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Abstract: In this paper, the optothermal microactuation technology and optothermal microactuator (OTMA) suitable
for water or other liquids are proposed and developed. The model of optothermal expansion and temperature rise
distribution is established, and simulation on a 1080 uym long OTMA is conducted, revealing the feasibility of opto-
thermal microactuation technology in water. The optothermal microactuation experiment of a symmetrical OTMA is
carried out in water under the irradiation of a laser with a wavelength of 520 nm and adjustable power, revealing that
the optothermal deflection increases with the increase of the laser power. Another experiment is carried out under
the irradiation of a laser pulse with a wavelength of 520 nm, effective power of 4 mW, and an adjustable frequency,
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demonstrating that the symmetric OTMA has a good dynamic response under the laser irradiation. The amplitude of

the actuating (deflection) amount varies between 2.6 ym and 3.7 ym when irradiated by the laser pulse with a fre-

quency of 0.9 Hz~16.4 Hz, and it decreases with the increase of the frequency of the laser pulse. The theoretical

research and experimental curve trend reveals that it is completely feasible to obtain greater deflection and higher

frequency optothermal microactuation in water by appropriately increasing the laser power and laser pulse frequency.

This research provides new methods and approaches for the application of micro-opto-electromechanical systems

and micro-nano technology.

Keywords: optothermal microactuation technology; liquid environment; optothermal expansion model; dynamic re-

sponse; deflection
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Fig. 1 Schemes of (a) the experimental device for optothermal microactuation operated in water and
(b) the symmetric optothermal microactuator operated in water
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Table 1  Size and thermal parameters of the symmetrical OTMA
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Fig. 3 The temperature rise distribution of the symmetrical OTMA expansion arm obtained by simulation
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Fig. 4 SEM image of the symmetrical OTMA
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Fig. 5 Microscopic images of the symmetric OTMA's (a) original and (b) laser-irradiated states in water
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Laser beam

The symmetric optothermal microactuator operated in water

Overview: With the rapid development of micro-nano technology and micro-electromechanical systems (MEMS) and
micro-opto-electromechanical systems (MOEMS), microactuation technology and microactuators or microactuation
mechanisms have become research hotspots. Traditional thermal microactuators are mainly based on electrothermal
excitation, which obtains thermal deformation by generating ohmic heat of electric current flowing through the asym-
metric expansion arms. Such microactuators are capable of gaining larger displacement and generating bigger actuating
forces. Contrary to the advantages, the electrothermal microactuators (ETMAs) always require a built-in power source
or connecting circuit, resulting in difficulty of miniaturization of the whole device and operating in liquid. In spite of
ETMAs, both symmetric and asymmetric OTMAs are available for obtaining microactuation and being applied in water
or other liquids without electric circuits and loops. This paper proposes and develops the optothermal microactuation
technology and optothermal microactuator (OTMA) suitable for water or other liquids. An optothermal expansion
model of the OTMA’s expansion arm in water under laser irradiation is established. The temperature rise distribution
formula of the expansion arm is derived by the finite element analysis, and simulation on the expansion arm with a
length of 1080 um and a width of 90 pum under 4 mW laser irradiation is conducted, revealing the feasibility of opto-
thermal microactuation technology in water. The optothermal microactuation experiment of a symmetrical OTMA is
carried out in water for the first time under the irradiation of a laser pulse with a wavelength of 520 nm and adjustable
power. The results reveal that the amount of optothermal deflection of the expansion arm increases with the increase of
the laser power. Another experiment is carried out under the irradiation of a laser pulse with a wavelength of 520 nm,
effective power of 4 mW, and an adjustable frequency. The results demonstrate that the symmetric OTMA has a good
dynamic response under the laser irradiation. The amplitude of the actuating (deflection) amount varies between 2.6 um
and 3.7 pum when irradiated by the laser pulse with a frequency of 0.9 Hz~16.4 Hz, and it decreases with the increase of
the frequency of the laser pulse. The theoretical research and experimental curve trend reveals that it is completely feasi-
ble to obtain greater deflection and higher frequency optothermal microactuation in water by appropriately increasing
the laser power and laser pulse frequency. This research provides new methods and approaches for the application of
micro-opto-electromechanical systems and micro-nano technology.
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