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In recent years, modern technologies such as aberration correction realized an atomic column
elemental mapping with analytical tools such as electron energy loss spectroscopy (EELS)
and/or energy dispersive X-ray spectroscopy (EDS) [1,2], which is useful, since atomic species
and positions in a crystalline specimen can be determined directly. A crucial issue to perform
the mapping is specimen damage due to high electron dose onto a specimen, since an
excitation probability for core electrons is small.
STEM moiré fringes for a periodic lattice arise when a pixel interval is close to a lattice spacing,
due to the under-sampling effect [3]. With the proper pixel intervals in x and y, the moiré
fringe shows the pseudo 2D magnified moiré lattice, which is homothetic to the original lattice
[4]. The magnification (M) of moiré lattice to the original lattice is determined as  M = |1 – r|-1,
where r is the ratio of the lattice spacing to the pixel interval. A magnified moiré lattice is
formed with under-sampled signals picked from original lattices, resulting in reduced electron
dose by M-2 on the specimen to form an atomic column with an equal pixel resolution. This
paper reports a method to observe the atomic column elemental map with less electron dose
and higher pixel resolution, utilizing the STEM-moiré method.
The specimen for our experiment was SrTiO3 [001] that has a square lattice. The microscope
used was a Cs corrected microscope (JEM-ARM200F), equipped with a SDD type EDS. Figs.
1(a-f) show the high angle annular dark field (HAADF) and annular bright field (ABF) [5] images
of magnified moiré lattice at various r. The magnification (M) increases as r approaches one.
Figs. 2(a-i) show simultaneously obtained elemental maps of Sr, Ti and O, detected with an
EDS. Each element was clearly separated on each magnified moiré elemental map. No beam
damage on the specimen was observed during the experiment. Fig. 3 shows three line profiles
along a (Ti+O)-(O) row of O-Kα map, Ti-Kα map and ABF image shown in Figs. 2(g,d) and 1(d).
The profiles clearly show the peaks at oxygen sites.
In conclusion, the STEM moiré method was successfully applied to atomic column elemental
mapping. The method can be applicable to measure detailed physical properties such as
delocalization or channeling in crystalline specimens with higher pixel resolution, better
signal-to-noise ratio and less electron dose than the direct atomic column mapping.
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Fig. 1: High angle annular dark field (HAADF) and annular bright field (ABF) images of magnified moiré lattice at various
r.
 

 
Fig. 2: Elemental maps of magnified moiré lattice at various r, detected with the EDS.
 

 
Fig. 3: Line profiles along a (Ti+O)-(O) row of the O-Kα map, the Ti-Kα map and the ABF image shown in Figs. 2(g), 2(d)
and 1(d).
 


