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GRADED TOPCOAT MATERIALS FOR 
IMMERSION LITHOGRAPHY 

FIELD OF THE INVENTION 

[0001] The present invention relates to the ?eld of immer 
sion photolithography; more speci?cally, it relates to topcoat 
compositions for immersion lithography. 

BACKGROUND OF THE INVENTION 

[0002] In immersion lithography, an immersion ?uid hav 
ing a refractive index higher than air is placed betWeen the 
?nal lens element or WindoW of the exposure system and the 
photoresist layer to be exposed. This affords higher numerical 
aperture imaging systems and increases the depth of focus so 
smaller features may be imaged With good process latitude. 
Immersion ?uids can have adverse effects on the photoresist 
by extracting key components the photoresist such as sensi 
tiZers and photoacid generators and can have adverse effects 
on the exposure system such as clouding the immersed lens 
by depositing extracted photoresist materials on the lens. To 
overcome these problems, topcoats are used to coat the pho 
toresist and protect the photoresist from the immersion ?uid. 
Topcoat materials are further designed to exhibit high reced 
ing contact angles With the immersion ?uid (usually Water), in 
order to enable rapid scanning of the Wafer Without ?lm 
pulling (i.e., leaving a trail of ?lm or droplets behind the 
receding meniscus of the immersion ?uid). Since these 
residual ?uid droplets cause defects in the ?nal lithographi 
cally printed features, the receding contact angle of the 
immersion ?uid With the topcoat effectively determines 
maximum Wafer scan rate and tool throughput. HoWever, 
current topcoat materials interact With both the immersion 
?uid at the topcoat/immersion ?uid interface and With the 
photoresist at the topcoat/photoresist interface. The require 
ment to optimiZe the topcoat interaction at both interfaces has 
limited the performance of topcoat materials, particularly in 
terms of increasing the receding contact angle (and thereby 
increasing maximum Wafer scan rates). Accordingly, there 
exists a need in the art to overcome the de?ciencies and 
limitations described hereinabove. 

SUMMARY OF THE INVENTION 

[0003] A ?rst aspect of the present invention is a composi 
tion of matter, comprising: a mixture of a ?rst polymer and a 
second polymer, the ?rst polymer containing ?uorine, the 
second polymer miscible With the ?rst polymer, the second 
polymer different from the ?rst polymer, a Weight percentage 
of ?uorine in the ?rst polymer greater than a Weight percent 
age of ?uorine in the second polymer; a casting solvent; the 
?rst polymer comprising one or more different monomers 
selected from the group consisting of: 

Wherein each Z1, Z2, and Z3 is independently selected from 
the group consisting of linear alkylenes, branched alkylenes, 
cyclic alkylenes, polycyclic alkylenes, linear heteroalky 
lenes, branched heteroalkylenes, cyclic heteroalkylenes, 
polycyclic heteroalkylenes, ester groups, carbonyl groups, 
carbonate groups, acetal groups, ketal groups, siloxyl groups, 
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carboxylic acid groups, carboxylic acid anhydride groups, 
carboxylic acid anhydride half-ester groups, ether groups, 
amide groups, carbamate groups, thioether groups, ?uori 
nated linear alkylenes, ?uorinated branched alkylenes, ?uori 
nated cyclic alkylenes, polycyclic alkylenes, ?uorinated lin 
ear heteroalkylenes, ?uorinated branched heteroalkylenes, 
?uorinated cyclic heteroalkylenes, ?uorinated polycyclic het 
eroalkylenes, ?uorinated ester groups, ?uorinated carbonyl 
groups, ?uorinated carbonate groups, ?uorinated acetal 
groups, ?uorinated ketal groups, ?uorinated siloxyl groups, 
?uorinated carboxylic acid groups, ?uorinated carboxylic 
acid anhydride groups, ?uorinated carboxylic acid anhydride 
half-ester groups, ?uorinated ether groups, ?uorinated amide 
groups, ?uorinated carbamate groups, and ?uorinated thioet 
her groups; wherein R1 is selected from the group consisting 
of a ?uoroalcohol group, a ?uoroalcohol group protected With 
an acid-labile group, a ?uoroalcohol group protected With a 
base-labile group, a ?uoroalcohol group protected With an 
acid-labile ?uorinated group, a ?uoroalcohol group protected 
With a base-labile ?uorinated group, and an iXliYl group 
Wherein X1 is selected from the group consisting of linear 
alkylenes, branched alkylenes, cyclic alkylenes, polycyclic 
alkylenes, linear heteroalkylenes, branched heteroalkylenes, 
cyclic heteroalkylenes, polycylic heteroalkylenes, ester 
groups, carbonyl groups, amide groups, ether groups, thioet 
her groups, carbonate groups, carbamate groups, acetal 
groups, ketal groups and Y1 is selected from the group con 
sisting of a ?uoroalcohol group, a ?uoroalcohol group pro 
tected With an acid-labile group, a ?uoroalcohol group pro 
tected With a base-labile group, a ?uoroalcohol group 
protected With an acid-labile ?uorinated group, and a ?uoro 
alcohol group protected With a base-labile ?uorinated group; 
Wherein R2 is selected from the group consisting of hydrogen, 
?uorine, a ?uoroalcohol group, a sulfonamide group, a phe 
nolic group, a naphtholic group, a carboxylic acid group and 
a sulfonic acid group and an iXZiYZ group Wherein X2 is 
selected from the group consisting of linear alkylenes, 
branched alkylenes, cyclic alkylenes, polycyclic alkylenes, 
linear heteroalkylenes, branched heteroalkylenes, cyclic het 
eroalkylenes, polycylic heteroalkylenes, ester groups, carbo 
nyl groups amide groups, ether groups, thioether groups, 
carbonate groups, carbamate groups, acetal groups, ketal 
groups and Y2 is selected from the group consisting of a 
?uoroalcohol group, a sulfonamide group, a phenolic group, 
a naphtholic group, a carboxylic acid group and a sulfonic 
acid group; Wherein R3 is selected from the group consisting 
of hydrogen, ?uorine, an acid-labile group, a base-labile 
group, an acid-labile ?uorinated group, a base-labile ?uori 
nated group, linear alkanes, branched alkanes, cyclic alkanes, 
polycyclic alkanes, linear heteroalkanes, branched heteroal 
kanes, cyclic heteroalkanes, polycylic heteroalkanes, ?uori 
nated linear alkanes, ?uorinated branched alkanes, ?uori 
nated cyclic alkanes, ?uorinated polycyclic alkanes, 
?uorinated linear heteroalkanes, ?uorinated branched het 
eroalkanes, ?uorinated cyclic heteroalkanes, ?uorinated 
polycylic heteroalkanes and an iX3iY3 group Wherein X3 
is selected from the group consisting of linear alkylenes, 
branched alkylenes, cyclic alkylenes, polycyclic alkylenes, 
linear heteroalkylenes, branched heteroalkylenes, cyclic het 
eroalkylenes, polycylic heteroalkylenes, ester groups, carbo 
nyl groups, amide groups, ether groups, thioether groups, 
carbonate groups, carbamate groups, acetal groups, ketal 
groups andY3 is selected from the group consisting of hydro 
gen, ?uorine, an acid-labile group, a base-labile group, an 
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acid-labile ?uorinated group, a base-labile ?uorinated group, 
linear alkanes, branched alkanes, cyclic alkanes, polycyclic 
alkanes, linear heteroalkanes, branched heteroalkanes, cyclic 
heteroalkanes, polycylic heteroalkanes, ?uorinated linear 
alkanes, ?uorinated branched alkanes, ?uorinated cyclic 
alkanes, ?uorinated polycyclic alkanes, ?uorinated linear 
heteroalkanes, ?uorinated branched heteroalkanes, ?uori 
nated cyclic heteroalkanes, ?uorinated polycylic heteroal 
kanes; and the second polymer comprising one or more dif 
ferent monomers selected from the group consisting of: 

