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Abstract; In recent years, perovskite solar cells have received continuous attention due to their high
efficiency and low cost, but there are problems in the stability of organic components. Compared
with organic-inorganic hybrid perovskite solar cells, all-inorganic perovskite materials can avoid the
influence of the external environment, with low requirements for oxygen environment and relatively
high tolerance for humidity environment. Due to its own structure, it is also superior to organic-inor-
ganic hybrid perovskite in terms of photothermal stability. Therefore, the development of perovskite
solar cells is one of the directions to effectively improve the stability of perovskite solar cells. In this
paper, the latest progress in the study of all-inorganic perovskite solar cells is systematically intro-
duced from the aspect of stability. Combined with the influencing factors of the stability of all-inor-
ganic perovskite solar cells, the main solutions to the current stability problems of all-inorganic per-
ovskite solar cells are summarized, and the prospects for the stability of all-inorganic perovskite solar

cells are given.
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Fig. 1

(a) Light transmission spectra of cesium lead halide films. (b)Band gap(dashed line) estimated by optical transmittance

measurements is determined by the intersection of shortwave attenuation of the transmittance curve with the wavelength

axis. The illustration shows freshly prepared samples as well as images after 100 h under environmental conditions. (c)

Schematic diagram of perovskite crystal structure changing with Br™ /1~ ratio
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Schematic illustration of the fabrication process of monoclinic CsPbBr; devices
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Fig. 14 Schematic diagram of fabrication process of CsPbBr; device and ball and stick model formed by CsPbBr; three-mesoscopic

support in space refinement'**

2.7 REREMLSE

BT JOHUES R K B AE A IR AR E
PERULAR AL 7 ¥ o B IR 32 2200 o = Fh F
B — i i S TR A A R RS TR 4R T
BERPPRROREE I, WSk TR B A e M MR
BT AR ZE RS R IR i g
e ] 5 7 AT AL, AU A e g 2R
i TR N0 i Bh 45 o e, B2 bR 2% A R
ol /D i e, DA T Dk I AR B GR, $ AR E
BN a3 0P AT e RO A A TR i SR
BRIZAF Ik, WLz S ik oy /DI X b
BHEZ I

3 RHUESERE K 8 AE W i 6 AL T
P AR R

2 MR DAL fik o o Y TR BR8E , K BH BE H s
— i TAEAEAT a5 DX 8, b 3R U
i 23K F] 60 °C LA, T LRSS P X T8k K
FHEER MK IR e A BN E X, e
PR A R BE R FL b A7 o 5 M A T I ) e PRI )
PR, 2R PR R [l B A R AR )
S 7 FH BT AR M o B e S AR e, A
P g MR S K 85 °CF 24 W7 L i fa)
R IE S 2 R A Ak, — 2 R IR F LRS54
FEF KRR R T RS 2 . Akbulatov

SRS R PEANIRGE T — R AN S AL AT AL i b 4 3
FRERD ARk e AR, DR SR e
PR — B VT4 F B R M 0, S 23 1
PbX, ; MGHR & A0 ¥ I S A A i i iy 2 /2, 1 56
S— o POL,, R AR T, AT Ph DL HoAth
FERME R =Y, 2SS N B & 15 &
P X L4 fige ot I RO R AR R A AR R 4R
B ABJE ZEF AL CsPbI, A5EK5 G T AE 1)
AR AR SE H B BB B o AR BRI AE 360 °C
MR E R B 2= IR A R P A M S AR R B
LA & M7 BT AR & CHLES K5
IR M Y B TSR TE MY L o A
1B LR B [T s S o T AR
FEATOHLAS AR A BH At L it 24 | ' B X645
BRA K PHE FL ' FE 1 I 1 352 DRI A R 1 S
SRR S5 5Bk A A R B - 1 A A% A R HE
A1 FESC R AR RS, S 7E AT
I AR B 1 v R A (] s A R v 43 B Oy
A, MBS T M E N U E T,
BT E AR IR R/ ETL S AL 2R
TZINGE 2 (A A F Ttk ) ST 4R 22 v BELAS F
MGk JEH R BE R IR 4R, i —Fh Bl 5 02
& @ A A TR R VR AR R TR A
LSBT S0 MR o, e R E
Jir R — AR U P 4 v A AR ek & o o o 2D



496 K ot

E

542 4

B AR R
3.1 MAREBEEREARBETF

&= A 2 R T LAZE AR B S5 A8 1 £ SR AR
PRRRUE PR HE =, B 119 b A% 45 4 [ Rl m LAl
JeFaE PEIR . Ye %% HE CsPbI,_ Br, HigK
R A GARES , fnlE 15 B g SEM AT XRD
AT DA B E5 Bk IS0 405 it i S e . ffb)s
HiBR A 1.77 eV 1 CsPbl,_ Br, 5 4k# K FHAE

(a)

Without PbCl,

(e)

BB S, B V, ik 1.25 V, 0% K 18.64%
[}, CsPbl, _ Br, #5584 K BHRE LB AE 1 K FH
M ESDEIR 1000 h BEBL R, PCE 25/
T 6% .

