
HAL Id: hal-02413897
https://hal.science/hal-02413897

Submitted on 16 Dec 2019

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Nanoimprint stamps with ultra-high resolution: Optimal
fabrication techniques

Mariusz Graczyk, Andrea Cattoni, Benedikt Rösner, Gediminas Seniutinas,
Anette Löfstrand, Anders Kvennefors, Dominique Mailly, Christian David,

Ivan Maximov

To cite this version:
Mariusz Graczyk, Andrea Cattoni, Benedikt Rösner, Gediminas Seniutinas, Anette Löfstrand, et
al.. Nanoimprint stamps with ultra-high resolution: Optimal fabrication techniques. Microelectronic
Engineering, 2018, 190, pp.73-78. �10.1016/j.mee.2018.01.008�. �hal-02413897�

https://hal.science/hal-02413897
https://hal.archives-ouvertes.fr


Microelectronic Engineering 190 (2018) 73–78

Contents lists available at ScienceDirect

Microelectronic Engineering

j ourna l homepage: www.e lsev ie r .com/ locate /mee
Nanoimprint stamps with ultra-high resolution: Optimal
fabrication techniques
Mariusz Graczyk a, Andrea Cattoni b, Benedikt Rösner c, Gediminas Seniutinas c, Anette Löfstrand a,
Anders Kvennefors a, Dominique Mailly b, Christian David c, Ivan Maximov a,⁎
a Lund Nano Lab, Division of Solid State Physics and NanoLund, Lund University, Box 118, SE-221 00 Lund, Sweden
b Centre de Nanosciences et de Nanotechnologies (C2N) CNRS, Université Paris-Sud, Université Paris-Saclay, route de Nozay, 91460 Marcoussis, France
c Paul Scherrer Institut, 5232 Villigen-PSI, Switzerland
⁎ Corresponding author.
E-mail address: ivan.maximov@ftf.lth.se (I. Maximov)

https://doi.org/10.1016/j.mee.2018.01.008
0167-9317/© 2019 The Authors. Published by Elsevier B.V
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 13 October 2017
Received in revised form 29 December 2017
Accepted 4 January 2018
Available online 5 January 2018
Single-digit nanometer patterning by nanoimprint lithography is a challenging task, which requires optimum
stamp fabrication technique. In the current work, we present different strategies for technology of hard master
stamps to make intermediate working stamps with sub-10 nm features. Methods of both negative and positive
master stamps fabrication, based on EBL, RIE and ALD are described and compared. A single-step copying of neg-
ative master stamps using a polymer material is a preferred strategy to reach the ultra high-resolution. Lines as
small as 5.6 nm are demonstrated in a resist using a combined thermal and UV-imprint with OrmoStamp mate-
rial as a working stamp.
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1. Introduction

Methods of single-digit nanofabrication, i.e. the technology for fabri-
cating nanostructures with typical feature sizes below 10 nm, represent
a very rapidly developingfield of nanotechnology, both for fundamental
research and for industrial applications. They include different high-res-
olution lithographicmethods and can be classified in two inherently dif-
ferent strategies: top-down and bottom-up techniques. The first, top-
down approach, is well-developed, and represented by such methods
as electron beam lithography (EBL) [1], focussed ion beams (FIB) [2],
scanning probe writing [3] and recently nanoimprint lithography
(NIL) [4]. The second, bottom-up approach, is based on self-organisa-
tion, and includes phenomena such as formation of regular structures
in Block-Copolymer (BCP) films after vapour annealing [5], or epitaxial
growth of III-V nanowires [6]. In many cases, the bottom-up methods
allow formation of highly regular, sub-10 nm structures over suffi-
ciently large areas, but their fabrication technology has to be improved
to achieve sufficient reliability for use in modern technologic
applications.

