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Abstract:

We have demonstrated 1) the formation of
quantum dots in InGaN/GaN quantum well
structures, 2) carrier dynamics mechanisms
in aggregated structures in InGaN/GaN
quantum well samples, 3) optical and
material properties of InGaN/GaN quantum
well structures of different quantum well
widths, and 4) thermal annealing effects on
InGaN/GaN quantum well structures.

Summary:

We have shown TRPL measurement
results with varying parameters of
temperature, PL photon energy, excitation
photon energy and excitation power in three
InGaN/GaN quantum well samples of the
same geometry but different nominal indium
contents. With the excitation photon energy
below the barrier potential level,
multiple-component PL intensity decays
were observed for PL photon energy larger
than a certain value when sample
temperature was fixed and for sample
temperature higher than a certain level when
the relative position of photon energy with
respect to the PL peak was fixed. Also, near
the PL spectral peak delayed slow rise of PL
intensity could be observed. The early-stage
decays and the delayed slow rises were
interpreted as the results of carrier transport
from relatively weaker localized states into

stronger localized states. The process of
carrier transport was enhanced with a
certain amount of thermal energy. However,
beyond a certain level non-radiative
recombination  dominated. @ With  the
excitation photon energy at the barrier
potential level, the observed TRPL results
were similar except that the extended decay
times were generally shorter. In addition, the
argument of the free excitons behavior of
the three samples at high temperatures is
consistent with previously reported HRTEM
results. Among the three samples, with
higher indium contents more strongly
localized states exist and thus enhanced
carrier transport activities occur.

Also, we have shown the dependencies
of optical and material properties of
thermally annealed InGaN/GaN QW
samples on well width. In each sample of
different QW widths, the results of
temperature variations of PL spectral peak,
integrated PL intensity and PL decay time
showed consistent trends in varying
annealing temperature. Different variation
trends upon thermal annealing in different
samples were also consistent with the results
of HRTEM images. Generally speaking,
thermal annealing at 800 ‘C of a narrow
QW width (2 nm) structure led to regularly
distributed QDs and improved optical
quality. On the other hand, thermal
annealing at 800 C of a sample of larger
QW width (4 nm) did not show QD
formation. In this situation, even higher
local strains might exist around QWs. Also,
its optical quality was degraded.

Meanwhile, we have demonstrated the
micro-structure variations upon post-growth
thermal annealing at different temperatures



of InGaN/GaN QW structures of different
QW widths. The HRTEM images showed
that in a sample with a small QW width (2
nm), thermal annealing tended to form QDs
of larger sizes (3-5 nm) such that arrayed
QDs covered the designated QWs. In this
situation, strain might be relaxed and
quantum-confined Stark effect (QCSE) was
reduced, leading to a higher radiative
efficiency. Also, with the formed QD
structures, the stronger carrier localization
effect might make a significant contribution
to the enhanced radiative efficiency. On the
contrary, in a sample with a large well width
(4 nm), thermal annealing tended to make
the QW boundaries clearer. This process
was even more significant when thermal
annealing took place at a higher temperature
(900 °C ). With the dominating QW
structures, QCSE played the key role and
the radiative efficiency was degraded. For a
sample with the QW width in between (3
nm), the aforementioned QD and QW
effects were supposed to mix.
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