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Abstract Over the past few years, the power conversion efficiency of perovskite solar cells have shown a tremendous pro-
gress from 3.8% in 2009 to 23.3% in 2018. Perovskites have exhibited excellent advantages in photovoltaic devices and other
promising optoelectronic devices owing to their exceptional material properties, including direct and tunable bandgaps,
strong light absorption, high electron/hole mobilities, long charge carrier lifetimes and diffusion lengths. The outstanding
performance of perovskite solar cells is closely related with the deposition techniques and material composition of perovskite
films. The preparation process of perovskite film is crucial for obtaining high efficiency devices, and it usually requires to
fabricate a high coverage, compact and uniform perovskite layer. At present, the preparation technology of perovskite absorp-
tion layer mainly includes one-step processing, two-step processing, dual-source thermal evaporation processing, va-
por-assisted solution processing and some scalable processing methods, and there are many reports and summaries about this
work. However, perovskites still have some shortcomings such as insufficient light absorption range, poor long-term stability,
the lead toxicity, which need to be overcome to realize higher power conversion efficiency and further product application.
Compositional control engineering of perovskite materials becomes one of the effective ways to solve the above problems,
but the summary of the research in this area is still lacking. In this review, we summarize the recent progress on the perov-
skite materials with different component systems, including organic-inorganic lead halide perovskite, all-inorganic lead halide
perovskite, low-lead perovskite and lead-free perovskite. We also discuss some representative material compositions and the
research on their corresponding preparation methods, the optimization of device structure and the effects on the device per-
formance. Moreover, we compare and summarize the advantages and disadvantages of perovskite materials with different
component systems. The purpose is to provide ideas on how to improve the efficiency and stability of perovskite solar cells
through compositional controlling, and finally realize commercial application.
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Table 1 Photoelectric conversion efficiency of perovskite solar cells with different light absorber materials

