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ANTI-REFLECTIVE COATINGS AND DUAL
DAMASCENE FILL COMPOSITIONS
COMPRISING STYRENE-ALLYL ALCOHOL
COPOLYMERS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention 1s concerned with new anti-
reflective compositions and via fill compositions for use in
the manufacture of microelectronic devices. These composi-
tions iclude a polymer and a styrene-allyl alcohol polymer
dispersed 1n a solvent system.

2. Description of the Prior Art
1. Anti-Reflective Coatings

Integrated circuit manufacturers are consistently seeking
to maximize substrate water sizes and minimize device fea-
ture dimensions 1n order to improve yield, reduce unit case,
and 1ncrease on-chip computing power. Device feature sizes
on silicon or other chips are now submicron in size with the
advent of advanced deep ultraviolet (DUV) microlithro-
graphic processes.

However, a frequent problem encountered by photoresists
during the manufacturing of semiconductor devices 1s that
activating radiation 1s reflected back into the photoresist by
the substrate on which 1t 1s supported. Such reflectivity tends
to cause blurred patterns which degrade the resolution of the
photoresist. Degradation of the 1image 1n the processed pho-
toresist 1s particularly problematic when the substrate 1s non-
planar and/or highly reflective. One approach to address this
problem 1s the use of an anti-reflective coating applied to the
substrate beneath the photoresist layer.

Compositions which have high optical density at the typi-
cal exposure wavelengths have been used for some time to
form these anti-reflective coating layers. The anti-reflective
coating compositions typically consist of an organic poly-
mer which provides coating properties and a dye for absorb-
ing light. The dye 1s either blended into the composition or
chemically bonded to the polymer. Thermosetting anti-
reflective coatings contain a crosslinking agent in addition to
the polymer and dye. Crosslinking must be initiated, and this
1s typically accomplished by an acid catalyst present 1n the
composition.

While these anti-reflective coatings are effective at lessen-
ing the amount of light reflected back into the photoresist,
most prior art anti-retlective coatings are lacking 1n that they
do not have a sufficiently high etch rate. As a result, prior art
anti-reflective coatings present significant limitations which
make them difficult or impossible to use on submicron (e.g.,
0.3 um) features.

2. Fi1ll Compositions

The damascene process, or the process of forming mlaid
metal patterning 1n preformed grooves, 1s generally a pre-
terred method of fabricating interconnections for integrated
circuits. In i1ts simplest form, the dual damascene process
starts with an insulating layer which 1s first formed on a
substrate and then planarized. Horizontal trenches are verti-
cal holes (i.e., the contact and via holes) are then etched into
the insulating layer corresponding to the required metal line
pattern and hole locations that will descend down through
the msulating layer to the device regions (1f through the first
insulating layer, 1.e., a contact hole) or to the next metal layer
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2

down (11 through an upper insulating layer in the substrate
structure, 1.¢., a via hole). Metal 1s next deposited over the
substrate, thereby filling the trenches and the holes and
forming the metal lines and interconnect holes simulta-
neously. As a final step, the resulting surface 1s planarized
(e¢.g., by the known chemical-mechanical polish (CMP)
technique) and readied to accept another damascene struc-
ture.

During the dual damascene process, the contact and via
holes are typically etched to completion prior to the trench
ctching. Thus, the step of trench etching exposes the bottom
and sidewalls (which are formed of the insulating or dielec-
tric layer) of the contact or via holes to over-etch which can
deteriorate contact with the base layer. An organic material
1s typically used to partially or completely fill the via or
contact holes and to protect the bottom and sidewalls from
turther etch attack. These organic fill materials can also
serve as a bottom anti-reflective coating (as discussed above)
to reduce or eliminate pattern degradation and linewidth
variation in the patterning of the trench layer, provided the

111l material covers the surface of the dielectric layer.

Fill materials which have high optical density at the typi-
cal exposure wavelengths have been used for the past several
years. However, most prior art materials have limited fill
properties. For example, when the prior art compositions are
applied to the via or contact holes formed within the
substrate, the films formed by the compositions tend to be
quite thin on the substrate surface immediately adjacent the
holes, thus leading to undesirable light reflection during sub-
sequent exposure steps. Also, the tlow properties of the com-
position tend to be lacking in that the composition does not
completely flow 1nto via and contact holes, resulting in 1nad-
equate protection of those holes.

