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Abstract  — Investigating the degradation mechanisms of 

perovskite solar cells (PSCs) is paramount to addressing stability-
related issues. Our study delves into the deterioration of PSC by 

probing thermal hysteresis of photocurrent (THPC) and thermally 
active ionic dynamics. THPC emission reveals alterations 
influenced by interfacial ionic or charge accumulation. 

Photogenerated current exhibits a significantly higher degree of 
variation in degraded devices with a wide range of ionic charge 
densities. This highlights the substantial influence of thermally 

active ionic charge on PSC performance degradation, particularly 
in devices with lower photocurrent. This study highlights the 
direct correlation between the degradation of PSC devices and the 

presence of thermally activated charges.  

I. INTRODUCTION 

Perovskite solar cell (PSC) under operation accelerates the 

loss of power conversion efficiency (PCE).[1], [2] The 

degradation is caused by external factors such as irradiation, 

heat, moisture, oxygen, electric bias, and strain. [3], [4], [5] The 

degradation mechanism is stimulated with increased chemical 

kinetics at elevated temperatures. Since the photocurrent loss is 

usually observed in degraded PSCs, monitoring photocurrent 

under different conditions could provide insights for 

understanding the intrinsic factor of the device degradation.[6] 

Direct monitoring of the electrically active defects in the 

absorber layer has been reported by thermal spectroscopy 

techniques;[7],[8] such as thermal admittance spectroscopy,[4], 

[9], [10], [11], [12] and thermally stimulated photocurrent 

(TSC).[13] The cause of operational instability of PSCs at 

elevated temperatures remains elusive. The temperature of PSC 

could easily reach 35–55 oC under working conditions and the 

photocurrent is driven by varying temperatures. Thermally 

driven photocurrent could have a significant effect on fresh and 

aged PSC. [14] 

Here, to understand the degradation mechanism, we have 

collected thermally triggered photocurrent. Then, the thermal 

hysteresis of photocurrent (THPC) characteristic extracted 

from photocurrent difference under heating and cooling of PSC 

is used to unravel the factors contributing to the reduction in 

photocurrent in PSCs operating under conditions akin to the 

real-world perovskite working temperature range. we 

monitored the thermal-driven photocurrent in the PSC. The 

THPC data of fresh and degraded devices demonstrated a stark 

difference in photocurrent variation under different rates of 

temperature variation. A degraded device revealed deeper traps 

than a fresh device.  This report presents the mechanism behind 

the degradation of PSCs driven by photocurrent loss.[15] 

II. EXPERIMENTAL SECTIONS 

A. Device fabrication: 

The details of the precursor solution and device fabrication 

can be found in the earlier reports.[16], [17] In brief, for the 

fabrication of inverted PSCs, we have used ITO substrate and 

NiOx deposited by sputtering mentioned earlier.[18], [19] For 

the fabrication of perovskite films, we adopted two-step 

depositions PbI2 deposition followed by dripping of the MAX 

precursor solution (a mixture of MAI+MACl.[11], [20]  For 

completion of the device, PCBM as ETL, AZO layer, and Ag. 

Devices were sealed by encapsulation glass and UV-curable 

resins before the subsequent measurement in ambient 

conditions. 

B. For operational stability testing: 

The J–V curves were measured under 1 sun with an AM 1.5G 

spectral filter (100 mWcm−2) coupled to an MPPT system. We 

placed the encapsulated PSCs in an enclosed system under air 

ambient for stability monitoring. The devices were kept under 

illumination and heat stress (50-60 oC).  

For THPC measurement, the devices were placed under 1 sun 

white light illumination and photocurrent was monitored using 

the PAIOS measurement system by changing temperature from 

240 to 360 K  under different heating and cooling rates (dT/dt= 

x K/min). 

C. Equations 

Considering the thermal dynamics of photocurrent hysteresis, 

THPC spectra can be resolved by assigning resonance 

temperature or thermal energy with multiple peak analyses. The 

following equation was used for evaluating charge accumulation 

or ionic defects in THPC in fresh and aged PSCs. 

