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Soft robots are a kind of intelligent systems, which can
achieve predetermined functions independently through its
own deformation or under environmental stimuli. Unlike
traditional robots based on rigid materials, soft robots exhib-
it distinct advantages such as non-invasive, highly integrated
and holistic functionalized properties. Actuators based on
soft materials have been widely investigated and introduced
into robotic systems. However, at present, most soft robots
can only realize simple and basic deformation, such as bend-
ing, rotating, vibration, and reconfiguration performances. In
this regard, robots that possess multi-functionality and per-
mit flexible manipulation are highly desired, especially for
their potential applications in artificial intelligence. To bridge
this gap, novel materials and effective fabrication technolo-
gies are thus becoming increasingly important.

As a well-known flexible 2D material, graphene has been
successfully prepared by mechanical exfoliation in 2004.
Afterwards, enormous works emerge extensively. Consider-
able studies have been focused on the controllable prepara-
tion of graphene and graphene-related materials, morpholo-
gies of which can be well tuned from micro to macro struc-
tures, such as quantum dots, nanosheets, nanoribbons,
nanomeshes in microscopic and various macro-structures
(fiber, ribbon, film, paper, foam)M.Graphene has many
unique properties, i.e. excellent electrical/thermal conductiv-
ity, high optical transparency, and high mechanical strength.
All of these physical properties can be further adjusted
through doping, hybridizing and mixing with other chemical
components, making graphene a superior material for robot
design. For example, taking advantage of the good conduc-
tivity of graphene, electric-driven actuators with large deflec-
tion (> 1.0 cm™") under low input voltage (< 5 V) were achie-
ved(?, Utilizing the good photothermal effect of graphene,
Ying et al. successfully designed an optical-driven rolling and
folding systemB3l, Graphene oxide (GO), as one of the import-
ant graphene derivatives, features unique water adsorption
property. Large amounts of oxygen-containing functional
groups within GO layers make it possible to develop humid-
ity-driven soft robots[4. Actuations triggered by other sti-
mulation signals, such as magnetism and pH, can be realized
by hybridizing/mixing graphene with corresponding function-
al materials. Nowadays, research on the topic of soft robots
based on graphene is still in its infancy. Graphene soft ro-
bots for commercialization and functionalized usage are still
challenging.

After the rapid progress of laser fabrication technique
these years, laser fabrication becomes more developed and
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powerful. Especially, in the case of processing graphene-
related materials, no matter the surface/interface properties
or the physical/chemical properties of graphene can be well
controlled. Problems with respect to the modification, pattern-
ing, structuring and integration in manufacturing graphene-
based soft robots can be overcome with the help of laser fab-
rication. According to different working principles, laser fab-
rication strategies can be divided into different categories,
such as laser direct writing, two-beam laser interference, laser
lithography, and spatial light modulation processing®!. Choos-
ing reasonable methods may provide more possibilities for
broad applications of robots. For example, complex 3D struc-
tures are directly constructed by using a laser direct writing
process. Taking advantages of the high precision and three-
dimensional processing ability of femtosecond laser fabrica-
tion, Qu et al. demonstrated the local reduction of non-
planar GO fiber (Figs. 1(a) and 1(b)) and produced a moisture
responsive fiber robotl®. Mask-free patterning capability is
quite helpful to fabricate various predesigned 2D/3D struc-
tures. Following the deformation of materials, laser fabrica-
tion also enables 4D printing, making robots reconfigurable
to adapt to the environment. For instance, a vivid spider ro-
bot that integrated a variety of light active actuators was pro-
duced by using a simple laser-scribing method (Figs. 1(c) and
1(d)7L In this process, GO was converted into reduced GO
(RGO) with greatly improved photothermal conversion efficien-
cies. Laser with high energy density is used for cutting, weld-
ing or ablation process, thereby kirigami/origami robots are
made, making soft robots easy-to-reach in daily life.

In summary, soft robots are still at an early stage and
have a long way to go. Laser fabrication of graphene materi-
als reveals great potential for developing graphene-based
soft robotics. Graphene with tunable thermal/electronic con-
ductivities, hierarchical structures and controllable surface
morphologies has been successfully realized via laser pro-
cessing. Various graphene actuators have been made in re-
sponse to different stimuli such as humidity, light, heat and
electricity, which will benefit robots with more functionality.
We deem that graphene-based soft robots that can be ap-
plied in a wide range of scientific and industrial fields will be
highly anticipated in the near future.
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Fig. 1. (Color online) (a) Laser reduction of GO fiber. (b) Various predesigned GO actuators. (c) Graphene spider robot made by one-step laser
scribing method. (d) The walking spider robot.
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