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Fig. 1. Solutions to improve the performance of P-I-N type
tin lead perovskite solar cells.
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Fig. 2. The energy band of Sn-Pb perovskite changed with

the metal ratios: (a) Ogomi et al.l characterized the

CH;3NH3Sn; ,Pb I3 energy band structure changed with the
metal ratio; (b) Eperon et al.ll used the Tauc plot, PL and

first-principles calculations to obtain the variable trend of
HC(NH,),Sn,Pb;  I3(FASn,Pb; I3) band gap with metal
proportions; (c) Hao et al.l’l characterized the band gap

changes of CH3NH;3Sn; ,Pb,I3 by electronic absorption spec-

tra.
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Fig. 3. The efficiency progress diagram of Sn-Pb perovskite
solar cells in different structures, including N-I-P (green)
and P-I-N (red) structures.
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Sn**1fi7E Sn-Pb 8588t IE 185 23 fr i 7R BN 09 (d) Wei 4512 F) F§ PEAT 5531 Sn-Pb 858k 7 2 I 54 4k =3B P4 i 1k 1y 4k 2805 1257
F K (e) Ramirez 25 5| ABT B F n =4 M n =5 Sn-Pb M4k H" S A% R B KL, (F) Li 48 M 5] A 4-507K 2 ML 4 (FPEAI)
fifi (MAPDL)g.75(FASDLy) o5 ft bl =5 B 3 FLHES A 7 B B R AE 5 8 (FPEATL) #4814 J- VIl

Fig. 4. (a) SEM images of perovskite films with different SnF, additions®; (b) photos and schematic diagrams of preparing
MAPb,Sn, I; precursor solution using GDR and the schematic diagram of film aging processP; (c) the schematic diagram of tin
vacancies formation in Sn-Pb perovskite due to the presence of Sn** in the precursor solution'¥; (d) Wei et al. *?used PEAI to
achieve surface passivation or in-film passivation of Sn-Pb perovskit; (e) the schematic diagram of Sn-Pb perovskite lattice with n =
4 and n = 5 introduced by Ramirez et al.*?); (f) Li et al.*Jintroduced FPEAI to vertically arrange the (MAPbI3)g75(FASnls)g 5
grain height and the J-V curve of unused and used FPEAI devices.
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(FPEAI), WA 4(f) iz, 1528037 B R 1.33 eV /Y
IRA 2D/3D Sn-Pb #5k0 A BH HL it , FL % 3
ik 28.42 mA /em?, PCE ik 17.51%. TJZ 1Y 2D 45
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B UL Sn? Ak, T TARR T A,
WY R ER T T 80 mV.
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B S5 P ) R T A B S R R U L
FH FAEESERT, Sn-Ph F54kH™ 8 I R 5 (0 123
M T K. Wang 45 24 5@ o i RAIEFE ARETR T
AI5] Sn-Pb HCA X P AL TR B 55 BA A M ol o
R TE S 5 i - 25 45 6 AR kR R ) SEM
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BT /INRSE B 4K bR T 248 i i A T 3Ky
B 1R R 48 it 5 AR R 1Y IR ) oz, X 5% 1
UL S FAT/MAIL XF Snl, A9 K E M A et T
SN SRS 1 A AR, DTS R A
Fb T 2 Bl IR L ok R 38K &l 5(a) fir
7. AFLSORE (A PR AR A A 25 BRI R ER ) 1) 1 P R
FEPDH T #E AR SRR b SR SRR, AT
AR AE KT I BEAL, AT T 200 A s .
FLLE Sn-Pb B5Ek 0 W5 f A= K Rr i, HAn$e
HBERS L F IR AT Sn-Pb F5EKT IR 2, 5 R 0
T PN 1) IR 2) vl I 5T
3 3) AT, 4) B2 S A DIRe S A M us in 7).
221 AEH