Liu 28158 56 In®* A0 C1 45824 %) CsPb-
1, Br B BR A HEA T 45 1 5 A (0 SR AT LA S G 0
FItasErE, B 16 JB/R T InCl, $824%F CsPbBr, 1
i I AR AR ZE RS2, PT AR B In® B TR T

(b)

With 5% PbCl,

e ————————
. -
(d) F=win 10% o, !
= - r
< f=With 5% Ph

< f
2\. '
= ' |
i) ' >
= T .

= pe—Without PhCL, A

20/ (°)

15 B2 ARRIHEE PhCL, () CsPbl, _ Br, HEEL) SEM RURF R AR B T BB IR, (a) ABZ% PhCL,; (b)5%
PhCL, ; (¢)10% PbCl, ; (d) CsPbl,_ Br, #Z4 AR [RIVEEE PhCL, WA X SR ATH %S

Fig. 15 SEM images and englarged SEM images of CsPbl,_ Br_films doped with PbCl, of different concentrations'® .

(a)No

doping PbCl,. (b)5%PbCl,. (¢)10% PbCl,. (d)X-ray diffraction spectra of CsPbl,_ Br_with different concentration

PhCL, [
I Taa aa T a0
’ Ll . ‘ .
) ,'g\‘-.'.- Tg l

[—=—=—=—==-==

B 16 InCl, 245t CsPhBr, B0 1 fb AR S M AN 2s [ BE Y
HAp
Fig. 16  Crystal structure and spatial group evolution of InCl,
doped CsPbBr; single crystal*"

6 HR R BB ) A A X A A b 31 2 |
FIFEFR AR 3G 58 T A% TG AR BE . 280 mT LA
SCPRAEIRE 50% (RE 60 °C [ FREE FAR-E 100
h, BRI RCRAL R B 20% . LA b TAESS B ok
TSR A AR BE
3.2 BOBHRTEMPRANERBRERE
Xof T A TOALAS Bk K B RE L Hb R 15, S TR T
o ) P A 1 L e e 3 T e o Ay = i DR K
IR T ) 1 2By 2 T g A P
WRBBLN B IBE AR B TR .
Chen %% ffi FHIEL 17 7 7R 1) 6 B #0GIR ok
(GTA) Ji K5 o-CsPbL, Br fa kA SR G



54 1)

XUBEEMG , 25 . ATCHUES BT R BH BE i i BE AR ME R IAAR 2 PRI 5 i 497

—
o
~

‘ 280 °C, 10 min

r(110)

Intensity/a. u.

(100)

l 100 °C, 1 min

)‘{ 50 °C, 1 min

20/(°)

=
(=] .
L’ 160 C, 10 min_-,

10 20 30 40 50 -

100 °C 1 min

1 min

160 °C 10 min

& 17 CsPbLBr ALK GTA Jrakl®™
Fig. 17 GTA method for crystal growth of CsPbl, Br'™*

AR B S 7 (ATS ) SR EEE— 2 ik o-
CsPbL,Br FERIIESE, kX Al GTA-ATS %00, ¥
il a-CsPbl, Br SR YA K, 15 2573 fok RSy
1 wm A& R E5 5K 5, PCE 4 16.07% , 7
100 mW/cem® SEANEIRGS T 4L 120 h J5 , ol AR
90% Wi PCE,

Ma 250 fiff FH XU #4025 % 5 154 4 CsPbIBr,
KFHBEH M, G HACE N 4.7% . RITET
AN 200 ChmER 7 M T R A AR E
W 18, 12 h JEidEad XRD MR B R 3% A 4% i g
I RS AT R A R B G OO

Liu ZE1°0 R T 19 BR824 e i 15 )2
TR, PERRILEG LA™ A FH Al L b A {15 Yk Ak R B0%
[ TiO, (¢-Ti0, ) M3 T-1& 42 (ETL) b i 4 = o

(a) —12h (b)
12 h

£ —6h

E} 6h

]

—No thermal
treatment No thermal

treatment

10 20 30 40 50 60
20/(°)

K118 (a) RETHAE AEF-EH T 200 CHIEA 6 h Al
12 h ffy CsPhIBr, WK X 5 26 7 4T P13 (b)
CsPbIBr, #BERE )
(a) XRD patterns of CsPbIBr, films heated at 200
°C for 6 h and 12 h in a glove box without overheat

Fig. 18

treatment. (b) CsPbIBr, film sample *.

