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Abstract

Potential induced degradation (PID) is one of the failure mechanisms that occurs during the on-
field operation of solar cells. PID is not yet fully investigated in perovskite solar cells (PSCs) and
it’s mitigation strategies are unknown. In this work, we propose a novel strategy by introducing
phenylethyl ammonium iodide (PEAI) as an interfacial layer between the perovskite and hole
transport layer to mitigate the PID. When the short-circuited PSCs are exposed to negative high
voltage bias (-1000 V), the devices with PEAI could retain as much as 73% of the initial PV
efficiency, whereas the control devices suffer significant loss in the efficiency and retain only 27%
after a prolonged exposure to PID for 96 hours. The results of this work are helpful for suppression
of PID in perovskite solar cells during the on-field applications and may eventually lead to reliable
PSC technology in the near future.

Introduction

Potential induced degradation (PID) is a failure mechanism that causes performance deterioration
of perovskite solar cells (PSCs) in a short amount of time due to application of high voltage (HV)
stress'2, It has been proposed in the literature that the degradation is primarily due to the migration
of sodium ions from the soda-lime glass to the active layers of the cell®. For instance, Nakka et.al
have reported that the PSC devices subjected to negative high voltage stress (-1000 V) usually
suffer an efficiency loss of at least 50% in just 55 hours®. There are very limited studies on PID of
perovskite solar cells and the mitigation strategies have not been investigated as yet. The only
existing approach to address the PID issue is to apply reverse high voltage bias to the PID affecetd
PSCs. However, this approach is time intensive, as significant recovery of the device performance
requires several hours of reverse biasing after PID. Furthermore, the recovery is only partial and
does not guarantee that the PSCs to be free from PID. Carolus et al. conducted the pioneering
work on the recovery of PID affected encapsulated n-i-p based perovskite solar cells and observed
that the devices demonstrated nearly full recovery when exposed to reverse bias for an extended
duration of ~72 hours right after PID*5. This limitation hinders the purpose of PSCs and it is not
suggested to apply this procedure in real-world applications. Therefore, in this paper, we
demonstrate a facile and effective strategy for suppressing PID of perovskite solar cells. The
mitigation startegy and the experimental results are shown in the subsequent sections.

Results and Discussion

Figure 1 depicts the schematic of the encapsulated perovskite solar cells investigated in this study
to conduct experiments on PID mitigation. The devices are divided into control and modified
devices. Both these group of devices are exposed to -1000 V applied between the short-circuited
PSC and the Al foil. An NiOx layer is introcuded after the ITO layer and a PEAI layer is included in
between the perovskite and self-assembled monolayer (SAM) based on 2PACz that serves as the
hole transport layer. The encapsulated devices are enclosed in a regulated nitrogen atmosphere.
The devices are exposed to negative high voltage stress for a prolonged duration of 96 hours using
standard foil method as described in IEC62804-1.
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The efficiency of the control device is 18.5%, while that of the modified device with PEAI is 19.8%.
The efficiency of the modified device with PEAI is better than that of the control device due to the
front side passivation of the perovskite layer. The normalized J-V characteristics of the control and
modified devices are shown in Figure 2. To better understand the impact of PID on the modified
devices with PEAI, we have compared the results before and after the application of PID stress. It
can be observed the control and modified devices exhibit similar performance before PID.
However, after exposing to HV stress, the normalized efficiency of control devices reduces by
73%. This deterioration in the efficiency is predominantly due to decrease in the FF (51%) and Jsc
(31%). This is a significant reduction in performance that must be addressed to prevent device
failure during on-field operation. On the other hand, the Jsc and FF of the modified devices with
PID reduced by only ~10% and ~15%, respectively leading to an overall enhacement in normalized
efficiency by 46% compared to the control devices with PID. This enhancement in the Jsc and FF
is becasue the PEAI layer blocks the Na* ion movement into the perovskite layer.
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Figure 1. Schematic diagrams of PID setup and cross section of control and modified

devices.
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Figure 2. Comparison of the normalized J-V parameters for the control and modified
devices with PEAI. The J-V parameters are shown before and after PID. (a) Normalized PCE,
(b) normalized Voc, (c) normalized FF, (d) normalized Jsc.
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The role of PEAI as a barrier and passivation material can be understood from the EDX results
shown in Figure 3. When high voltage stress is applied to the control devices, the Na* ions from
the front glass pane drift towards the ITO due to the large potential difference and then diffuse into
the perovskite layer. The EDX spectra in Figure 3(c) shows that the control device after PID has a
larger concentration of Na* ions migrated from the glass into the perovskite layer. In contrast, the
migration of Na* ions towards the perovskite layer is strongly reduced in the modified devices with
PEAI after PID. The EDX spectrum in Figure 3(f) shows that the enhanced concentration of Na*
ions is only near the SAM and NiOy layers. The Na* ions cannot diffuse into the upper layers
because the PEAI acts a blocking layer. This shows that the ingress of Na* ions is effectively
blocked by the PEAI layer and the Na* ion migration is suppressed in the modified devices with
PEAI. The XRD results shown in Figure 4 demonstrate that the control device after PID exhibits a
sharp and enhanced Pbl, peak at 12.54°. By delaying the formation of Pbl; in the perovskite layer,
it may be possible to improve the quality of the interface and the perovskite layer. This is achieved
by the PEAI passivation layer, and it can be seen that the intended perovskite peak at 14.2° is
more prominent than the Pbl, peak in the modified devices after PID. As the Pbl, peak is
suppressed, it can be said that the PEAI in modified devices has preserved the quality of the
perovskite film. The crystal structure of the perovskite layer is therefore less susceptible to Na* ion
diffusion from the glass.
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Figure 3. Cross-sectional SEM image of (a) the control device and (d) the modified device
with PEAI; EDX elemental mapping of Na in (b) the control device before PID, (c) the control
device after PID, (e) the modified device with PEAI before PID, (f) the modified device with
PEAI after PID.

Conclusion

This paper provided the initial insights of how glass-encapsulated perovskite solar cells (PSCs) can
be protected against potential induced deterioration (PID). The new mitigation technique
presented in this paper reveals that PSCs are more resilient to high voltage stress than the
previously published PID recovery procedures. The modified devices with PID that include PEAI as
passivation layer have retained around 73% of the PV efficiency while the control devices with PID
demonstrate substantial performance deterioration, retaining only 27% of the efficiency. This initial
PID mitigation research suggests that PEAI is one potential solution to the PID issue in
encapsulated perovskite solar cells.
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Figure 4. XRD measurements for the control and modified device, before and after PID.
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