Member of the Helmholtz Association

Sr-rich STO stoichiometric STO

ik

0 Lt
0 200 400 600 800 1000 1200 14

(nm) (nm)

Defect Engineering of SrTiO, thin films for
resistive switching applications

Sebastian Wicklein

Ti-rich STO

o EZE (e
0 200 400 600 800 1000 1200
nm

#)0LICH

FORSCHUNGSZENTRUM




Forschungszentrum Jilich GmbH
Peter Grinberg Institute (PGlI)
Elektronische Materialien (PGI-7)

Defect Engineering of SrTiO, thin films
for resistive switching applications

Sebastian Wicklein

Schriften des Forschungszentrums Jilich
Reihe Information Band / Volume 35

ISSN 1866-1777 ISBN 978-3-89336-963-8



Contents

1
2

0L /06 18 Lot (o] o UOO PP 1
BaCKEIOUINA.....oucvuseeresserseersseesseesssessssesssesssessssesssssssses st ss s sssse s s ssses st s s st ssesssesssssssasessssssans 5
28 ) o (0 5
2.2 Defect chemiStry Of STTIO3 s ssens
2.2.1  Defect chemical equilibrium & reactions for SrTiO3
2.2.2  Conductivity of STTiO3 ...c.ccvuuunee
2.2.3  Electronic structure of SrTiO3
2.2.4  Electrical doping of SrTiO3 by B-Site Cations.......ooueeeeeneermeeseermeessmessseesssenssseesesssens 11
2.3 Space charge CONSIAEIatiONS.......vcreerrrseersseersressseessseersess s sssess s sssssssesssesssssesssessseens 11
2.4 Non-stoichiometry, Lattice distortions and 214 phase formation in SrTiO3.....c......... 12
2.5 Resistive switching oxides for future memory devices........enenserneesnseennn: 14
Setup of @ UHV-0Xide ClUSLET-TOO0] ...t ssessesssssssssssessessssssssssssssssssessssssens 17
S 700 B 1< o o 1] 1 o) o B 070 PPN 19
3.1.1 PLD (Laser-MBE) with RHEED and OIRD......ccccourisssssssssssssnns 19
3.1.2  SPULLETING LOO] oottt s s ss st nes 21
3.1.3  E-DEAIM PVD ottt sssss s sssssessssssssssssssssssssssssssssssssssssssssnesss 21
3.2 CharacteriZation-TOOIS.....emeiessesseeseessesssesssssssssess s ssssss s s s bssssssssssasessnes 22
3.2.1 SPM-Tool with LC-AFM, NC-AFM, STM & Q-PlUS...ccccvumrmrrnmrrnssssssssssssssssssssenns 22
3.2.2  X-ray photoemission SpectroSCOPY (XPS) .cmrmenesnmmsmssssmsssesssssssssssssssssssssees 22
3.2.3  NANO-ESCA / PEEM ....oiieeieresseesiseessssessssessssesssses s ssssesssssesssssesssssessssssssssssssssssssssenss 23
K 1 01 D) 3 PN 23
3.3 Engineering of a high-temperature (HT) holder ... 24
T8 200 B 05 0741 0 =T=) o1 P 24
K TR I 3 (0) 0301 Lol PN 25
EXPEITMENTAL ivuiiriieereeseisssrssissssssssssss s ss st ss s s s st s s s ssnees 27
4.1 PLD process and in-situ analysis methods for thin film defect engineering.............. 27
4.1.1  ADIation CharaCteriStiCS. ..ot ssessessessssesss st ssss s ssssssssssesssssens 27
4.1.2 In-situ film growth analysis by RHEED ... 28



Contents

4.1.3  PIUME ANALYSIS courrereeeeireetreesniesrisei et sses s ssss s bbb 30

4.2 X-ray diffraction analysiS...... s ——————— 33

4.3 Positron annihilation analySiS ... 35

4.4 Photo (electron) Emission SPECtrOSCOPY ..uuuenememimermesmmessmssssssssssssssssssssssssssssssssssssssess 37

LTI U N T 1 PPN 38

5 Defect formation & accommodation in homoepitaxial SrTiO3 thin films......ccovveereenneens 41

5.1 Influence of PLD growth parameters on the defect formation........cooseneenseniennennnes 41

5.1.1  Laser fluence Variations ... ceeseseenessessessssesssssssssssesssessssssssssssssesssssssesssesssssssees 41

5.1.2  Variation of the Target — Substrate diStance.........c.coueenmerneerneessesseesseessessssessens 49

5.1.3 02 background pressure Variations ......eerseesseessessesseesssssssssssessssssssesssees 50

