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(57) ABSTRACT 

Disclosed is a novel multilayered body for photolitho 
graphic patterning of a photoresist layer from Which a 
patterned resist layer having an excellent cross sectional 
pro?le can be obtained When the multilayered structure 
comprises, on the surface of a substrate, an underlying 
Water-insoluble anti-re?ection ?lm and a negative-Working 
photoresist layer of a speci?c photoresist composition com 
prising: 

(A) 100 parts by Weight of an alkali-soluble resin; 

(B) from 0.5 to 20 parts by Weight of an onium salt 
compound capable of releasing an acid by irradiation 
With actinic rays; and 

(C) from 3 to 50 parts by Weight of a glycoluril 
compound substituted by at least one hydroxyalkyl 
group or alkoxyalkyl group at the N-position. 
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MULTILAYERED BODY FOR 
PHOTOLITHOGRAPHIC PATTERNING 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a multilayered 
body for photolithographic patterning or, more particularly, 
to a multilayered body for photolithographic patterning of a 
resist layer comprising a substrate, a ?rst anti-re?ection 
coating ?lm formed on the surface of the substrate, a layer 
of a speci?c negative-Working photoresist composition on 
the ?rst anti-re?ection coating ?lm and, optionally, a second 
anti-re?ection coating ?lm formed on the resist layer and 
suitable for obtaining, With high photosensitivity, a patterned 
resist layer of high pattern resolution having eXcellently 
orthogonal cross sectional pro?le With little edge roughness. 

[0002] Along With the trend in recent years toWard higher 
and higher degree of integration in various semiconductor 
devices, the photolithographically patterned resist layer on a 
substrate surface is required to have a pattern resolution of 
as ?ne as 250 nm or, as a target in the coming generation, as 
?ne as 200 nm. Needless to say, such an extremely ?ne 
pattern resolution of the patterned resist layer cannot be 
accomplished Without an innovative improvement in the 
performance of the photosensitive patterning material Which 
may be a photosensitive material for patterning of a chemi 
cal-ampli?cation negative-Working photoresist layer. 

[0003] The above mentioned chemical-ampli?cation 
negative-Working photoresist composition is typically for 
mulated With an acid-curable alkali-soluble resin such as a 
phenolic resin, a radiation-sensitive acid-generating agent 
and a crosslinking agent for the resin such as an addition 
product of urea or melamine and formaldehyde. It is usual 
that a photoresist layer of a chemical-ampli?cation negative 
Working photoresist composition is formed not directly on 
the surface of a substrate but on an undercoating layer of an 
anti-re?ection ?lm of a Water-insoluble anti-re?ection com 
pound formed on the substrate surface in vieW of the 
advantage relative to the pattern resolution Which can be as 
?ne as 200 nm or even ?ner. 

[0004] It is sometimes the case, hoWever, that, When a 
conventional chemical-ampli?cation negative-Working pho 
toresist composition is used in combination With an anti 
re?ection coating ?lm including organic ?lms formed from 
the most typical commercial products of the DUV Series 
(each a product by BreWer Science Co.) as Well as inorganic 
anti-re?ection coating ?lms, an eXcellently orthogonal cross 
sectional pro?le of the patterned resist layer can hardly be 
obtained and the cross sectional pro?le is more or less 
trapeZoidal or skirt trailing. Accordingly, it is one of the 
target problems in the development Works for negative 
Working photoresist compositions to obtain a chemical 
ampli?cation negative-Working photoresist composition 
capable of being used in combination With an anti-re?ection 
coating ?lm Without being in?uenced in the pattern resolu 
tion and cross sectional pro?le of the patterned resist layer. 

[0005] It is sometimes the case that formation of a resist 
pattern is accompanied by an undesirable phenomenon of 
“edge roughness”, especially, When the resist pattern Width 
is extremely ?ne to be 200 nm or smaller. 

[0006] It is knoWn according to the disclosure in Japanese 
Patent No. 2878150, on the other hand, that, When a photo 
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resist layer of a positive-Working or negative-Working pho 
toresist composition of the chemical-ampli?cation type is 
provided thereon With an anti-re?ection ?lm of a Water 
soluble anti-re?ection compound, an improvement in the 
pattern resolution and suppression of the adverse in?uences 
of standing Waves can be accomplished. 

[0007] Although it is a possible Way that a substrate 
surface is provided With three coating layers successively 
consisting of a ?rst anti-re?ection ?lm of a Water-insoluble 
anti-re?ection compound, a photoresist layer and a second 
anti-re?ection ?lm of a Water-soluble anti-re?ection com 
pound, the photolithographic patterning Work by using such 
a patterning material cannot be very ef?cient because both of 
the steps for removal of the Water-soluble anti-re?ection ?lm 
and etching of the Water-insoluble anti-re?ection ?lm. 
Accordingly, it is usual in the manufacturing process of 
semiconductor devices in Which a very high throughput of 
the products is essential that the photolithographic pattern 
ing material has a tWo-layered coating on the substrate 
consisting either of a Water-insoluble anti-re?ection ?lm and 
a photoresist layer thereon or of a photoresist layer and a 
Water-soluble anti-re?ection ?lm thereon. 

