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s A ZE A [ s B AT T SN ARR o T2 B BRAT B R o 3 R S A R HA X SR K, PSCs
I A — S i o ik R 1 [ AL, B BRI AR RE P 2 Y R A T U R R T AR LR RORAR A o AR SCE BRI T AR
KAGBRAT FE R FHAE HE M A BIF ST E R o 1 Jo il EEAEIR 1 ALl PSCs Y BS BB B4 RE 25 A8 5L, AR5 A 43 1 PSCs
FI R AR i 28 A 1) 367 e A () 6 B 0BV 1 T LA S AN [ R A2 7 ke B i 1 775 i BBCAH 4 5 7 90T 9 1l
Mo Jr FiE T PSCs Il i Pk SOT X ARR AT 2EAT TR 2, 7 B0 PSCs iyt — 2 R SRR it — 285 .
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(a) Perovskite three-dimensional crystal diagram (b) PSCs luminescence mechanism diagram
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Fig. 1 PSCs light-absorbing layer materials and power generation mechanism
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PSCs Fl 2 SR A9 6 A AR FF RN & H 24 NORUFN P AR 2 f AR B i, th PR AR B WRIE 2R KA
TR, 22 fioh S T 7 A A L3 ) B O A FL A R TR R A ARSI HICR SRS 38 B Bl AP A L 3X S X sy
PN 4, . B TAE I 3R e R PG BT, BA Ot RS0 OGRS RiEW ke K T4 T
AR B RE WO o DA SR A A 5 A S FEL R DB TR O BRT B A IR . R, S PR R
PERFAP 7= A T — A7k 1E HL ey 19 25 0 XN B S IR B 2SO BB . TSR I T A A
RERAN, FE N B HL S O VE T 23 VS A 25 1 Al A H - R 2s o, Horh 3 i L 38 B L % )2 (Electron
Transport Layer, ETL) [a] BA#% 4% i , & 5 8¢ Bl 5 #8484k 9 ( Transparent Conductive Oxide, TCO) H #z I
A5 H A O i 7S g fr 2 (Hole Transport Layer, HTL) [a] FH AR 14 %, BE 5 8% 4 @ B il 45 o 76 A%
FHL I 55 79 i H A 3 2 I L B AR STE B—A HL U Y T B P S O H AR ] 1(b) o SRR TAE M AR
OUBR TR TR B S Z R R R RANE S AW B FEAE SME SR WP E S BEE
W G M EE G o Hrh o A AR R I 2 A (B RE ASH B 2 6 MR ECE &) 25 W 3 BRI a8 R 1Ot AR 4%
T B SRR D PSCs  fE 9 OK e 9 BF LR BB L 2, i — 2D 3 UK B L R A 2K, 3R S M U A%
BB, S AR E RN . HET, 38 P Ak 7  25 RA RN B A i B R A AP 3 AR R T B A R
R I 5T N
22 SRUEHEEIERE

PSCs 1y #is FFPERE 5 # PRI S5 M A7 OG0 O 1 3R A5 I 8803, PSCs 1Y i 1 45 48 1 28 =4~ B Be, 43 51l 02 1)
T4 HA 1 3 9 A R R V0 Ak R BH BE EE M L il DSSCs 15 AL 1T 2k 18 41 FL 25 A8 PSCs Al 45 #4517 50 17 - 1 55+
Jii 4% PSCs.
2.2.1 AR MRS ARSI K AR Wk

R PSCs 3% W] T i A iR 91K Z2 40 THO, S BRSOk 50 | vl i J5o A <6 s Al 20 18, 30 3 5 A pa Al
FIAS [5) o 28 A F i YR 125 7 A% i A T35 0P 700 il A e fh i 17 52 BB AR 20 2009 48, KOJIMA A
U U T MAPDLES BR AT B R S SR 1 A T 88— A4S PSCs, B HAT 3.8%4 1Y PCE, %% 55 i BLUAT 5
0.238 cm®, BEAM, AT 56 0k T 36 1% 7R Ak 4% (Methylammonium Lead Bromide, MAPbBr) /E b 84k 71 59
Al fetE , I FR1E T 65% M4 T 80K (External Quantum Efficiency, EQE) #10.96 V By J6HL K . BfiJ5 ,IM J
HAECR T 200 4548, i 2 %5 MAPDL & F S DURUZE R B 3.6 pm (19 TiO,J2 b % 2% R 7E 530 nm i K
TR 78.600 BEQE M 6.5% 19 PCE. SR, T3 24 v fiff I B i 25 7 A% i A ot A AN A 2 1, T 4
T BT BHAk K FH BB H b R R BN 1Y o DRI, TR AT A X YRR F A T S KT A R iR AT R — 2P
W5 .
2.2.2 AILLEMBLRST KMk sk

Ry T R R A AR A 22 1 R, TN B Al P 1 A A AR e R TR S R, A FL S
PSCs WAL B i B . A L4548 PSCs B DSSCs 8 242 1 % |, i 1 45 #0451 W] 2 L Wil JETL L& )8
S SO VB BRT O R CHTL A4 Jm s il ™, i8] 2(a) o 20124F ,KIM H S&7L) 2,2',7, 7'~ (N, N-
TSR R ) -9, 918 25 (2,2, 7, 7'~ tetrakis[ N, N—di(4-methoxyphenyl) amine ] -9, 9'~spirobifluorene,
spiro-OMeTAD ) [# 25 %5 7% i A BB T A L 5, LU L TiO,(Mesoporous TiO,, mp-Ti0,) A 4 J& &
T 3 5 ) 45 0 T 5 — 4~ 4 B A4 L PSCs, Spiro-OMe T AD AL 5 T #1486 i 1 L i K B i PCE $2
N 9.7% . WA IEAIREE PSCs B A T DSSCsHR R I AT Bl KRB B . 1 i —
AP S AR AR TiO, 28 A I i 5, BURSCHKA J 257 61 ¥ P A 43 17 — P w5 A8 00 0 R 2 1 4%
MAPDL R e ] % B — H MAT A1 PbL 3% fil, 85 B 07 408K 22 £ mp—TiO, LR IR AE A, WU A LA G- i
PSR IS S T 21 15% Bl PCE. 2018 4F , JEON N T4 53+ 35 TF & iy 1 i A HL A 2 o
F mp-TiO, B A FL PSCso AT & B T — F 25 B 6 HL 5 45 5k 5 it 2% 55 1 3 BC A9 45 7% B 4 oRE(N°, N7
N, N'-tetrakis (9, 9-dimethyl-9H-fluoren—2-yl) -N*, N*, N’, N'~tetrakis (4-methoxyphenyl) -9, 9'-spirobi
[ fluorene ] -2, 2", 7, 7'~tetraamine, DM) , % F DM [ PSCs #1143 bt 2 i #% 144 5 & 69 IF 5 B JE (Open-—circuit

