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Fig. 1. Schematic diagram of DPC-STEM: (a) Electron
beam deflected by electric field in specimen; (b) 4 segment
DPC detector.
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Fig. 2. Schematic diagram of the segmented probe and a brief illustration of the iDPC imaging algorithm: (a) Schematic diagram of

the eight-segment probe; (b) signals obtained from each segment in STEM scanning mode; (¢) the segmented signals processed

through the imaging algorithm to obtain the sample's iDPC image.
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Fig. 3. Electron microscopy imaging and atomic model of the planar heterojunction: (a) Low magnification STEM image of WS,-
MoSey; (b) HAADF-STEM image of the planar heterojunction; (c¢) magnified display of the WS, region (red box in Figure (b));
(d) DPC image of the magnified region, scale bar: 3 A; (¢) iDPC signal of the magnified region; (f) corresponding atomic model of

the magnified region (red: W atoms, blue: S atoms).
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Fig. 4. Comparison of HAADF and iDPC imaging: (a) HAADF image of the WS, region and Line profile of the selected area, line
profile exhibit in pixels; (b) iDPC image of the same region and the line profile of the same area; (¢) HAADF image at the inter-
face of the planar heterojunction and the corresponding atomic model; (d) iDPC image and atomic model at the same region.
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Fig. 5. Typical configurations of the planar heterojunction interface: (a) Illustration of the transition at the WS, interface of the
planar heterojunction; (b) merged interface; (c) quadrilateral transition configuration; (d) pentagon transition configuration;

(e) individual display of quadrilateral and pentagon interface configurations.
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Abstract

Two-dimensional planar heterojunctions composed of single-layer transition metal dichalcogenides have
great potential applications in low-power, high-performance, and flexible optoelectronic devices. The localized
atomic structure and crystal defects at interface govern the electronic, magnetic, optical, catalytic, and
topological quantum properties. However, accurate characterization of interface atomic structure is still a
challenge, so far. To determine the accurate atomic position, a spherical aberration-corrected electron
microscope with segmented detector is employed, and the calculation is performed by integrated differential
phase contrast (iDPC) imaging algorithm. By using the iDPC method, the atomic structure of WS,-MoSe,
monolayer heterojunction interface is characterized, and the W, Se, Mo, and S atoms are imaged
simultaneously. Statistics show that the angles between the lattices on both sides of the WS,-MoSe, planar
heterojunction are distributed around 29° and 35°. Additionally, it is found that the lattice near the boundary
experiences the strains of approximately 4 %o and 2% in the two lattice vector directions, with significant
distortion occurring only at the interface. In this work, several typical atomic configurations, including merge
type, quadrilateral type, and pentagonal type are found. The interface atomic configuration can help to release
stress at the lateral interface. This study provides a useful method for accurately characterizing the structures
for planar heterojunctions of monolayer transition metal dichalcogenide. It is of great significance for in-depth
research on the structure-property relationship at single-atom resolution in various interface structures.

Keywords: integrated differential phase contrast, 2-dimensional material, heterojunction, interface atomic

structure
PACS: 68.37.Ma, 68.65.—k, 95.75.Pq DOI: 10.7498 /aps.74.20250441

CSTR: 32037.14.aps.74.20250441

* Project supported by the National Natural Science Foundation of China (Grant No. 12334001) and the National Basic
Research Program of China (Grant Nos. 2024YFA1208201, 2021YFA1400204).
# These authors contributed equally.

1 Corresponding author. E-mail: xdbai@iphy.ac.cn

146801-9


http://doi.org/10.7498/aps.74.20250441
https://cstr.cn/32037.14.aps.74.20250441
mailto:xdbai@iphy.ac.cn
mailto:xdbai@iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

WS, —MoSe, — 4P T 7 Ji 45 5 R T S M AR AR AL E 2 4 BE AR
Rk IMEEE B4R KSF %4k

Atomic structure imaging of WS,~MoSe, two—dimensional plane heterojunction interface using integrated
differential phase contrast method

CAlI Chen  SUN Huacong Ll Jiawei ZHANG Guangyu BAI Xuedong

5] Fi{ &, Citation: Acta Physica Sinica, 74, 146801 (2025) DOI: 10.7498/aps.74.20250441

CSTR: 32037.14.aps.74.20250441

TELR T2 View online: https://doi.org/10.7498/aps.74.20250441

MHHPNZS View table of contents: http://wulixb.iphy.ac.cn

FAT AR A SR

Articles you may be interested in

DR A A AR 8%
Photogating effect in two—dimensional photodetectors

PIBR2FA. 2021, 70(2): 027801 hitps:/doi.org/10.7498/aps.70.20201325

FTMXenelRJZ (13" Cs ShS SRATEIAM A5 1

Computational screening of photocathodes based on layered MXene coated Cs;Sb heterostructures

YIBR2FA. 2021, 70(21): 218504  https://doi.org/10.7498/aps.70.20210956

T Hkkagome A% 1V 4 R IR L S T AN 1 HL PR R

Electronic properties of two—dimensional kagome lattice based on transition metal phthalocyanine heterojunctions

WyFEEEAR. 2023, 72(24): 247502 hitps:/doi.org/10.7498/aps.72.20230921

R AR IURE S — AR S ST 45 A8 14 S T PR R B S
Interface modulation and physical properties of heterostructure of metal nanoparticles and two—dimensional materials

YrH2E . 2022, 71(6): 066801  https:/doi.org/10.7498/aps.71.20211902

TR SRR TRE A KRR MoS, WS ,-MoS 5 i
Milimeter—level MoS, monolayers and WS,~MoS, heterojunctions grown on molten glass by pre—chemical vapor deposition

YrH2E 4. 2022, 71(4): 048101  https:/doi.org/10.7498/aps.71.20211735

FE T GaN/(BA),PbI 57 45 ) 1 At H DU S AN
Self-powered dual-mode UV detector based on GaN/(BA),Pbl, heterojunction

YrE2E 4. 2024, 73(6): 067301  https:/doi.org/10.7498/aps.73.20231698


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.74.20250441
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20201325
https://doi.org/10.7498/aps.70.20201325
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20210956
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20210956
https://doi.org/10.7498/aps.70.20210956
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20230921
https://doi.org/10.7498/aps.72.20230921
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20211902
https://doi.org/10.7498/aps.71.20211902
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20211735
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20211735
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20211735
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20211735
https://doi.org/10.7498/aps.71.20211735
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20231698
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20231698
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20231698
https://doi.org/10.7498/aps.73.20231698

	1 引　言
	2 iDPC-STEM成像原理与方法
	2.1 STEM成像过程中的线性性质
	2.2 差分相位成像直接表征质心
	2.3 积分-差分相位衬度(iDPC)成像算法简介

	3 结果与讨论
	4 结　论
	参考文献

