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Abstract 
Inspired by cicada wings, a flexible film with self-cleaning and broadband antireflection properties was fabricated with a rapid, 

straightforward and cost-effective method. The cicada wing was selected as the original template, and a polymethyl methacrylate (PMMA) 
negative replica was obtained by evaporation solvent process. The original template was directly peeled off. Subsequently, the polydi-
methylsiloxane (PDMS) was spread in the as-prepared PMMA negative replica. After curing and peeling processes, the PDMS positive 
replica was manufactured successfully. The morphologies and performances of cicada wings were perfectly inherited by the PDMS pos-
itive replica. What is more, the excellent optical property of cicada wing was investigated experimentally and theoretically. Compared with 
flat PDMS film, the average reflectivity of structural PDMS film was reduced from 9% to 3.5% in the wavelength range of 500 nm –  
900 nm. These excellent antireflection properties of bio-inspired antireflection film can be attributed to the nanostructures which achieve a 
gradient refractive index between air and the materials, and the mechanism of the antireflection properties was revealed via effective 
medium theory. Besides, the bio-inspired broadband antireflective film exhibited superhydrophobic property after the surface treatment (a 
152.1˚ water contact angle), and it also displayed satisfactory flexibility. This work provided a universal method to fabricate the exquisite 
biological structures, realizing the transfer of structure and function. Moreover, the multifunctional antireflection film exhibited the po-
tential value for applications in optical communications, flexible display screens, and anti-dazzle glasses. 
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1  Introduction 

Along with networks widely applied, the mobile 
phone and various electronic displays are tied up with 
our daily life. However, the troubles arise when they are 
used outside or in strong light surroundings. The intense 
light glowing out from the surface not only would impair 
the vision, yet the information we want is disturbed. 
Besides, the glare on automobile mirror and windshield 
is becoming a potential danger for safe driving. What’s 
worse, strong reflection on the optoelectronic conver-
sion device will lose a lot of light energy, reducing the 
energy conversion efficiency[1–4]. Hence, the dazzling 
light is supposed to be suppressed, and it’s also a hot 
topic for researchers. As is known to all, the strong ref-
lection is caused by the sudden change of the refractive 
index in different media, and that is “Fresnel reflection”, 

it is important to achieve antireflection by depressing the 
Fresnel reflection[5–7]. 

At present, there are two ways to reduce reflection. 
One is to fabricate multi-layer interference coating[8–12], 
and the other is prolonging the optical path to achieve 
light-trapping effect[13–15]. However, the limitation of the 
former is that the mechanical robustness is not satisfac-
tory, and the latter shows poor transparency and obvious 
scattering. Therefore, current techniques are not suitable 
for applications such as the surface of displays. In brief, 
an optical surface with high transmittance and low ref-
lectivity needs to be studied. Since the properties of the 
antireflective surface are closely related to its materials 
and structures on it. It is important to select proper ma-
terials and structure parameters. 

Inspired by nature, many bionic functional surfaces 
with low energy consumption and high adaptability have 
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been investigated. For example, the vibration perception 
of nocturnal scorpion[16], the bright structural colors on 
beetle back and butter fly wings[17–20], the antireflection 
performance of the moth eye and cicada wing[21–24], 
dynamically adjustable skin color and reflectivity in 
squid and other cephalopods[25,26]. 

Learning from nature, creatures with anti-reflective 
properties have been selected. The typical cases for 
antireflection are cicada wing and moth eye. Although 
they both have periodic nanostructures, yet the mor-
phology of the former is closer to hemispherical shape 
and that of the latter is similar to the cone with the dome. 
The advantage of cicada wing in size makes it more 
suitable as the prototype for investigation. Since the 
unique properties of these biomaterials are closely re-
lated to the microstructures covering on their surfaces. 
These nanostructures are supposed to be experimentally 
and theoretically investigated in detail. Meanwhile, in 
order to inherit the exquisite structure parameters of the 
prototype, the organism would be used as the template. 

Here, the cicada which has transparent wings with 
remarkable self-cleaning properties and high transmit-
tance over the whole visible spectral range, was chosen 
as the bionic prototype. The antireflection mechanism of 
the natural cicada wing was also studied in detail. At the 
same time, the nanostructures of natural cicada wing 
were transferred to polymer material successfully, which 
realized the perfect inheritance of morphology and per-
formance of nanostructures covering on cicada wing. 
What’s more, it might be helpful to shorten the gap 
between bio-inspired theoretical design and practical 
applications. 

