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 ABSTRACT 
Soft nanoimprint lithography has been limited to ultraviolet (UV) curable resists. 
Here, we introduce a novel approach for soft thermal nanoimprinting. This
unprecedented combination of the terms “soft” and “thermal” for nanoimprinting 
became possible thanks to an innovative nanocomposite mold consisting of a
flexible polydimethylsiloxane (PDMS) substrate with chemically attached rigid
relief features. We used soft thermal nanoimprinting to produce high-resolution 
nanopatterns with a sub-100 nm feature size. Furthermore, we demonstrate the 
applicability of our nanoimprint approach for the nanofabrication of thermally
imprinted nanopatterns on non-planar surfaces such as lenses. Our new 
nanofabrication strategy paves the way to numerous applications that require 
the direct fabrication of functional nanostructures on unconventional substrates.

 

1 Introduction 

Soft nanoimprinting is a versatile, high-throughput, 
and cost-effective nanolithography method in which 
a nanoscale pattern is mechanically transferred onto 
a resist by an elastomeric mold. Today, elastomeric 
molds are commonly produced from polydimethy-
lsiloxane (PDMS) [1, 2]. As a mold material, PDMS 
has numerous advantages over its rigid counterparts 
such as Si, quartz, or Ni [3]. First, PDMS has a 
relatively low surface energy of ~ 20 mN·m−1 [4], and 
its molds therefore do not require any anti-sticking 
agents, which are necessary for rigid molds [5]. In 
addition, PDMS molds are much less sensitive to 
surface contaminants than rigid molds, so the 

nanopatterns produced by PDMS molds are practically 
free of defects. In addition, nanoimprint with soft 
molds does not require high pressure; it can be 
performed by gentle pressing with the thumb [6]. 
Finally, flexible PDMS molds can be applied to 
non-planar surfaces. This last advantage is particularly 
important for the production of functional nanostru-
ctures on curved or flexible substrates [7, 8].  

In addition to its numerous benefits, soft nanoim-
print has several drawbacks, the most notable of which 
is the inability of PDMS molds to produce nanopatterns 
with a sub-100 nm resolution. This limitation stems 
from the low modulus of PDMS, whose relief features 
deform and collapse during imprinting [9]. Notably, 
such a limitation does not exist for nanoimprinting 
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with rigid molds with features that can be down-sized 
to several nanometers [10]. Improving the mechanical 
properties of PDMS was proposed by Schmid et al. 
who formulated hard PDMS and used it as a material 
for high-performance stamps for microcontact printing 
[11]. Inspired by this innovation, Odom et al. designed 
a hybrid PDMS mold with a hard PDMS-based imaging 
layer and used it for nanoimprinting with a sub-100 nm 
resolution [12]. However, some limitations remain 
with respect to the application of such molds, such as 
the fact that they generate cracks in the hard imaging 
layer. Later, Li et al. reported a soft mold composed 
of a PDMS substrate and imaging layer made of a 
photocurable polymer, demonstrating sub-15 nm 
resolution and the ability to imprint the surface of an 
optical fiber [13]. Yet, it should be noted that such a 
mold can form a conformal contact with a fiber by 
bending around its cylindrical surface (Fig. 1(a)). On 
the other hand, imprinting a surface with a more 
complex curvature, such as a lens or saddle, would 
require in-plane stretching of the mold (Fig. 1(b)), 
which is impossible for a hybrid mold with a 
continuous, stiff imaging layer.  

In addition to resolution, nanoimprint molds must 
be also examined in terms of their compatibility with 
different imprint resists. In this sense, rigid molds, 
which can be used with both ultraviolet (UV) curable 
and thermal resists, are highly advantageous over  

 
Figure 1 Schematic representation of (a) soft mold imprinting 
on fiber and (b) soft mold imprinting on a lens. (c) Nanocomposite 
mold made of a soft flexible PDMS substrate with chemically 
attached rigid relief nanofeatures. 

soft molds that are limited to UV curable resists. The 
incompatibility of soft nanoimprint molds with thermal 
resist stems from the fact that a typical thermal resist, 
such as, commonly used PMMA, has an elastic modulus 
of 1–3 MPa while heated to its imprint temperature 
of 160–200 °C [14]. This modulus is similar to that of 
PDMS [15]. Thus, while PDMS relief features are 
pressed against a viscous resist, they do not completely 
penetrate it but rather deform and collapse. This 
feature deformation leads to a significant distortion of 
the imprinted pattern. The incompatibility of soft 
nanoimprinting with thermal resists has precluded 
many of its important applications such as direct 
embossing of curved thermoplastic substrates. We 
hypothesize that thermal nanoimprinting of curved 
substrates is only possible with an elastic mold, which 
would not deform while pressed against a viscous 
resist because of its stiff relief features. 