There 1s a need 1n the art for contact or via hole fill mate-
rials which provide complete coverage at the top of via and
contact holes. Furthermore, this material should properly
flow 1nto the via and contact holes to protect the base during
ctching and prevent degradation of the barrier layer and
damage to the underlying metal conductors. There 1s also a
need for improved anti-retlective coatings which can be
clfectively utilized to form 1ntegrated circuits having submi-
cron features while also absorbing light at the wavelength of
interest.

SUMMARY OF THE INVENTION

The present invention broadly comprises new fill compo-
sitions and anti-reflective coating compositions that are use-
tul for the manufacture of microelectronic devices.

In more detail, the compositions comprise at least one
styrene-allyl alcohol polymer and preferably at least one fur-
ther polymer other than the styrene-allyl alcohol polymer.
The composition should comprise from about 1-10% by
weight styrene-allyl alcohol polymer, more preferably from
about 1-6% by weight styrene-allyl alcohol polymer, and
even more preferably from about 1-4% by weight styrene-
allyl alcohol polymer, based upon the total weight of the
composition taken as 100% by weight.

The styrene-allyl alcohol polymer should comprise from
about 40-90% by weight styrene, preferably from about
60-82% by weight styrene, and more preferably from about
70-81% by weight styrene, based upon the total weight of
the styrene-allyl alcohol polymer taken as 100% by weight.
Also, the styrene-allyl alcohol polymer should comprise
from about 10-60% by weight allyl alcohol, preterably from
about 18—40% by weight allyl alcohol, and more preferably
from about 19-30% by weight allyl alcohol, based upon the
total weight of the styrene-allyl alcohol polymer taken as
100% by weight.
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In one embodiment, the molar ratio of styrene to allyl
alcohol in the composition 1s from about 0.4:1 to about 4:1,
preferably from about 1:1 to about 2.7:1, and more prefer-
ably from about 1.2:1 to about 2.5:1. The weight average
molecular weight of the styrene-allyl alcohol polymer 1s
preferably from about 1000-10,000 Daltons, and more prei-
erably from about 1000-3000 Daltons. Two particularly pre-
ferred commercially available styrene-allyl alcohol poly-
mers are SAA-100 and SAA-101 (available from Lyondell
Chemaical).

In those embodiments where another polymer (heremnafter
referred to as “additional polymer”) 1s used along with the
styrene-allyl alcohol polymer, preferred additional polymers
include those selected from the group consisting of
novolaks, acrylics, cellulose, polyacrylics (e.g., polyacrylic
acid), polystyrenes (e.g., polystyrene maleic anhydride), and
mixtures thereof. The weight average molecular weight of
these additional polymers 1s preferably from about 100010,
000 Daltons, and more preferably from about 1000—-70,000
Daltons. Preferably, the composition comprises from about
0.5-10% by weight of this additional polymer, more prefer-
ably from about 0.5-4% by weight, and even more prefer-
ably from about 0.5-3% by weight, based upon the total
weight of the composition taken as 100% by weight. The
weight ratio of styrene-allyl alcohol polymer to additional
polymer 1n this embodiment is preferably from about 10:90
to about 90:10, and more preferably from about 30:70 to
about 90:10.

The compositions are formed by simply dispersing or dis-
solving the styrene-allyl alcohol polymer(s) (1n quantities as
set forth above) 1n a suitable solvent system, preferably at
ambient conditions and for a suificient amount of time to
form a substantially homogeneous dispersion. Preferred sol-
vent systems 1nclude a solvent selected from the group con-
s1sting of propylene glycol methyl ether acetate (PGMEA),
propylene glycol methyl ether (PGME), propylene glycol
n-propyl ether (PnP), 2-heptanone, N-methylpyrollidinone,
cthyl lactate, and mixtures thereof. Preferably, the solvent
system has a boiling point of from about 100-180° C., and
more preferably from about 118-175° C. The solvent system
should be utilized at a level of from about 80-98% by
weight, and preferably from about 90-97% by weight, based
upon the total weight of the composition taken as 100% by

weight.

