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POLYMER SUITABLE FOR PHOTORESIST 
COMPOSITIONS 

FIELD OF INVENTION 

The present invention relates to a novel polymer that is 
particularly useful in the ?eld of microlithography, and 
especially useful When used in a photoresist for imaging 
negative and positive patterns in the production of semicon 
ductor devices. The novel polymer comprises a unit derived 
from an ethylenically unsaturated monomer With a cyano 
functionality and an unsaturated cyclic monomer. The poly 
mer has high transparency in the deep ultraviolet (uv) 
region, and When used as a photoresist composition is 
especially useful for eXposure at beloW 200 nanometers 

(nm). 

BACKGROUND OF INVENTION 

Polymers are utiliZed in many different Ways to form thin 
coatings. In photoresists, polymers are used as a binder 
resins for imaging patters. Photoresists comprising a poly 
mer and a photoactive compound, are coated on silicon 
substrates and imaged With, typically, ultraviolet radiation. 

Photoresist compositions are used in microlithography 
processes for making miniaturiZed electronic components 
such as in the fabrication of computer chips and integrated 
circuits. Generally, in these processes, a thin coating of ?lm 
of a photoresist composition is ?rst applied to a substrate 
material, such as silicon Wafers used for making integrated 
circuits. The coated substrate is then baked to evaporate any 
solvent in the photoresist composition and to ?X the coating 
onto the substrate. The photoresist coated on the substrate is 
neXt subjected to an image-Wise eXposure to radiation. 

The radiation eXposure causes a chemical transformation 
in the eXposed areas of the coated surface. Visible light, 
ultraviolet (UV) light, electron beam and X-ray radiant 
energy are radiation types commonly used today in microli 
thographic processes. After this image-Wise eXposure, the 
coated substrate is treated With a developer solution to 
dissolve and remove either the radiation eXposed or the 
uneXposed areas of the photoresist. 

The trend toWards the miniaturiZation of semiconductor 
devices has led to the use of neW photoresists that are 
sensitive at loWer and loWer Wavelengths of radiation and 
has also led to the use of sophisticated multilevel systems to 
overcome dif?culties associated With such miniaturiZation. 

There are tWo types of photoresist compositions, 
negative-Working and positive-Working. The type of photo 
resist used at a particular point in lithographic processing is 
determined by the design of the semiconductor device. 
When negative-Working photoresist compositions are 
eXposed image-Wise to radiation, the areas of the resist 
composition eXposed to the radiation become less soluble to 
a developer solution (eg a cross-linking reaction occurs) 
While the uneXposed areas of the photoresist coating remain 
relatively soluble to such a solution. Thus, treatment of an 
eXposed negative-Working resist With a developer causes 
removal of the non-exposed areas of the photoresist coating 
and the creation of a negative image in the coating, thereby 
uncovering a desired portion of the underlying substrate 
surface on Which the photoresist composition Was deposited. 
On the other hand, When positive-Working photoresist 

compositions are eXposed image-Wise to radiation, those 
areas of the photoresist composition eXposed to the radiation 
become more soluble to the developer solution (eg a 
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2 
rearrangement reaction occurs) While those areas not 
eXposed remain relatively insoluble to the developer solu 
tion. Thus, treatment of an eXposed positive-Working pho 
toresist With the developer causes removal of the eXposed 
areas of the coating and the creation of a positive image in 
the photoresist coating. Again, a desired portion of the 
underlying surface is uncovered. 

Photoresist resolution is de?ned as the smallest feature 
Which the resist composition can transfer from the photo 
mask to the substrate With a high degree of image edge 
acuity after eXposure and development. In many leading 
edge manufacturing applications today, photoresist resolu 
tion on the order of less than one-half micron are necessary. 
In addition, it is almost alWays desirable that the developed 
photoresist Wall pro?les be near vertical relative to the 
substrate. Such demarcations betWeen developed and unde 
veloped areas of the resist coating translate into accurate 
pattern transfer of the mask image onto the substrate. This 
becomes even more critical as the push toWard miniaturiZa 
tion reduces the critical dimensions on the devices. 

Photoresists sensitive to short Wavelengths, betWeen 
about 100 nm and about 300 nm are often used Where 
subhalfmicron geometries are required. Particularly pre 
ferred are photoresists comprising non-aromatic polymers, a 
photoacid generator, optionally a dissolution inhibitor, and 
solvent. 

High resolution, chemically ampli?ed, deep ultraviolet 
(100—300 nm) positive and negative tone photoresists are 
available for patterning images With less than quarter micron 
geometries. To date, there are three major deep ultraviolet 
(uv) eXposure technologies that have provided signi?cant 
advancement in miniaturiZation, and these use lasers that 
emit radiation at 248 nm, 193 nm and 157 nm. Photoresists 
for 248 nm have typically been based on substituted poly 
hydroXystyrene and its copolymers, such as those described 
in US. Pat. No. 4,491,628 and US. Pat. No. 5,350,660. On 
the other hand, photoresists for 193 nm eXposure require 
non-aromatic polymers, since aromatics are opaque at this 
Wavelength. US. Pat. No. 5,843,624 and GB 232,0718 
disclose photoresists useful for 193 nm eXposure. Generally, 
polymers containing alicyclic hydrocarbons are used for 
photoresists for eXposure beloW 200 nm. Alicyclic hydro 
carbons are incorporated into the polymer for many reasons, 
primarily since they have relatively high carbon:hydrogen 
ratios Which improve etch resistance, they also provide 
transparency at loW Wavelengths and they have relatively 
high glass transition temperatures. US. Pat. No. 5,843,624 
discloses polymers for photoresist that are obtained by free 
radical polymeriZation of maleic anhydride and unsaturated 
cyclic monomers, but the presence of maleic anhydride 
makes these polymers insuf?ciently transparent at 157 nm. 
Until noW photoresists sensitive at 157 nm have been based 
on ?uorinated polymers, Which are knoWn to be substan 
tially transparent at that Wavelength. Photoresists derived 
from polymers containing ?uorinated groups are described 
in WO 00/67072 and W0 00/ 17712. HoWever, the polymer 
iZation of unsaturated ?uorinated monomers, such as 
tetra?uoroethylene, presents severe eXplosion haZards and a 
great deal of care needs to be eXercised during the polymer 
iZation process. Polymerization processes that are environ 
mentally safer are preferred. 
The inventors of this application have found that poly 

