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HYDROXY-AMINO THERMALLY CURED UNDERCOAT 
FOR 193 NM LITHOGRAPHY 

"FIELD OF THE INVENTION-

The present invention relates to deep UV lithography used in semiconductor 

manufacturing and more particularly to undercoat layers for chemically amplified bilayer 

resist systems. 

BACKGROUND TO THE INVENTION. 

Integrated circuit production relies on the use of photolithograpbic processes to 

define the active elements and interconnecting structures on microelectronic devices. 

Until recently, g-line (436 nm) and I-line (365 nm) wavelengths of light have been used 

for the bulk of microlithographic applications. However, in order to achieve smaller 

dimensions of resolution, the wavelength of light . used for microlithography · ·.in 

semiconductor manufacturing bas been reduced into the deep UV regions of 256 nm and 

193 nm. The problem with using deep UV wavelengths is that resists used at the higher 

wavelengths were too absorbent and insensitive. Thus, in order to utili7.e deep UV light 

wavelengt;hs, new resist materials with low optical absorption and enhanced sensitivities 

were needed. 

Chemically amplified resist materials have recently been developed through the 

use of acid-labile polymers in order to meet the above-mentioned criteria. They have 

shown great promise in increasing· re8olution. However, chemically amplified resist 

systems have many shortcomings. ·One problem is standing wave effects, which occur 

when monochromatic deep UV light is reflected off the surface of a reflective substrate 

during exposure. The formation of standing waves in the resist reduces resolution and 

causes linewidth variations. For example, standing waves in a positive resist have a 
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tendency to result in a foot at the resist/substrate interface reducing the resolution of the 

resist. 

In addition, chemically amplified resist profiles and ~solution may change due to 

substrate poisoning. ParticUlarJy, this effect occurs wheii the· ~bstrate has a nitride layer. 

It is believed that the N-H bond in the nitride film deacti~s.-the acid at the nitride/resist 
... ·· .... ~ 

interf~e. For a positive resist, this results in an ~tribl~ area, and either resist 

scumming, or a foot at the resi.St/substrate interface. 

Furthermore, lithographic aspect ratios require. the chemically amplified resist 

layer be thin, e.g., about O.S µm, to Print sub 0.18 µm features. This in tum requires the 

resist to have excellent plasma etch resistance such that resist image features can be 

transferred down into the underlying substrate. However, in order to decrease absorbance 

of the chemicaliy amplified resist, aromatic groups, such as those in novolaks bad to be 

. removed, which in tum ~d the etch resistance. 

Utilizing an underlayer or undercoat fi1m that is placed on the substrate before the 

chemical amplified· film ·is applied can reduce the above-mentioned problems. The 

·Undercoat absorbs most of the deei> UV light attenuating standing wave· effects. In 
•' .. 

addition, the undercoat prevCnts deactivation of the acid catalyst at the resist/substrate 

interface. Furthermore, the undercoat layer can contain some aromatic groups to provide 

etch resistance. 

In the ·typical bilayer resist process, the lllldercoat layer is applied on the substrate. 

The chemically amplified ~i~ is then applied on the undercoat layer, exposed to deep 

UV light and developed to form images in the chemically amplified resist topcoat. The 
. . . 

bilayer resist system is then pl8ced in an oxygen plasma etch environment to etch the 

llllderooat in the areas where the chemically amplified resist has been removed by the 

development. . The chemically amplified resist in a bilayer system typically contains 

silicon and is thus able to- withstand oxygen plasma etching. After the bottom layer is 
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etched, the resist~. can. be used. for subsequent procCssing such as. non-oxygen 

plasma etch chemistry 'w'b.ich removes the underlying substrirte. 

Even though the undercoat attenuates standing waves and substrate poisoning, it 

poses other problems.. First, some undercoat layers are soluble·to ·the chemical amplified 

resist solvent component. If there. is intermixing between the top and undercoat layers, 

the ~lution and sensitivity of the top resist layer will be ~Y affected. 

In addition, if there is a large difference in the index of refraction between. the 

chemical amplified resist and the undercoat layer, light will reflect off the undercoat layer 

causing standing wave effects in the resist. Thus, the index of reftaction between the two 

layers mllSt be matched to mfojmiu reflectivity effects. 

Another problem with undercoating layers is that they are sometimes too 

absorbent because of incorporation of aromatic groups. Some semiconductor 

manufacturing deep UV exposure tools utilize the same wavelength of light. to both 

expose the resist and to. align the exposure mask to the layer below the resist. If the 

undercoat layer is too absoi-bent, the reflected light needed for alignment is too attenuated 

to be useful. However, if the undercoat layer is not absorbent enou~ standing waves . 

may occur. A formulator must balance these competing objectives. 

In addition, some undercoats have very poor plasma etch resistance to plasma 

chemistry. The etch resistance of the undercoat should be comparable to the etch rate of 

novolak resins in order to be commercially viable. 

Furtherm~ some undercoat layers require UV exposure in order to form ~ss­

links before the radiation sensitive resist topcoat layer can be applied. The problem with 

UV cross-linking undercoat layers is that they require long··exposure times to form 

sufficient cross-links. The long exposme times severely constrain throughput and add to 

the cost of producing integrated circuits. The UV tools also do not provide uniform 

exposure so that some areas of the undercoat layer may be cross-linked more than other 
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areas of the undercoat layer. In addition, UV cross-linking exposure tools ate very 
expensive and are not included in most resist coating tools because of expense and· space 
limitations. 

