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Abstract

InGaN has been widely used in the fabrication of optoelectronic devices due to
its wide bandgap ranges (0.7 — 3.4 eV). The stringent requirement for the growth of
high-quality InGaN films, which has become a major obstacle for the further
developments of high-performance devices, and studies on mechanisms of light
emission and phase separation (PS) have attracted intense interests. The thesis has
focused on the PS-related problems of InGaN, i.e., properties of InGaN, PS
mechanisms, effects of PS on light emission properties, and suppression of PS.

The polarity of the Mixing Free Energies (MFEs) is determined by the mixing
enthalpy and entropy. For &’G/dx’<0, the spinodal decomposition (SD) will
automatically occur, which results in PS; Inversely for 82G/8x2<0, nucleation and
growth will occur when there is a large composition fluctuation. The PS can occur in
several ways including clustering, ordering and several phases with different InN
mole fraction. Experimental techniques such as X-ray Diffraction (XRD),
Transmission Electron Microscopy (TEM), Selected Area Diffraction (SAD),
Cathodoluminescence, and Raman have been applied to determine whether PS has
occurred and the way in existence. Generally, high InN mole fraction and thick InGaN
film will result in PS, which can be suppressed when the thickness of InGaN film
under the substrate’s strain is smaller than the critical layer thickness (CLT). On the
other hand, values for CLT of InxGa;xN within GaN/InyGa; xN can be experimentally
determined using electrical data (mobility and conductivity) and optical emission
energy of the InyGa; xN films, and can be estimated as a function of X using both the
PB model and Fischer model, which both were as a function of the lattice mismatch
and the film structural properties. Self-assembled In-rich quantum dots (QDs) by
enhanced PS in the InGaN layer less than CLT, can be grown on a GaN layer with a
rough surface. If PS happens, though it reduces the efficiency of unique
photoluminescence (PL) and has bad influence on the physical properties and controls

of the epi-films, the phase-separated QDs are responsible for the enhanced



luminescence and cause a red shift in PL peak of InyGa; «N thin films. It can be used
to resolve the puzzle, in which a highly defective material can have a strong light
emission at room temperature. The MFEs and miscibility gaps in wurtzite InsGa;.xN
are calculated by the first principle and regular solution model to investigated PS. The
calculated MFEs are positive with a maximum at composition X = 0.4375 and
InyGa; 4N trends to separate into GaN and InN phases at 0 K when the lattice is in
equilibrium and uniformity, and the critical temperature (T.) exceeds 1825K. If strain
is introduced by replacing the GaN or InN lattice constant with the equilibrium lattice
constants, the MFEs turn into negative and have three retuse minima at compositions
0f 0.3125, 0.5000 and 0.6875 at 0 K, the miscibility gap is toward to high InN and T,
reduces. Detailed comparisons among the clustered, phase-separated and uniform
models show that InN cluster is favorable in energy if the lattice is further fully
relaxed, a high and a low InN mole fraction phases coexist under the compressive
strain, and order distribution is formed under the tensile strain when composition x =
0.4062. At last, InN/GaN multiquantum-well light-emitting diodes (LEDs) were
grown by MOCVD to observe how InN and GaN mix. XRD and PL indicate that, PS
can be suppressed in evidence under the mismatch between InN/GaN and the InN
mole fraction can be more than 20% in InGaN epi-film. Therefore, through this thesis
and other studies, we can conclude that, PS is attribute to the 11% difference between
In-N and Ga-N bond and the low InN solubility in InGaN; on the other hand, the
strain can suppress PS. In summary, PS can be either suppressed to improve the

crystalline quality, or enhanced to form In-rich QDs for brighter luminescence.
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