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TECHNICAL ABSTRACT   
Epitaxial quantum dots (QDs) exhibit a high potentials for optoelectronic devices [1]. With respect to mid-infrared 

emitters, however, it has turned out that narrow band gap semiconductor QDs produced by the Stranski-Krastanow (SK) 
mode usually exhibit an unfavorable type II band alignment due to the high strain in SK dots [3]. Thus, the emission 
efficiencies are low and as a result QD lasers have been restricted to the visible and near-infrared region. Colloidal 
nanocrystals [2], on the other hand, exhibit exceptionally high quantum efficiencies but the realization of lasers has 
remained elusive due to the strong increase of the non-radiative Auger recombination rates for small nanocrystals.   

In the present work, we demonstrate the first mid-infrared quantum dot lasers fabricated from the novel PbTe/CdTe 
quantum dot system [4]. This system combines the virtues of both nanocrystals and epitaxial quantum dots, in that the 
synthesis is strain-free, resulting in highly symmetric QDs without any 2D wetting layer in a full epitaxial process 
compatible with GaAs substrates. PbTe quantum dots were obtained by molecular beam epitaxy, starting from thin 2D 
PbTe layers embedded in CdTe. The particular feature of the PbTe/CdTe material system is the complete immiscibility 
caused by the rock salt / zinc blende lattice-type mismatch. Thus, 2D layer are transformed into isolated quantum dots by 
phase separation as exemplified in Fig. 1(c), which is driven by interface minimization rather than heteroepitaxial strain. 
Due to the very large difference in band gaps and the resulting large quantum confinement, the PbTe QDs display strong 
MIR emission at room temperature and a wide wavelength tunability from λ = 1.4 to 4 µm by control of the dot size.  

For realization of the quantum dot lasers, PbTe quantum dots were embedded in a free-standing microdisk structure 
as shown in Fig. 1(d), produced by lithography and wet chemical etching by taking advantage of the high etch selectivity 
achieved between CdTe and GaAs. Microdisk lasers exhibit a very high finesse of the resonator structure due to the 
whispering gallery modes resulting from internal total reflection at the circumference of the disk. Moreover, the air gap 
beneath the microdisk also produces also a very efficient vertical mode confinement. Optical pumping using a Nd:YAG 
lasers yields cw-mode laser emission between λ = 4.7 and 3.7 µm wavelength in the temperature range from 10 to 200K 
as shown in Fig. 1(a) and (b). Pulsed mode emission is achieved up to room temperature. By improved processing and 
better heat dissipation higher operation temperatures should be obtained.  
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Fig. 1: Mid-infrared PbTe/CdTe quantum dot laser with a free-standing microcavity structures. (a) 
Cw-mode emission spectrum at 200 K and (b) output intensity versus pump power at 200 K using 
a YAG pump laser. The cross-sectional transmission electron microscopy image of the PbTe 
quantum dots and the schematic illustration of the microdisk laser structure is shown in (c) and (d), 
respectively.  


