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Quantum cascade lasers (QCLs), in which the basic principle of optical amplification is based
on intersubband transitions in quantum wells, have the potential for optical amplification
even when silicon (Si), an indirect transition semiconductor, is used as the active layer
material, and are expected to become candidates for Si-based lasers. Under the title of "
Fundamental study of near infrared quantum cascade lasers using Si/CaF's heterostructures,"
the main results are as follows.

1) The possibility of designing subbands that ensure the current density necessary for laser
oscillation in the near-infrared wavelength was demonstrated through the design of
quantum well thickness and subband levels by combining Si quantum wells of several atomic
layers thickness. (1= 1.70 pm, 1.65 pm)

2) In the fabrication of quantum cascade devices for the demonstration of intersubband
optical transition by current injection, it was shown that it is possible to fabricate single
transverse mode waveguide structures and to achieve current injection larger than 10 kA/cm?
into the active layer by introducing reactive ion etching technology.

3) Electroluminescence (EL) was observed in the vicinity of the laser oscillation field
intensity. Then, the possibility that EL is caused by intersubband transition was
quantitatively evaluated by fitting the results of theoretical analysis such as transition
wavelength change for one atomic layer variation of transition layer thickness, intra- and
inter-subband scattering time. Futhermore, the effect of carrier escape in the blocking layer
on the spectrum is also evaluated, and it is inferred with strong evidence that optical
transitions with suppressed carrier escape in the blocking layer are feasible and that at least
population inversion and stimulated emission are occurring. In order to realize laser
oscillation at the desired wavelength, it is important to develop a crystal growth process that
can both suppress thickness fluctuations and improve crystallinity, in addition to fabricating

resonators.
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