1. Zigzag chain structures for both chiral forms of 1 — 11 and

polymers adopt two mirror—image
xu7'(T) plots measured in Ha. = 1 kOe.

forms due to the presence of

specific spatial organization of ligands around Ln(IIl) centres. The enantiopure character of assemblies has been
confirmed by natural circular dichroism measurements. Furthermore, these materials reveal non—linear optical
effect of second harmonic generation (SHG). Magnetic studies revealed that all assemblies exhibit the depopulation
of the M, sublevels of Ln’" ions due to the splitting of the ground term by the ligand field, weak antiferromagnetic
interactions through Ln""-NC—W" linkages and weak ferromagnetic interaction between spin chains below 6 K for
1, 3, 4, 6, 8 and 9. It is worth to notice that dynamic magnetic susceptibility measurements performed with

application of an external magnetic field reveal occurrence of frequency dependent signals for 8, 10 and 11.

[1] C. Train, M. Gruselle and M. Verdaguer, Chem. Soc. Rev., 2011, 40, 3297; [2] T. Nuida, T. Matsuda, H. Tokoro,
S. Sakurai, K. Hashimoto, S. Ohkoshi, J. Am. Chem. Soc., 2005, 127, 11604; [3] S. Chorazy, R. Podgajny, W.
Nitek, T. Fic, E. Gorlich, M. Rams, B. Sieklucka, Chem. Commun., 2013, 49, 6731; [4] C. Train, R. Gheorghe, V.
Krstic, L. M. Chamoreau, N. S. Ovanesyan, G. Rikken, M. Gruselle and M. Verdaguer, Nature Materials, 2008, 7,
729; [5] S. Ohkoshi, S. Takano, K. Imoto, M. Yoshikiyo, A. Namai and H. Tokoro, Nature Photonics, 2014, 8, 65;
[6] M. Komine, S. Chorazy, K. Imoto, K. Nakabayashi and S. Ohkoshi, Cryst. Eng. Comm., 2017, 19, 18.
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Conducting hetero-interface between insulating transition-metal
dichalcogenides
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A design of Helium 3 melting curve thermometer
that operates at ultra-low temperature
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Development of microwave SQUID multiplexer for
gamma-ray transition-edge sensor array
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Terahertz wave absorption of Co-W cyanido-bridged
metal assemblies
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Observation of light-dressed states under resonant
excitation of excitons in GaAs
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Quantum size effect in a Fe quantum well detected by resonant tunneling carriers
injected from a p-type Ge semiconductor electrode
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Double-barrier magnetic tunnel junctions (DBMTJs) with a ferromagnetic quantum well (QW)
are promising for future quantum spintronics devices. The quantized energy levels in ferromagnetic
QWs are half metallic and thus are expected to increase tunnel magnetoresistance (TMR) [1]. In
DBMT]Js, the TMR ratio can be modulated by a bias voltage, which will bring new functionalities to
spintronic devices. Until now, in the studies on the double-barrier metal-based MTJs, metal layers have
been used for carrier injection [2 — 6]. However, neither negative differential resistance nor TMR
enhancement has been reported for DBMTJs. Here, we use a semiconductor (SC) electrode to inject
carriers to Fe QWs. SCs have a small Fermi surface and the carriers have small in-plane wave vectors
compared to metals. Thus, each subband in the Fe QW will be detected separately when injecting
carriers from SCs, which will enhance resonant tunneling and improve the spin-polarization of the
tunneling current in the Fe QWs.

In this study, we grew DBMTJs composed of Co (20 nm)/ Fe (20 nm)/ MgO (3 nm)/ Fe QW (d
nm)/ MgO (2 nm)/ Ge:B (85 nm) on a p'-Ge(001) substrate using molecular beam epitaxy. The
thickness d of the Fe QW layer is varied from 5.6 to
7.0 nm, and the boron doping concentration in Ge:B
is 4x10" cm™. The TMR ratio was 137 % at 297 K
and 237 % at 3.5 K with d = 6.4 nm at a bias voltage
V =-10 mV, where holes were injected from the Ge:B
layer to the DBMT]J. Figure 1 shows the dI/dV —V
and d?1/dV? —V curves of the DBMTJs with
various d. We observed oscillations in the curves. One
can see that dips or peaks are continuously shifted
with d (see the same color arrows, which are assigned
to the same resonant level). Using the phase Normalized atO V| , d=6.7nm
accumulation model, the dip positions are well 06 04 02 0 02 04 06
reproduced by the resonant levels in the Fe QW Bias voltage V (V)
detected by holes in the Ge:B layer. We have
successfully observed the quantum size effect using
holes injected from the p'-Ge layer into the Fe QWs
for the first time [7]. This work was partly supported
by Giants-in-Aid for Scientific Research and
Spintronics Research Network of Japan.

—~
L

Parallel
magnetization

d=6.4nm

Normalized dl/dV (a.u.)

(

—
O
~

d=6.7nm

Normalized d?I/dV? (a.u.)
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Non-local transport in bilayer graphene under magnetic field
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SNBSS SCIERAR T vy VBl o TX ¥ v 7% BT TR TEIM S v T & 72 [1][2][3],

VHERE 79 7 = D zLL TIXBE MBI L > TAE L AL —O% RN B AN T LAF
(layer anti ferromagnetic) & W ORTENRFEEBLL . v v 70 Z &N
Mo TERM5], ¥ v 7NN TND 72 HERY —fi=RBN4 T 50
BEMEDN B D [6], Fox 1L zLL O LAF ¥ v 7H T L —hR— 2R %

BR T D720 DEREIT-T-,

N =R — VN RAIT R —/VEEZ A RO T O R —/VHIE
B2 2 LidcE T ERATEREZ v (K1),

LAF ¥ v 713 meV L F &E/hE WD T 16K DR TE v v 7%
iR Lz, P (Koot TR 3 8L S 41, LAF
Xy v TNFEET D Z L aMNDT-%, FERPTEREETT-> 7,

LAF K& (KMo REr) CHRFHERPHERT 255 F0VRA LR
7= ).

JRFTHET & FE R TR HL O BRI TS b — R — L 2 R LIS TR
JRFTRPLA 4 U 5 DO FER 72T TIEFB A2, N —Fk—L
BRI E TV D ATREER SV E B L TV D,

4 1. FEJR P HIE

[1] R.V. Gorbachev, et.al. science 346, 448 (2014)
[2]M. Sui, et.al. nature phys. 11, 1027 (2015)
[3]Y. Shimazaki, et.al. nature phys. 11,1032 (2015)

]
]
]

[4]M. Kharitonov, et.al. PRB 85, 155439 (2012)
" 2. 1.6K, 2T 5% T
]

[5]J. Velasco, et.al. nature nanotechnol. 7, 156 (2012) B B
T (1) &IERmprsT (F)

[6]F. Zhang, et.al. PRL 106, 156801 (2011)
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TF ) BBERFe()REY ORF—N—Fy FI—4 8K
LB THEREBZRDR
Influence of metal substitution in cyanido-bridged Fe(II) spin-
crossover compounds

BERMRFMEFER KB EE
Fu@EX., SEFE=, K#E—

[(HS] UBEE=ETIE, 7/ BICE W ERA A VBB EI N> T/ BEERERICB VT, 0 E
&V o T MR X 2 BERUIFIERIE 78 SR 2 7ot & s U C & 72[1,2], FRIC, [NDY(CN)s] & Fell & fH A
BOEERIZBWT, HFE Fe' AV 7 0 A4 —N—[ZHEIS D AL v F o 7B A2 WE L TWD
2], ARFZETIE, HFHEA LY 7 1 2 — S—I8REME 2B LT % Fe)[NbYV(CN)J4-E U 0 7L R
¥ 1)g2H0 D Fe A A2 % Co A AL Ty iE# Li-Ab A, (Fe'ixCo)a[NbYV(CN)s](4-E U 2> 7L R
¥ L)gzH20 (x =0, 0.08, 0.29, 0.5, 0.79, 1)DE AL & £ ORERFHEIZES L TIET 53],

[38r] B EAPIE. KNb(CN)KIATE & FeClo, CoClyy, 7 AL E VR, 4-E U DU T )L K& ADIR
BIKEEME DI L0 1572, WMERIIEoT TR, Bk X #REIHT(XRD), ZRIMEI A2 R /L(IR)FS K ONERIK
He ZmiiE & U CHW RS & - TFHFHSQUID)IZ L W 1T 7,

[R5 & B22] JeRHT L 0 HLKIE Feo)[Nb(CN)g](4- A F/LE D P 2g2H,0 &I L7e, ¥oR X RIS
X — @ Rietveld IFFTHER N D, B ONIALEMITETRROMMEEEZ A L TN Z &R I L,
ZEIEIZIE T G 141/a TH D Fe' A MIITHEEENL FO N4 2L 27 /KO NJFT 2 DHEAL L,
Nb ¥ MIBENL LT 8 DD T /D HH 4 DR Fe VA FEZBL, 50 D 4 DIFZEBL TV eho
72o Co OEMENENT HIZOoN T, B THEEITD LT OB T25Z 3o, 2k, Co't o1
VRN FEAE L, S DR TN SN LICRKT S EE 2 BND, BYELRIEEREMT) DR
JERAFPEDORIE ORGSR, 300 K T T fEIT Fe''(R A £, 5=2), Col(& A ¥, 5=3/2), NbY(S=12)D &
HobiHREENDMEE —H LN, BEEZ TS & Fe 28102 TOHAMITIBNT 150 K AT 5 puT
TEARD B S 7z, IR AT MVOREEEN S| Fell(F A B2, S=2)1 5 Fell((R A &L, S=0)~D
A 7B A= N"—BROFEBNRE I N, £To, Co DEMRENHEIMNT DO T, HBBEENT
WD L L HITEEBARERNIT 72 DM B S 7o BREIREE DR T IE Co DA A RN Fel(mAE L,
S=2)& Fe'EAE L, S =0)D TR TREWVWEZDIZEAE VIREN LV ZEN L2 L, B3R
RN > T DI, Fe A 23 Co VA MIEHINDHITOILT Fe 14 MEIDNEFEREN K E < 72 0 W
FIEWENAD L2 Lok b B2 0N5D, £z, Co A EH LIZE5HATIE, AR BH S, x=
0.79 O > T IAIBEXARERFEIRE 12 K 35 K OMRRELS) 3100 Oe 27392 & 3~ 7=,

