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ABSTRACT: Natural organisms can create various microstructures
via a spontaneous growth mode. In contrast, artificial protruding
microstructures are constructed by subtractive methods that waste
materials and time or by additive methods that require additional
materials. Here, we report a facile and straightforward strategy for a
laser-induced self-growing mushroom-like microstructure on a flat
surface. By simply controlling the localized femtosecond laser
heating and ablation on the poly(ethylene terephthalate) tape/heat-
shrinkable polystyrene bilayer surface, it is discovered that a
mushroom-like architecture can spontaneously and rapidly grow out
from the original surface within 0.36 s. The dimension of the re-
entrant micropillar array (cap diameter, pillar spacing, and height)
can be accurately controlled through the intentional control of laser
scanning. Followed by a fluorination and spray coating, the obtained surface can realize the repellency and manipulation of oil
droplets. This work provides new opportunities in the fields of microfabrication, microfluidics, microreactor engineering, and
wearable antifouling electronics.
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Universally but magically, a seed can grow from the soil to
form a standing plant. In contrast to this elegant and

autonomous approach in nature, to create a protruding
microstructure on a flat substrate, fundamentally different
methods have been developed, by subtractive and additive
manufacturing methods. For subtractive manufacturing (turn-
ing, cutting, milling, grinding, etc.), a large amount of materials
around the target microstructures needs to be removed,1 which
inevitably leads to the waste of materials and time. While
additive manufacturing (material extrusion, jetting, polymer-
ization, powder bed fusion, etc.) has the advantage of saving
time and materials,2−6 it requires additional material that can
be melted or polymerized to deposit on the substrate.7,8

Recently, to avoid the above-mentioned drawbacks of
conventional methods, green and promising growth strategies
have been developed to construct out-of-plane surface
topologies based on the mass transport of matrix materials.9−12

Borer et al.9,10 combined UV irradiation and heating to form
surface relief structures on the blended photopolymer
substrates by monomer diffusion and polymerization, where
irradiation was applied to generate radicals in the exposed
areas, and heating was used to enhance the monomer mobility
and polymerization. Xue et al.11 reported a light-induced
strategy for regulating the localized growth of microstructures
from the surface of a swollen dynamic substrate, in which

reactions including photolysis, photopolymerization, and
transesterification are triggered to drive the monomers trapped
in a substrate into the irradiated region to form a protruding
structure. Different from the above free radical polymerization
methods, Jiang et al.12 developed a more effective photo-
induced growth approach to fabricate ordered functional
patterns; that is, light regulates the directional motion and
polymerization of maleimide in a diffusion system. These
explorations have extensively advanced the development of
growth of protruding microstructures on the surface. However,
two disadvantages must be considered: (1) These light-
regulated monomer local polymerization methods require
monomer directional motion and polymerization, which is
time-consuming with an extremely low growth speed (average
speed less than 50 nm/s). (2) Because of the constraint of
matrix materials, only low-aspect ratio surface relief micro-
patterns have been successfully fabricated, which hinders
applications that require more complex architectures. There-
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fore, it is a timely challenge to seek a more direct and efficient
way to construct out-of-plane surface structures, which is
highly desirable to micro- and nanotechnology.
With the combination of the fascinating deformability of

shape-memory polymer (SMP) and femtosecond laser precise
processing capability, we proposed a fast laser-induced polymer
self-growing method to construct a high-aspect-ratio micro-
pillar on a heat-shrinkable SMP film13 (only 4 s is needed for a
540 μm high micropillar). Superior to micropillars, a
mushroom-like reentrant architecture is considered as a key
to realize superamphiphobicity,5,14−19 which is of paramount
significance in microreactor engineering,20−23 antifouling,24

oil/water separation,25,26 and anti-icing.27 Nevertheless, limited
by the rectilinear propagation of light, the microstructures
prepared by laser surface processing technology are mainly
simple micropillars or microwalls,28−31 and it has long been
considered impossible to directly fabricate a mushroom-like re-
entrant structure.
Here, we report a highly efficient method to fabricate re-

entrant micropillars via a laser-induced self-growth on the
poly(ethylene terephthalate) (PET) tape/polystyrene (PS)
bilayer surface. The growth speed is 317 ± 14 μm/s, which is 3
orders of magnitude higher than that of light-regulated
monomer polymerization methods. The dimension of the re-
entrant micropillar array can be accurately tuned by the
intentional control of laser scanning. Followed by a
fluorination and spray coating, the hierarchical re-entrant

