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GaN-based light-emitting diodes (LEDs) have been attracting much attention for the application to µ-displays 
because of their high emission intensity. Although the integration of flip-chip LEDs for the pixels in the micro 
display has been reported [1], the planar-type integration will be required for their cost-effective fabrication [2] in 
the sense of the fabrication of integrated circuits (ICs). The red, green and blue (RGB) light-emitters are required 
to form the color pixels in the displays. We proposed the UV LEDs and RGB phosphors as RGB emitters [2]. 
This system is cost effective for the comparison with the integration of RGB LEDs. Thus, for the fabrication of 
µ-displays, integration of UV LEDs is required for the first step.  

In the case of flip-chip LEDs, their light emissions from all over the directions were utilized. On the other hand, 
the surface emission in the planar-type integrated LEDs allows the device operation. Especially, the wave-guided 
light induces the false lightening (crosstalk) in the other pixels. Because the quantum wells (QWs) and double 
heterostructures (DHs) in the LEDs act as the waveguides, the reduction of crosstalk is a crucial issue. The 
introduction of ultra-thin (UT) InN layer as an active layer for the devices is one of the candidates for the 
reduction of crosstalk. In this study, the light-emission properties of UT-InN layers in the GaN matrix were 
investigated using photoluminescence (PL) and cathodoluminescence (CL) measurements at 11K (LT) and RT. 

The UT-InN single and multiple well structures in the GaN matrix were grown by molecular beam epitaxy with 
a radio-frequency-excited nitrogen source (RF-MBE) [3]. GaN templates grown on (0001)sapphire substrates 
were used for the growth. The layers were characterized using PL and CL.  

The CL spectra are shown in Fig. 1. In 
the emission spectra, a peak originated 
from 1 monolayer (ML) InN layer was 
dominant although that from 2MLs InN 
layer was observed. Fringes were 
observed in the spectra, which were due 
to their smooth surfaces. The emission 
patterns of PL are summarized in Fig. 2. 
The emission beam waist of the UT-InN 
was narrower than that of the 10 periods 
of UT-InN. This is due to the reduction of 
the waveguide effect. The thickness of an 
active layer affects the amount of wave 
guiding light. The results indicate that the 
UT-InN layer acts as a super weak 
waveguide. 
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Fig. 1. Temperature-dependent CL spectra of (a) UT-InN and (b) 

multiple UT-InN (4 MLs GaN barrier) in GaN matrixes. 

      
Fig. 2. PL emission patterns observed from (a) UT-InN and (b)10 

periods of UT-InN in GaN matrixes. These were observed at RT. 
A 325 nm light (He-Cd laser) was used as excitation source. 


