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0O-02 Electrical control of ferromagnetism in n-type ferromagnetic
semiconductor (In,Fe)As quantum wells

IZZRPER BESRIZFEYN HOHRE
Le Duc Anh, Pham Nam Hai, Z[R #—'. && &X', At JeA

(In,Fe)As is a n-type ferromagnetic semiconductor (FMS) whose intrinsic electron-induced ferromagnetism has
been confirmed by various experiments[1-3]. Electron carriers in (In,Fe)As reside in the conduction band, thus
having small effective mass, relatively high mobility (~600 cm?/Vs), and long coherence length (>40 nm). These
give rise to novel effects such as the quantum size effect (QSE) which makes this FMS promising for applications
utilizing magnetic quantum heterostructures. Furthermore, the s-d exchange interaction energy between electron
carriers and Fe local magnetic moments in (In,Fe)As was estimated to be unexpectedly large[2,4], and a room
temperature ferromagnetism is expected when the electron density is increased to the order of 10%° cmbased on
the mean-field model.

In this work, we demonstrate the electrical control of ferromagnetism in (In,Fe)As thin films burried in a tri-layer
InAs/(In,Fe)As/InAs quantum wells using field-effect transistor (FET) structure with an electrolyte gate. The
trilayer QW consists of InAs (2nm)/ (Ing.gs,Feoos)As (8nm)/ InAs (5nm) on AISb (50nm), grown on a
semi-insulating GaAs (001) substrate by molecular beam epitaxy. The sample was etched into a 50x200 pm? Hall
bar; a Au/Cr side-gate electrode was deposited; then the channel was covered with an electrolyte to form the FET
structure. The transport and magnetic properties of the trilayer QW were characterized mainly by Hall
measurements. When applying the gate voltage V¢ from 0 to —3 and 6 V, the sheet electron density (Nsheet) in the
trilayer QW was changed from 6x10% to 5.5x10%? and 8x10'? cm™, respectively. Although the change in Nsneet is
small, the Curie temperature (Tc) of the (In,Fe)As layer was decreased from the initial value of 24 K (Ve =0 V) to
17K (Ve =6 V) and 14 K (Ve = -3 V) (see Fig.1). This is caused by the movement of the wavefunction of electron
carriers towards the ends of the trilayer QW, thus decreasing the overlap of the wavefunction and the local Fe
magnetic moments. We demonstrate reversible control of the ferromagnetism of n-type FMS (In,Fe)As by a gate
voltage, proving its intrinsic electron-induced ferromagnetism, as well as opening up new possibilities of device

applications.

Fig. 1 Change of Tc (red circles) and nsneet (grey squares)
of the (In,Fe)As FET structure with different gate voltage
V. The change of Tc is caused by the movement of the
electron wavefunction inside the trilayer
InAs/(In,Fe)As/InAs QW (illustrated in the insets).
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PERFER STV A[2], 112 TapNiSes D HLEAIE DG R 2773, 326 K TR E R BE B S, #
%@#5%%Lﬁ<’&fﬁwﬁzybuf—%miﬁ:mummmﬁkoko:hﬁﬁmiﬁR@
18 %IZHHY L. FHESEE 2N AL EFREARE CII RSB FRICHKRT 26D TH L Z L2+ 5, Fx
1% TapNiSes D3> R ¥ v 72 RMNCEL S E T N ED L D ITIEDL B nE A L-, BRMIZIE Se
A MZSEEHT D ETEVMEENIC, ENEANT 22 TRELVERNICT S Z EIENE
R L=, X2 12 TaaNiSes D FEFFAX % 7~ d, TaaNiSes DFEFFHKII/ N KX v » 7% L THEUR CTH
D PERGEI ) DRI IZ 20T T R— 2 RICHFET 5, ZORITHERNIC %ﬁéhéﬁ_EULf
%Dmmﬁ%®%t%%%¢%%%i%ﬁé%%ﬁ%&:zé AFERICBWTLE FHKSCEE
Z CHGEREIC 3B 1) B BITPESE )N D TaaNiSes (235 1) B FHEEE ORI OV Ciam ™ 5.

T T T T T
| Ta,NiSe
0 2 ° S-doping

S
T
|

Excitonic

g insulator
0 - f—" b — -]
i |C a 1 1
O 10 200 300 400 — T
4 1. Ta:NiSes D HEGAIE, HO RH T T X 2. Ta;NiSes (ZFiJ 2 S F—7 LEJEIIMC &
DEE % T, S THOLNIZEFHEEK, S F—7loRHh Tt

RREN RO N XY v T 2R,

[1] D. Jerome et al., Phys. Rev., 158, 462 (1967). [2] Y. Wakisaka et al., Phys. Rev. Lett., 103, 026402 (2009).
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DBEFHR—IVIREOE R & FE

THRWERE PIEBEITEER JIEHFRE!
RIKEN-CEMS2, Max Planck Institute FKF3, It X€&® JST-PRESTO*

Joseph Falson!, Denis Maryenko?, Ding Zhang®, Benedikt Friess®,

INE #85 L JIEF B4, Jurgen Smetd, JI|f T 12

VTR, HE B LA ER SN2 MgZn0/Zn0 ~7 1 REICTER S D IR TTEF H A (2DEG)Ti, &
THFIBIH R D ZER 2 BG A B TE 2 X 51207z, AFE CIHRIRMLEERNE (T<20mK) (2B
L EAE=T2 & 312 DB R B R AR — VIRRE OB & HENZ SV Tl T 5[], TERLE T M|
ETIE, SHER=72 OB SN D DI LT, GaAs L THEAHIFES N TS HHE=52 D
BB SN0 oo, BT, BETOREERIC L > TH A 7 bR EE—< 2 A
HAFIET 2 2 & T N=0 & N=LICHRT 2 7 v X UM O EREBARE TE, —#IRATINET
IZETLOREF O/ HAFE=32 RENAEI=40 FEIZBWTEbIND Z L lbhoT,
ZOREFRIT, BELREBAZHIECE 5 Zn0 IR DMEE R HCIREE O S 1L O JERER) 722 BRAR I
M T, FILWERIZRY 5222 2R L TRY, 5% S DITHEEZ2IECHAIRESE OFMEZ1T> Z &
TR A RIEL TV Z e sh b,

X 1. EIE(7T< 20mK)BEEENDEHIE OFE R - [l =0 FERFCIX A FE=72 a1
NTNDZ LT LTERITE LI, T2, AEO =40 EIZBWT 3/12 BNETBIR
BAZRLTEY ., BEREMOMAEIZ X > CREEOHIENTREE 72 5,

[1] J. Falson, et al., submitted
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Z Tk, EERTEMRMZR A — 25 BEC 23, FitEE W o ERZREEICEN TS, ST, B
R—ARMEE 2T CiAD D & | IREBEEN T RV XF—2K 572 < 725 DT, BEC (3#H Fid
X0, UL, RIRICREFA O F AR v ¥ 1 VAR Ch 5 Kosterlitz-Thouless (KT)#5% %% CHEBLT 5
HERFEHER RS & L COBIRENLE E S e\, ERRIZ, BLED 2R — 2k 1%, Bl 2 (XEGHE
W L7 *He TIE, ARRIRE T, W B OIRENZBRE L 72 < 72 2 @IREN B A8l S T
V. KTEREIC L » THMB SN D[], 510, HEDORTIE, FARR— ZKUR & I35 7 v R RFE A A/E A
IR T U VBFETHOT, FEIIBEC HEL IV H D, ZNHN 2 RTOBIREMEIC ED X 5 7

R KX T O, BLRZE N, ool KE@;*E Tomemwne /0

FERETHONDER D 2T i ey

e . T20ECEE .
PEDBWR— AR FRIT, 77 B pTT e N T
77 A NRECRAE L 1~4 = "O [ — e () ]
JEHO *He OFWFFIECTH D, S8 7] 7 —HERAE -
=zt P SREES R 1 = .=

K HIBLOABHOWEER S, wwstems | . ] 1. ZYX 7T 77 A MR
T KT BEAIC 2 2 i s : *Hel'He/ZYX] |zt L= 2 BH A~V ¥

\ o 12 s | MO L4 R ARIGE) (3] 5
BHIIND, LA, F22E 0 0.4 0.8 12 1.6 BOE). 75 7M. 1 )8

. e s Temperature: T (K) PN A ..

H CEimBhp 22 S 3 Bl < H &R DO,

TeDIE, FFEDPNE D RTE 572 [2]e E DOWRBERAFIERE FARFA LM KT BEIc L2 b D b
38R0 . 3L THRIEMR S NI Z & D72 EERM (5 k& BIREE 2 b DIRAE) 23FEH
LTWA ARG R S, TOEMBIX, WA LEBRTEOEDEMART v v v WIS 72 FERH
(TR C2HH) MIFAETHME D, LT, 20 C2HBBIRBINE 2T I2hrno T b,
ZOXIT, 7774 b EWGESR 2 B H OBEFE ‘He 1%, B < FI DIV 3IRITZERTOD ‘He i
i 4He LixRE < B2 Farem N HIR S b, SETIX, TEXARET/REORWTZ 7 74
NEWZ ST, 202 WIEAR—ARLF RO &2 FBRIICTER S LD ETMMALE, Zh
FCHRONTIRMAERBNT D3], 728, AWFFEIE, &ILFREORAERK, ARHERK, $fH
HEIC, AR BIEL mILmEdZ, BL O KRt ¥ —o Pl L LFE T o7,

[1] wm —# - KR BE DEfiE Gy ) —X 28) ] BiEAE (1995).

[2] P. A. Crowell and J. D. Reppy, Phys. Rev. B 53, 2701(1996).
[3] S. Nakamura, K. Matsui, T. Matsui and H. Fukuyama, to appear.
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BRFEGEPHREN TREGLELFPER BEREVEEFHARE
Bl fath, B 3EE. B2 &

RO, HRORBMEONEARESIT 2R BEERER TH LT TR, JREOH
FeSONN L - BRAFOIEFE A B LTV 5, BRGNS (nuclear magnetic resonance, NMR) 7413, ff BL 72 Aij AL
HIZL VRO RBRE T COMENFARTH A0, BT OMyOEE L BRKER/NRIZImZ T, b
Y, IBE. AflE. 72 BEOLFEOMEEO R HIRIAVESE 1 BOERTERNICHETE S /
A=y MatlETH D, . NMRIZZ ORI ZIED LT, MR T OFE R x5 &3
LZRMOFMEE D HT 00T a7y A4 ) U ZITSAENTWD, e ldiR TR £ < OE X THK
RAENTODRBHAREIO 2 — e —IZEH L, il - FEHO R 54 58 KX OVERIE O B/ 2 /R E O
H# D NMR A7 RV (R 7' e 7 7 A V) Zfgit U S O RREEZ B 52T 5 & L big,
pnfil - PEHIOUER & B REREAT ~ DI & BEt L7,

pn il - PEHUOSER ;0 2 SR 6 FEHLO 2 — v — A FOHMHIZ OV T NMR A7 MLERfSE L, £
DNy MNEST —ZICEE RN &2 A L ChfE - EEf O T v 7 7 4 ) U TR Tl EORER,
NMR A7 RS KD L FE - EEHLZ AREICIXRICE 5 Z &R Sh, & 7 T OREE#RIZE-SN T
el - FEHLORFER S BFFECTE 72 [1], BlE LT, 77 DT afE, MU ax) o U T,
BRI EEN, R T ARSI ua S U BT oA ) VZER I LR LN T,

BREAEAf : RERUE DR 5 2 fhFlo =
— b — RGO IOV T, T T IH
HOERERERE NMR 2227 MLVHIE A B
TR0, BRERHMm O 7= @ OPLS 7 L%

RS L2 2], ZDOFEFMITBWNT, Bk
EIERRS AR A2 R U, Rk O Rk oy &
LCZ =W (RERIC K0 ) | RO fE
Wy & LCx =K (RERNC X v ) %
MNRE SN, 612, RO a—t —pF
A 1T DR & IR OFARIZ BN TS
NMR a7 7 A U712 H-3< OPLS &
FTANFHATHL Z Eaoraniz (K1),
1. NMR 7' r>7 7 A U 7S < ERea

[1] F. Wei, K. Furihata, M. Koda, F. Hu, R. Kato, T. Miyakawa, and M. Tanokura, J. Agric. Food Chem. 60 10118
(2012)

[2] F. Wei, K. Furihata, T. Miyakawa, and M. Tanokura, Food Chem. 152 363 (2014)
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AV ORA—N\—REEOE A

BEPRHAH CLFER KEHRE
Fx BX. it #F. AX BE SF E2, K =1

Y (
[ 5 ] 4 F5EEE Ol SRS 7 JRIG G BEE IR 351 T Bk, ><*{jﬁ§ff?“<
Bl URE 2 IR AR I D SRR ERAME (R 2 I LT X 72, -*~"(iwf‘ i
[1,2] B2, A2 227 ) SBREBA A 2SR L LTC R, fidh KO o3 =t 7S
REOSEEMEICE A TE Y | JEREMEBI S W ERENE 72 Sk & 706 ",f*fﬂ-v{fe'f’
O RIUAM T 5, [L2] KBTI, 424 o7/ emler ¢ 5 _NORCN -

)L
A2 DINDV(CN)g]\ #k1 A Fell, AL O Y P -4-T LT | T_, a |
RA Y LT & LIRS 2 Bk L, Fe' OXREREA E
VU AN B A & LTS BREME O RIBLANC B LT, [3] 10
[28k] HAYLEPIE KaNb(CN)e]-2H20 /K¥AEH & . FeCl-4H0 &
BY Pr-AT AT RAR Y AORAGKEREZRS, T2 -

Sk, AR Y LTR LR, (LAMONFHE, TR B
K X HREHT(XRD), L840 FTHILIN A2 2 kL (UV-vis 222 L), =
STFe X AN T —30, WK He 24 L T2 B8R FiEE S,
(SQUID) % AW ERAAL I & 0 1T 7=, o FeusNOY
0 100 200 300

[REG & B 53] SuRmPrRi S L 0 MLAIT Feo[ND(CN)s)(E' U 22 2 -4- A
TNATE REFRTL)2H0 (1) THDHZ ENRDhro7-, XRD /34— 2 1OmT-TFay k.
B LU Rietveld fi#tT X 0 AALEWITIE Tt Z2REIRE 141/a OFESaAE 8000
EEZAHL, CNEONFF 2L EY P U-A4T LT REFT LD
NJEFD 4 D) Fe A NMIZEMNLL, 7 / HA 8D Nb Y1 NI
PLLTAEETHL Z EnYo7z (K1), Fe & Nb X CN itk » T 4000-
R HANZBEAE S 3 3 IRTTAIE 2 TR L T e, BESGRIE OFE R, A1 b
AT 130 K I8 TR L= O 2 77 L, UV-vis A7 kL STFe

Fe'lys-NbV

6000+

20K

20004 473 nm

n_ v
AANG T =L @A Fel' (S=2) LKA Fe'' (S=0)D o F,e - ',\'b e
DAy 7 m 24— —BEOFERAN TR Sz (K 2), KIT, L
KA DHBREBOMF 21T o2, AMeAmiF, KRIZHNT 3 1 ORI .

