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1. Introduction

The capability to fabricate nanostructures of high density and high resolution over large
areas is important point for fundamental and applied research as subwavelength optical
nanostructures, optoelectronics and biosensors [1–5]. Various lithographic techniques such
as focused ion beam lithography [6] and electron beam lithography [7, 8] are mainly used
to pattern sub-100 nm structures on large surfaces. However, these two techniques are slow
to obtain these surfaces and their equipments are expensive. Moreover, charge effect on
insulating surface can alter the regularity of the pattern shape. Thus, these techniques will
not be suitable for a mass production. In addition, alternative methods emerged in the
past decades, and are not very expensive and fast to realize high density nanostructures.
Moreover, these methods offer a better compatibility for biology and chemical applications
[9, 10]. One of these recent techniques is the soft UV Nanoimprint Lithography, which is very
promising for the periodic nanostructures fabrication with a high density and high resolution
on large surfaces for a reasonable cost [11, 12]. However, a limiting factor of UV-NIL is the
resolution of the fabricated molds [13, 14]. In soft UV-NIL, cast molding processes are used
for flexible mold realization. An advantage of the soft UV-NIL technique is the obtaining of
a great patterns homogeneity on a large zone. This chapter proposes to present in details the
soft UV-NIL and its use for the fabrication of sub-30 nm plasmonic structure on large area.

2. Principle & fabrication process of soft UV nanoimprint lithography

2.1. Principle of UV-NIL

Soft UV-NIL has two fundamental steps and is illustrated in figure 1. Firstly, a UV
transparent mold with nanostructures on its surface is pressed into a UV sensitive resist.
The UV sensitive resist, which is liquid at room temperature, is typically spin coated on
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the substrate. The UV transparent stamp is deposited on the substrate with a low pressure
between 0 and 1 bar [15], at room temperature. Next, the soft stamp is released. The first step
duplicates the nanopattern of the transparent mold in the UV sensitive resist. The second
step is the removal of residual layer of UV sensitive resist. This step is realized by anisotropic
etching such as Reactive Ion Etching (RIE) in order to obtain the desired patterns into the
UV resist. During the nanoimprint step, the resist is cured by a UV source (for example, a
simple UV lamp or other available systems).

The main advantages of soft UV-NIL are the transparent flexible stamp and a low viscosity
UV-curable resist. The replication of the flexible stamps is typically obtained by molding
and curing a polymer from a 3D template. The UV transparent flexible stamp fabrication is
mainly realized with poly(dimethylsiloxane) PDMS [16–18]. PDMS offers a good chemical
stability and a high optical transparency. Moreover, the deformation risk of the soft stamp is
minimized with the use of low viscosity UV-curable resists, which permits 3D patterning at
low pressure without any heating cycles.

Flexible stamp 

resist 

Si substrate 

1. Press Stamp 

2. Release Stamp 

3. RIE process 

Figure 1. Scheme of UV nanoimprint lithography process: (1) Imprint with the stamp (+ curing with UV light), (2) Stamp

withdrawal and (3) Removal of the residual layer with RIE process.

2.2. Master mold fabrication

The master mold used to fabricate flexible stamp is made using the electron beam lithography
(EBL). EBL technique allows an excellent accuracy, a very high resolution, and an capability
to pattern a large variety of geometries. In the example presented here for the Si master
mold fabrication, a PMMA layer of 100 nm (PolyMethylMethAcrylate A2 resist: 950 PMMA
A2, MicroChem Corp.) is deposited by spin-coating on Si substrate and baked at 170 ◦C
during 30 min. An EBL system (Leica EBPG5000+) is used to expose PMMA A2, employing
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an accelerating voltage of 100 kV. Then, the sample is developed in a methylisobutylketone
(MIBK)/isopropanol (IPA) solution at room temperature for 35 s followed by a rinsing of
10 s in IPA and thoroughly dried with N2 gas. Next, the patterns designed in PMMA
are transferred into the silicon substrate via a suitable RIE process. The RIE conditions
are: 10 sccm for O2, 45 sccm for SF6 with P = 30 W, a pressure of 50 mTorr and an
autopolarization voltage of 85V [15, 17]. Then, the PMMA mask is removed with a lift-off
process in trichloroethylene at 80 ◦C. Next, the Si master mold surface is treated with HF
and H2O2 in order to obtain a SiO2 thin surface layer, then modified with an anti-sticking
layer (TMCS: TriMethylChloroSilane) for decreasing the surface energy (Si+TMCS = 28.9
mN/m) in order to easy remove the PDMS molds [17, 19, 20]. In figure 2, SEM images of
nanostructures obtained on a Si substrate are presented.