Here, we report for the first time the soft nanoi-
mprinting of a thermal resist. To overcome the 
limitations of soft nanoimprinting, as listed above, 
and make it compatible with thermal resists, we 
designed an innovative nanocomposite mold based 
on an elastic PDMS substrate onto which rigid silica 
nanofeatures were chemically tethered (Fig. 1(c)). 
Notably, the rigidity of the features ensured robust 
pattern transfer into a thermal resist, with a pattern 
fidelity that is typical for hard nanoimprinting. We 
produced nanocomposite molds with various nano-
patterns comprising relief features with different 
sizes and shapes. We compared the nanopatterns 
produced by our nanocomposite molds with those 
generated by conventional PDMS molds. We found 
that nanocomposite molds can thermally imprint 
sub-100 nm features, whereas conventional PDMS 
molds are incompatible with thermal resists. Further-
more, we used our nanocomposite molds to imprint 
a thermoplastic film on a lens, which represents the 
first thermal nanoimprint on a curved substrate.  

Rigid nanofeatures cannot be directly fabricated on 
PDMS substrate because of a few reasons. First, 
PDMS has very low surface energy and any deposited 
thin film therefore will poorly adhere to it [16]. 
Furthermore, such thin films would likely crack due 
to the surface elasticity, even when well-adhered. 
Finally, PDMS swells in various organic solvents [17]. 
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Therefore, the fabrication of rigid nanofeatures onto a 
PDMS substrate requires an “out-of-the-box” approach. 
Here, we applied a pattern transfer process [18] to 
fabricate a PDMS mold with nanosized rigid relief 
features made of cured spin-on-glass material. The 
schematic fabrication process flow is shown in Fig. 2(a). 
First, we evaporated a 40-nm thick Au film on a 
sacrificial silicon substrate. Notably, Au was deposited 
directly on Si without any adhesion layer. We then 
applied a film of hydrogen silsesquioxane (HSQ, 
XR-1541, Dow Corning) and patterned it using 
electron-beam lithography by exposing it in a Raith 
E-line system, developing it in TMAH solution (AZ 
726, Rohm and Haas) for 2 min, rinsing it in DI water, 
and drying it. Notably, HSQ is widely used as a 
spin-on-glass precursor [19]. In addition, it is also a 
well-known inorganic electron beam resist with the 
best achievable resolution because its cage-like molecular 
structure transforms into a cross-linked network 
upon electron beam radiation [20]. Therefore, HSQ is 
an ideal material for ultra-small silica nanofeatures 
directly fabricated by lithography and without any 
complementary pattern transfer process such as 
plasma etching. To complete the transformation of the 
electron-beam-exposed HSQ to nonstoichiometric silicon 

oxide, we thermally annealed it for 30 min at 330 °C 
and then ashed it in oxygen plasma (Harrick PDC-32G, 
1 min). We then applied a thin film of PMMA (A6, 
495K, Microchem GmbH) by spin coating and baked 
it for 2 min at 180 °C. We used thermal tape (Revapha, 
Nitto Denko) to peel the entire structure from the Si 
wafer and stripped the Au film by immersing the 
tape into a standard iodine-based etchant, potassium 
iodide (KI), for half a minute, followed by immediate 
rinsing in DI water and nitrogen drying. To attach the 
HSQ features to a premade PDMS substrate (Sylgard 
184, Dow corning, see Electronic Supplementary 
Material (ESM) for details), we first exposed both the 
thermal tape with the embedded HSQ features and 
PDMS substrate to oxygen plasma (Harrick PDC-32G, 
1 min), which activates their surfaces with hydroxyl 
groups [21]. Immediately after the plasma exposure, 
we gently pressed the two surfaces against each other 
for 1 s using our thumb and baked the sandwiched 
substrates overnight in an oven at 60 °C. No additional 
pressure was applied on the substrates during baking. 
Finally, we detached the thermal tape by briefly 
heating the sample to 110 °C using a hot plate and 
removed the PMMA by rinsing it with acetone.  

