
SPECIFICATION                      TITLE OF THE INVENTION
RINSING SOLUTION                    Background of the Invention
This invention relates to a rinsing solution for  lithography and, more
particularly, to a rinsing solution for  lithography which is useful for
dissolving away or stripping away  cured or non-cured unnecessary resists,
anti-reflective coatings,  etc. from substrates such as in integrated
circuit elements, color  filters, liquid crystal display elements, etc. or
from a  resist-applying apparatus.         Lithographic technique has
conventionally been employed  for manufacturing integrated circuit
elements, color filters,  liquid  crystal  display  elements,  etc.   In
manufacturing  integrated circuits or the like, a positive- or
negative-working  resist is applied onto a substrate directly or after
forming  thereon an anti-reflective coating and, after removing a solvent
from the coated layer by baking, an anti-reflective coating is  optionally
formed on the resist film, patternwise exposure is  conducted from the
coated side using a radiation such as  ultraviolet rays, deep ultraviolet
rays, electron beams, X-rays,  etc., and the exposed coat is subjected to
developing procedure  to form a resist pattern. The above-described
procedure of  coating a resist or the like is conducted by employing a
known   



one selected from various known methods such as spin-coating,
roller-coating, reverse roller-coating, cast coating, doctor  coating, dip
coating, etc. In manufacturing, for example,  integrated circuit elements,
spin coating method is mainly  employed as a resist-coating method. In the
spin-coating method,  a resist-forming solution is dropped onto a
substrate, the dropped  resist solution is then cast toward the periphery
of the substrate  by rotation of the substrate, with excess resist-forming
solution  being scattered out of the periphery of substrate, thus a resist
layer with a desired thickness being formed. In this procedure,  however,
there arises a problem that a part of the'resist-forming  solution runs to
the backside of the substrate, or that the  resist-forming solution remains
in more thickness at the periphery  of the substrate than in the rest of
the substrate, which is called  bead formation. So, it is necessary to
remove unnecessary resist  from the periphery or backside of the substrate
or to remove the  bead. The same applies to manufacture of color filters,
liquid  crystal display elements, etc. In other coating methods than the
spin-coating method, too, a resist can adhere to unnecessary and
undesirable portions as with the spin-coating method. In addition,  with
manufacture of integrated circuits using an anti-reflective  coating
between the substrate and the resist layer, the anti-  reflective coating
must be removed after formation of a pattern.  On the other hand, the
resist-forming solution adheres to the  coating apparatus, and it must be
washed prior to the next use  thereof. A rinsing solution comprising an
organic solvent has  been considered preferable for removal or delamination
of such 



resist or anti-reflective coating, prevention of bead formation
and, further, washing of a coating apparatus, and hence rinsing  solutions
consisting of an organic solvent alone has been employed  (for example,
Japanese Examined Patent Publication No. H4-49938).  These rinsing
solutions are still required to acquire more  improved solubilizing or
stripping properties for a resist or an  anti-reflective coating.
On the other hand, it has been proposed in Japanese  Unexamined Patent
PublicationNos.H5-188598, H6-69120, H6-148896,  etc. to form an
anti-reflective coating from an aqueous solution  and, in recent years,
aqueous solutions have increasingly been  used to form anti-reflective
coating. It has also been desired  to provide a rinsing solution which
shows a preferable rinsing  effect of shortening the time required for
dissolving away the  anti-reflective film formed from the aqueous solution
and which  further satisfies requirement for safety against fire and in
handling.  Conventional rinsing solutions, however, fail to  completely
satisfy these requirements.                       Summary of the Invention
It is an object of the present invention to provide a  rinsing solution
which does not have the above-described defects,  which shows good
solubilizing or stripping properties for an  anti-reflective thin film
formed from an aqueous solution as well  as for a resist or an
anti-reflective thin film formed from an  organic solvent solution, and
which imposes less danger of causing 



