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Abstract: The SiC substrate is a good candidate for preparing high-performance AlGaN-based deep ultraviolet
(DUV) lasers. The DUV AlGaN/AIN multiple quantum wells (MQWs) structures were grown on 4H-SiC substrates
by metal-organic chemical vapor deposition (MOCVD). The effects of MQWs growth parameters on the spontaneous
and stimulated emission characteristics of the DUV laser structure were systematically studied. After the comprehen-
sive analysis of the surface morphology and emission properties of MQWs, it was found that with the increase in NH;

flow rate and growth temperature, the surface roughness of MQWs decreased and the internal quantum efficiency
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increased to 74. 1%. At room temperature, the lasing wavelength, threshold optical power density and linewidth

were 248. 8 nm, 1.03 MW/cm® and 1. 82 nm, respectively. The high NH; flow rate and growth temperature suppress

the incorporation of carbon impurities in the active region, leading to an increase in carrier radiative recombination

efficiency and material gain. Simultaneously, the reduced growth rate improves the surface morphology of the MQW's

structure and reduces interfacial scattering losses. Furthermore, smooth and steep facets were prepared by combining

dry etching and wet etching processes, which reduced the mirror loss of the laser. The threshold optical power density

and linewidth were decreased to 889 kW/cm® and 1. 39 nm, respectively.
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Tab. 1 The growth parameters of MQWs grown with different NH, flow rates and temperatures

b NH, Jit ft/(mL+min™") W EE/C QB V/IIHt QBEE/(nm-s') QW V/IIHk QWEHZ/(nm-s™)
1 8 000 1 063 1258 0.21 3183 0.13
2 16 000 1 063 2517 0.18 6 366 0.12
3 24 000 1 063 3775 0.17 9 550 0.10
4 16 000 1 084 2517 0.18 6367 0.11
5 16 000 1 104 2517 0.18 6398 0.08
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Fig.1 (a)-(c)AFM images and temperature-dependent PL spectra of MQWs grown with different NH; flow rates. (d)Comparison

of surface PL emission spectra. The excitation source in (d) is a 215 nm frequency-doubled laser
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Variations of PL integral intensity(d) , spectral FWHM(e) and peak wavelength(f) with optical pumping power density
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(a)-(c¢)AFM images and temperature-dependent PL spectra of MQWs grown with different temperatures. (d) Comparison

of surface PL emission spectra. The excitation source in (d) is a 215 nm frequency-doubled laser
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Variations of PL integrated intensity with optical pumping power density (a) and threshold optical power density and slope effi-

ciency with cavity length (b) for laser bars with different cavity lengths. Variations of spectral FWHM and peak wavelength

with optical pumping power density (¢) and TE- and TM-polarized PL spectra measured before stimulated emission ( P=

0.7P,,, inset) and after stimulated emission (P=2.6P, ) (d) for a laser bar with a cavity length of 2 000 wm. Laser bars

were prepared by a two-step method
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