mers containing cyano groups are transparent at Wave 
lengths beloW 200 nm. Polymers derived from certain 
monomers containing cyano functionality are knoWn. US. 
Pat. No. 6,165,674 discloses polymers derived from itaconic 
anhydride, acrylates With a cyano group and acrylate With a 
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pendant alicyclic group. US. Pat. No. 5,399,647 discloses a 
copolymer of 1-(1‘-cyanoethynyl)adamantane and meth 
acrylates or 2-norbornene-2-carbonitrile and methacrylates. 
The reaction scheme to introduce the cyano group into the 
unsaturated bond of an alicyclic compound, in order to 
synthesize 2-norbomene-2-carbonitrile, is difficult and unde 
sirable. Therefore, there is a need for a monomer Which can 
easily copolymeriZe With cyclic ole?ns, and yield a polymer 
Which possesses good plasma etch resistance. There is also 
a need for a monomer that can be made using simple 
techniques such as Diels Alder reactions of cyclopentadiene 
and ole?ns. Polymers based only on unsaturated cyclic 
monomers that are resistant to plasma etching are also 
knoWn but they require transition metal catalysts, Which are 
undesirable due to the high likelihood of metal contamina 
tion of the semiconductor device. US. Pat. No. 4,812,546 
discloses an acrylate rubber (terpolymer) of n-butyl acrylate, 
methyl cyanoacrylate and ethylidene norbornene, Where 
ethylidene norbornene creates a crosslinkable sites for vul 
caniZation. Such crosslinked copolymers are useful only in 
the rubber/adhesive industry. 

The object of this invention is to provide a novel copoly 
mer that can be synthesiZed by free radical polymeriZation, 
is also transparent at Wavelengths beloW 200 nm, especially 
195 nm and 157 nm, and provides good lithographic per 
formance When it is formulated into a photoresist. 

The present invention pertains to a novel copolymer 
derived from at least one ethylenically unsaturated monomer 
containing at least one cyano functionality and at least one 
unsaturated cyclic non-aromatic monomer. This polymer is 
transparent beloW 200 nm, it can be synthesiZed by free 
radical polymeriZation and has good dry etch resistance. 

SUMMARY OF THE INVENTION 

The invention relates to a novel copolymer comprising at 
least one unit derived from an ethylenically unsaturated 
compound containing at least one cyano functionality and at 
least one unit derived from an unsaturated cyclic non 
aromatic compound. Preferably the ethylenic unit ranges 
from 40 mole % to 80 mole % in the copolymer. 

The invention further relates to a process for preparing the 
novel copolymer comprising reacting the monomers in the 
presence of a free radical initiator and in a solvent medium 
at a suitable reaction temperature and for a suitable reaction 
time. 

DESCRIPTION OF THE INVENTION 

Polymers may be used in many Ways, especially in 
microlithography as components of photoresists, antire?ec 
tive coatings that are formed above or beneath a photoresist, 
or to form any other type of desirable coating. One important 
use of polymers is in formulating photoresists, Which com 
prise a polymer and a photoactive compound. 

The novel polymers of this invention are particularly 
useful in microlithography applications, but their usefulness 
is not restricted to such uses. The folloWing examples of 
possible other uses are for illustrative purposes and not 
intended to restrict the scope of the invention. At least some 
of the resins are found to be thermoplastic. Suitably chosen 
members of this class can be used in melt processing, 
extrusion, injection molding, ?bers, yarns, ?lms, 
membranes, or as engineering resins. Other applications in 
the ?eld of optics, for example as compact disc carriers or 
lens materials are also possible due to the high transparency 
of this class of compounds. 

The photoresist comprising the novel copolymer of this 
invention and a photoactive compound is particularly useful 
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4 
for forming images in the deep uv region due to the 
transparency of the novel polymer in that region, and the 
composition is more particularly useful for imaging in the 
100—200 nm region. The photosensitive composition has 
been found to be especially useful for imaging at 193 nm and 
157 nm, since feW polymers are both transparent at this 
Wavelength and also possess suf?cient plasma etch resis 
tance. 

The invention of the present application relates to a novel 
copolymer comprising at least one unit derived from an 
ethylenically unsaturated compound containing at least one 
cyano functionality and at least one unit derived from an 
unsaturated cyclic non-aromatic compound. 

The unit in the novel polymer derived from an ethyleni 
cally unsaturated compound containing at least one cyano 
functionality has the structure; 

(1) 
R1 R2 

R4: R3 

Where, R1—R4 are independently hydrogen, alkyl, O-alkyl, 
alkyl ester, per?uoroalkyl ester, carboxylic acid , 
alkylcarbonyl, carboxylate, cyano(CN), ?uoroalkyl, 
acid or base labile group, alkylsulfonyl, sulfonate, 
sulfonamide, alkylsulfonamide, providing that at least 
one of R1—R4 contains a cyano functionality. Preferably 
no more than tWo cyano groups are present in one 
monomer. It is more preferable that at least one of 
R1—R4 is a cyano group, and even more preferable that 
tWo of R1—R4 are cyano groups. 

