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Process innovations for scalable miniaturization in
MOSFETs and micro—concentrator photovoltaic modules
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This doctoral dissertation focuses on scalable miniaturization through process innovations
in MOSFETs and micro—concentrator photovoltaic (micro-CPV) modules. For MOSFETs, as
transistor dimensions shrink, ultra—shallow junctions (US]Js) become critical to suppress short-
channel effects (SCEs). Traditional ion implantation methods face challenges such as reduced
throughput and lower dopant activation efficiency. To address these, advanced techniques like
plasma doping (PLAD), pre—amorphization implantation (PAI), and indium—based super steep
retrograde channels (SSRCs) were explored. Indium, with its low diffusion coefficient, enabled
the formation of abrupt doping profiles, improving threshold voltage stability and
transconductance. PLAD-based fabrication of CMOS and SRAM devices demonstrated
improved yield and throughput.

On the photovoltaic side, the study developed compact III-V compound solar cells with
integrated plastic lenses for CPV applications. The research included scaling these modules up
to 1 m? and evaluating the impact of alignment variations on performance. A key finding is that
both MOSFET and micro—CPV technologies share challenges in process  variability and cost
reduction.

This work offers cross—disciplinary insights and establishes novel, scalable manufacturing
methods that enhance performance and efficiency in advanced electronic and energy devices.
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