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Motivation: 

PV measurement laboratories around the world are presently debating how to deal with 
metastability in perovskite solar cells, which leads to unpredictable hysteresis in current-voltage (I-
V) measurements. The well-known international standard method for I-V measurements, IEC 
60904, underpins the label rating (hence value) of $billions worth of solar modules installed, yet 
fails in the presence of metastability. Workarounds have been developed for thin film technologies 
with metastability that is weak and somewhat predictable, e.g. a-Si, CdTe and CIGS. However, in 
perovskite solar cells the metastability is large and somewhat unpredictable. This includes 
perovskite-silicon tandem cells that may turn out to be critical to meeting ARENAs 30 30 30 target. 

The key to making perovskite PV measurements reproducible lies in understanding the root 
causes of metastability. The wide range of metastabilities observed across different perovskite PV 
devices suggests material properties play a large role, particularly the density profile of ion 
vacancies Courtier et al. (2019). The existence of more than one vacancy species complicates the 
situation, because different vacancies can have different mobilities, meaning the settling 
(stabilisation) of an I-V measurement is often subject to more than one time constant 
simultaneously. Furthermore, the vacancy profiles can and do evolve differently under different 
exposure conditions, meaning the measured performance of a device may be critically dependent 
on its exposure history. 

Recently, software has become available to model the distribution and motion of ions in perovskite 
devices. Here we use the MATLAB extension Ion Monger developed by Courtier et al. (2019).  

 

Aims:  

To improve our understanding of measurement uncertainty in metastable perovskite solar cells by 
modelling the relationship between current settling (stabilisation), material parameters such as the 
density and mobility of ion vacancies, and exposure parameters such as irradiance and 
temperature. 

 

Simulations: 

This work uses the Ion Monger extension of MATLAB software for modelling and varying the 
perovskite parameters. Ion Monger was developed as an instrument in the simulations and 
modelling of the diffusion of ion vacancy densities, and charge carriers across film thicknesses and 
time scales. 

The simulation initiates with the default perovskite, electron transport layer (ETL) and hole 
transport layer (HTL) parameters in the simulation as demonstrated in Courtier et al. (2019) table 

1, except for default diffusion coefficient of 6.5x10-8 𝑚2𝑠−1. We chose these parameters to 
primarily investigate the relationship between perovskite ion parameters and the current settling 
time.   

The programmed pre-conditioning holds the cell at the dark state for 10 seconds and immediately 
begins the illuminated stage, application of 1-sun equivalent (AM1.5) light intensity and applies a 
voltage of approximately maximum power point and simulates the transient current graph. In this 
work the approximate VMPP is 1.0V. The initial darkened state was to ensure the simulation starts in 
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a relaxed state. The settling point of the current was measured using first order derivative of the 
instantaneous time rate of change of the current.  

 

Figure 1.1 The current settling time is determined when the the difference between each 
increment of instantaneous rate of change of current is lower than 1%  

For collecting transient current methods for in-house perovskite cells, a similar method would be 
initiated, with the additional step of completing the characteristic current-voltage curve prior to 
determine the approximate maximum power point voltage.  

Results and discussion:  

The simulated results demonstrate that lower ion vacancy densities, temperatures, and mobilities 
produce a longer current settling time, displaying a linear correlation between the three parameters 
and the settling time. Simulations also demonstrate that over the current settling period, higher 
vacancy densities are formed at the interfaces of the perovskite layer with the electron transport 
layer and hole transport layer. The distribution of the vacancies across the perovskite layer 
become more uniform as time progresses into the simulation, demonstrated in figure 3.0.   

a). 

 

b).  

 

 

c). 
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Figure 2.0 Declining relationship between the current settling time and a). Varying 
perovskite parameters, b). Diffusion coefficients, and c). Perovskite temperatures  

 

Figure 3.0 Ion vacancy distribution over time for the top (0-35nm) and bottom (400-364nm) 
interfaces of the perovskite. At 10s the light and Vmpp are applied, and the vacancy (and 
therefore charge) build up at the hole and electron transport interfaces is reduced as the 

carrier concentration and current flow increases 

The findings of the work concur with existing transient response of perovskite research including 
Messmer et al. (2024) in producing a linear correlation between the diffusion coefficient and time to 
reach the quasi-steady state, and Balaguera and Bisquert (2024) findings of “capacitive current” 
which is the initial current spike and the delayed settling time of the current visible in figure 1.1.   

The modelling here of diffusion of ion vacancies across the perovskite layer (see figure 3.0) 
resembles the ion vacancy density distribution in Messmer et al. (2024) which demonstrates the 
concentration of anions at the ETL interface (lower ion density) and cations at the HTL interface 
(higher ion density) which demonstrates a greater inequality ion distribution at 4nm of the interface 
layers. The transient response demonstrates Balageura (2024) ionic recombination in which ions 
diffuse until reaching equilibrium, assumed to be near the current settling time. Other  
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Most pointingly, the simulations demonstrate that reduction in the defect density of perovskite will 
produce an increase in the current settling time. These findings counteract previous suspected 
theories by suggesting that higher quality cells, which are predicted to consists of lower defect 
densities produce a longer current settling time. These conclusions could have proposed 
implications in conduction of the standard I-V measurements of perovskite cells; suggesting that for 
higher quality cells with lower ion vacancy densities, measurements would be underestimating the 
current if not taken at the current settling point. These conclusions would need analysis with in-
house cells to support these claims.  

 

Further Work: 

The findings of this study open a gateway into research in the area of perovskite solar cell 
measurement and metastability. More robust work would investigate and evaluate different 
methods of determining current settling time. Currently, the work established the relationship 
between defect densities and current settling time; replicating in-house perovskite cell transient 
response in a solar simulator and manipulating perovskite parameters in Ion Monger to match the 
transient response would progress in predicting the settling time of perovskite cells. This 
manipulation of mobility and defect density parameters will further test the drift-diffusion models.  

Other in-house experiments include conduction of Hall-effect measurements on fabricated cells 
would determine carrier concentrations and mobilities to utilise in Ion Monger parameters, 
alongside spectroscopy measurements in evaluation of absorption coefficient to aid in realistic Ion 
Monger modelling.  
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