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Immersion lithography has emerged as the next technology to achieve the
resolution improvement needed to produce smaller and faster microelectronic devices. It
involves filling the air gap between the lens and photoresist-coated silicon wafer in a
lithographic exposure tool with a higher refractive index medium. This improves the
coupling of light into the resist and allows for better resolution. At the current exposure
wavelength of 193 nm, water has been identified as the most promising immersion
medium. Several potential issues had to be resolved before the process would be
adopted. One was the unknown consequence of intimate contact between water and a
photoresist. Any extraction of small molecule photoresist components by water could
lead to a degradation of imaging performance and/or contamination. To address this, the
possible extraction of several examples of these components from model 193 nm

Vil



photoresists was studied by multiple experimental techniques including liquid
chromatography/mass spectroscopy, scanning electrochemical microscopy and
radiochemical analysis. It was found that both a photoacid generator and a base additive
were extracted in small quantities.

A study of the optical properties of water-based solutions with ionic additives was
then undertaken. This study was intended to identify fluids with a higher index than
water for greater resolution improvement. The solutions had higher index values, though
typically with prohibitively high absorbance. The survey did lead to a series of
methylsulfonate salts with some of the highest index values paired with low absorbance
found for these materials. However, none of the target fluid properties were reached, so a
theoretical approach was then used to model the properties of an ideal additive. This
model served as a guide to identify a new type of additive with both a high index and low
absorbance.

The principles used for a high index/low absorbance additive were then applied to
fabricate a polymer photonic device. A photonic crystal structure was designed for a
polymer with an additive. A process for fabricating it was then developed using step and
flash imprint lithography. The process development included a demonstration of a

template created with a negative tone electron beam lithography process.
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CHAPTER 1: INTRODUCTION TO SEMICONDUCTOR
MICROLITHOGRAPHY

1.1 OPTICAL LITHOGRAPHY IN SEMICONDUCTOR DEVICE
FABRICATION

In 1947, researchers at Bell Laboratories built the first functioning transistor with
the hope of replacing vacuum tubes in electronic devices with faster-switching solid state
components. The transistor, a device made by creating two junctions between p- and n-
type semiconductors, had such an immediate and profound impact on the electronics
industry that its inventors, William Shockley, John Bardeen and Walter Brattain, were
awarded the Nobel Prize in 1956." Just three years later, in 1959, the transistor was
involved in another innovation which would have even farther-reaching consequences.
Jack Kilby of Texas Instruments and Robert Noyce of Fairchild Semiconductor (and a
former employee of Shockley) independently demonstrated devices in which all of the
components of an electrical circuit — transistors, resistors, capacitors, interconnections,
etc. — were built out of a common substrate.* By allowing all of these components to be
placed and connected so close together, the integrated circuit (IC) enabled devices of
significantly smaller size and much greater computing power to be created. The resulting
technological revolution has put telephones in people’s pockets, computers in their hands
and connected almost all parts the world. There is even further promise of new
technologies, greater computing power and even a deeper understanding of our world that

relies on continuing to improve the performance of integrated circuits.



The key to improved device performance and reduced cost has been fabricating
circuits with smaller and more closely packed components. Indeed, since 1965 it has
been observed that the number of components per chip has doubled every one to two
years.” This trend — now commonly known as Moore’s Law, after Gordon Moore, a
colleague of Noyce at Fairchild and later co-founder of Intel, who first noted it — has
driven the semiconductor industry’s technology roadmap for the past forty years, and will
continue to do s0.° The devices in an IC are built up layer by layer through a process
known as semiconductor microlithography.” In the basic process flow, a semiconductor
substrate, typically a silicon wafer, is spin coated with a photosensitive polymeric film,
which is selectively exposed to ultraviolet radiation through a chromium plated quartz
photomask. The chromium is arranged in a pattern that corresponds to a particular layer
design. The exposure and a subsequent bake step initiate a solubility switching reaction
in the polymer, after which the soluble portion is removed and the underlying substrate is
revealed. Etch or implant and strip processes then transfer the resulting pattern into the

substrate and remove the polymer. The process is shown schematically in Figure 1.1.
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Figure 1.1 Schematic of the semiconductor microlithography process.