[0008] Apatterning material having a tWo-layered coating 
consisting of a negative-Working photoresist layer and a 
Water-soluble anti-re?ection ?lm thereon has a problem that 
an unnecessary crosslinking reaction proceeds at or in the 
vicinity of the interface betWeen the tWo coating layers 
eventually resulting in a T-formed cross sectional pro?le of 
the patterned resist layer. While it is eagerly desired to obtain 
a patterned resist layer having eXcellently orthogonal cross 
sectional pro?le, in addition, attention in the development 
Works is noW sWitched to a patterning material of the 
three-layered coating from Which a patterned resist layer 
having an eXcellently orthogonal cross sectional pro?le by 
overcoming the problems of a skirt trailing cross sectional 
pro?le at the interface betWeen the Water-insoluble anti 
re?ection coating ?lm and the photoresist layer and a 
T-formed cross sectional pro?le at the interface betWeen the 
photoresist layer and the Water-soluble anti-re?ection ?lm 
thereon. 

SUMMARY OF THE INVENTION 

[0009] The present invention accordingly has an object to 
provide a novel and improved multilayered body for pho 
tolitho-graphic patterning of a photoresist layer free from the 
above described problems and disadvantages in the conven 
tional multilayered body for resist patterning. 

[0010] Thus, the multilayered body for photolithographic 
patterning of a photoresist layer provided by the present 
invention comprises, as an integrally layered body: 

[0011] (a) a substrate; 
[0012] (b) an anti-re?ection coating ?lm formed on 

the surface of the substrate from a Water-insoluble 
anti-re?ection compound in a thickness in the range 
from 30 to 300 nm; and 

[0013] (c) a photoresist layer having a thickness in 
the range from 200 to 500 nm formed on the anti 
re?ection coating ?lm from a negative-Working pho 
toresist composition comprising 

[0014] (A) 100 parts by Weight of an alkali-soluble 
resin; 



US 2002/0146645 A1 

[0015] (B) from 0.5 to 20 parts by Weight of an 
onium salt compound capable of releasing an acid 
by the irradiation With actinic rays; and 

[0016] (C) from 3 to 50 parts by Weight of a 
glycoluril compound substituted at the N-posi 
tions by at least one crosslink-forming substituent 
group selected from hydroxyalkyl groups and 
alkoxyalkyl groups. 

[0017] Though optional, the anti-re?ection coating ?lm 
(b) contains an acid. 

[0018] It is further optional that the patterning material 
comprises (d) a second anti-re?ection coating ?lm formed 
on the photoresist layer (c) from a Water-soluble anti 
re?ection compound Which comprises a Water-soluble res 
inous ingredient and a ?uoroalkyl sulfonate compound or 
?uoroalkyl carboxylate compound. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0019] A variety of substrate plates can be used Without 
particular limitations depending on the intended applica 
tions. Typical examples of applicable substrate materials 
include semiconductor silicon Wafers With or Without an 
undercoating ?lm of SiON, SiN, Si3N4, polycrystalline 
silicon and TiN and glass plates having a coating ?lm of a 
metal such as tantalum and chromium. 

[0020] In the next place, the anti-re?ection ?lm formed on 
one surface of the substrate is limited to a Water-insoluble 
anti-re?ection ?lm Which may be inorganic or organic. An 
inorganic Water-insoluble anti-re?ection coating ?lm is 
formed usually by the chemical vapor-phase deposition 
(CVD) method of an inorganic material While an organic 
Water-insoluble anti-re?ection coating ?lm is formed usually 
by coating the substrate surface With a coating solution 
containing an organic ultraviolet absorbing polymeric com 
pound in an organic solvent folloWed by drying and a heat 
treatment. The thus formed Water-insoluble anti-re?ection 
coating ?lm usually has a thickness in the range from 30 to 
300 nm. 

[0021] Several commercial products of an anti-re?ection 
coating solution for an organic Water-insoluble anti-re?ec 
tion ?lm are available including a product sold under the 
trade name of DUV-42 (a product by BreWer Science Co.). 

[0022] It is sometimes the case that, When a patterned 
resist layer is formed by using a photolithographic pattern 
ing material prepared by forming a negative-Working pho 
toresist layer on a substrate surface having a Water-insoluble 
anti-re?ection coating ?lm, an undesirable phenomenon of 
skirt trailing is found in the cross sectional pro?le of the 
patterned resist layer at the interface With the anti-re?ection 
coating ?lm. The mechanism of this undesirable phenom 
enon is presumably that an acid ingredient in the anti 
re?ection coating ?lm in?ltrates to the photoresist layer in 
the course of the post-exposure baking treatment of the 
patterning material. In this regard, the present invention 
provides a remarkable improvement of preventing the phe 
nomenon of skirt trailing in the cross sectional pro?le of the 
patterned resist layer even When the photoresist layer is 
formed on a Water-insoluble anti-re?ection coating ?lm 
containing a relatively large amount of an acid ingredient. 
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[0023] It is further optional that an additional anti-re?ec 
tion coating ?lm, Which must be soluble in Water, is formed 
on the photoresist layer in a thickness of 35 to 45 nm. The 
Water-soluble anti-re?ection coating ?lm formed as the 
topmost layer is effective for improving the pattern resolu 
tion of the patterned resist layer and preventing the adverse 
in?uences of the standing Waves in the pattern-Wise expo 
sure to actinic rays. 

[0024] The Water-soluble anti-re?ection coating ?lm is 
formed by coating the surface of the photoresist layer With 
an aqueous coating solution containing a Water-soluble 
resinous compound such as polyvinyl pyrrolidone and poly 
vinyl alcohol and a ?uorine-containing surface active agent 
including per?uoroalkyl sulfonic acids, e.g., per?uorooctyl 
and per?uorodecyl sulfonic acids, or per?uoroalkyl car 
boxylic acids, e.g., per?uoroheptanoic acid and per?uorooc 
tanoic acid, in the form of an ammonium salt, tetramethy 
lammonium hydroxide salt or monoethanolamine salt. 

