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fraction of incident solar radiation
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Controlling Radiative (Boltzmann) Loss using Front
Surface Filters.
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fraction of incident solar radiation
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fraction of incident solar radiation

Multi-Junction Cell Summary
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Strain—BaIanced MdJ Solar Cells
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42.5% Dual (InGaP/InGaAsP)/(GaAsP/InGaAs)/Ge MQW 3J
solar cell
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Metamorphic MJ Cells
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Water Bonded Solar Cells

1.9eV InGaP

1.4eV GaAs

1.09eV InGaAsP

0.74eV InGaAs

>

<

Lattice parameter

2.8 1 T T I | l T T I
Gax|n1-x ASy P1-y |

2.4 GaP AIAS _— —- . Alea1-x ASy SbT—y 05
S ook . | ! =
3 20 e Jo6 5
i 1.6} TheAsb | oT
Q. by T1Y° %
© : (! .
12 S , 1 410 &
c 112 ©
ch 0.8+ : 1 114 3
' Ge p —%GaSb {185

0.4 : : | . i-g

| - 4.

0 300K | e | InAs 470

Lattice constant a(A)

1
54 2.5 56 5.7 58 5.9 60 61 6.2 6.3

e 508X AM1.5D 46.5% T.Tibbits, et al. Proc. EU

PVSEC, (2014)

e AM1.5G 5J 38.8% Chiu PT, et al.,

IEEE PVSC (2014) 11-13,

Proc. 40th



Spectral Splitting Systems
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C-Si system cost
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CPV system cost
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Module & Tracking Costs
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40% system efticiency
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High efficiency solar cell concepts
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Intermediate Band Solar Caell
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Sequential Absorption via a ‘Photon Ratchet’
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The need for absorption and/or relaxation
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—xamples of two ratchet types:

Spatial Ratchet

AlSb 1 2 3
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Hot Carrier Solar Cell
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QW Hot-Carrier PV Cell
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Lig%input

Resonant Tunnel Hot Carrier Solar Cell

Electron Energy [eV]

o
o

e

0.0

(a)

) \ 3

S \\ \ 2
B 2

L | CB =

§ § I offset *‘g’

Absorber o Well & collector ©

(b)

Electron Density

..........

1.0+

S
o0

S
o

S
=

S
o

S
o

Current [Normalised]

0.8

-0.4 -0.2 0.0 0.2

Dimmock, J.A.R. et al., Progress In Photovoltaics, 22(2), pp.151-160 (2014).



Conclusions

Single junction solar cells now operate close to the
% Shockley-Queisser limit.

Multi-junction solar cells offer efficiencies >40% today
with 50% likely by 2020.

==~ Up-Conversion and the intermediate band solar cell
" " require strong sequential absorption. A carrier
VB B

relaxation stage to form a ‘ratchet’ is likely to aid this
process.

Hot carrier solar cells have been demonstrated, under
intense, monochromatic illumination at cryogenic
temperature.
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