The size of the device features is determined by the exposure step. Early
lithographic technology brought the photomask into contact with the polymer-coated
wafer, which was then flood exposed by a UV light source. The features drawn in
chromium on the masks were the same size as those printed on the wafer. While this
technique was relatively inexpensive and had high resolution, it also created an
increasing number of defects each time a mask touched a wafer, leading to decreasing
device yields.”® This issue was reduced by introducing a gap between the mask and the
wafer in what was called proximity printing. However, the resolution was markedly
decreased due to diffraction of light at the edges of mask features.” In order to improve
resolution and reduce defects, projection printing techniques were adopted in the mid-

1970s. Projection lithography involves the use of a lens system to focus the diffraction



pattern created by a photomask onto the wafer. The first projection systems used a 1:1
imaging scheme before being replaced with reduction optics. With this type of lens
system, devices with feature sizes four to five times smaller than those on the mask (now
called a reticle) could be fabricated. The minimum resolution of these systems is given
by the Rayleigh criterion,

Rk —2 2 (1.1)
nsin@ NA

where R 1s the minimum resolvable feature size, k; is a process dependent parameter, A is
the vacuum wavelength of the exposure radiation, n is the index of refraction of the
medium into which the image is being projected (typically air) and & is the half angle
aperture of the lens. The product of » and sin @ 1is called the numerical aperture (NA) of
the lens.'” According to Equation 1.1, feature sizes can be reduced by lowering &,
lowering A or increasing NA. Improvements in the imaging system to lower k;, and the
use of larger lenses with larger NAs have lead to incremental improvements in resolution,
but the biggest changes have occurred with new exposure sources producing smaller
wavelengths of light. The flood exposure sources of the first systems were replaced with
mercury arc lamps filtered to produce 436 nm and then 365 nm light for projection
lithography. These were eventually replaced with excimer lasers producing deep
ultraviolet (DUV) radiation, first at 248 nm with krypton-fluorine (KrF) lasers and now at
193 nm with argon-fluorine (ArF) lasers. These improvements and process changes have

reduced device feature sizes from tens of microns in the mid-1970s to sub-100 nm today.



Each step down in exposure wavelength involved more than just a change in the
radiation source. New optical systems had to be developed, and new materials were
needed. The most crucial material was the polymer used in the imaging step. The
polymer involved in the lithographic process is known as a photoresist; “photo” indicates
that it is chemically sensitive to light, and “resist” refers to its ability to act as a barrier to
the etch transfer or other post exposure process.” ® The first photoresists were cyclized
1,4-poly(cis-isoprene) rubbers sensitized with a photoactive bis-aryldiazide, Figure 1.2.”
11" Upon exposure to 300 — 400 nm radiation, the sensitizer decomposes into a highly
reactive cross-linking agent, which attaches polymer chains together, effectively
increasing the polymer’s molecular weight in the exposed region and reducing its
solubility in an organic solvent. The solvent used to dissolve the unexposed regions of
the resist (known as developing the resist) leaves a negative tone image of the pattern on
the photomask (as seen in Figure 1.1). These resists were used until the mid-1970s, when

their ability to resolve micron size features reached its limit, partially due to swelling

caused by the organic developers.

n N3 ‘ N3
1,4-poly(cis-isoprene) bis-aryldiazide

Figure 1.2 Components of cyclized rubber negative tone photoresists.



