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Introduction

VCSELs operating at 1.55 µm represents big interest as laser source for optical telecommunication network. They present many advantages like their circular beam, spectral and spatial single-mode providing very efficient fibre coupling, their low-cost production give by the possibility to test each laser directly on the wafer. The main problem related with this VCSEL structures is the instability of the optical polarization [1] due to the circular symmetry design of its cavity. Different solutions have been carried out to control the polarization like using surface gratings [2], inserting birefringent material as one of the two Bragg mirrors [3,4], etching elliptical mesa [5]. But these approaches need particular materials or increase the complexity of the device realization. Therefore, it would be preferable to utilize an active region based on anisotropic polarization gain to solve the problem of the polarization. VCSEL based on strained quantum-wells (QWs) grown on (311)A or (311)B oriented substrate evidences a strong polarized laser emission [6,7]. Another solution to get an active region with gain anisotropy without using a special substrate may be the QWires growth on InP(100). QWires structures have shown a polarization anisotropy of photoluminescence (PL) [8]. In contrast to the QWs these nanostructures present lot of advantages like lower threshold current, modulation at higher frequencies. In this letter, we present the growth and characterizations of InAs QWires on InP, the fabrication of a VCSEL device with an active region based on QWires.

Growth and characterizations of the QWires

InAs QWires have been grown on lattice matched Ga 0.2 In 0.8 As 0.435 P 0.565 (Q 1.18 ) alloy by gas source molecular beam epitaxy (GS-MBE), on (001) oriented InP substrate. After oxide removal and buffer growth, growth conditions have been carefully optimized in order to favour the spontaneous formation of QWires following the Stranski-Krastanov growth mode.

Figure 1 is a 1 × 1 µm 2 atomic force microscopy (AFM) image, realized in contact mode, of samples containing five layers of QWires, separated by a 30 nm thick Q 1.18 spacer layer, the last layer being left uncovered for AFM measurement. QWires are clearly formed, and aligned along the [ 0 1 1 ] crystallographic axis. This preferential orientation mainly comes from an anisotropic stress relaxation, as already observed by several groups [9]. The surface organisation of QWires appears compact, and an important linear density of 30 µm -1 can be deduced. The structural dimensions of QWires, width, height and length have been measured to be respectively, 25 nm, 2-2.5 nm and 500-700 nm. Figure 2 presents optical polarization dependent photoluminescence (PL) spectra for two different samples, the first one containing six layers of optimized QWires separated by a 30 nm spacer layer, and the second one seven layers of conventional InGaAs quantum wells (QWs), both being grown on InP(001) substrates. In order to measure the polarization rate of emitted light, a polarizer has been inserted between the sample and the input slit of the monochromator. The polarizer position 0° corresponds to the situation when the polarizer axis is collinear to the [110 ] substrate orientation, and 90° to [ 0 1 1 ]. The intensities have been normalized on the intensity at 0°. The QWs sample exhibits a PL spectrum centred at 1.56 µm, and full width at half maximum (FWHM) close to 90 nm. By changing the polarizer orientation, a slight intensity reduction is observed, as already reported for such InGaAs/InP hetero-interfaces [10]. Increasing this variation appears to be quite difficult, as the interface has to be controlled at the atomic scale.

The QWires sample presents a PL spectrum also centred at 1.55 µm, and a larger 180 nm FWHM compared to QWs, related to the height dispersion. An important reduction of the intensity is observed when changing the polarizer orientation from ). These results reveal a PR of 33% which is comparable with InAs QWires grown on InAlAs, evidence of the high quality of the growth [8]. This confrontation underlines the great interest in QWires compared to QWs for the realization of VCSEL structures.

Micro-cavity realization

Figure 4 is a schematic of fabrication process of VCSELs structure. In order to get a high reflectivity and a good thermal conductivity, dielectric materials have been preferred to epitaxial mirrors [11]. The dielectric materials used are amorphous silicon (a-Si) and amorphous silicon nitride (a-SiN x ) deposited using a magnetron sputtering system. A large 1.9 optical index contrast at 1.55 µm wavelength enables the realization of efficient DBR mirrors achieving a 99.5% reflectivity with four and half periods. The 3.5λ-cavity active region consists in InGaAs/Q 1.18 QWs or InAs/Q 1.18 QWires on (001)InP realized by MBE and designed to optimize the absorption of the optical pump and maximize the stationary field overlap with the QWs or QWires (step 1). The lower Bragg mirror of 6 periods is deposited directly on the active region (step 2). An Au-In eutectic bonding is employed to transfer the sample on a silicon substrate (step 3, 4, 5). An epoxy resin is applied on the side of the component to protect the active zone while removing the InP substrate by mechanical polishing and chemical etching (step 6, 7). The cavity is thus tuned in order to match the cavity mode with the active region PL emission. The process ends by the deposition of the second Bragg mirror constituted by 5 periods (step 8).