surface (HRES) exhibits a super-repellency to liquids with a
low surface tension such as hexadecane. On this basis, the
microchannel is prepared by precisely controlling the height of
the re-entrant micropillars, and the manipulation of oil droplets
is realized. Last but not least, by taking advantage of the
flexibility of a polymeric substrate, the superamphiphobic
property can be easily transferred to curved substrates for an
efficient oil transportation. Our presented robust, scalable,
accurate, and highly efficient approach offers a strategy to
design flexible superamphiphobic devices, and it shows
promising interdisciplinary potential for microfabrication,
microfluidics, microreactor engineering, and wearable elec-
tronics.

■ RESULTS AND DISCUSSION

Laser-Induced Self-Growing Mushroom-Like Archi-
tecture on a PET tape/PS Bilayer. It has been known that
the heat-affected zone where the femtosecond laser interacts
with a material can be finely confined and has a sufficiently
high temperature, benefiting the localized treatment of the
heat-sensitive polystyrene shape memory polymer
film.13,28,32,33 As shown in Figure 1a, a femtosecond laser is
employed to continuously scribe preprogrammed 2D circles on
a bilayer consisting of an unshrinkable capping PET layer
(thickness of 10 μm) and a shrinkable underlying PS layer
(thickness of 150 μm). The interaction between laser and
bilayer film involves two effects: localized laser ablation and

Figure 1. Fabrication and characterization of re-entrant micropillars on a PET tape/PS bilayer. (a) Schematic for laser-induced self-growing re-
entrant micropillar. Blue arrows in the sketch indicate the symmetric shrinkage of material in the x-y plane and growth in the z-direction. (b) Side
view of optical images shows the growth of a re-entrant micropillar with an increasing repeat circle, corresponding to the growth of a natural
mushroom (psathyrellaceae, images courtesy of J. Quinlan). Scale bar: 50 μm. (c) Tilted view and top view of the SEM images of a re-entrant
micropillar array.
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laser heating, which occur simultaneously during the growth of
the re-entrant micropillar. On the one hand, the bilayer of
PET/PS inside the circle is separated from the matrix in the x-y
plane by a laser ablation to release the restraint. On the other
hand, as the laser-scanning circles increase, the heat
accumulation leads to the shrinkage and growth of the
underlying PS when the material reaches the glass transition
temperature. But the capping PET layer cannot shrink; thus,
the re-entrant micropillar is formed. As shown in Figure 1b and
Movie S1, it is fascinating that a three-dimensional (3D) re-
entrant micropillar rapidly grows up by a continuous laser
scanning within 0.36 s (the average growth velocity is 317 ± 14
μm s−1), corresponding to the intriguing growth of natural
mushroom (psathyrellaceae). The re-entrant micropillar array is
fabricated, and good morphology uniformity is demonstrated
in Figures 1c and S1.
The Evolution of Re-Entrant Micropillar and the

Optimization of Processing Parameters. Three different
capping layers, termed 10 μm thick PET tape (PET-10), 30
μm thick PET tape (PET-30), and 30 μm thick polyimide tape

(PI-30), are chosen to fabricate re-entrant micropillars. It is
observed that, only when PET-10 is utilized as a capping layer,
the re-entrant micropillars can grow uniformly (Figure S2),
while for the PET-30 and PI-30, the re-entrant micropillars tilt
randomly (Figures S3 & S4). According to the shape of a
microstructure, the growth of a re-entrant micropillar can be
divided into three stages, as shown in Figure 2a,b. In stage I,
the PET-10 is cut through, and one part of the PS is ablated.
However, the heat accumulation is not enough to induce
thermal shrinkage. In stage II, the heat accumulation is enough
to induce the shrinkage-growth of PS. Because of the low
conformal ability between the capping layer and PS (Figure
S5), the PET-10 deviates randomly from the original position,
and thus the laser beam is partially blocked. Fortunately, the
laser can ablate through PET-10 easily within seven scanning
circles (Figure S6); therefore, the shrinkage-growth is not
influenced, and a re-entrant micropillar grows vertically (stage
III). Differently, more scanning circles (22 and 76) are
required for PET-30 and PI-30, respectively (Figure S6).
Therefore, in stage III for PET-30 and PI-30, the laser is

