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Simulation research of high efficiency perovskite solar cells
based on n-MAGel;/p-MAGel; homojunction

ZHAO Hetong , WANG Shimao , WU Hao , HOU Xian’
(Gansu Provincial New Energy Materials and Devices Technology Innovation Center, School of Materials Science and

Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: It is an important task for the future green development of perovskite solar cells (PSCs) to reducing or
replacing the use of lead (Pb) with the premise of ensuring the power conversion efficiency (PCE) and stability.
Herein, a PSCs hired a germanium-based n-methylammonium germanium iodide/p-methylammonium germani-
um iodide (n-MAGel;/p-MAGel;) perovskite homojunction as light absorbing layer, Cd, 5Zn, 5S as electron trans-
port layer (ETL) and methylammonium tin bromide (MASnBr;) as hole transport layer (HTL) was designed. SCAPS-
1D software was used to simulate the photoelectric performance of the device. It was found that the n-MAGel;/p-
MAGel; homojunction structure show a superior photo-carriers dissociation and transportation than the single
MAGel; absorb layer. The use of Cdj5Zn,sS as an ETL has a more matched energy level position than traditional

TiO, ETL. The MASnBr; HTL can realize the dual functions of hole transportation and supplement absorb the
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unabsorbed photons of the perovskite layer to generate electron-hole pairs, and thus improving the device perfor-

mance. After optimization of the device structure and defect density of perovskite layer, we got a high-performance

germanium-based PSCs with a voltage open circuit (Vgc) of 1.9069 V, short circuit current density (Jsc) of
15.1388 mA/cm? fill factor (FF) of 88.69% and photoelectric conversion efficiency (PCE) of 25.60%. While the
control device with the TiO,/MAGel;/2,2',7,7'-tetra[N,N-di(4-methoxyphenyl)amino]-9,9'-spirobifluorene (Spiro-
OMeTAD) structure only show a PCE of 23.47%, and the Cd, 5Zn, sS/MAGel3/MASnBr; device show a PCE of 25.33%.

Keywords: perovskite solar cells; homojunction; SCAPS-1D; structural optimization; photoelectric properties
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Table 1 Experimental material parameters used to simulate perovskite solar cells (PSCs) properties

I e O O
CdysZnysS (ETL) 2.8 3.8 10 10" 10" 100 25 107 o0 10" 200 [11]
n-MAGel, 1.9 398 10 10" 10" 162 101 10 o0 10" 480 [13]
p-MAGel, 1.9 398 10 10" 10® 162 101 0 10" 10" 60 [13]
MASnBry (HTL)  2.15 3.39 82 10° 10" 1.6 1.6 0 10" 10" 200 [11]

Notes: E, is the bandgap; y is the electron affinity; &, is the dielectric permittivity; N is the conduction band (CB) effective density of states;
Ny is the valence band (VB) effective density of states; y, is the electron mobility; 4, is the hole mobility; N, is the shallow uniform donor
density; N, is the shallow uniform acceptor density; N, is the total density; ETL is the electron transport layer; HTL is the hole transport
layer; n-MAGel; is n-methylammonium germanium iodide; p-MAGel; is p-methylammonium germanium iodide; MASnBr; is

methylammonium tin bromide.

F2 FTHEH PSCs MERERIXT RIS

Table 2 Control material parameters to simulate PSCs performance
R O O
TiO, (ETL) 3.2 4 19 2x10®  2x10° 0.2 0.1 3x10" 0 10" 200 [13]
MAGel, 1.9 398 10 1.0x10"™ 1.0x10" 1.62x10° 1.01x105 10° 10° 10" 540 [14]
Spiro-OMeTAD (HTL) 3 2.45 3 2.2x10" 1.9x10" 2x10™* 2x107 0 10" 10" 200 [13]
FTO 3.5 4 9 2.2x10" 1.8x10" 20 10 10" 0 10" 50 [15]

Notes: Spiro-OMeTAD—Cg,HggN,Og; FTO—Fluorine-doped tin oxide.
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Fig.1 Current density-voltage (J-V) curves (a) and quantum efficiency (QE) curves (b) corresponding to the three devices when the thickness of electron

transport layer (ETL) and hole transport layer (HTL) are both 200 nm
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Table 3 Photovoltaic parameters of three kinds of devices

Voc/V ]sc/(nlA'CIn_z) FF/% PCE/%
TiO,/MAGel;/Spiro-OMeTAD 1.8529 14.7069 86.73 23.63
Cdy 5Zn, 5S/MAGel;/MASnBr,4 1.8531 14.9888 90.25 25.07
Cdy 5Zny ;S/n-MAGel;/p-MAGel;/MASnBrg 1.9066 14.9867 88.69 25.34

Notes: FF is the filling factor; PCE is the photoelectric conversion efficiency.
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E_ is conduction band edge; F, is quasi-fermi level for electrons; F, is quasi-fermi level for holes; E, is valence band edge; gV}, is built-in potential energy

3 3 Fhanfai i B A REHF &L . (a) TiO,/MAGels/Spiro-OMeTAD; (b) CdgsZng sS/MAGels/MASNBrs;
(c) Cdy 5Zny 5S/n-MAGel;/p-MAGel;/MASnBr;

Fig.3 Energy band diagram corresponding to the three device structures: (a) TiO,/MAGel,/Spiro-OMeTAD; (b) Cd, 5Zn, 5S/MAGel;/MASnBr;;
(c) Cdy5Zn, 5S/n-MAGel;/p-MAGel;/MASnBr;
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Fig.4 J-Vcurves (a) and QE curves (b) under different ETL thicknesses; J-V curves (c) and QE curves (d) under different HTL thicknesses
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Table 4 Optimization of Cd,5Zn, 5S (ETL) thickness
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Table 5 Optimization of MASnBr; (HTL) thickness

at 200 nm HTL thickness at 200 nm ETL thickness

Thickness/nm  Voc/V  Jsc/(mA-cm™)  FF/%  PCE/% Thickness/nm  Voc/V  Jsc/(mA-cm™®)  FF/%  PCE/%

50 1.9064 14.9842 88.69 25.33 50 1.9062 14.8222 88.69 25.06
100 1.9065 14.9853 88.69 25.34 100 1.9063 14.8878 88.69 25.17
200 1.9066 14.9867 88.69 25.34 200 1.9066 14.9867 88.69 25.34
300 1.9066 14.9871 88.69 25.34 300 1.9067 15.0553 88.69 25.46
400 1.9066 14.9867 88.69 25.34 400 1.9068 15.1038 88.69 25.54
500 1.9065 14.9854 88.69 25.34 500 1.9069 15.1388 88.69 25.60
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Table 6 Photovoltaic parameters of the device optimized
Voc/V Jsc/(mA-cm™) FF/% PCE/%
TiO,/MAGel;/Spiro-OMeTAD 1.8530 14.7261 86.01 23.47
Cd, sZn, 5S/MAGel,/MASnBr, 1.8535 15.1418 90.24 25.33
Cdy5Zny sS/n-MAGel;/p-MAGel,/MASnBr, 1.9069 15.1388 88.69 25.60
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