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Perovskite solar cells (PSCs) have attracted significant attention from numerous research groups
due to their exceptional properties for photovoltaic applications, such as a high optical absorption
coefficient and long carrier diffusion length. Additionally, their compatibility with solution processes
makes them cost-effective and scalable for commercialization. Since their introduction in 2009,
hybrid metal halide perovskite-based solar cells have witnessed remarkable performance
improvements, with power conversion efficiency (PCE) increasing from 3.8% to 26.08% (25.7%
certified) for negative-intrinsic-positive (n-i-p) [1] and 26.69% (26.54% certified) for the positive-
intrinsic-negative (p-i-n) structure [2]. With the theoretical limit of ~31% for PSCs with a bandgap of
1.55 eV, there is still a big room for improvement [3].

Off-stoichiometric self-passivation is well-known as a simple technique to improve the efficiency of
perovskite solar cells, which refers to having a small amount of excess lead iodide (Pbl.) in the
perovskite precursor prior to depositing the perovskite active layer. These excess Pbl, crystals are
found on the perovskite surface and at the perovskite grain boundaries, forming a distinct
crystalline white phase rather than being incorporated into the perovskite crystal structure [4].
Owing to a wider bandgap (2.3 eV) of these Pbl; crystals, non-radiative transport channels were
reduced, thereby suppressing the non-radiative recombination rate at grain boundaries [5].
However, it has been reported that the presence of excess Pbl; is a double-edged sword for the
device, causing instability and hysteresis under illumination, leading to degradation under an inert
atmosphere and faster degradation upon exposure to illumination and humidity [6]. Therefore, it is
critical to carefully control the excess Pbl; in perovskite films both in bulk and at the interfaces to
achieve high efficiency and stability simultaneously. So far, many reports have focused on
controlling the amount of excess Pbl, at the top surface, at the grain boundaries and in the bulk of
the perovskite active layer. In this aspect, little progress has been made on the bottom surface of
perovskite layers or the buried interface in perovskite solar cells.
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Figure 1. Schematic of self-passivation via excess Pbl, crystals
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This work focuses on the bottom interface of the perovskite layer (named “buried interface
modification”) for both conventional and inverted perovskite structures. In n-i-p structure, it is the
interface between perovskite and electron transport layer (ETL) - SnO: layer while in p-i-n
structure, it is the interface between perovskite and hole transport layer (HTL) — self-assembled
monolayer (SAM). The fabrication schematic is illustrated in Figure 2.
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Figure 2. Schematic of fabrication (* stands for buried interface modification while TL stands for
transport layers).

In n-i-p cells, the buried interface modification could add ~ 20mV to the Voc while maintaining the
Jsc and FF as shown in Figure 3a. Additionally, by adjusting the ratio between Pbl, and FAI in the
perovskite precursor before spin coating, we could further improve the efficiency of the target
samples. We clearly see that the optimal condition occurs with a 1.015 ratio of Pbl,/FAI with the
usage of the buried interface modification. the target sample showed a ~50 mV improvement in
Vo, a similar Jsc, and a slightly higher FF. As a result, the champion cell achieved 25.9% efficiency
at AM 1.5G, compared to 24.4% of the control sample, as shown in Figure 3b. The external
guantum efficiency (EQE) measurement for the champion cell in Figure 3c shows an integrated
current density of 25.01 mA.cm2, which is less than a 2% difference compared to the Jsc from the
J-V scan.

In this study, heavily doped Spiro-OMeTAD was used as the HTL, which is sensitive to water/
humidity and can lead to additional degradation. To distinguish the impact of changes in other
functional layers on the deterioration of the perovskite solar cells, particularly the HTL layer, we
used buried interface modification on a p-i-n structure. The cell structure is ITO/3PATAT-
C3/Perovskite/PDAI/C60/BCP/Ag. The 3PATAT-C3 is used as the HTL following our previous work
while the PDAI treatment was published before. In this structure, the buried interface modification
is located at the interface between perovskite and HTL. As discussed previously, the additional
Pbl, crystals passivate defects at the interface, benefiting the cell operations. As can be seen in
Figure 4a, Vo improves ~ 20 mV for perovskite with a Pbl,/FAI ratio of 1.015 as the optimal
condition for the n-i-p structure, as high as the V. addition in the case of n-i-p samples. As a result,
PCE improves from 24.0 to 24.6% at AM 1.5G with the use of the buried interface modification.
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[a] Comparison of photovoltaic parameters
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Figure 3. a) Photovoltaic parameters of PSCs with different perovskite conditions (Pbl./FAl ratios
and the use of the buried interface modification — marked *). b) J-V comparison between control
and target samples. c¢) EQE measurement of the champion cell.

The maximum power point tracking (MPPT) test results under nitrogen conditions at 25°C under
white LED (1-sun equivalent) are shown in Figure 4b, which illustrates that the sample retained
over 91% of its initial efficiency after 2000 hours. For comparison, the MPPT test results under
nitrogen conditions at 25 °C under AM 1.5G spectrum without a UV filter are presented in Figure
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4b — sub-image. We observed the enhancement in the efficiency of the target device in the first
200 hours, which could be attributed to an enhancement in the HTL/perovskite interface and/or an
increase in perovskite crystallinity, as reported previously [7]. Nevertheless, the device maintained
~90% of the initial efficiency after more than 1300 hours at the maximum power points under AM
1.5G. In contrast, the control device’s efficiency dropped to around 40% of the initial value after
1000 hours. The result demonstrated that the buried interface modification approach significantly
enhanced both the device's performance and stability. It is noted that the measurement was
conducted under the AM 1.5G spectrum without the use of an ultraviolet light (UV) filter. To date,
most PSCs can only work stably under illumination with a UV filter, as UV causes additional
damage to the perovskite layer. Therefore, recently published papers tracked the cells under a
white LED light source instead. Combining the MPPT tests under white LED and AM 1.5G (UV
light included), we clearly see the big impact of UV light on the samples’ degradation. However, UV
stability is out of the scope of this work.
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Figure 4. a) J-V scan of p-i-n samples under AM 1.5G at 25 °C. b) MPPT test of p-i-n samples
under 1-sun intensity white LED without encapsulation in N> environment.
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