Figure 2. Evolution of re-entrant micropillar and the optimization of processing parameters. (a) Schematic illustration showing three stages during
laser-induced re-entrant micropillar self-growth when PET-10 is utilized as a capping layer. The schematics in the upper row and middle row show
a top view and cross-sectional profiles of the microstructure, respectively. The red circle indicates the laser scanning path, and blue arrows in the
sketch indicate the shrink direction of the material in the x-y plane and the increase direction in the z-direction. The top view optical images in the
lower row show the corresponding microstructures. Scale bars: 30 μm. (b) SEM images show corresponding microstructures of three stages (70°
tilted view). Scale bars: 50 μm. (c−f) The quantitative relationship between pillar diameter, pillar height, cap diameter of re-entrant micropillar with
repeat circles, power, and scanning speed. Light gray regions indicate no pillar is formed. (inset) Schematic of the re-entrant micropillar, indicating
its dimensions.
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partially shaded in the scanning path for a relatively long time,
and a tilt re-entrant micropillar is formed because of the
asymmetric shrinkage and growth (Figures S7−S10).
Engineering the geometry parameters related to the re-

entrant structure (e.g., pillar diameter (d), pillar height (H),
cap diameter (D), and pillar spacing (B)) is crucial for an
implementation of superamphiphobic surfaces. The inset of
Figure 2c shows a schematic of the designed re-entrant
structure. The gray regions are utilized to indicate that no re-
entrant micropillar is formed in Figure 2d−f. As the repeat
circles and laser power increase (Figure 2c−e), the energy
provided by the laser increases; thus, the cap diameter
decreases and finally stabilizes at ∼100 μm because of the
laser ablation. Differently, pillar diameter decreases largely due
to the shrinkage and stabilizes at ∼60 μm, coinciding with the
macroscale PS film shrinkage ratio limit of 55% (the designed
diameter of circular scanning path is 110 μm). Conversely, as
the scanning speed increases, the heating time of the laser spot
along the scanning path decreases, resulting in a reduction of

the cap ablation and pillar shrinkage (Figure 2f). Accordingly,
the pillar height increases with the repeat circle and laser power
and decreases with scanning speed (Figure 2c−f).

Superamphiphobicity of the HRES. Inspired by the
multilevel structures with a superwettability property in
nature,34,35 an HRES is prepared by spray-coating fluoro-
silicon on the fluorinated micro re-entrant surface (MRES) as
shown in Figures 3a and S11. To characterize the wettability of
the HRES, 4 μL of olive oil and water droplets are deposited
on the surfaces, respectively. The contact angle (CA) of olive
oil (γ = 32 mN/m) and of water (γ = 72.8 mN/m) on the
HRES is 153 ± 2.1°and 163 ± 2°, respectively (Figures 3b and
S12). For the surface consisting of straight micropillars with
the same pillar diameter and height (the only difference is that
the straight micropillars have no caps), the contact angle of
water is 159 ± 1° (Figure S12), whereas the olive oil droplet
permeates into the straight micropillar array (contact angle is
126 ± 1°), demonstrating the key role of the re-entrant
topography (Figure 3b).

Figure 3. Superamphiphobicity of the HRES. (a) Schematic illustration of the design of HRES. (b) The optical images of a 4 μL olive oil droplet
on the HRES and straight pillar surface, respectively. (c) Optical image of five different liquid droplets on the HRES. (d) The contact angle and
sliding angle of olive oil (4 μL) on MRES, coating, and HRES, respectively. (e) The contact angle and sliding angle of various liquids as functions
of surface tension on the HRES (cap diameter and pillar spacing are 0.1 mm and 0.2 mm, respectively). (f) The contact angle and sliding angle of
olive oil (4 μL) on the HRES with different cap diameters (pillar spacing is fixed at 0.2 mm). (g) The contact angle and sliding angle of olive oil (4
μL) on the HRES with different pillar spacing (cap diameter is fixed at 0.09 mm).
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To investigate the enhancement of the superamphiphobicity
of the HRES compared with that of the MRES and coating
(without microstructures), olive oil is employed as a
representative low-surface-tension liquid for an oil repellency
characterization. The contact angles of HRES and coating are
153 ± 2.1° and 154 ± 3.8°, respectively, while the contact
angle of MRES is 127° (Figure 3d). According to the Cassie−
Baxter equation, the apparent contact angle on the MRES can
be written as36

fcos (1 cos ) 1s s Yθ θ= + − (1)

where θs is the apparent contact angle, fs is the solid fraction,
and θY is the intrinsic contact angle. If nanoparticles of the

liquid/solid contact fraction ( fsn) are introduced on the HRES,
the apparent contact angle of HRES can be rewritten as37

f fcos (1 cos ) 1s sn s Yθ θ= + − (2)

