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We present a mini review of the recent progress in the 
fabrication of nanolenses and their use for high-
resolution optical imaging beyond the diffraction 
limit. Nanolenses break the diffraction limit by cap-
turing near-field evanescent waves and refocusing 
them in the far-field image plane. The focus of this  
article is on our recent work on fabrication of nano-
lens and ordered lens arrays by a combination of the 
top-down and self-organization in unstable thin poly-
mer films. Highly confined, thin (<50 nm) liquid 
polymer films spontaneously transform into micro-
scale patterns of droplets by a spinodal instability 
leading to dewetting. The lateral length scales of these 
self-organized structures in air are limited by the 
weak van der Waals destabilizing force and a strong 
surface tension-induced stabilization. Limitations on 
slow dewetting kinetics and relatively large (>1 μm) 
length scales can be overcome by dewetting induced 
under an optimal mix of a non-solvent (water) and a 
good solvent, which reduces the interfacial tension 
without a concurrent solubilization of the polymer. 
This room temperature technique reduces both the 
time and the length scales of self-organized structures 
by over one order of magnitude. Further, directed 
dewetting combined with physico-chemically pat-
terned substrates and films by e-beam, photolithogra-
phy, laser ablation and nanoimprint lithography 
techniques can be used for fabrication of ordered 
nanostructures such as arrays of nanolenses.  
 
Keywords: Dewetting, diffraction limit, high-resolu-
tion optical imaging, nanolens array. 
 
LIGHT microscopy has been an integral tool for visualiz-
ing objects not visible to human eyes for almost four cen-
turies. However, during the last five decades, the 
alternative microscopies such as electron microscope and 
scanning probe microscope have also become popular 

owing to the ever-increasing importance of smaller 
scales. In 1873, Ernst Abbe proposed the theory of image 
formation which showed that the resolution of an optical 
component is limited by the spreading of light through 
each point in the image plane, what is now known as the 
diffraction limit1. The resolution limit given by Abbe’s 
equation is 
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where d is the resolution limit, λ wavelength of light,  
n the refractive index of the medium and α the half angle 
of the cone of light from the specimen plane accepted by 
the objective lens. The denominator of the above equation 
is also referred to as the numerical aperture (NA). Thus, 
in the best possible scenario, the resolution of light  
microscope is limited to about half the wavelength of 
light used to illuminate the sample, which is >200 nm for 
visible white light. However, some of the unique capa-
bilities of the optical microscope such as cost, ease of 
use, ambient operation, non-invasive imaging and real-
time continuous imaging have helped maintain it as an 
indispensable imaging tool. Thus, exploration of strate-
gies to overcome the optical diffraction limit has become 
important. The primary reason for the diffraction limit 
lies in the loss of the so-called near-field evanescent 
waves which decay exponentially in space and cannot 
contribute to the image formation in the far-field optics. 
These waves carry sub-wavelength details of the object to 
be imaged and it is thus crucial to tap them for imaging 
beyond the diffraction limit2. In recent years, the diffrac-
tion limit has been overcome by methods such as single-
molecule fluorescence3, surface plasmon excitation through 
superlenses or hyperlenses4−9 and near-field optical  
microscopy10−17. 
 In terms of resolution, applicability and ease-of-use in 
bright field microscopy, near-field microscopes have  
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distinct advantages over other methods. Although the 
original idea of a near-field microscope was first pro-
posed in 1928 by Synge10,11, it was not until 1972 that the 
diffraction limit was first broken albeit for a significantly 
larger radio wave (λ = 3 cm)12. The first working near-
field scanning optical microscope (NSOM) was deve-
loped in 1984, soon after the invention of the scanning 
probe microscope13. Over the years, NSOM has improved 
and integrated with better and faster electronics to resolve 
features smaller than 50 nm (~λ/10). However, a major 
limitation of any scanning probe method is the speed of 
measurements, which makes continuous real-time imag-
ing over large areas difficult. 
 Recently, it has been demonstrated by several groups 
that a nanolens in conjunction with the normal bright 
field microscope can help break the diffraction limit by 
capturing the near-field evanescent waves which other-
wise decay exponentially and would not have reached the 
image plane14–17. Therefore, one can do real-time conti-
nuous imaging with a regular microscope and yet achieve 
sub-diffraction limit resolution with the help of an array 
of nanolenses positioned in contact with the object. Figure 
1 is a schematic diagram showing a nanolens working 
with a bright field microscope in the transmission mode. 
The nanolens helps in capturing the high-frequency eva-
nescent waves, thus overcoming the diffraction limit. 
 Nanolens fabrication methods explored thus far can be 
divided in two categories: self-assembly (bottom-up)-
based methods and lithography (top-down)-based meth-
ods. While the lithography-based methods provide pre-
cise positioning of nanolenses, they are limited by the 
choice of materials, configurability, dimensions (usually 
>1 μm), cost and difficulties in fabricating a smooth lens 
profile. Self-assembly-based methods give flexibility to 
the size and shape of nanolenses, but less precise posi-
tioning and size distribution remain as challenges. Next, 
we discuss some of these methods briefly to highlight 
their strengths and limitations. 
 
