
Preface................................................................................................................................................. I

Abstract..............................................................................................................................................V

Kurzreferat.......................................................................................................................................VII

List of Contents..................................................................................................................................IX

List of Acronyms................................................................................................................................XI

Institutes, Organizations, and Devices.........................................................................................XI

Techniques and Concepts.............................................................................................................XI

Chemical terms & compounds.....................................................................................................XI

Chapter 1: Introduction.....................................................................................................................1

Chapter 2 : Materials & methods......................................................................................................7

2.1 CISSe absorbers by AVANCIS...................................................................................................7

2.2 CIGSe absorbers with varying GGI-ratios and buffer layers by ZSW......................................7

2.3 Physical principle of the UV-induced ozone treatment.........................................................9

2.4 Laboratory-based spectroscopic methods (XPS, XAES, and UPS)..........................................9

2.5 Synchrotron-based spectroscopic method...........................................................................13

Chapter 3 : Experimental setup.......................................................................................................15

3.1 Spectroscopy system in the MFE-lab.....................................................................................15

3.2 UV-induced ozone treatment equipment.............................................................................19

3.3 Beamline 8.0.1 at the ALS in Berkeley...................................................................................20

3.4 Data processing......................................................................................................................21

Chapter 4 : Impact of surface treatments on the absorber surface..............................................23

4.1 Effects on surface adsorbates and sodium............................................................................23

4.2 Effects on absorber elements................................................................................................26

Chapter 5 : Chalcopyrite absorbers with varying GGI-ratios.........................................................33

5.1 Ar+-ion treatment of absorber surfaces with varying GGI...................................................34

5.2 Variation in GGI-ratio and rinsing procedure by ZSW..........................................................52

https://d-nb.info/1288765991


Chapter 1: Introduction

Chapter 6 :1nx(O,S)y buffers on CIGSe absorbers with varying GGI-ratios....................................71

6.1 Ar+-ion treatment effects on the thickest buffer layers.......................................................71

6.2 Ar+-ion treatment effects on the intermediate buffer layers............................................. 79

6.3 Inx(O,S)y/CIGSe interface and intermediate buffer layer thicknesses..................................88

6.4 Thickest lnx(O,S)y buffer layers on CIGSe absorbers with varying GGI-ratios......................98

Chapter 7 : Znx(O,S)y buffers on CIGSe absorbers with varying GGI-ratios.................................105

7.1 Ar+-ion treatment effects on the buffer layers...................................................................105

7.2 Znx(O,S)y buffer layer on CIGSe absorbers with varying GGI-ratios...................................113

Chapter 8 : Conclusions..................................................................................................................127

Appendix A : Derivation of Auger reference spectra....................................................................133

Appendix B : Fits of the low binding energy region of the CIGSe absorbers..............................137

Appendix C : Shifts of the signal position in the Inx(O,S)y & Znx(O,S)y buffer layers....................141

C.1 Shifts after Ar+-ion treatment for the intermediate thickness Inx(O,S)y buffer layer.....141

C.2 Spectral evolution of the signal position during the Inx(O,S)y buffer layer growth.......... 144

C.3 Shifts after Ar+-ion treatment for the intermediate thickness Znx(O,S)y buffer layer..... 145

C.4 Spectral evolution of the signal position during the Znx(O,S)y buffer layer growth........ 148

Appendix D : Spectral evolution of the signal intensity during buffer layer growth...................149

D.1 The lnx(O,S)y buffer layer.................................................................................................... 149

D.2 The Znx(O,S)y buffer layer................................................................................................... 152

References.......................................................................................................................................157

Curriculum Vitae.............................................................................................................................XIII

Acknowledgements........................................................................................................................XVII


