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(57) ABSTRACT 

The present invention provides an anti-refective coating 
polymer, an anti-re?ective coating (ARC) composition com 
prising the same, methods for producing the same, and 
methods for using the same. The anti-refective coating 
polymer of the present invention are particularly useful in a 
submicrolithographic process, for example, using ArF (193 
nm) laser as a light source. The ARC of the present invention 
signi?cantly reduces or prevents back re?ection of light and 
the problem of the CD alteration caused by the diffracted 
and/or re?ected light. The ARC of the present invention also 
signi?cantly reduces or eliminates the standing Wave effect 
and re?ective notching. Thus, the use of ARC of the present 
invention results in formation of a stable ultra?ne pattern 
that is suitable in manufacturing of 1G, and 4G DRAM 
semiconductor devices. Moreover, the ARC of the present 
invention signi?cantly improves the production yield of 
such semiconductor devices. 
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ORGANIC ANTI-REFLECTIVE COATING 
POLYMER AND PREPARATION THEREOF 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the invention 

[0002] The present invention relates to an anti-re?ective 
polymer that is useful in a submicrolithographic process, a 
composition comprising the polymer, and a method for 
preparing the same. In particular, the present invention 
relates to a polymer that can be used in an anti-re?ective 
coating layer to reduce or prevent back re?ection of light 
and/or to eliminate the standing Waves in the photoresist 
layer during a submicrolithographic process. The present 
invention also relates to a composition comprising the 
polymer, and a method for using the same. 

[0003] 2. Description of the Prior Art 

[0004] In most submicrolithographic processes standing 
Waves and/or re?ective notching of the Waves typically 
occur due to the optical properties of the loWer layer coated 
on a substrate and/or due to changes in the thickness of a 
photosensitive (i.e., photoresist) ?lm applied thereon. In 
addition, typical submicrolithographic processes suffer from 
a problem of CD (critical dimension) alteration caused by 
diffracted and/or re?ected light from the loWer layer. 

[0005] One possible solution is to apply an anti-re?ective 
coating (i.e., ARC) betWeen the substrate and the photosen 
sitive ?lm. Useful ARCs have a high absorbance of the light 
Wavelengths that are used in submicrolithographic pro 
cesses. ARCs can be an inorganic an organic material, and 
they are generally classi?ed as “absorptive” or “interfering” 
depending on the mechanism. For a microlithographic pro 
cess using I-line (365 nm Wavelength) radiation, inorganic 
anti-re?ective ?lms are generally used. Typically, TiN or 
amorphous carbon (amorphous-C) materials are used for an 
absorptive ARC and SiON materials are typically used for 
an interfering ARC. 

[0006] SiON-based anti-re?ective ?lms have also been 
adapted for submicrolithographic processes that use a KrF 
light source. Recently, use of an organic compound as ARC 
has been investigated. It is generally believed that an organic 
compound based ARCs are particularly useful in submicroli 
thographic processes, in particular those using an ArF light 
source. 

[0007] In order to be useful as an ARC, an organic 
compound needs to have many diverse and desirable physi 
cal properties. For eXample, a cured ARC should not be 
soluble in solvents because dissolution of the organic ARC 
can cause the photoresist composition layer to peel-off in a 
lithographic process. One method for reducing the solubility 
of cured ARC is to include cross-linking moieties such that 
When cured the ARC becomes cross-linked and becomes 
insoluble in most solvents used in lithographic processes. In 
addition, there should be minimum amount of migration 
(i.e., diffusion), if at all, of materials, such as acids and/or 
amines, to and from the ARC. If acids migrate from the ARC 
to an uneXposed area of the positive photoresist ?lm, the 
photosensitive pattern is undercut. If bases, such as amines, 
diffuse from the ARC to an uneXposed area of the positive 
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photoresist ?lm a footing phenomenon occurs. Moreover, 
ARC should have a faster etching rate than the upper 
photosensitive (i.e., photoresist) ?lm to alloW the etching 
process to be conducted smoothly With the photosensitive 
?lm serving as a mask. Preferably, an organic ARC should 
be as thin as possible and have an eXcellent light re?ection 
prevention property. 

[0008] While a variety of ARC materials are currently 
available, none of these materials is useful in ArF laser 
submicrolithographic processes. In the absence of an ARC, 
the irradiated light penetrates into the photoresist ?lm and is 
back re?ected or scattered from its loWer layers or the 
surface of the substrate (e.g., semiconductor chip), Which 
affects the resolution and/or the formation of a photoresist 
pattern. 

[0009] Therefore, there is a need for an ARC material 
Which have a high absorbance of the Wavelengths used in 
submicrolithographic processes. 