W R LTS, 473-0m e 2 T 5 2 & 12 & 0 RELAASHIR L @ LR e DL
TRl 71 (He) 240 Oe, RERAFHEAFEIREE (Te) 20 K O3RN Z 7R L7z (X 3), JERRSTRITE D43 GRIE XV Otk
LAY V7 8 24— =B8R DORBIPRE ST Z &b MBI 5 eRMEBLIS OFEIL.
HHHICLVIEAE L F' (S=0)nb@mAE Y Fe' (S=2) DA ALY 7/ a A4 — =BG NEZ v,
ACT@mAL S Fe' (S=2)& NV (S=1/2)DM D CN %4 L@ # AA/EMIZ LV 3 R 7eiex A
— XV TR b ENE LD EEZLND,

[1] S. Ohkoshi, H. Tokoro, Accounts Chem. Res., 45, 1749 (2012). [2] S. Chorazy, K. Nakabayashi, K. Imoto, J.
Mlynarski, B. Sieklucka, S. Ohkoshi, J. Am. Chem. Soc. 134, 16151 (2012). [3] S. Ohkoshi, K. Imoto, Y. Tsunobuchi,
S. Takano, H. Tokoro, Nature Chemistry 3, 564 (2011).
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'TRRWEE DEIPER BRHRE. 2 S EAF ST, 3Institut Néel, CNRS, Grenoble,
France. ‘LMU, Munchen, Germany, °Ruhr-Universitat Bochum, Bochum, Germany.
SEHAIRDERERAR 5 —

BH EAEL WAEX MA 12, Christopher Bauerle3, Jan von Delft*, Andreas Wieck®,
Bk BIE LS

BT Ry MIBETE SRITHNTHOGEIRICH CiA), =3 X —2Hib S 72 0 R LR TH D, 5
ﬁlﬂ? Mo, & int»—v/x%ﬁéoT%JﬁFy NARET 5 Z ENHLNTWD, EOBEIZE N

BT DAREA AT WX, B Ry NNOBFEN 7 —m v —27 (Ry NNOHERNZ LT (5E
f@t 7)%%wfloﬁm¢5ﬂ n 26T 5[], k_%#\E¥F7FW_%f$¥XE/#%
CiAd B, ZEHRONEL L L THONDEIRNFEET 2561 < T TelEHREE)ICIX
E%ﬁ’W%#é*o@ﬁwmyﬁ%7%%¢W:E%ﬁmﬁnn'é%?n§m¢éo:@ﬁW@mz
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ETED, LinL, BEFPTIE, BFDBIORBE~EKFTEND Z LI > THEL ZZRETHORS
PN U7 R TG A2 EBLT 5 2 LIRS TlE RV, DD, &1 Ny b OREMARRE
DHEFNT D72, EHEHEEZ AT 287 Ry MCBELTL, T<TIZBWTHG 3n2 ONFHZER2]. T
>>TIZBWTE 7 —r B —7 T a2 ONMFEAL[E] & WV 9 e Tl S 1T B2 2R HRE I N TV D,

L2r L, ZRDHIFE 2 TR R TN I T DRERNE D DI TRV, TENROARE TH D 12 DAL
FRZSAEAS, REE T & UTBEREE Tk OBIRICBW T E Z £ TR SN D 2L, BEED H D R T %
FANTHIO THER T 5 Z &N TE D,

T T, MEICEIE Ll TRET 2 WG B2 AT 28T Ry N OREMHERIE %
TV, T<ThIZEWT /2 ONFIZALZ BT 5 Z SO TRE Lz (K1), F7-. IBERFEEOR]
END, 12 DAFRZALA T~ T £ TEREF S AL, T>> T TR A9 < 22 D128, AAHODHE 5 2
7ﬁ>%7 R R FESEZICa B kT 5N BEOIRDENESNTNS Z & AN DT,

DT, BiE# 0 AR X DFE ATV, 2 TSR BB L IEFICRES —ET 5 2
&%ﬁ%btmozwiéﬁﬁW®%éﬁwi 73
LR BT 2T HRIR IR FE O & B L TR 0 | Tk
B OB =72 i A G52 2 EER L O TH D,

[1] R. Schuster et al., Nature 385, 417 (1997).

[2] Y. Ji et al., Science 290, 779 (2000).

[3] M. Zaffalon et al., PRL 100, 226601 (2008).
[4] S. Takada et al., http://arxiv.org/abs/1311.6884
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ET T~V SV R R O TTEBIRE X v > 7 2 JLIB AR < FhiE 32
& T, BTRICRE i%/l/ﬂ?H%Eszo Z LR BHRFIZE R D A
EEETHZENTE DL LI -T[1], EBIZTa—TT T~
NV AN K o TR ORRFF AL O #E Enk ﬁﬁﬁﬁméﬁﬂé En
ARECTH D[1]. T ORER. FEWEMIHAL D 5 2 i 7 L7 IR Tl
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B TSN e v JRAE—REILS—HETHZ R ghoTz

[2]. I TIEZT T~V Y EMGIC LD 2 — L2 NS T BCS
REEDIRDTENC OV T hikimT D, 1. T~V Ry 1%

ATEE TS, AR, T, BEEZ EEA FABFR oo — T EE o R R E
(PAL, BORHEY) . E81, SFHohm. BalE=iE (BLL, HHus(E o
1), R (BN RCE) FREOERFEICESS LD TH D,

[1] R. Matsunaga and R. Shimano, Phys. Rev. Lett. 109, 187002 (2012).
[2] R. Matsunaga, Y. I. Hamada, R. Shimano et al., Phys. Rev. Lett. 111, 057002 (2013).
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[1] A.Y. Ganin et al., Nature Mater. 7, 367 (2008).
[2] Y. Takabayashi et al., Science 323, 1585 (2009).
[3] A. Y. Ganin et al., Nature 466, 221 (2010).
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[1] S. Ohkoshi, Y. Tsunobuchi, T. Matsuda, K. Hashimoto, A. Namai, F. Hakoe, H. Tokoro, Nature Chemistry, 2,
539 (2010).
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MR BAY 75 2 R L, 460 K E R CIERENE -8R FHB-Tis0s ~ DM 28 2 97, THF, Fx i3k
TR T R A I R0 . BTATFEA-TIsOs (X 1la) % R Lto A-TisOs 1%, o-TisOs & [FAERIZ A B
P 2D ERHER-TisOs & O CRIRICH W TRl IS A MRS 2 = 9 L AFFE T, %
JREEEHEZ & o TB-Tis0s L OA-Tiz0s DN Nt & B ﬁ%ﬁaﬂ‘bf:o

[R50 & #%2]  B-Tis0s M U\-Tis0s D it 12 % L. Vienna ab initio simulation package (VASP) % T
HRHEHE 2T o 72, BEREIE. BRI ERG (DFT) I3 &, A v WA b —u U MHAEEREZZE
LRt A BBl (LSDA+U) O N TITo7, £7. FEKER-Tiz0s D/ MRS K OVEFIREE
BRHE LT, TOEE, B-TiOs 12013 eVIEEED N F¥ Y v 72 HFT5F v b-"— RAREEKRTH
HZENTRBEINT (K1b/E), ZONRY RE¥Y v 7OEIX, KIFAXZ M RES b8 (0.14
eV) ERWVW—FEZR LTz, o, TNENOENOEBEIREEZT~D & Mg /3 RIEEIE Ti(L)-TiL)
[ #EA-PERLE K& O Ti3)-Ti(3) M Dk G PEHLE » DIk S Tz (K 1 b)), 24 s OHENIZE 13—
FEIERECNAEIN D T2, B-TisOs IFIEMMERB 2 R T B2 b5, —F, +0.7eV IfFEDRE N R
1, EIZ TiQR)D dy ZEEEN SR STV, A-Tis0s DFFE TIL, 7=/ I TR LXF— TN\ R¥y
v TRANTW R, BRIV RIEENG LN (K 1b £), 7 /b 28] % MR O E IR EE
AL L TiR)D dy Bl & TiR)D dy BWUENER Y & - T, flah b 7 m~ 1 RIThITE R > Tz

(¥ 1c ). A-TisOs DEBAVEEMEIZ, ZAHDOHIEDELR D GWIZHRL TVWD B X b,

(a) }L'Ti305 (b) B'Ti305 ?\,'Ti305 (C) B-Ti305
2 2 Ti(3)
. d
Ti(2) > 1 | 14 xy
Ti() . 2 2 3 Ti3)d
Ti(3) 5 0 _>_ Toal ? 04/~ — Total - \/VC i(3)dyy
o Ti(1) 2 Ti(1) A-Ti3O5  1i0\g
C C
O W-14. =Tl 194 —Ti@2) Ti(2) )y
a D — Ti(3) — Ti(3) dyy
'2 I I I '2 I I I
| . 0 10 20 30 40 0102030403_>
O,b Density @ttty oevidemtile vt Sds! eV celll>b Ti(3)d,y,

X 1. (a) A-TisOs DifEautEEE. (b) B-TisOs (£) K ON-TisOs (F) DIRFEEE. =L X—DE
2T 2 I =R VX —, (€)B-TisOs () KUN-TisOs (F) OETEHEESAm.

[1] S. Ohkoshi, Y. Tsunobuchi, T. Matsuda, K. Hashimoto, A. Namai, F. Hakoe, H. Tokoro, Nature Chemistry, 2, 539,
(2010).
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P-03 FYUSSUFEEEAZRANV:-MNn-Nb A Y427/ £ER
BADER LEIFT

BEPRHAHE CLFER KEHRE
Prft =R, d HB=. BEF BA. Hx X, &F BF. Kl 81—

MIFRETIEA T X VT ) &BEREEEE T L THWD Z bick | e it 2 B4 501
Wb 2 mE L TE 7212, BAT AN FOTTH, ZO0&BRZEET 52 LD TE 256
BAr 12 WD Z LIXmRoe Ry U — 7 SEROBEICHAHTH D . & O kM & I R IR KRR
FFORBENESND, RFETIIAEBEM - CTHLHEY IV UFHEREZ AT, Mn'(S = 5/2) &

[NbIV(CN)8]4_(S = 1/2)%!%&%"/5\29“@:6 : &f GZ- J: D N %ﬁ/i\ﬁéj\% 5-methy|pyrim£ine
AR Mn';[NbB'Y(CN)g]- (5-methylpyrimidine).-4H,0 (1), & Mn

U Mn';[Nb'Y(CN)s]- (5-aminopyrimidine)z-5H20 (2) % &% L«
TNENTc=34K (1), 32 K (2 Cmtin s rd 7=V
WHERTHDLZLEWHLNZLED THET S,

1 L2 1E, KaNbV(CN)g]/KIE#R & Mn''Clo-4H,0 K OV
BEELAL 1 DR A KIBIR 2 RBENTILB S5 Z L ic &
VRO SR & L THE LN, IRIREFRZ W XBHRE o
SRR £V | 35L& bIc monoclinic, | | .
P2in O =IEx >y T —IHEEETERR LT Z & A3
ST 572, T OfE RS TIZ[NDY(CN)]*? 8 5D CN
EDHI>HL 6 OO CNIEIIMI EZEBELTEBY, D 250
CN TG & oo Tz, —FF M X 3-2D CN 2, 2 Fio 1. 85K 1 OfESHEED a
DODOHBEENL . 1 DOBEMNIAKNENL U 7258\ i AR i %
Lo T\, WIRA~Y U A% L2, 2K~300 K Ok
WEEIToT2E 2 A, B HARLFCM)HIFR Iz W T
H 3R BH X d, ARSEARIE Tc=34 K (1), XTU'32K (2)
TS 2R 2 E R LN o7, Fio, REEE
DOEIFIBALIEZ 9.0 us (1), X991 g Q) TH Y. ZHE Mn
& Nb ORI K BB  EAE R 2MB) = 2 v i X 1o T
Bl L 7= 556 OB O FHRA 9.0 us & KWV —E &~ Temperature/ K
ZEDLARGERIZT = VR TH D Z EBRB I LT,
F 72, RS & FH VO C Mn''-NC-Nb'Y o [ fl) < 52
PR E AR ER I 13-6.5 cmt (1), X T-6.1 cm? (2) & RS
Lo, ZOXIITARERIZENT, VT 2 EEN LT
Mn & Nb ORISR ANCEBAHAE EAER MBI < 2 & AR
e X7,

Nb

1

_ 15007 Tc=34K
1000

500

Magnetization / Oe cm?3 mol

o

Fig 2. #MEBRELS 10 Oe IZ

Fard 7

[1] S. Ohkoshi, K. Imoto, Y. Tsunobuchi, S. Takano, H. Tokoro, Nature Chemistry 3, 564 (2011).
[2] K. Imoto, M. Takemura, H. Tokoro, S. Ohkoshi, Eur. J. Inorg. Chem. 2649 (2012).
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P-04 £FBHaANILM-FH 527/ BEOHEGBEESDOEEL S

BEPRHAH CLFER KEHRE
B —F%. ft #4F. BX A, K& H—

BABEC A U VIS SHEBEB B ZIE, B EFOSBFICB W THIRENEZ THY, 71T
RERIBEE AT VU AZEIWEIT, BV —0508kT + A7 LA ~DISHARHIRFTE 572D, R
HEHEIN TS, —F, ZIEOEREEERIE. ZOWEMHEEBNGIISETHEEZLNDLTH, b
MEBRICHT CHERAZZDERCTHD, RIFRTIX, COW 7 ¥ v 7 J & @R Cos[W(CN)s]2-
(4-methylpyridine)z(pyrimidine),xH.0 OFHEEFE O EISEMEZBIIL, ZD A =X A% Kit Lz [1].

