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do not significantly add to process costs. The use of antireflection

coatings for optical devic-

This invention relates to compositions which enhance
the performance of aqueous developable photoresists by
substantially eliminating pattern distortion caused by
reflections over non planar features in the workpiece
being patterned. More particularly, the invention is
directed to antireflective top coatable compositions which
are easy to apply, which provide better process control of
image formation, and which are aqueous soluble and thus
are removable within the existing lithographic processing,
and which minimize environmental hazards and which do not

significantly add to process costs.

The use of antireflection coatings for optical devic-’
es such as lenses in photographic and other equipment is
well known. These coatings take advantage of the rela-
tionship described in the Fresnel formulae. It,is well
established that the refractive index of an overlying
material should be at about the square rooﬁ of the refrac-
tive index of the underlying material and that the thick-
ness of the coating or layer should be an cdd integer
multiple of one-quarter of the Qavelength of the incident
radiation, the su-called "quarter-wavelength thickness”

In U.S. Patent No. 4,759,990 to Y¥-T. Yen, the
antireflective coating'concept is extended for use over
optical membrane elements, i.e., pellicles, which may be
used in the manufacture of semiconductor wafers. The
pellicle material is typically a nitrocellulose f£ilm which
is stretched over a pellicle holde: {(an upstanding ring or
the 1like). The use of an aromatic vinyl polymer as a
first coating layer such as polyvinyl naphthalene,
polymethylstyrene " or polystyrene, followed by a
fluorocarbon layer such as 3M's FC-721 or FC-77 is dis-
closed. Pellicles may be used a number of times before

they suffer either mechanical break down or cover contami-
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es such 448 B graphi c and other equi pment is well known.
These coatj H ntage of the rela- tionship described in the
Fresnel f s well established that the refractive index of an

overlying material should be at about the square root of the refrac- tive
i ndex of the underlying material and tiat the thick- ness of the coating or
| ayer should be an odd integer nultiple of one-quarter of .the vel engt h of
the incident rB&F&PPon, tHEIEDb- c%ﬂ-ég‘:fﬁﬁar?Ef“’- W&\}@F‘Eﬁgt ﬁlﬁ"i'i“a\ﬁes%r. Fi-
U S. Patent Noywo#ké89r8pQalcedY-T. Yen, the antireflective coating concept
I s extended for use_over optical nepbrane elenents,.i.e., I1] S I.gh
may be used in the ?ﬁﬁﬁ%ﬁc@ﬁr@ fr gaﬂéiﬁﬁﬁﬁ%égéﬁﬁﬁﬁﬁgﬁ' 1§ﬁ;3§§68 (ISQOS

(Tanaka I) provides a technique for directly applying an

antireflective coating on top of a resist (ARCOR). This
technique seeks to overcome the many problems which have
been encountered due to reflectivity when increasing the
degree of pattern densification in trying to achieve ULSI
having sub-~0.5 um geometries.

Light interference leads to linewidth variations and
degraded detection of through the 1lens (TTL) alignment
marks. Tanaka I discloses the formation of an
antireflective film on a resist surface which is suffi-
cient to suppress the multiple interference effects due to
repeated reflection of incident light in the resist film.
The ARCOR film is clear and has its thickness and refrac-
tive index optimized and is used in a process which en-
tails the steps of coating and baking a photoresist in the
conventional way, spin-coating a film of the ARCOR materi-
al on the photoresist, imaging the composite structure,
removing the ARCOR film, and developing the photoresist.
The ARCOR process adds the steps of spin-coating and re-
moval of the ARCOR film. The following materials were

characterized:
* * %
ARCOR Material Refractive Index  d4dLW Factor
(perfluorocalkylpolyether 1.29 10X
(1)(polysiloxane 1.43 2.5X
(2)(polyethylvinylether 1.48 1.7X
(polyvinylalcohol 1.52 1.4X

*
Refractive index in e-line {546nm), g-line (436 nm)}

and i-line (365nm).

*
Reduction in linewidth variation due to
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péllicVe mat Has Beeh Reileead |y a nitrocel lul ose filmwhich is stretched
over a pellq ﬂ upstanding ring or the like). The use of an

aromati c vi a first coating layer such as polyvinyl

napht hal ene, pol ynet hyl styrene or lystyrene,  followed by a
fluorocarbon layer such as 3Ms FC- 721 or FC 77 is dis- closed. |P§||IE|ES
may be used a nunber_. t] ..hefore they suffer either mechanica rea
down or cover conta%éfleé gl%ﬁxtﬂh Such pellicles are either

.cleaned or re-
Using the Fresnel formulae, Tanaka I determined that

the refractive index of the ARCOR material should be about
equal to the square root of the refractive index of the
imaging resist used. Tanaka I used a resist having a
refractive index of 1.64 and the ideal ARCOR refractive
index is 1.28. The Tanaka et al. materials fall into two
categories: (1) those which suppress reflection effects
and which require organic solvent strip; and (2) those
which are aqueous strippable, but which provide 1little
process benefit. (Refractive index > 1.48.)

Tanaka et al., J. App. Phys., 67, 2617 (1990) (Tanaka
II) discloses the use of perfluorocalkyl polyether or spin

on glass and di-propoxy-bis(acetylacetonate)titanium as
ARCOR materials for single and bilayer films to control
the interface reflectivities as well as the methods to
measure such reflectivities.,K Tanaka II entails the use of
baking steps to fix the one and two layer ARCORs dis-
closed. It is silent as to post exposure and develop

methods, if any, to remove the ARCOR layer(s).

Tanaka et al., Chem. Abs 107:87208y (1987) (Tanaka
III) is directed to the subject matter of JP 62 62,520,
viz., a process for coating a photoresist with an
.antireflective coating which may comprise -—
perfluoroalkyl- polyether --, -- perfluoroalkylamine, or
perfluoroalkyl- polyether-perfluoroalkylamine -- mixed
film. The reflection-preventive film is removed after
pattern wise exposure using a Frec» {a chlorofluorocarbon

compound} solvent.

The Tanaka materials having the desired refractive
indices are more expensive to use. First, there is the
required additional process step to remove the -- ARCOR ~-
material. Second, the removal requires an organic solvent

FI 9 91 079



\Adrked/rﬁigg{eamdBeefr et al., J. Electrochem Soc., 137, 3900 (1990)
(Tanaka |l technique for directly applying an antireflective
coating si st (ARCOR) . Thi s techni que seeks to overcone the

nmany pro I ch have been encountgred due to reflectivity when
I ncreasing the degree of pattern densification in trying to achieve ULSI

havi ng sub- 0., 4R 9€8MikipedEivid 08¢ mAkerbareRaeel eads toqhinesi dxpense
vari ations and degraded detection of_through the |gens éTT al i gpnent
mar ks. Tdrakgafely fandliednd; it sRsisaPf on 'g}?n n g?‘é’éf‘i vt

filmon a restplaledlt ag@1vohED 45 SPECEI reguiehbst exsuppeesareheompirtidiEet
interference effects due .to
against environmental damage. The waste management as-
pects of the Tanaka reflection-preventative materials

weighs heavily against their implementation.