[1] S. Ohkoshi, H. Tokoro, Accounts Chem. Res., 45, 1749 (2012). [2] S. Ohkoshi, K. Imoto, Y. Tsunobuchi, S.
Takano, H. Tokoro, Nature Photonics 8, 65 (2014). [3] K. Imoto, S. Takano, S. Ohkoshi, Inorganics 5, 63 (2017).
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—EIETIZH TS 0-(ET),; DESEEEE
Electrical transport properties of 0-(ET),I; under uniaxial
strain

THRWRE MEIFER BEFEPARE', EREMX BI2H MEEH >
MEFH ', MREAT BNt BEMNEEL BEHFA-—T

7 SV AIER T 2RI 5 O X O ZREMMA R 92, MEEREA LI X S
HRDWETHD, TOBETRMEBEZDET VT ADABLER 0-(ET),X IZBWTEE
FERLINT[1,2], BFFHERTRV & X BTHBENEA OB AR Lizigiksd > < K
AT 5 2 Lidd 5 (EMERT, #ifxiR), — 5T, BRICEFAWETZE5 X E 588 1%
EAOWRIKIRREE b RATZENTED, EF7 7 AL, EABRFERERFEND X920k
DUZH 0 e N ORI 2R ST, BEOKT L & HIZE NG U7 RE R ORMT
IR R E < 72D LW o T Tl 7o 7 L RIBROME AR, ZOLIRBETOIT T A
LD FIZIL 0-(ET),X DOk T ORI FHIMEERBR L TV DD TIER N EEZ X DI
%o 0-(ET),X IE ET 23 e fmi& g4 ->< V| ET 43 F ORI (08 &’ XN ) 13587
Wo7e = ks 1 & ipt %, £z, ETIX2H A bHT2D 1 DOk 72 FFD, Z O CHEA
FRFIRBEZREAS 9 &5 & ZAKFICEA L CIREOESIN —EICEE S T2 OBE D
AET D, ZOXIRETOMWEITRMFH T IA ML —2a & LTHLATND,

KR TIXE T 7 AOYEREMRAT 5720, 77A M —varOREIICELVET
WHEN & D ZAT D0 & TR~ T, FERITIZBEAE D 0 R OWE O CRICIE =AM 7 5 <
TITARNL—va ryOREND (BT, W2, 77A R —va 283w n70H—
HEIC LY AR T2 EEE, TOEN FCERBIZNE LEIREEZRH R, Ok
RETE & HITEB 7228 ) HARIE Tk
K~ EEFREBPENT D2 LB T,

DEN T TILETF 7 7 ANRIBELFHENE R D
ZEIETERDSTL, 2D LI AT RD
BFIREBEARMEN T I AR —2a DR
TEZXDHZLIFTET, 0BTl OfHICH S
Bl 2 X0 FEAN O FMENR /2 D o HETH

& o7 KV IROHHATEX DBERD D,
LHIE, ZORROFEMEZ#RT D, B4 1. —ihE D 0-(ET),l; DS

[1] F Kagawa, T.Sato, K. Miyagawa, K.Kanoda, et al, Nat. Phys. 9, 2642 (2013)
[2] T.Sato, F.Kagawa, K. Miyagawa, K.Kanoda, et al, Phys. Rev. B89, 121102(R) (2014)
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HEFRAYYL 3OHFFTAEVREREDOERIZFA 1T1-
NMR /L DERE - B

Design and construction of NMR cell for investigation of
novel spin liquid state in monolayer helium-3

BEtr4—" BEFRARHYPEFER®
AR RS NI Bz A RER S KM HIES W BM° g fu BN

757 74 MR LT HFTJE SHe 1AM 78 & ORBE T 72 0B 2 ot 7 = VI R BB
T %, *He IIEAE L S=12 ZFi>THEY | JRFOBIRHZ W L= 2R 2 T 2 L6
NTW5, i, 2BHDKCF L a— L=/ 7774 b E3He IR TJEIE LT, Z0OR%E
‘He/HD/HD/gr & 729) 1B W CREMZARBVE &RENTHOI, HEEp =474 nm 22BN TT < 7mK
TC o T2BRL )RR IBEIRTFEZ FFOHTT-72 2 ot & 740 (C3 ) SRR Siz[1], £7-. C3
FHIT 35 0D 1R 95 5 GEIEE C O HIRER[2]1E. p = 4.8,5.0,5.2 nm 2D EEEICBWVTT < 10mK Ty o T71/3
EWV) FERREREEEZ O L OICR X 5, 2NHDZ D, CIMIZE oo K3OHBIfRE RO
LWE A T ORA A RIS (BT £ TR DEEF LARVIREE) THAAREMENRH D, LivL,
BN EREICK LT, ERER O p AT ITHE S Tunzny (X 2),

& ZCAMFZECIE. C3 f & & T *He/HD/HD/gr Dk 4 72 B A ORI E 25725, 0.1 mK ©
HERIR £ TR RS SORE IR 2 JE C & 281330 NMR BV 2 BUEL T\ 5, &REHTIE. Rk
B X D MERBEAEMZ DT, 777 74 NRAEFEWR & HHEEOR O
OB 7 OIRE b L0 | BREE A L CRIERIE 4 i
LIz, LVHENT T 77 A MR E
il > TRV 2 F< 572 KD T
K& L1, FFETIE, ZONMR &L

DEREE & BUEDFEA 51D,
it L RUEOHMZRET 5 1 *He/HD/HD/gr M HERSIX]

3 NMR -&/LHEE
2 3He/HD/HD/gr DIRIEFAX[3]

[1] M. Kamada et al., to be published.
[2] R. Masutomi et al., Phys. Rev. Lett. 92, 025301(2004), H. Tkegami et al., Phys. Rev. Lett. 85, 5146(2000).
[31 /M2, HRTRS: E+#30(2017).
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AFRIEFXO—BEWMERAVTHERLE
NbSe: TEA XL 7 LERICEIT HEBIEE
Superconductivity in NbSe: epitaxial thin films
grown by molecular-beam epitaxy.

HRAZFXRFRIFRARM " B CEMS®
wmE FEY hH ER, T &Y fmR EX, 58 3
B FFE I KT, BEREN

BB YA /v A K (Transition Metal Dichalcogenides, TMDs) (3B 4 )& & L2 7> Of
HEDENORDLZRZEINDERETH D, TF, EBRESRBY A Va7 F A RHRBRBBRIZIWTIH
B Dk 2 e arPENER 2RO TS, BRBIZ 20T 5 & MoS; R° WSe, 72 £ D-EK TMD (23
(T 2% ZE A M DR LTR N A B BE R BAE RN RS 2 8 b—{RAR U 7236 0RrME - diss Rt
R0, NbSex (281} D A B U #EM AAER & s L7 Ising @55, TaS, (281} 5 B RERBIEE O _E5H-
WTex IZ81T 5 M AR a2 U VAREER 72 EBCEITIRA 220, _MEOD#/)/UE%TE%EHH RFEL, &6I
R Et AT LIS artE OB~ L JNT T 721zt B, FrCHEROEBR SR X A 11
a7 F A FiRE 2 ZERNCGED ZENEE LD,

ZAVE T, HiJE TMD O e REHTEIT, Bk H]
HE L MEFXHRE Th o722y, 2 b DFEID
FA~T m FEEROZEMERRE A X e v o 78l
RINDRIEPEAET D, EDOX D BRREETIRT 5
FIELE LTHIRE SN TV D DONR G FRm B X % o—
IEMBE)C X 5 HBERTH 5, FHIZ, 7 L—7H
DHHEEZBE LTI 72 mhhd LT 5EE
PEDEWEER FIZBT 2 BBEB Y A Ivar A
ROMBERRE 21T 5 — 5T, Fox D7 N—T13E
i 151 7 D 7= AR AR TR B35 1T 518 R & A
ANATFA FEEORREZRR U (S5
(X 1), FORER, MBE 2 W= EBBAE X A
Jv 3G A RYEREO layer-by-layer il & & #afx ¥ 7
7 AT RN THEL T D & & HIT, WSey I IS D WMRIE b T 0 PR 2 IRE 2R LT,

RARA L —H L TIE, Mgk 7 7 A4 7 FE I Téit&%/TWNwW%ﬁﬁmE&_%ho
D, NbSey HEIZ IV THEIL L7 R TBImEMMEIC OV TIHET D,