5.1.4 Influence of substrate temperature on the defect accommodation in STO ....... 54

5.2 Origin of non-stoichiometry in homoepitaxial SrTiO3 thin films.......ooneerreiriennenns 56

5.2.1 Non-stoichiometry induced by laser fluence variations.........coeeesmeesseeenens 56

5.2.2 Oz background pressure Variations ... ensenessssesssssssssssssssssssssesssesssssssees 64

5.2.3  Effect of substrate temperature on the stoichiometry of STO thin films............. 69

5.3 Discussion and CONCIUSIONS ... 72

6  Defect formation & accommodation in Fe doped SrTiO3 thin films......ccencniccniinnnens 75

6.1  XRD and PLD Process analysis ....sssssssssssssssssssssssssssssssssssssans 75

6.1.1  XPS analysis of the films and the ablation spots on the target........coeoneerneeenees 77

6.1.2  POSItION ANALYSIS couivueecereeseessersirsessses s ss s s s s sssssssees 78

6.2 PLD Plume Analysis for Fe doped STO .....ounmeessssessssssssssssssssssssssssssssssans 83

6.2.1  Plume KiNEtiCS .o ssssssssssssssssssssnss 83

6.2.2  PlUIME SPECLTOSCOPY cuvevrerremsersserserssessessssssssssesssesssssssssssssssssssssssssessssssssssssssssssesssssssesssssssssssees 84

6.2.3 TEM investigations of Fe:STO films ... 84

6.3 Discussion and CONCIUSIONS ... 85

7  Influence of defects on the growth mode of SrTiO3 thin films........ccoeemeenneenerrsneersseeseeens 87

7.1 Laser flUeNnCe VAT iationS ... cersreeriessenseesesssesssessssssssssesssesssesssessssssssssssssssssesssessssssssssssssssssessnes 87

7.2 Background pressure Variations .......eressessesrsessessesssssssssssesssssessssssesees 93
7.3 Effect of SUDSIIrate tEMPEIratUre ... esesessesssssssssesssssessesssssssssssssessssees

7.4 Influence of Fe doping on the STO film growth

7.5  Discussion and CONCIUSIONS ...t sssssssssssssssssssssssssssssssssssssssssssssesssssssesseses 97



Contents

8 Investigations of the resistive switching properties of STO thin films........ccccosunrrrirnreennes 99
8.1 LC-AFM investigations of the RS properties of STO thin films ......cccconrniroreeenniennn. 99
8.1.1  Pristine I(V) characteristics of STO thin films ..o 101
8.1.2 1D resistive switching characteristics of STO films .......coocnreereeenreeenneesseersecesneennee 102
8.1.3  LC-AFM characteristics 0f SITiO3 xu . rrmmrrsrssersessssssssesssssssesssssssssssssssssssssesass 105
8.1.4  Resistive switching mapping (2D) of STO thin films ..o 107
8.1.5  I(V) characteristics of the pristine, LRS and HRS area.........cccounenmenseneeniensiennes 110
8.1.6  Thickness dependence on the RS effect for STO films on Nb:STO.......coccovvrrrennes 114
8.1.7  DISCUSSION ittt bbb bbb bbb 117
8.2  STS analysis of resistive states in STO films and ND:STO ......ccccumecmenmeenenernsesssenseenes 120
8.2.1  STS 0N STO thin filMS ..ceueeeeeetreerniesreseee s ssssssssss s 121
8.2.2  STS on Nb:STO single crystal (0.5Wt%0) ..o 122

ES 7/ TN D ) 110 017 U0 ) o 123
8.3 In-situ chemical analysis of inscribed areas by PEEM (proof of concept) ......cccco..... 124
8.3.1 PEEM of inscribed areas.......sssssssssssssssssssssisnes 124
8.3.2  DISCUSSION ittt bbb bbb 124
8.4  Resistive sSWitching dyNamics......sessss s esens 125
8.5 Resistive Switching of MIM StrUCTUTES......cieeniinirsssssssssssssssssssssssssssssssssssssssens 126
8.5.1 I(V) characteristics of SrTiO3 thin films ... 126
8.5.2  I(V) characteristics of Fe:STO thin films ... 128
8.5.3  DISCUSSION ..ccuueuetuireirsseseesseesetss st sssssssss s ss et sess s s bbb b s 130
8.6 DISCUSSION ittt b bR R 131
25 010 ) o (ol 10 ) (o) o L3 PO 133
9.1  Defect eNGINEETING ..o e 133
9.2 Resistive SWItChiNg PrOPEIties ..o sssessssesssesssssssssesssesens 134

Xi



Information /Information

Band/ Volume 35 ’J JULICH

ISBN 978-3-89336-963-8 FORSCHUNGSZENTRUM



	cover
	Information_35