The next major resist platform to be used was a positive tone resist, where the
exposed portions are rendered soluble in a developer. This system used a novolak
polymer with a diazonaphthoquinone (DNQ) sensitizer and was exposed with mercury
arc lamps, producing either 436 nm or 365 nm radiation, Figure 1.3.* ' Novolak
provided good etch resistance, and when immersed in an aqueous base, the DNQ acted as
a dissolution inhibiter to the slightly acidic polymer. The aqueous solution was used to
limit swelling. During exposure, the DNQ, generically referred to as a photoactive
compound (PAC), undergoes a photo-induced reaction to form a more transparent
product and that accelerates dissolution in the base developer, typically 0.26 N
tetramethylammonium hydroxide (TMAH). The bleaching of the PAC was facilitated by
novolak’s transparency to UV radiation through 365 nm. Photosensitivity, transparency,
etch resistance and solubility in TMAH all became major requirements for new
photoresist materials. DNQ/novolak resists were so successful that they were used to
fabricated the bulk of semiconductor devices from the mid-1970s through the late 1990s,

and they are still used today."
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Figure 1.3 Components of DNQ/novolak resists.



The switch to 248 nm excimer lasers required a new type of photoresist platform.
The novolak polymers were found to be too opaque in the DUV region to be used
effectively. A similar polymer, polyhydroxystyrene (PHOST), was found to be
transparent at 248 nm; however, the dissolution inhibition behavior of the DNQ/novolak
systems was never observed when typical PACs were added to PHOST. This difficulty
was compounded by the fact that early DUV sources produced lower intensity radiation
than the higher wavelength sources, so the sensitivity of resists was also in need of
improvement. These issues were addressed with a new approach to photo-induced
solubility switching reactions. Instead of relying on one photon to initiate one reaction,
e.g., activating one cross-linking agent or decomposing one DNQ molecule, it was found
that the PAC could become a catalyst for several reactions through a process known as

chemical amplification.'*"¢

After exposure, a post exposure bake step (PEB) would
initiate a reaction in which the catalyst reacts with groups pendant from the polymer
backbone changing the solubility properties of individual monomer units, and thus
minimizing the exposure dose, the energy deposited per unit area, needed for the imaging
process. A common example of a chemically amplified resist is poly(p-z-
butyloxycarbonyloxystyrene) (--BOC), which in the presence of an acid catalyst and heat
undergoes a deprotection reaction that forms PHOST, carbon dioxide and isobutylene as
side products, Figure 1.4. The deprotection therefore increases the solubility in the
exposed regions. The most common PACs for chemically amplified resists form acid

catalysts and are called photoacid generators (PAGs). Chemically amplified resists have

been successfully used for lithography at 248 nm, 193 nm (with acrylic based polymers)



and even at 157 nm (with fluorinated alicyclic polymers) and are the most prominent

resist platform today.'’
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Figure 1.4 Decomposition of ~-BOC into PHOST and side products in the presence of
acid and heat.

1.2 NEXT GENERATION LITHOGRAPHIC TECHNOLOGIES

Even though lithography using the optical techniques previously described has
been the mainstay of the semiconductor industry for over thirty years, its demise has been
predicted many times.'' An array of alternative lithographic technologies collectively
known as next-generation lithography (NGL) has been proposed for that time, but none
have yet to supplant optical lithography. The most drastically different techniques
involve particle beams as the exposure sources. Electron-beam lithography (e-beam)
focuses a stream of electrons onto a resist coated wafer.'® The electrons cause a reaction
in the polymer in the exposed regions which changes its solubility properties."” Because
of the extremely small wavelength associated with electrons, e-beam is not limited by

diffraction so it can achieve very small resolution. However, it is a direct write process,



i.e., the electron beam writes features one at a time directly into the resist instead of
passing through a reticle, so the exposure time is long compared to optical lithography.
Low throughput has prohibited e-beam from being adopted in high volume
manufacturing. A similar process is called ion-beam lithography, where the stream of

. . . 19
electrons is replaced with one of ions.

