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Abstract: We present an alternative explanation for the open circuit voltages (OCV) deficit in Cu,ZnSnS, (CZTS). Using a method'! based on tools available in the Atomistix Tool Kit (ATK)
software package, we have studied the electronic structure at the interface between CZTS and CdS in detail. Here, we have identified a shallow state localized at the interface. When included in
device level simulations, such a state leads to significant deterioration of the OCV, and when this is taken into account, we can quantitatively reproduce measurements on state-of-the-art CZTS
solar cells. This shows how parameters needed for device characterization can be extracted from atomistic device simulations and how the interplay between atomistic and device level simulations
can be a powerful tool in characterizing the thin-film solarcell devices of the future.
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Figure 2| Solar cell efficiency vs. measured CBO
value for CZTS/CdS interface.
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The full solar cell consists of several layers of materials, with . _'
loss mechanisms related to each of them, as well as the We show that, under flat-band conditions, the o
interfaces between them. In this work, we focus on the CBO is 0.2 eV, which is right in the middle of . .-
interface between CZTS(e) and CdS, which has been shown the OPt‘m_“l range. HOWE‘{CL we also ShDW_that . CBO [eV] » o
to be important for this class of materials. there are interface states in the gap, effectively Y )
lowering the band gap. .
Figure 3| Band structure at the CZTS/CdS interface Figure 4] Calculated efficiency
as a function of CBO
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Figure 6] DOS for the two materials A ST 3 9 U S After further analysis, it was determined that ZnS would
with and without the +U correction. 8¢ S be a good candidate for a buffer material which could
The correction clearly opens up the Q2 4 . 2 remove the interface states, and thereby increase the
band gap, as expected. \ T e e ey 2 maximum efficiency of the solar cell. The figure shows
Energy (eV) 1002 11 1 0.9 0.8 that the interface states are indeed gone when CdS is
~ 1 d with ZnS.
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Conclusions

* We have presented a multi-scale framework for simulating PhotoVoltaics.

* Device parameters, such as band offsets, are calculated from first principles using DFT-NEGF
with the +-U correction and included in a drift-diffusion device simulator — in this case the
SCAPS-1D software

* Applying this approach, we obtain quantitative results for a CZTS/CdS device, which shows the
interface states in the gap. They can be included in the drift-diffusion model, which reveals the
importance of interface states.
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