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High-resolution transmission electron microscopy (HRTEM) is a widely used technique to study 
materials at atomic resolution. With the development of spherical aberration correctors, direct 
structural mapping for thin TEM specimen has been achieved at negative Cs imaging conditions 
(NCSI) by Jia et al [1]. The direct structural mapping has been demonstrated to be useful in many 
complex oxides such as superconductors, ferroelectric oxides, etc. Recently, an image corrector with 
the combination of spherical and chromatic aberration correction has been developed [2,3], and thus 
offers us an opportunity to study the contribution of Cs- and Cc-correction to HRTEM imaging.
Here, we report the contribution of Cs- and Cc-correction to HRTEM imaging at different energy-
loss regimes. 

For conventional HRTEM image at zero-loss, we found Cc-correction improves both resolution and 
especially contrast as shown in Fig.1. The contribution of Cc-correction reduces the limit of damping 
envelope to contrast-transfer function as well as image delocalization. Cc-correction significantly 
reduces the focus range in images formed from electrons with an energy spread, as shown in the 
formula Δf = Cc·ΔE/E. Since correction of Cc can reduce Cc by as much as three orders of 
magnitude, not only is the focus range in images is reduced significantly for electrons with a given 
ΔE, but a much larger ΔE can be used without significantly compromising resolution. When Cc is
corrected (for example Cc = 1 μm), electrons though a large slit window like 50 eV are focused in a
narrow range of 0.375 nm, and thus widening slit width increases counts to energy-filtered TEM 
(EFTEM) TEM image to improve both resolution and S/N. Fig. 2 shows the jump-ratio EF-HRTEM
images of pre- and post-edge of Ca L2,3 to map the Ca containing layers taken at energy loss of 320 
eV and 360 eV with a slit window of 50 eV. These two EF-HRTEM images show similar, but 
different “Z”-contrast” with HAADF image, due to the fact that the contrast in EF-HRTEM images 
is from inelastic scattering. Although the electrons that contribute an EFTEM image come from any 
inelastic scattering events, we found that EF-HRTEM images change contrast with defocus similar 
to conventional HRTEM images, indicating these in-elastically scattered electrons are coherent [5].  
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Fig. 1. HRTEM images of along [100] zone axis of a (SrTiO3)2/(LaMnO3)2 superlatice film on a SrTiO3

substrate. The Cs- and Cc-correction improves both resolution and contrast as shown in HRTEM image. 

Fig. 2. EF-HRTEM images of A) pre- and B) post-edge of Ca L2,3 for a CaTiO3/SrTiO3/BaTiO3 superlattice on a 
SrTiO3 substrate along [100] zone axis. These two images are taken with slit width of 50 eV. C) shows the location of 
the slit window in the EELS spectrum. D) Intensity profile shows the enhanced intensity in the CaTiO3 layer. 
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