We verified the completion of the transfer of the  

 
Figure 2 (a) Process flow for the fabrication of a nanocomposite mold: i. Deposition of Au on the sacrificial Si substrate; ii. HSQ 
electron-beam lithography and thermal annealing; iii. Deposition of the PMMA film; iv. Application of thermal tape; v. Detachment 
from silicon; vi. Au etching; vii. Oxygen plasma treatment of both PDMS and exposed features; viii. Pressing the two surfaces against 
each other and baking; ix. Detachment of thermal tape by heating the assembly; and x. Stripping PMMA. (b) Top-view AFM image of a 
nanocomposite mold. (c) 3D top-view AFM image of a nanocomposite mold (the scale bar is 500 nm in both cases). 
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HSQ features onto the PDMS substrate by scanning 
the surface of the obtained mold with an atomic force 
microscope (AFM). Figures 2(b) and 2(c) show rep-
resentative AFM images of a nanocomposite PDMS 
mold with HSQ relief features that have been 
chemically attached to its surface using the described 
pattern transfer process. We compared the HSQ 
features before and after the transfer and found that 
their shape, size, height, and morphology did not 
change during the transfer (Fig. S1 in the Electronic 
Supplementary Material (ESM)). We found that the 
produced composite structure is highly robust. For 
instance, neither high-power sonication for 10 min 
nor exposure to a temperature higher than 100 °C 
caused any observable damage of the mold. We 
believe that this robustness stems from strong and 
irreversible Si–O–Si covalent bonds formed at the 
PDMS–HSQ interface [22]. Also, PDMS is known to 
swell in organic liquids including acetone [17]. Yet, 
we found that the short exposure of the mold to 
acetone during the last fabrication step did not lead 
to any observable morphology change, neither for the 
PDMS surface nor for the HSQ features. Furthermore, 
any possible swelling of PDMS can, in principle, be 
prevented by using a water-soluble polymer such as 
polyvinyl alcohol (PVA) instead of PMMA. 

To ensure that the demolding of the HSQ relief 
features from the resist will be easy and robust, we 
treated the fabricated molds with a mold release 
agent based on a fluorinated silane monolayer (Nan-
onex NXT 110). Such fluorinated silanes have been 
extensively used as mold release agents for Si- and 
SiO2-based molds. Furthermore, the same mold release 
agents were shown to be effective for Si molds with 
relief features made from electron-beam patterned 
and thermally cured HSQ [23]. We hypothesize that 
organic silanes form a self-assembled monolayer on a 
HSQ surface, as they do on a silica surface, because 
the composition of cured and plasma-treated HSQ is 
close to that of silica [24–26]. This hypothesis has 
been recently confirmed by demonstrating that 
polyethylene glycol silanes can chemically passivate 
the surface of cured HSQ [27].  

To demonstrate the compatibility of our nanoco-
mposite molds for thermal nanoimprinting, we used 
polybenzylmethacrylate (PBMA) as a thermal resist. 

We chose PBMA due to its relatively low glass 
transition point of 54 °C, which allows thermal 
nanoimprinting at a temperature below 100 °C [28]. 
Such a low imprint temperature should prevent any 
substantial changes in the mechanical properties of 
PDMS that can be caused by overheating [29, 30]. We 
diluted PBMA in toluene, spin-coated it on a silicon 
substrate, and baked it at 100 °C for 2 min. We used a 
Nanonex XB200 imprinting tool for nanoimprinting. 
The typical process parameters included a temperature 
of 90 °C, pressure of 100 psi, and process time of 
5 min. For each mold, we applied a PBMA film with 
a thickness that was slightly higher than the height of 
the mold features, thereby ensuring robust polymer 
flow during the imprint and preventing air trapping 
between the features. 

To explore the resolution limits of soft thermal 
nanoimprinting, we produced nanocomposite PDMS– 
HSQ molds patterned with arrays of rectangular or 
circular features of various sizes. To demonstrate the 
uniqueness of our soft thermal nanoimprint approach, 
we compared the obtained nanoimprinted patterns to 
patterns imprinted with regular PDMS molds [31] 
prepared by casting PDMS onto the electron beam- 
patterned PMMA film and curing (see Fig. S2 and the 
description in the ESM for details). 