SUMMARY OF THE INVENTION 

[0010] It is an object of the present invention to provide an 
organic polymer that can be used as an ARC material in ArF 
laser (193 nm) or KrF laser (248 nm) submicrolithographic 
processes. 

[0011] It is another object of the present invention to 
provide a method for preparing an organic polymer that 
reduces or prevents diffusion and/or light re?ection in sub 
microlithographi processes. 

[0012] It is a further object of the present invention to 
provide an ARC composition comprising such an organic 
diffusion/re?ection preventing or reducing polymer and a 
method for producing the same. 

[0013] It is a still further object of the present invention to 
provide a method for producing a photoresist pattern using 
ArF laser submicrolithographic processes With reduced 
standing Wave effect. 

[0014] It is yet another object of the present invention to 
provide a semiconductor device Which is produced using the 
ARC composition in a submicrolithographic process. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0015] Alkyl groups according to the present invention are 
aliphatic hydrocarbons Which can be straight or branched 
chain groups. Alkyl groups optionally can be substituted 
With one or more substituents, such as a halogen, alkenyl, 
alkynyl, aryl, hydroXy, amino, thio, alkoXy, carboXy, OX0 or 
cycloalkyl. There may be optionally inserted along the alkyl 
group one or more oxygen, sulfur or substituted or unsub 

stituted nitrogen atoms. Exemplary alkyl groups include 
methyl, ethyl, i-propyl, n-butyl, t-butyl, ?uoromethyl, dif 
luoromethyl, tri?uoromethyl, chloromethyl, trichlorom 
ethyl, and penta?uoroethyl. 

[0016] In a submicrolithography process, an anti-re?ec 
tive coating (i.e., ARC) is used to reduce or prevent the 
standing Wave effect and/or re?ective notching Which can 
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occurr upon exposure of a photosensitive layer to light. In 
addition, the ARC reduces or eliminates the in?uence of a 
back diffraction and re?ection of light from the loWer layer. 
The ARC can also prevent undercutting and footing prob 
lems Which can occur upon forming images on photosensi 
tive materials. To be useful, the ARC must have a high 
absorbance at speci?c Wavelengths. 

[0017] The present invention provides polymers that com 
prise a chromophore substituent Which is highly absorptive 
of light, in particular at Wavelengths of 193 nm and 248 nm. 
Polymers of the present invention can further comprise a 
crosslinking moiety. It has been found by the present inven 
tors that the presence of such cross-linking moiety signi? 
cantly improves the adhesiveness and dissolution of the 
ARC. Useful cross-linking moieties include an epoxide 
moiety. Without being bound by any theory, it is believed 
that heating (i.e., baking) ARC causes opening of the 
epoxide ring and creates crosslinking Within the ARC poly 
mer, thereby improving the physical properties of the ARC. 
In particular, uncured ARC resins (i.e., polymers) of the 
present invention are soluble in most hydrocarbon solvents, 
thus alloWing ARC resins to be easily coated onto a sub 
strate. HoWever, a cured (i.e., baked) ARC of the present 
invention are relatively insoluble in most solvents, thus 
preventing dissolution of the ARC in a developing solution. 
It is believed that ARCs of the present invention have higher 
etching rate than ArF photosensitive ?lms because the 
crosslinking moieties are bonded to each other via C—O 
linkages. This higher etching rate signi?cantly improves in 
the etch selection ratio betWeen the ARC and the photosen 
sitive ?lm. 

[0018] In one aspect of the present invention, an anti 
re?ective coating polymer is selected from the group con 
siting of a polymer of the formula: 

Jan. 24, 2002 

[0019] 
[0020] R8, Rb, RC, Rd, and Re are independently 

hydrogen or Cl-C6 alkyl (preferably methyl); 

and mixtures thereof, Wherein 

[0021] R1 to R4 are independently hydrogen, option 
ally substituted Cl-C5 alkyl, or optionally substituted 
alkoxyalkyl; 

[0022] R5 is hydrogen, hydroxide, a moiety of the 
formula —COCH3, optionally substituted Cl-C4 
alkyl, optionally substituted cycloalky, optionally 
substituted alkoxyalky, or optionally substituted 
cycloalkoxyalkyl; 

[0023] W, x, y and Z are mole fractions each of Which 
is independently in the range of from 0.1 to 0.9; and 

[0024] each of l, m, n, and p is independently an 
integer of 1 to 3. 
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[0025] The terminal groups of a polymer depicted in the 
present disclosure depend on the particular polymerization 
initiator used. In addition, as used throughout this disclo 
sure, it should be appreciated that the order of monomeric 
units represented in a polymer formula does not necessarily 
indicate the actual order of such monomeric units in the 
polymer. Monomeric units represented in a polymer formula 
are intended to simply indicate the presence of such mono 
meric units in the polymer. Moreover, the variables represent 
the total relative ratio of each unit. For example, the total 
amount “W” in Formula 1 above can be inter dispersed 
throughout the polymer (not necessarily in same concentra 
tions) or all or majority of such polymeric unit can be 
concentrated in one particular location of the polymer. 

