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ABSRTACT

Nanolithography is the art and science of etchivriing, or printing at the microscopic level, wieghe dimensions
of characters are on the order of nanometers (wifits0 ™ meter, or millionths of a millimeter). This inclesl various
methods of modifying semiconductor chips at theral@ level for the purpose of fabricating integdhteircuits (ICs).
Instruments used in nanolithography include thesitey probe microscope (SPM) and the atomic forc@aacope (ATM).
The SPM allows surface viewing in fine detail withmecessarily modifying it. Either the SPM or th€M can be used to
etch, write, or print on a surface in single-atomehsions. Nanolithography is referred to a techeiqf printing integrated
circuits at a nanometer scale for fabrication oé thigh end semiconductors and nanoelectromechaniewices.
Nanolithography is used in the creation of nhanoastepparts. The Nanolithography can be used foridation of the
circuits in various devices such as optical devicksplays, data storage, biotech, semiconductsy t¢Biemical synthesis
materials etc. One of the popular kind of Nanolfaphy technology is Nanoimprint lithography thainducive to
replication neopaterns at the nanometer scale santaracterically simple process with low costhhigroughput and high
resolution. Nanonex is a well known nanotechnolegterprise that provides popular Nanolithograptojs@nd engine for
the high-throughput, large-area patterning of 3Raséructures with sub-10 nm resolution and the layeslignment. This
article presents a brief review of nanolithograp¥ith an emphasis on its various techniques as aglapplications; the
article also reveals the concept of nanoimprihbigraphy in brief.

KEY WORDS: Nanolithography, Integrated Circuits, NanociroyitNanoelectromechanical Systems (NEMS),
Nanotechnology, Nanometer-Scale Structures, Nanmiimigthography.

INTRODUCTION
Nanolithography refers to the fabrication of atom and approximately 100 nm. Nanolithographysisdu
nanometer-scale structures, meaning patterns witast during the fabrication of leading-edge
one lateral dimension between the size of radividual semiconductor integrated circuits  (nanocircuitry)r o
*Corresponding author nanoelectromechanical systems (NEMS).
Nanolithography is that branch of nanotechnologyiciv
Amol P Pachpute deals with the study and application of fabricatioh
E mail: - amolpachpute@gmail.com nanoscale structures like semiconductor circuits. ok

2007, nanolithography is a very active area ofaedein
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academia and in industry. Nanolithography is a tesed
to describe a number of techniques for creatingeitiobly
small structures. The sizes involved are on thesront
tens of nanometers (nm). A nanometer is a billiaitta

One common method of nanolithography, used
particularly in the creation of microchips, is knovas
photolithography. This technique is a parallel noetlof
nanolithography in which the entire surface is dram in
a single moment. Photolithography is limited in #ize it
can reduce to, however, because if the wavelerfdtght
used is made too small the lens simply absorbightin
its entirety. This means that photolithography adnn
reach the super-fine sizes of some alternate téopies.

A technology that allows for smaller sizes than
photolithography is that of electron-beam lithodrap
Using an electron beam to draw a pattern nanonister
nanometer, incredibly small sizes (on the orde2@im)
may be achieved. Electron-beam lithography is much
more  expensive and time consuming than
photolithography, however, making it a difficultllstor
industry applications of nanolithography. Sincectien-
beam lithography functions more like a dot-matninfer
than a flash-photograph, a job that would take five
minutes using photolithography will take upwardgieé
hours with electron-beam lithography (Pancragtoal.,
1999).

New  nanolithography technologies are
constantly being researched and developed, leanting
smaller and smaller possible sizes. Extreme ulbtati
lithography, for example, is capable of using ligitt
wavelengths of 13.5nm. While hurdles still existthis
new field, it promises the possibility of sizes faglow
those produced by current industry standards. Other
nanolithography techniques include dip-pen
nanolithography, in which a small tip is used t@akst
molecules on a surface. Dip-pen nanolithography can
achieve very small sizes, but cannot currently gtow
40nm. Nanolithography technologies are likely taypa
prominent role in affecting the rate of drug diseovby
promoting other technologies such as cell-basedirsgn
(Griscomet al, 2002 and Grosst al, 1977) or cell-based
computing (Gross GWt al, 1995 and Morefieldet al.,
2000). The ability to pattern surfaces, especially
electrically active surfaces is critical to the segs of
these technologies, especially as cells of various
phenotypes are employed.

