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ABSTRACT 
Despite their incredible potential as replacements for traditional silicon cells, 
perovskite solar cells (PSC) are prone to J-V curve hysteresis which prevents 
accurate performance measurement. This paper synthesizes recent research 
relevant to understanding this issue. The primary causes are identified as ion 
migration, charge trapping, and ferroelectric effects within the perovskite. Studies 
have shown that doping solutions to improve crystal quality and defects, in addition 
to interface engineering to modify or replace the charge transport layers, show 
effective results. Furthermore, new techniques can help estimate hysteresis more 
accurately. While these solutions are remarkable, further real-life conditions 
testing, as well as economic and environmental simulations remain to be done to 
assess the scalability of production of these cells with new materials. Advances in 
hysteresis research are critical to the successful exploitation of PSCs in the future. 
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INTRODUCTION 

Thanks to their easy band gap tunability, low charge recombination rates [1], scalability, 
flexibility and mild environmental threat compared to traditional silicon alternatives [2], 
coupled with a superior power efficiency of 34.6% [3], PSC are a prime candidate to replace 
traditional solar cells. They face, nevertheless, several limitations, among which are stability 
issues under elevated humidity and temperature conditions, concerns about lead toxicity [1] 
and hysteresis leading to commercialization issues.  
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This hysteresis impacts performance evaluation and stems mainly from ion migration and 
interfacial ion accumulation [4]; it can be classified as either capacitive or inductive and 
appears on current-voltage curves [5]. Comprehending this phenomenon is crucial for precise 
performance evaluation of PSC, as it affects power efficiency measurement. 
 
This review aims to investigate the main causes of hysteresis in PSCs and provide a concise 
synthesis of how recent research has advanced our understanding of this problem, indicating 
future research possibilities. 
 

FUNDAMENTAL MECHANISMS BEHIND J-V HYSTERESIS 
A variation in the shape of the resulting J-V curve when performing a voltage scan in the 
forward direction and the curve obtained when performing it in the reverse direction is known 
as hysteresis. Thus, the severity of it is influenced by the direction of the sweep and the sweep 
rate. The most common form of hysteresis is where reverse scanning yields higher electrical 
results and efficiency, whereas in inverted hysteresis, the forward scan shows better results. 
Interestingly, inverted hysteresis can serve as a diagnostic tool for understanding cell 

properties [6]. The efficiency of a PV cell is defined as 𝑃𝐶𝐸 =
𝐹𝐹∗𝑉𝑜𝑐∗𝐽𝑠𝑐

𝑃In
 where FF represents the 

fill factor, Voc the open-circuit voltage, Jsc the short-circuit current and PIn the input from the 
sun. By affecting parameters like FF, Voc, Jsc and operational stability, hysteresis influences the 
efficiency [7]. In this section, we talk about the causes leading to hysteresis. 
 
One of the primary causes of hysteresis is ion migration [8] [4]. This phenomenon involves the 
movement and accumulation of ionic species, particularly organic cations, at the interfaces [4] 
[9]. Variety of studies support this theory, such as an experiment by Kumar et al. [10] showing 
that by cooling the perovskite down from 300 K to below 180 K in the dark where there is no 
luminosity influencing the results, hysteresis decreased as ion migration is a thermal process. 
While often considered detrimental [11], ion accumulation can also enhance device 
performance by increasing built-in potential and open-circuit voltage [12]. Hysteresis 
manifests in two main forms: capacitive and inductive, depending on the dominant equivalent 
circuit component [5] [13]. Overall, understanding and controlling ion migration is crucial for 
producing highly efficient and stable PSCs [13].  
 
Furthermore, charge trapping and de-trapping can also cause hysteresis, where charge carriers 
are captured and released by defects [14], [15]. Device performance is negatively impacted by 
this process as it prevents trapped charges from contributing to the electrical current. The 
severity of the hysteresis scales with the number of traps as a higher number leads to a higher 
hysteresis  [16][17]. 
 
From an electrical perspective, the combined effect of ion migration and charge trapping is an 
anomalous capacitive effect. While not a physical cause, it is an electrical symptom resulting 
from the physical ones, as shown by Lee et al. [18], which indicates that a reduction in 
“capacitance” results in reduced hysteresis. This issue was considered from a theoretical 
perspective by Hernández-Balaguera et al. [19] [20] by using a new “theoretical framework” 
that describes the electrical behavior of PSC. It reveals increased hysteresis when “non-ideal 
capacitive” effects are considered. 
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Another perspective explains hysteresis as a consequence of ferroelectric polarization, which 
is the ability of a material to show spontaneous polarization whose orientation can be altered 
with an impactful external electric field, which causes the formation of alternating polar 
domains[21][22]. This behavior is a cause of hysteresis [23] as this reorientation affects the fill 
factor, power conversion efficiency [24].  
 