[0026] Another aspect of the present invention provides a 
method for producing an anti-re?ective coating polymer, 
such as those described above. 

[0027] In one particular embodiment of the present inven 
tion, the polymer of Formula 1 is produced by polymeriZing 
a miXture of monomers comprising: 

[0028] a 4-(4-hydroXyphenoXy)acetoXyalcoholacrylate 
monomer of the formula: 

12 

R1 R2 
R3 0 OH H 

CH2=C—C—O—(CH2)1-CH—CH2—O—C—(CH2)}TO OH 

R4 R3 

[0029] a hydroXyalkylacrylate monomer of the formula: 

J an. 24, 2002 

[0030] an alkylacrylate monomer of the formula: 

16 

[0031] and a glycidylacrylate monomer of the formula: 

17 

Rd 

[0032] in the presence of a polymeriZation initiator, Where 
Ra, Rb, RC, Rd, Re, R1 to R4, 1, m, n and p are those de?ned 
above. Each of the monomers is present in a mole fraction 
ranging from about 0.1 to about 0.9. 

15 

Rb 
[0033] Another embodiment of the present invention pro 
vides a method for producing the polymer of Formula 2 from 

O a miXture of monomers comprising: 

0 
\ 
/(CH2)“‘ [0034] 4-(4-hydroXyphenyl)pyruvicalcoholacrylate 

HO monomer of the formula: 

13 

R1 R2 

Ra 

CH2=C—C—O—(CH2)1—CH—CH2—O—C—C—(CH2)P OH 
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[0035] the hydroxy alkylacrylate monomer of Formula 15, 
the alkylacrylate monomer of Formula 16, and the glycidyl 
acrylate monomer of Formula 17 described above in the 
presence of a polymerization initiator, Where R8, R1 to R4, 1, 
and p are those de?ned above. Each of the monomers is 
present in a mole fraction ranging from about 0.1 to about 
0.9. 

[0036] Yet another embodiment of the present invention 
provides a method for producing the polymer of Formula 3 
from a mixture of monomers comprising: a vinyl 4-ben 
Zoateketone monomer of the formula: 

14 

R1 R2 

R30 

[0037] the hydroxy alkylacrylate monomer of Formula 15, 
the alkylacrylate monomer of Formula 16, and the glycidyl 
acrylate monomer of Formula 17 described above in the 
presence of a polymeriZation initiator, Where R8, R1 to R5, 
and l are those de?ned above. Each of the monomers is 
present in a mole fraction ranging from about 0.1 to about 
0.9. 

[0038] Preferably, mixtures of monomers described above 
further comprise an organic solvent. Useful organic solvents 
in polymeriZation are Well knoWn to one of ordinary skill in 
the art. In particular, a polymeriZation solvent is selected 
from the group consisting of tetrahydrofuran, toluene, ben 
Zene, methylethyl ketone, dioxane, and mixtures thereof. 

[0039] Useful polymeriZation initiators include those Well 
knoWn to one of ordinary skill in the art, such as 2,2 
aZobisisobutyronitrile (AIBN), acetylperoxide, laurylperox 
ide and t-butylperoxide. 

[0040] Preferably, the polymeriZation reaction is con 
ducted at temperature in the range of from about 50° C. to 
about 80° C. 

[0041] Another aspect of the present invention provides an 
ARC composition comprising a polymer the Formula 1, 2, 
3, or mixtures thereof. It has been found by the present 
inventors that such an ARC composition is particularly 
useful in a submicrolithography process. The ARC compo 
sition can further include an organic solvent. 

[0042] Still another aspect of the present invention pro 
vides a method for producing the ARC composition 
described above compring the steps of admixing the ARC 
polymer described above With an organic solvent. Useful 
organic solvents for ARC composition include conventional 
organic solvent. Preferred organic solvents for ARC com 
position include ethyl 3-ethoxypropionate, methyl 3-meth 
oxypropionate, cyclohexanone, propylene glycol methyl 
etheracetate, and mixtures thereof. The amount of organic 
solvents for ARC composition is preferably in the amount of 
from about 200 to about 5,000% by Weight relative to the 
total Weight of the ARC polymers used. 
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[0043] Further aspect of the present invention provides a 
method for forming an ARC on a substrate. In one embodi 
ment, the ARC compositing described above is coated on a 
substrate, such as a Wafer, and the coated substrate is heated 
(e.g., baked). The ARC composition can be ?ltered prior to 
being coated onto the substrate. Heating of the coated 
substrate is preferably conducted at temperature in the range 
of from about 100° C. to about 300° C. for a period of from 
about 10 sec. to about 1,000 sec. Heating the coated sub 
strate produces a ?lm of crosslinked ARC polymer. 