In U. S. Patent No. 4,701,390 to Grunwald et al., a
process for thermally stabilizing a photoresist image
layer formed on a substrate is provided, wherein the image
layer, prior to being sujected to a post-development bake,
is coated with a protective material which bonds to the
photoresist, but is readily rinsed from the exposed sub-
strate after post bake and which does not interfere with
the desired operation of any of the subsequent steps of
pattern generation including final removal of the
:photoresist image. The protective (thermally stabilizing)
,material may be a compound or a mixture of two or more
-compounds selected from chromotropic acid, perfluorocarbon
carboxylic acids, perfluorocarbon sulfonic acids,
perfluorocarbon phosphoric acids, and alkali metal, ammo-
nium and amine salts of such acids, ethoxylated

. perfluorocarbon alcc*ols, and quaternary ammonium salts of

N-perfluoro—N',N"-dialk&lamines.

In order to overcome the deficiencies of the materi-
als and top antireflective processes noted in the Back-
ground Art, the invention provides coating compositions
which provide a refractive index about equivalent to the
square root of the refractive index "of an wunderlying
photoresist and which may be appl’ed in a single quarter
wavelength thickness and which are further removable in
the developer for the underlying photoresist.

The preferred top antireflecting coating compositions
are binary systems 1in an appropriate coating~ solvent
wherein there is a film forming polymer binder which is
soluble or dispersible in water or aqueous alkaline solu-
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This Sheet Has Been R laced
repeated |ncident light in the resist film The ARCOR filmis
cl ear ness and refrac- tive.index optimzed and is used in
a proces talls the steps of coating and baki ng a photoresi st

i nt he convent!ona! way, spin-coating a filmof the ARCOR materi- al on the
phot oresi st, imaging the conposite sttucture, renoving the ARCOR filn1 and
devel opi ng the photor si st rocess add t he ste

spi n- coat i ng W% 20 fhl18V ﬂﬁ ?IF& % PFB8%FhY ontﬂﬁ}% s Were
char act eri zegoruife ARCORL 8peesible in wRekract \,aaquams alkdﬂ.méa@tocim“-*

(perfluoroal%%kﬁgéyEth@ﬁesel“ég%ponents mus%oxﬂe compatible with -each
other and their proportions in the composition are adjust-
ed to provide a film having the desired thickness and
index of refraction. The binary systems may be mixtures of
the functional components or polymers in which components

having different functionalities are reacted together.

“We have discovered that an improved ARCOR method is
achievable that adds only one process step to the imaging
process that enables the economical manufacturable use of
antireflection films economically in optical 1lithography
process without adding the potential for harmful environ-

mental effects or increased waste disposal costs.

The ARCOR materials are substantially optically
transparent to the exposing radiation about UV light which
may be in the i-, g~, ¢r h-line band or deep UV. This
transparency is necessary to facilitate the patterning of

the underlying resist.

Materials For Aqueous Processable, Low Index Coatings

The top anti-reflective (TAR) coatings of the inven-
tion are characterized in that they have both optimized
the refractive index of the TAR while at the same time
maintaining the aqueous processibility of the TAR materi-
als.

To overcome the deficiencies «(f fluorocarbon polymers
which do provide nearly ideal refractive indexes {on the
order of 1.3-1.4) but do not offer solubility or
strippability in aqueous media, we have tailored a number
of different compositions which overcome these deficien-

cies.
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(1) (pams Replaced 1.43 2. 5X (2) (pol yet hyl vi nyl et her
1.48 In ﬁpolyvinylalcohol 1.52 o 1.4X
Ref r act i -line (546nm, g-line (436 nm and i-line (365nn).

Reduction in linewdth variation due to 3 reflectivity. Using the
Fresnel fornulae, Tanaka | determned that the refractive i ndex of the

ARCOR mat eri al shoul d be about
I. Multi-component systems which generally have two

components where the film forming composition comprises an

- admixture of functionalized fluorocarbons with binders
that exhibit aqueous solubility, aqueous dispersibility or
have aqueous strippability. Two component systems are
comprised of a film forming polymer binder which is solu-
ble or dispersible in water or aqueous alkaline solutions,
and a low refractive index fluorocarbon compound which is
soluble or dispersible in water or aqueous alkaline solu-
tions.

Specific examples of polymer binders:
poly(vinylalcohol), poly(acrylic acid),
poly(vinylpyrolidone), poly(vinylsulfonic acid Na+ salt},
poly(vinylmethylether), poly(ethyleneglycol),
poly(alphatrifluoromethyl acrylic acid),

'poly(vinylmethylether-co-maleic anhydride), poly(ethylene
glycol-co-propylene glycol), poly(methacrylic acid).

Specific examples of fluorocarbon compounds :
perfluorooctanoic acid- ammonium salt, perfluorooctanoic
acid~tetramethylammonium salt, ammonium salts of C-7 and C-
10 perfluorocalkyl sulfonic acids (sold under the trade
name Fluorad FC-93 -~nd FC-120 respectively), tetramethyl
ammonium salts of C-7 and C-10 perfluoroalkyl sulfonic

' ' acids, fluorinated alkyl gquaternary ammonium iodides
(Fluorad FC-135), perfluoro adipic acid, quaternary ammo-~
nium salts of perfluorocadipic acid. The components of
such compositions can exist as simple mixtures, or may be
in the form of salts between the functionalized
fluorocarbon and the polymer binder. Examples include
mixtures of fluoroalkyl sulfonatew=. carbéxylates, etc.,
with aliphatic polymers having aqueous solubility such as
polyvinyl alcohols or sulfonates, polyacrylic acid and
related copolymers, polyethylene and polypropylene glycol
homopolymers and copolymers, polyvinyl methyl ether, and
polyethyleneimine. An example of a simple mixture is the
combination of polyacrylic acid {(a water soluble polymer)
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equal ’l‘lﬂs&@&ﬂ‘&%@m 20t of the refractive index of the imaging resist

used. : a resist having a refractive index of 1.64 and the

i deal ME’ ”’ index is 1.28. The Tanaka et al. materials fall into
two cat those whi ch suppress reflection effects and which
require organic solvent strip; and (2) fhose whi ch are aqueous strippabl e,
but which pI’OVI de little process benefit. (Refractive E}gr 1.48.)
Tanaka et al., Withpd spdfsof g P%fl#u‘(xi‘é%‘;gi‘ﬁ%maﬁﬁl?ll gs e%m’f‘%lﬂg‘e
of perf|U0roa|HMérﬂDh&?bB@taﬁba&@Dn Qﬂ gkamplandf the salt formed between

di - propoxy- bi s(acetyl acet ona %{ ita mat er f gg)e -a

bi | ayer fil ns t@“ t}q efP ce eef?% YPeTt itss éiga&,e f1Oo ‘5' b4 fhe

met hods to comblnatlon of a perfluoroalkyl quaternary ammonium cation
with an anionic polymer such as polyacrylic acid. Addi-
tional benefit may be derived by incorporating fluorine in

the binder polymer as well.

IT. Systems that are comprised largely of a single
component that is the result of a condensation reaction
between a functionalized fluorocarbon and an aliphatic
polymer. One component systems make use of low index
polymers which are not soluble in aqueous media initially
but are rendered soluble by base catalysis, where the
agueous base developer is the source of the catalyst.

Examples are fluoroalkyl carboxylates or sulfonates of
hydroxy functional polymers such as polyvinyl alcohol,
Aqueous | strippability is ‘facilitated by the hydrolytic
instability of the ester linkages. Carbonates, anhydride
and related groups are also suitable linkages between the

polymer and fluorocarbon groups.