1n=8.79%

—— TiO,

7=8.12%

—vvw’“\i— Ti0,/Sn0,

bI.E
b
< 6
£
E PbBr, # IP{\/' CsB}I (,li‘ll'}li(lll
Z A4S &7 &~ GuPe
T F S E e i e
RV AW, WSS %o
g 20 4490 C L4250 (20T
R S S
0 | |
0 0.2 0.4 0.6 0.8 1.0 1.2 14
VIV

P19 BHE CsPhBry H5EAH" Fy b 1 il 4 5 4RI HE

Fig. 19 Preparation and cross section of CsPbBr, perovskite cell *®



498 K it

¥R a2

[) CsPbBr, i, I HAEEF1E4)Z2 L5 A SO, 1E
SEM)Z , ARBERNETOHUE SR KPR b 7E 60
CHIFE MR L DA BCRAS TR, R R
SRR AR A T, WFSTIE IR CsPhBr, HY43fif
By 467 °C 3 T HAR S

DL TAESCE T 45560 il & i R v i 7 ik
T SRR B G BT 1 4 e AR R 1 4 A
i, PR B A A BE
3.3 RAHE#SMAMHSEHKT 5 HTL/ETL RE

g8

T GO 7RIS E Py T AN AT
ZA Y IR A5 ER R MR 2R T G o W A IR
Fhm M, TG BR A A S bR A
BRI A R X R I T
PN

Wang %" ¥£ CsPbl, 5 I fE i = /3L
FEIR AL 8 (PTABr) , iX 3 T fF " PTABr-CsPbl,
PR E PR 5 PR TR - R I A ek A Al
B RAEZBAE, Q& T8 Br $84%, Al if
PTA A HLIH 7ML 2] 3 75 | A E IR

(a) Ocs oPbo1 ©Br (b)  PN4N

P OF ®

. @i’f}’ff L)
IRSHSP
r

dfo,l&f ,/?@9 " °/O yo

JE 85 C iRk 72 h AR A H B 2% Jot g, 4n %]
20, Tian %' LI FEIREMLIR A9 (PNAN) S
Werbal 2, LCB 42 7 Gs fii R 549 (PDCBT) 4
FHAR ) 2, 647 T DR A, el 21 s,
ZERFEH]  PNAN 1 PDCBT #] UL 5454k 8 Sk &
Az A EAE A Rk R 2 T A BRSP4k
CsPbl, Br I REE <t AT, #8487 1 K
PH S E SR IR AT 400 h B9 40F F BA B B e R
FEPE BRIV 10%

80 °C, N, glovebox
72 h

. PTABr-CsPbl;
, le o
i I I CsPbI,

Intensity/a. u.

1 — sh A
T b —
10 20 30 40 50

20/ (°)
K20 PTABr-CsPbI, AR E P/ 2P
Fig.20 Thermal stability of PTABR-CsPbI, "’

(¢) PDCBT
) =3 R T
) < oS
- ! S e
) Pt
Vo A° S0l LoV Jo)
P ALY LD <
o/ Aol <o 0V o) oV o) o
gy R o
%) a7/ o ~o d’«}o o Ao

€21 (a)CsPbL,Br Wil T BRI 5 (b) PNAN Xof i I 170 BB A AL 5 (o) PDCBT o T A2 1 (e s ey i Ak 7

Fig. 21
defects by PDCBT""?

Zhou %5 7E 23 AL i 2 RN 42 T LA = [R] 5
AGLTH 2 MoO, , al&] 22 7R , 7l S PR 2 e o
PRI HI 20 7 2 & HilA3 09 CsPbl,Br 54K
W IR A 14.05% ., #R 1R EEL T,
1 85 C2S T 210 min JFRCRMEK T 34%
TE 1.5 5 KBS R 180 min J5 B8R FEAL T
35% , IRl B aR AR IR e A 3 T 60 d, B3R A
TRE11%

Guo %5 R FH—Fh ) B i) e T 7k,
FH SnCl, #W AT Sn0, HF3E$E2 (ESL) 3R 5
b, D REAR T S L R (V) B Y g