 

 
 
Figure 1. Schematic diagram of a nanolens working with optical mi-
croscope in transmission mode. Nanolens helps in improving optical 
resolution by capturing evanescent waves. 

 In a recent report, Lee et al.14 have demonstrated the 
near-field high resolution achieved by spherical nano-
lenses that are made by the self-assembly of organic 
molecules. These nanolenses exhibit curvilinear trajecto-
ries of light which leads to extremely short focal lengths, 
allowing resolution of features beyond the diffraction 
limit by the near-field magnification. For the lens assem-
bly, these authors14 used calix hydroquinone (CHQ) 
which is composed of four p-hydroquinone subunits and 
eight hydroxyl groups. Intermolecular hydrogen bonds 
and π–π stacking interactions are the critical intermolecu-
lar forces responsible for the self-assembly of CHQ 
molecules into supramolecular nanolenses. To make these 
nanolenses, CHQ monomer is dissolved in 1 : 1 water–
acetone solution and slowly heated from –14°C to 40°C 
in aqueous environment for a day. This process forms 
self-assembled spherical nanostructures with diameter 
ranging from 50 nm to 3 μm. The plano-convex nano-
lenses thus formed can be isolated and then placed on the 
optical device with the help of a dual focused ion beam. 
The CHQ nanolenses break the diffraction limit to  
resolve lines separated by ~200 nm using conventional 
optical microscope. The study also investigated the rela-
tive magnification/resolution in the face-up and face-
down configurations of the plano-convex nanolenses on 
the imaging object. While the process is rather complex 
and time-intensive, it was among the first attempts to use 
nanolenses in conjunction with optical microscopy.  
 Later, Wang et al.16 reported resolutions of less than 
100 nm in bright field microscope with the help of  
micrometre-sized glass beads. They used ordinary glass 
(refractive index n = 1.46) microspheres of diameter bet-
ween 2 and 9 μm. These far-field super-lenses achieved 
resolutions between λ/8 and λ/14, and magnification  
between ×4 and ×8. The study could successfully resolve 
100 nm tracks on a blu-ray disc and 90 nm corners of a 
star-shaped object. These microsphere super-lenses can 
be integrated with a normal optical microscope in both 
transmission and reflection modes and work under white 
light illumination. The study also claimed that it is in 
principle possible to image features as small as 20 nm 
with the help of a 5 μm super-lens made of a material 
with the refractive index of 1.8. This would indeed be a 
remarkable advance as it will open up a variety of appli-
cations such as imaging of viruses, interior of living cells 
and DNA by conventional microscopes without the need 
of fluorescence tagging. Assembling of the micrometre-
sized glass beads in the form of an array, so that the  
imaging can be performed over larger area, still needs to 
be addressed. Further, the large size of the beads limits 
the field of view significantly. 
 Recently, Kang et al.17 have demonstrated a method to 
produce an array of microlenses with diameter ranging 
from ~500 nm to ~15 μm and a wide range of curvatures 
(contact angle: 10°–90°) using a photocurable polymer. 
They fabricated the microlens array by direct transfer  
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of partially cured polymer to the surface and were able to 
resolve nanoscale gaps of 130 nm. The fabrication 
method involves three successive steps: first, a flexible 
polydimethylsiloxane (PDMS) stamp with protruding  
pillars is soaked with a photocurable transparent polymer. 
Then this stamp is used to deposit polymer droplets on 
the pre-treated target surface by applying a nominal pre-
ssure (~10 Pa). These droplets were then allowed to reach 
the equilibrium contact angle, which depends on the sub-
strate wettability. Finally, the structures were made per-
manent by crosslinking of polymer by UV exposure. Size 
of the droplets was controlled by changing the feature 
size on the stamp and by regulating the amount of poly-
mer on the stamp, whereas the shape of these droplets 
was controlled by surface treatment. To attain high con-
tact angles, the target surface was coated with Teflon 
thin-film (~5 nm). The photosensitive polymers used 
were polyurethane acrylate (PUA), Norland Optical  
Adhesive (NOA) and polyethylene glycol diacrylate 
(PEG). The minimum contact angle (9.8°) droplets were 
of PUA on glass, whereas the maximum contact angle 
(90.9°) was achieved with PEG on Teflon. The method 
can be applied to assemble a microlens array directly on a 
variety of complex surfaces to be imaged such as lenticu-
lar, stepped and cicada wings. These lenses were used to 
resolve honeycomb-like structures with 500 nm periodic-
ity and a smallest gap of 130 nm using 150× objective 
lens with NA of 0.9. The report also studied systemati-
cally the magnifying effect of these lenses. Although this 
method demonstrates the fabrication of different sized 
lenses on a variety of surface geometries, the lens curva-
ture is not tunable, but is governed by the wettability of 
the substrate. To achieve a particular shape of the lens,  
appropriate combinations of surface and the lens material 
have to be used, which limits the applicability of the 
process in many situations. 
 There are other reported methods of making micro-
lenses, such as thermal reshaping of colloidal particles18, 

