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The present invention relates to bottom-layer, thermo-
setting polymeric anti-reflective coatings used in mﬁltilayer
10 photoresist systems, particularly to those having improvements
in plasma etch rate, optical density, solubility in preferred
coating solvents, feature coverage, and storage stability.

2. Background of the Prior Art
15 '
'The effectiveness of bottom-layer polymeric anti-reflective

coatings for achieving good critical dimension (CD) control in
microlithographic processes is well established (U.S. Patent
4,910,122). As device feature sizes have now decreased to the

20 sub-0.5 micron regime, it has become imperative to use such
anti-reflective coatings to inhibit standing wave. formation
within photore;ist layers, eliminate backscattered light from
microelectronic substrates, and reduce swing curve amplitude.

Current bottom-layer polymeric anti-reflective coating

25 technologies have severe limitations for producing sub-0.5
micron feature sizes. Most notably, the intermixing between
thermoplastic anti-reflective coatings (U.S. Patents 5,234,990,
5,294,680, and 5,532,332, incorporated herein by reference) and
overlying photoresist layers gives rise to discernible distor-

30 tions at the base of the patterned features when viewed in
cross—section. The magnitude of these distortions has now
become significant because of the extremely small feature size,
making any such distortion in the line shape unacceptable in
device fabrication.

35 Thermosetting anti-reflective coatings exhibiting higher

resistance to intermixing with photoresist layers have been

introduced recently to overcome the limitations of thermoplastic
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4,148§889@inoplast-containing industrial coatings and photoresists such
as those described in U.S. Patents 3,744,904, 4,149,888,
4,316,940, 4,341,859, 4,478,932, 4,518,676, 4,734,444, -
5,034,304, and 5,376,504, and herein incorporated by referénce.
It should be noted, however, that none of these prior art

20 industrial coating nor photoresist compositions fulfills the
requirements for aﬁti—reflective coating applications, particu-
larly with regard to providing sufficient light attenuation at
typical anti-reflective coéting thicknesses of 0.05-0.20
microns. '

25 Although the dye-attached thermosetting anti-reflective
coatings derived from low molecular weight epoxy resins provide
many unexpected benefits, there are drawbacks. One such draw-
back is their tendency to dewet on silicon dioxide, silicon
nitride, and ion implanted microelectronic substrates, though

30 this problem can often be corrected by appropriate formulation
changes. A more serious drawback occurs upon plasma etching
images into the anti-reflective coating layer. For example, for
one preferred deep ultraviolet embodiment of our co-pending
application, oxygen plasma etching proceeds at rates no faster

35 than 1.25 times a thermoplastic polyarylethersulfone anti-
reflective coating described in U.S. Patent 5,234,990. Since
polyarylethersulfone anti-reflective coatings are known general-
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bility at high levels of dye attachment. This is a critical
limitation for mid-ultraviolet anti-reflective coatlngs since
the known dye structures for this wavelength range have modest
absorbance and must be present in high concentratlonmto_achleve
20 an effective film optical dénSity. |
European Patent Application No. 93305124.3 llkew15e dlS-
closes thermosetting anti- reflective coatlngs Wthh comprise at
least one compound (typically, a polymer or an ollgomer) having
one or more glycidyl functions, at least one phenolic anthracene
25 dye, and a solvent capable of dissolving these compounds. How-
ever, unlike the aminoplast-containing anti~ reflective coating
compositions discussed above, the title compositions must be
heated for several minutes at high temperatures to insolubilize
the coating. This long cure cycle reduces wafer throughput and
30 makes the process generally unacceptable to manufacturers. 1In
addition, the preparation of the title anti-reflective coatings,
particularly that of the phenolic anthracene dye components,
involves many steps, making the coatings too expensive to
produce and use on a practical basis.
35 U.S. Patent 5,597,868 discloses similar thermosetting anti-
- reflective coatings for 193 nm photolithography. A polyphenolic
dye such as a novolac resin is combined with an acrylic polymer
which has pendant epoxide functionality. Heating the coating

cknesses of 0.05-0.20 -
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functional igh¥+ @g@&hggsbggdcoatlng
adequate solubility in preferred coating solvents even at
high levels of dye attachment; o
long storage life at room temperature;
20 - high resistance to. intermixing with photoreSists;'"':j"“
high optical density at any desired major exposing Wa%elength
of interest through easy chemical modification; and o
reasonable cost. -
It is also a particular object of the present invention to
25 achieve superior wetting and feature coverage in comparison'tb
dye—-attached thermosetting anti- reflectlve coatlngs derived from
low molecular weight epoxy resins.
The improved thermosetting anti-reflective coating compo-
sition is comprised principally of 1) a dye-attached, aliphatic
30 polyester resin having suitable functionality for reaction with
aminoplast crosslinking agents; 2) a multi-functional aminoplast
(or reactively equivalent) crosslinking agent, and 3) a protonic
acid catalyst, all of which are dissolved in a suitable solvent
vehicle. The composition is applied onto a semiconductor sub-
35 strate and then heated typically for 60 seconds to form a cross-
linked coating which exhibits high optical density at mid-

and/or deep ultraviolet exposing wavelengths, long storage life



4 results in a thernosetting reaction between the phenolic hydr oxyl
groups of the dye and the epoxi de groups of the poly- mer. As cl ained
t herei n, "WO®©921058t he curing process nust proceed for norRCT/IS98/22043
m nutes at tenperatures greater than 5 §70[err]C to be effective.
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the dye-attached polyester resin component of the anti-

reflective coating compositions.
Figures 4A and 4B. Suitable R3 substituents for the dye-
20 attached polyester resin component of the anti-reflective
coating compositions.

DETAILED DESCRIPTION AND PREFERRED EMBODIMENTS .

25 The thermosetting anti-reflective coating compositions of
the present invention preferably comprise:
a) a polyester resin containing integral reactive
hydroxy groups, which resin is produced by the reaction of one
or more difunctional aliphatic carboxylic acids with a
30 stoichiometric excess of a di- and/or a trifunctional aliphatic
primary alcohol, wherein at least one of the dicarboxylic acids
preferably contains a reactive methylene (-CH:-) group, and
wherein the reéulting polyester reaction product is further
modified by attaching light-absorbing groups to some or all of
35 the reactive methylene groups and/or the hydroxy groups which
are integral to the polyester structure;
b) an alkylated aminoplast crosslinking agent derived

from melamine, urea, benzoguanamine, or glycoluril;



35 strate and then heated typically for 60 seconds to forma cross-
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10 depicted in Figure 1. The dlcarboxyllc acid constituent [HOOC—

R1-COOH] of the polyester resin may be alkyl, cycloalkyl,
heteroalkyl, alkenyl, aryl, heterocyclic, or polycyclic'in
nature, though dicarbexylic acids having some aliphatic content
are preferred for imparting fast plasma etch rates to the anti-

15 reflective coating. Examples of suitable Ri radical structures
are shown in Figures 2A, 2B and 2C. Of the structures shown
there, alkyl radicals wherein n = 0-2 (corresponding to oxalic
acid, malonic acid, and succinic acid, respectively) and '
isobutenyl radicals having pendant aromatic substituents (R4)

20 which confer absorptivity at the principal ultraviolet ékposing'
wavelengths are preferred. The substituted isobutenyl fadical
structures are highly preferred for obtaining anti-reflective
coatings with high optical density. As is well known in the
art, dicarboxylic acids having an Rg-substituted isobutenyl

25 radical structure are the reaction products of malonic acid with
aromatic aldehydes.

For 193 nm and 365 nm exposing wavelength applications, Rg
substituents such as Ray(rjand Ryrrnjare preferred. The Ran
structures wherein Rs is hydrogen or m-methoxy and Re is hydroxy

30 are especially preferred. For 248 nm exposing wavelength
applications, R4 substituents such as Rgqn) and Reqw) are
preferred. Of these, Rsav) is especially preferred.

The difunctional [HO-R3~OH] and/or trifunctional
[HO-R2(-OH)2] primary alcohol constituents of the polyester may

35 be alkyl, cycloalkyl, alkylaryl, or heteroalkyl in a nature.
Examples of suitable Rz radical structures are shown in Fig-

ures 3A, 3B and 3C. Of these, Rzand Rz(r) (corresponding to



25 The thernosetting anti-reflective coating conpositions of t he
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The d‘Cﬂ%&%@&BH%§%€H§1€°Q%&E&HS@%AH#%%%nyl, acridinyl, biphenyl, benzo-
phenone, or 5-phenylpentadienyl radicals; suitable structures
are shown in Figures 4A and 4B. It is to be understood that ény
such aromatic substituents which provide high light absorbency
15 at or near one of the principal exposing wavelengths of interest.
may be used equivalently to create useful dye-attached polyester
components. For 193 nm exposing wavelength applications, R3:
substituents such as R3() are preferred. For 365 nm exposing
wavelength applications, R3; substituents such as R3@ru, and Rax) -
20 are preferred. The R3zwrrn structures wherein R; is hydrogen or <
m-methoxy and Rs is hydroxy, methoxy, N,N-dimethylamino, or .
N,N-diethylamino are especially preferred. Rawi) structures
wherein Ry is hydrogen or m-methoxy and Rs is hydroxy are most
preferred for 365 nm applications. For 248 nm exposing wave-
25 length applications, R3 substituents such as R3uawy, R3wn, Rawin,
and Rz are preferred. Structures Ri(v and_R3mn are especially
preferred.

2. Acid Catalysts

30

- While p-toluenesulfonic acid is a preferred acid catalyst,

other strong protonic acids such as dodecylbenzenesulfonic acid,
oxalic acid, phthalic acid, phosphoric acid, and mixtures there-
of, may be employed suitably. Acid catalysts with formula

35 weights greater than 80 g/mole are preferred to prevent sublima-
tion when the anti-reflective coating is thermally cured.

