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There are two subjects in this project. The first part is blue light emitting devices by
nano-particles. The second part is carrier dynamics in optical amplifiers with the InAs QDs.

The structure of the blue light emitting devices has three layers, “carrier injection layer -
nano-particle — aluminum electrode . The substrate is ITO glass. The carrier injection layer is
organic materials such as TPD and PMMA mixture. The ZnO nano-particles are initially mixed in
these organic materials.. When TPD and PMMA mixture is spin- coated on the ITO glass, the
Zn0O particles will accumulate at the surface of the organic film. We also use the co-focal
microscope to observe the distribution of nano-particles in the organic thin film and search for the
best spin-coating condition. Finally aluminum is deposited as the electrode.

Two sizes of ZnO nano-particles are used. With 90 nm ZnO nano-particles, the EL emission
spectrum has a sharp peak at 392 nm. If 20 nm ZnO nano-particles are used, the EL emission
spectrum is broader and extends to 500 nm wavelength(Green). This is because the 20nm ZnO
nano-particles have O-vacancy on the surfaces. The emission of the O-vacancy and the emission
of the ZnO bandgap overlaps. On the other hand, the 90 nm ZnO nano-particle has less defects
and the emission is mainly contributed by the band-gap.

The research on the carrier dynamics in the InAs QD material is focused on anti-competition
effects.

There are two types of anti-competition behaviors. In the first type, the laser corresponding
to the excited-state emission wavelength assists the laser corresponding to the ground-state
emission wavelength to gain more carriers. In our experiment, the excited-state laser emission is
at 1170 nm. The ground-state laser emission is between 1240 nm to 1265 nm. This effect is
mainly affected by the absorption of the 1170 nm photons by QDs. When the carrier population
in the QDs decreases, the QDs can absorb more 1170 nm photons and the anti-competition effect
is more obvious.

In the second type anti-competition effect, the emission of the excited states increases when
the emission of the ground-state laser increases. This can occur only when there are two
ground-state lasers interacting with each other. In the experimental setup, the laser diode can
oscillate by it self at 1250 nm. Another ground-state laser is induced by the grating feedback. The
carrier competition between the two lasers occurs only on a part of QDs that provide gain to the
two lasers simultaneously. When the grating feedback wavelength differs from1250 nm by more
than 10 nm, the QDs with 1250 nm transition wavelength do not provide gain to the laser induced
by the grating feedback. Thus, the carriers in these QDs do not decrease due to the competition
from the grating induced laser oscillation. Instead, the stimulated recombination rate in these QDs
decreases, when the 1250 m laser intensity decreases due to carrier competition. Extra carriers
will accumulate in these 1250 mm QDs and the excited-state emissions of these QDs increase.
This effect is most obvious when the grating feedback wavelength differs from 1250 nm by 15nm.
When the grating feedback wavelength shifts closer to 1250 nm, this effect is compensated by the
competition effect. When the grating feedback wavelength shifts away from 1250 nm, this effect
also decreases.
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# ~ © Both competition effect and anti-competition effect can be used
in optical communication devices as the mechanism of wavelength
switching. However, the signals obtained using the competition effect
are the inverse of the original signals. This is not an ideal way. Using
anti-competition effects, none-inverted wavelength switching can be
achieved. In order to further estimate the performance of the finished
wavelength switching devices using this mechanism, the -carrier
transition rate and the variation of the carrier distributions during the
anti-competition processes should be studied.
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# % @ The present invention discloses an electroluminescent element
implemented by a zinc oxide nanoparticle-containing organic-inorganic
composite film. In the present invention, a spin-coating technology
together with a phase-segregation technology is used to fabricate zinc
oxide nanoparticles and an organic electrically-conductive material into
a layered organic-inorganic composite film, and an electroluminescent
element is fabricated with the layered structure, which can increase the
probability of the electron-hole pair recombination in zinc oxide
nanoparticles. Thereby, the present invention can realize a low-cost
blue light-emitting element having a large emitting area and an
extensive application field.
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