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(GaIn)(NAs) alloy systems have attracted a great deal of attention due to their interesting 

properties such as an extremely large bad gap bowing for a wide range of applications e.g. 

solar cells and optoelectronic devices. However the optical properties of (GaIn)(NAs)/GaAs 

MQWs show several anomalies with inherent strong carrier localisation for example. From 

the point of view of electronic devices surprisingly low minority carrier diffusion length have 

been observed. The detailed reasons for those deteriorated optical and electronic properties 

are unknown up to now.  

 

In the metastable (GaIn)(NAs) material system, which is grown far away from the 

thermodynamic equilibrium, phase separation effects as well as local atomic ordering might 

play an important role, especially as the lattice constant difference of the two binary GaN and 

InAs  constituents is extremely large. This could lead to large inhomogeneous strain fields in 

those quaternary samples depending on the nitrogen content and on the nitrogen distribution. 

 

We carried out in depth TEM investigations on the quaternary as well as both ternary 

(GaIn)As and Ga(NAs) materials, which have been grown by metal organic vapor phase 

epitaxy (MOVPE). By using dark field imaging with two different reflections, one being 

sensitive to the chemical composition and the other one to the strain in the material, we show 

that N induces large strain fields in the (GaIn)(NAs) quantum wells (Fig.1). The chemical 

sensitve image ((200)-DF) shows that there are no fluctuations of the Indium distribution  

throughout the quantum well. Fluctuations of the nitrogen distribution in the order of +/- 0,5% 

can not be detected in this cross sectional geometry due to the low contrast change caused by 

N. However, the strain sensitive image ((202)-DF) depicts large inhomogeneous strain fields 

in the quaternary material. By comparing the images of the (GaIn)(NAs) to those of ternary 

(GaIn)As alloys with identical macroscopic strain, as well as to those of ternary Ga(NAs) 

alloys with identical N content, it can be shown that indeed this technique images the N 



induced strain fields in the material. The density of the strain fields increases with increasing 

N content (Fig.2). 

 

Results depending on different N-concentrations and comparisons between as grown and 

annealed structures are presented. Possible causes as well as impacts on optical and electronic 

properties are discussed. 

 

 

   20nm

(200)-DF

(202)-DF

Figure 1: (200) and (202) dark field images

of (GaIn)(NAs) taken close to the [010] pole

with the respective reflection strongly 

excited. The (200)-DF image (chemical 

sensitive) shows a homogeneous In distribution

throughout the QW, the (202)-DF image 

(starin sensitve) depicts inhomogeneous strain 

fields in the well caused by the presence of 

nitrogen.  
 

 

 

Figure 2: (202)-dark field images of 

(GaIn)(NAs). The density of the strain 

fields increases with increasing N content 
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