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Abstract In recent years, the efficiency of perovskite solar cells has developed rapidly, but its stability is limited by the
influence of heat, light and water. All-inorganic perovskite formed by inorganic cations instead of organic cations shows im-
proved thermal stability, high light absorption and adjustable band gap. The photoelectric conversion efficiency of
all-inorganic perovskite solar cells has been improved to 19.03% at present. Among them, CsPbl; perovskite solar cells have
good photoelectric performance but poor stability, while CsPbBr; perovskite solar cells have excellent stability but poor pho-
toelectric performance of devices. In this paper, the influence of preparation method, film doping and interface modification
on the stability of inorganic perovskite solar cells is systematically summarized. The reasons behind the instability of inor-
ganic perovskite and the improvement methods are emphatically analyzed. In conclusion, improving the stability of inorganic
perovskite light absorbing materials by film doping, surface passivation and morphology control such as low dimensional
materials preparation can effectively improve the stability of the overall device, which provides the basis for further commer-
cialization. In addition, it is of great significance to study the theory of charge transfer and recombination and establish a
complete theoretical system for improving the performance and stability of the device. At present, most of perovskite contains
harmful elements Pb. How to replace Pb and find new materials applied in perovskite solar cells is also the future develop-
ment trend. In a word, as a new type of solar cell, inorganic perovskite solar cell is expected to contribute to the photovoltaic
development of the future society.

Keywords inorganic perovskite solar cell; preparation method; interface modification; film doping; improved stability
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Figure 1 (a) Representative crystal structures of inorganic perovskite!*”'; (b) basic principle diagram of perovskite solar cells
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Figure 2 (a) Preparation of CsPbl; by solvent controlled growth®; (b) SEM surface images of CsPbI,Br films with DMSO-adducts®®”; (c) process chart

of CsPb,Br thermal deposition™!); (d) schematic diagram of CsPbBr; films prepared by vacuum dual source co-deposition
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Figure 3 (a) TRPL spectral of CsPbl,Br and Csg99Rby ¢ PbL,Br film 1481, (b) J-V curve of the CsPb,-,Ge,[,Br PSCs 1501, (c) J-V curves of CSPbBr; PSCs
doped with different rare earth elements®"; (d) J-V curve of CsPbyesSr ,I,Br and CsPbI,Br PSCs¥
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energy level'”; (c) energy level diagram of the CsPby ;b o;Br; and charge-transfer processes'®!; (d) schematic illustration of gradient Br doping and PTA

organic cation surface passivation on CsPbl; perovskite thin film®!

222 http://sioc-journal.cn

© 2020 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Acta Chim. Sinica 2020, 78, 217—231



1 F F ®R

B 1) JE AL A5 R AT A BH B F v 255 56 1 — A =8 22 Ji [
2 W AR RSN A S A R R B R ™ E,
AR % B P MK Shen 25N 1T 45 24 2 #1054 8 R
£ Cs,CO5 R 15V i — e e v il 2% O S8 AL B L AR A
BHETM) I RE AT 2. Cs,CO5 BRI RS
CsPbL,Br £ £k Z Be iy HAG 547 (1 S GE, T LUK RK
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I 5 Fras: 75 360 CHEAZAR o 41, 7F260 CHf
N B A, FE 175 CHENSEAI y M, 25 CHNEE
oy o AN IR EE NI 300 C LA_EINF X 4[] 51 gy
Mok, Hor o MUONAESSERT A, AREFTENEH R K
F Br B 1 AT DA 0 S AR 2V (R, AT BRI o AH
P IR, 0 CsPbBrs £ 130 CHF N o 8P, AILLE
IR TS R IR i R R B R K e, [
B, 7R — R A5 R R IR KGR E A AL TN AL
R (1)
5.2 JEEXNTHIEHRE T2 E MRS

5 JC LS R A PR AR E M 5 — IR R A2 K,
Al-Jassim 2 BA A K66 L R BH, EHLAS K
W o AHE] & FHIOEE ST UGT R SEAL, 5 A () 25 R B
25 J& Bl 7K o T A EAE FH AR 51 R AR, I i ST
G AR AR R PR B, A AN 4 R R AR A AR
(B 6). IXAELFIER o AL ERH e ARV T 2= <P
SEAFAE, FEH X TOHUES BEA™ 1 ) 4% i R 4 Bl SR AR ™
. CsPbBr; TEHLAESEKH T E E 40% RH A1 25 CF 3 h

