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Field of the Inventi
The present invention relates to improved compositions for enhancing the

5 perforrnance of aqueous developable photoresists,'by :substantially eliminating pattern
distortion caused by reflections over non-planar features on the substfate being
patterned. The invention is directed to improved water soluble, anti-reflective top
coating compositions which are easy to epply, provide better process control of image
formation, and are aqueous soluble and, therefore, are easily rernoved using existing

10 lithographic processing, which minimize environmental hazards and do not

‘significantly add to lithographic process costs.

Background of the Invention
The use of antl-reﬂecuon coatmgs for optical dev1ces, such as lenses in
photographic and other equlpment is well known in the prior art. These coatings take

15 advantage of the relationship described in the Fresnel formulae. It is well established
that the refractive index of an overlying material should be about the square root of

" the refractive index of the underlying material and that the thickness of the coating or
.layer should be an odd mteger multiple of one-quarter of the wavelength of the
h incident radlatlon, the so-called "quarter-wavelength thickness".

20 _ In U.S. Patent No. 4,759,990 to Y-T. Yen, the anti-reflective coanng concept "
is extended for use over optical membrane elements (pellicles) which are used in the
manufacture of semiconduotor'wafers The pellicle is typically made from a
mtrocellulose film which is stretched over a pellicle holder. The use of an aromatic
vmyl polymer such as polyvmyl naphthalene, polymethylstyrene or polystyrene asa

25  first coating layer, followed by a fluorocarbon layer, such as 3M's FC-721 or FC-77,
is disclosed. Pellicles may be used a number of times before they suffer either

" mechanical break down or cover contamination. Such pelhcles are elther cleaned,
" reworked or replaced.
-
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Backm on The use of and-reflection coatings for optical
deV| haﬁsednmwsecﬁn phot ographi ¢ and ot her equi pnment is well known

i.n the e coatings take advantage of the relationship
describ fornulae. 1t is welh established that the

refracti an overly| ng material should be about the square root
of the refacti ve | ndex of the underlying matrial and that the thickness of
the coating or |ayer should be an odd integer nmultiple of one- quarter of

the wavel ength of the incident radiation. the so- call ed "quarter-wavel ength

thi ckness”. In U S. Patent No. 4,759,990 to Y-T. Yen, I c lve

coating concept is eVenskient al.ol Klectrochem. Sge. 437, 3(99%#@% @nﬁeﬂ@ﬁéﬁsc 0ses a

égﬂ ! Icfleels)s wlpggo{gasr ¥ usedc¢¥ Oéﬁlgmg%%ﬁféffe%&é)éoaﬁﬁ@oﬁ%glb?taoﬁho‘fﬁéﬁst? Th-ﬁ‘e
technique attempts to overcome problems which have been encountered due to

- reflectivity when mcreasmg the degree of pattern densxficatlon, in trying to achieve
5 ULSI having sub-0.5 jm geometries. |
| Light interference leads to linewidth variations and degraded detection of
through-the-lens (TTL) alignment marks. Tanaka I discloses the formation of an
anti-reflective film on a photoresist surface, which is sufﬁcient to suppress the
multiple interference effects due to repeaned reflet:tion of incident light in the resist

10 film. The anti-reflective film is clear, has its thickness and refractive index optimized

: and is used in a process which entails the steps of coatmg and baking a photoresist in
the conventional way, spin-coating a film of the anu-reﬂecnve coating on the

' photoresist,: imaging the composite structure, removing the anti-reﬂet_:tive film, and
developing the 'photoresi_st. ‘This process adds the steps of spin-coating and removal

15 of the anti-reflective film. | _ _ _

Using the Fresnel formulae, Tanaka I determined that the refractive index of
the antl-reﬂectlve material should be about the square root of the refractive index of
the 1mag1ng photoresxst used. ‘Tanaka I used a photoresist: having a refractive index
of 1.64 and, thus, the ideal ann-reﬂecuve coatmg refractive index was 1.28. The

20 Tanaka I material falls into two categories: (1) those which suppress reflection

~ effects and whlch requu‘e organic solvent strip; and (2) those which are aqueous
strippable, but whlch provide httle process benefit. (Refractive index 21.48.)

