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    Today, HRTEM imaging provides vital information about the atomic structure of crystals, interfaces, 
grain boundaries and nanoparticles to improve their properties in material science. Delocalization 
effects caused by the spherical aberration (Cs) of the objective lens obscure the real crystal structure 
image or the shape of particles in non spherical aberration corrected HRTEM.  
Focus series reconstruction (FSR) [1, 2] overcomes this problem by giving access to the complex exit 
wave and not only to the intensity distribution of the phase and amplitude of the object. With 
reconstructing the complex wave all aberrations, including the most dominant spherical aberration, can 
be compensated by this FSR method after the acquisition. Even using a Cs image corrector 
(hardware) does not make focus series reconstruction obsolete since residual aberrations have to be 
compensated still, if images of deep sub-Ångstrom resolution at high acceleration voltages or 
Ångstrom resolution at low acceleration voltages like 80 kV have to be interpreted in a quantitative 
manner. Moreover the focus series reconstruction is the only method to obtain the complex exit wave 
besides holography for quantitative HRTEM image information. 
    While applications with deep sub-Ångstrom resolution are required for a precise determination of 
atomic position for metrology, atomic low voltage imaging is required for carbon based materials like 
graphene, because the knock-on damage by the electron irradiation is reduced. The residual 
aberrations typically mask the imaging data results and are very difficult to be removed using empirical 
methods which require a good understanding, a skilled user and customized, manual correction in 
hardware and software. 
    In general the interpretation of the results is also highly influenced by the achievable ultimate 
performance in Cs-corrected HR-TEM imaging and dependent on the quality of the specimen, the 
defocus settings and other higher order residual aberrations introduced by the imaging system. To 
overcome the residual aberration problem and give easy access to the complex exit wave, FEI has an 
automatic solution: The TrueImage

TM 
Atlas [3, 4] package with its ultra precise aberration 

measurement. That is pushing the limits to a better, more reproducible, objective and quantitative 
understanding of Cs-corrected HR-TEM experiments, especially a more accurate interpretation of 
atomic structures. The TrueImage Atlas supports distinguishing in the image contrast between the 
atomic information of the material and the optical contribution of the electron microscope and 
correction of imperfect optical alignments of the electron column, like coma or astigmatism, to ensure 
the highest quality resolution. Consequently, on the Cs image corrected Titan

TM
 systems from FEI 

Company the acquisition is automated: Before the focus series acquisition the optical parameters of 
the imaging system are properly measured using a Zemlin tableau and the Atlas software algorithms, 
see Figure 1 b). The measured residual aberrations are automatically stored with the focus series and 
are applied to the exit wave after reconstruction. This enables a precise and reproducible way of 
minimizing imaging artifacts.  
    An example is given for a single crystal with complex unit cell which crystal structure cannot be 
revealed without TrueImage Atlas. The different reconstruction results are presented for the BaNaNbO 
crystal in Figure 1. In Figure 1 a) the BaNaNbO crystal structure was acquired by manual correcting 
the low-order aberrations with the Cs image corrector (hardware) alone and after the best possible 
corrector tuning the representative image is not uniquely interpretable due to the existing residual 
aberrations. Compared to the method of manual correcting the hardware (Figure 1a), the software 
automated aberration correction reduces the residual aberrations without needed interaction by the 
user so that the exit wave reconstruction phase image is improved with the optimized astigmatism and 
focus correction. The influence of the degree of higher order aberration correction is also obvious in 
the comparison of the two cases, images without (Figure 1 d) and with correction of the residual 
aberrations (Figure 1 e). The matching microstructure of simulations (Figure 1 c) is overlaid into the 
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final phase contrast image. In conclusion, the exit wave reconstruction with TrueImage Atlas enables 
both, visualizing light elements easy and determine the final location as in the case of the [001] 
BaNaNbO crystal atoms where the oxygen can be clearly identified.  
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Figure 1. The measurements in Figure 1 of the [001] BaNaNbO crystal on quantifoil were performed at the TU 

Delft, Kavli Institute of NanoScience in Delft, the Netherlands on a Titan3™ 80-300 with image corrector (Figure 1 
a) and on a Titan3™ G2 60-300 with a Cs image corrector and a Gatan US 1000 camera (sampling: 0.0017nm) in 
the FEI Nanoport, Eindhoven, the Netherlands (Figure 1 d), e)). a) The given BaNaNbO crystal structure was 
acquired by manual (low-order) aberration correction with Cs image corrector after the best possible corrector 
tuning and aberration correction. b) The residual aberration analysis is based on the measured Zemlin tableau 
data as shown in the new graphical user interface of the TrueImage Altas for the acquisition of the residual 
aberrations on Titan which enables to perform automated and calibrated focus series reconstruction. c) Unit cell 
of the BaNaNbO crystal structure with red dots: oxygen, yellow dots: niobium, blue dots: barium and green dots: 
natrium. The difference without (d) and with residual aberration correction (e) is shown on the BaNaNbO crystal 
structure in [001] projection. In the HR-TEM image (e) the improvement in quality and interpretability of the image 
is clearly visible; the matching unit cell is overlaid. The images are acquired at a magnification of Mh 460 kx and 1 
second exposure time on a Cs image corrected Titan3™ G2 60-300. 