Sn-Pb £5EKH™ 1Y i (A 25 14 2L T 45 B A5 5K 0™
AMX; 1Y R S5 #9 . M A AS (6] ] B Sn2 AT
P4, X % M EEF Cl, BratI. A
(A= R VA VA R0 AR TN VAR o VA mY A3
m A TRA B 6 4 XA B P BIE L [MX) 5r
J5 N T A 1L B gk 45 48 1 A e Pk AT L
Goldschmidt 2522 K+ (¢) KiPAh, AT 1ol

ra + 7T
" A X

B V2rg +rx’ ®)
Hod g, mg B SRR AL M ORI X B A
. Bartel &5 W7 [F5Y 3B, AU B5ERAT 4544 11 B
R AE 0.825 F1 1.059 Z [a]. 5 i ¥ 28 22 IR+
¢RI SRR 1, R B R A A R ) O AR AR

R 1) b PR 2548 DR 3l 2o 4 43 TR m] DUAS s ol
FHERET AR ARZETL, $R R RS S BT A, AR
TEGER MR S A e 1.

HHET, 76 AV EZERIGE FALGH FA, MA,
Cs, FA+MA, FA+Cs, FA+MA+Cs. FAYE 1R
sFRTF MAT, H it FASnI; 1 Sn-5s Fl I-5p Z [i]
() I B A I 58 T MASnI;, S8 FASnI, 4
23 K B BE T 5, B FAHB AR LI 8
7SS F i 8. [0 FATI S A S48 5
FEAE AR, If H S5 MATHHEE HyO F1 FA+ZZ 8]
) S B B A, DT R H K o375 S I B R
fie 19, DRI, B AT MAYES T Ho i LT
i B SRR M7 T SR R A, (AR S 2
RO PEIR BB, R T FE PR FE A 4 v 1 BB 1% ] fsf
Mtk g R B I, Yang & WDOR S [A]  ) FA*S]
A MAPbq 755n0.9515 T B MA;  FA Pbg 75510 2513
FEEKET. AT BR N 1.33 eV i) MA, sFA, ;Pb, -5
Sng o515 AVEGERE ICPHHEEIARTS 14.19% rYFEAS PCE,
FEAE 2 I AA XHE E A 30% —40% F A7 12 d
I, AR B Hw s PCE 119 80%, 748 40
A7 30 d FTLAA B HA 4R PCE 19 94%, Wil 5(b)
BT,

i CstHUR FAT, ATHR S AR PR DL K
TER P IREE, IORH TIIADE Cstafl
RS S /AR R B W 4, i1 FAFI
I Z [ 25 A 1. S AMNE KB CstIEI AT L
DA ER G, MR R S, AR
4 0 FF % H e S 3 72 R F PO Prasanna 45 PU 7R
AP FATR Cs*, /R HA% & PR SR ) MA+
HA T FE RS RE M, 25T FA(75Csg.05
Sng 4Py L5 1 T07S 7L )2 (HTL-free) #5345
16.4% () PCE. HAE 85 °C B FRES rh o5 g
4 1000 h LUK BFINIL (85 °C, MXHEEE K 85%)
1000 h FARRFFHAT 4G PCE /9 95%, e i KR
MBHEA 1 ASK SIS T84T 1000 h LA AT LA
TR IR R, R Cs, MA, FA 203010 = FH
B EER S ERT MORE, AT SRS R 1) A
Al Bt HAE O IR R B IR T YRR e ok, BT
DT PCE Kedfh AT S8 PE. Han 4 P2 BT Csg
MA »F Ay 7Py 5Sn 515 BESERE 21514 1L glass/
ITO/NiO,/perovskite/Cg,/BCP /Cu b 45 14 [1) 2%
4, PCE ik 17.6%.
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(100) FAoooMAgsaPbly
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L] ] 5 (e)
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(5}
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S e % ;
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1074 * Sn/Pb-0.16Br
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R o “ el s SR SN

