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Abstract

Objective Whispering-gallery-mode ( WGM) semiconductor micro-cavity lasers have the characteristics of small
sizes, high quality factors, and easy integration, and have a wide range of potential applications in on-chip photonic
integration, microwave photonics and other fields. Semiconductor lasers will degrade and even fail due to
catastrophic optical damages, facet oxidation, electrostatic damages and degradation of electrodes and bonds in
operation, which influence the reliability of their application systems. Especially, the WGM micro-cavity adopts the
deep etching structure etched through active layers, different from other laser cavities. The deep etching structure is
used to realize total internal reflection at the dielectric boundary with a high-low refractive index contrast for a small
bending radius, but it also brings a lot of defects and damages to the etching interface including the active layer,
especially the non-radiative recombination centers. The non-radiative recombination centers absorb the photons
released in the radiative recombination process and become the dark spot defects. The energy emitted by the non-
radiative recombination is transformed into lattice vibrations through phonon emission and can give rise to the low-
temperature defect motion. Thus the dislocations in the active layer begin to be generated and deformed.
Simultaneously, the etching interface absorbs the energy emitted by the non-radiative recombination, its temperature
rises and defects increase. The generated heat becomes more and further promotes the increase of defects. The high
optical field intensity at the etching interface of WGM micro-cavity laser will also accelerate the expansion of defects
and damage. Therefore, the deep etching structure accelerates the degradation of WGM micro-cavity lasers. In
order for them to work stably in their application system, it is necessary to study the reliability of WGM micro-cavity
lasers that has not been studied before, and to examine their lifetime at optimum operating conditions.

Methods In order to analyze the lifetime of WGM semiconductor micro-cavity lasers, the InGaAsP/InP multiple-
quantum-well coupled-circular micro-cavity laser is measured by the constant current aging test at 100 mA for
1400 h. The constant current aging test requires only measuring the output power under a constant current at an
interval of several hours or days. Before the aging test, the selected laser should be screened to prevent performance
instability, degradation or failure in the early stage of the aging test. The appearance of the laser needs to be
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checked, including its structure, morphology, and etching depth. The power-voltage-current (P-V-I)
characteristics are also investigated to determine whether the laser is on or leaked. The value of inflection point of
the V-I curve, i.e. threshold voltage, should be about 0.7 V. The P-V-I curve and output spectrum of the laser are
measured every 24 h. During the aging test, the ambient temperature varies from 18 C to 26 C.

Results and Discussions During the aging test, the output power and threshold current of the micro-cavity laser
versus time are shown in Fig. 4, and the change of ambient temperature, as an important influence factor, is also
plotted in this figure. The output power decreases more and more slowly, and the threshold current increases more
and more slowly during the aging test, except the output power changes abnormally in 0—100 h and 670-920 h, and
the threshold current changes abnormally in 335—820 h. The lifetime of the micro-cavity laser can only be evaluated
when the laser is under the gradual degradation mode, in which the performance degrades slowly and the working
state is stable. The variations of the output power and threshold current of the laser during the test are consistent
with those of the semiconductor laser under the gradual degradation mode, except for the three abnormal variations
in 0-100 h, 670-920 h, and 335-820 h. As shown in the output spectrum in Fig. 5(a), the shape of the mode peak
changes obviously at a constant ambient temperature in 0—100 h, so the abnormal decrease of the output power is
affected by the mode change. According to the lasing wavelength curve versus injection current at 670 h, the active
region temperatures at different injection currents are obtained. By fitting and extrapolation calculation, the active
region temperature at 100 mA is 320. 25 K, as shown in Fig. 5(b). Similarly, the active region temperature in
670-920 h is obtained, as shown in Fig. 5(c). The change of the active region temperature is consistent with that of
the ambient temperature except for the change at the 840 h, so the abnormal variation of the output power is affected
by the ambient temperature in 670—920 h. Similarly, the abnormal increase of threshold current is also caused by the
change of ambient temperature in 335-820 h. Therefore, the three abnormal variations of the output power and
threshold current are due to the change of mode or ambient temperature, rather than the change of the degradation
mode. So the laser is always under the gradual degradation mode during the aging test, and the lifetime of the laser
can be evaluated according to the variation of output power. The output power of the laser is reduced by 50 % after
1200 h, that is, the lifetime of the laser is about 1200 h at 100 mA, as shown in Fig. 4(a).

Conclusions The InGaAsP/InP multiple-quantum-well coupled-circular micro-cavity laser with a radius of 15 pm is
measured by the constant current aging test at 100 mA for 1400 h. The variations of laser output power and threshold
current during the test are consistent with those of a semiconductor laser under the gradual degradation mode except
for three abnormal variations caused by the change of mode or ambient temperature, that is, the lifetime of the laser
can be evaluated according to the output power variation. The laser output power is reduced by 50% after 1200 h,
that is, the lifetime of the laser is about 1200 h at 100 mA.

Key words lasers; micro-cavity; reliability; electrical aging test; current stress; lifetime
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