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Figure 1 Power conversion efficiencies (PCEs) of different solar cells from NREL (Data source: http://www.nrel.gov/ncpv/images/efficiency_

chart.jpg)
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Figure 3 (Color online) Structures of two typical perovskite solar cells (PSCs). (a) PSCs with mesoscopic architecture; (b) PSCs with planar hetero-

junction structure
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Figure 4 (Color online) Structure and energy band diagrams of the perovskite solar cell with a PCE of 19.3%"). (a) SEM cross-sectional image of the
device. The layers from the top to the bottom are: Au, spiro-OMeTAD, perovskite, Y-TiO,, and ITO/PEIE; (b) Diagram of energy levels (relative to the

vacuum level) of each functional layer in the device
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Figure 5 (Color online) Perovskite thin film with millimeter-scale crystal grains via hot-casting methods™. (a) Hot-casting scheme for large-area
perovskite crystal growth (ITO: indium tin oxide; FTO: fluorine-doped tin oxide; PEDOT: poly(3,4-ethylenedioxythiophene) polystyrene sulfonate);
(b) optical images of perovskite crystals obtained at different substrate temperatures; (c) comparison of grain size as a function of processing tempera-
ture obtained for the hot-casting and conventional post-annealing methods; (d) dependence of the PCE values and the mobility of the perovskite crystal
with different grain sizes; (e) average J-V characteristics resulted by sweeping the voltage from forward to reverse and from reverse to forward bias

demonstrates the absence of hysteresis; (f) variation in PCE for 50 measured devices, the devices from large-grain PbCH;NH;15_,Cl, exhibited excellent
reproducibility and stability
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Table 1 The published PCEs of devices with different hole transporting materials (HTMs) in 2014
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Figure 6 (Color online) Improving the structural design and stability of perovskite solar cells. (a) The structure of two kinds of crystals, here A de-
notes crystal structures of the 3D perovskite (MA)[Pbl;]; B denotes the 2D perovskite (PEA),(MA),[Pbslo]; (b) XRD patterns of the
(PEA),(MA),[Pbsl;] films, Panel 1, 2a and 2b correspond to the 2D perovskite films, 3D films with poor quality and 3D films with high quality, re-
spectively™!!
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Figure 7 (Color online) Several strategies for improving the stability of PSCs. (a) Comparison of the stability of two kinds of PSCs with TTF-1 and

spiro-OMeTAD"™?; (b) stability of PSCs with and without PDPPDBTE"?; (c) stability of PSCs with AgTFSI as dopant or oxygen as dopant™*; (d)
comparison of PCEs of PSCs with the addition of different XTHSI after 3 months'™!
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Progress on perovskite-based solar cells

BAI YuBing, WANG QiuYing, LU RuiTao, ZHU HongWei & KANG FeiYu

Key Laboratory of Advanced Materials (MOE), School of Materials Science and Engineering, Tsinghua University, Beijing 100084, China

As an important kind of clean and renewable energy source, solar cells are attracting more and more attention in recent
years due to their great potential in addressing the energy crisis issues. In this context, developing novel solar cells with
both high power conversion efficiency and low cost is becoming a hot research topic worldwide. In 2009, CH;NH;Pbl;
and CH;NH;PbBr; were firstly fabricated as quantum dot and used in dye-sensitized solar cell (DSSC) with a power
conversion efficiency of 3.8%. Since then, many fascinating breakthroughs on perovskite-based solar cells have been
achieved in an amazing speed, especially in recent 5 years. The overall performance of perovskite-based solar cells has
outperformed several other types of traditional solar cells. Due to the importance of perovskite-based solar cells, the
related research has been elected as one of the top 10 scientific breakthroughs in 2013 by Science magazine. So far, a
high power conversion efficiency up to 20.1% has been reported by Korea Research Institute of Chemical Technology
(KRICT). The perovskite-based solar cells are with low cost and easy to be fabricated. Based on their excellent properties,
such as good optical absorption and high charge transfer efficiency, breakthroughs on much higher power conversion
efficiencies can be expected in the future. Here we summarize some state-of-the-art research advances on
perovskite-based solar cells achieved from 2014 to now. We focus on the basics of perovskite-based solar cells, interface
control, synthesis routes, etc. Current strategies for improving the power conversion efficiency, stability and
eco-friendliness are summarized. Moreover, we propose the challenges that need to be overcome in the near future.
Firstly, the working mechanism of those high efficiency solar cells is still an open question. Secondly, how to improve
both the power conversion efficiency and the stability is still a big challenge. The perovskite-based solar cells are actually
very sensitive to the ambient water vapor and oxygen. Thirdly, the large-area mass production of perovskite-based solar
cells has not been realized so far. The size of the perovskite-based solar cell devices obtained in the laboratory scale is
only several centimeters, which can not meet the industrial production demand. Finally, how to avoid using heavy metals,
such as Pb, and keep the high power conversion efficiency as well, is also a big challenge. In the future, perovskite solar
cells are supposed to be lead-free without sacrificing their high efficiency.

perovskite solar cells, power conversion efficiency, stability, eco-friendly
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