RECENT ADVANCEMENTS IN UNDERSTANDING J-V HYSTERESIS 
This chapter details the recent advancements in understanding and reducing hysteresis. 
 
Assessment of Hysteresis 
Perovskite solar cells behave differently depending on how quickly or slowly they are 
measured because of hysteresis. Following their “theoretical framework” in the 2020 paper 
linking non-ideal capacitive effects to hysteresis, Hernández-Balaguera et al. [25] proposed an 
experimental protocol involving an impedance spectroscopy measurement at different 
voltages, this data is then introduced into an “electrical circuit model that includes a Constant 
Phase Element (CPE)” to extract different parameters. They are then used to calculate, using 
different equations, the optimal scan rate. The results are hysteresis-free measurements 
verified by scans at different speeds. In a most recent paper, Hernández-Balaguera et al. [26] 
developed an improved four-step protocol that allows for hysteresis-free measurement. It 
involves performing a fast initial scan followed by transient response measurements over a 
fraction of a second. This information is then introduced in specific formulas to deduce an 
optimal scan rate leading to a hysteresis-free J-V curve and reducing measuring time by at least 
half. To reduce the toxicity of PSCs, tin-lead can be a good alternative. To accurately measure 
these cells and eliminate hysteresis, Zhang et al. [27] employed a series of tests under varying 
temperatures, humidity, measurement steps, measurement delay times and bias voltages to 
estimate power conversion and hysteresis. They concluded that with a measurement time no 
longer than 30 s, a temperature below 25 °C and under 10% relative humidity if the latency is 
superior to 0.1 s with a measurement step inferior to 10 mV/s, a reverse voltage bias of -0.2 V 
and a forward one of 120% Voc, the most accurate performance parameters are obtained. 
 
A different study by Veurman et al. [16] establishes a method of estimating the roles of ion 
migration and charge trapping in causing hysteresis by measuring under specific conditions of 
low light (0.01 sun) coupled with a fast measuring speed (>100 V/s) and observing the 
appearance of a diffusion capacitive effect which indicates a dominance of charge traps. In 
contrast, a lack of this effect indicates a dominance of ion migration. This method was achieved 
by comparing simulations under the assumption that slow-shallow traps (SST) and ion 
vacancies are culprits. A distortion in the graph appeared when measuring at speeds greater 
than 100 V/s and low light, with the distortion being more pronounced as the speed increased 
when SSTs are the culprit. This distortion, called diffusion capacitive effect, does not appear in 
the second assumption. 
 
Doping Solutions 
Due to the strong link between charge transport imbalance and the hysteresis phenomenon, 
doping has been investigated as a solution to enhance device capabilities. Doping either the 
interfaces or the perovskite layer (PSK layer) itself allows for a reduction in ion migration and 
defects, in addition to improving charge transport. Aluminum acetylacetonate doping on the 
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PSK layer was tested as a solution by Wang et al. [28]; it was shown to reduce micro stain, thus 
improving crystal quality, which resulted in a reduction of non-radiative recombination, 
leading to a 19.1% PCE with minimal hysteresis. Potassium iodide was shown by Son et al. [29] 
to significantly reduce hysteresis in both pure and mixed perovskite, with the reduction being 
more important in the latter, through the elimination of Frenkel defects and a reduction in trap 
states. This result is achieved due to potassium ions occupying the interstitial sites, thereby 
stabilizing the crystal. Weiji Li et al. [30] achieved similar results by adding potassium iodide to 
a MAPbI3 perovskite and dissolving it. They then spin-coated perovskite thin films with it, 
ensuring an even distribution of KI within the perovskite. This resulted in higher-quality 
crystals with fewer defects and provided more than defect passivation, as it changed the 
perovskite from N to P-Type conductivity, lowering the valence band’s upper limit and the 
conduction band’s lower limit, therefore improving power conversion efficiency from 15.15% 
to 20.66% and eliminating most of the hysteresis. Moreover, numerical simulations show an 
improvement in open-circuit voltage attributed to a larger quasi-Fermi energy level difference. 
The precursor factor of CH3NH3PbI3, defined as the ratio of PbI2 to MAI, was altered by Kari et 
al. [31] from 0.30 to 0.80, where hysteresis factor decreased from 19.5% to 8.87%, while it 
increased when going above 0.80 reaching 29% at 1.70. These precursor factor changes also 
altered the between P-Type at 0.30, intrinsic, and N-type at 1.70. These results are, however, 
only simulations and lack experimental confirmation. Focusing on PbI2 too, Chen et al. [32] used 
in-situ X-ray diffraction (XRD) to understand the reaction between PbI2 and organic salts. They 
found that the reaction formed FAPbI3-xBrx, and extended heating at 4 minutes or more resulted 
in the formation of PbI2 crystals from the leftover PbI2. These crystals helped reduce hysteresis 
from 23.55% to 0.50% and improved efficiency thanks to a reduction in defect density and ion 
migration. Mahmoudi et al. [33] opted to create a new PSC with a “MAPbI3−xClx/NiO-graphene 
photoactive composite and NiO interface layer” between the ETL and perovskite absorber. This 
new PSC reached 95.2% of the theoretical maximum photocurrent density and a 20.8% 
efficiency with no hysteresis. The perovskite absorbing layer was doped using ammonium 
cations (EA+) by Khan et al. [34]. EA+ diffused seamlessly into lead iodide (PbI2) and improved 
PSC performance due to less dense defect states. The PSC reached 21.32% PCE in the reverse 
scan and 21.09% in the forward scan, resulting in minimal hysteresis. Zhang et al. [35] proposes 
that polymers can also be used as additives to the PSK layer to improve capabilities and 
hysteresis. 
 
