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Goal for next generation solar cells:
Efficiencies greater than Si with low cost (low temperature) processing



Solar Spectrum and J..

ASTM G173-03 Reference Spectra
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The photovoltaic (PV) industry defines two, and only two, standard terrestrial solar spectral irradiance
distributions. The two spectra define a standard direct normal spectral irradiance (AM1) and a standard
total spectral irradiance (AM1.5). The standard conditions selected were considered to be a reasonable
average for the 48 continguous states of the United States of America (U.S.A.) over a period of one year.
The tilt angle selected is approximately the average latitude for the contiguous U.S.A.. The receiving
surface is defined in the standards as an inclined plane at 37° tilt toward the equator, facing the sun (i.e.,
the surface normal points to the sun, at an elevation of 41.81° above the horizon)



Solar Cell Equation
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Calculating the Maximum Power
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The energy E,, is the energy of one photon, which is converted to electrical energy at
the maximum power point.




Materials Abundance
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Solar Cell Technologies

First Generation:
Single crystal silicon (c-Si)

Second Generation: Lower Cost

Amorphous and Polycrystalline Si

Cadmium Telluride

Copper Indium Gallium DiSelenide (CIGS)

Photoelectrochemical Cells
Organic Solar Cells

Dye Sensitized Cells
Luminescent Concentrators

Third Generation: Higher Efficiency
Quantum Dot Solar Cells
Tandem Solar Cells
Thermophotovoltaics
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CIGS and CdTe: PN Junctions

CIGS Solar Cells CdTe Solar Cells
(Miasole, Nanosolar) (First Solar)
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Why use Nanomaterials and Organics for PV?
Low Cost combined with High Efficiency

Monodisperse NP
with high PL efficiency
can be very expensive

Low Synthesis Costs: Nanomaterials can be grown
near ambient temperature using colloidal
synthesis or near atmospheric deposition
processes.

Low Manufacturing Costs: Nanomaterials can be
deposited using solution (print) based
processing under atmospheric conditions

Low Materials Cost: Nanomaterials enable the use

of less material than traditional thin-film solar
cells. NP solutions @ <0.5
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Polymer Donor:Acceptor PV Research at UCSC

Donor: p-type Polymer (polythiophene and their derivatives)
Acceptor: metal oxide (TiO2), n-type polymer (CN-ether-PPV), fullerene (PCBM)
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Polymer-nanoparticle Hybrid Devices at UCSC.:
CdSe/P3HT
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J. Olson et al. {unpublished)



| warc i Sisse

University Affiliated Research Center NASA Am R h ( nter

Status of Hybrid PV in 2008

(compared to year in which research started)