450 nm 

(a) 

150 nm 

27 nm 

78 nm 

(b) 

Figure 2. SEM images of Si master mold designed by EBL: nanoholes of diameter ∼ 27 nm and ∼ 78 nm of periodicity. (a)

zone of some µm2 and (b) zoom of the previous zone.

For the master mold, the dimensions of obtained nanoholes are ∼ 27 nm of diameter and ∼

78 nm of periodicity on a zone of 1 cm2. The programmed dimensions for the electron
beam lithography are 25 nm for the diameter and 75 nm for the pitch. Consequently,
the dimensions obtained experimentally are in good agreement with those programmed
by taking into account the errors of measurements, which could be observed on the
nanostructure dimensions with SEM.
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2.3. Flexible UV-transparent stamp fabrication

2.3.1. Polymeric materials for stamp fabrication

An advantage of polymeric materials for the replication of original master mold in the
nanoimprint process is the low cost of fabrication compared to EBL. With a single and
expensive master mold, a large number of polymeric stamps can be replicate and use in
the nanoimprint process. Moreover, the excellent flexibility of the elastomeric material
offers a good contact between the stamp and the substrate on large areas at low pressures
(tens of bars) and on non-planar substrates. Various polymeric materials have been
used for stamp fabrication as cross-linked novolak based epoxy resin [21], polycarbonate
resins [22], fluoropolymer materials and tetrafluoroethylene (PTFE) [23]. In addition,
poly(dimethylsiloxanes) (PDMS) have very interesting properties as a stamp elastomer. The
first of these properties is a conformal adhesion of the stamp with the substrate on large
areas without any external pressure.

Indeed, PDMS has other attractive properties: (1) its flexibility, which allows a good accuracy
of relief shapes replication in the fabrication of the patterning elements, (2) its low Young′s
modulus (750 KPa) [24] and its low surface energy which allows conformal contact with
surface without applied pressure and non-destructive release from designed structures [25],
(3) its good optical transparency to a UV light source [26], and (4) its commercial availability
in bulk quantities at low cost. The standard PDMS has some advantages, however a number
of properties inherent to PDMS limits its performances in the soft UV-NIL. First, the Young′s
modulus of standard PDMS is low and can limit the fabrication of high density patterns at a
sub-100 nm scale due to the collapse of structures. Second, the surface energy (∼ 20 mN/m)
of PDMS is not low enough and that does not make it possible the duplication of profiles with
a high fidelity. Moreover, the high elasticity and thermal expansion can lead to deformations
and distortions during the fabrication process. In general, long range deformations can be
avoided by using a thin glass backplane which preserves a global flexibility. In addition,
short range deformations can be avoided only by increasing the elastic modulus of PDMS
(see paragraph 2.3.2).

2.3.2. Standard PDMS stamp fabrication process

Standard PDMS stamps are mainly realized with a mixture of two commercial PDMS
components: (10:1) PDMS RTV 615 siloxane oligomer and RTV 615 cross-linking oligomers
(General Electric). This mixture is deposited then casted on the Si master mold and degassed
in a dessicator. Standard PDMS is cured at 60 ◦C for 24 h in order to reduce roughness and
to avoid a build up of tension due to thermal shrinkage. If longer curing times and higher
temperatures are used, then the elastic modulus and hardness of the polymer are increased
(up to x2). However, a higher roughness and deformations can be observed. The stamps
are cooled to room temperature, thoroughly peeled off from the master mold and treated
with the TriMethylChloroSilane (TMCS) anti-sticking layer in order to reduce the low PDMS
surface energy. These stamps are not suitable for the replication of sub-100 nm structures (or
with a high aspect ratio) due to the low elastic modulus of PDMS. To solve this problem of
low Young′s modulus, a modified PDMS called hard-PDMS was already developed.
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2.3.3. Bilayer hard-PDMS/PDMS stamp fabrication process

To increase the resolution and fidelity of structures, the mechanical properties of the soft
stamp need to be improved. Odom et al. [28] developed a bilayer stamp of hard-PDMS
and standard PDMS, which presents, as advantages, a rigid layer to obtain a high resolution
pattern transfer and an elastic support for obtaining a conformal contact even at a low imprint
pressure. The hard-PDMS has an attractive property: a lower viscosity of its prepolymer
in comparison to standard PDMS. The hard-PDMS prepolymer viscosity is obtained by
decreasing of the chain length during its preparation. Thus, the accuracy of replication
is improved especially for high-density and small patterns. Another groups [23, 29] also
studied the viscosity reduction of the prepolymer for an good replication of the master mold.
In this case, the PDMS prepolymer viscosity was decreased with the introduction of a solvent
in the mixture. This solvent used with an excessive amount of modulator allows to delay the
cross-linking.

