F376 B2 T WL MR 2 AR Vol. 37 No. 2
2022 £ 2 H Journal of Inorganic Materials Feb., 2022

XEHS: 1000-324X(2022)02-0129-11 DOI: 10.15541/jim20210117

§5 AW T AR R PR VR 2 ORI 2 K BH B8 BE it Hr iy iz A

7, B A, EILAE

(AFEIKRF LFELIFER, &7 210094)

B OE: FTACAS AR SR B T HE S A AR R P A R R R R E . B AN SR KRR R A, A
SE AR AR E M R B o BRI S ARV BE RO RE IR, A 6 BEVRON A4 B TR B S 4 (1 P 28 B i) 5 %
IRAE LT REPE, BRIE R4 v s B T BB A B e 7 BEG . R Lewis BRI IE, & BT HhIA W LA Lewis BREIAL, 1
e TR AT LA Lewis Bl B F VR BEAL o 3 BB AL T BE VAR N7 AT 7R 45 SRA O A2 poin N, B0 v T A T
JE AR F o AR SO I G T AR (K P Btk 81, UM S I T AR N A U T SR R BB B G AR M B R B e, B
J&, REFFRZ DhREBIAR) . TR AL SRS 5 2 1k F s A0 2 (K A, SUTEE A BRAT R BH B F T ¥ R R SR AL 7
X @ R EERETEIE; BRiE; Bifk; RPAREHLIE; LRk

hESES: TQI74 XEFRER: A

Passivation Strategies of Perovskite Film Defectsfor Solar Cells

WANG Wanhai, ZHOU lJie, TANG Weihua

(School of Chemistry and Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: The investigation of defects in perovskite crystals is essential to promote the development of perovskite
solar cells. The defects result in non-radiative recombination as well as the deterioration of device stability. To reduce
the impact of material defects on photovoltaic performance, it is necessary to deeply understand the types of perovskite
film defects and the routes of suppression methods. According to electronic characteristics, defects can be divided into
electron-rich and electron-deficient defects. Based on Lewis acid-base theory, electron-rich defects can be passivated
by Lewis acid, and electron-deficient defects can be passivated by Lewis base or ionic liquids. These passivation
additives can be added during the formation of perovskite film, or used to post-treat the surface of the films. This
review summarized the defect passivation cases reported in recent years to visually present design strategies of
additives and the effects of defect passivation on photovoltaic performance. Finally, developing multi-functional
passivators, large-area passivation strategy and advanced charge transport layer were proposed for future perspective.
This review is expected to promote the development of perovskite solar cells in the future.
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Fig. 2 (a) Schematic diagram of defects in perovskite film'”; (b) Transition energy levels of intrinsic acceptors and
intrinsic donors in MAPbL;!'™; (¢) Schematic diagram of passivation strategies of defects
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Fig. 3 (a) Energy level alignment of MAPbI; film and PbI,"; (b) Scanning electron microscopy (SEM) image of MAPbI; film
with Pbl, wrapping the perovskite grain®®"; (c) Schematic diagram of mechanism for Pbl, passivation in CH;NH;Pbl; film™';
(d) Schematic diagram of mechanism for K passivation®”; (¢) Photoluminescence quantum efficiency (PLQE) of passivated
perovskite thin films with increasing fraction of potassium!®”; (f) Current density-voltage curves of the best-performing solar
cells with (Cs, MA, FA) Pb(Iy 4Brg6); absorbers without and with potassium passivation[27]; (g) Stability for the Cs;(RbsFAPbI;
device!®; (h) UV-Vis absorption spectra of the PCBM-perovskite hybrid solution!**!
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Fig. 4 (a) Schematic diagram of MAPbI; perovskite films crystallization processes™”; (b) Chemical structure of caffeine!*!);
(c) Fourier Transform infrared spectroscopy (FT-IR) spectra and magnified fingerprint regions of pure caffeine, caffeine-MAPbI;,
and the pristine MAPbI; films''; (d) FT-IR spectra of Pbl,-PMMA and pristine PMMA films'*"); (e) Top view SEM images of
perovskite films without (left) and with (right) 0.6 mg-mL™' TDZDT *¥; (f) Photographs and schematic process for formation of
FAPbI; perovskite films by using NMPY; (g) Chemical structures of SP1, SP2 and SP3M®; (h) Schematic illustration of the
passivation process of donor-acceptor molecules for under-coordinated Pb>" cations!*®; (i) Statistic trap densities for the control
and passivated perovskite films derived from the space charge limit current (SCLC) measurement™*®!
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SEAHEAE R . DK, 51N SP3 A RIH R T H5 ek %
T Pb> ECALA A 5L 14 B A A%, AT A8 45 k™
2 R A S 2 R MU 43). %, SRH SP3
Btk J5 ) PVSCs 1 PCE M 18.52%%2 1 2] 20.43%,
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Fig. 5 (a) Schematic illustration of two neighbouring grain structures crosslinked by butylphosphonic acid 4-ammonium chloride
(4-ABPACIHP"; (b) Surface SEM images of pristine (control) and 4-ABPA-anchored (CH;NH;Pbl;-ABPA) perovskite films
deposited on mp-TiO,/FTO substrates”®”; (c) Variations of X-ray diffraction (XRD) patterns of the FASnI;-EDAI, 1% film
at different duration of storage®®"; (d) Schematic diagram of RATZ passivation™); (¢) Schematic diagram of thiophene passivation®>);

