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TEMPLATE AND METHOD OF MAKING 

HIGHASPECTRATO TEMPLATE FOR 

LTHOGRAPHY AND USE OF THE 

TEMPLATE FOR PERFORATING A 

SUBSTRATE AT NANOSCALE 

FIELD OF THE INVENTION 

The present invention relates to a template and a method of 
forming a high aspect ratio template for lithography and use 
of the template for perforating a Substrate at nanoscale. 

BACKGROUND OF THE INVENTION 

The miniaturization of CMOS devices has hitherto been 

governed by a trend—often called Moore's law in which 
electronic components shrink in size by half every 2 years. 
The International Technology Roadmap for Semiconductors 
(ITRS) has established a projected growth curve according to 
this model. The demands for speed, high integration level. 
high performance and low production costs attendant on Such 
a rate of progress are very stringent. Consequently, the prob 
lems associated with the demand in decreasing feature size 
have escalated and among many problems, lithographically 
transferring pattern at the nanoscale is eminent. Hence there 
is a need to search for alternative solutions to the problems 
that will ultimately impede the progress of silicon technology 
in the immediate future. This means that devising new 
method of low cost, mass production compatible pattern 
transfer solution is critical to Sustaining the projected rate of 
growth. Lithography is an important process when manufac 
turing integrated circuits, and is used to transfer patterns from 
layer to layer. Today's widespread used optical lithography 
technology is approaching its fundamental limits governed 
by the optics, wave length, lens etc. and has to rely on expen 
sive equipment to coup up with present demands. One alter 
native to Such traditional lithography method is nanoimprint 
lithography described in patent U.S. Pat. No. 5,772,905, 
where a stamp with nanoscale features is pressed into a ther 
moplastic polymer. In this particular patent, the stamp was 
made by etching the substrate to create the patterns to be 
transferred and typical metal, dielectric or semiconductor 
bulk material are used for creating the mold. The stamp is 
Sometimes labeled mould, mould, die or template, and 
nanoimprint lithography is sometimes referred to as “imprint 
lithography'. The polymer is heated while imprinted with the 
stamp. After cooling the stamp is removed from the polymer, 
which now has imprinted nanoscale features. This process is 
described in FIG.1, where the stamp 100 has protrusions 102. 
These protrusions are typically manufactured from silicon 
based material. 

A wafer 105 with a layer 104 to be patterned and a depos 
ited resist layer 103 is also seen in the FIG.1A. FIG.1B shows 
the stamp pressed toward the polymer coated wafer, which 
has been heated to a temperature above the glass transition 
temperature of the polymer. After cooling, the stamp is lifted 
and depressions 107 are present in the now patterned resist 
layer 103, as seen in FIG. 1C.. Plasma etching is utilized to 
remove the unwanted residuals to achieve 108 of the polymer 
layer, see FIG.1D. Using the polymeras a mask, the layer 104 
(into 109) is patterned by etching and the result is seen in FIG. 
1E. The remaining polymer is removed, as seen in FIG. 1F. 
Instead of etch back processing, a lift-off processing can be 
used. Then the metal layer is deposited on top of the patterned 
resist layer, and the unwanted parts of the metal layer (which 
is on top of the resist) are removed by lifting off the resist. 
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Today's nanoimprinting stamps suffer from poor releasing 

mechanism from the resist layer. However, several improve 
ments of the technique have been presented in patent U.S. Pat. 
No. 6,309,580 where they have described the use of an anti 
Sticking material applied to the stamp, to improve the release 
properties. To increase the releasing properties even further, 
in WO2006/028282 carbon nanowalls are used on the mold. 

Another improvement of stamps life time was described in 
the patent U.S. Pat. No. 7,080,596 by using SiC substrate as 
stamp material. A third improvement of the stamp is 
described in paten U.S. Pat. No. 6,943,117 where Ultra violet 
radiation (UV) imprint lithography is introduced in order to 
avoid pressure and issues due to contacting during standard 
nanoimprint. In this method a transparent Substrate is used 
and implementing high pressure is avoided. However, the 
method is limited to working only for UV transparent sub 
Strates. 