[0025] The negative-Working photoresist layer in the 
inventive patterning material is formed by using a photore 
sist composition comprising (A) an alkali-soluble resinous 
compound, (B) a radiation-sensitive acid-generating com 
pound Which is an onium salt compound and (C) a glycoluril 
compound substituted by at least one crosslink-forming 
group selected from loWer hydroxyalkyl groups and loWer 
alkoxyalkyl groups at the N-positions as the essential ingre 
dients With optional admixture of (D) an aliphatic amine 
compound and/or an acid compounds selected from 
carboxylic acids and phosphorus-containing oxoacids or 
esters thereof. A photoresist composition comprising the 
components (A), (B) and (C) is disclosed, for example, in 
Japanese Patent Kokai 10-254135. 

[0026] The use of this photoresist composition in a pho 
tolithographic patterning material has been established as a 
result of the extensive investigations undertaken by the 
inventors With an object to develop a photosensitive pat 
terning material of Which the total thickness of a negative 
Working photoresist layer and a Water-insoluble anti-re?ec 
tion ?lm does not exceed 800 nm leading to an unexpected 
discovery that this object can Well be accomplished by a 
negative-Working photoresist composition of the above 
mentioned formulation. 

[0027] The component (A) in the negative-Working pho 
toresist composition is an alkali-soluble resinous compound 
Which is not particularly limitative and can be selected from 
a variety of alkali-soluble resins conventionally used in 
chemical-ampli?cation photoresist compositions. Examples 
of alkali-soluble resinous compound particularly preferable 
from the standpoint of obtaining a patterned resist layer 
having excellent photosensitivity, pattern resolution and 
cross sectional pro?le of the patterned resist layer include 
copolymeric resins having a Weight-average molecular 
Weight of 2000 to 4000 and consisting of 60 to 97% by 
moles of hydroxystyrene units and 40 to 3% by moles of 
styrene units, copolymeric resins having a Weight-average 
molecular Weight of 2000 to 4000 and consisting of 60 to 
97% by moles of hydroxystyrene units and 40 to 3% by 
moles of styrene units, of Which from 5 to 30% of the 
hydroxyl groups in the hydroxy-styrene units are substituted 
by alkali-insoluble groups and polyhydroxystyrene resins 
having a Weight-average molecular Weight of 2000 to 4000, 
of Which from 3 to 40% of the hydroxyl groups in the 
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hydroxystyrene units are substituted by alkali-insoluble 
groups. More preferably, the alkali-soluble resin as the 
component (A) is a copolymeric resin having a Weight 
average molecular Weight of 2000 to 4000 and consisting of 
60 to 97% by moles of hydroxystyrene units and 40 to 3% 
by moles of styrene units When excellent orthogonality of 
the cross sectional pro?le of the patterned resist layer is 
essential. 

[0028] The alkali-insoluble group mentioned above is a 
group Which has an effect to decrease the alkali-solubility of 
a basically alkali-soluble resin When the resin is substituted 
by such groups. Examples of the alkali-insoluble group 
suitable for the purpose include tertiary-alkoxycarbonyl 
groups such as tert-butoxycarbonyl group and tert-amyloxy 
carbonyl group and loWer alkyl groups having 1 to 4 carbon 
atoms such as methyl group, ethyl group, propyl group, 
isopropyl group, n-butyl group and isobutyl group, of Which 
the loWer alkyl group or, in particular, isopropyl group is 
preferable in vieW of obtaining a good patterned resist layer 
under little in?uences by the ambient conditions. 

[0029] The acid-generating agent as the component (B) in 
the photoresist composition is a compound capable of 
releasing an acid by decomposition under irradiation With 
actinic rays. While a variety of radiation-sensitive acid 
generating compounds are knoWn and used in chemical 
ampli?cation photoresist compositions, the component (B) 
in the photoresist composition is a speci?c onium salt 
compound of Which the anionic moiety is a ?uoroalkyl 
sulfonate anion. Such an onium salt compound is a knoWn 
compound as disclosed in Japanese Patent Kokai 54-95686, 
62-229942 and 2-120366 and elseWhere. 

[0030] It is taught in Japanese Patent Publication 8-3635 
that a preferable acid-generating agent in a negative-Work 
ing photoresist composition for pattern-Wise exposure With 
a KrF excimer laser beam is tris(2,3-dibromopropyl) iso 
cyanurate because this compound has an advantage of high 
transparency to the KrF excimer laser beams and high 
pattern resolution of the patterned resist layer obtained by 
using this compound as the acid-generating agent. 

[0031] This compound, from Which a halogenoacid is 
generated by irradiation With actinic rays, hoWever, is not 
suitable for use in a photoresist composition containing a 
glycoluril compound as a crosslinking agent because the 
effective photosensitivity of the photoresist composition 
cannot be high enough as to be applicable to an actual 
production line of LSIs. 

[0032] Besides the above named halogenoacid-generating 
compound, sulfonic acid-generating compounds, such as 
bis(cyclohexyl-sulfonyl) diaZomethane, are also knoWn and 
used as an acid-generating agent in chemical-ampli?cation 
photoresist compositions. These compounds are also not 
suitable for use in combination With a glycoluril compound 
substituted at the N-atoms by crosslink-forming groups 
selected from hydroxyalkyl groups and loWer alkoxyalkyl 
groups because a patterned resist layer of high pattern 
resolution can hardly be obtained With a photoresist com 
position formulated With these compounds as the acid 
generating agent and crosslinking agent. 