𝑄𝑇𝐻𝑃𝑆= 
1

𝛽𝑇
 ∫ 𝐼𝑇𝐻𝑃𝐶

𝑇𝑡𝑇2

𝑇1
𝑑𝑇                               [1] 

where Tt is a resonance temperature peak and 𝛽 (K/s) is the 

heating or cooling rate. 

 



 

III. RESULTS AND DISCUSSION 

Fig. 1. Schematic of the THPC spectra measurement (a), J-V curves 

of fresh and aged PSCs (b). THPC spectra (c) under dark and (d) under 

continuous illumination (CI). 

 

Fig. 1a shows the schematic of THPC measurement across a 

temperature spectrum spanning from 240 to 360 K. Current-

voltage (J-V) curves of fresh and aged PSCs are shown in Fig. 

1b. The fresh device of PCE is ~ 15.677% (JSC~ 20.53 mAcm-2 

and VOC~ 0.998 V). The PCE of the PSCs dropped to 6.14% 

(JSC~ 12.59 mAcm-2 and VOC~ 1.06 V) for the aged PSCs placed 

at under heat and light stress (at 50 ± 5 oC and t >1000 hrs 

under continuous illumination). The figure shows that the 

photocurrent and FF dropped to 40 and 33% in the aged PSCs. 

This observation is parallel to other reports. The drop in PCE 

driven by photocurrent has been widely reported in degradation 

studies.[21], [22] 

Fig. 2. THPC spectra of the fresh (a, b) and aged (c, d) PSCs under 

temperature drifting rate of 2 K/min in the temperature range (240-360 

K) and corresponding fitting spectra, respectively. Here the shaded 

regions indicate a low-temperature range (LTR), working temperature 

range (WTR), and high-temperature range (HTR). The three curves 

under THPC spectra display representative spectral fitting under the 

LTR, WTR, and HTR regimes. The dotted arrows represent arbitrary 

multiple peaks (T1, …. ,Tn) fitting of THPC spectra. The accumulated 

charge is calculated by evaluating the area under respected fitted 

curves (Table 1). 

For monitoring the THPC, we have collected the THPC data 

under dark, and continuous illumination (CI) (Figure 1c, d). Out 

of these three, the THPC under CL demonstrates a distinct 

feature.  

The photocurrent in PSC and THPC at varying 

temperatures from 240-360 K with a heating or cooling rate 

of 2 K/min for the fresh (Fig. 2a) and aged (Fig. 2c). For the 

aged PSC, the photocurrent driving under heating and 

cooling revealed a stark difference compared to the fresh 

PSCs. The fitting of these THPC spectra with multiple 

resonance temperatures (Tt) is depicted in Fig. 2b,d. Th 

charge accumulation is summarized in Table 1. We observed 

a notable dominance of charges triggered by thermal 

agitation. This suggests that, in aged PSCs, the charges or 

ions accumulated at the interface and the material have 

become more responsive to changes in temperature under a 

wide range. These results indicate that the photocurrent loss 

in aged devices could be a consequence of the dominance of 

thermally active ions or charges accumulated at deteriorated 

interfaces under light and heat stress. 

Table 1.THPC spectra analysis: accumulated charge (QTHPC)  

and percentage sharing in aged PSC in defined temperature 

ranges. 

 Fresh Aged 

QTHPC 

(mC) 

QTHPC  

(%) 

QTHPC  

(mC) 

QTHPC 

（ %) 

LTR (240-283 

K) 
0.429 10.24 

1.927 33.95 

WTR (283-

323 K) 
2.452 58.52 

2.105 37.08 

HTR (323- 

363 K) 
1.309 31.24 

1.644 28.97 

Total 4.191 100 5.677 100 

 

IV. SUMMARY AND CONCLUSIONS 

This report presents the degradation of PSCs by THPC 

analysis. The intrinsic point defects and defect density in fresh 

and degraded PSCs were investigated by fitting THPC spectra. 

It shows THPC emissions with a complex thermally active 

charge or ion accumulations due to interfacial deterioration. 

These photoactive mobile charges are found to be more 

pronounced in aged PSC with higher charge densities. This 



 

plays a detrimental role in the loss of photo-current in the 

degraded PSCs. Our report corroborates a direct link between 

PSC device degradation and thermally triggered charge 

accumulation. 
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