[0044] It has been found by the present inventors that the 
ARCs of the present invention exhibit high performance in 
submicrolithographic processes, in particular using KrF 
(248 nm), ArF (193 nm) and F2 (157 nm) lasers as a light 
source. 

[0045] In accordance With yet another aspect, the present 
invention provides a semiconductor device produced using 
the ARC composition described above. 

[0046] Additional objects, advantages, and novel features 
of this invention Will become apparent to those skilled in the 
art upon examination of the folloWing examples thereof, 
Which are not intended to be limiting. 

EXAMPLE 1 

Synthesis of 4-(4-Hydroxyphenoxy)Acetoxy 
Isopropanol Methacrylate Monomer 

[0047] To 100 g of tetrahydrofuran (THF) Was added 0.35 
moles of 4-hydroxyphenylacetic acid, a solution of 0.35 
moles of p-toluene sulfonic acid in 100 g of THF, and 0.3 
moles of glycidylmethacrylate (containing 0.03 moles of 
4-methoxyphenyl as a polymeriZation inhibitor). The result 
ing solution Was stirred for 24 hours under nitrogen atmo 
sphere. During reaction progress Was monitored using a thin 
layer chromatography (TLC). The reaction mixture Was 
Washed With deioniZed Water. The organic phase Was 
extracted, dried over MgSO4, and distilled under vacuum to 
afford the title compound of Formula 4. Yield: 85-90 %. 

OH 
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EXAMPLE 2 

Synthesis of 4-(4-Hydroxyphenyl) 
Pyruvicisopropanol Methacrylate Monomer 

[0048] To 100 g of tetrahydrofuran (THF) Was added 0.35 
moles of 4-hydroxyphenylpyruvic acid, a solution of 0.35 
moles of p-toluene sulfonic acid in 100 g of THF, and 0.3 
moles of glycidylmethacrylate (containing 0.03 moles of 
4-methoxyphenyl as a polymerization inhibitor). The result 
ing solution Was stirred for 10 hours or longer under nitrogen 
atmosphere. The reaction mixture Was Washed With deion 

iZed Water, and the organic phase Was extracted, dried over 
MgSO4, and distilled under vacuum to afford the title 

compound of Formula 5. Yield: 80-85 %. 

CH3 

CH2=C 

CH2 

Ho—CH 

CH; 

C: 

C=O 

CH2 

OH 

EXAMPLE 3 

Synthesis of Vinyl 4-(2-Butanone)BenZoate 
Monomer 

[0049] To 0.35 moles of triethylamine Was added 0.35 
moles of 4-(4-hydroxyphenyl)-2-butanone and 0.33 moles 
of acryloylchloride. The resulting mixture Was stirred for 24 
hours or longer under nitrogen atmosphere While being 
cooled to maintain a constant temperature during the exo 
thermic reaction. The reaction solution Was neutraliZed With 
1N sulfuric acid solution and Washed With deioniZed Water, 
and the organic phase Was extracted, dried over MgSO4 to 
afford the title compound of Formula 6. Yield: 90-95%. 
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CH; 

C: 

CH3 

EXAMPLE 4 

Synthesis of Vinyl 4-(3-Methoxy)BenZoate Acetone 
Monomer 

[0050] To 0.35 moles of triethylamine Was added 0.35 
moles of 4-hydroxy-3-methoxyphenylacetone and 0.33 
moles of acryloylchloride. The resulting solution Was stirred 
for 24 hours or longer under nitrogen atmosphere While 
being cooled to maintain a constant temperature during the 
exothermic reaction. The reaction mixture Was neutraliZed 
With 1N sulfuric acid solution and Washed With deioniZed 
Water, after Which the organic phase Was extracted, dried 
over MgSO4 to afford the title compound of Formula 7. 
Yield: 90-95 %. 

CH2 

C=o 

CH3 

EXAMPLE 5 

Synthesis of Poly [4-(4-Hydroxyphenoxy)Acetoxy 
isopropanolmethacrylate-Hydroxyethylmethacrylate 
Methylmethacrylate-Glycidylmethaerylate]Quater 

nary Copolymer 
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[0051] To a 500 ml round-bottom ?ask Was added 0.3 
moles of 4-(4-hydroXyphenoXy)acetoXyisopro 
panolmethacrylate, 0.25 moles of hydroXyethylmethacry 
late, 0.1 mole of methylmethacrylate, 0.3 moles of glycidyl 
methacrylate, 300 g of THF, and 0.1-3 g of 2,2‘ 
aZobisisobutyronitrile (AIBN). The resulting mixture Was 
stirred at 60-75° C. for 5-20 hours under nitrogen atmo 
sphere. The resulting solution Was precipitated in ethyl ether 
or n-heXane and the precipitate Was ?ltered and dried to 
afford poly[4-(4-hydroXyphenoXy)acetoXyiso-propanol 
methacrylate-hydroXyethylmethacrylate-methylmethacry 
late-glycidylmethacrylate] resin of Formula 8. Yield: 
65-70%. 