fire and therefore can be easily handled under the regulations  of the Fire
Services Act.         Other objects, features and advantages of the present
4   invention will become apparent from the detailed description of  the
preferred embodiments of the invention to follow.         As a result of
intensive investigations, the inventors have  found that there can be
obtained a rinsing solution by adding water  to a water-soluble organic
solvent having itself conventionally  been used as a solvent or a rinsing
liquid for resists or  anti-reflective layers, which shows better
dissolving or  stripping ability on the resists or the anti-reflective
layers  than a solution consisting essentially of a water-soluble organic
solvent alone, which has an increased flashing point due to the
co-presence of water and imposes less danger of causing fire and,
therefore, which provides improved handling safety under the  regulation of
the Fire Services Act, thus having achieved the  present invention based on
the findings. That is, the present  invention provides a rinsing solution
for lithographic process,  which comprises a homogeneous solution of a
water-soluble organic  solvent and water.                Detailed
Description of the Preferred                   Embodiments of the Invention
As the water-soluble organic solvent, those water-  miscible organic
solvent can be used independently or as a mixture  of two or more that have
been used as solvents or rinsing solutions  



for resists or anti-reflective coatings.   Examples of the  water-soluble
organic solvent to be used in the present invention  include propylene
glycol alkyl ethers, propylene glycol alkyl  ether acetates, ethyl
lactate(EL), methyl ethyl ketone, methyl  isobutyl ketone, acetone, etc.
As the above-described propylene glycol alkyl ethers,  there are
illustrated, for example, propylene glycol monomethyl  ether (PGME),
propylene glycol monoethyl ether (PGEE), propylene  glycol monopropyl
ether, etc. and, as the propylene glycol alkyl  ether acetates, there are
illustrated propylene glycol monomethyl  ether acetate (PGMEA), propylene
glycol monoethyl ether acetate,  propylene glycol monopropyl ether acetate,
etc. As the mixture  of two or more of them, a mixture of, for example,
PGME and PGMEA,  or PGEE and PGMEA are preferred.        In the present
invention, the aforesaid water-soluble  organic solvent is used in
combination with water. A preferred  content of water in the rinsing
solution varies depending upon  the solvent to be used in combination, thus
not being described  in a definite manner. However, as a general guide,
water is used  in an amount of 0.5 to 200 parts by weight per 100 parts by
weight  of the water-soluble organic solvent, with 0.5 to 100 parts by
weight being preferred.  With respect to particular specific  examples of
the solvents, 25 parts by weight or less amount of  water is more preferred
for a mixture of PGME and PGMEA (70:30  by weight), 100 parts by weight or
less amount of water for a mixture  of PGEE and PGMEA (50:50 by weight),
and 55 parts by weight or  less amount of water for EL. Additionally, with
methyl isobutyl 



ketone, when water content exceeds 2 parts by weight, separation  of water
and methyl isobutyl ketone from each other tends to take  place, thus water
being preferably used in an amount of 2 parts  by weight or less than that.
The rinsing solution of the present invention may be  applied to any of
known positive-working resists, negative-            working  resists  and
anti-reflective  coatings.   As typical  examples of the resists to which
the rinsing solution of the present  invention is applicable, there are
illustrated positive-working  ones such as a resist comprising a
quinonediazide photosensitizer  and an alkali-soluble resin and a
chemically amplified resist and  negative-working ones such as a resist
containing a photosensitive  group-having high molecular compound (e. g.,
polyvinyl cinnamate),  a resist containing an aromatic azide compound or a
combination  of cyclized rubber and azide compound (e.g., bisazide
compound),  a resist containing a diazo resin, a photopolymerizable
composition containing an addition-polymerizable unsaturated  compound, and
a chemically amplified negative-working resist.        The above-described
resist material comprising a  quinonediazide sensitizer and an
alkali-soluble resin is a  preferred resist to which the rinsing solution
of the present  invention is applied. Examples of the quinonediazide
sensitizers  and alkali-soluble resins used for the resist materials
comprising  the quinonediazide sensitizer and the alkali-soluble resin are
illustrated below. That is, as the quinonediazide sensitizers,  there are
illustrated 1,2-benzoquinonediazide-4-sulfonic acid,  



