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Fig. 1. (a) XRD patterns of MAPbI; and MAPbI,CI; (b) schematic diagram of the structure of the MAPbL,Cl; (¢) UV-Vis absorp-
tion spectra of MAPbI; and MAPDI,CI (inset: calculated bandgap); (d) XPS spectra of Pb 4f core-level and (e) I 3d core-level of
MAPbDI; and MAPDL,CI ; (f) XPS spectra of Cl 2p core-level of MAPBI,CL.
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Fig. 2. Top-view SEM images of (a) MAPDbI; and (b) MAPDBIL,Cl; cross-sectional SEM images of (¢) MAPbI; and (d) MAPDIL,CL
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Fig. 3. (a) Steady-state PL spectra and (b) time-resolved PL spectra of MAPbI; and MAPDI,Cl; (¢) SCLC curves for the MAPbI;

and MAPbL,CI; (d) IV curves for the MAPbI; and MAPbBIL,Cl; (¢) the dark J-V characteristics of MAPbI; and MAPbBL,CI; (f) per-
ovskite device structure diagram of PSCs.
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ﬁﬁ M APbI2CI %E%j(@ﬁ%ﬂ% ™ ﬂ] T ﬁ:}’%“ﬂ &% 503.28 Table 1. Transient PL performance parameters of
R MAPDI; and MAPDI,Cl perovskite thin film devices.
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5 A TR BRI, SRS TR, VAPULCL 2045 30328 S05 2045 46657
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2
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JEE A A LR (8.85% 10712 F/m), uitHLfT T
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Fig. 4. (a) J-V curve of PSCs under simulated AM 1.5 G sunlight at 100 mW /cm?; statistics of (b) PCE (c) FF and (d) V¢ based
on MAPbI; and MAPDBL,CI; (e) IPCE and integrated Jg¢ spectra of MAPbI; and MAPDI,CI; (f) power output and current density

at the steady-state maximum power point of MAPbI,Cl PSC.

() PCE 2} 11.41%, JF ML JE (Voe) A 1.038 V,
SRR AT (Jso) N 19.84 mA /em?, FF 4 55%.
i & T P A0 45 2K 7 MAPDLCL () 2% 14 B o
o 13.68% BYEFRCE, Hh Voo 8 1.143 V,
Jsc M 18.65 mA /em?, FF Ky 64%. nl LIF] . F
FEE&HL RIS A5 B KRBT, FTRE & T W
FHESERD A b Al Ak T 410 25 (6 BB, 5k TR
gh iR B, WD TR Z AR S R
A, XA BT SR rh S IR T, ST R
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ae PR T A M, H4E T 20 S K BH A HL R T
w, gt A A R ¥, 75 3] 7 PCE, FF HI
Voo et Q& 4(b)—(d) Bz, R A0
B RO I UE R FHAR FL T 1Y) Jge, B 4(e) 23
F MAPbI; fil MAPbL,C1 554k 5 )2 2§ 14 i) TPCE
Mgk, Ze 9\ br it TPCE {H, A7 9\ A5 R AL
FL UL, G 7 b Y I R R . AT LLE
MAPbI; Al MAPLCL 858k 4™ K FH fie F. il 71 2 %
HLLEE 530 19.5 mA /em? Fl 18.5 mA /em?, 5
J- VR M2 A 3] ) e B HL D 2B R AR R 25 T L Y
W) . MAPDI,CI M AHESERE™ K FH BE o Tt e R ) 56
i AR A F LR R L N &) 4(8) i, ARUE
LR O 17.5 mA Jem?, FaE B Y R

BN 14.6%, TERIE IR T BEEF 8000 s, HiZk -
Fa, LA AR, IEH MAPDILCL 454k ik
HAM SRR E .

% 2 MAPDI; fil MAPBLCI fE M 454K 5 %2
il s A RS AL

Table 2.  Performance parameters of devices pre-
pared by MAPbI; and MAPDIL,Cl as perovskite ab-
sorbing layers.

Voc/V  Jse/(mA-em®)  FF  PCE/%
MAPbDI, 1.038 19.84 0.55 1141
MAPDHI,Cl1 1.143 18.65 0.64 13.68
4 % %

FFE R IR MACL F1 PbLy il £ 1 855k 2 7
FHIEAF 55 BRAT, P PTAR 45 BT HAT 55 945 iy
J, 5 MAPbDI; #54k0" 11.41% 1) PCE # 1t, Mt
FEESER 1 PCE 2 13.68%. WLAh, BiARSS Bk o™ 4147
B AR T A S R AR E b, FERUR FHDE I
ST 8000 s, SR AL BETN A GRAFF AL X
TARESBRE K FHRE A ] s PR it b B
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Abstract

Metal halide perovskite (MHP) has been widely used in optoelectronic devices such as solar cells in recent
years due to their high absorption coefficients, long-range charge carrier diffusion lengths, and adjustable band
gap, which is expected to achieve commercial application. Methylammonium lead iodide (MAPDbI;) has been
fully investigated as a standard perovskite component, however, due to the low formation energy of
polycrystalline films fabricated by wet chemical method, crystal defects (including interface and grain boundary
defects) are generally inevitable, which is a principal factor leading to phase transition. Therefore, reducing the
defect density of perovskite is a prominent approach to improve the stability of perovskite. Although defect
passivation is one of the most commonly used methods to fabricate efficient perovskite solar cells (PSCs), the
relatively weak secondary bond between molecular passivation group and perovskite crystal may bring
difficulties to the application of practical devices, particularly when operating under harsh environments, such
as high temperature, humidity, and ultraviolet light. Therefore, improving the intrinsic structure stability of the
perovskite via changing its composition can be an effective way. Although perovskites containing chlorine
precursors have been empolyed in solar cells device, how chloride ions affect the structural and electronic
properties of these films was not understood yet. In this work, two-phase perovskite (MAPDIL,Cl) was fabricated
by one-step spin coating with methylamine chloride (MACI) and lead iodide (Pbl,) as precursors. As a result,
chloride (Cl) doping can superiorly induce perovskite crystallization and thus stabilize the MAPbDI; lattice. The
Cl doped perovskite layer shows lower defect density, and compared with the original MAPDbI; film, the carrier
lifetime of MAPDI,Cl is increased by 7 times. Simultaneously, both of PCE and operational stability have been
largely improved with PCE increased from 11.41% to 13.68%. There is no obvious degradation in the maximum

power point output for nearly 8000 seconds in ambient conditions.
Keywords: perovskite solar cell, chlorine doping, defect passivation, high stability
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