Since fsn is typically far less than 1, the apparent contact angle
of the HRES and the coating can be largely increased
compared with that of the MRES. The lower solid fraction
leads to not only a higher apparent contact angle but also to
less pinning of the contact line (i.e., a lower resistance to the
droplet movement) and consequently to a lower droplet
sliding angle (SA). Therefore, the sliding angle of the HRES
(9°) is smaller than that of the coating (19°), and the oil
droplet is even pinned on the MRES.

Figure 4. Controllable oil manipulation on the flexible HRES. (a) Droplet of 35 wt % ethanol dyed with a methylene blue solution rolls along the
designed Y-type channel (tilt angle is 5°). (b) Droplet of olive oil rolls along the designed S-type channel (tilt angle is 5°). The cross-sectional
profiles of the schematics in (a, b) show that the height of the re-entrant micropillar in the channel is lower than that of the surrounding region. (c)
Microsampling detection on the designed Y-type channel (tilt angle is 5°). The olive oil droplet dripped at the left inlet contains Fe3+, and the
droplet dripped in the right inlet after 2.47 s is the KCSN solution. Above scale bars: 1 mm. (d) Schematic of HRES film attached to the inside of a
silicone pipe. (e) Comparison of olive oil transportation on the original pipe, coating pipe, and HRES pipe. The pipe inclination angle is 30°. Scar
bar 0.5 mm. (f) Quantitative relationship between the velocity of oil droplets and the inclined angle of the pipe. (g) Comparison of oil collection
efficiency of the original pipe, coating pipe, and HRES pipe. The input mass of olive oil is 0.1 g.
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To systematically study the superamphiphobicity of the
HRES, liquid droplets including hexadecane (γ = 27.5 mN/m),
35 wt % ethanol (γ = 29.8 mN/m), olive oil (32.0 mN/m),
ethylene glycol (47.7 mN/m), and water (72.8 mN/m) are
deposited on the HRES (Figure 3c). The apparent contact
angles for all the liquids are larger than 150°, and sliding angles
are lower than 10° (Figure 3e). The intrinsic contact angles are
measured by depositing the same liquids on the fluorinated
smooth surfaces, which are 45 ± 0.5°, 65 ± 0.5°, 77 ± 0.5°, 86
± 0.8°, and 90 ± 1.6°, respectively (Figure S13). These large
contrasts between the apparent contact angles and intrinsic
contact angles demonstrate the crucial effect of the re-entrant
topography in resisting the liquid invasion.
Owing to the flexibility of femtosecond laser processing, the

geometry parameters such as cap diameter and pillar spacing
can be well-controlled. Here, HRES with different cap
diameters and pillar spacing are fabricated, and their
superamphiphobicity is characterized (Figure 3f,g). For these
surfaces, all the contact angles (olive oil, 4 μL) are above 150°.
As the cap diameter increases from 0.05 to 0.1 mm, the sliding
angle increases from 3.9 ± 0.9° to 8.7 ± 2° (pillar spacing is
maintained at 0.2 mm). As the pillar spacing increases from 0.2
to 0.28 mm, the sliding angle decreases from 9.1 ± 0.9° to 4.5
± 0.6° (the cap diameter is maintained at 0.09 mm). This is
because a smaller cap diameter and a larger pillar spacing can
contribute a shorter three-phase contact line, which con-
sequently decreases the adhesion.38−40

Controllable Oil Manipulation on the Flexible HRES.
The manipulation of low-surface-tension liquids is highly
desirable for microfluidic applications ranging from micro-
sampling detection41,42 to microreactor engineering,43 which
has been realized on a slippery surface44,45 but rarely reported
on superamphiphobic surfaces. Here, by taking advantage of
the high programmability of laser processing, the height of re-
entrant micropillars can be accurately adjusted. For instance,
the height of re-entrant micropillars in a designed region is
lower than that of the surrounding region, and a super-
amphiphobic Y-type channel is obtained after a fluorination
and spray coating (Figure 4a). The 4 μL 35 wt % ethanol
droplet dyed with methylene blue solution rolls freely along
the designed Y-path, without contamination or crossing to
other areas (the surface inclination angle is 5°). Because of the
difference in energy barriers of re-entrant micropillars with
different heights, the droplet is blocked when it reaches the
bottom of the path (Movie S2, Supporting Information).
Similarly, the 4 μL olive oil droplet rolls along the designed S-
path (Figure 4b, Movie S3).
Furthermore, a real-time lossless microsampling detection of

