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1861 Index 

- based solar cells 69, 93
 
- device structures 70
 
- factory 72
 
- ink 71
 
- low-cost 71
 
- material 27
 
- nanoparticles 71
 
- PV cells 80
 
- PV modules 70,71
 
- semiconductor 72
 
- thin film 67, 69
 
copper indium selenide (CIS) 77
 
- based solar modules 20, 23, 77, 78, 79
 
- cell 77
 
- design of 77
 
- I-V characteristics of 78
 
- process 77
 
- second generation 79
 
- technology 18, 79
 
- thin films 77
 
- transparent PV modules 20
 
cost-effective thin-layer technology 16
 
Coulomb attraction 86
 
Coulomb bound electron-hole pairs 40
 
crystalline silicon wafers 85
 
current-voltage curve 40
 

d 
dark current 38, 39
 
DC current 47, 148
 
distributed Bragg reflector (DBR) 137, 139
 
donor-acceptor heterojunction 85, 88
 
dye-sensitized solar cells (DSC) 11, 15, 36,
 

107,108,111, 118, 121, 145
 
- based photovoltaics 111, 126
 
- based thin film solar modules 16,109,110,
 

118, 121, 127
 
- heterojunction 146
 
- metal-free 123
 
- nanocrystallites 114
 
- non-optimized 145
 
- ochre tile 125, 126
 
- plastic-substrate 113
 
- roadmap for 118
 
- solvent-free 119
 
- technology 113, 123, 124
 
- thin film 118
 
- working principles 111
 

e 
Edison's electricity transmission 160
 
electrode design r 119
 
electromagnetic radiation 153
 
-length 153
 

- time scales 153
 
electron donors 89
 
- hole pair 31
 
electron transfer process 11
 
energy-intensive techniques 136
 
energy return on energy invested (EROI) 6,
 

157, 158
 
epitaxial processes 45
 
- metal organic vapor phase epitaxy 45
 
EU-financed seminal project 18
 
European electricity exchange (EEX) 166
 
external quantum efficiency (EQE) 76
 

f 
facade-integrated CIS modules 17
 
federal photovoltaic utilization
 

program 179
 
flat-plate modules 136
 
flexible solar cells 1, 4
 
- PV devices 3
 
- PV modules 3
 
fluorescent organic dyes 76
 
fluorine-doped tin oxide 80
 
FMO protein 10
 
fossil fuel 24
 
four-step roll-to-roll manufacturing
 

process 64
 
free-standing graphene layers 146
 
fullerene-derivative acceptors 89
 

g
 
GaAs-based cells 137
 
GaAs nanowires 144
 
GaAs alloys
 
- GaAsP 143, 137
 
- GalnAs 137
 
German Solar Industry Association 167
 
glass sheet 43
 
glass modules 128
 
global energy demand 6
 
global warming solutions 24, 136
 
grand solar plans 173-177
 
graphene solar cells 145, 146
 
- films 145
 
grid-tied PV systems 50, 51,64
 

h 
heavy metal cadmium 80
 
- CdS 80
 
- CdSe 80
 
- CdTe 80
 
helionomics 157
 
heterojunction intrinsic thin (HIT) 53
 
- cells 53, 89, 93
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- polaron transport 86
 
