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An Analytical Expression of Free Carrier Lifetime in an SOl Rib
Waveguide Used for Raman Amplification”

Chen Mingyi', Mao Luhong, Hao Xianren, Zhang Shilin, and Guo Weilian

School of Electronic Information Engineering, TianjinUniversity, Tianjin 300072, China)

Abdtract : The lifetime of free carriersin asiliconr-oninsulator (SOI) rib waveguide,which is used f or Raman amplification ,is
studied in connection with the nonlinear optical loss. An analytical expression for the free carrier lifetime in an SOl rib
waveguide with a pin under a reverse bias voltage of zero,which isin accord with others’s experimental results,is presented
through theoretical deduction and two-dimensional numerical simulation. The results indicate a maximum reduction of to 80 %
of the free carrier lifetime inside the waveguide with a pin under a reverse bias voltage of zero compared to the one with no
pin. The reason for the further reduction of the free carrier lif etime after reverse biasing the pin is also studied ,and the theo-
retical limit of the free carrier lifetime is obtained through the view of velocity saturation under a strong field. Finally,the
net Raman gain of the SOI rib waveguide versus the input pump optical intensity is simulated under different free carrier life-
times,which directs the study of silicor-based Raman amplification.

Key words: silicon-based optical interconnection; Raman amplification; SOI; rib waveguide; free carrier absorption; pin
structure
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