CH3 CH3 CH3 CH3 

(CHZ-C 20.3 (CHZ-C 20.25 (CH2-C 20.1 (CH2_(|: 20.3 
c=o 

I I I I 
I I I I 
(I112 (I112 CH3 (I112 

HO— CH CH; /CH 
I I O\ 
(I112 OH CH2 
0 

I 
i=0 
TH: 
0 

OH 

EXAMPLE 6 

Synthesis of -Poly [4-(4-HydroXyphenyl)Pyruvici 
sopropanolmethacrylate-HydroXyethylacrylate-Me 
thylmethacrylate-Glycidylmethacrylate]Quaternary 

Copolymer 

[0052] To a 500 ml round-bottom ?ask Was added 0.3 
moles of 4-(4-hydroXyphenyl)pyruvicisopro 
panolmethacrylate, 0.2 moles of hydroXyethylacrylate, 0.15 
moles of methylmethacrylate, 0.3 moles of glycidyl 
methacrylate, 300 g of THF, and 0.1-3 g of AIBN. The 
resulting mixture Was stirred at 60-75° C. for 5-20 hours 
under nitrogen atmosphere. The resulting solution Was pre 
cipitated in ethyl ether or n-heXane. The precipitate Was 
?ltered and dried to afford poly[4-(4-glycidylmethacrylate] 
resin of Formula 9. Yield: 65 -70%. 
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CH3 CH3 CH3 

c=o 

I I I I 
T T T ‘I 
(I112 (‘3H2 CH3 (I112 

HO—CH CH CH 

| | 2 <>< 
(I112 OH CH2 
0 

I 
‘i=0 
‘i=0 
CH2 

OH 

EXAMPLE 7 

Synthesis of Poly[Vinyl 4-(2-Butanone)BenZoate 
HydroXypropylacrylate-Methylmethacrylate-Gly 

cidylmethaerylate]Quaternary Copolymer 
[0053] To a 500 ml round-bottom ?ask Was added 0.3 
moles of vinyl 4-(2-butanone)benZoate, 0.25 moles of 
hydroXypropylacrylate, 0.1 mole of methylmethacrylate, 0.3 
moles of glycidylmethacrylate, 300 g of THF, and 0.1-3 g of 
AIBN. The reaction miXture Was stirred at 60-75° C. for 
5-20 hours under nitrogen atmosphere. The solution Was 
precipitated in ethyl ether or n-heXane. The precipitate Was 
?ltered and dried to afford poly[viny 4-(2-butanone)ben 
Zoate-hydroXypropylacrylate-methylmethacrylate-glycidyl 
methacrylate] resin of Formula 10. Yield: 65-70%. 

10 

CH3 H CH3 CH3 

e CH2_(|: 20.3 e CH2_C 5025i CH2_C 20.1 ( CH2_(|: 20.3 

I I I I 
(I112 (IIH3 (::H2 
(I112 O<CH 
CH2 cH2 

IH 
IH. 

II 
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EXAMPLE 8 

Synthesis of Poly[Vinyl 4-(3-MethoXy)BenZoateac 
etone-HydroXypropylmethacrylate-Methylmethy 
acrylate-Glycidylmethacrylate]Quaternary Copoly 

mer 

[0054] To a 500 ml round-bottom ?ask Was added 0.3 
moles of vinyl 4-(3-methoXy)benZoateacetone, 0.23 moles 
of hydroXypropylacrylate, 0.1 mole of methylmethacrylate, 
0.3 moles of glycidylmethacrylate, 300 g of THF, and 0.1-3 
g of AIBN. The resulting mixture Was stirred at 60-75 ° C. for 
5-20 hours under nitrogen atmosphere. The resulting solu 
tion Was precipitated in ethyl ether or n-heXane and the 
precipitate Was ?ltered and dried to afford poly[vinyl 4-(3 
methoXy)benZoateacetone-hydroXypropylmethacrylate-me 
thylmethacrylate-glycidylmethacrylate] resin of Formula 11. 
Yield: 65-70%. 

