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High temperature nanoimprintlithography hasthe drawback oflong process cycle, demoulding
difficulty, polymer degradation, thermal stress. Low temperature nanoimprint lithography
(LTNIL) can avoid these problems. LTNIL is also ideal for manufacturing biological compatibility
samples since the samples do not sustain high temperature. However, LTNIL need to optimize the
press parameters in order to fully transfer patterns. Finite Element Method (FEM) is an excellent
approach to examine the filling process. The stamp stress was simulated from four points of view,
imprint pressure, imprint temperature, stamp pattern and stamp material. It was found that the
stress in the stamp corners is especially bigger than other areas, the stress increases with the
stamp’s aspect ratio increases, and stress distribution is more uniform for dense pattern stamp.

Keywords: Hot embossing lithography, nanoimprint lithography,low temperature, stamp,
stress, finite element method.

BricokoremmeparypHass HaHOIeYaTHAS JATOTPAdUS UMEeT TaKUe HeIOCTATKH KaK JJIUTeIb-
HBII ITUKJI TIPOIecca, CI0KHOCTE JedopMaliuu, Jerpagalius IoJIuMepa, TepMUYecKrue HaIpsKe-
ausa. Huskoremmneparypraas HanonedatHas gurorpadgpus (LTNIL) mosxkeTr moMods IIpeogosieTs aTu
apobaemsr. LTNIL Taxixe uneasibHas O IPOU3BOICTBA OMOJIOTMYECKH COBMECTUMBIX 00pAa3IIoB,
IOTOMY YTO 00PA3IIbI HE UCIBITHIBAIOT BIUSHUSA BbICOKOM TemmepaTypbl. Onuako, LTNIL tpebyer
ONTHUMHUSBATIAH [TaPAMETPOB II€YATH, YTOOBI JIOCTUYD TIOJHOH Iepegaun pucyHka. MeTo KOHeUHBIX
anemenToB (FEM) - mpekpacHBIil MeTo T IJI MCCJIeJOBAHU IIporecca Harpy3ok. Hampsixenus B
mrramire OBLITU ITPOMOJIETUPOBAHEI C UeTHIPEX TOUEeK 3PEHUs: TaBJIeHre [IeYaT, TeMIlepaTypa Ie-
YaTH, PUCYHOK IIITAMITA ¥ MATePHUAaJI IITaMIla. BhLIo HalIeHo, YTO HATIPSAMKEHUS B yriIaxX IITaMIIa
3HAYMTEJILHO BHIIIE, YeM B JIPYTUX 00JIACTIX, HAIIPSIIKEHUS PACTYT C POCTOM COOTHOIIIEHUSI CTOPOH
mIramiia, pacupeaeseHne HaupsayKeHni 0oJiee 0THOPOIHO JIJIs IJIOTHOTO PUCYHKA IIITAMIIA.

Ananis Hanpyru, o0 BUHHUKAE [P HU3KOTEMIEPATY PO HAHOAPYKaPCHKOI JiTorpa-
dii. Xonesorn Can, Caouao Ma, Ysnxy Xy

BucororemmeparypHa HamomeuaTHas JnTorpadis Mae Takl HEOOJNKU SIK TPUBAJIMN IIHKJI
poliecy, CKIASHICTE dedopMyBaHHsA, aerpagaliia moyiMepy, TepMiuni Hanpyru. Husbkoremire-
parypua HanomeudatHas Jitorpadis (LTNIL) mosxe momomortu momosaru i mpobiaemu. LTNIL
TAKOK 1JeasbHa I1JId BUPOOHUIITBA 0l0JIOMYHO CYMICHUX 3Pas3KiB, TOMY IO 3PA3KH He 3a3HAITh
BILIUBY BHcokol Temireparypu. Ogmak, LTNIL sumarae onrumisaiii mapamMerpis IpyKy, 100 10-
csartu moBHOI mepeadl masrioaka. Meron kinmesux eixementis (FEM) - npexpacuwuit meros mis
JIOCJTIPKEHHS IIpollecy HaBaHTaskeHHs. HampysxeHHs B mirTamin 0yJiu IpoMoIeSIbOBAHI 3 YOTHPD-
0X TOYOK 30pYy, THCK IPYKY, TeMIIeparypa APyKYy, MaJIOHOK IITaMIla 1 MaTepias mramia. Byso
3HANJIEHO, 1110 HATIPYTY B KyTax IITAMIIA 3HAYHO BUIIE, HIsK B IHIINX 00J1aCTAX, HATIPYTH 3POCTA-
0Th 31 3POCTAHHSM CIIIBBIIHOIIEHHS CTOPIH IITAMIIA, PO3IIOMLJI HAIPYT OLJIBII OJHOPIIHUMA I
MIIIBHOTO MAJIIOHKA IITaMIIA.
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1. Introduction

Hot embossing lithography (HEL), one of
the common nanoimprint lithography (NIL)
technique, has the advantage of high resolu-
tion, high uniformity and low cost [1]. Howev-
er, high temperature the process needed leads
to many disadvantages, such as long process
cycle, demoulding difficulty, polymer degrada-
tion, thermal stress and not suitable for part
of substrates heating [2]. Low temperature na-
noimprint lithography (LTNIL) can avoid the
above drawbacks [3,4]. LTNIL can be widely
used in the area of biology, medical science, and
organic light-emitting because the polymers
applied in these areas cannot sustain high tem-
perature [5,6].