1,2-naphthoquinonediazide-4-sulfonic         acid,        1,2-
naphthoquinonediazide-5-sulfonic acid, esters or amides of these  sulfonic
acids, etc. and, as the alkali-soluble resins, there are  illustrated
polyvinyl phenol, polyvinyl alcohol, copolymers of  acrylic acid or
methacrylic acid, novolak resins manufactured from  one or more of phenols
such as phenol, o-cresol, m-cresol, p-  cresol and xylenol and aldehydes
such as formaldehyde,  paraformaldehyde, etc.
7          Chemically amplified resists are also preferred resists  to
which the rinsing solution of the present invention is  applicable. The
chemically amplified resists are resists in which,  when exposed to
radiation, an acid is generated and this acid in  turn causes change in
solubility of the radiation-exposed portion  for a developer due to
chemical change by the catalytic action  of the acid, leading to creation
of a pattern. As the examples  thereof, there are illustrated those which
comprise an acid-  generating compound capable of generating an acid upon
being  exposed to radiation and a resin having an acid-labile group
capable of being decomposed in the presence of an acid to generate  an
alkali-soluble group such as a phenolic hydroxyl group or a  carboxyl group
and those which comprise an alkali-soluble resin,  a cross-linking agent
and an acid-generating agent.         On the other hand, as the
anti-reflective coating to which  the rinsing solution of the present
invention is applicable, any  anti-reflective coating that comprises an
organic material may  be employed. As such anti-reflective coating, there
are those  



which are formed from an organic solvent or an aqueous solution:  for
example, polyamic acid or polybutenoic acid to which a dye  is added
(U.S.Patent No.4,910,122), copolymers to which a dye is  added (e.g.,
JapaneseUnexaminedPatentPublicationNo. H6-118656,  etc.), graft polymers
obtained by grafting a dye or the like to  maleic anhydride polymers,
itaconic anhydride polymers,  polyacrylate or polymethacrylate (U.S.Patent
Nos. 2,751,373,  2,811,509, 3,763,086, 3,854,946, and 4,609,614), a
reaction  product of a polymer having anhydride groups with an
aminoaromatic  chromophore (U.S.Patent No. 5,294,680), a composition
comprising                                     8   a water-soluble polymer
and a water-soluble perfluorocarboxylic  acid (Japanese Unexamined Patent
Publication No. H5-188598), a  solution of organic alkali solution such as
tetramethylammonium  hydroxide containing a water-soluble high polymer
(Japanese  Unexamined Patent Publication No. H6-69120), a composition
comprising a water-soluble film-forming component and a
fluorine-containing surfactant (Japanese Unexamined Patent  Publication No.
H6-148896), a composition comprising a  perfluoroalkylcarboxylic acid, an
organic amine and polyvinyl  pyrrolidone (Japanese Patent Application No.
H7-131096), a  composition comprising a perfluoroalkylsulfonic acid, an
organic  amine, polyvinylpyrrolidone, and a water-soluble alkylsiloxane
polymer (Japanese Patent Application No. H8-129056), etc.  Presence of
water in the rinsing solution in accordance with the  present invention
serves to provide a good affinity for a film  formed from an aqueous
solution (contact angle being small), and  



hence good rinsing effect can be obtained for an anti-reflective  coating
formed from an aqueous solution as well.         Application of the rinsing
solution of the present  invention will be described below by reference to
a process for  forming a resist pattern. First, a resist solution is coated
on  a silicon substrate, a glass substrate, etc. having optionally  been
pre-treated, according to a conventionally known coating  method such as a
spin coating method.  An anti-reflective coating  is optionally formed
before or after coating of a resist on a  substrate. In spin coating
method, for example, bead of the resist  or the anti-reflective coating
tends to be formed along the  periphery of the substrate.  However, a
resist layer or an                                     9   anti-reflective
coating having a substantially uniform thickness  can be formed by spraying
the rinsing solution of the present  invention on the bead formed along the
periphery under rotation  to thereby increase fluidity of the bead. In
addition, a resist  composition or an anti-reflective coating solution
adhering onto  the side of the substrate or running to the backside thereof
can  be removed by spraying thereon the rinsing solution. In the case
where a positive-working resist is used and an anti-reflective  coating is
intervened between a substrate and the photoresist  layer, the
anti-reflective coating at portions not covered by the  patterned resist
formed by exposure and subsequent development  may be removed in a wet
manner by using this rinsing solution.         The resist coated on a
substrate is prebaked, for example,  on a hot plate to remove the solvent,
thus a resist layer of usually  



