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Abstract. Fabrication, optical study, and mode modeling of III-N microdisk resonators with 
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Аннотация. Проведено исследование оптических свойств и моделирование мод III-N 
микродисковых резонаторов с квантовыми ямами InGaN/GaN на подложке Al2O3. 
Показано, что созданные эпитаксиальные структуры обладают высоким оптическим 
качеством, а микрорезонаторы поддерживают высокодобротные моды шепчущей 
галереи.
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Introduction

Microdisk lasers based on III-N semiconductor materials are promising candidates for use as 
compact and efficient radiation sources in optoelectronic and photonic integrated circuits due to 
a combination of their unique characteristics [1]. III-N materials feature a wide direct bandgap, 
high thermal stability of their characteristics, and significant chemical and mechanical durability, 
enabling the development of light-emitting devices operating across a broad wavelength range and 
capable of functioning in harsh environmental conditions [2–4]. Resonators of disk shape support 
the propagation of high-quality whispering gallery modes (WGMs), allowing lasers with such 
resonators to achieve ultralow lasing thresholds [5]. Moreover, these lasers have a small footprint, 
low power consumption, and offer high modulation frequencies [1]. In this study, the design 
and fabrication of epitaxial structures with InGaN/GaN quantum wells on an Al2O3 substrate 
were carried out. Microscale disk resonators were formed from these structures, and their optical 
properties were investigated using photoluminescence (PL) spectroscopy.

Materials and Methods
A heterostructure with an active region in the form of In0.1Ga0.9N/GaN quantum wells (QWs) 

was grown on an Al2O3 (0001) substrate using metalorganic vapour-phase epitaxy (MOVPE). The 
growth process started with a low-temperature GaN nucleation layer, followed by the deposition 
of a 3 µm thick GaN buffer layer ensuring full surface planarization. The active region was then 
formed, consisting of three 5 nm thick In0.1Ga0.9N QWs separated by 100 nm thick GaN barriers. 
A 30 nm thick GaN capping layer was then grown as the final step. Disk microresonators with 
diameters ranging from 1 to 12 µm were fabricated via plasma chemical etching through a Ni 
mask. Figure 1 shows scanning electron microscopy (SEM) images of the formed microresonators. 
The spatial distribution of mode intensity in the fabricated disk resonators was simulated using the 
finite element method (FEM).

The photoluminescence study was performed under optical pumping in continuous wave 
excitation mode at room temperature using а He Cd laser (λ = 325 nm). Laser beam was focused 
on the sample surface into an 8 µm spot with a 5× UV objective. The PL signal was collected by 
the same objective and recorded using a SOL Instruments MS 5004i monochromator and a Sol 
Instruments HS 101H CCD camera.

Results and Discussion
The PL spectra obtained from different regions of the samples with grown epitaxial heterostructure 

exhibit negligible variation, which indicates a high degree of their homogeneity. These spectra 
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Fig. 1. SEM images of an array of formed disk resonators (a) and a single 6 µm diameter resonator (b)

a) b)

feature two PL bands at wavelengths of 365 nm and 415 nm, corresponding to emission from 
GaN layers and In0.1Ga0.9N quantum wells, respectively (Fig. 2, a). In the PL spectra of the 
microresonators, multiple intensity maxima are observed within the QW emission band, spaced 
by a few nanometers. Specifically, in the PL spectrum of the 6 µm-diameter resonator, shown in 
Fig. 2, b, these maxima are ~3 nm apart.

For microdisks of all diameters, the distance between the maxima closely matches the WGM 
free spectral range, corresponding to the respective resonator sizes. The integrated PL intensity 
of the quantum wells exhibits a linear dependence on the optical pump power over a wide range 
for both planar heterostructures and fabricated disk microresonators of all diameters (Fig. 3, a).  

Fig. 2. PL spectra of the planar epitaxial heterostructure (a) and a single 6 µm diameter resonator (b)

a) b)

Fig. 3. Dependences of integrated PL intensity of the QWs on pump power (a) and a spatial distribution 
of WGM in 10 µm diameter resonator (b)

a) b)
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This indicates the predominance of the radiative recombination mechanism and, as a consequence, 
the high quality of the obtained structures [6]. However, laser emission was not achieved in the 
fabricated resonators. The calculated spatial distribution of WGM in the formed microresonators 
is presented on Fig. 3, b. The obtained modeling results indicate strong mode leakage into the 
buffer layer, with a calculated Γ factor of only 0.2%. This is attributed to insufficient optical 
confinement in the structure, which is likely the reason for the absence of lasing.

Conclusion
This study demonstrates that the fabricated heterostructure on Al2O3 substrate have high quality 

and uniformity, while the disk microresonators created from this structure support the propagation 
of high-quality whispering gallery modes. Additionally, spatial intensity distribution modeling of 
the modes in the investigated resonators was performed to further optimize the heterostructures for 
laser applications. The obtained results are an important step in the advancement of technologies 
for the development of nitride-based microdisk lasers. Subsequently, taking into account the 
significant leakage of modes into the buffer layer, the vertical confinement in the epitaxial structure 
will be improved by introducing additional buffer layers with a low refractive index. This change 
is expected to enable laser generation under optical pumping.
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