AREERIE, C0"Cly6H20, Cs's[WY(CN)g]2H0, BV I V2| 4-AF LB Y v 2 KB ClRAT 5

LIk mRE LTHELNT, REEROT T NAEEB IO IR AT MVOWRBEISEEL Y AR
RITIE DS U TR FEWRMLT 5 2 L300 | $5EFICE DK 1 DOE(X)IE. 80% RH T1X 8.0
7Eo7eh, 5% RH TIE5.3 TR L7z, K1)z, 80% RH T
HI7E L7= XRD 73 % — |2 H-5 < Rietveld fight X 0 R L S -k
P 2 R, ARBEIRIZ =R R D P-1 OXFMEZ D, FFE
i3 a=7.610(1) A, b =14.980(2) A, ¢ = 20.897(8) A, a=90.90(8)°,
B=98.34(2)°, and y=90.55(2)° T~ 7=, HEEFITIZ, v 7 7 i
Lo TCoBLOWMREBEINTERML, BIROBEBSIO, £
NONEBESNTZ, B RTH=ZRITF Y bU— 7 iRk L
Tz, BRICITIERNL OSSR RE EN TR Y . KEHER Y
KU —27 2R L T2, XRD A7 MLOWFERAMEL » | 4
eaE DEL TR D & RBE TIL, ZOoKFE/KERY hT—
Z X KRR DOBEEZ X0 Mol S D Z ERbhroT,

WHARASY o Dz it & U T AR EERE (o T) DIREE R AF
PEEFHRD Z L2 0 REEARIL Co'hs(S= 3/2)-WVY(S= 1/2) (il
FH) & Co'is(S= 0)— W'V(S= 0) (IiEAR) DT, B BER 2 £
ISR 2 RT 2 LB bo T2, FHIBBIRE (T &

TR ARIEAE . Toop ARIEAH—ERAH) Z . RO 3 Wi, 7%
DESPMRIRMEICH HDIRE L ER L, TOEZIREE AT Y R
(AT = Tizr — Tin)) &7 % &, 100% RH CHLEE L 724> 7L Tl
Tin= 147K, Tiym=242 K B L UAT=95 K TH > 73, (KR E T
U724 T AT, T @ L5-36 X OAT OfE/ 8L S 4L, 5%
RH TlX Tip=191K, Ti;=245 K B X VAT=64K ThH o7z, ZD | (@) A OS
X9 RBAE. KT ORI X DNEE I OZBALICERT S & #. (b) TEE 100% RH 35 %
%f{_%héo 7RE0A DU 17 420+ Z An. T T 7

[1] N. Ozaki, H. Tokoro, Y. Miyamoto, and S. Ohkoshi, New J. Chem., in press. [2] N. Ozaki, H. Tokoro, Y.
Hamada, A. Namai, T. Matsuda, S. Kaneko, and S. Ohkoshi, Adv. Funct. Mater., 22, 2089 (2012).

27



P-05 KBE CoWA L 2LT7 /) BEIZEITS
ERTOAFTEEREEIL

BEPRHAHE CLFER KEHRE
BA EA. BB Cx. 88 E—. Hx @X. T #F. Kl 8-

BEFRETIE, 7 /4R RIS IRZ VT, SR &
BLRIZR et 2 n T 8RBk L C& 72 [1), £ H T, Cow
F 0BT ) EREERIIEIBEIC L B AKE < LT
%o ZOWISEMEIL Co'-WVYAE & Co-WWV FH O M EMEIZHES <
B, ZNFETHREINTVD CoW A7 ¥ 27 J $RICE W T=IR
THLEMEZFFO LD, KIRTONSEMETBR ST
o T, ARFFETIR, CoW A7 # 3 7 J $A(Hs0,)[Co"s(4-7
2EEY VU)R{WYCN)Y (1) 28K L., BENDR~DORE I
TR E D BR TONFRMBEBI SR AN Lo TRET 5, X 1. 1 Of k.

1 1% Nas[WY(CN)s]-4H20 7Ki&ifi % Co"'Clo-6H0 & 4-7 mEE Y ¥
USRI ORGTRIRICHE T2 2 L THEAM AR E LTHE LN,
X 1121 OfES#EEZ R~ ,Co & Wiy 7T /BRI X » TAB S,
RO REIREE A TER L T e, 2O RouEIERIZIT A Y
=T LB T AL HO A S TEY . kT x v b U — 7 ik
R L T\ e, WRIRANY O Az mit e U CHW B E & T

N w B~
h 1 |

WAL/ cmd K mol™!

FTFHT L0 8K 1 ORMEFOWFERIFEZ <D L 2K 15 340 So0 150 200 250 300
K £T010em*Kmolt Ll FofiiznLiz (02)., ZOfHRLY, 2 mz.1w@f§£ﬁ§wﬁ@.
K75 340K £ TCO""WVDEFIREETH D Z EDBHALNITR T,

WIZ, IR TONISEMDORE 21T > 72, 800nm D F/ #h/3L

AL —PF—EHERTLICLYay NBR LEE ZA REOAY |

DH AN DIREEZB LT, BRELD RN D, JLi
FEDOBMEDS 450 mI cm2 pulse ™ TH D Z &b o7, JEHRETHIE
TOESN A KON AT Db SEHREHT XD
Co'"“WWVHHANED LT Co-WY AR L TWD Z &N bhoTz
(23), 7=, HIBHBEOREH LI % T L, BHASRED o
LHFONERD E W) AN BII SN, 0 XD 2k 3. JEMBIEETZ D IR 227 R L.
BEEER L. BHORSOAEEEME D BRCONFEEMN 58 80322 EFT.
BB HR IO TTH D, MR D IR A2 ML hFEHT.

SR/ au.
«—

[1] S. Ohkoshi, Y. Hamada, T. Matsuda, Y. Tsunobuchi, and H. Tokoro, Chem. Matter. 20, 3048 (2008).
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P-06 FeMoA o4 7/ €BERIZEITS
2BERELYORA—N—BELEFDOY AL FERY

BEPRHAHE CLFER KEHRE
A BL. Hx X, K 81—

[#Z] 42 %27 ) &BEEA 42 [M(CN)]™ (M = MoV, NbVN, WYV X SREREREE 126 U C S % R
BELVEDIEN, V7 ) EEN L THET 2E&RA 4 UMV BEREHEERZ 7092 806,
HEEERY 72 0 TREVEROIERICHE A TH D 22 AR TIX. A2 X7 /€Y 77 A 42 [MoV(CN)g]*.
Fell 5 L OVEHERCNT £ 3-acetoxypyridine Z 8 (L L7-88 k2 Bk L. SEMEICB W TR D Fel' 1 b2
AV BT S, A MBIRP2EBEAY V7 a 24— =BG 28R L7-0THET 5,

[32BR] AEER@)IZ. (NHa)Fe"(S0s)2, 7 AL B VB LY o
3-acetoxypyridine DIRAKIEIK & . Ka[MoV(CN)g] /KIEIK & D Bt
X0, WEEERE U TR, WIS, TR, X SRS
BRI REAT . IRIMIR)UL A 7 kb ERAN AT (UV-Vis) I A~ 27

~v, B R TEEHSQUID) & Fv iz,

(AR & B8] wFE s KO X MRS SSEEIT L 0, 11X
Fe2[Mo(CN)s](3-acetoxypyridine)s(3-hydroxypyridine)s D fHLEk & £F-> =
J7 8% R3c (a=46.6457 A, ¢c=323500 A) TH VY, Fe & Mo Ny T/ Yo
HEMLTIRIEF Y NI =2 2K L TND Z LB iz(X1), 11 ogE RS
FellFel:Fe2:Fe3=1:1:2DEIATI3I OOV A FHBRFELTEY .,
FDOETH, HHERALFO NJFET 4oL CN HED N JFEF 2 SHEL 4

%1

Fel Hs

L7 6 Bfrie \ AR E Tdh > 72, MoHA ~E, 8 50D CN D C 61 e | F2rs
JEL1-ASELE L7 bicapped trigonalprism HEXE T o 7=, EARHALE ). & 5': | 1 »
RBETUVAs A7 MY, FRTOREA T 0B PREE ¢ lomme ey, 7
Fellis (S= )3 LU MOVS =0) Tl 5 = L 7o fo(HS : ALY % Z LSS

RHE), B RARERE(T) DIRERFIEZ R~ 25, T
fEVE, 230 K fHE TRESCHIZHED LD 6 (#EF 1), 155 K {131 T
L7020 (65 KA THOBA T 5 (M58 2) & 5 Z#) 2R L72(K 2), 2]

Y1 FERE -2 B
RE>oORL—7V—

o — Fe3-N
DDDERRERBA*FEZ-N

UV-vis A7 hUZEBWT, WmElE & HIZ Fe'''s (LS : KA B L IREE, // ©— FelN
S = O)Z HISET B WRINAY 410 nm AT ICHINL - 2 &b, ZORMEER 5 T

DOZFEIF" D LSoHSED A 7 a0 A A== L 56D Th D

ERBR I T, ETo X HREAEREEAEITIC LY . K Fe' YA MZE 2.0] ﬁiﬁ“

RS} Fe-[%ﬁ% N }E%Fﬁﬁ@ﬁi@%é\ﬁ@(ﬁ}g%’fh%g)ﬁ’\fl e 5\ (”%ﬁﬂ 0 100 200 300
A . SE HE SN N — JE HE N Temperature / K
(RE, 5 1 OB RRITIE Fel-N [H 23, #a% 2 DI fRIR Tl 2. (E) 1O T-T 70 5k, (F)
Fe2-N [HIZ2ME L7c 2 & D, B58 1 Cld Fel 23, #5852 Tl Fe2 2% % Fe lcBIT 5 Fe-BitE N JH -1

FNEIERIRACER LTV D = EAVEIR S, D & & OIREARATHE.

[1] M. Arai, W. Kosaka, T. Matsuda, S. Ohkoshi, Angew. Chem. Int. Ed., 47, 6885 (2008), [2] S. Chorazy, K.
Nakabayashi, K. Imoto, J. Mlynarski, B. Sieklucka, S. Ohkoshi, J. Am. Chem. Soc., 134, 19989 (2012).
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P-07 Crystal structure of CePRMT7

EFRAURE RPFER EAHEEDFEE'
RRKFEGBEPEHAR 52—
BA) HFi', B &7 ', & 2F° BK BIF2 BAK #2’

TAX=2 D ATFIUITBIR T RBSCA T T A V0 77 EOAMBIGR & HIf3 5 HE
HIRBEMTH D, TNAX =0 AT NVIEERBEERE PRMT) LT VX = SO o L N 112
AFNIEEBTOEHETH Y, WAL T 9 MEFET D, PRMT (3% O O
WD IER AT AT NAX =2 525 Type |, SRV A TFILTIAFX =0 % 5.2 5 Type
I, B/ AFATAX=0DRE5 25 Type NI EEND, £7-, BH O PRMT =27
RAA 2 LRI D A TF IR ZH O RIF ST RAAL VgL 1 SR> 3nbd, K
I TG L7z PRMT7 13k b CIEE A 7 8% AT LT H 2 ERHESILTEY
flhd PRMT L 7o) a7 RAA % 2 OFf > & TSN TWS, £, £D A TF AR
1L Type LI, 1 OWTHIUZT D08 @A o0 Tnd, AETIIZoL ) ica=—774F
A A R FEO PRMTT IZTEE L, & O SLARRERE & O a2 51 L~V o 4 fifhe
TRREXANTZEZHE LT,

ABFGETITHR kD PRMT7(CePRMT7) 29855 & L, P31 & P4s2:2 DEIR 5 ibRIC
BWT, 423777 % —SAH L OEAKIEEL 2.4, 228 O/FEETIRGE LTz, P4s212
OFEBIZ OV TRIRARE R CHlif ST b7 — 2 2 E LT, EHOLDOHERIZBN
Th, TOHBRBEEZIZ VT A ATZaT RAL a7 Z 4 ~—EiE2 BT 58
BEEE L > TRV, P3 THALN N RIED B-3— b8 Pdg212 OFERRTIET 4 A4 —4
—LTRLNRDP ST LW ) FJUSMNIITIER—~ThH o7z, CePRMT7 D RAAL D bR
D—lE BNV RAAL A VP =2 a v T — A TEDVDOERNB SN DD, BE
HIDO PRMT O b O ELLITUV e, SAH 12 N RIHH OTEPEEALIZ DAL Hav, C Kbl
LTI PRMT ICEEICRIE STV D GXGXG L— 7 & X7 )V E V—T NG L T
HMEINDEE HD TV, 22T, GoniEiEs b L ICERREZIER L, SAM #EiA 5
BRZAT > T2k, CePRMTT D27 7 7 X —fEGEMIIEN KD 27 RAAL DB THA 9
ZEERLT, £72. CePRMTT DT VX = U fEGAR7r v FOKE &% PRMTL, 5 &l L
7ok Z A, CePRMTT TIER/NTHDHZ AR LT, TAX=UREGR T v Ro/hE Z2h
Z. C RKIGHFEMEBAL O ARTENEA PRMT7 @ Type N EVEICE G LTV A D0 E Lvuy,
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P-08 sarfRiRarOEEREHE

