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ZHOU Zhenru', WANG Tingting', FAN Haolong', LI Yan', HAO Xiaoyu', ZHAN Lingtao', CAO Xiongbai',
YU Qinze', YANG Huixia', ZHANG Teng', ZHANG Quanzhen', CHEN Lan’, WANG Yeliang'", GAO Hongjun’

(1. School of Integrated Circuits and Electronics, Beijing Institute of Technology, Beijing 100081, China;
2. Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract Atomic manipulation technique plays a significant role in the controllable construction of novel
quantum structures, the regulation of exotic physical properties, and the exploration of application prospects for new
nano-electronic devices. Currently, most atomic manipulations are carried out on metal surfaces such as Cu(111)
and Au(111), and on semiconductor surfaces such as Si and InAs. However, atomic manipulation in the field of
Kagome structures has rarely been explored. In this research work, we have, for the first time, achieved precise
manipulation of potassium (K) atoms and the construction of atomic patterns on the Sb surface of the Kagome
KV,Sb; through the ultra-high precision atomic manipulation technique of scanning tunneling microscopy (STM).
By using the STM probe to controllably slide and push K atoms, we have overcome the interference caused by the
potential energy fluctuations on the Sb surface to directional atomic movement, successfully migrated K atoms
along the lattice basis vectors for single and continuous multiple lattice spacings, and constructed a regular “BIT”
atomic pattern. In addition, the experimental results have shown that the anisotropic potential energy benchmark
provided for K atoms by the charge density wave (CDW)-induced symmetry breaking on the Sb surface
significantly improves the manipulation accuracy. This research not only expands the application scope of atomic
manipulation technique and demonstrates the feasibility of STM for atomic-level manipulation on complex Kagome
material surfaces, but also provides important experimental evidence for the directional design of future nano-
electronic devices at the atomic scale.
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Fig. 1 Crystal structure of KV,Sbs. (a) Schematic diagram of the crystal structure of KV,Sbs: exhibiting alternate stacking of K layers,

VSb, and Sb, slabs with the hexagonal symmetry, (b) STM image of K atoms on the surface of the Sb, layer, (c) Intrinsic STM

image of a clean Sb, surface with atomic resolution, exhibiting a superlattice structure of 2a, x 2a,, (d) STM image of K atoms

adsorbed at the intersection positions of the lattice basis vectors (a,, a,, a;) on Sb, surface
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Fig.2 Single K atom manipulation on Sb, surface using STM probe lateral sliding atom manipulation technique. (a) STM image of

the initial position of K atom on Sb, surface, (b) STM image of the lateral sliding manipulation process of K atom on Sb, sur-

face by STM probe, where the K atom follows the STM probe for periodic reciprocating motion. The scanning parameters for
the upper part of the STM image are / = 10 pA, V,=—0.10 V, and for the lower part are / = 300 pA, V,=-0.10 V, (¢c) STM im-

age of the final position of K atom on Sb, surface after the lateral sliding manipulation process by STM probe
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Fig. 3 Ultrahigh-precision atomic manipulation of K atoms using the lateral pushing method with an STM probe. (a) Schematic illus-

tration of moving a K atom between adjacent Sb lattice sites using an STM probe, (b)—(d) STM images showing the process of

moving a K atom with single-lattice precision (about 5.5 A) in different lattice directions using an STM probe, (¢) Schematic

illustration of moving a K atom over multiple lattice sites (about 2 nm) using an STM probe, (f), (g) STM images showing the

process of moving a K atom over multiple lattice sites using an STM probe. In this process, the distance and direction of the K

atom’s movement are completely consistent with the lateral movement distance and direction of the STM probe
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Fig.4 Achieving specific atomic patterns using STM probe
atomic manipulation techniques. (a)—(f) Based on the
atomic manipulation technique of lateral pushing with
an STM probe, multiple K atoms were precisely lateral-
ly pushed on the Sb, surface using an STM probe, suc-

cessfully constructing a “BIT” nanoscale pattern
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Fig. 5 Utilizing STM probe to precisely adjust the positions of

K atoms to construct a perfect “ BIT” pattern. (a)—(d)
STM images of the process of adjusting the roughly con-
structed “ BIT” pattern with single-lattice precision to

ultimately achieve a perfect “BIT” pattern
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