Wherein each Z4, Z5, and Z6 is independently selected from 
the group consisting of linear alkylenes, branched alkylenes, 
cyclic alkylenes, polycyclic alkylenes, linear heteroalky 
lenes, branched heteroalkylenes, cyclic heteroalkylenes, 
polycyclic heteroalkylenes, ester groups, carbonyl groups, 
carbonate groups, acetal groups, ketal groups, siloxyl groups, 
carboxylic acid groups, carboxylic acid anhydride groups, 
carboxylic acid anhydride half-ester groups, ether groups, 
amide groups, carbamate groups, thioether groups, ?uori 
nated linear alkylenes, ?uorinated branched alkylenes, ?uori 
nated cyclic alkylenes, polycyclic alkylenes, ?uorinated lin 
ear heteroalkylenes, ?uorinated branched heteroalkylenes, 
?uorinated cyclic heteroalkylenes, ?uorinated polycyclic het 
eroalkylenes, ?uorinated ester groups, ?uorinated carbonyl 
groups, ?uorinated carbonate groups, ?uorinated acetal 
groups, ?uorinated ketal groups, ?uorinated siloxyl groups, 
?uorinated carboxylic acid groups, ?uorinated carboxylic 
acid anhydride groups, ?uorinated carboxylic acid anhydride 
half-ester groups, ?uorinated ether groups, ?uorinated amide 
groups, ?uorinated carbamate groups, and ?uorinated thioet 
her groups; Wherein R4 is selected from the group consisting 
of a sulfonic acid group, a sul?nic acid group, a carboxylic 
acid group and an iX4iY4 group Wherein X4 is selected 
from the group consisting of linear alkylenes, branched alky 
lenes, cyclic alkylenes, polycyclic alkylenes, linear het 
eroalkylenes, branched heteroalkylenes, cyclic heteroalky 
lenes, polycylic heteroalkylenes, ester groups, carbonyl 
groups, amide groups, ether groups, thioether groups, carbon 
ate groups, carbamate groups, acetal groups, ketal groups and 
Y4 is selected from the group consisting of a sulfonic acid 
group, a sul?nic acid group, and a carboxylic acid group; 
Wherein R5 is selected from the group consisting of hydrogen, 
?uorine, a ?uoroalcohol group, a sulfonamide group, a phe 
nolic group, a naphtholic group, a carboxylic acid group and 
a sulfonic acid group and an iXSiYS group Wherein X5 is 
selected from the group consisting of linear alkylenes, 
branched alkylenes, cyclic alkylenes, polycyclic alkylenes, 
linear heteroalkylenes, branched heteroalkylenes, cyclic het 
eroalkylenes, polycylic heteroalkylenes, ester groups, carbo 
nyl groups, amide groups, ether groups, thioether groups, 
carbonate groups, carbamate groups, acetal groups, ketal 
groups and Y5 is selected from the group consisting of a 
?uoroalcohol group, a sulfonamide group, a phenolic group, 
a naphtholic group, a carboxylic acid group and a sulfonic 
acid group; and Wherein R6 is selected from the group con 
sisting of hydrogen, ?uorine, an acid-labile group, a base 
labile group, an acid-labile ?uorinated group, a base-labile 
?uorinated group, linear alkanes, branched alkanes, cyclic 
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alkanes, polycyclic alkanes, linear heteroalkanes, branched 
heteroalkanes, cyclic heteroalkanes, polycylic heteroalkanes, 
?uorinated linear alkanes, ?uorinated branched alkanes, ?u 
orinated cyclic alkanes, ?uorinated polycyclic alkanes, ?u 
orinated linear heteroalkanes, ?uorinated branched heteroal 
kanes, ?uorinated cyclic heteroalkanes, ?uorinated polycylic 
heteroalkanes and an iX6iY6 group Wherein X6 is selected 
from the group consisting of linear alkylenes, branched alky 
lenes, cyclic alkylenes, polycyclic alkylenes, linear het 
eroalkylenes, branched heteroalkylenes, cyclic heteroalky 
lenes, polycylic heteroalkylenes, ester groups, carbonyl 
groups, amide groups, ether groups, thioether groups, carbon 
ate groups, carbamate groups, acetal groups, ketal groups and 
Y6 is selected from the group consisting of hydrogen, ?uo 
rine, an acid-labile group, a base-labile group, an acid-labile 
?uorinated group, a base-labile ?uorinated group, linear 
alkanes, branched alkanes, cyclic alkanes, polycyclic 
alkanes, linear heteroalkanes, branched heteroalkanes, cyclic 
heteroalkanes, polycylic heteroalkanes, ?uorinated linear 
alkanes, ?uorinated branched alkanes, ?uorinated cyclic 
alkanes, ?uorinated polycyclic alkanes, ?uorinated linear 
heteroalkanes, ?uorinated branched heteroalkanes, ?uori 
nated cyclic heteroalkanes, ?uorinated polycylic heteroal 
kanes. 
[0004] A second aspect of the present invention is a method 
of forming an image in a photoresist layer, (a) forming the 
photoresist layer over a substrate; (b) forming a topcoat layer 
on a top surface of the photoresist layer, the topcoat layer 
comprising a ?rst polymer and a second polymer, the second 
polymer different from the ?rst polymer, the second polymer 
miscible With the ?rst polymer, the ?rst and second polymers 
of the topcoat layer dispersing non-homogenously in a verti 
cal direction perpendicular to the top surface of the photore 
sist layer; (c) forming a layer of immersion ?uid betWeen the 
topcoat layer and a ?nal lens element or WindoW of an immer 
sion lithography system; (d) exposing the photoresist layer to 
radiation through a photomask having opaque and clear 
regions, the opaque regions blocking the radiation and the 
clear regions being transparent to the radiation, the radiation 
changing the chemical composition of regions of the photo 
resist layer exposed to the radiation, forming exposed and 
unexposed regions in the photoresist layer; and (e) removing 
either the exposed regions of the photoresist layer or the 
unexposed regions of the photoresist layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] The features of the invention are set forth in the 
appended claims. The invention itself, hoWever, Will be best 
understood by reference to the folloWing detailed description 
of illustrative embodiments When read in conjunction With 
the accompanying draWings, Wherein: 
[0006] FIGS. 1A through 1C are partial cross-sectional 
vieWs illustrating a semiconductor manufacturing process 
according to the present invention; 
[0007] FIG. 2 is a diagram of an exemplary immersion 
photolithographic system that may be used to process a semi 
conductor Wafer having a topcoat layer according to the 
present invention; 
[0008] FIG. 3 is a dissolution plot of exemplary topcoat 
mixtures; 
[0009] FIG. 4 is a dissolution plot of exemplary topcoat 
mixtures on a photoresist layer; and 
[0010] FIG. 5 is a contrast plot of exemplary topcoat mix 
tures on a photoresist layer. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0011] FIGS. 1A through 1C are partial cross-sectional 
vieWs illustrating a semiconductor manufacturing process 
according to the present invention. In FIG. 1A, a substrate 30 
is provided. In one example, substrate 30 is a semiconductor 
substrate. Examples of semiconductor substrates include but 
are not limited to bulk (single crystal) silicon Wafers and 
silicon on insulator (SOI) Wafers. Formed on a top surface 35 
of substrate 30 is an optional antire?ective coating (ARC) 40. 
In one example, ARC 40 is spin applied and a post ARC apply 
bake (heated above room temperature to remove most of the 
ARC solvent) is performed. If ARC 40 is used, then formed 
on a top surface 45 of ARC 40 is a photoresist layer 50. 
Photoresist layer 50 may be formed over other layers formed 
over substrate 30 as Well or formed over substrate 30 itself A 
photoresist is de?ned material that Will either become soluble 
in a developer or insoluble in a developer When exposed to 
actinic radiation (e.g. light). In one example, the Wavelength 
of the actinic radiation is about 250 nm or less. In one 
example, photoresist layer 50 is spin applied and a post pho 
toresist apply bake, also knoWn as a pre-exposure bake or a 
pre-bake (heated above room temperature to remove mo st of 
the photoresist solvent), is performed. Next a polymeric top 
coat layer 60 comprising tWo polymers is formed on a top 
surface 55 of photoresist layer 50. Topcoat layer 60 is then 
baked (heated above room temperature to remove most of the 
topcoat casting solvent). 
[0012] Prior to application (e.g., in liquid form from the 
bottle), the tWo polymers are homo genously mixed. HoWever, 
the tWo polymers disperse non-homogenously during appli 
cation of liquid topcoat to top surface 55 of photoresist layer 
so the applied topcoat layer has concentration gradients of the 
tWo polymers, one polymer being attracted to the topcoat/ 
photoresist interface (i.e., the bottom surface of topcoat layer 
60) and the other polymer being attracted to the air/topcoat 
interface (i.e., the top surface of topcoat layer 60). Even after 
baking, the polymer structure of topcoat layer 60 Will remain 
graded. 
[0013] In FIG. 1B, a layer ofimmersion ?uid 70 is formed 
over a top surface 75 of topcoat layer 60 in an immersion 
photolithography tool (see FIG. 2 and description infra). 
Examples of immersion ?uids include Water, Water With 
soluble chemical additives, a hydrocarbon ?uid, and Water or 
hydrocarbon-based nano-particle dispersions. Examples of 
nano-particles include but are not limited to particles MgO, 
A1203, TiO2, HfO2 having maximum dimensions no greater 
than about 10 nm. Light of a Wavelength to Which photoresist 
layer 50 is sensitive is passed through a photomask 80. Pho 
tomask 80 has clear regions 85 that transmit the light and 
opaque regions 90 that block the light. Exposure of photore 
sist layer 50 to light through photomask 80 forms unexposed 
regions 95A ofphotoresist layer 50 and exposed regions 95B 
of photoresist layer 50. Exposed regions 95B are also knoWn 
as latent image regions. An optional post exposure bake 
(heated above room temperature to drive the photoresist 
chemistry) may be performed. 
[0014] Although a positive photoresist is shoWn in FIG. 1B, 
the present invention also Works Well With negative photore 
