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In this study, the growth technologies of
GSMBE and RF plasma atomic nitrogen source
for wurtzite GaN, InGaN and
Ing 0, Gay03N/GaN  multiple quantum  well
(MQW) grown on (0001) sapphire substrates
were studied. The main objective of this work is
to optimize the growth conditions.  For
wurtzite GaN, the growth was preceded by the
nitridation of the sapphire at substrate
temperature 780°C, then a thin (~200 A) GaN
buffer layer was grown at 550°C. Subsequently,
GaN bulk layer was overgrown at 760°C.
During the growth, in situ RHEED
measurement was used to monitor the growth
condition. By adjusting the temperature of Ga
cell to tumn the RHEED pattern from (1x1) to
(2x2), we could find a near stoichiometric
condition for the growth. The InGaN/GaN
MQW was grown on the sapphire (0001)
substrate with the same initial procedures.
However, after the growth of GaN bufferlayer,
due to the volatility of In and the lower thermal
stability of InN, a lower temperature of 600°C
was used for the growth of the 10 pairs
InGaN/GaN MQW.

The GaN sample shows high quality room
temperature and low temperature PL spectra. At
room temperature, there is only the near-band-
edge transition at 3.41eV, and no yellow band

or otaer broad band transitions are detectable in
this measurement. Another study on the 10K
PL 1eveals that the yellow band emission is
below two thousands of the near-band-edge
emission. These all indicate a good quality of
the grown sample. There are two major
trans tions in the 10 K PL spectrum; one is
corresponding to the bounding exciton peak at
3.48¢V, the other may be due to the D-A
transition at 3.44 eV. The 10K PL of the
InGaN/GaN MQW shows a emission at ~2.7
eV. From its X-ray data with clear satellite
peaks;, the structure parameters were found as
follows. The In composition of the InGaN wells
is about 6.2%, and the thickness of InGaN and
GaN are about 8 nm and 10.9 nm, respectively.
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Due to the large lattice constant difference
between GaN and InN, indium aggregation and
phase separation have been discovered. Such
indium composition fluctuations in InGaN
compounds were supposed to be very crucial for
efficient light emission. It was believed that
such indium-rich nano-scale structures formed
the localized states, similar to those of quantum
dots. When the density of the indium-rich
structures is higher than the defect density, the
localized states can trap a significant amount of
carriers for radiative recombination, leading to
efficient light emission. Therefore, it was widely

accepted that the measured photoluminescence
(PL) in InGaN samples and hence the output
from. a light-emitting diode came from the
reconbination of localized excitons. Meanwhile,
seve-al stimulated emission (SE) studies have
led t» the conclusion that their measured SE also
originated from band-filled localized states.
Although other research groups reported non-
localized state laser spectrum, it was believed
that the gain in laser oscillation was strongly
related to the structure of indium composition
fluctaation. With such a crucial implication,
indivm composition fluctuations in InGaN/GaN
quantum well structures have received special
aften:ion in material and optical studies.

Here, we report the results of our optical
and material studies on InGaN/GaN multiple
quanum well samples. Two SE spectral
components were always observed with their
relative intensity varied with temperature and
pump fluence. Also, the spectral positions of
the SE features, corresponding to the localized
states, changed little with the two parameters.
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