2  Materials and method 

2.1  Periodical nanostructures in original cicada 
wings 

The wings of cicada sp12 were chosen as biological 
specimen used for further experiment. It’s a common 
cicada from Qingmai, belonging to the uncertain species 
under cicada. These cicadas are named after the Latin 
name “sp12”, and the cicada specimens were provided 
by Shanghai Qiu Yu Biotechnology Co., Ltd. The cicada 
wing was thin and transparent. Meanwhile, there were 
some supporting networks on the surface. As shown in 
Fig. 1a, the glare on the glass slide was caused by the 

mirror reflection, which has interfered the readability of 
the words. As for the cicada wing, this situation is com-
pletely avoided. It’s obvious that the natural cicada wing 
possesses satisfactory antireflection performance. Be-
sides, some drops were added on the cicada wing to 
observe its wettability, and a 138.8˚ water Content Angle 
(CA) was measured with the help of water drop angle 
measuring instrument (KRUSS DSA25) (Figs. 1b and 
1c). Additionally, the reflection spectrum and transmit-
tance spectrum of the cicada wing were obtained by a 
spectrometer (Ocean Optics USB 4000) in Fig. 1i. It 
could be found that the cicada wing had high transparent 
(>80%) and low reflectivity (<3%) in the visible light 
region. 

Since the function was closely related to the struc-
tures covering on the surface of the creature, the cicada 
wing was observed with Field Emission Scanning Elec-
tron Microscope (FESEM) in Figs. 1d – 1f. It could be 
found that the thickness of the wing was about 6.25 μm, 
and the nanostructures seen from front and back of the 
wing were almost the same. Besides, the morphology of 
the structures looked like the parabolic shape which has 
been proved to be the best one in the field of antireflec-
tion[27,28]. Its structure parameters including the period, 
the diameter of the base and the height were 170 nm,  
170 nm, and 280 nm, respectively. At the same time, the 
nanostructures with a tight hexagonal arrangement were 
characterized with Atomic Force Microscope (AFM), 
the three different curves in Fig. 1h meant the configu-
ration of the surface at different cross-sections which 
were orthogonal to the surface of the cicada wing. It 
indicated that the differences between different regions 
were tiny, and the arrangements of nanostructures on the 
surface of cicada wing were uniform. 

 

2.2 Antireflection mechanism of the nanostructures 
on cicada wings 
Fig. 2 is used to illustrate the mechanism of anti-

reflection. Multiple optical behaviors occur on the sur-
face of the cicada due to the presence of the surface 
nanostructure (Fig. 2a). For sub-wavelength structures, 
the incident wavelengths are equivalent to their sizes, 
and the light interacts with the entire surface. Here, the 
nanostructures distributing on the cicada wing and the 
air filled between the nano structures are treated 
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Fig. 1  The structures and excellent properties of natural cicada wings. (a) The glass slide and cicada specimen putting on the paper; (b) the 
drops on the cicada wing; (c) the static water contact angle on the surface of the cicada wing; (d) – (f) the FESEM microscope images of the 
cicada wing observed from the side view and top view; (g) the AFM image of the cicada wing; (h) the profiles of different sections on 
cicada wing; (i) the reflectivity spectrum and transmittance spectrum of the cicada wing. 
 

 

Fig. 2  Schematics of mechanism for antireflection of the cicada wing. (a) Various optical behaviors on the surface of cicada wings; (b) the 
diagram of the gradient refractive index. 
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as mixed media. The surface structure can be considered 
as a superposition of films with continuous variation of 
refractive index. According to the theory of effective 
medium[29], it could be expressed as: 
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1 2 1

12 2 2 2
1 2 1

(1 ) .
2 2

n n n n
f

n n n n

 
 

 
               (1) 

Here, the n is the effective refractive index of adjacent 
dielectric layers. n1 and n2 is the refractive index of dif-
ferent materials. If n1 is exchanged by n2, which means 
the layer of n1 is surrounded by the layer of n2, the re-
sultant n will be changed.  f1 is the proportion of air in the 
mixing media. Besides, according to the Bruggeman 
Effective Medium Approximation (EMA)[30], the ‘‘ef-
fective medium’’ is assumed to be a homogeneous 
mixture of two constituent layers, which yields: 
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The surface of the cicada wing can be regarded as 
the superposition of numerous thin films with conti-
nuously varying refractive index because of the conti-
nuous outline of nanostructures. The uniqueness of 
EMA is that it can be extended to multiple numbers of 
constituent layers[31,32]. 
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Therefore, the equivalent refractive index of cicada-air 
mixed media can be expressed as[33,34]: 

