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Intermediate band solar cell !

\
I\ |
\
\
gap \\ A

eVoc < gap



‘j
(= 3

Photocurrent gain

CB

Partially
filled

—~ (@)~ /
/\/ E; - - - -kfsssosesg - - - ~ VB
\/ \

\ \ \
w&\
A. Lugue y A. Marti, Phys. Rev. Lett. 78(26) 5014-5017 (1997).
A. Lugue and A. Marti, Prog. in Photov, Res. and Appl. 9(2) 73-86 (2001).




‘j
(= 3

Voltage preservation
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Optimum gaps
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Two-photon mechanism necessary
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Fig. 2. Power (/) and entropy multiplied by temperature (7,5, )
for an ordinary cell (¢) of gap 1 eV and one violating thermo-
dynamics ( /) with barrier energy 1 eV and well energy 0.7 V.
The radiator and cell temperatures have been assumed at 1491
and 298 K, respectively.

A. Luque, A. Marti, and L. Cuadra, Physica E 14, 107 (2002).
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Deep levels induce SRH recombination. ()
Why Is the 1BC going to be different?

Beyond the density given by the Mott
transition the wavefunction becomes
delocalised

With a low density of impurities,
the wavefuntion is localised
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A. Luque, A. Marti, E. Antolin, and C.Tablero, Physica B, vol. 382, pp. 320-327, 2006.



Lifetime increase In heavy Ti implanted Si s
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Samples prepared by: J. Olea, M. Toledano-Luque, D. Pastor et al., "Titanium doped silicon layers with
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Some proven IB bulk materials and cells

Zn, gsMny 15 T€4 45:0, 013 detected by photo-reflectance
— K. M. Yu et al., Physical Review Letters 91, 246403 (2003)

GaN,As,_, P, alloys with y>0.3 detected by photo-
reflectance

— K. M. Yu et al., Applied Physics Letters 88, 092110 (2006)
Vo.251N; 7555 detected by absorption coefficient
(intrisically half filled)

— P. Palacios et al., Phys. Rev. Lett. 101, 046403 (2008)
— R. Lucena et al., Chem. Mat. 20, 5125 (2008)

SI:Ti ([¥])5%) detected by Hall experiments

— G. Gonzalez-Diaz et al., Solar Energy Materials & Solar Cells, doi:
10.1016/j.s0lmat.2009.05.014 (2009).

ZnTe:O solar cell
— W. Wang, et al, Applied Physic Letters 96, 011103 (2009)




Bulk IB solar cell
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W. Wang, A. S. Lin, J. D. Phillips, Applied Physics Letters 2009, 96, 011103.
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Quantum dots for the IBSC
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A. Marti, L. Cuadra, and A. Luque, in Proc. of the 28th IEEE Photovoltaics Specialists Conference, edited by IEEE
(New York, 2000).



QD-1BSC
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A. Marti, L. Cuadra, and A. Luque, in NEXT GENERATION PHOTOVOLTAICS: High Efficiency through Full
Spectrum Utilization (Institute of Physics Publishing, Bristol, 2003), pp. 140.




QD-1BSC
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A. Marti, L. Cuadra, and A. Luque, in NEXT GENERATION PHOTOVOLTAICS: High Efficiency through Full
Spectrum Utilization (Institute of Physics Publishing, Bristol, 2003), pp. 140.
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A. Marti, L. Cuadra, and A. Luque, in NEXT GENERATION PHOTOVOLTAICS: High Efficiency through Full
Spectrum Utilization (Institute of Physics Publishing, Bristol, 2003), pp. 140.



First IB solar cell
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QD-1B solar cells worldwide
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Strain destroys the emitter
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Better results with strain compensated QD
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Alternative: stress relief by separating the QDs
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E. Antolin, A. Marti, C.D. Farmer et al. to be published in J. Appl. Phys (2010).



Increase of the IQE by s
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Envelope wavefuctions of the highest absorption states

Four
band
K-p
method

2 2 2 2 2
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‘(I)l,l,l ‘qjl,l,l IIJ'1,1,1 III1,1,1 lII1,1,1

Figure 1. Contour plots of the wavefunction ® of the diagonalized Hamiltonian in the fundamental state for the
CB (cb) and the first excited sate for the light hole band (lh) and the envelope functions W that project them
onto ‘S>, X>, Y>, Z> . The contours correspond to the 0.4% or the maximum density of probability (for ® ) for

the (cb) and the (hh) bands respectively. The eight red dots are the corners of the QD. Contour not appearing
means null or negligible projection

A. Luque & al. Unpublished
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Quantum calculation of the sub-bandgap absorption
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Generalized SRH model and explanation of the low 1QE
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Bandgap spectroscopy and shrinkage
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Evidence of two-photon photocurrent
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Low absorption in 1B->CB transitions in QDs
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Light management approaches: Surf. Plasmons =
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DB modeling; the effect of concentration
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A QD material with better shape & gaps
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Search for QD-I1B material candidates
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Conclusions PoutEcNICA

« |B Alloys for sub bandgap light absorption have been found

— Theoretical and experimental arguments show that SRH Recombination
decreases at high impurity concentration by electron delocalization

— IB solar cells have been produced in ZnTe:O, Efficiency still low
» Physical principles have been established and experimentally proven
— Two photon operation
— Three quasi Fermi level splitting
— Preservation (increase) of voltage
* IB solar cells have been made with InAs QD’s in GaAs

— Efficiency is low mainly because of:
» Photogeneration not fully collected
» IB-CB thermally connected

— But DB modelling tells that no advantage is to be expected with InAs/
GaAs QD unless

« QD shape is changed and cells operate in concentration
» Materials are changed

 First attempts of GaAs QRs in AlGaAs matrix promising
e Topic highly attractive