1. ARWFZRICB T 20 TR B4 o —1kD
R

[1] M. Nakano et al., Nano Lett. 17, 5595 (2017).
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U7/ BREESRERKICE T 5 ERBEIRLEDNR O A
Observation of magnetization-induced second harmonic generation in
a noncentrosymmetric cyanido-bridged metal assembly

BPRWRH - LFER - KBEHR=E
M Eth, Hx BX. BEEX BHA. PEHZ. K@ &—

HULSRERRE & R 72 70 WL Z ORI L0 | JEEES R OIERIE R FNRE T, IHIT
HULS B 2 RE 72 22 WO BRBEPE (R TEE & BR O BOMBNZ XV | Bk tw**ﬂﬁ%$«M$m)&&
DR R Z R, BMRETIIANTY VT VBREBA T A7 22T ) GRWGA T HMELHFE T
LU THWZERERBE ARV T MSHG OB LT & =M, RFgETid, _v 2y 7/ =huay
IR TT WA A EREESE T & LT W BRBEMERIZ I\ T MSHG OBLANZAKE) L7 D THET 5,

7T E T Cs3[Mo(CN)s(NO)| & MnCl,, CsCl Z/KHPTRAETDHZ LIk > THIDOILAY
Cs1.26Mng g7 [Mo(CN)s(NO)]-0.6H,O (CsMnMo) %157z, Rietveld fi#tT D5 H:, CsMnMo D& s S 13 HH L
SFPEZ R 2 WZERIBE F43mICB LTV D Z LR sz (K
D, YA ERVTTUNRTT ) REIZEBIND Z LIZL-T 3
WIEDF v N T — 7 iEE L Tz, BY T AA F U BZ D ﬁm
T 2 FEOY A MIER D EFRTHEET D Z & AHLxFRE
RV EEEORIR Th o 7o, SRS 10 Oe (281 D Y
R EIBALEIRRIE 65 K LF TREL ML ER->TWEZEND Cs2
CsMnMo O F = U —iREIX 65K THDH Z LN OMNMT o7, £, a
2K IZ Té%ﬁ&%@ﬁi3ﬂmTMMS5@&MM&4@@2 b{ﬂ
VI EOATIZHES L - OfEIC T > 722 & 25 CsMnMo 137 © ¢
= U R C B 5 2 & ASRIE ST, IR T CsMnMo (2 2 F <L X 1. CsMnMo Ok it .
AL —H—ZWH LA, FEmREOHRNHREINZ, B
:Eﬁ&ﬁf@mPWM%lz_rﬁ M—Fﬁ&ﬁfiMOKW
5 100 K OREIFIZIEFR CETH Y | (IREE A T 5 & A3
MLto%@%%iﬂmuk fé@kﬁ@@ﬁ@ﬁékUt
Baor U7z, SR OB S5 58 i 130 s i o SOfisse
OBAUTEK T 5, —J7, KR THE @il s 4 2 o6

Mn
N Cs1
C

Mo

o)) © N

o o =3

o o o
I I I

Magnetization (Oe cm3 mol‘1)

w

=}

o
I

BRI X 0 ik Sa A& B slke o SHG 12z C | B 45 M Sk > MSHG % Teﬁperamiom 80 100
ﬁiéﬂ(E'Jéﬂf::kKiék%i%ﬂéo .2 1006 %j’éﬁi;%ﬂlj/“\fﬂ
T b iR

[1] T. Nuida, T. Matsuda, H. Tokoro, S. Sakurai, K. Hashimoto and S. Ohkoshi, J. Am. Chem. Soc., 2005, 127,
11604. [2] S. Ohkoshi, S. Takano, K. Imoto, M. Yoshikiyo, A. Namai, H. Tokoro, Nature Photonics, 2014, 8, 65.
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SARitE Co RIEMBIRICHE T SR HMEFE L ETBEDR
Magneto-transport properties and charge transfer effect in
ferromagnetic Co oxide thin films

RRREXZERIFRAMES - MEBEIFER - JIIGFHREE
KAWHE, BEXX, NMESS, FTHERE, JIEHS

ZE I SRR PR E DI AV IR Tl BV B OB A OFMEZR L HMHAER (YxyrvrA¥x
—SPEAMEAER) DAEL, BRAFAVI AU R EDAY Y b= ZGH ERIEEN R E RSN
END, TDOXD A MEEITIRREVEIR & FEREVERD & 22 2 N L7 ~7 m iR Ic BV T b EEL
SNDHR, TOTHNTEHEL <. ~7 o fEEA T 2 BHEIRE Vv v o v A —SF R BAERH & OB
FRITER TN TV D[], ARMEE OB IE T2 < OFFEN Th TE 223, I, BRI
Rz ¥ vy Uk E S E B b ~T oSSBT hH, JEREMERIC RO R B ELER EAE 2 A
T2 Ik B b % % Z & TAX VI A UIBRDR ST [2], s8R % SrRuO; & L7 Z o~7 a ik
T, A UEEOEGHIEZ RET AR LE LN TEBV[3]. ~7T 2B R HICHKT 2 A UV HEOH
TIRgERI S E LTIER SRTW 5,

ARWFFETITRREMEIR & LT a7 A A MU Co b IZiEE L.

Z DOREREEREAZ B H M L, StIr0; & O~T n i 2 ERT 5
Z LT, REICRT D AV ARSI & BT ENO BIR A R~ T,
ARRITA M TR E REWBEIZ AT 2 LIRS, B
By A SFRMEAER L OBIRETIAR D D25 LT
WD, IR SV A L — W —HEREE A B TR b B L R
IAERL L, |IEDHINE QK) F TRERERERHE & BLORIEIC
L0 A UAEEO BRI & R AT,

FARFEIZRB W TR — /UBRPIR OISR E R B 5 & TR
BT, Fig 1 [ORT L 5 ITBRBEMEIC B sk 2 BA R — L R0
P 5 Rz - Tl Sz, 2403 SrRuO; & RIEEIS, i cZe ]

DN R ARrY— L B L TENRMERE R — V2 Rme T 5, —
i, T a FUEERRIC & D A E U REE R 2 o T B S
TELT, BifEL LTI TIZRW A E U HEMHAEREZA T 5

StlirO; D56, BB EN D 727 3 Ll R D A & U HEETEARIC

L R e Fig. 1: Magnetic-field

dependence of Hall resistivity in
SrCoOs at various temperatures.

[1] F. Hellman et al. Rev. Mod. Phys. 89, 025006 (2017).
[2]J. Matsuno et al., Sci. Adv. 2, €1600304 (2016).
[3] Y. Ohuchi et al. Nat. Commun. 9:213 (2018).
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Electron-doped superconductor Pr:xyLayCexCuQ4 after protect
annealing

RAHEERH. ST PFA 4 FBF UVSOR®, EEXEI °. WILXT®
C. Lin, M. Horio, K. Koshiishi, S. Nakata, K. Hagiwara, M. Suzuki, K. Ono*, K. Horiba*,
H. Kumigashira?, S. Ideta®, K. Tanaka®, T. Ohgi®, T. KawamataP®, H. Sato®, Y. KoikeP,
T.Adachi€, and A. Fujimori

Electron-doped high-temperature superconductors (e-HTSC) are usually characterized by a much narrower
superconducting (SC) dome and more robust antiferromagnetic phase in their phase diagram than their hole-doped
counterparts. On the other hand, the SC state in single crystals of Pra.y.xLayCexCuO4 can be realized with relatively
high T and low Ce concentration, in which partial substitution of Pr for La stabilizes the T’ structure with electron
doping [1]. In such a good system, Adachi et al. successfully synthesized bulk SC single crystals of
Pr; 3.xLag.7CexCuO4 (PLCCO) with x=0.05, 0.10, and 0.15 (T~ 27 K, Fig. 1, red circles) by utilizing the so-called
“protect annealing” method [2]. In protect annealing, powdered samples were used to protect the surface from
over-reduction, resulting in higher Te.

The generally accepted phased diagram of e-HTSC regards the nominal Ce concentration as the electron doping
level and shows very narrow SC dome (Fig. 1, blue empty markers
[3]). Nevertheless, from angle-resolved photoemission spectroscopy
(ARPES) studies, we found that the electron concentration estimated
from Fermi surface area can significantly deviate from the Ce doping
level [3], which has also been confirmed by Song et al. who targeted
on the conventionally annealed PLCCO [4]. In order to
systematically investigate the possibly extended SC dome of protect-
annealed PLCCO, we have determined the superconducting critical
temperature of single-crystal PLCCO and performed ARPES
measurements to estimate the electron concentration. The results in

Fig. 1 reveal an extended SC dome, which may provide a clue for Fig. 1 Phase diagram of PLCCO. T, Vs x
(Ce concentration) for empty markers
and T, Vs nrs (electron concentration from
Fermi surface area) for solid markers.

disentangling the long-standing puzzle of the asymmetry of phase

diagrams of cuprate superconductors.