2 2 (1 ).eff a sn n f n f                         (4) 

Here, neff is the effective refractive index of mixed media, 
and f refers to the proportion of air and substrate mate-
rials in different positions. Besides, na is the refractive 
index of air, as well as ns is the refractive index of the 
substrate. The h-neff  curves of the flat surface and 
structural surface are expressed respectively (Fig. 2b). 

As shown in Fig. 2b, when the flat surface is illu-
minated by light, Fresnel reflection occurs due to the 
difference of refractive index between the substrate and 
the air. However, the existence of nanostructures on the 
surface of cicada wings can be approximately a group of 
multi-effective dielectric layers with gradient refractive 
index from air to substrate. In conclusion, it can be found 

that the sudden change of the refractive index has been 
smoothed by the nanostructures. Therefore, Fresnel 
reflection is suppressed and the antireflection on cicada 
wing is achieved. 

 
2.3 Biomimetic fabrication 
2.3.1  The source of reagents 

Ethanol, acetone, and N-Hexane are provided by 
Beijing Chemical Works (analytical reagent), deionized 
water was provided by Sangon Biotech (Shanghai) Co., 
Ltd. Methylbenzene was provided by Sheng Tongyue 
Chemical Industry (analytical reagent), and pulverous 
PMMA was provided by Sumitomo Chemical. Polydi-
methylsiloxane (PDMS, Sylgard 184) was provided by 
Dow Corning. 

 
2.3.2  Pretreatment 

First, the wing was cut to eliminate the fibrous 
support network and some parts of the wing edges. Then, 
the wings were pretreated with acetone and ethyl alcohol 
for 10 min respectively to remove the impurities at-
tached to the surface. After that, the biological speci-
mens were kept dry naturally. 

 

2.3.3  PMMA negative replica 

Figs. 3a – 3c show the fabrication of the PMMA 

negative replica. Before the experiment, the powdered 

PMMA was pretreated under 70 ˚C – 80˚C for 2 h – 4 h 

to remove the moisture. Then the powdered PMMA and 

methylbenzene (7: 100 in weight) were stirred by a 

magnetic stirrer under 60 ˚C for 30 min, forming a 

completely transparent colloidal mixture. In this process, 

heating can facilitate the dissolution process, but not 

necessary. After that, the cicada wing was used as an 

original template, then the mixture of the PMMA and 

methylbenzene was added on it. Subsequently, the ci-

cada wing was moved into a vacuum drying oven under 

45˚C to evaporate the solvent. After removing the cicada 

wing, a thin and transparent PMMA film with negative 

structures was fabricated. 

 

2.3.4  PDMS positive replica 

Figs. 3d – 3f show the fabrication of the PDMS 

positive replica. First, the N-Hexane was added to the 

PDMS monomer, and the proper proportion of 
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N-Hexane in PDMS monomer was about 8%. Then the 

hardening agent was evenly mixed with the monomer 

with 10: 1 ratio in weight. Here, the N-Hexane was used 

to improve the mobility of the mixture. Next, the mixture 

was injected into the PMMA negative replica and fol-

lowed by a heat solidification under 0.08 MPa 80 ˚C for 

2 h. At last, taking the thin film off carefully, and the 

antireflection film was obtained. 

3  Results and discussion 

3.1 Structure characterization 
The morphologies and structures of PMMA nega-

tive replica and PDMS positive replica were characte-
rized by Atomic Force Microscope (AFM, BRUKER- 
DIMENSION FASTSCAN) and Field Emission Scan-
ning Electronic Microscopy (FESEM, JEOL JSM- 
6700F). The elements and functional groups were cha-
racterized with the help of Energy Dispersive Spec-
troscopy (EDS, OXFORD INSTRUMENTS X-MAX) 
and Fourier infrared spectroscopy (FTIR, SHIMADZU 
IRAffinity-1S) respectively. 
 
