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Abstract: Based on the low-temperature nucleation technology of AIN and GaN, as well as high-temperature thermal an-
nealing technology, the epitaxial growth of high-quality GaN thin films and the activation of p-GaN acceptor has been real-
ized. Since then, GaN-based optoelectronic devices have a great development. However, there are still some fundamental
problems for GaN-based optoelectronic devices. Especially, the internal quantum efficiency of GaN-based LED epitaxially

grown on heterogeneous substrates is more than 50% while its dislocation density is as high as 10° cm™

. V-shaped pits in the
shape of inverted pyramid are common defects in the epitaxial layer of GaN-based LEDs. There are six side-walls in
V-shaped pits, and these side-walls all have the angle of 62° with c-plane. Based on the research results of influence of
V-shaped pits on optical and electrical properties of LEDs, the screening dislocation theory induced by sidewall quantum
wells (QWs) in V-shaped pits was introduced. Owing to the low In content, the barrier height of sidewall QWs is much

higher than that of c-plane QWs. Therefore, a high barrier formed around the threading dislocation, which prevents carriers

from being captured by the non-radiative recombination
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the research on optical and electrical properties of LED con-
trolled by V-shaped pits optimization was discussed.

Key words: GaN; V-shaped pit defects; non-radiative
recombination; optical and electrical property
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Fig. 1  Structural schematic diagram of V-shaped pit (a) ! ; HRTEM image
of a V-shaped pit in InGaN/GaN MQWs (b)!®"; composition distri-
bution map of In and Ga in a V-shaped pit (¢)'®!; schematic dia-
gram of V-shaped pits screening non-radiative composite center of dis-

locations (d) (0]
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Fig. 2 Photoluminescence (PL) behaviors of MQWs: (a) low-temperature emission spectrum of different nm-sized areas close to threading

dislocations' 2! ; (b) PL spectra of sidewall and c-plane QWs in V-shaped pits[zg] ; (¢) PL spectrum of sidewall and c-plane QWs un-

der different temperatures[m] ; (d) PL microscopy image of MQWs[m
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Fig. 3 Effects of V-shaped pits on electrical characteristics of LED; (a) temperature-dependence EL spectrum of samples with different Mg doping

[

concentrations

361 (b) I-V characteristic curves of LEDs with different Mg doping concerntrations ( The insetting is the schematic diagram

of highly resistive region around V-shaped pits in LED B) 3730 (¢) SEM images of V-shaped pits with different sizes ) 5 (d) I-V charac-

teristics curves of LEDs with different-size V-shaped pits[38]
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Fig. 4 Optical and electrical properties of LEDs regulated by V-shaped pits: (a) AFM images of V-shaped pits on MQWs surfaces with different super-

lattice cycles[”] ; (b) EQE and light output power of LEDs with different-size V-shaped pits vs. forward current ( V-shaped pits sizes of sample

A and B are 70~ 110 and 110-150 nm, respectively) Lol (e) light output power and electrical resistance of LEDs prepared by different

41
processes [

15 (d) schematic diagram of holes flowing in V-shaped pits[42
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