Strategies to Improve Solar Technology

A Lower Cost
A Increase Power Efficiency



Introduction

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.
The solar cell or photovoltaic cell fulfills two fundamental functions:
Photogeneration of charge carriers (electrons and holes) in a light-absorbing

material
Separation of the charge carriers to a conductive contact to transmit electricity



Electricity Generation
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p-n junction in thermal equilibrium w/ zero bias voltage applied.

Electrons and holes concentration are reported respectively with blue and red lines.
Gray regions are charge neutral.

Light red zone is positively charged; light blue zone is negatively charged.

Electric field shown on the bottom, the electrostatic force on electrons and holes and the
direction in which the diffusion tends to move electrons and holes.



»  Sunlight consists of a large number
of photons distributed across a
large wavelength range.

* The photon energy depends on the
photon wavelength in the following
manner:

Irradiance
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» The variation in photon energy
makes efficient utilization of the
entire solar spectrum in one solar
cell difficult.

Single-cell Theoretical
Maximum Efficiency

1800

1600
1400 *“'-\I
1200 ' '
1000 N
800 i
600 1..“.,
;gg |IJ ||| I|.'Iﬁnﬁ11 o
ol SV N
0 1 2 3 4 5
W avelength [um]
= GaAs
FeS,
40 CdTe
2 St ¢ Si
S u,S
= (amorph)
> 30
c
@
g 20
L
10
O L u 1 1

08 10 12 14 16 1.8
Band Gaps in eV






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

Third Generation: Higher Efficiency
Quantum Dot Solar Cells
Tandem Solar Cells
Thermophotovoltaics
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First Generation: Research Cells
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