Tanaka et al., L_App,__Ehx& 67, 2617 (1990) (Tanaka IT) discloses the use of
perﬂuoroalkyl polyether and dl-propoxy-bls(acetyl-acetonate)utamum as anti-

25 reflective materials for single and bllayer films, to control the interface reﬂectwmes
as well as methods to measure such reﬂectlvmes Tanaka II entails the use of baking
steps to fix the one and two layet coatmgs disclosed. He is sllent on the use of post
exposure and develop methods to remove the anti-reflective layer(s).

" Tanaka et al,, sz...Ahb.. 107: 87208y (1987) (Tanaka III) is directed to the

30 subject matter of JP 62 62,520. It dlscloses a process for coating a photoresmt with

an anti-reflective coating which’ may comprise perﬂuoroalkyl- polyether,



nitrocellulose filmwhich is stretched over a peclicle holder. The use of
an aromatic vinyl polyner such as pol yvinyl naphthal ene, pol ynethyl styrene
or polystyrene as a first coating |ayer. followed by a fluorocarbon |ayer,
such as 3Ms FC-721 or FC-77. is disclosed. -Bellicles may be used a nunber
of tines before they suffer either nmechanical break down or cover

contam nation. Such pellicles are either cleaned. reworked or repl aced.

-2- Tanaka et al., J. Elecrochem Soc . 137, 3900 (1990) (Tanaka 1)

di scl oses a ' : : -

perfluoroalkylamine, or a perfluoroalkyl- polyether-perﬂuoroalkylahﬁne mixed film.
The reflection-preventive film is removed after paiterﬁ wise exposure using a
Freon®, a chloro-fluorocarbon ('_'CFC") solvent.
_ The Tanaka materials ha\}ing the desired refractive indices are expensive to
5  use. There is the required additional process step to remove the anti-reflective
material. In addition, the removal step requires an organic solvent which is
expensive to make or purchase and requires time and exﬁense to safely handle 'and _
dispose of. Finally, the nature of Tanaka's solvents, as CFC's, sequires extreme care
to protect against environmental damage. The waste management_aspects of the
- 10 Tanaka reflection-preventative materials weigh heavily against their use. .
U.S. Patent 4,701,390 to Grunwald et al., discloses a process for thermally
stabilizing a photoresist image layer formed on a substrate wherein the image layer,
prior td_ being sujected to a pbst-development bake, is co_ated with a protective
" material which bonds to the photoresist, but 1s readily rinsed from the exposed
15 substrate after post bake and does not interfere with the desired operation bf any of |
the subsequent steps of pattern generation, including final removal of the photoresist'
image. The proteqive (thermally stabilizing) material_ may be a cempound ora
mixture of two or more eompound_s selected from chromotropic acid, perfluofocarbon
carboxylic acids, pei'ﬂuorocarbon sulfonic acids, perfluorocarbon phosphorie acids
20 (and alkali metal, ammonium and amine salts of such acids), ethoxyiated '
perfluorocarbon alcohols and quater'_nary'ammonium salts of N-perfluoro-N',N"-
dialkylamines. o | | |

Summary of the Invention
In order to overcome the deficiencies of the materials and top anti-reflective
25 processes of the prior art, the present invention provxdes anti-reflective coating
a _ composmons havmg a r_efracnve index of from greater than about 1.20 to about 1.40,
preferably from about 1.29 to about 1.40, which is capable of being applied in a '
single quartef wavelength thickhess and are removable with water or with the

| developer for the underlying photoresist.
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process for dlrectly applying an antireflective coating on top of a
photoresi'st. This technique attenpts to overcone probl ens which have been -
encountered due to reflectivity when increasing the degree of pattern
‘densification, in trying to achieve ULSI having sub-0.5 [err]m geonetri es.

Li ght interference leads to |inewdth variat4ons and degr aded detection of
through-the-lens (TTL) alignment marks. Tanaka | discloses the formation of
an and-reflective filmon a photoresist surface, which.is sufficient to
suppress the nmul tiple interference effects due to repeated reflection of
incident light in the resist film The anti-reflective filmis clear, has