11 

CH3 CH3 CH3 CH3 

—6CH2—CWCHZ—CWCHZ—CWCHZ—CW 
1:0 1:0 1:0 1:0 
(L (L (L (L 

(|:H3 O<CH 
CH2 CH2 

CH2 0H 

i=0 
(‘1H, 

EXAMPLE 9 

Formation of ARC 

[0055] Polymers of EXamples 5 to 8 Were independently 
dissolved in propyleneglycol methylether acetate 
(PGMEA). These solutions, alone or in combination With 
0.1-30 % by Weight of at least one additive selected from 
conventional anthracene additives. The resulting solutions 
Were ?ltered, coated on a Wafer, and hard-baked at 100-300° 
C. for 10-1,000 sec to form an ARC. A photosensitive 
material (i.e., photoresist composition) is coated on top of 
the ARC layer and subjected to a submicrolithographic 
process to produce an ultra?ne photoresist pattern. 

[0056] Polymers of the present invention comprise a phe 
nyl group Which is capable of absorbing light that is used in 
submicrolithography processes. Additionally, uncured poly 
mer of the present invention is soluble in most hydrocarbon 
solvents While the cured (i.e., hard baked) polymer is 
insoluble in most solvents. Thus, polymers of the present 
invention can be easily coated onto a substrate and are 
capable of preventing undercutting and footing problems 
that can occur during a photoresist pattern formation on 
photosensitive materials (i.e., photoresist compositions). 
[0057] Moreover, polymers of the present invention com 
prise crosslinking moieties that form C—O bonds, thus 
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providing ARCs that have a higher etching rate than ArF 
photosensitive ?lms resulting in a signi?cantly improved 
etch selection ratio betWeen the ARCs and the photosensi 
tive ?lms. 

[0058] ARCs of the present invention reduce or eliminate 
the back re?ection of light from loWer layers of the photo 
sensitive ?lm or the surface of the substrate (e.g., semicon 
ductor element). In addition, ARCs of the present invention 
reduce or eliminate the standing Waves effect due to the 
thickness changes in the photoresist layer during a submi 
crolithographic process. Thus, ARCs of the present inven 
tion are useful in forming an ultra?ne photoresist pattern. In 
particular, use of ARCs of the present invention in submi 
crolithographic processes result in formation of a stable 
ultra?ne pattern that are suitable for 1G, 4G and 16G DRAM 
semiconductor devices. And since a stable pattern is formed, 
use of ARCs of the present invention greatly improves the 
production yield. 
[0059] While the present invention has been described 
herein With reference to particular embodiments thereof, a 
latitude of modi?cation, various changes and substitutions 
are intended in the foregoing disclosure. It Will be appreci 
ated that in some instances some features of the invention 
Will be employed Without a corresponding use of other 
features Without departing from the scope of the invention as 
set forth herein. Therefore, many modi?cations may be 
made to adapt a particular situation or material to the 
teachings of the invention Without departing from the essen 
tial scope and spirit of the present invention. It is intended 
that the invention not be limited to the particular embodi 
ment disclosed as the best mode contemplated for carrying 
out this invention, but that the invention shall include all 
embodiments and equivalents falling Within the scope of the 
appended claims. 

What is claimed is: 
1. A polymer of the formula: 

wherein 

R8, Rb, RC, Rd, and Re are independently hydrogen or 
Cl-C6 alkyl; 
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R1 to R4 are independently hydrogen, optionally substi 
tuted C1-C5 alkyl, or optionally substituted alkoXy 
alkyl; 

W, X, y and Z are mole fractions each of Which is 
independently in the range of from 0.1to 0.9; and 

each of l, m, n and p is independently an integer of 1 to 
3. 

2. The polymer of claim 1, wherein R8, Rb, RC, Rd, and Re 
are methyl. 

3. The polymer of claim 2, l, n, and p are 1 and m is 2; 
R1 to R4 are hydrogen; W, X, y and Z are in the ratio of 
0.310.251015103. 

4. A method for preparing a polymer of the formula: 

Ra Rb Re Rd 
| 

—eCHrTaTeCHrTaTeCHrTaTeCHrTaT 
C=O 

(CH2)1 O O 

HO—CH (CH2),, 

cH2 OH 
O 

O 

0 

R3 R2 

OH 

said method comprising the steps of polymeriZaing an 
admixture of monomers in the presence of a polymer 
initiator, Wherein said admixture of monomers comprises: a 
monomer of the formula: 

R3 
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a hydroXyalkylacrylate monomer of the formula: 

Rb 

O 

(CH2)m 
/ 

HO 

an alkylacrylate monomer of the formula: 

and a glycidylacrylate monomer of the formula: 

O 

(CH2)11 

wherein 

R8, Rb, RC, Rd, and Re are independently hydrogen or 
C1-C6 alkyl; 

R2 

OH 

R3 

R1 to R4 are independently hydrogen, optionally substi 
tuted C1-C5 alkyl, or optionally substituted alkoXy 
alkyl; and 

each of l, m, n and p is independently an integer of 1 to 
3. 