solvent exchange precipitated particles19, inkjet printing 
of liquid droplets and subsequent polymerization20, stim-
uli responsive hydrogels21 and liquid-filled microchan-
nels22, all of which have been proposed in the last few 
years as potential candidates for scalable production of 
microlens arrays. 
 In contrast to the top-down fabrication methods descri-
bed above, we have recently demonstrated a simple and 
versatile method for making nanolenses and arrays by 
controlling the instability and self-organized dewetting of 
ultrathin (<50 nm) polymer films15. Self-organization 
may be defined as the predilection of an unstable system 
to spontaneously morph into a (usually) more complex 
shape by a re-organization of its material by flow and  
deformation fueled by energy minimization. Highly con-
fined nanosystems, such as an ultrathin (<100 nm) film, 
are often unstable owing to their high pent-up surface  
energy and attractive/repulsive intersurface interactions 

because of the close proximity of interfaces within the 
decay lengths of interactions such as the van der Waals, 
electrostatic, etc. Thus, in addition to the two established 
paradigms of nano-fabrication – top-down and bottom-up 
(self-assembly) – the third alternative of self-organization 
is becoming increasingly attractive for nanofabrication in 
soft materials. In particular, much attention has been de-
voted to the instability and spontaneous pattern formation 
in thin films of soft materials such as polymer and metal 
melts and solutions and soft elastomers and gels. Clearly, 
the material should be sufficiently soft in order for the 
self-organization in a thermodynamically unstable system 
to proceed by flow and deformation on relatively fast, 
practical timescales. Thus, self-organization in thin 
polymer films, produced for example by spin coating, can 
occur if the as-deposited solid film is first softened by 
thermal annealing beyond its glass transition or by con-
tacting with a solvent vapour to reduce its glass transition 
temperature below room temperature. Once the polymer 
chains acquire sufficient mobility, an unstable thin film 
can dewet its substrate to form a pattern. Dewetting of a 
thin film involves surface instability and spontaneous 
break-up of an unstable thin (<100 nm) liquid film to 
produce an array of holes that grow and coalesce to even-
tually form droplets. This process has been studied exten-
sively over the last three decades23–38. The shape of these 
liquid droplets is similar to a plano-convex lens and 
‘freezing’ of the droplet shapes by cooling, cross-linking, 
etc. allows their use as nanolenses for imaging. A poly-
mer (e.g. polystyrene, polymethylmethacrylate (PMMA)) 
thin film (h < 100 nm) on a non-wetting substrate under-
goes spontaneous dewetting when heated above its glass 
transition temperature (Tg) or exposed to the solvent  
vapour, which increases the polymer mobility for reor-
ganization. These polymers are in glassy state at room 
temperature or when not in contact with a solvent vapour 
so that a ‘liquid’ shape can be frozen to remain in a par-
ticular shape suitable for imaging. However, there have 
been several serious limitations on dewetting of polymer 
thin films in air: (1) droplets produced have very low 
equilibrium contact angle (<30°) and thus large radii of 
curvature; (2) the length scale of instability and thus the 
size/spacing of the resulting droplets are rather large 
(>10 μm), which limits their use as nanolens, (3) the 
dewetting kinetics is slow and takes several hours for 