sist systems or dual tone photoresist systems. The present 
invention is Well suited for use With chemically ampli?ed 
resists. In negative photoresist systems, the photoresist Will 
develop aWay Where it is not exposed to light, so a photomask 
of polarity opposite to that illustrated in FIG. 1B is required. 
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Dual tone resists can act either negatively or positively 
depending upon the developer system used. 
[0015] In FIG. 1C, substrate 3 0 is removed from the immer 
sion photolithography tool and photoresist layer 50 is devel 
oped to remove exposed regions 95B (see FIG. 1B) and leave 
behind unexposed regions 95A. In one example the developer 
comprises an aqueous solution of a base such as tetramethy 
lammonium hydroxide (TMAH). Topcoat layer 60 (see FIG. 
1B) is also removed by the developer. An optional post devel 
opment bake (heated above room temperature to harden the 
photoresist images) may be performed. 
[0016] FIG. 2 is a diagram of an exemplary immersion 
photolithographic system that may be used to process a semi 
conductor Wafer having a topcoat layer according to the 
present invention. In FIG. 2 an immersion lithography system 
100 includes a controlled environment chamber 105 and a 
controller 110. Contained Within controlled environment 
chamber 105 is a focusing mirror 115, a light source 120, a 
?rst focusing lens (or set of lenses) 125, a mask 130, an 
exposure slit 135, a second focusing lens (or set of lenses) 
140, a ?nal focusing lens 145, an immersion head 150 and a 
Wafer chuck 155. Immersion head 150 includes a transparent 
WindoW 160, a central chamber portion 165, a surrounding 
plate portion 170, an immersion ?uid inlet 175A and an 
immersion ?uid outlet 175B. An immersion ?uid 180 ?lls 
central chamber portion 165 and contacts a top surface 75 of 
topcoat layer 60 formed on a top surface of photoresist layer 
50 formed top surface of substrate 30. Topcoat layer 60 com 
prises a mixture of tWo polymers as described infra. Altema 
tively, an optional ARC layer may be formed betWeen sub 
strate 30 and photoresist layer 50. In one example, immersion 
?uid 180 includes Water. Plate portion 170 is positioned close 
enough to topcoat layer 60 to form a meniscus 190 underplate 
portion 170. WindoW 160 must be transparent to the Wave 
length of light selected to expose photoresist layer 50. 
[0017] Focusing mirror 115, light source 120, ?rst focusing 
lens 125, a mask 130, exposure slit 135, second focusing lens 
140, ?nal focusing lens 145 and immersion head 150 are all 
aligned along an optical axis 200 Which also de?nes a Z 
direction. An X direction is de?ned as a direction orthogonal 
to the Z direction and in the plane of the draWing. A Y 
direction is de?ned as a direction orthogonal to both the X and 
Z directions. Wafer chuck 155 may be moved in the X andY 
directions under the direction of controller 110 to alloW for 
mation of regions of exposed and unexposed photoresist in 
photoresist layer 50. As an XY-stage moves, neW portions of 
topcoat layer 60 are brought into contact With immersion ?uid 
180 and previously immersed portions of the topcoat layer are 
removed from contact With the immersion ?uid. Mask 130 
and slit 135 may be moved in theY direction under the control 
of controller 110 to scan the image (not shoWn) on mask 130 
onto photoresist layer 50. In one example, the image on mask 
130 is a 1x to a 10x magni?cation version of the image to be 
printed and includes one or multiple integrated circuit chip 
images. 
[0018] When exposure is complete, substrate 30 is removed 
from controlled environment chamber 105 Without spilling 
immersion ?uid 180. To this end, controlled environment 
chamber 105 also includes a cover plate 205 that may be 
moved to ?rst abut With Wafer chuck 155 and then moved With 
the Wafer chuck as the Wafer chuck is moved out of position 
from under immersion head 150, the cover plate replacing the 
Wafer chuck under immersion head 150. 
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[0019] An ideal topcoat material Would exhibit the folloW 
ing properties: (1) high contact angle With Water (particularly 
a high receding contact angle), (2) loW or moderate contact 
angle With photoresist developers such as aqueous tetram 
ethylammonium hydroxide (TMAH), (3) fast and uniform 
dissolution in the developer, (4) contain functional groups 
(such as sulfonic acid) to control photoresist pro?les and 
reduce defects, (5) have a su?iciently high glass transition 
temperature to minimiZe inter-diffusion With the resist during 
various post-application and post-exposure bakes, (6) be 
soluble in casting solvents that do not dissolve photoresist 
materials, and (7) be relatively loW cost (e.g., include inex 
pensive monomers). Because many of these requirements 
rely on optimiZing tWo competing properties simultaneously, 
it has been very di?icult to develop an ideally performing 
topcoat material. 
[0020] The present invention is a non-homogenous (e. g., 
graded) topcoat system in Which a highly ?uorinated polymer 
(class A polymer) is blended With an acidic polymer (class B 
polymer). The non-homogenous topcoat system includes a 
mixture of at least one polymer of each of class A and class B, 
Which are miscible With each other and Which can be cast on 
top of a photoresist layer prior to immersion lithography. 
Instead of forming a homogeneous layer or a micro-phase 
separated layer morphology, the polymer mixture is designed 
such that the tWo polymers form a vertically non-homog 
enous layer during casting. The relative quantity of A type 
polymer varies in a vertical direction de?ned as perpendicular 
to a top surface of the photoresist layer and the B type poly 
mer varies in the vertical direction. Each polymer segregates 
to the interface for Which it Was designed. The loWer surface 
energy, more highly ?uorinated class A polymer is at its 
maximum molar concentration in the topcoat layer at the air 
(later immersion ?uid)/topcoat interface and at its minimum 
molar concentration in the topcoat layer at the topcoat/pho 
toresist interface. The acidic class B polymer is at its mini 
mum molar concentration in the topcoat layer at the air (later 
immersion ?uid)/topcoat interface and at its maximum molar 
concentration in the topcoat layer at the topcoat/photoresist 
interface. In one example, the Weight percentage of type A 
polymer is greater than the Weight percentage of type B 
polymer at the topcoat to air/ immersion ?uid interface. In one 
example, the Weight percentage of type B polymer is greater 
than the Weight percentage of typeA polymer at the topcoat to 
photoresist interface. 
[0021] The ideal properties of the class A polymer are: (1) 
includes a high ?uorine content for surface energy control and 
high Water contact angles, (2) includes an acidic pendent 
group(s) capable of being Wet and de-protonated by aqueous 
base developer, (3) a su?icient dissolution rate in aqueous 
base developer so as to be easily removable (e. g., greater than 
about 5 nm/ sec), and (4) solubility in a solvent for casting 
solvent that does not dissolve photoresist (e. g., an alcoholic or 
ethereal solvent). 
[0022] The ideal properties of the class B polymer are: (1) 
includes a highly acidic pendent group(s) (such as sulfonic 
acid) for pro?le control, (2) includes an acidic pendent group 
(s) capable of being Wet and de-protonated by aqueous base 
developer, (3) a su?icient dissolution rate in aqueous base 
developer so as to be easily removable (e. g., greater than 
about 5 nm/ sec), (4) a loWer ?uorine content than the class A 
polymer, (5) a higher a?inity for photoresist than the class A 
polymer in order to drive vertical polymer concentration gra 
dients rather than dispersed island formation, (6) compatibil 
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ity With the photoresist layer (e.g., Will not cause resist scum 
ming, t-topping, line collapse and other defects), and (7) 
solubility in the same solvent as the class A solvent. Topcoat 
compositions according to the embodiments of the present 
invention advantageously require a dose of radiation to form 
a developable image in a photoresist layer that is about equal 
to a dose of radiation required to form a developable image in 
the photoresist layer if the photoresist layer Were covered by 
a layer consisting only of the class B polymer. 
[0023] An acidic group is de?ned as a group having a pKa 
less than that of Water. The pKa of Water is slightly greater 
than 15 (as measured in Water) or 31 (as measured in dimeth 
ylsulfoxide). Preferable acidic groups have a pKa (negative 
log of the acid dissociation constant) less than about 13 (as 
measured in Water) or 24 (as measured in dimethylsulfoxide). 
A strongly acidic group is de?ned as a group having a pKa of 
less than about 3 (as measured in Water) or 8 (as measured in 
dimethylsulfoxide). A highly ?uorinated polymer is de?ned 
as a polymer containing more than about 25 percent by Weight 
?uorine. A polymer With loW ?uorine content is de?ned as a 
polymer containing less than about 15 percent by Weight 
?uorine. A polymer With moderate ?uorine content is de?ned 
as a polymer containing betWeen than about 15 percent by 
Weight ?uorine and about 25 percent by Weight ?uorine. A 
?uoroalcohol is de?ned as an organic compound bearing a 
hydroxyl group Wherein one or more non-hydroxyl group 
hydrogen atoms are replaced With ?uorine atoms. The ?uo 
roalcohol may be comprised of a linear, branched, cyclic, 
polycyclic, or aromatic structure. Many non-limiting 
examples of such ?uoroalcohols may be found in H. Ito 
“Chemical Ampli?cation Resists for Microlithography,”Adv. 
Polym. Sci. 2005, 172, 37-245. 
[0024] Class A polymers may be described as having the 
structure: 