oscillating electric/magnetic fields 147
 

p 
parallel resistance 40
 
PECVD methods 148
 
phosphonate groups 117
 
photoactive material 114
 
photocurrent-voltage curve 123
 
photoinjected CB electrons 111
 
photonic crystal lattice 114
 
photosynthetic processes 133
 
photovoltaic(s) 31, 46, 52, 134
 
- advantages 46
 
- cells 25, 26, 89, 134, 175
 
- disadvantages 46
 
- energy 24
 
- GaAs 142
 
- history 52-53
 
- material 8,15,19, 137
 
- plant 20
 
- polymer 16
 
- polymer blend 103
 
- projects 19
 
- prototype panels 18
 
- thin films 105
 
photovoltaic industry 7,22,52,60,167,170 
- amorphous silicon 52
 
- polycrystalline silicon 52
 
photovoltaic devices/system 7, 15, 76,
 

89, 133
 
- silicon-wafer-based 7
 
photovoltaic circuits 56
 
- thin film 56
 
- electricity 137, 166
 
photovoltaic technology(ies) 1,7,24,80, 136,
 

147,170,171,175 
- roadmap 171
 
- trend 170-173
 
photovoltaic modules 4,18,21,27,55,69,81, 

118,119, 173
 
- polycrystalline thin film 69
 
- roll-to-roll production 118
 
photovoltaics building block, see solar cells 
Planck equation 43
 
plastic electronics 2
 
polycrystalline-silicon cell 52, 69
 
polymer solar cells 92, 101
 
- fullerene based 90
 
- photoactive layer 93
 
- systems 85
 
polymer sOlutioo-brush interfaces 98
 
polymer solution-ITO substrate 98
 
portable devices 105
 

- mobile phones 105
 
- MP3 music players 105
 
power conversion efficiency (PCE) 87
 
power-producing glass tiles 110
 
power plastic 101-105
 
pragmatic quality management theory of
 

management 162
 
printed plastic solar cells 92
 
printing-press-style machines 72
 
printing processes 98
 
- doctor blading 98
 
- slot extrusion 98
 

q 
quantum efficiency (QE) 34
 
quantum well (QW) technology 137
 
quantum well photovoltaic cells 137
 
quantum well solar cells 136-140
 

r 
radiant heat energy 20
 
random dipole antenna array 151
 
recombination process 120
 
redox electrolyte 117
 
redox mediators 108
 
redox system 10
 
reel-to-reel polymer 81
 
renewable energy (RE) 5, 6
 
- sources 24
 
renewable materials 6
 
return on capital invested (ROI) 162
 
reverse current, see dark current
 
roll-to-roll process 3, 64
 
roll-to-roll technology 26
 
Ru-based dyes 122
 
Ru-oligopyridine family 107
 

s
 
scanning electron microscope (SEM) 153
 
- images 143
 
- micrographs 70
 
Schottky barrier device 52
 
Schwabisch Hall plant 23
 
self-healing mechanism 70
 
semiconductor 31
 
- conduction band 111
 
- electrons 31
 
- negative (n-type) 31
 
- oxide 10
 
- pIn junction 31
 
- polymers 95
 
- positive (p-type) 31
 
- technologies 160
 
- titanium dioxide 107
 



Index 1189 
semiconductor materials 52, 74 - foil 3 
- CdS 74 - industry 167 
- CdTe 52,74 solar energy research institute, see NREL 
- CIS 52 solar energy 1, 179 
- Cu2Se 52 - market 165-170 
- GaAs 52 - revolution 1 
- InP 52 - systems 179 
- WSe2 52 solar flags 20 
- Zn3P2 52 solar home systems 49 
- ZnSiAs 52 solar industry advertisement 162 
Shockley equation 40 - Photon International 162 
short circuit current 39 - publications 162 
- density 119 - Solar Today 162 
short-lived batteries solar modules 47 - solar training organizations 162 
silicon photovoltaic cells 13. 91, 135, solar irracliance spectrum 37 

137, 140 solar light 9-11 
- coal-fired production 135 solar module(s) 47 
- modules 121 solar paradox 133 
- panels 21 solar power systems 77 
- systems 9 - market 140 
- technologies SS - modules 19 
silicon wafers 12, 43 solar power technology 12, 175 
- based solar cells 42 solar spectrum 44 
silicon feed-stock shortage 136 solar thermal plant 28 
silver-coated platinum electrode 52 Southern European climates 13 
single-crystal Ill-V materials 45 sponge-like array 110 
single-crystalline silicon 134 stand-alone applications 47,48 
single-junction solar cell 41, 139 - PV system 48 
single-walled carbon nanotube (SWNT) 144 standard illumination conditions 36 
sol-gel hydrothermal processing 112 standard test conditions (STC) 36, 77 
solar-absorbing nano-ink 72 state-of-the-art dye-sensitized solar 
solar-powered pumping program 50 cells 10 
solar age 5-8 strain-balanced quantum well solar cell 
solar cell 13,31,38,46,47,87,88,98 (SB-QWSC) 137 
- applications 46 Sun Flake solar cell design 140 
- bulk heterojunction 88 surfactant-template processing of a Pt(II) 
- designs 15-22, 81 salt 140 
- device 74 Sydney university 28 
- fabrication of 98 
- high-efficiency approach 44 
- laboratory-sensitized 122 tailor-made organic substances 85 
- multi-junction 44, 139, 143 tandern/multicolor cell 45, 139 
- nanostructured 140 tandem organic solar cell 92 
- plastic 9, 13,98-101,108,113 TCO layer 97 
- schematic energy level diagram 87 TEM images 100 
- semitransparent gray 20 thermal energy 24 
- technology 43 thin-film polycrystalline silicon 42 
- titania coated 145 thin-film solar cells 3, 13, 69, 70 
solar companies 22-29 - amorphous 13 
solar electricity 5, 135 - modules 5, 23, 55 
- approaches 160 - monolithic integration 70 
- generation 6 thin film photovoltaic (TFPV) 5, 26, 55, 
- technology 180 60,81 
solar photovoltaic cell 31 - advantages of 60 



1901 Index 

- product 63
 
- technologies 22, 69
 
thin film photovoltaic cells 58
 
- base electrode 58
 
- glass substrate 58
 
- semiconductor/ absorber 58
 
thin film materials 67
 
thin film technologies 21, 56, 70
 
- advancement 56
 
- CdTe 21
 
- CIS 21
 
- device/module structure 70
 
three waves of innovation 12-14
 
time-intensive techniques 136
 
titanium dioxide 125
 
- semiconductor crystal 107
 
Toyota exhibition pavilion 15
 
transparent conductive material 150
 
- ITO 150
 
-ZnO 150
 
transparent conductive oxide (TCO) 87
 
transparent passivation layer 150
 
triple-junction 63, 65
 
- PV modules 65
 
- structure 63
 
- technology 65
 
two-dimensional electronic spectroscopy 10
 

u 
ultra-thin transparent conductive graphene 

films 145
 
Uni-solar modules 66
 
United States geological survey (USGS) 81
 
UV-resistant polymer 108, 126
 
UV-stabilized polymers 64
 
UV-visible/IR fractions 92
 

II
 

vacuum-based thin film 12
 
vacuum deposition processes 63, 71
 
versatile hybrid technology 107
 
- dye cells 107
 
visible radiation 150
 
V-shaped organic cells 136
 

WI 

wafer-based crystalline silicon 62, 170
 
- technology 170
 
wafer-thin solar cells 5
 
- high-performance 5
 
weather-defying polymers 64
 

Z 

zero emissions 164
 
ZNO deposition process 77
 




