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Fig. 1. Schematic cross-section of 1550 nm VCSEL structure.
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Fig. 2. (a) Separation of valence band energy level of 6 nm
Aly6GagInAs quantum wells; (b) the gain spectra of
quantum well under different carrier density.
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Fig. 3. Simulation results of the current-voltage curve of
tunneling junction mesa; the insert shows the energy band
structure under the bias voltage of 1 V and the schematic

of carrier transmission process.
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Abstract

We report on a 1550-nm vertical-cavity surface-emitting laser (VCSEL) with single mode power of
0.97 mW. The quaternary AlGalnAs quantum well is designed to improve the gain level in an active region.
The mesa structure with tunneling capability is designed and fabricated to achieve the efficient carrier injection
and the transverse mode guiding. The distributed Bragg reflector (DBR) mirror of 1550 nm VCSEL consists of
the semiconductor DBR and outer dielectric DBR. The central wavelength of VCSEL is 1547.6 nm. The
maximum output power of 2.6 mW is achieved at 15 C, and the maximum single-mode output power is 0.97 mW.
The side mode suppression ratio (SMSR) can reach more than 35 dB. The maximum output power decreases
with operation temperature increasing. However, the maximum output power of more than 1.3 mW is also
gained at 35 °C. The shift coefficient of the central wavelength varying with the operation current is 0.13 nm/mA.
And the wavelength shows a stable shift with the operation current in the single-mode working region, which

indicates the application possibility in the field of gas detection.

Keywords: vertical-cavity surface-emitting laser, long wavelength, single-mode operation, optical commu-

nication, sensing and detection
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