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INTRODUCTION

Heterojunctions based on Controlling physical properties
Perovskite Oxides
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SR analysis foir oxide heterointerface.
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Advantage of SR-PES

Y Non-destructive Hard-XrayPES@SPring-8 (~~1000 A)
¥ Surface (Interface) Sensitive (5-~30A)
Y Direct Determination Chemical Shift

1 DOS
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In-situ PES + Laser MBE system

Combinatorial
Laser MBE Chamber
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Combinatorial Laser MBE Apparatus

CW Diode Laser
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Combinatorial Laser MBE Apparatus
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______Resonant PES Approach

Resonant PES of LSMO (x=0.4)
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RHEED Pattern & AFM Images
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___Resonant PES of LSMO at Interface __
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__XAS Spectra of Interfacial LSFO Layer

Fe-2p XAS spectra
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el EWeEEN INterfacial LSFO layer and LSFO films
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Comparison of Fe-2p XAS spectra
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11 2p Core Level Spectra at Inte fgcgg
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_____Origin of Charge Transfer_____

LSFO/LSMO Difference of 3d levels
m among transition metals
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Interfacial Electronic Structure of
LaAlO;/ SrTiO; Heterojunctions
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Origin of the Metallic Interface

1. Charge Transfer 2. Oxygen Vacancies
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DOS at E; is different between the two scenarios.



_Detection Limit of PES Mearuements

1. Charge Transfer 2. Oxygen Vacancies
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Valence Band Spectra of n-type Interfaces
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\ Numerical Simulations

Confinement at the interface
(6 function)

The 3d electrons only exist at
TiO, layer adjacent to (LaO)+
layer.
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Band Diagram of the n-type Interface

Valence band spectra
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1. VBM of STO is located at 2.9-3.0 eV below E¢.
2. VBM is nearly continuous between STO and LAO.

(The leading edge of valence band structures is located at almost constant energy position.)



Band Diagram of the n-type Interface

Ti 2p core level spectra

A Notched Stru
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Band Diagram of LAO/STO Interface

Ti 2p core level spectra
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Origin of Metallic Conductivity in LAO/STO

A Notched Structure / D e \
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The metallic conductivity originate from the accumulation of
carriers on the notched structure formed at the interface.



Origin of M-I Transition by Inserting SrO

)

/" Insulati ng
A + B
j -
CBM 0.25 &£ 0.07 eV + -
EF"T’ ------------------------------------- “ 56eV i + -
T Bpto L
326V 59_306v _ _
l l SrO-terminated SrTiO, LaAlO,
Y
VBM Interface
3 g
= No Aol = ~Ne) ~
3 ol =0l =|fo]|Q| 59
SITiO; | LaAlO, =T S = 7=
K. Yoshimatsu et al., Phys. Rev. Lett. 101, 026802 (08). \ - + - y

The notched structure disappears by inserting SrO atomic
layer between LAO and STO.



Summary in LAO/STO Interface

We determined the band diagrams of LAO/STO heterojunctions
by using in situ photoemission spectroscopy.

We have found

1. There is no detectable Ti 3d DOS at EF expected from
charge transfer through the interface.

2. Owing to the band discontinuity of LAO/STO, a notched
structure is formed at the metallic interface.

3. The structure, however, is absent at the insulating interface.

The metallic states at the interface between band insulators
LAO/STO originate not from charge transfer through the

interface on a short-range scale but from the accumulation of
carrier on a long-range scale.




Conclusion
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