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Application of Aberration-Corrected Electron Microscope on
the Study of Novel Two-Dimensional Crystals
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Abstract: In recent years, two-dimensional crystals have sparked high scientific interest in various research fields due to
their special microstructures and novel physical and chemical properties. Here, we introduce the recent developments in 2D
crystals studied by the aberration corrected scanning transmission electron microscope (STEM). The latest STEM equipped
with a new aberration corrector has made it possible to reach probe sizes close to 0.1 nm at 60 kV, an operating energy that
avoids direct knock-on damage in materials consisting of light atoms such as B, C, N and O. The strong Z dependence of
annular dark field (ADF) imaging on 2D crystals, convinced by atomic resolution electron energy loss spectroscopy ( EELS)
analysis, allows the chemical identification of individual atoms. The ability to explore the atomic resolution interface and defect

structure in 2D crystals can make contribution to the crystallography, materials science, and physics.
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Fig. 1  Principle of Z-contrast imaging combined with EELS
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Fig.2 STEM-EELS analysis of graphene with impurity atoms: (a) atomic resolution ADF image with probe tail contributions ( removed) showing

heavier atom impurities trapped in the hexagonal carbon network, (b) simultaneously collected ADF image when acquiring EELS data, (c)

EELS map of Si atom and (d) the EELS spectrum from the block area marked in figure 2a showing the silicon L-edge and carbon K-edge
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Fig. 3  Atomic resolution MAADF images before (a) and after (b)

removing probe tail contributions
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Fig.4 MAADF image of monolayer graphene containing Si and O

substitutional atoms
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Fig. 5 EELS spectrum obtained from the monolayer graphene(a)

and atomic intensity comparison of different atoms of block

zone in figure 4(b)

f& BN ZZERLIRIBTTS R, Z AR ke B T R
KERMEM . TEER TR TR MG, &6
JI7R S BN BT 50 BE, AT RLYE A L 3 B A X
PELZ BN @A N LR B L5005 AT W d A 22 5
BEAISTCERAR R 3 RS T A 3 AN T A,
AR5 B2 4 FE R RIAT LA B N IS0 B 51

6 2 BN fiy MAADF 1%
Fig. 6 MAADF image of monolayer BN

P 7a H EELS 3% 27 XH0P 9 BN i e A
A BT HIAFAE . [ Th & 6 J7ERT 7 (Y )55 41 1 i
FETE P, v e X I 2 N T, BRI 1 1 B
JEF o s Ak G s QB BE B U, BBk AE MAADF
MR hi i 2 W s

450 li

400
| B-k

3501
300f
250+
200

150+
100+
501
0

Intensity / a.u.

11"y N-K

M“*‘m» A
gy '
220 260 300 340 380 420 460 500

Energy Loss / eV

b
1.8

16}
14f N N N
312t

>10f

208l
(0]

Zos | B B B
04l ‘
02}

0.0 1 1 1 - 1 1 1 1 1 1 1 1
0.00.1 02 03 04 05 06 07 08 09 1.0 1.1 1.2 1.3
Weve Length / nm

K7 FJZ BN BB T REE UK (a) FIE 6 JTHE XA
[ J 73 B2 LA (b)

Fig. 7 EELS spectrum obtained from the monolayer BN (a)

and atomic intensity comparison of different atoms of

block zone in figure 6 (b)
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