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Reduction of defect density in silicon quantum dot light-absorbers using
hydrogen plasma treatment
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The bandgap of silicon quantum dots (Si-QDs) can be tuned by the quantum
size effect and it is possible to fabricate solar cells with active layers tuned to ambient light.
To reduce the defect density in Si-QD active films is one of issues. In this study, hydrogen plasma
treatment (HPT) was conducted to decrease the defect density in Si-QD active layers. Since HPT has 6

process parameters, a Bayesian optimization approach was adopted to find the optimal conditions.
Photosensitivity (PS) was adopted as the objective function for BO. The PS is obtained by dark and
photo conductivities of Si-QD active layers. As a result, the PS was improved from 22.7 to 347.2
with 7 cycles BO processes. Under the optimal conditions, Si-QD solar cells were fabricated. The
open-circuit voltage and fill factor of 689 mV and 0.67 were obtained, respectively. These values
are the highest among conventional Si-QD solar cells. Such significant improvements were achieved
with the combination of BO and HPT.
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