Ion-beam offers improved resolution over e-
beam because of the lower scattering of ions as well as the potential for large-area
projection, but technical challenges such as insufficient sources have precluded its
adoption as well.®

Another more evolutionary NGL is extreme ultraviolet lithography (EUV), which

was first proposed in 1988."% %

EUV uses exposure radiation that is in a much lower
wavelength range than DUV sources, typically 13 nm. In this range, essentially all
material is opaque, so refractive optical systems and transparent photoresists are not
feasible. All of the optics in EUV systems are reflective, including the masks. These
mirrors are fabricated with multilayer dielectrics, such as alternating layers of
molybdenum and silicon, and can only tolerate a few defects 1 nm in size or less.”' Since
the photoresists are also absorbing, a different imaging scheme such as top-surface
imaging or a bilayer system is also necessary. Currently, the biggest challenge for
adoption of EUV is the lack of an efficient exposure source that produces adequate
energy. EUV sources have included synchrotrons, free-electron lasers and hot plasmas,

with efficiencies for the latter reported to be approximately 2%.°* ** Despite the

difficulties, EUV is the favored NGL to eventually replace optical lithography.



The least extreme NGL has already found some application in semiconductor
fabrication. Resolution enhancement techniques (RET) do not involve major changes to
the exposure systems like the previously discussed NGLs. Instead, they modify current
optical systems based on an advanced understanding of how actual images of the features

2426 This approach focuses on lowering the k; parameter in

are formed during exposure.
the Rayleigh criterion, Equation 1.1. Three common RETs are optical proximity
correction (OPC), off-axis illumination (OAI) and phase-shift masking (PSM). OPC
involves adding assist features to a mask pattern so that the aerial image formed during
exposure will more closely resemble the target pattern. This image correction becomes
necessary when an exposure tool is pushed toward its resolution limit. At that condition,
adjacent features affect how each other are imaged. This effect is manifested by line
shortening, corner rounding and iso-dense bias, where isolated features are printed

differently than densely packed features. Figure 3 illustrates how OPC would be used to

obtain a 90° bend feature.

10
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Figure 1.5 Assist features are added to a mask pattern so that aerial image matches
the desired pattern even though the mask does not.

OAI uses pupil filters to shape the illumination from an exposure source.
Conventional illumination is circular, whereas OAI typically uses an annular, dipole or
quadrupole (two or four symmetric openings) shape. These shapes prevent on-axis
diffraction orders from being collected by the lens and imaged. This increases the
contrast of aerial images of small, densely packed features. However, OAI can only be
optimized for one pattern configuration and pitch at a time, so it’s often used with other
RETs, such as OPC and PSM."**?” PSM takes advantage of the relationship between the
amplitude and intensity of light. When light passes through a reticle with a line and
space pattern, the amplitude at the center of the spaces is equal in magnitude and
direction and non-zero at the center of the lines. The intensity, which is the square of the

amplitude, of the light in the region of the line can become so high that the two spaces
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become blurred together. By introducing a 180° phase shift through an additional length
of quartz at every other space, the amplitude and therefore the intensity drops to zero

between each, allowing for a distinct image of each line to be formed, Figure 1.6.

y N7 N7 ~r ~r

Add phase shifter
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Figure 1.6 Effect of 180° phase shifter on aerial image intensity.

Amplitude

While these three RETs are being used for leading edge lithography, there are still
others yet to be adopted in mainstream semiconductor fabrication.  Maskless
interferometric lithography is perhaps the ultimate RET. In this approach, two beams of
coherent light interfere with each other to produce a periodic pattern whose minimum
achievable pitch is determined only by the wavelength of light and the angle at which the
two beams intersect. However, it has not yet been shown to create the array of arbitrary
shapes that optical lithography can. Another technique which could be seen as an
extreme form of PSM is called double patterning. Instead of placing an additional
amount of quartz on every other line as shown in Figure 1.6, those lines are actually

removed from one reticle and placed on another. The full pattern is created by exposing
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and etching a wafer to one of the masks first, and then to the other. This process would
likely result in reduced throughput as well as introduce the technical challenge of
ensuring accurate overlay of the two exposures, but it has been attracting serious

consideration from the semiconductor industry.