There are some researchers conducted the
study of LTNIL. Scheer et al. researched the
polymer time constants during LTNIL [7].
Chen et al. imprited metal films by NIl with
both low temperature and low pressure [8].
They imprinted SU-8 at 45°C and NEB-22
at 60°C. Lu et al. even patterned poly(acrylic
acid)/Poly(allylamine hydrochloride) multilay-
er films by room temperature imprinting [9]. To
save cost and time, it is necessary to study the
LTNIL process by modeling and simulation.
Kim et al. used a viscoelastic model to simulate
low temperature NIL with temperature range
T, <T<T,+40°C [10]. Song et al. researched
room temperature NIL by simulating different
imprinting speeds and patterns [11]. However,
there are few references studying the stamp
stress by simulation. This contribution applied
Finite Element Method (FEM) to research the
stress of nanoimprint stamp at low tempera-
ture.

2. Modeling

The FEM software ANSYS was used to set
up modeling. The element type of stamp is
Plane42 and element type Hyper56 for the re-
sist. Fig. (1) shows one of our models. The length
of the groove is 300nm and depth is 50nm. The
thickness of the resist is 100nm.

The common used resist Poly(methyl meth-
acrylate) (PMMA) was taken as the resist in
the simulation. For stamps, different materi-
als, silicon (Si) and nickel (Ni) was used for
comparison purpose. The parameters of them
were shown in Table 1.
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Fig. 1. Typical FEM Model (above is the stamp
with one groove and the bottom is the resist).
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Fig. 2. Stamp stress distribution with 5GPa
pressure and 400K.

3. Results and Discussion

3.1 Imprint Pressure Variation

Firstly, 5GPa was applied to the above mod-
el. The stress distribution under 400K was giv-
en in Fig. (2). From the figure, it can be found
that the resist filled the stamp well. The stress
in the borders between the stamp and the re-
sist are obviously larger than the inner area.
The stress in the corners is especially bigger
than other areas. The central area has the low-
est stress.

To further lower the stress, it is necessary
to find the minimum pressure needed to help
the resist fully fill the stamp cavities. After sev-
eral simulation, we found 1.7GPa is the proper
pressure for the combination of Ni stamp and
PMMA resist at 400K. Although, the stress
distribution is similar to the above 5GPa situ-

Table 1. Parameters of Different Nanoimprint Stamps

Material Elastic Poisson’s Density, Thermal conductivity Specific heat
modulus, GPa ratio kg/m? coefficient capacity, J/kg
Ni 207 0.29 8900 71.4 460
Si 190 0.30 2330 149.0 700
518 Functional materials, 23, 3, 2016
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Fig. 4. Three grooves stamp model and stress
distribution with the imprint condition of tem-
perature 400K and pressure 5 GPa.

Fig. 3. Stress change during the imprint for four
typical points in the stamp under 390K.

ation, the imprint time increases when the im-
print force decreases.

3.2 Imprint Temperature Variation

To simulate the stress of the stamp in NIL
with different temperatures, we analyzed the
stamp stress with temperature at 390K, 400K
and 410K. Fig. 3 shows the stress change dur-
ing the imprint for four different points in the
stamp under 390K.

For three temperatures, the stress distribu-
tion shows little variation. Therefore, it can be
concluded that the temperature has little effect
on the stamp stress when imprint is conducted
under low temperature, which is still greater
than the glass transition temperature of the
resist.

3.3 Imprint Temperature Variation

Another three grooves pattern structure was
designed and simulated for further research
the relationship between the stamp's pattern
structure and the stress after imprinting. Fig-
ure 4 gives the three grooves model. The length
of each groove is 100 nm and depth is still
50 nm. The thickness of the resist is 100 nm.
Fig. 4 also shows the stress distribution with
the imprint condition of temperature 400 K
and pressure 5 GPa.

From Fig. 4, it can found that the mini-
mum and maximum stress is 0.472x10% Pa
and 0.124x 10! Pa, respectively, which is both
larger than the minimum and maximum stress
in one groove stamp situation. It means that
when the stamp's aspect ratio increases, the
stress will increase corresponding.

For comparison, the typical four points were
chosen again to show the stress change with
imprint time. These four points are at the same
place as in Section 3.2. Fig. (5) shows the cor-
responding stress change with imprint time. It
can be noticed that stress distribution is more
uniform for three groove stamp, which means
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Fig. 5. Four points’ stress change with imprint
time using three grooves stamp.

the stress of different places does not vary too
much.

3.4 Stamp Material Variation

For analyzing the stress after NIL using dif-
ferent stamp materials, the first model with one
groove was chosen. In general, the stress distri-
bution of Ni and Si stamp has similar charac-
teristics. However, when finding the minimum
pressure in order to fully fill the cavity of the
stamp, we found 1.5G Pa is the proper pres-
sure for the Si stamp and PMMA resist at 400K,
which is lower than the situation of Ni stamp.
This can be explained by that the hardness of
Siis larger than Ni.

4. Conclusions

Low temperature nanoimprint lithography
can reduce thermal cycle and stress. They can
be widely used in different areas, especially in
the medical and organic lighting areas since
the sample substrate needn't suffer high tem-
perature. Analyzing LTNIL by Finite Element
Method can save time and cost. The stamp
stress was simulated from four points of view,
that is Imprint Pressure, Imprint Tempera-
ture, Stamp Pattern and Stamp Material. The
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stress in the borders of the stamp is obviously
larger than the inner stamp area. When the
stamp's aspect ratio increases, the stress will
increase corresponding. The stress distribution
is more uniform for dense stamp patterns. The
stress distribution of Ni and Si stamp is simi-
lar. However, the Si stamp has smaller mini-
mum pressure in order to fully fill the cavity of
the stamp.
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