RPERUIRE ERFER FRRICEEEE
=P OKER. ik #8. G K. HL 817

[HAY] 5/7/6 EER(ABCER) DR LTI IRFBEEHTHVT N~/ A4 FOLIL,
PUBEBEMERCERIER 72 &, EERAEYIEN 27T, 71 hAARr ()%, 12-
E RBE X RAR— /LT AT I)VONKGIEAERY & LT, B - fEkE sy
TN A RTHDH[L], EF, 1 IFRAR HIVIEEZGT 570 A T F o~
ERGICEBMTE L ENME S, HEHEZED VD[, Fxld, REKESA
+ 5 BRSO G A AT I AN, 1 ORI ET 57, crotophorbolone (1)

[Fik - fER] R-IAAR(2005 21 TRTHOFRICa-TvaxeL /) TReF— ) V2675
3EAM LT, V-40 FFET, RURBRNURAFALYNTT % JIHERSHEIZE A, 34 LI AEHENL
TN APGFNTT ) AL, b &5 272, ZHUC LV EEd 5 COALIUEHLRFE I KON C10 fir
SRR A E T 3 BRI B ORI A I L2, BN 5 D C2 iz =% Y XA F L vk
L. EVWTa oy MMl WCTHREA L 7 0 v ~O BT ST, 7' X2 — L ORI R £
U7=7 VTt FOfEb, COft Ruxs EoR#lc k- T 7428 Lz, 7% Barton — 25 )L ~Z5H#a L
T, MARFHR FHEHN 21TV CI3LICE R s E AL, AU Ruf 5% TES £ TR
714, DavislB{bZ1T5 2 & T, CAfLICE Rr¥ v RAEA LT,

(TMS)3SiH
CN 7]
ME,OL. H <:>LN=N
21 st , Ne
Steps (V-40)
_— > >
0 toluene, reflux 62%
OTIPS
(R)-carvone (2) o 3
. Eschenmoser
methylenation (70%) 3.COH 27 0, v 4, LOTES

. RhCl3 (70%)
. HCl aq.

2. TESOTf
(30% in 2 steps)

. TIPSCI 3. NaN(TMS),, -78 °C;

. Pinnick ox. ph >N
(78% in 3 steps) OTIPS ~Ng0.ph OTIPS
—_ o, o, -
TMSOTF (72%) |:$ 52 ; -||-—||2/|S) (20%, brsm 40%) 8 (R=TMS)

[1] Flaschentrager, B.; Falkenhausen, F. F. Liebigs Ann. Chem. 1934, 514, 252.
[2] Wender, P. A.; Kee, J. M.; Warrington, J. M. Science, 2008, 320, 649.
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P-09 B—RTAEMRERE TTF-CAD
HKERUV—EBETICH T 501 4 > ttiE#

ITZRURE VEIFER EHFEMRRE
AR E£R. R BEA. B Mth, BEHEA —F. ERN 8%, +8 7

WEORGORE L LTX, ARG, A4 U#a. @BMEG. 77 v T VT — VAR SR FE
TN, BEEMEILD DR FE ST IERIRFEE TN L o> TR L T\ D, —FH T, KIFROXIGHmE
T D HME-A A MR (NHEERE) SR, IRE - [ENZEMICE Y —2OWEIZBWTE OSER) 72 /)
LT D W H RO T =— 2 IeWEZFFO, ZOMIBEBIE I - Roc O A BRSNS A TR S
. B FEICBTDETORZICEY 77 T AT — VA ChEfE LT PR S & 7 —n v Tl
i LA Ao fdmoMAaB 0 £b 5, NIEBILE Tk, ERBEE, StHEMEE., VU N2
EDOLKIMEE R T ZENMLNTEY . SHIZA AU MHME (1 F) CTIEBEREMARFERE 725
720, FEROYILL L CHREANTHIZEN TN TS, ZHUTINAZ, 44 NI R O AME & LT
FNHILTWND TTF-CA OER - mETIZE W T, “EBERZMA TWanA AR S (K1) [1].
B REE L WS BETHIER ZED TN D,

NI #5852 CTA U D &R, FIZ—RITRFA D/, TV ARNLZEPITER L72b D EZZ BT
W5, FZTAMFETIE, —®ERIINC X 2RI & - T TTF-CA OFEREIZ & D K 5 72253 A
SND D&, AEITEWEMREZ o7, BRENRINEIC L Y ROt E BIECHIE
LIENHRETH D, BxlT—RoatEE2550 275w (bfih) ([Z—@EZEML, 3CI-NQR T & - THKE
JITFICBIT 2B OIR D # N (RIS ZER(LIRE)

ZRLN L7z, [RERZe—sl eI & 0 B REEPER K E
T ERRDIRDEENERT Z EPHER STV S[2],

L LABIEDR R T, #KE T & T &A1k
HEICHBERZRITR b2 D o7, XM HIZEE DRk
REhE 2. TTF-CA OFIERIZ AT TR IeHED ) R
WZOW i T Do

X HIZTTF-CA DA U REEEZ TR D201,

BC-NMR OHIEZIT>TEY . Y HIZZDOFERIZON
Thfam L2V,

BJ 1. TTF-CA DI - £ FHXI[1]

[1] M. H. Lemée-Cailleau et al., Phys. Rev. Lett. 79, 1690 (1997); F. lwase et al., JPS 2008 Spring Meeting
26pTF-6.
[2] R. Takehara et al., JPS 2012 Spring Meeting 24aBK-3.
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P-10 EAIC KB "L "hEblE
— Bi% - 5EBIRAD NMR —

IHRWRY MEIFEN EFHWRE, BARIXEZH
X b2, &K BR, B fot, EHFA —7
B gt I BF, D ES

|_ESED)

BRBIIL D, WALV, BANL 2oL, bl
BFOWMEICLHHDOTHD, HlZE, BHZEHTN
LB ICEFRAD EERICRD, £o, BEiz<n
M0E | \ZEFBAAD EBMERBDIZe D, Thbb,
BN ED T8UE) % 56T 50 T8N - BaMEI3BIR
(AT D, TIX, A BFETE DPEEERD D FF,

WO TEUVWMAIAEE Z 25724 5 0 2 ARBFFEIE T Gl -
JEICk ) HEofEEZ 2 b —L L, #HiizRE
BEYRIC - A5 &) ZHBIE LTV D,
X 1. M OE#IC X5 5FEEo k(1]
B S E [M(tmdt)]

AHEEAR [M(tmdt)z] 1, AR M O d#gE (B2 )
ELotmdt 7O il (B E 0TV AMEMTR L 72 2 uE R
Thbd, MOBEHIZLY, dHuEDO=R/LF—HELZ a2 K
B—LT5Z ERHKDS (K1), ZOEEOZELIZHE LT
WIMEIZ A B D> DRR IR~ FREMED D SORRETE~ & 2RIk
T %, ZHUE CEIRE0E LV &P EOZ b A R e
v,

BZEDAY) T VT 41—

UIEC X 28GERIE]  ARMIIL SN2 ETH L

TS THE L~y ) TREFHBE) 22k &8 %, 4 Al M=Cu 2. [Cultmdt)s] OJF F)-i FEAR 3]
DRDIEINREZPE Lz L 24, DT h g E TREED BN

AR L7 (KM 2), FERTIE, JOMRETICHERE 23w T 5.

[BLEEBIREHNMR] NMR ZBRIT 58 ('HR ®C) LD 7 n 2XiE@RESD Z L3 k5.,
ZOYA MERRPECLY dE, 7 PLE EOET A E 2 BIRAICEINT 5 2 &5 NMR (ZHLE RS
i CEDME—DFIEE 2o TN D,

[1] S.Ishibashi, and K. Terakura, Cristals, 2, 1210 (2012)
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P-11 H#EyY MEBAREZTD F—TROMETA—ILAIE
IT2RPEN MEIYER EBEREE, BEAY BTSHER
HZ 8, Kot 5 G B8 =) fit, EBE —8, A0 B=

i — £ MRS IE —

RN — R CHEAERT 2R T, EFEL
WEHWORIENTHEE N ENTRIET D, T v MK
& RIEN DAEFAREN FEB T2 (K1), ZZ0hbEFE
FlEhnie (=& F—=71L7) &, B (@R
MBRESE | AR TIRENBIN D, R AE AR L LTz,
PERIDT NSA AL 2 DI 5 5 FEHEAIC
LHERT < TH D,

1. EHEBEIC X DMK,

HFEEHE) — A=A JEZEL T —
AHARERITE S ZFNT 5 L B FHBEOEAWAE(T
%o ZOHK 20K D IR E-EFBIME K Lo A TR
RTHENARETHY ., £y MEREOWHEAZTIRD5D
IZi L7 ECh D, AR TIE, b Ty Mk L
F—=7&N7=T v MEZIEOIEIZ X BIREEDZE(LZH &
2T D0, ENEIUCKHIET D AEEYE % B
B MET THI#ESRTE v MEB" L BEH DR T K
fbEn7=F v MEB"IZOWT, Bl 5% v U 7 O %E Kk
TR NMRBOREICLY, BBEOREZE-TZ,

X 2. AHEER k-(ET)X OFHX[L],

HEREFR — BETREOBERR T2 —
I F—=TRICKHET D k «(ET)2Cu2(CN)s. K—7RIZKkHENT
% k-(ET)2Hga28oBrs & LT 5 2 S0 “ T AMBERD R
—VHIEZATV, BFIREEOZEL 2 2 5 Z LITKTh Lz,
1) FER—=TFRTH % k -(ET)2Cu2(CN)s DAXEAM| (B4 B
IR OFR—RE (K2) 1L, hrEETEY—7 %L
0. BN SRAICER T S, ZOREWE, v MEREIC
EX ¥ VT HOEERL TND EEZDILD,
2) R—7FRTdHD K-(ET)2Hg289Brs (123 T H[AEERIC, K 3. & ~(ET)2Cuz(CN)s D 7R — /LARHL,
£ T iT~/I/1¥§5t75§{£E?E RIS 2 IREE VS L B4
SHEPLORERATIEIL, WE L REIECTEBHTH L3, BT 5% v U 7 ILE THHBIA T <
&6&@9?6 L DR T X T,

[1]K.Miyagawa et al. Chem. Rev. 104 5635 (2004).
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P-12
Study of the interplay between charge ordered and Dirac
Fermion phases of a-(BEDT-TTF)z13 by transport measurements

Department of applied physics, University of Tokyo, Department of Physics, Tokyo
University of Science?,
Dong Liu, Kazuya Miyagawa, Masafumi Tamura” & Kazushi Kanoda

Strongly correlated electrons and massless Dirac Fermions (DFs) are both of great interests in
condensed matter physics. The interplay between correlation effects and the effective relativistic
nature of charged carriers is, however, left to be discerned mainly because of the lack of appropriate
materials for experimental investigations. The quasi-two-dimensional organic conductor
a-(BEDT-TTF)2l; (abbreviated as a-ls hereafter, and BEDT-TTF is the abbreviation of
bisethylenedithio-tetrathiafulvalene), being probably the first material that possesses both
strongly-correlated electronic phase and DFs within the same phase diagram, thus affords us an
unprecedented opportunity for this study. a-l3 is a charge-transfer type salt composed of alternatively
stacked conducting layers of (BEDT-TTF)*¥2 molecular cations and insulating layers of triiodide
anions (I3)* known since mid-1980s, along with the metal-insulator transition (MIT) under normal
conditions and the suppression of MIT under hydrostatic pressures. However, it was only after more
than ten years’ study that the charge-ordered (CQO) ground state nature of the insulating phase being
uncovered, which is believed to be stabilized by the long-range Coulomb interactions. Now the
system has been attracting renewed attention because of its showing massless Dirac Fermion (DF)

type low energy effective behavior under hydrostatic pressures.

The interplay between CO and massless DF phases of a-(BEDT-TTF)2ls is investigated through
measurement of the temperature-dependent electrical resistivity under increasing hydrostatic pressure
(P). We present that two intermediate pressure regions are found under which transport behaviors
show unconventional properties respectively. As shown in the phase diagram, region @O (8 <P < 12
kbar) is characterized by vanishing activation behavior at low temperature after phase transition. On
the other hand, region @ (12 < P < 15 kbar) is tunable by pressure and connects continuously with
massless DF phase at P > 15 kbar, which may be a direct manifestation of the electron correlation

effects on Dirac Fermions.

[1] V. N. Kotov, B. Uchoa, V. M. Pereira, F.