its thickness and refegrbient lmﬂﬁem ﬁa;a:emozs@learwmssdmﬁd ahti-ré¥IdREi08 e@;ﬁcdml ch
entails the steps of coating and baking a photoresist in the conventional
way, spi n-coat imagesialifor photoresists. aFh¢ novsi Imml@omaseswnem group of fluorinated
polymers and, preferably, an additive to enhance the water solubility of such
polymers. Preferably the additive is a surfactant, most preferably it is a fluorinated
5 surfactaht. The top coat is spin coated onto the photoresist and imaging is done in
the normal manner. The urii_que materials of the top coat are water soluble, so when
_ the top coat solution is spin coated onto the photoresist, 'no intennixing betwen the
two layers occurs. Addmonally, a water based top coat is envxronmentally safer than
_ orgamc based solutions. In cases where the fluorinated polymers are themselves
10 soluble in water or are soluble in water upon heating, no additive is required.
The family of .polymers Which'comprises the anti-teﬂecﬁve coating of the
present invention have a refractive index o_f from greater than about 1.20 to about
- 1.40 may be applied in a single quarter wavelength thickness, are removable with
water or w1th the developer for the photores1st and are copolymers containing the
15 following units:

N )

‘where X is CO,L, SO,L, OH, 'CO(OC,H.),OH, CONHC(CH,),CH,SO,L,
PO,L, or CC)NH2 where L = H, a Group I or Group II cation or NH,* and x =
0-10 ' |

.20 oy e

ey

where Y is  Fluorine or a Fluorine containing aliphatic erganie substituent,
- preferably selected from COO(CH,),(CF,),CF;,
' SO,0(CH,),(CF,),CF,, |
50,(0C;H),0(CH,),(CF,),CF, Sheet Has Been Re
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photoresist, imaging the conposite-structure, renoving the anti-reflective
film and devel opi ng the photoresist This process adds the steps of

spi n-coating and renoval of the anti-reflectivc film Using the Fresnel
fornul ae, Tanaka | determined that the refragtive index of the
anti-reflective material should be about the square root of the refractive
i ndex of the imaging photoresist used. Tanaka I used a photoresist having a
refractive index of 1.64 and, thus, the ideal anti-reflective coating
refractive index was 1.28. The Tanaka | -material falls into two cat egori es:
(1) those which suppress reflection effects and which require organic

sol vent strip; and (2) those wiEPG H&;@(félédxi@ Q‘u“?‘fapﬁ{abl e, but which

provide little process benefit. (Refractive index >l..48.) Tanaka et al J.

App. Phys 67, 2617 (1990) (Tan%ﬁ_@xm% of

1

wherein the aliphatic chain can be branched or unbranched;
_ where R = H, halogen, CF,, C;-C, alkyl or CN;
n = 0-14; and |
S x = 0-10.

The present invention also relates to a process for making an anti-reflective
coating composition for a photoreSist, the coating having a refractivé index of from
greater than about 1.20 to about 1.4_0, and being éapab_le of being applied in a single
quarter wavelenth thickness and is rémovable with water or with a developer for the -

10 underlying photoresist; the process composition providing a éopolymer containing the

following units:

a) ' _ —CR:

x

where X is CO,L, SO,L, OH, CO(OC,H,),OH, CONHC(CH,)chgSOJ.
PO,L, or CONH, where L= H, a Group I or Group II cation or NH4 and x =
15 - 0-10

by ) _
> ‘ - f‘}
where Y is  Fluorine or a Fluorine containing aliphatic orgé\nic sqbstituent,

preferably selected from COO(CH,),(CF,),CF;,
SO,0(CH,),(CF,),CF,

20 o SO,(OC;HOxO(CH)x(CFz)nCFv This Sheet Has Been Rep
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perfluoroal kyl polyether and di-propoxy- bi s(acet'yl -acetonatc)ti t ani um as
anti- reflective materials for single and bilayer filnms, to control the
i-nterface reflectivides. as well as nmethods to nmeasure such reflectivitics.

Tanaka,ll entails the use of baking steps togfix the one and two | ayer
coatings disclosed. He is silent on the use of post exposure and devel op
met hods to renove the anti-reflective layer(s). Tanaka et al., Chem Abs

107: 87208y (1987) (Tanaka IIl) is directed to the subject matter of JP 62
62,520: It discloses a process for coating a photoresist wWith an '

antl-reflectlve coati ng which may co erfluoroalk | - pol yet her,
g CBYORHN o@h i) L8 02! kv! - poly

 CO(OCH-CHj); O(CHy)y(CF2),CFs
cha

wherein the aliphatic chain can be branched or unbranched;
where R = H, halogen, CF,, C,-C; alkyl or CN;
_ n= 0-14; and '
5 x=0-10.