3. Crosslinking Agents
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pref err eiingse pMepameHQCpomyEBybasednghycabudthésmmaédehydate331ns are
especially useful for preparing thermosetting polyester anti-
reflective coatings which can be used in conjunction with chemi-
cally amplified, acid-catalyzed photoresists. The aminoplast’
20 resin is preferably added to the coating in a proportion which
provides 0.20-2.00 equivalents of reactive alkoxymethyl 'cross-
linking function per polymer hydroxyl function. A proportion
which provides 0.50-1.50 reactive equivalents per hydroxyl is
especially preferred.
25

4. Solvents and Additives

Suitable solvents for the new anti-reflective coatings
include alcohols, esters, glymes, ethers, cyclic ketones, and
30 their admixtures which boil in the range 70°-180°C. Especially
preferred solvents and co-solvents include l-methoxy-2-propanol
(PGME) , cyclohexanone, ethyl 3-ethoxypropionate, and ethyl
lactate. Alcohols such as PGME and ethyl lactate should
comprise at least 20 weight percent of the coating solvent
35 system to lend long storage life.
The coatings may be amended with small amounts (up to 20

wt.% of total solvents) of conventional high boiling anti-
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luene or xylene to effectively remove by-product water from

the reactor and thereby enhance the degree of polymerization.

20 Such polyester polymerization pfoCésses are well known in the
art. [For example, see 1) French Patent 1,256,088 (1961),

2) French Patent 1,137,056 (1957), and 3) A. Ravve, G. Paster- '
nack, K.H. Brown, and S.B. Radlove, Journal of Polymer.Science '
(Polymer Chemistry Edition), Vol. 11, pp. 1733-1752 (1973).]

25 Monocarboxylic acids of the form, HOOC-R3, may be added to the
initial polymerization mixture to directly form dye-attached
polyester structures or precursors thereto. Alternatively, the
monocarboxylic acids may be attached to the initially formed
hydroxy-functional polyester resin in a second step using

30 similar reaction conditions.

If the polyester has been prepared from dicarboxylic acids
containing reactive methylene groups, most notably, malonic acid
[HOOC~CH,-COOH], these sites can be modified by reaction with
aromatic aldehydes to form light-absorbing structures of the

35 type [-CO-C(=R4)-CO-}. The modification is performed under
elevated temperature, azeotropic conditions in the presence of

an alkaline catalyst to promote Knoevenagel condensation of the



3. Crosslinking Agents 8
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whi ch rovi equi val ents o ctive al'k ‘hyl cross-
l'inking function per polymer hydroxyl function. A proportion whi ch
provi deg 0. a@t1-3@ feattivie coOAivy Frmul@tildrdr oxyl is especially
preferred. 25 4. Sol vents and Addi tives

In the second step, the solution of the dye-attached poly-

ester resin is combined with the aminoplast, acid'catalyét, and

15 other additives such as surfactants and diluted to the desired
total solids concentration. The order of addition is generally
not critical to performance. A total solids level of 2.5-10.0
wt.% is typically needed in the anti—refleotivé coating solution
for achieving the desired 350-2500 A film thickness when the

20 solution is spin coated at 1000-6000 rpm for 30-90 seconds and
then cured by baking. R
Preferred Coating Compositions

Preferred compositional ranges (expressed in wt.$% based on
total resin solids) for the dye-attached polyester resin, amino-
25 plast crosslinking agent, and acid catalyst are as follows:

ESPECIALLY
COMPONENT USEFUL RANGE PREFERRED
DYE—ATTACHED POLYESTER RESIN 50-90 60-85
30 AMINOPLAST CROSSLINKING AGENT 10-50 15-35
ACID CATALYST 0.1-10 2-5
35 When combined in these proportions, the anti-reflective

coatings demonstrate excellent resist compatibility, i.e., no
intermixing with photoresist, as well as good room temperature
stability, and rapid curing characteristics at bake temperatures -
between 150°-225°C.

40



Sui tabl e solvents for the new anti-reflective coatings I ncl ude
al cohol s, esters, glynes, ethers, cyclic ketones, and 30 their adm xtures

whi ch boiyoi9epiesg range 70[err]-180[err]C. Especially pPETAISOZ22143
sol vents and co-sol vents include 1-nethkgxy-2-propanol (PGWE), -
cycl oheyapfRa: ot Bk 3- et hoxypropi onate, and et hyl | actate. Al cohols
such as—%%%E—ang—erhy | act ate shoul d conprise at |east 20 wei ght

percent of the coating solvent 35 systemto lend |ong storage |ife.
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per f or manc hod of Preparati_on ester

I n the FPA&LNG: 8%, 1@9@-@89% BB\ >f9§t S0 r9@5|5ﬁ<=§m§ct urPinping grerdePhy
condensinBeot-ieodi ambaxyl Le@p@@:ll@(la)y P iR ol Abtairdi Qinifd/h,

conponents under el evated tenpe ur aze fopic 15 conditio in t
o1 cbencHedE el B GORELATEA PR JOE e ATie " SR T ACT2EA The

poIynernnabemﬂcnmdptab&rmbhpfactmmmducﬂa@ wpder caased djdilom dondilieéwns with

solvents %%%ha%$120?—225°c for 30-120 seconds on a hot plate or . .

equivalent baking unit. Bake temperatures of 150°-200°C and

15 bake times of 45-90 seconds are especially effective for '
achieving high resistance to intermixing with the photoresist.
The final film thickness is adjusted to 350-2500 A and, more"
preferably, to 500-1500 A'depending upon the substrate type.

A photoresist is applied over the cured anti- reflectlve

20 coating by spin coating and then soft baked, exposed, and
developed to create the desired masking pattern. An optlonal
post-exposure bake may be applied to the resist prior to '
development. The resist pattern is then transferred into the
anti~-reflective coating layer by reactive ion etching (also

25 known as dry etching or plasma etching) using various gases or
gas mixtures which are known in the microlithographic art to be
effective for etching organic materials, e.g., 02, Clz, F2, CFy,
HCF3, SFs, their admixtures with Nz, Ar, and He, etc. After the
anti-reflective coating laYer'has been etched, the semiconductor

30 substrate can be selectively etched,.implanted, or deposited on
through the pattern formed in the resist and anti-reflective
coating. When these steps have been completed, the resist and
anti-reflective coating are removed by plasma etching and/or .
dissolution in liquid stripping chemicals. The stripped sub-

35 strate is then ready for a new processing cycle.

The following non-limiting examples are illustrative of the

invention.



tol uene or xylene to effectively renove by-product water from t he
reactor and thereby enhance the degree of polynerization. 20 Such

pol yesterwg%% éi zation processes are well known in the pcEOses2iRr
exanpl e, seé ﬂﬁ rench Patent 1,256,088,(1961), 2) French Patent _
1,137,056 (1957 nd, 3 vve ster- nack, K _H. Brown, and
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forn1dye attached yester structures_or precursors thereto.

Al ternatively, the nnnocarboxyﬁﬁéﬂgkﬁdé may be attached to-the
initgally fornmed hydr oxy-functional polyester resin in a second -step
using 30 sipm action. condltlgns ester has .been
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by reaction th [ de 0 rm LI sarbing structures
of the 35 ty§%—?—£¥gﬁgé~\€£é¥§??g. §nalcy3hd; QQE r med under '

el evat ed tenperature azeotropic conditions in the presence of an

al kapi ne cat ¥§bgi0r8ﬁ98058t Qegegﬁﬁgpgeasa&tan OReEﬂ%nlca ' '

10 al dehyde an eri dine, pyr| or .

reacti ve net ne fu
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to the metkgd)ethaheycaucetahypievamnasnst efspakartelaspksul fonjendaiid
Cyaﬂgac?b%gA?558H51868 9818899?”S@He“ﬁiﬂtﬁi8”Bégcbrought to reflux and
formed water collected. Cyanocacetic acid (22.97g, 0.270 mol)
was added with the aid of 50g toluene. The mixture was brought
to reflux and formed water was removed azeotropically. The
resulting polyester resin was separated from the reaction mix-
20 ture by decantation. It exhibited the following molecular
weight properties: My = 2400 and My = 800. Heating the poly-
ester in vacuo increased the molecular weight to My = 6930/
My = 1330.

25 B. Preparation of a dye-attached polyester resin by modifica-

tion of the product prepared in Step A

A reaction mixture of identical composition described in
Step A (Myz=4050) was modified by reaction with 3 equivalents of

30 4-hydroxy-3-methoxybenzaldehyde ({vanillin) in the presence of
piperidine. The resulting dye-attached resin was orange-red in

color.



al dehydes to form|light-absorbing structures of the type Rerr](VIill), 10
Rerr]CX), Rerr](X), and Rerr](Xl'), where Rerr]is a cyano i-C%&nﬁroup
2. Anti-revbegeioss Coating Fornul ation In the secon 22143
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added with the aid of 50g toluene. The mixture was brought to

15 reflux and formed water was removed by azeotropic distillation.
When cooled, the polyester resin separated from the reaction

mixture as a viscous oil.

B. Preparation of a dye-attached polyester resin by modifica-

20 tion of the product prepared in Step A

A dye-attached polyester resin suitable for anti-reflective
coating applications was prepared by condensing vanillin in the
presence of piperidine with the reaction product of Step A. The

25 resulting product was orange-red in color.

EXAMPLE 3
A. One-step preparation of a non-dye-attached polyester resin
30 using a 1:1.48:2.46 molar ratio of malonic acid, 1,1,1-

tris (hydroxymethyl)ethane and éyanoacetic acid

A 250mL round bottom flask equipped with a mechanical
stirrer, nitrogen inlet, thermometer and a Dean-Stark trap
35 topped by a water cooled condenser was charged with 7.03g
(0.0676 mol) malonic acid, 12.04g (0.100 mol) 1,1,1-tris-
(hydroxymethyl)ethane, 14.08g (0.l166mol) cyanoacetic acid, a

catalytic amount of pTSA and 60g toluene. The mixture was

]
i



Met hod of Use The thernosetting polyester anti-reflective
coating conpositions can be used effectively on a vast spectrum if not

5 all, b i ncl uding, b i i ted
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gases or g\ ureﬁ whi ch are known in the mcrolithographic art to
be ePF@BP vée of"efBhPhg organic materials, e.g., O[err], Cferr],
Flerr], CF[err], HCF3, SF[err], their adnlxtures with N2, Ar, and He,

etc. jAfter the anti-reflective gggﬁbﬂg hayer has been etched t he

sem conduct or 30 substrate can be s et ched, inplanted, or
deposited on t hrough the pattern forned in the resist and

ant"{eftht|Werara%Qéh|Bg aVienechRess1yarerhavaiheariae Rl at.ad.14 he
resit s an

molar ratio of malonic acid and ethylene glycol

20 A 250mL round bottom flask equipped with a mechanical
stirrer, nitrogen inlet, thermometer and a Dean-Stark trap
topped by a water cooled condenser was charged with 26.0g
malonic acid, 17.8lg ethylene glycol, a catalytic amount of pTSA-
and 200g toluene. The mixture was brought to reflux. Formed

25 water was removed continuously to advance the polymerization
reaction.

