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Abstract. Manipulating motion of microobjects with light is indispensable in various technologies. On solid
interfaces, its realizations, however, are hampered by surface friction. To resolve this difficulty, light-induced
elastic waves have been recently proposed to drive microobjects against friction. Despite its expected
applicability for arbitrary optical-absorptive objects, the new principle has only been tested with microsized gold
plates. Herein, we validate this principle using a new material and report directional and continuous move-
ments of a two-dimensional topological insulator (Sb,Tes) plate on an untreated microfiber surface driven by
nanosecond laser pulses. The motion performance of the Sb,Te; plate is characterized by a scanning electron
microscope. We observe that the motion velocity can be controlled by tuning the average power of laser
pulses. Further, by intentionally increasing the pulse repetition rate and exploiting the low thermal conductivity
of Sb,Tes, we examine the thermal effects on actuation and reveal the motion instability induced by formations
of microbumps on Sb,Tes surfaces due to the Marangoni effects. Moreover, as the formed microbumps are
heated to viscoelasticity states, liquid-like motion featuring asymmetry in contact angles is observed and
characterized, which expands the scope of light-induced actuation of microobjects.
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that is typically several orders of magnitude larger (~uN) than
the optical force (~pN).**'*"* To resolve this difficulty, it has
been recently proposed to use elastic waves,'"> which are
induced by temperature rising through optical absorption in
microobjects.'®® These light-induced elastic waves carry
sufficient mechanical displacements enabling microobjects to

1 Introduction

Motion is everywhere in living systems and is necessary for
mechanical functions in artificial systems, such as robots and
machines. Functional mechanical structures that change volume
and shape and move in response to external stimuli, including

chemical, electrical, or optical forces, are essential in various
applications.'” They have received immense research interest,
particularly at micro-/nanoscales. Among the existing actuation
proposals, many rely on light as the energy source. Optical force
is thus widely used to manipulate microobjects that are either
immersed in a liquid or levitated in a vacuum.”"

It is, however, challenging to use the optical force to manipu-
late microobjects on solid interfaces due to surface friction
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crawl on solid interfaces. The idea has been successfully exem-
plified with gold microplates in microfiber-based systems. '
Specifically, the researchers have successfully observed the
stable motion of gold plates around microfibers along either
or both of azimuthal and axial directions of the microfibers.
The motion speed increases with the average power of input
laser pulses. These pioneering results encouragingly open a new
perspective for light-driven micromotors on solid interfaces.
Many unique applications can be immediately envisioned.
For instance, by integrating this technique into an on-chip wave-
guide network, one can realize mobile photonic modulation/
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switching by delivering microobjects to targeted positions'® to
control light flow.

Notwithstanding recent advancements in this new direction,
there still remain several questions to be explored.

1. As argued in Refs. 17 and 19, the actuation principle is
theoretically applicable for any microobjects as long as they
can generate elastic waves by absorbing light. However, it has
only been tested with gold microplates, and has not yet been
extended to other absorptive, elastic materials.

2. Since elastic waves are excited by optical absorption,
potential issues associated with thermal effects (such as thermal
damage and melting) should be addressed.

Here we approach these two questions by studying the
motion of two-dimensional topological-insulator Sb,Te; plates
on microfibers to which laser pulses are delivered. Sb,Te; is a
unique quantum material hosting topologically protected boun-
dary surface states that lead to several fascinating electronic and
optical properties, such as spin-momentum locking of electrons
and ultrabroadband plasmon excitations.”* Referring to our
objectives, we utilize its two other properties. First, Sb,Tes
is a narrow-gap semiconductor with only a 0.21 eV bandgap,”’
thus being efficient at absorbing light for the generation of elas-
tic waves. Second, Sb,Te; has a rather low thermal conductivity
(~1 Wm™'K~!, close to glass and two orders of magnitude
smaller than that of gold), which mitigates heat diffusion and
intensifies thermal effects.*®

In this paper, we implement a microfiber-based actuation
system in a vacuum chamber. A scanning electron microscope
(SEM) is employed to precisely characterize pulsed light-
induced actuation of microsized Sb,Te; plates on microfibers.
The successful observations of continuous spiral motions of
Sb,Te; plates supplement the previous ones with gold plates,
and thus contributes new evidence to support the actuation
principle based on light-induced elastic waves. Further, we in-
tentionally increase laser power to examine thermal effects on
actuation. Specifically, we show formations of microbumps due
to the Marangoni effects on a Sb, Te; surface and observe a new
type of liquid-like motion that shows features completely differ-
ent from the elastic-waves-based spiral motion.