Some undercoat layers are cross-linked by heating; flowever, the problem with 
these undercoat layers is that they require high cming temperatures and long ·curing times 
before the top layer can be applied.· In order to be comm=W!y useful, undercoat layers 
should be curable at temperatures below 250° C and for a time less than 180 seconds. 

After curing, the undercoat should haVe a high glass transition temperature to withstand 
subsequent high temperature processing. 

Therefore, it is an object of the present invention to ·provide a thermally curabie 
pol:ymer composition that is useful for an undercoat layer in deep UV lithography. 
Another object of the present invention is to provide an undercoat layer, which is cured at 

ten).pntures less than about 2500 C and for a time less than about 3 minutes. It is a 
further object of this invention to provide an undercoat layer which is insOluble to the top 

resist' s solvent system, minimizes reflectivity effects, and has an etch rate comparable to 
novolaks •. ·. . ; ·. 

Other and further .'Objects, .advantages and fe$1res of the present invention shall 
beCome apparent as described bel~. . 

SUMMARY OF THE INVENTION 

The present invention is directed to a thermally curable polymer composition 
comprising a hydroxyl-containing polymer, mi amino cross-linking agent and a thermal . . 

acid generator. The therm8Iiy curable polymer composition may be dissolved in a 
solvent and used as an undercoat layer in deep lN lithography. 

In addition, the present invention also relates to a photolithographic coated 

substrate comprising: a substrate, a thennally cured undel'Coat composition on the 
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s~ and' a radiation-sensitive re8ist topcoat on the ·thermauy cured' undercoat 

composition. Furtb,ermore, the present invention further relates to a process for using the 

photolithographic coated substrate for the production Qf relief structures. 

DETAILED DE8CRIPTIONAND EMBODIMENTS 

This invention relates to a thermally curable pol~er compositi~ which may be 

used for formfug an undercoat layer in deep UV lithography. The. thermally curable 

polymer composition comprises a hydroxyl-containing polymer, an amino cross-linking 

agent and a thermal acid generator and. When the composition is heated, the thermal 

acid generator protonates the polyfunctional amino cross-linking agent resultirig in a very 

strong electrophillic group. This group reacts with a hydroxyl group on the hydroxyl­

containing polymer forming a cured cross-linked polymer matrix. 

Any suitable amino cross-linking agent may be used in the· present application 

such as methylolated and/or methylolated and etherified Dielamines, methylolated and/or 

methylolated·and etherified· gnanamines and the like. The preferred amino cross-lliiking 

agents have the general formula: 

wherein Y is NR.s~ or a substituted or unsubstituted aryl or alkyl group; and R1 to ~ are 

independently a hydrogen or a group of the formula -CH20H or -CH20R11 wherein 

R11 is a alkyl group of about 1 to 8 carbons. 

Examples of suitable melamine cross-linking agents are methoxyaklylmelamines such 

as hexamethoxymethylmelaminCy trimethoxymethylmelamine, hexameth~xyethylmelamine, 
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tetramethox.yethylmelamine, h.examethoxypropylmelamin~ J:?~ethoxypropylmelamine. 

· and the like. The pref~ melamine cross-linking agent is. ~xainethoxymethylmelamine. 

The themial acid generator of the present invention bas the general formula: 

0 
II 

R 7-o-s 
II 
0 

where R7 is a substituted or unsubstituted alkyl, cycloalkyl or aromatic group wherein the 

substituted group is a halogen, alkoxy, aromatic, nitro or amin~ group; and Rs to R12 are 

independently selected from hydrogen, linear or branched C1 io C4 alkyl, alkoxy,. amino, 

alkylamino, aryl, alkenyl, halogen, acyloxy, cycloalkyl,. or annulated cycloalkyl, aromatic 

or heterocyclic. More preferable thermal , acid generators are cyclohexyl p-.· ' . . ·. . :.· 

toluenesulfonate, menthyl p-toluen~onate and cyclohexyl ,·, 2,4,6-

triis.opropylbenzenesulfonate:~ .. 

Annulated means that the cycloalkyl, aromatic or heterocyclic ring is .connected 

onto the benzene ring of the thennal acid generator such as, for example, the annulated 

aromatic shown below 

0 AmDeled ammdi: 

The preferred thermal acid generators are cyclohexyl p-toluenesulfonate, menthyl 

p-toluenesulfonate, bomyl p-toluenesulfonate, cyclohexyl triisopropylbenzenesulfonate, 

cyclohexyl 4-methoxybe~ne sulfonate. 
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The ther:ma1 acid generators described above should not be considered photoacid 

generators. Any sensitivity that the thermal acid generators would have to UV light 

should be very poor, and ~ey cannot practically be used in photolithography as a 

photoacid generator~ 

The thermally curable polymer composition also comprises a hydroxyl-containing 

polymer. Any suitable hydroxyl-containing polymer may be used such as polymers 

comprising monomer units of cycloheltanol, hydroxystyrene, hydroxyalkyl acrylate or 

methacrylate, hydroxycycloalkyl acrylate or methacrylate, aryalkyl alcohols, allyl alcohol 

and the like. This invention also. contemplates copolymers, terpolymers, and the like of 

the foregoing named polymers. In addition, polymers containing novolaks may also be 

used. 