{Al-A2-A3 . . .AW (1); 

[0025] Wherein each monomer Al through AN is indepen 
dently selected from the group of monomers consisting of 
structures II, III and IV described infra. Structure I should not 
be interpreted as meaning all polymers in a given sample of a 
class A polymer have the same number of monomer units, but 
rather N can vary betWeen individual polymers. N could also 
be thought of as being the average number of monomer units 
in a given sample of class A polymers. 
[0026] Class A polymers comprise one or more different 
monomers selected from the group consisting of: 

selected from the group consisting of linear alkylenes, 
branched alkylenes, cyclic alkylenes, polycyclic alkylenes, 
linear heteroalkylenes, branched heteroalkylenes, cyclic het 
eroalkylenes, polycyclic heteroalkylenes, ester groups, car 
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bonyl groups, carbonate groups, acetal groups, ketal groups, 
siloxyl groups, carboxylic acid groups, carboxylic acid anhy 
dride groups, carboxylic acid anhydride half-ester groups, 
ether groups, amide groups, carbamate groups, thioether 
groups, ?uorinated linear alkylenes, ?uorinated branched 
alkylenes, ?uorinated cyclic alkylenes, polycyclic alkylenes, 
?uorinated linear heteroalkylenes, ?uorinated branched het 
eroalkylenes, ?uorinated cyclic heteroalkylenes, ?uorinated 
polycyclic heteroalkylenes, ?uorinated ester groups, ?uori 
nated carbonyl groups, ?uorinated carbonate groups, ?uori 
nated acetal groups, ?uorinated ketal groups, ?uorinated 
siloxyl groups, ?uorinated carboxylic acid groups, ?uori 
nated carboxylic acid anhydride groups, ?uorinated carboxy 
lic acid anhydride half-ester groups, ?uorinated ether groups, 
?uorinated amide groups, ?uorinated carbamate groups, and 
?uorinated thioether groups; 

[0028] wherein R1 is selected from the group consisting of 
a ?uoroalcohol group, a ?uoroalcohol group protected With 
an acid-labile group, a ?uoroalcohol group protected With a 
base-labile group, a ?uoroalcohol group protected With an 
acid-labile ?uorinated group, a ?uoroalcohol group protected 
With a base-labile ?uorinated group, and an iXliYl group 
Wherein X1 is selected from the group consisting of linear 
alkylenes, branched alkylenes, cyclic alkylenes, polycyclic 
alkylenes, linear heteroalkylenes, branched heteroalkylenes, 
cyclic heteroalkylenes, polycylic heteroalkylenes, ester 
groups, carbonyl groups, amide groups, ether groups, thioet 
her groups, carbonate groups, carbamate groups, acetal 
groups, ketal groups and Y1 is selected from the group con 
sisting of a ?uoroalcohol group, a ?uoroalcohol group pro 
tected With an acid-labile group a ?uoroalcohol group pro 
tected With a base-labile group, a ?uoroalcohol group 
protected With an acid-labile ?uorinated group, and a ?uoro 
alcohol group protected With a base-labile ?uorinated group; 

[0029] Wherein R2 is selected from the group consisting of 
hydrogen, ?uorine, a ?uoroalcohol group, a sulfonamide 
group, a phenolic group, a naphtholic group, a carboxylic acid 
group and a sulfonic acid group and an iXZiYZ group 
Wherein X2 is selected from the group consisting of linear 
alkylenes, branched alkylenes, cyclic alkylenes, polycyclic 
alkylenes, linear heteroalkylenes, branched heteroalkylenes, 
cyclic heteroalkylenes, polycylic heteroalkylenes, ester 
groups, carbonyl groups amide groups, ether groups, thioet 
her groups, carbonate groups, carbamate groups, acetal 
groups, ketal groups and Y2 is selected from the group con 
sisting of a ?uoroalcohol group, a sulfonamide group, a phe 
nolic group, a naphtholic group, a carboxylic acid group and 
a sulfonic acid group; 

[0030] Wherein R3 is selected from the group consisting of 
hydrogen, ?uorine, an acid-labile group, a base-labile group, 
an acid-labile ?uorinated group, a base-labile ?uorinated 

group, linear alkanes, branched alkanes, cyclic alkanes, poly 
cyclic alkanes, linear heteroalkanes, branched heteroalkanes, 
cyclic heteroalkanes, polycylic heteroalkanes, ?uorinated 
linear alkanes, ?uorinated branched alkanes, ?uorinated 
cyclic alkanes, ?uorinated polycyclic alkanes, ?uorinated lin 
ear heteroalkanes, ?uorinated branched heteroalkanes, ?u 
orinated cyclic heteroalkanes, ?uorinated polycylic heteroal 
kanes and an iX3iY3 group Wherein X3 is selected from 
the group consisting of linear alkylenes, branched alkylenes, 
cyclic alkylenes, polycyclic alkylenes, linear heteroalky 
lenes, branched heteroalkylenes, cyclic heteroalkylenes, 
polycylic heteroalkylenes, ester groups, carbonyl groups, 
amide groups, ether groups, thioether groups, carbonate 
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groups, carbamate groups, acetal groups, ketal groups andY3 
is selected from the group consisting of hydrogen, ?uorine, an 
acid-labile group, a base-labile group, an acid-labile ?uori 
nated group, a base-labile ?uorinated group, linear alkanes, 
branched alkanes, cyclic alkanes, polycyclic alkanes, linear 
heteroalkanes, branched heteroalkanes, cyclic heteroalkanes, 
polycylic heteroalkanes, ?uorinated linear alkanes, ?uori 
nated branched alkanes, ?uorinated cyclic alkanes, ?uori 
nated polycyclic alkanes, ?uorinated linear heteroalkanes, 
?uorinated branched heteroalkanes, ?uorinated cyclic het 
eroalkanes, ?uorinated polycylic heteroalkanes. 
[0031] Class B polymers may be described as having the 
structure: 