2 Light-Induced Actuation

As illustrated in Fig. 1(a), a Sb,Te; plate is placed on a sus-
pended silica microfiber. A supercontinuum light (wavelength
range from 450 to 2400 nm) is launched into the microfiber
to drive the locomotion of the plate. The experimental setup
is similar as that used for actuating gold plates in our previous
work.'”" The Sb,Te; plate was obtained by mechanical exfolia-
tion using dicing tape and then dispersed on a SiO, (300 nm) thin
film on a Si substrate. The confocal laser scanning microscopy
images [see the inset in Fig. 1(b) and, similarly, Fig. S1 in the
Supplementary Material] show that the plate considerably warps
around its edges. The plate was transferred onto the microfiber
using a tapered fiber. The thickness of the plate varies between
0.2 and 1.5 ym. We measured the Sb,Te; plate by micro-Raman
spectroscopy (Alpha300R) with 532-nm-laser light. The Raman
spectrum [Fig. 1(b)] shows three characteristic peaks at 68.26,
112.45, and 165.36 cm™!, respectively, which correspond to
A}g, Eé, and A%g phonon vibrational modes of Sb,Te;.*

The presence of nontrivial topological surface states renders
the Sb, Te; plate a multilayer character;’' that is, a dielectric bulk
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slab is sandwiched between two metallic surface layers [see the
zoomed inset in Fig. 1(a)]. The permittivity of the metallic sur-
face layers and the insulating bulk of the Sb, Te; plate is adopted
from Ref. 29 and is plotted in Fig. S2 in the Supplementary
Material. However, due to their negligible thickness (2.6 nm),
the metallic layers only slightly impact the optical absorption of
the Sb,Te; plate (see Fig. S3 in the Supplementary Material).
Consider that a fundamental HE{; mode (linearly polarized
perpendicular to the plate surface) propagates in a microfiber
with a diameter of 4 ym and interacts with a rectangular Sb, Te,
plate (width: 3 um, length: 12 pm, and thickness: 300 nm). The
calculated absorption spectrum is plotted in Fig. 1(c), showing
an average absorptance of about 0.15. Figure 1(d) compares
HE{, modal profiles with and without the Sb,Te; plate.
Interestingly, in the presence of the Sb,Te; plate, the displace-
ment electric field in the plate strongly localizes around the
touching point between the plate and the microfiber, where
the most absorption occurs. This field profile manifests strong
near-field interactions between the electric polarization in
the microfiber and its induced mirror image inside the plate.
Furthermore, since the near-field interactions are polarization
sensitive, those modes, which host weak interactions such as
the fundamental HE'll1 mode (linearly polarized parallel with
the plate surface), are negligibly absorbed (see Fig. S3 in the
Supplementary Material).

The absorbed optical power generates heat. The heat diffu-
sion in the Sb,Te; plate is rather slow. More precisely, the ther-
mal diffusivity of Sb,Te; is only about QAsp,Te, = 107% m? /s,
while this value for gold is aa, =~ 10~ m?/s, two orders of
magnitude larger. Quantitatively, to transport heat diffusively
across a Sb,Te; plate with side length L ~ 10 pm (similar to that
in our experiments), it roughly takes time L*/agp, e, ~ 100 ps.
In contrast, for the same-sized gold plate, this time is signifi-
cantly reduced to L?/as, ~ 1 us. Hence, inside the Sb,Te;
plate, the absorbed heat could be efficiently stored in vicinity
to the contact line between the plate and the microfiber, where
the optical absorption is maximum; whereas inside the Au plate,
the initially localized heat rapidly spreads throughout the plate,
as validated with the numerical simulations in Fig. 1(e). The
slow heat diffusion in the Sb,Te; plate is naturally envisioned
to boost noticeable thermal effects, as shall be experimentally
examined later.

The temperature rising in the Sb,Te; plate excites elastic
waves, which drive the locomotion of the plate on the micro-
fiber. The underlying mechanisms, featuring interplay between
elastic waves and their induced friction force, have been com-
prehensively studied in our previous work, and we refer the
interested reader to Refs. 17, 19, and 20.