[0033] It is the unexpected discovery leading to the 
present invention that the above described various problems 
can be overcome by combining a speci?c onium salt com 
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pound as the acid-generating agent and a speci?c glycoluril 
compound as the crosslinking agent in a negative-Working 
photoresist composition to give a patterned resist layer of 
excellent properties. 

[0034] The anionic moiety of the onium salt compound as 
the component (B) is a ?uoroalkyl sulfonate anion. The 
?uoro-alkyl group thereof can be a partially ?uorinated or 
fully ?uorinated alkyl group. The number of carbon atoms in 
the ?uoroalkyl group is not particularly limitative. It is 
preferable, hoWever, that the ?uoroalkyl group is a per?uo 
roalkyl group having 1 to 10 carbon atoms because of the 
general trend that the acid strength of the ?uoroalkyl sul 
fonic acid is increased as the degree of ?uorination of the 
?uoroalkyl group is increased and the number of carbon 
atoms in the ?uoroalkyl group is relatively small not to 
exceed 10. 

[0035] On the other hand, the cationic moiety as the 
counterpart of the ?uoroalkyl sulfonate anion to form the 
onium salt compound as the component (B) is not particu 
larly limitative and can be selected from conventional ones. 
Examples of suitable cations include diphenyliodonium cat 
ions and triphenylsulfonium cations optionally substituted 
by one or more of loWer alkyl groups such as methyl, ethyl, 
propyl, n-butyl and tert-butyl groups, di(loWer alkyl) 
monophenylsul-fonium cations, loWer alkylcyclohexyl 
2-oxocyclohexylsulfonium cations and the like. 

[0036] Examples of particularly preferable cations include 
diphenyliodonium cations represented by the general for 

[0037] in Which R1 and R2 are each a hydrogen atom, alkyl 
group having 1 to 4 carbon atoms or alkoxy group having 1 
or 2 carbon atoms, such as diphenyliodonium and bis(4-tert 
butylphenyl) iodonium cations, triphenylsulfonium cations 
represented by the general formula 

Rose“ 
Q 

R5 

(1) 

(II) 

[0038] in Which R3, R4 and R5 are each a hydrogen atom, 
alkyl group having 1 to 4 carbon atoms or alkoxy group 
having 1 or 2 carbon atoms, such as triphenylsulfonium, 
tris(4-methyl-phenyl) sulfonium and tris(4-methoxyphenyl 
)sulfonium cations, phenyl dialkylsulfonium cations repre 
sented by the general formula 
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(III) 
R6 
/ 

5+ ( > \RE, 
[0039] in Which each R6 is an alkyl group having 1 to 4 
carbon atoms, such as dimethylphenylsulfonium cations and 
alkyl cyclohexyl 2-oxocyclohexyl sulfonium cations repre 
sented by the general formula 

(IV) 

[0040] in Which R6 has the same meaning as de?ned 
above, such as methyl cyclohexyl 2-oxocyclohexylsulfo 
nium cation. 

[0041] The onium salt compounds particularly preferable 
as the component (B) in the photoresist composition are 
those formed from these cations and tri?uoromethane sul 
fonate or nona-?uorobutane sulfonate anion or, more pref 
erably, those formed from the triphenylsulfonium cation 
expressed by the above given general formula (II) and 
tri?uoromethane sulfonate or nona?uorobutane sulfonate 
anion. These onium salt compounds can be used either 
singly or as a combination of tWo kinds or more. 

[0042] The amount of the onium salt compound as the 
component (B) in the photoresist composition is in the range 
from 0.5 to 20 parts by Weight or, preferably, from 5 to 15 
parts by Weight per 100 parts by Weight of the alkali-soluble 
resin as the component When the amount of the 
component (B) is too small, the photosensitivity of the 
photoresist composition cannot be high enough. When the 
amount of the component (B) is too large, on the other hand, 
the photoresist composition suffers a decrease in the focus 
ing depth latitude or in the storage stability. 

[0043] It is essential in the present invention that the 
negative-Working photoresist composition is formulated 
With a crosslinking agent as the component (C) Which is a 
speci?c glycoluril compound substituted by a hydroxyalkyl 
group and/or an alkoxyalkyl group at the N-position or 
positions. 
[0044] The activity of these glycoluril compounds for 
cross-linking is generally loW as compared With alkoxym 
ethylated melamine compounds and alkoxymethylated urea 
compounds conventionally used as a crosslinking agent in 
negative-Working photoresist compositions. The loW 
crosslinking activity of the glycoluril compound is rather an 
advantageous factor When used in combination With an 
onium salt compound as the acid-generating agent in respect 
of the improvements of the defective cross sectional pro?le 
of the patterned resist layer such as skirt trailing and edge 
roughness as Well as the T-formed cross sectional pro?le 
When a Water-soluble anti-re?ection coating ?lm is provided 
on top of the photoresist layer. 
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[0045] The above mentioned N-substituted glycoluril 
compound can be prepared by the condensation reaction of 
glycoluril With formaldehyde to form a hydroxymethyl 
substituted compound Which can be further reacted With a 
loWer alcohol to give an alkoxymethyl-substituted glycoluril 
compound. 
[0046] Particular examples of the N-substituted glycoluril 
compound suitable as the component (C) in the photoresist 
composition include mono-, di-, tri- and tetra(hydroxym 
ethyl) glycolurils, mono-, di-, tri- and tetra(methoxymethyl) 
glycolurils, mono-, di-, tri- and tetra(ethoxymethyl) gly 
colurils, mono-, di-, tri- and tetra(propoxymethyl) gly 
colurils and mono-, di-, tri- and tetra(butoxymethyl) gly 
colurils. Several commercial products of these N-substituted 
glycoluril compounds Which can be used as the component 
(C) in the photoresist composition are available on the 
market including those sold under a trade name of N2702 
(each a product by SanWa Chemical Co.) in the forms of 
mostly the trimer or tetramer as Well as in the form of a 
mixture of the monomer, dimer and trimer. 