151-132-133 . . . 13% (V); 

[0032] Wherein each monomer B 1 through BN is indepen 
dently selected from the group of monomers consisting of 
structures VI, VII andVlll described infra. StructureV should 
not be interpreted as meaning all polymers in a given sample 
of a class B polymer have the same number of monomer units, 
but rather M can vary betWeen individual polymers. M could 
also be thought of as being the average number of polymer 
units in a given sample of class B polymers. 
[0033] Class B polymers comprise one or more different 
monomers selected from the group consisting of: 

VI 

—('f4‘)—, 
R4 

Vll 
_('Z5‘)_ and 

| 
Rs 

Vlll 

?fsf; 
R6 

[0034] Wherein each Z4, Z5, and Z6 is independently 
selected from the group consisting of linear alkylenes, 
branched alkylenes, cyclic alkylenes, polycyclic alkylenes, 
linear heteroalkylenes, branched heteroalkylenes, cyclic het 
eroalkylenes, polycyclic heteroalkylenes, ester groups, car 
bonyl groups, carbonate groups, acetal groups, ketal groups, 
siloxyl groups, carboxylic acid groups, carboxylic acid anhy 
dride groups, carboxylic acid anhydride half-ester groups, 
ether groups, amide groups, carbamate groups, thioether 
groups, ?uorinated linear alkylenes, ?uorinated branched 
alkylenes, ?uorinated cyclic alkylenes, polycyclic alkylenes, 
?uorinated linear heteroalkylenes, ?uorinated branched het 
eroalkylenes, ?uorinated cyclic heteroalkylenes, ?uorinated 
polycyclic heteroalkylenes, ?uorinated ester groups, ?uori 
nated carbonyl groups, ?uorinated carbonate groups, ?uori 
nated acetal groups, ?uorinated ketal groups, ?uorinated 
siloxyl groups, ?uorinated carboxylic acid groups, ?uori 
nated carboxylic acid anhydride groups, ?uorinated carboxy 
lic acid anhydride half-ester groups, ?uorinated ether groups, 
?uorinated amide groups, ?uorinated carbamate groups, and 
?uorinated thioether groups; 
[0035] Wherein R4 is selected from the group consisting of 
a sulfonic acid group, a sul?nic acid group, a carboxylic acid 
group and an iX4iY4 group Wherein X4 is selected from 
the group consisting of linear alkylenes, branched alkylenes, 
cyclic alkylenes, polycyclic alkylenes, linear heteroalky 
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lenes, branched heteroalkylenes, cyclic heteroalkylenes, 
polycylic heteroalkylenes, ester groups, carbonyl groups, 
amide groups, ether groups, thioether groups, carbonate 
groups, carbamate groups, acetal groups, ketal groups andY4 
is selected from the group consisting of a sulfonic acid group, 
a sul?nic acid group, and a carboxylic acid group; 

[0036] Wherein R5 is selected from the group consisting of 
hydrogen, ?uorine, a ?uoroalcohol group, a sulfonamide 
group, a phenolic group, a naphtholic group, a carboxylic acid 
group and a sulfonic acid group and an iXSiYS group 
Wherein X5 is selected from the group consisting of linear 
alkylenes, branched alkylenes, cyclic alkylenes, polycyclic 
alkylenes, linear heteroalkylenes, branched heteroalkylenes, 
cyclic heteroalkylenes, polycylic heteroalkylenes, ester 
groups, carbonyl groups, amide groups, ether groups, thioet 
her groups, carbonate groups, carbamate groups, acetal 
groups, ketal groups and Y5 is selected from the group con 
sisting of a ?uoroalcohol group, a sulfonamide group, a phe 
nolic group, a naphtholic group, a carboxylic acid group and 
a sulfonic acid group; and 

[0037] Wherein R6 is selected from the group consisting of 
hydrogen, ?uorine, an acid-labile group, a base-labile group, 
an acid-labile ?uorinated group, a base-labile ?uorinated 
group, linear alkanes, branched alkanes, cyclic alkanes, poly 
cyclic alkanes, linear heteroalkanes, branched heteroalkanes, 
cyclic heteroalkanes, polycylic heteroalkanes, ?uorinated 
linear alkanes, ?uorinated branched alkanes, ?uorinated 
cyclic alkanes, ?uorinated polycyclic alkanes, ?uorinated lin 
ear heteroalkanes, ?uorinated branched heteroalkanes, ?u 
orinated cyclic heteroalkanes, ?uorinated polycylic heteroal 
kanes and an iX6iY6 group Wherein X6 is selected from 
the group consisting of linear alkylenes, branched alkylenes, 
cyclic alkylenes, polycyclic alkylenes, linear heteroalky 
lenes, branched heteroalkylenes, cyclic heteroalkylenes, 
polycylic heteroalkylenes, ester groups, carbonyl groups, 
amide groups, ether groups, thioether groups, carbonate 
groups, carbamate groups, acetal groups, ketal groups andY6 
is selected from the group consisting of hydrogen, ?uorine, an 
acid-labile group, a base-labile group, an acid-labile ?uori 
nated group, a base-labile ?uorinated group, linear alkanes, 
branched alkanes, cyclic alkanes, polycyclic alkanes, linear 
heteroalkanes, branched heteroalkanes, cyclic heteroalkanes, 
polycylic heteroalkanes, ?uorinated linear alkanes, ?uori 
nated branched alkanes, ?uorinated cyclic alkanes, ?uori 
nated polycyclic alkanes, ?uorinated linear heteroalkanes, 
?uorinated branched heteroalkanes, ?uorinated cyclic het 
eroalkanes, ?uorinated polycylic heteroalkanes. 
[0038] In one example topcoat mixture, the class A polymer 
is a terpolymer Where R1 is selected to provide solubility in an 
aqueous base developer and to provide loW surface energy, R2 
is selected to tune the solubility in aqueous base developer, 
and R3 is selected to tune the surface energy and the class B 
polymer is a terpolymer Where R4 is a strongly acidic group, 
R5 is a Weak acidic group and R6 is selected to tune the 
polarity of the class B polymer. As the examples beloW indi 
cate, topcoat mixtures according to the present invention may 
be mixtures Where the class A polymer is independently 
selected from the group consisting of homopolymers, copoly 
mers and terpolymers and the class B polymer is indepen 
dently selected from the group consisting of single monomer 
polymers, copolymers and terpolymers, as tWo or more of the 
properties imparted to the class A polymer by individual R1, 
R2, R3 groups may be ful?lled by one or tWo R groups and tWo 
or more of the properties imparted to the class B polymer by 
individual R4, R5, R6 groups may be ful?lled by one or tWo R 
groups. 
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[0039] In one example, the average molecular Weight for 
class A and class B polymers is betWeen about 500 and about 
200,000. In one example, the average molecular Weight for 
class A and class B polymers is betWeen about 1000 and about 
20,000. 
[0040] Casting mixtures may include, besides class A poly 
mers and class B polymers, casting solvents, surfactants, 
photoacid generators (PAGs) and polymer bound PAGs. 
[0041] The examples topcoat mixtures described infra, are 
intended to provide those of ordinary skill in the art With a 
complete disclosure and description of hoW to prepare and 
use the compositions disclosed and claimed herein. The mix 
ture of A and B type polymers are dissolved in a solvent to 
form a casting solution. The solvent may comprise one sol 
vent or tWo or more different volatile solvents. Casting sol 
vents are not included in total solids calculations. Further, 
stabiliZers, surfactants and other additives (if any) may be 
added to the casting solution. In one example, surfactants 
comprise less than about 1 percent by Weight of the totals 
solids content of the casting solution. In one example, stabi 
liZers and other additives together comprise less than about 10 
percent by Weight of the total solids content of the casting 
solution. In a ?rst example, type A and type B polymers 
together comprise betWeen about 5 percent by Weight to 
about 10 percent by Weight of the casting solution. In a second 
example, type A and type B polymers together comprise 
betWeen about 2 percent by Weight to about 15 percent by 
Weight of the casting solution. In a third example, typeA and 
type B polymers together comprise up to about 30 percent by 
Weight of the casting solution. Casting solutions may be made 
by adding dry (e.g., in poWder form) type A and type B 
polymers to the casting solvent. Solvent extraction may be 
used to purify type A and type B polymers and then the 
solutions With the polymer (With or Without a concentration 
procedure) mixed together to form a simple casting solution. 
Surfactants, stabiliZers and other additives may be added to 
the simple casting solution as solids or as solutions of dis 
solved solids to form a more complex casting solution. It is 
important to note that additives and impurities that Will stop 
formation of a vertically graded non-homogenous layer of 
type A and B polymers are excluded from being included or 
added to the casting solution. 
[0042] Unless indicated otherWise, parts are parts by 
Weight, temperature is in o C. and pressure is at or near 
atmospheric. 3,5-Bis(1,1,1,3,3,3-hexa?uoro-2-hydroxypro 
pan-2-yl)cyclohexyl methacrylate, 1-cyclohexyl-4,4,4-trif 
luoro -3 -hydroxy-3-(tri?uoromethyl)but-1-yl methacrylate, 
and 2-(1,1,1,3,3,3-hexa?uoro-2-hydroxypropan-2-yl)cyclo 
hexyl methacrylate Were obtained from Central Glass (Ja 
pan). Additionally, all the other starting materials Were 
obtained commercially or Were synthesiZed using knoWn pro 
cedures. 

