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Abstract

This thesis reviews of work on lithography that is currently being carried out
in both industry, and in academic institutes. The advantages and short comings of
each technique are discussed, including their method of operation.

The work described in this thesis has involved the development of new,
simple methods for the fabrication of nanostructured surfaces for use as templates for
imprinting in PDMS and the subsequent use of these polymers for soft lithographic
applications. Two different approaches were used for the fabrication of templates: in
the first instance, friction transfer methods were used to pattern nano-lines of
polymer onto a solid substrate. The second approach was to use assemblies of
nanoparticles as templates for imprinting cavities into various polymers.

The initial goal of this work was to fabricate chemically functionalized
nanocavities in polydimethylsiloxane (PDMS) using self-assembled gold
nanoparticles as templates. It was anticipated that by systematically varying the size
of the particles templates, it might be possible to identify the minimum size of
features which could be replicated in PDMS (Scheme 1.1).

Our long term aim was to selectively functionalise the interior of these
imprinted cavities using molecules supported on the nanoparticles and then to use
these functionalised cavities for the size selective binding of particles (e.g., as
filters); or as ‘nanoreactors’ (e.g., plastic enzyme mimics). However, as discussed in
Chapter 2, on proceeding with the above, it was found that the preparation of the
cavities proved more complex than anticipated, for example, gold nanoparticles of
various sizes were not suitable for cavity fabrication as the particles were completely

encapsulated in the elastomer.
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Scheme 1.1: Schematic representation of imprinted cavity formation in PDMS
using self-assembled nanoparticles on glass.

It was therefore decided to investigate polystyrene particles and amine-
functionalised silica particles as alternative templates and it was observed that these
particles were partially encapsulated in the PDMS matrix. The partially encapsulated
particles proved to be excellent templates for the fabrication of cavities in polymers
because they were securely embedded in the planar substrate. The polymers
investigated as moulding polymers were poly(styrene) and poly(vinylalcohol).

Poly(vinyl alcohol) (PVA) appeared to be the best candidate for producing
cavities and may have future potential for the fabrication of functionalised cavities.
This is because PVA is water-soluble and thus is unaffected by nearly all organic
solvents, making it very suitable, in principle, for applications such as nanoreactors
or size exclusion binding of particles in organic solvents. Since PVA can be formed
as a freestanding film, further investigations may demonstrate its potential for soft
lithographic applications, comparable to that of PDMS and poly(fluoro)poly(ethers)
(PFPE).

A further strategy followed (Chapter 3) was the fabrication of nanofeatures in
PDMS using friction-transferred PTFE lines on glass surfaces to form linear

‘nanolines’ which run along the whole length of a glass slide. These friction-

iv



transferred lines were then used as templates for the formation of aligned
nanochannels in PDMS. The imprinted channels were subsequently used for soft
lithographic applications, mainly for micromoulding in capillaries on functioanlised
glass surfaces. This study was conducted to demonstrate that non-lithographically
fabricated surface patterns could be used as pre-cursors for applications in soft
lithography.

The work has also shown that there are a number of technical challenges
which need to be addressed to exploit this technology, some of which have been
solved successfully during this project. The two techniques used for the generation
of templates are both simple, do not require the use of expensive materials, and may
in the future lead to a viable alternative to the current techniques available for soft
lithography.

In summary, the work presented here demonstrates a number of very
promising non-lithographic strategies for the formation of nanocavities of various
sizes and geometries in planar organic and inorganic substrates. This in turn may be
extended in the future to the ‘bottom up’ formation of chemically functionalized
nanocavities. The work has also shown that there are a number of technical
challenges which need to be addressed to exploit this technology, some of which

have been solved successfully during this project.



"The will to persevere is often the difference
between failure and success"
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Introduction



1.0 Aims and Objectives

Nanoscience is the synthesis of materials with nanometer dimensions, i.e.,
between 1-100 nm. Nanoscience is a highly interdisciplinary subject, which is
currently affecting virtually all aspects of modern technology. while its major
economical driving force is the ongoing miniaturization of electronic devices, it is
becoming increasingly clear that other areas such as sensory, analytical, and
biomedical applications are more likely to benefit from revolutionary advances
through nanotechnology in the short and medium term. This necessitates nanoscale
fabrication methods outside the scope of electronic devices and circuitry, and the
ability to process a large range of different materials with nanometer precision.