We characterized the motion of the Sb,Te; plate using a
SEM in a vacuum chamber [see Fig. 2(a)]. The SEM here brings
two advantages. First, it provides a much better spatial resolu-
tion compared with the use of an optical microscope. Second,
due to the high-vacuum environment (<103 Pa), those less im-
portant effects, e.g., due to surrounding gas molecules (includ-
ing photophoretic forces and air resistances), on actuation are
safely screened out, thus simplifying the physics interpretation.
In addition, we also conducted the experiments at ambient con-
ditions and arrived at similar observations as in vacuum.

Figure 2(b) plots sequencing SEM images of a Sb,Te; plate
that crawls along a microfiber following a spiral trajectory (also
see Video 1). We characterized the spiral motion by decompos-
ing it into the rotation and the translation along the azimuthal
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Fig. 1 Optical and thermal properties of hybrid Sb,Te; plate-silica microfiber systems. (a) Sketch
of a Sb,Te; plate on top of a suspended microfiber. Zoomed inset: a Sb, Te; plate is modeled as a
dielectric bulk slab sandwiched between two metallic thin layers. (b) Micro-Raman spectrum of a
Sh,Te; plate measured by a 532-nm pumping laser. Inset: confocal laser scanning microscopy
image of a mechanical-exfoliated Sb,Te; plate on a SiO, /Si substrate. (c) Simulated absorption
spectrum of a hybrid Sb,Te; plate-microfiber system under incidence of fundamental HEf; mode
of the microfiber. (d) Simulated modal profiles of the HE{, mode without (left panel) and with (right
panel) the Sb,Tes plate. The arrows specify the directions of modal electric fields. (e) Simulated
characteristic temperature distributions in the central x — y plane of Sb,Te; and gold plates at
t =10, 100, 1000 ns when heated by pulsed light. In (c)-(e), the microfiber has a radius of
2 um and a refractive index of 1.45. The Sb,Te; plate has a width of 3 um, a length of 12 um,
and a thickness of 300 nm, and its surface and bulk refractive indices are adopted from Ref. 29.
The Au plate has the same geometrical parameters as the Sb,Tej; plate. The details of the thermal
simulations in (e) are given in Note S1 in the Supplementary Material.

and axial directions of the microfiber separately. The azimuthal distance of 6.9 nm along the axial direction per pulse on
rotation frequency is obtained by the Fourier transformation average.

of the effective area of the plate, which changes periodically
over time. On average, the rotation frequency is estimated to . . .
be about 0.177 Hzg [see Fig. 2(c)], ‘ilndica}t,ing a traveling 3 Remarks on Actuation Efficiency

distance of 12.8 nm along the azimuthal direction per pulse We experimentally observe that a Sb,Te; plate can be driven
on average. Figure 2(d) analyzes the axial displacement. = much more efficiently than a similarly sized gold plate'™"**
The trajectory curve is fitted well with a straight line, and the under irradiation of the same light pulses. For instance, as is
velocity is determined to be 1.42 um/s, implying a translation shown in Fig. 2, when a single nanosecond light pulse with
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Fig. 2 Experimental observations of a Sb,Te; plate moving spirally around a microfiber.
(a) Sketch of experimental setup implemented in a vacuum chamber. VOA, variable optical
attenuator; FC, fiber coupler; MF, microfiber; and PM, power meter. (b) Temporal sequencing
SEM images of a Sb,Tes plate moving around a microfiber. The microfiber has a diameter of
5 um. The supercontinuum laser pulses have 2.6-ns duration, 230-Hz repetition rate, 0.1-mW
average power, and wavelength range from 450 to 2400 nm. Scale bar: 5 um (Video 1, MP4,
4.34 MB [URL: https://doi.org/10.1117/1.APN.1.2.026005.s1). (c) Fourier transformation of the de-
tected areas of the Sb,Tes plate during the motion. The spectral peak specifies the azimuthal
rotation frequency of the plate. The Y axis is linear and the shaded region here is to better show
its rotation frequency. (d) Translation displacement of the Sb,Te; plate along the axial

direction of the microfiber as a function of time.

a 0.43 nJ pulse energy is delivered, the Sb,Te; plate travels on
average about 6.9 and 12.8 nm in the axial and azimuthal direc-
tions of the microfiber, respectively. In contrast, to enable the
gold plate to travel a similar distance, a much larger pulse en-
ergy (at least several times or even dozens of times larger, which
are sample dependent) is needed." Furthermore, from numerous
repetitive tests, we consistently notice that the Sb,Te; plates
generally require a lower threshold pulse energy to enable their
motion than the gold plates. These intuitive observations sug-
gest that, compared with the gold plates, the Sb,Te; plates have
a higher actuation efficiency.