dewetting to complete and (4) heating of the film and 
cooling of droplets may result in residual stresses and dis-
tortions. The limitations on the large length scale and 
slow kinetics of instability are imposed by the dominant 
stabilizing influence of surface tension in thin films and a 
weak destabilization engendered by the long-range inter-
surface van der Waals attraction. In recent studies, we 
demonstrated a novel room temperature technique to 
overcome all of these challenges on the length and time-
scales of self-organization by carrying out dewetting  
under an optimal mix of a nonsolvent (water) and organic 
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solvents15,39–41. As discussed below, the technique also  
allows control on the size and shape of the resulting drop-
lets. In order to fully appreciate the technique, we first 
present a brief introduction to the self-organized dewet-
ting of a thin liquid film. 
 Self-organized dewetting of polymer thin films is  
engendered by attractive inter-surface forces such as van 
der Waals and opposed by the surface tension. A compe-
tition between the destabilizing and stabilizing factors  
determines the wavelength (length scale) of the surface 
instability that is given by27 
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where γ is interfacial tension, ϕ the inter-surface destabi-
lizing potential (ϕ ~ h–3 for the van der Waals attraction) 
and h is the film thickness27. As the instability grows, it 
leads to the formation of isolated holes in the film. These 
holes grow in size as time progresses and eventually coa-
lesce to form a connected network of polymer ribbons, 
which finally breaks into the isolated droplets of polymer. 
Interfacial tension γ, opposes the creation of new surface 
formed by the growth of instability in the form of in-
creasing surface deformations. Physically, λL depicts the 
average distance between two holes, which is roughly 
also the average distance between two droplets at a later 
stage of instability. In order to reduce λL (as well as the 
droplet size), interfacial tension should be very small and 
the destabilizing potential should be high. Solving eq. (2) 
for a potential ϕ gives λL ~ hn type dependence of wave-
length on film thickness. For example, in the case of the 
apolar van der Waals interaction, ϕ ~ h−3 and thus n 
equals 2 from eq. (2). However, more complex scenarios 
are encountered when the polar interactions are involved 
as in immersion of the film in a liquid polar solvent38. 
The dependence of λL on the film thickness, h as given in 
eq. (2) implies that the distance between droplets and the 
droplet size can be controlled by just changing the initial 
film thickness27. 
 As discussed above, reduction of the feature size in 
self-organized dewetting requires that the inter-facial ten-
sion should be very low and the destabilizing inter-
surface potential should be high. A straightforward way 
to reduce the surface tension to nearly zero is to immerse 
the polymer film in a good solvent. However, it would 
also mean dissolution of the polymer film rather quickly, 
so that there is nothing left to organize! These conflicting 
demands can be balanced by a simple approach in which 
the film is immersed in a mixture of a good solvent and a 
non-solvent whose composition is tuned in such a way 
that the polymer is only sparingly soluble in the mixture, 
but the good solvent can now diffuse in the polymer and 
reduce both its glass transition temperature and its inter-
facial tension. In recent works15,39–41, we proposed such a 

