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A vertical cavity surface emitting laser (VCSEL) is considered as a candidate to
implement injection-locked laser aystem that is proposed recently for solving Ising
model which is regarded as a NP-complete problem in a 3D model. In the proposed

scheme, two orthogonal polarization modes of a VCSEL represent up and down

spins, o,ando,, of an Ising model , H=(3J0,0,340,).
= T

Each VCSEL, which works as a Ising spin, is coupled to other VCSELs (slave
lasers) by mutual injection locking. We study the gain anisotropy of polarizations
in VCSELs and introduce rate equations for analyzing the internal cavity photon
fields, carrier numbers of vertical and horizontal polarization starting with the
quantum mechanical Langevin equations for an injection-locked laser. Detuning
parameter is determined by the frequency difference between a master laser and a
slave laser. The internal and external cavity photon numbers, carrier numbers in
a cavity and relative phase difference between a master laser and a slave laser are
obtained in vertical and horizontal polarizations as a function of detuning. We
have observed those characteristics by using a 862nm single mode VCSEL. Our
experimental setup is shown in Figl. Output photon numbers from a free running
VCSEL in both linearly polarizations and we find that the spontaneous emission
coupling efficiency Bis 10°4. It has been shown that when injection locking occurs,
output field is reduced by the effect of an internal loss in a cavity which is
quantitatively consistent with the above-mentioned theory. In the case of
semiconductor lasers, a master laser frequency which is locked to a slave laser on
resonance, where a master and a slave laser are in-phase, is red shifted due to the
linewidth enhancement factor. This asymmetric behavior of detuning dependent
output photon field is experimentally observed. A detuning parameter is observed
to be red shifted where a slave and a master laser are estimated to be in-phase
theoretically. We also observe that the frequency difference between vertical and
horizontal polarizations is less than 4.1 GHz. We will present our recent

experimental result about the polarization switching of VCSELs.
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