' Perferably, the polymer is a copolymer of CH2=CH-(.30-O-(CH2)2''(CF,)x-CF3 and
acryhc acid, where x =7 to 11.
The addmves are those compounds whlch aid in solubllxzmg the polymer if
the polymer is itself insoluble, or not sufficiently soluble, in water. - These
10 'compoﬁnds are typically surfactants, emulsifiers or dispersants. Preferably,
surfactants that are water soluble are used. Additives that may be utilized include
ammonium penmdecaﬂuoroctanoate the amine salt of perﬂuoroctanmc amd

' ammomum perfluoroctanosulfonate and ammonium lauryl sulfate

15 To a 0.5 1 flask with a reflux condensor and a stirrer was added the following
chemicals: | | ' ' '
185 ml cyclohexane
16 g. Fluowet EA 812 acrylate (acrylic acid perfluoralkyl-ester thh
8-12 C-atoms in the ester alcohol group),
20 : 4g acrylic acid, and -
| 04g dilauroylperoxide. .

The reaction mixture was then heated to reflux (80°C). _After 20-30 minutes, the
polymerization was determined by a white powder, that was precipitating. After an

| additional 3 hours stirring under reflux, the polymerization was completed. The
This Sheet Has Been
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-3- perfluoroal kyl am ne, or a perfluoroal kyl - pol yet her-perfl uoroal kyl am ne
mxed film The reflection-preventive filmis renoved after pattern w se
exposure using a Freon, a chloro-fluorocarbon ("CFC') solvent The Tanaka
materials having the desired refractive indi@es are expensive to use. There
I's the required additional process step to renove the anti-reflective
material In addition, the renoval step requires an organic solvent which is
expensive to make or purchase and requires time and expense to safely
handl e and di spose of. Finally, the nature of Tanaka's solvents, as CFCs,
‘requires extrene care to protect .agai nst .envi.ronnent al danmage. ,The waste
managenent as peg?lgn}ﬂ' (ﬁﬂ%e’? 'gdiF’gf‘Yﬁdf?lﬁﬁ& L4 e@gﬁ?‘éﬂ F"‘(‘z‘gwﬁﬁggﬁé? 8 ¥aehyp at
heavi | y agai nst godeir use. : .

_ Example 2 .
A resin was synthesized according to the procedure of Example 1 by
'5  polymerizing acrylic acid and: CI-12=CHCO-O-(CH,)2-(CF,),CF3 in the ratio 32/68,

where x was between 7 and 11. A formulation was made as follows:

Resin - 0.31¢g
Additive -  0.68g ,
Water - 180g

10 The additive used was the tetramgthylatmnbnium salt of pentadecafluorooctanoic
acid. | | |

A resin was synthesized according to the procedure of Example 1 by
polymerizing acrylic acid and CH,=CHCO-O-(CH,),-(CF,),CF,; in the ratio 32/68,

15 where x was between 7 and 11. A formulation was made as follows:
Resin - 033 g | N
Additive - 4.0 g (25% 'acﬁve)
Water - 160 g | |

The additive used was the amine salt of perﬂuorooétanosulfonic acid.

.20 - | Example 4 -
| | A resin was synthesized according to the procedure of Example 1 by
polymerizing' acrylic acid and CIL;CHCO—O—(CHJ,—(CF,),CF, in the ratio 39/61,

- where x was between 7 and 11. A formulation was made as follows:

_ Resin- ~ 032g- o
25 © Additive - 4.0 g (25% active)
'  Water - 160 g |
The additive used was the amine salt of perfluoroctanosulfonic acid.
.
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U S Patent 4,701,390 to Gunwald et al, discloses a process for thermally
stabilizing a photoresist inmage |ayer forned on a substrate wherein the
i-mage | ayer. prior to being sujected to a post-devel opnent bake, is coated "
with a protective material which bonds to thg photoresist, but is readily -
~rinsed fromthe exposed substrate after post bake and does not interfere
with the desired operation of any of the subsequent steps of pattern
generation, including final renoval of the photoresist inmage. The
protective (thermally stabilizing) material may be a conpound or a mxture
of two or nore conpounds sel ected fron1chbonnt£gfic acid, perfluorocarbon

" carboxylic acids, perfluorocarbon sulfoni perfl ucrocarbon

phosphori c acids (ang gkindlhs Sidsized ABEIHME 18T Frocedurs of ExamplesL 6y

aci ds), ethoxyl ated perflorocarbon al cohol s ‘and quaternary ammoni um salts
of N-perf! uor o- pblynerizing acrylic acid and CH,=CHCO-O-(CH,),-(CF,),CF,; in the ratio 39/61,

where x was between 7 and 11. A formulation was made as follows:

5 Resin-  10g
Additive - 065 g
Water - 150g

The additive used was ammonium perfluoroctanote.