Interface Engineering 
The power conversion of PSCs is also determined by the properties of the interfaces where the 
layers connect. The most used electron transport layer (ETL) and hole transport layer (HTL) 
layers in PSCs, Tin Oxide (SnO2) and Spiro-OMeTAD, respectively, can have a role in reducing 
cell efficiency and thus causing hysteresis. To address this issue, the detrimental hydroxyls from 
the SnO2 layer and lithium ions from the Spiro-OMeTAD layer were simultaneously passivated 
and immobilized, respectively, by Li Yin et al. [36] using 3,5-bis(fluorosulfonyl)benzoic acid 
(FBA) as an interfacial modifier at the SnO2 surface. This resulted in reduced interfacial traps 
and improved energy alignment, raising the PCE to 24.26% without hysteresis, in addition to 
enhancing moisture resistance and operational stability. The same approach was used by Bi et 
al. [37] with oteracil potassium (OP) as a layer between SnO2 and methylammonium-free 
perovskite (Rb0.02(FA0.95Cs0.05)0.98PbI2.91Br0.03Cl0.06) layer, reducing oxygen vacancy in SnO2 and 
passivating Pb2+. While this allows the PCE to reach 22% with no hysteresis and notable 
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humidity stability, it does not reach a conclusion as to whether the reduction in hysteresis 
stems mainly from the contact improvement between the layers or the PSK layer passivation. 
On the other hand, phenyl-C61-butyric acid methyl ester (PCBM) was layered on top of the PSK 
layer by Zhong et al. [38] and was shown, using wide-field photoluminescence imaging 
microscopy, to neutralize iodine-related defects thus reducing hysteresis. This is due to PCBM 
molecules being mobile and migrating to the PSK layer, passivating defects. Furthermore, while 
chemical modifications are important, the physical architecture of the ETL has been shown to 
impact hysteretic behavior directly. A study by Rana Yekani et al. [39] comparing planar TiO2 
with 3D scaffold-based architecture found that the flat interface led to a reduction in hysteresis 
by improving the fill factor (FF) over time with higher thickness sustaining the FF more in 
forward scans. A combination of capacitance-voltage profiling, drift-diffusion simulation, and 
experimental measurements were used by Regalado-Pérez et al. [40] to compare the traditional 
Spiro-OMeTAD HTL with CuSCN showed that the latter had caused less hysteresis due to more 
homogenous distribution of charges and the absence of Li+ and Co3+ ions leakage from Spiro-
OMeTAD. However, Spiro-OMeTAD still had better PCE, showing that less hysteresis does not 
always lead to more efficient cells. After changing the precursor ratio, Kari et al. [31] altered 
the HTL and ETL layers proposing a structure of Cu2O as HTL and ZnO as ETL; this further 
decreased the hysteresis factor to 4.24%, a 52.73% decrease from the reference structure. Ionic 
liquids can be a solution for more consistent PSCs as an addition to the absorbing layer or the 
interfaces. González-Juárez et al. [41] spin-coated tetrabutylphosphonium iodide (B4PI) into 
the TiO2 ETL at different concentrations at 5000 rotation per minute for 30 seconds, then 
warmed it up to 80°C for 5 minutes and allowed it to reach ambient temperature before the 
PSK layer was deposited. They found that at 0.3% concentration, performance was slightly 
reduced, but hysteresis improved from 17% to 11%. 
 