[0047] The amount of the glycoluril compound as the 
component (C) in the photoresist composition is in the range 
from 3 to 50 parts by Weight or, preferably, from 10 to 20 
parts by Weight per 100 parts by Weight of the component 
(A). When the amount of the component (C) is too small, the 
crosslink formation of the resinous ingredient cannot pro 
ceed completely resulting in poor properties of the patterned 
resist layer. When the amount of the component (C) is too 
large, the photoresist composition suffers a decrease in the 
storage stability or decrease in the photosensitivity With 
eventual formation of a particulate matter in the solution 
during storage. 

[0048] In addition to the above described essential ingre 
dients, i.e. components (A), (B) and (C), it is optional that 
the photoresist composition is admixed With an aliphatic 
loWer-alkyl or -alkanol amine compound as the component 
(D) and/or a carboxylic acid or an oxoacid of phosphorus as 
Well as an ester thereof as the component These addi 
tional ingredients are knoWn and conventionally employed 
in negative-Working chemical-ampli?cation photoresist 
compositions in the prior art. 

[0049] Examples of the above mentioned aliphatic amine 
compound as the component (D) include tertiary amines 
such as trimethylamine, triethylamine, tripropylamine, 
tributylamine, tripentylamine, triethanolamine and tripro 
panolamine and secondary amines such as dipropylamine, 
dibutylamine, dipentylamine and dipropanolamine. 

[0050] The amount of the component (D) in the photore 
sist composition, When added, is in the range from 0.01 to 
1.0 part by Weight per 100 parts by Weight of the component 
(A) 
[0051] Examples of preferable carboxylic acids as the 
component in the photoresist composition include mal 
onic acid, citric acid, malic acid, succinic acid, benZoic acid 
and salicylic acid. 

[0052] Examples of the oxoacid of phosphorus or a ester 
thereof as the other class of the component include 
phosphoric and phosphorous acids and esters thereof such as 
phosphoric acid, phosphorous acid, di(n-butyl) phosphate 
and diphenyl phosphate, phosphonic acid and esters thereof 
such as phosphonic acid, dimethyl phosphonate, di(n-butyl) 
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phosphonate, phenyl phosphonate, diphenyl phosphonate 
and dibenZyl phosphonate and phosphinic acid and esters 
thereof such as phosphinic acid and phenyl phosphinate. 

[0053] The amount of the component in the photoresist 
composition, When added, is in the range from 0.01 to 1.0 
part by Weight per 100 parts by Weight of the component 
(A) 
[0054] It is optional that the photoresist composition is 

admixed With the component (D) alone, component alone or both of the components (D) and in combination. 

[0055] Various further additives can optionally be added to 
the photoresist composition including, for example, surface 
active agents having effectiveness to improve the ?lm 
forming properties of the photoresist composition in the 
formation of a photoresist layer. 

[0056] The photoresist composition used in the present 
invention is prepared usually in the form of a uniform 
solution by dissolving the above described essential ingre 
dients and optional ingredients in an organic solvent Which 
is not particularly limitative provided that the solubility of 
each ingredient therein is high enough. Examples of suitable 
organic solvents include ketones such as acetone, methyl 
ethyl ketone, cyclohexanone, methyl isoamyl ketone and 
2-heptanone, polyhydric alcohols and derivatives thereof 
such as ethyleneglycol, ethyleneglycol monoacetate, dieth 
yleneglycol, diethyleneglycol monoacetate, propylenegly 
col, propyleneglycol monoacetate, dipropyleneglycol and 
dipropyleneglycol monoacetate as Well as monomethyl, 
monoethyl, monopropyl, monobutyl and monophenyl ethers 
thereof, cyclic ethers such as dioxane and esters such as 
methyl lactate, ethyl lactate, methyl acetate, ethyl acetate, 
butyl acetate, methyl pyruvate, ethyl pyruvate, methyl meth 
oxypropionate and ethyl ethoxypropionate. These organic 
solvents can be used either singly or as a mixture of tWo 
kinds or more. It is preferable that the organic solvent is a 
mixture of propyleneglycol monomethyl ether and propyle 
neglycol monomethyl ether acetate in a mixing proportion of 
50:50 to 80:20 by Weight in consideration of the good 
solubility behavior to the components (B) and 
[0057] The present invention provides a photosensitive 
patterning material Which is an integrally layered body 
comprising (a) a substrate plate, (b) a Water-insoluble anti 
re?ection ?lm formed on the surface of the substrate plate 
and (c) a photoresist layer formed on the anti-re?ection ?lm 
from the above described negative-Working photoresist 
composition. 
[0058] The Water-insoluble anti-re?ection coating ?lm is 
formed on the substrate surface in a thickness in the range 
from 30 to 300 nm. This thickness of the Water-insoluble 
anti-re?ection ?lm as Well as the thickness of the photoresist 
layer formed thereon are each an important factor affecting 
the quality of the patterned resist layer relative to the pattern 
resolution and orthogonality of the cross sectional pro?le 
thereof. In this regard, the photoresist layer formed from the 
photoresist composition should have a thickness in the range 
from 200 to 700 nm or, preferably, from 200 to 500 nm or, 
more preferably, from 200 to 400 nm. When the thickness of 
the photoresist layer deviates out of the range, satisfactory 
quality of the patterned resist layer cannot be ensured 
relative to the dimensional accuracy and orthogonality of the 
cross sectional pro?le to negate the advantages to be 
obtained by the combined use of the speci?c components 
(B) and 
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[0059] In the folloWing, the present invention is described 
in more detail by Way of Examples. In the folloWing 
description, the term of “parts” alWays refers to “parts by 
Weight”. 