R VBB T AFEDERO RS BRET Rt K R e

HOK,

Moy 4k Je R WL AR Z ST 1= XA Y% Ffy  ZELR
MAPbDI; mp-TiO, Spiro-OMeTAD Au 15 2013 [4]
MAPbDI; PCBM/C60 PEDOT:PSS Al 14.9 2014 [27]
MAPbI; mp-TiO, Spiro-OMeTAD Ag 13.9 2014 [28]
MAPbI; PCBM/C60 PEDOT:PSS Al 15.6 2014 [29]
MAPbI, PCBM PEDOT:PSS Ag 13.21 2015 [30]
MAPbDI; mp-TiO, Spiro-OMeTAD Ag 19.7 2015 [31]
MAPbDI; mp-TiO, Spiro-OMeTAD Ag 20.4 2016 [32]
MAPbDI; LBSO PTAA Au 21.2 2017 [33]
FAPbI, mp-TiO, Spiro-OMeTAD Au 43 2014 [34]
FAPbBr; mp-TiO, Spiro-OMeTAD Au 6.5 2014 [35]
FAPbI, mp-TiO, P3HT Au 75 2014 [36]
FAPbI; mp-TiO, Spiro-OMeTAD Au 16.01 2014 [37]
FAPbI; mp-TiO, Spiro-OMeTAD Au 14.2 2014 [38]
FAPbI; mp-TiO, PTAA Au 20.1 2015 [39]
MA, 4FA cPbl; mp-TiO, Spiro-OMeTAD Au 14.9 2014 [40]
FAg.4Cs0.1Pbl; ¢-TiO, Spiro-OMeTAD Ag 16.5 2015 [41]
HHLTEHE FA35Cso.15sPbl; ¢-TiO, Spiro-OMeTAD Ag 16.1 2016 [42]
KA FAo95Rbg osPbl; mp-TiO, Spiro-OMeTAD Au 16.2 2017 [43]
MA 56GA¢ 14Pbl; mp-TiO, Spiro-OMeTAD Au 15.44 2016 [44]
MA53GA.17Pbl3 mp-TiO, Spiro-OMeTAD Au 19.29 2017 [45]
MAPbI,CI ALO; Spiro-OMeTAD Ag 10.9 2012 [46]
MAPbI,CI ¢-TiO, Spiro-OMeTAD Ag 15.4 2013 [15]
MAPb(I5sBro.2); mp-TiO, PTAA Au 123 2013 [47]
MAPbDI95Clg 05 mp-TiO, Spiro-OMeTAD Au 15.41 2014 [48]
MAPbH(I,Br,);(x=0.1~0.15) mp-TiO, PTAA Au 16.2 2014 [49]
MAPbI;.,Cl, PCBM/ZnO PEDOT:PSS Al 11.5 2014 [50]
(FAPbI;)os5(MAPbBI3)0 15 mp-TiO; PTAA Au 17.9 2015 [51]
Cs0.05(MA.17FA¢ 83)0.95Pb(10.83B10.17)3 mp-TiO, Spiro-OMeTAD Au 21.1 2016 [52]
FA 53Cs0.17Pb(1y 6Bro4)3 PC60BM Spiro-OMeTAD Ag 17 2016 [53]
Cs,FA(sPbl, 34Bro 16 mp-TiO, Spiro-OMeTAD Au 17.35 2016 [54]
FA¢3sM Ay 15Pbl, 55Bro 45 mp-TiO, Spiro-OMeTAD Au 17.1 2017 [43]
FA¢.350MAg.15sRb 0sPbl, 55Brg 45 mp-TiO, Spiro-OMeTAD Au 19.6 2017 [43]
(FAPbI;)05(MAPbBI3)0 05 mp-TiO; PTAA Au 22.1 2017 [5]
(FAPbI;)0.9s(MAPbLBI3)0.05 mp-TiO, fluorene-terminated Au 23.2 2018 [10]
CsPbl; mp-TiO, Spiro-OMeTAD Al 10.77 2016 [55]
CsPbl; mp-TiO, Spiro-OMeTAD Al 13.43 2017 [56]
CsPbl; SnO, Spiro-OMeTAD Au 15.71 2018 [57]
CsPbl; mp-TiO, Spiro-OMeTAD Ag 17.06 2018 [58]
oy IR CsPbBr; — - Carbon 4.1 2018 [59]
BERAT CsPbBr; mp-TiO, - Carbon 7.54 2018 [60]
CsPbBr; mp-TiO, - Carbon 9.43 2018 [61]
CsPbg ¢7Smy 93Br3 mp-TiO, - Carbon 10.14 2018 [62]
CsPbLLBr mp-TiO, Spiro-OMeTAD Au 14.78 2018 [63]
CsPb,Br mp-TiO, PTAA Au 14.81 2018 [64]
MASn, sPby 515 mp-TiO, P3HT Au 4.18 2014 [65]
MASn 4sPby 7515 mp-TiO, Spiro-OMeTAD Au 7.37 2014 [66]
MASn ;5Pby gs15..Cly PC61BM PEDOT:PSS Ag 10.1 2014 [67]
(FASnl;)0 s(MAPDI;3)0.4 C60 PEDOT:PSS Ag 15.08 2016 [68]
MASnNIBr, mp-TiO, Spiro-OMeTAD Au 5.73 2014 [69]
R MASnI; mp-TiO, Spiro-OMeTAD Au 6.4 2014 [70]
AEERT CsGels mp-TiO, Spiro-OMeTAD Au 0.11 2015 [71]
MAGel; mp-TiO, Spiro-OMeTAD Au 0.2 2015 [71]
MA;Bi g mp-TiO, Spiro-OMeTAD Ag 0.12 2015 [72]
Cs3Bislo mp-TiO, Spiro-OMeTAD Ag 1.06 2015 [72]
MA;BI Iy mp-TiO, P3HT Au 0.18 2016 [73]
Cs;Bislo c-TiO, Cul Au 3.2 2018 [74]
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Figure 4 (a) Schematics of FAPbI; perovskite crystallization involving
the intramolecular exchange process. (b) The comparison of FESEM
surface images of FAPbIs-based layer by IEP and conventional method™*!
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skite solar cell”
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Figure 8 Using the DM HTM for preparing the solar cell based on
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Chemical structures of DM. (b) J-V curves measured by reverse and for-
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J-V curves of DM-based device with active area of 0.991 cm? %

Bi Z"R 4 F FAL Pbl,, MABr UL A% PbBr, [HR
B AR Z, AT R IR AT SRR i AR G
H Pbly, AAT LSRR 7R A, 0T PASCE S AR
T HI SRR SR, 24 PbL/FAL IR &L N 1.05 B,
A5 F A 4 Rk 20.8%. BB Bi 252 i 78 e
%: FAL, Pbl,, MABr DA} PbBr, FVR& A BK R I A2,
1N PMMA(5R F 5L 9 45 R R I ) 58 A ok R 28 A5 BK
SE I RUZ B A, R AZ T 1 AT 2% 28 5 v R TR A
BRI, JRIRTG T R ik 21.6% (152 € 1) PSC 28 1F.