QWs and QWires VCSELs characterizations

The photopumping experiment consists in focusing a laser beam with a microscope objective on the front mirror of the VCSEL with a spot diameter of 10 µm. A CW YAG laser emitting at 1.064 µm is used to pump optically the structure. The design of the VCSEL is determined by the size of the spot.

Result

Figure 5 shows the lasing spectra of the VCSEL with an active region based on 3 × 3 QWs (3 groups of 3 QWs located at each maximum field) with in inset the output power as a function of the density excitation pump power. The VCSEL showed a single mode spectrum at 1.578 µm under CW operation. The single mode laser emission is provide by the small size of the spot diameter of pump laser and the short cavity of 3.5λ. The laser emission has been obtained up to 35 °C. As can be seen the lasing spectra at room temperature present a maximum output power of 380 µW and a threshold power density of about 40 kW.cm -2

. A roll-over of the output power curve can be seen for a pump density power higher than 45 kW.cm . This phenomenon is occurred by the thermal heating of the microcavity. This thermal problem is well known for the VCSEL [12][START_REF] Piprek | Proc. SPIE[END_REF][START_REF] Guden | [END_REF]. Because QWs exhibit a small PR as previously observed at the Fig. 3, the polarization of the laser emission is not stable and changes at any time and at any place on the sample, because of thermal and defect features. Figure 6 shows PL spectra of the VCSEL realized with an active region based on 3 × 3 layers of QWires. As can be seen two cavity modes are present at 1.36 µm and 1.53 µm. Note that these QWires structures have recently demonstrated laser emission in edge emitting lasers containing three QWires layers, and they exhibit good properties at room temperature (a 90 A/cm 2 infinite threshold current per QWires layer, a 60 K characteristic temperature) (to be submitted). Nevertheless, QWires VCSEL does not present any laser emission, mainly because of a too weak modal gain. Two reasons can explain this low gain. First we have a size dispersion of the height of the QWires so a dispersion in the wavelength emission of the structure which induce a reduction of the gain for each wavelength. Second the height of the QWires is three times smaller than the thickness of the QWs, resulting in a lower overlap between the stationary field and the QWires, decreasing the effective modal gain. The inset compares the PL spectra of the parallel [ 0 1 1 ] and perpendicular [110 ] directions to the long axis of the QWires. The PL intensity in the direction [ 0 1 1 ] is more important than the PL intensity in the direction [110 ] and gives a PR of 33% like for the structure of 6 QWires layers. That shows the conservation of the QWires properties in the microcavity and it is promising to get the control on the polarization of the laser emission.

Conclusion

We have grown and studied optically InAs QWires on InGaAsP/InP(100). They are well organized on surface and aligned in the direction [ 0 1 1 ]. They exhibit a peak of PL at 1.55 µm with strong polarization dependence. Using QWires, an increase of the PR has been obtained compared to QWs (33 and 11% respectively in the direction [ 0 1 1 ]). These properties of QWires are preserved in the microcavity. The modal gain provided by the 3 × 3 layers of QWires is too weak to reach the laser emission. Further optimizations are needed, like increasing gain by stacking more layers, and reducing spacers thickness. All these results should be promising for the realization of a VCSEL with a stabilized polarization.
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 1 to [110 ]. This clearly indicates that QWires emitted light presents a stronger polarization rate (PR), regarding the alignment of QWires on the substrate. Going further, Fig. 3 compares the integrated PL intensity (without any monochromator) performed on the same samples, depending on the orientation of an analyser inserted between the sample and the InGaAs photodiode. The reference angle (0°) has been fixed when the optical axis of the analyser is collinear to the [110] crystallographic direction. The PR is estimated as following: presents a rather homogenous variation, with a PR of 11%. QWires sample exhibits important variations, with a clear minimum for an orientation perpendicular to the QWires ([110 ]), and a maximum of integrated PL intensity when the orientation is along the QWires ([ 0 1 1 ]
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