Yinghui Wu et al. [17], on the other hand, spin-coated HBPC ((4′-pentyl-[1,1′-biphenyl]-4-yl) 
methanaminium iodide) into the PSK layer. It resulted in a PCE improvement from 20.04% to 
22.07% and a hysteresis index of 9.0% at a concentration of 4 mg/mL of HBPC. Nickel oxide 
(NiOx) is often used in PSCs as HTL. A study by Cheng et al. [42] aimed to improve the 
performance of these PSCs using three different layers, derived from “dibenzofulvene-bridged 
triphenylamine (TPA)”, inserted between NiOx and the PSK layer, TPAD, TPAO, and TPAS. The 
PSC using TPAS as a layer yielded the highest efficiency at 20.30% with very low hysteresis. 
Ambient-condition fabricated PSCs were given special attention by Amrollahi Bioki et al. [43], 
as they showed an improvement of 22.4% in efficiency, reaching 14.64 % PCE in the best-case 
and reduced hysteresis from 20.7% to 7.8%. This was done by inserting a thin layer of “HKUST-
1 metal organic framework (MOF)” between the TiO2 ETL and the PSK layer. Nair et al. [44] 
passivated low-cost carbon-based PSCs using acetic acid at 8% in a chlorobenzene anti-solvent 
during spin-coating and CaCl2 at 0.6% molar ratio directly into the perovskite. They were tested 
using an accelerated aging test from 35 °C to 95 °C at 85% RH, which revealed that the PSCs 
treated with acetic acid displayed a diminution in hysteresis. Lee et al. [18] investigated the 
fabrication of TiO2 under ambient air combined with thermal-assisted UV annealing at low 
temperatures, by spin-coating a titanium precursor solution onto an FTO substrate. They tested 
different temperatures, ranging from ambient temperature to 150 °C, and deduced that the best 
results were obtained at 125 °C, showing a PCE of 20.36% with reduced hysteresis. 
Temperatures ranging from 100 °C to 150 °C showed an improved PCE fill factor and less 
hysteresis. Mahmood et al. [45] attempted to replace traditional ETLs with hydrothermally 



 
 

  
 
 

54 Services for Science and Education – United Kingdom 

Vol. 13, Issue 04, August-2025 European Journal of Applied Sciences (EJAS) 

synthesized MoS2 by electrospraying it onto FTO glass. These PSCs achieved 16.09% efficiency, 
compared to spin-coated MoS2 at 13.79%, with negligible hysteresis. A defect post-passivating 
method, where the passivating material is applied after the PSK layer has been formed, was 
used to enhance the performance of PSCs as shown by Feng et al. [46]. MAPbI3 films were 
passivated using triphenylphosphine oxide (TPPO) with this method, protecting them from 
moisture and oxygen degradation. These PSCs achieved 14.9% PCE with minimal hysteresis at 
0.1 mmol/L concentration of TPPO. Aranda et al. [47] explored alkali metals as a potential 
solution to mitigate ion-driven interfacial recombination, which results in hysteresis. Li, Na, and 
K were each spin-coated onto the TiO2 layer of a MAPbBr3 PSC, respectively, and studied using 
impedance spectroscopy for comparison. Sodium (Na+) was found to be the most effective as it 
prevented ion migration due to methylamine compounds interacting electrostatically with 
sodium. Zhang et al. [48] used sodium citrate modified poly(3,4-ethylenedioxythiophene): 
poly(styrenesulfonate) (SC-PEDOT: PSS) as “conductive adhesive”. It was mixed with a 
perovskite precursor ink and then spin-coated into the TiO2 layer, improving crystallization, 
enhancing charge transport, and passivating defects. The device reached 19.1% efficiency with 
very low hysteresis and had superior humidity resistance. 
 
In a review of carbon-based charge transport layers (CTL), Ali et al. [49] emphasized that 
carbon-based CTLs reduce hysteresis in PSCs in addition to improving PCE and stability. In a 
similar trend, bidentate ligands (a type of molecule with two donor atoms) were shown in a 
review by Ugwu et al. [50] to improve efficiency and reduce hysteresis by passivating defects 
either in the perovskite cells or the interfaces. Zhang et al. [35] proposed that polymers can be 
used to improve PSC performance, including hysteresis, by passivating or acting as CTLs. 
 

CONCLUSION 
Thanks to the high potential of PSCs as an alternative to current mainly used technologies, J-V 
hysteresis is a highly investigated issue. This irregularity is the result of several mechanisms, 
such as ion migration, charge trapping, and ferroelectric polarization. 
 