The top-down lithographic methods are well-established and rela-
tively inexpensive and are typically used in academic research laborato-
ries with a limited budget. All of them are capable of providing writing
resolution of below 10 nm in resist, although with different throughput
is an open access article under
and flexibility. EBL is undoubtedly the most popular nanolithographic
method in many laboratories due to its flexibility and high resolution.
However, it is generally not suitable for mass-fabrication due to its
slow serialwriting speed. Focused ion beams can be used for both for re-
sist exposure as EBL, but also for ion beammilling and for ion-beam in-
duced deposition by a controlled dissociation of suitable precursors, e.g.
metalorganics ormetal carbonyls. The FIBmethods suffer from the same
low throughput as electron beam lithography, but have the advantage
of using resist-free processes to make nanostructures by a high-resolu-
tion deposition even on 3D-surfaces. Electrons can also be used for the
beam-induced deposition with sub-10 nm resolution [7], although
with less efficiency. Scanning probes, both Atomic Force Microscopes
(AFM) and Scanning Tunnelling Microscopes (STM), being the tools
with atomic resolution, can also do the single-digit nanofabrication
[3], although at the expense of tremendous amount of time, required
for making any reasonable pattern.

Nanoimprint lithography, proposed by S. Chou in 1995 [4] and de-
veloped by many groups world-wide since then [8,9,10,11], is a tech-
nique with sub-nm resolution and very high throughput due to a
parallel printing process. A suitable resist is patterned in nanoimprint
by a mechanical contact with a working stamp thus eliminating the dif-
fraction limitations of UV-lithography. This replication process results in
an exact, inverted copy of the stamp and can be realised by a thermal-
(T-NIL), UV-imprint process (UV-NIL) or their combination. It is clear
that the ultimate resolution of the NIL is determined by the stamp fea-
tures and its quality, thus the technology regarding the fabrication,
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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handling and application of the nanoimprint stamp is a critical issue in
NIL. Fabrication of nanoimprint stamps originally realised by EBL and re-
active ion etching [4,8] using Si or SiO2 as stampmaterial. However, soft
stamps, made of PDMS, OrmoStamp or other polymeric materials, be-
come very popular due to their low cost, reliability, mechanical flexibil-
ity and high resolution [11,12].

In the present work, which is performed within the framework of
the EU-project NFFA-Europe (Nanoscience Foundries and Fine Analysis
– Europe), we evaluated different methods of NIL stamp fabrication to
realise sub-10 nm structures by nanoimprint lithography. The results
of this investigation will be used in Transnational Access program
within the NFFA-Europe project to provide access to ultra high-resolu-
tion nanoimprint lithography.

2. Experimental methods

The experiments, described in the present work, are the result of
joint collaboration efforts between four research laboratories in Europe:
PSI (Switzerland), C2N (France) and Lund University (Sweden). As part
of the Joint Research Activity (JRA) of the NFFA-Europe project, the
partners worked together to investigate the most efficient methods of
fabrication of nanoimprint stamps with ultra-high resolution. All
nanoimprint experiments were performed at Lund University, while
the other laboratories contributed to development of NIL stamp fabrica-
tion technology and evaluation of the results.

2.1. Nanoimprint experiments

All nanoimprint tests have been performed using amodified version
of the nanoimprint process based on a standard IPS-STU (Intermediate
Polymer Stamp - Simultaneous Thermal and UV-imprint) technology
proposed by Obducat AB [13], Fig. 1. The basis of the IPS-STU technology
is a single-use UV-transparent polymer stamp (IPS) replicated from a Ni
or Si master stamp. The IPS is used later to transfer the stamp pattern
into a suitable resist on substrate surface. As a result, the expensivemas-
ter stamp is never exposed to the processed samples, which extends its
Fig. 1. The basic principle of Obducat's IPS-STU technology [13]. In the present work we
used the Si master stamps made by EBL and RIE instead of electroplated Ni masters.
Reprinted with permission from Obducat AB.
life-time. The nanoimprint is typically performed at elevated tempera-
ture and UV-illumination (STU-process).

