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Here we present several strategies for TEM/STEM analysis of InAs quantum dots (QDs) formed in 
GaAs matrix under subcritical deposition conditions in Stranski Krastanow growth [1].  While typical 
QD formation in such growth mode usually includes two materials, A and B (e.g. GaAs and InAs) where 
B lattice mismatched to substrate A, the new approach involves a third material, C (e.g. AlAs), that 
allows for a better control of size and distribution of QDs. It was shown that introducing the third 
material significantly affects the surface morphology [2] and leads to the formation of QD structures 
with a thinner wetting layer and a reduced accumulated strain. FEI-Titan 80-300 electron microscope 
operated at 300kV was employed for evaluation of QD structure and chemical composition in both TEM 
and STEM modes. TEM analysis provided an evidence for a new growth mechanism for QD formation 
below critical thickness in InAs/AlAs/GaAs QD structures.  
 
Based on the experimental data, we propose the deposition of B below the critical thickness (Fig. 1), 
where a wetting layer forms but no 3D islands form yet, followed by the subsequent deposition of 
material C that does not wet B and has a small or zero mismatch to A. Theory addressing close to
surface equilibrium growth conditions [3] is developed for a three materials system. The earlier model 
[4] accounting elastic strain relaxation due to island formation, strain induced renormalization of the 
surface energy, relaxation at the island edges, and elastic repulsion between islands is further extended 
including B/A wetting  and C/B non wetting conditions and the instability of a B C surface alloy 
against phase separation. The model reveals surface structures containing B rich domains and C rich 
domains of the wetting layer and the onset of 3D B rich islands at an amount of the deposited B smaller 
than the critical amount in the reference B/A system.  
 
Experimental proof has been given for a subcritical deposition of 1.5 monolayers (ML) InAs on GaAs 
followed by the deposition of 0.5 ML AlAs. Cross sectional scanning transmission electron microscopy 
(STEM) images taken at chemically sensitive conditions reveal the formation of AlAs rich domains in 
the wetting layers (Fig. 2), in agreement with the model. Photoluminescence spectroscopy (PL) shows a 
~185 meV red shift of the PL peak upon the deposition of AlAs (Fig. 3), related to the formation of In
rich 3D islands (QDs).  
 
The advantages of the new growth mechanism includes less accumulated strain in the wetting layer 
hindering the formation of structural defects and allowing defect free active medium for optoelectronic 
devices for a broader spectral range. This is particularly important for stacked QD structures. The 
phenomenon is expected to be universal and applicable also to other materials systems like 
GaN/InN/AlN, etc. 
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