1116001-3



P

Voltage, Voo) , e & B M 253545 7 23.2% & PCE., # HEG M 1k, /v L PSCs B 5 PCE 4 24.8% , X J&:
JEONG M %5 i ] mp-TiONE N 3256 KL, Spiro-OMe T AD # AL 5 #4142 ¥ (Spiro-mF ) 5 HTL 4l
HHER .
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(a) Mesoporous structure PSCs!2*! (b) Planar n-i-p structure PSCs2¢! (¢) Planar p-i-n structure PSCs!2!
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Fig. 2 The development of PSCs device structure
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M 2505 3 7E 4 FL ALO,(Mesoporous ALO,, mp-AlO,) IR T — 2B # (2~10 nm) AR A & 1L P45 5k
" (MAPDL,,CL) , i1 % 3t F mp—ALONE MG Pk 28, i 7R B AE S v BR AT 1fi L RE 45 R 7R 5 k™ vh
I 38 B R AL 4 A S T 10.9% B PCE. &Z I TAEM R & , 2013 4F BALL J M 48" 7£ 150 “CRYIK N T.
TE T M & T HA mp-ALO, LB A FL PSCs, iz a4 s 1 12.3% B4 PCE. [ B ALATT & YRAIE R T
FERHAE PSCs i 19 BUBR M s (2 i A o 5 ALOLZE L, ZrO, F1 S1O, W 1T LURIVE 48 2 32 42 )2 . BI Dongqin
AU T ZrOAE M FL)Z B9 4 MAPDL AL PSCs, 5r & 3545 17 10.8% B PCE, ABAITX) Fb 1 195 Fh #1445
¥ JG & B, ZrO, 3 PSCs i 7n Lt TiO, 3k PSCs 3K (19 #0 + 4 i . HWANG S H %R H S10, 44 K fBUkE
ALY SZ B2 % T A FLPSCs, 28 T 11.45% B PCE A11.05 V I Voeo

VT AR KA £L PSCs B 2§ PERE W3 32 TF . 20194F , YOO T T2 1 & 1 — P 10 158 V8 it 1k 45 4K 7 17 BR 44
Heh 45 FL PSCs, HFR B 23.4% MM PCE F122.6 % FIFa A PCE. M AM , Al 13E W 7 3% 4 s 38 3 41 o 2
T A2 B Ao AR P O R R T R AR AT B, B B AR o T AL PSCs iR e M. B AT, AL PSCs R & &
PSCs #1445 1 v e 52 Wl AR R 450 22— .
223 FELEHSLST KR YL

S L PSCs B 2 1 MR AR 5 R MR 5 (R 75 28 i TR BE 45 i A FLZ A R T 28 (-l & LA . B T
HE— 25 AT A 1 1) B BUAS |, F 58 N AZE A FL PSCs 1 iy b X 2% 440 25 44 2F — 25 Ak JE i T °F 1 PSCs, 25 4F
i AR B SRR ETL 854k W2 HTL &8 itk . fEES 0T g b n Bl SR ETL filp
R AR HTL 43 50 F 858k 0 IO 2 19 F ol 5 i, 3R 25 M Bk Ok n-i-p 4544, W&l 2(b) . BALLJM
EUUHE — A FL PSCs B 25 M1 TAE 0% 7 AL 348, 3 Il a8 T B8 1 45 0 R U4k 98 (F-doped
Tin Oxide, FTO)/Ti0O,/CH,PbI, ,Cl,/spiro-OMeTAD/Au i F ifi n-i-p ! PSCs. i/ EPERON G E %
T 3 AN W7 A0 A5 KB IS A T A5 AR 45, I R UL 25 i 45 1 T PCE i 11.4 % B9 il n—i—p 2 PSCs.
AT 2 2 H A fE ek 0 I % R s AU O T A B8 32 B i = B9 JE I B IR (Short—circuit Current
Density, Jso) o LIU Dianyi % "ffi F ZnO £ 48 TiO,E K F 1 n-i-p & PSCs f ETL . #f b F Ti0,,ZnO ETL
il £ 17 B FLR T 2 P 4G, B EE B 2 ZnO WYL TR R Rt | T TiO,, X 808 T 45 5K 0T MM Y T 25 0F 12
PET e R BCRE N, & PCE N 15.7% . BEJG , ANARAKI E H 257 F] i 4k 2% ¥ U1 #L (Chemical Bath
Deposition, CBD) L. Zi il # T SnO, ETL , 5 T I A F Il PSCs st 723 21 % iy mife € PCE. 21, &
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5] 7 1 4548 (RISF 1 p—in 2544) 5 n-i-p Z5 M 1 R W] Z Ab 7E T 300 F 1L M2 AL & o 76 p-in 254
i HTL 5 ETL 28 I UURBE TCO MLl RS Bk 2 TS, ik 2(c) o JENG T Y %" R4 T 454 R E Ak
%) (Indium Tin Oxide, 1TO)/F(3,4-L 0 —SAMEW) ) - I LI TR (Poly(3,4-ethylenedioxythiophene)—poly
(styrenesulfonate) , PEDOT: PSS)/MAPbDIL,/C,,/ % 4l & (Bathocuproine, BCP)/Al i [fi p-i—n %! PSCs,
PCE }3.9% . 5 n-i—p B PSCs#f kb, p—i—n A PSCs 9 5 {4 % i 56 /NI Hs A BB AR, B 85 22 19 2 ] A 45 4k
W& R AR £, X2 B T A T RE S B0 D AR I — SR AR (0 p-i-n B PSCs H FIT SR K Y 0] B a2 300 i
T n-i-p G5 28 F , BT LA & p-i-n 78 PSCs 59 PCE J& H A AU 8 B 203 A A IR ASUAH A X 7 ThT 4R T
W i B 2019 4, WANG Xiao %5 V0K 2-(2,3,4,5,6- e AR 3L ) o B fb 4% (2-(2,3,4,5,
6-pentafluorophenyl) ethylammonium iodide, FEAD it A MAPbL, i % 44 % ¥ b , il #& 1 T & £ PCE Wy
21.1% By p-i-n 8 PSCs. 2022 4%, JIANG Qi 55" H A HLIE /N5 F 3- (& 3 FF 36 ) ik g (3- (aminomethyl)
pyridine, 3-APy) X} 55 &k A A5 U A7 5 B0 09 5 AR K AL EE . 220 3-APy 431 Ab RS 1 85 EK B HE AR 1% 2 T KL R
JEE TR 2 T FL A Bl ) A X A AR T AR OGRS B T e el s M A T TR SRR S 4 Y p-in Y
PSCs UG T 25.37% By et PCE, & H i p—i—n 8 PSCs 0% 1 fi = 40 5% -