Preferably, polymers comprising monomer units.of cyclohexanol, hydroxystyrene 

hydroxyalkyl acrylate or metbacrylate, arylalkyl alcohols and hydroxycycloalkyl acrylate 

or methacrylate have a number average molecular weight of about 9000 to 38,000, more 

preferably 14,000 to 30,000 and even more preferably about 18,000 to 22,000. 

In addition, the thennally curable polymer composition may also further comprise 

monomer units of cycloaliphatic esters of acrylic or metbacrylic acid. Suitable examples 

of monomer units of cycloaliphatic esters of acrylic or metbacrylic acid are cyclohexyl 

acrylate or methacrylate, 4-tert-butylcyclohexyl acrylate or methacrylate and isobomyl 

acrylate or methacrylate, adamantyl acrylates and methacrylates, dicyclopentenyl 

acrylates and methacrylates, 2-(dicylcopenteneyloxy)ethyl acrylates and methacrylates 

and the like. The preferred monomer· units of cycloaliphatic ester of acrylic or 

methacrylic acid are isobornyl acrylate or methacrylate. 

Furthermore, the hydroxyl-containjng polymer may further comprise aromatic 

monomer units, preferably styrene or biphenyl acrylate or methacrylate. 
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Examples of suitable hydroxya)kyl acrylate or m~lates monmner units are 

hydroxymethyl aciylate or metbacrylate, 2-hydroxYethyl ·~late or methacrylate, · 3-

hydroxypropjrl acrylate or methacrylate~ · 4- hydroxybutyl ~late· or methacrylate, 5-

hydroxypentyl acrylate or methacrylate, and 6- hydroxy~J acrylate or metbacrylate 

and the ·like. Preferably, the hydroxyalkyl acrylate or in,ethacrylate monomer units 

contains primary hydroxyl groups, although secondary and ~ alcohol groups or 

mixtures of primary and secondary or primary; secondary iu.td tertiary ·alcohol groups 

may be used. Suitable examples of secondary alcohols ~ · 2-hydroxy-2-niethylethyl 

acrylate or methacrylate, 3-hydroxy-3-methypi'Opyl acrylate; ~hydroxy4-methylbutyl 

acryiate or metbacrylate, 5-hydroxy-5-methyl· pi"opyl · acryblte or metbaccylate, and the 

like. The. preferred hydroxyalkyl acrylate or methacrylate is 2-hy~xyethyl acrylate or 

methacrylate. 

Suitable examples of acylalkyl alcohol lilOnomet · umts are . benzy1. alcohol, 4-

methyl-benzyl alcohol, ~yl-benzyl · alcohol, cUm.yl alc0hol, alpha;.methyl benzyl. 

alcohol, 2-phenyl-l;.Ctbanol; 3-phenyl-l;,.propanol, arid 1-naphthyl methanol. . 

Other preferred. copolymer5 hsefuI in the thermally curable polymer composition 

ale a copoiymer of styrene" ~ allyl alcohol monomer· umtS with a weight average 

mol~ weight of about2000 to20;000, preferably 2000 tO l 0,000; and a copolymer of 

hydroxystyrene and a cycloaliphatic esters of acrylic or methacrylic acid monomer units 

with a number average molecular weights· of about 9000 to 38~000, preferably about 

14,000 to 30,000, more preferably about 18,000 to 22,000. 

The thermally curable polymer composition preferably contains· about 75 to 95 

wt. %, and more preferably about 82 to 95 wt. % of hydroxyl· cOntaining polymer. The 

amount of the amino cross-linking agent in the therm.ally curable polymer composition is 

prefembly about 3 to 20 wt. % and more preferably about 5 to 15 wt. %. The amount of 

the thermal acid generator in 'the thermally curable polymer composition is preferably 

about 0.5 to 5 wt. % and more preferably about 1.5 to 3.5 wt. %. 
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The thermally curable polymer composition of the present invention should'not 

begin significant cross-linking until it reaches a tem.perature of about SOO C. Significant 

cross-linking below 50° C may lead to gel formation at room temperature, which- will 

reduce its shelf life. Gel formation results in non-uniform coatings and linewidth 

variations across the substrate when the thermally curable polymer composition is used as 

an undercoat layer in microlitb.ography. 

The more preferable polymers of the present invention comprise polymers with 

the following monomer units: 

· Rt6 

0 

HO 

Polymer 1 

Polymer2 . 

wherein Ras and Ru; are independently selected from hydrogen or methyl. 
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"Polymer 1 com~es abOut 40 to 75 mole% of isobomyl acrylate or methacrylate 

monomer units aiid about 25 tO 60 mole % ofhydroxystyreiie ~~11omer units. 

Polymer 2 comprises about 39 to 60 mole% of styrene monomer units and about 

40 to 61 mole% of atlyl alcohol monomer units. 

Another preferable polymer (polymer 3) is a copolymer of biphenyl acrylate or 

metbacrylate and hydroxyethyl acrylate or metbaaylate. The amount of biphenyl 

acrylate or methacrylate is about SO to 90 mole % and the amount of hydroxyethyl 

acrylate or methacrylate is about 10 to SO mole %. 

The polymeri7.ation of the polymers described above may be carried out by any 

suitable polymerization process such as free radical polymeri7.ation. The number average 

molecular weight of Polymers 1 and 3 are about 9,000 to 38~000, preferably about 14,000 

to 20,000 and more preferable about 18,000.to 22,000. The weight average moleculai 

weight of polymer 2 is about 2,00Q to 20,000, preferably about 2000 to 10,000 •. 