(a) CsPbl,Br film surface defects. (b)Passivation of PN4N to film surface defects. (¢)Passivation of thin film surface

0% T T 42 AL CsPbIBr, 554k 0 K BH fig
M CES R R B RE F Mt ) A PR RE . 2% i Ak vl LA
AR AINH A 5 Sn0, AL E A iR e
HEBEMEN T, Sn0, #ifb B F1E 90 C =8
S HAREREF 95. 5% MM EARICR

i 33 R BB A %) vk T AR G b A ] T AL
FEERT HARLS HTL/ETL &4 RIE A, ETEAE
5 LA T R e Tl A I S L 7 A
3.4 XBRBTEHLSE

LA AR ES B AR (G MAPDL, ) 7E R
JeResE Ty AT R ARTRE 1, P AR M 2 4



XUBEEMG , 25 . ATCHUES BT R BH BE i i BE AR ME R IAAR 2 PRI 5 i

499

Energy/eV
-2.07
304 V=112V
FF=81.5%
4.0 J.=15.4 mA-cm™
4.8 PCE=14.05%
=307 110
-6.0
20 ! ! ! !
-7.0 -02 0 02 04 06 08 1.0 12
-8.0- =7.77
1.0 - e oo
= im'"lliiii'.llll===ﬁiii—a- —_
g 08f =
=
S 06/ e 11/ MoO;
£ 04f
£ === MoO;
> 02f i
= - in N, glove box
! ! ! ! ! !
00 10 20 30 40 50 60

t/d

K22 MoO, Fiii 214 CsPhI, Br 455k A" 2% 147 25 I Ko fa i Mo 2 ) 1)

Fig.22 MoO, interface layer modified CsPbI, Br perovskite device schematic diagram and stability diagram'

FUE AR BHRE B A7 25 AF o A, LU S R il
A TEHLE & e s AR UoB AR e
B R RIS SE BB K B AE HL B 4R At 1 30
Jio LREVLEX TAS RO LA E RIS, &
Jonl LGE s naskr A B i a5 AR E TR S B
PAREPERYHR R U, TCHLES R BHRME S —Fh
B R D RERE VRN R B TR
i E AR s R LA T i B e Al R B, T
BT IR BG  MAh  IET E RA R S 1 2 5 B
g R R E SRR A

4 %

FUR, 727k R R BERE rh, 2 JOHLES BR A
WHDEHRE AR E 28T T 20% , NI EA TR
REVE R TT o ARAETCHE AT K FHE Lt A
JER IR L, LUR JLAST7 107358 BA W5 H (i
(1) WNFSERH 2 70 AT, aT LAST I SE AR B/ B

5

=

£ X W

68]

P TR B T R AL R R I T
(e 4 S JCHLES BT H M JC B A A R FE SRR TS
I BTk, (2) X TS B A B i 2L K, AT LA
THFT RS IR BE R A I S T A
WD AR, DT B e O SR AR E L (3)
A AAREE T o 7 5 A W bR G e A R
W _EES IR = 975 3, SEBLAR R T AL R
WAPRH BN (4) MERIRAG R R4 1 R
AT AR E 1 2 A 2 A T A R P
R R R AR E

STCHUESER B4R T IR KRB skt b 5
ML A L T A HL-JOHL AR B B K BH AiE
LM, 72 SRR PR 5 T, R SR PR B AT 2K X
TR AW ILEOR 1 T A B85, 1E
VAR E PR D7 1, o A T A HL-JCHL 2% A0 55 Bk
i, P, K R e JOALES BT K FHBE L b 2 A 2L
fi e B PR K FH AE R RS E P A 7 1]

[ 1 ] HODES G. Perovskite-based solar cells [ J]. Science, 2013,342(6156) :317-318.

[2 ] LIUC,LI W Z,ZHANG C L,et al.. All-inorganic CsPbl,Br perovskite solar cells with high efficiency exceeding 13%
[J]. J. Am. Chem. Soc., 2018,140(11) ;3825-3828.

[ 3 ] LEEM M, TEUSCHER J,MIYASAKA T,et al.. Efficient hybrid solar cells based on meso-superstructured organometal
halide perovskites [ J]. Science, 2012,338(6107) :643-647.

[ 4] 3k, )&, 2248 @RCREERT UK FHRE R b i fb 22 R e P XL ST/ [ 1], AL 53R, 2015,73(3) ;



500 - eIt 2%

g3

211-218.

