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1. Introduction 

GaN and related materials are currently the subjects of 
intense research due to their applications in laser diodes (LDs) 
and light-emitting diodes (LEDs) that operate between the 
ultraviolet and the visible regions.1) InGaN/GaN quantum 
wells (QWs) structures have successfully been used as the 
active layers in LEDs and LDs.1) However, the threshold 
current density is high for LDs with InGaN QWs structures. 
Having quantum dots (QDs) instead of QWs as the active 
layer is expected to improve the performance of LDs. LDs 
with QDs structures in the active layer have been 
theoretically predicted to have superior characteristics, 
including lower threshold currents and narrow spectra.2) 
Moreover, because of the localization of carriers trapped at 
dislocations, QDs structures have been expected to increase 
the efficiency of the luminescence of LDs.3) To ensure 
suitability for QDs laser applications, QDs layers with high 
spatial density and of uniform size must be grown.4) Several 
approaches have been investigated for fabricating InGaN 
QDs, including the Stranski-Krastanow growth mode5,6) and 
growth using anti-surfactant.7,8) The deposition of silicon 
anti-surfactant or a SiNx nano-mask alters the morphology of 
the AlGaN films from that of step flow to that of a three 
dimensional island, facilitating the formation of GaN7) QDs 
and InGaN QDs8) on the AlGaN.  

The InGaN based red emission device is dominated by 
both the band-filling effect and the screening effect of the 
quantum confined stark effect (QCSE) due to the high 
Indium composition and the large thickness of the InGaN 
well layer. So the InGaN base red emission devices are very 
difficult to be realized. The InGaN quantum dots devices 
possess the potential to overcome the limitation and make 
the efficiency higher, the wavelength longer. By using the 
insitu-SiNx treatment process that we had reported9), the red 
emission InGaN multiple quantum dots layers was 
successfully developed. In this letter, we study the optical 
characteristics of  InGaN red emission multiple quantum 
dots. 
 
2. General Instructions 

We reported the red emission study of InGaN multiple 
quantum dots layers. The InGaN multiple quantum dots 
layers construct with SiNx dots mask layers, InGaN dots 
layers and GaN cap layers as Figure 1 shown. The optical 
properties including Room temperature Photoluminescence 
(PL), temperature dependent PL and power dependent PL 
were examined and discussed. 

Figure 2 shows the room temperature PL of InGaN 
multiple quantum dots layers, and the spectrum is a broaden 
emission from 480nm to 800nm. By peak fitting, the 
spectrum should be divided into seven individual 
wavelengths and the λ2 to λ7 should be with the same 
interference relationship. Consequently, the spectrum could 
be distinguished to two parts of emissions, λ1 531nm and       
λ main 618nm. The two emissions might come from the InGaN 
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Fig.1 Schematic of InGaN multiple quantum dots layer  
 

Fig.2 Room Temperature PL of InGaN MQDs
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wetting layers and MQDs layers respectively. 
Fig. 3 shows the temperature-dependent PL of InGaN 

MQDs, there are three different PL peaks and all the 
intensities increase with temperature decreasing. By 
connecting the main peaks positions, shown as Fig. 4, we 
could realize the trend of the three peaks. The left peak is 
obviously blue shift from 540nm to 525nm as temperature 
decreasing and the phenomenon is like a wetting layer of 
quantum dots. The middle peak is stable around 567nm, it 
might come from the nature defect of GaN as so call yellow 
luminescence. The right peak above 600nm is blue shift first 
and red shift as temperature decreasing. This luminescence 
exhibits an “S-shaped” emission position shift with 
temperature, and the phenomenon (redshift-blueshift) was 
first explained by Cho10 in terms of inhomogeneity and 
carrier localization in the InGaN. Consequently, we could 
conclude the insitu-SiNx treatment InGaN multiple quantum 
dots layers posses the same behavior of carrier localization 
and the wavelength could be pushed to red emission. 

As Fig.5 shown, power-dependent PL of InGaN MQDs at 
20K, there are three emission peaks also and all the 
intensities increase with power increasing. The left peak is 
blue shift from 530nm to 525nm as power increasing and the 
behavior is still like a wetting layer of quantum dots. The 
middle and right peaks are almost the same at different 
exciting power. 
 
3. Conclusions 

By comparing the results of room temperature PL and 
temperature-dependent PL, we can sure there are one wetting 
layer, one quantum dots layer and one defect emission center 
in the InGaN multiple quantum dots layers. 
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Fig.3 Temperature-dependent PL of InGaN MQDs
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Fig.5 Power-dependent PL of InGaN QDs at 20K 
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Fig.4 Trend of main peak shift of temperature-dependent 
 PL of InGaN MQDs 
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