This optimised IPS-STU process is used by the LundUniversity group
for formation of arrays of Au dots with sizes 100–200 nm for
metalorganic vapour phase epitaxy (MOVPE) growth of III–Vnanowires
(NW) on 2″ substrates [14]. The nanoimprint is used to pattern a dou-
ble-layer resist system, TU7/LOR (Obducat AB, Sweden andMicroChem
Corp, USA), to create holes with a negative slope for Au lift-off. One of
the advantages of this process is low defect density of the single-use
IPS and good mechanical flexibility of the IPS material, which can com-
pensate some imperfections on the substrate, for example, waviness
and presence of particles. At the same time, the replication of the IPS
from the electroplatedNimaster stamp,which take place at 160 °C pres-
sure of 50 bar, may result in bending of the IPS features during the sep-
aration stage, especially at the edges of the stamp. Also, for the stamp
features (pillars) ≤ 100 nm with a large separation N1 μm, mechanical
stability of the pillars becomes insufficient, leading to elongated holes
in the imprinted resist due to bending of the pillars during the imprint
process. Although some elongation of the resulting structures may not
be critical for the NW growth, as the Au dots melt during the annealing
step in MOVPE, bending of the IPS features is not acceptable for sub-
10 nm features.

The above-mentioned limitations of the conventional IPS-STU pro-
cess lead us to development of an alternative NIL process based on
OrmoStamp (Micro Resist Technology GmbH, Germany), instead of a
standard IPS polymer (Obducat AB, Sweden). The OrmoStamp or-
ganic-inorganic hybrid polymer has demonstrated sub-50 nm resolu-
tion in thermal and UV-nanoimprint lithography [15], so in the
current work we used EBL-defined Si stamp as a master and
OrmoStamp polymer to make the IPS. Replication of the OrmoStamp
was performed in a conventional mask aligner Karl Süss MJB4 (SUSS
MicroTec, Germany) by disposing a drop of the polymer on top of the
Si master stamp (see part 2.2. for fabrication details), squeezing it and
exposing by 365 nm UV-light with an intensity of 20 mW/cm2 for
120 s. The minimum UV-exposure dose required for the crosslinking
of resist is 1000 mJ/cm2, as stated by the manufacturer, but we used
2400 mJ/cm2 to make sure the resist is cross-linked completely. After
the cross-linking procedure, the OrmoStamp film has been heated in a
convection oven for 30 min at 130 °C. Finally, the surface of the
OrmoStamp IPS has been activated for 15 s with a remote oxygen
plasma prior to deposition of a perfluorodecyltrichlorosilane (FDTS)
monolayer to provide the required anti-sticking treatment. These pro-
cess steps have been performed in an atomic layer deposition system
(ALD) Fiji F200 (Cambridge NanoTech, USA). The contact angle on the
substrate surface, measured after this treatment was in the range of
109–110°.

The imprint experiments using the OrmoStamp IPS have been per-
formed in nanoimprinter Eitre 6″ (Obducat AB, Sweden). First, spin-
coating process of resist TU7 was optimised to minimize thickness of
residue layer after imprint. The nanoimprint process was performed in
temperature range of 65–75 °C under pressure of 10–20 bar. During
the imprint, the TU7 resist was crosslinked by exposure to UV light
(365 nm wavelength with intensity of 40 mW/cm2) for 20 s.

Resist residues were removed in an oxygen plasma (descum pro-
cess) using a table-top reactive ion etching (RIE) system (Sirus T2,
Trion, USA) at operating pressure of 150 mTorr and RF power of 50 W.
The descum time depends on residue thickness and can vary from 5 to
10 s. The resistmask patterned by the nanoimprint and descum process
can be used for pattern transfer into the substrate using e.g. reactive ion
etching.

2.2. Technology of Si-master stamp fabrication

EBL with high resolution was chosen as the main method to define
features on the master stamp with typical sizes of the order of 10 nm
or below. As an alternative, structures made using BCP and reactive

Image of Fig. 1
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ion etching, were also considered. To achieve high resolution in the
nanoimprint process, the intermediate polymer stampmust be of posi-
tive polarity, i.e. to have pillars or other features on the stamp surface. In
this case the amount of resist displaced during the imprint will be min-
imized,making it easier to copy b10 nmstructures. This implies that the
Si master stampmust be made with a negative polarity, having holes or
other structures inside the Si substrates. Technology of the negative
stamps with sub-10 nm features is a challenging task, because it in-
cludes high-precision reactive ion etching or other material removal
techniques. Positivemaster stamps can be used, too, using a double rep-
lication of IPS. Experimental details of both approaches are described
below.