III. Systems w»ich use a catalyst to cleave the bond
between a fluorocarbon group and a polymeric binder or to
depolymerize a {luoropolymer where the reaction products
are agqueous strippable or partly or fully volatile. Other
approaches to two component systems include the combina-
tion of a polymer binder that is not soluble in aqueous
media initially, but is rendered soluble during the pro-
cess by the action of a catalyst such as an acid, with low
index fluorocarbon compounds. Exa"nles of such polymers
are polymethacrylic esters such as poly(t-
butylmethacrylate), poly(nonafluoro~-t-butylmethacrylate).
In combination with one of the perfluorcalkyl sulfonic
acids listed above, the polymer can be rendered soluble in
agueous solutions by the acid catalyzed cleavage of the

ester group during normal resist baking procedures, so
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measur e HHIMIH"HM Hltles. Tanaka Il entails the use of baking steps to
fix the

yer ARCORs di s- cl osed. It is silent as to post
exposure and devel op nethods, if any, to renove the ARCOR | ayer(s). Tanaka
et al., Chem Abs 107:87208y (1987) (Tagaka 1) is directed to the subject
matter of JP 62 62,520, viz., a process~for coating a photoresist with an
antireflective coa

er oal k
pol yet her --, -t Eﬁd&%a?ﬁ?F&%lﬁFmOYgangFFﬁawéh?yFeSIS% deaveSnéit
pol yet her - per f |$l©épa| othat nsolymetxedifthl nacid Thed eaghbiet i groywpev enidhyeas

filmis renoved after, pattern W se exposur e, usin n
chl or of | uor ocar B gBﬁgSUHEf Ebl&@ﬁiﬁy Wl&a "Eh "] B1kET8R Wdshion. Exan-

ples include materials such fluoro-t-butyl ester or car-

bonate polymers and fluorocaldehyde polymers with acid

catalysts.

Example 1

One equivalent of tetramethyl ammonium hydroxide
pentahydrate (18g) was reacted with 0.1 equivalent of
perfluorooctanoic acid (4lg) in water, to form tetra
methylammonium perfluorooctancate at a concentration of 5

percent by weight of the solution.

Example 2
Poly{acrylic acid) of molecular weight 2000, was
dissolved in water at a concentration of S5 percent by

i weight of the solution.

Example 3

10 grams of the solution from Example 1 was added to
5 grams of the solution from Example 2. The mixture was
spin coated on a ~ilicon substrate. A highly uniform
transparent film of refractive index 1.413 was obtained.

The film was easily washed away with water.

Example 4

12.5 grams of the solution from Example 1 was added
to 5 grams of the solution from Example 2. The mixture was
spin coated on a silicon substrate. A highly uniform
transparent film of refractive in'ex 1.407 was obtained.

The film was easily washed away with water.

Example 5

Silicon substrates were coated with a positive work-
ing diazonaphthogquinone photoresist. The thicknesses ob-
tained ranged from 10,000~ 12,000 angstroms. Samples were
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The rials having the desired refractive indices are nore
expeﬁﬁpﬁ%&rﬂ?ﬁ&hk'l ‘?st, there is the required additional process step to
rem)vammHlm -- material. Second, the renpval requires an organic
sol ve i s expensive to nmake/purchase and requires expense to
safely handl e and di spose of. Third, the nature of Tanaka's solvents as
CFCs requires extrene care to. nrotect against epvirognental damage. The
wast e nanagenenqv%’épgf?ﬁgeaf ‘Y%@"Ti—(ﬁﬁké‘ﬁé’fﬁl@&i oM é‘\?@%ﬁfti@e %g’tré‘}"ir%g s2
wei ghs heavi | y kgpensthidehessnpEessot ahgstromns . UThe Baimpilles\arerde 7€p3964d

to Gunvald et é%'faﬁi?&?&ﬁsgffQésbh§£S§L¥Xms using a GCA step and repeat

aligner. The amount of exposure energy required to give
complete film removal upon development (dose to clear) was
determined. The dose to clear varied 14% over the range of
starting resist thicknesses, due to variable reflectivity.
For samples without the 650 angstrom over coat, the dose
to clear varied by 36% over the range of starting resist

thicknesses.

Example 6
Silicon. substrates were prepared as in Example 5.
Samples were patterned on a GCA step and repeat aligner
with an exposure wavelength of 3650 angstroms, using a
resolution target mask of equal line and space patterns.
The size of the resulting photoresist images, of the 0.7
micron mask patterns, were measured with a scanning elec-
) tron microscope. The size of the images of the 0.7 micron
mask pattern varied by 0.06 microns, ovef the range of
starting resist thicknesses, due to variable reflectivity.
For samples without the 650 angstrom over coat the size of
the images of the 0 7 micron mask pattern varied by 0.15
microns over the range of starting resist thicknesses, due
to variable reflectivity. Thus, the image size wvariation
due to changing reflectivity was reduced by a factor of
2.5X using this aqueous processible anti-reflection mate-

rial.
Example 7

Silicon substrates with varying thicknesses of ther-
mally grown SiO2 were prepared and coated with a positive
working DON photoresist. Samples were overcoated with the
solution from Example 3. The photoresist was patterned on
a GCA step and repeat aligner with an exposure wavelength
of 3650 Angstroms, using a resolution target mask of equal
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wher gl ayer, prior to being subjected to a post-devel opnent
bake,eunma'ﬂ th a protective material which bonds to the photoresist,
but i i"Msed fromthe exposeg substrate after post bake and which
does not interfere with the desired op8ration of any of the subsequent

st eps of pattﬁrn generation including fipal renpval g% thes%ggyoresist

i mge. The prot’dttH f?ﬁgﬁmﬁqﬁf%ﬁ i || ZARg5 T ARt 8Fi dPen&$ 2 nBafa or
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structure

antireflection overcoat, the size of the images of the 0.5
micron mask pattern varied by 0.18 microns over the range
of thermal SiO2 thicknesses, due to wariable reflectivity.
Thus, the image size variation due to changing reflectivi-
ty, was reduced by a factor 4.5x using this aqueous pro-

cessible antireflection material.

Example 8

20 grams of the solution from Example 1 was added to
5 grams of a solution containing 5% by weight
poly(methacrylic acid). The solution was spin coated on a
silicon substrate. A highly uniform transparent f£ilm of
refractive index 1.401 was obtained. The film was easily

washed away with water.

Example 9

A solution was m™ade containing the ammonium salt of a
perfluoro 7 carbon sulfonic acid {(trade name FC-93 from 3M
Co.) and a copulymer of ethylene and propylene oxide
{(trade name Pluronic F127 from BASF Corp.) in water at a
weight ratio of 65:35, with a total solids content of 5%
by weight. The solution was spin coated on a silicon sub~-
strate. A transparent film of refractive index 1.43 was

obtained. The film was easily washed away with water.

While only the preferred embodiments of the present
invention are described above, many potential modifica-
tions which fall within the generic concept will occur to
those skilled in the art upon a reading of the present
disclosure. Such modifications which are functionally

equivalent to that as herein ‘set forth are within the
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for metly] Has | e conprising a bottom aqueous-devel opabl e phot oresi st
and a i ' ive coating characterized in that said coating has a
refrac roximately equal to the square root of the refractive

index of the aqueous devel opabl e phot ofesi st conposition and which is
removabl e in the devel opnment of the resist pattern and in that said coating
conprises a jt\@%a%%r%%negk SH5d eBr A | EAVERERLAT 29| weRr bbpERr i ahd S
sol ubl e or dispersibl®e 1n water "or aqueous al kaline solution and a | ow
refractive i nddaimsyottoicdr ont £@¥pound which is soluble or dispersible in
wat er or aqueous al kaline solutions. W have di scovered that an inproved
ARCOR net hod is achi evabl e that adds only one process step to the imaging
process that enabl es the econom cal manufacturabl e use
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COﬁpOSltlons I ch ove Cone t lenc
sition which composition has a refractlve index

approximately equal to the square root of the re-
fractive index of the aqueous developable
photoresist composition and which is removable in
the development of the resist pattern.