Bk T FA/MA Al UBr 3451k R 2 4b, i nT i@t 7ERH
By BReETR, - PUeE bR, McMeekin
SGISNE I 7E FAPBL 135\ Br 4 BRI E L 1.75 eV /2

Acta Chim. Sinica 2019, 77, 9—23

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

A, ZJEMATEE 5N CsTE Tk s T
B RS E T, ARG HIRAA 1.74 eV, HEHIERN
1.2 V ] FAgg:Cs017Pb(1o,6Bro)s JEFGERA HLM, Al fiTHs
FA¢.83Cs0.17Pb(Io 6Bro.4)s B ERA AL HE I 45 A ) % 8 2 K
PHEh, R T 25%Ch B HRR. Yi P& H T
Cs02FA¢sPbl,4Bro 16 H AP RIS ERE HEth, P
BEIE 17% H LA SR,

HISCHEE], RA FA. MA. Cs LA Rb 04K
M Z B TR R, vk MRt e i, TR
W, EZHETRRFBRXEET, Tl —PeEH
b 1 BE . Saliba %5 PP & 0 Csy(MAg17FA83) (10
Pb(Io.53Bro 17); T REGERT 3314 250534 21.1%; Zhang 25+
% 1) FA(.50MAq15RbgosPbl, ssBro 45 7K 2 55 B0 5 11F 2%
3K 19.6%.

4  Z2FTHEISEE MR

B F 55 i R A BT FL It R B A WL IE AL 1 45 K
WA KL, NREL A% IR AE —AFE 1, X2
IR B T dn e SEELES R HRth Y AR UE e, AT)
B = 45— IR T VERRET). MA FRES 8K M RHE
85 CTFIME — B [AME 7 ff, FA FEESERT ARG
SEME BT MA ZERRL, (HTE 150 C il N IF 64
R PSPl B R B, A ML XS AR CsPbX; 7
300 CULERy&ER FIA S KAAETARAS, Ktk BA L
SRR E RN BT SCIZE, 7 FA 5L MA AR
BN Cs T, MMUBEE I — 5 Bt b i 4
FasE MNP [ B I AR AR T B E KRB AR e
PSRk, RN F(Cs )58 & B A LB
T A TOH SR MR, PR ERn H it AR e 14 1)
AR Z —. TR T TR ML L ILAE
TRAFA DA S R S B R O Tk 2, I H S
T BB R R USR] i AT B % 1 A T LY
KI5 18 CsPbl;. CsPbBrs LA &2 CsPbI,Brs.,.

4.1 CsPbl,

CsPbl; A7 A 1.73 eV, & A il 4 A BH HLitb, &1
AR FEAL IR N 310 °C, B RAEERER F(>300 C)A4
SR EMEA o M, HILEE TR
PERSI22] AR EH CsPbls i B E =R T LR A,
BRI AR E 3 § HU2 120 Rty se sl
CsPbl; fE# A B A, FRERFAHAEER T LTS F
[l e . Snaith /NH! T Y £ T A2 TEHL CsPbl, HLith,
AT I8 b 7R B R AT IR VR R I N HI B 5 R, B T
CsPbl; # i &5 R R), {45 CsPbls AHAZ i FE PR AR 2
100 °C, MMITEARIR TR T RE B, thoh, %
T35 4% (1) CsPbL; A7 TS MU R i, B FE =R T
WARF R E. AT ] & T CsPbly 2P AR BLAN /5L
RUPSERD it I CsPbly B4 KA F it AH X T HL TS
BLA A FEIB AN ORI, ELAFAE ™ 5 (1) sth P 4.

http://sioc-journal.cn 15



¥ F R

RERAF E BRI CsPbI FLith, 75 B LR A S i)
B R SRR ERNEA o M, SRS EFER
CsPbl; {4 5. Swarnkar 2123l i3 1l 4 CsPbl; &1 bk
W m gl g, #2717 CsPbly BEMAES S LKIE T
e YE, IR1G T AR A 10.77%H) CsPbl; £5%5K7"
Fi . Zhang 251251 U BR HULE 3D 4544 CsPbl, £54k0
51N\ 2D Z5 /41 EDAPBL, £54kH, % 2D-3D A 454k
W, AMYBEE AR E a-CsPOLAGERE #H, 84S A HBL, H
73 o-CsPbls Aa e Ml 7E S F AR FF SO DL B, 78
100 ‘C FA[fasE 150 h PA_LE. FIAZ 05724 4 1 CsPbl,
FEESERE I, AR 11.8%.

