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Solar photovoltaic technology is steadily growing as a viable renewable energy source to mitigate
the ever-increasing energy demand and reduce the adverse effects on the planet done by
conventional energy sources. The PV market is currently dominated by single junction crystalline
silicon (c-Si) solar cells [1]. By far the maximum efficiency reached by this mature technology has
reached 26.7% which is not too far away from the theoretical efficiency limit of 29.4% [2].
Increasing the solar cell efficiency is vital to reduce the levelized cost of electricity (LCOE) hence
making PV technology more affordable. As an approach for achieving efficiencies beyond 30%,
tandem solar cells are utilised [3]. There are several two-junction tandem architectures reported in
the literature such as: Silicon-Perovskite, CIGS-Perovskite, Perovskite-Perovskite etc [4]. Among
these, the Silicon-Perovskite tandem technology has shown most promising outcomes in terms of
efficiency and commercialization prospects till date and is expected to enter the market very soon
[5]. In a Si-Perovskite tandem device a wide bandgap perovskite solar cell is stacked over a low
bandgap c-Si cell [6]. This allows the higher energy photons to get absorbed by the high bandgap
perovskite top cell and the lower energy photons getting absorbed by the low bandgap silicon
bottom cell ensuring superior utilisation of the solar spectrum compared to a single junction device.
A two-junction tandem solar cell can theoretically yield efficiencies up to =46% [7].

The options of bandgap tunability and comparatively cheaper and easier fabrication techniques
offered by the perovskite (PVK) solar cell technology have proven to be an ideal companion as a
top cell on top of the Si bottom cell. By far the maximum efficiency reported from a Si-PVK tandem
is 30% in a laboratory scale which is a promising figure indeed to break the ‘30% psychological
barrier’ already [8]. Now the next big thing will be the commercialisation of this high efficiency
technology so that solar PV can also increase its lead as a viable renewable resource to reduce
carbon emissions further.

CSIRO is also working towards Si-PVK tandem technology to produce on a large scale for
commercialization in the near future. As a first step towards this target, wide bandgap (1.68 eV)
semitransparent perovskite top cell optimisation was carried out in a laboratory scale which can be
later translated towards the tandem architecture with a Si bottom cell. An inverted p-i-n architecture
was chosen as the perovskite cell architecture in this work as they have proven to be more
compatible and efficient in the tandem architecture since their n-i-p counterparts have shown to
have more parasitic absorption losses coming from the hole transport layer facing the sun when
employed as a top cell stack in the tandem cell [9]. Triple-cation lead mixed halide [ Csy(MAFA1x)1-
yPb(I:Bri,)s ] perovskite layer was used as the active layer. 2PACz and C60 were selected as the
hole transport and electron transport layers, respectively. The schematic of the device structure is
shown in Figure 1. Patterned glass/ITO were used as substrates. The HTL and perovskite layer
was deposited by spin coating. The ETL was thermally evaporated over the
glass/ITO/HTL/Perovskite stack. Finally, the devices were completed by evaporation of Ag metal
electrodes. Figure 2 shows the top view of a completed lab scale high bandgap perovskite solar
cell fabricated in the CSIRO lab with both small and large area devices. Several optimisations were
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carried out on the HTL deposition parameters such as concentration of 2PACz, spin coating speed,
rest time variation etc. Different composition of the perovskite active layer was also investigated by
tuning the composition of the perovskite and maintaining the desired bandgap. Finally, the
optimised device stack demonstrated an impressive efficiency of 17.63% and 15.90% for small
area (0.13 cm?) and large area (1 cm?) cells. The repeatability of the optimised fabrication
parameters was also confirmed for more than 10 devices from a single batch showing similar
output which proves the superior reproducibility of the fabricated devices. The best J-V curves for
small and large area devices are shown in Figure 3. The morphology of the optimised perovskite
layers obtained by SEM are shown in Figure 4. The spectral response and bandgap of the
fabricated perovskite layers from EQE (Figure 5) aligns well with the literature proving the
suitability of the optimised thin films for application in the tandem devices.

For stability measurements, the cells were sealed and kept inside Memmert climatic test chamber.
The temperature was cycled between -40 °C £ 2 °C and 85 °C % 2 °C within 8 hours consisting of a
single cycle. The normalised PCE of the cells retained >80% of the initial value after 50 cycles (400
hours). Figure 6 shows the thermal cycling profile of temperature and relative humidity for 1 cycle
and the J-V curves taken at the beginning, 200 hours and 400 hours, respectively.

