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Abstract Nano-vacuum tunneling junction is an important functional component. Its (quasi) ballistic
transport mechanism enables it to have lower power consumption and a theoretical transmission speed of up to 3 x
10° m/s, making it an ideal choice for achieving high-performance electronic devices. The preparation of vacuum
tunnel junctions using one-dimensional nanomaterials is of great significance in promoting device miniaturization
and high integration. This article designs and prepares one-dimensional tunnel junctions using stable zinc oxide
nanowires, and investigates their electron emission phenomena under electrostatic field and ultrafast laser excitation.
Under the excitation of ultrafast laser, a sixth power high nonlinear emission current and photocurrent modulation
have been achieved, which is expected to promote the development of one-dimensional ultrafast nano-vacuum
electronic devices.
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Fig. 1 Preparation of one-dimensional ZnO nanowire tunnel

junction. (a) SEM image of a random single ZnO

nanowire on the substrate, (b) SEM images of EBL coat-

ed electrodes, (c) representative SEM images of ZnO

nanowire after FIB etching, (d) the overall morphology

of the ZnO nanowire tunnel junction
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Fig. 2 Static electrical characteristics of one-dimensional ZnO nanowire tunnel junction. (a) /-V characteristic curve of ZnO nanowire

tunnel junction, (b) F-N fitting of the /-V curve in Figure 2 (a); Inset: locally enlarged view of the linear part
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Fig.3 Schematic diagram of ultrafast laser excitation test. (a)

Ultrafast laser response testing system, (b) details of

laser testing for tunnel junction
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Fig. 4 Ultrafast laser excitation test. (a) Photo response characteristics of the ZnO nanowire tunneling junction, (b) variation of pho-
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