5. The method of claim 4, Wherein said polymeriZation 
initiator is selected from the group consisting of 2,2-aZobi 
sisobutyronitrile(AIBN), acetylperoXide, laurylperoXide, 
and t-butylperoXide. 
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6. The method of claim 4, wherein said admixture further 
comprises a solvent. 

7. The method of claim 6, Wherein said solvent is selected 
from the group consisting of tetrahydrofuran, toluene, ben 
Zene, methylethyl ketone and dioxane. 

8. The method of claim 4 further comprising heating said 
admixture to temperature in the range of from about 50° C. 
to about 80° C. 

9. The method of claim 4, Wherein the mole fraction of 
each of said monomers is independently in the range of from 
about 0.1 to about 0.9. 

10. A polymer of the formula: 

wherein 

R8, Rb, RC, Rd, and Re are independently hydrogen or 
alkyl; 
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12. The polymer of claim 11, Rb is hydrogen; 1, n and p 
are 1; m is 2; R1 to R4 are hydrogen; the ratio of W, X, y and 
Z is 0.3:0.25:0.15:0.3. 

13. A method for preparing a polymer of the formula: 

said method comprising the steps of polymeriZaing an 
admixture of monomers in the presence of a polymer 
initiator, Wherein said admixture of monomers comprises: a 
monomer of the formula: 

O O 

II II 

R1 to R4 are independently hydrogen, optionally substi 
tuted C1-C5 alkyl, or optionally substituted alkoxy 
alkyl; 

W, x, y and Z are mole fractions each of Which is 
independently in the range of from 0.1 to 0.9; and 

each of l, m, n and p is independently an integer of 1 to 
3. 

11. The polymer of claim 10, wherein R8, RC, Rd, and Re 
are methyl. 
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a hydroxyalkylacrylate monomer of the formula: 

Rb 

O 

O 

(CH2)m 
/ 

HO 

an alkylacrylate monomer of the formula: 

RC 

and a glycidylacrylate monomer of the formula: 

0 

wherein 

R8, Rb, RC, Rd, and Re are independently hydrogen or 
C1-C6 alkyl; 

R1 to R4 are independently hydrogen, optionally substi 
tuted C1-C5 alkyl, or optionally substituted alkoxy 
alkyl; and 

each of l, m, n and p is independently an integer of 1 to 
3. 

14. The method of claim 13, Wherein said polymeriZation 
initiator is selected from the group consisting of 2,2-aZobi 
sisobutyronitrile(AIBN), acetylperoxide, laurylperoxide, 
and t-butylperoxide. 

15. The method of claim 13, Wherein said admixture 
further comprises a solvent. 

16. The method of claim 15, Wherein said solvent is 
selected from the group consisting of tetrahydrofuran, tolu 
ene, benZene, methylethyl ketone and dioxane. 

17. The method of claim 13 further comprising heating 
said admixture to temperature in the range of from about 50° 
C. to about 80° C. 

18. The method of claim 13, Wherein the mole fraction of 
each of said monomers is independently in the range of from 
about 0.1 to about 0.9. 
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19. A polymer of the formula: 

Ra, Rb, RC, Rd, and Re are independently hydrogen or 
C1-C6 alkyl; 

R1 to R4 are independently hydrogen, optionally substi 
tuted C1-C5 alkyl, or optionally substituted alkoxy 
alkyl; 

R5 is hydrogen, hydroxide, a moiety of the formula 
—COCH3, optionally substituted C1-C4 alkyl, option 
ally substituted cycloalky, optionally substituted 
alkoxyalky, or optionally substituted cycloalkoxyalkyl; 

W, x, y and Z are mole fractions each of Which is 
independently in the range of from 0.1 to 0.9; and 

each of l, m, and n is independently an integer of 1 to 3. 
20. The polymer of claim 19, wherein R8, R0 and Rd are 

methyl. 
21. The polymer of claim 20, Rb is hydrogen; 1 is 2; m is 

3; n is 1; R1 to R4 are hydrogen; R5 is a moiety of the formula 
—COCH3; and the ratio of W, x, y and Z is 0.3:0.25:0.15:0.3. 

22. The polymer of claim 19, wherein R8, Rb, Rc and Rd 
are methyl. 

23. The polymer of claim 22, l is 1; m is 3; n is 1; R1 to 
R3 are hydrogen; R4 is methoxy; R5 is a moiety of the 
formula —COCH3; and the ratio of W, x, y and Z is 
0.3:0.23:0.17:0.3. 