This work demonstrates CSIRO’s approach towards the commercialisation of Si-perovskite tandem
cell research. This optimisation is the primary step for developing a reproducible recipe of the wide
bandgap perovskite top cell fabrication which will be transferred in the tandem architecture with a
silicon bottom cell. Further optimisation will be required in a monolithic configuration and several
other layers arising when employed in a tandem stack such as recombination layer, buffer layer
etc. There is also room for optimisation in the silicon bottom cell structure and doping levels to
ensure maximum current matching and incident photon utilisation for maximising the efficiency of
the overall stack.
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Figure 1: Schematic of the device structure

Figure 2: Top view of the fabricated high bandgap perovskite devices in the lab
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Figure 3: J-V curves for small and large area devices
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Figure 4: Morphology of the active perovskite layer from SEM
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Figure 5: EQE spectra of the fabricated perovskite devices
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Figure 6: Thermal cycling test profile and J-V curves taken at different times

References

1. Werner, J., Niesen, B., and Ballif, C. (2018) Perovskite/Silicon Tandem Solar Cells:
Marriage of Convenience or True Love Story? — An Overview. Adv. Mater. Interfaces, 5 (1),
1700731.

2. Chen, B., Ren, N., Li, Y., Yan, L., Mazumdar, S., Zhao, Y., and Zhang, X. (2022) Insights
into the Development of Monolithic Perovskite/Silicon Tandem Solar Cells. Adv. Energy
Mater., 12 (4), 1-20.

3. Yang, T.C.-J., Fiala, P., Jeangros, Q., and Ballif, C. (2018) High-Bandgap Perovskite
Materials for Multijunction Solar Cells. Joule, 2 (8), 1421-1436.

4. Fang, Z., Zeng, Q., Zuo, C., Zhang, L., Xiao, H., Cheng, M., Hao, F., Bao, Q., Zhang, L.,
Yuan, Y., Wu, W.Q., Zhao, D., Cheng, Y., Tan, H., Xiao, Z., Yang, S., Liu, F., Jin, Z, Yan,
J., and Ding, L. (2021) Perovskite-based tandem solar cells. Sci. Bull., 66 (6), 621-636.

5. Fu, F., Li, J., Yang, T.C.J., Liang, H., Faes, A., Jeangros, Q., Ballif, C., and Hou, Y. (2022)
Monolithic Perovskite-Silicon Tandem Solar Cells: From the Lab to Fab? Adv. Mater., 34
(24).

6. Isikgor, F.H., Furlan, F., Liu, J., Ugur, E., Eswaran, M.K., Subbiah, A.S., Yengel, E., De
Bastiani, M., Harrison, G.T., Zhumagali, S., Howells, C.T., Aydin, E., Wang, M., Gasparini,
N., Allen, T.G., Rehman, A. ur, Van Kerschaver, E., Baran, D., McCulloch, |., Anthopoulos,
T.D., Schwingenschlégl, U., Laquai, F., and De Wolf, S. (2021) Concurrent cationic and
anionic perovskite defect passivation enables 27.4% perovskite/silicon tandems with
suppression of halide segregation. Joule, 5 (6), 1566—1586.

7. Shen, H., Walter, D., Wu, Y., Fong, K.C., Jacobs, D.A., Duong, T., Peng, J., Weber, K,
White, T.P., and Catchpole, K.R. (2020) Monolithic Perovskite/Si Tandem Solar Cells:
Pathways to Over 30% Efficiency. Adv. Energy Mater., 10 (13), 1-18.

Best PV Cell Efficiecy. NREL Best Res. Effic. Chart.

Sahli, F., Werner, J., Kamino, B.A., Brauninger, M., Monnard, R., Paviet-Salomon, B.,
Barraud, L., Ding, L., Diaz Leon, J.J., Sacchetto, D., Cattaneo, G., Despeisse, M., Boccard,
M., Nicolay, S., Jeangros, Q., Niesen, B., and Ballif, C. (2018) Fully textured monolithic
perovskite/silicon tandem solar cells with 25.2% power conversion efficiency. Nat. Mater., 17
(9), 820-826.



	References