Nanolithography Techniques

1. Optical Lithography : Optical lithography has been the
predominant patterning technique since the advette
semiconductor age, is capable of producing subfif0-
patterns with the use of very short wavelengthsréaily

193 nm). Optical lithography will require the uddiquid
immersionand a host of resolution enhancement

meter, much smaller than the width of a single huma
hair. The word lithography is used because the oteti
pattern generation is essentially the same asngritnly

on a much smaller scale (Pancragial., 1998).
technologies (phase-shift masks (PSM), optical ipmay
correction (OPC)) at the 32 nm node. Most expestd f
that traditional optical lithography techniquesIwibt be
cost effective below 22 nm. At that point, it mag b
replaced by anext-generation lithography (NGL)
technique. Photolithography (or optical lithograply a
process used in microfabrication to selectively oeen
parts of a thin film or the bulk of a substrateusies light

to transfer a geometric pattern from a photo maskt
a light-sensitive chemical photo resist, or sinyayist, on
the substrate. A series of chemical treatments then
engraves the exposure pattern into the material
underneath the photo resist. In complex integrated
circuits, for example a modern CMOS, a wafer wil g
through the photolithographic cycle up to 50 times
(Nalamastet al, 1991).

Photolithography shares some  fundamental
principles with photography in that the pattern in
the etching resist is created by exposing it tbtligither
using a projected image or anoptical mask. This
procedure is comparable to a high precision versfadhe
method used to make printed circuit boards. Sule®qu
stages in the process have more in common with
etching than to lithographic printing. It is useelchuse it
affords exact control over the shape and size ef th
objects it creates, and because it can createrpaitwer
an entire surface simultaneously. Its main disathges
are that it requires a flat substrate to start witths not
very effective at creating shapes that are not #ad it
can require extremely clean operating conditions.
Photolithography has been defeating predictionsitof
demise for many years. For instance, it was predithat
features smaller than 1 micrometre could not bated
optically. Modern techniques already print featuvath
dimensions a fraction of the wavelength of lighedis an
amazing optical feat. Current research is explornegv
tricks in the ultraviolet regime, as well as altgives to
conventional UV, such as electron beam lithography,
ray lithography, extreme ultraviolet lithographgni
projection lithography, andimmersion lithography
(Nalamastet al, 1990).

2. X-Ray Lithography: X-ray lithography, is a process
used in electronic industry to selectively remoaetp of a
thin film. It uses X-rays to transfer a geometriattprn
from a mask to a light-sensitive chemical phottesdr
simply resist, on the substrate. A series of chamic
treatments then engraves the produced patternti@o
material underneath the photoresist. It can benebete to
an optical resolution of 15nm by using the short
wavelengths of 1nm for the illumination. This is
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implemented by the proximity printing approach. The
technique is developed to the extent of batch @%ing.
The extension of the method relies on Near Fielchys

in Fresnel diffraction: a clear mask feature is
"demagnified" by proximity to a wafer that is setanto a
"Critical Condition". This Condition determines threask-
to-wafer Gap and depends on both the size of tbarcl
mask feature and on the wavelength. The method is
simple because it requires no lenses.

Most X-ray lithography demonstrations have
been performed by copying with image fidelity (vath
magnification) on the line of fuzzy contrast. Howe
with the increasing need for high resolution, X-ray
lithography is now performed on what is called sheset
spot, using local demagnification by bias (Viadshiy et
al., 1999).

3. Double Patterning Double patterningis a class of
technologies developed for photolithography to &cka
the feature density. The resolution of a phototgmstern
begins to blur at around 45 nm half-pitch. Thishtéque
increases feature density by printing new features
between pre-printed features on the same layeis It
flexible because it can be adapted for any exposure
patterning technique. The feature size is redugeddn-

lithographic techniques such as etching or sidewall
spacers (Hondet al, 2006).
4. Maskeless Lithography Maskless lithography,

the radiation that is used to expose a photoseasiti
emulsion (or photoresist) is not projected from, or
transmitted through, aphoto mask. Instead, most
commonly, the radiation is focused to a narrow beEine
beam is then used to directly write the image itite
photoresist, one or more pixels at a time. An alitve
method, developed by Micronic Laser Systems, iscm

a programmable reflective photomask, which is then
imaged onto the photoresist. This has the advantdge
higher throughput and flexibility. Both methods arsed

to define patterns on photomasks (Changl, 2001).