EXAMPLE 1. 

[0060] A negative-Working photoresist solution Was pre 
pared by dissolving, in a solvent mixture of 700 parts of 
propyleneglycol monomethyl ether and 300 parts of propy 
leneglycol monomethyl ether acetate: 

[0061] 100 parts of a copolymeric resin having a 
Weight-average molecular Weight of 2500 and con 
sisting of 80% by moles of hydroxystyrene units and 
20% by moles of styrene units as the component (A); 

[0062] 3 parts of triphenylsulfonium tri?uo 
romethane sulfonate as the component (B); 

[0063] 10 parts of tetramethoxymethyl glycoluril 
(N2702, a product by SanWa Chemical Co) as the 
component (C); 

[0064] 0.2 part of tributylamine as the component 
a 

[0065] 0.2 part of salicylic acid as the component 
and 

[0066] a ?uorosilicone-based surface active agent 
(X-70-093, a product by Shin-Etsu Chemical Co.) in 
an amount of 700 ppm by Weight based on the total 
amount of the non-volatile ingredients, folloWed by 
?ltration of the solution through a membrane ?lter of 
200 nm pore diameter. 

[0067] Separately, a 6-inch semiconductor silicon Wafer 
Was coated on one surface With an organic anti-re?ection 

coating solution (DUV-42, supra) folloWed by drying and a 
heat treatment at 180° C. for 60 seconds to form an anti 
re?ection coating ?lm of 80 nm thickness. 

[0068] The negative-Working photoresist solution pre 
pared above Was applied onto the anti-re?ection coating ?lm 
on a spinner rotating at 2500 rpm for 30 seconds folloWed 
by drying on a hot plate at 90° C. for 60 seconds to give a 
photoresist layer having a thickness of 500 nm. 

[0069] The thus formed photoresist layer Was pattern-Wise 
exposed to KrF excimer laser beams on a minifying projec 
tion exposure machine (Model FPA-3000EX3, manufac 
tured by Canon Co.) folloWed by a post-exposure baking 
(PEB) treatment at 110° C. for 60 seconds and then sub 
jected to a development treatment as a puddle development 
With a 2.38% by Weight aqueous solution of tetramethylam 
monium hydroxide at 23° C. for 60 seconds folloWed by 
rinse for 15 seconds in a running stream of pure Water and 
drying to give a negatively patterned resist layer. 

[0070] The critical resolution of the line-and-space pat 
terned resist layer Was 180 nm. The cross sectional pro?le of 
the line-patterned resist layer of the critical resolution Was 
excellently orthogonal standing upright on the substrate 
surface Without skirt trailing in the vicinity of the interface 
With the anti-re?ection layer. 

[0071] The minimum exposure dose for obtaining a pat 
terned resist layer of 180 nm line Width Was 40 mJ/cm2 
Which Was taken as a measure of the photosensitivity of the 
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photoresist composition. The thus line-patterned resist layer 
Was almost free from edge roughness. 

EXAMPLE 2. 

[0072] A negative-Working photoresist solution Was pre 
pared in the same formulation as in Example 1 except that 
the triphenylsulfonium tri?uoromethane sulfonate Was 
replaced With the same amount of dimethyl phenyl sulfo 
nium tri?uoromethane sulfonate. 

[0073] The same patterning procedure as in Example 1 
Was under-taken by using the thus prepared photoresist 
solution to ?nd that the critical pattern resolution Was for a 
line-and-space pattern of 180 nm line Width and the photo 
sensitivity therefor Was 50 mJ/cm2. The cross sectional 
pro?le of the line-patterned resist layer Was excellently 
orthogonal standing upright on the substrate surface Without 
skirt trailing in the vicinity of the interface With the anti 
re?ection ?lm. The thus line-patterned resist layer Was 
almost free from edge roughness. 

EXAMPLE 3. 

[0074] A negative-Working photoresist solution Was pre 
pared in the same formulation as in Example 1 except that 
the alkali-soluble resin as the component (A) Was replaced 
With the same amount of a polyhydroxystyrene resin having 
a Weight-average molecular Weight of 3000, of Which 20% 
of the hydroxyl groups Were substituted by isopropyl groups 
as an alkali-insoluble group. 

[0075] The same patterning procedure as in Example 1 
Was undertaken by using the thus prepared photoresist 
composition to ?nd that the critical pattern resolution Was 
for a line-and-space pattern of 180 nm line Width and the 
photosensitivity therefor Was 30 mJ/cm2. The cross sectional 
pro?le of the line-patterned resist layer Was excellently 
orthogonal standing upright on the substrate surface Without 
skirt trailing in the vicinity of the interface With the anti 
re?ection ?lm. The thus line-patterned resist layer Was 
almost free from edge roughness. 