B. Preparation of a dye—attached polyester resin by modifica-

tion of the product prepared in Step A

30
To 7.16g of the polyester resin prepared in Step A was
added vanillin (7.61g), toluene (60g), and a catalytic amount of
piperidine. The reaction mixture was brought to reflux and the
formed water collected. The resulting dye-grafted polyester was
35 easily separated from the toluene mixture by decantation. The
product exhibited a peak ultraviolet absorbance at 335 nm.



anti-reflective coating are renoved by plasnma etching and/or

dissolution in liquid stripping chemcals. The stripped sub- 35 strate is
t hen r eadyWP®9/28058ew processi ng cycl e. The fol |l ow ngC'Ims%Iimzi ng
exanples are illustrative of the i ngdnti on.

12 Exanpl es 1-3 illustrate EXAMPLEeSnononer stoichionmetry and
reaction sequencing nmay be nodified to manipul ate the character- I stics
of the polyester resin.) EXAMPLE 1 5 A
Two- st ep prepfr §?F6ﬁsonadM8ﬁaH?éCQ?@aEﬁéMeE&EyésW@irer priepared usingittg a
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br ought I f c n ticC 22. 97g,
b oUGM L0015 asedss ol oRURIEL S5O ELEY. (EYAREERYLEr il (32

nol
broubﬁt violeg ;éghﬁxaaﬁﬁrbb¥%ﬂrﬁaﬁé1ﬂms renmoved azeot ropi cal I y. The
resulting polyester resin was separated fromthe reaction mx- 20 ture by

decantation. It exhibited the follow ng nol ecul ar wei ght properties:
Mv = 2400 and MN = 800. Heating the poly- MoLES egml gF\?QEXFA?Ticreased t he
- BSORPTION
mol e;:;JI a&m&mt to Mv = 6930/ ALDEHYDES MaxTMOM (01)
4 -HYDROXYBENZALDEHYDE 1 325

4~ (N, N-DIMETHYLAMINO) —

BENZALDEHYDE . 1 380
20 ' '
4- (N, N-DIETHYLAMINO) -
BENZALDEHYDE 1 380
4- (N, N-DIMETHYLAMINO) . . _
25 BENZALDEHYDE/VANILLIN 0.5 / 0.5 ' 380/360
4- (N, N-DIMETHYLAMINO) ~ :
BENZALDEHYDE/ VANILLIN 0.68 / 0.32 385
30 4-(N,N-DIMETHYLEBMINO) - _
BENZALDEHYDE /VANILLIN 0.6 / 0.4 ' -
4- (N, N-DIETHYLAMINO) - : _
BENZALDEHYDE /VANILLIN 0.6 / 0.4 390
35 )
4- (N, N-DIETHYLAMINO) —
BENZALDEHYDE/VANILLIN 0.9 / 0.1 390
40 : EXAMPLE 6

A series of terpolyesters were prepared from malonic acid,
ethylene glycol, and trimethylolpropane using the conditions
described in Example 1A to demonstrate that when using tri-

45 functional alcohols, the proportion of the latter relative to
the dicarboxylic acid must be selected correctly to avoid

gelation of the polyester product. The results are summarized

[
‘



IMN 1330. 25 B. Preparation of a dye-attached pol yester resin by
nodi fi ca- tion of the product prepared in Step A A
reaction rqvgtdg{%ﬁ}sg;ci dentical conposition described in %&BU&M\@A'OF’O)

was nodifie tion vvith3equivalfé1ts of 30
4- hydr oxys %%t@%yg%ﬁl,p.ehyde (vanillTh) in the presence of

pi peri di ne. e resulting dye-attached resin was orange-red in col or.
13 MOLESKREFRERCTANT USEDA Two- st ep preparation
of a non-dye-attached pol yester resin using a 1:1.BBomuca4 nol ar
rati o_of malo i ,Igl, 1, ETHYLENE GLYCQLy j g( hydIRSQ_?_%et hyl ) e PHEENME and
cyano%cetic acid 0 A 250qt round bottom fl ask equi pped'wth'a
mechani cal = stirter, nitrogen itfhlet, thermoneté® and a DESWBEEark trap

t opped by a water ol ed condens was. char ged WI3E - 7,03g 10 (0.0676 nol)
mal oni ¢ acid, 12. ig (0.100 nol )eq, 1,1-tris- L. #ydroxymﬁ? ¥ethane, a
catajytic amount j0fy pPTSA and 50g; 5 toluene. Thegii xture was brought to

refl ux and fornmed water was renoved azeotropically. Cyéﬁ%ggétic_acid
(14.05g, 0.165nvly), gras addedgwpth the aid of §0g tolueng,  JThe mxture
was brought to 15 reflux and forned water was renoved by azeo{‘ro'pl c -
distillation. 1.0 - 0.9 . 0.1 SOLUBLE
15
1.0 0.9 0.2 SOLUBLE
1.0 0 1.33 SOLUBLE
20 1.0 0 1.48 SOLUBLE
*TRIMETHYLOLPROPANE
EXAMPLE 7
25
A. Preparation of a non-dye-attached polyester resin from
malonic acid and 1,4-cyclohexanedimethanol - Do

A 250mL round bottom flask equipped with a mechanical
30 stirrer, nitrogen inlet, thermometer and a Dean-Stark trap
topped by a water cooled condenser was charged with 6.5g malonic
acid, 9.20g 1,4-cyclohexanebismethanol and a catalytic amount of
PTSA and 65g toluene. The mixture was brought to reflux and by-
product water was removed azeotropically to form the linear
35 polyester resin.

B. Preparation of a dye-attached polyester resin by modifica-

tion of the product prepared in Step A

40 To 4.24g of the polyester resin described in Step A, 3.04g
vanillin, a catalytic amount of piperidine, and 60g toluene were
added. The mixture was heated to reflux and the formed water
was removed by azeotropic distillation, producing an orange-red
resin product which was isolated from the reaction mixture by

45 decantation. '



When cool ed, the polyester resin separated fromthe reaction m xture as

a viscous oil. B. Preparation of a dye-attached pol yester resin by
modi fi ca- W®99/21058 tjon of the product prepared in Step A PCI/USI8/22143
dye-attached polyester resin suitable fb?¥ anti-reflective coat i ng-
applications was prepared by condensing vanillin in the presence of
piperidine with the reaction producgxmfipftep A The 25 resulting product
was orange-red in col or. - EXAMPLE 3

A One-step preparation of a non- dye-attached pol yester resin 30

using a A: 1. 4BrepdPatiDbAl of 24| PoDyeBBESNLESDRI Hromh, dxdlic acid,
tris(hydroxy ) €t hane and anoa TEC acl d_ . A L. ‘r-eund
bott ot f | ask sgbppbEifiRRdroxEmethyliechane ¢ 1de@nd
t her nonet er aedbae&ﬂentSraaktioapwsﬁhtoap@ﬂ;@g a meter cooled condenser was
charged with 7.03g (0.0676 nol) malonic acid, 12.04g (0.100 nol)
1,1,1-tris- (hydroxynet hyl ) et hane, 14.08g (0.166nol) cyanoacetic .acid,
a catalytA02&ﬁmbnrouhdpbémmamdfﬁegktunepBedTWeth1atmeehwmacal

14 bropghreto heflugeANtniof MepnYBhEhe S LAADYCHEACCLLORI §2alY-

10 topped by a water cooled condenser was charged with 6.00g

oxalic, 11.87g 1,1,1-tris(hydroxymethyl)ethane and a catalytio
amount of pTSA and. 50g toluene. The mixture was brought to
reflux and by-product water was removed by azeotropic dis-
tillation to complete the polymerization. Cyanoacetic acid

15 (13.87g) and 40g toluene were added to the formed resin and the
mixture re-heated to reflux with formed water béing removed |
azeotropically. Vanillin (24.82g) and a catalytic amount of
piperidine were then added directly with the aid of 40ml’
toluene. The reaction mixture was brought to reflux agaln and

20 additional by-product water was removed. The resulting dye—
grafted polyester (My=6800, My=930) was easily separated from
the toluene by decantation. The resin was then dissolved in
l-methoxy-2-propanol for formulation. B

25 B. Anti-reflective coating formulation

An anti-reflective coating composition was prepared by
combining 10.00g of the above dye-attached polyester resin
solution, 0.97g CYMEL® 303 (LF) methylated melamine-formaldehyde

30 resin (Cytec Industries) and 0.0983g para—toluenesulfonic acid
monohydrate and diluting the mixture with 39.22g l1-methoxy-
2-propanol and 4.72g ethyl lactate.