intensified self-organized dewetting in which a thin 
polymer film of polystyrene or PMMA is immersed in a 
mixture of water (non-solvent), methyl ethyl ketone 
(MEK; good solvent) and acetone (poor solvent) in the 
ratio 15 : 7 : 3 respectively. Acetone was added to make a 
homogeneous mixture of methyl ethyl ketone and water. 
The solvent molecules diffuse in the polymer matrix and 
make it liquid-like at room temperature. However, water 
being the major constituent of the liquid phase, dissolu-
tion of the polymer is prevented. A major influence of 
this water–organic solvent mixture is to reduce the inter-
facial tension by nearly two orders of magnitude15,39–41. In 
addition, the strength of the destabilizing force field is 
enhanced by inducing a longer-range electrostatic (ϕ ~ h–

2) attraction acquired because of the charging of the film 
surface in the liquid mix39. This leads to more than an order 
of magnitude decrease in λL and the droplet diameter; 
tremendous increase in the contact angle and significantly 
faster dewetting dynamics15,39. As the dewetting pro-
gresses, the contact angle changes from a very low value 
(~30°) to its equilibrium value in water–solvent mix 
(~150°) in about 1 h and the droplet shape at any inter-
mediate step can be frozen by just removing it from the 
liquid and drying. This change in droplet shape is fully 
reversible, and thus, a droplet of lower contact angle 
(higher radius of curvature) is readily recovered by heat-
ing in air above the Tg (~110°C) or by exposure to a  
solvent vapour. The rate of change of the contact angle is 
controlled by viscosity of the polymer, which is a func-
tion of its molecular weight39. 
 The droplets of size in the range 300 nm−3 μm could 
be produced by dewetting of 15–60 nm thick polystyrene 
thin films15,39–41. Figure 2 shows transverse field emission 
scanning electron microscope (FESEM) images of some 
of the droplets with base-radii from 370 nm to 2.9 μm 
and contact angle from 30° to 143° (ref. 15). This demon-
strates the continuous ranges of the size and shape  
that can be engineered without changing the substrate or  
the lens material. The only control variables here are the 
initial film thickness and the time after which a lens is 
frozen. 
 We have also demonstrated that these droplets after  
being removed from dewetting solution and annealed to 
achieve a smooth spherical shape can be used as nano-
lenses to produce ultrahigh magnification under conven-
tional light microscope15. Figure 3 shows that it is 
possible to resolve stripes on the substrate that are other-
wise not visible. One of the notable advantages of this 
method is that it can be used by just placing a thin, opti-
cally transparent substrate with nanolenses over the imag-
ing object. This add-on microscope aide is reusable and 
in other cases, it can also be assembled in situ to form  
directly on the surface to be imaged. There is also no 
need to use sophisticated tools for placing individual 
lenses on the substrate as required in some of the other 
methods described earlier. 
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Figure 2. Transverse FESEM images of PS droplets. a–c, Temporal evolution of a droplet obtained by dewet-
ting of a 25 nm thick PS film on a flat silicon substrate. Contact angle after: (a) 15 min is 83°, (b) 20 min is 111° 
and (c) 1 h is 140°. d–l, A range of droplet shapes and sizes obtained by dewetting of 14–60 nm thick films. Their 
base-radii range from 370 nm to 2.9 μm and the contact angle varies from 30° to 143° (scale bar: 200 nm).  
Reproduced from Verma and Sharma15. 

 
 As these nanolenses are already shown to overcome the 
diffraction limit, the next step is to build ordered arrays 
of nanolenses so that the imaging over a large area can be 
done. To this end, we have worked on creating uniformly 
spaced nanolens arrays by integrating self-organized 
dewetting with the widely used top-down fabrication 
methods as discussed below15,39–41. Dewetting of a homo-
geneously flat thin film on a smooth defect-free surface 
produces polydispersed droplets that are randomly dis-
tributed on the surface, but with a mean inter-droplet 
spacing close to or correlated to λL. A spatially ordered 
array of droplets can be fabricated by localizing the initial 
instability (formation of holes) by a micro/nano patterned 
template, where the template pattern periodicity is close 
to the wavelength of the instability (λL). Dewetting on a 
physico-chemically patterned surface has been studied 

both theoretically and experimentally in the last decade42–51. 

