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CsPbX3 (X=I, Br) perovskite solar cells gPSCs) have potential applications
in tandem solar cells and indoor photovoltaics. While the low efficiency and poor stability are
limiting their perspectives. This project is aiming at developing efficient and stable CsPbX3 PSCs
and the following results were achieved.

Firstly, charge transport materials of amorphous SnOx and dopant-free polymer PDTDT were developed,
by which the high efficiency especially the high voltage, and good stability of CsPbX3 PSCs were
realized. These materials can be used in other research on CsPbX3 PSCs. Secondly, the CsPbX3
perovskite defects (undercoordinated Pb2+ and metallic Pb) were well suppressed by a molecule
surface passivation method, promoting the voltage of solar cells to over 92% of the theoretical
limit. In summary, these researches solved the problem of the low efficiency of CsPbX3 PSCs by
;B%E$asing the voltage. The stability of CsPbX3 PSCs was also improved by using the dopant-free



CsPbX3 perovskite solar cells (PSCs) have application potential in tandem solar cells and indoor
photovoltaics. While their low efficiency and poor stability are limiting their perspectives.

(1) Thelow efficiency is mainly because of thelow Voc. For CsPbX 3 PSCs, the photocurrent is approaching
the theoretical limit and the fill factor is always high in most reported cases. While the Voc is still quite
low and most of the reported VVoc values are only 80% of the theoretical limits, leaving big spaceto improve.

(2) The poor stability of CsPbX3 is mainly because the perovskite phase is unstable against humidity and
easily transforms into a non-perovskite phase. The dopants of widely used hole transport material (HTM),
Spiro-MeOTAD, can absorb humidity and trigger the perovskite phase transition, damaging the
performance of CsPbX3 solar cells. Therefore, improving Voc for enhancing the device efficiency and
developing dopant-free HTMs are important topics for CsPbX 3 solar cells.

This project aims to improve the efficiency and stability of CsPbX3 PSCs.

(1) For improving the efficiency, proper charge transport materials were developed for CsPbX3 and the
perovskite defects were suppressed by a molecule passivation engineering.

(2) For enhancing the stability, a p-type polymer was developed and used as a dopant-free HTM to avoid
the hygroscopic dopant-induced perovskite phase transition.

(1) The conventiona charge transport materials such as TiO, 1
and Spiro-OMeTAD are suitable for hybrid perovskites while
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not perfect for CsPbXs. The main reason isthe mismatch of the  Ziof = o
energy levels between these materials and CsPbX s, which will 150 E
lead to large energy loss at the interface and result in low Voc 1 |
and efficiency. For solving this problem, on one hand, an E{mﬁ, i3 10 ths
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amorphous SnOx electron transport layer (ETL) and PDTDT 28 rage &

polymer HTM were developed. The SnOx hasasdlightly higher  5gire 1. 3v curves of CsPblBr solar cells
conduction band than that of perovskite, forming an interfacial  employing SnOx ETL prepared using fresh and
spike structure, which can efficiently prevent the electron back-  aged SnCl; solution.

transfer and electron-hole nonradiative recombination. The
SnOx layer remarkably improved the Voc of CsPbl2Br solar
cells to 1.42 V (Figure 1), which is much higher than ever-
reported values. With enhanced Voc, an efficiency of 15.53%
was obtained.

On other hand, a p-type polymer PDTDT was synthesized
and used as HTM. This polymer has a proper HOMO level
of -5.44 eV, which is lower than Spiro-OMeTAD and Voo=1.42
matches well with the valence band position of CsPbl2Br (-

5.77 eV). It aso has high hole mobility and the casted film 0 ———

shows a face-on orientation, both of which are beneficial for 00 02 04 Olceivy® 12 14
the hole transfer. When used as a dopant-free HTM, a
record-high efficiency of 17.36% was achieved for
CsPblBr solar cells (Figure 2).
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Figure 2. JV curve of CsPbl,Br solar cells
employing PDTDT as HTM.



(2) As a type of solution-processed material, perovskite film
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always has various kinds of defectsthat are bad for the device's e e ., oo 8 > o
performance. Compared with bulk defects, the perovskite ° ES
surface defect property is more decisive to the performance. In =
this part, the surface defect property of CsPbX3 was studied Vit o e
using density functional theory calculations and iodine ® VoolVog.sq from lterature 20%
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vacancy was found to be the main type of defect. For reducing T e e oo
the iodine vacancy, i.e., undercoordinated Pb?*, a thiophene- e

based molecule was used for surface passivation. It was found R

that the thiophene unit has strong interaction with Pb?*, which . N

well suppressed the iodine vacancies and the metallic Pb ﬁ;,gqﬁrefi}aéns]g]&z O;Y;C i”eﬁ‘l'stsrr;f;f;’fﬁ
defects. As a result, the Voc of CsPbl,2sBro7s solar cells was literature and achieved this work.

improved from 1.36 to 1.42 V, leading to the efficiency

enhancement from 15.55 to 16.72%. The Voc of 1.42 V is reaching 92% of the theoretical limit of a 1.86
€V CsPhlz25Bro.7s perovskite, which is higher than those in reported CsPbX3 solar cells (Figure 3). This
method also improved the Voc of other compositional CsPbX 3 solar cells, such asfrom 1.42to 1.51V (90%
of limit) for CsPbl1sBris (1.99 €V) and from 1.44 to 1.54 V (87% of limit) for CsPbIBr; (2.10 eV) solar
cells, implying its universality.
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will degrade the perovskite material stability and the device's
performance. For solving this problem, the developed PDTDT  Figure 4. Long-term stability of CsPbl,Br solar
polymer was used as dopant-free HTM. Except for therecord- ~ ¢8lls employing PDTDT (target) and P3HT
high efficiency of 17.36% achieved using this polymer (Figure (reference) asHTM.

2), its effect on the stability of CsPbl.Br was studied. It was

found that while Spiro-OMeTAD degraded the perovskite phase in a short time, the PDTDT-based device
showed good long-term stability. The PDTDT-based samples were stored in an environment with 10-20%
humidity and measured efficiency in a 20% humidity condition. After 45 days, the samples still keep 88%
of the champion values (Figure 4), indicating the positive role of PDTDT in maintaining the perovskite
phase and the device performance.

In summary, in this project, the efficiency of CsPbX3 solar cells was improved by remarkably enhancing
the Voc through the engineering of developing suitable charger transport materials and perovskite surface
passivation. The stability of CsPbX 3 solar cellswasimproved by employing dopant-free polymer to replace
the conventional HTM of Spiro-OMeTAD (with dopants) for avoiding the perovskite phase transition.
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