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We report on the design and fabrication of a 1.55µm wavelength VCSEL which consists of two dielectric Bragg mirrors and a InGaAsP based active region. The dielectric materials are amorphous silicon (a-Si) and amorphous silicon nitride (a-SiN x ). Thanks to the high index difference, a high reflectivity of 99.5% and a very large spectral bandwidth of 800 nm are reached with only four and a half periods of a-Si/a-SiN x . The VCSEL was fabricated by metallic bonding process. A laser effect has been obtained at room temperature (RT) on an optically pumped device.

The lack of high quality InP-based DBRs (Distributed Bragg Reflector) with the required thermal, electrical and optical performance generated the development of several techniques to realize VCSEL emitting at 1.55µm. Wafer fusion of AlGaAs based DBR on InP/InGaAsP optical microcavities allows to obtain continuouswave operation (CW) thanks to good thermal properties of AlAs and GaAs materials 1 . However, a high quality surface preparation and high-temperature are required to ensure a good interface bonding quality. The hybrid technique which consists of replacing an epitaxial mirror with a dielectric DBR has been used to obtain highreflectivity 2,3 . Another approach is to employ a metallic bonding, where the active region is sandwiched between two dielectric Bragg mirrors. This method uses a low-temperature process and the bonding interface is formed outside the VCSEL cavity which ensures good interface quality between the active region and the DBR.

In the present work, we report the fabrication and characterization of an original dielectric DBR realized by a magnetron sputtering system. The dielectric materials used are amorphous silicon (a-Si) and amorphous silicon nitride (a-SiN x ). A Bragg mirror of four and a half period has been characterized by reflection measurement (Fig. 1). An experimental reflectivity near 99.5% has been measured with a spectral bandwidth of 800 nm. The stability of the Bragg mirror at RT has been verified for a long time (few months) and no variations of the reflectivity has been observed. The DBR mirror is also found to be very stable when it was annealed up to 240°C and stored. This stability of reflectivity with time and temperature allows us to use it with a metal bonding process. A VCSEL cavity has been realized with two a-Si/a-SiN x Bragg mirrors using a metallic bonding method. A first a-Si/a-SiN x Bragg mirror, of five and a half periods has been deposited on an InGaAsP based active region. First, the cavity and the DBR are bonded on a silicon substrate, the DBR is located at the bottom of the device (Fig. 2). InP substrate is removed by mechanical polishing and selective etching. Then, a second deposition of five periods of a-Si/aSiN x is realized to obtain the front mirror of the VCSEL. As it is illustrated on Fig. 2, a good agreement is obtained between simulated and experimental reflectivity of the device. This result proves that the device has not been perturbed by the metallic bonding process. The VCSEL has been tested under optical pumping with a Q-switched YAG laser at 1.064 µm wavelength and shows lasing spectra at RT with an excellent spectral purity. 
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 1 Fig 1: Simulated and measured reflectivity for the DBR with a four and half periods of a-Si/a-SiNx