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Abstract

GaN is recognized as one of the most important miadégefor modern optoelectronics and
electronics. For example, GaN-based white lightteamgi diode (LED) bulbs will last at least 60
years, will emit light, which is similar to sun hg and will be much cheaper to produce than the
present illumination systems. Low energy solidestaghting is very beneficial for the society, both
in terms of energy savings, environment impact safdty aspects. Today about 20 % of the global
electricity is used for lighting and by improvinget energy efficiency of the light sources huge
energy savings can be done (about 20 TWh annudllys, research is going on worldwide to
develop light emitting diodes with better energficefncy. To get a better performance with long
operation lifetime and high external quantum eéinay the active nitride layer in the LED devices
must have a low defect density. This is a seveoblpm at present, since due to the lack of GaN
substrates, the devices are grownforeign substrates, like sapphire or SiC. This leads to an
enormous defect density in the active region ofdbeice and this cannot be tolerated for many
devices such as high brightness LEDs. Using GaNtratlk, the defect density in the active layer
can be reduced significantly, and it will be of #ame order as in the substrate. However, there is
still insufficient fundamental understanding of tpeoblems related to the extended and point
defects in bulk GaN. The main aim of the projectdsget a comprehensive knowledge about
defects, which influence the quantum efficiencyd anway to reduce their density in the bulk GaN.
The work requires development of synthesis usinglyéical simulation of growth and such
advanced characterization techniques as opticattrggeopy, electron microscopy including
cathodoluminescence and atomic force microscopy.

Results obtained within the Project

1. We have found that the defect density is signifiyareduced from 18 for a 2-3 um thick GaN to £0
cm? for a 1 mm thick GaN (Fig.1); however, the photoinescence (PL) decay time for the donor
bound exciton (BX) even in the very thick GaN layers (1 mm) isl$&iks than theoretically predicted.

Fig. 1. TEM images from a GaN with thickness of 830n (left) and ~1 mm (right). For thick layer
(right) there no threading dislocations, while 208 layer (left) shows many threading dislocations.



2. Improvement of the EX PL lifetime was observed with increasing of thaNGlayer thickness up to
~400 um, while for thicker layers the recombinatiiome of DX shows tendency to saturate (see Fig. 2).
Temporal behavior of the J& decay can be understood in terms of competitietwben two non-
radiative mechanisms; one of which is connectestrtectural defects, and consequently more important
for thinner layers, while for layers with thicknesisove 400 um with low structural defect density th
recombination time is limited hyoint defects such as impurities and vacancies

Fig.2. PL decay times for theyR transition vs the GaN layer thickness.

3. A strong metastability of the near-band-gap hemtence under UV laser illumination or electron
irradiation was observed in Mg-doped GaN layerfigh quality since they were grown on our GaN
substrates (Fig. 3). Earlier studies have been donglg-doped GaN of lower quality and phenomena
such as metastability of acceptor bound excitogXjAcould not be detected. Annealing activates the
more stable Mg acceptors (A2) and passivates thac&éptor, which is still non-identified.

Fig.3. PL spectra for the GaN sample with Mg comegion of 1.5x16° cm®.

We have also found that there are at least twerdifft acceptors (Al and A2) pdoped GaN,
which is a very important result both for technatad) and fundamental knowledge since Mg is the only

efficient p-type dopant for GaN.

4. We have investigated concerning correlatiomben the optical properties and growth parameseis)
as H /- N, partial pressure ratio (PPR) and the nitrogenliuga precursor ratio (V/IIl). Concluding our
investigation, GaN layers grown with high V/Ill mtand lower H PPR have a better optical properties,



i.e. a smaller FWHM and a longer PL decay time,clvhineans a better structural quality. However, the
effect of IlI/V ratio on optical properties is weak

5. In aforementioned metastable near band gaputhihkescence in Mg-doped GaN layers, we have found
that the emissions is likely related to stackingt&(SFs) of different geometry.
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