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The present PV industry 

http://www.businessspectator.com.au/article/2014/2/10/solar-

energy/can-solar-panel-technology-change-2015

91% crystalline Si wafer based (82% standard, 9% óadvancedô c-Si)

9% thin films (CIS/CIGS, a-Si/uc-Si, CdTe).
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After SiN and encapsulation, reflectances are similar despite difference 

surface textures.

Macdonald et al. (2004), Solar Energy 76, 277

Where is industry now in terms of optics?



Where is industry in terms of light trapping? 

Mokkapati and Catchpole, Journal of Applied Physics  - Focused Review  112, 101101 (2012)

Lose 

~1mA/cm2 in 

a 100-300um 

Si cell due to 

incomplete 

light trapping.

ie about 2%.

Increases to 

about 10% for 

50um cell.



How much can industry improve optics further in the 

short term?

Benefit in reducing reflectance further:

~ 6% for reflectance from silicon surface

~ 4% for reflectance from front glass

~ 2% for losses due to incomplete light trapping.

But small gains can still save big $$



How much would better than Lambertian light trapping help?

For a cell thickness of over 100um it would not help significantly.

Large benefits are only possible with thin cells AND low parasitic loss

Mokkapati and Catchpole, Journal of Applied Physics  - Focused Review  112, 101101 (2012)
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Need for low cost structures

Ball park estimates for cost. Cost ~$1/W 

implies:  

ÅSay $100/m2.  Wafer processing is 25%.  

Say $25/m2.  10cm x 10cm wafers implies 

about 100 wafers per m2.  

Åie.  Cost 25c/wafer.  

ÅFor 5% improvement cost no more than 

~1c/wafer.

ÅThroughput required ~1 wafer per second
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Dual purpose structures

Look for non-optical benefits provided by 

nanophotonic structures 

SiNx

Si

An example from industry

SiNx provides:

ÅAnti-reflection

ÅSurface passivation

ÅBulk passivation via 

hydrogenation



Dual purpose nanophotonic structures
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Light induced passivation gives 

lifetimes of 700µs Barbé et al. Progress in Photovoltaics, 20(2), 143 (2011)

Wang et al. Progress in Photovoltaics (2012), 

DOI: 10.1002/pip.2294
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Benchmarking

Mokkapati and Catchpole, Journal of Applied Physics  - Focused Review  112, 101101 (2012)

Open symbols ï

theory

Closed symbols -

experiment

Nano-cones (Wang et al. Nano Lett. 2012) 

Skewed pyramids (Chong et al. J. Opt. 2012)

Benchmarking is crucial to allow industry and researchers to focus their efforts ï

but difficult because requires development of new cell processes