A grown nanostructure is an object of intermediate size 
between molecular and microscopic (micrometer-sized) 
structures. The last decade a number of different types of 
nanostructures have been investigated. One important aspect 
of the nanostructures is its anisotropic properties, meaning 
the properties vary substantially in different direction of the 
structures. For example, carbon nanostructures are consid 
ered to be one of the most promising candidates for future 
developments in nano-electronics, nano-electromechanical 
systems (NEMS), sensors, contact electrodes, nanophoton 
ics, and nano-biotechnology. This is due principally to their 
one dimensional nature, and their unique electrical, optical 
and mechanical properties. Carbon nanotubes and carbon 
nanofibers have been considered for both active devices and 

as interconnect technology at least because their electrical 
and thermal properties and their strength. For example, the 
high electron mobility of carbon nanotubes (79,000 cm/Vs) 
surpasses that of state-of-the-art MOSFET devices. Finally, 
high E-modulus (representing the strength of a material) of 
individual nanostructures as high as 1 TPahave been reported 
along its axis. However, the E-modulus in transverse axis is 
orders of magnitude Smaller. Therefore, carbon nanotubes 
and carbon nanofibers are a good choice for applications 
where high strength is required. 

However, to our knowledge, no one has recognized the use 
of grown nanostructures as apparatus for manufacturing tem 
plate/mold/apparatus for imprint technology to provide high 
aspect ratio, recyclable, reworkable templates/mold/appara 
tus with a resolution covering from macro Scale down to a 
nanometer scale. Furthermore, the possibility of developing a 
lithographic method that combines imprint technology and 
nanostructure growth technologies to replace the conven 
tional lithography technologies used in industries has never 
been recognized. 

Moreover, a template with nanostructures has never been 
used for perforating a substrate. 

Problems Definitions 

Substrate choice: The typical base substrate that is used to 
manufacture stamps is silicon which is a soft and brittle 
material and Subject to breakage, damage and wear from 
repeated processing steps (Lee et al., U.S. Pat. No. 7,080, 
596). Therefore, Lee et al. (U.S. Pat. No. 7,080,596) have 
improved the stamps properties by using stronger material 
with high E-modulus, SiC. in order to improve the lifetime of 
the stamps. However, the choice of the material is still a three 
dimensional bulk material with isotropic materials proper 
ties. The other choices of materials are silicon oxide, silicon 
nitride or metals which also essentially exhibit poor isotropic 
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E-modulus properties. Moreover, the problem with SiC mate 
rials is inherent difficulties in processing to form the stamps 
and associated processing complexity and very costly Sub 
strate to purchase as starting Substrate materials. Jun-ho 
Jeong et al. have introduced a different approach in U.S. Pat. 
No. 6,943,117 where ultra violet radiation (UV) together with 
imprint lithography is described. Here the purpose is to to 
avoid pressure and issues due to contact with the polymer 
layer during standard nanoimprint. In this method a transpar 
ent Substrate is used and implementing high pressure is 
avoided. However, the method is limited to working only for 
UV transparent substrates and is UV dependent. Further 
more, the method requires attaching a template on the trans 
parent Substrate which involves more Sophisticated process 
ing, gluing and detachment. In our present invention, we are 
adding a third dimension to the improvement of the stamps 
properties by utilizing anisotropic materials for template fab 
rication which enable recyclable, reworkable templates and 
independent of Substrate choice and not dependent on radia 
tion. However, radiation can be used as additional function 
together with the stamps according to the present invention. 

Limitations in aspect ratio and pitch: By today's methods it 
is not possible to manufacture high aspect ratio (higher than 
i.e. 1:10) structures with a small pitch due to (a) high aspect 
ratio structures provides a poorly mechanically stable tem 
plate which breaks (shorter life time) under processing, (b) 
time consuming complex processing is involved for manu 
facturing highly vertical structures and (c) reproducibility 
become poor and become non-economical. Also for practical 
applications for electronics, today the aspect ratio of contact 
holes for interconnects in DRAM staked capacitors has 
reached 12:1 and is expected to increase to 23:1 by the year 
2016. Creating Such high aspect ratio contacts with Straight 
walls poses Substantial technological challenges, not least 
because void-free filling with metals (also known as vias) of 
Such high aspect ratio features is extremely difficult. 
Not possible to use thick resist: Due to the aspect ratio that 

is achievable with today's technology, it is not possible to use 
thick resist as imprinting material due to the fact that the 
imprinting pillars cannot penetrate all through the resist layer. 
Thus the standard stamps become impractical to work with 
standard lithography resists or thick resists layer for pattern 
transfer which is important for standard lithography/pattern 
transfer purposes. 