The figure 3 represents the fabrication process of the bilayer hard-PDMS/PDMS stamp.
The hard-PDMS is a specific thermocured siloxane polymer based on copolymers
Vinylmethylsiloxane-Dimethylsiloxane (VDT301) and Methyl-hydrosilane-Dimethylsiloxane
(HMS-301) from ABCR, respectively, 34 g and 11 g [27]. In addition, before degassing
the mixture with a mixing machine we add 50 µL of platinum catalyst, and 0.5% w/w
modulator tetramethyl-tetravinyl cyclotetrasiloxane from FLUKA to the mixture [30]. Then,
the hard-PDMS is spin coated on the silicon master mold and the used thickness is mainly 5-8
µm and supported by a standard PDMS layer (∼1.5 mm) (see figure 3). The standard PDMS
layer keeps a good flexibility and adaptation on the spin coated wafer during imprint transfer
[31]. Then, the bilayer stamp is placed on a glass carrier. The standard PDMS (RTV 615) with
its curing agent are mixed before deposit on the thin hard layer PDMS (H-PDMS). Finally, the
sample is cured at 60 ◦C during 24 hours and treated with a TriMethylChloroSilane (TMCS)
anti-sticking layer.

For the chosen example of nanostructures, the bilayer stamp is very suitable. Indeed, the
obtained nanodots dimensions are ∼ 28 nm of diameter, the periodicity of ∼ 78 nm, and the
height of ∼ 60 nm. The figure 4 represents an AFM image of the hard-PDMS/PDMS stamp.

2.4. Soft UV-NIL process

2.4.1. Optimization of pressure and decreasing of possible deformations for imprint step

In order to realize the best pattern replication, the control of possible deformations of the
replicated pattern is a very important point. Indeed, the PDMS stamp flexibility allows to
obtain a conformal adhesion with the substrate at low pressure, during the imprint process.
Nevertheless, structures deformations with a high aspect ratio can occur when the applied
pressure increases due to the low Young′s modulus. In the case where these deformations
cannot be avoided, their control and reduction are keypoints and depend on the wished
application. A study of the resolution was made by some groups. KarlSuss GmbH has
studied the replication of nanoholes (340 nm of diameter) in AMONIL resist. They obtained
a diameter of 340 nm ± 5%, and a period uniformity of 2 nm over a 6 inch area [32]. During
the imprint step, the resist flow depends strongly on the applied pressure and determines
the accuracy on the dimensions of the imprinted nanostructures. In order to reduce local
distortions, the pressure of the imprint step must be minimized to obtain a good depth of
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1.  Master mold designed by EBL in PMMA  

+ Transfer of pa<erns in Si by RIE (O2 + SF6)  

+ LiF‐off of PMMA 

Silicon 

2. Hard‐PDMS spin coated (thickness 5‐8 µm) 

Silicon 

H‐PDMS 

3. PDMS CasRng (≈ 1.5 mm) and curing at 60°C during 24h 

Silicon 

H‐PDMS 

PDMS 

4. Bilayer Hard‐PDMS/PDMS Stamp Release 

H‐PDMS 

PDMS 

Silicon 

Figure 3. Principle scheme of the fabrication process of the hard-PDMS/PDMS stamp.

the resist in the stamp nanostructures. Cattoni et al. [33] demonstrated that the pressure
could be reduced to 0.7 bar (thus that Shi et al. [19] ) and combined with a UV exposure of
10 min (λ = 365 nm, dose of 2 J/cm2), a high quality of nanostructures shape was obtained.

2.4.2. Optimization of the thickness of the resist residual layer

Another keypoint of the NIL process is the removal of the residual layer of the resist. In
Thermal-NIL and standard UV-NIL, a rigid mold and a high pressure are used, and a thin
residual layer of resist is mainly left between the mold protrusions and the substrate. It acts
as a soft cushion layer that prevents direct impact of these fragile nanostructures and the
substrate. The residual layer is typically withdrawn by RIE. The RIE step can strongly affect
the initial shape and size of nanostructures. In addition, in the soft UV-NIL, which uses
flexible stamps, the residual layer can be reduced by adapting the original resist thickness to
the height (or depth following the desired pattern) of the stamp pattern. Several groups
demonstrated the adaptation of the initial resist thickness to the height or depth of the
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X: 750 nm 

Figure 4. AFM image of the dots in the bilayer hard-PDMS/PDMS stamp (periodicity: ∼ 78 nm, diameter (FWHM): ∼ 28 nm,

and height: ∼ 60 nm).

stamp pattern in order to decrease the residual thickness of resist layer. One of these groups
conducted a study on the AMONIL resist and they obtained a structure depth of 170 nm and
a residual layer of 36 nm [32]. Thus, a very small thickness of the residual AMONIL layer
was observed and allowed a good replication.