1
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B 5 (a) AMX, BUBEEKT B9 70 2 4150 SO R4S 80 BHRHE R (9 (b) FA*P8 ARE MA, [FA,Pho rsSng sl 55 675 2 (1K 2
VB 9 (o) 1 iJr%%ﬂi?}AFﬂ% H MASn, P, HE BB o 8075 1k 5 (d) 7R ) SnePb H ) F A oMAg 3Py Sn Ly 65 65 1)
XRD [l 24; (e) Br & 4435124 0, 6% Fl 16% B9 Sn-Pb #54k 57 K FH Lt Y B2 J-V e B3 (f) KRB A CLAIB A 2.5% CL %854k
i A9 SEM E?‘“l‘é‘l B (g) B A TE HL B (0, 15%, 25%, 40%)MASCN Xt i [ 456 4k B 37 K A% SEM T00 355 43 8 181 Je ol i 12
i 04

Fig. 5. (a) The commonly used element compositions and their properties of AMX;*l; (b) FA+-doping effects to the stability of
MA,_FA Pby 7550 9513 perovskite devices!™; (c) the band gap variation with = changes of MASn, ,Pb,I; obtained from calculations
and experiments(®; (d) XRD patterns of FAjgMA5,Pb; ,Sn l; perovskites with different Sn-Pb ratios?!; (e) dark J-V curves of Sn-
Pb perovskite solar cells with Br concentrations of 0, 6% and 16% respectively™); (f) SEM images of perovskite films without Cl and
with 2.5% CIP%; (g) the top and cross-section SEM images of perovskite films mixed with 0, 15%, 25%, 40% of MASCNI/4.
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X M ALY, 7 Sn-Pb 854k 5 b B 450
RE L. BET BN AR LR | R | Y
FAARA B MR, DI (- PEBE. B Sn
o7 4 R LR R K, A BRAR A s P RE A
B i A R 4. BRI B A i, RO B AS P R A
Vegard 5& At , i B fe I — i i BLAE Sn % &
50%—60% MG DL 0 nfEl 5(c) Uin, iIXAR ] fg
PR HRBIE RS (SOC) il ke W78 22 6] ) 5 4
YEFH 16, {H Ogomi %5 15 F1 Hao %5 81 A Ry & 571 K&
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FAgg3Csp17Pb; ,Sn, Iy 55 £k 87 4 0.001% 3| 70%
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AV 1% (9 P Sk Sn BCR, St SR OkEL
KHF AR FRCREDFEILT —MER, X%k
AR Y Sn B A S S8 M iR2E AL RS
THRBE, G RIS E Gk, Sk ™ &
. A B AT 30% 1 50% Sn £H A AY BALLE
K PHA ML, 2 3143 2] TH Bk 1.33 eV 27 PCE
H17.6% KB 1.30 eV FaZs PCE A 18.1%MY %
HBRER R, ATAE R IIG Z AR 25k & 2
. Wang 55 24 25 & R 7 RAFE AR = T W25
ORI Sn-Pb £56K 8™ 8 B2 & 19 B (1] 38 A0 3 7
KIAER S Sn S T, B5ERH™ A L fb
FEAT LR VA TR 0 5 AR K Ak 33T AT B e A0
By IEASERY s (XA By AL 53, B5ERT AN
AROSHAE RS . PRI 5 AR T R 4 o B v
TEAASERE, WK 5(d) FR, X5 HAAEER T E
R SR A R ARAT .

A QLA M A B A mT DL R B 4%, Liao 4 120
S I FASnI, A1 MAPDI, B RTIRIAA K, F
PR LK ] 45 (FASnL,), (MAPDI), £5%K
W, AR U 1.2 eV 1AL (FASny) o6
(MAPbI,), 4 KFHHME, PCE ik 15.08%.