Guinea and A. H. Castro Neto: Rev. Mod. Phys. metallic state
84 (2012) 1067.
[2] N. Tajima and K. Kajita: Sci. Technol. Adv. co

Mater. 10 (2009) 024308. MDF
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P-13 2RJEAUVDALAIDFX Yy TULREBFRAE VEHFRE

BERHRE VEFEN SURRE
BREEE. ERXE. ARBRED. PHEEF. DHFRB. BU B

NYULNIT T 77 A MER ETURFET WA L, BRI 2 o A FEEEZ BT 5 2 &
DN TND, ~NY TLASLKED 12 JfRFESG FEE T Tl LTS SE7z RIZBR I DK
BEEDO~Y T L3 (CHe) BEUAME (C24H) IIFFICHBRIRV (K1), ZORIE, S=12 DAY &b H,
SREEMERY 36 KX OVSOIRIEMER) 2 AR O BB EAE B E L T D72, #EFEETH A ORI
BERRF A2 B 72720 “BF A UIRIKT & RITN DR RLMKHENRER L TVDH EBEZLNATWD[L], L
b, A IMED T < B EEAORE SBHAIREIL U -+ S0 72, 100 mK LT OfR
R CTIE B E T2 A RORDBNDOHE BT E DRI D %, FATHIFE TIE. He & 5 T *He
DHJFAJE %2 T L 3% 3He-C2 8 (3HelPHelgr. 3He/*Helgr) T, X 7 /LB — 7% L 01<T<03mK T
B IIFIE T 2ARENER STV [2l. 72, BALRIE T 10 p K IZE 5B IKIE £ TRERAIHH
HEBIIBI S NN L D3], A UVEIEICE ¥ v 7 E TR NFX ¥ v 7 U RAE T A B UREIREED
FHLTNDHEEZLNLTWD,

AWFFETIX, HD (FEAFAKFR) 20 1/@%E THiE T2 He-C2 FHDO B A URIBHEZ TV 5,
Z D% (CHe/HD/HD/gr) 13k HIREE D C2 Ml DT, M AIERIT Ic =14 mK & 3HelHe/gr % (Jc
~2.2mK) X °He/*Helgr 5% (Jc=0.7mK) XV —#iKE <, HEXIHIIC X VKR E THELEORIE D FHE
W) RHED D D, X212 04<T <80 mK TIT - e BVE & D T2 ER KA 7, o —7 DR
[41& 2720 | 0.03<T/Nc <6 DIRIRIHL TOIL D IREICHAIT DR DB ODHER S vz, BBRENZ &2,
TR T e = R Ry SN E— I EETH D b o Tn, . Jo DEERFEITZL Y &
BEEDOARFEAFEETOZNB]L V720N &b anote, SRR EAEH OB ERFEDOEWIC
BRRT LB 2 , ,

LD, 5%, 10"} 9
b ey« 1] & ]
i O B L o b s AR ]
c | %, ha Y ]
% Tl)c = 0.007 R %%h\\\'
(T=0.1mK) o0l N
ETHEET 5 2 csT » 54nm?iHeHDIHDIr
3 N 4 nm- e r
& T, BEORIE L A&MW%J%@@H
R O 15 % [ VN T+ N 16
FWABTET T (mkK)
o K1 RAFACAREOA A=Y gy sHoHD/HD/er % (@) (4], 3He/3Helgr

% (A) [2IC2 FHDOEAE & DR ERIFNE,

*BLAT)E BRI SE pr A ZE [3] R. Masutomi, et al., Phys. Rev. Lett. 92 025301 (2004).
[1] H. Fukuyama, J. Phys. Soc. Jpn 77 111013 (2008). [4] A. Casey, et al., J. Low. Temp. Phys. 113 265 (1998).
[2] K. Ishida, et al., Phys. Rev. Lrtt. 79 3451 (1997).  [5] D. Sato, et al., J. Low. Temp. Phys. 158 544 (2010).
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P-14 2 RITEAYY 9L AIZE T3 BEFEDIEERER

BZRHRH WEFER SIUHRE' ERtr42-°
ARE #th' FE Fx°, SE EEL hH FF wHF BEsL |l BE

E<HBND X HIT, RIEAY U AE 2K ELT OMMEIR Tl O iAkiE GEiRERkEg) 76 itH
IWRE~LHHEERE T 5, BIKENI~ 7 o R RICEFat — LU ANFER LIRET, Mt e, Hng
WO RmBMREME CIERERIRMEE E b0, ENBNRIRD 72 b T EREIZIB VT S FEBLT 5 ATREMEN
45 SR B BERAICH IR STV D[, THud, FEIRORE MM &BREIM: 2 0 b S E O F - 72 8
LVREE THEER] T, BEEA~Y 754 (He) DiRAHOBEMWE LB DN TWD, —KIZ, KIK He

OFBEMEIEIX L IR T X972, @V QME (105~10°) 2 1L 2R LCIRD T2~ TR TE 5, fivve
v RCX 2 HNTZELRNO He BB DSEIRENSE 32 & Bl v OMEE ) HIEEE— A > MHFEET,
AU IR E AN 5, 2004 4E12, 3 RITD hep [EA *He TEEFREN: 2 R4 5 E ks 7 b
WS [2]. F0%. [FEEOBLINSHER P THER W2, B S5 EEE 7 FNEICBETE B kD
H OMPEEF B IE SN TRV [, IREDPTO TR,

ZHUTK LT, Fexlx, 779774 b BICRAE LT 2J@H *He OEEAEF (C2HH) IZHEHLTWD,
Z D 2 Wt EABEARIX hep FER *He X 0 IREE TR ENKE W, 2R E T, #5027 L—7[4, 5108,
R UCAVIR Y 1 FEBR T C2 MR FFE L OFBHI & LEE mK BL N CHHRE D> 7 28I L Tk v | &
BAORRENENH D, L L, B S =@

EEIX2EE OB L /NE L, O s L
— N K o TEIRENGE 2 BUH U 75 BE#iPH 23
NV RS, ZhOORMEIR. Ankrs 77
7 A MO BAES T A XDV < EiE)
Ay DIEIEEHR 0D & 0 OEFEVEAS N 2 & AN A
EEZDLND, £ T, WaITHMER A X

DR LD 10 fEREWT 77 74 M EREH
WAL CHEABEEEOBENE LTy K @777 7 A MOEREROIEKRK, (b) a1

H6], FETIE., chETICRELEZ 2/ YT RALAR Yy REb R LAKRY 1. E
HU VIR FOMBEMORERICHOWTENd W OEMmZ AW TR UNIRE ZBRE) - 45,
50

[1] A. F. Andreev and I. M. Lifshitz, Sov. Phys. JETP 29, 1107 (1969).

[2] E. Kim and M. H. W. Chan, Nature 427, 225 (2004); Science 305, 1941 (2004).

[3] J. Day and J. Beamish, Nature 450, 853 (2007); D. Kim and M. Chan, Phys. Rev. Lett. 109, 155301 (2012).

[4] P. Crowell and J. Reppy, Phys. Rev. B 53, 2701 (1996).

[5] Y. Shibayama, H. Fukuyama, and K. Shirahama, J. Phys.: Conf. Ser. 150, 032096 (2009).

[6] Y. Kubota, R. Toda, M. Kamada, S. Nakamura, T. Matsui, and Hiroshi Fukuyama, J. Low Temp. Phys. in press.
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P-15 BMREMLEIS 7 VOESRIGEREY

BRRUIER VEFER BLUNRE
il FIR. H M. Bl B

7T 7 2 AIRBIRADBN= T DG H R LT BN 22 2 IREE CTH D, T4 T v 7 RTRD D
BRI X —p#HE b, BEOh—AN=a— )V ERIUERBY DT 4T v 7ki1 L LCIRE
DT BOBLE N DER SN D —J, MWEAMREE EXEEE A, MEIC < L
MTHDLZENLENTRERT LY he=7 ZAF e LTI EN TS, & 2ADB, N
RE¥y v 7% 7272002 DEWHEN R E L NN E WD TS RSHASOBENRH Y | Z Okl o
72D DWFRBF R THED SN TWD, HTHHEX X, 777 = U OREEMIC X 2WHERIEIZER L
TWo, 777 = URENRTF00 T 2 HAIRICEAE SE ol N=0 DT O PREZ Y S
Ry v 7ZIRTED EWFEEIND, 72, 7772 EWEFTOBEBFBMDOEEZFHL TETS
W= R=T L7, A=K7 vy L aZdild 52 & CREESBEE L2 TE 5, IR,
IR CHAERFEKUCR LIZGAICO WL, ZRET, A=V F—78, F/IMEEE BEhE OREM %
ARG STV B[L,2].

AWFTETIE, L THRBEM LT T 7 = DY) UV—mr—
13— 2K

PERHI O 720, T> 2 K OKIR £ TERSEE 2 JlE 1oL | 2 K|
L7z, #URHE SiOo/Si itk LICHER L7-WE 7 7 7 = iz_
YT, VYA MR D REERE] <729 In Ml A o ¢

1 L
BB LT LR U 2 7 O N R & LY §‘1%
F7m. POBHASEC P=643Pa ® O A L THIET —°r
51 Mg L72te, HAEPER L, £OE EMmA L TH m6
PUNE Lo, ZORR, T<10K THEHLO 7 — MEE
TS/ 2 B — 7 MRS BN D = L Ao 72,
E— 7 RIBIMGRIZERELS E— 7 EEIT T>77K -

1 I 1
1 > 2
BIEOES A 7 LTI L. BRI T b 0 V00030 0
Ll ZRBIE, BRES TFOWEYA MABI T 9

X : eRER 7T 7 20D T=2,20K |
B2 BXIEPLO 7 — N EBIERANE,
(FE k) 74 7 v 7 mOERFF ORI, (K
I EHEPIAE R L, 7 — NEIEICR L
TE— 7 HBENBNLD, (FT) In O
INEWETY (HT 77T 7 = DY
BEIUEE 5 E O,

D, B RWEERNL LT, Fy VT oI 0
RN LTl e EXbD, 77— MNEELZEE L
7= & X OWHOWRELIE, 4<T<30K Texp(TyT) Izt
FlIL, TS4AK TIRIFE—E L RoTz, Tbix, i, 2
WILD [ ZEFIRA v B 7 L RTEEMM WM h o U
TIZHIELTWAH EEZ BND, RTEDIRES 2R TIRE To
1. BEWEICL-> TR 2L o7,

[1] V. Sato, K. Takai and T. Enoki, Nano Letters 11, 3468 (2011).
(2] i, R, @il f, AR 68 MR KA.
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IFAMEE PEISER SEWRE, 70— 45 k!
=H FEER, R D, ik = H SE, BiE BE

77774 OB, 7772 ORANEETOEREE LWBFERERIL. RooWE oI X
L HRDIEH O FREME AR R L T D2, ReE &1, 777741@&9&%%%m%ﬁ¢5
WHEREOZ L TH D3], 777 = DOREILISE, ik g IR E OBEEMIENHIE SN TN D, b
- & B ERBICET WALV, Loy LHAEROBROEE R TTWE Ik~ 2B OB TH Y |
A7 ARRETIIREAF ORISR Th 0 el T & 7=,

Z ZTHx L, BEOBEMBEER (Charge Density Wave: CDW) 0% A9~ 5 A FEA 2250 BE 48 — kot
WHE TS 1T B it 7 > 2 v (1T-TaSy) HifisallEH L7z[4], A= v F7 — 7542 W THEE 100 ~
102 nm OFERREERL, JEREY A XN CTH D IO B RREEEE 2 W) VY ST T =T a AT
Ko CEMZRE L, RICEIEIOREKRAEZRET 25 2 & THIEOHERS 2 375 L7,

2L ARBED 1T-TaS, IHKIE T4 CDW (NCCDW) #7534 CDW #H (CCDW) i ~—KFHfis
L CHEERICIRGUNT 5, ARFFEO@EBIZIV T, B Z D S5 & IR S P S
L ENBR ST, HEBRAEL S HRMEREOTFMEL RES Nz, £z, BEZ22687T 252 & TH
B ZSERMH TE L2 RN E ol I DT, BRI L DEREAROMGIE G ERTE -,

Vb, 1T-TaS; &7 /@i T 5 2 & T T, BE, MmAEE, 7 — MEEIZL Y 20 CDW s
Z I R 7= D THET 5,

1: (a) 1T-TaS: DOftfEE, 1T-TaSz (X, S-Ta-S OERENT7 7 T NLT— LA THIFHEEL
TR ED—>ThH D, (b) 1T-TaSz /L7 Hfkih O BSIGURERTFIE, WIFEIE, KIRO%
A CDW FHIZHWWT 13 fHD Ta JR 2 BT 2#8# 7. (C) 1T-TaSz 7/ HET /A 2D AFM [
B, F 7 WO KR X B ERS . §F 6 RKOMWEMNELE T Th D,

[1] K. S. Novoselov et. al., Science, 306, 666 (2004) [2] K. S. Novoselov et. al., Proc. Natl. Acad. Sci. U. S. A., 102,
10451 (2005) [3] S. Lebegue et. al., Phys. Rev. X, 3, 031002 (2013) [4] B. Sipos et. al., Nature Mat., 7, 960 (2008)
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I¥RPRT PEIZER BEHRE
Bk B, R EW. Bk B8R

W, 797 2 LHEUOBEEZ SR, N RXy v 72O IRWE L L CEBERB LV a s
A4 R(IMD) B EH ZHE DTN D, mWSENVEOR LA Y0 1o, migtEEifEOR AL, koot & ER7
Z ¥ CELUEF EAERIC L A IR A B 38R ROBH TR, ERFEBEEORR, /97 <
v ERBED PRIE X DL S R OBIRIECOS L— M) D FE R 728 & Z O & 581 LI BFZE A
HI7RIRIN 0 & A TWB[1-4], 2D o H, AV RN —FDFEWYEICEE T 20158 Tlx 22 fisxt
MEORIL) BAME L SN TEY, Kis oz BEERE(X 1 )2 VWb TE -, ik, v
7 TMD OFEE D nct #4575 2H fiE
(X 1H9)oHrtBbh Tzl bizk b,

L72>L, TMD o HiJg EEIIME SR TH 0 |
BREDVERE ZNEEC L TWD 2D, <7
1 CRERRFROMEAL TN D 3L 7 il b3
Kdbhi-, £ THRAIE, 4 FETRELA
b TZoo7- 3R HEI 1 /)T
SCHEXRIRR DM AL TN B HEIZEH L, MR
HART 4+ M A B AT L5 TA IX] 1:TMD DAERAZ T
LR A A LT RENTHE LG — A > b

AfBDO 3R E2HD 7 L— 2 i LT~
fEE. 3R OoRRIL 2H O =ELL B KX
WZERHDLMNE 25X 2), ZhiE,

%@ TMD 231 5 F 723 L —FEFIAE ¢
b 5@ AN L —NEELDS, 3R OFfERE 1L
TIFIHI SN TWD Z E AR LTV D,
X512, 3R ITIE R B R AT o
WEHELFERSN, 3RSV THANL—
ILTWDHEmEZIE Th D &m0
BT, Y HITFE O E BIEHE & & 0 7= 2 : £J8 TMD o [R5 PL

X072 iR 21T 9 . 4JEMOoS, 126 A L= PL A7 kL,
3RIZZECTHLEWOIRR P2AT 5,

11Z.Y. Zhu et al., Phy. Rev. Lett.,84,153402 (2011).
2ID. Xiao et al, Phys.Rev.Lett.,99,236809 (2007).
3]H. Zeng, et al.,Nat.Nano., 7,490 (2012).
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[
[4]K. F. Mak et al., Nat.Nano.,7,494 (2012).
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Gate-Induced Superconductivity in Thin Flakes of
Transition Metal Dichalcogenides

Wu Shi,! Jianting Ye,! Yijing Zhang,* Ryuji Suzuki,! and Yoshihiro Iwasa®?

