






PV conversion. However, if we chose to locate the aperture at 
the focal point for 600nm (instead of 900nm) then we can 
enhance the performance of this system with this type of filter, 
resulting in a PVI of 1.12. Similarly, the material chromatic 
aberration of the waveguide can lead to a PVI of 1.30.  
 
The absorptive filtering properties of water are useful in the IR 
(beyond the 1125nm cutoff of silicon’s responsivity) but it 
passes an unfortunate amount of UV (at wavelengths below 
the 400nm cutoff of silicon). Thus the PVI from the absorptive 
filtering, by itself, would be limited to 1.6, for any water-rod 
waveguide length. However, if we use the UV attenuation 
(high-pass filtering) effects of chromatic aberration in 
conjunction with the absorptive properties of the media, we 
find that can achieve a PVI of 2.03. Since the incremental cost 
is minimal, this technology might lead to a means of 
accomplishing the DOE’s goal of reducing the cost/kW of 
photovolatics by a factor of 2.  
 
4. FREQUENCY CONVERSION POTENTIAL 
 
We note in passing that optical fiber and rod waveguides also 
might provide a viable technology for frequency conversion of 
the IR and UV into the response range of the photovoltaic 
(rather than simply absorbing them and conducting the 
resulting heat into the thermal loop). This frequency 
conversion can be achieved via nonlinear optical processes 
and/or processes similar to the pumping of an optical amplifier 
or laser. Photonic crystal fiber, PCF, and other micro-
structured fiber components [5] have enormous bandwidth and 
high power handling capabilities – sufficient for many solar 
energy applications.  Moreover, fluorescent materials in thin-
films have demonstrated recent improvements in up-
conversion [6]. A wide variety of nonlinear optical processes 
could be employed; and one class of embodiments would 
employ resonators to enhance the net efficiency of the 
frequency conversion process [7]. Therein, even if the single-
pass conversion in a nonlinear material (such as a fiber) might 
be small (e.g., say 4%); close to 100% conversion could still 
be achieved by putting the nonlinear material (e.g., fiber) in a 
resonator (e.g., a fiber ring resonator) because the field inside 
the resonator is larger by a factor of 1/(1-r) where r; the  

reflectivity of the resonator mirrors (or input/output 
couplers) can be made very close to 1.  

 
The improvement resulting from frequency 
conversion depends on the PV used. For example, 
with silicon the ideal (perfectly cooled, no ohmic 
losses, no reflection, etc.) responsivity efficiency 
limit of 26% (note, responsivity is in units of 
electrical-amps per optical-watt, in contrast to the 
dimensionless quantum efficiency) could be 
increased to an effective limit of 40%; whereas 
Indium Gallium Arsenide’s ideal limit of 19% could 
be increased to 60%.  Thus, frequency conversion 
might also be employed to go beyond the simple 
filtering aspects analyzed above.  

 
5. REFERENCES 

 
(1) S. Shepard, “Optical Filtering Technologies for 
Hybrid Photovoltaic Solar Thermal Energy 
Converters.” CLEO/QELS Conference on Lasers and 
Electro-Optics/Quantum Electronics and Laser 
Science (under review 2010)  
(2) S. Shepard, “Photovoltaic and Solar Thermal 
Improvement Factors in Fiber Optic Filtered Hybrid 
Systems.” OSA, Optical Society of America – 
SOLAR (under review 2010) 
(3) S. Shepard, “Chromatic Aberration and 
Attenuation Properties of Water-based Rod Optical 
Waveguides for use in Hybrid Solar Energy 
Systems.” OSA, Optical Society of America – 
SOLAR (under review 2010) 
(4) R. Segelstein, “Refractive Index Properties of 
Liquid Water,” IAPWS SC Proceedings (1981).  
(5) Govind P. Agrawal, Nonlinear fiber optics 
(Academic Press, 2007). Chap.11 
(6) A. Shelav, B.S. Richards, and M.A. Green, 
“Luminescent layers for enhancement of silicon solar 
cell performance: up-conversion,” Sol. Energy Mater. 
Sol. Cells 91, 829-842 (2007) 
(7) Amnon Yariv, Introduction to optical electronics 
(Holt, Rinehart, Winston, 1976). Chap. 8 

 
 

copyright 2010, American Solar Energy Society first published in the SOLAR 2010 Conference Proceedings