2.5. Soft UV-NIL for sub-30 nm plasmonic nanostructures fabrication

2.5.1. Soft UV-NIL in AMONIL

Various UV-sensitive resists as the NXR 2010 and the AMONIL are available. These two
resists exhibit good performance for resolution and etching resistance. The AMONIL resist
was used for its low cost compared to the NXR 2010 resist, and its excellent time of
conservation. AMONIL resist is a mixture of organic and inorganic compounds having a
surface energy of 39.5 mN/m. AMONIL MMS10 from AMO GmbH is used and spin coated
on the top of a Ge/PMMA A2 bilayer (10 nm/100 nm thick, respectively), which allows the
AMONIL lift-off after curing (see figure 5(a)). The Ge layer is used to improve the selectivity
of the former one over the PMMA layer [20]. An AMONIL thickness of 70 nm is chosen in
order to minimize the residual thickness of AMONIL. Then, the imprint process is performed
in AMONIL with UV exposure at 365 nm wavelength for 10 min and a pressure of 0.7 bar.
All these parameters were optimized for the fabrication of nanostructures, which use the
bilayer hard-PDMS/PDMS stamp obtained from Si master mold. The figure 5(b) represents
the imprint in AMONIL. The dimensions obtained for nanoholes imprinted in AMONIL are
∼ 28 nm of diameter and ∼ 78 nm of periodicity and these values are in good agreement
with the dimensions of nanoholes of Si master mold.

2.5.2. Plasmonic nanodisks fabrication

Firstly, the residual AMONIL thickness in the ground of the nanoholes must be removed by
a suitable RIE process. For the removal of the residual layer, the etch gases used for RIE
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1.  Imprint in AMONIL resist with a UV lamp  

(λ = 365 nm) during 10 min and P = 0.7 bar 

H‐PDMS 

PDMS 

Silicon 

2. RIE of residual trilayer 

Silicon 

3. Au EvaporaQon & LiS‐off of PMMA 

Silicon 

(a) 

AMONIL (70 nm) 

Ge (10 nm) 

PMMA (100 nm) 

Au (30 nm) 

(b) 

30 nm 

Gases for RIE of the trilayer:  

‐ AMONIL: O2 and CHF3 
‐ Ge : SF6 
‐ PMMA: O2  

Figure 5. (a) Scheme of the trilayer soft UV-NIL process, and (b) SEM image of imprint in AMONIL with bilayer hard-PDMS/PDMS

stamp.

are O2 and CHF3. Ge is removed by RIE using SF6 [34]. For the removal of the PMMA A2,
the gas used for RIE is O2. A good selectivity between PMMA and AMONIL is obtained
[15, 17]. The next step is to evaporate a gold thin layer (30 nm) in order to realize the
plasmonic nanodisks. Previously, an adhesion layer (Cr) for gold is evaporated (3-5 nm).
Then, a lift-off in acetone is used to remove the PMMA underlayer (+ AMONIL/Ge) in order
to obtain the sub-30 nm plasmonic nanodisks. The figure 6 presents the results obtained
with the bilayer hard-PDMS/PDMS stamp in AMONIL. We observe that the dimensions of
plasmonic nanodisks are in good agreement with the dimensions obtained with the imprint
in AMONIL. Then, the plasmonic nanostructures can be used as Localized Surface Plasmon
Resonance biosensors [35].

3. Conclusion

In this chapter, we have demonstrated the fabrication of sub-30 nm plasmonic nanostructures
with the soft UV-NIL technique. The soft UV-NIL is composed by three separate steps: the
fabrication of the master mold, the replication of the flexible hard-PDMS/PDMS stamp from
the Si master mold, and the imprinting process by using the bilayer hard-PDMS/PDMS
stamp. All these steps are very important in order to obtain a very good quality of the final
result, in terms of resolution and line edge roughness of the nanostructures. A master mold
fabrication process based on EBL is presented in details. Then, the replication of the soft
polymeric stamp, based on a composite hard-PDMS/PDMS bilayer, is presented. The ability
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(a) (b) 

30 nm 

Figure 6. SEM images of plasmonic nanodisks: (a) a zone of some µm2 (scale bar = 150 nm), (b) diameter ∼ 28 nm, and

periodicity ∼ 78 nm.

of soft UV-NIL to replicate sub-30 nm nanostructures with high homogeneity at the whole
pattern surface is demonstrated. To conclude, we present an example of a fabrication by
soft UV-NIL on large area (1 cm2) of plasmonic nanostructures with potential applications
in biosensors and photonics. Finally, we believe that the soft UV-NIL technique will play
quickly an important role as a powerful and versatile tool for the nanostructures fabrication.
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