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Optimization of self-mixing modulation in VCSELs for sensing
applications

David Larsson, Kresten Yvind, and Jern M. Hvam
Department ofPhotonics Engineering, NanoDTU, Technical University of Denmark, 2800 Kgs Lyngby, Denmark

Light that is fed back into a laser, so-called self-mixing interference (SMI), can have detrimental
effects when the laser is used in optical communications [I]. On the other hand SMI can also be used to
measure distance, velocity and displacements [2]. SMI changes the conditions for the threshold gain and
phase and thus alter threshold current, differential quantum efficiency, laser power and wavelength. We have
recently experimentally demonstrated SMI in a standard, commercially available, single-mode VeSEL as a
means for measuring very small deflections of micrometer-sized cantilevers [3] (Fig. la). Here, we have
numerically investigated SMI in an oxide aperture veSEL to optimize the epitaxial structure for higher
performance. The standard investigated structure is emitting light at 970 om from 3 InO.17Gao.83As/GaAsP
QWs sandwiched between 36 pairs of bottom mirror and 23 pairs of top mirror (AlxGal_xAs). The mirrors are
doped with N, = 2.5*1018 and N, = 2.0*1018 and doping loss is accounted for when calculating the
reflectivity.

The calculations are based on matrix multiplication for calculating effective reflectivity and
transmission with external feedback, combined with a logarithmic gain model and standard laser rate
equations. Thermal effects are not included. A weak effective external reflectivity of 0.02% (including
coupling losses due to mode expansion in 35 urn air) is used as external feedback on the top side of the
VeSEL.

The self-mixing signal is measured by measuring the output power from the laser through both the
top and bottom side. The modulation strength of the power self-mixing signal can be expressed by the
visibility, V = (Pmax-Pmin)/(Pmax-Pmin)' The visibility is directly proportional to the strength of the feedback [2],
but for a fixed feedback the modulation strength is a strong function of the laser current peaking around the
threshold and with a plateau at high currents, Fig. 1b. The peak visibility can be increased by decreasing the
reflectivity of the mirror facing the feedback such that the laser effectively feels more feedback. However,
this also increases the threshold losses and current and thus the maximum visibility will be limited by the
maximum available gain before thermal effects hinder lasing. However, by increasing the number of
quantum wells to 2*3 in a 2A-cavity, such that all wells experience the maximum optical field, the current
threshold increase from lowering the mirror reflectivity can be minimized. This 2*3 well configuration is
possible because the laser will not be modulated at high speed.
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As a summary we have shown how to improve the sensitivity towards self-mixing interference in
VeSELs by simple epitaxial means and this should enable us to e.g. measure smaller bending deflections of
cantilever sensors.
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