EZHE TR T B A R ST X AR,
Al PP R RE . H AT O 4 e TR
T A KRBT, ARSI dohn RE, s
FUEREE. Li % B3 B AR (Br) A UGS LR,
A1 %% B - Ak 4 e iy o 2 2 BR i) 45 47 B Sn-Pb
BEERHT R PH AL b PERE A SCHE N 2R . sl ik Br ik
&, I SO FRNELS A AR Kl Bk
1.272 eV KI(FASnI;), s(MAPDI,)g 54 MAPbBr;) g 06
AR A O B FL b, R b IR AL 2 B AR AR 2—3 4

B g, WE 5(e) i, HIT BB EBRFEINE
0.384 V, AW F = E 75%, Itk PCE KT 19%.
Zhao %5 B0 5 3 5| A G (C1) S ok s s
Bt 1.25 eV 1Y Sn-Pb 858k W IUZ H i FL T 8%,
WE 5(f) s, m2A45 3154 18.1% Mtk PCE,
TE M Sk S 2 KB b ik F] 21% (1) PCE
J 20.7% m9aA PCE.

J5 K F BRI F T 5 Snl, ATSRIA
T RS AE 1 (R 48 G 0ok 4B IR Sn-Pb 54K0° 1 45
fm. 2016 4F, Liao %% PO fiff AR SRR ET (Pb(SCN)y)
YERBIMFIMA (FASnL,))6(MAPDI;) ., 1, 8K
1) doRL AT el RO, S R T A, JF ek
AR AW IRY) 1.2 eV BZEWPE Sn-Pb 45
BT R BH it 19 Fe A IE PCE 8 17.01%. 2 )5
Lian &5 P4 3 FHAR 508 F 2% (MASCN) /£ A WL
RS IS UTAL T 5 i 1 FAPbD ;Sng sl5 #58K 0"
WM. MASCN A] ARSI, Wil 5(g)
7, T ELd s SCN 1 Sn2+ 2 8] 4 5 Bt v VE FH 4E
IR AT T Sn+ i AL, &L F FAPD;
Sng 3l3 A9 Sn-Pb F5EKH K BHHE ARSI 25% MAS-
CN LT 345 79% By FE N FF1 16.26% 11y
B/ PCE. 2019 4F, Tong % ] [1% 1.25 eV 45
) (FASnIy) (MAPDI,), 4 558k 5 v 78 hn &% 50 RR
I (GuaSCN), % Bl 0] L 7E §h A 40 6l — 4k
(2D) S48, 38 o LT T (R T B Ak it SR SR T, 1
BRI LTI RE; JF HLABUERH AL Mok B
FROLA B A il it e R 2 6 AT B TR) RS T DA g b
ST A R AN SR ALY HCE SR U] Sn2 i
2 A, B TR v o 2 FE BRI, 2R
Framkid 1 pm, PN 2.5 pm, IIMTHAE 20.5%
1t PCE; 5 5817 BRES B8 R BH F i 25 A fiff
i, 3815 PCE R 25% M4 i 28 DU Al 23.1% F W4 iy
SRR S )2 HL.
2.2.2 REFEHETE

Sn-Pb F5EK A7 v 5 il 2 5 12 ) e 8 0 W] A 34
P& i W2, T B A AR GE 0 — 2P RO R E R L
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VEMUE T, 763 WORE VR I 48 (Ph-Cl1) . B 2K
(Ph-Me) 8% —- 2Bt (DE) Z K0 FUIRH. R4
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Fig. 6. (a) The schematic diagram of the two-step sequential depositions combined with DMSO solvent vapor treatment method to
prepare  MASng,Pbggl; perovskite films™; (b) the schematic diagram of the two-step sequential deposition process of

FAgMA3Pby 551, 55 and in-situ absorption spectral?!.
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Fig. 7. (a) Device architecture and schematic diagram that combined the vacuum-assisted thermal annealing process and one-step

solution method[®); (b) the top SEM images of the film prepared with/without vacuum-assisted thermal annealing/®!
diagram and cross-section SEM image of the film prepared by VAGC method[s!