A key advantage of maskless lithography is the
ability to change lithography patterns from one tarihe
next, without incurring the cost of generating awne
photomask. This may prove useful for double paitgrn
Currently, the main forms of maskless lithographg a
electron beam and optical. In addition, focusedbeam
systems have established an important niche role in
failure analysis and defect repair. Finally, systemased
on arrays of probe tips have recently been annalince
Maskless lithography is already used for the prtidacof
photomasks and in limited wafer-level production.

5. Electron Beam Lithography: Electron beam
lithography (or e-beam lithography) is the practioé

scanning a beam of electrons in a patterned fasitorss

a surface covered with a film (called the resigxposing

the resist) and of selectively removing either esqubor
non-exposed regions of the resist (developing). The
purpose, as with photolithography, is to createy \&mnall
structures in the resist that can subsequentlyamsferred

to the substrate material, often by etching. It was
developed for manufacturing integrated circuitsd as
also used for creating nanotechnology artifactsf{&is et

al., 2001).

The primary advantage of electron beam
lithography is that it is one of the ways to beat
the diffraction limit of light and make features in
the nanometer regime. This form of maskless
lithography has found wide usage in photomask-ngakin
used in photolithography, low-volume production of
semiconductor components, and research & developmen
On the other hand, the key limitation of electrozaim
lithography is throughput, i.e., the very long tihéakes
to expose an entire silicon wafer or glass sulestraiong
exposure time leaves the user vulnerable to beditnodr
instability which may occur during the exposures@|l
the turn-around time for reworking or re-design is
lengthened unnecessarily if the pattern is not dein
changed the second time (Broetsal, 1996).

6. Extreme ultraviolet lithography (EUV): EUV is a
form of optical lithography using ultra short waeegths
(13.5nm). EUVorEUVL is a next-generation
lithography technology using a EUVwavelength,
currently expected to be 13.5 nm. EUVL has been the
subject of ongoing research and development by many
groups. The predicted optical resolution capabiligs
been demonstrated in some special cases where the
impact of the actual asymmetry of a realistic EUV
scanner has been avoided. With the asymmetry
considered, the optical resolution limit is not so
straightforward to guarantee. However, general capti
resolution is not the only limiting factor for EUV.

It is mainly because the EUV community has focused
only on optical aspects and not on other physispkets

of EUV radiation that many optimistic forecasts and
predictions have not come to pass (Hendeetoal,
1999).

7. Charged-particle lithography: Charged-particle
lithography such as ion- or electron-projection
lithography's (PREVAIL, SCALPEL, LEEPL), are also
capable of very-high-resolution patterning. lon rbea
lithography uses a focused or broad beam of erierget
lightweight ions (like H& for transferring pattern to a
surface. Using lon Beam Proximity Lithography (IBL)
nano-scale features can be transferred on non#plana
surfaces (Dharat al, 2008).
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8. Neutral Particle Lithography (NPL): This technique
uses a broad beam of energetic neutral particlpdtiern
transfer on a surface.

9. Nanoimprint lithography : Nanoimprint lithography
(NIL) is a method of fabricating nanometer scaléegras.

It is a simple nanolithography process with lowtcbggh
throughput and high resolution. It creates pattegs
mechanical deformation of imprint resist and subseq
processes. The imprint resist is typically
a monomer or polymer formulation that is cured leath
or UV light during the imprinting. Adhesion betwetre
resist and the template is controlled to allow prop
release. Nanoimprint lithography has been used to
fabricate devices for electrical, optical, photoraad
biological applications. For electronics devicedl. Mas
been used to fabricate MOSFET, O-TFT, and single
electron memory. For optics and photonics, intemsiv
study has been conducted in fabrication of sub
wavelength resonant grating filter, polarizers, e@ate,
anti-reflective structures, integrated photoniesuit and
plasmontic devices by NIL. Sub-10 nm nanofluidic
channels had been fabricated using NIL and us&NA
strenching experiment. Currently, NIL is used tairgh
the size of biomolecular sorting device an order of
magnitude smaller and more efficient. There are ynan
different types of nanoimprint lithography, but tvad
them are most important: thermoplastic nanoimprint
lithography and photo nanoimprint lithography.

e Thermoplastic nanoimprint lithography

Thermoplastic nanoimprint lithography (T-NIL) is eth
earliest nanoimprint lithography developed by Prof.
Stephen Chou's group. In a standard T-NIL procetisin
layer of imprint resist (thermoplastic polymer)sigin
coated onto the sample substrate. Then the moldthwh
has predefined topological patterns, is broughto int
contact with the sample and they are pressed tegeth
under certain pressure.