1 Quantum-Phase Electronics Center and Department of Applied Physics, The University of
Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo, 113-8656, Japan

2 Center for Emergent Matter Science, RIKEN, Hirosawa 2-1, Wako 351-0198, Japan

Two-dimensional materials such as transition metal dichalcogenides (TMDs) have attracted a
large amount of interest since the discovery of graphene. By using simple exfoliation
technique, atomically flat thin flakes of TMDs have been extracted from bulk crystals and
made into various devices, showing remarkable electronic and optical properties. Here, we
report a comprehensive study of ambipolar transport behavior in the electrical double layer
transistors (EDLTSs) of MoS,, MoSe; and MoTe; thin flakes with ionic liquid dielectrics. In
comparison, MoSe, EDLT displayed a well-balanced ambipolar transistor operation while the
other two showed opposite predominance in electron
and hole accumulation, respectively. The metal
insulator transition (MIT) was observed in both
electron and hole transport measurements by
changing the gate voltages. Particularly,
superconducting transitions were reached after the
formation of metallic states in the electron side. The
phase diagram of transition temperature-carrier
density was established and a dome-shaped structure
was confirmed,™ revealing a universal feature of
gate-induce superconductivity in layered band

insulators.

Figure 1. Ambipolar transfer characteristics of MoS,
MoSe; and MoTe; EDLTSs at 220 K.

[1] J. T. Ye, Y. J. Zhang, R. Akashi, M. S. Bahramy, R. Arita, Y. lwasa, Science 338, 1193
(2012)

41



P-19 Air-Gap ¥— FERDIR FS VPR A ZHLV:
PEEFH—ILTIREE

THRAWMRE WEIEHR )IIBHEE
R B8 at7o 7241V, T=ZR YT O, IMNF 8B, T K I S

[ 5] MgzZnO/zZnO ~7 e RHEIZEBIT 5 2 RocE 1Rix, B
b RE BN THD T A — AR EBR LR T
& U [1]. GaAs X° GaN 72 EDJER DB & K& WS —m
FEER, g RT2F>Z &b, B THEBROIAME &
LTHEASINTWD, AFEETIIMBEEZ WD Z LT X
V. &K 800,000 cm?V-1s~t D @B ENE RO ERLICHE ) L
TW5[2, 7 —a AHAEAEAOFRNF ¢ U 7§ EE O fEk
DIFFEIZEB TR, ERR T DA Z (FET)MIEIZ LD F
¥ U T IREOERGIENAG 2 TH D0, 1EROEIRT — b & Ff
D FET H&E Tt #MRBEICNET 2488 — S OFER X v Y
TREOWDEEBITHARLTLEY EWHIBERD D AKREE
REI AR~ D38 IR IR AN B o T, AWFZE T, Ak ik
DFZEICBWTHR EN TS REERE L 7 — b B
D’air-gap’ & &7 — MifufgkfE &35 FET [BIIC2W T, Al & N
T oHMEEEMLEE LW ) — Gl LTEHEHL,
MgZnO/ZnO ~7 i~ FH & 7k 7 72,

[EBRIT T AR T A NI VT T T 4= T v F T
ZHWT 4o E R oS ZER L, &0 EIZ MgZnO/ZnO ~
TaBEEE< Z EIZL o Cairgap’ 7 — MkgE 2 ZE L7
(X 1), 500 mK DOKIE FIZ38V T Van der Pauw 3£% FIWTHS

— MNEETIC ﬁéfﬁiﬁﬁéf’“& AR — VBT A B L 72,

(R — FEEICL Y E T A — R EHIET 2 2 L1
H LIz, Fx U 77/)1%}_'_#1 0 x 101! ecm™2% T [R] 2 KR FEfE I 0>
FHIZIIR L2 b DD, MgZnO/ZnO RIDERD A — I v 7 M
DEEALIZ Z 0 PEBRFUCHNE L7z,

1. “Air-Gap” 7 — MERDFE N T
A H OIS

[1] A. Tsukazaki et al., Nat. Mater. 9, 889 (2010). 2. PEEA A= NVHRO T — b
[2] J. Falson et al., Appl. Phys. Express 4, 091101 (2011). 7= 4
[3] E. Menard et al., Adv. Mater. 16, 2097 (2004).
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IXRWMER VEIZER JIGHEE
KA &, /MFE #9, Nafise Rezaei, Mohammad S. Baharamy, HH FAES, L% i,
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B R — VD BTN EIR D R T RS 2B 0 1 o TH
D, WHARAE Y ha=7 2k L THEZE SN S i
BEPE AR 31T B SRREIE ORGEIC S WV BTV B[],
PRBRA VIR ORAGIZ BT 22 R & SN TE IR,
BIZEB L2 B A — VR b RE SN TR Y, Z0F
BUEHEIZ DWW TIEA B < DiEmi 2 STV 5[2], i
B BREEVE SR EuO O BLE A IR W T RE A — 1)
FBL ZAU[3). IR ITRAT L O s Akl Z 34 it /e
MWHEEHELTWDZ ENShoTz, TOMEZ LM
O MNCT D720, AR CIIEE 2 Wiz U 74
FNo kv BEAR—VNREORIE AR T,
YAIOs J:i I /v A L— —HERE L 2 VT EuO B
PRI BRI U7, £72. Hg-Xe T v 7LIR A AL
& LTHW, BERERERRME 2 57 L 7=,
Fig. 1()lT 30 KT 1T D B A — VB R D5 (B) A7
AT, BERTRLIELIIC, B=9T (2B} REHR—1L
IO FITATH L08, IREZD)25 K, (€)20 K KT
SHE TV E/HFITE Bf) ~KiET 5, REZ 30K IZ
FELNEICE Xy VT2 EALEZGAD., FEida
MOHESNKEET H(), 20, BOWRELITH 551 1. B o(@)30K, (b)25K, (€)20K 123
BA~ERSTZE), 2O END, REEKIZIA, SR T2 RE S — REUE O (B) K AME,
22X X VTHEACL S THRER—AIROFENK 30K (Z351F 2 M MEH T (d) & B %K
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P-25 Fabrication and measurement of undoped Si/SiGe
guantum dots
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in the reflection MCD measurement of GaMnAs
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Magnetic circular dichroism (MCD) measurement is a powerful method to characterize the ferromagnetism and
band structure of ferromagnetic semiconductors. Indeed, the band structure of GaMnAs has been discussed from
the results of MCD measurements [1] [2]. Especially, the reflection MCD measurement is often used because of
easier sample preparation. However, reflection MCD spectra may be affected by the multiple reflection effect,
which must be eliminated. In this study, we measured reflection MCD spectra of GaMnAs thin films with different
thicknesses, and compared with calculated MCD spectra using the dielectric tensor and taking into account the
multiple reflection effect.

Schematic sample structure is shown in the inset of Fig. 1 (2). Gao.esMng.02As (d = 100 nm)/ GaAs structure was
grown on a semi-insulating GaAs (001) substrate by low temperature molecular beam epitaxy. Samples with d = 50
nm, 20 nm were fabricated by wet etching and they were characterized by MCD. The Curie temperature (Tc) of the
GaMnAs samples was estimated by the Arrott plot using the MCD intensity vs. magnetic field characterstics. Tc
was 27 K and did not change with d. The main graph of Fig. 1 (a) shows the MCD spectra of GaMnAs with d = 100
nm, 50 nm, and 20 nm, measured at 5 K at a magnetic field of 1 T applied perpendicular to the film plane. The
MCD spectra of GaMnAs changed strongly with decreasing d. Fig. 1 (b) shows the calculated MCD spectra of
GaMnAs, taking into account the multiple reflection effect. Here, we assumed that the diagonal elements of the
dielectric tensor of GaMnAs are same as that of GaAs, multiple reflection was suppressed in the sample with d =
20 nm, and we estimated the off-diagonal elements of the dielectric tensor of GaMnAs from the MCD spectrum of
the sample with d = 20 nm. Then, we calculated the MCD from the dielectric tensor, taking into account the
multiple reflection effect. We succeeded in reproducing the MCD spectra of GaMnAs with d = 50 nm, 100 nm
qualitatively. In the presentation, we will also discuss the results of the samples of Be-doped GaMnAs. The present
results imply that rigorous conditions are required to obtain intrinsic spectra in reflection MCD measurements.

This work was partly supported by Grant-in-Aids for Scientific Research including Specially Promoted
Research, and Project for Developing Innovation Systems of MEXT.

Fig. 1 (@) MCD spectra of
GaMnAs with d = 100 nm,
50 nm, 20 nm, measured at
5K at a magnetic field of 1 T
applied perpendicular to the
film plane. Inset: Schematic
structure of the sample. (b)
Calculated MCD spectra of
GaMnA:s, taking into
account the multiple
reflection effect.
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GaAs light-emitting diodes
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Light emissions due to d-d transitions of transition-metal (TM) ions doped in solid crystals attract much
interest because of their possible applications in solid-state light-emitting devices. For example, optical
transitions from the 2E states to the 2T, ground states of Ti* ions doped in sapphire have been utilized in
tunable titanium-sapphire lasers [1]. However, the d-d transitions of TM atoms doped in widely used
semiconductors, such as GaAs and Si, have not been investigated so far. In this work, we report on
visible-light electroluminescence (EL) of Mn-doped GaAs (here, referred to as GaAs:Mn) based
light-emitting diodes (LEDs). Our LEDs consist of 20
nm-thick p* GaAs:Mn (Mn 1%) / 150 nm-thick n-type
GaAs:Si (electron concentration n = 1x10%® cm3) /
n*GaAs substrate, from the top to the bottom. We
applied a reserve bias (~ —6 V) to the LEDs, such that a
high electric field (7x10° V/cm) is built up in the
depletion layer. Holes are injected to the depletion layer
either by Zener tunneling from the conduction band or
by diffusion of minority holes from the valence band of

Fig. 1: Electroluminescence (EL) spectrum of a
the n-type GaAs layer. These holes are accelerated to  LED consisting of 20 nm-thick p*GaAs:Mn (Mn
o . . o 1%) / 150 nm-thick n-type GaAs:Si (electron
sufficiently high energy by the intense electric field in  concentration n = 1x10' cm?) / n*GaAs
substrate, biased with a voltage of —6 V and a
current density of —1.2 A/cm?. The spectrum was
p*GaAs:Mn layer by impact excitations. Figure 1 shows  measured at room temperature. The strong peak
. . at 1.43 eV is due to the band-gap emission, while
the EL spectrum of the LED when biased with a voltage  nose at 1.89 eV and 2.16 eV are due to the d-d
transitions of Mn. Inset shows the magnified
view of the visible-light spectrum.

the depletion layer, and excite d electrons of Mn in the

of —6 V and a current density of —1.2 A/cm?, measured
at room temperature. Besides the strong band-gap
emission at Eg = 1.43 eV, the LED shows visible-light (reddish-yellow) emission at E; =1.89 eV and E; =
2.16 eV, exactly the same as those of the *A;(*F) — *T1(*G) and “T1(*G) — 8A1(®S) transitions of Mn in ZnS
[2]. Furthermore, the positions of E; and E; peaks do not depend on temperature, in contrast with the strong
temperature dependence of Eop. This indicates that the visible-light emissions at E; and E are due to the d-d
transitions of Mn in GaAs. This work is supported by Grant-in-Aids for Scientific Research including the
Specially Promoted Research, and the Project for Developing Innovation Systems of MEXT.

References: [1] P. F. Moulton, J. Opt. Soc. Am. B 3, 125 (1986).

[2] T. Kushida, Y. Tanaka, and Y. Oka, J. Phys. Soc. Jpn. 37, 1341 (1974).
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P-31 Epitaxial Growth and Characterization of n-type
Magnetic Semiconductor (In,Co)As

Department of Electrical Engineering and Information Systems, The University of Tokyo
Neguyen Thanh Tu, Le Duc Anh, Pham Nam Hai, and Masaaki Tanaka
E-mail: nguyen@cryst.t.u-tokyo.ac.jp

Although Mn-doped III-V based magnetic semiconductors (MSs) such as (In,Mn)As and (Ga,Mn)As
are intensively studied, the maximum Curie temperature 7¢ of (Ga,Mn)As and (In,Mn)As are 200 K and 90 K,
respectively, which are still much lower than room temperature despite their high hole densities (10°°-10*'
cm™)."? Furthermore, those materials are always p-type. Recently, a new Fe-based n-type III-V MS (In,Fe)As
has been successfully grown by low-temperature molecular-beam epitaxy and exhibited surprisingly large s-d
exchange interaction.” However, since Fe atoms doped in InAs do not supply carriers, other donors such as Be
or Si need to be co-doped to increase the carrier concentration and 7¢. At present, co-doping of Be or Si to
obtain high carrier concentrations up to 10*°cm™ is technically difficult. Thus, realizing high ¢ in (In,Fe)As is
still a challenge. In order to explore other possibilities of narrow-gap MSs and to give a more general picture
of InAs-based MSs, we report here a new n-type magnetic semiconductor (In; ,Co,)As (x = 3—18%) with
electron concentrations in the range of 1.9 x 10" — 2.4 x 10" cm™. The metal-insulator transition of
(In;,Co,)As is observed at x = 5%. Furthermore, large negative magnetoresistance (up to -17.5% at 0.95
Tesla) is observed at low temperature and can be attributed to spin-disorder scattering in the (In,Co)As matrix,
as shown in Fig. 1(a). From the MCD analysis as shown in Fig. 1(b), (In,Co)As is paramagnetic and has the
bands tructure of zinc-blende type semiconductors. The absence of ferromagnetism in (In,Co)As indicates that
the s-d exchange interaction is very weak. This is contrasting to the strong s-d exchange and p-d exchange
interactions observed in (In,Fe)As and (In,Mn)As, respectively. We suggest that the relative position of the d
level in the host band structure is important to determine the properties of narrow-gap magnetic
semiconductors. This work is supported by Grant-in-Aids for Scientific Research including the Specially

Promoted Research, the Project for Developing Innovation Systems of MEXT, and FIRST Program of JSPS.