oil droplets containing Fe3+ was realized on the HRES (Figure
4c, Movie S4). An olive oil droplet containing Fe3+ and a
KSCN droplet are dripped at the two inlets of the Y channel,
respectively. After 3.5 s, the two droplets merge at the bottom
of the Y channel; a red-brown precipitate is observed,
indicating the presence of Fe3+ in the analysis droplet.
To compare the oil manipulation performance between the

HRES and slippery surface (the slippery surface is composed of
MRES and silicone oil), a 4 μL 35 wt % ethanol droplet sliding
test is conducted on the surfaces at the same tilt angle of 5°
(Figure S14, Movie S5). As shown in Figure S14a−c, the
droplet in a hemispherical shape slides downward slowly at a
velocity of ∼1.5 mm/s on the slippery surface; significantly
different sliding behavior is observed on the HRES, where the
droplet rolls down quickly in a spherical shape at a velocity of

80 mm/s. In addition, after it slides across the surface with 28
drops, the 29th droplet is pinned on the slippery surface, as the
lubricant is consumed by the previous droplet sliding.
Nevertheless, the velocity of the droplet rolling on the HRES
remains unchanged after 50 times, demonstrating the robust-
ness of the HRES over a slippery surface (Figure S14d).
The flexibility of superamphiphobic surfaces is of great

significance in practical applications, such as wearable
antifouling electronics and the textile industry. As shown in
Figure S15, the HRES film has an excellent flexibility, since the
HRES is fabricated on the thin bilayer of PET and PS (the
total thickness is 160 μm). Moreover, with the help of a
commercial adhesive, the HRES can be attached to the curved
surface of a poly(tetrafluoroethylene) (PTFE) rod with a
radius of 10 mm, and its superamphiphobicity remains intact
(Figure S16). The olive oil can bounce off the curved surface
without leaving any contaminants (Movie S6). Fifty bending-
releasing tests are conducted on the HRES film, and the olive
oil contact angle and sliding angle of the HRES are unchanged
(Figure S17), showing a favorable robustness.
In addition, the HRES film is attached to the inside of the

silicone pipe (Figure 4d). In comparison, another pipe is
treated by a spray coating on the inner surface. Olive oil
droplets are dripped on the 30°-tilted original pipe, coating
pipe, and HRES pipe, respectively (Figure 4e, Movie S7). For
the original pipe, the olive oil droplet spreads over the surface
and slides down at a slow speed. For the coating pipe, although
the olive oil rolls down at a faster speed, a small amount of
olive oil persists during the sliding. The HRES pipe shows the
best performance in oil transportation, and the olive oil rolls
down quickly in a perfect spherical shape without any residue
on the pipe. Under different inclination angles, the sliding
velocity of the oil droplets in three pipes is further compared.
As shown in Figure 4f, when the inclination angle of the pipe
increases from 10° to 60°, the sliding speed of the olive oil in
the original pipe increases from 0.22 to 0.9 mm/s. For the
coating pipe, the driving force of the droplet (gravity along the
pipe) is less than the adhesion force when the inclination angle
is less than 20°, and the oil droplet is pinned because of the
rose petal effect. As the angle of inclination increases, the oil
droplet gradually rolls with increasing speed (the maximum
speed is 72 mm/s at 60°) but still remains with a small amount
of olive oil (Figure S18). For the HRES pipe, as the inclination
angle increases from 10° to 60°, the rolling velocity of the oil
droplet increases from 96 to 228 mm/s without any residue.
The oil collection efficiency (mass of collected oil divided by
input oil) of three pipes is compared in Figure 4g. Olive oil
(0.1 g) is dripped on 30°-tilted three pipes, and the mass of the
collected oil is weighted. Owing to the fact that the oil partially
remains on the original pipe and coating pipe during the
transportation, the oil transportation efficiency is only 70% and
89.5%, respectively, while the transportation efficiency of the
HRES pipe reaches 100%. The experimental results indicate
that the HRES pipe has an excellent performance to transport
oil.