1.3 193 NM AND IMMERSION LITHOGRAPHY

Despite the availability of NGLs, optical lithography has remained the preferred
patterning technology of the semiconductor industry. In the past several years, 248 nm
lithography has given way to 193 nm lithography as the state of the art. The switch
required the development of new photoresists since the aromatic polymers used at 248
nm were not transparent at 193 nm. Initial development at IBM focused on acrylic-based
polymers which had the necessary transparency and could be imaged with chemical

amplification.”® #

These polymers lacked the etch resistance needed for use as
photoresists, so alicyclic pendant groups were added to the polymer, Figure 1.7.2° A
steroid-based additive was also added to the resist formulation to improve both
dissolution characteristics and etch resistance. Here at The University of Texas at Austin,
polymers of cycloolefins were developed to further improve etch resistance. A resist
formulation with a copolymer of ter-Butyl tetracyclo[4.4.0.1.1]dodec-3-ene-5-
carboxylate and maleic anhydride (DBNC-alt-MA), Figure 1.7, a photoacid generator, a
dissolution inhibitor and a base additive successfully imaged 110 nm features with a

conventional reticle and imaged 80 nm features with PSM.?' Further refinements to the

acrylic and DBNC-a/t-MA resist formulations have resulted in successful, but complex,
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systems that have become the basis for commercial photoresists.”*>® Once expected to
reach a minimum feature size of 130 nm, 193 nm lithography with RET has pushed
through the 90 nm node and is being ramped up to produce devices with 65 nm features.

Intel has also recently announced plans to use 193 nm technology for its 45 nm process.

o o o (0]
HO 40\ (0]
IBM acrylic polymer DBNC-alt-MA

Figure 1.7 IBM and UT polymers used for 193 nm photoresists.

Until the early 2000s, 193 nm lithography was expected to be replaced with
optical lithography using 157 nm light until an NGL such as EUV became production
ready.””  While the move to 157 nm would have maintained the spirit of optical
lithography, it faced major technical challenges. At 157 nm, more than just the current
photoresists became opaque. Conventional silica-based optical elements would have had
to be replaced with calcium fluoride lens elements. The reticle substrate would also need
to be changed. A particular challenge was developing a new pellicle, which is a thin,

transparent film placed just above the reticle surface to protect against particle



contamination. These difficulties were further compounded by the need to purge the
exposure tool with nitrogen since most of the other components of air are also strongly
absorbing.”’

The relatively small resolution improvement in the switch to 157 nm compared to
the earlier wavelength reductions was an additional concern. In 2001, researchers at
Massachusetts Institute of Technology’s Lincoln Laboratory demonstrated the use of an
unconventional RET with 157 nm lithography which resulted in a resolution
enhancement comparable to that obtained by switching from 248 nm light to 193 nm.*®
This technique, called immersion lithography, was first proposed in the 1980s and studied
theoretically as a means of achieving improved resolution as well as depth of focus.”**
Depth of focus (DOF) is a process parameter that defines the required range of focus for a

pattern to be accurately printed.'® For low NA lenses, it is conventionally given by

A
DOF =k,—— 1.2
2 N (1.2)

where the parameters are defined as in Equation 1.1; note that k, is not the same as k;.
Immersion lithography is an adaptation of oil immersion microscopy where the gap
between the final lens element of an exposure tool and photoresist is filled with a fluid
with an index of refraction greater than that of air. Resolution enhancement from
immersion had been previously demonstrated with interferometric lithography, where the

periodicity (P) is given by

_A
P= Ansin@ (1.3)
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where A is the wavelength of the interfering light, n is the index of refraction of the
medium in which the interference takes place and @ is the angle of incidence of the
beams.” Ina projection system immersion was predicted to result in an improvement in
resolution by a factor of 1/n, according to Equation 1.1, by permitting lenses with NAs
greater than one to be fabricated. Alternatively, if resolution was kept constant, it would
result in an improvement in DOF by a factor of approximately n by redefining the
expression for DOF as

DOF =k, 2 !

