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dlodoc pwrtoekmounnc (LED)

* H 6ilodo¢ dWTOEKTTIOUTTNC EXEL
wia otadun mpooung E;

ToAU Kovtd otn {wvn conduction band E
aywyLpotntacd. A regatve charge <
e Ta nAektpdvia TS MEPLOXAC LEgTen)

' 1
n TTou gyxvovtal otnv ‘

neploxn p (pevpa dtaxvonc)
nnyaivouv kat otn otadun E;

* Ano v E, anobieyeipovrat
EKTIEUTTOVTOC OKTIVOBOALQ

* Xpnotuormnotovvtal
nuotywyot GaAs, GaP kal
Ga(As,P) mou bivouv
uTtEpuBpO Kot opato (A= 430-

forbidden
energy band

670 nm, Eg = 3.0-1.9 eV). metal n-doped | p-doped metal
contact |semicond] semicond. contact
Mnyn:

https://upload.wikimedia.org/wikipedia/commons/7/77/BandDiagramSolarCell-en.png
https://commons.wikimedia.org/wiki/File:BandDiagramSolarCell-en.png
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Opyavika LED
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http://what-when-how.com/wp-content/uploads/2011/07/tmp8294 thumb22222.
http://what-when-how.com/electronic-properties-of-materials/applications-optical-properties-of-materials
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* (PWTOVIYVEUTHC: TO PEVUO ELVAL AVEEAPTNTO TNC
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Mnyry:

http://www.electronics-
tutorials.ws/articles/opto5.qif?81223b
http://www.electronics-

0V tutorials.ws/blog/optocoupler.html

* nAektpikn armouovwon : O cuvdbuvaopoc LED kot
dwTOOVLYVEUTN ETUTPETIEL OULELEN LETOEL SUO
TUNMATWY EVOC KUKAWLATOC UE NAEKTPLKN
arnopovwon (optocoupler n optoisolator)
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Figure 2.1: Bandgap energy vs. lattice constant for different semiconductors [26].

Mnyn: [PDF] Shalini Gupta Thesis, smartech.gatech.edu
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2 B ] /\/— + under illumination;
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;‘E -4 w T doi:10.3390/ijms12010476 Review High Photoelectric Conversion
s - Efficiency of Metal Phthalocyanine/Fullerene Heterojunction
B 1 00 81 02 03 04 05 06 Photovoltaic Device, Chi-Feng Lin 1, Mi Zhang 2, Shun-Wei Liu
Voltage (V) 3,*, Tien-Lung Chiu 2,* and Jiun-Haw Lee 1
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Topeic epappoync pwtofoAtaikwv

FFor PV the tollowing major market segments can be distunguished

(_onsumer

L ]

L ]

Oftt-prid
- Remote industrial

- Rural electritication (Developing countries)

L ]

On-grid
- Building Integrated PV
- PV Power plants (peak power)

- Very Large Scale PV {:\rlﬁl’\'j
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Katavopur nAIakng akTivoBoAiag.

I'Ir]yr']: globalwarmingart.com - prepared by Robert A. Rohde
http://www.globalwarmingart.com/images/4/4c/Solar Spectrum.png
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[igure 13: Cost distribution of a typical German rooftop svstem (2 kWp) (Lankanp]
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Turikég amodooelc KAaolkwv ¢/B ocvoTnUATWY

‘K pvotariikod [upiriov (Mdvo kot T16Av): Andooon 11-18%.
(Evo mhaicio emeavewag 1 m? wopdayer 110 -180 Wp) *

