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For electron tomography of crystalline materials, diffraction effects are considered undesirable since 
the image contrast is sensitive to the direction of the incident electron beam as well as the thickness 
and density of the specimen [1–3]. On the other hand, diffraction contrast images can reveal various 
kinds of crystalline microstructures, such as lattice defects, grain boundaries, orientation variants of 
ordered domains, etc. Here we show an application of electron tomography using the diffraction 
contrast imaging to ordered alloys. Obtained results demonstrate that the diffraction contrast imaging 
can be utilized in the electron tomography. 

The specimen is of a Ni–Mo alloy (18 at.% Mo) in which D1a-ordered Ni4Mo precipitates are 
formed in the Ni matrix [4]. When the tetragonal Ni4Mo precipitates are formed in the face-centered 
cubic (fcc) Ni matrix, six types of orientation variants can exist. Dark-field TEM (DF-TEM) can 
image a single D1a variant by selecting its superlattice reflection for the imaging [5]. The specimen 
was placed on the specimen holder where the [420]fcc direction in the observation area is parallel to 
the tilt axis of the holder and the D1a superlattice reflection, indicated by the arrows in Fig. 1, is 
excited up to ±60° of the tilt angle. 

For obtaining a tilt series of DF-TEM images, careful setting of the diffraction condition is necessary 
to reduce changes in the image contrast with tilting the specimen. When a deviation from the exact 
Bragg condition is significant or non-systematic reflections are strongly excited, a hollow or contour 
contrast appears in the precipitates, as shown in Figs. 2(a) and (b), respectively. Such undesirable 
diffraction contrasts can be reduced by changing the direction of the incident electron beam using a 
beam-tilt function, as shown in Figs. 2(c) and (d). Figure 3 shows part of the resultant tilt series of 
DF-TEM images of the Ni4Mo precipitates. The hollow and contour contrasts in the precipitates are 
mostly eliminated. The tomographic reconstruction in Fig. 4 obtained from this tilt series visualizes 
three-dimensional (3D) shapes and distribution of the Ni4Mo precipitates with a single D1a variant 
[4]. This diffraction contrast imaging technique will expand the applicability of electron tomography 
to 3D microstructure analysis of crystalline materials [6]. 
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Fig. 1(Left). Part of a tilt series of electron diffraction patterns in a D1a-ordered Ni–Mo alloy and a 
photograph of the specimen holder. Arrows indicate the D1a superlattice reflection used for imaging.

Fig. 2(Right). DF-TEM images of the Ni4Mo precipitates before (a, b) and after (c, d) improving the 
diffraction condition by tilting the incident electron beam.

Fig. 3. Part of a tilt series of DF-TEM images of the Ni4Mo precipitates with one D1a variant. 

Fig. 4. Three-dimensional views of the Ni4Mo precipitates reconstructed from the tilt series in Fig. 3. 
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