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Energy beam machining is a type of micro/nano-manufacturing technology for advanced materials. The energy beam is
composed of the matter which exhibits not only particle but also wave-like behaviors. In this paper, we focused on the
energy beam machining using the charged particles, which is classified into electron beam and ion beam machining. The
equipment and principles of irradiation of electron beam and ion beam are investigated, and the range of technologies
according to the energy beam characteristics is summarized. For the electron beam machining, recent studies for
equipment development of surface heat treatment process and electron beam melting process using low-power electron
beam are summarized. For the ion beam machining, recent studies on focused ion beam machining with various materials,
such as high hardness materials, optical materials and semiconductor materials, are summarized. The studies for improving
the accuracy and productivity of focused ion beam machining was is summarized. It was found that numerous technologies
using the energy beam have been achieved for manufacturing of micro/nano-components with high precision. It is expected
that the energy beam machining becomes a promising manufacturing technology for advanced materials.
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Fig. 1 Schematic of the basic component of the EB system for (a)

drilling, melting, welding, or surface treatment and (b) 3D
printing processes
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Fig. 2 Electron emission mechanism of the electron beam
accelerator with (a) a thermionic hot cathode and (b) a
plasma cold cathode'
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Fig. 3 Typical types of the electron beam accelerator with the
plasma cold cathode: (a) Plasma diode cathode, (b) Plasma
hollow cathode, (c) Plasma explosive cathode'?
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Fig. 4 Specifications of power, power density and acceleration
voltage for an electron beam process'”
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Fig. 5 SEM images of cross-section of SK3 (a) before EB surface
treatment and (b) after EB surface treatment

Fig. 6 SEM images of hypereutectic Al-15Si (a) before and (b) after
plasma explosive irradiation heat treatment”® (Adapted from
Ref. 28 on the basis of open access)
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Fig. 8 SEM morphologies of the deposited beads by EBM with
different acceleration voltages of (a) 12 keV, (b) 14 keV, and
(c) 15 keV*! (Adapted from Ref. 41 with permission)
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Fig. 12 Nanostructures fabricated by FIB milling® " (Adapted from
Refs. 69, 70, 71, 72, and 73 with permission)
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Fig. 13 Microscopic structures fabricated by FIB milling of a SIL
with NV7* (Adapted from Ref. 74 with permission)
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Fig. 14 2D-material-based devices fabricated by FIB: (a) graphene
nanoribbons fabricated by He ion beam and (b) graphene
supercapacitors fabricated by Ga ion beam®-*¢ (Adapted

from Refs. 85 and 86 with permission)

Fig. 15 Photos of the multiple (a) ion guns and (b) ion beams'®
(Adapted from Ref. 100 on the basis of open access)
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