Any additional ingredients are also preferably dispersed
in the solvent system along with the styrene-allyl alcohol.
For example, the inventive compositions can further com-
prise a crosslinking agent, a catalyst, and an additional poly-
mer as discussed above. The crosslinking agent can be sepa-
rate from the polymer(s) present in the composition or,
alternately, the polymer(s) can include “built-in” crosslink-
ing moieties. Preferred crosslinking agents include amino-
plasts (e.g., POWDERLINK® 1174, Cymel® products).
The crosslinking agent or moieties should be present 1n the
composition at a level of from about 0.2-2.5% by weight,
and preferably from about 0.3—1.8% by weight, based upon
the total weight of the composition taken as 100% by
weight. Thus, the compositions of the invention should
crosslink at a temperature of from about 180-220° C., and
more preferably from about 190-210° C.

Preferred catalysts include those selected from the group
consisting of p-toluenesulfonic acid, bisphenol-A, 4,4'-
sulfonyldiphenol, pyridinium p-toluenesulifonate, and mix-
tures thereof. The catalyst should be present 1n the composi-
tion at a level of from about 0.02-0.45% by weight, and
preferably from about 0.05-0.35% by weight, based upon
the total weight of the composition taken as 100% by
weight.
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It will be appreciated that a number of other optional
ingredients can be included in the composition as well. Typi-
cal optional 1ngredients i1nclude light attenuating
compounds, surfactants, and adhesion promoters.

The method of applying the fill or anti-retlective coating,
compositions to a substrate (e.g., a silicon water) simply
comprises applying a quantity of a composition hereot to the
substrate surface by any conventional application method
(1including spin-coating). Advantageously, after the compo-
sition 1s applied to the hole, 1t 1s not necessary to subject 1t to
a first stage bake process (1.e., heating the composition to 1ts
reflow temperature) so as to cause the composition to flow
into the contact or via holes. That 1s, the styrene-allyl alcohol
suificiently improves the flow properties of the composition
that this 1s not needed as was the case with prior art compo-
sitions.

After the desired coverage 1s achieved, the resulting layer
should be heated to at least about the crosslinking tempera-
ture (e.g., 120-225° C.) of the composition so as to cure the
layer. The degree of leveling of the cured material in any
contact or via holes should be at least about 85%, preferably
at least about 90%, and more preferably at least about 95%.
As used here, the degree of leveling 1s determined as follows
(where 100% means that complete leveling was achieved):

1 — (height of meniscus “M™)
height “H” of the hole

Degree of leveling= ( }x 100.

where “M” and “H” are measurements taken from the cured
material as shown 1n FIG. 1 where 10 represents the cured
material 1n the hole 12. Specifically, “H” represents the
height of the particular hole, and “M” represents the menis-
cus of the composition 1n the hole.

The thickness of the cured fill material layer on the sur-
face of the substrate adjacent the edge of a contact or via
hole should be at least 50%, preferably at least about 55%,
and more preferably at least about 65% of the thickness of
the film on the substrate surface a distance away from the
edge of the contact or via hole approximately equal to the
diameter of the hole.

Anfti-reflective coatings according to the invention have a
high etch rate. Thus, the anti-reflective coatings have an etch
selectivity to resist (1.e., the anti-reflective coating layer etch
rate divided by the photoresist etch rate) of at least about 0.9,
and preferably at least about 1.2, when HBr/O, (60/40) 1s
used as the etchant. Additionally, at 193 mm the inventive
anti-reflective coating layers have a k value (i.e., the 1magi-
nary component of the complex index of refraction) of at
least about 0.25, and preferably at least about 0.35, and have
an n value (1.e., the real component of the complex index of
refraction) of at least about 1.5, and preferably at least about
1.6. That 1s, a cured layer formed from the inventive compo-

sition will absorb at least about 97%, and preterably at least
about 99% of light at a wavelength of 193 nm.

