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Abstract 

We analyze the transverse modes of small index confined VCSELs as a func- 
tion of aperture size and show that thermal lensin'g will influence strongly 
the spectrum of small (< 3pm) lasers. 
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The performance of vertical cavity surface emitting lasers (VCSELs) has 
improved greatly in recent years [1],[2],[3]. Much of this improvement can 
be attributed to  the use of native oxide layers within the laser structure, 
providing both electrical and optical transverse confinement. Understanding 
this optical confinement will be vital for the future realisation of yet smaller 
lasers with ultralow threshold currents. Here we report the spectral and 
modal properties of small (0.5 pm to 5 pm current aperture) VCSELs and 
identify Joule heating as a dominant effect in the resonator properties of the 
smallest lasers. 

The lasers studied here were AlGaAs structures with semiconductor 
DBRs where the selectively oxidized confinement layer is pulled back 3 mir- 
ror periods from each side of the active region to produce a lateral effective 
index difference of 0.05 [3]. A series of lasers with different aperture sizes 
were fabricated by etching square mesas through the active region and ox- 
idising laterally the high A1 content layer [4]. The difference in side length 
between succesive mesas was 0.5 pm. The lasers were operated on a tem- 
perature controlled probe station and the laser emission was coupled to a 
monochromator with 24 GHz resolution. 

In Fig. 1 we plot, for a 1 pm laser, the separation between the 0th and 1st 
order transverse modes versus the injection current. The large modal split- 
ting is indicative of the strong index guiding in these VCSELs. The increase 
of the separtion with injection current is attributed to the contribution of 
a parasitic index profile (thermal lens) induced by Joule heating which in- 
creases the transverse optical confinement and thus the mode separation. 
Similar measurements were carried out on lasers with varying aperture sizes 
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as shown in Fig. 2. Fig. 2 demonstrates that  the rafe of change of the modal 
separation is greatest for the smallest VCSELs and that the effect vanishes 
for devices larger than N 3pm implying that thermal lensing effects have 
little impact on broad area VCSELs. 

To further investigate the resonator characteristics, measurements were 
made of the size of the fundamental mode as a function of the oxide aperture 
size as shown in Fig. 3. The data were taken at l.lith, the lasers being im- 
aged onto a CCD array by an  ~ 5 0  IR microscope objective. For the larger 
devices the mode is smaller than the aperture and decreases as the aperture 
decreases. For apertures N 3pm the rate  of mode size decrease slows and 
thus the mode fills the aperture more fully. Eventually for devices < 1.5pm 
the mode becomes larger than the aperture and increases as the aperture 
decreases[5]. The behavior of the optical mode for small (< 3pm) apertures 
is consistent with the influence of a parasitic thermal index profile poten- 
tially present in the smallest cavity VCSELs. Note this effect will effectively 
limit the effective cavity diameter, and should be taken into consideration 
for ultralow threshold VCSELs. Further characterization of effects due to  
thermal lensing in small .area selectively oxidized VCSELs will be reported. 
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FIGURE CAPTIONS 

Figure 1 - Separation of 0th and 1st order transverse modes for 1pm VCSEL 
plotted against injection current. Heat sink temperature 23 C. 

Figure 2 - Rate of change of mode separation withinjection current plotted 
versus VCSEL oxide aperture size. 

Figure 3 - Width of 3 dB points of fundamental Gaussian mode a t  1.1 
times threshold current plotted against VCSEL oxide aperture size. 
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S eparation of Transverse Modes versus Current 
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Figure 1 
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Figure 2 
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Mode Size versus Aperture Size 
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Figure 3 
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