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Plasma enhanced chemical vapor deposition (PECVD) of microcrystalline silicon 

grown at low temperature attracts great attention especially for the manufacturing of 

thin film solar cells. A detailed understanding on the plasma characteristics is 

essential to process development and control. In this work, the plasma diagnostics 

tools (including actinometric OES and QMS) were used to investigate the influences 

of operating parameters on SiH4/H2 plasma in parallel-plate plasma enhanced 

chemical vapor deposition (PECVD) system with an excitation frequency of 40.68 

MHz (VHF). The diagnostics results were then correlated to the properties of 

deposited silicon films. A global model of SiH4/H2 plasma was also developed to 

compare with diagnostics results. Both gas phase plasma chemistry and silicon film 

deposition process were included. The model was found to capture the trend in 

experimental results regarding the effect of operating parameters on film deposition 

rate and species concentrations in the plasma. Finally, a real-time process control 

system i.e. closed-loop system was developed to control the species intensity ratio 

with OES device via modulating the VHF power and silane dilution for improving 

μc-Si film growth for high efficiency a-Si/µc-Si tandem solar cell. The results show 

that the closed-loop system stabilized the Hα/SiH* intensity ratio within a variation 

of 5% during the μc-Si film deposition process. Higher growth rate of μc-Si film with 

the same crystallinity was obtained in the closed loop system which consumed less 

power and SiH4 gas than in the open loop system, i.e. without process control.   
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