Furthermore, the inventive anti-reflective coatings will be
substantially insoluble 1 typical photoresist solvents (e.g.,
cthyl lactate). When subjected to a stripping test, the mnven-
tive anti-retlective coating layers will have a percent strip-
ping of less than about 3%, and preferably less than about
1%. The stripping test mvolves puddling a solvent (e.g.,
cthyl lactate) onto the cured film for 5-10 seconds, followed
by spin drying at 3000 rpm for 30 seconds to remove the
solvent. The film 1s then baked on a hotplate at 100° C. for
30 seconds. The film thickness 1s measured at multiple
points on the watfer using ellipsometry. The amount of strip
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ping 1s the difference between the initial and final average
f1lm thicknesses. The percent stripping is:

amount of stripping)

Yo stripping = ( ] % 100.

initial average film thickness

A photoresist can be applied to the cured material, fol-
lowed by drying (soit bake), exposing, post-exposure
baking, and developing the photoresist. Following the meth-
ods of the mvention will yield precursor structures for dual
damascene and other microlithographic processes which
have the foregoing desirable properties.

Finally, the present invention also provides a method of
adjusting the flow of a subject composition, regardless of
whether that composition 1s an anti-reflective coating
composition, a {ill composition, or some other type of com-
position. In thus method, one or more flow characteristics
(e.g., viscosity) 1s evaluated by a known method to deter-
mine whether 1t 1s suitable for its intended use. If it 1s not, a
quantity of styrene-allyl alcohol polymer 1s mixed with the
subject composition 1 sufficient quantities to obtain the
desired flow characteristic. It will be appreciated that this
quantity will depend upon the nature of the subject
composition, but can easily be determined by one of ordi-
nary skill in the art by observing the changes in the flow
characteristics upon mixing of the styrene-allyl alcohol
polymer with the composition.

After mixing the styrene-allyl alcohol polymer(s) with the
subject composition, it 1s preferred that the flow characteris-
tic of interest be re-evaluated, and the mixing and
re-evaluating steps be repeated until the desired tflow charac-
teristics are achieved. Styrene-allyl alcohol polymers have
been discovered to be particularly useful for improving and
increasing the flowability of a composition so that it evenly
flows over a surface, even when the surface 1s highly topo-
graphic.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view of a substrate having via
holes formed therein where the holes are filled with a fill

composition;

FIG. 2a 1s a scanning electron microscope (SEM) photo-
graph depicting a cross-sectional view of a silicon wafer
coated with a fill composition according to the invention as
described in Example 1;

FIG. 2b 1s another SEM photograph depicting a cross-
sectional view of a silicon water coated with the fill compo-
sition of Example 1;

FIG. 3 1s another SEM photograph depicting a cross-
sectional view of a silicon water coated with the fill compo-
sition described 1n Example 2;

FIG. 4 1s another SEM photograph depicting a cross-
sectional view of a silicon water coated with a fill composi-
tion as described 1n Example 3;

FIG. 5 1s a further SEM photograph depicting a cross-
sectional view of a silicon water coated with a fill composi-
tion as described 1n Example 4 wherein the waler contains
1solated vias;

FIG. 6 1s a further SEM photograph depicting a cross-
sectional view of a silicon waler having dense vias and
coated with the fill composition described in Example 4;

FIG. 7 1s another SEM photograph depicting a cross-
sectional view of a silicon walfer having 1solated vias which
are partially filled with the fill composition of Example 5;

FIG. 8 15 yet another SEM photograph depicting a cross-
sectional view of a silicon water having dense vias which are
partially filled with a fill composition as described in
Example 5;
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FIG. 9 1s a series of SEM photographs depicting a cross-
sectional view of a silicon water having 0.13 um dense L/S
coated with the composition described 1n Example 6 and a
commercially available photoresist composition; and

FIG. 10 1s a series of SEM photographs depicting a cross-
sectional view of a silicon water having 0.13 um dense L/S
coated with the composition described 1n Example 7 and a

commercially available photoresist composition.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

EXAMPLES

The following examples set forth preferred methods 1n
accordance with the invention. It 1s to be understood,
however, that these examples are provided by way of 1llus-
tration and nothing therein should be taken as a limitation
upon the overall scope of the invention.

