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There is one more important observation that needs to be made, which is important for further analysis. 
In the case of VCSELs, there are two types of PS, frequency reduction (type 1) and frequency upscaling 
(type 2) [11; 12], assuming that polarisation modes have different frequencies. In SFM models, these types of 
transitions are associated with different birefringence values [6; 7]. However, in the single-frequency approxi-
mation used in this paper, this classification cannot be used. At the same time, PS is a switch from one linear 
polarisation to an orthogonal polarisation. Within the framework of the approach under consideration, the 
PS points are determined by the intersection of the k jx � � and k jy � � curves, and since these are second-order 
curves, the type of switching point can be related to the nature of the change in the orientation of the amplitude 
vector of the generated radiation. In particular, if the initial orientation (after the generation threshold has been 
passed) is associated with the axis x, then the switch x → y can be called the first type of switch, and the reverse 
switch can be called the second type. Such definitions correlate well with those used in the modelling of thermal 
processes (see, for example, [29]), which also use a single-frequency approximation.

It’s worth to introduce a few more additional restrictions on the appearance of the k jx � � and k jy � � curves, 
which will be convenient for subsequent analysis. Let us consider the values k x0  and k y0  to be positive, since it 
concerns the formal definition of the origin. Further, let’s assume that k1m and k2m have different signs, which 
can be attributed to the large range of linearity of the output characteristics. Moreover, for the same reasons, 
k2m should be considered negative, which is more consistent with the processes of thermal breakdown of gene-
ration. It is easy to see that the assumptions made are not fundamental, but they greatly facilitate the qualitative 
interpretation of the experimental data published in the literature.

Let’s start with the results published by the authors [8] on the shift of PS points during temperature increase 
for laser emitters based on AlxGa1 – x As heterostructure emitting at a wavelength of 850 nm. The main result 
of this work is related to the fact that when the temperature of the emitter rises (from 273 to 323 K), the first 
point of the PS (according to the accepted convention, this is the transition of type 1) «slides» into the region 
of lower values of the injection current, and the second (transition of type 2), on the contrary, goes to the re-
gion of higher values, and the magnitude of the effect depends on the aperture of the emitter. Such an effect 
can be easily explained by assuming, for example, a decrease in the k kx y0 0−  difference with an increase in 
temperature (compare curves 2 and 3 in fig. 1, a), which leads to some relative «vertical» shift of the k y cur ve 
with respect to k x, although a somewhat more complex variant is actually realised, since a change in only the  
va lue of k y0  will inevitably lead to a small «horizontal» shift of the k y curve, since the maximum of the k y 
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 In other words, there is a rather complex variant of the kmn pa-

rameter change with a change in temperature, but the presence of a dominant «vertical» shift makes it possible 
to qualitatively explain the observed effects [8].

At the same time, in order to explain the results for the same type of emitter (quantum-dimensional QW 
GaAs /AlGaAs VCSEL) [32], it is no longer enough to consider the dominant «vertical» shift. According to the 
data [32], if only the first point of PS is observed at a temperature of 10 °C (fig. 1, b, curve 2), then when  
the temperature rises to 15 °C (fig. 1, b, curve 3), the first point shifts to the area of lower current values, but 
a se cond one appears with a slightly higher value of injection current. Finally, when the temperature rises to 

Fig. 1. The relative position of the kx (1) and k y (2– 4) curves with increasing temperature  
to explain the results of [27] (a) and [30] (b). Remember, that k k Ty y� � � and T2 < T3 < T4,  

where the temperature index corresponds to the number of the curve