Analysis of recent research has shown that innovative protocols have been developed to help 
achieve measurements with no hysteresis by optimizing scan rates and specific conditions. It 
also highlighted physical solutions to this phenomenon by altering the PSK layer itself or its 
interfaces and the layers, linking them, through doping and interface engineering. Some of the 
proposed solutions have limited reproducibility or are done under idealistic conditions, which 
puts into question long-term performance. They also in certain cases focus on hysteresis 
reduction, sacrificing efficiency. The newly introduced materials, while they improve 
hysteresis, may introduce new challenges such as toxicity, stability issues, or manufacturing 
issues which could increase the price of these cells. While understanding of hysteresis is 
improving, continued research in addressing defects in the PSK layer and the interfaces without 
sacrificing efficiency, as well as, increased experimental and long-term tests remains critical to 
a stable, efficient, and, commercialized perovskite solar cell. 
 
Declarations 
Availability of Data and Materials 
All data analyzed during this study are included in the published articles cited. No new datasets 
were generated or analyzed in this review. 



 
 

 
 
 

55 

Benfatima, K., Zazi, K., & Bah, A. (2025). Recent Advances in Addressing J-V Curve Hysteresis in Perovskite Solar Cells. European Journal of Applied 
Sciences, Vol - 13(04). 49-58. 

URL: http://dx.doi.org/10.14738/aivp.1304.19133 

Competing Interests 
The authors declare that he has no competing interests. 
 
Funding 
The authors declare that no funding was received for this work. 
 
Authors' Contributions 
K.B. performed the research and wrote the paper. A.B. and K.Z. supervised the project and 
provided critical revisions. All authors approved the final version of the manuscript. 
 
Acknowledgements 
Not applicable. 
 
References 
[1] L. P. Lekesi, L. F. Koao, S. V. Motloung, T. E. Motaung, and T. Malevu, “Developments on Perovskite Solar 

Cells (PSCs): A Critical Review,” Applied Sciences, vol. 12, no. 2, p. 672, Jan. 2022, doi: 
10.3390/app12020672. 

[2] A. Bist, B. Pant, G. P. Ojha, J. Acharya, M. Park, and P. S. Saud, “Novel Materials in Perovskite Solar Cells: 
Efficiency, Stability, and Future Perspectives,” Jun. 01, 2023, MDPI. doi: 10.3390/nano13111724. 

[3] A. Sharma, V. Gupta, A. Sharma, S. K. Sharma, and A. K. Sharma, “Recent advances and strategies for 
enhancing perovskite-organic tandem solar cells,” Next Research, vol. 2, no. 3, p. 100494, Sep. 2025, doi: 
10.1016/J.NEXRES.2025.100494. 

[4] S. Yuan et al., “Targeted suppression of hysteresis effect in perovskite solar cells through the inhibition of 
cation migration,” Appl Phys Lett, vol. 122, no. 13, Mar. 2023, doi: 10.1063/5.0145249. 

[5] J. Bisquert, “Inductive and Capacitive Hysteresis of Current-Voltage Curves: Unified Structural Dynamics in 
Solar Energy Devices, Memristors, Ionic Transistors, and Bioelectronics,” PRX Energy, vol. 3, no. 1, Jan. 
2024, doi: 10.1103/prxenergy.3.011001. 

[6] W. Clarke, M. Cowley, M. Wolf, P. Cameron, A. Walker, and G. Richardson, “Inverted hysteresis as a 
diagnostic tool for perovskite solar cells: Insights from the drift-diffusion model,” 2023. 

[7] R. Singh and M. Parashar, “Origin of Hysteresis in Perovskite Solar Cells,” in Soft-Matter Thin Film Solar 
Cells, AIP Publishing LLCMelville, New York, 2021, pp. 1-1-1–42. doi: 10.1063/9780735422414_001. 

[8] S. Tammireddy et al., “Hysteresis and Its Correlation to Ionic Defects in Perovskite Solar Cells,” Journal of 
Physical Chemistry Letters, vol. 15, no. 5, pp. 1363–1372, Feb. 2024, doi: 10.1021/acs.jpclett.3c03146. 

[9] N. Filipoiu et al., “Capacitive and inductive effects in perovskite solar cells: the different roles of ionic 
current and ionic charge accumulation,” Aug. 2022, [Online]. Available: http://arxiv.org/abs/2208.10199 

[10] A. Kumar, A. Rana, N. Vashistha, K. K. Garg, and R. K. Singh, “Defect states influencing hysteresis and 
performance of perovskite solar cells,” Solar Energy, vol. 211, pp. 345–353, Nov. 2020, doi: 
10.1016/j.solener.2020.09.052. 