AW PR R 2210, PSCs #1F 451 © X R o (AR S BFSE IR A ASE R AR 25 10 25 4 & R g 58
1 PSCs #5414 RE R 201 , PRI LM AT 75 #4828 37 11 1 B 42 T SR s

3 $56KH K PH BE BE it By 14 BE HR TR R

FHLAR A A5 EK A i AR 5 g i A DR T R R R A 7 L (E B S R Y AR 2 A2 B A K R L A B AR
SR T A BB o AL 3T, PSCs i  1T5 Uk ] A o B RS AR K T R TE 22 b B R A A R T8
B EIE R4S R i B 1) B A 2 O BAES T BHES 5 2) i 4 T 2051 0 B A S BB i Ak B s 47, BHES P
255 Ph—T A 45 5 3) 0 T b A AL B B8 B A 5 ) AN 2R B ik 65 1 A Ay B 7 H AT A BB R 4 AR AR oh
Ik U R 9 Bk i R BE 23T LR BE G i B 3xX 2 7 RS 1 3R] -7 - #E /K (Shockley-Reid-Hall, SRH) & & 1)
U8k o SRH & A A F 85 Bk i 3 15 b 21000 7 19 $2 BURE B | 8] B 2% 52w 28038 7 19 77 iy L € 9k o o 2 PELAS
PSCs H V. 5 78 H 7 (Fill Factor, FF) 2 & i EZ Y BRILZ 40, 785 Wi ETL M HEL # kI
5 2 B D AEAE BB, B EE A PSCs £ AN 41 43 1 B B DL S 88 F AR SRae th RAEE A B R . 21k

£ == Undercoordinatedions ~ S£ZZ23 Intrinsic point defects S e lonic migration Imperfections Passivation @  Electron

P . . N e e e N
: Undercoordmated} H 1 E MA i{ Under d ’: l'Under(‘rn dinated = H Pb-I .l{ Metallic = l{
Iions 1 jvacancies J vacancies Lions 1 Pb*ions Iy antisite Pb cluster 1
1 21 d * 24 2% i, ! Ve —————
1 \
Y Il 1 [} 1 \
s : ; p S . ] o \ : ! Fullerene % Conversion to wide
Cations Anions 1 Ammonium Lewis acid Lewis base 1 Lewisacid |  Lewis base 4
L i

as lewis acid \ bandgap materials
i

B3 4B4ky AR b ooy b Al 2k RO Al AT Ay L R At B T A ey A
Fig. 3 The types of defects on perovskite films and their passivation process through chemical bonds and inhibition process of ion
]

migration'"’
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43 PSCs i WL 1 FH T 32 T+ 88 1 8 10 Bl Ak SR ms o
31 FREIRE

P i, ETL/ 858k 0 5 i (8] 4 & K IR BB B IG , 29 0 855K )2 81 4 1Y 100 £, i 2 B PSCs #5143
R E M — BRI [FE L ETL/85 80 A 18 =2 6] ) B8 9 VT Bl X T 48 = 200 F 4R BUSCR A Vo 3
JeEEHEE, TIO, e T4 JF i n-i-p B PSCs A ETL # k. T 28 TiO, ETL /45 8k 5 A
FEE MR T AR E A S, WET Yuelin %778 TiO, ETL 5454k 8" J2 2 [ 5] A B A S FE 1 e i — 36
M2 # (Cystamine Dihydrochloride, CMDR) , 4[4l 4(a) . CMDR {002 2 BE 1] L5 TiO, B B Ti-N 8, 2 fig
AR T U, A R il P b ik & 19 P Sk Y 7 2k o & 4(b) R 1] 43 B O BUR O (Time-
resolved Photoluminescence, TRPL )G , 45 5 3¢ B 33 F 0301t [] 4 £k 5% W mT LA 2650 b 00 o 4605 6k o B 1)
B TR ES  RAPCE/H 18.41% T2 T 20.63% -

10°

101-

—o—Control

107F o 20 mg/mL
——50 mg/mL
—*—100 mg/mL
10°07"50 100 150 200 250
Time/ns
(a) The surface morphology diagram of the (b) TRPL spectra of perovskite films modified by
interface with or without CMDR!!! different concentrations of CMDREP!
25 N
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Py GG ".iilcclmslalic
a s N interaction
=] 15§ // \
2 —— PSC-SnO I/ =N i \\ > %Coordination|
<EC 2 | HWOH 1 i bond
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\ o .
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Y L) " eeed
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0 Y s 4 et ©0®CUHel ®Pb
0 0.2 0.4 0.6 0.8 1.0 1.2 N - .
Voltage/V .MA FA, Cs © Oxygen vacancy (V) () Cation vacancy
() The J-V curves of PSCs devices based on different (d) Structure diagram of His molecular layer formed
concentrations of LAA-modified PSCs!52! between the SnO, layer and the perovskite layer!*’!

B4 FFFEn-i-psH PSCs ¥ ETL/4 4k 5 5 i [ 45 1k 4 o B bk gk & £F
Fig. 4 Different passivation strategies and performance characterization for ETL/perovskite interface in n—i—p structure PSCs
5 TIiO A L, SnO, 1Y ML~ 3F B Z T 5y, A5l 98 B2 TR G TG PE Al & IR E AL, e EE W EE S
5 BB B RE G T DG T, X il A A T P 1 PSCs e BEAR B ETL AR 2 — o {H 7 PSCs il & ad B2 v, 7 T
SnO, ETL I % %5 fi7 (Oxygen Vacancy, V) FlFE & G [ 2 35035 85 Bk 0 5 9 5 50 B o 0 fiff e it 1) 8t
GENG Quanming %5 fifi Ffl 2 T BE & LR L- K& &R (L-aspartic acid, LAA) Y SnO, /45 4k 4 F i . il
&, LAA F -COOH 1T LI SnO, H 2 BL i Sn* , T B AR SnO, 1Y Vo B B, 8] B 38 AT LA AT SnO, il
FRIE B . BE A LAA B S B R EG AR AT DL 427 SnO, /85 B BT, i A T AL Y R AR BRI
H]Ab B B B A 9 B . B A LAA MCPER PSCsHIA 1.15 V (1 Voo, PCE ik 22.73%, 51 4(¢) . LI Yan
50 2= 5 H) FH 22 3 BB 41 R (Histidine, His) 78 24 SnO, ETL /45 5k ™ A ifi A2 e ), 18] 4(d) o 3 Fp 42 1
SnO, 5 8550 1Y B8 % SRR WS A A T 7 0 S IS BB, O i vm A R R B R v /b B T JR] ) Sl e G A
B SRR AT LUAT A4k 4 PR RE G, I B ST R, BEF His SR Y SnO, il £ 19 PSCs #5148
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FEE T 22.91% Bk PCE.