Figure 3 compares the nanoimprinted arrays of 
circular features with a diameter of 1 μm, produced 
with a regular PDMS mold and a nanocomposite 
PDMS–HSQ mold. As shown in the top view AFM 
image (Fig. 3(c)), the features imprinted with the 
regular PDMS mold barely replicate the circular 
shape of the mold features (Fig. S3(a) in the ESM). 
Furthermore, these imprinted features have a conical 
shape as seen in the cross-sectional AFM image 
(Fig. 3(e)), which is most probably due to the defor-
mation of the relief features pressed against the 
viscous resist. In contrast, similar features imprinted 
using the composite PDMS–HSQ and observed in both 
top-view and cross-sectional AFM images (Figs. 3(d) 
and 3(f)), precisely reproduced the mold geometry 
(Fig. S3(b) in the ESM). 

Notably, few cracks are visible on the surface of 
PBMA imprinted with the nanocomposite mold 
(Fig. 3(f)). We speculate that they replicate defects of 
the mold surface, which could have formed either by  

 | www.editorialmanager.com/nare/default.asp 
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Figure 3  Comparison between a soft PDMS mold and 
PDMS–HSQ hybrid mold. (a) Schematic showing imprinting 
with the soft PDMS mold. (b) Schematic showing imprinting with 
the PDMS–HSQ hybrid mold. (c) AFM image of the substrate 
after imprinting with the soft PDMS mold. (d) AFM image of the 
substrate after imprinting with the PDMS–HSQ hybrid mold. (e) 
and (f) Cross-sectional view of the imprint with the soft PDMS 
and PDMS–HSQ mold, respectively (scale: 2 μm). 

oxygen plasma [32] or as a result of PDMS swelling 
in the solvent of the mold release agent [17]. These 
cracks increase the overall surface roughness of the 
imprinted resist. Yet, the purpose of any patterned 
resist is its use as mask for the pattern transfer in a 
complementary process such as etching or liftoff. In 
this sense, the surface roughness of the top of the 
resist, such as that in Fig. 3(f), has no negative effect 
on the outcome of the pattern transfer. On the other 
hand, the surface roughness of the bottom of the 
imprinted features may have a negative effect on the 
process outcome because it can be transferred to the 
underlying substrate by plasma etching and form a 
micrograss texture [33]. We estimated the surface 
roughness of the bottom of the nanoimprinted 
features in the two cases using AFM. We found that 
the bottom of the features imprinted with a PDMS 
mold has a root-mean-square roughness (RRMS) of 8.6 
nm. This roughness is much higher than that of the 
PDMS features of the mold with a RRMS of ~ 1.2 nm. 
Therefore, this roughness was most probably caused 
by the deformation of PDMS relief features during 
the imprint. On the contrary, the bottom surface of 
the features imprinted with the nanocomposite mold 

is relatively smooth and has a low RRMS value of 2.2 
nm. This low roughness is in the same range of that 
of HSQ features with a RRMS of ~ 1.5 nm. Based on 
this finding, we conclude that rigid relief features 
chemically attached to the soft PDMS substrate do 
not deform during the imprint and therefore ideally 
transfer the pattern.  

The uniqueness of our soft thermal nanoimprint 
approach is highlighted by the reduction in the 
feature size. Figure 4 shows arrays of 200-nm features 
that were thermally nanoimprinted in PBMA with (a) 
a conventional PDMS mold and (b) our nanocomposite 
mold. The height of the features in both cases is 
150 nm. It is clear that the pattern produced by the 
conventional PDMS mold is highly distorted. Thus, 
at this size scale, conventional PDMS molds are 
completely incompatible with thermal resists. At the 
same time, the dimensions and shape of the nano-
features imprinted with our nanocomposite mold 
exactly reproduce that of the HSQ relief features, which 
were imaged using scanning electron microscopy 
(SEM) immediately after electron-beam lithography 
(Fig. S4 in the ESM). Therefore, the nanocomposite 
molds made from PDMS substrates and chemically 
attached rigid relief features seem to be the ultimate 
solution for soft thermal nanoimprint lithography 
with ultra-high patterning resolution. 

 
Figure 4 Scanning electron microscopy images of the substrate 
imprinted with the (a) soft PDMS mold and (b) nanocomposite 
PDMS–HSQ hybrid mold (scale: 1 μm). 
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Because our soft thermal nanoimprinting approach 
is based on a mold composed of an elastomeric sub-
strate and rigid relief features, it uniquely combines 
the key advantages of both conventional rigid and 
soft imprints: (i) It has a high resolution comparable 
to that of nanoimprinting with rigid molds, and (ii) it 
can easily produce a defect-free conformal contact 
with an imprinted substrate, even when the substrate 
is not planar. To demonstrate this unique and 
innovative combination, we thermally nanoimprinted 
an ultra-high-resolution pattern on the surface of a 
lens. For this purpose, we spin-coated and baked a 
PBMA film on a spherical lens with a diameter of 
35 mm and curvature radius of 50 mm. We used a 
nanocomposite PDMS mold that contained 100-nm 
HSQ features. We performed the imprint by placing 
the mold on top of the lens and positioning the 
lens–mold sandwich between the two membranes in 
the chuck of a Nanonex NX-B200 nanoimprint tool 
(Fig. 5(a)). We used the same parameters as described 
previously for flat substrates for the nanoimprinting 
process. Notably, we observed no macroscopic distortion 
or wrinkles on the mold surface during the contact 
with the used lens (Fig. S5 in the ESM). After the 
nanoimprinting was completed, we gently separated 
the mold from the lens surface. 