Not recyclable: Today's substrates used for making stamps 
or templates for imprinting are made of brittle silicon wafers. 
The substrate are usually thrown away when the stamp or 
template become unusable. The draw back with a SiC sub 
strate it that it is a material too hard to be reprocess and 
requires rigorous processing steps (a pillar or structure may 
be broken due to use of the stamp many times) and thus the 
SiC substrate is not practical to recycle. 
Not re-workable: Independent of substrate, when a pro 

truding part according to the FIG. 1 (standard method) is 
broken due to processing, the stamp becomes essentially use 
less and reworking of the template (removing the present 
layout, manufacturing/transferring the design again on the 
same Substrate, typically expensive e-beam lithography is 
used for pattern transfer) becomes virtually impossible due to 
technical problems and cost associated with the processes. 
According to the present invention, the templates are re 
workable by removing the existing nanostructures pattern by 
simple Sonication or by chemical etching or by chemical 
mechanical polishing and then re-grow the nanostructure 
from the same places and thereby obtain a template as before. 

Large waste generation: Today's technology is limited to 
re-use the substrate or re-fabricate the template on the same 
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4 
Substrate and therefore produce a large quantity of waste by 
throwing no re-workable Substrates and stamps and therefore 
making it less environmentally friendly. According to the 
present invention, it will be possible to re-use and re-work to 
a large extend (unless the Substrate is totally broken into 
pieces i.e. silicon) such that the technology become more 
environmentally friendly. Furthermore, according to the 
present invention, any Substrate that is not brittle can be used 
as Substrate/base Substrate and can be used over and over 

again to re-create the templates on the same Substrate? base 
substrate. 

Industrial applicability: In general, it is highly desirable to 
fabricate nanoscale templates that are compatible with exist 
ing complementary metal oxide semiconductor (CMOS) fab 
rication techniques. A prerequisite for exploring nanostruc 
ture in an industrial process is to be able to control mass 
production of devices with high reproducibility. According to 
the present invention, the method described herein uses stan 
dard chemical vapor deposition (CVD) to grow Such nano 
structures with extreme high yield with control over exact 
location, their length, diameter, shape and orientation. 
According to the present invention, templates can be manu 
factured at a given CMOS foundry and making the invented 
technology industrially applicable. 

Consequently there exists a need for a nanoscale template 
that is recyclable and reworkable making templates and mini 
mizes waste management and increases the life time of the 
template without sacrificing the nanoscale resolution. Apart 
from that there is a need for high aspect ratio (higher than 
1:20) structures for memory elements, nanoimprinting, 
embossing, highly ordered perforated materials at nanoscale. 

SUMMARY OF THE INVENTION 

The object of the invention is to eliminate totally or at least 
partially the above-identified problems. 

In an aspect this is achieved according to the invention by 
providing a template or stamp at nanoscale with characteris 
tics including (a) high aspect ratio, (b) re-workable (c) recy 
clable and (d) controllable shape of a nanoimprint template or 
stamp. The template or stamp comprises a base Substrate, 
instead of processing the Substrate to create the templates, a 
catalyst layer deposited on the substrate. Thereafter, at least 
one nanostructure is grown from the catalyst layer defining a 
lithography profile (template/stamp/mold). In one aspect of 
the invention, the aspect ratio of the nanostructure can be 
controlled by growth of nanostructure. According to the 
present invention, the hardness of the nanostructure is higher 
than typically used in silicon, or silicon oxide or silicon 
nitride. The nanostructure has high Young modulus to Sustain 
the lithography profile of the nanostructure under vertical 
pressure. According to the present invention, in one aspect of 
the invention the nanostructures based template can with 
stand vertical pressure between 1 Bar to above 200 Bar and 
preferably between 1 Bar to 60 Bar. 
The present invention enables to (a) produce high aspect 

