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Intermediate band solar cell (IBSC)
Cell structure and efficiency
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 Simple design and structure.

 New materials with an IB need
Three bandgaps for the ideal cell:
EG = 2.4 eV, EH = 1.5 eV, EL = 0.9 eV

to be developed.
We have studied ZnS:Cr as an
intermediate band material
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ZnS:Cr – XPS study

• X-ray photoelectron spectroscopy (XPS)
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Cr valence states determined:
•
•
•

Cr 2+ is major component.
Cr 3+ and Cr 0 were also present.
Cr 1+ might be present.

XPS results in:
Compositional and structural properties of pulsed
laser deposited ZnS:Cr films
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ZnS:Cr – RPES study

• Resonant photoemission spectroscopy (RPES)
Direct photoemission

Recombination process

Should be partially
filled for the two
processes to happen

ZnS:Cr – RPES study
• The principle on which RPES is based is a quantum mechanical interference
between a direct photoemission process and a recombination of an excited
state. In Cr-doped ZnS, the direct photoemission process occurs from Cr
valence electrons: photons excite an electron from the 3d energy level and
bring it into the vacuum with kinetic energy EK as in Fig. 1(a).
• In such a material, the partially occupied 3d electronic DOS (e-DOS) of Cr is
responsible for creating an IB within the energy gap of ZnS. To probe the
existence of such a band we vary the photon energy across the Cr2p
absorption edge; specifically we vary it from 570 eV to 590 eV. When the
photon energy matches the transition Cr2pCr3d, electron transitions from
the Cr2p into the Cr3d levels are possible. These electronic promotions can
only occur for photon energies close to the Cr2p absorption edge and are
dictated by the availability of unfilled (or partially filled) 3d orbitals and
selection rules. In this recombination process, photons first promote a 2p
electron into the 3d energy level, as illustrated in Fig. 1(b), then the extra
electron in the 3d level decays back into the 2p level emitting a second
electron with EK, as in Fig. 1(c).

ZnS:Cr – RPES study

Cr 2p  eg
• Nominal doping: 4 % Cr
• The orbital intensity of photoemission from IB
states is close to 3 % of the Zn3d band. 
contributed to the IB

1.6 eV
Cr 2p  t2g

ZnS:Cr – XAS study

• X-ray absorption spectroscopy
• Contains information on the total amount of Cr
present.
• Higher binding energy: a higher oxidation state of Cr
contribute to the XAS signal.
• Can be due to Cr2O3 present in the grain boundaries.
• Metallic Cr clusters (weak in RPES)

Low kinetic energy secondary electrons

ZnS:Cr – Comparison of PLD and MBE films
• Same nominal doping  also confirmed by the RPES signals.
• For the PLD film

ZnS:Cr – What we can understand from REPS and XAS?
• Demonstration of the applicability of RPES in studying IB
materials relevant to photovoltaics.
• Quantitative information on the partial DOS within the
material bandgap.
• The origin of these states and their orbital character.

Conclusion

