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Atomic scale visualization of phase transitions driven by back-gating

Okada, Yoshinori
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Combining spectroscopic imaging scanning tunneling microscopy (STM/STS) with
back-gating technique will provide us a great opportunity to visualize electronic evolution across phase
transitions at the atomic scale. Particularly interesting system is correlated transition metal oxides,
in which rich nanoscale electronic heterogeneity exists. However, the high quality epitaxial thin film
surfaces of transition metal oxides are demonstrated little at the atomic level. In this study, we have
succeeded to prepare SrV03(001) film surfaces, on which we clearly see quantum mechanically interfering
electronic states. This advancement is the essential step for further development of STM/STS combined
with back-gating approach.



B X C—19, F—19., Z—19 (GtaH)

1. WFZEBHAR S M) DY =

(1) /Xy 77— M X 2 P

77— NEMIZ X B AMNBESOHIINT, ko
o AU AV Nl AV A PR g A s B S
MDTE, ZTHICE - TEERE T HHIRS 7 15
HIENRAHETHD, IHIT, Ny T Hh— |
(2 X D AMNEREBS OEIINT, — Wi 7 fakxiin
b MR T A NAERIE~OHERE (FRr Y
NNAREER) BB TX D AMEE DL H 5,

ARG CEBEHRT S ERAL, HEBEBICHES
EIREOE(ZR L)L TEHNT S 2
EThD, Bz, < OMMHEER SRR
(bW TlIF 2 27— )L TOFS B E O #L
fROBEEENER S TW5S, &5i2, 2K
gt MR B U AERRIA O N AR e YV
B ClE, = v PIRIE L 1 Roce @ ikae
OBIPNEE/ R EREFFO, EIREEOZER
O3A A RERICTR NS 2 E NSRS R bR
RRFIENER R VEEMEE R W b
FIV53 96 (STM/STS) THh 5,

(2) STM/STS GHHl & /X > 7 7 — M X 24tk
HAE DA

7— NEMmE AW ER R LD W
&, STM/STS 12 X B L~V IRREA
A=V » T EEEICEE TEIX, B
R ICPE O BB S 2 | i LU e 5
7 a BRI D AR EE S 5 T &Sk
%, A FET, STM/STS FHHlE, /Ny 77—k
XD R—v 7 EfHEme T 537
T2 RN LA TR SN
TWb, ZOXkHkeT77u—F% JHfHEE
BRI TERT LI LITIIRERE
E#0XH Y . WHERFEIZEBIT DR OHED LD
Do

Ry 7 =M EDEBRDEOEEL
STM/STS I C7' v —7 3 25kl £ mICE T
T KT BT, REHIHECH 2 EE
WD, DFEV, @EERSER YR
OERE N ER S N5, Rz, STM/STS &
WzEk D17 e RIbESED &0
BT, e LTERES ETOE®R K
DEWMOAZDZENTE D EME R ERE
EAME /D, Pe UCHIRE S fEMRE O
AL “THHRAZ—2" ZEOHL, *
DIRE— VB RTS8 THRE k OIE#H%E

RO ENHRD,

2. WROBEH

WF7E 2 BRIAT 2 4], ABFFEOMREARICI X 5
% e i e B B R TR IR 1 0D FEGIE S B A
WZiEh o T2, BlZIX, STM/STS FHAlZ K-> T
ERSRBRB W ERERR O “TWhR AL
— 7 BB L 7oA IR LRV R T
bolz, EEE, EBCERCYERKREICE
05 TR A =T OFEBLEZOH]
WO RS X, BFEE2ED 2R T LIRS
HEZAThHoT, ARz I-HEE 2D
JERRIC L - C, B E — O T OB RITHRIL L
TWSERHD MLz, £2Z2C, LR
D 2 DM

O HEZETEBIELNLZ L

@ THRZ—UBBHTEHZ L

e B /R TR (535 A B SNl
Mo BHNCERE Lz, 7B, &R,
Ny 77— N T U 2 FBEs & STM/STS ©
FARDZERRBEICH HT2D, FEENBD
TEWSITiIO MR E L, D LIZ=E XX
Uy VEBEERESEDL LB MREALE L
775

3. WREDIHIE

(1) HHR9 2 #MK . Srv0,(001)

MR E4T 5 W & LT, SrV0s(001) [Z350R L
720 SrV0;(001) = &4 33 v JL IR 7 12 %)
5 £ B A4 ot (ARPES) A7 kL
TlE, oXa 72014 SR LY IO 7
TR D Ty — 7 I R - B — 7 DN
EhTnb,

(2) SrV0,(001) D ERITT 1A

SrV0; (001) = "% %3 v LidfiE A L A L—
P —HERE T (PLD) CERL L 7= GEARIEEE 800°C,
BZ2RE 5x107° Torr), 7235, HMEHIICIT /v
F—7"® SrTi0;(001) iR ZFEHT 525, L
SROBMENERNICERT DO,

STM/STS IS LB 55 1ITAT 2 D Nb & R —
7 L7z SrTi0; (001) Fat A2 Lz,

3) ETREA AT

STM/STS FHHIZAT 5 F ¥ /N — L T v >
N T B ZE TR X T R E A
ALz, ko, /B L7 FRmE
KRR EREET H 2 &7 < STM/STS FHlI T & 7,




NRZZ 7@ Lz, RPTKEEE E (LDOS) @
225341 & STM/STS I CHR~7=, 723, Hl

=

TE VTR He I8 T 7=,

4. WFERE

AT v 7 7T A L 118

RN D FEMRFE PR R /7 [ 70 £ St S
ZED T & CREKEE R E T
(RHEED) /X & — > DR &) 2 £ 5 IR R % 52
L7 (X 1a,b), KED AT 7 7HITIZA
Ty T e T T AEENBLIITT X | w2 i
RROME CIIRFBEKMm L=y 7R
h & BRI L7z (1K Le, d), 2 ORI,
B — R BRGHE & D ERF A B . 50% D TH AR
BEVA PR EFSRTWLIHEETHD =
ERbmro7= (K 1e),

