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Fig. 1. Schematic diagram used to analyze the polar-
ization switching characteristics in 1550 nm-VCSEL

subject to polarization-rotated optical feedback.
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Fig. 3. (color online) PS characteristic curves under different feedback strength at vo = 0.02 ns~1: (a) n =9 ns™1;
(b)yn=10ns"1; (c)p=11ns"1; (d) n =12 ns"1; (e) n = 13 ns~1; (f) n = 15 ns~ !, the insert map in Fig. 3 (f) is
an enlarged picture around the PS point position. Black solid lines and red dashed lines represent the XP and YP

modes, respectively.
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Fig. 5. (color online) The relationship curves between the feedback strength and the PS point position: (a) u = 1.5;
(b) p=4.5; (¢) p=5; (d) p =8 (Black solid lines and red dashed lines represent XP and YP modes, respectively).
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Abstract

The polarization switching (PS) characteristics of vertical cavity surface emitting lasers (VCSELs) have received
sustained attention for the past years. With the development of manufacturing technology, the performances of 1550 nm
VCSELSs have been improved, however the researches on the PS of 1550 nm VCSELs are relatively inadequate for the PS
characteristics in the long-wavelength VCSELs may have wide application prospects in optical information processing
and optical communications. In this paper, based on the extended spin-flip model (SFM), we theoretically investigate
the PS with low power consumption induced by optical feedback in long-wavelength VCSELs. Results show that the PS,
which is failed to realize in free-running long-wavelength VCSELs, can be achieved by introducing a moderate-strength
polarization-rotation optical feedback. By comparing two different linear dispersion effects, some interesting phenomena
have been found. For weak linear dispersion, the PS is relatively easy to realize for a low injection current level, and
the range of feedback strength used to control the PS is wide. However, for strong dispersion effect, the PS cannot
be obtained all the time since two mode-coexisting zones will appear, and the value of injection current where the PS
happens is relatively high. Meanwhile, as observed in short-wavelength VCSELs, the polarization mode hopping and
multiple PS have also been found in long-wavelength VCSELSs, indicating that the physics nature thet induces the PS
is similar for both long and short wavelength VCSELs. In addition, because the PS in long-wavelength VCSEL is more
difficult to realize as compared with that in short-wavelength VCSELSs, reasonable analyses and explanations may be as
follows: since the linear dispersion effect in 1550 nm-VCSEL is much stronger than that of short wavelength VCSEL,
the frequency difference between the two linear polarization modes is up to 60 GHz (or 0.48 nm), thus leading to the
decrease of the correlation between two linear polarization modes. As a result, it is relatively difficult to obtain the PS
phenomenon at low injection current level in long-wavelength VCSEL; while using suitable polarization-rotated optical
feedback can partially compensate the deficiency of this correlation. We believe that the results obtained in this work

will be helpful in investigation of low power consumption for all optical buffers by using long-wavelength VCSEL:s.

Keywords: long-wavelength vertical-cavity surface-emitting lasers, polarization-rotated optical feedback,

polarization switching
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