" sin{1 sin"l(1 sin 6, ﬂ
2 n

where sin 6 = n sin 0.** While immersion was initially being proposed for use at 157

(1.4)

nm, it was noted in early 2002 that the desired properties of a high index of refraction and
a low absorbance from an immersion fluid would be more easily obtained at the 193 nm
wavelength. It was also noted that at that wavelength, water was the most transparent
liquid tested with an absorption coefficient of & = 0.036 cm™ base 10 and an index
previously measured of n = 1.47.%

The unresolved technical issues associated with 157 nm lithography and the high
costs of manufacturing exposure tools with all calcium fluoride lens elements had been
raising doubts about the feasibility of its implementation in high volume manufacturing.
The identification of water as a potential immersion fluid at 193 nm and the subsequent
recognition that immersion at 193 nm could offer greater resolution enhancement than
that offered by the switch to 157 nm resulted in a movement away from 157 nm as the

next lithographic technology.”' In 2002, SEMATECH, an international consortium of
16



semiconductor companies began leading a collaborative effort to fully investigate 193 nm
immersion lithography as a potential candidate for device fabrication. Of the major
issues identified in this effort, interactions between the photoresist and immersion fluid
were of chief concern. Degradation of image quality, creation of defects and/or
contamination as a result of these interactions could have been showstoppers for
immersion. A thorough understanding of these interactions was needed to move forward
with the development of the process. However, photoresists had become multi-
component materials with many potentially water soluble small molecule additives.
Sensitive measurement techniques would be needed to detect extraction of any of these
components by water during immersion. Also, water absorption by the photoresist
needed to be quantified to ensure that it did not pose a problem. To create a clear picture
of photoresist-water interactions, multiple experimental techniques were used. Water
absorption was measured by quartz crystal microbalance, reflectance spectroscopy,
secondary ion mass spectroscopy, spectroscopic ellipsometry, and neutron and x-ray

reflectivity.”*>*

Photoresist component extraction was examined by near-edge x-ray
absorption fine structure spectroscopy, gas chromatography/mass spectrometry, liquid
chromatography/mass spectrometry, radiochemical analysis with liquid scintillation
counting, and three types of scanning electrochemical microscopy.’ >

This combined body of work made it clear that some of the small molecule
components did indeed get extracted by the water and that a small amount of water was

absorbed during immersion. Several schemes such as resist top-coats or pre-rinses were

proposed to avoid contamination issues, but the overall impact on imaging performance
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did not create any major difficulties for the process. In fact, none of the major concerns
first associated with immersion have prevented it from moving forward. It has been
placed on the International Technology Roadmap for Semiconductors, and the first
functioning devices made with immersion technology have already been announced.® *°
Yet while those issues were beginning to be addressed, questions were posed about the
feasibility of pushing immersion past the resolution potential of water.”’ Calculations
show even greater gains in resolution and DOF if water is replaced by a fluid with a
higher index. Research efforts began to shift toward the development of high index
materials for use with immersion in the hopes of extending optical lithography toward not
just the limits of the optical systems, but the imaging limits of the entire lithographic
process. If these efforts are successful, then the NGLs currently in development may

ultimately be inadequate in the push to follow Moore’s Law. In this case, a new type of

patterning technology may be needed.

1.4  STEP AND FLASH IMPRINT LITHOGRAPHY
Step and flash imprint lithography (SFIL) is a high resolution, low pressure, room
temperature patterning technique developed at The University of Texas at Austin as an

alternative to current NGLs.>® >

In SFIL, a device pattern is defined by features etched
into a quartz template, instead of outlined on a reticle. The template is patterned with
both laser mask writing or electron beam lithography and conventional etching processes.

The resolution of SFIL is therefore set by the resolution of the template writing process.

