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Abstract-Yellow luminescence from an I n G d j l m  of high indium content shifted into blue' emission upon 
thermal onnealing. The shift was attributed to the quantum dot-like cluster size reduction through spinodal 
decomposition at thermal annealing. 

We report the thermal annealing effects on the optical and material characteristics of a high-hdium InGaN film 
with luminescence in the yellow range. It was observed that after thermal annealing, the' PL peak shifted from 
the yellow band into the blue range. The spectral change was attributed to the reduction of cluster size upon 
thermal annealing. The sample used in this study was grown in a low-pressure MOCVD. A -1.2 pm GaN layer 
was deposited on a sapphire substrate with a 25 nm GaN buffer layer. The GaN layer growth was followed by 
the deposition of an InGaN film with a thickness of -0.2 pm. The nominal indium content was estimated to be 
higher than 30 %. Thermal annealing was conducted with 800 "C for 30 min in ambient nitrogen. Fig. 1 shows 
the PL and PLE spectra at 10K of the as-grown and annealed samples. The PL spectral peak has shifted from the 
yellow band (around 2.2eV) to the blue band (around.2.75eV) after thermal annealing. The blue emission 
contribution as a small side-lobe can also be observed in the PL spectrum of the as-grown sample. Fig. 2 shows 
the cathcdo-luminescence spectra of the as-grown and annealed samples. In each sample, the 15kV and 3kV 
curves represent the results .of using different electron acceleration voltages for deeper and shallower 
luminescence generations. In the as-grown sample,. only the luminescence in the yellow band is observed in a 
shallow layer. However, with 15 kV electrons, not only the strong luminescence of the GaN layer (around 2.4eV) 
can be seen, but also a small peak of blue luminescence can be observed. Hence, it is expected that a certain 
microsmcture existing deep in the InGaN film can emit photons in the blue range. After thermal annealing, in 
the shallow layer of InGaN (3kV probe), only the blue luminescence exists that is consistent with the PL 
measurement. With higher energy electron excitation, the blue luminescence is enhanced and the GaN emission 
peak appears. HRTEM images showed that the domain size in the annealed sample is smaller. Also, the domain 
density becomes higher after thermal annealing. Hence, we can assume that during thermal annealing, spinodal 
decomposition tends to break large clusters into smaller ones. In this process, the indium content in an InGaN 
cluster can be enhanced, leading to a smaller material hand gap. However, the shrinkage of cluster size results in 
stronger quantum confinement and increases the effective band gap of the quantum dot. The quantum 
confinement effect may overcome the contradictory trend of indium content increase and result in a significant 
blue shift in PL spectrum. 
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