C. Anti-reflective coating properties

35
The anti-reflective coating was spin coated at 3500 rpm for
60 seconds onto 3" glass rounds and 3" silicon wafers for

property evaluations. The specimens were baked for 60 seconds



The polyester resin was isolated fromthe reaction mxture as a Vi scous

oi | . 5 B. Preparation of a dye-attached pol yester resin by nodifica-
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was char §ERORLNG E@Vedengthn§98ﬁ983§épﬁs 17. 81g et hyl-ene gl yecol; .
catal yti c anount of pTSA and 200g tol uene. The m xture was brought to
reflux. Formed 25 water was reaned gontin usl dvance the
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reflective layer are determlned using coated silicon and glass
substrates, respectively. The specimens are then flooded with
photoresist solvent for five (5) seconds followed by spin drying
at 5000 rpm for 30 seconds and baking on a hot plate at 100°C

15 for 60 seconds. The film thickness and optical absorbance are
then re-determined. If more than a few percent decrease (>5%)
in film thickness or optical absorbance results from solvent
stripping, the anti-reflective coating is normally judged to
have insufficient solvent resistance for practical usage.

auAr .
AL L

20 Description of Interlayer Test

For anti-reflective coating compositions intended "for 365
nm exposing wavelength (I-line) applications, the interlayer
test is generally conducted as follows. After coating and
baking, the anti-reflective thickness is determined by ellip-

25 sometry. Next, a one-micron thick layer of high fesolution
I-line photoresist is spin coated over the anti-reflective coat-
ing. The photoresist is then soft baked on a hot plate at
100°C, flood exposed on a ‘contact printer to ensure over-
exposure, and then post-exposure baked on a hot plate for 60

30 seconds at 120°C. The specimen is then developed in aqueous

tetramethylammonium hydroxide developer for 60 seconds to clear
the exposed photoresist. After drying the specimen with nitro-
gen, the thickness is re-determined. If significant mixing of
the resist and the anti-reflective coating has occurred, the _

35 latter layer will show an apparent increase in thickness, which
is normally expressed as a percentage of the starting anti-

reflective coating thickness. Bottom—-applied, polymeric anti-



pi peridine. The reaction m xture was brought to reflux and the for med
water collected. The resulting dye-grafted polyester was 35 easily

separ at ed w6 9snio8e tol uene m xture by decantation. The (RCX0S98/22143
exhi bited a peak ultraviolet absorbancejgt 335 nm
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POLYESTER MOLAR RATI O OF
ABSORPTI ON ALDEHYDE( S) EXAMPLE 9 - Al DEHYDES . MAXI-MJM
(NM 15 4- HYDROXYBENZAL DEHYDE 1 325

4- (N, N-DI METHYLAM NO) -
380 20 A. 4- Ppepayatlor

‘BENZALDEHYDE
1 10 1,1, 14¥¥ls(hydroxymethyl)ethane and cyanoacetlc acid and

subsequent reaction with vanillin

A 250mL round bottom flask equipped with a mechanical

stirrer, nitrogen inlet, thermometer and a Dean—Stark trap

15 topped by a water cooled condenser was charged with 6.00g
dl-malic acid, 7.97¢g 1,1,1-tris(hydroxymethyl)ethane and a
catalytic amount of pTSA and 50g toluene. The mixture was
brought to reflux and by-product water was removed azeotropical-
ly. Cyanoacetic acid (9.33g) and 40g toluene were added to the

20 formed resin and the mixture re-heated to reflux with more water
being removed. Vanillin (16.68g) and a catalytic amount of.
piperidine were then added directly with the aid of 40ml
toluene. The reaction mixture was brought to reflux again and
the formed water was collected. After cooling, the dye-grafted

25 polyester separated from the reaction mixture and was removed by
decantation. It was then dissolved in 300g PGME for formula- |

tion.

B. Anti-reflective coating formulation
30

An anti-reflective coating composition was prepared by
combining 9.99g of the above dye-attached polyester solution,
0.20g CYMEL 303 (LF) resin and 0.0163g para-toluenesulfonic acid
monohydrate and diluting the mixture with 8.10g l-methoxy-2-

35 propanol and 2.9g ethyl lactate.



4- (N, N-DI METHYLAM NO 25 BENZALDEHYDE/ VANI LLI N 0.51 0.5
gsgg3?00 - 4- (N, N-DI METHYLAM NO) - BENZALDEHYDE/ VANI LLI N

: : 385 30 4- (N, N-DI METHYLAM NO) -
BENZAL DEHVSEPR/4458 | | N o6 0.5 | N FCTHYRP8/22143
N- DI ETHYLAM-NO) - BENZAL DEHYDE/ VA%\? LLI'N 0.6/ 0.4 -
390 35 4- (N, N-DI ETHYLAM NO) - BENZALDEHYDE/ VANI LLI N 0.9
/0.1 c. Anti-B8flecive coating properties EXAMPLE 6 :
A series of terpolyesters were prepared from nal oni c acid, et hyl ene
gl ycol, and trinethyl ol propane using the conditions described in
Exanpl e 1A toThenansiranefledbiveaneprbreighas i SPUs ¢omeedonhl 3aPRorBRsEorhe
propo%“@é' Qéc&tl'?sl@ﬁf:@@feéﬁéyeré&uds atde3di gar boxy | hgs@es desust be -
sel ected correctly to avoid gelation of the gqggesée£ Prg uct. The
resul t s prererhefyatygations. The specimens wer ke o secopgs.

ipn the tapl g78€ OW.phe resulting film had an opthdaAS dInAFACTHNT USED

(@ 365 nm) per micron film thickness; the interlayer value was

23 A.
10 _
EXAMPLE 10
A. Synthesis of a dye-attached polyester from malonic acid,
trimethylolethane, cyanocacetic acid and vanillin
15

Into a three liter, 4-necked round bottom flask equipped
with a mechanic stirrer, a nitrogen inlet, thermometer and a
Dean-Stark trap topped by a water cooled condenser was charged
70.2g (0.67 mol) malonic acid, 120.2g (1.00 mol) of 1,1,1-tris~
20 (hydroxymethyl)ethane, 140.5g (1.65 mol) of cyanoacetic acid, a
catalytic amount of para-toluenesulfonic acid (3.0g, 0.016 mol)
and 300g of toluene. The mixture was heated at reflux for four
hours with by-product water being removed azeotropically. The
contents were then cooled to room temperature. About 50 ml of
25 water had been collected by this time. The solution was slowly
re-heated. Vanillin (353.8g, 2.33 mol) and toluene (300g) were
‘added to the mixture when it reached 40°-45°C; piperidine (20g,
0.23 mol) was added when the contents reached 55°C. The mixture
was then refluxed for two hours. A total of about 90 ml of
30 water was collected after this period. (The theoretical amount
of by-product water from the two condensation steps was 96 ml.)
The hot toluene was decanted from the dye-attached resin which
separated from the reaction mixture. A vacuum pump with a cool-
ing trap was connected to the reaction flask to remove residual
35 toluene. The orange resin mass was then dissolved in 1.2 1 of

N-methylpyrrolidone by stirring.
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| i near 35 pol yester resin. B. Pre of a dye ched

pol yest eWacaliMh Tl tRakiona- It was they %ﬁ%dﬁbt ee‘bs i Step

A 10 NMP and re-precipitated into ac1d1f1ed stirring water to further
remove impurities. The precipitated polymer suspension was
stirred overnight and then allowed to settle for about one hour.

The upper liquid layer was poured off. Two gallons of fresh
deionized water were added to the yellow solid and stirred for

15 20 minutes. = The washed precipitate was then collected by
filtration, rinsed with one gallon of deionized water and dried
under vacuum at about 40°C for 48 hours to give 384g (64.88%) of
polymer product as yellow solid. Molecular weight analysis gave
a My value of 3500 for the dye—éttached resin.

20

C. Anti-reflective coating formulation

An anti-reflective coating composition was prepared by mix-
ing 4.92 parts (by weight) of the above polymer solids with 0.98
25 parts of CYMEL 303LF, 0.10 parts of pTSA.H20, 9.40 parts of
ethyl lactate, 84.60 parts of l-methoxy-2-propanol and a small
portion of fluorinated surfactant. The mixture was stirred for
about one hour to give a clear solution and filtered to 0.1
micron (absolute) using endpoint filters.
30
D. Anti-reflective coating properties

The above formulation was spin coated onto a silicon wafer
and baked at 175°C for 60 sec. The film thickness of the
35 resulting anti-reflective coating was 1350 A. It exhibited an
optical density of about 6.2 per micron @ 365 nm. A stripping
test performed with ethyl lactate and an interlayer test gave



40 To 4.24g of the polyester resin described in Step A 3.04g
vanillin, a catalytic anount of piperidine, and 60g tol uene were added.
The m xture was heated to reflux and the fornmed water was_renopved by
azeot r opi cV9¥R¥Bati on, produci ng an orange-red resin ppr%ﬂw ch
was isolated fromthe reactlxn m xt ure By? 45 decant ati on.

17 values of 6 A respratRrely - A. Preparation of a

pol yester resin fromoxalic acid, 5 1,1, 1-tris(hydroxynet hyl) et hane

and cyangacetic acid _and, . .Subsequent reaction with vanillin
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solution for 60 seconds, the patterned wafer was examined by

scanning electron microscopy to reveal photoresist relief struc-
tures with undistorted, vertical side walls at feature sizes as
small as 0.35 micron. The excellent quality of the photoresist

15 features indicated that no intermixing occurred between the
photoresist and the anti-reflective coating.

F. Anti-reflective coating coverage properties

20 Production-quality, phosphorus-doped polysilicon wafers
having relief structures 0.4-0.6 micron in width and 0.7 micron
in height were coated with the anti-reflective coating composi-
tion. Microscopic examination revealed that the anti-reflective
film was continuous over the relief structures and showed no

25 evidence of dewetting or void formation, particularly at the
edges of the structures. A test performed with a preferred
composition described in co-pending U.S. Patent Application No.
08/517,089, on the other hand, showed severe dewetting on the
same substrates.

30

G. Anti-reflective coating plasma etch rates

The plasma etch rate of the new anti-reflective coating _
composition was compared to that of a polyarylethersulfone anti-
35 reflective coating (Brewer Science ARC®-CD 11) described in U.S.-
Patent 5,234,990. The relative plasma etch rate results are
listed below for different etching gas mixtures.



20 additional by-product water was renoved. The resulting dye- grafted
pol yester (Maw=6800, M\=930) was easily separated from - the tol uene by
decant at i om0 99hms8esi n was t hen di ssolved in 1- net hoxy- Zpq/0smmalesf or
fornmul ati on. 25 B. Anti-reflectiveggoating fornul ation . An
anti-reflecti Ges MIZtyREy CONPOSi (RERATWASPINsEP FTeq HaE vs. Q@eRidh ng 4 0. Oy of
t he above dye-attached pol yester resin solutron, 0.97g CYNMELC 303(LF)
net hyl at ed neRaACHe/H@Fanal dehyde 30 resin (C2.@@-3ndisstries) and 0.0983g
par a-t ol uenesul fonic acid nonohydrate and diluting the m xture with

39. 22§ 1- met h6Ky/HE/O2 2-propanol and 4.72g etlhydl-lack2ate. C.
Anti-reflective coatin roperties 35 The anti-reflective coating
was spin coatéﬂ ﬁF“@gag ﬁﬁnlfor 60 seconds 69120 4¥" gl.ass rounds and.3".
silicon waf ers % .property eval uations. The speci nens were baked for’
60 Sﬁ%onds R/ 1.51-1.558 - at 175[err]C
The Had an,.op tical den5|%g %g: ‘m cron at 365 nm An .
interl aye Fe@f""?é’ée‘“ﬂ%’f"oﬁie‘*p TERER i WA%DEWBH‘ 1. Bﬂotorem st sol vent,
propyl ene gl ycol nononethyl ether acetate, gave a negligible interlayer
value of 36 A Both results 5 indiESAMBLEhRT the conposition was highly
suitable for 365 nm  exposing wavel ength applications.