fift Y- Tl p—i-n 25449 PSCs W ETL /85 8k 5 5t 1fi &b 13 %) St 1 52 & (0] B [W] BE 22 . ZHANG Quanzeng
LR BB AR /(6,6 ] PRI -Co- T B H K ([ 6,6 ]-phenyl-Cg~butyric Acid Methylester, PCBM ) %L1 8] 5] A
T R-4- 2 FEMEEE (Poly—4-vinylpyridine, PAVP) 78 4w (8] 2 R B4k A T 1 5 M A M S Bs . K 5(a) £
PAVP BEA R I 15 858K /PCBM 1Y BE G4 VT L , 3 A A T 5 181 1] = 28 A9 Fi A 28 BBOF 0 i 28 06 B e A 4%
PAVP &M 5 W #54F PCE M 17.46 % 4875 51 20.02% . WAN Fang % G135 1 3t 4 38 T — P 56 00 81 14 i
LR MM EE L5 AT & i A b ¥ (Ethanediamine Dihydroiodide, EDAL) ¥t i 46 1k )2 ) ZL itk F
MEIAT AW H I S E R R (Hexamethylene Diisocyanato, HDI) %t 1 J2 X 45 £k 5 /PCBM %t it ¥ 47 7k —
AL HE S5 R F I 2203 EDAL/HDI L5 B9 454K 5™ /PCBM St 1 &2 A 9 B 2 M6l R 3845 7 0.10 V i AR AR
ST Vo R o AT UE T HDI 43+ v A9 5 502 16 258 A1 R 78 == 0 T AR %S 5 5 EDAL v i e 55 A & A= 58
BRIV, 22 R 43 F 7 A5 AR A 2 B B, A7 B T FRLAS EDA” BHES F 8 BB 45 5k 8 b, 15 EDAL/HDI &1k )5
PSCs HA L7 1y A8 E M, a5 5(b) .
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4.14eV £ CSRS I t—— 2 | —o—control,85°C 101
i 5 1o} ——Control. 85°C 40 h
g | —* With EDAI/HDL 85°C I h
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S sp—*— With EDAL/HDI 85°C 10h
O —a— With EDAL/HDI, 85 °C 40 h
528 eV E, g : . : : i
[, — 0 02 04 06 08 10 12
Voltage/V
Control P4VP@0.10 g

(b) The J-J curves of PSCs with and without EDAI/HDI

(a) Energy level diagram of control and modification under continuous thermal stress at 85°CI3°!

P4VP@0.10 perovskite film!>>!

B 5 F R4 A e A 4545 /PCBM R oy M fiE & AE

Fig. 5 Performance characterization of different passivation strategies at perovskite/PCBM interface

bR ETL/45 £k 51 464k LA, HTL /45 8k 7 1 4l 1k 5% i [ A & il . X T F-1f n—i—p% PSCs >k
Ui, 75 B T Al Th b R B DORRAE B ER R AR L, T LI A A TR B0 T R Rk D 3 T A 0T R R AN R B IR A
BRI e R R o A B S s Oh A W B R AT DA e B i S S R o SR T A 9]
B 25 A 5 P B P B A Al R, DT R R R A I A 45 T B . ZHONG Hua 5577 ) ] B0 10 75 T
RTEASER W /Spiro-OMe TAD F 1 51 A T W T 3 & b £ ( Tetrabutylammonium Chloride, TBAC) ¥4>F )2,
Y TBAC HURRAEB5 B 07 WA 1 F, TBAC Hh iy CL 23 38 ok o8 418 45 Bk o 7 B v iy T 2 o 50 38 5 Y J) Bt T
HE B S ER A RS T X S TBAC 91 A 48 ] 5 K 57 Hh 3% 10 (% 5 5 T 8 B L AR T B L 3 0 [
L 2D T As R BORY E fd  & L BRX, BE T ITO/Sn0,/ 55 £k B/ TBAC/Spiro-OMe TAD/ Au 45 #4)
n—i-p PSCs S ¥ 1 23.5% Y 7 PCE. XU Shendong %7 ¥ & W & B A 1 7 e 35 = HY 3 N 960 0 1R 4%
(Hexadecyltrimethylammonium Hexafluorophosphate, HTAP) ¥ 7 7F 45 £k 87 )22 101 v SZ B 1 — i 28 v %5 £ 4
bW o 3K Bl Ak SR B S AN Ry 28 oA ER AL AT A T, T HL O 9R Vo B EFF AR T BB Bl AR E
HTAP H i PF, AT DAECRMS R0 R T 9 o Ak 9 B 25 25 00 JF HAT DURS 8 R LA /9 Ph ', A B T 80 55 4K
B S5 R AE S o R I HTAP Sk i e L £ 3815 1T 23.14 00 19 PCE, I H. % 5 Bl fb 55 s A7 3 2%
i 1A it s n)