GUO X D,NIU G D,WANG L D. Chemical stability issue and its research process of perovskite solar cells with high effi-
ciency [ J]. Acta Chim. Sinica, 2015,73(3) ;211-218. (in Chinese)

WRH R AARAS, 0, S AGERET AR 0 9E f N S HO R AR PR RERT S HERE [J]. AL F AR, 2019,77(1)
9-23.

—
(9]
[

CHEN X Y,XIE J J,WANG W et al.. Research progress of compositional controlling strategy to perovskite for high per-

formance solar cells [ J]. Acta Chim. Sinica, 2019,77(1) :9-23. (in Chinese)

A TR ERAE F . BUIDER P RE L B WX i AR ST HEJE [J]. AL 53R, 2018,76(9) :681-690.

YANG Y,CHEN T,PAN D Q,et al.. Research progress of bifacial solar cells with transparent counter electrode [J]. Acta

Chim. Sinica, 2018,76(9) :681-690. (in Chinese)

KWW R TR S B R B 2R ST O A A B AT R BH RE HL T B RS — PRI BT S [J] A SR,

2018,76(1) :49-54.

WU M M,LIU S Q,CHEN H,et al.. Superhalogen substitutions in cubic halide perovskite materials for solar cells:a first-

principles investigation [ J]. Acta Chim. Sinica, 2018,76(1) :49-54. (in Chinese)

[ 8] A2 #&D& w&&, 5. EIRITSET RKIAGEB AT #ERE (1], FEALF, 2019,12(5) :1015-1027.
QIN Y,LIN Z H,CHANG J J,et al.. Research progress of printed perovskite solar cells [ J]. Chin. Opt. , 2019,12(5) :
1015-1027. (in Chinese)

[ 9] 49, &, k8, 5. UMD EI ) U s bl s 5 ek iie (1], F BB, 2019,12(5) :1028-1039.
LI J Z,CAO H Q,ZHANG C,et al.. Vapor assisted doctor blading process to fabricate perovskite thin films [ J]. Chin.
Opt. , 2019,12(5) :1028-1039. (in Chinese)

[10] ZEA, AR, A&, F. ETHMERHAE SR MR CLaEATSE (1], FELF, 2019,12(5) :1048-1056.
YUAN H D,ZHOU L,SU J,et al. . Investigation of self-doping in perovskites with vacancy defects based on first principles
[J]. Chin. Opt., 2019,12(5) :1048-1056. (in Chinese)

[11] 23, 2ARE I8, 5. W HEES B0 KRB A OFEEERE [J]. FE RS, 2021,14(1) :100-116.
WEI J, WANG Q W,SUN X Y,et al.. Research progress of quasi-two-dimensional perovskite solar cells [ J]. Chin.
Opt. , 2021,14(1) :100-116. (in Chinese)

[12] KOJIMA A, TESHIMA K,SHIRAI Y,et al.. Organometal halide perovskites as visible-light sensitizers for photovoltaic
cells [J]. J. Am. Chem. Soc., 2009,131(17) :6050-6051.

[13] IM J H,LEE C R,LEE J W et al.. 6.5% efficient perovskite quantum-dot-sensitized solar cell [ J]. Nanoscale, 2011 ,3
(10) .4088-4093.

[14] KIM H S,LEE C R,IM J H,et al.. Lead iodide perovskite sensitized all-solid-state submicron thin film mesoscopic solar
cell with efficiency exceeding 9% [J]. Sei. Rep., 2012,2.591-1-7.

[15] YOO JJ,SEO G,CHUA M R et al. . Efficient perovskite solar cells via improved carrier management [ J|. Nature, 2021,
590.587-593.

[16] M3, T, ANE, 5. THASERY K FHRE b fvE MEmFsTdt e [J]. % 54k, 2020,78(3) :217-231.
YANG Y,LIN F Y,ZHU C T,et al.. Research progress in the stability of inorganic perovskite solar cells [ J]. Acta Chim.
Sinica, 2020,78(3) :217-231. (in Chinese)

[17] PARK N G,GRATZEL M,MIYASAKA T, et al.. Towards stable and commercially available perovskite solar cells [ J].
Nat. Energy, 2016,1(11) ;16152.

[18] HU Y H,AYGULER M F,PETRUS M L, et al.. Impact of rubidium and cesium cations on the moisture stability of multi-
ple-cation mixed-halide perovskites [ J]. ACS Energy Lett. , 2017,2(10) :2212-2218.

[19] WANG D,WRIGHT M,ELUMALAI N K, et al.. Stability of perovskite solar cells[ J]. Sol. Energy Mater. Sol. Cells,
2016,147 .255-275.