Fig. 1(a) Magnetoresistance as a function of applied magnetic field for (In;_,,Co,)As with x = 18%.
(b) Magnetic circular dichroism (MCD) spectrum measured at 30 K under a magnetic field of 1 Tesla.

[1] L. Chen et al., Nano Lett. 11, 2584 (2011).

[2] T. Schallenberg and H. Munekata, Appl. Phys. Lett. 89, 04250713 (2006).

[3] P. N. Hai et al., Appl. Phys. Lett. 101, 182403 (2012); Appl. Phys. Lett. 101, 252410 (2012);
Appl. Phys. Lett. 100, 262409 (2012).
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P-32

Interplay between strain, quantum confinement, and

ferromagnetism in strained (In,Fe)As

Department of Electrical Engineering and Information Systems, The University of Tokyo
ODaisuke Sasaki, Le Duc Anh, Pham Nam Hai, and Masaaki Tanaka

Recently, we have developed an n-type FMS,
(In,Fe)As, grown by low-temperature molecular-beam
epitaxy (LT-MBE) [1-3]. In this work, we investigated
the effects of strain on the ferromagnetism and
electronic structure of (In,Fe)As thin films. We show
that the ferromagnetism of the compressive-strained
(In,Fe)As thin films grown on the (In.y,Gay)As (y =
0.05, 0.1) buffer layers can be explained by the
hydrostatic deformation effect (HDE) alone, while
those of the tensile-strained (In,Fe)As thin films grown
on the (Gai,Al;)Sb (z = 0, 0.5, 1) buffer layers can be
explained by HDE and the quantum confinement effect
(QCE). The Curie temperature (Tc) of the (In,Fe)As
layers strongly depends on the strain, which can be
explained by the s-d exchange mechanism taking into
account HDE and QCE.

The electronic structure and ferromagnetism of the
(In,Fe)As layers were investigated by magnetic circular

dichroism (MCD) spectroscopy. The solid circles in Fig.

1(a) show the E; peak shift of strained (In,Fe)As layers
from the bulk value (2.61 eV). The dashed line is the
theoretical E; peak shift due to HDE assuming that the
hydrostatic deformation potential of the L band of
(In,Fe)As is -13 eV. We found that the E; peak shift of
the compressive-strained (In,Fe)As layers follows the
theoretical line, but that of the tensile-strained
(In,Fe)As layers lies higher than the theoretical line.
This deviation can be explained by QCE [4]. Here, the
guantum wells (QWSs) consist of the InAs / (In,Fe)As
double layers. The potential barriers of the QWs are the
vacuum barrier at the surface of the top InAs layer, and
the conduction band offset between the (In,Fe)As layer
and the (Gai-;,Al;)Sb buffer layer. The E; peak shift of
tensile-strained (In,Fe)As is the sum of the red-shift due
to HDE and the blue-shift due to QCE at the L band of
the (In,Fe)As layers. Next, we investigated the effects
of on the
ferromagnetism in (In,Fe)As. Solid diamonds in Fig.
1(b) show the experimental T¢ of all the samples. We

strain and quantum confinement
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Fig. 1 (a) Ei1 peak shift from the bulk value (2.61eV).
Dashed line is the theoretical E; peak shift due to HDE
assuming that the hydrostatic deformation potential of
the L band of (In,Fe)As is -13 eV. Arrows indicate the
blue-shift due to QCE. (b) Tc of all the samples, plotted
as a function of strain (diamonds). Open circles and
triangles are calculated Tc assuming an ionized donor
density Np = 1x10%° cm and 3x10'8 cm3, respectively.

found that T¢ strongly depends on the strain, and reaches
maximum for the (In,Fe)As layer grown on a GaSh
buffer layer. In order to explain such a strong
strain-dependence of Tc, we consider the s-d exchange
mechanism in three (3D) and two dimensions (2D). In
the 2D cases, we have performed self-consistent
calculations using the Schrédinger and Poisson equations
[4] to obtain the electron wavefunctions and the
quantized levels at the T" band of the (In,Fe)As layers.
The calculated Tc, shown by open circles and triangles in
Fig. 1(b), reproduces the experimental values very well.
This work is supported by Grant-in-Aids for Scientific
Research including the Specially Promoted Research,
and the Project for Developing Innovation Systems of
MEXT.
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TE2RMRE ERRIFER B - KXHRE

EW BR, M FHh KX B, HE ¥

IV HEIRAEIE 8K GeFe 1T Si(001) &M LICHEHE— X F 2 v LR TE 5 729D[1][2]. Si<° Ge ~Dff
FAMRACIEANRERD ZEPHFFSN TS, L LA ETIZELN TS X 2 U —iRE(To)D ikl
% GeogasFepi7s THAE S TUWVA 170 K TH Y . |IRITITZEL TV, AEl, L0EW T 2552 &
ZHFEL T, REOREEE DR R IRE (TR AFME &2 ST~ -, AFZECIE, IR o e X2 o
—IZ XL Y Ge(001)EeHx LIThE % 72 Ts (160~280°C) T GeriFex #iflE (x=0.065, 0.105) (14 #kh) 2 /ERL L 7=,

1 IZRBEA M —AME(MCD) DRESG R E BT ey vy hEHAWTHRED - 72 Te D To ik 7k
Zoat, M1ICERBND X 912, x=0.065,0.105 D &5 & OFARKIZHKT LTH, Ts=240°C T Te N mfEIC
ELTWDZ ENmND, WTILOMBIZE W TS, Ref. [1],[2] THEE AU TW D AMSE & FFRED x &
Ffo GexFex L 0 6 K14 5BV T EbT-, F-, ERL-EE X, X2 0 XRD /37—
WRENTWDEIIZGeFe BORREAZ MM L7 U UNALN (7 U UNERED A BEITK
105nm THh Y . FHEHMETH 5 120nm L ITVME & 72> T %) R & ONEH 7 GelGeFe Fim % £
OMEFEMERICE TWD Z EN DD, K312 X BREIFT(XRD)DFER S A S - 72 T EHD T ikfF
PE RS, Te BNEWHERIZE, RO Ge ([Tl T EEN NS 2o TWnd, ZHUE, Te AAEnviket
FE, IVZLDFeRTRFAYEY MEEDOK A ALEZERL TSI EEEKRL TS, 72, [
FREED Tc & F5> GeFe L, £ OMERICED LI R CREDOK T EREFF > TW0D Z ENDNn5D,
f[%ﬁﬁaﬂ AL D —EILR A e A B4 (RERIHEMERTFZE) , Yol & COE, FIRST DX 4& % =T TiThiu

[1] Y. Shuto, M. Tanaka, and S. Sugahara, Appl. Phys, Lett. 90, 132512 (2007).
[2] Y. Shuto, M. Tanaka, and S. Sugahara, Jpn. J. Appl. Phys. 47, 7108 (2008).
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IZ2RPRE BRRIZ/NAATO=F7Y U ITER BERRE
WIR shif. K 2. B8 HEH. B RE&. B C
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[SEEITIE] /S A L —P—HEREIE(PLD ¥£)I2 & ¥ FesxTix04 (FTO) e ‘ -
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Lo, OSSR X AEHT(KRD)IC & D MR L. REAHHERE £ | oo
B BT THAHSQUID). BAAFELITFITEEPPMS) 2 BTt 2 o
L7z, T Ot X0
[ & %] FTO #11% MgALO, (0L)HEARICHERE L. XRD DR, 1
(QOL)A L 7= % % o A RE A TR Lo, B 2 ICBRERAIZFC)  mo. o smos ottt
E RSB ENFCIRFRIZ 51T DAL DIRFERAFE 2 /37, FC i fe Tk A zroor
2B b D RN HND T, ZFCIBETIEH HIRE THIE L 7 1 Zrc00sT
— RRE— IR AR L, B BEERSELE LISV T RS o
W72 0 5 AR — 27 5 AD%B %0 L, BIREIC L > CREMICE L S o
+5 2 L &2MEER L=, MFTO #f5i3 Al,O3 (001)EAIZHERE L. XRD 12 & iy

D AL)E A L7z X v v VIR E AR LT, 2D OREHZ DWW T

H M-T fHHRIC I3 L D, 7 T A% — 7T ZADZE &R Lz, (KT

A FHL L7 MFTO (x=0)DRREHT DU C AU 2 I DT L7 fk s, 8 MFTOG=00 Bkt
BRI CIEAl v B s, (KRR Tl Variable Range Hopping (VRH)ZEHHE TRk T& 5 Z & & fEqd
L7z (M3), &5HIT ZFC-FC MRz B W THbL & IRPURICHBN R bz,

PLEDORER. AW TlE FesOs 1Txt U CRBANCIHERMITLHE TI KO Mg Z#E# T 52 LItk > Ty 7
AL =7 T ZEREOEERIT I L, £ DA D b EARRRITHATF U 72 BRI 2 FE I~ T,

[1] Z. Zhang, S. Satpathy, Phys. Rev. B 44, 13319 (1991). [2] Y. Muraoka. H. Tabata, T. Kawali, J. Appl. Phys. 88,
7223 (2000). [3] P. Levy, F. Parisi, L. Granja, E. Indelicato, G. Polla, Phys. Rev. Lett. 89, 137001 (2002).
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1.(a) Cod*+A A DAL L RkfE

(b) LSAT(110) % A& F 2 & L 7=
LaCoOs i iE DX

(c) AEREEDFRF % k- IR - #lL
EREF, A EAREBAS)Y A Mk
T 5 teg PUEITEME L Th 2,

[1] J. Fujioka et al., Phys. Rev. Lett. 111, 027206 (2013)
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T#RWRE VEIXER TEHRRE
/M msh, KB A, BLE Ak, TE Kib

TS5 FFPYBO LICERFBOE S CHE ST UL N (Co) BB, Fabk i B 5 1A 2 RO TR R
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DR OBEEMEEZ LV FE LSS 720IT, Fox 1T ColPtHEiED & = U —iREE O T i Pt JE O E (te) 177
PEZR, BB LR R LX — L DR EIT o7,
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Hobr BB U 7-, SRR F o 2 2 IEZ TV T AW, JEAIL0.7Pa & LT, BB ORME
1L BRURPRIR & v & — 0 SQUID R#AL I E % & (Quantum Design 1 MPMS) & FiIl i L C oMb (uoH1)0.3
mT O FCRIE L7z, BAIEFEYS72 0 OBKE— A 2 MOEEM LSS Z M 1IC7RT, B OmE#RIE,
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Eﬂﬂﬂﬁﬂ%@ﬁﬁ@ SR UTleos AT Lim, Lo T, Y08 O EIRIFHE & BEIHLO A K
5 B RIS A B0 B MR T AR L —kochy (e GIARD,
fcﬁ‘f@é%ﬁ LoLBEZLND,
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REXFRER ITFRHARM BRLEFER REHRE
BEE #z %% 1 7NN NS A Rz WE AR Tl F— BB %=
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& L U C Fe-poor 7oA DB A ERIT 2 Z LI 2 ET
(A DIRVRIOFAN AR LTz, & HIZZ ORI EE LB
I Te~20 K OB REIB 2R LTV Z & D REFEAH LU
REBTHDHZ LBy noT,

RIFEDO GRS ERFT L, K LR L & 9 e EFER OB RKIC
I LTz, 20X 9 i a b H T O, TEM BIEoE iR 217

- . X 1. -Pr-Fe-As ZiEl D
V. AL (Ca Pr)FeAs; (Call2) T 5 = & &8 b i :RD C; rFe-As AR
INA —

([ZL7e, Call2 (X 2 1T/R LIc L5 il 2 L TR D | FeAs
JB. Caffi. As S/ P/ F = — L BIRIE LI L o TG, DA
BEZ FeAs JBICH O TIE As -3 flik & B DIkt L As F=—Jg T @ Fe
A 1Ll & 72> T Y | SRR TI-L 0 As 2 A TRIn O O
BITH D,

(Ca,Pr)FeAs, D T 1L 20 KFRETH 2728, Pra Lall@fLiz v,
Feth A MEpEMLX v V7 F—E 72T ZLICk->TTe
WA LT 2 EBRS o TS, Y HOFREE TIE Call2 ORI &
(R DZERIC SOW AT 5,

[1] Kamihara et al., J. Am. Chem. Soc. 130 (2008) 3296 2. (Ca,Pr)FeAs; D dbi s
[2] Saha et al., Phys. Rev. B 85 (2012) 024525
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BMAERICHIIEETROEDR

IFRURENY MEIFER Ay HHARE RHF?
T REL LB #RL AL B R FHL MR ER Ky B!