P p-i-n#l PSCs B9 HTL /85 8k 8™ 5 B Ak 75 5 BAR A A58, 4R 5 n-i-p &5 A v HTL /45 8k 5%
T B A AR TR0, p—in 2549 o (A B5 8K/ HT L 5 T80 i A A0 25 A0 R b 532 o e 2% 2 R PERE . SR DL (42K 58 ) (2,
4,6- =W EILIL) IZ 1 (Poly[ bis(4-phenyl) (2,4, 6-trimethylphenyl) amine |, PTAA ) J&F i p-i—n &5 #4 PSCs
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E AP HTL M B Z — . AT, PTAA 5856k ¥ IR 22 [8] 4 KA 2% 18 9 07 RIS 58 4 1) 3% 1178 a2 1 45 5
PERE PSCs 19 ™ IR Bk i o %F it , XU Jie %78 JC HL A AL B (Potassium Fluoride, KF) #4ifi 2% vt )2 51 A 5
PTAASLJE FoRIA PTAA HTL/45 k6™ P () R e 22 . KF 0] LAAT B0 BEAIK PTAA W4 d5e KA,
XA FTF 2R, AN, K 6(a) RIAKE Z W51 A B E RN T PTAA /S5 Ek 5 B i & 4 s B, A 1)
TR R TR A . A, G KFBER PSCs s T 21.51% By PCE, M T EA S F B X
583 SR NIO, 8 p-i-n 250 PSCs R T PTAA Z 40 FIAIHTL ., K100 NiO,—45 5k 5™ 5 5t 45 1) 6%
R A 2 BRI NGO, 2 PSCs g -l B iy E BN E Z — . Rk, WU Tianhao %R F S AH UL 78 NiO,/
FEERHT L A R 51 AT = 3R AL B ( Trimethylsulfonium Bromide, TMSBr) Ft 1 )2 4 i B 78 B £F bifi 72
i A5 e B ) NIOL BS54 220 BROG MR o N 151 6 (b) BTz, Al ] 3 2 B X6 78 A 6] 2 B TMSBr 5t
Ifi )2 UL A FAMAPDI, 3 5 () X 5 28 fi7 5 (X-ray Diffraction, XRD) K3 & 3 TMSBr % ifii J2 B9 i A 7T LA
i 3 NiO, A HUBLAL 4 £5 22 18] 1) S0 A 348 52 2 1o R 41 il PO AR (4 T8 1, 33 A5 A 58 3400 1 76 NiO, /85 4k 7
T A ) B R RN B B[R] B, TMSBr S 17 )2 6 B A 55 45 5K 07 & 740 HE UG IE 09 4 2 530 A R i K 1Y 6 B
BiALRE S . B TMSBr B2 540 19 p-i-n 4548 PSCs BUiH T 22.1% B8t PCE, [F Bf 78 AM 1.5G %
WER Ty 75 iy CRCR [ AR 20 H 0 46 18 19 80% BB IA] ) 2y 2 310 h, X J& NiO, % PSCs 45 1 #% & 1 FH 75 iy
Z—s

100
~0-PTAA/KF (190) 200)
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4.0x10° | =
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0 L ! | TMSBr )
0 4.0%10°  8.0x<10°  1.2x10° : " ; - :
e : s 10 15 20 25 30 35
. _ 20/(°)
(@ RquiskploisofESCe Wlﬁ? and (b) XRD patterns of pure FAMAPbI, pure
without K modification™™ TMSBr and FAMAPb, with different

thickness of TMSBr!®l

H6 ATTPEn-i-pEMPSCs#54ks /HTL R @ 6 F B 4k b 58w B R AE
Fig. 6 Different passivation strategies and performance characterization for perovskite/HTL interface in n-i-p structure PSCs
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A5 LT TR BB 7 AN TR 9 0] TR R A B B O i B B I A SR BT L S s O
TR A% i R A R ) SRH AR5 5 525 o 85 B T S AAC A R P 0 A 0 R0 T LA S B A o R E
BRA A AR S AL S BT B BB L AL A5 BT B A DR SR RE SR . BT R T PSCs SR IR AR B
T (Tonic Liquids, TLs) & W 70 1 HUE #6179 45

ILs A P8 5 i #A TAEVE 1, B 281 5L T ) 3k — 90 “C 300 “C, T Ak 245 Bk 47 Fi BK 44 75 V8 i o 7 2 8 58 1Y
U BE I R, i L TLs 75 PSCs U MGH TR vp R BUAL S o BR T 15 e AT AL R i A A6 A AR B A 1 CRUE T R
HAEFIAE) S Ts b o5 A7 18 5 AH EL A T A3 oL B A EL 3 e 5 1 sl R I ), 3k A4 Ts BE S AR PRV I AR ) 1Y
Yy TR A ARV T LA T B A LA E AL R B TLs v BH B b AN K B 9 doe S % L A R T 4R v
AR A B /N PR B35 0, DRI s 58 A R D 805 BR AT B 3R R A5 0 580 i) 98 1 . SHAHIDUZZAMAN M
AR YN T JHTF MAPDL 5 Bk 3 A 190 38030420 W e 1~ 20 93 11 JE K e 5 04490 (1-hecy -
3-methylimidazolium chloride, HMImCD) il A #| &% A MAPbL, i N, N- = B St H [t i (N, N-
Dimethylformamide, DMF ) {if SR A 35 W, Al A1 % 0 48 5 Ts 4b B S /9 MAPDL B e i B w535 5,
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X Ay ] A R T RS R SRR AL T — Ak . Z IR R, RAN Junhui 55 7E 45 BRI 9K A 9 UK
PbL@DMF il A B T W 4K 2 18 T e (Butylammonium Acetate, BAAC)/E RN . {41 % 3 BAAc 5
[PbL " 22 Z 10 B Ak 22 A B A T A 1) 45 i, 2 BAACTLJLJ‘:I 55 PO, i 5K 75 W1 5 B 6 1 FH R 18 1 45
BB G5B St i E 7(a) o A A AT & B A BAACBE AL T BB Ak IR ) Bh b A, R &t
BAAcHifb 5 A& PCE  20.1% .

Child —PC,B-TEG
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s ¥
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(a) Structure diagram of layered (b) Dark J-V curves based on PAB- (c) FTIR spectra of the interaction
Pbl, with and without BAAC modified perovskite layers!®®! between Pbl, and PC, B-TEG!")

W7 T e BT IR AR AR R T R A AL R s RN R R AR
Fig. 7 Different passivation strategies and performance characterization for additive precursor engineering

RE W m oy 7 w7 HRR IR A B RE AT, R B B I AT AR B S R 2 — . — 7 L R AW sy
Ty — 2L 57 (A0 O J5 ) AT LAAR 25 5 b 5 85 BK 0™ v % H 5L 7 i S0 BE R IR BTN PR 05, 1 3 2 s A 1Y
gt S —Jrim, REWE /Ty S IE - F N 57 AT LS 58k i i Ph? A0 B4R FH R A8 € B 5K 4544
O A BT IR ) 4 R PR AR A . A RS W o T S B K P AR | e P AP AR AR E
P, AT DA 058 A 5 AR B RS K AR TR BE N S A S 0 SR L X A B TR A R R T
P, 545 W0 i 23 5 /E S PSCs Hb A ] s (4 73 0 500 , 7 ] 5 55 BR AT IR B A% R 45t i R B v A 1R R
BE A3 E] T ) Z MR . LI Lihua 58 F By %6 56 O 2R mE 1 777 48 9 (Phenolic Hydroxyl-substituted
Polyamide Derivative, PAB) 1 2 Hif DK 042 5 8 4% 00 Bl A6 85 8K 07 05 1 )2 o PAB J& — 22 0L 9 [5) i 5 A %
BE R i = Fh AL BB A1 09 RS W, B R LRI R L T DUAE Sy i By H S A KA TP Y P R Az 5k B
B i vp g N BT phy 3 A A R R LS B BT R i B B T RO AL, T Bl A s o i 7 (b)), w5 -Vl
2 22 W13 S0 RE AT 5 A5 Bk R R R LA T AT S T HOR T AR SR T R S A PSCs IR AESCER
19.45% $2 W 3] 21.13 % .