The antireflective coating of Claim 1 which further
comprises a solvent which is immiscible with said

aqueous developable photoresist composition.

The antireflective coating of Claim 1 which comprises
a two component system of a film forming polymer
binder which is soluble br dispersible in water or
aqueous alkaline solytions, and a low refractive
index fluorocarbon compound which is soluble or

dispersible in water or aqueous alkaline solutions.

The antireflective coating of Claim 3 wherein said
film forming polymer binder is selected from the
group consisting of poly(vinylalcohol), poly(acrylic
acid), poly(vinylpyrolidone), pely(vinylsulfonic

acid Na+ salt}, poly{vinylmethylether),
poly(ethyleneglycol}, poly{alpha~triflucromethyl
acrylic acid), poly{vinylmethylether~co-maleic
anhydride), poly(ethylene glycol~co-

propyleneglycol), and poly(methacrylic acid).

The antireflective coating of Claim 3 wherein said
film is comprised of a low refractive index
fluorocarbon compound selected from the group con-
sisting of perfluorcoctanocic acid-ammonium salt,

perfluorcoctancic acid-tetramethylammonium salt,
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t systens which generally have two conponents where the

filmfofm eplagedn conpri ses an adm xture of functionalized

f | uor ocHEBEINEEN ginders that exhibit aqueous solubility, aqueous

di sper s'i'tHRiiiREy /e aqueous strlppiﬁllity. Two conponent systens are
conprised of a filn1forn1ng pol ymer binder which is solu- ble or

di spersible in water or ueou al kal Lne S9 Iut|o s, alo refrac
i ndex quorocarbon’§8W$b i s© oISEI 5a$g|bp i i

aqueous al kal i ne smmhionlc ac1ds, tetramethyl ammonlum salts of C 7
and C-10 perfluoroalkyl sulfonic acids, fluorinated
alkyl quaternary ammonium iodides, perfluoro adipic
acid, and quaternary ammonium salts of

perfluoroadipic acid.

6. The anﬁireflective coating of Claim 1 wherein said
coating is substantially optically transparent to
the exposure radiation for the underlying resist
composition.
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tions. of pol ymer binders: poly(vinylalcohol),
pol y(acr. y(vi nyl pyrolidone), poly(vinylsulfonic acid Na+
salt), Iether) pol y(et hyl enegl ycol ),

pon(aIphatrlfluoronethyl acrylic acidi, pol y(vi nyl met hyl et her-co-nal ei c
anhydride), poly(ethyl ene egcoI Cco- pr ﬁylene glycol) pol y(nmet hacrylic
acid). Specific exanpl es | uor ocar bon ounds:

per f 1 uor ooct anoi ¢ aci d- annﬁﬂfuﬁ”ggﬁFFLEEFFW@bﬁEHEﬁ iRLLMS

aci d-tetranet hyl ammoni um salt, ammoniumsalts of CG7 and G 10
perfluoroal kyl sulfonic acids (sold under the trade nanme Fluorad FC 93 and
FC- 120 respectively), tetranethyl

Enhanced fidelity of pattern transfer of agueous
developable photoresist compositions is achieved with top
antirefective coatings which are fluorine-containing and
have a refractive index approximately equal to the square

root of the underlying photoresist and which are removable
in the developer for the photoresist.

NO FIGURE.
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amonium salts of G 7 and G 10 perfl uoroal k/,_{srn]fom‘c aCFds ----- f’l'uae:idét
al kyl quaternary ammonium iodides (Fluorg F'C-, ,‘§}‘ é’é‘ﬁ? L%rf‘a) madedid;
acid, quaternary ammo- nium salts of rfl o/rﬁa(? pire cibgesd ., Tltxemgccmgnets
of such conpositions can exist as Ssi npfe mi It UfEEs «yy rrﬁ%ﬂaieﬁ to phfgg ..fofm
of salts between the functionalized fl uor ocar bon and the pol yner

bi nder.  Exanples include mxtures of fl Jofdlk Fﬁﬂdﬂ?ﬂi’s& 'R
carboxyl ates, etc., with momkna!TmaE)Lﬁo‘EI\sE he@ANENGGEEDR Ot
as pol yvinyl alcohols or sulfonates, polyacrylic acid and related

copol yners, pol yethyl ene and pol ypropyl ene gl ycol honopol yners and

copol yners, pol yvi fikisnmdamwdnteidrer redntiepoltpetdopipersditniores winiekarphairde a
sinple mxt urﬁlésﬁé@formance of aqueous developable photoresists by

substantially eliminating pattern distortion caused by

d

reflections over non planar features in the workpiece
being patterned. More particularly, the invention is
directed to antireflective top coatable compositions which
are easy to apply, which provide better process control of
image formation, and which are aqueous soluble and thus
are removable within the existing lithographic processing,
and which minimize environmental hazards and whiéh do not

significantly add to process costs.

The use of antireflection coatings for optical devic-’
es such as lenses in photographic and other equipment is
well known. These coatings take advantage of the rela- ;
tionship described in the Fresnel formulae. It is well
established that the refractive index of an overlying
material should be at about the square roof; of the refrac-
tive index of the underlying material and that the thick-
ness of the coatins or layer should be an c¢dd integer
multiple of one-guarter of the .wavelength of .the incident
radiation, the su-called "quarter-wavelength thickness"

In U.s. Patent No. 4,759,990 to Y¥Y-T. Yen, the
antireflective coating concept is extended for use over
optical membrane elements, i.e., pellicles, which may be
used in the manufacture of semiconductor wafers. The
pellicle material is typically a nitrocellulose film which
is stretched over a pellicle holde:* (an upstanding ring or
the like).  The use of an aromatic vinyl polymer as a
first coating layer such as polyvinyl naphthalene,
polymethylstyrene or pélystyrene, followed . by a
fluorocarbon layer such as 3M's FC-721 or FC-77 is dis-
closed. Pellicles may be used a number of times before

they suffer either mechanical break down or cover contami-
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conmbi nation of polyacrylic acid (a water sol uble polyner) 7 with a salt
of a perfluoro organic acid (such as ammoni um perfl uorooctanoate). An
exanple of the salt forned between the fluorocarbon and the polyner is that
forned by the conbination of a perfluofoal kyl quaternary anmoni um cati on

wi th an anionic polynmer such as polyacrylic acid., Addi- ii onal, benefit may

be derived bynA&d&Fpor at i FgCRI uBaIHEGES hedtft ndRh T yneteaRetle o | |xe-
Systens that gbexeaidpiatddrgely of a single

- Tanaka et al., J. Electrochem. Soc., 137, 3900 (1990)
(Tanak; I) provides a technique for directly applying an
antireflective coating on top of a resist {(ARCOR). This
technique seeks to overcome the many problems which have
been encountered due to reflectivity when increasing the

degree of pattern densification in trying to achieve ULSI
having sub-0.5 um geometries.

