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Stability investigation on perovskite solar cells: from materials to
the device

Prof. Qingbo Meng

Beijing Key Laboratory for New Energy Materials & Devices, Key Laboratory for Renewable
Energy (CAS), Beijing National Laboratory for Condensed Matter Physics, Institute of Physics,
Chinese Academy of Sciences (CAS), Beijing 100190, China

Email: gbmeng@iphy.ac.cn

Recently, perovskite-based solar cells (PSCs) has attracted worldwide interest due to their
dramatic increase in the power conversion efficiency (PCE) in short five years. Currently, over 22%
certified PCE has already been achieved, however, stability issue is still a big problem for its future
development. Aiming at this issue, some representative works have been carried out in our lab, and
21% PCE has been achieved [1-14]. An electrically modulated transient photocurrent technology has
been developed and used to investigate the slow charge and electric field response inside the PSC.
The intrinsic hysteresis behavior has been investigated and was revealed by the ion migration in the
perovskite absorber drifted by multiple electric fields derived from heterojunction depletion charge,
external modulation and the ion charge itself [11,12]. Furthermore, Polystyrene (PS) is introduced to
stabilize the perovskite component, grains and microstructures by forming PS-capped perovskite
grains. It is found that the PS coverage has significant advantages in suppressing the component loss
and phase separation, obstructing moisture corrosion and promoting crystal self-healing of perovskite
films[14]. In this contribution, stability investigation on materials and the devices of PSCs will be
presented.
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1. Eftekharinia, B.; Moshaii, A.; Dabirian, A.; Vayghan, N. S., Optimization of charge transport in a Co-Pi modified hematite
thin film produced by scalable electron beam evaporation for photoelectrochemical water oxidation. Journal of
Materials Chemistry A 2017, 5 (7), 3412-3424.
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What are the limitations in disordered organic solar cells; insights from
photophysics and optoelectronics

Safa Shoaee

Optoelectronics of Organic Semiconductors, Institut fiir Physik und Astronomie, Universitat Potsdam, 14476
Potsdam-Golm

Abstract — Despite the myriad of organic donor:acceptor materials, only few systems have emerged
in the life of organic solar cells to exhibit considerable reduced bimolecular recombination,*? with
respect to the random encounter rate given by the Langevin equation. Monte Carlo simulations have
revealed that the rate constant of the formation of electron-hole bound states depends on the
random encounter of opposite charges and is nearly given by the Langevin equation for the domain
sizes relevant to efficient bulk heterojunction systems. Herein we explain the reduced bimolecular
recombination by solving kinetic rate equations for a BHJ system with realistic rates. We demonstrate
that both singlet® and triplet* CT states can act as loss channels and suppression of both of the parallel
loss channels can be achieved through increasing the dissociation rate of the charge transfer states; a
crucial requirement to achieve a high charge carrier extraction efficiency.

1) Armin et al, Adv. Mater. Energy 2017 in press

2) Armin et al. Adv. Energy Mater. 2016, 6, 1600939
3) Burke et al. Adv. Energy Mater. 2015, 5, 1500123
4) Rao, Nature 2013, 500, 435-439
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Effect of Annealing Temperature on Morphology Evolution of CH3sNHsPbls
Pervoskite Deposited by Hot Casting Technique on Al,Oz Scaffold

Naser Jahanbakhshi Zadeh?!, Mahmoud Borhani Zarandi!, Mohammad Reza Nateghi? and Ali Hatef®

Yazd University, Department of Physics
2Azad Islamic University of Yazd, Department of Chemistry
3Computational Physics Department of Computer Science and Mathematics, Nipissing University

We investigated the morphology evolution of CHsNH3Pbls perovskite layer in correlation with
the annealing temperature and speed of the spin coating device for hot casting deposition
technique. In hot casting deposition technique, by increasing the annealing temperature of
substrate, morphology of perovskite layer turns from branch to lotus leaf shapes. By increasing
substrate temperature from 140 °C to 175 °C, branch shape morphs are converted to lotus leaf
shapes and perovskite layer is formed by islands that stick together which have a high
compression coefficient and surface coverage (Figure 1). In this method, for low speed
deposition, the presence of solvents (DMF and DMSQ) on the perovskite layer leads to smaller
islands than those prepared by higher speed deposition. In hot casting technique, as a result of
an increase of temperature from 140 °C, the morphology of perovskite layer turns from the
branch to lotus leaf-like island shapes. In fact, the crystalline growth of the Volmer-Weber
growth method starts from this temperature and branch-shaped crystals completely disappear.