O E 1895 AR W R BLG i T b A A A PR AR S A T 52 BB R T OGO R AT
WIS w0 S AT AR W R LR A 0 i A RS R AR AL AR AR 325 PSCs. SR AW AR
AR AN RSE Y 5 s S AT A= 07 PSCs B insf) TAE th A /E I =G B2 X8/ ) 7 FF A B 5K A 4
J& AT LA SE A E A5 B AR By SR, 0 IR Y A R Bz 3 i B T R AT W BB R L T DLA ALY
Fl B B, 32 B Bk R I & . KIM K 467 48 T — il % 5 — £ B WY ik 55 (Triethylene Glycol
monomethyl ether, TEG)E’J”ﬁ*ﬁ%ﬁﬁi%(PLMB—TE(»%IA%ﬂjﬁWﬁﬁWzﬁﬁiﬁﬁﬁﬁﬁ& F T 0 i
AW B TEG A] RL I 35 4 v A 55 BR 0 i S0 B 1R 3 50 ob B 0 A R, DR ORGP S R T I A e
e 7% BE 3 R0 KL BR B B AL BE O WA R . I 7 (o) 40 Bt R 4 21 48 O % (Fourier Transform Infrared
spectroscopy, FTIR) F W 4 & #IG AT =Y 5 PbLIE & ,PCo,B-TEG f C=0 M C—O Wl m N sh, X F
B PCoB-TEG B0 57 n LA RCBE AL 85 8k 9 Pb* BB (07 5, f B A PCB-TEG 5 ifi s e 35 38 5% 7 #8000 1
RoRe T . BJm Mg A et PCE O 23.34 06, iX W2 32 4 0 W8 94 407 A2 W 15 5 1 5 PSCs 19 8 i A
R

HE A IR IS R WO 2 AT A 3 PR R 9 55— ROy R R A RO R TR . RO R 2R TSR
A T S0 8 50 ) 5 485 R a0 58 S Ve 10 <l A P Y ) 7 9 4 A B v ) 3 T T A5 RN 4 B R v S A R AR
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FHY S s 0 T AR T — b S A 7 06 R A0 A5 Ak T 2 28 U R A G A2 A I O AT e o HL el s L 1R
FEEGERW™ )2 RN R 50 23 S ot sl BLUR T 45 0 25 e B O A KR S AR R T SR . CHOTH %8 i ik
AT Bk T EWS 3L /N4> F (Indacenodithieno[ 3, 2-b ] thiophene, IDTT-ThCz) , ¥ H:AE by 5z %5 7 7 i 5+
FUAFGERE o B 45, i 8(a) o ABATHE TAEH 48 1 IDTT-ThCz H (1) #% & 7 2 I 5 7T LU 45 2K 07 Hip 4K
P B P S i A L R B IR S O A RO R 85 Bk R B BE A . [RIEE, B T IDT T-ThCz lURe i1 p 2 &
WA, PSCs f L for S BURE 7 A3 3 T 0 5 #2500l 45 PCE @ IVES E 1 3 A9 /N4 F I 57 PSCs.
fd F % PSCs il 5 B9 #8808 FF 51k 80.4% , #: 4 PCE 4 22.5% . GUO Junjun 25" —Fif K 4K /N7 5 #L e
BE W 50 18 R Bl AR 700 5 LA s 30 v R ) 4 8 I o A AR S R RS . an &1 8 (b)), b 7] 3 s s B B B Bk e
53 LA SR AR Ve BV i 7F UK (Chlorobenzene,, CB) H AR Cs, o F A s MA P (1 0Bry ) 85 K0 A, UE W] T
C=0/—NH 1 g A 0 £F 76 0T i b 55 Bk 0™ 7 RS ke B 1) B Ak B W 25 VR AT . o 40— v 9 B SR 4 o vl 7 o {1t
PRAT LA 585 K 1 2 1T A C A 1 I B BT R Pb™ 5 Ph—T U A ik B AR AR, AR vT A S T s M AR . 1k
Hb L BE W 7 T 5 A5 B 3R T =2 R A S T LI B R RS, 2 — A B A R v B R P . 200 B Bl Y
PSCs B PCE M 20.18 % #2755 % 23.22% .
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,-*Pbl, & PbBr,! e < PaS

1
1
< S b e .
~ FAI+MABr ! ¢ IS
» DMSO DMF
(MA”, FA", Cs'
oMetalion (Pb>")
@Halide (Br, I')
Spin-coating Antisolvent treatment Thermal annealing
(a) The interaction diagram of IDTT-ThCz (b) The schematic diagram of perovskite film prepared by

additive molecule with perovskite layer!”! indigo antisolvent spin coating process!’!!

8 JFTRENITAS WA F K RS &L
Fig. 8 Different passivation strategies and preparation processes for antisolvent engineering
33 BHRAILRE

W A ) T | A R T SIS I YA v ) S R AR AR AT L AR A ek B o B A v O o R
R A A L I T B A SR A TR 2% BT A BRI v XU, sk S i O 2 5 R B AT R A KRR A
JFA R R B BACKE Bl A L R ) S Bk T R AR I O A 2 0 HOR 2 AT R B
Z 145 2% 50 TR T DAGE 7 3800 1 47 i it 5, 981 5 SR T () RE 2 RE 4p , E — 20 A0 A BRI R e 47 A S BR
WS o BT R AN R

TiO A ~F i n—i-p Z5 4 PSCs FME G ETL 22— , e K n i 2 L 130 B8 FR A, 33 A Al R ) 1™ 4% 478
MIPERE S 8. 3 5 2% ad I 4 R Ok U THO, Y H 7~ RE Y 45 44 1 e B S A Bl T 42 e 28 4 1) v i A2 S P E
MO Hongbo %5/ FF &t — Bl sl — 25 BOGHE B 48 28 T 2046 i ¥ 4 8 Tats 24 3 TiO, ETL, ¥ 5 TiO, # X
T 58 T Wi 1A 285 o B B HE (151 9) o 3l i R AR IO T2 20 A BR S 19 THO, 58 Y 5 B M A 712 S RE 0 15
) Dl S T o VA E A T R B S B AT R L DL Ta-TiO, ETL 4 i A9 85 500 W BT R 4F i B 5
MG L 1A R AR T RO TR A . AT Ta-TiO, ETL ) PSCs S 8L T 18.34 06 1 #
PCE.