ratio templates for lithography, (b) eliminates for the need of 
using only thin resist layer as stamping layer for pattern 
transfer, (c) replicate the template pattern with different con 
trolled properties such as shape, diameter, length, different 
aspect ratio, (d) enable to manufacture high aspect ratio Semi/ 
full perforated materials, (f) enable to manufacture control 
lable low k-dielectric materials, (g) recyclable imprinting 
stamp/template, (h) re-workability enabled environmentally 
friendly templates where the lifetime of the substrate and the 
template is increased by many factors. These capabilities of 
the present invention is unattainable with the prior art. 
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Any solid, metal, semi-metal, ceramic or polymer Substrate 
can be used for producing Such template according to our 
invention. The typical substrate that are used in electronics 
industries are silicon, oxidized silicon, silicon nitride, silicon 
carbide, ITO, GaN. GaAs and polymers. Any optically trans- 5 
parent Substrate Such as ITO, quartz, glass, Sapphire and 
diamond can be used. Any polymer Such as polyimide, 
epoxies, PDMS, SU8, SAL601, can be used as substrate. Any 
metal from the periodic table can be used. Some typical 
metals such as copper (Cu), tungsten (W), molybdenum 
(Mo), platinum (Pt), palladium (Pd), tantalum (Ta), osmium 
(Os), chromium (Cr), Ti, iron, cobalt (Co), nickel (Ni), are 
effective. Any metallic alloys and compounds of those are 
also effective, for example, NiCr, constantan (CuNi), stain 
less steel etc. 

In one aspect of the invention, the nanostructures can be 
grown from predefined catalyst if the growth is catalytically 
controlled. However, catalyst free growth is also anticipated. 
A method of growing and controlling properties of nanostruc 
tures is disclosed in the patent application WO 2006115453 
where a plurality of materials are used for controlling the 
growth properties of the nanostructure and can provide a 
stable base for the grown nanostructures. The most com 
monly used metal catalysts are Fe, Ni, NiCr, Au, Pt, Pd and 
Co. A number of bimetallic catalyst to grow nanostructures 
using Co V. Co Fe, Co-Ni, Co. Pt, Co Y. Co-Cu 
and Co–Sn are also effective. Different materials can be 

used under the catalyst layer to facilitate or control the prop 
erties of grown nanostructures as shown in our patent (WO 
2006/115453). Growth of nanostructures can be performed 
but limited to chemical vapor methods. Chemical vapor depo 
sition (CVD) methods such as RPECVD, thermal CVD, 
PECVD etc can be implemented for growth. The nanostruc 
ture can be made from a material selected from the group 
consisting of nanotube, nanowire, nanofiber, nanocone, nano 
whisker and nanohorn or any other form of elongated nano 
structures with high young modulus. The nanostructures can 
be made of carbonatoms or can be of materials selected from 

III-V, II-VI group of the periodic table such as, InP, GaAs, 
InGaAs, GaN. SiC, Si, ZnO and combination thereof. In one 
aspect of the invention, the grown nanostructures are not of 
the same type as the Substrate they are grown from. 

In one aspect of the invention, a help layer can be used for 
growing nanostructures on insulating Substrate where the 45 
help layer can selectively be removed after growth as 
described in the patent application USA 61/031333. The 
nanostructures can then be grown from predefined catalyst 
layer if the growth is catalytically controlled. 

In one aspect of the present invention, after growing the 50 
nanostructures, they can be subjected to coating with metals, 
semiconductor, semi-insulator, insulator or polymers to 
increase the functionality of the nanostructures for different 
applications. For example, the grown nanostructure can be 
coated with polymer to act as anti-Sticking layer to improve 55 
the releasing mechanism of the stamp from the embossing 
material. In one aspect of the present invention, with a con 
ductive stamp where the nanostructures are electrically con 
ducting or coated with electrically conducting materials, 
electrochemical nanoimprint can be performed. Polymer 60 
coating of the nanostructures can be carried out to So as to 
obtain hydrophobic or hydrophilic surfaces of the nanostruc 
tures. 

A further aspect of the invention relates to a method of 
lithography using a mask template comprising the steps of 65 
depositing a resist on a base substrate, contacting the mask 
template having formed nanostructure with the resist, apply 
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ing a predefined vertical pressure to the mask template, and 
separating the mask template from the resist. 
A still further aspect of the invention relates to the use of a 

template comprising a base Substrate, and a catalyst layer 
deposited on the base Substrate, wherein at least one nano 
structure is grown from the catalyst layer defining a lithogra 
phy profile, the aspect ratio of the nanostructures being con 
trolled by growth of nanostructure, and said at least one 
nanostructure has such hardness to Sustain the lithography 
profile of the nanostructure under vertical pressure, for per 
forating a material comprising depositing a layer of material 
to be perforated on the base Substrate, contacting the template 
with the material, applying a predefined vertical pressure to 
the template, and separating the template from the material. 