Figure 5(b) shows a SEM image of the imprinted 
lens surface. Although we used a curved surface for 
imprinting, the quality of the transferred nanopattern 
was found to be excellent and comparable to commonly 
obtained high-resolution thermal nanoimprints on 
flat surfaces. The SEM images were taken for several 
locations on the lens, and indicated a negligible 
(few%) elongation of the array periodicity compared 
with its nominal value of 300 nm (Fig. 5(b) and Fig. S6 
in the ESM). This elongation is the same in both x and 
y directions. We explain this elongation with isotropic 
in-plane stretching of the mold that necessarily takes 
place when it conformally covers the lens surface. 
Notably, this stretching most likely creates shear 
forces at the PDMS–HSQ interface during the mold 
application. These forces, however, do not seem to 
affect the quality of the imprint or reliability of the 
mold. 

As mentioned above, conventional state-of-the-art 
soft nanoimprinting is incompatible with thermal 

 
Figure 5 (a) Schematic drawing of imprinting on a curved 
surface used in this study. (b) Thermal nanoimprint on lens (scale 
bar on the SEM image = 300 nm). 
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resists because the polymeric resist and relief features 
of an elastomeric mold have similar elastic moduli. 
Thus, elastomeric relief features are not rigid enough 
to sustain the high capillary forces and pressure 
applied during the imprint. As a result, these features 
deform, which causes pattern distortion. Previously 
reported hybrid molds contained imaging layers 
made from harder materials, such as hard PDMS [12] 
and a photocurable polymer [13], whose moduli are 9 
and 216 MPa, respectively. The relief features made 
from these materials were stiff enough to produce 
quality nanopatterns within low-viscosity UV curable 
resists. However, we presume that their polymeric 
imaging features would be substantially softened 
while heated up to the imprint temperature if such 
molds were used for thermal nanoimprint. Therefore, 
they would fail to emboss a highly viscous thermal 
resist. In contrast to these state-of-the-art hybrid molds, 
our novel mold contains relief features made from 
cured HSQ, whose modulus after curing at 330 °C is ~ 
10 GPa [34], that is, a few orders of magnitude higher 
than that of previously reported hybrid molds. 
Furthermore, due to its highly crosslinked structure, 
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cured HSQ retains its mechanical properties when 
heated to 200 °C and above [35]. Therefore, even 
when heated up to the temperature of thermal 
imprinting, the HSQ relief features will remain stiff 
enough to sustain the nanoimprint pressure and 
penetrate the viscous thermal resist, ensuring a 
pattern transfer with the highest possible fidelity.  

Notably, despite the rigid relief features, our 
composite mold forms a robust conformal contact 
with an imprinted surface and minimizes pattern 
defects, similar to a conventional PDMS mold. Figure 
S7 (in the ESM) compares a pattern thermally nano-
imprinted with a rigid Si-based mold with a similar 
pattern nanoimprinted with a composite mold. 
Whereas the surface imprinted with the rigid mold 
contains clearly visible large-area defects stemming 
from surface contaminations, the surface imprinted 
with the composed mold is pristine. A few random 
contaminants found in the latter imprint form localized 
pattern defects with sizes not largely exceeding the size 
of the contaminant itself. As already mentioned, this 
sustainability in the presence of contaminants is 
typical for soft elastomeric molds. 

State-of-the-art hybrid molds and our nanocom-
posite PDMS–HSQ mold differ not only with respect 
to the mechanical properties of the relief features but 
also with respect to their basic configuration. Specifically, 
each of the previously reported hybrid molds contains a 
“stiff” imaging layer. These molds can imprint simple 
curved surfaces, such as cylindrical shapes, but they 
cannot imprint surfaces with more complex curvatures 
such as lenses. Conversely, in our novel mold, the 
relief features and background surface are made from 
completely different materials. Whereas the rigidity of 
the former ensures high pattern resolution and fidelity, 
the elasticity of the latter enables complete freedom of 
the mold deformation. Consequently, our mold is 
compatible with substrates with complex curvatures.  