■ CONCLUSIONS
A facile and direct approach of the laser-induced self-growing
re-entrant micropillars on the PET/PS bilayer surface is
proposed. A mushroom-like re-entrant micropillar can rapidly
grow from the bilayer surface within 0.36 s. The cap diameter,
height, and pillar spacing can be precisely and easily controlled
by the femtosecond laser processing. Followed by a
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fluorination and spray coating, the surface shows a super-
repellency to liquids with a low surface tension liquid down to
γ = 27.5 mN/m. By the construction of different HRES paths,
the oil droplet manipulation is realized as well as the
microsampling detection. Furthermore, by attaching the
flexible HRES film to the inside of a pipe, a fast and lossless
oil droplet transportation is demonstrated. This work opens a
new avenue to fabricate flexible superamphiphobic surfaces,
and it provides new opportunities for fields in microfabrication,
microfluidics, microreactor engineering, and wearable antifoul-
ing electronics.

■ EXPERIMENTAL SECTION
Materials. The polystyrene film (150 μm thick) was

purchased from Dongguan Nogard Arts & Crafts Factory. PET
tape (10 μm thick and 30 μm thick) and PI tape (30 μm thick)
were purchased from Kunshan kuangxun Electrical Co., Ltd.
1H,1H,2H,2H-Perfluorodecyltriethoxysilane (PFDTES), tet-
raethyl orthosilicate (99%), and ammonia solution (25−28%
NH3 in water) were purchased from Shanghai Aladdin Bio-
Chem Technology Co., Ltd. Silicon dioxide particles (∼15 nm
in diameter) were purchased from Beijing Cool Chemical
Technology Co., Ltd. KCSN solution was purchased from
Tianjin Yongsheng Fine Chemical Co., Ltd.
Femtosecond Laser Fabrication Method. The laser

beam (104 fs, 1 kHz, 800 nm) was generated by a regenerative-
amplified Ti:sapphire femtosecond laser system (Legend Elite-
1K-HE, Coherent). The laser was guided onto the bilayer
surface by a galvoscanner system (SCANLAB) equipped with a
telecentric f-θ lens with a focal length of 63 mm. The laser spot
(diameter ≈ 20 μm) is focused on the surface by adjusting the
precision moving stage under the sample. The scanning path
was designed by AutoCAD and then imported into the
processing software Samlight.
Preparation of Fluoro-Silica Coating. The silicon

dioxide particles (0.2 g) were dispersed in a solution
containing ethanol (44 mL) and an aqueous ammonia solution
(6 mL). The mixture was subjected to an ultrasonic treatment
for 30 min. Then, the PFDTES (120 μL) and ethyl
orthosilicate (30 μL) were quickly injected into the mixture
under stirring at 600 rev min−1 at room temperature for 2 h,
and a coating layer (FluoroPOS) was formed on the surface of
the silicon dioxide particle.
Preparation of HRES. First, the re-entrant micropillar

surface was immersed in the PFDTES solution (a mass ratio of
1:80 with ethanol) for 12 h, and then the fluoro-silica coating
was uniformly sprayed on the surface by using a spray gun at a
distance of 10 cm.
Characterization. The SEM images were taken by JSM-

6700F, JEOL. The side-view images of the re-entrant
micropillar were taken by an optical microscope (LW200-
3JT). The apparent contact angle and sliding angle were
measured by a contact angle system (CA100C, Innuo).

■ ASSOCIATED CONTENT
*sı Supporting Information
The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acs.nanolett.1c03506.

The schematic of laser-induced re-entrant micropillar
array. The uniform laser-induced self-growing on bilayer
surface of PET-10/PS. The random laser-induced self-
growing process of PET-30. The random laser-induced

self-growing process of PI-30. Conformal ability
characterization by the shrinkage of PS film on PI and
PET tape. Different laser ablation effects of three tapes.
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micropillar, capping layer is PI-30 and PET-30,
respectively. Top view and tilted view of the SEM
images show corresponding microstructures of three
stages when the capping layer is PET-30. Top view and
tilted view of the SEM images show corresponding
microstructures of three stages when the capping layer is
PI-30. Random self-grown re-entrant micropillars with
increasing laser-scanning repeat circles on bilayer of PI-
30/PS film. SEM images of the hierarchical re-entrant
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straight pillar surface. Intrinsic contact angles of different
liquids. The comparison of 35 wt % ethanol droplets
sliding on the slippery surface and HRES. Optical images
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Droplet of olive oil rolls along the designed S-type
channel (MP4)
Microsampling detection on the designed Y-type
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