To reveal the material difference in actuation, we start with
the linear elastic equation that involves both the surface friction
and the thermal deformation:

1—2u 1—u

——V x Vu(r;t) + VV-u(r;t) =
2(1+p) (x:1) L+u (r:1)
p(1=2u)0%u(r;t) 1—2pu
( E ) 8(1‘2 )_ E ffric(r; t) +ath6T(r; t)’
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where E, pu, and p are the Young’s modulus, Poisson’s ratio, and
mass density of the driven object, respectively, ay, is the linear
expansion coefficient, fy;. is the friction force, 67 is the temper-
ature variation, and u(r;¢) is the elastic displacement vector.
Given by the above equation, the object displacement charac-
terized by u(r; ¢) is proportional to the strength of the thermal
deformation defined by fy, = @07, which induces the surface
friction f;. when the relative position between the driven object
and the substrate changes in response to the thermal deforma-
tion. Consequently, the defined thermal-deformation strength
fn indicates the actuation efficiency (that is, a larger f, prin-
cipally corresponds to a higher actuation efficiency and vice
versa). Specifically, when an input nanosecond light pulse is
converted to heat in the driven object with an optical absorption
efficiency denoted by Ay, fin ~ @nAans/PCp» Where c), is the
object’s specific heat capacity. It is obvious that materials with
larger A, and ay,, and smaller p and ¢, are more favorable for
the use of actuation than the opposite. In addition, we note that
the estimation of A, cannot be directly inferred from the basic
electromagnetic parameters (complex-valued permittivity and
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permeability), and quantitative electromagnetic simulations
should be consulted [such as in Fig. 1(c)].

Referring to the Sb, Te; and gold plates with similar sizes, they
show close absorption efficiency A, [see Fig. 1(c) and Fig. S8c
in the Supplementary Material in Ref. 19 that the average absorp-
tion between 400 nm and 2 pym wavelength is about 0.15 to 0.2 in
both cases]. The other relevant parameters of such two materials
are ap "™ =25 % 1076, 14.2 x 1076 K1, 3™ = 200,
126 JK~'kg™!, and pSt2TesAv = 6500, 19,300 kgm—3. As a re-
sult, £3727% ~3.2fA% which is mainly due to the lighter mass
density and slightly larger thermal expansion coefficient of
Sb,Tes than those of gold, thus contributing to a higher actuation
efficiency of the Sb,Te; plate.
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Fig. 3 Manipulating motion speed of Sb,Tez plates by tuning
repetition rates of laser pulses. Note that the integrated single-
pulse energy remains the same as the repetition rate changes.
Scale bars: 30 um (Video 2, MP4, 19.6 MB [URL: https://doi.org/
10.1117/1.APN.1.2.026005.52]).

(@) ————Stable motion, 2.2 kHz

t=0 0.44 2.28 3.2 6.96 (s)

Moreover, we note that the thermal conductivity of Sb,Tes is
two orders of magnitude smaller than that of gold, which leads
to their significant difference in heat diffusion. As a result, the
local temperature in the contact region of the Sb,Te; plate could
be much higher than that of the gold plate [see Fig. 1(e)]. The
high temperature (especially when approaching the melting
point) is known to induce random motions of interfacial atoms
and mitigate the friction, which could be another reason for the
observed high actuation efficiency with the use of the Sb,Tes
plate; at the same time, the thermal effects in the Sb,Te; plate
become noticeable, as discussed below.

4 Thermal Effects

To examine the thermal effects on the motion of the Sb,Te;
plate, we intentionally increase the average power of the laser
pulses by increasing the pulse repetition rate. Initially, when the
pulse repetition rate is low (less than a few kHz), the plate gen-
erally moves stably, as shown in Fig. 4(a). The motion speed
increases linearly with the repetition rate, as is shown in Fig. 3
with two samples (see Video 2). This result thus suggests that, in
the stable-motion regime, the motion speed can be regularly
controlled by tuning the pulse repetition rate because the motion
is repeatedly driven by individual pulses in a stepwise fashion.
Physically, the use of the low-repetition-rate pulses ensures
that the Sb,Te; plate heated by one pulse can be sufficiently
cooled down before next pulse arrives, thereby denying thermal
effects.