EXAMPLE 4. 

[0076] A negative-Working photoresist solution Was pre 
pared in the same formulation as in Example 1 except that 
the tetra-methoxymethylated glycoluril as the component 
(C) Was replaced With the same amount of tetrabutoxym 
ethylated glycoluril. 
[0077] The same patterning procedure as in Example 1 
Was undertaken by using the thus prepared photoresist 
composition to ?nd that the critical pattern resolution Was 
for a line-and-space pattern of 180 nm line Width and the 
photosensitivity therefor Was 45 mJ/cm2. The cross sectional 
pro?le of the line-patterned resist layer Was excellently 
orthogonal standing upright on the substrate surface Without 
skirt trailing in the vicinity of the interface With the anti 
re?ection ?lm. The thus line-patterned resist layer Was 
almost free from edge roughness. 

EXAMPLE 5. 

[0078] The formulation of the negative Working photore 
sist solution Was the same as in Example 1 except that the 
solvent used here Was a mixture of 1050 parts of propyle 
neglycol monomethyl ether and 450 parts of propylenegly 

Oct. 10, 2002 

col monomethyl ether acetate. The procedure for the pat 
terning test With the thus prepared photosensitive solution 
Was also the same as in Example 1 except that the photo 
resist layer formed on the anti-re?ection ?lm had a thickness 
of 300 nm instead of 500 nm. 

[0079] The results of the patterning test Were that the 
critical pattern resolution Was 150 nm and the minimum 
exposure dose for obtaining a line-patterned resist layer of 
150 nm Was 40 mJ/cm2. The cross sectional pro?le of the 
patterned resist layer Was excellently orthogonal standing 
upright on the substrate surface Without skirt trailing in the 
vicinity of the interface With the anti-re?ection ?lm. The 
thus line-patterned resist layer Was almost free from edge 
roughness. 

EXAMPLE 6. 

[0080] A negative-Working photoresist solution Was pre 
pared in the same formulation as in Example 5 except that 
the alkali-soluble resin as the component (A) Was replaced 
With the same amount of a polyhydroxystyrene resin having 
a Weight-average molecular Weight of 3000, of Which 20% 
of the hydroxyl groups Were substituted by isopropyl groups 
as an alkali-insoluble group. 

[0081] The same patterning procedure as in Example 5 
Was under-taken by using the thus prepared photoresist 
solution to ?nd that the critical pattern resolution Was for a 
line-and-space pattern of 150 nm line Width and the photo 
sensitivity therefor Was 35 mJ/cm2. The cross sectional 
pro?le of the line-patterned resist layer Was excellently 
orthogonal standing upright on the substrate surface Without 
skirt trailing in the vicinity of the interface With the anti 
re?ection ?lm. The thus line-patterned resist layer Was 
almost free from edge roughness. 

EXAMPLE 7. 

[0082] A negative-Working photoresist solution Was pre 
pared in the same formulation as in Example 5 except that 
the tetra-methoxymethylated glycoluril as the component 
(C) Was replaced With the same amount of tetrabutoxym 
ethylated glycoluril. 

[0083] The same patterning procedure as in Example 1 
Was undertaken by using the thus prepared photoresist 
solution to ?nd that the critical pattern resolution Was for a 
line-and-space pattern of 150 nm line Width and the photo 
sensitivity therefor Was 40 mJ/cm2. The cross sectional 
pro?le of the line-patterned resist layer Was excellently 
orthogonal standing upright on the substrate surface Without 
skirt trailing in the vicinity of the interface With the anti 
re?ection ?lm. The thus line-patterned resist layer Was 
almost free from edge roughness. 

EXAMPLE 8. 

[0084] A 6-inch semiconductor silicon Wafer Was pro 
vided on one surface, in the same manner as in Example 5, 
successively With an organic anti-re?ection ?lm of 80 nm 
thickness and a negative-Working photoresist layer of 300 
nm thickness With the same photoresist solution. 

[0085] The photoresist layer on the substrate surface Was 
further coated With an anti-re?ection coating solution of a 
Water-soluble type (TSP-9AEX, a product by Tokyo Ohka 
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Kogyo Co.) followed by drying to form a second anti 
re?ection ?lm having a thickness of 42 nm, Which Was 
Water-soluble. 

[0086] The same patterning test as in Example 5 Was 
undertaken for the above obtained photoresist layer sand 
Wiched betWeen tWo anti-re?ection ?lms. 

[0087] The critical pattern resolution Was for a line-and 
space pattern of 150 nm line Width and the photosensitivity 
therefor Was 40 mJ/cm2. The cross sectional pro?le of the 
line-patterned resist layer Was excellently orthogonal stand 
ing upright on the substrate surface Without skirt trailing in 
the vicinity of the interface With the Water-insoluble organic 
anti-re?ection ?lm and also Without T-formed broadening at 
the top portion Which had been in contact With the Water 
soluble anti-re?ection coating ?lm. The thus line-patterned 
resist layer Was almost free from edge roughness. 

EXAMPLE 9. 

[0088] A 6-inch semiconductor silicon Wafer Was pro 
vided on one surface, in the same manner as in Example 1, 
successively With a Water-insoluble organic anti-re?ection 
?lm of 80 nm thickness and a negative-Working photoresist 
layer of 500 nm thickness With the same photoresist solu 
tion. 