SnO, A B 2% 89 ETL A4 RE— 22 418 50 PR Ay i 307 A1 it 78 i Ak P T 4 52 0G0 L (H ol T AT 20 i T e 4
SnO, I EAFTE R Vo BB o AL, SnO, 94 K UKL T7E V7 WS T 25 5 8 JUIAT SR AE 1T 25 T BUKR SR 19 AE BRI
FUOE WA X ) P NG R 25 o RLIG, A) FH AS [ R 1 48 R0 B0 SO, ok 1k 3 TSR B A ETL BEAS 5 55
BRATE WA 254 filk AT A 0008070 1T #0008 T 2 & - DENG Jidong 55 75@ 13 7€ SnO, ETL 5] A Z D) fig 1544
) 2-F2 Fe £, F = W I AL £ (2-Hydroxyethyl trimethylammonium chloride, ChCl) , F & i T —Fh 4> F 45 3K
Wi A B2 n-i-p 454 PSCs U A I A PE i . 48 2% 50 ChCLAP 9 2 D g5 724544 (NH,, CL, ~OH) AT LAAE
R 53 SRR KB SnO, R B B T I AT B 4 R A BT R R A SO R A T G 2 ) 1, A R T
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Fig. 9 One-step laser process of doping Ta into TiO, and crystallizing TiO, film from amorphous precursor to anatase phase’”"’
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BRI AL . R T DMAPAL-SnO, % 17 1 A9 & BH 5 1 T LA i 2 15 A &0 5 45 5K 8 Ay
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(a) Band alignment diagram of PSCs (b) J-V curves of PSCs based on SnO,
with SnO, and ChCl-SnO,"" ETL and DMAPAL-SnO, ETL"
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Fig. 10  Performance characterization of different SnO, ETL dopants

HA BB FEBRE20cm’ Vs DB ZnO W21 p-i-n 454 PSCs % JH B9 ETL AR, B 90 A 8 5 1)
J63B B AL Ti0,.SnO, 0T B AY S H RS o SR T ZnO 047 35 5 04 B8 3 A He b 4 i S0 1k 0 o s 110 458 ol o5
(Isoelectric Point, IEP) , 3% 23 {fi #5345 £k &' 8 5 b i) MA A1 FA TP 25 54k, DUITT 385 50 55 22 ik f o7 05 5 30
LT AR B S B E AT S . R, RATENDRAN MV %8706 7% 1AL 38U #9 Min 38 2% #F ZnO JH ok 8 8%
IEP, 0 11,4647 & B 5 KA ZnO(~9.5) A1 b, Mn: ZnO 4 TEP (~8.2) B W B A% . [5]iF, Al A 738 5 3154 &
BLHE T Mn: ZnO B PSCs Y F BIF 25 % B2 W] b REAIG, 33 15 W] Min 19 48 % AR T ZnO IS SR 388 J5E 7 46 g, A T
B PR EG EK B A ZnO Z () 47 B B T 1% i o B2, Mn#8% ZnO £: PSCs (9 PCE M\ 11.7 % $2 & 5] 13.6 % , 5t
H7ZnO 3 PSCsH#2 5 T4 15% .
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Fig. 11 TEP measurements of ZnO and 5 wt% Mn:ZnO powders' "’
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Fig. 12 Performance characterization of different HTL dopants in planar n—i—p structure PSCs
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i (2= ((7-(4-(bis (4-meth-oxyphenyl) amino) phenyl) 10— ( 2- ( 2-ethoxyethoxy) ethyl) ~-10H-phenoxazin-
3-yl)methylene) malononitrile, MDN)# A P3HT LA % 858K 8™ 5 P3HT Z 8] (1A R 4% fih . MDN e AT (1)
PG 6 T ) N7 T DL Bk 3 T R TC L Y Ph e A R S A I T PR BB Y 7R R i Ak
MDN o =8 e B AT AT L5 PSHT JB il n— m MEAR ZE 85 8K /H T L 2Z 18] £ 57 i fip A5 i it 2 . 161 12(b) 1 1=V
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Table 1 The passivators used in different PSCs passivation strategies in the past year and the performance comparison
before and after passivation

Joo!

Strategy Passivator Processing Ve /V o FF/% PCE/% Reference
(mAe<cm )

o Control 1.168 24.41 80.04 22.82

Interface engineering CF,PhAI ) [83]
Passivated 1.172 24.48 80.40 23.06
) ) Control 1.110 21.80 80.00 19.65

Interface engineering 2C4~Bphen ) [84]
Passivated 1.110 22.70 80.06 20.24
Control 1.140 25.77 76.26 22.40

Interface engineering CFA } [85]
Passivated 1.170 25.79 77.77 23.47
) ) Control 1.020 24.30 77.86 19.30

Interface engineering Cl-BSM [86]
Passivated 1.120 24.60 81.36 22.42
) ) Control 1.130 23.76 78.34 21.14

Interface engineering DEP ) [87]
Passivated 1.170 24.19 81.91 23.21
) ) Control 1.140 24.99 79.45 22.62

Interface engineering DL ) [88]
Passivated 1.200 25.21 83.48 25.24
Control 1.087 25.21 81.32 22.28

Interface engineering FBA . [89]
Passivated 1.135 25.32 84.40 24.26
) ) Control 1.140 24.89 76.90 21.86

Interface engineering MSP ) [90]
Passivated 1.180 25.04 78.90 23.29
) ) ) Control 1.120 23.70 79.39 21.07

Interface engineering NiAc, ) [91]
Passivated 1.150 23.82 81.88 23.02
) ) Control 1.050 23.73 77.40 19.41

Interface engineering PV-I . [92]
Passivated 1.110 24.69 80.20 22.02
Control 1.106 25.71 77.68 22.09