In the above de?nition and throughout the present 
speci?cation, alkyl means linear and branched alkyl having 
the desirable number of carbon atoms and valence. 
Furthermore, alkyl also includes aliphatic cyclic groups, 
Which may be monocyclic, bicyclic, tricyclic and so on. 
Suitable linear alkyl groups include methyl, ethyl, propyl, 
butyl, pentyl, etc.; branched alkyl groups include isopropyl, 
iso, sec or tert butyl, branched pentyl, hexyl, heptyl, octyl, 
etc; monocyclic alkyl groups include cyclopentyl, cyclo 
hexyl and cycloheptyl; bicyclic alkyl groups include substi 
tuted bicyclo[2.2.1]heptane, bicyclo[2.2.2]octane, bicyclo 
[3.2.1]octane, bicyclo[3.2.2]nonane, and bicyclo[3.3.2] 
decane, and the like. Examples of tricyclic alkyl groups 
include tricyclo[5.2.1.02’6]decane, tricyclo[5.4.0.02’6] 
undecane, tricyclo[4.2.2.12>5]undecane, and tricyclo 
[5 .3.2.02’6]dodecane. Preferably the alkyl group is less than 
ten carbon atoms When used as a noncyclic structure, and 
more preferably less than six carbon atoms. Fluoroalkyl 
refers to an alkyl group Which is fully or partially substituted 
With ?uorine, examples of Which are tri?uoromethyl, 
penta?uoroethyl, etc. Acid or base labile groups are ones 
that are cleaved to give a group that makes the polymer 
soluble in the developer, When an acid or base is generated 
photolytically. Without limitation, examples of acid or base 
cleavable groups are tert-butoxycarbonyl, tert 
pentyloxycarbonyl, isobornyloxycarbonyl, 
cyclohexyloxycarbonyl, 2-alkyl-2-admantyloxycarbonyl, 
tetrahydrofuranyloxycarbonyl, 
tetrahydropyranyloxycarbonyl, variously substituted 
methoxymethoxycarbonyl, [3-carbonyloxy-[3-methyl-6 
valerolactone, [3-carbonyloxy-[3-methyl-y-butyrolactone, 
tert-butoxycarbonyloxy, tert-pentyloxycarbonyloxy, 
isobornyloxycarbonyloxy, cyclohexyloxycarbonyloxy, 
2-alkyl-2-admantyloxycarbonyloxy, 
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tetrahydrofuranyloxycarbonyloxy, 
tetrahydropyranyloxycarbonyloxy, variously substituted 
methoxymethoxycarbonyloxy, [3-oxycarbonyloxy-[3 
methyl-o-valerolactone, [3-oxycarbonyloxy-[3-methyl-y 
butyrolactone, tert-butoxy, tert-pentyloxy, isobornyloxy, 
cyclohexyloxy, 2-alkyl-2-admantyloxy, 
tetrahydrofuranyloxy, tetrahydropyranyloxy, variously sub 
stituted methoxymethoxy, [3-oxy-[3-methyl-6-valerolactone, 
and [3-oxy-[3-methyl-y-butyrolactone. The acid or base labile 
groups may be connected directly to the polymer backbone 
or through a connecting group, Where examples of the 
connecting groups are carbon, (C1—C6)alkylene (e.g. meth 
ylene or ethylene) or alkynyloxycarbonyl. 

Examples of the ethylenic monomer containing the cyano 
group are given beloW. 

CN CN \ CN CF3 

CN COOR CN CN 

H... H... 
COOR CN 

Where, R is alkyl as previously de?ned. 

The second unit in the novel polymer is derived from a 
monomer containing an unsaturated cyclic monomer and the 
unit is described by structure 2, 

R5 R6 

) $1 R7 
in R8 

R10 

(2) 

R16 

R15 

Where R5—R14 are independently hydrogen, (C1—C6)alkyl, 
halogen, such as ?uorine and chlorine, carboxylic acid, 

ondary or tertiary carboxylate, substituted pinacol, R7 
and R8 may be linked to form a cyclic non-aromatic 

structure, ?uoroalkyl, W(CF3)20H, Where W is (C1—C6) 
alkyl or (C1—C6)alkyl ether, acid or base labile group as 
describe above, and R15 and R16 are hydrogen or 
(C1—C4)alkyl, and m is 0—3. Example of Where R7 and 
R8 may be linked to form a cyclic non-aromatic struc 
ture are lactones and anhydrides. 

The structures beloW are illustrative of some of the 

comonomers that may be used. These comonomers may be 
further capped With acid or base labile groups and polymer 
iZed to give the polymer of the invention. 

c113 

COOH OH 

C113 
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-continued 

C113 
C113 

F3C 
OH 

E .CF3 
F 3c 

OH 
OH 

C113 

2 2 >\COOH 
O O F3C 

§<CF3 “>2 F3C (3P3 
OH HO 

éécoon >\OH Zion 
F cF3 F3C F c1:3 

i coo j i 
I O O O 

——OH (<|3H2)n 
——OH COOH 

a 
The novel polymer of this invention is polymeriZed to 

give a polymer With a Weight average molecular Weight 
from about 1,000 to about 200,000, preferably from about 

5 4,000 to about 20,000, more preferably from about 6,000 to 
about 14,000. The polydispersity of the resin (MW/Mn) 
Where MW is the Weight average molecular Weight and Mn 
is the number average molecular Weight can range from 1.5 
to 3.0, Where the molecular Weights of the resin may be 
determined by gel permeation chromatography, 
The polymer comprising the ethylenic unit and the cyclic 

unit are copolymeriZed in relative amounts that are opti 
miZed to give the desired performance properties. Typically 
the ratios of the tWo units in the novel polymer may range 
from 50 mole % to about 80 mole %, and preferably 50 mole 
% to about 65 mole %. The polymer contains at least 40 
mole % of the ethylenic unit of structure 1. The incorpora 
tion of these units into the copolymer may be alternating, 
approximately alternating, block, or others, but is not limited 
to these structures. 
The novel polymer of the invention may incorporate 

additional unsaturated monomers, Which include, but are not 
limited to, acrylates, methacrylates, styrenes, in particular 
hydroxystyrene and hydroxyhexa?uoroisopropylstyrene, 
vinyl ethers, vinyl acetates, tetra?uoroethylene, maleic 
anhydride and itaconic anhydride and their ?uorinated 
homologues. The additional monomers may contain acid or 
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base labile groups. These additional monomers may be 
added in amounts that still maintain the desired transparency 
of the polymer at the exposure Wavelength. Preferably the 
additional monomers are incorporated into the polymer at 
amounts less than 30 mole %, preferably less than 25 mole 
%, and more preferably less than 15 mole %. 