The physico-chemical heterogeneity acts as the nuclea-
tion site for the initial hole formation as the instability 
grows in the film. This leads to the formation of ordered 
array of droplets as long as the periodicity of the physico-
chemical pattern is comparable to λL for that particular 
film on a flat surface39–41. Figure 4 shows one such  
ordered array of nanolenses of size 200 nm with 1 μm  
periodicity that was achieved by dewetting of a 25 nm 
thick polystyrene film on a physically patterned substrate. 
In Figure 4 a, the bright smaller spots are the pillars fab-
ricated using electron beam lithography (EBL) on which 
a polymer thin film was coated and subsequently dewet-
ted. Bigger and darker spots are nanolenses which are 
near-perfectly arranged in an array. Dewetting is initiated 
on top of the pillars where the film thickness is minimum. 
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Figure 3. Resolution of striped patterns in optical microscope by PS micro-lenses. a, Schematic diagram of  
imaging using optical microscope. b, 500 nm wide strips on silicon wafer resolved by 50X objective (NA/0.5). 
(Inset) FESEM image of the object. c, CD strips with channel width of 800 nm resolved by 20X (NA/0.4) objec-
tive, enlarged view is of 50X objective. (Inset) FESEM image of the object. Scale bar: 5 μm (black), 2 μm 
(white). Reproduced from Verma and Sharma15. 

 

 
 
Figure 4. Dewetting on a physically patterned substrate. a, FESEM 
image of the dewetted structure (scale bar: 2 μm). b, Transverse view 
showing arrays of dewetted droplets (scale bar: 500 nm). Reproduced 
from Verma and Sharma15. 
 
 
Figure 4 b shows the transverse view of the same nano-
lens array15. 
 Although a physico-chemically patterned substrate 
template can be used to produce nanolens arrays over a 

large area, this method is not particularly suitable in that 
a new template first needs to be fabricated for each lens 
array. In addition, micro/nano patterning of substrates 
other than silicon wafers can be a more involved multi-
step process. The ideal process for nanolens array fabri-
cation should be fast, portable across a variety of 
materials and involve minimum steps and complexity. A 
method which comes closer to the ideal in producing the 
nanolens arrays on the flat homogeneous surfaces  
employs creation of differential wetting contrast by  
exposing the film to extremely low doses of electron 
beam (e-beam)40,41.  
 The method works by creation of a differential visco-
sity contrast in the nanodomains of the polymer film cre-
ated by selected-area e-beam exposure. A negative 
contrast polymer such as polystyrene exhibits higher vis-
cosity in the e-beam exposed region, so the dewetting  
dynamics becomes slower in the exposed part. Therefore, 
dewetting starts in unexposed regions of the films and if 
the periodicity of e-beam pattern matches with λL of the 
film, we get nanolenses corresponding to the exposed re-
gions. In a positive contrast polymer such as PMMA, this 
phenomenon is reversed and the e-beam exposed regions 
of the film dewet faster. Figure 5 shows nanolens arrays 
obtained by dewetting of 6.5 and 12 nm thick PS films 
which were exposed with e-beam in a dot pattern. The  
e-beam doses required for this method are at least ten 
times smaller compared to those required for EBL. This 
makes the process significantly faster and realistic for 
large-area nanolens arrays. Just to give a perspective on 
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how fast this method is, a single e-beam can fabricate 
around half a million nanolenses per second. The mini-
mum dimensions of the polymeric domains created by 
this method were ~40 nm (ref. 41), thus breaking the sub-
100 nm limit for the first time in the self-organized 
dewetting of a polymer layer. 
 The self-organized dewetting to produce nanodomains 
requires only that the thin film deposited is unstable  
owing to attractive inter-surface interactions such as the 
van der Waals, electrostatic or others between its two in-
terfaces. The method is thus portable across a variety of 
materials in that it does not depend on the precise chemi-
cal nature of the material. For example, similar nanolens 
arrays could also be fabricated by dewetting of e-beam 
modified thin films of other polymers such as PMMA. 
PMMA is a positive tone e-beam resist, meaning that its 
viscosity decreases in the e-beam exposed regions. Thus, 
the thin film instability grows faster in the e-beam  
exposed domains of PMMA. As MEK is also a good sol-
vent for PMMA, the same dewetting mixture (water, 
MEK and acetone in the ratio 15 : 7 : 3) also produces  
selective dewetting of the e-beam exposed regions. Fig-
ure 6 a shows an array of 204 ± 14 nm sized nanolenses 
with 750 nm periodicity obtained by dewetting of a 
15 nm thick PMMA film. Figure 6 b shows an array of 
2.9 ± 0.2 μm sized nanolenses with 15 μm periodicity  
obtained by dewetting of a 27 nm thick PMMA film. In 
both the cases, the nanolenses produced are highly mono-
dispersed and defects in the 2D arrays are rather rare.  
 