about 1 to 2.5 microns in thickness being formed. Prebaking  temperature
varies depending upon the kind of solvent or resist  used but, usually,
prebaking is conducted at about 20 to about  200 [err]C, preferably about
50 to about 150 [err]C. The thus prebaked  resist is then subjected to
patternwise exposure, optionally  through a mask, using a known irradiating
apparatus such as a high  pressure mercury lamp, a metal halide lamp, a
super-high pressure  mercury lamp, a KrF excimer laser, a soft X-ray
irradiating  apparatus or an electron beam inscribing apparatus. After the
patternwise exposure, after-baking is optionally conducted in  order to
improve developability, resolution, shape of pattern,  etc.    Then,
development procedure is conducted to form a  patterned resist.
Development of the resist is ordinarily  conducted by using a developer
utilizing the difference in                                     10
solubility of exposed areas and non-exposed areas for a solvent  or an
alkali solution. As an alkaline developing solution, there  may be used,
for example, an aqueous solution or a water-containing  solution    of
sodium    hydroxide,    tetramethylammonium  hydroxide(TMAH) or the like.
A coating apparatus, used for coating the above-described  resist or the
anti-reflective coating on the substrate, may be  reused for coating a
different coating composition; for example,  for coating an anti-reflective
coating composition after coating  a resist composition, coating another
resist composition after  coating one resist composition, or coating a
resist composition  after coating an anti-reflective coating composition.
In such  



cases, the coating apparatus is to be washed prior to its use for  coating
different coating composition, and the rinsing solution  of the present
invention can effectively be utilized in such cases  as well.         The
present invention is now described in more detail by  reference to Examples
and Comparative Examples which, however,  are not construed to be limited
at all.  Example 1         The following quinonediazide sensitizer and
novolak resin  were used in such amounts that 24 parts by weight of
quinonediazide  sensitizer was used per 100 parts by weight of novolak
resin, and  the resulting mixture was dissolved in a solvent of propylene
glycol monomethyl ether acetate (PGMEA) to prepare a solution  containing
25 wt % of these solid components, thus a resist  composition being
prepared.    Quinonediazide sensitizer: esterification product between 2,
3,4,4'-tetrahydroxybenzophenone                               and
1,2-naphto-quinonediazido-5-                               sulfonyl
chloride    Novolak resin:           polycondensation product between a
mixture of m-cresol and p-cresol                              (6/4) and
formaldehyde         The thus-prepared resist composition was spin-coated
on  a 4-inch silicon substrate in a thickness of 2.6 [err]m after being
prebaked, then prebaked on a direct hot plate at 100 [err]C for 90  seconds
to form a resist layer. Additionally, in this Example,  



thickness of the resist layer is greater than is usually employed  for the
purpose of conducting solubility test.         The thus-formed resist layer
was subjected to solubility  test using rinsing solutions 1-(1) to 1-(9)
shown in Table 1  consisting of a mixed solvent (solvent A) of propylene
glycol  monoethyl ether (PGEE) and propylene glycol monomethyl ether
acetate (PGMEA) (5:5) and water according to the solubility test  described
below to obtain the results tabulated in Table 1.  (Solubility test)
0.03 ml of each rinsing solution was dropped on the resist  layer, and a
time (in second) necessary for the underlying silicon  surface to be bared
was measured. Thickness of the resist layer  (A) was divided by the time to
determine solubility speed (A  /sec).  Comparative Example 1         The
same procedures as in Example 1 were conducted except  for using a
water-free rinsing solution consisting of solvent A  alone as the rinsing
solution to obtain the results shown in Table
12   1.                             Table 1     No. of Rinsing
Formulation of Rinsing       Dissolving       Solution
Solution                Speed                       Solvent A         Water
(A/sec)                       (parts by       (parts by
weight)         weight)        1-(1)            100             2.5
7400 



1-(2)            100               5           8800        1-(3)
100             3.5           9500        1-(4)            100
10          10000        1-(5)            100              15
10100        1-(6)            100              20           9800
1-(7)            100              30           9400        1-(8)
100              50           8100        1-(9)            100
100           6800     Comparative          100              0
5300     Example 1          As is apparent from the results shown in Table
1, it is  seen that dissolving speed is remarkably increased by
incorporating water in the mixed solvent composed of PGEE and  PGMEA.
Example 2         The same procedures as described in Example 1 were
repeated                                     13   except for using a mixed
solvent (solvent B) of propylene glycol  monomethyl ether (PGME) and PGMEA
(7:3) in place of the solvent  A to obtain the results shown in Table 2.
Comparative Example 2         The same procedures as described in Example 1
were  conducted except for using as rinsing solution solvent B alone  not
mixed with water to obtain the results shown in Table 2.
Table 2  