Replication: According to our present invention, only the 
first template for a given design is required to be manufac 
tured by conventional e-beam/photo lithography and replica 
tions can be done. Once the first template is manufactured, 
templates can be manufactured by transferring the pattern to 
Substrates by imprinting and Subsequent growth of nanostruc 
tures. Moreover, in one aspect of the replication, the patterns, 
shapes and properties of the grown nanostructures can be 
controlled by the growth recipe. Further replication is antici 
pated by following the replication procedure. Thus from one 
single template, a large number of templates with different 
properties can be produced without using any furthere-beam/ 
photo lithography. 
Low k dielectric: The International Technology Roadmap 

for Semiconductors predicts that continued scaling of devices 
will require ultra-low-k materials with k values less than 2.5 
for the 100 nm technology node and beyond. It is discussed in 
the literature that incorporation of porosity into dense dielec 
trics is an attractive way to obtain ultra-low-k materials. One 
of the ways to obtain a lower dielectric constant is fluorination 
of either inorganic or organic dielectric materials. According 
to Jin C et al., the lowest dielectric constant available for 
fluorinated dense materials is around k-1.9 (Teflon) and none 
of the present approaches using dense materials is expected to 
achieve k values lower than that. However, air posses the 
lowest dielectric constant possible-k-1. Therefore, incorpo 
ration of air into dense materials to make them porous is a 
method to obtain ultra-low-k materials. The reduction of 

dielectric constant results from the incorporation air in pores 
and has the potential to drive the dielectric constant lower 
than k-2. To meet performance goals, future technology 
nodes will require materials with progressively lower dielec 
tric constant. A change in dielectric material for each tech 
nology node increases process and equipment complexity 
and development cost. It is thus desirable to have one class of 
material that can meet the requirements for multiple future 
technology nodes. In another aspect of the present invention, 
the fabricated templates can be use for creating controllable 
low-k dielectric materials. Where a dielectric material is spin 
coated on a Substrate. The template is pressed against the 
dielectric materials to make complete or partial holes, where 
the density, depth and sizes of holes are controlled by pres 
Sure, size of nanostructure templates and the aspect ratio of 
the nanostructure templates. Thus the perforated dielectric 
material will have dielectric constant that can be tuned as 

necessary. Therefore the present invention offers the extend 
ibility to Sustain multiple technology nodes since the present 
invention offers production of tunable dielectric materials. 

Perforated materials: Perforated materials are used in a 

number of different applications for a variety of reasons. Used 
mostly as screens, filters, shields, and guards. While some 
applications may require that the perforated material has to 
perform in a certain way i.e. attenuate a Sound frequency, 
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provide a level of electromagnetic shielding, etc. Perforated 
materials can control the passage of air, liquid, light, Solids, 
heat, molecules, bio-molecules, electromagnetic waves, and 
Sound waves. A perforated material can also be a membrane 
where different terms exists such as semipermeable mem 
brane, also termed a selectively-permeable membrane, a par 
tially-permeable membrane or a differentially-permeable 
membrane. The membranes can be used for osmosis or 

reverse osmosis purposes. For example for reverse osmosis, 
semi permeable membranes are used for water purification or 
desalination systems. The artificial membranes are typically 
made from polyimide materials. They also have use in chemi 
cal applications such as batteries and fuel cells. Another 
example of a semipermeable membrane is dialysis tubing. In 
one aspect of the present invention, the fabricated template 
according to the present invention can be used to fabricate 
perforated materials by embossing or imprinting the template 
with a layer to be perforated. The materials can be from the 
group of metals, insulators or polymers. In one aspect, a 
material that needs to perforate is spun coated or sputtered, or 
evaporated on a Substrate. The template according to the 
present invention is pressed on the coated materials like 
embossing or imprinting. As an alternative approach tem 
perature of the coated layer can then be elevated to reach the 
glass transition temperature so that the layer can move freely 
around nanostructures template. The layer must then be cool 
down to a temperature lower than the glass transition tem 
perature to complete the pattern transfer process, removing 
the template and creation of the perforation. The layer of 
material can then be lifted off from the substrate to release the 
membrane. Micro and/or nano fluidic devices can also be 

manufactured in a similar fashion as describe above. 