[0043] Where appropriate, the folloWing techniques and 
equipment Were utiliZed in the examples: 1H and 13C NMR 
spectra Were obtained at room temperature on an Avance 400 
spectrometer. Thermo-gravimetric analysis (TGA) Was per 
formed at a heating rate of 5° C./min in N2 on a TA Instrument 
Hi-Res TGA 2950 Thermogravimetric AnalyZer. Differential 
scanning calorimetry (DSC) Was performed at a heating rate 
of 10° C./min on a TA Instruments DSC 2920 modulated 
differential scanning calorimeter. Molecular Weights Were 
measured in tetrahydrofuran (THF) on a Waters Model 150 
chromatograph relative to polystyrene standards. IR spectra 
Were recorded on a Nicolet 510 FT-IR spectrometer on a ?lm 
cast on a KBr plate. Film thickness Was measured on a Tencor 
alpha-step 2000 or Nanospec. A quartz crystal microbalance 
(QCM) With a MAXTEC Inc. PLO-10 Phase lock oscillator 
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Was used to study the dissolution kinetics of the resist ?lms in 
an aqueous 0.26N tetramethylammonium hydroxide 
(TMAH) solution (CD-26). Lithographic evaluation Was per 
formed on a 0.6N 193 nm mini-stepper, dry exposure tool or 
a 193 nm interferometric exposure tool. 

[0044] Water contact angles Were measured on an OCA 
video based contact angle system from FDS Future Digital 
Scienti?c Corporation, using the sessile drop method onpoly 
mer mixtures after baking to drive out the casting solvent. The 
contact angle reported is the angle betWeen the solid surface 
on Which the drop is formed and the tangent to the drop 
surface at the drop surface/ solid surface interface. The 
advancing and receding contact angles Were measured using 
a tilting stage method. Presented static contact angles are a 
calculated average of betWeen 5 and 10 measurements of a 2 
[1L deionized Water drop. Static contact angles are measured 
un-tilted, i.e., on a horizontal surface parallel to the ground. 
Tilting contact angles are measured by placing a 50 [LL drop 
of deionized Water on the substrate. The substrate is thereafter 
tilted in an increasingly vertical direction (relative to the 
horizontal direction) until the droplet starts moving. The 
advancing, receding, and tilt angles are measured just before 
the drop starts moving. Presented advancing and receding 
Water contact angles are calculated from an average of 
betWeen 3 and 5 measurements. 

[0045] One of the objectives of using a topcoat is to prevent 
leaching of extractable components from the photoresist into 
the immersion liquid. Extraction of resist components into 
Water Was evaluated using WEXA (Water Extraction Appa 
ratus, see R. D. Allen et. al., J Pholopolym. Sci. & Tech, 
2005, 18 (5), 615-619). Selected materials in the present 
invention Were set in contact With Water in a controlled repro 
ducible manner (time, speed, volume, contact area, etc.). The 
Water Was thereafter collected and analyzed for extractable 
components by Exygen Research using LC/MS/MS. 
Reported is the amount of sulfonate extractable components 
originating from the PAG (photoacid generator) that is a 
component of the resist. For ease of understanding, the 
amount is reported as percent extractables measured using a 
topcoat covered by the present invention as compared to 
Without using a topcoat. In all cases, the extractable compo 
nents Were much loWer after the addition of a topcoat to the 
resist. 
[0046] Another objective of a topcoat is to control re?ec 
tion of the incident radiation at the immersion ?uid/photore 
sist interface (i.e., acting as a top anti-re?ective coating). 
Control of the re?ectivity is achieved by tailoring the ?lm 
thickness and refractive indices (n and k) to minimize re?ec 
tivity (or reduce it beloW an acceptable level) across the entire 
range of incident angles experienced With that particular 
imaging system. Multiple layer ?lm stacks can be used to 
control re?ectivity more ef?ciently than a single layer system 
at larger incident angles; hoWever, it is di?icult to create 
multi-layer polymer ?lms due to the need to ?nd orthogonal 
solvent systems such that the coating solvent of each layer 
Will not dissolve the underlying previously cast polymer 
layer. The graded ?lm structure in the present invention is 
ideal for controlling re?ectivity as Well if the refractive indi 
ces of the Class A and Class B polymers are tailored appro 
priately. For example, a Class A polymer With a refractive 
index similar to that of the immersion ?uid and a Class B 
polymer With a refractive index to the photoresist Would help 
minimize re?ection at the immersion ?uid/topcoat interface 
and the topcoat/photoresist interface, respectively. In addi 
tion, the ratios of the tWo polymers and the overall ?lm 
thickness can be optimized to provide a good immersion 
topcoat With anti-re?ective properties. 
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EXAMPLES 

[0047] A representative polymerization procedure for the 
Class A and Class B polymers is as folloWs: to a 100 mL 
round-bottom ?ask, monomer (1 equiv.), 2,2'-azobis(2-meth 
ylpropionitrile) (AIBN) (0.04 equiv.), 1-dodecanethiol (0.03 
equiv.) Were added. Anhydrous, inhibitor-free tetrahydrofu 
ran Was added to afford about 25 percent by Weight solids 
solution. A re?ux condenser With a rubber septum Was added 
and the oxygen Was removed from the solution by three 
sequential pump-back?ll cycles using nitrogen and vigorous 
stirring. The reaction Was heated to re?ux overnight. The 
reaction mixture Was concentrated under vacuum and a small 
amount of acetone Was added. The polymer solution Was 
precipitated into a non-solvent (typically, hexane or metha 
nol). The polymer Was isolated and Washed With excess non 
solvent using a glass-fritted ?lter. The polymer Was dried 
under vacuum overnight betWeen 60° C. to 800 C., after Which 
time, it Was alloWed to cool to room temperature under 
vacuum. In the examples that folloW, the full name, abbrevi 
ated name and structure of the polymer is given. 

Example Polymer Structures 

[0048] Examples 1 through 17 are class A polymers and 
examples 18 through 48 are class B polymers. 