~50 sec./layer

0 1000 2000
Deposition Time (s)

Intensity (arb. units)

high '@ apical O missing apical

in-plane O v

B4 1 : SrV0s(001) DIk REafE D (a) Bt
B8 3 7 [E147T (RHEED) $58) & . (b) pltfEitg
RHEED /X% —> , E# b o % /LVEASEE (STM)
XD MRTT 78, d) EEDETIA(e),

(2) MR -T2 — 2 OB

b EER L, SrVo; (001) FmEIZEBWT,
B OB PR T2 — o 2805
Ll tThd (K2), T
ZhEIE, ST E LTREY BoME %
KML7ebDTHY | T 7 — Otk
[XHMAS e 7 2 A NER{EY (ABOs) i Tl
WO TORRE 72572,

(3) HGmAY#H 5

EEGETH D SrV0, OFRME T, THZRIRMNIE
B oA =X LEBRANCELR LTz, il
TIE to PUEORGRDET . d,, TUEZEL
TOHZENESFOTWARY - 2B SHE
TWHHBTHLZ EZHLMNI LT,

q (2n/a)

-150 meV

0.0
q (2wa)

q*

0.0

05 +
-0.5

0.5 030 035 040 045 050

q(2x/a)

2: T INRNAL T A V=—150mV TH LN
Frayv gy R Ay S dI/dVie) D7
— U = EWE G (), TWSF—r DL
X —1k A7 (b)

(4) PSRN

Ny 77— ML DR LW BLEND
SrV0; OFBTEMIZ BER A FF - b, H#ER O
SrV0; 1X, Mott #EfxkikIZ72 5 Z & MELERIC
THRINTWD, &6, 2O Mott #afkik
WHEIX 7 — FEMmIC XL 2 EMYE LB
TX5LEZLNTWS, ABFETH 10
=v hENVUTORET, MiEEziT-o7, K
B2 T 5, EWEOSHE (M 3Db
DOFER) & BT D & B T F OIRRERE FE )N i
<HEl ENT=A227 FMAnBIHTE - (K3
b DFRHR) . T 2T, R OMEIEIZE W ECHE
WENTWDY 2x V24 (4 1c-e) & IT R
720, 5X{5 EEABHI S (K 3a),
e, Ny 77— MERO Mott B % i1
LRIV TA A=V 7352 Ex#AKBL, B
725 R L & 32, V5 XY B EEORIR D
B TIREED D LERD D,

H—\/SG XV5a

—V2a X V2gq,

(nun "qie) Ap/ip

dlldV (arb. unit)

-400 0 400
Bias Voltage (mV)

Iom{oﬁ high
3: (@ 10 ==y FENALLUTOEED
SrV0;(001) i CELHI S 415V 5 X b %
AT NKRZ 7T 78, () 5XJ 5 #iE LT
DAY f & MERFTURBIH S Tn
% 20nm LA EORE S TR DY 2X 2 1
DAY ML D g,



5. ERRERLE
(BFFEAREEE . WFSC 003 M ONHHERFZE 3 1
X TR

(FaxE) GHT1R)

@)

44 Special symposium for American

Vacuum Society (AVS) Taiwan Chapter focusing

on 2D materials and topological insulators

(Jan., 25-27, 2016, National Sun Yat-sen

University, Kaohsiung, Taiwan)

Z# A4 b /b Visualization of quasiparticle

interference on cubic perovskite oxide surface
Yoshinori Okada

2)

¥4 4 0 ICMAT2015 - the 8th Biennial

International Conference on Materials for

Advanced Technologies Symposium, "Functional

Spin-Orbit Coupling Materials"

6 H

(28 June to 3 July, 2015 in Singapore)

% A b JV: Visualization of Quasiparticle

Interference on the Surface of SrvVO; Film
Yoshinori Okada

(3)

St BARYESES 2015 FHRM
RGOS CGRAGHD)

24 v EEMCORVEMEE RV

SrVOs D EE FIRAEMFFE(IN)

[ ALERE, T. R. Chang, i&7/K%= K, G. Chang, H.

T.Jeng, HARE, H. Lin, —& KBS

4)

x4, American Physical Society (March 2-6,

2015; San Antonio, Texas)

% A b Jb i Visualization of quasiparticle
interference on the surface of SrvO3 film

Yoshinori Okada, T. R. Chang, R. Shimizu, G.

Chang, H. T. Jeng, S. Shiraki, H. Lin, T. Hitosugi
(®)

234, SPIE Photonics West OPTO 2015
(Feb. 7 - 12, 2015, in California, US)

& A kv Direct visualization of atomic and

electronic structure on perovskite oxide film

surface

Yoshinori Okada

(6)

Pt AAWHYR

2014 FERKH

HER R G H 1T - ZJnIR)
HA NV RN RVEREE
SrVO; D R AERFFE(IN)
il HEER, T. R. Chang, 1&7/K4%K, G. Chang, H.
T.Jeng, FIAE H. Lin, —4&KAR

Y]

g HAWHY R

2014 FEFFHA

MR RS (R - A2
ZA b ER b ROVEIEEEE VT
SrVO0; TN D IR REAFZE (1)
[ HEERE, TE/KZER. AARRF, —H KA

6. WAL
(OBFFEIRFEE
MM EE

(Yoshinori Okada)

ALK « JiF 20 FRER

Bh#
WHIEHE 2R

00707656

R S

FrElSF

W FErERE -



