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Abstract

Current commercially available advanced optoelectronic devices made from group
[T Nitrides are based on material exhibiting hexagonal crystal structure. Magnesium
is in use as p—type dopant, and Silicon as donor element. Quantum structures make
use of ternary and quaternary compositional alloys, Al,In,Ga;_,_,N, where the Alu-
minum and Indium mole fractions x and y, respectively, allow a precise tailoring of the
electronic and structural properties.

Group IIT Nitrides with cubic crystal symmetry are considered as alternatives be-
cause of potentially more favourable material properties. In the course of this thesis
work, cubic IIT Nitrides have been examined in closer detail. Molecular Beam Epitaxy
was used to grow GaN and AIN epitaxial films as well as Al,Ga;_,N/GaN heterostruc-
tures and quantum structures. Furthermore, cubic Aluminum Nitride was grown both
on c—GaN and directly on Gallium Arsenide substrates, thus demonstrating the possi-
bility of direct AIN low temperature nucleation.

The first part of this thesis is concerned with the properties of Carbon as an al-
ternative acceptor in cubic Gallium Nitride. To this purpose Carbon doping sources
were constructed and calibrated. By means of temperature-dependent luminescence
and Hall measurements the thermal activation energy of Carbon was determined as
E4 = 215meV. Additionally, excitation—dependent photoluminescence revealed the
existence of a Carbon-related deep center. The effect of the incorporation of Carbon
in c—GaN was calculated. The experimental results were reproduced by assuming a
self-compensation of the Carbon acceptor by a Carbon interstitial. This behaviour
explains electrical and optical incorporation-dependent trends.

The second part deals with Al,Ga;_,.N structures. Electrical measurements re-
vealed p-type conductivity of as-grown samples. Al,Ga;_,N/GaN multi quantum
wells were grown and characterized optically and structurally. The energetic positions
of the optical QW transitions as a function of well width and barrier Aluminum content
were successfully modelled using effective mass theory.
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