The polymer of this invention comprises one or more 
monomers that contain a protecting group that is an acid or 
base labile group. The protecting group is deprotected after 
exposure to give a polymer that is soluble in the developer 
for a positive photoresist or insoluble in the developer for a 
negative photoresist. The polymer may be capped With a 
protecting group after polymeriZation or the monomer(s) 
may be capped With a protecting group and then polymer 
iZed. The polymer may also be inhibited by a dissolution 
inhibitor, and upon exposure the photoresist then becomes 
soluble in the developer. Typically dissolution inhibitors are 
added to the photoresist to decrease the dissolution rate of 
the unexposed photoresist in the developer. Examples of 
knoWn dissolution inhibitors that may be used are mono 
meric or oligomeric cholates. 

Transparency of the polymer in the photoresist is an 
important requirement. Thus, the absorption coefficient of 
novel copolymer is preferably less than 4/ micron at a 
Wavelength, typically 157 nm, more preferably 3/ micron 
and even more preferably less than 2/ micron. 

The novel polymer of this invention may be prepared by 
a variety of methods. A method that is particularly preferred 
is free radical polymeriZation. Free radical polymeriZation is 
carried out by polymeriZing the unsaturated monomers in 
the presence of a free radical initiator under appropriate 
conditions of temperature, pressure and reaction medium. 
The reaction may be carried out in an inert atmosphere and 
a desirable solvent may be used. In typical implementations, 
the reaction temperature Will range from room temperature 
to 150° C. The reaction is typically carried out under 
nitrogen, although other inert gases, such as argon, or carbon 
dioxide may be used. The reaction time can range from 1 
hour to 24 hours. Solvents that are suitable for the polymer 
iZation reaction may be used, examples of Which are 
tetrahydrofuran, dioxane, and toluene. The polymeriZation 
can be carried out at ambient or under pressure, e.g., in 
solvents such as super critical CO2. The polymer can be 
isolated by droWning in a nonsolvent, such as hexane, 
heptane or diethyl ether. 

The photoresist composition comprises at least one pho 
toactive compound that When exposed to radiation forms 
either an acid or a base, although an acid is most commonly 
used. In positive photoresists the generation of the acid 
typically deprotects the polymer, such that the photoresist 
becomes soluble in the exposed areas. The acid can alter 
natively cause the polymer to crosslink such that the pho 
toresist becomes insoluble in the exposed areas, and such a 
photoresist is knoWn as a negative photoresist. Any photo 
active compound or mixtures of photoactive compounds 
may be used in the novel photoresist. Suitable examples of 
the acid generating photosensitive compounds include ionic 
photoacid generators (PAG), such as diaZonium salts, iodo 
nium salts, sulfonium salts, or non-ionic PAGs such as 
diaZosulfonyl compounds, sulfonyloxy imides, and 
nitrobenZyl sulfonate esters although any photosensitive 
compound that produces an acid upon irradiation may be 
used. The onium salts are usually used in a form soluble in 
organic solvents, mostly as iodonium or sulfonium salts, 
examples of Which are diphenyliodonium tri?uoromethane 
sulfonate, diphenyliodonium nona?uorobutane sulfonate, 
triphenylsulfonium tri?uromethane sulfonate, triphenylsul 
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8 
fonium nona?uorobutane sulfonate and the like. Other com 
pounds that form an acid upon irradiation Which may be 
used, are triaZines, oxaZoles, oxadiaZoles, thiaZoles, substi 
tuted 2—pyrones. Phenolic sulfonic esters, bis 
sulfonylmethanes, bis-sulfonylmethanes or bis 
sulfonyidiaZomethanes, triphenylsulfonium tris 
(tri?uoromethylsulfonyl)methide, triphenylsulfonium bis 
(tri?uoromethylsulfonyl)imide, diphenyliodonium tris 
(tri?uoromethylsulfonyl)methide, diphenyliodonium bis 
(tri?uoromethylsulfonyl)imide and their homologues are 
also preferred. Mixtures of photoacid generators may also be 
used, and frequently mixtures of ionic and nonionic photo 
acid generators are used. 
The photoresist composition is formed by blending the 

ingredients in a suitable photoresist solvent. In the preferred 
embodiment, the amount of polymer in the photoresist 
preferably ranges from 90% to about 99.5% and more 
preferably from about 95% to about 99% based on the 
Weight of the solid; i.e., non-solvent photoresist compo 
nents. In the preferred embodiment, the photoactive com 
pound is present in the photoresist in an amount of from 
about 0.5% to about 10% preferably from about 1% to about 
5% based on the Weight of the solid photoresist components. 
In producing the photoresist composition, the solid compo 
nents of the photoresist are mixed With such solvents as 
propylene glycol mono-alkyl ether, propylene glycol alkyl 
ether acetate, butyl acetate, xylene, ethylene glycol mono 
ethyl ether acetate, propylene glycol mono-methyl ether 
acetate, 2-heptanone, ethyl lactate, ethyl-3 
ethoxypropionate, and mixtures of ethyl lactate and ethyl 
3-ethoxypropionate, among others. 

Additives such as colorants, non-actinic dyes, anti 
striation agents, plasticizers, adhesion promoters, coating 
aids, speed enhancers and surfactants may be added to the 
photoresist composition. A sensitiZer that transfers energy 
from a particular range of Wavelengths to a different expo 
sure Wavelength may also be added to the photoresist 
composition. In some cases bases or photoactive bases are 
added to the photoresist to control the pro?les of the imaged 
photoresist. Nitrogen containing bases are preferred, speci?c 
examples of Which are amines, such as triethylamine, 
triethanolamine, aniline, ethylenediamine, pyridine, tet 
raalkylammonium hydroxide or its salts. Examples of pho 
tosensitive bases are diphenyliodonium hydroxide, dialky 
liodonium hydroxide, trialkylsulfonium hydroxide, etc. The 
base may be added at levels up to 75 mole % relative to the 
photoacid generator. 

