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Microtube fabrication based on femtosecond
Bessel beam and its flexible driving with external
magnetic field

Chen Xin, Liang Yang*, Zhijiang Hu, Kai Hu, Dongdong Qian, Yanlei Hu,

Jiawen Li and Dong Wu

Department of Precision Machinery and Precision Instrumentation, University of Science and Technology of China, Hefei
230026, China

Abstract: Microtube, with simple and uniform geometry, is one of the basic structures in micro/nano field. We
present a method for the fabrication of magnetic drivable microtubes, by direct femtosecond laser writing combined
with magnetron sputtering with metal layer. Femtosecond laser beam is modulated into Bessel beam with spatial
light modulator (SLM), and then Bessel beam is focused with a high numerical aperture objective. Microtubes are
fabricated by scanning focused femtosecond Bessel beam in a sample anchored on a three dimension stage. Fol-
lowed by magnetron sputtering a nickel layer, the microtubes exhibit supermagnetic property and can be flexibly
driven by external magnetic field. In this study, the propagation and high numerical aperture focusing properties of
femtosecond Bessel beams are investigated. Microtubes, with well controlled diameter, length and distribution are
efficiently fabricated. Rapid steering of nickel coated microtubes along specific route in fluid environment with ex-
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ternal magnetic field has been realized. The steering of microtubes can be realized in various fluid environments.
This method is flexible, controllable and efficient and the fabricated drivable microtubes have a promising applica-
tions in noninvasive surgery, targeted drug delivery, bioimaging or biosensing and microenvironment cleaning.
Keywords: microtube; spatial light modulation; Bessel beam; magnetic driving
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Fig. 1 The phase diagram and intensity distribution of Bessel beams. (a) n=20, r,=480 Bessel beam hologram. (b) Intensity distribu-

tion simulation of femtosecond Bessel beam. (c) Measurement of light intensity distribution of Bessel beam. (d) Microscopic distribution
of light intensity of femtosecond Bessel beam. (e) The intensity distribution of the Bessel beam along the propagation direction.
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Fig. 2 Schematic diagram of femtosecond Bessel beam processing system and flow chart of microtubes fabrication procedure. (a)
Schematic diagram of femtosecond Bessel beam fabrication system. (b) Flow chart of microtubes post-treatment process. (c) En-
larged image of microtubes. (d) Hologram loaded on SLM: Bessel hologram and Blazed grating.
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Fig. 3 SEM images of Bessel light holographic processing structure. (a) SEM image of Bessel microtube arrays. (b) Enlarged
image of single Bessel microtube. (c), (d) SEM image of 2x1 and 2x2 type, microtubes with 50 um height, respectively.
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Fig. 4 SEM images of complex structure fabricated by femtosecond Bessel beam. (a), (b) Top view of 5 tubes microrocket, 9 tubes
microrocket and (d), (e) 45° captured images of 5 tubes microrocket, 9 tubes microrocket. (c), (f) Microrockets arrays.
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Fig. 5 Magnetic drive system diagram and the trajectory of microtube under external magnetic field. (a) Magnetic drive system
diagram. (b) Microtube complete “NANO” type trajectory. (c)~(j) The location of microtube at different time.
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