; (¢) the schematic
; (d) the schematic diagram and crystal structure of

FA, ,Cs,Sny Pb I3 perovskite films prepared by dual-source co-evaporation method (2,
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Fig. 8. (a) The mechanism diagram of Sn-Pb perovskite reactions with different DMSO/DMF solvent ratiol°”; (b) the formation
mechanisms of MAPb, ,Sn I3 (0 < z < 1) film and corresponding crystal structures®’; (c) bulk recombination life and surface re-

combination life of MAPby 7551 o515 perovskite devices with or without Cy-doped under different amplitude voltages!s.
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Fig. 9. (a) The charge density distribution on the FA,;MA, 5Pb, ;Sn, 5I; surface containing GABr (the isopotential is 0.03 eA %) and
the SEM images of the perovskite without and with 12% GABrl6%: (b) structure diagram and cross-section SEM inage of 1.22 eV

narrow-bandgap perovskite with CdL, added and 1.80 eV wide-bandgap perovskite tandem solar celll®!

; (c) structure of(4AMP)?*,

piperazine ion and PEA* and J-V curves of CsPb¢Sng4I; perovskite solar cell that absorber film surface treated with (4AMP)I,,

piperazine iodide and PEAI, respectively!67.

118402-12


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 70, No. 11 (2021) 118402

) CsPby Sng 413 5K 1 #5814 PCE ik 13.37%,
It HRIMHB ARG TAERGEE. J35b, 5IAARFER
ST RS R LA SO A S AR A
G5, Yl RS ZE LT A AR BA AL, R A
R 45 fh T i . Yang 45 006 CdL BN E] FA 5
MA 45Cs.05Pbg 5510 515 F5EK A A R R 72, Al
B AR AT BN CA2HB ASSERET 1Y A% .
AT & 3 Sn-Pb £5 k4™ K FH FE b 4 Hi far i BE 4K
R A7 B LT HICK BE A BRI, 1T — SREm ] A 253
#b Sn 23, T A>T 1 B A 5 A AR 11T
R L9 B RGA 2.72 £ 0.15 pm.

2.3 ERAEENIERTFEGRE

Sn-Pb FHERA" A BH Lt A T 26 HE R30S, F2%E
Ji PR 2 R T B L R PR ™ o, B E R
=T S ERA AESERET IUR B, AR
ESERET TN A 2 AL, 55 =B AR
Fzs UL Z A A, L, %A i3 1%
W2, PEm A AR U R BE, AT AT 008 2D Sn-
Pb 5EK0™ A BH H it 5 171 Ak ) I [ L R AL FE, 2
arErERE.

HLFf&Hi )2 (electron transport layer, ETL).
Kapil 55 09 i % 7 8 40 B (CIGS) K FH H 3t v
2% )2 R )2 22 ) ) Tl O A B IS O DR
0—0.3 eV 1Y T4 i # &t A B T 0 2> L AL 1)
B G LA T I R PR AT A
FA(sMA 5Sng 5Pbg s L3 558K 8 0 5= 9 TR 51 A
— 2%y 25 nm WAYAHE—Co— TRHR (PCBM),
S 0.15 eV, Q1E 10(a) iR, X FhRIGELER
AT DAt ST AT I 3, 0 B B LA R 1
A WD, T2 8 O B L TR 2 0.75 V, i
PCE 2 17.6%. HJ&7% J& 5 7 F ] £ 14 hAS )
Zhou 55 T I¥ % 1 B S- L WA AR i S 1L 4
SRR T B R R PCBM, 3 H 664 80 b 558k
W rp Y TE B LT B Bk . JF H S PCBMUM G,
28 S- L mEaA LG S AL o BlAk i SR A
TR R EYE. bR TR B A AR
g, BT DIA B T REXT Sn-Pb 854K8° 2
FL 1% 4 )2 22 (0] %) S T A B ik AU T BIE S 4%
B, OGS EIRPERE. Lin 48 2 I8 & 1 b 3L
PR 4 DF-Cgp, FIHISbE LB RE A AR 1
i, 76 MAPb 5Sn ;I3 HIE B 74, (gradient
heterojunction, GHJ) &5#4, Wi 10(b) Frzs, AT LA

R EL B FE R VER], JTFREAEFERAR T Urbach AE
i, R B R Wy A DR AR
4. Bk, DF-Cg, i 0] LA i Sn-Pb 858k 9 3 i
BKE, S a R RR e M. 2RISR 0.89 V
Y FF % H % 15.61% 1Y) PCE.