[20] MA X H,YANG L Q,LEI K X,et al.. Doping in inorganic perovskite for photovoltaic application [ J]. Nano Energy,
2020,78:105354.

[21] KIM H S,SEO J Y,PARK N G,et al.. Material and device stability in perovskite solar cells [ J]. ChemSusChem, 2016,
9(18) :2528-2540.

—
(o)}
[

—
BN |
[



55 4 1 XUBEEMG , 25 . ATCHUES BT R BH BE i i BE AR ME R IAAR 2 PRI 5 i 501

[22] MANSER J S,SAIDAMINOV M I,CHRISTIANS J A,et al.. Making and breaking of lead halide perovskites [ J]. Acc.
Chem. Res. , 2016,49(2) :330-338.

[23] CHEN Z,WANG J J,REN Y H,et al.. Schottky solar cells based on CsSnl, thin-films [ J]. Appl. Phys. Lett, 2012,101
(9) :093901-14.

[24] YOON S M,MIN H,KIM G B,et al.. Surface engineering of ambient-air-processed cesium lead triiodide layers for efficient
solar cells [ J]. Joule, 2021,5(1) :183-196.

[25] MA X H,YANG L Q,LEI K X, et al.. Doping in inorganic perovskite for photovoltaic application [ J]. Nano Energy,
2020,78:105354.

[26] FU L,ZHANG Y N,CHANG B H,et al.. A fluorine-modulated bulk-phase heterojunction and tolerance factor for en-
hanced performance and structure stability of cesium lead halide perovskite solar cells [ J]. J. Mater. Chem. A, 2018,6
(27) :13263-13270.

[27] SANCHEZ S,CHRISTOPH N,GROBETY B,et al.. Efficient and stable inorganic perovskite solar cells manufactured by
pulsed flash infrared annealing [J]. Adv. Energy Mater. , 2018,8(30) :1802060-1-9.

[28] HU Y Q,BAI F,LIU X B,et al.. Bismuth incorporation stabilized a-CsPbl, for fully inorganic perovskite solar cells [ J].
ACS Energy Leit. , 2017,2(10) :2219-2227.

[29] LI X M,WANG K L,LGBARI F,et al.. Indium doped CsPbl, films for inorganic perovskite solar cells with efficiency ex-
ceeding 17% [J]. Nano Res. , 2020,13(8) ;:2203-2208.

[30] DUAN J L,ZHAO Y Y,YANG X Y et al. . Lanthanide ions doped CsPbBr, halides for HTM-free 10. 14% -efficiency inor-
ganic perovskite solar cell with an ultrahigh open-circuit voltage of 1.594 V [J]. Adv. Energy Mater. , 2018 ,8(31):
1802346-1-9.

[31] DUAN J L,ZHAO Y Y,WANG Y D, et al.. Hole-boosted Cu( Cr,M) O, nanocrystals for all-inorganic CsPbBr; perovskite
solar cells [J]. Angew. Chem. Int. Ed., 2019,131(45) :16293-16297.

[32] XIANG W C,WANG Z W ,KUBICKI D J,et al.. Europium-doped CsPbl,Br for stable and highly efficient inorganic per-
ovskite solar cells [J]. Joule, 2019,3(1) :205-214.

[33] SWARNKAR A,MARSHALL A R,SANEHIRA E M, et al.. Quantum dot-induced phase stabilization of a-CsPbl; perovs-
kite for high-efficiency photovoltaics [ J]. Science, 2016,354(6308) :92-95.

[34] TSAI H,NIE W Y,BLANCON J C,et al. . High-efficiency two-dimensional Ruddlesden-Popper perovskite solar cells [ J].
Nature , 2016,536(7616) :312-316.

[35] LIU C,YANG Y,SYZGANTSEVA O A et al.. o-CsPbl, bilayers via one-step deposition for efficient and stable all-inor-
ganic perovskite solar cells [J]. Adv. Mater. , 2020,32(32) :2002632.

[36] ZHENG Y F,YANG X Y,SU R, et al.. High-performance CsPbl Br, _ all-inorganic perovskite solar cells with efficiency
over 18% wia spontaneous interfacial manipulation [J]. Adv. Funct. Mater. , 2020,30(46) :2000457.

[37] XIAO C X,LI Z,GUTHREY H,et al.. Mechanisms of electron-beam-induced damage in perovskite thin films revealed by
cathodoluminescence spectroscopy [J]. J. Phys. Chem. C, 2015,119(48) :26904-26911.

[38] CHEN W J,CHEN H Y, XU G Y,et al.. Precise control of crystal growth for highly efficient CsPbl, Br perovskite solar
cells [J]. Joule, 2019,3(1) ;:191-204.

