
Contents

1 Introduction 1
1.1 Motivation .............................................................................  1
1.2 Outline of the th e s is ..............................................................  3

2 Fundamentals of chalcopyrite solar cell devices 4
2.1 Basic material properties .....................................................  4

2.1.1 Crystal and band structure of chalcopyrites............  4
2.1.2 Ternary chalcopyrites ................................................ 8
2.1.3 Diffusion processes in thin film sy s te m s ..................  8

2.2 Chalcopyrite solar cell properties.......................................... 12
2.2.1 Physics of single junction solar c e l l s ........................ 12
2.2.2 Ideal solar cell ...........................................................  16
2.2.3 Real solar c e l ls ...........................................................  20
2.2.4 Band gap grading in CIGSSe solar c e l l s .................. 23

3 Experimental procedure 32
3.1 Deposition process for chalcopyrite solar c e l ls ..................... 32

3.1.1 Co-evaporation (CE) p ro cess .................................... 33
3.1.2 Stacked elemental layer (SEL) process..................... 34

3.2 Characterization m ethods...................................................... 36
3.2.1 Optical and structural characterization techniques . 37
3.2.2 Electrical characterization.......................................... 48

http://d-nb.info/1160726140


4 Results and discussion 51
4.1 Modification of the Gallium profile in C IG S e ..................... 51

4.1.1 Temperature dependent phase formation..................  52
4.1.2 Phase formation with different Selenium supply . . .  62
4.1.3 Phase formation with a diffusion barrier layer at the

back contact ..............................................................  84
4.1.4 Influence of high temperature processes.....................100

4.2 Modification of the Sulfur profile in CIGSSe........................123
4.2.1 Temperature dependent phase formation..................... 123
4.2.2 Influence of different Se to S ra tio s ...........................129
4.2.3 Ex- and in-situ investigation of sulfur diffusion into

CIG Se............................................................................. 149

5 Summary and prospects 164

A Appendix 167
A.l Introduction into SC APS simulations...................................... 167
A.2 Derivation of J g ra d with the analytical ap p ro ac h ..................169

Bibliography 172