Example 1

In this procedure, 5 g of SAA-101 polymer (a styrene-
allyl alcohol copolymer from Lyondell Chemical, weight-
average molecular weight: 2,500) was mixed with 0.5 g of
POWDERLINK® 1174 (a crosslinking agent obtained from
Cytec Industries, Inc.), 0.10 g of p-toluenesulionic acid
(TSA) and 181.07 g of PGME. A polymer solution was
obtained after stirring for 2 hours. The solution was 1on
exchanged for two hours to mimimize metals and filtered
twice with a 0.1 um end point filter.

The resulting composition was coated onto silicon waters
having vias by spin-coating at 400 rpm for 5 seconds fol-
lowed by a cast spin at 1500 rpm for 60 seconds. The wafer
was then baked at 205° C. for 60 seconds. Good surface
coverage (400 to 900 A) and full fill (1 um) in vias with a
diameter of 0.20 um and a depth of 1.0 um were obtained as
evidenced by the SEM photographs shown in FIGS. 2a and
2h.

Example 2

About 20 g of ARC-DUV42-6 (an acrylic anti-reflective

coating, available from Brewer Science, Inc.) was blended
with 30 g of the solution prepared in Example 1. The mixture
was stirred for one hour and filtered through a 0.1 um end
point filter to yield a dual damascene via fill composition.
Silicon chips having vias were coated with the composition
by spin-coating at 400 rpm for 5 seconds followed by a cast
spin at 1500 rpm for 60 seconds. The waler was then baked

at 205° C. for 60 seconds. Good surface coverage (650 A)
and full via filling (10,000 A) in vias with a diameter of 0.2
um and a depth of 1.0 um were obtained as evidenced by the

SEM photograph shown 1n FIG. 3.

Example 3

About 30 g of ARC-DUV44-6 (an acrylic anti-reflective
coating, available from Brewer Science, Inc.) was blended
with 20 g of the solution prepared in Example 1. The mixture
was stirred for one hour and filtered through a 0.1 um end
point filter to yield the dual damascene via fill composition.
Silicon chips having vias were coated with the composition
by different coating processes, depending upon the fill
requirements. Good surface coverage (650 A) and via filling
(4700 A) in vias with a diameter of 0.25 um and a depth of
1.0 um were obtained as evidenced by the SEM photograph

shown 1n FIG. 4.

Example 4

In this example, 1.245 g of SAA-101 polymer (weight-
average molecular weight of 2500) and 1.245 g of hydrox-
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ypropyl cellulose (Grade SSL obtained from Nisso
Chemical, having a molecular weight range of 15,000-30,
000) were added to 29.100 g of PGME and 67.900 g of PnP.
Next, 495.0 mg of aminoplast crosslinking agent
(POWDERLINK® 1174, available from Cytec Industries,
Inc.) and 15.00 mg of TSA were added to the mixture, and
the resulting solution was mixed for approximately 4 hours
at room temperature until homogeneous. The solution was
then 1on exchanged by tumbling with 5 weight % PGME-
washed Dowex 6350C beads. The beads were removed by
straining the solution through 2 layers of plastic mesh fol-

lowed by filtering through a 0.1 um end point.

The composition was spin-coated onto a quartered silicon
waler containing via holes which were 0.20x0.22 um in
diameter and 1 um 1n depth. A dynamic dispense was uti-
lized at 500 rpm for 5 seconds followed by a spread spin of
700 rpm for 25 seconds and then a cast spin at 1800 rpm for
30 seconds (20,000 rpm acceleration rates). SEM photo-
graphs ol the respective cross-sections of the walers are
shown 1n FIGS. 5 and 6.

Example 5

In this example, 1.233 g of SAA-101 polymer (weight-
average molecular weight of 2,500) and 1.233 g of poly-
acrylic acid (having a molecular weight of 2,000) were
added to 29.096 g of PGME and 67.886 g of PnP. Next,
493.1 mg of aminoplast crosslinking agent
(POWDERLINK® 1174), 9.24 mg of TSA, and 49.3 mg of
4.4'-sultonyldiphenol were added to the mixture, and the
resulting solution was mixed for approximately 2 hours at
room temperature until homogeneous. The solution was then
ion exchanged by tumbling with 5 weight % PGME-washed
Dowex 650C beads. The beads were removed by straining
the exchange solution through 2 layers of plastic mesh fol-
lowed by filtering through a 0.1 um end point.