Crosslinking additives may also be added to the photo 
resist to insolubiliZe the exposed regions and thus form 
negative images. Suitable crosslinking agents are bisaZides, 
alkoxymethylmelamines or alkoxymethylglycourils. 
The prepared photoresist composition solution can be 

applied to a substrate by any conventional method used in 
the photoresist art, including dipping, spraying, Whirling and 
spin coating. When spin coating, for example, the photore 
sist solution can be adjusted With respect to the percentage 
of solids content, in order to provide coating of the desired 
thickness, given the type of spinning equipment utiliZed and 
the amount of time alloWed for the spinning process. Suit 
able substrates include silicon, aluminum, polymeric resins, 
silicon dioxide, doped silicon dioxide, silicon nitride, 
tantalum, copper, polysilicon, ceramics, aluminum/copper 
mixtures; gallium arsenide and other such Group III/V 
compounds. The photoresist may also be coated over anti 
re?ective coatings. 
The photoresist composition solution is then coated onto 

the substrate, and the substrate is treated at a temperature 
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from about 70° C. to about 150° C. for from about 30 
seconds to about 180 seconds on a hot plate or for from 
about 15 to about 90 minutes in a convection oven. This 

temperature treatment is selected in order to reduce the 
concentration of residual solvents in the photoresist, While 
not causing substantial thermal degradation of the solid 
components. In general, one desires to minimize the con 
centration of solvents and this ?rst temperature treatment is 
conducted until substantially all of the solvents have evapo 
rated and a thin coating of photoresist composition, on the 
order of half a micron (micrometer) in thickness, remains on 
the substrate. In a preferred embodiment the temperature is 
from about 95° C. to about 120° C. The treatment is 
conducted until the rate of change of solvent removal 
becomes relatively insigni?cant. The temperature and time 
selection depends on the photoresist properties desired by 
the user, as Well as the equipment used and commercially 
desired coating times. The coating substrate can then be 
imageWise exposed to actinic radiation, e.g., ultraviolet 
radiation, at a Wavelength of from about 100 nm 
(nanometers) to about 300 nm, x-ray, electron beam, ion 
beam or laser radiation, in any desired pattern, produced by 
use of suitable masks, negatives, stencils, templates, etc. 

The photoresist is then subjected to a post exposure 
second baking or heat treatment before development. The 
heating temperatures may range from about 90° C. to about 
160° C., more preferably from about 1 00C to about 130° C. 
The heating may be conducted for from about 30 seconds to 
about 5 minutes, more preferably from about 60 seconds to 
about 90 seconds on a hot plate or about 15 to about 45 
minutes by convection oven. 

The exposed photoresist-coated substrates are developed 
to remove the image-Wise exposed areas by immersion in a 
developing solution or developed by spray, puddle or spray 
puddle development process. The solution is preferably 
agitated, for example, by nitrogen burst agitation. The 
substrates are alloWed to remain in the developer until all, or 
substantially all, of the photoresist coating has dissolved 
from the exposed areas. Developers include aqueous solu 
tions of ammonium or alkali metal hydroxides or supercriti 
cal carbon dioxide. One preferred developer is an aqueous 
solution of tetramethyl ammonium hydroxide. After removal 
of the coated Wafers from the developing solution, one may 
conduct an optional post-development heat treatment or 
bake to increase the coating’s adhesion and chemical resis 
tance to etching conditions and other substances. The post 
development heat treatment can comprise the baking of the 
coating and substrate beloW the coating’s softening point or 
UV hardening process. In industrial applications, particu 
larly in the manufacture of microcircuitry units on silicon/ 
silicon dioxide-type substrates, the developed substrates 
may be treated With a buffered, hydro?uoric acid etching 
solution or dry etching. In some cases metals are deposited 
over the imaged photoresist. 

The folloWing speci?c examples Will provide detailed 
illustrations of the methods of producing and utiliZing 
compositions of the present invention. These examples are 
not intended, hoWever, to limit or restrict the scope of the 
invention in any Way and should not be construed as 
providing conditions, parameters or values Which must be 
utiliZed exclusively in order to practice the present inven 
tion. Unless otherWise speci?ed, all parts and percents are by 
Weight. 
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EXAMPLES 

Glossary 

MCA Methyl 2-cyanoacrylate 
BNC t-Butyl Norbornene carboxylate 
NB Norbornene 
NBHFtB Norbornene hexa?uoro-tert-butanol 

((1,0L-bis(tri?uoromethyl)bicyclo[2.2.1]hept—5—ene—2-ethanol) 
HNC Hydroxyethyl norbomene carboxylate 
NCA Norbornene carboxylic acid 
NBDCA cis—Norborn—5-ene-endo—2,3—dicarboxylic anhydride (Nadic 

anhydride) 
THF Tetrahydrofuran 
AIBN 2,2’-Azobisisobutyronitrile 
MW Weight average Molecular Weight 
Mn Number average Molecular Weight 
PD Polydispersity 
GPC Gel permeation chromatography 

