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Abstract. In this work, we present results on high-temperature operation microdisk lasers
with an active region based on InGaN/GaN quantum wells. The diameter of the microdisks

was 5 um. The photoluminescence spectra measured in the temperature range from 25 °C to
100 °C. The temperature stability lasing is demonstrated.
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AnHoranug. B pabote mpeactaBieHbl pe3yabTaTbl MCCAEAOBAHUS BBICOKOTEMIIEPATYPHBIX
XapaKTEePUCTUK MUMKPOIMCKOBBIX J1a3€pOB C aKTUBHOW Cpeloil Ha OCHOBE KBAaHTOBBIX SIM
InGaN/GaN. UccrenoBaiuch CHeKTpbl (POTOJIOMUHECHEHIIMM MMKPOIMCKOB ITHAaMETPOM
5 MM B auanazoHe Ttemmepatyp oT 25°C mo 100 °C. IlpomemMoHCTpMpOBaHA BbHICOKAs
TeMIlepaTypHasl CTa0MILHOCTD JIa3ePHOM TeHepaIuH.
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Introduction

The growing demand for high-speed data transmission in integrated photonic systems has
driven the development of compact and efficient on-chip light sources. I11-nitride semiconductors
have emerged as promising candidates due to their direct bandgap, high thermal and chemical
stability, and wide spectral tunability from ultraviolet to near-infrared [1]. GaN microdisk lasers
integrated on silicon substrates are of particular interest, as they combine the optical advantages
of IlI-nitrides with the scalability and integration with other silicon devices [2].

This study investigates the impact of microdisk laser heating on lasing threshold power and
wavelength shift, which are crucial for ensuring the stability of the laser operation.

Materials and Methods

The studied heterostructure was fabricated by metal-organic chemical vapor deposition
(MOCVD) on misoriented (111) Si-substrate. The structure contains a 200 nm thick AIN layer,
a composition of AlGaN buffer layers of variable composition with a total thickness of 770 nm, a
200 nm thick GaN waveguide layer, 5x In, Ga ,N/GaN quantum wells (QWs) of 2 nm thickness
each, separated from each other by 8§ nm thick GaN layers, and a 200 nm thick GaN cover layer.
Mesas with a diameter of 5 pm were formed by plasma chemical etching method.

Microphotoluminescence (UPL) spectroscopy was used to investigate the optical properties
of heterostructures. The sample was placed on heater, the temperature in which varied from
25°C to 100 °C. Optical pumping was carried out by a pulsed laser (A = 355 nm, pulses 9 ns,
frequency 10 kHz) with an acousto-optic modulator. The pump laser beam was directed along
the normal to the substrate and focused onto a single microlaser using a Thorlabs LMU-
5X-NUYV objective (NA 0.12). Radiation from the microlaser was collected with a Mitutoyo
Plan Apo NUV 50X microobjective (NA 0.42), located at an angle of ~30° relative to the
substrate plane. Detection of the microlaser emission spectra was performed using a Thorlabs
CCS200/M spectrometer.
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Results and Discussion

UPL spectra over a wide temperature range were investigated. The room temperature
photoluminescence spectra of the microdisk laser at optical pump powers of 205 uW, 253 uW,
and 314 uW (0.8P,, P, 1.25P ) are shown in Fig. 1, a.

At low pumping, the photoluminescence spectrum of microlaser has a form characteristic
of spontaneous emission. The emission maximum of the main optical transition was at room
temperature at a wavelength of 427 nm. With increasing pumping power, a narrow line appears on
the short-wave slope of the emission peak, corresponding to one of the modes of the whispering
gallery of the microresonator. For the resonance line (420 nm), the transition to the lasing mode
is observed, as evidenced by the threshold dependence of the integral intensity (Fig. 1, b). The
threshold of lasing is 249 uW for room temperature.
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Fig. 1. pPL spectra of microdisk laser at room temperature (a) and L-L curves for 5 um microdisk (b)

Figure 2, a shows the uPL spectra of the laser at 25 °C and 100 °C at an optical pump power
of 314 uW. High-temperature lasing is observed, it’s confirmed by a defense of mode intensity on
pump power (the inset of Fig. 2, a). The threshold power is slightly variable between 245 uW and
255 uW (Fig. 2, b black) and lasing continued to be observed with a slight long-wavelength shift
from 413 nm to 415 nm (Fig. 2, b red) in the temperature range from 25 °C to 100 °C. We assume
that the additional optical losses at high temperatures are caused by enhanced absorption of free
carriers in the waveguide layer of the laser [3].
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Fig. 2. uPL spectra of microdisk laser and L-L curves (insert) at temperatures 25 °C (black) and 100 °C
(red) (a), temperature dependence of the threshold power density (black, left axis) and lasing peak
position (red, right axis) (b)

Conclusion

For the first time, lasing has been demonstrated at elevated temperatures (up to 100 °C)
for InGaN/GaN microdisk with QW in the active region. The laser shows line and threshold
power stability with a temperature range from 25 °C to 100 °C. The results obtained represent a
significant contribution to the progress of technologies integration 11I-N lasers with Si devices.
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