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Figure 1. Single-pass absorption spectra for 3 um thick top cell active absorber (CdTe, CosZo4T and
ZnTe) obeying the Beer-Lambert Law for the incident light as a function of wavelength.
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Figure 2. Refractive index (n) and extinction coefficient (k) of materials used in this study.
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Figure 3. Schematic of the tandem device with inverted top cell structure. Front and rear TCOs are
ITO; ETL is CdS; HTL is MoOy; and an index matching glue is employed between two cells. EVA is
used to protect IBC Si cell contacts; glass is employed as the substrate.
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Figure 4. CdTe/IBC Si tandem efficiency as a function of (a) lifetime for three surface recombination
velocities (10, 50 and 500 cm/s) for a 3 pm CdTe absorber and (b) series resistance for four shunt
resistances (Infinite, 5k, 2k and 1k Q/cm?) for a lifetime of 5 ns and surface recombination velocity of
500 cm/s. CdS is used as the ETL.
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Figure 5. Top cell J-V curves of selected C1xZxT cases (x = 0.4, 0.6) with 50 nm ETL of CdS and MZO.

Table 1. Simulation parameters of solar cells used in SCAPS 1-D.

CdTe CosZo2T Co6ZosT CosZosT Co2ZosT ZnTe Cds MzZO ITO
Eg (eV) 1.45 1.54 1.69 1.85 2.03 2.19 24 3.6 3.72
x (eV) 4.28 423 4.03 3.87 3.69 3.53 43 42 4.5
CB eff. DOS 1.5 x 1.5 % 1.5 x 1.5 % 1.5 x 1.5 x 2.1 x 2.1 x 4 x
(cm3) 1018 1018 1018 1018 1018 1018 1018 1018 101
VB eff. DOS 1.8 x 1.8 x 1.8 x 1.8 x 1.8 x 1.8 x 1.7 x 1.7 x 1 x
(cm™3) 101 101 10 101 101 101 10 10 1018
Ve (cm/V.s) 1x107 1x107 1x107 1x107 1x107 1x107 1x107 1x107 1x107
Vi (cm/V.s) 1x107 1x107 1x107 1x107 1x107 1x107 1x107 1x107 1x107
Me (cm?/V.s) 700 700 700 700 700 700 70 70 30
M (cm?/V.s) 60 60 60 60 60 60 20 20 5
Na (cm3) 1x10% 1x10% 1x106 1x1016 1x101% 1 x 101 - - -
Nb (cm-) ) ) ] ) ) ) 1.2 x 1.2 x 1 x
1018 1018 102t

Eg: bandgap; x: electron affinity, DOS: density of states; V: electron velocity; Vin: hole velocity; Me:
electron mobility; Mn: hole mobility; Na: acceptor density; Np: donor density.