 

 
 
Figure 5. Two-dimensionally aligned droplets obtained after dewet-
ting of e-beam modified PS thin film: (a) 6.5 nm thick PS film and (b) 
12 nm thick PS film (scale bar: white is 1 mm and black is 200 nm). 
Reproduced by permission of The Royal Society of Chemistry from 
Verma and Sharma40. 

 In conclusion, we have summarized some recent tech-
niques of fabrication of nanolens arrays using top-down 
and bottom-up nanofabrication, with a focus on a third 
technique of self-organized, directed dewetting of ultra-
thin polymer films. Self-organization in a thermally  
annealed ultrathin (<50 nm) liquid polymer film in air 
produces shallow lenses of tens of micrometre dimension 
with a slow kinetics. We show that spontaneous dewet-
ting of an ultrathin (<50 nm) polymer film under a mix-
ture of a good solvent and a non-solvent overcomes the 
limitations on the length and timescales for spontaneous 
dewetting. Pushing down the limits of self-organization 
to below 100 nm is made possible by orders of magnitude 
reduction in the stabilizing influence of interfacial ten-
sion and by strengthening of the destabilizing force. Fur-
ther, it is a room temperature technique that obviates the 
need for heating of the film and cooling of the droplets, 
which may result in residual stresses and distortions. 
Self-organized dewetting thus appears to be among one 
of the most versatile methods in terms of controlling the 
size and shape of the nanolenses continuously from less 
than 50 nm to several micrometres and the base-angles  
 
 

 
 
Figure 6. PMMA nanolens arrays fabricated by e-beam assisted 
dewetting of thin PMMA films. a, SEM image of 204 nm (±14 nm) 
nanolens array obtained by dewetting of a 15 nm thick PMMA film. 
(scale bar: 2 μm). b, Optical micrograph of 2.9 μm (±0.2 μm) nanolens 
array obtained by dewetting of 27 nm thick PMMA film (scale bar: 
20 μm). 
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ranging from 30° to 150°. While it provides a signifi-
cantly cost-effective and scalable method to form nano-
lens arrays, there are some issues yet to be addressed. 
Generally, the nanolens arrays for imaging should be 
most effective in covering the maximal area when the 
lenses are in close-pack configuration. One possible  
approach to achieve that using self-organized dewetting 
is the multistep deposition of nanolens array of compati-
ble polymers by filling out the vacant area in each step. 
Using EBL, one such possibility is the dewetting of a 
multilayered polymer thin film, where each layer of poly-
mer has different electron beam contrast. The arrays of 
nanolenses of tunable size and curvature (~40 nm–
10 μm) fabricated by directed and enhanced dewetting of 
ultrathin (5–50 nm) polymer films may also find applica-
tions ranging from the near-field imaging, ‘compound 
eye’, amplification of weak optical signals, sub-wave-
length lithography to fundamental studies of nanooptics. 
Further, the technique also offers the possibility of pre-
cise positioning of functional materials or their precursors 
in ordered nanodomains using the polymer as a delivery 
vehicle. 
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