Fig. 1. Top view SEM images showing the change in morphology of perovskite layer created by hot casting
technique.
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The Capacitance Spectroscopy Investigation of Water-Based Nanoparticulate

Organic Solar Cells

Mohsen Ameri'?, Mathew Griffith', Natalie Holmes?, Krishna Ferron?, Xiaojing Zhou?, Warwick Beltcher?,
Feridoun Samavat?, Ezzedin Mohajerani?, Paul C. Dastoor?!

Center of Organic Electronics (COE), The University of Newcastle, Newcastle, Australia
2POMP Lab, Laser & Plasma research institute, Shahid Beheshti University, Tehran, Iran
3 Department of physics, Bu Ali Sina University, Hamedan, Iran

Organic photovoltaic cells (OPVs) are promising innovation due to their low cost and offering the
possibility of large area fabrication on flexible substrates with soaring efficiencies [1]. Although these
are important objectives, the principle challenge remains to transfer the technology from lab-scale to
large area production. Hence, replacing the commonly used chlorinated solvents by environmentally
friendly solvents is essential. A universally regarded approach to deposit organic semiconducting
materials from eco-compatible solvents is the dispersion of photo-active organic materials in water or
alcohol. This approach has recently received an increasing interest, with a range of diverse polymer
and acceptor materials utilized to prepare nanoparticulate (NP) OPV devices with efficiencies ranging
from 2% to 4% [2-4]. Compared to their bulk heterojunction counterpart, NP OPV devices also offer
an exciting pathway towards controlling the morphology on the nanoscale in the particles prior to
device fabrication. Furthermore, the amount of solvent needed for preparing the nanoparticle is
relatively small as compared to normal BHJ devices. Currently, our group at center of organic
electronics (COE), University of Newcastle, is the pioneer site in NP OPV development for R2R
deployment under Australian ANFF & CSIRO funding.

In the present report, we present the first comprehensive study on the relationship between the
capacitance- frequency response, morphology and the NP OPV device performance. Several device
structures are fabricated, along with material variation to unravel the abnormal response of NP
devices with regards to the NP active layer morphology. The results highlights the importance of the
amount of surfactant ions in the NP film.

This work is supported by Australian Renewable Energy Agency (ARENA), CSIRO (Commonwealth Scientific and Industrial Research Organization, Australia)
and MSRT, Iran. The paper manuscript is under peer review.
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1) STXM compositional maps for: as-spun ((A) and (B)). (C) TEM 2) Capacitance — frequency response of NP device by varying the

image of as as-spun layer. (Bottom) Capacitance- frequency surfactant amount under light and dark. (Inset) Schematic of NP
and J-V curves of NP and BHJ and BHJ devices.

[1] Heliatek, 13.2%, February 2016, by Fraunhofer CSP. http://www.heliatek.com/en/press/press-releases/details/heliatek-sets-new-organic-photovoltaic-
world-record-efficiency-of-13-2

[2] Gértner, Stefan, et al. "Eco-Friendly Fabrication of 4% Efficient Organic Solar Cells from Surfactant-Free P3HT: ICBA Nanoparticle
Dispersions." Advanced Materials 26.38 (2014): 6653-6657.

[3] Ulum, Syahrul, Natalie Holmes, Matthew Barr, AL David Kilcoyne, Bill Bin Gong, Xiaojing Zhou, Warwick Belcher, and Paul Dastoor. "The role of
miscibility in polymer: fullerene nanoparticulate organic photovoltaic devices."” Nano Energy 2, no. 5 (2013): 897-905.

[4] D’Olieslaeger, Lien, Martin Pfannméller, Eduard Fron, Ilaria Cardinaletti, Mark Van der Auweraer, Gustaaf Van Tendeloo, Sara Bals et al. "Tuning of
PCDTBT: PC 71 BM blend nanoparticles for eco-friendly processing of polymer solar cells." Solar Energy Materials and Solar Cells 159 (2017): 179-188.
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