(f) Theoretical model of perovskite with molecular surface passivation of Pbl antisite with theophylline

[551.
[61].

(g) Statistical photovoltaic parameters of PCE depending on pK, [
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Table1l Additivesduring perovskite formation and their device performance

Additive Perovskite Functional group PCE Stability Ref.
Pbl, (FAPbL3),-(MAPbBI3;), Pb** 21.6%  — [22]
MACI (Cs,FA,MA)PbBr,I, , MA" 21.65% N, rt, 500 h, 96% [24]
NaCl (FAPbI;),—,(MAPbBr3), Na* 202% - [26]
RbI RbsCs;oFAPbI; Rb" 20.35% Ny, rt, 1000 h, >98% [28]
MnCl, CsPbl,Br Mn?* 13.47% 25 C, 25%-35% RH, 35 d, 97% [30]
NiCl, MAPbI, Ni** 20.61% - [31]
Znl, CsPbl,Br Zn* 12.16% N,, 60% RH, 500 h, 76% [32]
bis-PCBM  (FAI)51(Pbl,)s5(MABr)o15(PbB12)0 15 Fullerene 20.8%  Air, 65 C, 60% RH, 44 d, 90.1% [35]
Caffeine MAPDI; O donor 20.25% N, 85 C, 1300 h, 86% [41]
PVP CH;NH;Pbl; N donor 20.2% N, 2500 h, 85% [42]
PMMA (FAI)g 51 (Pbl;)o.ss(MAPbBI3)g 15 O donor 21.6%  Air, 60d, 96.7% [43]
NMP FAPDI; O donor 20.19% - [45]
D4ATBP Csg.0sFA0.81MAy.14Pbl; 55Brg 45 N donor 21.4% - [47]
SP3 MAPbDI; O, S donor 20.43%  Air, 30% RH, 30 d, 86% [48]
EDAI, FASnI; N donor 8.9% Air, 20 C, 50% RH, 2000 h, >90%  [51]
RATZ MAPbDI; N donor 20.03%  Air, (40+5)% RH, 3500 h, 80% [53]




ER

FJTi, S PERTT SR R R 4 HEE AR R E Rt e R 137

VE MR BEAL IS, 73 A6 TR ek e e B A0 38 SR 1) 52
i 45 R H-N-H 5-C=0 7£ 5 FHhL T &AL
JEHEAT B, N-H ] S8R0 i 1T EEE, i
TRAF-C=0 5 R AT H R pe B, $Rm Bl b BRI 5(D)
B, ABALEER) PVSCs #8{F PCE i% 22.6%, I
HA KM E . AR AL R ] 2- 3 g
(2-Mercaptopyridine, 2-MP)X 8580 i 4 17 J5 b 2
WA RN 18.35% T-TT A2 20.28%. 2-FiFEMLIE
M N JR T RsiEdr s F P 5 REAL Po*
ez, R bt 3R bk e Bt 194 5% FER 2B e 20 SR T
. Yang “5°HRGE 7 0f I T BERR Y Lewis BR/BH
TR SR R HEAT 5 A0 P . 25 BRI F B
[ = (158 75 5% ) [ (Tris(pentafluorophenyl)phosphine,
TPFP) £H T 5 45 HL ¥ fig ) A /K 14 17 B A 58 4 1 el
RR . AL JE 1 PVSCs #8132 nl ik 22.02%, FF
H A28 4AE 85% RH R ORAF 14 d J5 PCE 45 il {R £F
WG 204 1) 80%LA F o #ilE, Park BN 245
BT T 28 E AR e X 2R T BlAL 2 7 BR AR 58 £ (pKL)
AR (] 5(g)) o &5 R R LA AR I 22 v
pK.(10.6) 7 3 & & L & (Cyclohexylammonium
chloride, CYCI)Ab¥E )5, PCE 27+ % 24.98%, 1M1k
pK.(4.6) I &AL E: (ANCHALBE 5 PCE Sifi T . 4y
- H N R ) 58 S S A AR 2 (8] A ELAE
PRSI SR T AT A% B T I R DR B 2E
222 2D/3D $58KH RIRLE

