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Fig. 1. Two-dimensional structure diagram of simulated
double perovskite solar cell.
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# 1 CsyAgBig 75Sbg 05Brg A FAREHL HLASE AR SEL

Table 1.  Parameters of each layer material of Cs,AgBij 755bg 25Brg solar cell.

Parameter Zn0O 7Zn0S CsyAgBig 755bg 95Brg Spiro-OMeTAD MoO; Cu,O CuSCN
Permittivity, e, 9(29] gus) 6.530:31] 3032 12.5133 7.164 1089
Band gap/eV 3.3030] 2.8307) 1808 30 369 2.1710) 3.4141
Affinity /eV 4142 3.687 3.58043] 2.45032 2.5144 3,214 1.9046]
Ne/cm™ 3.7x10%  2.2x10'8 2.2x10% 2.2x108 2.2x10%  2.02x107  2.2x10%
Ny/cm® 1.8x10%  1.8x10% 1.8x10" 1.8x10% 1.8x10" 1.1x10% 1.8x10"
Np/cm 3 1x10%7 1x10%7 1.0x10'3 0 0 0 0
Np/cm® 0 0 1.0x10"7 1x108 1x108 1x101 1x101
ttn/(cm2V1.87) 100 100 2 2x104 25 200 100
4,/ (em2V 181 25 25 2 2x107 100 80 25
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Fig. 2. Variation of device performance with different thick-

ness of CsyAgBig 75Sbg 25Br.
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Fig. 3. Energy band alignment diagram with (a) negative and (b) positive CBO; energy band alignment diagram with (c) negative

and (d) positive VBO.
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Fig. 4. Variation of device performance of CsyAgBij 75Sbgo5Brg solar cells with different (a) CBOs and (b) VBOs.
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Fig. 5. Energy band diagrams of Cs,AgBi| 755b)05Brg solar cells with different (a) negative CBOs, (b) positive CBOs, (d) negative
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Fig. 6. Device performance of CsyAgBig 755bg.05Brg solar cell with different (a) thickness of ZnOS, (b) thickness of HTL, (c¢) doping

concentration of ZnOS, (d) doping concentration of HTL.
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K 7(b) HiksR, FHET VBO H+0.12 eV 1) MoO,
F1-0.08 eV A CuSCN, VBO 4-0.01 eV [ Cu,O
EA T MICE M, CuyO 1E R a8 B 2 1) 4
RO TEES B WOL)Z | FUH B G2 5 2 R )=
Z AP Ao, LR T MoO; F
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0

0 02 04 06 08 10 1.2 1.4
Voltage/V

%2 FitoR, SR FHSCHR [14] H 18.18% AR X} I
FIB RIS BAE T OL T, 155 16.87% HIRCR,
SR SIS I Z5 0L, L& 2R S, 2L
RIKF] 18.56%. F H| )2 Z B2 A2 AH FAEH,
SR ZnOS B 7R EEVEF TR A% KRB F0R
WEA $2TF, LEHIER X Cu,O BB Lek ik,
KRR B E T WK 8 iR, Cu,0 B2
T BRI T REM O B, SEESERE 2 N
Yrsm EERETE, A AT L. BEEBAORIEN
AN I I — s TR B I, R i AL T Ak RE AT A3
TR R BRSO, ARG, L, dE—2E R
B RMRCR R g 2 B, & iiib)s
(1) CsyAgBiy -sSby 0sBrg A FHAEHLINRE T 22.85%
MG H AR, AT B ATHRIA R 18.18% M3
WRCRIEAINETE T 25.6%!1.

(b)
31— MoOs
ii— Cu0

Energy/eV

0 0.2 0.4 0.6 0.8

Position/pm

B 7 AR HTL £ CsyAgBig 755bg.25Bre K FHAEHLILAY (a) J-V 2B Fnfi th S5, (b) gl
Fig. 7. (a) JV curves and output parameters, (b) energy band diagrams of CsyAgBij 75Sby 25Brg solar cells with different HTL.

#2  MERRURERES B S

Table 2. Optimized device photovoltaic performance parameters and references.
. Doping -
kness , Voo/V  Jso/(mA-cm™ 9 9
Thickness/nm concentrationfom 3 oc/ sc/(mA-cm™?)  PCE/% FF/%
This work Zn0S/ CS?A%EZJSB?;%B“‘/ Cuy0: ETL/HTL: 2x10'¥/9x10%"  1.36 14.12 16.87  88.04
After Zn0S,/Cs,AgBig 755bg 25Brg/Cus0:
thickness S2138 Blo.755 D0.25 D6/ L UL ETL/HTL: 2x10'%/9x 102"  1.36 15.70 1856 87.24
e 30/500/280
optimization
After Zn0S/Cs,AgBig 55bg 25Brs/Cu0:
Np(ZnOS) " %2 3g0 /1%05 /2%5 To/ U2 ETL/HTL: 1x1020/9x 102" 1.35 15.70 18.62  87.37
optimization
After Zn0S/Css,AgBig 55bg 25Brs/Cu0:
N, (C,0) " S2438 B10.755 D0.25 D6/ L UgL: ETL/HTL: 1x102/1x107  1.35 19.49 2285  86.76
LT 30/500/280
optimization
Ref.[14] 208/ CS?A%%SS?S%E’B“/ Cup0: ETL/HTL: 2x10'¥/9x10%"  1.39 16.04 1818 78.34
Other Ref.[58] Zn0/ CS?A;%(')]?ZJO%%;?BWNIO: ETL/HTL: 5x10'7/3x10"  1.23 15.57 17.13  89.39
NiO/Cs,AgBiy 75Shg05Brs/PCBM
Other Ref.[13] 10/CsA8Blor5SbosBro/ PCBM/ -y g g 50107 114 14.9 1001 58.70

Sn0,: 40/500/40/6
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Fig. 8. Variation of energy band diagrams of Cs,AgBij 755by 25

Brg solar cells with the doping concentration of Cu,0.
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Abstract

Double perovskite solar cells have attracted much attention due to their low cost, high performance,
environmental friendliness, and strong stability. In this study, the effect of thickness of perovskite layer, band
offset, metal electrode work function, the thickness and doping concentration of the transport layer on the
efficiency of Cs,AgBij 755b 25Brg solar cells are analyzed by using Silvaco TCAD to improve device performance.
This preliminary study of device based on Spiro-OMeTAD as hole transport layer (HTL) and ZnO as electron
transport layer (ETL) shows that the photovoltaic conversion efficiency (PCE) is 12.66%. The results show that
the efficiency gradually saturates when the thickness of the perovskite layer is greater than 500 nm. The
optimal conduction band offset (CBO) ranges from 0 eV to +0.5 eV and the optimal valence band offset (VBO)
from —0.1 eV to +0.2 eV. After changing the device's ETL into ZnOS and HTLs into MoOj3, Cu,O and CuSCN,
respectively, and optimizing their thickness values and doping concentrations, the final theoretical photovoltaic
conversion efficiency of the double perovskite solar cell with an HTL of Cuy,O can reach 22.85%, which is
increased by 25.6% compared with the currently reported theoretical efficiency value. Moreover, the optimal
efficiency is achieved when the metal electrode work function is less than —4.9 eV. This work will help find
suitable materials for the transport layer and provide guidance for developing the high-performance and lead-

free perovskite solar cells.

Keywords: double perovskite solar cell, photoelectric conversion efficiency, band offset, electrode work

function
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