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Abstract ,
By observing the intensity change of band-edge photoluminescence (PL) due to the

superposition of a below-gap excitation (BGE) light on a conventional above-gap excitation
(AGE) light, a quantitative study on nonradiative recombination (NRR) centers in GaN-
based blue-emitting semiconductors became possible. Trap parameters of NRR centers were
determined self-consistently by considering the AGE- and BGE-density dependence of the PL
intensity change (BGE effect). The dependence of BGE energy revealed the energy distri-
bution of NRR centers, while that of AGE energy determined the spatial distribution of them.

We analyzed the PL intensity decrease due to the BGE based on a two-levels model
after SRH statistics. By using Nd:YAG laser (1.17 V) as a BGE source, the reduction of
NRR centers in well layers with increasing the number of hetero-interfaces was shown in
GaN/AlGaN multiple quantum well structures grown by MOCVD. In a GaN sample, an
extremely slow relaxation process of yellow luminescence up to 28 s was observed after
cutting off the BGE light. This is attributed to the recombination of electrons trapped at the
upper state of the two-levels model, which enabled us to determine the hole capture rate of
the state directly.

In relation to device performance, we studied the effect of temperature on the BGE
effect. With increasing temperature, the normalized PL intensity of a donor-acceptor pair
luminescence in GaN, initially 0.43 at 15K, showed a steep increase above 80 K and it
became unity -above 140K. The temperature dependence was considered to be due to the
thermal emission of eclectrons trapped at the upper level of the two-levels model to
conduction band. The activation energy of roughly 0.1 eV, obtained by curve fitting, agreed
well with our previous energy determination of the upper state. On the other hand, yellow
luminescence showed no distinct temperature dependence, which is quite important to
understand the detailed mechanism of carrier recombination processes among below-gap
states. The method of two-wavelength excited photoluminescence is shown to be powerful
for characterizing NRR centers in GaN-based semiconductors, especially when time-resolved
and temperature-dependent considerations are included.
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