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Abstract : We investigated the potential of IO:H thin films and hydrogen doping to improve current density and fill factor for

enhancing the performance of silicon heterojunction solar cells. We revealed that a transmittance of 86.7% and work function

of 5.4 eV could be achieved by injecting 3 sccm of hydrogen gas. The lattice constant of 1.037 nm at the AB site indicates an

anion antibonding tendency, and the work function increases as the Fermi level shifts to the valence band. Based on these findings,

we fabricated a silicon heterojunction solar cell and achieved an efficiency of 18.53%, while computer simulation confirmed a
conversion efficiency of 24.65%, an open-circuit voltage of 724 mV, and a fill factor of 82.72% at a current density of 41.15

mA/cm?2.
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Fig. 1. Schematic of silicon heterojunction solar cells (NaOH/HF/DIW for texturing solution, RCA solution for removal of organic or metal
byproduct, HF 1% solution for removal of native oxide on the c-Si), PECVD and RF magnetron sputtering were used to deposit the layer by

layer.
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Table 1. Deposition conditions of I0:H thin films by RF magnetron
sputtering.

Parameter Value
Ar gas flow 30 scem
Ha gas flow 0,1,2,3,5, 10 sccm

Substrate-target distance 10.5 cm
RF power 100 W
Substrate temperature 27°C
Base pressure 5x107 Torr
Working pressure 2 mTorr
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Table 2. Input parameter values of silicon heterojunction solar cells in AFORS-HET simulation (the details of numerical values are given

below).
Parameter ¢-Si (n) a-Si:H (n) a-Si:H (i) a-Si:H (p)
Layer thickness (nm) 180,000 5 3 5
Dielectric constant 11.9 11.9 11.9 11.9
Electron affinity (eV) 4.05 3.9 3.9 3.9
Band gap (eV) 1.124 1.72 1.72 1.72
Optical band gap (eV) 1.124 1.72 1.72 1.72
Effective conduction band density (cm™) 2.843x10" 1x10%° 1x10% 1x10%
Effective valence band density (cm™) 2.682x10" 1x10%° 1x10% 1x10%
Electron mobility (cm?/Vs) 1,111 5 5 5
Hole mobility (cm?/Vs) 421.6 1 1 1
Doping concentration of acceptors (cm™) 0 0 0 1.2x10%
Doping concentration of donators (cm™) 5x101° 3.78x10'8 0 0
Thermal velocity of electrons (cm/s) 1x107 1x107 1x107 1x107
Thermal velocity of holes (cm/s) 1x107 1x107 1x107 1x107
Layer density (g/cm) 2.328 2.328 2.328 2.328
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Fig. 2. Optical properties of IO:H thin films as a function of hydrogen gas flow (0~10 sccm): (a) transmittance and (b) reflection.
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Fig. 5. FE-SEM images of hydrogenated In.O; (I0:H) thin film as a function of hydrogen gas flow.
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