Table 1 Device structure and efficiency of inorganic perovskite prepared by different optimization methods

Method Device structure n/% Remarks Ref.
il % 7 ik ITO/Sn0,/CsPbly/Spiro-MeOTAD/Au 15.70 — B hER [38]
FTO/TiO,/CsPbl,Br/PCBM/Ag 14.78 — e [39]
ITO/c-TiO,/CsPbl,Br/Spiro-MeOTAD/Au 16.07 — e [40]
FTO/c-TiO,/m-Ti0,/GQDs/CsPbBrsy/Carbon 9.72 2R [41]
FTO/TiO,/CsPb(I;,Br,)s/Spiro-MeOTAD/Au 13.27 B PN [42]
ITO/SnO,/CsPbl,Br/PTAA/MoO;/Al 12.50 IR AT [43]
FTO/c-TiO,/m-TiO,/CsPbIBr,/Spiro-MeOTAD/Au 6.30 T W6 25 AR [44]
FTO/m-TiO,/CsPbIBr,/Au 4.70 RIS [45]
FTO/c-TiO,/CsPbBry/Spiro-MeOTAD/Au 6.95 WPFRILZE R [46]
TLRBR FTO/TiO,/Cs0.925K0.07sPbLBr/Spiro-MeOTAD/Au 10.00 ] [47]
FTO/Nb,Os/Csg 9oRby.0 PbL,Br/Carbon 12.00 g [48]
FTO/m-Ti0,/CsPbgoSn IBr,/Carbon 11.30 ey [49]
FTO/Sn0,/CsPb,,Geo;1,Br/P3HT/Spiro-MeOTAD/Au 9.00 U A% [50]
FTO/c-TiO»/m-TiO»/CsPbg¢7Smy ¢3Brs/Carbon 10.14 0 [51]
FTO/c-TiO,/m-TiO,/CsPby gsEug osI,Br/Spiro-MeOTAD/Au 13.71 BA3E A [52]
FTO/c-TiOy/m-TiO,/CsPb, -, Ca,l;//P3HT/Au 13.50 EX R En [53]
FTO/c-TiO,/CsPby 63S10 021,Bt/P3HT/Au 11.20 ] [54]
L A FTO/c-TiO,/m-Ti0,/CQDs/CsPbBr:/PQDs/Carbon 7.93 (2N [60]
1TO/Sn0,/Zn0O/CsPbl,Br/Spiro-OMeTAD/MoO;/Ag 14.60 iU [61]
FTO/c-TiO,/m-TiO,/CsPby 97T 03Br3/SnS:ZnS/NiQ,/Carbon 10.26 ¥ TR [63]
ITO/Cs,CO5-ZnO/CsPbl,Br/PCBM/Ag 16.42 AU [65]
FTO/TiO,/PTABr-CsPbl;/Spiro-MeOTAD/Ag 17.06 KEwE [64]
FTO/TiO,/CsPbl,Br/FA*CsPbX3/FA*QDs/Au 14.81 AU [66]
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Figure 5 Crystal types of CsPbl; perovskite at different temperatures
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M) o K. Eperon Z5U37E 300 C LA LIRS T,
HRA B A 6-CsPbly AH, H A1t ik N
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T B AR AR A B A AT SR L BT, R
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[68]
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Figure 6 (a) SEM image; (b) CL image of CsPbl; perovskite film;
(c) CL spectra of points 1, 2 and 3 in (a)!*”!
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TEES B T RV A D0 N 358 S 8 i 751 A 17 2 v 28 1
I Rl A A LA 7 . FE TSR R IR
TR CsPbls 45 i F2, FRAS BN SRR 2 ShAH.
WA RIAERTIKE F I NE = 1) HI, A[f#43 CsPbl,
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Figure 7 (a) Crystal structural diagrams of a-CsPbl; and 5-CsPbL;™!; (b) UV-visible absorption of CsPbl; QDs stored in ambient conditions for a period
of 60 d™; (c) schematic illustration of crack-filling interface engineering "; (d) schematic for PEAT additive-induced CsPbl; crystal growth!®!
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Figure 8 (a) SEM images of CsPbL,Br films annealed at the temperature of 280 ‘C*); (b) long-term stability of the best-performing device stored with-
out encapsulation™; (c) photoluminescence peak position as a function of time for CsPb(Br,],—,); materials under ca. 1 sun illumination®’; (d) CsPbI,Br