[39] WANG Z,LIU X D,LIN Y W, et al.. Hot-substrate deposition of all-inorganic perovskite films for low-temperature
processed high-efficiency solar cells [J]. J. Mater. Chem. A, 2019,7(6) :2773-2779.

[40] FATIMA K,HAIDER M I, FAKHARUDDIN A, et al.. Performance enhancement of CsPbl,Br perovskite solar cells via
stoichiometric control and interface engineering [ J]. Sol. Energy, 2020,211:654-660.

[41] WANG Y,DUAN C H,ZHANG X L,et al.. Dual interfacial engineering enables efficient and reproducible CsPbl,Br all-
inorganic perovskite solar cells [ J]. ACS Appl. Mater. Interfaces, 2020,12(28) :31659-31666.

[42] WAN X J,YU Z,TIAN W M, et al. . Efficient and stable planar all-inorganic perovskite solar cells based on high-quality
CsPbBr, films with controllable morphology [J]. J. Energy Chem. , 2020,46.8-15.

[43] PEI Y,GUO H Y,HU Z Y,et al.. BiBr, as an additive in CsPbBr, for carbon-based all-inorganic perovskite solar cell
[J1. J. Alloys Compd. , 2020,835:155283-1-9.

[44] LUO P F,XIA W,ZHOU S W, et al.. Solvent engineering for ambient-air-processed , phase-stable CsPbl; in perovskite



502 ;SN A ¢ a2

solar cells [J]. J. Phys. Chem. Lett. , 2016,7(18) :3603-3608.

[45] WANG Q,ZHENG X P,DENG Y H,et al. . Stabilizing the a-phase of CsPbl, perovskite by sulfobetaine zwitterions in one-
step spin-coating films [ J]. Joule, 2017,1(2) ;371-382.

[46] ZHANG C Y,WAN X J,ZANG J D,et al.. Polymer-modified CsPbl,Br films for all-inorganic planar perovskite solar cells
with improved performance [J]. Surf. Interfaces, 2021,22.:100809.

[47] KIM K S,JIN I S,PARK S H, et al. . Methylammonium iodide-mediated controlled crystal growth of CsPbl, Br films for effi-
cient and stable all-inorganic perovskite solar cells [ J]. ACS Appl. Mater. Interfaces, 2020,12(32) :36228-36236.

[48] WANG D,LI W J,SUN W H,et al.. Guanidinium iodide modification enabled highly efficient and stable all-inorganic
CsPbBr;, perovskite solar cells [ J]. Electrochim. Acta, 2021 ,365:137360.

[49] WANG K,JIN Z W,LIANG L,et al.. All-inorganic cesium lead iodide perovskite solar cells with stabilized efficiency be-
yond 15% [ J]. Nat. Commun. , 2018 ,9(1) :4544-1-8.

[50] WANG Y,ZHANG T Y,KAN M, et al.. Bifunctional stabilization of all-Inorganic a-CsPbl; perovskite for 17% efficiency
photovoltaics [J]. J. Am. Chem. Soc. , 2018,140(39) :12345-12348.

[51] WU T H,WANG Y B,DAI Z S,et al.. Efficient and stable CsPbl, solar cells via regulating lattice distortion with surface
organic terminal groups [ J]. Adv. Mater. , 2019,31(24) :1900605-1-7.

[52] WANG Y,LIU X M,ZHANG T Y,et al.. The role of dimethylammonium iodide in CsPbl; perovskite fabrication : additive
or dopant? [J]. Angew. Chem. Int. Ed. , 2019,58(46) :16691-16696.

[53] MA Z,XIAO Z,LIU Q Y et al. . Oxidization-free spiro-OMeTAD hole-transporting layer for efficient CsPbl, Br perovskite
solar cells [ J]. ACS Appl. Mater. Interfaces, 2020,12(47) :52779-52787.

[54] QIU Q Y,MOU J P,SONG J,et al. . Surface modification of NiO nanoparticles for highly stable perovskite solar cells based
on all-inorganic charge transfer layers [ J]. J. Electron. Mater. , 2020,49(11) :6300-6307.

[55] LIANG J,WANG C X, WANG Y R,et al.. All-inorganic perovskite solar cells [ J]. J. Am. Chem. Soc., 2016,138
(49) :15829-15832.

[56] WANG S Y,SHEN W J,CHU Y M, et al.. Mesoporous-carbon-based fully-printable all-inorganic monoclinic CsPbBr, per-
ovskite solar cells with ultrastability under high temperature and high humidity [ J]. J. Phys. Chem. Lett. , 2020,11
(22) :9689-9695.