To realize some of the applications mentioned above, novel technological
advances are continually being sought to fabricate surfaces using either top-down
fabrication- that is, the method of preparing structures from the macro to the nano
level by etching solid surfaces using technologies such as lithography- or by bottom-
up approaches whereby nanostructures are self-assembled onto surfaces from the
molecular levels.

The majority of lithographic techniques involve patterning onto a solid planar
surface. However, with the advent of soft lithography using polydimethylsiloxane
(PDMS) or poly(fluoro)poly(ethers) (PFPE) polymers as stamps or moulds, patterns
can be transferred onto both planar and non-planar surfaces. The most common
methods used to create transferable patterns in PDMS or PFPE are photo- and
electron beam lithography. These techniques are used to pattern solid surfaces,
which are then used as templates to transfer patterns into PDMS or PFPE elastomers
by imprinting. Conventional lithographic techniques require a number of steps prior

to producing the final template.



The most common conventional and less conventional lithographic
techniques used for patterning surfaces are outlined in this chapter and a short review
of the work conducted by different groups using these techniques to produce both
nano- and micro-features is presented.

A great number of techniques are currently being explored, but in this chapter
only photolithography, electron beam lithography, scanning probe lithography and
soft lithography are discussed. Photolithography and electron beam lithography are
the most common and the oldest techniques used for the preparation of templates for
soft lithographic applications. In contrast, in chapters 2 and 3, non photolithographic
or electron beam lithographic techniques have been used for the preparation of
templates. These templates have subsequently been used for the purpose of soft
lithography, thus a different and simpler technique has been used to pattern large
areas of surfaces.

A brief overview is given on nanolithography before discussing the individual

techniques in depth.

1.1 Nanolithography

Alois Senefelder first discovered lithography in 1798, by observing the transfer
of an image onto a piece of paper in contact with a limestone containing a drawn
image, whilst still wet.' Lithographic techniques have been used to generate devices
containing features in the millimeter or micrometer range and have progressively
moved to the nanometer range. However, the growing demand for smaller and faster
devices, lower operational costs and the scientific interest in the chemical and
physical properties at the nanoscale has resulted in the modification and development
of the currently applied methods. The usefulness of lithographic applications has

generated a widespread interest in this field and the arrival of new techniques has



introduced the potential of printing on surfaces at the nanoscale, termed as
nanolithography. The majority of conventional techniques require for the patterns to
be stored as electronic data, from which they can be transferred onto substrates by

using either light (UV), electron beams, or ‘ink’. Techniques which utilize these

[2-6] [7-14]

methods include photolithography, electron beam lithography, X-ray

(162 and soft lithography.[23'25] From the

lithography,“s]’ probe nanolithography,
above probe lithography, photolithography, electron beam lithography and soft
lithography are commonly used in industry, and are heavily researched.

Photolithography is one of the oldest techniques in the area of lithography

and is continually being developed further.

1.1.1 Photolithography

Photolithography is one the oldest techniques dating back to the early 1930s.
In the 1960s it was first used for the manufacture of integrated circuits. Its main
commercial use is in the micro/nano- patterning of semiconductors,
microelectromechanical systems (MEMs) devices and computer chips. The
technique has advanced significantly over the past 10 years especially in the area of
creating memory devices for use in personal computers, PDA’s, mobile phones and
many more types of consumer electronics.

Photolithography commences with the production of a photomask by
optically or electrically writing a pattern onto opaque chromium coated surfaces.
The second step involves spin coating an oxidised silicon wafer with a photosensitive
polymer, called a photoresist. There are two types of photoresist, a negative resist
where areas exposed to UV remain on the wafer after being immersed in the
developer and a positive resist where regions exposed to UV radiation dissolve away.