Light interference leads to linewidth wvariations and
degraded detection of through the lens (TTL) alignment
marks. Tanaka I discloses the formation of an
antireflective film on a resist surface which is suffi-
cient to suppress the multiple interference effects due to
repeated reflection of incident light in the resist film.
The ARCOR film is clear and has its thickness and ref;ac—
tive index optimized and is used in a process which en-
tails the steps of ccating and baking a photoresist in, the
conventional way, spin-coating a film of the ARCOR materi-
al on the photoresist, imaging the composite structure,
removing the ARCOR film, and developing the photoresist.
The ARCOR process adds the steps of spin-coating and re-
moval of the ARCOR film. The following materials were

characterized:
* ® *
ARCOR Material Refractive Index dLW Factor
{perfluoroalkylpolyether 1.29 10X
(1)(polysiloxane 1.43 2.5X
(2)(polyethyléinylether 1.48 1.7X
(polyvinylalcohol 1.52 1.4X

*
Refractive index in e-line (546nm), g-line (436 nm)

and i-line (365nm}.

*K K
Reduction in linewidth wvariation due to
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onponent that is the result of a condensation reaction between a
¢ functionalized fluorocarbon and an aliphatic polyner. One conponent
:systenms nake use of |ow index polymnmers which are not sol uble in agueous
media initially but are rendered sol ubPe by base catal ysis, where the
aqueous base devel oper-is the source of the catal yst. Exanples are
f1 uoroal kyl car boxFSt¥&EHkvEtYonates of hydroxy functional pol ymers such
as pol yvinyl alcohol, Aqueous strippability is facilitated by the

b oune: e SR o AR s A EREEL I el Ende

fluorocarbon gheupefdddtiveyshesk Wi theUaRCORC aladleysiia It Giodwelhy ebé hebbqard
equal to the square root of the refractive index of the
imaging resist used. Tanaka I used a resist having a
refractive index of 1.64 and the ideal ARCOR refractive
index is 1.28. The Tanaka et al. materials fall into two
categories: (1) those which suppress reflection effects
and which require organic solvent strip; and (2) those
which are aqueous strippable, but which provide 1little
process benefit. (Refractive index > 1.48.)

Tanaka et al., J. App. Phys., 67, 2617 (1990) (Tanaka
II) discloses the use of perfluorocalkyl polyether or spin

on glass and di-propoxy-—bis(acetylécetonate)titanium as
ARCOR materials for single and bilayer films to control
the interface reflectivities as well as the methods to i
measure such reflectivities.,K Tanaka II entails the use of
baking steps to fix the one and two layer ARCORs dis-
closed. It is silent as to post exposure'and develop

methods, if any, to remove the ARCOR layer(s).

Tanaka et al., Chem. Abs 107:87208y (1987) (Tanaka
III) is directeda to the subject matter of JP 62 62,520,

viz., a ©process for coating a photoresist with an

.antireflective coating which may comprise -—
prerfluorocalkyl- polyether --, -- perfluorcalkylamine, or
perfluoroalkyl- polyether-perfluoroalkylamine -- mixed
film. The reflection-preventive film is removed after

pattern wise exposure using a Frec» (a chlorofluorocarbon

compound)} solvent.

The Tanaka materials having the desired refractive
indices are more expensive to use. First, there is the
required additional process step to remove the -- ARCOR -~
material. Second, the removal requires an organic solvent
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bet ween a fl uorocarbon group and a pol yneric bi ndefiD
fl uoropol ynmer where the reaction products are aque
or fully volatile. O her approaches t@ two conpone
conbina- tion of a polyner binder that is not soluble in aqueous nedi a

initially, buiniehresdengsbsolwd! eoduiding g &86S tagdiieaicékpangle a
catal yst such as an acid, w.th Iomllndex quorocar%% conpounds Exanpl es

of such pol yie? sSafely bapghet fid ypieposecdfers hea§atuﬁﬁﬂﬁﬁi-
but yl met hacr yiat£ta ' foky{vensek! uey @ﬁcéauteﬂumtetsa@:wxeéneé calﬂ‘le cosbppaticen

wi th one of the erquoroaLk | sulfo acl ds khsted bove, "t he polymer can
be rendered St 2t $8Y. ‘%%‘?Jatl 95y th §C|’H"% & af9Pags eé‘é%//aﬁé‘of
t he pects of the Tanaka reflection-preventative materials

weighs heavily against their implementation.

In U. S. Patent No. 4,701,390 to Grunwald et al., a
process for thermally stabilizing a photoresist image
layer formed on a substrate is provided, wherein the image
layer, prior to being sujected to a post-development bake,
is coated with a protective material which bonds to the
photoresist, but is readily rinsed from the exposed sub-
strate after post bake and which does not interfere with
the desired operation of any of the subsequent steps of
pattern generation including final rembval of the
:photoresist image. The protective (thermally stabilizing)
,material may be a compound or a mixture of two or more
compounds selected from chromotropic acid, perfluorocarbon
carboxylic acids, perfluorocarbon sulfonic acids,
perfluorocarbon phosphoric acids, and alkali metal, ammo-
nium and amine salts of such acids, ethoxylated
perfluorocarbon alccrols, and quaternary ammonium salts of
N-perfluoro-N',N"-dialkylamines.

In order to overcome the deficiencies of the materi-
als and top antireflective processes noted in the Back-
ground Art, the invention provides coating compositions
which provide a refractive index about equivalent to the
square root of the refractive index of an underlying
photoresist and which may be appli~ad in a single quarter
wavelength thickness and which are further removable in
the developer for the underlying photoresist.

The preferred top antireflecting coating compositions
are binary systems 1in an appropriate coating” solvent
wherein there is a film forming polymer binder which is

soluble or dispersible in water or aqueous alkaline solu-

- e—
———
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”’é’éfjr,group during normal resist baking procedures, so 8 that it is
. A

® easi | y renoved during the resist devel opnent s A with acid
¢l eavabl e groups such as the t-boc group, can TH;segHEmr HASBEENa fashi on.
Exam ples include materials such fludro-t-buty estﬂlEPQACEBr- bohat e
polymers and fl uoroal dehyde polymers with acidtes sEs—Exanpte 1 One
equi val ent ofipser afhyd AeWortefiraglivgi dadex fluorocarbon which is

soluble or dispersible in water or aqueous alkaline solu-

tions. These components must be compatible with -each
other and their proportions in the composition are adjust-
ed to provide a film having the desired thickness and
index of refraction. The binary systems may be mixtures of
the functional components or polymers in which components

having different functionalities are reacted together.

.We have discovered that an improved ARCOR method is
‘achievable that adds only one process step to the imaging
process that enables the economical manufacturable use of
antireflection films economically in optical lithography
process without adding the potential for harmful environ-

mental effects or increased waste disposal costs.

The ARCOR materials are sﬁbstantially optically
transparent to the exposing radiation about UV light which
may be in the i-, g-, or h-line band or deep UV. This
transparency is necessary to facilitate the patterning of
the underlying resist.

Materials For Aqueous Processable, Low Index Coatings

The top anti-reflective (TAR) coatings of the inven-
tion are characterized in that they have both optimized
the refractive index of the TAR while at the same time
maintaining the aqueous processibility of the TAR materi-
als.

