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The first generation of solar cells were made by simple p-n junctions of crystalline silicon (Si) with 
efficiencies between 7-8% [1]. From then on, large research effort in the solar energy field has been aimed 
at improving their efficiency and reducing the size of the devices. As an example, GaInP/GaAs quantum 
well tandem cells have been reported to allow the absorption of lower energy photons beyond the GaAs 
bulk band-gap with efficiencies of 34% [2] and inverted metamorphic (IMM) triple-junction III-V solar 
cells on GaAs or Ge substrates have as high as 40% under concentrated illumination [3], III-V multi-
junction technology currently holds the record high efficiency of 46% at 508 Suns [4]. 

Nowadays, attention is paid to exploring multi-junction solar cells based on ternary and quaternary 
alloys (InGaAs, InGaAlAs, InGaAsP, InAlAsSb) on InP. In particular, triple junction solar cells with a 
top junction bandgap energy of 1.75eV are expected to provide a very high efficiency in the conversion 
of light [5]. A promising alloy for the top junction in these devices is the quaternary InAlAsSb, which 
can be grown lattice-matched to InP. The understanding of the structural properties of this material is 
essential to understand and optimize its optoelectronic properties.   

In this communication, we analyse by transmission electron microscopy (TEM) the structural properties of 
an InAlAsSb/InGaAs/InP heterostructures grown by Molecular Beam Epitaxy (MBE). The 
photoluminescence emission of the samples grown at different temperatures shows the presence of sub-
bandgap tail of states, suggesting the presence of compositional alloy variations in the quaternary 
InAlAsSb material. First, we have studied the sample by diffraction contrast in 220 bright field (BF) 
conditions (Figure 1). Strain contrast associated with composition modulation, due to spinodal 
decomposition, have been observed in the InGaAs buffer layer. This phase separation can affect the 
growth of the quaternary layer. In order to characterize possible composition fluctuations in the layers, we 
have analysed the structure by aberration corrected high angle annular dark field scanning (HAADF-S) 
TEM, as shown in Figure 2. Strong contrasts variations have not been observed in these images, 
suggesting that the magnitude of possible composition variations is not large. The simulation of these 
HAADF-STEM images is in progress to help in the interpretation of the images, in order to shed some 
light on the composition distribution in these heterostructures. 
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Figure 1. g220BF image of the sample showing strain contrasts associated to spinodal decomposition in 
the InGaAs buffer layer. 

 

Figure 2. HAADF-STEM image of the interface InAlAsSb-InGaAs, where strong contrast variations have not 
been found.  
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