[0089] The photoresist layer on the anti-re?ection ?lm Was 
further coated With an anti-re?ection coating solution of a 
Water-soluble type (TSP-9AEX, supra) folloWed by drying 
to form a second anti-re?ection ?lm having a thickness of 42 
nm, Which Was Water-soluble. 

[0090] The same patterning test as in Example 1 Was 
undertaken for the above obtained photoresist layer sand 
Wiched betWeen tWo anti-re?ection ?lms. 

[0091] The critical pattern resolution Was for a line-and 
space pattern of 180 nm line Width and the photosensitivity 
therefor Was 40 mJ/cm2. The cross sectional pro?le of the 
line-patterned resist layer Was excellently orthogonal stand 
ing upright on the substrate surface Without skirt trailing in 
the vicinity of the interface With the anti-re?ection ?lm and 
also Without T-formed broadening at the top portion Which 
had been in contact With the Water-soluble anti-re?ection 
coating ?lm. The thus line-patterned resist layer Was almost 
free from edge roughness. 

COMPARATIVE EXAMPLE 1. 

[0092] The formulation of the negative-Working photore 
sist solution Was the same as in Example 1 except that the 
components (B) and (C) Were replaced With 5 parts of 
tris(2,3-dibromopropyl) isocyanurate and 10 parts of meth 
oxymethylated urea (MX-290, a product by SanWa Chemi 
cal Co.), respectively. 
[0093] A patterning test Was undertaken in the same 
manner as in Example 1 by using the above prepared 
photoresist solution to obtain the results that the critical 
pattern resolution Was for a line-and-space pattern of 200 nm 
line Width and the photosensitivity therefor Was 100 mJ/cm2. 
The cross sectional pro?le of the patterned resist layer had 
trailing skirts at the interface With the anti-re?ection coating 
?lm beloW. 

COMPARATIVE EXAMPLE 2. 

[0094] The formulation of the negative-Working photore 
sist solution Was the same as in Example 1 except that the 
component (B) Was replaced With 5 parts of tris(2,3-di 
bromo-propyl) isocyanurate. 
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[0095] A test patterning procedure Was undertaken in the 
same manner as in Example 1 With the thus prepared 
photoresist solution but failed to give a patterned resist layer. 

COMPARATIVE EXAMPLE 3. 

[0096] The formulation of the negative-Working photore 
sist solution Was the same as in Example 1 except that the 
component (B) Was replaced With 5 parts of bis(cyclohexy 
lsulfonyl) diaZomethane. 

[0097] A patterning test Was undertaken in the same 
manner as in Example 1 by using the above prepared 
photoresist solution to obtain the results that the critical 
pattern resolution Was for a line-and-space pattern of 300 nm 
line Width and the photosensitivity therefor Was 50 mJ/cm2. 
The cross sectional pro?le of the patterned resist layer had 
trailing skirts in the vicinity of the interface With the 
anti-re?ection coating ?lm beloW. 

What is claimed is: 
1. A multilayered body for photolithographic patterning of 

a photoresist layer Which comprises, as an integrally layered 
body: 

(a) a substrate; 

(b) a Water-insoluble anti-re?ection ?lm formed on the 
surface of the substrate in a thickness in the range from 
30 to 300 nm; and 

(c) a photoresist layer having a thickness in the range from 
200 to 500 nm formed on the anti-re?ection ?lm from 
a negative-Working photoresist composition compris 
ing, as a uniform solution in an organic solvent, 

(A) 100 parts by Weight of an alkali-soluble resin; 

(B) from 0.5 to 20 parts by Weight of an onium salt 
compound capable of releasing an acid by irradiation 
With actinic rays; and 

(C) from 3 to 50 parts by Weight of a glycoluril 
compound substituted by at least one hydroxyalkyl 
group or alkoxyalkyl group at the N-position. 

2. The multilayered body for photolithographic patterning 
of a photoresist layer as claimed in claim 1 in Which the 
anti-re?ection coating ?lm contains an acid. 

3. The multilayered body for photolithographic patterning 
of a photoresist layer as claimed in claim 1 Which further 
comprises: 

(d) a Water-soluble anti-re?ection coating ?lm formed on 
the photoresist layer. 

4. The multilayered body for photolithographic patterning 
of a photoresist layer as claimed in claim 3 in Which the 
Water-soluble anti-re?ection coating ?lm comprises a Water 
soluble resinous compound and a ?uoroalkyl sulfonate or a 
?uoroalkyl carboxylate. 

5. The multilayered body for photolithographic patterning 
of a photoresist layer as claimed in claim 1 in Which the 
negative-Working photoresist composition further com 
prises: 

(D) from 0.01 to 1.0 part by Weight of an aliphatic amine 
compound per 100 parts by Weight of the component 
(A) ~ 
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6. The multilayered body for photolithographic patterning 
of a photoresist layer as claimed in claim 1 in Which the 
negative-Working photoresist composition further com 
prises: 

(E) from 0.01 to 1.0 part by Weight of a carboXylic acid, 
a phosphorus-containing oXoacid or an ester of a phos 

Oct. 10, 2002 

phorus-containing oXoacid per 100 parts by Weight of 

the component 7. The multilayered body for photolithographic patterning 
of a photoresist layer as claimed in claim 3 in Which the 
Water-soluble anti-re?ection coating ?lm has a thickness in 
the range from 35 to 45 nm. 

* * * * * 