The third step entails soft baking the spin coated photoresists to increase adhesion



between the surfaces and removal of any excess solvent. The next step requires
alignment of the photomask with the photoresist and subsequent exposure to UV
light. After exposure to UV light the photoresist is subjected to a developer and hard
baked to further enhance adhesion and retain the pattern. The exposed areas of the
silicon wafer are then etched away and the photoresist is removed to reveal the
underlying pattern in the wafer (Scheme 1.2). Photolithography operates in three
different modes; contact mode where the mask is in physical contact with the
photoresist, this tends to cause damage to the resist or adds contaminants; proximity
mode where the mask is a slight distance away from the resist and lastly projection
mode where the pattern is projected onto the resist. Contact and proximity mode
replicate features onto a resist at a 1:1 ratio, hence they are only able to generate
features that can be mechanically created in the mask. However, the projection mode
is congruously used in industry because it reduces the image from the mask on to the
resist by a factor of 4, thus it is able to produce features that are 4 times smaller than
by either of the other two modes.?® 2" To continue the downward trend to further
miniaturisation the wavelengths have to be increasingly shorter to enable the
manufacturing of smaller chips or sensors and consequently polymer resists have to

be sought which are susceptible to these wavelengths.”*!



(x,v.8) alignment of uniform UV exposure lllumination

mask to substate SEINSRSCESNIRNNEY
= I N L ——— A chrome on glass photomask
111 il
photoresist (PR)
latent image created in substrate wafer

photoresist after exposure

/ wet chemical development \

e [ 7777/ e (EEATE] (==
NEGATIVE PHOTORESIST POSITIVE PHOTORESIST
Photoresist is photopolymerized where Exposure decomposes a development
exposed and rendered insoluble to the inhibitor and developer solution only
developer solution dissolves photoresist in the exposed areas

R B Darhng ' EE-527

Scheme 1.2: A general depiction of the stages involved in Photolithography.”™!

The size of the features generated on the wafers is dependent on the
wavelength (A) of light used, as well as the optical transparency of the photoresist

and the numerical apertures (NA) of the lens (see table 1).

NA A nm Light
Source
0.16 365 Mercury
- 257 High
pressure
Mercury arc
lamp
- 248 KrF laser
0.6 193 ArF excimer
laser
0.6 157 F, excimer
laser

Table 1.1: Advancements made in photolithograpy, with respect to the
wavelength, and the size of the lens apertures used. The reduction in
wavelength results in a decrease in the size of the pattermz.{s"}"-’zl



Table 1.1 highlights the rapid decrease in the so far applicable wavelengths
achieved by searching for different combinations of light sources, and lenses. As
important factor remains finding resists transparent enough to allow UV light to
penetrate. The smallest feature that can currently be generated by UV-lithography is
37 nm.P’¥)  Using smaller wavelengths necessitates polymer resists which are
penetrable to these wavelengths.p‘" 31 The polymer resists have been modified as
shorter wavelengths have been used. The properties which are now deemed
desirable in this area are low extinction coefficients (increases transparency), high
glass transition temperatures (for good thermal properties when baking), property
diversity (to be able to selectively block certain moieties and alter properties), and
lastly plasma etch resistance.®® At wavelengths of 365 and 257 nm
diazonaphthoquinone/novolak is used as a resist and at 248 nm p-hydroxystyrene is
used; however for wavelengths at 193 and 157 nm acrylic and acyclic based
polymers (e.g., polymethylmethacrylate) are commonly selected. The resolution
achievable is limited by the optical diffraction according to the Rayleigh Equation, R
= k;A / NA where k; is a constant that depends on the photoresist, 4 is the wavelength
of the illuminating light, and N4 is the numerical aperture of the lens system."”!

The scope of technological applications that rely on photolithographically is
very broad. For example, Fritzsche ef al*® used photolithographically prepared
microelectrode gaps, in which nanoparticles were orientated between the gaps for the
potential application as contacts in biosensors. Dielectrophoresis was used to
arrange 30 nm sized gold particles in the gaps between the gold electrodes on a
silicon oxide surface. It was observed that chain formation of these nanoparticles
was dependent on electrode geometry, nanoparticle size, applied potential and

frequency. Falconnet ef al®® introduced the technique of molecular assembly



patterning by lift off (MAPL) (see Figure 1.1). Here photolithography is used to
create an array of spots with diameters of 20 pm and pitch of 70 um in a photoresist
on niobia coated glass or silicon wafers (4 in.). The wafer is then exposed to a
solution of biofunctionalised poly (L-lysine)-graft-poly(ethyleneglycol) (PLL-g-
PEG), after which the resist is removed in an organic solvent to reveal the pattern
which is retained by the PEG. Areas not functionalized by PLL-g-PEG were filled
with plain PLL-g-PEG, as PEG is un-reactive towards biomolecules, therefore giving
rise to selective binding. As an example of selective binding, the niobia surface was
coated with a biotin functionalized PLL-g-PEG in the pitches and plain PLL-g-PEG

in the background and then exposed to streptavidin, thus demonstrating the specific

adsorption of streptavidin to biotin.