In one aspect of the invention, the template according to the 
present invention is pressed on a metal layer like embossing 
or imprinting. And then in one aspect, the metal layers is 
Subjected to high temperature Such as in reflow, rapid thermal 
annealing (RTP), rapid thermal processing (RTP) to glue, 
bond or emboss the nanostructures on the metal materials. 

Recyclable template: Today’s template or stamp substrates 
can be used only once. When a pillar is broken from the 
stamp, the Substrate is usually thrown away as trash and 
generates substrate waste. Alternatively even if the substrate 
is not broken (SiC case) and if only the template is damaged, 
reusing the Substrate to make the same template become 
non-practical and non-economical. The present invention 
provides a method for an economical process to produce, 
enabling longer life time of the Substrate, and enabling Sus 
tainable environment by facilitating reworkable and recy 
clable template for using the same Substrate many times. 
Moreover, with the present invention it will even be possible 
to change the template design and keeping the same Substrate 
by removing the grown nanostructures from the Substrate, 
removing the catalyst layer from the Substrate, deposition of 
catalyst according to the new template design and grown the 
nanostructures from the catalyst layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 PRIOR ART. Drawing of standard nanoimprint. 
FIG. 2 Illustration of nanoimprint method using the nano 

structure template. 
FIG.3 Illustration of how to manufacture the nanostructure 

template stamp. 
FIG. 4 Illustration oftemplates with different conical nano 

Structures. 

FIG.5 Flowchart describing the template manufacture. 
FIG. 6 Drawing describing template replication. 
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8 
FIG. 7 SEM picture of a nanostructure stamp. 
FIG. 8 Optical microscope picture of the resulting pattern 

in the resist layer. 

DETAILED DESCRIPTION OF EMBODIMENTS 

A template 201 according to the present invention is shown 
in FIG. 2A. It has individual vertically aligned nanostructures 
204. Also an array 202 of vertically aligned nanostructures 
and a forest of grown nanostructures 203 is also seen on the 
stamp. On a base substrate?wafer 206 is a polymer/resist 205 
deposited. The substrate may include a number of layers. 

In FIG.2B the template 201 according to the present inven 
tion is pressed towards the polymer layer 205 on the wafer 
206. The wafer and the resist are heated above the glass 
transition temperature of the polymer. After cooling the tem 
plate is lifted, leaving depressions 207, 208, and 209 in the 
resist layer. Dependent on the localization of the nanostruc 
tures, different types of results can appear in the imprinted 
polymer layer. For individual fiber 204 and for small-pitch 
arrays 202 as seen in FIG. 2A, each fiber will give a depres 
sion 207 and 209 in the polymer. For extremely small-pitch 
arrays 203, continuous depressions 208 will appear. This is 
used for creating wide depressions in the polymer layer. 
The template can be manufactured of a number of materials 

including, but not limited to, Si, SiOX, SiNx, silica, ceramic, 
glass, SiC., PDMS, polyimide, metals. In FIG. 3A a stamp 
blank301 and 302 is seen. A catalyst layer 303 is deposited on 
the stamp blank 301, as seen in FIG.3B. The catalyst layer is 
then patterned, resulting in the structure seen in FIG.3C. This 
is done with standard lithography, which might include opti 
cal lithography, nanoimprint lithography, e-beam lithography 
etc. Etchback or lift-off processing can be used to pattern the 
catalyst. It is also possible to manufacture the stamp without 
lithography, as the catalyst can be a continuous layer, or the 
catalyst can be dispersed in a solution and spun on the stamp. 
Further, electroplating, electroless plating or catalyst particle 
spinning can be used to form the catalyst layer. Nanostruc 
tures 305 are grown on the stamp, as indicated in FIG. 3D. 
The resulting structure is seen in FIG. 3E. An example of 

this is using a glass stamp blank, which is electrically insu 
lating. After the growth of the nanostructures, the help layer 
can be selectively removed by dry etching. The resulting 
structure is seen in FIG.3F, and is useful for use with a glass 
stamp blank and ultraViolet or X-ray nanoimprintin which the 
stamp must be transparent. For electrochemical nanoimprint 
lithography a conducting stamp is used. Then a metallic help 
layer is used during growth, but is not removed afterwards. 
The resulting nanostructures can be controlled by changing 

the growth parameters. For example conical nanostructures 
can be manufactured by using a low growth temperature. This 
structure is seen in FIG. 4 where 401 is conical shape of the 
grown nanostructures, 402 is the catalyst layer and 403 is the 
substrate. 

