Controlling the electrical properties of oxide heterointerfaces
through their interface chemistry

Marc-André Rose

Information
Band/Volume 89
ISBN 978-3-95806-667-0

lJ JULICH

Mitglied der Helmholtz-Gemeinschaft Forschungszentrum



Forschungszentrum Jilich GmbH
Peter Griinberg Institut (PGI)
Elektronische Materialien (PGI-7)

Controlling the electrical properties
of oxide heterointerfaces through their
interface chemistry

Marc-André Rose

Schriften des Forschungszentrums Jilich
Reihe Information/ Information Band/Volume 89

ISSN 1866-1777 ISBN 978-3-95806-667-0



Contents

1 Introduction 1
2 Background 5
2.1 Strontium titanate . . . . ... ... Lo Lo oL 5

2.2 Lanthanumaluminate . . . . .. .. ... ... ... ... ..... 6

2.3  The LaAlO;/SrTiOs system . . . . . . . .. oo v i i 7

2.4  The defect chemistry at charge-transfer interfaces . . . . . . .. ... 11
2.41  Equilibrium defect concentration . . .. ... ... ... ... 12

2.4.2 Influence of interfaces on defect chemistry . . . . . . ... .. 14

243 Kinetic limitations at the LAO/STO interface . ... ... .. 16

3 Experimental methods 21
3.1 Pulsedlaser deposition . .. .. .. ... ... ... .. ... ..., 21

3.2 Reflection-High-Energy-Electron-Diffraction . . . . . ... ... ... 23

3.3 Atomic force microscopy . . . . ... e 24

3.4 Hallmeasurements . .. .. ... ... ......... .. ...... 25

3.5 Electrical conductivity relaxation . . ... ... ... .. ... .... 29

3.6 X-Ray photoelectron spectroscopy . . . . . . .. ... L. 30

4 Thin film growth using PLD 35
41 Growthof LAOthinfilms. .. .. ... ... ... ........... 35

4.2 STO substrate treatment . . . . . .. ... ... ... ......... 39

4.3 Influence of substrate reduction . . . .. .. ... ... .. ...... 40

44 LAO stoichiometry control . . . . ... ... ... ... ........ 42

4.5 Termination control by growthof StO . . . . . . ... ... ... ... 47

5 The local formation of the LAO/STO 2DEG 51
5.1 Resolving the STO surface termination using phase contrast AFM . . 52

5.2 The local distribution of the LAO/STO 2DEG resolved by c-AFM . . . 54

5.3 Correlative scanning optical near-field microscopy measurements . . 59

5.4 Influence on macroscopic transport . . . . . .. ... ... ... ... 61

5.5 Induced insulating behavior of LAO/STO through SrO growth . . .. 62

5.6 Chapter summary . . . . . . .. .. ... 67

6 Dynamics of thermodynamic equilibration at the LAO/STO interface 69
6.1 The thermodynamic equilibration behavior of the STO substrate . . . 70
6.2 The thermodynamic equilibration behavior of LAO/STO heterointerfaces 76



vi Contents

6.3 Chaptersummary . . . . . ... ... ...

7 In-situ Characterization of ionic motion in LAO/STO by NAP-XPS
7.1 Identification of active core level spectra and their pO, dependence
7.2 Identification of low-BE-Sr depth distribution . ... ... ... ...
7.3 Bandalignment . .. .. ... ... .. ... ...
74 Chapter summary . . . . . . .. ...

8 Controlling magnetism in LAO/STO by defect engineering
8.1 Thermodynamic response of the LAO/STO low-temperature behavior
8.2 Defect engineering of low-temperature magnetism . . . .. ... ..
8.3 Chaptersummary . . . . . . .. ... i

9 Discussion
9.1 Lateral distribution of local interface chemistry regions . . . . . . ..
9.2 Interface chemistry manipulation via thermodynamic equilibria . . .
9.3 The derived defect chemical model of Sr precipitation . . . . . .. ..
9.4 Supporting density functional theory calculations . . . .. ... ...
9.5 Influence of annealing and LAO stoichiometry on magnetism . . . . .

10 Conclusion and Outlook
Bibliography

A The defect chemistry of SrTiO;
A.1 Undoped and acceptor doped STO . . . . ... ... ... .. ....
A2 DonordopedSTO . . ... ... . .. .

85
87

103
104
107
112

113
114
117
120
123
124

127

131



Information
Band/Volume 89
ISBN 978-3-95806-667-0

9 JULICH

Mitglied der Helmholtz-Gemeinschaft Forschungszentrum



	Introduction
	Background
	Strontium titanate
	Lanthanum aluminate
	The LaAlO3/SrTiO3 system
	The defect chemistry at charge-transfer interfaces
	Equilibrium defect concentration
	Influence of interfaces on defect chemistry
	Kinetic limitations at the LAO/STO interface


	Experimental methods
	Pulsed laser deposition
	Reflection-High-Energy-Electron-Diffraction
	Atomic force microscopy
	Hall measurements
	Electrical conductivity relaxation
	X-Ray photoelectron spectroscopy

	Thin film growth using PLD
	Growth of LAO thin films
	STO substrate treatment
	Influence of substrate reduction
	LAO stoichiometry control
	Termination control by growth of SrO

	The local formation of the LAO/STO 2DEG
	Resolving the STO surface termination using phase contrast AFM
	The local distribution of the LAO/STO 2DEG resolved by c-AFM
	Correlative scanning optical near-field microscopy measurements
	Influence on macroscopic transport
	Induced insulating behavior of LAO/STO through SrO growth
	Chapter summary

	Dynamics of thermodynamic equilibration at the LAO/STO interface
	The thermodynamic equilibration behavior of the STO substrate
	The thermodynamic equilibration behavior of LAO/STO heterointerfaces
	Chapter summary

	In-situ Characterization of ionic motion in LAO/STO by NAP-XPS
	Identification of active core level spectra and their pO2 dependence
	Identification of low-BE-Sr depth distribution
	Band alignment
	Chapter summary

	Controlling magnetism in LAO/STO by defect engineering
	Thermodynamic response of the LAO/STO low-temperature behavior
	Defect engineering of low-temperature magnetism
	Chapter summary

	Discussion
	Lateral distribution of local interface chemistry regions
	Interface chemistry manipulation via thermodynamic equilibria
	The derived defect chemical model of Sr precipitation
	Supporting density functional theory calculations
	Influence of annealing and LAO stoichiometry on magnetism

	Conclusion and Outlook
	Bibliography
	The defect chemistry of SrTiO3
	Undoped and acceptor doped STO
	Donor doped STO

	Leere Seite
	Leere Seite



