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Solar Current Generation
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n-type Silicon
Junction
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Load

• Sunlight is made up of photons
• The energy of photons excite carriers in the material

• The carriers move through the material
• Current flows through the circuit
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What causes Electroluminescence (EL) in a solar cell?
Solar Cell
n-type Silicon

Junction
p-type Silicon

Step 1: The solar cell is forward biased.
Applied current > Short circuit current (Isc)

Step 2: Carriers are generated in the cell material
Step 3: The carriers move through the material
Step 4: Electron and hole recombine releasing energy in the form of light
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Electroluminescence (EL)
• Solar cell receives Optical Input -> Electrical output
• LED receives Electrical input -> Optical output
• When a Solar Cell is forward biased, carriers are injected at the junction.
• Spontaneous radiative recombination of electron-hole pairs results in the generation of photons.
• The spectrum of the EL from silicon is out of the visible range and thus can only be detected with a

silicon CCD camera with appropriate infrared filters.
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EL Intensity
• A solar cell can be considered a spatially extended device where each point of the surface

has its own local quantum efficiency and local junction voltage
• The excess photon density at position x on the surface, 𝜙𝑒𝑚 𝐸, 𝑥 is given by:
𝑞𝑉 𝑥
𝜙𝑒𝑚 𝐸, 𝑥 = 1 − 𝑅 𝐸, 𝑥 𝑄𝑖 𝐸, 𝑥 𝜙𝑏𝑏 𝐸 𝑒𝑥𝑝
−1
𝑘𝑇
 The intensity of the emitted photons is related to
•
•
•
•

recombination mechanisms,
material properties
optical properties
junction voltage.

 The junction voltage varies across the surface of the cell but is not wavelength dependant

so can be determined from a spatial EL intensity image.

* Uwe Rau, Physical Review B 76 (8) (2007).
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Experimental Setup:
High Resolution EL Imaging
Dark I-V System
• Programmable power supply forward
biases module.
• Applied current and voltage are
measured by digital multi-meters.
EL System
• Uses the same equipment to apply and
measure the bias conditions.
• Images taken with cooled CCD camera.
• Camera mounted on x-y stage in order to
image entire module.
• Images processed using a Mathematica
routine
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Minority Carrier Concentration
• The spectrum of the emitted EL is simulated using

semiconductor theory. The effects of recombination
properties such as minority carrier diffusion length
and surface recombination on the spectrum of the
emitted EL are examined.
• The excess charge carrier concentration distribution,
n(z), of electrons in the p-layer of the solar cell is
determined by solving the continuity equation for
electrons in solid state.

Le = 20 µm
S = 10 m.s-1

Le = 500 µm
S = 10 m.s-1
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Modelled EL Spectrum
• The rate of spontaneous emission of photons of energy, Eγ, is determined with respect to the

absorption coefficient, α(Eγ), the carrier concentration and doping levels of the material.

• Varying the diffusion length of the carriers has a significant effect on the short wavelength region of the

spectrum as photons in this region have a higher absorption coefficient.
• The longer diffusion length means carriers can recombine closer to the surface and the photons
emission from the surface is greater.

50
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Detected EL Spectrum
• The figure shows the EL spectrum and the CCD sensitivity. Only short wavelength EL is
detected and it is only a small percentage of the total EL.
• Short-pass filters cut-off at 900 and 1000 nm. The ratio of images with these filters
allows the effects of diffusion length ( see fig. 3) to be isolated.
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Summary
• A solar cell can be visualised as a spatially extended

device where light is emitted at different points on the
surface, each with their own local quantum efficiency
and local junction voltage.
• In order to spectrally define an EL image, appropriate
filters can be used for spectral analysis.
• Simulated EL shows the effect of diffusion length in the
short wavelength region.
• Future work includes integration of filters into
experimental set-up and correlation between
experimental and simulated results.
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