No. of Rinsing   Formulation of Rinsing         Dissolving      Solution
Solution                Speed                       Solvent B        Water
(A/sec)                       (parts by      parts by
weight         weight)           2-(1)            100              5
13100         2-(2)            100             10           13600
2-(3)            100             15           13000         2-(4)
100             20           12000      Comparative          100
0           11200      Example 2            As is apparent from the results
shown in Table 2, dissolving  speed is increased as in Example 1 by
incorporating water in the  mixed solvent of PGME and PGMEA.
14   Example 3        The same procedures as in Example 1 were repeated
except  for using ethyl lactate (EL) in place of solvent A and employing
the mixing ratios shown in Table 3 to obtain the results shown  in Table 3.
Comparative Example 3         The same procedures as in Example 1 were
conducted except  for using EL alone as a rinsing solution to obtain the
results  shown in Table 3                            Table 3 



No. of Rinsing    Formulation of Rinsing    Dissolving        Solution
Solution              Speed                           EL          Water
(A/sec)                       (parts by     (parts by
weight)       weight)          3-(1)            100           10
6100         3-(2)            100           20           5800         3-(3)
100            40           3900      Comparative         100            0
2800      Example 3          As is apparent from the results shown in Table
3, dissolving  speed is increased by incorporating water in EL.   Example 4
A composition for forming anti-reflective coating  consisting of 1 part by
weight of polyvinylpyrrolidone, 4 parts  by weight of
perfluorooctanesulfonic acid, 0.35 part by weight  of 2-aminoethanol, 0.004
part by weight of a water-soluble  alkylsiloxane  polymer
(Polyflow-KL-245,  manufactured  by  Kyoueisha Yusi) and 94.646 parts by
weight of pure water was spin  coated on a 4-inch silicon substrate, baked
at 90 [err]C for 90 seconds  to form a 650A anti-reflective coating. Each
of the rinsing  solutions in Examples 1 to 3 was dropped on the surface of
this  anti-reflective coating. All of the rinsing solutions showed  small
contact angles with the anti-reflective coating immediately 



after being dropped thereon, and the rinsing solutions showed such  a good
affinity for the anti-reflective coating that smooth  dissolution was
attained in comparison with water-free rinsing  solutions.         As has
been described hereinbefore, the rinsing solution  of the present invention
prepared by adding water to a water-  soluble organic solvent has the
advantage that, in comparison with  the conventional rinsing solutions
consisting of water-soluble  organic solvents alone, there can be obtained
more increased  dissolving ability for resist layers, anti-reflective
coatings,  etc. and that the rinsing solution has such a good affinity for
a layer formed from an aqueous solution that smooth dissolution  of the
layer can be attained.         In addition, presence of water in the
rinsing solution  serves to increase the flashing point of the rinsing
solution,  which permits easier handling under regulations of the Fire
Services Acts and in its production site or factories where it
16   is used.         While the invention has been described above with
reference  to specific embodiments thereof, it is apparent that many
changes,  modifications, and variations can be made without departing from
the inventive concept disclosed herein.  Accordingly, it is  intended  to
embrace  all  such  changes,  modifications,  and  variations that fall
within the spirit and broad scope of the  appended claims.    



17 What is claimed is: 1.     A rinsing solution for lithography, which
comprises a homogeneous solution of a water-soluble organic solvent and
water.   2.     The rinsing solution for lithography as described in claim
1, wherein said water-soluble organic solvent is at least one  selected
from among propylene glycol alkyl ethers, propylene  glycol alkyl ether
acetates, ethyl lactate, methyl ethyl ketone, methyl isobutyl ketone and
acetone.   3.     The rinsing solution for lithography as described in
claim  2, wherein said water-soluble organic solvent is a mixture of
propylene glycol alkyl ether and propylene glycol alkyl ether  acetate.
4.     The rinsing solution for lithography as described in claim 3,
wherein said propylene glycol alkyl ether is propylene glycol  monomethyl
ether and said propylene glycol alkyl ether acetate  is propylene glycol
monomethyl ether acetate.   5.     The rinsing solution for lithography as
described in claim  3, wherein said propylene glycol alkyl ether is
propylene glycol monoethyl ether and said propylene glycol alkyl ether
acetate is  propylene glycol monomethyl ether acetate.   6.     The rinsing
solution for lithography as described in claim  2, wherein said
water-soluble organic solvent is ethyl lactate.   7.     The rinsing
solution for lithography as described in claim  1, which is used for
dissolving or stripping away a resist layer or an anti-reflective coating.