2.2.1. Fabrication of negative master stamps
The main purpose to fabricate the negative stamp was to test

OrmoStamp as the alternative IPS material in the STU-imprint process.
To make negative Si master stamps a Voyager EBL system (Raith
GmbH, Germany), was used with the electron beam energy of 50 keV
and with a beam current of 2.2 nA. A layer of 250 nm thick positive
tone e-beam resist AR-P 6200 (9% in anisole) was spin-coated onto a
two-inch Si wafer and baked at 180 °C for 2 min. The exposed pattern
included a number of test elements, e.g. 1000, 200, 100 and 50 nm
wide lines and hexagonal array of holes with diameter of 80–90 nm
and pitch of 1 μm. After the exposure, the resist was developed for
60 s in n-amylacetate with subsequent rinsing in IPA for 30 s and blow-
ing dry with nitrogen. The reactive ion etching of Si substrate was
Fig. 2. SEM images of silicon oxide lines and dotsmade by EBL-exposure and development of HS
100 nm using a dose of 1000 μC/cm2. The dots with 20 nm diameter and pitch of 100 nm were
performed using a parallel plate RIE system (NEXTAL NE100, France)
at C2N laboratory, using a mixture of SF6 and CHF3 with a 2:5 ratio at
a working pressure of 5 mTorr and RF power of 15 W with AR-P 6200
resist as the etch mask. After the RIE process, the samples were sent to
Lund University, where resist residues were stripped in NMP (Remover
S-1165) and in oxygen plasma. Afterwards, the Si-master stamp was
treated in the ALD tool Fiji F200 to deposit 0.4 nm thick Al2O3 layer
followed by deposition of FDTS monolayer for the anti-sticking pur-
poses. This procedure results in contact angles between 113 and 114°.

2.2.2. Fabrication of positive master stamps
Two-inch Si master stamps of positive polarity have been patterned

using 100 keV EBL tools at PSI, Switzerland and C2N, France. In both ap-
proaches, negative tone resist HSQ was used, which converts to SiOx

after the EBL exposure and development. The PSI group applied the
HSQ resist to make SiOx features on the Si surface (Method A), while
the C2N group used the SiOx masks to etch Si substrate (Method B). In
Method A, a 30 nm-thick HSQ resist was spin-coated on a 2″ Si wafer
and exposed with 100 keV electron beam (Vistec EBPG 5000 Plus,
Raith GmbH, Germany) with a current of 500 pA to produce arrays of
20 nmwide lines and dotswith different pitch. After exposure, the resist
was developed in a 1:3 mixture of Microposit 351 developer and water
for 5min, followed by rinsingwithwater, IPA, and dryingwith nitrogen.
Fig. 2 shows a top-view SEM images of the developed HSQ-structures.

In Method B, the HSQ-exposure was used to make silicon oxide
masks for subsequent RIE of Si, Fig. 3 illustrates the final results after
Q resist made at PSI, Switzerland. The 20 nmwide lines were exposedwith a pitch of 50 or
exposed with a dose of 1400 μC/cm2.

Image of Fig. 2


Fig. 3. SEM images of Si pillarswith diameter of 8 nmandpitch 40nmmade by 100 kVEBL
andRIE at C2N, France (Method B). Pillarswith diameter up to 20nmandpitches of 30 and
50 nm were also produced. Resulting pillars had aspect ratio of≈2 and a conical shape.

Fig. 4. SEM image of the areawith 50nmpitch. TheHSQ-lineswere exposedwith different
dose (4250–7500 μC/cm2) to control the line width and thus the distance between the
lines. The gaps between the HSQ-lines (dark lines) can be made smaller than 10 nm
after ALD of Ir, at the actual image is it about 10 nm wide.
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the EBL exposure, development and RIE. The HSQ resistwas spin-coated
at 2500 rpm and exposed by 100 keV electrons with beam current of
2.5 nA. After the EBL exposure, the resist was developed for 20 s in 1:3
AZ400K/water developer and baked for 15 min at 430 °C to convert it
to a stable SiOx etch mask. The Si substrate was etched in the reactive
ion etching system NEXTAL NE100 under the conditions described in
2.2.1. This process resulted in pillars between 8 and 20 nm in diameter,
pitch of 40 nmwith an aspect ratio of≈2 and somewhat conical shape.