Figure 1.1: (A) Schematic representation of the process of MAPL and (B)
conformal image of a biotin functionalized PLL-g-PEG.""

Miura et all*”!

created patterns by the selective decomposition of
octadecyltrimethoxysilane (ODS) onto silicon substrates using vacuum ultraviolet
light at a wavelength of 172 nm via a photomask. First, a self assembled monolayer

of ODS was generated after which regions exposed to UV radiation via a patterned

photomask resulted in the selective decomposition of the ODS SAM. The SAMs



were further modified by reaction with glycoconjugate polymers (carbohydrates)
carrying either a polystyrene or poly(vinyl alcohol) backbone. These polymer
backbones were then characterised upon reaction with fluorescein isothiocyanate
fluorophores, and subsequent analysis was conducted with fluorescence microscopes.
The aim of this work was to produce carbohydrate microchips for potential use into
the study of interactions between carbohydrates and proteins. Horiuchi et al
synthesized metal nanoparticles using UV light by vapour deposition of palladium
(IT) bis(acetylacetonato) (Pd(acac),) onto polymethylmethacrylate (PMMA) films,
and irradiating with UV light between 240 - 400 nm. Using contact mode
photolithography, transmission electron microscopy (TEM) grids were used as
photomasks to first irradiate 30 nm PMMA films on silicon after which Pd(acac),
was deposited in the vapour phase onto the PMMA for 15 min at a dose of 1.0 Wem®
2 It was observed that using a greater dose of radiation, larger particles were
produced in higher quantities.

Choi et al™  were able to reduce the dimensions produced by
photolithography by combining it with another technique. 10 nm arrays of silicon
wires were synthesized by using a combination of plasma etch and photolithography.
This was achieved by preparing a template for the nanowires using photolithography,
onto which polysilicon (sacrificial layer) was deposited followed by a silicon oxide
layer, forming 600 nm wires. The process then begins and ends with selective
etching until the 600 nm wires were10-20 nm in size.

The above review demonstrates the broad range of scientific interest and
applications of photolithography and the use of combined techniques to obtain sub
100 nm features. However photolithography has many limitations if utilized on its

own; it is not compatible with biomaterials due to the developing agents that are



used, it is unable to produce 3-D structures and there is difficulty in obtaining

431 Thus there are a number of competing

features in the sub -100 nm range.
techniques that are being investigated that do not require as many steps or masks and
that are able to generate smaller features (sub 100 nm) more readily. A technique

which offers the above properties is electron beam lithography.

1.1.2 Electron Beam Lithography

Electron beam lithography is derived from scanning electron microscopy and
dates back to the late 1960s. It uses high energy electrons to pattern substrates via a
scanning process. The electrons are focused into a narrow beam and deflected onto
an electron sensitive polymer resist. This technique offers two main advantages.
The first is that the information for the designed pattern is generated and stored
electronically, thus eliminating the use of a mask, and the second is that the features
it can generate are extremely small.

Electron beam lithography is most commonly used for the fabrication of
photomasks for photolithography and is able to generate features in the atomic size
range due to the size and shorter wavelength of the electron beam.*!! As depicted in
Scheme 1.3, the electron beam is emitted from a column gun and focused onto a
polymer resist by two magnetic lenses, which can be adjusted to alter the beam
diameter. An electrostatic beam blanking system is used to switch the beam on and
off at high speeds. There are various types of electron sources,””! LaBg, thermal
(Schottkey) emitter, and a cold field emitter. The choice of electron source is
important to the use of EBL techniques as they govern the resolution of the patterns
created. The electron source controls the size of the beam which in turn affects the
feature size, the brightness, and the energy spread of the emitted electrons (the

smaller the better).
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Scheme 1.3: A schematic illustration of electron beam lithography (IilBL)."“"I