[11Y. Koike et al., Jpn. J. Appl. Phys. 31, 2721 (1992).
[2] T. Adachi et al., J. Phys. Soc. Jpn. 82, 063713 (2013).
[3] M. Horio et al., Nat. Commun. 7, 10567 (2016).
[4]D. Song et al., Phys. Rev. Lett. 118, 137001 (2017).
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LaO TIEA X v LEEDOBEERSYE

Superconducting properties of LaO epitaxial thin films

HPERUMRHM LPEH BFLEHRRE
Mk fg—, M K, &F ME K& #h

[FFEER] AEHEE LaO 1X 2 E TREW 2 EDEBIREIR T H 5 (La,Sr).CuO4 D & RARE (T HEf%
Prmy 7EE LTHEINANTEHTHEEL TE T, —F, LaO OBAHIL, 707 ZR5mIEUERS 1980
FIZAERENTND, L L, ZRURBEAR#HREH72 < LaO OFEZ2MMIT R TH - 72 [1,2], A [Hl,
it LaO OHFHZ BIWEREBROT X XU VS LCHKRT 52 LTl L, K& 45K
DEBIRE L b OBIRELHBLT 22 L 2R A Lo THET 5,

[EBER] SR OREZE S EAREEICHIE L, 2L 2 L—HFHERIEIC LV YALO; (110)EfS &b Eibk i
WA R S B 7o, LaO = B4 % v LTERRIX AT L CriN T AN 45 FERER L CRlE L, B0
HWNEMEERZZT 5 Z & T e Bh([001]) 7RI 2 %1E EiE LT = (Fig.l), 57z LaO #EDE
SIEPIER B X ORAEROIREREME A Fig. 2 1R T, BEEBOF 1y MR 456 K T, 3.70 K
TEaHICE -7z, BLHRD L BEERTERIL 8 %L DL b, V7 BRETHD Z LNy
o7z, BHOFHEETIE, LaO OBBIRERHED S 5722 25l DWW THET 5,

1. YA103(110) 3 > LaO(001) 7 o #if ik 2. LaO I DOHPIR O IR AANE, KX
([110]La0//[001]va103, [001]La0//[110]vA103), 10 0e FTOY uftil (ZFC) B X Owe
TS ED (FC) 12R B RAL D IR (R ATIE,

[17J. M. Leger et al., Phys. Lett. 80A, 325 (1980).
[2] G. Kill et al., Solid State Commun. 33, 351 (1980).
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Transport and magnetic properties of n-type ferromagnetic semiconductor (In,Fe)As
co-doped with Mn ; (In,Fe,Mn)As

OTaiki Hayakawa', Le Duc Anh'?, Kohei Okamoto', and Masaaki Tanaka'”

'Department of Electrical Engineering and Information Systems, The University of Tokyo
*Institute of Engineering Innovation, The University of Tokyo
*Center for Spintronics Research Network (CSRN), The University of Tokyo

FART, °(M2)F)I| &4 ', Le Duc Anh'?, (M)A {21 !, Mo HERT
FORRFETERAFeR P EBRR LYK, PR IFJibE . *CSRN

E-mail: hayakawa@cryst.t.u-tokyo.ac.jp

Recently, we have successfully grown the first n-type carrier-induced I - V ferromagnetic
semiconductor (In,Fe)As'. It is shown that its magnetic properties can be controlled by strain®” , quantum
confinement™ , and wavefunction engineering™. In this study, in order to control both the carrier
characteristics and magnetic properties of (In,Fe)As, we grew n-type ferromagnetic semiconductor
(In,Fe)As thin films co-doped with Mn, (In,Fe Mn,)As

We grew, from the top to the bottom, InAs/(In,Fe Mn,)As (10 nm, 236°C)/ InygAl,,As (250 nm, 550°C)/
GaAs (100nm, 550°C) thin films by low-temperature molecular beam epitaxy (LT-MBE) on semi-insulating
GaAs (001) substrates. While the Fe concentration is fixed at 6%, the Mn concentration X is varied; X = 0.4,
0.8, 2, 4 and 8%. Fig.1 (a) shows RHEED patterns after the MBE growth of 10 nm-thick (In,Fey,Mn,)As
films, indicating zinc-blende crystals. We measured the transport and magnetic properties by Hall and
MCD measurements. All the (In,Fe,6,Mn,)As films are found to be n-type. As shown in Fig.1 (b), when X
is increased from 0.4% to 8%, the electron concentration n is decreased from 1 X 10" to 310" cm™ and the
Curie temperature T; is also decreased from 16 to 0 K (paramagnetic) . These results are reasonable
because Mn atoms substitute for the In sites and supply holes, which compensate the electron carriers. As
shown in Fig.1 (¢), T increases from 0 to 16 K as n increases from 3 X 10" t0 110" em™, confirming the
electron-induced ferromagnetism of (In,Fe)As. The threshold n value for inducing ferromagnetism in
(In,Fe,Mn)As is ~8 X 10'7 cm™ (at X = 2%), which is one order of magnitude lower than that (6 X 10'® cm™)
of the previous report' for (In,Fe,os)As without Mn. This is advantageous for modulating the magnetic
properties in a very wide range of electron concentration.

This work is partly supported by Grants-in-Aid for Scientific Research, and Spintronics Research
Network of Japan (Spin-RNJ).
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Fig.1 (a) RHEED patterns after the MBE growth of 10 nm-thick (In,Fe,,Mn,)As films. (b) Electron
concetration and Curie temperature vS. Mn concentration. Red square is Curie temperature and deep blue
square is electron concentration. (c) Curie temperature VS. electron concentration.
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BIEEEFETIZCEITA/NLY GaAs )
i FHEEEEREBEFRIEFATIIX

Exciton-exciton interaction in a low-temperature and high-density
exciton state in a bulk GaAs and the exciton thermalization dynamics
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WZEFHFHRO 2 RIThEFRICBNTE L OFEA RSN TE 2, LL, 3 RITRICTBWTIE
FMAEMERD 2 IRTR EEERT/HELRD[1]. ERPRETH D Z LD, T OEERFHTITES 2

ZEIZIRETIEREAE RSN T,

BT~ 1E, B E O EESESA LR GaAs /3L 7 flEh ARSI, BIRBY R LR 12 X B TR
WK 7T a—T7 05k E T, B R AR 2R AR e —27 DT — 7 b D
BN L. 2 Db 18 B A SHMICTHEd 2 2 LIS L7z [2]. AN Z ok 7 AR
HOA =X LEZROENIT D720, A7 -7 a—7 ORIER %2 2B S 72BN HWILA T kL
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[1] S. Schmitt-Rink, D. S. Chemla and D. A. B. Miller, Phys. Rev. B 32, 6601 (1985).
[2] & BAWRRSES 8 72 BHERRE 20aBl4-11.
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Emission Color Modulation and Slow Magnetic Relaxation in the
Series of Trimetallic Complexes
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Inorganic complexes, especially with lanthanide, have diverse applications as tunable laser systems, light-
emitting devices, amplifiers for optical communication, low-energy scintillators, optical storage materials, devices
for light conversion, chemical sensors, molecular thermometers, photovoltaic light concentrators, and bioimaging

tool [2]. Octacyanides and hexacyanides of d-transition metals (Nb'Y, Co™

etc.) along with organic ligands were used
to synthesize many multifunctional materials showing novel properties, such as - switching of polarization of light
[1]. In pursuit of multifunctional materials, series of cyano-bridged trimetallic complexes {[Eu"\Tb"™ «(3-
OHpy)2(H20)4][Co™(CN)6]}.H20 (x =1, 0.8, 0.5, 0.4, 0.3, 0.2, 0.1, 0; compounds A, B, C, D, E, F, G, H ) have been
synthesized [2]. In order to know the structure of complexes, single crystal diffraction analyses were performed which
confirmed that all the compounds are arranged in the Zig-Zag 1-D coordination chains parallel to [101] axis, and
composed of [Co™(CN)s]* and [Eu™(u-NC)(3-
OHpy)2(H20)4]" in alternate fashion (Figure 1). The
emission colors of these complexes can be tuned by the
composition ratio of Eu/Tb and excitation wavelengths.
(Figure 1). The luminescence color varies from red to green
via orange and yellow as indicated in the adjacent figure.
Furthermore, the magnetic properties of all the
complexes was also found to be excellent as it shows
temperature-dependent paramagnetic behavior mainly due
to lanthanide ions. The presence of anisotropic Tb™™! ions in
the complexes B-H helps them to behave as a single

Figure 1. The representative fragment of

molecular magnet. The magnetically diluted complex B cyanide bridged chain of all compounds,

(Figure 1) shows slow field-induced slow magnetic emission color of compounds A-H and the

relaxation process with an energy barrier of AE/kg of
35.8(6) K and 19 = 1.1(2) X 10® s at Hge = 1500 dc Oe,

frequency dependence of out of plane
component (xm”) of ac magnetic susceptibility
showing single-molecule magnet behavior. It shows for compound B.
thermal dependent single relaxation process with

one maxima as shown in figure 1.

