&S

MERLRBKSE
(EEHRFHAEMOREAARARRRET — 2 —R - BHER)

BRT X | s x L BB MR LRESEOT /BT HAA OIS
(*EIX) AB =] O O IVi=L ik Eid BiR3F BT aly it

MET—< Development of high-field scanning tunneling microscope and its application to nanoscale electronic
(BR3X) Az | state in superconductors

E?c}& hant cc | #) ZiHF £) TIVAX IR AR s 2010410 A~20124% 3 A

P

S ZE%F cB ik BR#0 WEFE wr 2011 £

x4

& A—V= cz | Nishizaki Terukazu Sk R Rtk

FERERE o P
o e e | TAXFEEAMHTRA B

BEE ea (600 F~800 FIRREICFEDH TSN, )

AFETIK, EEFRIVBEMERSTM)E L TIEIRBEOBEESEE THEY HER - 85 STM VX
TLEZRRIAHACEZE1ORAMEL, T, ARLE-BRBEIESE STMZ, BRIEYSEBEERZELOHE
TORRGELERNERA L CTREBPOEFREZST /AT —ILTHLNITEHEEZF 2 0EAMEL
f=. KRR TIERHIBP CHEATREL STM A=y FOEREFARETL, / 1 AWK E L TRRIFHMER
KB, BEV-IWKLQGEZBAT S ETHRRBEIBETTREICEET S STM VATLEZRELL(ZER
1). STMaA=v FOEZEEOERICEAARRTEALL: BIEREEREAHFR A TL] ZHEAL
f=. ThoDBEEE STM VXA TLERAWNT, NAM Ty RITRy hFT27TT £T STM EMEZFER
HEEBHIT, BIEVMBRBIIEER ErBaCusOy MERFAMICE T, STM BIELEE bV RILHH(STS)
Z 18T BIZEB YU v bR TITof=. ErBaCusO,EIEMD STMAIEDHER, FEDMKBIEICH (T HIENE
BMNBRASHh, TORTYTHER c HOBFERIZ—HIT S AT of=. Ff=, 18T FTOHIS
RO STS BIEICHML boRrNa VT2 D ADERMEILZALMNZ LIZ(BEMHEARY MLIEFSER
2). RHARICK HiBEHIE STM ORFEICE 2T, CAFTULOBESEF(CNFEFTEHEXR 4T)IZEITS
HIREARD STM/STS AR A AIBEIZAR o 1=

0 0.1
7.8K  (200nm)2 re)

2:ErBa,Cu;0, DEED 18T OHIGZHIZH TS STM R(ER)E +
URILARY MLER).

N 27TT-NATYYRIT Rk
L SHEBLISTMBIES RT LA

1:BREE STM BT RT L.

F—T—FK Fa EE~ R ILERRER EEAT A Biz8k FT/EFYIE

(UTFEFEALGNTLESE, )

BNRBAEI-N 1A MEZREES aa

HEHBIES Ac —hEE

-1 -




REXE (COMBERR LM - IECODWVTRALTLILEZSLY, )

iwXARREGe | KABUKREBRIERDBHIBZEY T v FERAVER U RIVIEEBIEEDORFSR
£
o | BEG ea | BEEM AR | HESHE oo | FIBEBRMEENREMES
R— GF B4 FITHE GE 2 0 1 0 |&\ e
I RREcE | SRS ER b RIVEBMIERORFE & BIZEARA~DEA
# e FEIEA, RERE, - REXRZERMHMRTRESBECEMBARE L7 —
o | BEE o | MEB o° | gg o EEERREE
~— ar 172~174 Fftfoe | 2 | 0 | 1 | 1 |#HSoe
S iEREGE Develoliment of High-Field Scanning Tunneling Microscope and Application to Superconducting
Materials
;%ﬁ . T. Nishizaki, S. . Selected Topics in 2010 Annual Report at Sendai [High Field Laboratory for
.. ) 5 S ducting Materials, Institute for Materials Research, Tohok
= E=ELZ cA Awaji, N. Kobayashi MEZ cc Ul;[;sg;;)ir;y}lctmg aterials, Institute for Materials Researc ohoku
R— G&F 10 FHITHE cE 2 0 1 1 F=3= D)
EEA na
= E8 He
HihR#E e RATHE HO N -y HE
EEA na
= E4 He
HihkE He FATHE HO A =y ne
BRICHEE ez

The primary purpose of this study is to develop first scanning tunneling microscope (STM) system which can
be used at low temperatures in ultra-high magnetic fields (UHF) beyond previous STM. Another purpose is to
apply UHF-STM to various superconductors including high-temperature (7;) cuprate for understanding the
electronic properties at the nanoscale. In this study, we have prepared and tuned STM unit for UHF. By using a
nonmagnetic vibration isolation table and an acoustic shielding, vibrating and acoustic noise have been
effectively reduced and STM system, which is designed for UHF, has been successfully built (see Fig.1). “A
exhaust system for low-temperature control” has been introduced by this research grant and used for
preparation of the high-vacuum atmosphere in the STM vacuum chamber. Using these UHF-STM systems, we
have succeeded in the STM operation up to 27 T in the hybrid magnet and also performed STM and scanning
tunneling spectroscopy (STS) for high-T. superconducting ErBa,Cu3O, thin films in the 18 T-superconducting
magnet. STM results indicate that screw dislocations, which appear in the growth process, are observed in
ErBa,Cus30, thin films and the step height of dislocations agrees with the c-axis lattice constant (see Fig.2, left).
The spatial variation of the tunneling conductance has been observed by STS measurements up to 18 T (see
Fig.2, right). The development of the UHF-STM in this study has made it possible to STM/STS studies on
superconductors in high fields than ever before (maximum field of previous STM was 14 T).