To fabricate our nanocomposite molds, we used 
electron-beam lithography, which is serial and therefore 
expensive and time-consuming. Naturally, the dem-
onstrated fabrication route is not as cost-effective as 
that of conventional PDMS molds. Yet, we believe 
that other more cost-effective and scalable approaches 
can be applied to nanocomposite molds. For instance, 
a silicon oxide film deposited on Au by plasma enhanced 

chemical vapor deposition (PECVD) or atomic layer 
deposition (ALD) and then patterned by photolitho-
graphy could be an alternative for electron-beam- 
patterned HSQ. Certainly, the size of the rigid features 
of the mold and its pattern resolution will be limited 
by the diffraction of light and process conditions 
used for photolithography in this case. In addition, in 
this work, we produced molds with a total patterned 
area of up to a few hundred square micrometers, being 
limited by the patterning capabilities of electron-beam 
lithography as a serial process (see Fig. S8 in the ESM 
for an example of a large-scale pattern transferred to 
a nanocomposite mold). This area is sufficient for 
prototype molds. Larger areas can be produced by 
using parallel patterning methods, such as photoli-
thography or X-ray lithography, or a longer electron- 
beam exposure. In general, we believe that electron- 
beam-fabricated nanocomposite molds mostly fit niche 
applications of nanoimprinting, which require a 
combination of (i) ultra-high resolution, (ii) thermal 
resist, and (iii) unconventional or non-planar substrates. 
To the best of our knowledge, such a combination 
has not been demonstrated before.  

Soft thermal nanoimprinting is a template-assisted 
method to fabricate micro- and nanostructures. In fact, 
there are many novel template-free high-resolution 
nanofabrication methods such as holographic lith-
ography [36–38] and femtosecond laser direct writing 
[39–41]. However, these methods are based on a 
focused beam and therefore are unlikely applicable 
to non-planar substrates. Furthermore, holographic 
lithography and various self-assembly-based nanofa-
brication methods, such as nanosphere lithography 
[42] and block copolymer lithography [43], can produce 
only periodic structures with a certain geometry. 
Nanoimprinting, on the contrary, can produce any 
arbitrary pattern, as demonstrated in this work. 

In this work, we used PBMA as a thermal imprint 
resist. As mentioned above, the choice of PBMA was 
motivated mainly by its relatively low glass transition 
temperature of 54 °C, allowing nanoimprinting at 
100 °C. In general, the imprinting temperature should 
be a few tens of degrees above the polymer glass  
transition to allow viscous flow [44]. The application 
of commonly used thermal resists such as PMMA 
with Tg of 105 °C will require an imprint temperature 

www.theNanoResearch.com∣www.Springer.com/journal/12274 | Nano Research 
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above 150 °C [45]. We speculate that at such a high 
imprinting temperature, PDMS will become too soft 
to enable a robust pattern transfer with high fidelity 
[46]. In addition, imprinting at lower temperatures 
reduces possible stresses applied onto the mold and 
the resist forms as the result of the difference in their 
thermal expansion coefficients [47]. We believe that 
in addition to PBMA, many other polymers with Tg < 
100 °C may be used for soft thermal imprinting such 
as poly(3-hexylthiophen) [48], polyethylene tereph-
thalate [49], polyvinyl butyral (PVB) [50], and poly-
ethyleneimine (PEI) [51]. 

In summary, we introduce a novel nanoimprinting 
approach that enables the nanopatterning of therm-
oplastic resists with soft elastomeric molds. This 
combination of “soft” and “thermal” is unprecedented 
for nanoimprint lithography and became possible 
due to the unique structure of the mold that combines 
an elastomeric substrate with chemically attached 
rigid relief features. Such a mold can be fabricated in 
a robust process based on the transfer of features 
from a sacrificial substrate to a PDMS membrane. We 
demonstrated high-resolution pattern transfer to 
thermal resists using flat surfaces and surfaces with a 
high degree of curvature such as lenses. Our approach 
paves the way to numerous applications that require 
thermal processing on substrates with unconventional 
geometries. These applications include but are not 
limited to thermal nanopatterning of optical fibers or 
lenses with antireflective coatings, diffraction gratings 
and many other functional nanostructures. 
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