In typical SFIL processing, a low viscosity, monomeric liquid is dispensed onto an
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organic transfer layer coated substrate. The liquid is a multicomponent formulation
comprised of a silicon-containing monomer, a cross-linking agent, a reactive diluent and
a photoinitiator, which upon exposure to UV radiation polymerizes to create a solid hard
mask, or etch barrier. Once the etch barrier material is dispensed, the template is brought
into contact with it and is filled through capillary forces. The etch barrier is then UV-
cured, and the template is pulled off. A breakthrough-etch removes a residual layer left
from the imprint and exposes the transfer layer. The etch barrier then acts as a hard mask
as the pattern is transferred down to the substrate by anisotropic etching, resulting in high
aspect ratio features. Typical post-lithography process steps can then be used to transfer
the pattern into the substrate and build up the layers of a device. Figure 1.8 illustrates the

SFIL process.

Dispense !

Imprint

UV Exposure

Separate 4 4
Breakthrough

Etch I I I I I I I
Transfer Etch

Figure 1.8 Schematic of the step and flash imprint lithography process.
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The SFIL process has been shown to have the capabilities to pattern multi-layer,
micron size features for back-end-of-line wiring levels as well as sub-50 nm features.’” ®!
It has also been shown to be compatible with a variety of photopolymerizable
materials.®** Current efforts are focused on developing an imprintable low dielectric
constant material for dual damascene processing.’®” This material would be patterned in
the same manner as the etch barrier in Figure 1.8, but after the breakthrough etch it would
remain as part of the device. Using this material with a multi-layer template could
potentially reduce the number of process steps required for interconnection levels by one
hundred steps per device and provide an insertion point for SFIL in the semiconductor
fabrication process flow.

The versatility of the SFIL process, its lower cost compared to state of the art
optical lithography and its faster throughput compared to direct write technologies are
allowing to it find applications outside of semiconductor processing. It has the potential
to be used for microelectromechanical devices, optoelectronics and photonics,

. g . . . . 68-70
microfluidics and even biological applications.

Its ability to directly pattern novel
materials with feature sizes in the range of 100 — 500 nm is particularly attractive for
photonic applications that require those feature sizes in low loss materials.”’ This
provides an opportunity to combine the principles used to develop imprintable functional

materials with the understanding of optical properties from the development of new

materials for immersion lithography.
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1.5 PHOTORESIST-WATER INTERACTIONS AND HIGH INDEX
MATERIALS

The primary focus of this dissertation is the study of materials related to
immersion lithography. Chapter 2 discusses the principles governing immersion
lithography, the issues related to its implementation in semiconductor fabrication and the
means by which these issues have been addressed. One of the main concerns with
immersion was that water would have an adverse effect on the imaging performance of a
photoresist and cause contamination as a result of water absorption and leaching of small
molecule components from the resist film. Spectroscopic ellipsometry was used to take
real time measurements of film thickness and refractive index as model photoresist films
are immersed in water. An effective medium approximation was used to estimate the
amount of water absorption from these measurements and the results were compared to
those from other experimental techniques. In Chapter 3, the results of a radiochemical
analysis of carbon-14 labeled photoresist components extracted from a resist film under
immersion conditions are compared to the results of other measurement techniques. The
observations of the radiochemical analysis are combined with those from scanning
electrochemical microscopy and liquid chromatography/mass spectrometry to create a
qualitative model of component extraction by water. In Chapter 4, the focus shifts from
the initial issues facing immersion to ways to extend the technology. The use of high
index fluids is discussed, and a systematic survey of the optical properties of ionic
solutions is presented. The empirical approach of Chapter 4 is supplemented in Chapter
5 with a discussion of the theoretical underpinnings of the optical properties of materials

and how they can serve as a guide to new materials. Additional compounds for use as a
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high index fluid are also presented. The principles of developing high index materials are
applied to a different application in Chapter 6. Processes and materials for SFIL
fabrication of photonic devices are discussed, and a polymer-based photonic crystal
structure is presented. Finally, Chapter 7 provides conclusions from the research

activities discussed in this work and suggests future directions for their applications.
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