2.2.3. Master stamps with a gap reduction technique
To reduce the master stamp features further, the HSQ-based struc-

tures, denoted as Method A were used in combination with ALD of Ir
layer, which allowed a controlled reduction of gaps between the HSQ
lines. This stamp was designed as a set of lines with different pitch of
50, 100 and 200 nm and a varied EBL exposure dose, in the range of
4000–13,750 μC/cm2, which varied the gap between the lines. The
HSQ film (Dow Corning, XR 1541-004) was spin-coated to a thickness
of 60 nm and exposed in Vistec EBPG 5000 Plus EBL. After the exposure,
the resist was developed in a mixture Microposit 351 developer:
deionised water (1:3) for 5 min. ALD of a 10 nm Ir layer (plasma-en-
hanced ALD in a Picosun ALD system at 370 °C, 275 cycles) allowed
the reduction of the gaps between the lines to about 10 nm, Fig. 4.

3. Results and discussion

3.1. Polymer stamps from the negative masters

As mentioned earlier in 2.1, stamp features below 100 nm in a stan-
dard IPSmaterial are not stable enough for a reliable nanoimprint repli-
cation into the resist layer due to insufficient mechanical stability,
which often leads to bending of the features. In the current experiments,
we used the OrmoStamp material to make replicas of the Si negative
master stamps with features as small as 50 nm. SEM inspection of the
produced OrmoStamp copies indicated no bending of the stamp fea-
tures after separation of the IPS and the stamp. The OrmoStamp IPS
has been used for a RIE pattern transfer into SiO2/Si substrate using a
modified STU-process in single-layer 150 nm thick TU7, instead of a
double-layer TU7/LOR resist system used for a lift-off application. The
residual resist layer was removed by an oxygen plasma ashing followed
by a RIE in CHF3/CF4 gasmixture to a depth of 66 nm. The SEM images of
the imprinted and etched structures showed very good pattern transfer
even of the smallest features of 50 nm. A single-step replication process
tomake the OrmoStamp IPS was found to be an advantage compared to
a two-step process from the positive master stamps, see 3.2.

3.2. Polymer stamps from the positive masters

The master stamps were made with features as small as 8 nm, but
due to their design, replication of the IPS requires a two-step process:
in the present work, we explored a OrmoStamp to OrmoStamp replica-
tion technique to fabricate a working positive IPS. Positive master
stamps made using Methods A and B were used in the current experi-
ments. As described earlier in 2.2.2, the Method A results in positive
stamps based on Si substrates with SiOx lines and pillars made by EBL
exposure of the HSQ-resist. During the replication of OrmoStamp from
suchmasters, some of the sub-20 nmpillars were found to peel-off dur-
ing the separation step. The line structures weremore stable, compared
to pillars, which may be explained by the insufficient adhesion of the
SiOx to the Si substrate. SEM inspection of the Si masters after the repli-
cation process showed broken SiOx pillars with length equal to the
height of the original structures, confirming that the pillars were cut
at the bottom. Fig. 5 shows an example of the first copy of OrmoStamp
with ≈20 nm wide line arrays. Some defects, such as discontinued
lines, are visible, but they are mainly as a result of thin Pd-Pt metal
cracking in the 2 nm thick Pd-Pt layer which was deposited to avoid
charging effects in the SEM.

The second copy of the OrmoStampwasmade using a procedure de-
scribed in 2.1, but instead of Si-master stamp a first copy of OrmoStamp
was used. Inspection of the second copy of the stamp indicated some-
what higher level of defects as compared to the first copy, however,
the second copy was used for pattern transfer into a SiO2 layer with
≈20 nm resolution. The nanoimprint has been performed in a 52 nm-
thick TU7 resist spin-coated onto the thermally oxidised Si wafer
using imprint temperature of 65 °C and pressure of 20 Bar. During im-
print the resist was exposed to UV-light for 20 s. After separation of
the IPS stamp from the substrate, the TU7 resist residues were ashed
in an oxygen plasma for 5 s and afterwards the SiO2 substrate was
etched to a depth of 20 nm in CHF3/CF4 plasma at pressure of 50
mTorr for 60 s. The cross-section of the etched sample, shows a success-
ful pattern transfer from a second copy of the OrmoStamp into the sili-
con oxide layerwith a 20nmresolution, Fig. 5. The demonstrated aspect
ratio of the etched structures is about 1, but it can be improved by opti-
mizing the etching process.