When heated up above the glass transition
temperature of the polymer, the pattern on the nisld
pressed into the softened polymer film. After being
cooled down, the mold is separated from the sarapte
the pattern resist is left on the substrate. Agpattransfer
process (reactive ion etching, normally) can beduse
transfer the pattern in the resist to the undemeat
substrate (Choat al, 1996).

e Photo nanoimprint lithography
In photo nanoimprint lithography (P-NIL), a photo
(UV) curable liquid resist is applied to the sample

substrate and the mold is normally made of trarsgar
material like fused silica. After the mold and thebstrate
are pressed together, the resist is cured in Ukt la;nd
becomes solid. After mold separation, a similartgrat
transfer process can be used to transfer the paiter
resist onto the underneath material. The use ofVa U
transparent mold is difficult in a vacuum, becauwse
vacuum chuck to hold the mold would not be possible

10. Scanning probe lithography: Scanning probe
lithography (SPL) is a promising tool for patterning at the
deep nanometer-scale. For example, individual atoag

be manipulated using the tip of ascanning tungelin
microscope (STM). Dip-Pen Nanolithography (DPN) is
the first commercially available SPL technology dxhs
on atomic  force  microscopy. Scanning  probe
lithography describes a set of lithographic methads
which a microscopic or nanoscopic stylus is moved
mechanically across a surface to form a pattern.

This type of method can be split in two differenbgps:

e Constructive - In which the patterning is done by
directly transferring chemical species to the stefDip
Pen Nanolithography).

e Destructive - In which the patterning is done by
providing the substrate with energy (mechanical, or
thermal, photonic, ionic, electronic, X-rays, amdon and

so forth) to physically, chemically, electronicatigform
the substrate's surface. Examples include nanainpri
lithography and local oxidation nanolithography.

11. Atomic Force Microscopic Nanolithography:
Atomic Force Microscopic Nanolithography (AFM) @s
chemo-mechanical surface patterning technique ubes
an atomic force microscope (Dawsal, 2003).

12. Magnetolithography: Magnetolithography (ML) is
based on applying a magnetic field on the substrsiteg
paramagnetic metal masks call "magnetic mask".
Magnetic mask which is analog to photo mask detffiree
spatial distribution and shape of the applied m#gne
field. The second component is ferromagnetic
nanoparticles (analog to the photoresist) that are
assembled onto the substrate according to the field
induced by the magnetic mask.

13. Nanosphere lithography It uses self-assembled
monolayers of spheres (typically made of polystgleas
evaporation masks. This method has been used to
fabricate arrays of gold nanodots with preciselytoaled
spacings (Hatzoet al.,, 2007).
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Nanolithography —A Valuable Technology

A recent patent entitled “Method and apparatus
for mesoscale deposition of biological materialsd an
biomaterials,” invented by Gregory Marquez, and
Michael J. Renn (Marqueet al, 2007) , describes a
method for deposition of an aerosolized biomaterial
consisting of an aerosol stream using a carriertgas
deposits material onto a target surface in a digiti
pattern. Aerodynamic focusing of the aerosol stream
attached to a print head deposits patterns wittufea
sizes ranging from 5 - 2Qén, onto flat or featured
targets. This method has the advantage of avoittieg
use of masks, but its limited feature size pladeis ia
category of devices similar to the Nano eNablerTM,
available commercially from BioForce Nanoscienass |
Potential deposition materials are numerous andisiesl
in the disclosure to include: conductive metal preors,
nanoparticle metal inks, dielectric and resistostes,
biocompatible polymers, and a range of biomolecules
including peptides, viruses, proteinaceous enzymes,
extracellular matrix biomolecules, as well as whole
bacterial, yeast, and mammalian-cell suspensiohss T
type of application is especially valuable for teglogies
such as biosensor rapid prototyping and microfaltioa,
lab-on-chip manufacturing, biocompatible electroerct
polymer development, hybrid BioMEMS, biooptics, and
microfabrication of biomedical devices.
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