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Abstract

In this thesis, we show the basic designrand characteristics of two-dimensional photonic
crystal lasers. At first, a series of simulations-are performed by using three-dimensional
plane-wave-expansion (PWE) method and-finite-difference time-domain (FDTD) method in
order to calculate the band diagrams and defect modes of the photonic crystal micro-cavities.
According to these simulations, we can optimize the structure of the devices. The fabrication
of the membrane and the asymmetric structure are also introduced.

We setup a micro-photo-luminescence (PL) system in order to characterize the
two-dimensional photonic crystal lasers. The basic characteristics of the micro-cavities are
investigated including resonance modes and lasing modes. The basic lasing properties are
investigated such as lasing spectra, L-L curves, tuning properties and mode polarization.

We setup a thermo-electro cooler (TEC) system in order to characterize the thermal
properties of two-dimensional photonic crystal lasers under different conditions. The lasing
properties under different substrate temperatures are investigated both in experiment and
theory. We also investigate the threshold dependence on different substrate temperatures and
pump conditions. At last, we calculate the thermal resistance of two-dimensional photonic
crystal lasers and compare it with that of general VCSELSs for our future work.
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