Interface engineering SnO, ) [93]
Passivated 1.158 26.06 79.02 23.86
) ) Control 1.170 24.91 77.63 22.61

Interface engineering TDA ) [94]
Passivated 1.200 25.11 82.75 24.96
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Strategy Passivator Processing Voo /V ., FF/% PCE/% Reference
(mA-«cm %)
) ) Control 1.140 24.95 78.42 22.31
Interface engineering CzEAI ) [95]
Passivated 1.200 25.41 79.22 24.14
Control 1.060 22.77 78.93 19.07
Interface engineering BPCSA ) [96]
Passivated 1.100 25.60 83.28 23.45
) ) Control 1.072 23.56 83.55 21.20
Interface engineering p~F-PEAI [97]
Passivated 1.124 24.04 84.98 22.93
) . Control 1.190 22.54 78.65 21.14 )
Interface engineering PMMA ) [98]
Passivated 1.290 22.48 77.49 22.47
) ) Control 1.120 26.04 78.9 23.02
Interface engineering BAI ) [99]
Passivated 1.159 26.01 83.9 25.32
Control 1.045 25.46 81.23 21.63
Interface engineering CLPU ) [100]
Passivated 1.111 25.68 81.06 23.14
) ) Control 1.120 25.30 74.00 21.10
Interface engineering PAH [101]
Passivated 1.180 25.60 81.40 24.60
) ) Control 1.110 24.90 76.30 21.10
Interface engineering TMBAI ) [102]
Passivated 1.170 25.30 80.20 23.70
Perovskite surface ) Control 1.110 26.28 83.10 24.24
[4MBP]Cl ) [103]
treatment Passivated 1.151 26.29 83.40 25.24
Perovskite surface Control 1.110 24.80 76.70 21.10
HCOOK . [104]
treatment Passivated 1.150 25.50 81.00 23.80
Perovskite surface Control 1.091 24.70 76.53 20.62
MAFa ‘ [105]
treatment Passivated 1.181 24.99 81.62 24.09
Perovskite surface Control 1.151 25.21 78.94 22.91
NVP [106]
treatment Passivated 1.195 25.77 80.19 24.69
Perovskite surface ) Control 1.131 25.09 78.50 22.28
POF-HDDA . [107]
treatment Passivated 1.201 25.72 80.13 24.76
Perovskite surface Control 1.080 24.00 79.28 20.54
PAEMI-TFSI ) [108]
treatment Passivated 1.140 24.06 81.81 22.40
Perovskite surface Control 1.134 25.57 78.08 22.66
PBGCI ‘ [109]
treatment Passivated 1.164 25.63 82.65 24.67
Perovskite surface PEA,PbL,@MA- Control 0.980 23.35 70.80 16.22 [110]
treatment Cl Passivated 1.165 24.75 82.20 23.69
Perovskite surface Control 0.820 30.40 76.71 19.16
SnO, ) [111]
treatment Passivated 0.880 31.42 79.76 22.16
Control 1.110 22.65 79.90 20.08
Dopant passivation PbS QDs ) [112]
Passivated 1.150 24.86 81.20 23.27
o Control 1.100 23.84 78.52 20.54
Dopant passivation RbCI@tBBAI . [113]
Passivated 1.160 24.50 79.04 22.54
o Control 1.134 23.82 76.20 20.61
Dopant passivation STRS ) [114]
Passivated 1.160 24.50 80.50 22.89
o ) Control 1.033 25.60 80.30 21.23
Dopant passivation OATFSI ) [115]
Passivated 1.084 25.45 84.60 23.34
o Control 1.117 25.17 74.78 21.03
Dopant passivation LQ ) [116]
Passivated 1.151 25.63 82.76 24.42
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Abstract: In recent years, as population growth and industrial development have led to rapid growth in

global energy demand, the dwindling traditional fossil fuel resources and the increasing difficulty of

extraction may not be able to meet the energy consumption of the future world. Therefore, researchers are

committed to finding clean renewable energy sources as alternatives to traditional fossil fuels. As one of the

most abundant renewable energy sources on earth, photovoltaic technology, which converts solar energy

(light energy) into electrical energy, is receiving more and more attention due to its advantages such as

cleanliness and feasibility. Since its birth in 1954 at Bell Laboratories in the United States, solar cells have

developed through three generations over the past 70 years. Silicon—based solar cells produced on silicon
wafers are the first generation of solar cells and still dominate the global solar cell market with high Power

Conversion Efficiency (PCE) and high stability. However, high raw material costs and cumbersome high-

temperature processing manufacturing processes restrict its further development. Thin—film solar cells

based on inorganic semiconductor films such as amorphous silicon, copper indium gallium selenide, and

cadmium telluride are called second—generation solar cells. Compared with silicon-based solar cells, the

cost of raw materials for thin—film solar cells is reduced, but in order to obtain optimal performance, high—-

vacuum film deposition and high-temperature annealing are still required, which further increases

processing costs. At the same time, the raw materials are toxic and are not conducive to large—scale mass

1116001-21



¥ % il

production. Therefore, although both the first-generation and the second—generation photovoltaic cells can
achieve PCE of more than 20%, complex processing techniques and high costs limit their future
development. These problems force scientists to focus on Moving to third-generation solar cells
manufactured using low—cost technologies. The third generation of solar cells are collectively called new
solar cells, including dye sensitized solar cells (DSSCs), quantum dot solar cells (QDSCs) and perovskite
solar cells (PSCs). Organic—inorganic halide PSCs have attracted much attention due to their simple
fabrication process, low cost, and high efficiency. Over the past ten years, due to huge research efforts in
composition, process and defect passivation, the PCE record of PSCs devices has soared to 26% in just
over ten years since their introduction in 2009, which is close to that of silicon—based devices solar cell
efficiency record. At present, it ranks third in single—junction photovoltaic cells and still has great
development potential in the future. From this perspective, we briefly review the development of PSCs
from discovery to laboratory research to commercialization progress. In this paper, the structure and
properties of hybrid perovskite materials are introduced. Following that, the evolution of key components
and device structures of perovskite solar cells since their inception are reviewed. At the same time, we are
aware of the importance of the improvement of power conversion efficiency for the future development of
perovskite solar cells. Therefore, the latest research results in the use of defect passivation strategies to
improve power conversion efficiency in the past three years are summarized. Finally, the challenges faced
by perovskite solar cells are described and future commercial prospects are prospected.

Key words: Perovskite solar cells; Device structure; Photoelectric conversion efficiency; Defect
passivation; Commercialization
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