[57] CONINGS B,DRIJKONINGEN J, GAUQUELIN N, et al.. Intrinsic thermal instability of methylammonium lead trihalide
perovskite [ J]. Adv. Energy Mater. , 2015,5(15) :1500477-1-8.

[58] AKBULATOV A F,LUCHKIN S Y,FROLOVA L A,et al. . Probing the intrinsic thermal and photochemical stability of hy-
brid and inorganic lead halide perovskites [J]. J. Phys. Chem. Lett. , 2017,8(6) ;:1211-1218.

[59] JIANG Y Z,YUAN J,NI Y X, et al.. Reduced-dimensional a-CsPbX, perovskites for efficient and stable photovoltaics
[J]. Joule, 2018,2(7) :1356-1368.

[60] MAHMOUDI T,WANG T S,HAHN Y B. Stability enhancement in perovskite solar cells with perovskite/silver-graphene
composites in the active layer [ J]. ACS Energy Lett. , 2019 ,4(1) ;235-241.

[61] LI Z,XIAO C X,YANG Y ,et al.. Extrinsic ion migration in perovskite solar cells [ J]. Energy Environ. Sci. , 2017,10
(5) :1234-1242.

[62] WEID,MA F S,WANG R,et al.. Ion-migration inhibition by the cation-Tr interaction in perovskite materials for efficient
and stable perovskite solar cells [ J]. Adv. Mater. , 2018 ,30(31) ;:1707583-1-10.

[63] YE Q F,ZHAO Y,MU S Q,et al.. Cesium lead inorganic solar cell with efficiency beyond 18% wvia reduced charge recom-
bination [J]. Adv. Mater. , 2019,31(49) :1905143-1-6.

[64] LIU C,LI W Z,LI H Y et al. . Structurally reconstructed CsPbl, Br perovskite for highly stable and square-centimeter all-
inorganic perovskite solar cells [ J]. Adv. Energy Mater. , 2019,9(7) :1803572.

[65] MA Q S,HUANG S J,WEN X M, et al.. Hole transport layer free inorganic CsPbIBr, perovskite solar cell by dual source
thermal evaporation [ J]. Adv. Energy. Mater. , 2016 ,6(7) :1502202-1-5.

[66] LIU X Y,TAN X H,LIU Z Y,et al.. Boosting the efficiency of carbon-based planar CsPbBr, perovskite solar cells by a
modified multistep spin-coating technique and interface engineering [ J]. Nano Energy, 2019,56.184-195.

[67] TIAN J J,XUE Q F,TANG X F,et al.. Dual interfacial design for efficient CsPbl, Br perovskite solar cells with improved



554 ) XUBEEMG , 25 . ATCHUES BT R BH BE i i BE AR ME R IAAR 2 PRI 5 i 503

photostability [ J]. Adv. Mater. , 2019,31(23) :1901152-1-9.

[68] ZHOU L,GUO X,LIN Z H,et al.. Interface engineering of low temperature processed all-inorganic CsPbl,Br perovskite
solar cells toward PCE exceeding 14% [J]. Nano Energy, 2019,60 :583-590.

[69] GUO Z L, TEO S,XU Z H,et al. . Achievable high V,_ of carbon based all-inorganic CsPbIBr, perovskite solar cells through
interface engineering [ J]. J. Mater. Chem. A, 2019,7(3) :1227-1232.

XIERME (1996 - ), I3 AL THIMA,
WL T A, 2018 4F T MoK 2% 4k
g, EENF R RO
R AR DT RIS

E-mail ; liukunpeng4470@ 163. com

XRB (1977 - ), &, HHREEN,
+, #42, 2005 AT MROK SRR
b2, TN I TR SRR RETR
FNFRBE40R 1) oL 28 1 (LG SRR
AR P RE Lt ) BT

E-mail ; liufm@ jlu. edu. cn

REMA AL A AR R Al A

S5 T B B DR A 9 S5 AT Ak v 2 A SR ] PR 19 B4 e A O, AR 8o LR
TR AN T B TR e 5 AR 42 20K SO TR BRI A [ 47 A B A e | ol
Gl BESE WL AR R AT FE B 2 RO o 23 U R BOFRATHEME , X EUE 2021 4F
MEATFR S TR e EA P TR G WA ROt AR U0 MUB R 2T A g B
RIS (4 S AR R T T R 5

B+ meEG YT RMREY KSR S
HATREFR HER
2021 44 A7 H