2D E5ERATEL 3D EHERHT EL A BE 4T (1 VR A A
P, IESZ BRI 22 1) 5G7E  1HAR BT fur A5 4 1) %%
A S, JE T4 2D FEARE IOBIREE PCE A il®,
TR 2D BT 3D SERET IR KA, 78 3D
PEARE RIAAEK— 2 2D 54k O IR THERF 2R
FRa e A BT

Koh %51V 3ot 7545 5k ™ it _F e i T S p b 4
(Butylammonium iodide, BAI)¥) 5 N B, 7E 3D

ERERDT R PR AEK— 2 2D F5ER0 L. 2D £54KH°
JEAMA > 7 s g AT AL, i H 0 T AR
PoKPE . Lin S CRE 748 FG K R 208
(Pentafluorophenylethylammonium, FEA)E A At 75
J2 BH 251l £ 2D APbL A54RH 2 (177 1% . 2D 54k
L = NI DN oy~ o e R = B L R T TN
PR, #d] TARGR SR T E A, A5 8 EL
K 22%. Yoo 25U IE O3 IR 1k 4% (V-hexyl
ammonium bromide, Ce¢Br)f &5 L INTE 3D £5
ERA R K 2D F58K07 2, HILIRTS 1 23.4% (1 i
£ PCE J 034 V HIRAR Voo #5125 . Hu 251V i 78
B EK AT B B e TR v T RN B R B AL K & B
(Phenylethylammonium iodide, PEAI)/MAI #7531
2D/3D FHERH Sl g o SRR AN A XS S
(GIWAXS)UESETE B T 4 (PEA),(MA)4(Pbsl ) )2,
i vk e o ok 73 QS N R | 7 =y
BikE . Jiang &V ARIE T A PEAI #]4 2D
PEA,Pbl, J= - PEA™ 1 B AT JEHE 45 1 1) AR IR AT (2 0k He
TR EL, T T A] AR & S B R T s o o X 28
B 5 B B E) A A4 25 ) PSCs 2% &k
23.32%.

FHIG AT 0L, SR 5 A B2 o — Mo AL 25 R
AR B B T B, U ) S Ak B S A O 28 MR
HETER 2,

3 BHE5RE

FEARAGERAT A AR OO HELARE R, A5 BRAT R
fE AR T EEIRAT T2 RIE IS DLRVAR K
Nt — B HEBD B ERA AR A L b i AR L i, i
PR S AL BB . A
BB T R SR PR LR PR R R T B L ),
1o 8 BE 7 B T DA Ot H AT R . — T

2 [RALIEBRMNF R AR R S
Table2 Post-treatment additives and their device performance

Additive Perovskite Functional group PCE Stability Ref.
MMI MAPbDI; N, S donor 20.10% N, 2184 h, 94% [59]
P3HT CsPbl,Br S donor 12.02% Ny, 960 h, 90% [60]
Theophylline  (FAPbI;),(MAPbBr3), . N, O donor 22.6%  Nj, 40 °C, 30%-40% RH, 500 h, >90%  [61]
2-MP MAPDI; N, S donor 20.28%  Air, 60%-70% RH, 60 d, 93% [62]
TPFP Csp.0sFA9sMA 1sPb(Ig3Bro17); P donor 22.02% 75% RH, 14 d, 63% [63]
CYCl FAPbI; N donor 24.98%  (22+5) C, (25+£10)% RH, 1300 h, 91%  [64]
FEAI Csg.06FA138MA( 06Pb1 6147 2D perovskite 22.1%  Air, 40% RH, 1000 h, 90% [67]
C¢Br (FAPbI3)o 02(MAPbBI3)g 05 2D perovskite 23.4% - [68]
PEAI FA,_.MA Pbl, 2D perovskite 23.32% N, 85 ‘C, 500 h, >80% [70]
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