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Electron tomography is an imaging technique that allow the understanding of the true 

morphological structure of materials at the nanoscale[1].  The most commonly used imaging 

mode for tomographic acquisition of crystalline materials is high angle annular dark field in 

scanning mode (HAADF)[2].  This imaging mode is used in order to limit dynamic effects, since 

dynamic effects produce contrast not suitable for tomographic reconstruction.  

 

Current acquisition schemes usually consists of one or two sets of micrographs, which must be 

acquired in a linear fashion from a minimum tilt angle to a maximum tilt angle and at a fixed 

angular interval.  The limit of these tilt angles are set by the microscope and specimen-holder 

combination and it is usually physically limited to ±70°, but often practically limited to ±60°[2], 

with angular interval of two to four degrees, resulting in significant wedge artefact in the 

reconstructed volumes, as shown in Figure 1. This means that a conventional tomographic tilt 

series can require from 30 to 140 micrographs.  Combining the acquisition dose with that during 

sample tracking and focusing, significant beam damage in sensitive materials is likely to occur, 

leading to comma artefacts, such as can be seen in Figure 1A and 1C. A smarter acquisition 

scheme is needed for these materials. 

 

The golden angle is an angular coverage strategy widely seen in nature, already implemented in 

neutron tomography[3, 4].  Where the golden angle, α, is described as  

α = 360 ∗ (1 −
1

φ
) ≈ 137.5° 

Where φ is the golden number 

φ = (1 +
√5

2
) 

By tilting a sample by the golden angle, or roughly 137.5°, angular coverage is maximized each 

at each frame.  Because the Fourier spaces is sampled non-linearly, the reconstruction becomes 

much less sensitive to beam damage and therefore to comma artefacts. Furthermore, any time-

wise linear sub-set of a tilt series can be used to generate a tomographic reconstruction. These 

sub-reconstruction can be used to monitor the occurrence of beam damage. This has been 

experimentally validated using a Hitachi HF3300 300 kV microscope equipped with a Hitachi 

3D holder.  

 

 



Furthermore, this microscope can do chemical analysis of beam-sensitive material like Li2FeSiO4 

using spatially resolved electron energy loss spectroscopy (SR-EELS). SR-EELS is a technique 

which allows an EELS line scan to be taken rapidly and at low dose, with an energy focal depth 

of about 100 eV.  Figure 2 shows an SR-EELS image of a beam-sensitive material, Li2FeSiO4.   
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Figure 1: Simulated effect of incomplete Fourier coverage and of comma artefact due to beam 

damage obtained with CASINO 3[5]. 

 

Figure 2: Specially resolved electron energy loss spectroscopy (SR-EELS) image and spectrum 

of Li2FeSiO4. 
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