The ~ invention also relates to a photolithographic coated substrate 

comprising: a substrate, a thermally cured undercoat composition on the substrate, and 

a radiation-sensitive resist topcoat on the thermally cured undercoat composition. 

The thermally cured undercoat composition comprises the thennally curable. polymer 

composition that comprises a hydroxyl-containing polymer, an amino cross-linking 

agent and a thermal acid generator which has been heated to form a cross-linked matrix. 

Any of the polymers described. above may be used as the hydroxyl-containing polymer. 

Preferably, the hydroxyl-containing polymer is selected from Polymers 1 or 2. 

The present invention further relates to a process for using the photolithographic 

coated substrate for the production of relief structures comprising the steps of: 

providing the photolithographic coated substrate, imagewise exposing the radiation­

sensiti.ve resist topcoat to actinic radiation; and fonning a resist image by developing the 

radiation-sensitive resist topcoat with a developer to form open areas in the radiation-
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sensitive resist topcoat. In addition, the thermally cured undercoat composition may be 
removed. in the open areas of the developed radiation-sensitive ~ topcoat by any 
suitable process such as oxygen plasma etching to form an image in the thermally cured 

undercoat composition. 

One advantage· of the thermally curable polymer composition is that it may be 

cured at a temperature of less than about 250° C and for a time less than about 180 

seconds. This make it particularly useful as an undercoat layer for a resist system where 
temperature and time constnints are important for commercial viability. Preferably, the 
thermally curable polymer composition is cured at temperatures between 150 to 250° C 

and more preferably between temperatures of 180 to 220° C. The preferably curable 
times are from about 30 to 180 seconds and more preferably from about 60 to 120 
seconds. 

Both the undercoat and the radiation-sensitive compositions are uniformly applied 
to a substrate by known coating methods. The compositions are solubilized in: an orgmrlc 
solvent and the coatings may be applied by spin-coating, dipping, knife_ coating, 
lamination, brushing, spraying, and reverse-roll coating. The coating thickness range 

genemlly covers values of about 0.1 to more than 10 µm and more preferably from about 
0.1 to 1.5 um for the radiation-sensitive resist and about 0.3 to 3.0 um for the undercoat 
layer. After the coating operation, the solvent is generally removed by curing or drying. 

Suitable solvents for both the undercoat and top radiation-sensitive compositions 
include ketones, ethers and esters, such as methyl ethyl ketone, methyl isobutyl ketone, 2-
heptanone, . cyclopentanone, cyclehexano~ 2-methoxy-1-propylene acetate, 2-
methoxyethanol, 2-ethoxyethanol, 2-ethoxyethyl acetate, l-methoxy-2-propyl acetate, 

1,2-dimethoxy ethane ethyl acetate, cellosolve acetate, propylene glycol monoethyl ether 
acetate, propylene glycol methyl ether acetate, methyl l~ ethyl lactate, methyl 
pymvate, ethyl pyruvate, methyl 3-methoxypropionate, ethyl 3-methoxypropionate, N­
methyl-2-pyrrolidone, 1,4-dioxane, ethylene glycol monoisopropyl ether, diethylene 

11 



W000/54105 PCT/USOOio6314 

glycol monoetbyl ether, didbylene glJco1 monomethyl ether, clietbyla alYcol dimedlyl 

etla, and the lib. 

The :radiation-aemi1ive iaist topooat of tbo pmient inventi~ may be any suitable 
radiatioJHallitive resist. It is iypic:aUy a chemicill1y amplified mist Rllsitive to 

mdia1ioD in the ~ tN mgion luda as 1llOse discussed iii U.S. Patent Nos. SA92.793 
and S,747,6'22. Pmaably, fin': a bilayer mist ayatem, the:radi~o.a-llDSftive n:sist will . 
contain silieou to pmtcct it aom ~plasma. etobing. A pmfaable radiation sensitive 
msist topeoat comprises a polymer mmprisiaa tile following manonier units: .. 

+artt 
C=o. I . 

··~o-(0 
·v 

+~--fRa') 
p:=o 
? 

. (~(2\J, . : ' './ ' .,, ........ 
. CaJmSi--" y 0-...stCQ\h 

Si(~ 

whaein R13 is methyl or hydmx.yethyl, R1• is hydmgm, methyl or CHzCO:£ff3, and Ru 

and RM are hydropn or methyl, with each choice made iadependeatly. 

The ndiation-senSitive Jaist will also contain a photoacicl generating (PAG) 
compound: The PAO comPounds ma;.. be of any suitable typo such as aulfcmimn or 

iodonlum salts, nitiobenzyl esters, bidosulfomdea esten and the like. Typically, the 
· PAO will be preseilt in an •ouit of abo1Jt 1 to 10% based on 1he weight of the polymer. 