As for photolithography, there are two types of polymer resists, a negative,
which will undergo crosslinking when exposed to the electron beam, and a positive,
which undergoes scission upon exposure to the electrons. The oldest and most
successful resist used is PMMA because of its dual ability to function as both a
positive and a negative resist. The interaction of electrons with the polymer resist
can also have undesirable consequences on the end product. As electrons penetrate
into the polymer, they can either undergo small angle scattering (forward scattering),
which increases the beam size, or large angle scattering known as back scattering.
This decreases the speed of the electrons moving through the polymer thus producing
secondary electrons which are able to penetrate back out through the resist,
introducing defects. These problems can be circumvented by applying a thinner film
of the polymer resist and selecting those with lower atomic numbers. Kuller ef al. 1471
used self assembled monolayers of aromatic hydroxybiphenyl on silicon surfaces as

negative photoresists for the formation of 10-20 nm silicon lines. Tsujii ef al*®
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used surface initiated living radical polymerization (LRP) with a copper ligand
complex in combination with electron beam lithography to create polymer brushes
on silicon. The pattern was formed by selective decomposition of regions of the
initiator upon exposure to the beam. This was then grafted to MMA to create
patterns with spatial resolutions of 175 nm. Clendenning ef al™! used a cobalt
clusterized polyferrocenylsilane (Co-PFS) resist (negative) to directly write patterns
to form ceramics. They were able to form both linear and curved patterns having
heights of 210 nm and widths around 544 nm.

Wu et al®” patterned SiO, and TiO, thin films using EBL in conjunction
with surfactant templating to produce 3-D mesopores 0.25 to 50 pm in size.
Typically a tetragonal air-hole patterned resist covered silicon wafer was patterned
with a mesopore structure which was then coated with either a SiO; or TiO;
precursor, followed by aging, annealing and polishing of the surface. Utilising this
method they were able to produce shapes ranging from pillars to lines. The potential
application of these would be as sensors or for use in microelectromechanical
systems (MEMS) devices.

The above three cases demonstrate the different patterns that can be generated
using electron beam lithography but the draw backs are the process times needed. In
a majority of cases up to 18 h were required prior to obtaining the final desired
feature, thus even though smaller features are generated the times involved are still
an issue, further examples of which are given below.

EBL has also found beneficial for biotechnological applications because of
the sensitivity of the biological compounds. The demand for miniaturization is
driven by a desire for high throughput screening and decreased sample quantites.

Zhang et al.® ' have created DNA arrays consisting of 40,000 spots/cm’, where the

11



diameter of each spot is 10 pm. A silicon wafer was coated with a 300 nm resist film
and 10 pum sized arrays were fabricated using a 20 KeV electron beam. After
development the unexposed regions of the resist were removed and filled with a
monolayer of 3-aminopropyltriethoxysilane (APTES) and the resist was dissolved to
reveal raised areas of APTES which were 10 x 10 pum in size. The APTES
monolayer was then further reacted with DNA and hybridized with its
complementary DNA and observed by epi-fluorescence microscopy. However,
problems were encountered in that some of the APTES formed irregularly and as a
result not all of the resist was removed. Judrez et al 521 created inverted opals, which
have potential applications in optoelectronic circuits and bionanotechnology. An 8-
20 pm thick layer of 330 nm PMMA spheres were convectively assembled onto
glass or silicon and coated with SiO, using chemical vapour deposition (CVD).
These were then exposed to a 25 kV electron beam using SEM after which the
PMMA was removed to leave an imprinted SiO; shell.

As has been outlined, EBL has proved to be useful and an advantageous
technique for fabricating patterns on substrates without the use of a mask. However,
it is still constrained by the proximity effects observed as a result of back scattering
and the availability of polymer resists. To circumvent the problems with polymer
resists Silvis-Cividjian er al.® demonstrated the potential use of electron beam
induced deposition (EBID) as a resist free method of electron beam lithography.
EBID entails the deposition of gaseous organometallic or hydrocarbon molecules
onto substrates by irradiation using a scanning transmission electron microscopy
(STEM) electron beam. However, the experiments were accompanied by extensive
computer simulation studies taking into account the secondary electrons, as these

contribute to the size of deposition, using a narrow electron beam width of 0.1 nm.
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Simulated growths of C,Hs vapour ion on a 10 nm carbon film were conducted and
the height variation was measured with respect to time.

