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In this stud%, the origin of the new leak current in THz QCL is clarified
via the operated energy levels and high energy subband levels. It is analyzed by the
first-principles calculation based on the non-equilibrium green®s function (NEGF) method. We focus
on the optimization of the active structure and reducing the leak current via high energy levels
with large injection current. It is the first proposal to develop a variable Al composition
barrier-well active structure THz QCL in order to obtains high operation temperatures and large
optical gain. The metal surface pattern is also analysis by FDTD and 3D-CWT method for the surface
emission THz QCL. We have achieved a 1.3 W peak output and an average output of 55 mW QCL at 4.1
THz.
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