On the other hand, as the pulse repetition rate exceeds a
certain threshold value, the plate starts to move unstably and
to continually adjust its gesture during the motion, as shown in
Fig. 4(b) and also Video 3. The threshold repetition rate, which
triggers the motion instability, is observed to be sample depen-
dent. Nevertheless, its value is consistently on the order of a few
kHz. We argue that the threshold repetition rate is proportional
to the reciprocal of the cooling time of the plate under single-
pulse irradiation. More precisely, if the repetition rate is above
the threshold value, the multi-pulse heat accumulation starts.
As the accumulated temperature is close to the melting point
of Sb,Te;, the plate shall be strongly deformed, particularly
around the contact-line region where the absorbed optical power
is largest. Numerically, we find that the cooling time is about

(b)

Unstable motion, 4.8 kHz

t=0 0.44 2.36 3.16

6.96 ()

Fig. 4 Stable motion of a Sb,Tes plate degenerates into unstable motion by thermal effects.
Sequencing SEM images show (a) stable and (b) unstable motions with pulse repetition rates of
2.2 kHz and 4.8 kHz, respectively. Scale bars: 20 um (Video 3, MP4, 9.73 MB [URL: https://doi
.0rg/10.1117/1.APN.1.2.026005.s3]).
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10~ s, suggesting that the threshold repetition rate is about
10 kHz, close to the experimental observations.

The thermal-induced morphology dynamic changes are pro-
posed to be responsible for the motion instability. In this regard,
the formations of microbumps are one dominant phenomenon
associated with the surface morphology deformations of Sb, Tes
under high-laser irradiance.”® The underlying mechanism is
attributed to the Marangoni effects involving both thermocapil-
lary and chemicapillary forces. Specifically, the thermocapillary
force tends to push the interfacial atoms toward the cold periph-
eral region with a higher surface tension. Therefore, a surface
compositional gradient shall be established. In contrast, the
chemicapillary force pushes the materials toward the hotter
region with lower surfactant concentrations. (Note: The surfac-
tant Te, which lowers the surface tension, can be generated by
irradiation of nanosecond laser pulses, as confirmed with the
Raman measurements in Fig. S4 in the Supplementary
Material.) The chemicapillary and thermocapillary forces thus
compete with each other. The dominance of the chemicapillary
force over the thermocapillary force leads to the formations of
the microbumps in the hotter region. That is, in our case, around
the contact line between the plate and the microfiber, as shown

(@)

(b)
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:
1
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[
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.,

Fig. 5 SEM images of a Sb,Tes plate (a) before and (b) after
motion. The red and white dashed circles in (b) mark formed
microbumps and a myriad of small spheres, respectively.
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in Fig. 6(b) and Video 4. The size of the microbump increases
with the average power of the incident laser power, as shown in
Fig. S5 in the Supplementary Material. In comparison, these
thermal-induced morphology changes cannot be observed in
the gold plate even when the repetition rate is above 20 kHz
due to its high thermal conductivity and melting point.

To better visualize the formed microbumps, we compare two
SEM images of a Sb,Te; plate before and after the unstable
motion. Figure 5(a) shows that the surface of the plate before
the motion is rather flat. Contrastingly, Fig. 5(b) shows that,
after the motion, several microbumps (marked with red dashed
circles) are induced as expected due to the Marangoni effects.
Moreover, a myriad of small spheres is observed in the colder
peripheral regions (marked with white dashed circles) poten-
tially due to the dewetting effects.” Further, to observe the mi-
crobumps formed in larger areas, we transferred a Sb,Te; plate
onto a fiber endface (SMF-28, from Corning Company). The
fiber core and the plate overlap each other. The nanosecond laser
pulses are guided through the fiber and impinge on the plate
directly. Similar observations as in Fig. 5 are given in Fig. S6
in the Supplementary Material.

5 Liquid-Like Motion

In addition to the induced motion instability shown in Fig. 4, the
thermal effects lead to a new type of liquid-like motion. This
liquid-like motion exhibits several features completely different
from the spiral motion that is known to be driven by elastic
waves, thus being worthy of discussion.