To overcome the deficiencies «f fluorocarbon polymers
which do provide nearly ideal refractive indexes (on the
order of 1.3-1.4) but do not offer solubility or
strippability in aqueous media, we have tailored a number
of different compositions which overcome these deficien-

cies.

as Been Re‘laced
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- pentahydrate (18g) was reacted with 0.1 equival ent of perfl uorooctanoic
acid (41g) in water, to formtetra nethyl amoni um perfl uorooctanoate at a
concentration of 5 percent by weight of the solution. Exanple 2
“Poly(acrylic acid) of nolecular weight 000, was dissolved in water at a
concentration of 5 percent by weight of the solution. Exanple 3 10 grans of
t he sol ution from EanplMultiwsonpdeento sysfenss whichhagengtalbn hpym two

CoeTor o anosEURPHER RIS E08: PR ARLAG CEOBURELL Bhc i@ an
B admixture of functionalized fluorocarbons with binders
that exhibit aqueous solubility, aqueous Hispersibility or
have aqueous strippability. Two component systems are
comprised of a film forming polymer binder which is solu-
ble or dispersible in water or aqueous alkaline solutions,
and a low refractive index fluorocarbon compound which is
soluble or dispersible in water or aqueous alkaline solu-
.tions.

Specific examples of polymer binders:
poly(vinylalcohol), poly(acrylic acid),
polf(vinylpyrolidone), poly(vinylsulfonic acid Na+ salt}),
poly(vinylmethylether}, poly(ethyleneglycol),
poly(alphatrifluoromethyl acrylic acid}),
poly(vinylmethylether-co—maleic anhydride), poly(ethylene
glycol-coipropylene glycol)}, poly(methacrylic acid).

' i

Specific examples of fluorocarbon compounds:
perfluorooctanoic acid- ammonium salt, perfluorococtanoic
acid-tetramethylammonium salt, ammonium salts of C-7 and C-
10 perfluoroalkyl sulfonic acids (sold under the trade
name Fluorad FC-93 -nd FC-120 respectively), tetramethyl
ammonium salts of C-7 and C-10 perfluorcalkyl sulfonic
acids, fluorinated alkyl quaternary ammonium iodides
(Fluorad FC-~135), perfluoro adipic acid, quaternary ammo-
nium salts of perfluorocadipic acid. The components of
such compositions can exist as simple mixtures, or may be
in the form of salts Dbetween the functionalized
fluorocarbon and the polymer binder. Examples include
mixtures of fluoroalkyl sulfonatewx. carboxylates, etc.,
with aliphatic polymers having agqueous solubility such as
polyvinyl alcohols or sulfonates, polyacrylic acid and
related copolymers, polyethylene and polypropylene glycol
homopolymers and copolymers, polyvinyl methyl ether, and
polyethyleneimine. An example of a simple mixture is the

combination of polyacrylic acid (a water soluble polymer)
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" The filmwas easily washed away with water. Exanple 4 12.5 grans of the
solution from Exanple 1 was added to 5 grans of the solution from Exanpl e
2. The m xture was spin coated on a silicon substrate. A highly uniform
transparent filmof refractive index 1. 407 was obtai ned. .The fil m was

easily washed away wi.th water. Exanple 5 Silicon, substrates re coated,
with a positi vé‘”v%? k& FRdtdiofz chPRTROYOTAOREIBRLE 0AELAs (B &%hi TRABR R

ob- tained rangsstf1963d8:8800at2)Q0AARGGNHAE ofSal e Meformed between
the fluorocarbon and the polymer is that formed by the
combination of a perfluoroalkyl gquaternary ammonium cation
with an anionic polymer such as polyacrylic acid. Addi-
tional benefit may be derived by incorporating fluorine in
the binder polymer as well.

II. Systems that are comprised largely of a single
component that is the result of a condensation reaction
between a functionalized fluorocarbon and an aliphatic
polymer. One component systems make use of low index
polymers which are not soluble in aqueous media initially
but are rendered soluble by base catalysis, where the
aqueous base developer is the source of the catalyst.

Examples are fluoroalkyl carboxylates or sulfonates of
hydi:oxy functional polymers. such as polyvinyl alcohol,
Aqueous ! strippability is 'facilitated by the hydrolytic
instability of the ester linkages. Carbonates, anhydride
and related groups are also suitable linkages between the

polymer and fluorocarbon groups.

ITI. Systems v>ich use a catalyst to cleave the bond
between a fluorocarbon group and a polymeric binder or to
depolymerize a {luoropolymer where the reaction products
are aqueous strippable or partly or fully volatile. Other
approaches to two component systems include the combina-
tion of a polymexr binder that is not soluble in agueous
media initially, but is rendered soluble during the pro-
cess by the action of a catalyst such as an acid, with low
index fluorocarbon compounds. Exa"nles of such polymers
are polymethacrylic esters such as poly(t-
butylmethacrylate), poly(nonafluoro-t-butylmethacrylate).
In combination with one of the perfluoroalkyl sulfonic
acids listed above, the polymer can be rendered soluble in
agqueous solutions by the acid catalyzed cleavage of the

ester group during normal resist baking procedures, so
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"9 over coated with the solution fromExanple 3, formng a |ayer thickness
of 650 angstrons. The sanples were exposed to radiation of 3650 angstrons
.using a GCA step and repeat aligner. The anount of exposure energy required
to give conplete fil mrenoval upon devet opnent (dose to clear) was

determ ned. The dose to clear varied 14%.over the range of, starting resist
t hi cknesses, dﬁ%aFo3Jhr%§M%?%%#Ye€FW@WF9.4%%1%%nﬁﬁgsRﬁﬁ*ﬁﬁtdFﬂggggﬁent

angstrom over seép. Cihdiospollomehrearyyelii adidy bdawaielet heoupageswéh as
starting resiséhé ngggszg%ug?ﬁggiebg used in a-similar fashion. Exam-
ples include materials such fluoro-t-butyl ester or car-
bonate polymers and fluorocaldehyde polymers with acid

catalysts.

Example 1

One equivalent of tetramethyl ammonium hydréxide
pentahydrate (18g) was reacted with 0.1 eqgquivalent of
perfluorooctanoic acid ({4lg) in water, to form tetra
methylammonium perfluorooctanocate at a concentration of 5
percent by weight of the solution.

Example 2
: Poly(acrylic acid) of molecular weight 2000, was
dissolved in water at a concentration of § pércent by

weight of the solution. ;

Example 3

10 grams of the solution from Example 1 was added to
5 grams of the solution from Example 2. The mixture was
spin coated on a ~ilicon substrate. A highly uniform
transparent film of refractive index 1.413 was obtained.

The film was easily washed away with water.

Example 4

12.5 grams of the solution from Example 1 was added
to 5 grams of the solution from Example 2. The mixture was
spin coated on a silicon substrate. A highly uniform
transparent film of refractive in'ex 1.407 was obtained.

The film was easily washed away with water.