15 Aa. Synthesis of a dye-attached polyester resin from malonic

acid, trimethylolethane, cyancacetic acid, and a mixture of

anthraldehyde and vanillin

In a 250 ml, three-necked round bottom flask, equipped with
20 a mechanic stirrer, a nitrogen inlet, thermometer and a Dean-
Stark trap topped by a water cooled condenser was charged with
7.02g malonic acid, 12.02g 1,1,1-tris(hydroxymethyl)ethane,
14.03g cyanoacetic acid, a catalytic amount of para-toluene-
sulfonic acid (0.30g) and 50g of toluene. The mixture was heat-
25 ed at refluxed for four hours and then cooled to room tempera-
ture. About 4.4 ml of water had been removed azeotropically by
this time. 9-Anthraldehyde (9.58g), a catalytic amount of -
piperidine and additional 50g of toluene were added to the mix-
ture which was then refluxed for 30 minutes. Next, vanillin
30 (28.30g) was added to the mixture and refluxing was applied for
another two hours. A total of about 8.6 ml 6f water were
collected during this sequence of condensations. The hot
toluene was decanted from the reaction mixture, leaving a sticky
polymer mass. A vacuum pump with cooling trap was connected to
35 the reaction flask to remove the remaining toluene. The resin
mass solidified into an orange-yellow solid upon cooling.
Molecular weight analysis gave a My value of 2985 for the dye-
attached polyester resin product.



Description of the Stripping Test 10 The filmthickness and optical
absorbance of the anti - reflective | ayer are determ ned using coated

silicon and gl ass substrates, respectively. The specinen
f1 ooded 2103810t or esi st sol vent for_five (5) seconds fo?iomeﬁhgem%pin

drying at 5000 rpmfor 30 seconds aﬁﬁ4baking on a hot plate at 100[err]C

15 for 60 seconds. The filmthickness and optical absorbance are t hen
re- det ergti nedant i~ 1ot ke dthiare acdaei mprbemuldeciease (>5% in film

thi ckness or "optical absorbance results from sol vent stripping, the
anti-reflective coating is normally judged to have insufficient solvent
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exposed photoresist. After drying the specinmen with nitro- gen, the
thickness is re-determned. If significant m xing of the resist and the
anti-r ef¢ect i Bﬁt&nﬁﬁ‘ﬂagchh’ienSPﬁFi’-Bﬂ, PFQB_eiiElf-‘at ter | ayer will show an ’
apparent increase in thickness, which is normal |y expressed as a
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and baked at 175°C for one minute. The resulting anti-
reflective coating had a layer thickness of 1160 A and exhibited
an optical density of 6.5/pm at 193 nm, 6.0/pm at 248 nm and
4.7/pm at 365 nm exposing wavelengths.
20
D. Anti-reflective coating lithographic performance

A positive-tone photoresist was applied by spin coating

over the anti-reflective film and baked at 90°C for 60 seconds

25 to obtain a photoresist layer with a film thickness of about
0.9 pm. The coated wafer was patternwise exposed to a light
source having a wavelength of about 365 nm and then baked at
110°C for 60 seconds. After development in aqueous tetramethyl-
ammonium hydroxide solution for 60 seconds, the patterned wafer

30 was examined by scanning electron microscopy to reveal 0.35
micron wide photoresist relief structures with undistorted,
vertical side walls which were absent of any footing caused by
intermixing between the photoresist and anti-reflective coating
layers.

35 A positive-working, chemically-amplified deep ultraviolet
photoresist was applied by spin coating over the anti-reflective

coating and baked at 90°C for 90 seconds to achieve a photo-



19 refl ective coatings which are highly subject to intermxing wll
show nore than a 10% i ncrease in thickness after resist process- ing. An
interl ayernygabifys®f | ess than 5% is considered accept- alHcTNisasR2M3Nng a
starting layer thickness of 1000-2000 A)s a 5 value of less than 3%is
consi derf&fg‘?eiéfé‘{:-thickness of about 0.7 pm. The co&¥édFh&f8r was A

of a_ po

Prepar ati on . yester resin fromdl-malic acjd, 10

1,1, 1- t rRatHGERSKSPEeFRPIed hoRe® ahtoRY AFO%ERT i RAYEPY dngavelength of

subsequeptoh£asi g ORmWahdl ¥idéh |baked at 110°C RR2IDrisdapndl botAfwes | ask

equi pped wth a nechani cal stirrer, nitrogen inlgtb t hernopeter _and a
B

Dean- St ad&velepmant, t BRP P By ENGRt BRIEhoY2Y SHAULRERr PHasScaRRIBEdeHPER. -

6. 0095 trQﬁ‘ﬁﬁEf@sé@%{%tg-ﬁgﬁeil IpHot o6 bydr puyefhyt ratbhapesandth un-
catal yti ¢, anount  of A ard 58g t%Lgene The nixt;rgeggs .broughb 53 h
reflux aRHSBYTRRBduFErhafRt ThSS 8ablecdh 3oPPUpPedl Teature, Siee REaDetre
acid (9.m888roa0d 40g tol uene were added to the 20 forned resin.and the -
m xture re-heated to reflux with nore water bei ng renoved. Vanillin
(16.68g) and a catal ytic amount of pi_peridine were then added directly
with the aid of 40m toluene. The reaction m xture was brought to
reflux again and - the forned water was collected. After cooling, the
dye-grafted 25 polyester separated fromthe reaction m xture and was
renoved by decantation. It was then dissolved in 300g PGVE for fornmula-
tion. B. Anti-reflective coating formulation



30 An anti-ref conposition was prepared by
conbi ning 9.99g of the ﬂu Em .& ﬂ d polyester solution, 0. 209

CYMEL 303(LF) re5|n an | uenesul fonic acid g@ﬁ% at e
and dil utiWQ%R4%5% xture with 8.10g 1-net hoxy 2- 35 pr opanol %ﬂg g'{3et hyl
| act at e. 20

Anti-refIecﬂhié_tﬁaﬁiﬁéﬂﬁﬂgbéftles The antl-reflectlve coati ng
was spin coated at 3508 ipprboedSaffiseedldetantocdatyhgseompusdsiand 3"
silicon wafers for. property eval uations. The speci nens were baked for 60
seconds §PMRPTASENTI  The resulting filmhad an optical density of 5.4
(@365 nm per n1cronaf|Inathydknsgdhfun@tunneﬂbayeghialaéipaatic 23[err].

10 : : pthesis of a
dye- at t acheB° XﬁﬁggfeFeF%BnP%% Ofi ¢"&ci 5118w1ng Stéthu§¥hyloléfhéhe;
cyanoacebic acid and vanillin 15 Into a three liter, 4-=necked
round bottom fl ask equi pped wth a nechanlc stlrrer a n|trogen i.nlet,
t hernoneter and a Dean-Stark treap tqeped b t er] cool ed condenser -
was charged 70.2g (0.67 nol oni cid, 20 g (k 00 nol) of '
1,1,1-tris- 20 (hydroxynethyl) Aof cyanoacetic
acid, a :
10

where m 2 1 and £ 100;
where Ry is a divalent organic radical;
where Rz is divalet or trivalent organic radical:;
15 where when R; is divalent, B = -H, and when Rz is
trivalent, B is -OH or -0-CO-R3;
where A is -H or -CO-R3; and R3 is an aromatic
organic radical which provides absorptivity at or near one or
more of the following wavelengths of light: 193 nm, 248 nm,
20 365 nm, and 436 nm;

the resulting product having light-absorbing proper-
ties effective for bottom-layer anti-reflective coating applica-
tions;

b. an alkylated aminoplast crosslinking agent

25 derived from melamine, urea, benzoguanamine, or glycoluril;

c. a protonic acid curing catalyst;

d. a low-to-medium boiling alcohol-containing
solvent system wherein the alcohol comprises at least twenty
(20) weight percent of ;he total solvent content; and

30 e. the thefmosetting composition comprising about
50% to 90% hydroxyl-functional polyester resin; about 10% to 50%
aminoplast crosslinking agent, and about 0.1% to 10% protonic
acid catalyst by weight of solids content;

whereby the improved anti-reflective coating provides

35 higher plasma etch selectivity to novolac- and poly(hydroxy-
styrene)-based photoresists than anti-reflective coatings in



catal yti c anount oﬂ MM sul f oni ¢ aci d (3.0g, 0.016 nol) and
300g of toluene. T WWE ated at reflux for four hours with
s

by- pr oductyyaéefesbei ng r énowe ™ot ropically. The cont edTsUSY822148hen
cooled to roomtenperature. About 50 ml of 25 water had been coll ected by
this time. The solution was slowy 2é-heated. Vanillin (353.8g, 2.33
nol ) andwhibtlyehize (QomRgChHirg strugkare 6 the hvdrorxglwRenctiopaickedin
40[err]-ﬂ§[ﬁi%$g} Riomatdene (20g, 0.23 nol) was added when the
contents reac

ed . 55[err]C. The m xtuyre ﬁ@s tqen refl uxed for two hours.
A total of abbt®i®o2rmi JSPe3EOMBOELtARR OF CdetBy lapheredn RiptfiBd. (The
t heor et i @@vaReRtnalkyl, otybYoalkglct adkeaylf r apylheakwalRpensat palyst eps

was 96 m . . The _hot toluene was decanted fromthe dye-attached resin -
wnicr "srématic/divefont(BePEnteEan®r R, PR haTbERRLAITERREAL A coot-
ing trapradiscabpnertadmiptuhesrthereofi.flask to renove residuarwa5"_ N
}\f" uene. Thef:ﬁ?éi‘ﬂgire&?aﬁ %&go\é@%ito'ﬁe%fd'ci%%"%d wherkin R,%has the

met hyl pyrrolirdone by sStirring. . e
21 B. folPawingcatkuvatufet he dye- attached pol yester resin produced

in Step A The orange resin mass was dissolved in 1.2 liters of 5
N- et hyl pyrrolidOne by stirring. The ution was then dripped. slowy
i nt oPour gallons of stirring deioniz wat er whi ch had been acidified
with 150 mM of 1.5N HCO. The precipitated pol ymer suspensi on was
stirred overnight and then collected by vacuum filtration. It was then
re-dissolved in 1.2 liters of 10 NWMP and re-precipitated into acidified
stirring water to further renove inmpurities. The precipitated pol yner
SUSPENs! OfaaRere Rs is selected from the group consisting of:
15
Rs : o
O @)
: ©)
20 6 .

and where Rs and R are independently -H, -OH, -OCH3, -NO;, -Cl,
-F, -Br, -N(CHs3)2, or -N(CH2CHs):2.

