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Effect of Oxide Aperture on Temperature Rise in High Power
Vertical-Cavity Surface-Emitting Laser
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Abstract Thermal characteristics of single vertical-cavity surface-emitting laser (VCSEL) devices with different
oxide apertures are studied experimentally in order to get better beam quality and higher output power by choosing
appropriate size of the oxide aperture. Single devices with oxide apertures of 415, 386, and 316 um are made by
controlling the oxidation time. Diameters of the mesa and the P type contact are 450 ym and 400 um, respectively.
Thermal resistances of three kinds of devices are measured experimentally based on their different output
characteristics under continuous-wave (CW) operation at room temperature. It is found that the smaller the oxide
aperture is, the larger the thermal resistance of the device becomes. Temperature rise caused by self heating of
injection current is obtained by comparing the relationship of current, wavelength and temperature. At a current of
1 A, the temperature of devices are 32.4 C, 35.2 C and 76.4 ‘C corresponding to the oxide aperture of 415, 386,
and 316 pm, respectively.
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Table 1 Diameters of the oxide aperture

corresponding to different oxidizing time

Oxidizing time /min Oxide aperture /pum

10 415
24 386
50 316
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Table 2 Output characteristic parameters of single

devices corresponding to different oxide apertuers

Oxide Threshold  Differential Electronic-optic
aperture /um current /A resistance /Q efficiency /%
415 0.92 0.09 16. 2
386 0. 66 0.08 16.2
316 0. 20 0. 10 11.1
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Fig. 4 Thermal impedance measurement results for VCSEL with 415 pym oxide aperture. (a) Wavelength as a

function of dissipated power; (b) wavelengths at different temperatures
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Fig.5 Thermal impedance measurement results for VCSEL with 386 pm oxide aperture. (a) Wavelength as a

function of dissipated power; (b) wavelengths at different temperatures
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Fig. 6 Thermal impedance measurement results for VCSEL with 316 pm oxide aperture. (a) Wavelength as a

function of dissipated power; (b) wavelengths at different temperatures
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Table 3 Thermal resistance of the single device

corresponding to different oxide apertuers

Oxide aperture /pm Thermal resistance /('C /W)

415 57.83
386 63. 26
316 65. 06
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Fig. 7 Current-wavelength-temperature curves for single device with different oxide apertures
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