1) S. Ohkoshi, S. Takano, K. Imoto, M. Yoshikiyo, A. Namai, and H. Tokoro, Nature Photonics2014, 8, 65-71. 2) S. Chorazy, K. Kumar,

K. Nakabyashi, B. Sicklucka and S. Ohkoshi I norg. Chem.,2017, 56, 5239-5252.

54



P-34

Measurements of thermoelectric effects
in the quasi-2D organic conductor k-(BEDT-TTF),4Hg, goBrg

TRZRHRE DEIFPER EFHRRE
HWEKX, BFRA, B)Ift, 2080=, EFH—F

ARIFFED %5 T % WE w-(BEDT-TTF)  Hg,, goBrgl 145t 2 R e A1
BIREETH D, AMERITIT 7 o T LT — L AFEETHIHEA LT
WDDTEINNZE B30 RIEHIBINATEE L 72> T, —F5 T, iR
EITRESIND L9 RIEEWE TITOTWAHR FT7 0 Vs
HIEN A RS A TIZNEE L 72> T 5, k-(BEDT-TTF),Hg; goBrgis
T =AU BOKEENAIES 7 E I THRS L T D76, AHSEIR T
BISNAIZ2 1% A —V R=TPREHL TVDLRTHY, =TIl HK
IR WTNY RIEHIEIC X 28OS AR TH v | HIHEIE 5%
DEfFZRO D Z ENTE LM SN TVD, £,
Kk-(BEDT-TTF)  Hg; goBrglZ 51 5 A B U LRITA VIR TH D
W & ARROIRBE N2 "3 — T, A—v =TSRRI T 28 b
HDHZENRHERINTND, 2D EMb,

K-(BEDT-TTF)  Hg; goBrgl I A " RIKIC F—7 LT=R EE BN

THEY[1] A E AR L BRE L V) BLE G D BIREVIE & 725
TW5, FATHRIC L > T, BoNRE-ENHRIAK 1 Th D,

IRED B mEICNT THET =V JRIED S 7 = L IRIK~D 7 1 X
= R=NR N5 Z & BREOIBIRE N ENICKR LT R—2%8
MiEZ LTV DZ LR E LTET b5, BEEHEIZEW T,
ARG OREND BAED Dz a b — L U ARDMEEM & &
JEMITRZR->TEY, BEEOHGOETFHEICL > TR LT
DT EDRB I LTV D[3.4]

AWFFETIX, EDHINC L0 EFHEE 2 LS, BVENR(E—
Ny IR E TN A AR ERE L, FARER & BREEENE
OB 2GR ~Tz,

[1]H. Oike, et al., Nat. Commun. 8, 756 (2017).

[2]H. Oike, Doctoral Thesis (2013).

[3]H. Oike et al., Phys. Rev. Lett. 114, 067002 (2015).
[4]Y. Suzuki, Master Thesis (2017).
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Development of Equipment to Observe Angle Dependence of Quantum
Andreev Reflection in Superfluid Helium Three

ERt>22— FINHRE
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TFHRFTHDHEEZXLNTEY, ZOMERFOHENF R ORI T 2= A¥—0ld~3 72
— LM DRIE 0 BUC 2 D LHIf SN D.
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T a—rOFEBROEBNE BET. Z0JikE LT, REICHE L- R T2 AR SEL 2L TELD
BTV RU—Z 7R E IR D B PRI BELER L 2R A 5. defTarstl2elc, BhmERm TS
LETT VN —x2 7 RO BB AL S 0T
DN, BTN ASHERL O A 2 Bl 6N
MEBRZ)ELIE TR T Y FL—2 7 K28
W22 ENTEHMMERLVERETS. ZOB, A
FAELEZa L =T 5DV AT vy E Y
TR =L, MR A Z RN B 7 8 DO XADK SR
QTR BRI /25, ABETIE, &7 RL
— T 7 A EEARA BRI E D VERU BRI T, &
NS MBI = ZONWTAT - I EBRFE R ICHONT
W 5.

B4 1%, RIRZE TR TI1T > 72 QTF DEIMKAFME
HIEDOFERTH L. JEABKEL R DIZONIHEH
WEBN/INEL 720, Y7 FILDOE—7 H O80TV
T EDHERTE D, [FARORIEE, R 5 HAR)E
Wtz o QTF IZ oW\ T HiTo 7z,

X 1. ERIBREIZBT D QTF OFE KM

[17Y. Nagato, M. Yamamoto, and K. Nagai: J. Low Temp. Phys. 110, 1135(1998).
[2] T. Okuda, H. Ikegami, H. Akimoto, and H. Ishimoto, Phys. Rev. Lett. 80, 2857(1998).
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Transport properties of transition-metal dichalcogenide thin films

grown by molecular beam epitaxy

ADept. of Appl. Phys., Univ. of Tokyo, BRIKEN CEMS
Y. Wang?, M. Nakano?#, Y. Kashiwabara®, M. Onga*, M. Yoshida®, and Y. Iwasa®B

Emerging properties of 2D materials have attracted considerable attention since the discovery of graphene from
both fundamental and applied viewpoints. To date, most of the researches have been performed on mechanically-
exfoliated nano-thick crystals from top-down approach, while bottom-up approach by thin film growth and
heterostructure fabrication technique has been of growing significance to further exploration of physical properties
and practical device applications. We have been developing a fundamental route to well-controlled growth of high-
quality transition-metal dichalcogenides (TMDCs) thin films, and recently succeeded in growing various
TMDCs materials with properties ranging from semiconducting to metallic. We are going to show our growth
details with transport data of successful sample, WSe» and TiSe», which exhibited single crystalline confirmed by
X-ray diffraction(XRD). The obtained WSe; epitaxial thin films exhibited ambipolar transistor operation upon
electrolyte gating with clear Hall signals for hole-accumulation regime with the maximum mobility of about 3
cm?/ Vs at T =150 K[1], which was in the highest level reported for the first-generation MoS; thin films grown by
chemical-vapor deposition. Obtained 10-monolayer-thick TiSe; epitaxial thin films exhibited clear CDW transition
at around T = 200 K with the sign change in the Hall coefficient, which is consistent to the behavior reported for
bulk TiSe;.

@ , ‘ (b) jg (c)

10 1.0

Fig 1. (a) XRD pattern of 1T-TiSe, and 2H-WSe». Insert is atomic structure of each polytype (top view).
(b) ambipolar operation of EDLT device on WSe; (top) and sheet resistance (bottom). (c) Transport

properties of TiSe, with different selenium level. Upper is R-T curve and lower is Hall coefficient.

[1] M. Nakano, Y. Wang, Y. Kashiwabara, H. Matsuoka, and Y. Iwasa. Nano Letters, 17, 5595-5599 (2017)
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Cyanido-bridged d-f bimetallic frameworks showing dual
functionalities of Dy-centered slow magnetic relaxation and
color-tunable photoluminescence

'Graduate School of Science, the University of Tokyo;

’Faculty of Chemistry, Jagiellonian University

Junhao Wang,' Szymon Chorazy,” Koji Nakabayashi,'
Barbara Sieklucka,’ Shin-ichi Ohkoshi'

Cyanido-bridged bimetallic frameworks have gained immense scientific attention due to its synergetic effects

between magnetism and optics, such as magnetization-induced second harmonic generation, magneto-chiral

dichroism, and photo-induced spin-crossover.* To enrich this field by combining the single molecule magnet (SMM)

behavior and photoluminescence, we report three cyanido-bridged d-f bimetallic materials of two types of

structures:

(i) the layered coordination network, {[Dy""4-pyridinol),(H,0),][Co" (CN)s]}-0.5H,0 (1),? and (ii) the dinuclear
molecule materials, {[Dy"'(4-pyridone)s(H,0),][M"'(CN)s]}-2H,0 (M = Co, 2a; Rh, 2b).2

Magnetic studies revealed the field-induced SMM
behavior in 1 with two relaxation processes, and the
effective energy barrier for faster process is 15.8(5) K.
On the contrary, single slow magnetic relaxation
process under zero dc field was revealed in 2a and 2b,
with significantly enhanced effective energy barriers of
187(6) K, and 214(4) K respectively.

By varying the UV excitation wavelengths, all
compounds exhibit the color-tunable emissions from
yellow to greenish blue, due to the changing of the
emission ratio of the components from Dy"" and organic
ligand. Additionally, exciting 2b by 348 nm could
achieve the intriguing white light emission at room
temperature.

The effects of the structural change and the
transition metal substitution on photoluminescence and

SMM behavior will be discussed.

Figure 1. crystal structures of the layered polymer
1 (a) and the dinuclear molecules 2a/2b (b), the
dynamic magnetic properties of 2b (c), and

photoluminescence properties of 2b (d)

[1] H. Tokoro, S. Ohkoshi, Dalton Trans. 40, 6825 (2011). [2] S. Chorazy, J. Wang, S. Ohkoshi, Chem.Commun.
52, 10795 (2016). [3] J. Wang, S. Chorazy, K. Nakabayashi, B. Sieklucka, S. Ohkoshi, J. Mater. Chem. C, DOI:

10.1039/c7tc03963h
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SrTiO; iR £ M EuTiO; EEEDEHEIEL & S St

Fabrication and magnetotransport properties of EuTiO;3 films on

SrTiO; substrate

‘ERAS TS RWEHYBETSER, B CENS, ST & E A%
G —HB. BAE E5C, R A, Il RE
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AR 2~ BRI RR TH D, A1, LSAT(001) EiZhRE L7z
JEAEE A La K—7 EuTiO; D R RiZiE, =X F3 ¥ LER
L=~ BT KV TANVERFEL, EOREIZ L > TRER
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> T&ET [1,2], AFL EMEADRE & ®SIRAEICL2BEE DR
&V, BuTiOs &R T-#A79 5 STiOs Fat EIC A SR T AR
DR E X % — (MOMBE) {:I2 X 0 A VERL L 7=,
[EBREBR] FLUVRELTTFZ A Y T rEF YR (TTIP:
Ti(OC3H7)s) Z VM2 MOMBE {£IZ X - T, SrTiOs (001) ik 12
EuTiO; Z 5l U7z, Fex O£ DOWFSE Tl EuTiOs DR IZH L7
R« BT PH ST SITiOs Fafk BITEE S 5 & | SrTiOs HkiZZ <
DO KIENE L C4ABEIL L EuTiO; B IROBER M2 C & 72
Do T, AWFFETIL, EuTiOs D_u 7 A H A MEERENLDT-DIT
R 7 mE 2% TRLTSITIO & & DO~T niEZFR L, Z Dff
AR LT (Figl. (a)), 2 K TOBEEIL 3,000 cm?/Vs (23 L
(Figl. (b)), & F—7 EuTiO; IZBWVWTHID T a7 =7 Ko—2R
REN OB LT (Figl. (¢). & HICEmBENEDHELG/-Z &
T, B R — VI ROMAIEIIC 2N TOEKTIIR O eno 7z
R E2 BB S, 2 ORERIE 2 OO R KR IE R E N
v ROFEMIEESCA B UREEE PIBRIC KM L TN D Z e &R LT
W5,