Example 1 

Poly(1,1,1-tri?uoro-2-(tri?uoromethyl)-pentan-2-ol 
4-yl methacrylate) (iPrHFAMA) Comprises Repeat 

Units Having the Structure 

[0049] 

(1X) 

Examples 2 and 3 

Poly((1,1,1-tri?uoro-2-(tri?uoromethyl)-pentan-2 
ol-4-yl methacrylate)-co-(l,1,1,3,3,3-hexa?uoropro 

pan-2-yl methacrylate)) (iPrHFAMA/HFIPMA) 
Comprises Repeat Units Having the Structures 

[0050] 

(IX) 

and 
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-continued 
(X) 

O O. 

r3c)\cr3 
Example 2 

95 mer % (IX) and 5 mer %, Qi) 

Example 3 

80 mer % (IX) and 20 mer %, (X) 

[0051] Other polymers according to the present invention 
may include any combination of Y mer % (IX) and Z mer % 
(X) WhereinYIany number from 0 to 100 and ZIany number 
from 0 to 100 such that Y+Z is greater than or equal to 50 and 
less than or equal to 100. 
[0052] The structure of examples 2 and 3 should be inter 
preted as representing a polymer {1A1-A2-A3 . . .ANQJWhere 
Al through AN are independently selected from the group 
consisting of iPrHFAMA and HFIPMA repeat units but in the 
mer percentages given for each example. A mer is de?ned as 
a chemical repeat unit in the polymer. Mer fraction is de?ned 
as the number of mers of a given repeat unit divided by the 
number of mers of all repeat units in a polymer. Mer % is 
de?ned as the mer fraction multiplied by 100. The total 
amount of all mers is thus 100 mer %. (In example 1, there is 
only iPrHFAMA so 100 mer % of all repeat units are 
iPrHFAMA.) For example 2, in the iPrHFAMA/HFIPMA 
copolymer there are 95 mers of iPrHFAMA for every 5 mers 
of HFIPMA. Thus example 2 is 95 mer % iPrHFAMA and 5 
mer % HFIPMA. For example 3, in the iPrHFAMA/HFIPMA 
copolymer there are 80 mer of iPrHFAMA for every 20 mers 
of HFIPMA mers. Thus example 3 is 80 mer % iPrHFAMA 
and 20 mer % HFIPMA. These de?nitions are applicable to 
all examples described infra With the proviso that for class B 
polymers the general formula %Bl-B2-B3 . . . B Ngshould be 
used. Examples 1 through 17 are class A polymers and 
examples 18 through 48 are class B polymers. 

Example 4 

Poly(l,l,1-tri?uoro-2-(tri?uoromethyl)-hexan-2-ol 
4-yl methacrylate) (EtiPrHFAMA) Comprises 

Repeat Units Having the Structure 

[0053] 

(X1) 
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Example 5 

Poly(l , l , l -tri?uoro-5-methyl-2-(tri?uoromethyl) 
hexan-2-ol-4-yl methacrylate) (iPriPrHFAMA) Com 

prises Repeat Units Having the Structure 

[0054] 

(x11) 

Examples 6 and 7 

Poly((l , l , l -tri?uoro-5 -methyl-2-(tri?uoromethyl) 
hexan-2-ol-4-yl methacrylate)-co-(2-(tri?uorometh 
ylsulfonamido)ethyl methacrylate)) (iPriPrHFAMA/ 

STAR) Comprises Repeat Units Having the 
Structures 

[0055] 

(IV) 

and 

(x111) 

Example 6 

90 mer % @(II) and 10 mer % @(III) 

Example 7 

80 mer % @(II) and 20 mer % @(III) 

[0056] Other polymers according to the present invention 
may include any combination of Y mer % (XII) and Z mer % 
@(III) Wherein YIany number from 0 to 100 and ZIany 
number from 0 to 100 such that Y+Z is greater than or equal 
to 50 and less than or equal to 100. 
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Example 8 

Poly((1,1,1-tri?uoro-5,5 -dimethyl-2-(tri?uorom 
ethyl)-hexan-2-ol-4-yl methacrylate)-co-(2-(tri?uo 

romethylsulfonamido)ethyl methacrylate)) 
(tBuiPrHFAMA/STAR) Comprises Repeat Units 

Having the Structures 

[0057] 

i 
OH 

i 

(XIV) 

(V) 

Example 8 

70 mer % @(IV) and 30 mer % C(11) 

[0058] Other polymers according to the present invention 
may include any combination ofY mer % @(IV) and Z mer % 
(XIII) Wherein YIany number from 0 to 100 and ZIany 
number from 0 to 100 such that Y+Z is greater than or equal 
to 50 and less than or equal to 100. 

Example 9 

Poly(1,1,1-tri?uoro-2-(tri?uoromethyl)-4-cyclo 
hexyl-butan-2-ol-4-yl methacrylate) 

(CHiPrHFAMA) Comprises Repeat Units Having 
the Structure 

[0059] 

(Xv) 
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Example 10 

Poly((1,1,1-tri?uoro-2-(tri?uoromethyl)-4-cyclo 
hexyl-butan-2-ol-4-yl methacrylate)-co-(l,1,1-trif 

luoro-2-(tri?uoromethyl)-pentan-2-ol-4-yl methacry 
late)) (CHiPrHFAMA/iPrHFAMA) Comprises 

Repeat Units Having the Structures 

Xi) 
020113 and 

OH 

0 o 

OH 

[0060] 

(Xv) 

(1X) 

if 
a 

50 mer % @(V) and 50 mer % (IX) 

Example 10 

[0061] Other polymers according to the present invention 
may include any combination of Y mer % @(V) and Z mer % 
(IX) WhereinYIany number from 0 to 100 and ZIany number 
from 0 to 100 such thatY+Z is greater than or equal to 50 and 
less than or equal to 100. 

Examples 11 and 12 

Poly((1,1,1-tri?uoro-2-(tri?uoromethyl)-4-cyclo 
hexyl-butan-2-ol-4-yl methacrylate)-co-(2-(tri?uo 

romethylsulfonamido)ethyl methacrylate)) 
(CHiPrHFAMA/STAR) Comprises Repeat Units 

Having the Structures 

[0062] 

(Xv) 

F3C CF3 and 
OH 



US 2008/0311530 A1 Dec. 18, 2008 
10 

Examples 14 and 15 

'connnued (XIII) Poly((1,1,1-tri?uoro-2-(tri?uoromethyl)-4-cyclo 
hexyl-butan-2-ol-4-yl methacrylate)-co-(3,5-b1s(1 , 1, 

1,3,3 ,3 -hexa?uoroproan-2-ol-2-yl)cyclohex-1-yl 
methacrylate)) (CHiPrHFAMA/BisHFACHMA) 
Comprises Repeat Units Having the Structures 

O O 

[0066] 

O 

HN\ // 
S\ // CF3. 

O 
O 

Example 11 

80 mer % @(V) and 20 mer % (Xlll) F CF and 
3 

3 

(XV) 

Example 12 (XVII) 

70 mer % @(V) and 30 mer % (Xlll) 

[0063] Other polymers according to the present invention 
may include any combination of Y mer % @(V) and Z mer % 
(Xlll) Wherein YIany number from 0 to 100 and ZIany 
number from 0 to 100 such that Y+Z is greater than or equal 
to 50 and less than or equal to 100. 

O 

3C 
OH 

it 0 
123C CF3. 

OH 

CF3 

Example 13 
HO 

Poly((1,1,1-tri?uoro-2-(tri?uoromethyl)-4-cyclo- CF 
hexyl-butan-2-ol-4-yl methacrylate)-co-(methacrylic 

acid)) (CHiPrHFAMA/MAA) Comprises Repeat 
Units Having the Structures Example 14 

[0064] 80 mer % (XV) and 20 mer % @(Vll) 

Example 15 

(Xv) 70 mer % (XV) and 30 mer % @(Vll) 

[0067] Other polymers according to the present invention 
may include any combination of Y mer % @(V) and Z mer % 
@(Vll) Wherein YIany number from 0 to 100 and ZIany 

O 0 number from 0 to 100 such that Y+Z is greater than or equal 
to 50 and less than or equal to 100. 

Example 16 

F3C C133 and Poly(1,1,1-tri?uoro-2-(tri?uoromethyl)-hexan-2-ol 
OH 4-yl methacrylate)-co-(2-(methacryloyloxy)ethane 

(XVI) sulfonic acid)) (EtiPrHFAMA/SEMA) Comprises 
Repeat Units Having the Structures 

[0068] 

HO 0. (X1) 

Example 13 
O O 

90 mer % @(V) and 10 mer % (XVI) 

[0065] Other polymers according to the present invention 
may include any combination of Y mer % @(V) and Z mer % 
(XVI) Wherein YIany number from 0 to 100 and ZIany F3C C133 and 
number from 0 to 100 such that Y+Z is greater than or equal OH 
to 50 and less than or equal to 100. 
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-continued 

(XIX) 

O 
O 

2 %o. oys\ 
OH 

Example 16 

98 mer % @(I) and 2 mer %, (XIX) 

[0069] Other polymers according to the present invention 
may include any combination of Y mer % (IX) and Z mer % 
(XIX) WhereinYIany number from 0 to 99.9, ZIany number 
from 0.1 to 100 such that Y+Z is greater than or equal to 50 
and less than or equal to 100. 