3.1.1  Structure characterization of PMMA negative 
replica 

Fig. 4a show the solidified PMMA negative replica 
covering on the cicada wing, and the nanostructures 
distributing on it were displayed in the dotted line area. 
In order to further investigate the structure, the FESEM 
images of the PMMA negative replica were shown in 
Figs. 4b – 4c. It was obvious that the negative nano-
structures looked like nanoporous holes which were 
similar to the inverted-V shape. At the same time, the 
parameters including its period, height, and diameter 
were consistent with the original prototype. Besides, the 
elements of the PMMA negative replica and cicada wing 
were analyzed in Fig. 4d. Here, the Au-peak was caused 
by the gold-spraying process in order to increase the 
conductivity of the sample, so it would not be considered. 
The spectra in dark blue and baby blue matched with the 
PMMA negative replica and cicada wing respectively. It 
was obvious that the components of PMMA negative 
replica were carbon (70.12% in atomic percentage) and 
oxygenium (29.88% in atomic percentage). However, 
the spectrum of the prototype in red dotted line magni-
fication diagram contained an obvious N-peak which 

was different from the PMMA. It indicated that the 
PMMA negative replica and the prototype could be se-
parated completely and there was hardly any residue left. 

 
3.1.2 Structure characterization of PDMS positive rep-
lica 

The digital photograph in Fig. 5a show the PDMS 
positive replica. The nanostructures on its surface were 
shown in the schematic diagram in the dotted line area. 
Figs. 5b and 5c indicated that the nanostructures on the 
cicada wing were inherited perfectly by the PDMS pos-
itive replica. It could be seen that the height of the na-
nocone was about 230 nm, which was slightly lower 
than that of the original prototype and the negative rep-
lica. On the one hand, this might be caused by the limi-
tation of the wettability of the material, on the other hand, 
there was a certain volume reduction phenomenon in the 
curing process. In general, the features of the original 
morphologies of the prototype were transferred to the 
positive  PDMS  replica.  Besides,  the functional  group 
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Fig. 3 The schematic drawing of biomimetic fabrication. (a) – (c) 
shown the process of rebuilding the biomimetic negative replica; 
(d)–(f) shown the process of rebuilding biomimetic positive rep-
lica. 
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Fig. 4  The morphologies and components of the PMMA negative 
replica. (a) The PMMA solidified on the surface of cicadas wings; 
(b) – (c) the FESEM images of the PMMA negative replica; (d) 
the EDS spectrum of PMMA negative replica and cicada wing. 
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Fig. 5  The morphologies and components of the PDMS positive replica. (a) Digital photograph of PDMS positive replica; (b) the AFM 
image of PDMS positive replica; (c) the FESEM image of PDMS positive replica; (d) the FTIR spectrum of PDMS positive replica. 
 
characterization of the positive structural film was car-
ried out with the help of Fourier infrared spectroscopy, 
and the result in Fig. 5d illustrated that the material of 
positive PDMS replica was PDMS. 

 
3.2 Optical and self-cleaning performance of the 

replica 
The optical and self-cleaning performances of the 

biomimetic replica were characterized with the help of a 
miniature fiber-optic spectrometer (Ocean Optics USB 
4000) and water drop angle measuring instrument 
(KRUSS DSA25). 

As shown in Fig. 6a, although the cicada wing was 
mainly composed of chitin, the reflectivity of the 
non-structural chitin was much higher than that of the 
surface of the cicada wing. It indicated that the structure 
had a great effect on the reflectivity of the surface. 
Meanwhile, the reflectivity of the biomimetic replica 
was about 3.5%, and it was much lower than that of flat 
PDMS. It indicated that the nanostructures on the posi-
tive replica played an important role in antireflection. 
Besides, compared with flat PMMA film, the negative 
replica also displayed a certain antireflective perfor-
mance. It was obvious that the cicada wing displayed the 
lowest reflectivity in the visible region while the PDMS 
positive replica was slightly inferior. On the one hand, it 
might be caused by the fact that the height of the nano-
structures on positive replica was lower than that of the 
original structure. On the other hand, the structural con-
figuration between the prototype and prepared replica 
was quite different. The natural cicada wings assembled 

nanostructures on both interfaces, while the biomimetic 
replica only showed structures on one interface. Both of 
the structural configuration and structure parameters 
play an important role on antireflection. Therefore, the 
anti-reflection performance of the replica needed to be 
further improved by improving the process of biomi-
metic fabrication, and we will focus on it as the next step 
in our work in the future. 