[1]1 K. S. Takahashi et al. PRL 103, 057204 (2009).
[2] K. S. Takahashi et al. submitted.
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Figurel (a) Schematic of the hetero-
structure composed of SrTiO; and La
doped EuTiOs layers. (b) Mobility at
2 K as a function of sheet carrier
density for various films. (c) SdH
in  hetero-

oscillations observed

structure of FEuTiO; at various

temperatures.
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Clusterglass Behaviors and Spinwave Excitation in
Co-Si substituted Rare-earth Iron Garnet
TERARH-EXRITEFER-HEHRE
IR shiE, B RE.B A <
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57 (AMmen/dT) IZBWTHEICEN D, THIUTBEKAE Z Taop = 180, 150, 120 K THEGEAIIZIN 2 7255
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[1] M. Adachi et al. Appl. Phys. Express, 8 043002 (2015)
[2] Y. Sun, M. B. Salamon, Phys. Rev. Lett. 91 167206 (2003)
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Superconducting Higgs mode in a thin film of s-wave superconductor NbIN
observed by linear THz spectroscopy with supercurrent injection
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[1] A. Moor, A. F. Volkov, E. B. Konstantin, Phys. Rev. Lett. 118, 047001 (2017).
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Magnetotransport in a ferromagnetic (In,Fe)As / (In,Mn)As pn junction

Kohei Okamoto, Le Duc Anh, and Masaaki Tanaka
Department of Electrical Engineering and Information Systems, The University of Tokyo

Ferromagnetic pn junctions composed of p- and n-type ferromagnetic semiconductors (FMSs) can be
one of the building blocks of future spintronic devices such as spin MOSFET [1]. However, although
p-type FMSs are widely studied, the lacking of n-type FMSs was the main obstacle for making
ferromagnetic pn junctions. Recently, (In,Fe)As is attracting a lot of attentions as the first n-type 11I-V FMS
[2,3], and by combining with p-type FMS (In,Mn)As, it enables us to realize a nearly lattice-matched
ferromagnetic pn junction. In this study, we investigate the epitaxial growth and magneto-transport
properties of ferromagnetic pn junctions composed of (In,Fe)As and (In,Mn)As.

We grew (Ing.gs,Fe0.04)As (20 nm) / InAs (9 nm) / (Ing.9s5,Mng05)As (20 nm) / InAs:Be (300 nm, Be
concentration: 4x10" ¢m™) structure on a p’-InAs substrate by molecular beam epitaxy (MBE). In situ
reflection high energy electron diffraction (RHEED) patterns during the growth showed bright and streaky
zinc-blende patterns, indicating a good 2-dimensional growth mode. The sample was treated with
ammonium sulfide in order to remove the surface native oxide. Afterwards, electrical contact with a
diameter of 80 um was formed on the top of the sample by using indium and gold wire.

In the transport measurement, the bias voltage polarity is defined as shown in Fig. 1 (a). Figure 1
(b)-(d) shows schematic band profiles and transport mechanisms of the pn junction under various bias
voltages V: (b) At negative V, electrons tunnel from the valence band (VB) and the impurity band (IB) of
(In,Mn)As to the conduction band (CB) of (In,Fe)As and the conductance increases; (c) at small positive V,
tunneling current from the VB of (In,Mn)As should be suppressed by the bandgap, and that from the IB of
(In,Mn)As dominates; (d) at large positive V, diffusive current flows between the CBs and VBs of both p
and n sides. Figure 2 shows the V dependence of the differential conductance (dl/dV) measured at room
temperature (red) and 4 K (blue), in which all the regions (b), (c), (d) were observed. In the region (c), there
is a broad peak of dl/dV, which can be attributed to the tunneling related to the IB of (In,Mn)As because
such a peak was not seen in the structure of (In,Fe)As / non-magnetic p'-InAs in our previous work [3].
Figure 3 shows magnetoresistance (MR) curves measured at 4 K under different V corresponding to the
region (b), (¢), and (d) in Fig. 1. Magnetic field direction was in-plane [-110]. MRs in three regions show
different signs and shapes, corresponding to different transport mechanisms. In the presentation, the origin
of MR and the dI/dV -V curves will be discussed in detail.
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Fig. 1 (a) The schematic of Fig. 2 di/dv  at room Tig 3 MR curvesat4 K with
transport measurement. (b)-(d)  temperature (RT) and 4 K. H // [-110] under different bias
schematic band profiles under  (b)-(d) represent the bias voltage Vpltages. (b)'(d). represent the
different bias voltages. regions shown in fig. 1. Elaslvoltage regions shown in
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Higgs spectroscopy in a d-wave superconductor
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When a spontaneous breaking of a continuous symmetry occurs, two types of
collective excitations of the order parameter emerge. In a superconductor the
phase modes, or Goldstone modes, couple to light through the Anderson-Higgs
mecanism responsible for the Meissner effect. On contrary the amplitude mode,
also called Higgs mode because of its analogy with the Higgs boson of particle
physics, does not couple directly to light and its observation has remained elusive

until very recently.

In this context, the detection of a Higgs mode in the conventional s-wave
superconductor NbN using non-linear THz spectroscopy [1], and the recent
confirmation of a Higgs mode observation using Raman spectroscopy in the
charge density wave superconductors 2H-NbSe, [2], have opened new
perspectives on the coupling to the Higgs mode and its study. The Higgs
spectroscopy using non-linear THz techniques is now well established in
conventional superconductors and has paved the way for the study of more

complicated systems such as multi-band or d-wave superconductors [3].

In this study we investigate the Higgs spectroscopy of the d-wave electron doped
cuprate superconductor Pr,.«CexCuO. Using strong monocycle and multicycle

THz pump pulses, we have successfully observed transient oscillations

Figure 1° Pictorial representation
of the free energy corresponding to
(a) s-wave Higgs mode and (b
additional non s-wave Higgs

modes [4]

associated to the Higgs mode. Using a THz probe we are able to directly compare our observations to those of the s-

wave superconductor NbN and shed light on the differences between the Higgs mode in these very different systems.
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FHZ X DHEIZ LY | PRIESI73 10.4kO0e DIREENEIR T 2 Z L0337z, BIRIKRD e-AloarFe 5303 &
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Transport property of Massless Dirac Fermion(MDF) and Charge
Order(CO) electrons in a-(BEDT-TTF):I3
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[Elo-(BEDT-TTF)2l3 D& i WL O - M BEIRAFEZ W < OO ) THIE LTz,
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Observation of Gas-Liquid Phase Transition in Monolayer *He

BPERUIRE MEFEHR RBUBRRE
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He ITE &N Z LITMZ TRFH OB I EAERZ/ NS Wo M2 Ta < . Tkt
FRETHELETRIRO £ EFET 5, 2KTTICH LAY Tz He 04, HinstE CIXAROm#EEIC
FNX =D MEZFFZ 7202 s, BEREBIIEAATHL EEXONTEE[1], LL, 7977
A b BIZWERRAE LT JE He (CHelgr) OBVERIIE ORSR, R ED 7 = /L JHRIKHOR Sy 7
M p < 0.8 nm 2Tl pDJb & HITEMANDT 5 Z Lm0 o72[2], Tk, W& L7z He
2 H CEER IR (@) 2L TS 2 EZE®R LTS, 77774 b& 4“He TFLa— kL
FEMR_E(3He/*He/gr) oW 555 — 8 H ™3He (PHe/*He/*He/gr) T & [AIRRIC A CUBEER NI SN D Z & »

5. ZOHCEERSITENIME D 2 WHIFE 2 RIT *He DIEEIRETH D &
Ezohb, TORITONTE&ETEL TN EE] OfE, 77774 b
FELTHO ‘He DEMEIRWAERT vV E2MEKT 52 LT, HOkSE
WAEFNEE LGS & WO FERPHERNTHE SILTWHDE, Zub O
AR TIEp =0 DRI DBEEN AT 2 &0 ) EREREZHH T TR LT,
F R BRI N D,

ZZTARMETIE, TNETLEERELSERDIEAHRT oy L EFR- 72K
EFERE LT, 77774 MaeEKFENAKFEMHD) 2 s FETTLa— Lz
icW g Uiz He 518 (CHe/HD/HD/gr) (2% LT, {Kim# L (0.10 < p
< 35 nm ) TR EIELIT o7, ZORME., T E TOMEELIEF TN
HOBEBRS MBI S (K(b). ZhiE, HOEEREHEOREIIC T o
JAMIRT e MTPERI R EEN 2 KT S0 3725 2T E TO FEZ MR
TOHRERTH D,

ORI T REFE O B CEHEIRENTFET 272 51X, A TRIEE TR R
(X IST 2 LB E NIRF S D28, 2 ETO T < 80 mK TOHIE CTIEE
WENTWRY, £ ZTHIE, L0 ERTIOBMREIRET D720 DEGE
BHFELEEZ T TH D, AREXTITZENITOVWTHIRET 5,