The most recent advance in lithography is the introduction of scanning probe
lithography (SPL). This technique is advantageous in a number of ways over other
lithographic techniques because the time scale for pattern generation does not require
hours, nor does the technique require a mask, and features in the size range of 1 nm

can be produced.

1.1.3 Probe Lithography

Probe lithography is a maskless approach used to pattern surfaces at the
nanoscale (dimensions below 100 nm) using instruments such as the scanning
tunneling microscope (STM) and the atomic force microscope (AFM).** These
techniques are typically used to study the chemical and topographical features of
surfaces at the molecular and atomic level. For the purpose of lithography they offer
great potential because of the use of a probe or tip which acts as a stylus, where the
width of the tip is in the atomic range. The use of a nanosized stylus has led to the

ability of re-arranging atoms on a surface,’™

and also to pattern surfaces by the
addition of molecules, thus offering control over the direction, width, and length of
the features on surfaces.

In this section a brief overview of the primary uses of the two types of

instruments used in SPL shall be discussed first followed by a review of the work

conducted using SPL.
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1.1.3.1 Scanning Tunnelling Microscopy (STM)

In 1981 G. Binning and H. Rohrer at IBM developed the scanning tunnelling
microscope, which was the first technique used for producing 3-D images of
electrically conductive surfaces at the atomic scale.”® The STM works by tunnelling
electrons between a metal tip and a conductive substrate (Scheme 1.4). A bias
voltage is applied between the tip and the surface, and the variation in current is

measured as the tip scans laterally across the surface.””

Images can be taken in
either constant height mode- where the tip is kept at a constant height and voltage
whilst changes in the current are monitored, or in constant current mode, where the

current is kept constant by adjusting the height of the tip from the surface.*®

Current Probe/ Tip

=

e
_l_ /—‘7 —— detector
7

Gold surface

Scheme 1.4: A depiction of STM.

The STM is able to scan large areas and heights on the atomic scale by the
aid of a piezoelectric tube which controls the three dimensional (x, y and z)
movement of the tip. The piezoelectric tube houses the individual electrodes
responsible for the x and y movement and a feedback loop is used to control the z
motion. The scan rate is inversely proportional to the scan size which is also
dependent on the sample feature size and images can be taken in air, vacuum or even
under solution.”® The probes are made from tungsten, platinum — iridium or gold.

The widths of these probes can be altered to suit the size of the features to be studied.
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STM is very successful for imaging conductive materials without causing any
substantial damage to the surface. However, to image non conductive surfaces, the
surface has to be coated with a metal thus rendering the substrate useless for post
analysis. In 1985 Binning ef al. developed the atomic force microscope (AFM),"”!

which was based on the same principle as the STM.

1.1.3.2 Atomic Force Microscopy (AFM)

Atomic force microscopy operates in a similar way to the STM except that it
has the added advantage of being able to image both conductive and insulating
materials in air and liquid. This is because it is not dependent on the flow of
electrons between the tip and the sample surface but rather measures very small
forces (< 1 nN) between the tip and sample.

Unlike the STM which uses tunnelling electrons to detect, the AFM uses
optical means, as depicted in Scheme 1.5 where a laser spot is reflected off the
cantilever as the tip scans across the surface. The laser spot is deflected via a mirror
onto a quadrant photodiode and functions as a very sensitive detector for cantilever
deflection caused by tip-substrate interactions.

There are two modes of AFM, contact and non-contact. In contact mode
(repulsive mode) the tip remains in constant contact with the surface of interest.
Here the interacting forces between tip and sample are measured by detecting the
deflection of the cantilever from the surface. In non-contact mode, the tip is
vibrating or tapping over the surface at a set frequency using a feedback loop and the

subsequent shift in the resonance frequency of the cantilever is measured.
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Laser

Scheme 1.5: Pictorial representation of the AFM.

Ringger et al'®” observed the defects formed on soft materials during
imaging, caused by the friction between the tip and a soft sample, and used this

property for for lithography.