Image of Fig. 3
Image of Fig. 4


Fig. 5. Above: the SEM top view of the first copy of IPS OrmoStamp stamp after replication of a master stampmade byMethod A. The≈20 nmwide lines are successfully copied into the
polymer, although some defects, such as line discontinuities, are visible. The second OrmoStamp copy was used for NIL pattern transfer. Below: a cross-section of etched silicon dioxide
using imprinted TU7 resist as an etch mask (right). The width and depth of the etched lines is about 20 nm.
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The positive Si master stamps have been made using Method B, see
Section 2.2.2. for details, but the second copies of the OrmoStamp re-
sulted in too shallow structures, which were difficult to use for
nanoimprint experiments. There were no problems with the broken
structures after the stamp replication, as they were made by RIE, but
the slightly conical shape of the pillars, compare Fig. 3, was not optimal
for the nanoimprint.
3.3. Polymer stamps from masters with reduced gaps

Combination of EBL-patterning using the HSQ-resist and ALD of Ir
layer, described in Section 2.2.3, gives a suitable method to fabricate
NIL stamps with sub-10 nm features, as shown in Fig. 4. Apart from re-
ducing the gap by a controlled Ir deposition, the uniform coverage of the
Si/SiOx surface by the Ir layer is expected to make the master stamp
more stable against mechanical effects during the replication of IPS.
Here we demonstrated a successful replication of the OrmoStamp IPS
from the master and nanoimprint of sub-10 nm features in the TU7 re-
sist. It should be noted that a single-step replication of IPS was used,
which results in a negative IPS, however, sub-10 nm gaps between the
SiOx lines were replicated, not the lines themselves, so effectively, pos-
itive stamp structures were used in this experiment. At the same time,
the gaps were converted into ridges in a recessed area of the polymer,
which is not optimal for the resist flow during nanoimprint. Fig. 6 illus-
trates this by showing the OrmoStamp copy of the Si master. The
linewidth of the ridges in the polymer is below 10 nm, as measured
by SEM.

The OrmoStamp IPS shown in Fig. 6 was used to imprint sub-10 nm
lines into a TU7 resist, using the imprint temperature of 75 °C, pressure
of 10 bar and alternating UV-illumination. The lower part of Fig. 6 illus-
trates the successful imprint of sub-10 nm lines into a 60 nm thick resist
by showing a cross-section of the imprinted sample. Top-view SEM in-
spections (not shown here) indicate imprints with line widths as
small as 5.6 nm. The image on the corss-section indicates a relatively
thick imprint residual layer, about 10 nm. In order to realise a pattern
transfer into the underlying substrate, this layermust be removed, pref-
erably without widening of the sub-10 nm trenches, which is a chal-
lenging task.

4. Conclusions

To achieve sub-10nmresolution innanoimprint lithography, theNIL
stamp fabrication techniquemust be optimised. In the presentwork, we
investigated different EBL-based methods of Si master stamps to pro-
duce working intermediate polymer stamps (IPS) with high resolution
for simultaneous thermal and UV-nanoimprint process. The preferred
working stamp fabrication technology include Si negative master
stamp made by EBL and RIE and its replication into IPS using the
OrmoStamp hybrid polymer. The master stamp feature may be further
reduced by a controllable deposition of Ir layer byALD.Wehave demon-
strated successful pattern transfer of 20 nm features in SiO2 layer by

Image of Fig. 5


Fig. 6.Above: SEM image of theOrmoStamp replica of the Simaster stamp at the areawith
50 nm pitch. The polymer copy has been coated with 2 nm thick Pd-Pt film to prevent
charging effects during the SEM inspection. The measured line width is 11.3 nm,
indicating the real width of the ridges b10 nm. Below: a cross-section of the imprinted
TU7 resist showing imprinted sub-10 nm lines. Relatively thick (≈10 nm) residual layer
must be removed prior to pattern transfer into the SiO2.
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imprint with the OrmoStamp, followed by RIE and replication of the IPS
features as small as 5.6 nm in a TU7 resist.
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