FIG. 5 shows an example of process plan for manufactur 
ing templates based on the present invention. 

EXAMPLES OF APPLICATIONS 

The present invention discloses a method to manufacture a 
universal template for different applications. The template 
can be used for lithography, imprinting, embossing, recy 
clable/reworkable imprinting stamps. High aspect structure 
for fabricating trenches for capacitors or memory elements. 
For manufacturing honey comb structures, photonic crystals, 
sensors, detectors, Solar cell applications, catalyst/catalytic 
chemistry, lab on a chip. X-ray, ionization sources, automo 
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biles, telecommunications equipments, mobile phones, elec 
tronics, microprocessors, electronic packaging, bio sensors, 
membranes, perforated materials. The present innovation can 
be used among others for the same applications as standard 
nanoimprint, microelectronic, photonics. 5 
Perforated Materials 

According to the present invention, a perforated or semi 
perforated material can be produced by first imprinting or 
embossing the template on the layer of material which needs 
to be perforated. Then the template is released from the layer 10 
of material. Afterwards, the filters can be used as filters in 
general, biologic applications, molecular filter for biomol 
ecules, nano-fluidic applications lab-on-a-chip, due to the 
Vertical alignment, manufacturing compact disks (CDS) or 
DVD disks. 15 

The invention has applications for embedding nanostruc 
tures into other materials. 

The invention also has photonic applications, and can be 
used to form materials transparent to light. Examples of Such 
applications are anti-reflection coatings and Fresnel lenses. 20 
The present innovation can be used to give a surface texture 

to materials. This can give hydrophobic surfaces with a large 
contact angle, the so-called lotus flower effect. The result can 
be controlled by the shape of the nanostructures of the stamp. 
For example nanostructures with conical shapes can be 25 
grown. Further the imprinted features can be used to improve 
adhesion between material layers, if given a Suitable form. 
The present invention can be used to manufacture reusable 

stamp for nanoimprint. For example, if the template is dam 
aged, template is cleaned so that contaminants and fibers are 30 
removed and then nanostructures are grown again from exist 
ing catalyst layer or particles. 
One advantage of the present innovation is that the fibers 

conduct electricity, which can give a conductive stamp for 
electrochemical nanoimprint lithography. Then a conducting 35 
stamp blank or a conducting help layer should be used. One 
other advantage is that the fibers conduct heat, and can be 
used to improve the heat conduction from the heater to the 
polymer during the imprint process. 

According to the present invention, self replication is pos- 40 
sible as shown in FIG. 6. This enable several replications of 
the mask templates 610 and 620 from original template 600 to 
be formed which reduces dependencies on e-beam need for 
mass production of stamps, for example. 
A number of embodiments of the invention have been 45 

described. It is however to be understood that various modi 

fications may be made without departing from the spirit and 
Scope of the present invention. 
Demonstrator 

In order to demonstrate the present innovation, a stamp 50 
with carbon nanofibers has been manufactured. A scanning 
electron microscope (SEM) picture of it is seen in FIG. 7. It 
has been imprinted into a polymer layer, and the result is seen 
in FIG.8. A metal layer (is patterned by depositing it onto an 
imprinted polymer layer, and the result is seen in FIG. 8. 55 

DRAWINGS REFERENCE NUMERALS 

100 stamp 
102 protrusions on the stamp 60 
103 resist layer 
104 oxide layer 
105 wafer 

106 resist layer after imprint 
107 replication of protrusion on the stamp 65 
108 resist layer after plasma ashing 
109 oxide layer after etch 
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201 stamp substrate 
202 grown nanostructures in forest 
203 array of grown nanostructures with controlled density 
204 individually grown nanostructure 
205 resist layer 
206 substrate for pattern transfer 
207 replication of pattern from array of grown nanostructures 
208 replication of pattern from forest like grown nanostruc 

tures 

209 replication of pattern from individually grown nanostruc 
ture 

301 layer on substrate 
302 Substrate 
303 underlayer (optional) 
304 patterned catalyst 
305 grown nanostructures 
306 after underlayer removal 
307 after removal of a layer on substrate 
401 grown conical nanostructures 
402 catalyst layer 
403 Substrate 

