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55 °C (fig. 1, b, curve 4 ), the first point disappears from the operating range altogether, while the second point 
shifts to an even larger range. Such results can be easily explained on the basis of the phenomenological model 
under consideration, if we assume not only a relative «vertical» shift of the k y curve with respect to k x, but also 
a significant «horizontal» shift (see fig. 1, b). It should be noted that for curves 2 and 4 (see fig. 1, b), the second 
points of intersection (these are switches of the same type 1) are outside the operating range, as illustrated by 
the introduction of the threshold current value in fig. 1, b.

These examples are not proof of the adequacy of the proposed model, but rather show its potential in terms 
of interpreting the observed experimental results. Moreover, the data used for the analysis are in a certain sense 
fragmentary: the work [32] is devoted to the substantiation of the thermal mechanism of PS and the data on the 
temperature dependence of PS points are rather illustrative, and in the paper [8] the main emphasis is placed on 
the study of the multimode mode depending on the value of the transverse aperture VCSEL, in which the PS 
process does not have a complete form (the values of the degree of polarisation do not reach the limit values), 
i. e. there are both polarisation modes, but with different intensity ratios.

At the same time, the analysis shows that the availability of a sufficient amount of experimental data in 
principle makes it possible to calculate the approximate behaviour of kmn parameters under temperature change. 
However, there are some doubts as to whether the behaviour of the PS points can be reduced to a relative shift of 
the k x and k y curves. To analyse this situation, let’s turn to the analysis of experimental data presented in [9; 34] 
for long-wave VCSELs. The point is that the position of one PS point practically does not depend on the 
temperature of the emitter, while the second one behaves very specifically (fig. 2, a) – first, with an increase 
in temperature, the PS current value drops, then the PS point disappears altogether, and then it appears at sig-
nificantly higher currents and gradually decreases to the values for the first PS. This behaviour of the second 
point indicates the possibility of the existence of some discontinuity region, which may arise due to the small 
difference between the values of k x2  and k y2  (fig. 2, b).

Indeed, if we assume that within a certain range of temperatures the ratio is fulfilled

4 2 2 0 0 1 1

2

k k k k k kx y x y x y�� � �� � �� �

for jp1 2� � values, approximate relations can be obtained
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If we further assume that the parameters k kx y0 0−  and k kx y1 1−  change with temperature in approximately 
the same way, then the value of jp1 remains approximately constant in this interval. If we now assume that for the 
same temperature range the difference k kx y2 2−  changes sign (i. e. passes through zero), then a range of values 
jp2 is formed that goes far beyond the range of permissible values, which is illustrated by the dependencies 
given in fig. 2, b.

However, the situation is not as simple as it seems: according to the earlier analysis, for the simultaneous 
existence of two positive roots of equation (4), certain ratios of the kmn coefficients must be met, i. e. a change 
in the sign of the difference k kx y2 2−  must be accompanied by a change in the signs k kx y0 0−  and k kx y1 1− , 
although here a certain shift in the corresponding temperature values is possible (and most likely inevitable). 
Indeed, if we assume that all three differences turn to zero at the same temperature, then it turns out that the 

Fig. 2. Temperature dependence of PS points of different types according to the results  
of experimental studies by the authors [9; 34] (a); qualitative behaviour of the roots  jp1 and  jp2  

in the region of the formal extinction of  jp2 (b). The range of valid values for PS points is shaded