First, the onset of this liquid-like motion must require a high-
pulse repetition rate [e.g., 11.5 kHz in Fig. 6]. Consequently, the
shape of the Sb,Te; plate is strongly deformed [see Fig. 6(a)].
The Marangoni effects induce a large microbump that contacts
the microfiber [marked with a black rectangle in Fig. 6(a)], and
the microbump is heated to viscoelasticity (molten-like) states.
During the motion, the microbump deforms its shape periodi-
cally, accompanying the asymmetry in the left and right contact
angles [see Fig. 6(b)]. This characteristic feature well resembles
the motion of a liquid droplet: the unbalanced Young’s force,
manifesting in asymmetric contact angles, drives the motion
(see Note S2 in the Supplementary Material for detailed analy-
sis).* For this reason, the observed motion is termed liquid-like
motion.

Second, the motion speed is significantly slower than the spi-
ral motion. Figure 6(c) shows that the motion speed is only
about 120 nm/s. Recalling that the pulse repetition rate is
11.5 kHz, the motion distance per pulse is about 0.01 nm, which
is even below the atomic scale. This implies that the physics
occurring in a single pulse is somehow insignificant to the ob-
served macroscopic motion. Instead, the essential motion dy-
namics, which feature classical mechanics at the macroscopic
scale (that is, the motion distance at least exceeds atomic lattice
sizes), should occur in a longer time scale involving multiple
pulses. In view of this, we deduce that this liquid-like motion
is a multiple-pulse phenomenon instead of a single-pulse phe-
nomenon as is for the elastic-waves-driven spiral motion.

Third, in all the observations of such liquid-like motions, we
find that, besides the large microbump that contacts the micro-
fiber, there also exist suspended, small ones close to the micro-
fiber [marked with circles in Figs. 6(a) and 6(e)]. As is shown in
Fig. 6(d), the suspended microbump vibrates in the vertical
direction periodically by the surface adhesion of the microfiber.
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Fig. 6 Liquid-like motion of Sb,Te; plates on microfibers. (a) Time sequencing SEM images of a
Sb,Tej plate showing liquid-like motion. The used supercontinuum laser pulse has 5.4-mW aver-
age power and 11.5-kHz repetition rate. A large microbump contacting with the microfiber and a
small one is marked with a rectangle and circle, respectively (Video 4, MP4, 895 kB [URL: https://
doi.org/10.1117/1.APN.1.2.026005.s4]). (b) Zoomed-in microbump [corresponding to the marked
rectangle in (a)] showing asymmetric contact angles. Scale bar: 1 um. (c) Horizontal and (d) ver-
tical displacements of the point A in the Sb,Te; plate as functions of time. The point A is labeled in
(a). (e) Two exemplified samples show that horizontal motion direction of the plates points from
a small microbump close to the microfiber (marked with circle) to a large one contacting with the
microfiber (marked with rectangle). Scale bars: 1 um (Video 5, MP4, 7.90 MB [URL: https://doi.org/

10.1117/1.APN.1.2.026005.s5]).

Simultaneously, the structure moves horizontally. The horizon-
tal translation thus hybrids with the vertical vibration.

Finally, the horizontal motion of the plate is universally ob-
served to be along the direction pointing from the suspended
microbump to the contacted one, as is illustrated with three
different samples in Figs. 6(a) (Video 4) and 6(e) (Video 5).
However, a satisfactory, quantitative interpretation is not trivial
due to the involvements of complicated material states of
high temperature, interfacial interactions, and temperature- and
surfactant-modified surface tensions. Nevertheless, a phenom-
enological explanation without referring to its underlying
microscopic mechanisms may be because the vertical vibration
of the suspended microbump leads to the periodic deformation
of the contacted microbump (see Videos 4 and 5), which gen-
erates the unbalanced Young’s force in the same direction as the
horizontal motion [see Note S2 in the Supplementary Material].
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6 Conclusions

In summary, light-induced locomotion of microsized topologi-
cal insulator Sb,Te; plates along silica microfibers is demon-
strated. The motion speed is controlled by tuning the average
power of incident laser pulses. Our results confirm the validity
of the previously established actuation principle based on light-
induced elastic waves, and supplement previous demonstrations
with gold microplates. We expect that this straightforward val-
idation may encourage researchers to exploit this concept for
more challenging application-oriented tasks, e.g., in integrated
photonic circuits, wherein mobile microobjects can be precisely
transported to targeted positions in circuits for user-defined
functionalities, such as optical switches/modulators. Moreover,
the thermal effects on actuation are examined. We observe
the formations of the microbumps on the surfaces of the plates
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due to the Marangoni effects, and reveal their induced motion
instability and a new type of liquid-like motion.
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