For the produation of ldlef saructmes. the radlation·sensitive RSist is imagewise 
exposecl to actinic ndiaticm. The tam •imagewisew exPosurc ~udes both cxposme 
dm)ugh a photomast COD1aiDing a pndetennined pattern. exposure by means of a 
computer controlled laser beam which is moved over the surface of tbe coated substrate, 
exposure by means of computeNxmlmllcd electton beams, and txpo&1lle by means of X· 
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rays or UV rays through a COINSpODCling muk. The imagewiae cxpol\ft geaeratCs act~ 

in the cxpmed rcgiom of the ICsilt wbioh clePeS the acicl laln1e groups mmlting in a 

pofymcr which is aqueous solul*. Typically, dcr imapwilc cxpoaure. the chemically 

,amplifiecl taist wiJl be suh,Jeded fO a· post exposure headag 1reatmeilt that virtually 

completes the reaction ofthephotGlcicl .p.aen&torwith the add labile groups. 

After · • amd beat 1l'ell1mtnt or· the llUderia1 the -...-1. smapwue upo$IU'O 1111 • -....-

- of the top ndialimHensitive mist - typically aemoved by dissolution in a 

aqueous developer. The choice of the padicular developer dcpaids on the type of 

photmesist; in panicular cm the llllbn of 1he polymer lain or the ;Jaotoly&is prodUCIB 

gcaaatcd. The dc¥dopcr C11D comprise aquous aolulions of bucs 10 wbidl orpnic 

solvents or mixtures thereof-r baYC been added. Pmtloularly prefaaid developers me 

aqueous alkaline solutions. 11ae iDc1ude. for example, 141JCG111 solutions of elbli metal· 

silicates, ·phosphates, ~ and cmbonates, but in · paalicular of tetra. 

alk.ylammonium hydzmdcfa. llld men pnferably ·~um hydroxide 

(TMAH). If ..... selatiwly small amouals of wetting .. aodlot organic solvents 

can also be added to thase solutions. 

The radialion-sensilive nsist ... for the hilaJU pocess dacribed. above will 

typically COJltlin ~ or hMe silicon iacorponted iuto 1he resist after ~opmc:nt. 

After images are formed in the radiation-sensitive resist. the substrate will be placed Jn an· 

plasma-etcbiug cnvirollJIMm.t compdaina OX)'pll IO tbat the uaderlayer coating will be 

removed. The siliooa incm.pwab:d in die sadiation-lcasive ICSist fonns silicon dioxide 

whm exposed to an OXJICll plasma and pivteots it tivm being etobec1 so that relief 

structures can be fonllCd in the undercoat layer. 

After the oxygen p1ama step. the subslralc cm)'ia& the bilayer ielief structure is 

generally subjected to at least one tbrther treatment step which changes the substrate in 

.areas not covered by the blla)'Cl' Matjng TYPically. this can be iaiplantation of a dopant, 

deposition of anotaer sll8tOrial oa tho subitrate or ail ecching of the subslrate. 1bis is 
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usually followed by the removal of the resist coating from the substrate typically by a 

fluorine/oxygen plasma etch. 

It was surprising and unexpected that the present. thermally curable 

polymer composition worked well as an undercoat layer for J.i1:hography with the amino 

cross-linking agent. ~ was a concern that the nitroge11 ·bonds. in ~ cross-linking 

group would deactivate the acid in a positive radiation sc;nsitive resist resulting in an 

insoluble area, and either resist scumming or a foot at the resist/undercoat· interface. 

However, the following examples showed that the resolution of the :teSist was excellent 

and that there was no scumming or foot at the resist/undercoat interface. 

This invention is explained below· in further detail with references to examples, 

which are not by way of limitatiOll. ·but by way of illustration. 

EXAMPLE I 
Synthesis Procedure for Polymer 1 

In a l 00 ml three-necked round bottom flask equipped with a magnetic stir bar, 

addition funnel, condenser, and nitrogen inlet-outlet was added a mixtme of 21.0 g of 

isobomyl methacrylate, 9.0 g of 4-hydroxystyrene 30 ml oftetrahydro:furan (THF) and 
0.45 g of2,2'~bis(2-methylbutyronitrile). The mixture was heated to 65°C and stirred 

for 18 hours. The solution was precipitated by addition to 1 liter ofhexanes, and the 

precipitate was filtered. The solid was dried for 1 ·hour under a water aspimtor v~ 

subsequently dissolved in 80 ml of THF and reprecipitated in 1 liter of hexanes. The 

precipitate was filtered, and the solid dried at 4 mbar for 24 hours. The yield of polymer 

was between 77-80%. The above polymer was suspended in a mixture of 70 ml 

isoproponal, SO ml TIIF and 29.5 ml of ~OH under a ·nitrogen atmosphere. After 

refluxing overnight, the solution was cooled and precipita~d by adding 1 liter of water. 

The suspension was filtered and washed with 50 ml of water and. SO ml ofhexanes. The 

solid was redissolved in TIIF and precipitated by the addition of 1.2 liter of hexanes. The 

precipitate was filtered according to the above procedure. The solid was dried at 4 mbar 
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for 24 hours. Molecular weights and molecular weight distributions were m~d using 

a Waters Corp. liquid ~~graph. The number average ~~lecular weight was 25,923 

and the polydispersity (Mw/Mn) was 2~so. Thermal decomposition measurements 

(TGA) were performed using a Perkin-Elmer thermal gravimetric analyzer (TGA-7} 

giving. a weight loss of 50% between 260-380°C. The· structure and composition of 

polymers was analyzed using a Bruker 250 Miiz NMR.-spectrometer. The mole% of 

isobomyl metbacrylate was 600/o and the mole% of hydroxystyrene was 40%. 

