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ABSTRACT 
GaN-based high contrast grating surface-emitting lasers (HCG SELs) with AlN/GaN distributed Bragg reflectors 

were reported. The device exhibited a low threshold pumping energy density of about 0.56 mJ/cm2 and the lasing 
wavelength was at 393.6 nm with a high degree of polarization of 73% at room temperature. The specific lasing mode 
and polarization characteristics agreed well with the theoretical modeling. The low threshold characteristics of our GaN-
based HCG SELs utilized by the Fano resonance can be potential for development of blue surface emitting laser sources  
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1. INTRODUCTION 
Sub-wavelength high contrast gratings (HCGs) have been widely investigated in the recent years owing to their 

advantageous properties. By modification of HCG parameters such as grating height, period and width, high reflectivity 
reflectors with broad stopband width and specific polarization could be achieved and applied for many applications. [1-5] 
Owing to the superior properties, the vertical cavity surface-emitting lasers (VCSELs) integrated with the HCGs as the top 
mirrors which not only serve as high reflectivity reflectors for VCSELs but also provide unique characteristics including 
polarization selection, wavelength tuning and fast modulation speed. [2, 5]  

Being a potential for development of high power surface-emitting lasers (SELs), sub-wavelength HCGs could be 
employed for high-quality factor (Q) resonators with in-plane oscillation over a large area. [6, 7] In 2008, Zhou et al. have 
demonstrated the GaAs-based membrane HCG high-Q resonators at low temperature, where the GaAs-based membrane 
HCGs were fabricated by selective etching and e-beam lithography. High Q value of the resonator supported by the Fano 
resonance [6] was obtained to be 14000 by optical pumping at 4K. 

In the development of SELs toward the short wavelength region, GaN-based VCSELs and photonic crystal surface 
emitting lasers (PCSELs) have received much research attention recently. [8-14] The simple geometry of membrane HCG 
high-Q resonators can be applied for realizing SELs. However, it is still challenge to fabricate GaN-based membrane HCG 
structures due to the immature etching process to fabricate realized at room temperature by optical pumping. [15] In this 
report, we have designed, fabricated and demonstrated the GaN-based HCG SELs with AlN/GaN distributed Bragg 
reflectors (DBRs). Without using the suspended membrane structure, the AlN/GaN DBRs can play an important role as the 
low refractive index layer for confining the optical mode in the HCG cavity. Finally, the specific lasing mode was 
compared to the band diagram and mode pattern calculated by plane wave expansion (PWE) [16] and finite element 
methods (FEM) [17]. 

2. SIMULATION 
Schematics of GaN-based HCG SELs are shown in Fig. 1(a). We used RCWA to analyze the corresponding 

asymmetric reflectivity spectra as functions of different duty cycle (the grating width divided by the grating period) and 
grating height for the TE polarization of the GaN-based HCG. First, the grating period was designed to be 345 nm to bring 
the Fano resonance approaching to the GaN gain peak. Fig. 1(b) shows the calculated reflectivity spectra mapping as a 
function of duty cycle. To match the target wavelength of about 400 nm, the duty cycle was set to be around 0.8 to 0.86 for 
fabrication tolerance. Fig. 1(c) shows the calculated reflectivity spectra mapping versus grating height. The calculated 
results show the number of reflectivity peaks would increase with increasing the grating height due to the onset of higher 
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