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World Meteorological Organization’s statement

Nov. 2014  

• 2014 on track to being among hottest on record

• The global average air temperature over land and sea 

surface for January to October was about 0.57°

Centigrade (1.03 Fahrenheit) above the average of 

14.00°C (57.2 °F) for the 1961-1990 reference period

• Lima Talks - goal is to reduce greenhouse gas 

emissions to limit the global temperature increase to 2 

degrees Celsius above current levels
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The World Bank : Kilograms of oil equivalent (2011)

http://en.wikipedia.org/wiki/List_of_countries_by_ene

rgy_consumption_per_capita
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Lundstrom, 2011



Solar Cell – Basics

The operation of a photovoltaic (PV) cell requires 3 

basic attributes:

1. The absorption of light, generating either 

electron-hole pairs or excitons.

2. The separation of charge carriers of opposite 

types.

3. The separate extraction of those carriers to an 

external circuit.



The trouble with homo-junction 

solar cells
• Only photons with sufficient energy  can 

excite  e- across the  band gap Eg

• Insufficiently energetic photons with  
Ephot < Eg will  not contribute to the 
photocurrent generation 

• Photons with Ephot > Eg will initially 
generate energetic excited charge 
carriers

• Any energy in excess of Eg will be 
wasted heating up the solar cell through 
thermalization

Marstein et al, IFE



• Upper limit of homo junction is 33%

M.C. Beard et al., Nano Letters 7 (2007) p 2506





- Historical Developments –

• 1839: Photovoltaic effect was first recognized by French 

physicist Alexandre-Edmond Becquerel.

• 1883: First solar cell was built by Charles Fritts, who coated 

the semiconductor selenium with an extremely thin layer of 

gold to form the junctions (1% efficient).

• 1946: Russell Ohl patented the modern solar cell

• 1954: Modern age of solar power technology arrives – Bell 

Laboratories, experimenting with semiconductors, 

accidentally found that silicon doped with certain impurities 

was very sensitive to light.



DIFFERENT GENERATION OF SOLAR CELLS

(1) First generation – Silicon solar cells 

Silicon

Single crystalline silicon (28 %)

Multicrystalline silicon (21%)
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(2) Second generation – Thin film solar cells

Thin film solar cells 

Amorphous silicon (16 %)

Copper indium gallium diselenide

(CIGS) (20 %)

Cadmium Telluride (CdTe)  (17 %) 



http://www1.eere.energy.gov/solar/ 19
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Third generation solar cells

Dye sensitized solar cells

Quantum dot sensitized solar cells

Organic or polymer solar cells

(3) Third generation solar cells

Multijunction solar cells

A multijunction solar cell composed of multiple 
layers of various semiconductor materials can 
convert more than 40 percent of incoming sunlight 
into usable electricity – Photonics Spectra

http://www.google.no/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLCBk_bgk8YCFcyILAodKJMALQ&url=http://www.photonics.com/Article.aspx?AID%3D35235&ei=H9l_VfD1DcyRsgGopoLoAg&bvm=bv.96041959,d.bGg&psig=AFQjCNGlPVTrVCd09bgJ_GVI5_rFQOhYRw&ust=1434528414040743
http://www.google.no/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLCBk_bgk8YCFcyILAodKJMALQ&url=http://www.photonics.com/Article.aspx?AID%3D35235&ei=H9l_VfD1DcyRsgGopoLoAg&bvm=bv.96041959,d.bGg&psig=AFQjCNGlPVTrVCd09bgJ_GVI5_rFQOhYRw&ust=1434528414040743


Conventional Solar Cell

(p-n junction Si)

Excitonic Solar Cell

(DSSC, OPV)

+ - + - + -
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interface

exciton

free charges
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a) Schematic diagram of dye-sensitized solar cells 
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Schematic diagram of quantum dot sensitized solar cells 

HOMO-highest occupied molecular orbital 

LUMO-lowest unoccupied molecular orbital

(b) Quantum dot sensitized  solar cells

Advantages – adjustable band gap,     

high extinction  coefficients, 

flexible substrate, 

low  cost of  materials, 

better stability, 

and long life time.



Quantum Confinement effect

Splitting of energy 
levels in quantum dots   
due to the quantum    
confinement effect, 
semiconductor   band 
gap increases with 
decrease in size of 
the nanocrystal.

Source: Sigma-Aldrich





d) Perovskite Solar Cells

• Dyes do not absorb all the incident light, reducing DSSC efficiency. 

• In 2009, Miyasaka (Toin U. of Yokohama, Japan) turns to perovskite as 

possible replacement of the dye and achieved 3.8% efficiency. 

• Problem: Liquid electrolyte dissolved away the perovskite within 

minutes. 

Liquid Electrolyte

0.15 M LiI and 0.075 M

I2 in methoxyacetonitrile

JACS. 2009, 131, 6050.
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CH3NH3PbX – Perovskite ABX3

methylammonium lead halide

Nature. 2013, 12, 1087

J. Mater. Chem. A, 2013, 1, 15628

Phase Transition (CH3NH3PbI3):

Orthorhombic      Tetragonal       Cubic

162 K                   327 K (54 C)

The organic ligand is disordered in Tetragonal and Cubic phase.
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DSSC with Perovskite
2013, Grätzel sticks with the TiO2 structure and tinkered with the deposition 

step.

mesoporous 

TiO2

PbI2

CH3NH3I

Efficiency: 15%

Nature. 2013, 499, 316

perovskite
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Solar cell Highest reported 

efficiency (%)

Silicon (single crystal, single cell) 27.6 ±1.0

CIGS (thin film, single cell) 20.3 ±0.6

CdTe (thin film, single cell) 16.7 ±0.5

Dye-sensitized (single cell) 11.2 ±0.3

Organic polymer (single cell)

Perovskite

9.2 ±0.3

15.0±0.3

InGaP/GaAs/InGaAs (tandem cell) 42.3 ±2.5



Fourth Generation Solar Cells 

Nanoscale, 

2013, 5, 

8411–8427

Timeline

1G to 4G 



Fourth Generation Solar cells
.                 
Hybrid - inorganic crystals within a polymer matrix

Nanoscale, 

2013, 5, 

8411–8427



Organic Solar Cells – Future

Applications

• Thanks: 
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Courtesy - SNE Research



J. Mater.Chem. 2014, 2, 11426  
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Organic Semiconductor Lab.36



Organic Semiconductor Lab.37

DOPED TiO2/PTB7:PC71BM BASED INVERTED POLYMER                          

SOLAR CELLS
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Ongoing solar cell research

Eksperimental: 

 Dye Sensitized Solar Cells (DSSC)

 Quantum Dots Sensitized Solar Cells (QDSSC)

 CZTS based Solar Cells

 Organic Solar Cells (OSC)

 Perovskite Solar Cells  - initial stages

Computational:

 Simulation study on nano structures for solar cell applications

 Simulation study on Intermediate Bandgap Solar Cells


