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Technologies
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AUsing a combination ofa -Siandp-S i i n a tandem Omicr omo
(microcrystalline -amorphous) arrangement, d

ADevices with higher efficiencies (~12%) that are less susceptible to the SW
effect can be produced

Keppner H, Meier J, Torres P, Fischer D, Shah A. Microcrystalline Silicon and Micromorph Tandem
Solar Cells. Applied Physics A. 1999;69:169 -177.]




Dye-Sensitised Solar Cells
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Kell efficiencies of 10.4% [2] and small sub -module efficiencies of 8.4%  [3].

ADSSCs are bulk -heterojunction  devices

[1] O'Regan B, Gratzel M, Nature. 1991;353(6346):737-740.

[2] Y. Chiba et al, Technical digest of 15th International PVSEC 2005; Shanghai. p. 665-666.
[3] M. Morooka M, and K. Noda K, 88th Spring Meeting of the Chemical Society of Japan; 2008; Tokyo.




Nanorod Devices
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Ainorganic bulk-heterojunction system

Acore-shell nanodevices that each form classic single crystal solar
cells

[1] Kayes BM, Atwater HA, Lewis NS. Comparison of the Device Physics
Principles of Planar and Radial p-n Junction Nanorod Solar Cells. Journal of
Applied Physics. 2005;97:114302.



Emerging Trends
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Photons & 3G

Awith high concentration and efficiency
there more value in paying attention to
avoidable optical losses

Aphotonics can allow increased design
freedom (e.g. thickness reduction)

Arequirement for broadband photonics
diminishes with number of absorbers

Aincreasing role for photon management?
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Challenge of Broadband
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Alaser-based photonic technologies can be 99.9% efficient over 100nm
spectral range

Aapplying photonics to photovoltaics requires efficiency for 700nm of
bandwidth.

Aoptimal solutions for AR and LT require spectral irradiance and IQE to
be considered and dissordered (chirped) designs.
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Single layer AR coating
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Asingle layer ARCs are much better than bare surface
(roughly half reflection)
Astill, around 20% of light is still reflected
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Double-layer AR coatings
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ADouble layer coatings can be used to broaden the AR effect
and further reduce reflected intensity

AUltimately there is only a small range of suitable materials (n)
that do not absorb
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Micron -scale texturing

Amicron zscale themes are based on
the development of topographies that
provide light with multiple
opportunities to be absorbed
Areflectance can be as low as-2%
Aeasy to apply to €Si (KOH etch)
Adifficult to apply to other materials
and thin materials (2-3 um)

double layer finger “inverted” pyramids

metal finger honeycomb texiuring antireflection
, P coating
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Biomimetic moth -eyes
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Aour first structures were fabricated by ebeam and plasma etch
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Afirst experimental results illustrates very low reflectance and
evidence of structure thatcan not be explained by effective medium
theory
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Tunable moth-eyes

Achanging height, shape and period of pillar profiles on the
reflectance of silicon motieye arrays.

AStudy reveals a low reflectance band which shifts with array
period.
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Biomimetic moth -eyes

APillar shape also has a dramatic effect on the reflectance proper

AFor highest performance pillar height, shape and array period sh
be optimized for the specific wavelength range of interest.
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Design Detall....Period

Reflectance with period/wavelength (400nm height)
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Sub-wavelength A/R

AOptimal solution requires close consideration
of IQE, Irradiance (1 and @)

AEffective medium theories are too simplistic
AChallenge to fabricate or model

AMeanwhile, many other natural systems offer interesting
prospects
AEach represents considerable challenge to fabricate or model
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The case for light-trapping
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Alight -trapping can help all devices (enhance absorption or
carrier collection, use less material)

AFor a-Si, p -Si light -trapping is essential i but can it be
Improved?
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Light -trapping mechanisms

Texturing
(Lambertian scattering)

Periodic structures
(diffraction, photonics)

Plasmonic
(preferential scattering)
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TCO
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LAMBERTIAN SCATTERING
| sitiuse = Ka lign: COSG
Ancoming light is scattered equally in all directions

AViewed brightness is independent of viewing direction

ABrightness does depend on direction of illumination

TCO
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LAI\/IBERTIAN SCATTERING

1
1- = of light is totally internally reflected

AFor n= 3.4, 91% of light is reflected

APath-length is increased x50
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AT A

Meanwhile In the real'world. . . .
ALambertian reflection is hard to achieve
AWe can provide mirrors
Wedd |1 ke to predict device
ACharacterisation/modelling is challenging
v | \ y
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Solar cell efficiency!
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ANGULAR RESOLVED SCATTERING:
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