257 U&HJZ (hole transport layer, HTL). PED-
OT:PSS s H il i 84 1 28 7t BRAES B K BH Ha b
sz A R 2 087374 {H Prasanna 45 Y
FIRFSE TAEERW], PEDOT:PSS S5454k8™ 2 [ 42 7E
AHE I, S ARG f iy SR U™ FAL, BRI
TASERE R BH L b A AR . R Al AT A ITO-
PHERE S 2 (Tozs y R )z ) St & T s
FAg.75Cs0.95500 4Pbg 615 E5ERH R BHEE I, SRR
FEPEIFAE 85 C WY& T &4k 1000 h 4R 477 46
PERENY 95%. Yang 55 ™) FLFH7 P 1.34 eV 4TG0
Bl CsSng 3Pbg L3 FHEW M, 53 il il & 1 LA
PEDOT:PSS %5 /AL i J22 F o 23 7 A% i 2% 1) 52
gt k] 9.41% 1 7.60% B PCE, & H
RIHFBRAME T 1.40 eV AYTEHL PSCs HY#c s PCE.

bR TR SR Z g5, R TTHLZS
FAL AR 2 A PEDOT:PSS A 507 .
2018 4F, Chi 27 £ PEDOT: PSS FJREAZ Sn-Pb
5K R B FL b g B AR A UG R R A A
PEDOT:PSS 119 5 & 5% /K P 5 B0 A5 k0 IR Y 41
251/ ok T R 0T v A 22 10T X el AT T
300 C miRAbHL) NiO, 18 PEDOT:PSS, 1§/
FEATE A L BRI A% A s ) A, DT ek
BEERA 4 i o R AT BRI, AT 10(c) BT,
BB, P AS ER A AR R A IR e
FRILTF FAPby --Sng 9515 H40 FA 3t Sn-Pb 454k
WK AS 17.25% B9 PCE. 2019 4, Han %552
HRRIE TAGR B WAL FL) NiO, BE/E A Sn-Pb
FHERD R BH F LAY 25 7 U4 =, BAT 3.4 nm YRR
T KA R ] 2286 () 27 A W, I FLAZ R T pRi 4
H4.72 eV, WrHFREHH 5.17 eV, 5 Csy MA,FA, -
PbysSng 515 F5EKH A K41 RE B HEPE . F st
M 31 mA cm 2 FRIBK A EE X 17.6% 1 PCE
(1225 PCE Jy 17.0%), JF HAEFF i 102 KI5 A51%
B HA WA HERERY 95%. dlt, Yu &5 O i G R R
T2V (LT-ALD) AR EIATE 2 SnO; 74
2, BAT AU R B T & R b, aefe i3 2 50 H
PEDOT:PSS JL-F-#H R 09 56 H i H BAT B 471 2%
ez, PCE ik 20.2%.

118402-13


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 70, No. 11 (2021) 118402
(a) —4.0 eV (b)
—4.15 eV —4.15 eV,
T —4.5 eV Tt _>—4.5 eV
}F —-.— seccccce
< Fs .'.I') < A £ ROIOR A
= A s Rl =5 A
e = 2|
e 7i~91.4 ms /De_ 7,~142.8 ms
H T A Perovskite Perovskite/
y 60 60 fullerene
heterojunction
—5.4 eV] —5.4 eV
—6.0 eV
—6.2 eV —6.2 eV

PEDOT:PSS PCBI\‘I_/BCP/_:_‘-\.?;‘ =y

} —3.2eV
I
I (e) by : " ;2
| $ Ty Y %
| @ —436eV  —4.3eV Ag 5'_ 5 p S-Acetyl
[ —— v r @ thlochc.ﬂme
I [ 4.4 eV chloride
i O
2| mo! 8 (FASnI3)o6 @I
| — o (MAPbI3)04 o
2 |47 e\/{ 8
g T4.9 e @ MA
ol I
‘ N p—
\__;__\_____ 5.61 eV @rb
: }"\ —6.2 eV
Gradient band alignment
—6.7 eV
B 10 (a) Kapil 299 % [L £ 55 T6 PCBM JZ A3 PCBM JZ f9H fif R TR &2 &5 R 25 1, 7, R M FAMA 31| Cgy IR THEA

