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Three-dimensional (3D) metal halide perovskites have been the “material of choice” for the state-
of-the-art perovskite solar cells as the best laboratory cell has recently reached a certified
efficiency of 26.1% in 2023."

Recently, low-dimensional perovskites, particularly the quasi-two-dimensional (2D) perovskites
have emerged as alternatives due to their high stability and higher structural flexibility to their 3D
counterparts for tuning opto-electronic properties.?3

Perovskite cells demonstrated based on quasi-2D perovskites typically have an n-i-p structure®1°,
in which the n-type layers were fabricated first followed by the p-type layers which are
unfortunately highly absorptive resulting in optical losses when implemented in a perovskite-silicon
tandem solar cell as the p-type charge transport layer is on the sun-facing side. Therefore, quasi-
2D perovskites compatible with p-i-n cell structure are highly attractive which this work reports.

Another challenge associated with quasi-2D perovskites is their slow crystalline formation resulting
in surface defects thereby reducing associated cell performance. This work addresses this problem
via surface treatment processes.

In the conference, we will report our demonstration of quasi-2D p-i-n perovskite solar cells (Figure
1a). The champion device produced a power conversion efficiency (PCE) of 19.0% and a fill factor
of 75.6% (Figure 1b). The process of optimisation and passivation for such cell from the baseline
and mechanism for performance improvement will be further discussed in the conference.

Initial stability test results are promising, the passivated and optimised quasi-2D device so far have
maintained 79% of initial PCE after 300 hours at 85°C in N in the dark and 97% of initial PCE after
800 hours of light soaking in inert gas.

Lastly, we have successfully demonstrated the first quasi-2D perovskite-silicon tandem solar cell
with a PCE exceeding 16.3%.
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Figure 1. (a) Schematic and (b) Current density-voltage (J-V) curves of a baseline and a
passivated and optimised quasi-2D solar cell.
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