Example 1 

Synthesis of Methyl 2-Cyanoacrylate/t-butyl 
Norbornene Carboxylate Copolymer 

To a 35 (milliliter) ml pressure tube equipped With a 
Te?on coated stir bar and a threaded Te?on cap With O-ring 
Was added MCA (1.46 g, 13.1 mmol), BNC (2.54 g, 13.1 
mmol), THF (4 g), AIBN (120 mg) and acetic acid (200 mg). 
The reaction mixture Was deaerated With nitrogen at a How 
rate of 30 ml/min for 15 minutes. The vessel Was then 
immediately capped tight using the Te?on screW cap. The 
vessel Was placed in an oil-bath, Which Was preheated to 72° 
C. The reaction Was alloWed to proceed for three hours. The 
viscous reaction mass Was cooled to room temperature and 
diluted With 20.5 ml of THF. The solution Was poured 
dropWise into 75 ml of hexane While stirring. The White 
polymer Was ?ltered, Washed With hexane and dried over 
night in a vacuum oven at 55° C. The isolated polymer had 
a yield of 64.6%. The polymer contained blocks of methyl 
cyanoacrylate. This block con?guration yields acidic meth 
ylene groups in the backbone Which can be utiliZed favor 
ably. The molecular Weight of the copolymer Was deter 
mined using GPC technique (THF, polystyrene standards) 
and found to be MW=5612, Mn, =2349 and PD=2.39. The 
presence of both methyl ester and t-butyl ester containing 
monomers Was veri?ed by proton NMR (61.52, methyl and 
63.94, t-butyl). From the integration of these tWo peaks, the 
polymer Was found to be contain 64% MCA and 36% BNC. 
The Tg of the polymer Was measured using Differential 
Scanning Calorimeter (DSC) (TA Instruments, Model 2920) 
and found to be 137° C. 

Example 2 

Synthesis of Methyl 2-Cyanoacrylate/norbornene 
Hexa?uoro-tert-butanol Copolymer 

To a 35 ml pressure tube equipped With a Te?on coated 
stir bar and a threaded Te?on cap With O-ring Was added 
MCA (1.15 g, 10.4 mmol), NBHFtB (2.85 g, 10.4 mmol), 
THF (4 g), AIBN (120 mg) and acetic acid (200 mg). The 
reaction mixture Was deaerated With nitrogen at a How rate 
of 30 ml/min for 15 minutes. The reaction vessel Was then 
immediately capped tight using the Te?on screW cap. The 
vessel Was placed in an oil-bath, Which Was preheated to 72° 
C. The reaction Was alloWed to proceed for three hours. The 
viscous reaction mass Was cooled to room temperature and 
diluted With 20.5 ml of THF. The solution Was poured 
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dropWise into 75 ml of hexane While stirring. The White 
polymer Was ?ltered, Washed With hexane and dried over 
night in a vacuum oven at 55° C. The yield of polymer Was 
61.1%. The molecular Weight Was observed to be MW=2730, 
Mn=1576, and PD=1.73. The polymer may be further 
reacted With a compound Which gives an acid or base labile 
group on the polymer. The Tg of the polymer Was measured 
using DSC (TA Instruments, Model 2920) and found to be 
163° C. 

Example 3 

Synthesis of Methyl 2-Cyanoacrylate/norbornene 
Copolymer 

To a 35 ml pressure tube equipped With a Te?on coated 
stir bar and a threaded Te?on cap With O-ring Was added 
MCA (2.17 g, 19.5 mmol), NB (1.83 g, 19.5 mmol), THF (4 
g), AIBN (120 mg) and acetic acid (200 mg). The reaction 
mixture Was deaerated With nitrogen at a ?oW rate of 30 
ml/min for 15 minutes. The reaction vessel Was then imme 
diately capped tight using the Te?on screW cap. The vessel 
Was placed in an oil-bath, Which Was preheated to 72° C. The 
reaction Was alloWed to proceed for three hours. The viscous 
reaction mass Was cooled to room temperature and diluted 
With 20.5 ml of THF. The solution Was poured dropWise into 
75 ml of hexane While stirring. The White polymer Was 
?ltered, Washed With hexane and dried overnight in a 
vacuum oven at 55° C. The yield of the isolated polymer Was 
76.6%. The polymer Was found to have a molecular Weight 
of 11617 (MW) With PD of 1.86. 

Example 4 

Synthesis of Methyl 2-cyanoacrylate/t-Butyl 
Norbornene Carboxylate Copolymer 

To a 35 ml pressure tube equipped With a Te?on coated 
stir bar and a threaded Te?on cap With O-ring Was added 
MCA (1.46 g, 13.1 mmol), BNC (5.08 g, 26.2 mmol), THF 
(4 g), AIBN (120 mg) and acetic acid (200 mg). The reaction 
mixture Was deaerated With nitrogen at a ?oW rate of 30 
ml/min for 15 minutes. The reaction vessel Was then imme 
diately capped tight using the Te?on screW cap. The vessel 
Was placed in an oil-bath, Which Was preheated to 72° C. The 
reaction Was alloWed to proceed for three hours. The viscous 
reaction mass Was cooled to room temperature and diluted 
With 10.5 ml of THF. The solution Was poured dropWise into 
85 ml of hexane While stirring. The White polymer Was 
?ltered, Washed With hexane and dried overnight in a 
vacuum oven at 55 ° C. The yield of the isolated polymer Was 
found to be 67.3%. The polymer obtained Was an alternating 
polymer. The Weight average molecular Weight Was found to 
be 7987 g/mole With polydispersity of 2.92. 1H NMR 
indicated the presence of both methyl and t-butyl ester of 
MCA and BNC respectively. The monomer ratio in the 
polymer Was found to be 53:47 (MCAzBNC). 

Example 5 

Synthesis of Methyl 2-cyanoacrylate/cis-Norborn-5 
ene-endo-2,3-dicarboxylic Anhydride Copolymer 

To a 35 ml pressure tube equipped With a Te?on coated 
stir bar and a threaded Te?on cap With O-ring Was added 
MCA (1.62 g, 14.5 mmol), NBDCA (2.38 g, 14.5 mmol), 
THF (6 g), AIBN (120 mg) and acetic acid (200 mg). The 
reaction mixture Was deaerated With nitrogen at a ?oW rate 
of 30 ml/min for 15 minutes. The reaction vessel Was then 
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12 
immediately capped tight using the Te?on screW cap. The 
vessel Was placed in an oil-bath, Which Was preheated to 72° 
C. The reaction Was alloWed to proceed for three hours. The 
viscous reaction mass Was cooled to room temperature and 
diluted With 20.5 ml of THF. The solution Was poured 
dropWise into 75 ml of hexane While stirring. The White 
polymer Was ?ltered, Washed With hexane and dried over 
night in a vacuum oven at 55° C. The yield of copolymer 
Was 66.5%. The molecular Weight Was observed to be 

MW=1102. 