I H]; (b) ¥ DF-Coo JE A9 A8 BE 55 BT 24 (GHJ) 458978 B E ; (c) 7E NiO, & PEDOT:PSS |- {JL AR AT £ 4™ 5 19 SEM 0 & 4 41 ]
e AT 4 1€ @7 (d) ] BHJ PBDB-T-ITIC H a2 JE i 1958 25 T 5 9 HOMO R0 45 1 7R 1R B2; (e) S-Z Bk AR I i s AL 9
O3 T BB AR L 8 BEIRT, 2L | 26 R 6 S A R R S- B AR SR 4 T Y O SR T S TR N JRLT (T
Fig. 10. (a) The diagram of Kapil et all®l. compared the traditional charge extraction and recombination process without and with
PCBM, 7, represents the carrier injection time from FAMA to Cg; (b) the schematic diagram of the gradient heterojunction (GHJ)
with DF-Cg™; (c) the top and cross-section SEM images of the perovskite films deposited on NiO, and PEDOT:PSSP"; (d) the
schematic diagram of the gradually increasing HOMO energy level structure formed by BHJ PBDB-T:ITIC intermediate layer?;

)

(e) the schematic diagram of the S-acetylthiocholine chloride molecule anchored at the defect sites, where the red, yellow and blue
symbols represent the O atom, S atom and N atom in the acetylthiocholine chloride molecule, respectively!™.
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4) X ER T R BB SEAE Sn-Pb A5ELA K
B P, el -t R AR B R — Ty T L RE T 4 X )
THIEEGERA, G T2 5 Z F R —
TERRER S22, S 2R 1A R ek, A2
B A2 3 Sn-Pb 855K #Y REAT (7 8, TKAE
i HE LM RS Bl A A ek 3 BE 48 B Sy DIC T ) 7 22 2
WAAERRRL 5 — 5T, 8O T Z A S R TE
i (AR | MRS ) o S EEHF AR E T,
e SR AL A R B v BE 2 R AT 2 A R
5.

2, Sn-Pb AHERAT K FH LI A9 LA 3 2 R]
TEARFMEIRZ G, T IFBCRA RS B B K
FL IR 50K, S B e R E Y BRAG OR P, (7]
pad ] AR FH T R s AT B = KRB Lt Bh )
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S 0k
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Abstract

In order to break through the limit of Shockley-Queisser (SQ) radiation and further improve the efficiency
of perovskite solar cells, tin-lead perovskite solar cells have widely and successfully been used as narrow-
bandgap bottom cells in all-perovskite tandem solar cells. The highest efficiency of tin-lead perovskite solar cells
has recently reached 21.7%, which, however, is still lower than that of lead-based perovskite solar cells. This
article analyzes the main factors that limit the further improving of their performances, and summarizes the
effective solutions proposed by researchers in recent years. The main points are as follows: 1) by adding tin-rich
additives, strong reducing agents or compounds containing large organic cations, Sn?* oxidation is inhibited and
the p-doped degree of tin-lead perovskite and the open-circuit voltage loss are reduced; 2) through regulating
the composition, changing the method of preparing the perovskite film, adding functional groups or solvent
engineering, the crystallization rate of tin-lead perovskite film is delayed and the crystallization quality of the
film is improved; 3) by selecting an appropriate electron transport layer or hole transport layer the influence of
energy level mismatch on carrier transport or the instability of carrier transport layer on devices can be
avoided. Finally, the future development of Sn-Pb perovskite solar cells is prospected. It is believed that the tin-
lead perovskite solar cells can realize not only the high efficiency and stable single-junction solar cells, but also

high efficiency perovskite-perovskite tandem solar cells.

Keywords: tin-lead perovskite, oxidation, crystal quality, energy level mismatch
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