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Characterization of Etch Resistance Property of Imprinting Resin
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Nanoimprint lithography has been intensively researched since it can fabricate nano-scale patterns on large
area substrates. Therma nanoimprinting, using a monomer-based resist has gained more interest due to its
shorter process time and lower process temperature, compared to the conventional hot embossing process.
A near-zero residud layer imprint process can aso be done using monomer-based imprint resin, due to its
low viscosity. However, the poor etch resistance of monomer-based imprint resin limits its possible applications.
In this study, Methacryloxypropyl terminated Poly-Dimethylsiloxanes materia was added to a monomer-based
therma imprint resin, and its effect on etch resistance and imprintability was investigated.
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1. INTRODUCTION

Micro- to nano-scale patterns can be formed on large area
substrates using nanoimprint lithography. Thus, this tech-
nique has been intensively studied for use in semiconductor
device fabrication, for the formation of photonic crystal pat-
ternsfor light emitting diodes, and for applicationsin various
MEMS and NEM S devices!"® Nanoimprint lithography can
be categorized into two groups, based on theimprint resin.”?
Hot embossing lithography uses a solid-phase thermoplastic
polymer resin and patterns can be made by heating the resin
above its glass temperature and pressing the imprint tem-
plate on the resin layer. UV and therma nanoimprint uses a
liquid-phase monomer based imprint resin. The patterns can
be formed by pressing the imprint template on the liquid-
phase resin and the resin is solidified by UV illumination or
heating. Because a liquid-phase resin is used, the imprint
pressure can be dragticaly decreased, and thus near-zero
resdua imprinting can be done. However, a monomer-
based resin has an inherently poor etch resistance compared
to a polymer-based resin, and thus intensive work is being
made to improve the etch resistance of imprint resin.*”

Nano-scale metal patterns can be fabricated using nanoim-
print lithography by either a direct etching method or a lift-
off method."™™ Compared to the direct etching of a metal
layer with imprinted resin, asin an etch mask, alift-off pro-
cess can make the metal patterns easily, especialy with non-
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etchable metals. The lift-off process can be either a single-
layer lift-off or a bi-layer lift-off processes. Since the under-
cut structured resist patterns, which assure a defect-free lift-
off pattern, cannot be made by nanoimprint lithography,
lifted-off metal patterns often show rabhit ear shaped defects
due to a sidewdll deposition of the metal. In order to avoid
such a defects, the bi-layer imprint process has often been
used™®™ In a bi-layer imprint process, the under-layer is
coated on the substrate and then the imprint resin layer is
coated over the under-layer. To make an undercut profile, the
top imprinted resin layer must have a higher etch resistance,
especidly to oxygen plasma, than the under-layer.

Generally, amonomer-based imprint resin has arelatively
poor etch resistance. In this study, alift-off process, based on
a bi-layer thermal imprint process, was developed. To
improve the etch resistance of the imprint resin, which was
based on aBMA (benzylmethacrylate) monomer, M-PDMS
(Methacryloxypropyl terminated Poly-Dimethylsiloxanes)
material was added, and the effects of the M-PDM S addition
to etch resistance and imprint process were investigated. M-
PDMS has a lower viscosity compared with other PDMS-
based polymeric materials and the same reaction mechanism
of the BMA. For these reasons, it was found to improve etch
resstance, while near-zero residua imprinting could be
achieved.

2. EXPERIMENTS

Tables 1 and 2 summarize the composition of the mono-
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Table 1. Composition of BMA based thermally curable monomer
resin

Base Thermal
Monomer Resin

Benzylmethacrylate 90%
Poly Benzylmethacrylate 7%
Trigonox 21 (thermal radical generator) 3%

Reagent

mer based imprint resin used in this study and the concentra-
tion of M-PDMS, respectively. BMA was chosen as a base
monomer and poly benzylmethacrylate was added to sup-
press the vaporization of base monomer. As a therma-radi-
ca generator, commercialy available Trigonox 21 (Akzo
Nobel Polymer Chemicals Co.) was used!™ In order to
increase the etch resistance of this thermally curable mono-
mer based imprint resin, M-PDM S was added from 0% to
15%. The imprint process used a Si template containing a
pillar array 380 nm diameter and 250 nm in height, which
was fabricated using DUV photolithography and a reactive
ion etching process. To assure the smooth detachment of the
imprint template, the template surface was coated with a
hydrophobic antistiction SAM layer by dipping the template
into the solution of heptadeca-fluoro-1,1,2,2-tetra-hydrodecyl
trichloroslane diluted with 1000:1 norma hexane. The
details of the SAM layer coating process are explained else-

where!™® The imprinting process was done via a pressure

vessdl type imprinting system, as described dsewhere!™ in
order to achieve uniform pressing over alarge area.

Figure 1 shows the developed bi-layer imprint process
based on a monomer-based imprint resin. The Si wafer sub-
drate was cleaned with a piranha solution and DI water.
Then, 200 nm thick LOL 2000, made by Shipley, was spin-
coated on the S wafer and baked at 140°C for 3 min. The
monomer-based imprint resin, containing varying amounts
of M-PDMS, was dispensed on the surface of the baked
LOL "'2000. Imprinting was done at 25 am of imprinting
pressure at 120°C for 10 min.