25 Claim 4. The composition of Claim 1 wherein Rz is a
divalent or trivalent, heterocatom- or non-heteroatom-containing
alkyl, cycloalkyl, or arylalkyl radical, or admixtures thereof.

Claim 5. The composition of Claim 4 wherein R is one of
the following structures or a mixture thereof:

30
CH,— CHy~
"CHf’CHz" H3 C’CHz‘C"’CHz- H}C"C'CH:"
CHZ- CHz"
35

Claim 6. The composition of Claim 1 wherein A is -CO-Rj,
B is -0-CO-R3 and R3 is a substituted or unsubstituted phenyl,
cinnamyl, (vinyl)naphthyl, (vinyl)anthracenyl, acridiny, bi-



stirred overnight a o settle for about one hour. The
upper liquid | ayer mwg ﬂn \mﬂﬂmTV\o gal l ons of fresh dei oni zed

wat er vverg,(?g!gﬁg ow sol *rd and stirred for 15 20 gripnisesr21d9e
washed precT pi fe was then coll ected by filtration, rinsed wth one
gal l on of deionized water and dried 28under vacuum at about 40[err]C for
48 hour phenyi v de3epheswngs oS -phenydippmdiadieaduc tragii.apdl | ow sol i d.

Mol ecul ar V‘B'(Qi‘éu@nﬁ' Y Stife Q@a'ﬁposnfod\/%f/%mrefs 300 d 8% ﬁmsd%f‘elj\ééée%‘ed

resin. 20 C. Anti-reflective coatlngforrru ation

anti - r effxen ifhe FRUMFWNSHFIENT &f swas prepared by ni x- - ing 4.92 parts
(by weight) of the above polyner solids with. 0.98 25 parts of CYMEL 303LF,
0.10 ﬁarts of pTSA H20, 9.40 parts of \__ethyl-lactate, 84.60 parts of_
1- met+hoxy- 2- ( T f1 uory nated surfactant.” The
m xture was g lve a ¢ al uti-on.-and
filtered toRe. 1 ' _ intRei | ke )0 = D

Anti-reflectivé At i ' abgygz /ati on was
spin coated onto a\silicon waf - for--60:- sec.
The filmthicknessRef the 35 resulting anti-reflectivE& Coating was 1350 A

It exhibited an optical density of about 6.2 per mcron @365 nm A
stripbdi ng test performed with ethyl lactate and an interlayer test gave .
22

and where Ry and Rg are independently -H, -OH, -OCH3, -NO2, -CL, -
-F, -Br, -N(CH3)2, or -N(CHzCH3)2; Re is -H, —CO-ORio, -CO-N(Riq)2,
-CO-Rjo, —~CN; and Ry is -H, -CHi, or =-CH;CHs;.
' Claim 8. The composition of Claim 1 wherein the anti-

15 reflective coating has an optical density of at least 5.0 per

micron thickness at 365 nm exposing wavelength.
Claim 9. The composition of Claim 8 wherein R; and R; and

B have the following structures: .

20 = CHy—

R, = H,C-CH,~C-CH,~B
octi3 IR 2

OH CH,~

25 and where B is 0-CO-R3, A is -CO-R3, and:

- ~ OCH3
R =
ol
30

the resulting product having light-absorbing properties which
are especially effective for anti~-reflective coating applica-
tions at an exposing wavelength of 365 nm. '
Claim 10. The composition of Claim 1 wherein the anti-
35 reflective coating has an optical density of at least 7.0 per
micron thickness at 248 nm exposing wavelength.
Claim 11. The composition of Claim 10 wherein R; and Ry,
B and R3 have the folldﬁing structures:

i



val ues of 6 A and E. Anti-reflective coating

| it hographic perfoﬂmgmﬁlmr"m(ﬂ I“L positive-tone photoresist was applied
over the aMO0i99/21058r ef | &ctitve™ i Fmby spin coating and baked BET/YSBE2A4C f or
60 seconds to forma layer with a fi12% t hi ckness of about 0.9 [err}m
The coated wafer was patternw se exposed to a |light source having a
wavel ength of about 365 nmand then baked at 110[err]C for 60 10 seconds.
After devel opnent t et r amet hyl anmoni um hydr oxi de - sol ution for 60
seconds, the patterngd wafer was exam ned by scaﬁ%1ng el ectron
nicroscopy to reveal resist relief struc- d§§ wi t h undi storted,
verticg% si de wdhil=s at ure sizes as ® v cron. - The
excel |l eht quality of thg phot®Mesi st 15 features_ln i cated that no.
interm xi ng occurred betxeen the photoresist and ©HE& anti-reflective. "
coati ng. F. Anti-reflective coating coverage properties 20
Production-quality, phosphorus-doped polysilicon wafers havi ng relief
structures 0.4-0.6 mcron in width and 0.7 mcron i n height were coated
with the a c L sicO-R;, fan@l. M croscopi ¢ exam nati on
reveal ed t%%# %ﬁékgn |-re??%%t?8bqpnpgflIn1ﬁgs continuous over the relief
structl®@es and showed no 25 evidence of dewetting or void formation,
particularly at the edges of the sfructures. A test perforned with a
preferred conposition described infco-pending U S. Patent Application
No. 08/ 517,089, on the ofher g ewed severe dewetting on the

sane substrates. 30 G “Ant i ¢ coating plasma etch rates

15
Claim 12. The composition of Claim 10 wherein Ry and Rz and

B have the following structures:

. | TH:-
20 \ sg andRy = H,C—CH;—TCH:'B
R‘ - : CH:"

25 and where B = -OH and A = -H;
the resulting product having light- absorblng propertles whlch
are especially effective for anti- -reflective coating applica-
tions at 248 nm exposing wavelength.
Claim 13. The composition of Claim 1 wherein the anti-
30 reflective coating has an optical density of at least 5.0 per
micron thickness at 365 nm exposing wavelength and at least
7.0 per micron thickness at 248 nm exposing wavelength.
Claim 14. The composition of Claim 13 wherein Ry is a mix-

ture of the structures, Ria and Ryp: \ e

N 0)
OCH3 1‘:,
oH

Ria Rib

SUBSTITUTE SHEET (RULE 26)



The plasma etch rate nti-reflective coating conposition was
conpared to that of ﬂ I mm@t | fone anti- 35 reflective coating

(Brewer SgioggeaeosaRCl err |bed in US. - Pat eptr/USSsR1800.
The relative plasma etch rate results are listed bel ow for different
etching gas m xtures. 23

GAS M XTURE RELATI VE PLASMA ETCH RATE VS. ARC-CD 11*

AR/ CF4/ HCF3 2.30-3.12 5 CF4/ HE/ 02

1. 61-1.72 AR/ CF[err]/HCF[err]/HE 1. 65-2.44
AR/ CF4 1.51-1.55 10 *THE RELATI VE PLASVA ETCH

RATE SOF whB el tives oRAEBtAS Pf ®3a to Riw is in the range, 1.5-4.0;EXAMPLE

11 15,4 wheDEMHIESHE 8f aﬁddxena%aeﬂgdfaqms%&her sk@sicRulb@m mai oni €
acid, trinmethylol et ‘hane, cyanoacetic acid, and a m xture of

ant hr al dehyde and vanillin In a 250 m, three-necked round
bottom fl ask, equipped with 20 a mechggic stlrrer a nitrogen inlet, :
t her momet er and a Dean- Stark trap tbpped by a water cooled condenser
was charged with 7.02g nakoghcc.egz =-CH125 029

1,1, 10 tri s(hydroxynet hyl) et hane,
. - CHz"

and B is 0-CO-R3, and A is -CO-R3, and R3 is a mixture of the
15 structures, Rs3a and Rs3p, which are defined as:

NC
20 OCH3

OH

R3a

25
where the molar ratio of Rsa to R3p is in the range, 1.5-4.0; the
resulting product having light-absorbing properties which are
especially effective for anti-reflective coating applications at
exposing wavelengths of 193, 248 and 365 nm. _

30 Claim 15. The composition of Claim 1 wherein the curing
acid catalyst is p-toluenesulfonic acid.

Claim 16. The compoéition of Claim 1 wherein the
aminoplast crosslinking agent is a highly alkylated melamine-
formaldehyde resin have a degree of polymerization less

35 than 2.0.
Claim 17. The composition of Claim 1 wherein the

aminoplast crosslinking agent is a methylated glycoluril-
formaldehyde resin.