10 A resin was synthesized according to the procedure of Example 1 by
| _polymerizing acrylic acid and CH,,=CHCO-O-(CH,_),-(CF,),‘CI'-'3 in the ratio 39/61,

where x was between 7 and 11. A formulation was made as follows:

Resin - 033 g _
Additive - = 2.3 g (25% active)
15 - Water - 174g

The addmve used was the amine salt of perﬂuoroctanosulfomc ac1d

Example 7
A resin was made accordmg to the procedure of Example 1 by polymerizing
acrylic acid and CH,=CHCO-O- (CH,), (CF),CF,; in the ratio 39/61, where x was
20 between 7 and 11. A formulation was made as follows:

Resin - 0.3 g
Additive - 0.68 g
Water- 180

' The addmve used was the tetramethyl ammonium salt of perfluoroctanoic ac1d
25 - Example 8 |
A resin was made according to the procedure of Example 1 by polymerizing

~acrylic acid and CI-L=CI-1CO-O-(CH,)2-(CF,),‘CF3 in the ratio 20/80, where x was

between 7 and 11. A formulation was made as follows:

his Sheet Has Been ReIpIaced
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di al kyl am nes. EP-A2-0 583 918 discloses a reflection preventing film and
process for formng resist pattern using the sanme, conprising a copol yner
with recurring acrylic acid and acrylic acid fluoroal kyl ester units, the
l.Latter being different fromthe present inyeuion. Sumary of the |Invention
In order to overcone the deficiencies of the materials and top

“and-refl ective processes of the prior art, the present invention provides
anti-reflective coating conpositions having a refractive index of from
greater than about 1.20 to about 1.40. preferably from about 1.29 to about
1.40. which'is capable of being applied in a single quarter wavel ength
.thlckness and are r &88i0abl e wilkhBwater or with the

Additive -  0.68 g
Water - | 180 g
- The additive used was the tetramethyl ammonium salt of perﬂuorocta_moic acid.

' A resin was synthesized according to the procedure of Example 1 by
polymenzmg of acrylic acid and CH,=CHCO-0O-(CH,),-(CF,),CF, in the ratio 20/80

where x was between 7 and 11. A formulatlon was made as follows

Resin - 0 R2g
10 _ Additive - 23g (25% active)
Water-  174g

The additive used was an amine salt of perﬂuoroctanosulfomc ac1d

15

- 20

9

Polyacrylic Acid
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devel oper for the underlying photoresist. -4- The present invention
relates to a new water soluble anti-reflective top coat material for
_photoresists. The novel material conprises a new group of fluorinated

.pol ymers and, preferably, an additive to enhgmpce the water solubility of
such polynmers. Preferably the additive is a surfactant. nost preferably it
Is a fluorinated surfactant. The top coat is spin coated onto the

photoresist and imaging is done in the normal manner. The uni que materials
of the top coat are water soluble, so when

Comparative Example 10
‘Several silicon substrates were spin coated with film thicknesses ranging from
0.9-1.3um using AZ7500® resist (available from Hoechst Celanese Corporation) and
then soft baked on a hot plate at 100°C for 60 seconds . The silicon substrates were
5 exposed with varymg doses of i-line energy on a 0.54 Nikon i-line stepper, post
| exposure baked at 120°C in an oven for 60 seconds and developed in 2. 38 wt.
percent tetramethyl ammonium hydroxlde (TMAH) developer. The exposure energy
at which the photoresist was fully developed away was plotted against the resist film
thickness. The swing curve from the sinusoidal plot was calculated to be

/Bmx'ﬁnin
\z(En_mx"'ﬂnin)

10 fof a fixed node, where E,,,, and E,,, are the respective exposure energies at the
| - maximum and lninimum of a node'. The value of the swing curve was 35.3.
Example 11
Several silicon substrates were spin coated with AZ® 7500 photoresist with

film thicknesses rallging from 0.9-1.3um and soft baked on a hot plate at 100°C for