X (a) HEEERAM
DA A=V

X (b) yDIfi# I (p) KA1
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Unidirectional electric transport in 3D bulk superconductor
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WE D & OO Z2 [ SO PR MR AL TN D & & | Bk A R BLHR VBRI E FET 5 2 & 23
%hfwéo:h@ ZE SRR R E DR N T- f G Tk, BN RoAav v HRlicfiFzREns Lo

. G DRk A RO U 72 R 72 A B 0E
WEW%#I%ﬁ B IRBICAREN 2 B a5 2 5
D ThDHEBEZBND, £D X D 22 M B
PO R 2 Wik D — DI FEAA BB I i 5
Y5, ZOBRIEREZET ML > TE
SKIEHUEDR L DL VD DT, \ERIZET 5 /A
PE(F A F— FRE) LR D 2 LR TE D,
AFERTIT, ENENEEIT W, NI 22
SRR FME DB T2 BB T d 5 BiTeBr X OV PbTaSex ICHE H L, —Ron/ V7 WE CE&RIKTIZT T
72 < BRERIZEBW T b 90 T BEME B R 2 8L 2 L FRFC, 2 OREEY IR 5 2 1
DN LT Z xRk~ %,

1. HB=E(K PbTaSe Dl ffil i

Magneto-chiral anisotropy [ 1], which is the unidirectional electric transport derived from lattice symmetry
breaking, is investigated in a non-centrosymmetric bulk superconductor PbTaSe:.
First observation of the nonreciprocal charge transport in a 3D non-centrosymmetric superconductor and

characteristic properties will be discussed.
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The effect of metal-substitution on magnetic properties
of epsilon iron oxide
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Crystal structure and transport characterizations of
Cd3As: thin films grown on compound semiconductor substrates
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B DE SO ZED C&T-, —FH T, LitORETIEOEEL T, Cd;As, FEFEDX
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LR, FYUTHIMDJRIN 72D As KAEZINZ 5720 JRIEF D As 53 EE KELT D880
XYY BB E LWL L RS EME CdAs, HIEOERZ HIEL C\D, 20857
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A & BRI O W TR EEIT O,
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Solar energy conversion systems based on
functional iron oxide thin films
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EE O2p WUENEM L, Ny XY v IR T 5 2 L 28 Lc, 2@ Rh [EH#E Fe,Os (2B 1
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ST E kRl T 32 LTI L, RERTIE IO DA « I /RMIIEE R D a-Fe,O3
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Epitaxial Growth of Li Intercalated Blue Phosphorus

and Its Electric Transport Property

BZRHRMYEFER RBJITRE
BEREX. BMUTK, FERS. FREKX. RE)IEFE

TS T 7 = i) &40 TIRTBIRWEICOWT, @WBEIE, fRANMGINE, B8z s
2 E OB IR EFF O E MDA R SN TND, Vb2 d “IRotEIRmEDO—> L L
Tl armchair IROWEZFFOR Y V(M 1@Q)BFEL TH LA, BLFi-lcl@E Inzbn& LTYA K
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ZTOBXZNGEHEEZ B E LTS, TH IV o FHifg s L<, MBE EI2L Y SiQ1D M B2 Cu %
160K T L Cu vV ¥+ N%& TML FRERE &+, #i T Au % 180K T 20ML FREAKETHZ & C
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Substrate dependence of electric-field effect on magnetic anisotropy
in Pt/Co/Pd/MgO structures
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Electric field (EF) effect on magnetic anisotropy (MA) has been intensively studied because of its potential for
dramatic reduction in energy consumption of magnetic memory devices. Recently, in the Pt/Co/Pd/MgO system
deposited on a GaAs substrate, strong temperature dependence of EF effect on MA and a huge modulation efficiency
exceeding 1,000 fJV-'m™ at 10 K have been reported [1]. In this system, EF is applied to the Pd surface in which the
magnetic moment is induced because of the ferromagnetic proximity effect. One possible origin of this strong
temperature dependence is a temperature-dependent lattice strain caused by the difference in the thermal expansion
coefficients « between Pd and GaAs substrate, and resultant change in the electronic structure in the Pd. In order to
confirm this internal strain effect on EF effect, we prepared the same system formed on different semiconductor
substrates (GaAs and Si) with different o values and investigated EF
effect on MA at various temperature (T) [2].

Ta (2.5 nm)/Pt (2.4)/Co (0.4)/Pd (1.0)/MgO (2.0) layers from the
substrate side were deposited on undoped GaAs (001) and Si (001)
substrates simultaneously by rf sputtering at room temperature. EF was
applied to the Pd surface using a polymer film containing an ionic
liquid. Fig. 1 (a) and (b) show the gate voltage (V) dependence of the
change in the areal MA energy (Ex/S) obtained under various T for two
samples, respectively. AEx/S is defined as the difference between Ex/S
at each Vg and that at Vg = 0 V. As shown in Fig. 1, T dependence of
EF effect is clearly different between two samples. Both samples show
A-shaped Vg dependence at low T, but the peak position for GaAs and
Si samples are located around Vg = 0 V and -0.5 V, respectively.

Furthermore, the MA modulation efficiency at 10 K is ~1,300 fJV'm!

on GaAs, while that is ~1,800 fTV-'m™! on Si. These difference are e - -
Fig.1 : Vg dependence of AEx/S ateach T

for Pt/Co/Pd/MgO on (a) GaAs and (b) Si.

expected to be related to the difference in internal strain and
electronic structure of the Pd between two structures.

This work was partly supported by JSPS KAKENHI and Spintronics Research Network of Japan.

[1]Y. Hibino, et al., App. Phys. Lett. 109, 082403 (2016). [2] Y. Hayashi, et al., App. Phys. Exp. 11 013003 (2018).
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Discovery of photoinduced metastable phase in the cuprate

superconductor La;—xSrxCuQy4

BT R YIRS e EHFEEL
IST & & 4413 2, FOAWIIERT . BB, B3R+ > % — FRRBIRE°
99 B, 0 BIAY, #k BEfs %, Dongjoon Song', KU ¥, BEF 35

B L2 L — 5 — ORI & ) W BEE ISR L 7280 £ 4 F 3 7 20 bR o
WCOBFRASEEEA TS 5, T, SIRILBEERIC B ORI X ) BEEEBRE |
RS T 2 ARG & AR 280 T 3 [12], AW TR, SRRLMEEE RO O
v DT bLay SrCuOs (x=0.15)IC# H Lo SRS T ¢ #7113 < IS L 72 BEOD IR 5 BB\ & Ho o
Y TF TN YR T B = T X DT (D, % DR, S I R ST RS B H
7= M D e % WL L 72 (3],

RI2ICRT DU, Laz StCuOs D BIEHER T T 1 51 2 FHHRIED ¢ 5180 ST & SERiE
L 7B LB D WRIZ L DBET T b 5., PUHRIET Ik, MBEE F v ) 7 2SN & HARIE O R /7
Flcy ax 7y vRTIL— LY MEBBT 5V a w7V v 77 X<l (PR) 2L, 2 OF5
(9777 X~ Ty POMERRA T 5, —/Ty 3.6 mJ/cm? DERUVSEARIE TS 5 &, JPRO 7
TATy YH2DHHL, F HICE DOIRMEDIE0 psll EbHFEL T2 B C L AHERTE 5, il T
B, T OMHIENICBN B HORITICOWT, MITREE L 250 L O R bilo T,

1.0
- 0.8+ - |- e5quil.
= - S
2 Q6\\\- 4=3f
14.4
= 04+ - |=40
& 5K — 100
0.2~ 3.6 my/ecm® 1 =380
0.0
2 4 6 8 10
Energy (meV)
1. BV T-FT I~V EE T o — 79D 2. 5KicH\T, 3.6 mJ/cm? THIEEL 72
X, %D c Wl M SCHER o R 2L D FkF

[1] D. Fausti et al., Science 331, 189 (2011).
[2] D. Nicoletti et al., Phys. Rev. B 90, 100503(R) (2014).
[3] K. Tomari et al., arXiv:1712.05086 (2017).
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Geometrical effect on spin accumulation signals in a diode structure
fabricated on Si substrate
RKRAFIFRAMAN BRRAIFEK BHF - XX - P IR=E
EgkE—., PIRTE, PHRA, HPHHA

The three-terminal Hanle (3TH) measurement has been frequently used to estimate the spin lifetime 7y in
semiconductors and the spin injection polarization P in ferromagnet(FM)/insulator(I)/semiconductor(SC) tunnel
junctions.'"! However, little attention has been paid to the fact that 3TH signals are affected by the device structure
when its electrode size or channel thickness are comparable to the spin diffusion length A, 51 Therefore, the
device structure must be carefully considered to understand the spin physics more precisely

Figure 1(a) shows our FM/I/Si tunnel junction device structure examined in  (a) ’
this study. Universal representation of the 3TH signals”! AV>™ observed in slg(lfi:g])
such vertical devices can be written by integrating the impulse response injected ‘ ;leg ((31 r:::]))
ata position r and detected at another position r' over the junction area A; : s.o N,(~0.5 nm)

dA nS|(675pm)
AV ™ (H) = P2JpAq ” ”7 e{exp(—Jm;HTSH

Al (50 nm)
r eA reA
where H is the magnetic field applied perpendicular to the injected spins, J is the