14. 05g cyanoaceti c agqi lirwil § mount of para-tol uene- sul fonic
acid (0.30g) and 50gc1 mmlpim""wm I xture was heat- 25 ed at refluxed
eqn

for four WOWS21888d t hen coo tos room t enper a- ture. ARPCDUSH/2RIA oOf
water had been renpved azeotropically ky this tinme. 9-Anthral dehyde

(9-589), a cahaligt it MM ledipos it RPLE EnaANd AL NAle S8:Gho1 O uen

were added to the m x- was then ref m nutes.
Next, v&HIRIIG sCigendyFYR&SMaFPEPRiSeshe Miktre afd alaahad henas

appl i edpfigfture GAIRShAWRitBUGHe D @icde Folaeitls O ddtd Mgreyere

coll ected during this seg%enc%of condensations. The hpt t ol uene was

decant e§*MEm 150G e
g?gﬁ‘g’g_ ;;&leﬁtre?n”g.iﬁn:c 'Etrqlslé%n%'f. e-gﬁ?/lr %%Lﬁ@ggm ga?isdsv(eolsrglhli—qri\éctig}ed jnte an

oW SO pon codl’i ng. _ analyy s gave a Mwv
val ue of2-pagpanwl t hthedegethe conttzetteddHpHdihgediver saElsients atarctvary '

24 Adyd13/ |35 Ya-C0UCHI U | 1-metH¥ky-
anti-re%ogcttl%ufsgynu atlg)n vvasttp epa%re y ctg;I iunlieng 5me4.}§%%arts -of the

above p@praranstli-d with 0.98 parts of PONDER- LINK 1174 met hyl at ed

9l yaq uril - f ity derne ddinddai €fon of NEUsii i B8)whefedf) PREL So®bent
pTSA. H20, 9.40 parts of, ethyl | act at e, 84. 60arr1p rts of

1- met hodyYSESH drafi™Biieed Sfaili Q%37 2"PLRP
m Xt ur e ots o inoesdl fadivemteuisel@ ol Muom tthegigudup daesisoing ion and

filtere%Jﬂgﬂ%gﬁbﬁgvﬂ%vdybhexaJadéfﬂéiﬁfi(53%€H5§§HF%§fggﬁgégfﬂpropylene
glycol methyl ether acetate, and tetrahydrofurfuryl alcohol. .

15 Claim 21. The composition of Claim 18 where an alcohol or
a mixture of alcohols comprises at least 20 weight percent of
the solvent system. '

Claim 22. The composition of Claim 1 comprising 60% to 85%
hydroxyl-functional polyester resin, 15% to 35% aminoplast -

20 crosslinking agent, and 2% to 5% protonic acid catalyst by
weight of solids content.

Claim 23. A method for making a thermosetting anti-. .
reflective coating composition exhibiting an etch selectivity to
novolac- and poly{hydroxystyrene)-based photoresists greaterx

25 than 1.0 under oxygen plasma etch conditions, said method
comprising:

a. forming a light-absorbing, hydroxyl-functional,
highly aliphatic polyester resin by condensation methods; and
b. purifying said polyester resin by removal of

30 residual solvents, starting materials, by-products, and impuri-
ties from the resin by applying heat and/or vacuum; and/or by'
dissolving said polyester resin in a water-soluble solvent and
precipitating the mixture into a large volume of acidified
water, after which the precipitated resin is collected and

35 dried; and

C. combining said polyester resin with an alkylated
aminoplast crosslinking agent and a protonic acid curing
catalyst in a low-to-medium boiling solvent system wherein

Toe, 9 S1g eAhegnsek@nd kefaneir nass. A
vacusm punp @lidincdd.i rthe regmpuesi tionmest ezlldim 368 whersbacthensblasktet o

AR LR . The

e



cas oo ceetec- o RIMRMIM

*

mnute. TR dJopseH ting ‘anti-w s ' | ective coating had a | apermusdsnisess of
1160 A and exhibited an optical dengjty of 6.5/ pmat 193 nm 6.0/ pm at

248 nm r | 9/@}/

Anti-r e?{ig%%l}?/le%:%‘glﬁnsgﬂ%}ol%%tﬂ{Ecoe?egr?}%g{}g nce@ér?ﬂqq;ﬁsthezosflﬁ’oes% I ve-tone .
phot or esi¥sttelys afphlthad q&gﬁ@&%n Yyliagion haming e taftal redlistaive film
and bakeshrteRO[F rd¥odtors G wsAnds @ weightoadderit phot oresi st | ayer with
a filmthickness of abqut 0.9, pm_The coated wafer was %;élt_ternwi se-
exposed to a IightWheréEXnﬁQ% R L SR AT R R AT HRY aBIFTROBESL M SAd - t hen

baked atformed Idrerd Gplriead ke apids .coditiarg davied apemeiidonduce Giisb~
tetranet hyl - ammmni u droxi de sol ution for 6Q seconds, Lerned
wa or 30 WERL R AT, RARSh ATy iR i Che TR T2 E

i gron Yv%&eomm_ thFéESirSifbdﬁ&,i erf@éslmﬁfkﬁdBSerﬁ henineh Eé:&rmﬂ-;s higiertical '
side walls which were absent of a ooti.ng caus nterm xing - -
et veon TREL SIS Y. Stk ATde PRI v Sieierdth and BRI
posi ti veknvios ki ng heitiicad | gulzsgrudnteldy deepl idd rghwiddsist. phot oresi st was
appl{@d by Spgjaafri?aéé !‘%{?geﬁeﬁﬁ&da&%'c%&{.ﬂnefﬂ'v‘éﬁereinc{?ﬁ‘&'981%9 baked at
90[err] C for seconds to achi eve a(? ot o-

25 composition comprises about 50% to 90% hydroxyl-functional poly-

erties 15 The above fornul ation
%r and baked -at 175[err] C for one

ester resin; about 10% to 50% aminoplast crosslinking agent, and
about 0.1% to 10% protonic acid catalyst by weight of solids
content.

15 Claim 25. The method of Claim 23 wherein the solids
composition comprises about 60% to 85% hydroxyl-functional
polyester resin, about 15% to 35% aminoplast crosslinking agent,
and about 2% to 5% protonic acid catalyst by weight of solids
content. '

20 Claim 26. In a method for manufacturing multilayer resist
structures for microlithographic processing, the improvement '
comprising coating an effective anti-reflective coating layer
onto a semiconductor substrate, said anti-reflective coating,
comprising a hydroxyl-functional, highly aliphatic polyester

25 resin, an alkylated aminoplast crosslinking agent, and a
protonic acid curing catalyst dissolved in a low-to-medium
‘boiling alcohol-containing solvent system, baking at from about
120°C to 225°C for 30 to 120 seconds, overcoating a novolac- or
poly (hydroxystyrene) -based photoresist layer, and baking said

30 photoresist layer, whereby the anti-reflective coating provides
higher plasma etch selectivity to the photoresist than anti-
reflective coatings in which the connecting structure of the
hydroxyl-functional resin is highly aromatic.

Claim 27. An article of microelectronic manufacture
35 comprising:
a. a semiconductor substrate;
b. a thermosetting anti-reflective coating layer



resi st |ayer thicknes The coated wafer was patternw se
exposed to bblg{hﬁp j“mﬁmll“u(ﬂm\ilakl engt h of about 248 nm and t hen
baked at 1 err for 90 tset¢onls. s After devel opment, the ROT/USse2d143af er
was exam ned scanning elec- 5 tron mggoscopy to reveal photoresist.
relief st?%{'hggsWJ‘?hsﬁhd semiiconducedr vebsteateShdeaWahl g, atya poni nal

feature so2e390 R-3500 A ehon ness 26
What is Ty f%%%%%%ﬁv%n??aF%@ge%?YQE beangng

1,
conposi ti ﬂﬂ@l%%irb’/ SPfRrised of an amlmpl@shydr@sslnﬁldeatIﬁpakoprghl y
al i phatl cfuncipidyabtpol yest ar hews 119 ﬁi‘@lrﬁ% % #}gjlst [pcture. r]
err

hatic co
10 e.re m [ er r% ip nnectlng
uct
wher e R| erri oy r\]/c?alee tg];#ﬁ ERfFlekre optical density atWiKECe okS -

di val et dm9g rWa/‘éﬁJe&ngtingaﬁnob radi cal ; 15 wher e when S
divalent, B = -H, rivalent, Bis -OH or O CO-R3;
where Ais -H or CORS §2rrx§£%a%s ah %?i)}‘rﬁtﬂY‘éroxYStYrene)—based photo-— o

resist layer applled onto said anti-reflective co

the photoresist being light-sensitive to the expo
10 . of interest.

atJ.ng layer,

31ng,wavelength'



organi ¢ radi cal which provides absorptivity at or near one or nor e of
the foll owi ng wavel engths of light: 193 nm 248 nm 20 365 nm and 436 nm
t he resul tw@gepfgagiuct having |ight- bg bi ng proper- t i egTadsogairaye for
bottom | ayer anti-reflective coating1 g%lica- tions; _b.

an al kyl at ed am nopl ast crosslinking agent 25 derived from nel am ne, urea,
benzoguanam ne, or glycoluril; c. a protonic acid curing
catal yst; d. a lowto-nmedium boiling al cohol -containi ng

sol vent system wherein the al cohol conprises at |east twenty (20)

wei ght percent of the total solvent content; and 30 . e. t he

t hernosetting conposition conprising about 50% to 90%

hydr oxyl - functi onal pol yester resin; about 10%to 50% am nopl ast
crosslinking agent, and about 0.1%to 10% protonic acid catal yst by

wei ght of solids content; wher eby the inproved .
anti-reflective coating provides:35 higher plasma etch selectivity to

novol ac- and pol y(hydr oxy- styrene) - based photoresists than
anti-reflective coatings in 7

whi ch the connqui-n-ggtructur e of the hydroxyl-functional resin . i

hi ghly aromati c. . Claim2. The conposition of Caim1l1 wherein|Rerr]
is a di'ﬁ!ﬁﬁiﬂ@l , cycloal kyl, al kenyl, aryl, arylalkyl, or poly- 5
aromati c dival ent, teroatom or non-heteroat om contai ni ng radi cal, or
adm xtures thereof’ Claim3. The conposition of Claim2 whefein
Rlerr] hagyhe N following structure:

m\
O .
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FIG. |
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more of the following wavelengths of light: 193 nm,

which provides optical absorptivity at or near one or
248 nm, 365 nm, and 436 nm.