EXAMPLE2 

Thermally Curable Polymer Composition using Polymer 1 

A 15% by weight thermally curable pol:Ymer composition was formulated by 

combining2.18g of Polymer 1fromExample1above,0.3g ofhexamethoxymethylmelamine 

and O.Bg of cyclohexyl p-toluenesulfonate in 17 g of propylene glyeol methyl ether acetate 

(PGMEA). The mixture was rolled overnight, and the undercoat solution was filtered-twice 

through a 0.1 µm Teflon filter. 

EXAMPLE3 

Thermally Curable Polymer Composition using Polymer 2 

A 15% by weight thermally curable polymer composition was formulated by 

combining 2.18g of Polymer 2 obtained from Scientific Polymer Pro~ Inc. (60 mole 

% styrene and 40 mole% allyl alcohol), 0.3g of hexamethoxymethylmelamine and 0.8g 

of cyclohexyl p-toluenesulfonate in 17 g of propylene glycol methyl ether acetate 

(PGMEA). The mixture was rolled overnight, and the undercoat solution was filtered · 

twice through a 0.1 µm filter. 
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EXAMPU4 
Preparation of Bilayer Resist· ·· 

PCTIUS00/063.14 

A silicon wafer was spin coated with the formulatioii:o{Example 1 and baked at 

200°c for .1 min to yield a• Q~SO µm thick film. A radiation:.sensitive resist topcoat was 

spin coated over the underc0at layer and baked at. l 00°C for· 1 min to yield· a 0.25 µm 
. . . 

thick film. The radiation-sensitive resist topcoat was a chemically amplified resist 

system comprising a terpolymer of tetrahydropyranylmethacry~te /methyl methacrylate/ 

methacryloxypropyl tris(trimethoxy) · silane, a triphenylSUifonium-tritlate PAO, a 

triphenylimidole base compound and PGMEA : solvent. 'I11e ~ wafer was then 

exposed :using an ISi 248 nm wavelength stepper. The water~ post exposure baked at 

100° ·C for 1 min and developed for 30 sec in 0.262 N aqueous TMAH. The wafer was 
spun dry and the image was analyzed by scanning electron microscopy (SEM). The . 

SEM' s showed that there was no scumming or ~~ot at the reS~undercoat interface, no 

standing waves, and no intermixing of the· undercoat and the_ itDaging layer. The bilayer 

resolution was excellent and could resolve features as small _as.0.14 µmin a dense line 

structure and 0.12 um for an isolate<f line structure· .In addition, the. glass transition 

temperature of the undercoat .was. grea1er than 250° C, which shows that it can ·withstand 
·. . .. . . . . 

subsequent high temperature processing. Furthennore, the oxygen plasma etch rate of the 

undercoat was within 15% of the etch rate of novolaks. . . 

EXAMPLES 5-12 

Preparation and Lithographic Results of Bilayer Resist 

Table 1 below shows the lithographic resUlts of differelit.fonnulations of polymer 1 

in Example 2 with an amino cross-linking agent (hexametboxymethylmelamme) and a 

· thennal acid generator (cyclohexyl p-toluenesulfonate). The forritulation and lithographic 

procedures are the same as Examples 2 and 4. 

16 
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Table 1 
·-~··~; ... ·. ..... : -~· .. 

• :.-· _1_ ... ' ~ ~--

Example Polymer·l CioSs-linking Thermal 'Acid PGMEA Resolution .R.esOlution 

(gmms) Agent Generator (grams) Dense Isolated 

(grams) (grams) lines(um) Lines(um) 

5 2.75 0.15 0.11 17 0.14 0.13 

6 2.60 0.30 0.11 17 0.14 0.13 

7 2.70 0.23 0.08 17 . 0.14 0.12 

8 2.81 0.15 0.05 17 0.14 0.13 

9 2.41 0:21 0.04 15.4 0.14 0.12 

10 3.71 0.68 0.11 25.S 0.15 0.13 

11 3.94 0.45 0.11 25.5 0.14 0.12 

12 4.16 0.23 0.11 25.5 0.15 0.13 

SEM's showed that there were no scumming or foot at the resist/mdercoat ~ · 

no standing waves, and no intermixing of the undercoat and the imaging layer. 

EXAMPLES 13-14 

Preparation and Lithographic Results of Bilayer Resist 

Table 2 below the lithographic results of two copolymers of hydroxystyrene and 

isobomyl metbacrylate fonnulated with the amino cross-linking agent and thermal acid· 

generator described in Examples S through 12. The polymer in example 13 contains 55 

mole% hydroxystyrene and-45 mole% isobomyl methacrylate. The polymer in example 14 

contains 25 mole % hydroxystyrene and 75 mole% isobomyl methacrylate. 

Table2 

Example Polymer Cross-linking Thermal Acid PGMEA Resolution Resolution 

(grams) Agent Generator (grams) Dense Isolated 

(grams) (grams) lines(um} Lines(um) 

13 3.84 0.53 0.13 25.S 0.15 0.13 

14 3.84 0.53 0.13 25.5 0.15 0.13 

17 
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SEM's showed that there were no scumming or foot at \he resist/undercoat interface, 
no stsnmng wav~ and no iiltermixing of the ~oat and the imaging layer. 

The foregoing is illustrative of the present invention and is not construed as limiting 
thereof. ·The invention is defined by the following claims with· equivalents of the claUns to 

be included therein. 