[11] K. Sakhatskyi et al., “Assessing the Drawbacks and Benefits of Ion Migration in Lead Halide Perovskites,” 
Oct. 14, 2022, American Chemical Society. doi: 10.1021/acsenergylett.2c01663. 

[12] J. A. Kress et al., “Persistent Ion Accumulation at Interfaces Improves the Performance of Perovskite Solar 
Cells,” ACS Energy Lett, vol. 7, no. 10, pp. 3302–3310, Oct. 2022, doi: 10.1021/acsenergylett.2c01636. 

[13] L. Munoz-Diaz et al., “Inductive and Capacitive Hysteresis of Halide Perovskite Solar Cells and Memristors 
Under Illumination,” Front Energy Res, vol. 10, Jul. 2022, doi: 10.3389/fenrg.2022.914115. 



 
 

  
 
 

56 Services for Science and Education – United Kingdom 

Vol. 13, Issue 04, August-2025 European Journal of Applied Sciences (EJAS) 

[14] J. Wang, Y.-Q. Sun, and D. Shi, “Fast electronic trapping and de-trapping by mid-gap states in CH3NH3PbCl3 
single crystal,” Appl Phys Lett, vol. 122, no. 4, Jan. 2023, doi: 10.1063/5.0130512. 

[15] X.-Y. Liu, Y. Cui, J.-P. Deng, Y.-Y. Liu, X.-F. Ma, Y.-X. Hou, J.-Y. Wei, Z.-Q. Li, and Z.-W. Wang, “Charge Carriers 
Trapping by the Full-Configuration Defects in Metal Halide Perovskites Quantum Dots,” The Journal of 
Physical Chemistry Letters, vol. 13, no. 38, pp. 8858–8863, Sep. 2022, doi: 10.1021/acs.jpclett.2c02311. 

[16] W. Veurman et al., “Deciphering hysteresis in perovskite solar cells: Insights from device simulations 
distinguishing shallow traps from mobile ions,” Solar Energy, vol. 284, Dec. 2024, doi: 
10.1016/j.solener.2024.113037. 

[17] Y. Wu et al., “Interface modification to achieve high-efficiency and stable perovskite solar cells,” Chemical 
Engineering Journal, vol. 433, Apr. 2022, doi: 10.1016/j.cej.2022.134613. 

[18] M. Lee et al., “Thermal-assisted photo-annealed TiO2 thin films for perovskite solar cells fabricated under 
ambient air,” Appl Surf Sci, vol. 530, Nov. 2020, doi: 10.1016/j.apsusc.2020.147221. 

[19] E. Hernández-Balaguera, B. Arredondo, G. del Pozo, and B. Romero, “Exploring the impact of fractional-
order capacitive behavior on the hysteresis effects of perovskite solar cells: A theoretical perspective,” 
Commun Nonlinear Sci Numer Simul, vol. 90, Nov. 2020, doi: 10.1016/j.cnsns.2020.105371. 

[20] E. Hernández-Balaguera, B. Romero, B. Arredondo, G. del Pozo, M. Najafi, and Y. Galagan, “The dominant 
role of memory-based capacitive hysteretic currents in operation of photovoltaic perovskites,” Nano 
Energy, vol. 78, Dec. 2020, doi: 10.1016/j.nanoen.2020.105398. 

[21] H. Röhm, T. Leonhard, M. J. Hoffmann, and A. Colsmann, “Ferroelectric Poling of Methylammonium Lead 
Iodide Thin Films,” Adv Funct Mater, vol. 30, no. 5, Jan. 2020, doi: 10.1002/adfm.201908657. 

[22] H. Röhm, T. Leonhard, A. D. Schulz, S. Wagner, M. J. Hoffmann, and A. Colsmann, “Ferroelectric Properties 
of Perovskite Thin Films and Their Implications for Solar Energy Conversion,” Advanced Materials, vol. 31, 
no. 26, Jun. 2019, doi: 10.1002/adma.201806661. 

[23] A. O. Alvarez, R. Arcas, C. A. Aranda, L. Bethencourt, E. Mas-Marzá, M. Saliba, and F. Fabregat-Santiago, 
“Negative Capacitance and Inverted Hysteresis: Matching Features in Perovskite Solar Cells,” The Journal 
of Physical Chemistry Letters, vol. 11, no. 19, pp. 8417-8423, Oct. 2020, doi: 10.1021/acs.jpclett.0c02331. 

