Contents

1 Introduction 1
2 Fundamentals 7
2.1 Structural Properties of Microcrystalling Silicon.......coevevevevererenenienenenenenesenennens 7
2.2 Electronic PTOPETLIES .....coevvereriererierierienienienestestesteste st st st s sae b sre b sresresbesnesbesnesnesrens 8
2.2.1 Crystalling SiliCOMN ...cvevvervirieriesiesieteseeeseee et e 9
2.2.2 AMOTPROUS STHCOM. ...cviiiiiiiiiieieci ettt e ste e e e e essaesseesaesaaneans 10
2.2.3 Microcrystalling SiliCOM ....cueeverieriieieiieie et 11

2.3 Optical Properties of Microcrystalline SiliComn...........cccevvrvierieniecienieieeieneeeeieneneneas 12
2.4 Generation and Recombination PrOCESSES .....ccvvverireriererenenesesesesesesre e sse s 13
2.4.1 Radiative RECOMDINAtION ....ccvevververierririeriestesiesesteseste e sre s sse s ssesressessessessessesnens 14
2.4.2 Non-Radiative RecoOmMbINation ........coceevevverieriereniineseseseseeesee e 20

2.5 Carrier Densities in Non-equilibrium - quasi-Fermi Levels .......cccooovvienieiiiieneeee. 22
2.5.1 The 2-Diode MOGEL ....c..covereiriiiieeeeeeeeeeeee e 24

3 Experimental Details 27
3.1 Material and Solar Cell Preparation .........cceceeeverererenenienenenesesesesesessesressessesnesnes 27
3.1.1 Very High Frequency PECVD ProCess.......ccovierierieniniienieeeie e 27
3.1.2 HOt-Wire CVD PIOCESS ......coveruerreriiriirieniesiesieetesesesese e 29
3.1.3 Solar Cell Device StIUCIUIE........cc.ciiuiiriiirieiiieieienteienteeneeeeeeeeseneeeeneeeenseeeeseneesenee 32

3.2 Photoluminescence Characterization ..............ceeeeiverueueiriniereenneerectneeeceseeeeeneenen 34
3.2.1 Fourier Transform-Photoluminescence SPectroSCOPY .....cveveveveveeeeereereeeeeerenes 34
3.2.2 EXPerimental SEt-lP ......cceevveeierieieeieeieeee ettt e e s e s e sbe b sbaesbe e 35

3.3 Modulation TECANIGUE ....cceevveeieeiieieeieeeece ettt sa e sbe e aesbe b saaesbe e 36
3.4 Optical Generation Rate Measurements. ........cceeeerveeiereeriesiieseeseeeeesiee e eeesieesaesseessens 38
3.5 Structural CharaCteriZation...........cceveeeeireeereeesesesese s sre e sressessessessessessesnes 39
3.5.1 Raman SPECTOSCOPY cuvevveerreriiriieterieriietesite st et sseesre e s esae e s sbeesresasesbeesneeanesaeens 39

4 Photoluminescence Results on Undoped pe-Si:H Thin Films 43

4.1 Influence of the Silane to Hydrogen Ratio in the Gas Phase on the Photoluminescence
PLOPETHIES ...eveeeeeeee ettt et a e st b e st e b e e e e ae e b e e e e e ae e aeeaaesae e beenneeaean 43

Vil



Contents

4.1.1 Photoluminescence Peak Energy and Width of Luminescence Spectra.................. 46
4.1.2 Photoluminescence INLENSILY .......cccvvvrerererereneseseeesesresre e sre e sse e sre e s snesre s 48
4.2 Raman and Photoluminescence Properties of Undoped pc-Si:H Thin Films................. 49
4.3 Effect of the High Substrate Temperature on the Photoluminescence Properties ......... 51
4.4 Structural Inhomogeneity Along the Growth Direction.........cceceeveeevierieneeieceeeeeee. 56
4.5 Separation of Microcrystalline from Amorphous Photoluminescence Bands................ 60
4.6 Temperature Dependent MEasUIEMENLS . ........cevvrerrerererereresesesesessessessessessessessessenns 64
4.6.1 Temperature Dependence of the Photoluminescence Intensity .........coceeeverernenene 65
4.6.2 Temperature Dependence of the Photoluminescence Peak Energy ..........ccceuee.... 67
5 Photoluminescence Results on Microcrystalline Silicon Solar Cells 69
5.1 Microstructure and Photoluminescence Properties of pc-Si:H Solar Cells.................... 69
5.2 Modulated Photoluminescence SPECLIa ........evevererrererererenenenienenesiesesese e 71
5.3 Influence of the Silane CONCENIIAtION........oeivveirrerieeieerierere e 72
5.4 Temperature DEPEndence.........ceeueerueeierierieeie ettt sae e sbe s s eesbeeae e e sbe e 73
5.4.1 Short Circuit Current Density j;. and Photoluminescence Intensity of Modulated
N 0117 ;TR 74
5.4.2 Open Circuit Voltage and Photoluminescence Energy of Modulated Spectra ....... 75
5.4.3 Comparison with Crystalline and Amorphous Silicon Solar Cells..........c..cccvennen. 76
5.5 Effect of the Optical Generation Rate ..........ccevieiiieiieiieiieeceee e 79
5.5.1 Open Circuit Voltage and Photoluminescence Energy of Modulated Spectra ....... 79
5.5.2 Short Circuit Current DeNSILY fue .ooveevereereerreereeieerieseeiesee e eee e see e sseesaeseesaeens 80
6 Discussion 83
6.1 Discussion on Photoluminescence Properties of pic-Si:H Thin Films .......cccoeevernenenee. 83
6.1.1 Blueshift of Photoluminescence Peak ENergy .......c.ccocvvevvevevenenenenenenenenennenn, 85
6.1.2 Temperature Dependent Measurements...........cecveeeereeeiereeneesieseeseesee e 86
6.1.3 Crystallinity in Relation to Photoluminescence Peak Energy........c.cocevververveenene 89
6.2 Discussion on Solar Cells - Link between PL Energy and Ve c.voovevvevveveenenenenieniene, 93
6.2.1 Comparison between Model Calculated and Experimental Results ............c.cc....... 98
7 Summary and Conclusions 105
A Simulation of PL Spectra Based on Simple Model 111
B Deposition Parameters, Raman and Photoluminescence Properties of Films and Solar
Cells 117
B.1 Thin Film Deposition Parameters..........ccoceeverererierierinenenesesesesesessessessessessessessens 117
B.2 Photoluminescence and Raman Proprieties of Thin Films.........ccccocevvvvevienienenienennene 119
B.3 Solar Cells Deposition Parameters, Raman and [-V Proprieties .........c.ccoeceeveereennenne. 121

VIII



Contents

Bibliography 123
Acknowledgments 135
Publications Related to the Ph.D. Thesis 137

IX