/ ·,· 
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What is claimed is: 

1. A tbermaJly curable polymer composition comprising a hydroxyl-

containiilg polymer, an amino cross-linking· agent and a thermal acid generator, wherein 

said hydroxyl-containing polymer comprises monomer units selected from the group 

consisting of: cyclohexanol, hydrox:ystyrene, hydroxyalkyl acrylate or metbacrylate, 

hydroxycycloalkyl acrylate or metbacrylate, hydroxyalkylcycloalkyl acrylate or 

metbacrylate, arylaJkyl alcohol, and allyl alcohol •. 

2. The composition of claim 1 wbe.tein said hydroxy~-containing polymer 

comprises monomer units of cyclohexanol, hydroxystyrene;. hydroxyalkyl acrylate or 

methacrylate, biphenyl acrylate or· metbacrylate and hydroxycycloalkyl acrylate. or 

methacrylate and bas a number average molecular weight between. about 1~000 to 

30,000. 

3. The composition of claim 1 wherein said thennal acid generator has the 

general structure: 

0 
II 

R.,-o~s 
II 
0 

R10 

wheie R7 is a substituted or unsubstituted alkyl, cycloalkyl or aromatic group wherein the 

substituted group is halogen, alkoxy, aromati~ nitro or amino group;. and. Rs to R12 mt 

independently selected from hydrogen, linear-or branched C1 to C..alkyl,_alkoxy, amino, 

alkyJamino, aryl, alkenyl, halogen, acyloxy, cycloalkyl, orannulated cycloalkyl, aromatic. 

or heterocyclic. 

19 
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. ' 

4. The composition of claim 1 wherein said amino dross-linking agent has 

the geileral fonnula: 

R1, · : . ·Ra 
. / 

N. N N 
R/ ~--y' I .. J . . R.i 

NYN· 

y 

wherein Y is NRsR6,. or a substituted or unsubstituted aryl or~ group, R1 to ~ are 

i!idependently a hydrogen ora group of the formula ~OH or GRiOR11 where R17 is a 

alkyl group of about 1 to 8 carbons. 

S. The composition of claim 1 wherein said hy~xyl CODtaining polymer 

comprises a monomer unit of allyl alcohol and has a polymer weight average molecular· . . . . . . . . . 

weigbtof2000 to 20000. 

6. The composition of claiIIi 1 further comprising a monomer unit of a 

c.ycloaliphatic. ester of acrylic. or·metbacrylic acid. 

7. The composition of claim 6 wherein said monomer unit of cycloaliphatic 

ester of· acrylic or metbacrylic acid is selected from the group consisting of cyclohexyl · 

acrylate, cyclohexyl metbacrylates, 4-teit-butylcyclohexyl acrylate, . 4-tert-
. . 

butylcyclohexyl metbacrylate, isobomyl ·acrylate, isobomyl metbacrylate adamantyl 

acrylates and metbacrylates, dicyclopentenyl acrylates and methacrylates, 2-

(dicylcopenteneyloxy)ethyl acrylates and metbacrylates. 

8. The· composition of claim 1 wherein said hydmxyalkyl acrylate or 

metbacrylate is selected from the group consisting of: :bydroxymethyl acrylate or 

metbacrylate, 2-hydroxyethyl acrylate- or methacrylate, 3-hydroxypropyl acrylate or 

metbacrylate;. 4- hydroxybutyl acrylate . or metbacrylate, 5-hyd.roxypentyl acrylate or 

metbacrylate and.6-hydroxyhexyl acrylate or methacrylate. 

20 
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9. The comP>lil~on of claim 1 wherein said hydroxyl-containing ·polymer 

comprises the following monomer units: 

0 

HO 

(A) 

(B) 

wherein R1s and R15 are independently a.hydrogen ora methyl. 

10. The composition of claim 9 wherein the mole:% of monomer unit (A) is 

about 2S to 60 mole% and the mole% of'monomerunit(B) is about 40 to 75 mole-%. 

11. The composition of cJaim 1 wherein said hydroxyl-containing polymer 

comprises the following monomerunits:· 

(C) (D) 

21 
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12. the composition'of chUm 12 \Vherein the mole % of monomer unit (C) is 

about 39-60 mole% and the mole% of monomer unit (D) is~ 40 tO 61 mole%. 
. . . . ; . 

13. The composition of claim 3 · wherein said ~ acid genei:ator is 

selected from the group consisting of cyclohexyl p-tol~nate, menthyl p­

toluenesulfonate, bomyl p-toluenesulfonate, : c}rclohexyl triisoP.loPytbenzenesulfonate, 

cyclobexyl 4-methoxybenzenesulfonate. 

14. A photolithograpbic sensitive coated substrate comprising: 

(a) a sUbstrate; 

(b) a.thermally cured undercoat on the substrate; and 

· · (c) a radiation-sensitive resist topcoat on the thennally cured undercoat; 
wherein said· thermally cured undercoat comprises a · themially cured composition 

comprising a hydroxyl-containing polymer, an amino cross-linking agent and a themial 

acid generator. 

