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Table S1. SCAPS-1D input parameters of FTO, TiO,, FA,;GeSbCl;, and Cu,0.

Parameters FTO TiO, FA,GeSbCl;, Cu,O
(TCO) (ETL) (Absorber) (HTL)
Thickness (nm) 500 30 300 100
Bandgap, E, (eV) 3.50 3.20 1.3 2.17
Affinity, x (eV) 4.00 3.9 3.50 3.2
Permittivity, 9.00 9.00 2.59 7.11

Effective density of states at CB, N (cm3)  2.2x10™  2.2x10'8 2.2x1018 2.02x10"

Effective density of states at VB, N, (cm3)  1.8x10"  1.8x10" 2.0x10'8 1.1x10"°
Mobility of electrons, “n (cm?V-!s) 20 20 2268 200
Mobility of holes, “p (cm?V-'s) 10 10 478 80
Density of n-type doping, Np (cm™) 1.0x10'%  1.0x10" 0 0
Density of p-type doping, Ny (cm?) 0 1 1.0x1013 1.0x10'8
Density of defects, ¢ (cm”) 101015 1.0x1015  1.0x1016  1.0x1015

Reference 1 23 45 2,6
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Figure S1. Equivalent circuit for Nyquist plots of EIS spectra with respect to the SCAPS-1D
impedance data under AM 1.5 spectrum. (a) CBO (- 0.4eV,0¢eV,+ 0.2 eV), VBO (+0.57 eV),
N; (1E14 cm?, 1E18 cm3, 1E20 cm™3) and absorber thickness (200 nm), (b) VBO (- 0.4 ¢V and
0 eV), and (c) absorber thickness (1000 nm and 3000 nm), 1000 nm (0 V, 0.3 eV, 0.6 eV),
Series resistance (0.2 Q.cm?, 1.4 Q.cm?, 2.5 Q.cm?) and Shunt resistance (1k Q.cm?, 50k Q.cm?,

200k Q.cm?), respectively.



Table S2. Fitted results from the Nyquist Plot of simulated solar cell with different selected

parameters (CBO, VBO, N, absorber thickness, bias voltage, series and shunt resistances).

Rs L R CPE or C R CPE or C tau
Q.cm? Q.cm? F/cm? Q.cm? F/cm? (LF)
(HF) (HF) (LF) (LF)

-04 0.004 451 6.403E-9 228 1.341E-5 0.0031

CBO 0 0.004 617 6.570E-9 9552 3.512E-6 0.0336

(eV) +0.2 0.004 739 6.566E-9 37041 2.812E-6 0.1042
-04 0.0195 2.751E-5 5.3745E-7
VBO 0 0.014 3.346E-5 4.6840E-7

eV) +0.57 0.045 618 6.562E-9 9554 3.512E-6 0.0336

E14 0.066 53.45 6.606E-9 10100 4.406E-6 0.0445

Nt E18 0.044 53.31 6.604E-9 4889 4.437E-6 0.0217
(cm) E20 0.044 40 6.557E-9 85.71 8.531E-6 7.3115E-4

Absor 200 0.051 20 9.85E-9 9172 1.196E-5 0.1097
ber 1000 0.041 0.478 11006 4.32E-9 2035 1.718E-8 3.4969E-5

Thickne
3000 0.046 0.505 10327 4.39E-9 2131 1.722E-8 3.6706E-5
ss (nm)

ov 0.041 0.478 11006 4.32E-9 2035 1.718E-8 3.4969E-5
1000 03V 0.041 0.333 6738 5.42E-9 1525 1.872E-8 2.8552E-5
(nm) 0.6 V 0.039 0.018 372 7.46E-9 99.63 2.948E-8 2.9371E-6
Rieries 0.2 0.241 0.477 11006 4.315E-9 2031 1.726E-8 3.5053E-5
(Q.cm?) 1.4 1.442 0.477 11005 4.313E-9 2029 1.730E-8 3.5104E-5
2.5 2.543 0.473 11004 4.273E-9 1996 1.797E-8 3.5878E-5
Rihunt 1k | 0044 [0.0026| 917 3498E-9 | 1093 | 2.716E-7 | 2.9688E-6
(Q.cm?) 50k 0.044 | 0.3000 | 9029 4.074E-9 1276 2.267E-8 2.8924E-5
200k 0.041 0.4217 | 10419 4.145E-9 1724 2.063E-8 3.5571E-5




Figure S2. Nyquist plots as a function of absorber thicknesses. Note: S signifies the SCAPS

impedance data, and F denotes fitted data.
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Figure S3. Nyquist plots of solar cell with 1000nm absorber thickness measured at different

bias voltage from 0 to 0.
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Table S3. SCAPS-1D input parameters of FTO, TiO,, en-FASnl; and PTAA.

Parameters FTO TiO, en-FASnl; PTAA
(TCO) (ETL)  (Absorber)  (HTL)
Thickness (nm) 500 30 300 100
Bandgap, E, (eV) 3.50 3.20 1.9 2.96
Affinity, x (eV) 4.00 3.9 3.520 23
Permittivity, & 9.00 9.00 8.20 9
Effective density of states at CB, Ve (cm3)  2.2x10'8  2.2x10'8 2.2x1018 2.0x10%!
Effective density of states at VB, N, (cm3) 1.8x10"  1.8x10% 2.0x10'8 2.0x10%!
Mobility of electrons, “n (cm?2V-1s1) 20 20 22 1
Mobility of holes, “» (cm2V-1s1) 10 10 22 40
Density of n-type doping, "D (cm™3) 1.0x10'  1.0x10" 0 0
Density of p-type doping, Ny (cm3) 0 1 7.0x101 1.0x10'8
Density of defects, V¢ (cm™) 10x1015  1.0x1015  2.0x105  1.0x10'3
Reference ! 23 7-9 6.9
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Figure S4. EQE of top and bottom cells.
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