* Auopoov Iupiriov : 4 - 6% (40-60 Wp/ m? ) *

* MpoTumeg ZuvBnkeg Aokipwy (NZA): Oeppokpacia = 25 °C,
‘Evraon nAiakng aktivofoAiag = 1.000 W/m2, Aépia pala = AM 1.5
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Theoretical maximum and demonstrated PV efficiencies
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Atr6doon ®B uAikwv avaAoya ue Tov TUTTO TOUG.
Mnyn: DOE. ,http://optics.org/news/4/1/39/PVefficiencies
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Mapaywyn evépyelag atmd OB yia 1o 2014 o€ oxéon Pe TNV TEXVOAOYia TOu .
Mnyn: NPD Solarbuzz_PV Equipment Quarterly, https://technology.ihs.com/ResearchAreas/450476/solar-supply-chain,
http://cleantechnica.com/2013/10/29/multicrystalline-silicon-modules-dominate-solar-pv-industry-2014/
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Production forecast for different technologies
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MpdéBAewn MapaywyAg yia SIa@opeTIKOUG TUTTOUG TEXVOAOYIWY DB KeAlwv.

Mnyn: NPD Solarbuzz,
http://www.pv-magazine.com/news/details/beitrag/efficiency-enhancements-to-define-pv-technology-roadmap-
100016778/#axzz3sCsh3vhP
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Figure 9:  Cost breakdown of amorphous silicon (Carlson and Wagner [29])™
Estimated cost for 10MW production of a-Si/ a-SiGe tandens modules
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Tandem cells (dsc/CulnGaSe)

Copper Indium
Gallium Selenide
(CIGS) .
N Zn0, ITO - 2500A

N CdS - 700A

p CIGS - 1-2.5um
Mo - 0.5-1pm

Glass, Metal Foil,
Plastics

CIGS

(Left). Schematic illustration of a typical CdTe superstrate thin-film PV device. In this design, the layers of the device are deposited onto a glass "superstrate" that allows
sunlight to enter. The sunlight passes through the glass and produces electrical current and voltage in the lower layers. The world-record NREL CdTe device is based on

this structure and demonstrates a conversion efficiency of 17.0%.(Right?. Schematic illustration of a typical CIGS substrate thin-film PV device. In this design, the layers of

the device are deposited onto a glass, metal, or polymer substrate. Sunlight enters through the top layer of the device (the transparent conducting oxide) and produces
electrical current and voltage in the lower layers. The world-record NREL CIGS device is based on this substrate structure and demonstrates a conversion efficiency of 20.0%.

Mnyn: National Renewable Energy Laboratory- Polycrystalline Thin-Film Materials and Devices R&D
http://www.nrel.gov/pv/images/graphic_cigs_cell.jpg
_ http://www.nrel.gov/pv/thinfilm.html
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Dye-sensitised photochemical Solar Cells (DSC): Since reported by Gritzel mn 1991,
these photovoltaic devices have improved considerably mn reliability. These kind of cells
use low-cost nanocrystalline titanium dioxide with a large effective area and organic dyes
immersed in an electrolyte. Dye-cells have achieved 11% (0.25 cm) and 8% on real
devices [34]. The advantage ot dve-cells is that they can be produced trom potentally
mexpensive materials and by simple production technology. The major challenge 1s to
develop cells and modules tor power applications, as that poses for this tvpe of cells

severe temperature conditions.

Conducting polymer cells: These devices are based on the property of some organic
materials to be conductive: “conjugated polymers”. Among the conductive polvmers
mvestigated, the most promising ones are the structures containing fullerene (Cg) as the
acceptor material. Pvident advantages of this technology are the expected low-cost
manufacturing and the possibility to make solar cells by tailoring the required properties
by moditications of the organic molecules. Challenges are to increase small area cell

etficiencies (now =5% [35]) and stability under outdoor conditions.

Quantum solar cells These cells use quantum confinement to modity the electronic
structure 1 order to decouple current and voltage and thus increasing efficiency. The
effect is demonstrated using 111/V solar cells having lavers with a thickness in the

nanoscale range. The challenge 1s to find low-cost systems that can use the same principle.

Molecular organic solar cells Based on the utilisaton of organic molecules these cells
have been studied during the last 30 years. Most recent tests in the lab with evaporated
molecules gave etticiencies over 3% and the application of Schottky barriers based on
doped pentacene molecules has reached 2% ettficiency. Potental and challenges tor these

cells are similar to those described for conductive polymer solar cells.
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