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High- Efficiency Multijunction Solar Cells

Abstract
The efficiency of a solar cell can be increased by stacking multiple solar cells with a
range of bandgap energies, resulting in a multijunction solar cell with a maximum theo-
retical efficiency limit of 86.8%. llI-V compound semiconductors are good candidates
for fabricating such multijunction solar cells for two reasons: they can be grown with
excellent material quality; and their bandgaps span a wide spectral range, mostly with
direct bandgaps, implying a high absorption coefficient. These factors are the reason for
the success of this technology, which has achieved 39% efficiency, the highest solar-to-
electric conversion efficiency of any photovoltaic device to date. This article explores the
materials science of today’s high-efficisncy multijunction cells and describes challenges
associated with new materials developments and how they may lead to next-generation,
multijunction solar cell concepts.
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Figure 2. The AM1.5 solar spectrum and the parts of the spectrum that can, in theory, be used by (a) Si solar cells and
(b) Gagssiny ssP/Gag sl 1;As/Ge solar cells.
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The limiting efficiency of Is ~ 31%.
Why? Single junction solar cells do not absorb the significant fraction (20%)
of the photons in the solar spectrum that are below the bandgap in energy.

allows absorption of a wider range of
wavelengths in the solar spectrum by combining solar cells of varying

bandgap in a series (tandem) stack. A generalized theory based on 2-4 and

beyond (infinite) number of bandgaps shows that the theoretical efficiency
for four junctions is 71% under maximum concentration

GalnNAs 1.0 eV GalnNAs 1.1 eV GalnAs 1.2 eV

GalnAs 1.0 eV

Ny =52.4% 63.1% 58.7% 59.0% 57.3%



Nanopatterned LED

Earth at Night Astronomy Picture of the Day

More information available at: 2002 August 11
http://antwrp.gsfc.nasa.gov/apod/ap020811.html http://antwrp.gsfc.nasa.gov/apod/astropix.html|
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High Efficiency Issue in LED

LIGHT-EMITTING DIODES

Photonic crystal efficiency boost

LEDs are receiving great interest as candidates for next-generation lighting because they promise to reduce energy
consumption enormously. However, to be a feasible solution their quantum efficiency needs to improve. Now, it
seems that the incorporation of photonic crystals may be an answer.
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Applications of White LEDS
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Photonic Crystals for

(Wierer et al. (APL 2004>Lumileds)
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