[24] A. D. Schulz, M. O. Schmitt, M. Braun, A. Colsmann, M. Hinterstein, and H. Röhm, “Ferroelectricity and 
Crystal Phases in Mixed-Cation Lead Iodide Perovskite Solar Cells,” Solar RRL, vol. 6, no. 12, Dec. 2022, doi: 
10.1002/solr.202200808. 

[25] E. Hernández-Balaguera, L. Muñoz-Díaz, C. Pereyra, M. Lira-Cantú, M. Najafi, and Y. Galagan, “Universal 
control strategy for anomalous ionic-electronic phenomenology in perovskite solar cells efficiency 
measurements,” Mater Today Energy, vol. 27, Jul. 2022, doi: 10.1016/j.mtener.2022.101031. 

[26] E. H. Balaguera and J. Bisquert, “Accelerating the Assessment of Hysteresis in Perovskite Solar Cells,” ACS 
Energy Lett, vol. 9, no. 2, pp. 478–486, Feb. 2024, doi: 10.1021/acsenergylett.3c02779. 

[27] Y. Zhang, M. Deng, R. Li, Y. Yang, M. Waleed Akram, and M. Guli, “Effect of test conditions on the efficiency 
and hysteresis of Sn-Pb mixed perovskite solar cells,” Materials Science and Engineering: B, vol. 297, Nov. 
2023, doi: 10.1016/j.mseb.2023.116775. 

[28] J. T.-W. Wang et al., “Efficient perovskite solar cells by metal ion doping,” Energy Environ Sci, vol. 9, no. 9, 
pp. 2892–2901, 2016, doi: 10.1039/C6EE01969B. 

[29] D.-Y. Son et al., “Universal Approach toward Hysteresis-Free Perovskite Solar Cell via Defect Engineering,” 
J Am Chem Soc, vol. 140, no. 4, pp. 1358–1364, Jan. 2018, doi: 10.1021/jacs.7b10430. 

[30] W. Li et al., “Dual efficacy of potassium-doping in perovskite solar cells: Reducing hysteresis and boosting 
open-circuit voltage,” J Appl Phys, vol. 136, no. 16, Oct. 2024, doi: 10.1063/5.0228415. 

[31] M. Kari and K. Saghafi, “Hysteresis reduction in planar perovskite solar cell with CH3NH3PbI3 absorber by 
changing the precursor ratio and electron/hole transport layers,” Optik (Stuttg), vol. 287, Sep. 2023, doi: 
10.1016/j.ijleo.2023.170959. 



 
 

 
 
 

57 

Benfatima, K., Zazi, K., & Bah, A. (2025). Recent Advances in Addressing J-V Curve Hysteresis in Perovskite Solar Cells. European Journal of Applied 
Sciences, Vol - 13(04). 49-58. 

URL: http://dx.doi.org/10.14738/aivp.1304.19133 

[32] Y. Chen et al., “Understanding the PbI2 continuous crystallization to enhance perovskite solar cells 
performance and eliminate hysteresis by in-situ analysis,” Solar Energy, vol. 299, p. 113714, Oct. 2025, doi: 
10.1016/J.SOLENER.2025.113714. 

[33] T. Mahmoudi, Y. Wang, and Y. B. Hahn, “Highly stable perovskite solar cells based on perovskite/NiO-
graphene composites and NiO interface with 25.9 mA/cm2 photocurrent density and 20.8% efficiency,” 
Nano Energy, vol. 79, Jan. 2021, doi: 10.1016/j.nanoen.2020.105452. 

[34] U. Khan, T. Iqbal, A. Rauf, R. Wu, M. Khan, and Q. U. Khan, “Incorporating EA+ into PbI2 film for stable 
multiple cations perovskite solar cells with negligible hysteresis,” Solar Energy, vol. 224, pp. 868–874, Aug. 
2021, doi: 10.1016/j.solener.2021.06.060. 

[35] P. Zhang et al., “Next-generation solar energy: Progress, stability, and prospects of polymer-modified 
Perovskite solar cells; A review,” Mar. 06, 2025, Elsevier Ltd. doi: 10.1016/j.ijhydene.2025.01.280. 

[36] L. Yin et al., “A Multifunctional Molecular Bridging Layer for High Efficiency, Hysteresis-Free, and Stable 
Perovskite Solar Cells,” Adv Energy Mater, vol. 13, no. 25, Jul. 2023, doi: 10.1002/aenm.202301161. 

[37] H. Bi et al., “Highly efficient and low hysteresis methylammonium-free perovskite solar cells based on 
multifunctional oteracil potassium interface modification,” Chemical Engineering Journal, vol. 439, Jul. 
2022, doi: 10.1016/j.cej.2022.135671. 