15 The coated substrate of claim 14 wherein said hydroxyl-containiilg 

poljm.er comprises monomer units selected bn.i the gro\ip consisting of: cyclohexanol, 
. . : . :. '· . . .·. . 

hydro~, hydroxyalkyl acryJate .or methacrylate,. hydrox}'cycloalkyl acrylate . or 

.. ~late, aryalkyl .alcohols, and allyl alcohol monomenmits.: 

16. The coated substrate of claim 14· whereh1 said thermal acid generato[· has 

the general structure: 

0 
II R,-o-s 
II 
0 

where R7 is a substituted or unsubstiUJted alkyl, cycloalkyl or aromatic group wherein the 

substituted group is halogen, alkoxy, aromatic, nitro or amino group; and Rs to R12 are 

22 
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independentJy selected from hydrogen, linear or branched C1 to ~ alkyl, alkoxy, amino, 

aJkyJ.amino, ary1, alkeiiYil'baiogen, acytoxy, ~1oalky1, or atmulated.cyc1oalky1, aromatic 

or heterocyclic. 

17. The coated substrate of cliim lS wherein said hydroxyl-containing 

polymer comprises monomer units selected ftom the group consisting of hydroxyalkyl 

acry~ ormethacryJatc and allyl alcohol units. 

18 The coated substmte of claim 14 wherein. said hydroxyl-containing 

polymer further comprises monomer· units of cycloaliphatic ester· of acrylic or 

metbacrylic acid units. 

19. The- coated substrate of claim 14 wherein said hydroxyl-containing 

polymer comprises the following:monomerunits: 

0 

(A) 

(B) 

wherein R15 and R16 are: independently ahydrogen or a methyl 

20. The coated substrate of claim 19 wherein the mole% of monomer unit (A) 

is about-2Sto 60 IJlOl~ % and.~mole. % ofmonomerunit(B) is about40to15 mole%. 

23 
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21. The coated substrate of claim 14 whe.tein said. hydroxyl-conurining 

polymer comprises the following monomer units: 

(C) (D) 

22. The coated substrate of claim 21 wherein the mole% of monomer-unit (C) 
. . 

·is about 39-60 mole% and the mole% of monomer unit (D}is about 40 to 61 mole·%.· 

23. The coated substrate of claim 14 wherein said hydroxyl-containing 

polymer comprises biphenyl acrylate or metbacrylate and hydroxyethyl acrylate or 

metbacrylate •. 

24. The coated substrate of claim 23 wherein the amount of biphenyl aaylate. 

or metbacrylate is about SO to 90 mole % and the amount of hydroxyethyl acrylate or 

methacrylate.is about 10 to 50 mole·%. 

25. The coated substrate of claim 14 wherein the radiation-sensitive:- resist 

topcoat is a chemically amplified resist containing silicon. 

26. The· coated substrate of claim 23 wherein the· wherein thC'. radiation: 

sensitive topcoat comprises a polymer comprisjn.g. the followingmonomenmits: 
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+ F:+-
R14 . 

Cl\-C . 
\ c=o 
I 

0 

I 
'R13 

+. . F:r-R1s 
CHz-C ·. 

\ 
C==O 
I 

d 

PCT/US00/06314 

· wherein R13 is methyl or hydroxyethyi R14 is hydrog~ methyl or CH2C~CH3, and Rts 

and R1&·are hydrogen or methyl,. with each choice made independently. 

27. The coated substrate of claim 14 wherein said amino cross-linking agent 

has the general formula 

· whmein Y is ~, or· a. substituted or unsubstituted aryl or alkyl group, Rt to ~ are 

independently ahydrogen or a group of the formula-CH20H orCH10R11 where R11 is a 

alkyl group of about 1 to 8 carbons. 

28. A process for the production of relief structures comprising the steps of: 

(a) forming a coated substrate; wherein said coated substrate comprises a substrate; a 

thermally cured undercoat disposed on said substtate; and a radiation-sensitive resist 

topcoat disposed on said thermally cured undercoat;. and wherein said thermally cured. 

2S 
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undercoat comprises a thermally cmed composition' comprising a hydroxyl-contirining 

polymer, an amino cross-linking agent and a thermal add genemtor; · 

(b) imagewise exposing said radiation-sensitive resist topcoat·to. ~radiation; and 

(c} forming a resist image by developing said radiation-~ve ~topcoat with a 

developer. 

29. The process of claim 26 wherein ~d hycir9xyl-containing polymer 
. : ... 

comprises about 30 to 60 mole% ofhydroxystyrene monomer Units and 40 to 70 mole % 

of isobomyl acrylate or.metbacrylate monomer units. 

30. The process of claim 26 wherein . said hydn:>xyl-c::ontaUring polymer 

comprises about 39 to 60 mole.% of styrene lnonomerunits and •ut.40 to 61 mole o/o of 

allyl alcohol monomerunits. 

31. The process of claim 26 wherein the amount. of biphenyl acrylate or 

metbacrylate ·is about 50 to 90 mole. % and the amount. of hydroxyethyl acrylate or 

methacrylate is about.10 to SO mole o/o. 

32~ The process of"claim 26 wherein said radiation semntive resist topcoat 

comprises a polymer comprising the· following.monomer units: · 

+ -d~ Clii ,--,--
C=O 
I 

d 
wherein R3 is methyl or hydroxyethyl, R.t is hydrogen, methyl orCH2COzCH~ and Rs and 

°R6 are hydrogen or methyl, with each choice.made independently. 
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33. The proces§ ·~:j claim 26 further cmnprising the.: step_ of: 

removing said thermally cured undercoat composition to form an _image thereof. 

. 27 