Example 6 

Synthesis of Methyl 2-cyanoacrylate/t-butyl 
Norbornene Carboxylate/hydroxyethyl Norbornene 
Carboxylate/norbornene Carboxylic Acid Polymer 

To a 35 ml pressure tube equipped With a Te?on coated 
stir bar and a threaded Te?on cap With O-ring Was added 
MCA (1.5 g, 13.5 mmol), BNC (1.83 g, 9.4 mmol), HNC 
(0.49 g, 2.7 mmol), NCA (0.18 g, 1.3 mmol), THF (4 g), 
AIBN (120 mg) and acetic acid (200 mg). The reaction 
mixture Was deaerated With nitrogen at a ?oW rate of 30 
ml/min for 15 minutes. The reaction vessel Was then imme 
diately capped tight using the Te?on screW cap. The vessel 
Was placed in an oil-bath, Which Was preheated to 72° C. The 
reaction Was alloWed to proceed for three hours. The viscous 
reaction mass Was cooled to room temperature and diluted 
With 20.5 ml of THF. The solution Was poured dropWise into 
75 ml of hexane While stirring. The White polymer Was 
?ltered, Washed With hexane and dried overnight in a 
vacuum oven at 55° C. The yield of the polymer Was 70.4%. 
The molecular Weight of the polymer Was 4371 With poly 
dispersity of 2.84. 

Example 7 

Synthesis of Methyl 2-Cyanoacrylate/t-Butyl 
Norbornene Carboxylate Copolymer 

To a 35 ml pressure tube equipped With a Te?on coated 
stir bar and a threaded Te?on cap With O-ring Was added 
MCA (1.46 g, 13.1 mmol), BNC (5.08 g, 26.2 mmol), THF 
(4 g), AIBN (120 mg) and acetic acid (200 mg). The reaction 
mixture Was deaerated With nitrogen at a ?oW rate of 30 
ml/min for 15 minutes. The reaction vessel Was then imme 
diately capped tight using the Te?on screW cap. The vessel 
Was placed in an oil-bath, Which Was preheated to 72° C. The 
reaction Was alloWed to proceed for six hours. The viscous 
reaction mass Was cooled to room temperature and diluted 
With 10.5 ml of THF. The solution Was poured dropWise into 
125 ml of hexane While stirring. The White polymer Was 
?ltered, Washed With hexane and dried overnight in a 
vacuum oven at 55 ° C. The yield of the isolated polymer Was 
found to be 80.6%. The Weight average molecular Weight 
Was found to be 7613 With polydispersity of 3.97. 1H NMR 
indicated the presence of both methyl ((61.53) and t-butyl 
(63.95) ester of MCA and BNC respectively. The monomer 
ratio in the polymer Was found to be 52:48 (MCAzBNC). 

Example 8 

The Resist Composition and Lithographic 
Evaluation at 193 nm 

The copolymer from Example 1 Was dissolved in PGMEA 
to make 11.5% solution. To this solution, 5% of triphenyl 
sulfonium nona?uorobutane sulfonate based on the Weight 
of the copolymer Was added. The resist composition Was 
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then spin coated over a silicon Wafer Which had been 
pretreated With hexamethylsilaZane (HMDS) and coated 
With of 39 nm thick bottom antire?ective coating, AZ® Exp 
ArF-1C (available from Clariant Corp., 70, Meister Ave., 
Somerville, NJ. 08876). The substrate Was baked at 110° C. 
for 90s to obtain a 390 nm photoresist ?lm. The ?lm Was 

then exposed With ArF excimer laser stepper (193 nm, 
NA=0.6, o=0.7) using binary mask. The exposed ?lm Was 
baked at 150° C. for 90s on a hot plate and the pattern Was 
developed using 0.265N tetramethylammonium hydroxide. 
0.16 pm line-space patterns Were resolved at a dose of 13 m] 
cm'2 

Example 9 

The Photoresist Composition and Lithographic 
Evaluation at 193 nm 

The UV transmittance of the copolymer (Example 4) Was 
measured using 390 nm thick ?lm of the copolymer Which 
Was obtained by spin coating a 11.5% copolymer solution in 
PGMEA onto a quartZ substrate. The absorptivity of this 
polymer at 193 nm Wavelength Was determined to be 0.237 
pm_1. 

The copolymer of Example 4 Was dissolved in PGMEA to 
make 11.5% solution. To this solution, 5% of triphenylsul 
fonium nona?uorobutane sulfonate based on the Weight of 
the copolymer Was added. The resist composition Was then 
spin coated over a silicon substrate Which had been pre 
treated With hexamethylsilaZane (HMDS) and coated With of 
39 nm thick bottom antire?ective coating, AZ® Exp ArF-1C 
(available from Clariant Corp., 70, Meister Ave., Somerville, 
N]. 08876). The substrate Was baked at 110° C. for 90s to 
obtain a 390 nm ?lm. The ?lm Was then exposed With ArF 

excimer laser stepper (193 nm, NA=0.6, o=0.7) using binary 
mask. The exposed ?lm Was baked at 110° C. for 90s on a 
hot plate and the pattern Was developed using 0.265N 
tetramethylammonium hydroxide. 0.13 pm line-space pat 
terns Were resolved at a dose of 10 m] cm_2. 

