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Optical Performance Characterization: Definition
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* The optical efficiency is dependent on angular, spatial and spectral features of the light source
* The optical efficiency is dependent on the receiver used:

 Optical coupling

* Spectral and angular responsivity

* Sensor size

How can we measure the optical efficiency?




Light Source and Flux Measurement Device

e Light Source

Equipment requirements for lens
—  Spectrum performance & aging evaluation:

— Collimated Light  Ability to quantify and diagnose local defects
(vs. measure the overall lens efficiency)

* Ability to examine at different wavelengths

e Sun * Large sensor size

e Xenon Flash Lamps + Optics

— Examples:

e |Lasers

e Flux Measurement Blers. .
e Laser:—‘_._‘;'

Device | 8 1

e Thermal Sensors
(e.g, Pyranometer)
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Scanning Lens Instrument (SLI)

e Multi-Junction Solar Cells

(or isotype cells)
¢ | CCD Si Sensor

at NREL




Scanning Lens Instrument Development

SLI at NREL
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Scanning Lens Instrument Development: Lasers

e Spatial and Angular Distribution of Lasers (405nm, 532nm, 650nm)
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e Laser partially coherent

» Refractive random surface diffuser to generate multiple light sources
(reduce coherence)
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Scanning Lens Instrument vs. CPV Solar Simulator

e Lens characterization: transmittance and optical efficiencies
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RELATIVE DIFFERENCES COMPARED WITH REFERENCE SAMPLE ARE STUDIED

Is the measured optical efficiencies at SLI in correspondence with
the other characterizations?




Results: Localized Defect Quantification
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Results I: Lenses PMMA in SLI & Other Characterizations

Transmittance vs. wavelength, PMMA
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Results II: Lenses SoG in SLI & Other Characterizations

Transmittance vs. wavelength, SoG Transmittance vs. wavelength, SoG
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Future Work

e Repeat SLI and Solar Simulator characterization with more

lenses and aging conditions

Transmittance vs. wavelength, SoG Transmittance vs. wavelength, PMMA
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Conclusions

e The SLI equipment does not provide an absolute optical
efficiency value, but the effects of lens aging can be

guantified and diagnosed

e Component characterization and image processing has been

required to validate the SLI results

e Both PMMA and SoG lenses have been measured in the SLI

and Helios CPV solar simulator, with similar results to

spectrophotometer transmittance - )
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Thank you for your attention
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