15 60 seconds. The solution from Example 8 was coated over the AZ 7500 resist, to '
give a film thickness of the top coat of 680 angstroms. The resist was exposed with
varying doses of i-line radiation on a 0.54 Nikon i-line stepper. The resist was given
a post exposure bake at 120‘lC for 60 seconds in an oven and developed in 2.38%
TMAH developer. The exposure energy at which the photoresist was fully developed

20 away was plotted against the resist film thickness. The swing curve was ca.lculated
as described in Example 10, and a value of 9.4 was found. '

s Sheet Has Been Replaced
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t he t op—Ttoat——solut+en—s—spin coated onto the photoresist, no intermxing
bet wen t rs ccurs. Additionally, a water based top coat is
eﬂvironn¥ uﬂﬂﬂua n organi ¢ based solutions. In cises where the
fFuorina thenselves sol uble.gp-water or are soluble in
wat er upon heati ng, no additive is required. The fam |y of polyners which
conprises the anti-reflective coating of the present. invention have a
refractive index of fromgreater than about 1.20 to about 1.40, may be
applied in a single quarter wavel ength thickness, are renovable wi th water
or with the devgloper far the photoresist and are copol yners containing the

follow ng units: Xis CCIerr]L SCIerr]L OH, CO(OC[err]H[err])
-CC]\IHC(CH[err])[err]CH[err]qerr]L

1. An anti-reflective coating composition for a photoresist, the coating having a
refractive index of from greater than about 1.20 to about 1.40, which is capable of _
being applied in a single quarter wavelength thickness and is removable with a
5 developer for the underlying photoresist; thé coating composition comprising a
copolymer containing the following units: |

2) o —CR:

where X is CO,L, SO,L, OH, CO(OC,H,),OH, CONHC(CH,),CH,SO.L,
. PO,L, or CONH, where L = H, a Group I or Group II cation or NH," and x =
10 0-10

N

where Y is Fluorine or a Fluorine containing aliphatic organic substituent;
where R = H, halogen, CF,, C,-C; alkyl or CN.

2. The anti-reflective coating of claim 1 comprising a copolymer of
15 CH,=CH-CO-O-(CH,),(CF,)x-CF, and acrylic acid, where x = 7 to 11.

3. The anureﬂecuve coatmg of clalm 1, wherem Yis COO(CH,_),(CF,),,CF,,
SO,0(CH,),(CF),CF,, SOz(OQHA,O(CHz)x(CF:)..CFa, CO(OCIH-t)xO(CHQ)x(CF?)nCFJ |

or
CO(OCH-CH), O(CH)(CRnCFs

2 - This Sheet Has
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PqerrWere L =H a Goup | or Goup Il cation or NHerr]
ahd x=0-10 b) an acrylic acid perfluoroal kyl-ester with 8 - 12 C atons

bn the m“m‘ up or [err] where Y is fluorine or a
fduorin hatic organi ¢ subst-it2ient sel ected fromthe gr.oup

consi sting 6f *cdo (CH o e ct | |
consisting of o (oderr]yLert[(Crlerr])xI-Chlerr], where xi is 7 to 11

wherein the aliphatic chain can be branched or unbranched;
n =0-14; and '
x = 0-10.

4, The anti-reflective coating of claim 1 further comprising a surfactant.

5 5. The.anti-re'ﬂective coating of claim 4, wherein the surfactant comprises
ammonium perﬂﬁoroctanoate, the amine salt of perﬂuoroctahoic acid, the
tetramethylammonium salt of _;Jerﬂuoroctanoic acid, ammonium |
perfluoroctanosulfonate, ammonium hydroxide/tetramethylammonium hydroxide_ or

ammonium lauryl sulfate.

10 6. A process for making an anti-reflective coating composition for a photoresist,
~ the coating having a refractive index of from greater than about 1.20 to about 1.40,
and being capable of being applied in a single_ quai'ter wavelength thickness and is
removable with a developer for the underlying photoresist; the.process composition
~ providing a copolymer ¢ontaining the following units: |

=t

15 Q)

where X is CO,L, SO,L, OH CO(OQH.) OH, CONHC(CHa),,CH2503L
PO,L, or CONH, where L = H, a Group Ior Group II cation or NH," and x =

0-10
b I .
| | I ’ 4{‘}
20 where Y is Fluorine or a Fluonne contammg aliphatic organic subsntuent,

‘where R = H, halogen, CF,, CI-Cs alkyl or CN.