500 deposition of helplayer 
510 deposition and patterning of catalyst 
520 growth of nanostructures 
530 elective removal of the helplayer (optional) 
600 master stamp 
610 second generation stamp with different properties 
620 third generation stamp with different properties 
What is claimed is: 
1. A template comprising: 
a base Substrate; 
a catalyst layer deposited on the base substrate; and 
a plurality of nanostructures grown from the catalyst layer 

defining a lithography profile, the aspect ratio of the 
nanostructures being controlled by growth of nanostruc 
ture, and each of said plurality of nanostructures has 
Such hardness to Sustain the lithography profile of the 
nanostructure under vertical pressure, wherein 

each of said nanostructures is substantially covered with a 
material in the form of a thin film selected from the 

group consisting of polymer, metal, semiconductor and 
insulator, and 

the catalyst layer is patterned in a non-periodic pattern and 
comprised of at least one of Fe, Ni, NiCr, Au, Pt, Pd, Co. 
Co—V. Co-Fe, Co- Ni, Co-Pt, Co- Y. Co-Cu, 
and Co- Sn. 

2. The template according to claim 1, comprising a wherein 
a set of said plurality of nanostructures are grown Sufficiently 
close together to collectively form a single continuous 
depression when the template is used for nano-imprint lithog 
raphy. 

3. The template according to claim 2, further comprising: a 
plurality of individual vertically aligned nanostructures; and 
at least one array of vertically aligned nanostructures, each of 
said vertically aligned nanostructures resulting in a single 
depression when the template is used for nano-imprint lithog 
raphy. 

4. The template according to claim 1, wherein the base 
Substrate is made from a material selected from the group 
consisting of a silicon wafer, oxidized/coated silicon wafer, 
metal coated silicon wafer, nitride coated silicon wafer, sili 
con carbide wafer, glass Substrate, ceramic, polymers, ITO. 
metal alloys. 

5. A method of forming a template comprising the steps of: 
providing a Substrate; 
transferring a template pattern to said Substrate through 

imprinting using a template; and 
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growing a plurality of nanostructures on the Substrate, 
wherein 

the plurality of nanostructures are grown from a catalyst 
layer deposited on the Substrate and define a lithography 
profile, the aspect ratio of the nanostructures being con 
trolled by growth of nanostructure, and each of said 
plurality of nanostructures having Such hardness to sus 
tain the lithography profile of the nanostructure under 
Vertical pressure, 

each of said nanostructures is substantially covered with a 
material in the form of a thin film selected from the 

group consisting of polymer, metal, semiconductor, and 
insulator, and 

the catalyst layer is patterned in a non-periodic pattern and 
comprised of at least one of Fe, Ni, NiCr, Au, Pt, Pd, Co. 
Co—V. Co-Fe, Co- Ni, Co-Pt, Co- Y. Co-Cu, 
and Co- Sn. 

6. The template according to claim 1, wherein said at least 
one nanostructure is made from a material selected from the 

group consisting of nanotube, nanowire, nanofiber, nano 
cone, nanowhisker and nanohorn. 

7. The method according to claim 5, wherein said at least 
one nanostructure is made from a material selected from the 

10 

15 

12 
group consisting of nanotube, nanowire, nanofiber, nano 
cone, nanowhisker and nanohorn. 

8. The template according to claim 1, wherein the vertical 
pressure amounts to 1 bar to above 200 bars, preferably 
amounts to 1 bar to 60 bars. 

9. The method according to claim 5, wherein the vertical 
pressure amounts to 1 bar to above 200 bars, preferably 
amounts to 1 bar to 60 bars. 

10. The template according to claim 1, wherein said base 
substrate is made of a UV transparent material, the template 
further comprising: 

a help layer arranged between the base substrate and the 
catalyst layer. 

11. The method according to claim 5, wherein said base 
substrate is made of a UV transparent material, the template 
further comprising: a help layer arranged between the base 
Substrate and the catalyst layer. 

12. The method according to claim 5, wherein the base 
Substrate is made from a material selected from the group 
consisting of a silicon wafer, oxidized/coated silicon wafer, 
metal coated silicon wafer, nitride coated silicon wafer, sili 
con carbide wafer, glass Substrate, ceramic, polymers, ITO. 
metals and metal alloys. 

k k k k k 