Considering practical application, transparency 
was quite important for antireflective films. The trans-
mittance curves of different surfaces were reorganized in 
Fig. 6b. Compared with the flat PDMS film, the struc-
tural PDMS film performed better. Meanwhile, the 
transmittance of the glass slide was about 86%, and it 
was improved to 90% by attaching the biomimetic rep-
lica. However, the transmittance of glass slide covered 
with biomimetic replica was slightly lower than that of 
single biomimetic replica. Perhaps it was caused by the 
increase of the whole assembly thickness when the film 
was attached, and the absorption of light was enhanced. 
Besides, the bonding quality may not be satisfactory, and 
there were defects such as small bubbles on the interface 
which reduced transmittance. In our previous work, the 
bioinspired film was fabricated with PMMA, and the 
average transmittance of the single film over the visible 
region was about 93%[35]. In order to compare the effects 
of similar structures fabricated with different materials, 
the results of optical properties were analyzed in  
Figs. 6c – 6d. In contrast, the average transmittance of 
the PDMS positive replica reached 91%. Although re-
fractive index of the two materials is different 
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Fig. 6  The optical performance analysis of the positive PDMS replica. (a) Reflectance spectra of different surfaces; (b) transmittance 
spectra of different surfaces; (c) optical properties of the films fabricated with different materials; (d) the S (1-T-R) curves of the films 
fabricated with different materials. 
 
(nPMMA = 1.49, nPDMS = 1.404), yet the optical perfor-
mances of replica prepared with PDMS were compara-
ble to that of PMMA. It could be found that the influence 
of structure was greater than that of material in antiref-
lection. Meanwhile, the film prepared with PDMS was 
thicker, which had a certain decrease in the transmittance. 
Therefore, the transmittance of the PDMS positive rep-
lica was not as good as that of PMMA positive replica. 
Besides, the results in Fig. 6d were obtained by 1-T-R, 
and it was recorded as ‘S’ here. The scattering and ab-
sorption between the nanostructures were often in-
cluded[36]. The structural films exhibited obvious in-
crease in S curve compared with flat films, indicating 
that the structures promote the scattering of light. Be-
sides, compared with the PDMS replica with a thickness 
of 1 mm, the PMMA replica with a thickness of 0.18 μm 
was quite thin[35], and the absorption of the latter was 
negligible. Therefore, the S curve of the film prepared 

with PDMS was universally higher than that of PMMA 
whether with or without structure. It indicated that the 
thickness of the film had a great influence on the scat-
tering and absorption. 

The existence of the nanostructures could eliminate 
the sudden change of refractive index. Hence the ref-
lection was depressed. Meanwhile, the sub-wavelength 
structures were effective to enhance the scattering of the 
surface. The concentrated light falling on the structural 
surface could be dispersed by the nanostructure arrays. 
Due to the scattering in all directions, the light falling to 
the observation point was weakened (Fig. 7a). Therefore, 
the structural PDMS replica could display a higher 
transmittance and lower reflectivity compared with flat 
PDMS. Fig. 7b displays the replica under strong light. 
The non-structural region of the replica exhibited an 
obvious specular reflection in a strong light environment, 
meanwhile, the glare made it difficult to read the words. 
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As a contrast, the words under the structural region were 
partially readable. Besides, the blurring in structural 
region was caused by the ridges and the supporting 
structures covering on the replica. These structures 
could date back to the network structures on original 
cicada wing. At present, there is no good way to solve 
the problem. The structural film may display a more 
satisfactory antireflection if the ridges and supporting 
structures were completely rejected. 

Flexibility is also one of the evaluating indicators 
for antireflective surfaces. The prepared structural 
PDMS replica has shown excellent elasticity and flex-
ibility (Fig. 7b-1). What’s more, a stretching test was 
used to investigate. As shown in Fig. 7c, a homemade 
equipment to stretch the film, and the extension ratio 
(ERO) of film was defined as: 

1 0

0

( )
100%.