What is claimed is: 
1. A cyano containing copolymer comprising at least one 

ethylenic unit of structure 1 containing at least one cyano 
functionality, and at least one cyclic unit of structure 2, 
Where structure 1 is 

(1) 
R1 R2 

+47 

Where, R1—R4 are independently hydrogen, alkyl, O-alkyl, 
alkyl ester, per?uoroalkyl ester, carboxylic acid, 
alkylcarbonyl, carboxylate, cyano(CN), ?uoroalkyl, 
acid or base labile group, alkylsulfonyl, sulfonate, 
sulfonamide, alkylsulfonamide, providing that at least 
one of R1—R4 contains a cyano functionality, and Where 
structure 2 is 
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(2) 
R5 R6 

R16 ) $1 R7 
R15 m R8 

R10 R9 

Where R5—R14 are independently hydrogen, (C1—C6) 
alkyl, halogen, carboxylic acid, (C1—C1O) 
alkylOCOalkyl, cyano(CN), (C1—C10) secondary or 
tertiary carboxylate, substituted pinacol, R7 and R8 
may be linked to form a cyclic non-aromatic 
structure, ?uoroalkyl, W(CF3)2OH, Where W is 
(C1—C6)alkyl or (C1—C6)alkyl ether, or an acid or 
base labile group, 

R15 and R16 are hydrogen or (C1—C4)alkyl, 
and m is 0—3. 

2. The copolymer according to claim 1, Where the acid 
labile group is selected from tert-butoxycarbonyl, tert 
pentyloxycarbonyl, isobornyloxycarbonyl, 
cyclohexyloxycarbonyl, 2-alkyl-2-admantyloxycarbonyl, 
tetrahydrofuranyloxycarbonyl, 
tetrahydropyranyloxycarbonyl, substituted or unsubstituted 
methoxymethoxycarbonyl, [3-carbonyloxy-[3-methyl-6 
valerolactone, [3-carbonyloxy-[3-methyl-y-butyrolactone, 
tert-butoxycarbonyloxy, tert-pentyloxycarbonyloxy, 
isobornyloxycarbonyloxy, cyclohexyloxycarbonyloxy, 
2-alkyl-2-admantyloxycarbonyloxy, 
tetrahydrofuranyloxycarbonyloxy, 
tetrahydropyranyloxycarbonyloxy, substituted or unsubsti 
tuted methoxymethoxycarbonyloxy, [3-oxycarbonyloxy-[3 
methyl-6-valerolactone, [3-oxycarbonyloxy-[3-methyl-y 
butyrolactone, tert-butoxy, tert-pentyloxy, isobornyloxy, 
cyclohexyloxy, 2-alkyl-2-admantyloxy, 
tetrahydrofuranyloxy, tetrahydropyranyloxy, substituted or 
unsubstituted methoxymethoxy, [3-oxy- [3 -methyl-6 
valerolactone, and [3-oxy-[3-methyl-y-butyrolactone, and 
Where the acid labile group is connected directly to the 
polymer backbone or through a connecting group. 

3. The copolymer according to claim 1, Where R7 and R8 
are linked to form a lactone or anhydride. 

4. The copolymer according to claim 1, Where the ethyl 
enic unit is derived from the monomers selected from 

CN CN CN CN 

COOBul, COOMe, 

CN 

COOMe, 

5. The copolymer according to claim 1, Where the cyclic 
unit is derived from monomers selected from 

COOBu1, 
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-continued 

F COOBul and 

F CF3 

—— OH 

—— OH 

6. The copolymer according to claim 1, Where the ethyl 
enic unit is at a level of at least 40 mole %. 

7. The copolymer according to claim 1, Where the ethyl 
enic unit is at a level less than 80 mole %. 

8. The copolymer according to claim 1, Where the Weight 
average molecular Weight is less than 200,000. 

9. The copolymer according to claim 1, Where the Weight 
average molecular Weight is greater than 1,000. 

10. The copolymer according to claim 1, further compris 
ing additional comonomers. 

11. The copolymer according to claim 10, Where the 
additional comonomers are selected from acrylates, 
methacrylates, styrenes, hydroXystyrene, 
hydroXyheXa?uoroisopropylstyrene, vinyl ethers, vinyl 
acetates, tetra?uoroethylene, maleic anhydride and itaconic 
anhydride and their ?uorinated homologues. 

12. The copolymer according to claim 1, Where the 
copolymer has an absorption coef?cient at an exposure 
Wavelength of less than 4/micron. 

13. A process of preparing the copolymer of claim 1 
comprising reacting a monomer of structure 3 With a mono 
mer of structure 4 in the presence of a free radical initiator, 
in a solvent medium at a suitable reaction temperature and 
for a suitable reaction time; Where structure 3 is 

(3) 

Where, R1—R4 are independently hydrogen, alkyl, O-alkyl, 
alkyl ester, per?uoroalkyl ester, carboXylic acid, 
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alkylcarbonyl, carboXylate, cyano(CN), ?uoroalkyl, 
acid or base labile group, alkylsulfonyl, sulfonate, 
sulfonamide, alkylsulfonamide, providing that at least 
one of R1—R4 contains a cyano functionality, and Where 
structure 4 is 

R5 R6 

R16 R7 

R15 m R8 

R10 R9 

(4) 

Where R5—R14 are independently hydrogen, (C1—C6) 
alkyl, halogen, carboXylic acid, (C1—C1O) 
alkylOCOalkyl, cyano(CN), (C1—C1O ) secondary or 
tertiary carboXylate, substituted pinacol, R7 and R8 
may be linked to form a cyclic non-aromatic 

structure, ?uoroalkyl, W(CF3)2OH, Where W is 
(C1—C6)alkyl or (C1—C6)alkyl ether, or an acid or 
base labile group, 

R15 and R16 are hydrogen or (C1—C4)alkyl, 
and m is 0—3. 

14. The process of claim 13, Where the solvent is selected 
from tetrahydrofuran, dioXane and toluene. 

15. The process of claim 13, Where the free radical 
initiator is 2,2‘-aZobisisobutyronitrile. 

16. The process of claim 13, further comprising an acid in 
the reaction miXture. 

17. The process of claim 16, Where the acid is acetic acid. 
18. The process of claim 13, Where the reaction time 

ranges from 1 hour to 24 hours. 
19. The process of claim 13, Where the reaction tempera 

ture can range from 25° C. to 150° C. 
20. The process of claim 13, further comprising droWning 

the polymer in a nonsolvent. 
21. The process of claim 20, Where the nonsolvent is 

selected from hexane, heptane and diethyl ether. 

* * * * * 