Example 5
Silicon substrates were coated with a positive work-
ing diazonaphthoguinone photoresist. The thicknesses ob-

tained ranged from 10,000- 12,000 angstroms. Samples were
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" Silicon substrates were prepared as in Exanple 5. Sanples were patterned on
a GCA step and repeat aligner with an exposure wavel ength of 3650
.angstrons, using a resolution target n%tsk of equal line, and space
patterns. The size of the resulting photoresist inmages, of the 0.7 mcron

Siz6 of the | RYSE sPatRd "5 thi it RALRCDMR | GPAM AFEIPLS O 0ot Wl Bis 2
over the _rangelmi/estah‘ibkgers@sloaﬁt 830 dﬂm&m:s dihd csa,t@slasl:ol Rere exposed
(ol eotivity, Fo.SAMRLERAIIOM:d 0 OO0 QORI ook OFt bl 22
range of startahijgnesistTHeni akventesof degpbsuvar ienlelrery efequtired yto Thydsze
the imge S|zeEg§£ig e%film removal upon development {(dose to clear) was
determined. The dose to clear varied 14% over the range of
starting resist thicknesses, due to variable reflectivity.
For samples without the 650 angstrom over coat, the dose
to clear varied by 36% over the range of starting resist

thicknesses.

Example 6

Silicon: substrates were prepared as in Example 5.
Samples were pafterned on a GCA step and repeat aligner
with an exposure wavelength of 3650 angstroms, using a
resolution target mask of equal line and space pétterns.
The size of the resulting photoresist images, of the 0.7
micron mask patterns, were neasured with a scanning elec- i
tron microscope. The size of the images of the 0.7 micron
mask pattern varied by 0.06 microns, over the range of
starting resist thicknesses, due to variable reflectivity.
For samples without the 650 angstrom over coat the size of
the images of the 0 7 micron mask pattern wvaried by 0.15
microns over the range of starting resist thicknesses, due
to variable reflectivity. Thus, the image size variation
due to changing reflectivity was reduced by a factor of
2.5X using this agqueous processible anti-reflection mate-

rial.
Example 7

Silicon substrates with varying thicknesses of ther-
mally grown SiO2 were prepared and coated with a positive
working DQN photoresist. Samples were overcoated with the
solution from Example 3. The photoresist was patterned on
a GCA step and repeat aligner with an exposure wavelength

of 3650 Angstroms, using a resolution target mask of equal
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due to changing reflectivity was reduced by a factor of 2.5X using this
aqueous processible anti-reflection mate- rial. Exanple 7 Silicon
substrates with varying thicknesses of ther- mally grown SiJerr] were
prepared and coated with a positive wo? ki ng DQN photoresist. Sanples were

overcoated with the solution from Exanpl e 3. .The of.oresi st s patterned
on a GCA st ep*BRdaPch&RacH i BRECSRPEh arﬁ@x %%?eﬁ%?ﬁlg?n%@d“ag‘

Angstrons, ugsnNgoX rasel ot Bomiterset maBRkpattesnsl were measured with a
scanning electron microscope. The size of the images of
the 0.5 micron mask pattern varied by 0.04 microns over
the range of thermal SiO2 thicknesses due to wvariable
reflectivity. For samples without <the 650 Angstrom
antireflection overcoat, the size of the images of the 0.5
micron mask pattern varied by 0.18 microns over the range
of thermal SiO2 thicknesses, due to variable reflectivity.
Thus, the image size variation due to changing reflectivi-
ty, was reduced by a factor 4.5x using this aqueous pro-
cessible antireflection material.

Example 8

20 grams of the solution from Example 1 was added to
5 grams of a solution containing 5% by weight
poly(methacrylic acid). The solution was spin coated on a
silicon substrate. A highly unitorm transparent film of
refractive index 1.40]1 was obtained. The film was easily

washed away with water.

Example 9

A solution was rmade containing the ammonium salt of a
perfluoro 7 carbon sulfonic acid (trade name FC-93 from 3M
Co.) and a copuvlymer of ethylene and propylene oxide
(trade name Pluronic F127 from BASF Corp.) in water at a
weight ratio of 65:35, with a total solids content of 5%
by weight. The solution was spin coated on a silicon sub-
strate. A transparent film of refractive index 1.43 was
ocbtained. The film was easily washed away with water.

While only the preferred embodiments of the present
invention are described above, many potential modifica-
tions which fall within the generic concept will occur to
those skilled in the art upon a reading of the present
disclosure. Such modifications which are functionally

equivalent to that as herein 'set forth are within the
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10 I'ine and space patterns. The size of the resulting inmag- es, of the 0.5
m cron mask patterns were neasured with a scanning el ectron m croscope.
The size of the inmages of the 0.5 mcror}ﬁnask pattern varied by 0.04

m crons over the range of thermal Si Q2 thicknesses due to variable
reflectivity. ..sanpl es,. W t .the 650. Angstromantireflection
overcoat, the stiezal(;&t;ffm?herm'l1 n%&ees %Pg#ﬁgto.?‘fﬁrﬁjo%l Sk Patt ‘?F@élr &y bpe
0.18 microns overaime wiahgh 66lfllker.mal Si Q2 thicknesses, due to variable
reflectivity. Thus, the inmage size variation due to changing reflectivi-
ty, was reduced by a factor 4.5x using this aqueous pro- cessible
antireflection material.
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"Exarrple ﬁ rams “of the 'solution from Exanple 1 was added to 5 grams

ing 5% by weight pol y(rret hacryl | C aC| d). _The
-soI ut i on mon a silicon substrate. 0 D
transparent fi m’bf yefwactive i ndex 12401 was obt i ;
easily washed away with water. Exanple A sol uti of ] niing t he
ammonium salt of a perfluoro 7 carb fonic acid (trade name FC—93 from

3M Co.) and a copol ynmer of et hyI ene and propyl ene OXI de (trade nane

Pl uronic F127_from BASF Corp,.) wat er ag\e rat o of 65:35, wth a
total solids tont efi gptg%eflectlve coatlng or se wl h agqueous devel~

opable photoresist composition comprising an aqueous-
processible, film-forming fluorine-containing compo-
sition which composition has a refractive index
approximately equal to the sguare root of the re-
fractive index of the agueous developable
photoresist composition and which is removable in
the development of the resist pattern.

2. The antireflective coating of Claim 1 which further -
comprises a solvent which is immiscible with said
aqueous developable photoresist composition.

3. The antireflective coating of Claim 1 which comprises
a two component system of a film forming polymer
b,inder which is soluble -or dispersible in water or
agqueous alkaline solutions, and a low refractive
index fluorocarbon compound which is soluble or

dispersible in water or agqueous alkaline solutions.

4. The antireflective coating of Claim 3 wherein said
film forming polymer binder is selected from the
group consisting of poly(vinylalcohol), poly(acrylic
acid), poly(vinylpyrolidone}), pely({vinylsulfonic
acid Na+ salt), poly(vinylmethylether),
poly{ethyleneglycol}, poly{alpha-trifluocromethyl
acrylic acid}, poly(vinylmethylether-co-maleic
anhydride}, poly(ethylene glycol-co-
propyleneglycol), and poly(methacrylic acid).

5. The antireflective coating of Claim 3 wherein said
film is comprised of a low refractive index
fluorocarbon compound selected from the group con-
sisting of perfluorooctanoic acid-ammonium salt,

perfluorooctanoic acid-tetramethylammonium salt,

——
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’ by wei ght l!m ﬁﬂ" S spin coated on a § e
t ranspar e“‘ m f m mt I ve index 1.43 was olﬁk‘ﬁ w’!’é‘:geﬁg’é FE vvas easily
"washed away witH watek. ile only thgtsprefer d_enB& = he present

i nvention are descrl bed above, many pofenti al del’rlca- tions which fall
in_the art u on a

wi thin the generig t w_| |, occur .touthose e
n(%? L. sah®  °fsuén 4< éffgns RAGTCHox

readi ng of the prese
functional |y equi \ﬁéAJeﬁmnicp tdaidas hestetanetdtyIf oamhoaiamM shilmst her c-'l-'JL

and C-10 perfluoroalkyl sulfonic acids, fluorinated
alkyl gquaternary ammonium iodides, perfluoro adipic
acid, and guaternary ammonium salts of

perfluorcadipic acid.

