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Abstract Planar perovskite solar cells

An effective approach for highly efficient photovoltaics is to combine solar cells with wide
and narrow band gap to tandem devices. The high efficiency of perovskite solar cells and
the wide band gap of the absorber which is tunable over a large range (= 1.57 eV) make
them well suitable for the application as top cells in a tandem structure with CIGS bottom
cells. A prerequisite for such tandem cells is the development of high efficiency perovskite
solar cells with high near infrared (NIR) transmittance and low sheet resistance of the
transparent electrode.

Here we show that sputtered ZnO:Al i1s a suitable transparent electrode for planar
perovskite solar cells with high transmission in the NIR region. The NIR transparent
perovskite was implemented as a top cell together with a CIGS bottom cell in a 4-terminal
tandem device.

NIR-Transparent solar cells with ZnO:Al elecirode

Transparent electrode requirements:
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m Planar perovskite solar cell exhibits steady state efficiency
of 8.6% (14.2% from J-V curve)
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Development of high efficiency polycrystalline thin film tandem solar cells

Perovskite solar cells with high NIR tfransmittance
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Conclusions

= NIR transparent electrode
ZnO:Al was successfully applied as transparent electrode for perovskite solar cells, showing
transmission as high as 75% for the whole perovskite cell

= NIR transparent perovskite solar cells
7.4% steady state output (10.6% from J-V curve) NIR-transparent perovskite cells achieved
with Spiro-OMeTAD/MoO,/ZnO:Al

= Perovskite-CIGS tandem solar cells
4-terminal perovskite-CIGS tandem solar cell demonstrated with steady state efficiency of
10.1% (15.4% from J-V curve). Further efficiency improvement will be feasible by increasing
the steady state efficiency of the perovskite solar cell.

IMPORTANT: Present steady state efficiency for perovskite solar cells
and report the measurement conditions

Perovskite-CIGS tandem solar cells

Tandem solar cell measurements

Application of a NIR-transparent
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Outlook

= 15.6% steady state efficiency planar perovskite
solar cell was obtained, and application of NIR
transparent electrode would further boost the
overall efficiency of tandem solar cell .

=  TCO with high mobility to be investigated.

= AR coating and Index matching media to be
applied.

=  With further improvements, efficiencies towards
30% are feasible for perovskite-CIGS tandem
device
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