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VECSEL are especially attractive for spectroscopic applications due to their high beam quality: A nearly perfect circular 
output beam with small divergence angle of a few degrees only. In contrast, edge emitting lasers emit a strongly 
astigmatic beam with a large aperture angle in the fast axis of up to 60°. Optically pumped VECSEL are easily fabricated 
(no photolithographic processes are needed) and offer testing at wafer level. 
 
So far, mid-IR VECSEL with wavelength longer than 3 µm have been realised with IV-VI narrow gap semiconductors 
(lead salts) only. Their tolerance to defects allows non-lattice matched growth on Si-substrates. Lead salt materials 
exhibit a very low Auger recombination (much lower than in similar III-V materials), laser operation is therefore 
possible up to very long wavelengths (>15 µm) without special complicated designs.  
 
We review our work on these first mid-IR VECSEL: The devices are grown on BaF2 or, preferably, on Si(111) 
substrates by solid state MBE. A few layers only are needed. Bottom Bragg mirror and the active layer may be grown 
monolithically or even separately on different substrates. The active region either consists of a single "bulk" layer like 
PbTe or PbSnSe of a few half-wavelengths thickness. Alternatively, quantum wells (QW) embedded in barrier layers 
like PbSrTe or PbSrSe allow a predetermined choice of the emission wavelengths at a given operating temperature by  
the thickness of the QWs. The top Bragg mirror is curved to define precisely the beam diameter on the active region. For 
VECSEL, pumping is typically performed optically. The pump laser (with typical wavelengths of 1.5 to 2 µm) may 
illuminate the active region from an angle inclined to the emission lasing beam axis for long cavities. Here, multimode 
emission occurs without special precautions. We observed lasing up to ~60° C in pulsed mode, and continuous mode 
emission at lower temperatures [1].  
 
In order to obtain a widely tunable single mode emission, as needed in spectroscopy, the cavity is reduced (<100 µm) 
until only one single longitudinal mode is allowed. A single transversal mode is obtained by either properly focusing the 
pump laser beam to the single mode emission beam diameter, or by using an aperture on the active region. Completely 
modehop-free tuning results by changing the cavity length, e.g. with a Piezo-actuator. Fig. 1 shows the schematic set-up 
of such a device emitting around 3.3 µm, and fig. 2 the observed tuning range of ~100 nm. The temperature of the device 
is stabilized with a Peltier element operating at -28°C. A beam quality factor M2=1.14 is observed when properly 
focusing the pump beam, while M2=4.3 with a 40 µm diameter aperture (Fig.3) [2].   
 



 

 

The active layer consists of  11 PbSe QW (each 9.5 nm thick) with PbxSr1-xSe barriers. Alternatively, we fabricated 
VECSEL with PbTe QW which results in somewhat shorter wavelengths. Still shorter wavelengths are obtained when 
switching to the lead-sulfide system, either with PbS bulk layers, or PbS quantum wells [3]. For wavelengths above ~6 
µm, PbxSn1-xSe bulk layers or QW are employed. 
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Fig. 1. Schematic drawing of a monomode IV-VI on Si  

mid-IR VECSEL. 

 

Fig. 2 Tuning range of a IV-VI on Si mid-IR VECSEL  

vs Pizo-voltage at -28°C. 

 

Fig.3. Single TEM00 mode with θ=3.3° half angle  

Measured with a 40 µm diameter aperture. 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