l l
ERO

l


                      (5) 

l1 was the length of the film drawn under external force, 
and l0 was the original length of the film. The film was 

stretched at a certain ERO for 5 min, then it was released. 
It was observed that the film can restore the original 
length when the ERO was no larger than 15%. In order 
to further investigate whether the antireflection perfor-
mance of the film was affected by the stretch-restore 
process, the reflectivity curves were measured (Fig. 7d). 
The reflectivity curves of 5%, 10%, 15% (ERO) were 
similar. It indicated that the antireflection property of the 
replica was not destroyed under a 15% ERO. Meanwhile, 
these curves were a little higher than that of the replica 
without stretching process. Perhaps it could be attributed 
to the uneven part of the surface after the treatment. If 
the film was stretched with a more than 20% ERO, the 
nanoarray on the surface would been destroyed, and it 
could be confirmed with the SEM image in upper right 
corner in Fig. 7d. The reflectivity of the destroyed region 
was higher than 20%. It was obvious that, the bionic 
antireflection film would not fail under the ERO less 
than 15%, and it exhibited good flexibility and elasticity. 

The self-cleaning performance was also very im-
portant   for   antireflective  surface.  The  static  contact 

 

 
Fig. 7 (a) Schematic diagram of the light pathway through the different regions of the replica; I=Incident light, T= Transmission, 
R=Reflection; (b) the replica under strong light; (b)-1 the replica in a highly curved state; (c) schematic diagram of the stretching test; (d) 
the reflectivity curves of the PDMS replica after stretch-recovery process. 
 
 

 



 
Journal of Bionic Engineering (2020) Vol.17 No.1 

 

42 
 

angle measurement and dynamic contact angle mea-
surement test were carried out. As shown in Fig. 8a, the 
contact angles of water droplets on flat PDMS, structural 
PDMS, and silylanized structural PDMS were measured 
respectively. The structural PDMS was hydrophobic and 
reached a 121.1˚ Contact Angle (CA), higher than that of 
flat PDMS. The existence of nanostructures improved 
the water contact angle of the PDMS surface, indicating 
that the structure has improved the surface hydropho-
bicity. After further surface treatment, the contact  angle 
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Fig. 8  The self-cleaning performance of the replica. (a) The water 
contact angle of the flat PDMS, structural PDMS, and silylanized 
structural PDMS; (b) the water Rolling Angle (RA) of silylanized 
structural PDMS. 
 

 
Fig. 9  The positive PDMS replica in fog environment. 

of the surface reached up to 152.1˚, indicating that the 
surface has reached the superhydrophobic state. In ad-
dition, the rolling process was recorded in Fig. 8b, in-
dicating that the adhesion of water droplets on its surface 
was weak. In summary, the silylanized structural PDMS 
had good self-cleaning performance. 

Since the actual environment was usually complex, 
it was important for the antireflective film to achieve 
multifunctional performances. Considering the antiref-
lection in a special environment, such as fog. The results 
of antifogging performance characterization was shown 
in Fig. 9. The biomimetic replica was exposed to the 
spray at room temperature. The fog on the surface grew 
into small water droplets (Figs. 9a), after that, the water 
droplets continued to merge with each other and became 
larger and larger, and finally rolled off on the surface 
(Figs. 9b – 9f), showing a hydrophobic and anti-fogging 
state. 

4  Conclusion 

In this work, we developed a simple but effective 
method to mimic the perfect antireflective nanostruc-
tures inspired by the cicada wing. Here, the original 
cicada wing was used as a template to obtain the PMMA 
negative replica via an evaporation solvent process. 
Afterwards, the PDMS modified with N-hexane was 
coated on the surface of PMMA negative replica, fol-
lowed by a solidifying process. The fabricated structural 
PDMS film exhibited excellent low reflectivity (≤3.5%) 
and high transmittance (≥91%) in a broadband visible 
region. By comparing with the previous work, it was 
also proved that the structure played a greater role in 
antireflection. Besides, this preparation process made it 
possible to completely copy the entire cicada wing, 
which was very important for the research of bionic 
functional surface. Meanwhile, it was also confirmed 
that the nanocones were effective for the wettability of 
the surface. The structural PDMS film achieved the 
self-cleaning performance after the surface treatment 
(CA = 152.1˚, RA = 4˚). Furthermore, its flexibility and 
antifogging performance were also explored. This work 
was supposed to come up with a new idea to realize the 
biomimetic nano-fabrication, and the results in this work 
were also promised for plenty of practical applications in 
the fields of curved screens, flexible displays, optoelec-



 
Wang et al.: Rapid Fabrication of Bio-inspired Antireflection Film Replicating From Cicada Wings 

 

43

tronic devices, solar cells and even anti-dazzle glasses. 
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