1.1.4 Scanning Probe Lithography (SPL)

Scanning probe lithography was introduced in the late 1980s by Ringger ef al.
using a scanning tunnelling microscope (STM); it was shown that lines with an
average spacing of 160 A, in a Pbg;Sijo alloy, could be formed by scanning the tip
over the surface.!”

SPL can be employed in several modes;“’l’ & electrical,'®* mechanical,!®**7)
attaining patterns by atoms or molecules, being oxidized, added or removed, thus
allowing for complex patterns to be fabricated onto surfaces.'®® For the purpose of
these differing modes, specialised probes or tips have to be employed for their
specific task, e.g., to create inscribed lines on surfaces. Tips tend to comprise harder
materials such as boron-doped diamond; for electrical patterning, tips must be able to
resist oxidation and heating.[**

Jahromi et all® synthesized polypyrrole (PPy) nanowires in

polymethylmethacrylate (PMMA) channels on an FeCl; catalytic surface. This was
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achieved by scratching away a PMMA surface from specified regions using a silicon
nitride tip, thus exposing the underlying catalytic surface via AFM lithography and
immersing this in a solution of PPy for 1 h, forming nanowires in the channels.

IBM have been investigating the use of SPL for the preparation of memory
devices by using a tip to both pattern and read the regions on the substrate.””) Mamin
and Rugar'’” Y at IBM developed the method of thermomechanical writing for the
fabrication of bit storage devices by using heat initiation to construct pits with a
width of 100 nm and a depth of 10-20 nm in poly (methylmethacrylate) (PMMA).
Here an AFM tip (SisN,) was heated above the softening point of PMMA, whilst in
contact with the polymer film using a pulsed 30 mW diode laser. Mamin and co-
workers!’? advanced this technique further by simplifying it; here they replaced the
tip with a tapered optical fibre where the end was coated with a 15 nm Au — Pd film
and kept in contact with a polycarbonate surface. A 80 mW infrared laser was then
passed down the length of the fibre, thus heating both the tip and the polymer to the
softening point. By using a tapered fibre the life time of the tip was enhanced.
Surfaces have been patterned by the selective oxidation of self-assembled
monolayers.

These can be very simple where the bare surface of a substrate can be
oxidised as demonstrated by Tello ef al., who produced patterned lines of SiO, 2 nm
in height, on silicon by applying a 24 V pulse through an n-doped AFM tip for
80;15.[73 ]

The demand to be able to accurately and precisely position molecules and
particles on surfaces for future applications in operational nano devices has given
rise to new methods being continually modified. A recent development in SPL is

constructive nanolithography.
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(741 is a non-destructive method used to locally

Constructive nanolithography
alter chemical functionalities of certain functionalised surfaces, using electrical
pulses through a conductive AFM tip (Figure 1.2). The advantage of such a process
is the ability to change the surface functionality of inert functional groups such as
methyl terminated groups to reactive groups which could then be used for the

addition of nanoparticles"s] or semiconductor materials for possible applications in

the construction of circuit boards.
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Figure 1.2: The use of constructive nanohthography for the specific alteration of
inert end groups to reactive functional groups

Bilaver (6)

Sagiv ef al.” selectively oxidised vinyl end groups to carboxylic groups, by
applying a voltage of 9 V to a conductive AFM tip, using a boron-doped diamond
coated silicon probe. Utilising this method they were able to introduce other silanes

over the oxidised surface and build up a structure (Figure 1.3). In this particular
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case, selected regions of a self assembled monolayer of 18-
nonadecenyltrichlorosilane were oxidised, to which octadecyltrichlorosilane (OTS)
was added via SPL. The conversion of vinyl groups to thiols was also demonstrated
by exposing selected regions to UV light for 10 min under a H,S/Ar atmosphere.”®
On this surface gold nanoparticles were formed by redox reaction, producing gold
chains with a controlled distance between each chain of 2 nm. Sagiv and co-workers

also validated the use of chemically derivatised areas on substrates for the

subsequent attachment of enzymes.
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Figure 1.3: A Pictorial representation of SPL for the speclfic attachment of
functional groups and for the specific binding of nanopar‘tncles. 76

Kobayashi and co-workers!’ ! used conductive lithography to write the letters

‘Y’ and ‘T’ onto the TiO; surface, 6 nm high and 22 nm wide.
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