6. The antireflective coating of Claim 1 wherein said
coating is substantially optically transparent to
the exposure radiation for the underlying resist

composition.
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teachi ng of the present invention as set forth . he cl ai ns V\:hl ch foll ow

CLAIM5 1. A resist structure formed onto a sybgfial a bottom
agueous- devel opabl e photoresist and a top ant refleﬁﬁ‘gg
characterized in that said coating has alfefrattive—tadeX % tely

equal to the square root of the refractive index of the aqueous devel opabl e
phot oresi st conposition and which is renovable in the devel opnent of the
resist pattern and in that said coating conprises a two conponent systen

and filmformng pol yner @@W 98 COhT Gﬁ}l‘l 3g§rsible in water or

aqueous al kaline solution and a Tow ref ract Ive 1n uor ocar bon conpound

whi ch ISABSTRACT

Enhanced fidelity of pattern transfer of aqueous developable photoresist compositions is -
achieved with top antireflective coatings which are fluorine-containing and have a refractive
index approximately equal to the square root of the underlying photoresist and which are
removable in the developer for the photoresist.
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soluble or dispersible in water or aqueous al kaline sol utions. The

resist structure of claim1l wherein said filmf gl H$1der S

selected from the group consi sting of Eﬁgg C }
ilnylsulfonlc cid

q

poly(acrylic acid), poly(vinylpyrolidone), pol
Natsal t), poly(vinyl nethylether), pol y(‘ét hyl enedl ycoly)é OCT 197
yl net hyl et her4ce- nmal ei c

pol y(al pha-trifluoronethyl acrylic acid), poly( I
hydri de)u; :
aci dy.  aouictP Rhie B8 Sullotitike upl QM el CRioHE o saf00 haBRe AITHIRAEY Ve

i ndex {1 4@r OPRHHO theCRURRUEH ThBale® SoIvaTs b @Pdsh&qgfr&ugxt?aﬁ@ et 09pRtect

per f | uor ooct anoi ‘c aci d-anmoni um salt, perfl uorooctanoic

aci d- t et paaBithanvasIRBhtdN IS8, dge Theroasts Maagdnend bspgectd ofthe Canakd reflection-
per fluoroal kyl sulfonic acids, tetranethyl amoniumsalts of CG7 and C1
per f | uor padventative infaterials weighs hedwilycagainat hdir adnfsieinegtatioar nary ammoni um

| odi des, perfluoro adipic acid, and quaternary anmonium salts of

per f | uor oadi pircUs%i Patent No. 4,701,390 to Grunwald et al., a process for thermally

stabilizing a photoresist image layer formed on a substrate is provided, wherein the
image layer, prior to being subjected to a post-development bake, is coated with a
protective material which bonds to the photoresist, but is readily rinsed from the exposed
substrate after post bake and which does not interfere with the desired operation of any
of the subsequent steps of pattern generation including final removal of the photoresist
image. The protective (thermally stabilizing) material may be a compound or a mixture
of two or more compounds selected from chromotropic acid, perfluorocarbon carboxylic
acids, perfluorocarbon sulfonic acids, perfluorocarbon phosphoric acids, and alkali
metal, ammonium and aminé salts of such acids, ethoxylated perfluorocarbon alcohols,
and quaternary ammonium salts of N-perfluoro-N', N"-dialkylamines.

It is an object of the present invention to ameliorate one or more disadvantages of
the prior art. .

According to one aspect of the present invention there is provided a resist structure
formed onto a substrate comprising a bottom aqueous-developable photoresist and a top
antireflective coating characterized in that said coating has a refractive index
approximately equal to the square root of the refractive index of the aqueous developable
photoresist composition and which is removable in the development of the resist pattern
and in that said coating comprises a two component system; and film forming polymer
binder which is soluble or dispersible in water or aqueous alkaline solution and a low
refractive index fluorocarbon compound which is soluble or dispersible in water or
aqueous alkaline solutions.

We have discovered that an improved ARCOR method is achievable that adds only

one process step to the imaging process that enables the economical manufacturable use



13 ammonium salts of GCG7 and G10 perfl uctoakldyd —e~aci ds,
tetramet hyl ammoniumsalts of C7 and C 10 per}

fluorinated al kyl quaternary anmoni um i odi des, c faci d,

and guat er nary anmoni um salts g of Iﬁg@ﬁ@z gcijd. 6. The
antireflective coating of Caim1 wherein said cloa S g bgtgntial ly
optically transparent to the exposure radiati o 'yifng resi st

potential for harmful environmental elifects or increased waste disposal costs.

The ARCOR materials are substantially optically transparent to the exposing
radiation about UV light which may be in the i-, g-, or h-line band or deep UV. This
transparency is necessary to facilitate the patterning of the underlying resist.

Materials For Aqueous Processable, Low Index Coatings
The top anti-reflective (TAR) coatings of the invention are characterized in that
~ they have both optimized the refractive index of the TAR while at the same time
maintaining the aqueous processibility of the TAR materials.

To overcome the deficiencies of fluorocarbon polymers which do provide nearly
ideal refractive indexes (on the order of 1.3-1.4) but do not offer solubility or
strippability in aqueous media, we have tailored a number of different compositions

which overcome these deficiencies.
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CLAIMS

[. A resist structure formed oxito a substrate comprising a bottom aqueous-
developable photoresist and a top antireflective coating characterized in that said coating
has a refractive index approximately equal to the square root of the refractive index of
the aqueous developable photoresist composition and which is removable in the
development of the resist pattern and in that said coating comprises a two component
system; and film forming polymer binder which is soluble or dispersible in water or
aqueous alkaline solution and a low refractive index fluorocarbon compound which is
soluble or dispersible in water or aqueous alkaline solutions.

2.  The resist structure of claim 1 wherein said film forming polymer binder is selected
from the group consisting of poly(vinylalcohol), poly(acrylic acid),
poly(vinylpyrolidone), poly(vinylsulfonic acid Natsalt), poly(vinylmethylgther),
poly(ethyleneglycol), poly(alpha-trifluoromethy! acrylic acid), poly(vinylmethylether-co-
maleic anhydride), poly(ethylene glycol-co-propyleneglycol), and poly_(methacrylicf acid).
3.  The resist structure of claim 1 or 2 wherein said low refractive index fluorocarbon
compound is selected from the group consisting of perfluorooctanoic acid-ammonium
salt, perfluorooctanoic acid-tetramethylammonium salt, ammonium salts of C-7 and C-10
perfluoroalkyl sulfonic acids, tetramethyl ammonium salts of C-7 and C-10
perfluoroalkyl sulfonic acids, fluorinated alkyl quaternary ammonium iodides, perfluoro

adipic acid, and quaternary ammonium salts of perfluoroadipic acids.
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- TOP ANTIREFLECTIVE COATING FILMS

ABSTRACT

Enbanced fidelity of pattern transfer of aqueous developable photoresist compositions is -
achieved with top antireflective coatings which are fluorine-containing and have a refractive
index approximately- equal to the square root of the underlying photoresist and which are
removable in the developer for the photoresist.
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