24. method for preparing a polymer of the formula: 

said method comprising the steps of polymeriZing an admix 
ture of monomers in the presence of a polymer initiator, 
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wherein said admixture of monomers comprises: a monomer 
of the formula: 

R1 R2 
R3 0 

a hydroxyalkylacrylate monomer of the formula: 

Rb 

O 

O 
\ 
(CH2)m 
/ 

HO 

an alkylacryl ate monomer of the formula: 

and a glycidyl acryl ate monomer of the formula: 

wherein 

R8, Rb, RC, Rd, and Re are independently hydrogen or 
C1-C6 alkyl; 
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R1 to R4 are independently hydrogen, optionally substi 
tuted C1-C5 alkyl, or optionally substituted alkoxy 
alkyl; 

R5 is hydrogen, hydroxide, a moiety of the formula 
—COCH3, optionally substituted C1-C4 alkyl, option 
ally substituted cycloalky, optionally substituted 
alkoxyalky, or optionally substituted cycloalkoxyalkyl; 
and 

each of l, m, and n is independently an integer of 1 to 3. 

25. The method of claim 24, Wherein said polymeriZation 
initiator is selected from the group consisting of 2,2-aZobi 
sisobutyronitrile(AIBN), acetylperoxide, laurylperoxide, 
and t-butylperoxide. 

26. The method of claim 24, Wherein said admixture 
further comprises a solvent. 

27. The method of claim 26, Wherein said solvent is 
selected from the group consisting of tetrahydrofuran, tolu 
ene, benZene, methylethyl ketone and dioxane. 

28. The method of claim 24 further comprising heating 
said admixture to temperature in the range of from about 50° 
C. to about 80° C. 

29. The method of claim 24, Wherein the mole fraction of 
each of said monomers is independently in the range of from 
about 0.1 to about 0.9. 

30. A method for forming an anti-re?ective coating on a 

substrate, said method comprising the steps of: 

(a) admixing an organic solvent and an anti-re?ective 
coating polymer selected from the group consisting of 
a polymer of the formulas: 

c=o C: C: c=o 

(CH2), J) ' J) 
HO—CH (CHZX. 

CH2 OH 

0 

l 

R3 R2 

OH 
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and mixtures thereof, 

wherein 

R8, Rb, RC, Rd, and Re are independently hydrogen or 
C1-C6 alkyl; 

R1 to R4 are independently hydrogen, optionally sub 
stituted C1-C5 alkyl, or optionally substituted 
alkoxyalkyl; 

R5 is hydrogen, hydroxide, a moiety of the formula 
—COCH3, optionally substituted C1-C4 alkyl, 
optionally substituted cycloalky, optionally substi 
tuted alkoXyalky, or optionally substituted 
cycloalkoXyalkyl, 

W, X, y and Z are mole fractions each of Which is 
independently in the range of from 0.1 to 0.9; and 

each of 1, In, n, and p is independently an integer of 1 
to 3, 

(b) coating said adrniXture on a substrate; and 

(c) heating said coated substrate. 
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31. The method of claim 30, Wherein said organic solvent 
is selected from the group consisting of ethyl 3-ethoXypro 
pionate, rnethyl 3-rnethoXypropionate, cycloheXanone, and 
propylene glycol rnethyletheracetate. 

32. The method of claim 30, Wherein the amount of said 
organic solvent is from about 200 to about 5,000% by Weight 
of the total Weight of said anti-re?ective coating polyrners. 

33. The method of claim 30, Wherein said heating step 
comprises heating said coated substrate at temperature in the 
range of from about 100° C. to about 300° C. for a period 
of from about 10 sec. to about 1,000 sec. 

34. An anti-re?ective coating composition, comprising a 
polymer of the formula: 

OH 
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R8, Rb, RC, Rd, and Re are independently hydrogen or 
-continued C1-C6 alkyl; 

Ra Rb Re Rd R1 to R4 are independently hydrogen, optionally substi 

_(_CH2_C_)_(_CH2_C?_(_CH2_C?_(_CH2_C_)_ . tuted C1-C5 alkyl, or optionally substituted alkoXy W x y z a 

alkyl; 
(|:=O C=O C=O C=O 

| | | | R is h dro en, h droXide, a rnoiet of the formula 5 y g y y 

O (I) (I) —COCH3, optionally substituted C1-C4 alkyl, option 
R4 R1 (CH2)In Re (CH2)n ally substituted cycloalky, optionally substituted 

(LH alkoxyalky, or optionally substituted cycloalkoxyalkyl; 

R R O W, X, y and Z are mole fractions each of Which is 
3 2 independently in the range of from 0.1 to 0.9; and 

CH 
(I 2h each of 1, In, n, and p is independently an integer of 1 to 
R5 3. 

35. A semiconductor device produced by a method of 
claim 30. 

or mixtures thereof, Wherein * * * * * 