3. RESULTS AND DISCUSSION

In order to characterize the fluidity of the imprint resist
containing M-PDMS as an etch resistant agent, an imprint-
ing process was performed using a Si wafer coated with an
LOL 2000 under-layer. A S master template containing
250 nm height submicron-sized dot array patterns and coated
with an anti-stiction SAM layer was used as an imprint tem-
plate. Figure 2 shows top-view and cross-sectional view
SEM micrographs of the S master template and imprinted
resst patterns with varying M-PDMS addition from 0% to
15%. Regardless of M-PDMSS addition from 0% to 15%, the
surface protrusion patterns of the Si master template were

Table 2. Composition of imprint resins, containing varying amount of M-PDM S for etch resistance, used in this study

Reagent Resin1 Resin 2 Resin 3 Resin4 Resin5
Thermal Monomer Resin 100% 97% 95% 90% 85%
Methacryloxypropyl Terminated PolyDimethylsiloxanes 0% 3% 5% 10% 15%

Thermal Monomer Resin

I / Master Template

LOL™2000 - LOL™2000 LOL™2000
LOL™2000 spin-coating on Thermal NIL ’ De-molding ‘

bare Si wafer and resin drop

(25atm, 120°C)

O; plasma RIE etching

-'.‘-‘.

| Lift-Off ‘ ‘

Metal deposition l I

Under layer etching ’

Fig. 1. Overall process procedure of bi-layer imprint process and lift-off process.
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Fig. 2. SEM micrographs of a) S Master template imprinted
Wt% M-PDMS, €) 10 wt% M-PDMS, f) 15 wt% M-PDMS.
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Fig. 3. Effects of M-PDMS content on etch resistance of imprinted resist pattern to oxygen plasma (100 W, 40 sccm, 40 mTorr, 50 sec). Asthe
content of M-PDM S increases, the etch resistance to oxygen plasmais improved.

transferred to the imprinted resin layer with high fidelity and
thefluidity of theimprinted resin containing M-PDM S up to
15% was sufficiently high to achieve a near zero-residud
layer. Thisimplies that the addition of M-PDM S up to 15%
did not degrade the imprintability of the resin.

Etch resstance of the imprinted resin containing M-
PDMS, against oxygen plasma was investigated. The oxy-
gen reactive ion etch process was followed using a home-
made RIE (Reactive lon Etching) system and was defined as
100 W of plasma power, 40 mTorr of pressure and 40 sccm
of oxygen flow rate. The etch time wasfixed at 50 sec. SEM
micrographs of the imprinted resist patterns formed using
0% to 15% of M-PDMS content and after the oxygen RIE

process are shown in Fig. 3. It can be seen from the figure
that the etch resistance of the imprinted resist pattern against
oxygen plasma increased with increased M-PDM S content.
The surface of the imprinted resist containing 0% M-PDMS
was severdy eroded. However, etching of the imprinted
resist was drastically reduced with the addition of M-PDMS.
Figure 4 aso shows the etch rate of the imprint resin against
oxygen plasma as a function of M-PDMS content. Gradua
decrease of the etch rate of the imprinted resin was observed
with increasing M-PDMS,

Since PDMS-based polymeric materia contains Si, the
element and S can be eadly oxidized with oxygen plasma
and the oxidized S can act as an etch barrier by blocking the
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Fig. 4. Etch rate of imprint resin against oxygen plasma (100 W, 40
scem, 40 mTort, 50 sec) asafunction of M-PDMSS content.
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Fig. 6. SEM micrograph of lifted-off Mo metal patterns, using bi-
layer imprint process. Micro-pattern of Si master template was suc-
cessfully transferred to Mo metal patterns.

e)
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Fig. 5. The effect of plasma power on the etch rate of imprint resin with 15% of M-PDMS as an etch resistant agent. The etch rate of imprint
resin, containing 15% of M-PDM S was unchanged as plasma power increases.

oxygen plasma™ Thus, etch resistance of the imprint resin
was increased with increasing M-PDM S addition. However,
imprint resin containing more than 15% of M-PDMS, the
polymerization of imprint resin was impeded and, thus, M-
PDMS concentration was limited to 15% in this study.

The effect of plasma power on the etch rate of the imprint
resin with 15% of M-PDMS as an etch resistant agent is
shown in Fig. 5. While the plasma power varies from 50 W
to 150 W, the etch rate of the imprint resin was not influ-
enced by the plasma power. While the imprint resin is not
affected by the plasma power, the etch rate of LOL 2000
under-layer linearly increased with an increase of plasma
power. The oxygen plasma condition was fixed as 40 mTorr
of pressure and 40 sccm of oxygen flow rate for 40 sec. This
result impliesthat the etch rate of the imprint resin wasforti-
fied by adding M-PDMS. Since the LOL "2000 under-layer
can be fast etched with increased plasma power, the selectiv-
ity of the imprint resin to the LOL 2000 under-layer is
increased with an increase of plasma power. In Figure 6,
SEM micrograph of the lifted off Mo metal pattern is shown.
A bi-layer imprint process was used. A monomer-based
imprint resin containing 15% of M-PDM S was chosen asan

imprint resin and LOL 2000 was selected as an under-layer.
With a bi-layer imprint process, the micro-pattern of the S
master template was successfully transferred to Mo metal
patterns. After imprinting, the LOL 2000 under-layer was
removed via an oxygen plasma using 125 W of plasma
power, which assures high selectivity to imprint resin.

4. CONCLUSIONS

An imprint resin with a high etch resistance to oxygen
plasmais essentia to make micro- to nano-sized metal pat-
terns using a bi-layer imprint and a lift-off process. For an
effective lift-off process, the formation of an undercut struc-
ture after imprinting is very important to transfer metal pat-
terns with high fidelity without rabbit ear shaped defects.
Such an undercut structure can be made using a high etch-
resistant imprint resin. In this study, the etch resistance of a
BMA monomer based imprint resin wasincreased by adding
M-PDMS. The concentration of M-PDMS was optimized to
obtain a high etch resistance to oxygen plasma and to assure
high fidelity imprinting with good fluidity.
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