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Energy-efficient and environmentally friendly solid-state light sources, in particular GaN-based
light emitting diodes (LEDs), are currently revolutionizing an increasing number of applications, and
bring apparent benefits to vast areas of development, such as lighting, communications, biotechnology,
imaging, and medicine. It is expecting that LEDs may replace the traditional light bulbs and tubes to
achieve a new lighting echo.

InGaN/GaN multiple quantum wells are the key components of these commercial devices
emitting UV-green and white light, acting as the active layer, which can exhibit intense luminescence
despite of a high dislocation and defects density existed. However, despite an impressive commercial
success, the mechanism of luminescence from InGaN/GaN is not yet well-understood and the physical
origin of efficient light generation is unveiled incompletely.

This presentation reviews our wide range of studies on the nano-structural features, the
correlation with optical properties and luminescence emission mechanisms from a large number of
InGaN/GaN MQW LEDs, prepared by metalorganic chemical vapor deposition (MOCVD). Analytical
techniques of photoluminescence (PL), PL excitation (PLE), time resolved PL (TRPL), high-resolution
(HR) X-ray diffraction (XRD) and HR transmission electron microscopy (TEM) have been used to
investigate InGaN-LEDs. They have shown the excellent optical and structural properties, evidenced
by HRXRD with high order (some up to 10™ order) QW XRD satellite peaks and fine fringes and by
HRTEM with sharp MQW structures and V-shaped defects. The quantum dot like structure features are
revealed to exist within the MQW structures, which leads to unique T-behaviors of PL spectra.
Quantum confined Stokes effect was observed from the comparison of PL and PLE measurements,
even at room temperature (RT). TRPL exploration with the variation of detecting energy and
temperature and modeling analyses together with above other analytical investigation have provided
new insights of physics on the luminescence mechanism of InGaN/GaN MQWs. Different mechanisms
and arguments from literature are introduced and discussed.
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