Magnetic field H

(b) Sample A Sample B Sample C

. . . . . . 2um
current density, pis the channel resistance, and y is the gyromagnetic ratio. In * %«
deriving Eq. (1), it was assumed that J is uniform over the junction area. Eq. 17.8 pm 180 ym 5.6 ym

(1) indicates that, as A decreases, the amplitude of a 3TH signal decreases and its Fig. 1 (a) Device structure and

linewidth broadens. ~Although true P and 7, can be estimated by fitting Eq. Measurement setup. (b) Shapes
and size of the spin injection

(1) to the data, it is not easy since numerical calculation is needed. Thus, as a
electrode.

fitting function, it is practically convenient to use the following

conventional equation; Sample A Sample B Sample C

J'=40 pA/um? | [J = 42 pAlum?| [J'= 40 uA/pm?
52 4K 4K 4K
AT (Hy = oy g, [ OHE T @ 0@ HONRESITCRENES
2+2(H7s*) .
S
and then to convert the obtained P* and 7 * to P and 7, ~>:’/'
respectively, using conversion factors P*/P and 74 */7, whichcan ¥
be numerically calculated from Eq. (1). Note that Eqs. (1) and (2) are
identical when A is large enough, in that case, P*/P =7, */7, =1. T=7.1ns ©'=4.2ns ©=2.9ns
. . . . . . Of P=165% [ P=152% [ P=13.4%]
To experimentally verify the above discussion, we investigated 10070 100 =100 0 100 <1006 100
3TH signals observed in FM/I/Si junctions having a Fe/Mg/SiOxNy/n"Si H (Ce) H (Ce) H (Oe)

Fig. 2 (a-c) 3TH signals observed in
Sample A-C (red lines). Black curves
are fitting by Eq. (2).

injector electrode with various shapes.[ﬁl Our measurement setup is

shown in Fig. 1(a), where J = 40-42 uA/um’ is applied from the top
electrode to the substrate in the spin extraction regime with sweeping
H. Three types of shapes were prepared; Sample A: circle with 17.8 um in diameter, Sample B: rectangle with
2x180 um?, and Sample C: circle with 5.6 um in diameter (shown in Fig. 1(b)). Figs. 2(a-c) (red curves) show
3TH signals at 4K. By fitting Eq. (2), we obtained P *=16.5, 15.2, and 13.4%, and 74 *= 7.1, 4.2, and 2.9 ns,
for Sample A, B and C, respectively. Using the conversion factor, true P and 7¢ are estimated; P = 17.4, 17.9,
and 16.8%, and 7,= 7.8, 6.5, and 3.9 ns, for Sample A, B and C, respectively. Since variation of P and 7
values are smaller than that of P *3nq 74 *, our proposed method is valid to estimate true P and 7.

[1] T. Sasaki et al., IEEE Trans. Magn. 46 (2010). [2] A. Fert and H. Jaffrés, PRB 64 (2001). [3] Y. Takamura
et al.,, JAP 117 (2015). [4] A. Tiwari et al., JJAP 56 (2017). [5] S. Sato et al., PRB 96 (2017). [6] T. Hada et
al., JSAP Fall Meeting 2016. This work was partially supported by Grants-in-Aid for Scientific Research
(including (B)) and Spintronics Research Network of Japan (Spin-RNJ).
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The effect of hole doping nearby quantum critical point on
(Ndl-xPrx)21F207

RAIA, JSTSEHITB, H{EKREC, BEHFCEMSD
EFERL LHEKE, REAEC. FERAEC, #EEFAB +EiFicaD

RA vz a7RA YD ALY RiInO; (R=Lu-Pr)id. FELMRARISHEE (All-in-all-out #51%) <° bR
T HNEEBROBLED DRELDRREEN TV AIMETH S, RilnO7iE, ALl A4 R EZBEHRT L &
T, —Em Y NIEGFEEOE v NMEBZGIT 5 2 L FHE T, PnlnO7 13, T v MEBIEFHICH Y |
7 x b X ERL AT AR & A 7 23— AU CHET 5 “Quadratic
band touching”(QBT)Z A+ 2“FP X v v 7 &E@"Th D Z LN
MHNTWA[], QBT X, U A N AJEF & B2 47 72
BTGB Vo2 AN S, TEEHEED TN D,
A aFk 2 1%, QBT 25 Rolr07 OMPEIC R 72 8EI 2 B 5 i §
H72, Praln07 OEEEZNRIZ OV T, FEHFA 70 iR B K A7
EHETDH, REQE Ny 7R zBI LT, £/, A— F—
TIZESTT 2NV IZJ X2 EED & B—_y 7155k
DIRH TN REANCEAT 2 Z E RN D Tz, BT, 55
NIEIRD BN RolnO7 DEBIICFFA R D ThH D 2 L A MG
T 570, E v MEESHAE T OFAK(Nd2Prog)aIr07. € > Mtk
K EwInO7 IZBW T HRIBROHIE ZIT - 72
AHETIE, ZNHORERIZOWTHET 5,

o

[ (a) (PrixCax)alr07 O HEHTH IR
RIEME, (b)) —~ 7 R BRI
1FE,

[1] T. Kondo et al., Nat. Commun. 6, 10042 (2015)
[2] M. Hirschberger et al., Nat. Mater. , 15 1161 (2016)
[3] L. Savary et al., PRX 4, 041027 (2014)
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STS Study of Graphene Zigzag Nano-ribbons
'Department of Physics, The Univ. of Tokyo, “Cryogenic Research Center, The Univ. of Tokyo

Andre E. B. Amend*, Tomohiro Matsui’, Hiroshi Fukuyama'?

Graphene is a sheet consisting of a two-dimensional honeycomb lattice of carbon atoms. At a zigzag (zz) type edge,
graphene hosts an electronic localized state (zz-ES) that causes a peak in the local density of states (LDOS) at the
Dirac point, the Fermi energy (Eg) in undoped materials [1-2]. In narrow graphene nano-ribbons (GNR) with zz edges,
the zz-ESs are expected to be spin polarized along each edge and have opposite spin directions on different edges.
This antiferromagnetic configuration is expected to split the LDOS peak, where the peak separation increases with
deceasing ribbon width due to increasing inter-edge interaction. If the spins on both edges align in the same direction
by applying magnetic fields, the splitting will disappear. In addition to the edge states, GNRs can feature an energy
gap due to quantum confinement. The gap amplitude increases with decreasing ribbon width, but should be insensitive
to the magnetic field. Previous measurements of the spin polarized zz-ESs [3-5] are not consistent with each other,
and its experimental verification is still left unsettled.

In this study, the LDOS on zz-GNRs were studied by scanning tunneling () -4
microscopy and spectroscopy (STM/S) at temperatures down to 2 K and in

high magnetic fields up to 13 T. Zz-GNRs were fabricated on a graphite

surface by hydrogen plasma etching [6]. Figure (a) and the inset show the

STM image of a zz-GNR of monatomic height and 12.5 nm width and its \4

height profile, respectively. In Fig. (b), we show typical dI/dV spectra taken 58:2 - T % ]
atB=0and 12 T on the upper edge of the ribbon. At B =0T, several distinct %83: 0.34 nm |
peaks are seen around Eg (V = 0), while no peaks and a single prominent * O(;“ AT ‘35“40

. . Distance (nm)
peak are observed on a much wider terrace and an isolated zz edge,

respectively (not shown here). The steep dI/dV suppression near =50 mV (b) 5' “Cor{ﬁnel%eméap“ |
——

accompanied by the two broad peaks at —60 and 35 mV are assigned to a

~

Spin-polarized

structure caused by the quantum confinement (horizontal bar in Fig. (b)). E zz-ESs
Within the gap structure, there are two peaks at —10 and 10 mV which could \% I
be a spin split zz-ES. By applying a magnetic field of 12 T, the double peak § 2

©

-

structure is modified. Note that small periodic peaks appeared at V > 30

mV are those caused by Landau quantization. Further analyses and

A T B N N B W N

) i . i i 0
discussions of these preliminary data will be given. -200-150-100 -50 0 50 100 150 200
Bias Voltage (mV)

[1] M.Fujita, et al., J. Phys. Soc. Jpn. 65, 1920 (1996). [4] G.Z.Magda, et al., Nature 514, 608 (2014).
[2] Y.Niimi, et al., Appl. Surf. Sci. 241, 43 (2005). [5] M.Ziatdinov, et al., Phys. Rev. B 87, 115427 (2013).
[3] C.Tao, et al., Nat. Phys. 7, 616 (2011). [6] T. Matsui, et al., to appear.
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Magnetochiral Hall effect in a 2D trigonal superconductor
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[1] R. Wakatsuki et al. Sci. Adv. 8, e1602390 (2017)
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Bi-Sb kRO U A LR EHERLDERAIMEE
Electrical properties of dislocations in Bismuth-Antimony topological
insulators
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[1]7Y. Ran et al., Nat. Phys. 5 (2009) 298.

[2] O. A. Tretiakov et al., Appl. Phys. Lett. 97 (2010) 073108 .
[3] H. Hamasaki et al., Appl. Phys. Lett. 110, 092105 (2017)
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Development of a Compact and Continuous Sub-mK Refrigerator 11
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[1] R. Toda, S. Murakawa, and H. Fukuyama, “Design and expected performance of a compact and continuous nuclear

demagnetization refrigerator for sub-mK applications”, accepted for publication in J. Phys. Conf. Ser. (2018).
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