Example 17 

Poly(( 1 , l , l -tri?uoro-5 -methyl-2-(tri?uoromethyl) 

heXan-2-ol-4-yl methacrylate)-co-(2-(methacryloy 
loXy)ethanesulfonic acid))-co-(2-(tri?uoromethylsul 

fonamido)ethyl methacrylate)) (iPriPrHFAMA/ 
SEMA/STAR) Comprises Repeat Units Having the 

Structures 

[0070] 

(IV) 

0 o 

mom and 
OH 

(XIX) 

at) 
o 

s¢0 
0% \ 

OH and 

Dec. 18,2008 

-continued 
(XIII) 

Example 17 

80 mer % @(II), 2 mer % (XIX) and 18 mer % (XIII) 

[0071] Other polymers according to the present invention 
may include any combination of W mer % (IV), Y mer % 
@(IX) and Z mer % (XIII) Wherein WIany number from 0 to 
99.9, YIany number from 0.1 to 99.9, ZIany number from 0 
to 99.9 such that W+Y+Z is greater than or equal to 50 and 
less than or equal to 100. 

Examples 18 and 19 

Poly((l , l , l -tri?uoro-2-(tri?uoromethyl)-pentan-2 
ol-4-yl methacrylate)-co-(2-acrylamido-2-methyl 

propane-l-sulfonic acid)) (iPrHFAMA/MVP) Com 
prises Repeat Units Having the Structures 

0/ 

[0072] 

(1X) 

LAO 
1130/ \CF3 and 

OH 

(XvIII) 

HN 

8&0. 
o’ \ 

OH 

Example 18 

97.5 mer % (IX) and 2.5 mer % @(VIII) 

Example 19 

95 mer % (IX) and 5 mer % @(VIII) 

[0073] Other polymers according to the present invention 
may include any combination of Y mer % (IX) and Z mer % 
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(XVIII) wherein YIany number from 0 to 99.9 and ZIany Examples 24-27 
number from 0.1 to 100 such thatY+Z is greater than or equal 
to 50 and less than or equal to 100 Poly((1,1,1-tri?uoro-2-(tri?uoromethyl)-pentan-2 

ol-4-yl methacrylate)-co-(2-(methacryloyloxy) 
ethanesulfonic acid)-co-(methyl methacrylate)) (iP 

Examples 20-23 rHFAMA/SEMA/MMA) Comprises Repeat Units 
Poly((1, 1, 1-tri?uoro-2-(tri?uoromethyl)-pentan-2- Having the Structures 
ol-4-yl methacrylate)-co-(2-(methacryloyloxy) [0076] 

ethanesulfonic acid)) (iPrHFAMA/SEMA) Com 
prises Repeat Units Having the Structures (IX) 

[0074] 

O O 

(IX) 

Xi F3C CF3, 
o 0 OH 

(XIX) 

F3C c1?3 and 
OH 

O 
O 

(XIX) 2 
S¢O 

O 0% \ 
O OH and 

2 (P94) 
8&0. 

0% \ 
OH 

MeO O 

Example 20 Example 24 

99 mer % (IX) and 1 mer %’ (XIX) 85 mer % (IX), 5 mer % (XIX) and 10 mer % (XX) 

Example 21 Example 25 

975 mer % (IX) and 2_ 5 mer %’ (XIX) 75 mer % (IX), 5 mer % (XIX) and 20 mer % (XX) 

Example 22 Example 26 

O O O 

95 mer % (IX) and 5 mer %, (XIX) 65 mer A) (IX), 5 mer A) (XIX) and 30 mer A) (XX) 

Example 27 
Example 23 

55 mer % (IX), 5 mer % (XIX) and 40 mer % (XX) 
92.5 mer % (IX) and 7.5 mer %, (XIX) 

[0077] Other polymers according to the present invention 
[0075] Other polymers according to the present invention may include any combination of W mer % (IX), Y mer % 
may include any combination of Y mer % (IX) and Z mer % @(IX) and Z mer % @(X) Wherein WIany number from 0 to 
(XIX) WhereinYIany number from 0 to 99.9, ZIany number 99.9, YIany number from 0.1 to 99.9, ZIany number from 0 
from 0.1 to 100 such that Y+Z is greater than or equal to 50 to 99.9 such that W+Y+Z is greater than or equal to 50 and 
and less than or equal to 100. less than or equal to 100. 
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Examples 28 and 29 

Poly((1, 1, 1-tri?uoro-2-(tri?uoromethyl)-pentan-2 
ol-4-yl methacrylate)-co-(2-(methacryloyloxy) 

ethanesulfonic acid)-co-(isobomyl methacrylate)) 
(iPrHFAMA/SEMA/IBOMA) Comprises Repeat 

Units Having the Structures 

[0078] 

Example 28 

Dec. 18, 2008 
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Example 30 

Poly((2-(tri?uoromethylsulfonamido)ethyl meth 
acrylate)-co-(2-(methacryloyloxy)ethanesulfonic 

acid)) (STAR/SEMA) Comprises Repeat Units Hav 
ing the Structures 

[0080] 

(x111) 

(1X) O O 

c1?3 and 

s 
0% 

(XIX) 

(XIX) 

OH 

Example 28 

95 mer % @(III) and 5 mer % @(IX) 

[0081] Other polymers according to the present invention 
may include any combination ofY mer % @(III) and Z mer % 
@(IX) Wherein YIany number from 0 to 99.9 and ZIany 
number from 0.1 to 100 such thatY+Z is greater than or equal 
to 50 and less than or equal to 100. 

(P941) 

Examples 31-34 

Poly((2-(tri?uoromethylsulfonamido)ethyl meth 
acrylate)-co-(2-(methacryloyloxy)ethanesulfonic 
acid)-co-(isobornyl methacrylate)) (STAR/SEMA/ 
IBOMA) Comprises Repeat Units Having the Struc 

tures 

[0082] 

(x111) 75 mer % (IX), 5 mer % (XIX) and 20 mer % @(XI) 

Example 29 

55 mer % (IX), 5 mer % (XIX) and 40 mer % @(XI) 0 O 

[0079] Other polymers according to the present invention 
may include any combination of W mer % (IX), Y mer % O 
(XIX) and Z mer % (XXI) Wherein WIany number from 0 to HN\S// 
99.9, YIany number from 0.1 to 99.9, ZIany number from 0 
to 99.9 such that W+Y+Z is greater than or equal to 50 and 
less than or equal to 100. 
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-continued 

(XIX) 

O 

0941) 

Example 31 

75 mer % @(III), 5 mer % @(IX) and 20 mer % 

(XXI) 

Example 32 

55 mer % @(III), 5 mer % @(IX) and 40 mer % 

(XXI) 

Example 33 

67.5 mer % @(III), 2.5 mer % @(IX) and 30 mer % 

(XXI) 

Example 34 

57.5 mer % @(III), 2.5 mer % @(IX) and 40 mer % 

(XXI) 

[0083] Other polymers according to the present invention 
may include any combination of W mer % @(III), Y mer % 

(XIX) and Z mer % (XXI) Wherein WIany number from 0 to 
99.9, YIany number from 0.1 to 99.9, ZIany number from 0 
to 99.9 such that W+Y+Z is greater than or equal to 50 and 
less than or equal to 100. 

Dec. 18,2008 

Examples 35-36 

Poly((2-(tri?uoromethylsulfonamido)ethyl meth 
acrylate)-co-(vinyl sulfonic acid)-co-(isobornyl 
methacrylate)) (STAR/VSA/IBOMA) Comprises 

Repeat Units Having the Structures 

[0084] 

(X111) 

0 o 

o 

HN\ // 
//S\CF O 3, 

(xxn) 

SO3H and 

(U1) 

‘if. 
%. 

Example 35 

67.5 mer % (XIII), 2.5 mer % @(XII) and 30 mer % 

(XXII) 

Example 36 

57.5 mer % (XIII), 2.5 mer % @(XII) and 40 mer % 

(XXII). 

[0085] Other polymers according to the present invention 
may include any combination of W mer % @(II), Y mer % 
@(XII) and Z mer % @(XI) Wherein WIany number from 0 to 
99.9, YIany number from 0.1 to 99.9, ZIany number from 0 
to 99.9 such that W+Y+Z is greater than or equal to 50 and 
less than or equal to 100. 
