composition PSCs placement efficiency attenuation chart in air for 30 d°"!
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Figure 9 (a) Illustration of intermolecular exchange strategy®; (b) stability of HTM dped with different Li of device in ar with relative hmidity of
35%~40%""; (c) normalized PCEs of CsPbBrs/carbon based all-inorganic PSCs, MAPbIs/carbon and MAPbIs/spiro-MeOTAD based hybrid PSCs!**!
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Table 2  Stability performance table for different types of inorganic perovskite devices

Perovskite Device structure Test condition Time/h Initial PCE/% degradation Ref.
CsPbl; FTO/TiO,/CsPbl; QD/Spiro-MeOTAD/MoO,/Al Ambient 1440 10.77%/0% [74]
FTO/TiO,/CsPbl; QD/PTAA/Au N, 720 11.64%/2% [76]
FTO/TiO,/CsPbls/Spiro-MeOTAD/Ag 30% RH 72 4.13%/25% [78]
ITO/PTAA/CsPbl;/PCBM/C60/BCP/Al Ambient 720 11.4%/15% [81]
FTO/TiO,/CsPbl;/PTAA/Au 20%~30% RH 1440 15.07%/8% [82]
FTO/c-TiO,/m-TiO,/CsPbyg ¢6Sby 04l3/Carbon 20% RH 888 5.18%/7% [83]
FTO/c-TiO,/CsPby 96Big 04ls/Cul/Au 55% RH 68 13.21%/32% [84]
FTO/TiO,/CsPbl;:xEu/Spiro-MeOTAD/Au Ambient 720 6.8%/— [85]
CsPblLBr  FTO/c-TiOy/m-TiO/CsPbBrl, 75F¢2,/Spiro-MeOTAD/Au 20% RH 240 10.26%/30% [87]
FTO/TiO,/CsPbBrl,/QDs/PTAA/Au 20%~35% RH 840 13.47%/3% [88]
FTO/c-TiOy/m-TiO»/CsPbBrl,/Spiro-MeOTAD/Au 20% RH 720 12.0%/10% [91]
ITO/TiO,/CsPbBrl,/P3HT/Au N, 960 12.02%/10% [92]
FTO/TiO,/CsPbl,Br/CsPbI2Br QDs/PTAA/Au 20%~30% RH 720 14.81%/5% [100]
CsPbIBr,  ITO/SnO,/CsPbIBr,/Spiro-MeOTAD/Au Ambient 250 9.5%/1% [95]
FTO/m-TiO,/CsPby ySny ;IBr,/Carbon Ambient 2800 11.3%/0% [49]
FTO/TiO,/CsPbIBr,/Carbon Ambient — 8.6%/— [101]
CsPbBr;  FTO/c-TiOy/m-TiO,/CsPbBrs/carbon 90%~95% RH 2640 6.7%/0% [98]
FTO/c-TiOy/m-TiO»/GQDs/CsPby ¢7Tby 03Br3/SnS:ZnS/Carbon 80% RH 960 10.26%/2% [63]
FTO/c-TiOy/m-TiO»/GQDs/CsPbBrs/Carbon 90% RH 3120 9.72%/13% [42]

TR RS T R AR 8 e B AR G5, B T CsPbIBr,. CsPbBrs X VYRR ¥ T HLES ERH IR s
R S TR REBEAL | i Bl T Bk e, o BIPERANIR, FerE PESF AR RCRAR, AR 1R 2R i
RBAEESE, W 10 P, BT CsPbls. CsPblyBr. R TR, B AN FEMRHERAR B RT3, e K
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