[38] Y. Zhong, M. Hufnagel, M. Thelakkat, C. Li, and S. Huettner, “Role of PCBM in the Suppression of Hysteresis 
in Perovskite Solar Cells,” Adv Funct Mater, vol. 30, no. 23, Jun. 2020, doi: 10.1002/adfm.201908920. 

[39] R. Yekani, H. Wang, S. Bessette, R. Gauvin, and G. Demopoulos, “Synergetic interfacial conductivity 
modulation dictating hysteresis evolution in perovskite solar cells under operation,” Physical Chemistry 
Chemical Physics, vol. 26, no. 10, pp. 8366–8379, 2024, doi: 10.1039/D4CP00067F. 

[40] E. Regalado-Pérez, E. B. Díaz-Cruz, and J. Villanueva-Cab, “Impact of the hole transport layer on the space 
charge distribution and hysteresis in perovskite solar cells analysed by capacitance–voltage profiling,” 
Sustain Energy Fuels, vol. 9, no. 5, pp. 1225–1235, 2025, doi: 10.1039/D4SE01262C. 

[41] E. González-Juárez et al., “Effect of tetrabutylphosphonium iodide as interfacial additive between titanium 
dioxide and methylammonium lead iodide in mesoscopic perovskite solar cells,” Thin Solid Films, vol. 782, 
Oct. 2023, doi: 10.1016/j.tsf.2023.140025. 

[42] T. H. Cheng, S. C. Lin, Z. E. Shi, Y. S. Hsiao, C. P. Chen, and Y. C. Chen, “Interfacial layer with a 
dibenzofulvene-bridged triphenylamine core for efficient and stable inverted perovskite solar cells,” Synth 
Met, vol. 308, Nov. 2024, doi: 10.1016/j.synthmet.2024.117715. 

[43] H. Amrollahi Bioki, A. Moshaii, and M. Borhani Zarandi, “Performance improvement of ambient-condition 
fabricated perovskite solar cells using an interfacial HKUST-1 MOF on electron transfer layer,” Surfaces 
and Interfaces, vol. 27, Dec. 2021, doi: 10.1016/j.surfin.2021.101579. 

[44] S. Nair and J. V. Gohel, “Impact of stress testing and passivation strategies on low-cost carbon-based 
perovskite solar cell under ambient conditions,” Opt Mater (Amst), vol. 117, Jul. 2021, doi: 
10.1016/j.optmat.2021.111214. 

[45] K. Mahmood, A. Khalid, S. W. Ahmad, H. G. Qutab, M. Hameed, and R. Sharif, “Electrospray deposited MoS2 
nanosheets as an electron transporting material for high efficiency and stable perovskite solar cells,” Solar 
Energy, vol. 203, pp. 32–36, Jun. 2020, doi: 10.1016/j.solener.2020.04.021. 

[46] Y. Feng, J. Zhang, C. Duan, X. Zhang, Y. Zhang, and J. Dai, “Improved inverted MAPbI3 perovskite solar cell 
with triphenylphosphine oxide passivation layer,” Opt Mater (Amst), vol. 127, May 2022, doi: 
10.1016/j.optmat.2022.112264. 

[47] C. A. Aranda, A. O. Alvarez, V. S. Chivrony, C. Das, M. Rai, and M. Saliba, “Overcoming ionic migration in 
perovskite solar cells through alkali metals,” Joule, vol. 8, no. 1, pp. 241–254, Jan. 2024, doi: 
10.1016/j.joule.2023.11.011. 



 
 

  
 
 

58 Services for Science and Education – United Kingdom 

Vol. 13, Issue 04, August-2025 European Journal of Applied Sciences (EJAS) 

[48] P. Zhang et al., “High efficiency of 19% for stable perovskite solar cells fabrication under ambient 
environment using ‘conductive polymer adhesive,’” J Power Sources, vol. 507, Sep. 2021, doi: 
10.1016/j.jpowsour.2021.230302. 

[49] S. R. Ali, M. M. Faisal, K. C. Sanal, and M. W. Iqbal, “Impact of carbon-based charge transporting layer on the 
performance of perovskite solar cells,” Jun. 01, 2021, Elsevier Ltd. doi: 10.1016/j.solener.2021.04.040. 

[50] D. I. Ugwu and J. Conradie, “Bidentate ligand application for perovskites passivation,” Jul. 01, 2024, Elsevier 
Ltd. doi: 10.1016/j.nexus.2024.100296. 

 