=7 24 NELEEERIT, GWVEBEEEEBRE T & RS Hoo NSWEGHERED
AR BRI HICAER 2R M A b D, FFIT, (Ba,K)FeAsy 72 & D 122 F HE S EHI S5 T
TH~108Alem?2 A — X — b DEWERRERBEE 2R T 2 &b, B8~ 7y FABRMO
ISP SN D[], BAERICBIT2EFICE D e MMICBWTEBT L2010, ME
ZadR B Z VWD L E B ICEDOERMKHOMAEZRDODIUENH D, ZHET, SETR
v RV ABLPa—L RF LR &BIRM, 7— b7 B2 L5 122 ZfH O Ic DA L3
HEINTWD, AEE T, 1 A7 v 7ORMELEMNE (HIP)YRAHE D H O {72 FikZ & -
T ERRBEERM O IR m E L2 & 2WET 2,88 LT = — 7122972 (Ba,K)Fe2As,
% i dn B2 L 600°C . 120 MPa D & F T HIP ALEE 4 % Z & TR EMRM 2 fERL L (ex-situ PIT
), W5 T COBMEERENEL LI TFA A=V TRIEEIT> T, 11T 7T &
N, Bax MNUBTEIE T CTERLEBM O I & T[2], — Ml Lo K& I & & T
BWTHRLEZ, EHICH 2 OBEEFBIZRT X 91T, 800 Oe D&Y % 3T 7212 D IR s
MM 27BN TEH—THY, FRICBWVWTHREREMEBEMDMANATND Z ERNm05D,
INHOMEIT, METAELBIZL > TEHBMHAORENRRED I M ELEZZ & 2RT,

[1] Y. W. Ma, Supercond. Sci. Technol. 25, 113001 (2012).

[2] Q.-P. Ding et al., Supercond. Sci. Technol. 25, 035019 (2012).

10 T T T T T ]
i (Ba,K)Fe,As, ] — 3
—@— HIP wire ' e
4 —/~— Normal wire [2] w
- 10 E 8
5
< =%
'_)o 3 OG)
100 —
L 4 H
i : =
] o
T=42K |
2 L L L L L O
107720 20 60 80 100 .
H (kOe)
1 (Ba,K)FezAs: #&# D J. DR I5KF 4 2 (Ba,K)Fe:As: ¥ 2 7 DK ILFH,

63

00T 002 00S 0OV
(9) g

0



P-41 1) VTR EABK 70— ORRRUBERAEEEDRIE

T#EBREH ERRIFEN BAHEHRE
KAR &, E=F ¥, FL #EN, FLFOSY
Kig 8z, &=F #4. BTH TR, B EM

B ADIBFETIE, BBOARAHET S0, Vo G2 RE L CHBEFNICHRET 2 L83 H
%o DERDPRFRETIIHEERINAS AW SN D72, HEMHZR S X 0 ER T 2Bl ST
WD, ZOX D RMEERRT D012, U U SRICHEIERERZ 85 L, U Vo BN EE LT
PR Z BRI T D2 L T VR EHONBEFET H-007Ta—7 %% L T\5, ZRE T, il
EHT & FBRIT K » TROEZRFRE ATV, Z O RICHE SO TS 2B L. BRRFEHE b 3D TV 5[],
BSE L7= U v EiRE AR 7 0 — 7 2 M LR T, BR 7 7 —7 ORI D > v 7 b O SEEIC
RIS Y 2B TR Y | Z O VICHRETEOKARA Z B 1T T D NS E Y
HULE E OB ENE 11072 2 RICE Wz, BERE AR 288, £9MR 7 7 — 7B
RIS < & ARABEANT L0 RIS b S D, BRI Bt Sh b & /INERESR E DJE Y
DWMHRBEENENT D, ZHEHMRE P CRIET 2 2 LICk o T, MIERE AR ATREE LT\ D,
B PRSTAT CIIBEMERRTEARR & U v~ BT B OB ENBHl S, K7 0 —712 X DR
WAEOBEICEI Lz, 512, MKiEE v % —0 SQUID ML EEE AFM LT, fMH LU v o5His
WerERA 5 p L, 10 p L O =20 BHIKX L TRULRE AT o7, TORREZK 2 1277, WE L
U 2 RERRBHIRAIEDO B TH AT, U U SHINICERE LR AR IO 8u LAY TH D Z &M

Do T,

1. U U EiRFERRR 7 v —7 2. FH LY o B bR

)

[1] RAGRE, It BRESY, AR, Kz, [, B MRS, BERF R [ ARIZ B 545D
VORHEREE T DT DK T v—T ORISR ), BRFRYT T AT AEM AR TG R E R
MAG-12-125, MBE-12-94 (2012)
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P-42 EE&R/N\ILORIMEZER =
TES B4 /0h0Y) A—20DERH

T2RURE RFHERER SEHRRE
A mte, 20 B—. X EE. 88 5

100keV~1MeV fEIETO v SkER 4 CHINT OMSTIX, BWE DR 72503 « RINAK R E S 14
By RERN X —D Ry 7T — K030 ZFIF U7 IR 5 0 B ST 2 AR T 2 % R 7 /1 L%,
R B CER 2 L WS DKW ORBICRKE LS BT 200 TH D, Fxlx, K 100keV O
Y #rE BRI Om O T RV MREE TR L 5 5 y SREHIEAT O EH A B e L, EAR A X
DY 2 HIRREEENT- = RV X — 0 fiFRE N EBLAHE T H 2 BI5E B b > Y (Transition Edge Sensor:
TESAI~A 7 ahinl A—4 & v BRINEHERITHEN D B4R HUR R & L7 Bt 7 B 3 oD BR R A
FEMED TE Iz, TES ITHIHRAFHC X2 IRE R 2 RIHEE - U, B8 ROMKIR I 5858
[EREARER RS E IR C O 2R 7R A b 2 W CE DOIRE EH- 2 @R ICH AT 2 iz X 0 Ak
ORIV —ZREEICHEL ) DT RXNF—AXRT hR A= ThD,

Fexlx, ZNFETITPb, Sn O/UL 7 WULAO.5mm £/0.3mm JE) % A7z y # TES 2 B% L,
662keV @ y T LT, N FH Pb WINK T 4.7keVrwam, Sn WINK T 526eVrewam Z L L TV 5,
AWFFETIL, BT RNVF — 3 ffREA 155 72 Sn L [

FEE IR VN & < (Ta1.5pd/K,Sn:1.1pd/K

@100mK)., & [FFLEE I @ IN =T % Ta WX

RN LTz, Ir/Au BAAEEIR L BB AR EE o1

FEES7Z1um/EDSIN A 7 Ly BICES L,

Au R TR Z R 2 W T, Ta 230 27 s

ENBREEE LIRS T D, ZoFETE,

PR E) ) A X DK% X - 7= GM Sy BRI 7 IR

G HLARIA T, 137Cs (662ke V)5 U FRIE 2 F U

oy BENEREAT T, BILIDRT £ 510, b 1: 662keV O y A TEE — 18 S H
230 FERE DY 500msec FEE D 5035 v, O

EREER B Sz, BUG LT 3L — 27 FLnb | 662keV (CKT 5 T R /LF — 3R,
Pb-TES & il U T 2 f5LL EOBN R RAE G AL, £72 Ta OFE X o 27— — 27 O3 HEC R Y)
L7,

[1] R.M.T. Damayanthi et al., IEEE Trans. Appl. Supercond., Vol.23, no.3 2100304, 2013.
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BPRUIRE HEFER A B)HARE
WH 2, ¥R #. ®KR B. &&) 838

Si(111) fEfRRRE LI 1 RFEREOSBIRF2ANE L UER SN 2 REBEMEIX, ThMEL RS
FARRENFEMRDFE S D 2IRTLEF R TH D T2 OITIERDP DREANTHIE SN TE T, 61T, ZNHLDE
FRIZZERAFIEDOEN - R TH Y, ZDT DAL R U REIRIERH SR 0 (52 2R,
ELIHEREZED TS, iU, In £721% Pb A3 Si(111)FE i E THED RIREEICBEEBN RO D Z
DR SI[L], BRSOV ORISR, & D\ TSR O L7 B RE L L C LR
DHTZNTND, ZORELNIER b1 mKk (STS) ICLHBEEX v~ 7OBMIC LIS DO ThH -
7203, AR [21CIE, Si(111)-y 7%y 3-In FEICE W CBEER OB G 72 &4, STM ZEEHITEEZT T
FERLKEI BRIl oTat — Ly FRUBRERENFER L TWDL Z b LRI R, TV a
N A URRUTCEFR T ==K uFo T2 G, NV T AP TWDTI2D, 7 Ly MIREE
&MU T Ly MREDIERAGIREL 20 | FrRZMMZ "3 Z R STV 5,

Z ZCARBIZETIE, Fha B Lol m B EMIERRS T O~ A 7 m 4Bk D (208
FHERMCEREZ W REICT D [T ey - <A 7 a4l 7n—74E]) 2 HAV[3], Si(111)-J/ 7
X 3-In {ZH1 2 T Si(111)-Striped INCommensurate(SIC)-Pb £ 23\ T b BAUSEINE 21T - 72, T DO
H, SIC-PbIZHBWTHY 7XY 3-In OEAE[2] & RERIZ, STS HIED HRE S D Te=1.83 K[1] £ v &KW,
Te=1.10 K CHEEIEAEBHl SN (K1), £72, VIXV 3n EE&bET (2), kxfihE
A L7 REZIBWNT, WU ORERENE, WISKAEEEZRN, BRAMRGae — LU 2ARR DR
[RENTG A= ZPGE L[4, YHITZNO DORER L BLRICOWTERMICHRE T 5,
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[1] T. Zhang et al., Nat. Phys. 6, 104 (2010).

[2] T. Uchihashi et al., Phys. Rev. Lett. 107, 207001 (2011).

[3] M. Yamada, et al., e-Journal of Surface Science and Nanotechnology 10, 400 (2012).
[4] M. Yamada, T. Hirahara, and S. Hasegawa, Phys. Rev. Lett. 110, 237001 (2013).

66



P-44 In-plane electronic anisotropy in the antiferromagnetic
orthornombic phase of Ba(FeixRux)2As2 studied by transport
and ARPES measurements

BEERAURH VEFEN BHEVRE'. RAKAR’ BIXT-PF, ELH’
B &', Mg E=", 5H &¥F>, EE K%', L. C C. Ambolode 117, &K BA',
&', ME L&E°, B EX®, bk EE', KF BR F Gr'. #R ¥, X
g ¥, =L i, BT BA' AE R, &R F'

It is generally believed that a comprehensive understanding of the evolution of electronic states in the phase

diagram will be crucial for elucidating the origin of the high temperature superconductivity of iron-based

superconductors. In particular understanding the metallic antiferromagnetic (AFM) ground state which exists in the

parent compounds is of primary importance. Intensive studies of the AFM phase, especially in the most studied

“122” compounds (BaFe As,: a typical parent compound), have been performed by transport measurements[1],

optical spectroscopy[2], and angle-resolved photoemission spectroscopy (ARPES)[3], and revealed the unique

feature of the AFM ground state with unprecedented in-plane electronic anisotropy.

Ru substitution for Fe in BaFeAs; is thought to be one way to realize isovalent substitution[4] while Co

substitution dopes electrons. Compared with Co substitution, Ru substitution introduces relatively much weak

disorder. It has been revealed by previous studies of
Ba(Fe1-xCox)2As, that exotic anisotropic impurity states are
formed around the doped Co atoms [1,2]. Our transport
measurements on Ba(Fe1-xRux)2As, confirmed the appearance of
the resistivity anisotropy with isovalent Ru substitution and
provide evidences that the anomalous impurity states around Co
and Ru ions have the same ratio between the cross sections
along the a- and b-axes while having distinct scales in the
spatial expansion, as schematically shown in Fig. 1. In addition,
a comprehensive study of the electronic structure of the AFM
state in Ba(FeixRux)2As; was also performed by ARPES
measurements, a powerful method which allows direct access to

band structures in condensed matter systems.

[1] S. Ishida et al., Phys. Rev. Lett. 110, 207001 (2013)

[2] M. Nakajima et al., Phys. Rev. Lett. 109, 217003 (2013)
[3] M. Yi et al., Proc. Natl. Acad. Sci. U.S.A. 108, 6878 (2011)
[4] N. Xu et al., Phys. Rev. B 86, 064505 (2012)
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Figure 1 Schematic view of the anomalous
anisotropic impurity state around the Co and Ru
impurities, respectively. The spin structure and
the definition of a- and b-axes in the AFM state is

also indicated.



P-45 AN O LA ZABUNRIEDIETEEECER 24~25 F ) EHE
ERto8— RIS
P& £, FE . 0K GE. S8 $X. =M L—0. &E E8
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MR FE T I H ERRIEAT 5 5 E . BIHh OMREREE L —E X %3 E LT\ 5, Bl IERED
AU T LT AR B D HZEREMEAME T L, 2EE, Bl 2 A LT HRRITAR < BnoBBTE
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h S TRWIGEIIHEED b G T I E
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REREEHT Y — X TH D, REERITA
FAMEDOBLE HHFLRE L, FiEitA RO
CHEG T X 2 — e A SRIRICE R
5 72D OIMMRE % bR 2 T < (X 1b), 4

1M 2 RRT 5, R1. a: FEREKRERAY U LH AT LSRR
P 26 42 4 EBIETE Th H. SEWERR b BEARECE CRAD & AR RE 7 m— o — |

(B) R ZE AT RA T DB R

AR ZE RN B INEARIRBIRRATR)IZ. &
JE 7T ARV CREMIR 7o 2t B R A AR 03 5%
BT onTunsg, BE, KRt ¥ —Io
RSN T DEIRIRAZL 110 KLLEDH Y |
] 20 KU EORZRFMEDLETH L8,
BRESZRPIIRSPER X220, if
JEEEh~ KR K Lok, K #—
TlE, HENRIEBOKRIEM OEHE 2 &%
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