B is -OH or -O-A; and
where A is -H or -CO-R3 and R5 is an aromatic organic radical

where R, is a divalent or trivalent organic radical;
where when R is divalent, B = -H, and when R, is trivalent,

where R is a divalent organic radical;

where 1 <m < 100;




10 and where R4 is selected fromthe group consisting of: 15

[err] and where R err] and Rlerr] are independently -H, -OCH,

-OCH err] wopmpd58], -Cl, -F, -Bm, /-b(CH err])[err], or PCT/US9822143
-N(CH err]CH err])[err]. 25 Claim4. The conposition of Claim1l-
wherein R2 is a di val ent or trivalent, heteroatom or

non- het eroatomcontaining =~ al kyl, cycloal kyl, or arylal kyl radical, or
adm xt ures thereof. Claim5. The conposition of Claim4 wherein R2
is one of the follow ng structures or a mxture thereof: 30 [err]

35 Claim6. The conposition of Claiml wherein Ais -CO RS, B
is -OCOR3 and R3 is a substituted or unsubstituted phenyl,
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ci nnanyl, (vinyl)naphthyl, (vinyl)anthracenyl, acridiny, Dbi-

28 phenyl, benzophenone, or 5-phenyl pentadi enyl radical. Caim
7. The cogrysddipggn of Caimb6 vvherei_;n/FQ is selected f r ORCTAI8982204%
consisting of: [err] 10 and“where Rerr] and R err]jare .
i ndependently -H, -OH, -OCHerr], -NJerr], -CL, -F, -Br,
-N(CH err])[err], or -N(CH2CH3)2; R err] is -H -COORerr],
-CONRerr])[err] -CORerr], -CN, and Rerr] is -H, -CHerr], or
- CH2CH3. Claim8. Th cgﬁ)osition of Cdaim1l wherein the anti- 15
refl ective coating has an op%'c v density of at |east 5.0 per mcron
t hi ckness at 365 nm exposi ng v&tength. Claim9.” The conposition
of Claim8 wherein Rlerr] auR[er],f.’dnd B have the follow ng '
structures: 20 o T 0
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[err] 25 and where Bis OCOR3, Ais -COR3, and: 30 t he

resul ting product having |ight-absorbing properties which r ially
ef fecti veWQPYHASE - ref | ective coatidg/aplica- tions at A’ﬁq’e‘;ﬁ‘s’g’gﬁﬁ%
wavel engt h of 365 nm Claim10. The conposition of Claim1l wherein
the anti- 35 reflective coating has an optical density of at |east 7.0 per
m cron thickness at 248 nm exposi ng wavel engt h. Claim1ll. The
conposition of Claim10 wherein Rerr] and Rerr], B and R3 have the
foll ow ng structures: [err]

W

Example Structure

FIG. 2C
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and where Bis OCORerr], Ais -CORerr], and: 10 [err] 15

Claim 12. The conposition of Caim 10 wherein R err] and R err] and B
have the fwdbanvosy structures: [erg], 25 and wher epBrrysodbbasd A =
- H; the resulting product having Iig%t-absorbing properties which _ are
especial|y effective for anti-reflective coating applica- tions at 248
nm expdubstituent kypen. Claimi13. B Stiictaref O aim 1 wherein
the anti- 30 reflective coating has an optical density of at |east 5.0 per
m cron thickness at 365 nm exposi ng wavel engt h and-at | east 7.0 per

m cron thickness at 248 nm exposi ng wavel engt h. Claim14. The
conposi tion of Giliyh 13 wherein Rerr] is .a(@Hz) n- whérg R'=0¢ 6

structures, Rerr] and Rerr] [err]

CH,-

HyC-CH,-C-CH,-  Ry(l)

CH,-
CH,-

H3C-C-CH,  Ry(Il)

CH,-

cycloalkyl

O~

A0Hh
alkylaryl /—@_/
O

FIG. 3A



30 5 where the nolar ratio of Rerr] to Rerr] is in the range,

1.5-4.0; wﬁé}%&?ﬁre Rlerr] and B and A have the follow ng structures:
[err] OCORerr], and A i%s -CORerr] and R3 PETAISA8/22143 ¢ Of
the 15 structures, Rerr] and R err] which are defined as: [err] -

Substituent Type Example Structure

heteroalkyl

CH; (OCH,CHy) ,O-
CH, (OC3H) ,,0-

H3 C-CHz-C-CHz (OC3H6) yO_

CH2 (OC3H6) yO..
CH, (OCH,CH,) ,O-

H3C-C-CH, (OCH,CH) yO-

CHj (OCH,CH) ,0-
CH, (OC3Hg) ,0-

H3C-C-CH, (0C3H) ,0-

CH, (0C3Hg) ,0-

FIG.3B

.



25 where the nolar ratio of R3a to R3b is in the range, 1.5-4.0; the
resul ting product having |ight-absorbing properties which are especially
ef fecti vewmsoraessg -refl ective coatigg plications at ex i

wavel engt hs of 193, 248 and 365 nrnI?Bf)a!p Claim15. The cgﬁgggg?%%ﬁsof
Claim 1l wherein the curing acid catalyst is p-toluenesul fonic acid.

d ai mslﬁbsﬁ‘mggp@%' tion of O ai m IEYHALSIE cturedM nopl ast crossl i nking
agent 1s a hirghly yl at ed nel am ne- resin have a degree
of polymnerization less 35 than 2.0. Claim17. The conposition of
Claim1 wherein the - amnoplast crosslinking agent is a nethyl ated

gl ycoluril - f or mal dehyde resin. - :

31 Claim 18. The conposition of Claim1 wherein the al cohol -
cont ai ni ng sol vent system conprises a m xture of alcohols or a m xture
of alcohol with one or nore solvents selected fromthe group- consi sting
of esters, glynes, ethers, and ketones. 5 Claim 19. The conposition
of Claim 18 wherein the sol vent systemis conprised of ethyl |actate
and/ or 1-met hoxy- 2- propanol, where the content of the two solvents can .
vary continuously frompure ethyl lactate to pure 1-nethoxy-

2- propanol . 10 Claim 20. The conposition of Caim18 wherein the

sol vent systemis conprised of 1-nethoxy-2-propanol in adm xture with
one or nore solvents selected fromthe group consisting of 2- hept anone,
cycl ohexanone, ethyl 3-ethoxyproprionate, propylene gl ycol methyl ether

acet at e, a%&?@’éﬂ%pr ofurfuryl al CQ@!‘I'Z-E_HZ-O-CHZ"Q@%% The conposition

of Claim 18 where al cohol or

-(OCH,CHy) ,,O-

-(OCH (CH3) CH2)-,0

FIG. 3C



a m xture of al cohols conprises at

sol vent system
X’éo”ml‘?%roxyl -functional [Bolly®ster resin, 15%to ¥

and 2%to 5% protonic acid catal yst by
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to obtain a uniform crosslinked filmwhich exhibits high opti cal

density at a target exposing wavel ength and shows no intermxing wwth a
subsequentyoyogipss ed photoresist. 1@ ; ¢ Claim 24. The nepbeaisodrfgisni m 23
wherein the solids conposition conprises about 50%to 90% .
hydr oxyl - functi onal poly- ester resin; about 10%to 50% am nopl ast
crosslinking agent, and about 0.1%to 10% protonic acid catal yst by
wei ght of solids content. 15 Claim 25. The nethod of C aim 23
wherein the solids conposi tion conprises aboutr60%to 85% )
hydr oxyl - functi onal pol yester resin, agput 15%to 35% ami nopj ast
crosslinking agent, and about 2% to 5@protonit acid -catalysf by weight
of solids content. 20 Claim26. &n a net®d for manufafturing
mul til ayer resist structures for microlit hogr gghi ¢ processinpg, the
i npr ovenent conprising coating an eff ive aQPi -reflective foating
| ayer onto a sewiconductor substrate, gjai d angh-reflective. cpating,
conprising a hydg 3functional, highly i phati c?pol yester 25 fesin, an
al kyl at ed g dr osslinki ng agent, ahd a  Qprotonic acid|curing
cat al yst ditss a | o@&t o- medi um mioi (&g~ & cohol - cont ai hi ng
sol vent syst ¢y Yy ng at fream about QO[ ear ] 0 22 rr]C for. 30 to
120 seconds, ¢qat i ng aPAovol ac- or ' po h oxysglyr ene) - based
phot or esi st and baki ng said 30 phot‘ﬁr elist Aayer, er eby} t he
anti-refl gtive~Coating provides hi gheg p@sn@etch el ectivity to the
phot oresi st than anti - . reflective coatfngszi nQdhi ch e conngcting
st ruct ur e Qf dyhe hydr oxyl - f unct i onal r%si n'is highly ‘aromatil.
ClaimZ7. Afarticle of microelectronic n@uf%tur& 35 cﬁgri si np:
a. a sem conductor substrate; 5] . Ba theMfosettihg
anti-reflective coating |ayer % ,-‘3' Q mm
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33 applied onto said sem conductor subst rag ’@ygf,t hi ckness
Y§@ Al

of 350 A-2500 A, ‘the anti-reflective coati ng 4
conpri sed o m nopl ast crosslinked, h nct i

resin havi n i ghly al |

ef fechinkil 6&2“% Ri@t?i §pUrlds .; _____
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where | s m s 100;
where R is a divalent organic radical;
where Ry is a divalent or Irivalent organic rudicaf;

where when Ry is divalent, B = -11, and when Ry is trivalent,
B is -OH or -O-A; and

where A is -H or -CO-R3 and R; is an aromatic organic radical
. which provides optical absorptivity 4t or near one or
more of the following wavelengths of tight: §93 nm,
248 nm, 365 nm, and 436 nm,

(57) Abstract

Thennoscttmg, bottom-applied polymeric anti-reflective coatings exhibiting lugh optical densxty, rapid plasma etch rates, hlgh
solubility in preferred coating solvents, excellent feature coverage, and improved stability in solution are disclosed. The principal component
of these new anti-reflective coatings is a polyester resin produced by the reaction of one or more difunctional aliphatic carboxylic acids with
a stoichiometric excess of a di- and/or a trifunctional aliphatic primary alcohol, wherein at least one of the dicarboxylic acids may contain
a reactive methylene (~CHz-) group. The resulting polyester resin reaction product is further modified by attaching light-absorbing groups
to some or all of the reactive methylene groups (if present) and/or hydroxy groups present on the resin, The dye-attached polyester resin
is combined with an aminoplast crosslinking agent and acid catalyst in a suitable solvent syste?\ to form the final anti-reflective coating.




