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Fig. 1. (color online) Diagram of Perovskite crystal

structure.
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Fig. 2. (color online) The absorption coefficient curve

graph of different kinds of materials [20].
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Fig. 3. Constructions of Perovskite solar cells: (a) Mesoscopic device; (b) planar device; (c) meso-

superstructured device.
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Fig. 4. (color online) Cross section image for the meso-

scopic perovskite solar cells made by Yang et al. (241,
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Fig. 5.
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(color onmline) J-V curves of perovskite
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Fig. 6. (color online) Cross section image for the meso-

scopic perovskite solar cells made by Bi et al. (4,
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Fig. 7. J-V curve of perovskite solar cells made by Bi
et al. [41,
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[30]
Fig. 8. (color online) Cross section image for the pla-

nar perovskite solar cells made by Zhou et al. [30].
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Fig. 9. (color online) J-V curve of planar perovskite

solar cells made by Zhou et al. 301,
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Fig. 10. (color online) Device structure for HTM-free

perovskite solar cells made by Mei et al. (331,
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Fig. 11. Principle diagram of the deposmon methods of perovskite thin film!]: (a) One-step spin-coating method;

(b) sequential deposition method; (¢) dual-source vapour deposition; (d) vapour-assisted solution process.
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Fig. 12. (color online) Schematic diagram of the spin-coating method [37].
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Fig. 13. Schematic of structure and interface of per-

ovskite solar cells.
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Fig. 14. Possible interfacial atomic structures at perovskite CH3NH3Pb13/TiOzinterface[48]: (a) Iodine

atoms coordinate with titanium atoms; (b) lead atoms coordinate with oxygen atoms.
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Fig. 15. Possible interfacial electronic structures at
perovskite CH3NH3Pbl3/ TiO2 interface P4,
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16. Energy level diagram of the different materials used in perovskite solar cells.
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FEFSERAT A, DR HE T I BOE R 5, X
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5.3.3 R &)= RAFWERE
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TAE S fmn O G VB RE R (R BB 22, AT %

K35 22, 1] LA 20 hn K BH RE HLIB R 26 HL IR, 42
FHH b A M AE. DL CH3NH3PbIs 1 At i
2, fii B A5 A [F HOMO fg 2% (1) #4 81511 4n Spiro-
OMeTAD (—5.22 eV), OMeTPA-FA (—5.14 €V),
OMeTPA-TPA (—5.13 eV), 5 2 35153 0.996,
0.946, 0.905 V % & 197],
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e

Table. 1 Compilation of high efficiency (>9%)
perovskite solar cells used different HTMs.

BIRAERME Jee/mA-em™2 Voo/V FF PCE/% 3C#k

2TPA-2-DP 16.3 0.94 0.597 9.1  [70]
HTM1 18.1 0.921 068 11.34 [71]
HTM2 17.9 0.942 0.69 11.63 [71]
KTM3 13.0 1.08 0.783 11.0 [72]
H101 20.5 1.04 065 13.8 [73]
T103 20.3 0.985 0.619 12.38  [74]
OMeTPA-FA 20.98 0.972 0.67 13.63 [67]
OMeTPA-TPA 20.88 0.946 0.62 12.31 [67]
PNBA 17.5 0.945 0.689 11.4  [75]
Py-B 20.4 0.95 0.637 12.3  [76]
Py-C 20.2 0.89 0.694 124  [76]
TTF-1 19.9 0.86 0.644 11.03 [77]
Fused-F 17.9 1.036 0.68 12.8  [78]
P3 HT 22.71 1.02 066 153  [79]
PEDOT: PSS 19.98 1.05 0.78 16.31  [80]
PDPPDBTE 14.4 0.855 0.749 9.2 [81]
R EWy 16.2 1.03 077 11.8  [82]
PTAA 21.3 1.04 073 16.2 [83]
CuSCN 19.7 1.016 0.62 124  [84]
NiO 13.24 1.040 0.69  9.51  [85]

Spiro-OMeTAD 52 — i P R {0 8 1) 25 7 A% i
PR, HH & AR R, TR, ok K
AR A, JE A2 Spiro il £ Spiro % H &S A&
A RE, AT DLAT R R AR S B8 AT, Xu 2 081 )
Wb T2 1 & HARAN Spiro 13 25 7B S bt kL, 5
i 44 8 X-60, i FH X M AR S iR 28 4 3R 15
T 19.84% Il LU e R, A T8 H Spiro-
OMeTAD 1] [7] &5 ¥ #5114, L 4b, Spiro-OMeTAD
TERMERES T T HREL ), FEIAP B R
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Abstract

Recently, all-solid state hybrid solar cells based on organic-inorganic metal halide perovskite (ABX3) materials have
received much attention from the academic circle all over the world due to their unique physical and chemical properties.
The perovskite materials exhibit advantages of high extinction coefficient, high charge mobility, long carrier lifetime, and
long carrier diffusion distance. Furthermore, they are low cost and easily synthesized. The power conversion efficiency
(PCE) has exceeded 20.8% since the PCE of 3.8% was first reported in 2009, making the perovskite solar cells the best
potential candidate of the new generation solar cells to replace the high-cost and highly polluting silicon solar cells in the
future. Meanwhile, because of the well-known special bipolar properties of the perovskite materials, various structures
are designed such as the all-solid state mesoscopic heterojunctions, planar-heterojunctions, meso-superstructures, and
HTM-free structures. In this review, we first introduce the development of the perovskite solar cells and then focus
on the cell structure and its influence on the cell performance. Besides, the synthesis methods of the perovskite films
and the performance characteristics and advantages of the perovskite solar cells with different cell structures are also
discussed. It is found that although the perovskite crystals prepared by a one-step spin-coating method have bigger grain
sizes, their morphologies are rougher and uncontrollable, which may suppress the charge carrier extraction efficiency and
lead to a relatively low power conversion efficiency. Meanwhile, vapor-assisted method needs vaccum conditions, which
significantly increases the manufacture cost of PSC. Compared with these methods mentioned above, solution-based
sequential deposition method can not only enhance the reproducibility of PSC, but also obtain a higher PCE with a
lower cost. Afterwards, the photogenerated carrier transport mechanism of the perovskite solar cells is discussed. The
possible atomic interaction model and the electron structure between perovskite film and electron transport layer are
proposed. There are two possible interface atomic structures at the interface of perovskite CH3NH3Pbls and TiO».
It is supposed that the interaction between iodine atoms and titanium atoms dominates the atomic structure at the
interface of CH3NH3Pbls and TiO2, while the lead atoms are believed to bond to oxygen atoms. As is well known,
charge extraction, transfer and recombination mainly occur at the interface of a cell. Therefore, the interface engineering
including the design for energy level matching is important and necessary to enhance the charge transport efficiency,
suppress the charge recombination and eventually improve the performance of perovskite solar cells. Moreover, the
properties of the main electron transport layer (ZnO, TiO2, PCBM, Al;O3) and hole transport layer (spiro-OMeTAD,
P3 HT, NiO, PTAA) and their influences on the PCE of the perovskite solar cells are discussed. The main challenges
of the all-solid state hybrid perovskite solar cells such as environment pollution, the extremely small working areas and
the instability are introduced. Finally, the development prospects of perovskite solar cells in the future are proposed in

order to have a better understanding of the perovskite solar cells.

Keywords: perovskite solar cells, cell structures, synthesis, interface engineering
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