The composition was spin-coated onto a quartered silicon
waler containing via holes which were 0.20x0.22 um 1n
diameter and 1 um 1n depth. A dynamic dispense was uti-
lized at 500 rpm for 5 seconds followed by a spread spin of
700 rpm for 25 seconds and then a cast spin at 1800 rpm for

30 seconds (20,000 rpm acceleration rates). FIGS. 7 and 8
show SEM photographs of cross-sections of these wafers.

Example 6

Anti-Reflective Coating—Hydroxypropyl Cellulose

1. Preparation of Mother Liquor

A 500 mL three-necked flask equipped with a condenser
and magnetic stirring bar was charged with 15.0 g of hydrox-
ypropyl cellulose (Grade SSL, obtained from Nisso
Chemical), 15.0 g. of poly(styrene/allyl alcohol) (SAA-101,
from Lyondell Chemical), and 270.0 g of PnP. The mixture
was stirred at 69.5-100° C. for 39 hours to homogeneity.
2. Preparation of Anti-Reflective Coating

About 75 g of the mother liquor prepared in Part 1 of this
example, 218.1 g of PnP, 3.78 g of POWDERLINK® 1174,

157 mg of TSA, and 472 mg of 4.4'-sulfonyldiphenol were
stirred under ambient conditions to form a solution. The
solution was then tumbled with 14.9 g of PGME-washed
650C deionization beads for 4 hours followed by filtering.
3. Properties of Anti-Retlective Coating,

The anti-reflective coating prepared i Part 2 of this
example was applied to silicon and quartz walers by spin-
coating at 2500 rpm for 60 seconds followed by curing at
205° C. for 60 seconds with hotplate vacuum. The composi-
tion had good coating quality. The film thickness was 848 A,
and the optical density at 193 nm was 11.65/um. The resis-
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tance of the film to solvents was determined by puddling a
solvent (ethyl lacetate) onto the film for 5—10 seconds, fol-
lowed by spin-drying at 5000 rpm for 30 seconds to remove
the solvent. The film was then baked on a hotplate at 100° C.
for 30 seconds. The film thickness was measured at multiple
points on the wafer using ellipsometry. The amount of strip-
ping was determined to be the difference between the nitial
and final average film thickness. There was only 0.02% ethyl
lactate stripping of this film.

The composition also had good spin-bowl compatibility.
That 1s, the room temperature-dried anti-reflective coating
readily re-dissolved 1n commonly encountered solvents at
room temperature. The etch selectivity to 193 nm resist
(PAR 710, Sumitomo Chemical Co.) using HBr/O, (60/40)
as the etch gas was 1.2.

A 193 nm photoresist (PAR 710) was applied over 853 A
of the cured anti-retlective layer and soft baked at 130° C.
for 60 seconds. Exposures were carried out with an ASML
PASS3500/950 scanner (NA=0.63; S1igma=0.75) at exposure
energies for 8.3 mJ/cm”. A post-exposure bake was carried
out at 130° C. for 60 seconds. The photoresist was then
developed with OPD262 developer (obtained from ARCH
Semiconductor Chemicals) for 60 seconds.

The SEM photographs (FIG. 9) showed that at an expo-
sure dose of 8.3 mJ/cm” the sample had good 0.13 um dense
L/S (line/space) patterns with minimal footing or undercut.

Depth-of-focus (DOF) was about 0.4 um.

Example 7

Anti-Reflective Coating—Cellulose Acetate
Hydrogen Phthalate

1. Preparation of Mother Liquor
About 16.0 g of cellulose acetate hydrogen phthalate
(CAHP, obtained from Aldrich, product number 32,807-3),
8.62 g of poly(styrene/allyl alcohol) (SAA-101),and 221.5 g
of PGMEA 1n a Nalgene bottle were tumbled on a wheel or
sometimes magnetically stirred for 3 days at ambient condi-
tions and then heated with magnetic stirring to 100° C. to
give a solution contaiming only traces of insolubles.
2. Preparation of Anti-Reflective Coating

About 75.0 g of the mother liquor prepared in Part 1 of
this example, 126.1 g of PnP, 56.1 g of PGMEA, 2.49 g of
POWDERLINK® 1174, 103.5 mg of TSA, and 310 mg of
4.4'-sultonyldiphenol were stirred under ambient conditions
to homogeneity. The solution was then tumbled with 13.0 g
of PGME-washed 650C deionization beads for 4 hours at
ambient conditions to effect deionmization. The beads were
removed by straining through a plastic mesh, and the anti-
reflective coating was then filtered through a 0.2 um end
point filter.

