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    The microstructure and nanostructure of materials are well known to be decisive for many 
macroscopic properties[1-3]. Materials can be characterized on the nanometer scale for composition 
and atomic structure using the transmission electron microscope (TEM). However, TEM normally has 
many restrictions. Good sample preparation is an integral part of the process, and different analysis 
modes often have to be combined. High-resolution transmission electron microscopy (HRTEM) usually 
need the samples to be less than 20 nm [4, 5] to get reliable results for atomic positions. However, 
useful and unique information is obtainable in thicker samples [6]. Here, nanodiffraction and spatially 
resolved spectroscopy are presented as means to extend the information available from TEM of 
heterojunctions and grain boundaries, especially for determining relative atom positions and strain.  
    Nanostructures such as the epitaxially grown semiconductor nanowire depicted in figure 1a) were 
analysed for local strain information using nanobeam electron diffraction (NBED) and compared to 
chemical information from energy dispersive X-ray spectroscopy (EDX) acquired in a TEM. NBED was 
performed by illuminating as small an area on the sample as possible, with an electron beam parallel 
enough to get a reliable and interpretable diffraction pattern [7, 8]. Using a three condenser lens 
microscope the probe size at the sample can be made in the order of a few nanometers. In 
conventional electron diffraction in the TEM the area selected is limited by the size of the aperture and 
machine properties to about 200 nm [6]. The resulting diffraction patterns will be easy to analyse as 
per the schematics in figure 1b). Some results can be seen in figure 2a) and 2b) where energy 
dispersive X-ray spectroscopy (EDX) has been compared with NBED data of a visually identical wire. 
The EDX data show the heterojunction transition to be 50 nm shorter compared to the NBED data. 
    NBED is a useful tool for analysing small grains and heterojunctions. The local strain in 
heterojunctions can clearly be seen in the diffraction patterns, and this will be a valuable complement 
to chemical data from spectroscopy. The measurements have been performed on a wide variety of 
samples[9]. 
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Figure 1. a) An SEM micrograph of a typical nanostructure as examined using NBED. A heterojunction can be 

seen from the point of morphological change. b) A schematic drawing of the same nanostructure, with schematic 
examples of NBED patterns as used for seeing a change in lattice constant (to the left) and tilts and twists (to the 
right) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. a) EDX of a nanostructure across an epitaxially grown heterojunction from InP to GaAs show a 

transition length of ca 30 nm with intermediate InAsP and InGaAs states. The red dots in the STEM image 
correspond to the measurement points above. b) NBED was used to determine the local lattice distance at the 
position of each of the red dots in the HRTEM image. The resulting slope shows a transition that is ca. 80 nm long 
and hence much longer than in a). The HRTEM image was acquired prior to the NBED measurement and has 
been included for comparison. The dark lines in the graph in b) correspond to a literature value of the lattice 
constant of (top to bottom) InP(110), InP(002), GaAs(111) and GaAs(002). 

 

 

 

 