VAR, — S5 () 4 T 200 CsPbly R EKH it
RORPRETEE 13%LL b, WRAESKT it B 78
U GO I LR R B IR E CsPbl,
BT 5 T Wang 25 BTV i ) ) AR KTk
(Solvent-Controlled Growth, SCG)¥%= | & A=K, F3£
37 CsPbl; A2 E At o M. 9(a)y SCG ik IR
B, fE5E R —PRiR)a, BB 8, FIRRIER
TR B S0 B E AR B KL 5V AT LA A 57 R DMSO
ZEFOHRSE, TS CsPbl, MRS INiZELE, HIRKATE
BA fLIR, SEM Xt Ehgh B uanl ob)fios. FIR %7k
il %% A TEHL CsPbly HLthAH Lb % 40 77 vk vl B 42 7t
SRR RE, P & B IR IE 15.7%. LEAR,
2 MR 1% F it HA B AR E 1, 264K 500 h )5,
AR L5 R A 5508, Wang 2P ] PTABr Xt
CsPbl; 45EkH I REAT FAL B A BT+ T 3 BARRR 1.
HABAE Br $244 005 ST SR K AL AR E
P, HIUFAE R (R BOEIEA <5 nm ##);
FIR AL PTA B 7ol 4tk CsPbl; £5kH K, 2 LiE
FESAT N R e . B2 HI43 1 CsPbls F % FEL G 434
Hi A 17.06%, FE AN 16.3%, & HEiGhl
B EH FEL L ) B v R

(a) \Siepl

Spin coating

( b) Pracursor ﬁl'm,
~ without SCG

. 5.um

B9 (a) WS4 KIESCG)RERE. (b) KA SCG %Ak SCG i

'Pre_ci.alsorﬁ_lm, ATE
- With SCG

4.2 CsPbl,Brs,

Snaith /MM VR4 CsPbI; JE A TS SR
LI, A I 1Z L LA L ) B E T, (R E IR L
TR R E. WG, AR 45 R TS
BB EL CsPbLBrs,, 7F 25 W A7 B iy i e 1.
Snaith ZEU" 2 HE i\ HI 4B )53, IR 5k
il %% Hi 352111 CsPbL,Br # I, K CsPbL,Br 5 CsPbl,
R B AE S S P T X B, CsPbI #E 1 h AL RIS
Bl AR I35 (8 & AH, 1 CsPbLBr MK IHFaE; 1k
M ATTIE ¥ CsPbIBr 8 5 5 45 AL JC AL 2% 44 &5 #4) 11
MAPbBLBr AR IR IR 24 N ORE 85 °C, MXHRE
20%~25%)HEAT LU AL, R INAE IR FE S5 AT R E 300
min J5, CsPbLBr (MR ISOEIE & XRD B3 LT3 22 1L,
1M MAPDLBr /I (1) 6 U BH 2 FEAIK,  H XRD Btk A
Pl T Pbl,.Br, . Wang 2"V BRI Fil HPbI; {0 Pbl,,
K (2CsI+PbBr, +HPbI; ¢ ) F/F 37 9K 7] 2 3 PR K a
A CsPbLBr M1 I%AE 22, (H15 75 BARAR KIRE T
(100~130 ‘C)EP A 3R1FF2E ) o-CsPbLBr AH. %774
AT AEARIR 26 T 1) 4%t CsPbILBr s, a] 3 FH T2t
FetR, AN CsPbLBr if BB m i e, £=F
IR A —NH L L, BHAE 100 CTFHR
SE MR ORFE—JE DA .

JX4E CsPbLBrs., 45 i H2 A R FR E 1, HT
B AR 5, CsPbLBri B N 1.9 eV, Rt
St HU R RE AN I L LA A AR B 1281301321
AR, T U4 T+ CsPbLBr 45 EKH Hi it 4% e 2 2 (1)
il TR OBk B 2, 5 ARG R HLIB SRR, |
AR B CsPbI,Br JH 2 SR 15 FEth 5 20O ) G B
&P yin &05@ 5 E R IR iIn N DMSO,
DMSO #5 Pbl, & PbBr, A H FIAH: Pbl,(DMSO)F
PbBry(DMSO)INEH, 12 81 AH (I A77E T A 250 345 4K

Step Il Step Il

Several ten minutes
stand by

~—> —-
- -P-=

Solvent-controlled growth (SCG)

Annealing

Anftgalod fint
without'SCG * 7 %

Annealed film,

731 CsPbI, # B3R K AT G 1) SEM JEFET
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Figure 10 (a) Time-resolved PL of CsPbl,Br film prepared with and without DMSO adducts. (b) J-V curves of CsPbl,Br device with different areas. (c)
Long-term stability of CsPbI,Br device with and without DMSO adducts stored in the air for 500 h!**!
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Figure 11 (a) SEM image of different Ln*" doped CsPbBr; film (left to right: CsPbBrs;, Yb*"-CsPbBr;, Er’*-CsPbBr;, Ho®'-CsPbBr3, Tb> -CsPbBrs,
Sm®"-CsPbBr). (b) J-¥ curves of different Ln*" doped CsPbBr; devices. (c) Long-term stability of the pristine and Sm*" doped devices!®”
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Figure 12 Sn/Pb mixed perovskite with different bandgap for making tandem solar cells: (a) Schematics of 2-terminal tandem perovskite solar cell. (b)
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Table 2 Properties performance of perovskite with different component
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