3. Properties of Anti-Retlective Coating,

The anti-reflective coating prepared in Part 2 of this
example was applied to silicon and quartz watfers by spin-
coating at 2500 rpm for 60 seconds followed by curing at
205° C. for 60 seconds with hotplate vacuum. The film
thickness was 967 A, and the optical density was 13.2/um at
193 nm. There was no ethyl lactate stripping of this film, nor
was there any hotplate smoking during the bake step. The
anti-reflective coating had good spin-bowl compatibility,
and the etch selectivity to resist (PAR 101) using HBr/O,
(60/40) as the etch gas was 1.1.

A 193 nm photoresist (PAR 710) was applied to the cured
anti-reflective layer and soft baked at 130° C. for 60 seconds.
Exposures were carried out with an ASML PAS5500/950
scanner (NA=0.63; Sigma=0.75) at exposure energies of
10.1 mJ/cm?*. A post-exposure bake was carried out at 130°

C. for 60 seconds. The photoresist was then developed with
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OPD262 developer (obtained from ARCH Semiconductor
Chemicals) for 60 seconds. Very good 0.13 um dense L/S
patterns were obtained, with about 0.5 um satisfactory DOF.
FIG. 10 shows the SEM photographs of this sample.

We claim:

1. In an anti-retlective or fill composition for protecting a
base material or holes formed 1n a base material, the
improvement being that said composition comprises a
styrene-allyl alcohol polymer and a polymer selected from
the group consisting of cellulose polymers, novolaks, and
mixtures thereol, wherein said polymers are dispersed in a
solvent system, said solvent system being utilized at a level

from about 50-98% by weight, based on the total weight of

composition taken as 100% by weight.

2. The composition of claim 1, wherein said [polymers are
dispersed in a] solvent system [which] includes a solvent
selected from the group consisting of 1-methoxy-2-
propanol, PGMEA, PGME, propylene glycol n-propyl ether,
2-heptanone, N-methylpyrollidinone, ethyl lactate, and mix-
tures thereof.

3. The composition of claim 1, wherein said composition
comprises from about 1-10% by weight styrene-allyl alco-
hol polymer, based upon the total weight of the composition
taken as 100% by weight.

4. The composition of claim 1, wherein said styrene-allyl
alcohol polymer comprises from about 40-90% by weight
styrene, based upon the total weight of the styrene-allyl alco-

hol polymer taken as 100% by weight.
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5. The composition of claim 1, wherein said styrene-allyl
alcohol polymer comprises from about 10-60% by weight
allyl alcohol, based upon the total weight of the styrene-allyl
alcohol polymer taken as 100% by weight.

6. The composition of claim 1, wherein the molar ratio of
styrene to allyl alcohol 1s from about 0.4:1 to about 4:1.

7. The composition of claim 1, wherein said composition
further comprises a compound selected from the group con-
sisting ol crosslinking agents, catalysts, light attenuating
compounds, and mixtures thereof.

8. The composition of claim 7, wherein said compound 1s
an aminoplast crosslinking agent.

9. The composition of claim 7, wherein said compound 1s
a catalyst selected from the group consisting of
p-toluenesulionic acid, bisphenol-A, 4,4'-sulfonyldiphenol,
pyridintum p-toluenesulfonate, and mixtures thereof.

10. The composition of claim 1, wherein said composition
comprises from about 0.5-10% by weight of said additional
polymer, based upon the total weight of the composition
taken as 100% by weight.

11. The composition of claim 1, wherein said styrene-allyl
alcohol polymer has a weight average molecular weight of

from about 1000-10,000 Daltons.
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