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fraction of incident solar radiation
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Origin of the Boltzmann Loss
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fraction of incident solar radiation

Multi-Junction Cell Limiting Efficiency
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fraction of incident solar radiation
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Typical n/p InGaP/GaAs 2] Solar Cell
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| attice Matched MJ Cells
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Metamorphic MJ Cells
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Water Bonded Solar Cells
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Lattice Matched SiGeSn MJ Cells
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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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Drift-Diffusion model for Quantum Efficiency & Dark Current
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Effect of strain on radiative emission & photovoltaic efficiency
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Quad cell radiative
coupling
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Quad cell radiative
coupling
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Quad cell radiative
coupling
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Cost of PV Electricity
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C-Si system cost
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CPV system cost
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Intermediate Band Solar Caell

(a)

CB
Ercn. - A_L _ _ _ _ _ _ A _
P GICT tR[C
EfB-{-4-F---IB-------
A
Gvc| |Ryc
Gyr | |Ryg
EfvB- - - s i At
VB

A.Luque, A.Marti,
Physical Review Letters, 78,5014 (1997).

— — "o
=} wn (=1
T T T

Current density J, (mA/em’)
w

J. 5.77 mA/em

~—BIB

V 0921

Device area  0.06 cm
UIB (reference)

J_ =238 mAdicm

I 042V

Device area 0.0625 cm

0.0

Review paper:

'
02

'
04

' '
0.6 08 1.0

Voltage (V)

Y. Okada, et al.,

» <
<3I » & a8 »
o < < o <
&l1Z = 3 (]
] <
29 3 | 9
<| =2 c = —
& <
| —
20 . — 4
15| §
1ot E, (E) ]
— H jﬁ i
> o_5 : - 3
< EI hTT ‘1B (E) ]
o 00 : 3 4
B g ,r. ~: ]
w -05F E, vl 3
L h‘ t E Egaas| 1
-1.0 Y v 3
2.0 e : : ]
00 01 02 03 04 05 06 07 08

Distance from surface (um)

N. Lopez,et al.,

Physical Review Letters,
106(2), p.028701
(2011)

1.0 ,
Low temperature
-BIB
0.8 - UIB (reference)
©
§ 0.6}
=]
g 0.4 ! é ;
Zz T y o
m | /)
J \ ‘
02}/ < \ 4 A
/ " J
L
|
— A A S — .l
08 1.0 1.2 14
Energy (eV)

Applied Physics Reviews, 2(2), p.021302 (2015)



Sequential Absorption via a ‘Photon Ratchet’
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(b)

The need for absorption and/or relaxation
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—xamples of two ratchet types:
Spatial Ratchet
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Hot Carrier Solar Cell
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PL (arb. units)

QW Hot-Carrier PV Cell
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QW Hot-Carrier PV Cell
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Resonant Tunnel Hot Carrier Solar Cell
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Conclusions

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

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

o o—=—. Intermediate band solar cell require strong sequential
R TR absorption. A carrier 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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