-
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[err])x(CF[err])nCF[err], where nis 0 - 14 and
gen, CF[err], ((err]-Cerr])al kyl or CN.

The preseum“um H" j‘@ reI at es to a process for naking an

anti-refl nmposition for a phepjoresist, the coating having a

refactive |ndex of from greater than about 1.20 to about 1.40, and being

capabl e of being applied in a single quarter wavel enth thickness and is

renovable with water or with a devel oper for the underlying photoresist the
process conposition providing, a copolynmer containing the foll ow ng units:

[ngh]c( \éﬂféfr. ]X ) I[ if ??ﬁ%%pﬁog%%ﬁ% 6, eﬂem%%oﬁéfML %%Ji&e)&qxg’-a copolymer of

CH,=CH-CO-0-(CH,),(CF,)x-CF; and acrylic acid, where x =7 to 11.

-SCIerr

8. The process of claim 6, wherein Y is COO(CH,)(CF,),CF;,
SO,0(CH,)(CF,),CF,, SO,(0OC,H,),0(CH,),(CF,),CF,;, CO(OC,H,),0(CH,),(CF,),CF,

5 or
CO(OCH-CHy), O(CE)x(CF2)nCF3
Cl
wherein the aliphatic chain can be branched or unbranched;

. n=0-14; and
x = 0-10.

9. The process of claim 6 further comprising adding a surfactant.

10 10. The process of claim 9 wherein the surfactant comprises ammonium
perfluoroctanoate, the amine salt of petﬂuoroctanmc acid, the tetramethylammomum
salt of perﬂuoroctanow acid, ammonium perﬂuoroctanosulfonate or ammonium lauryl
sulfate.

This Sheet Has Been Repl
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Pqerr]L[err] or CO\IH[err] where L H .&.@oup | or Goup Il cation or

NH err]+ and x '0-10 b) ~an acryllc aci d peft| uoroal kyl -ester with 8 - 12
C-atons in the ester alcohol group or [err] -6 - where Y is fluorine
ér a fluorine containing aliphatic organic_guhstituent selected fromthe
group consisting of -COO (CHerr])[err](CFlerr])x1-Crlerr],

Abstract

~ An anti-reflective coating composition for a photoresist and process for
producing such a coating having a refractive index of from greater than about 1.20 to
5 about 1.40, which is capéble of being applied in a single quarter wavelength
~ thickness and is remdvable with a developer for the underlying photoresist; the
coating composition comprising a copolyiner containing the following units:

oa) _ | _ . | .

By

where X is CO,L, SO,L, OH, CO(OC,H..),OH CONHC(CH,),,CH,SO,L
10 PO,L, or CONH, where L = H, a Group I or Group II cation or NH," and x =
0-10

e

where Y is  Fluorine or a Fltiori_ne containing aliphatic organic substituent,
| preferably selected from COO(CH,),(CF,),CF:,
15 . SO,0(CH,),(CFy),CF;,
Soz(OCzHOxO(CHo)x(CFz)..CFs,
CO(OC;HJ,O(CHa)x(CFz).CFs or

CO(OCHﬂ@Jxoccm:(cpz)nCFa

ha

wherein the aliphatic chain can be branched or unbranched;
where R = H, halogen, CF;, C,-C; alkyl or CN;
20 . n = 0-14; and

x = 0-10. ‘This Sheet Has Been Replaced




where,x1 is 7 to 11; -SOerr](CHerr])x(CF[err])n-CF[err], ) ﬁam;«f:mr
-Sgerr CHerr])x(CF[err])nCF[err], where nis 0 - 14 and
Xx is 0 ?H, hal ogen, CF[err], ((err]-Cerr])al kyl or CN.
Perfera(":i § s a copo| ynmer of C(]IZI'—I[err}: i d -
CHCOQCHerr CF err])x- @[ err] and acrylic acid, (iWhere x = o
11. The ajgliawﬁe&( hE)se 1:2)rrpounds whi ch aid in sol ubi Izi ng the pol yner
if the polymer is itself {nsoluble, or not sufficiently soluble, in water.
These cénpounds are typichlly surfactants, emulsifiers or dispersants.

Pr ef er aipl : .hat are water sol ubl e-&re used. Additives that nmay
be utilized |ncI ude anmoni um pent adecaf | uoroct anoate, the amne salt of

per fl uoroctanoi c acid,

- perfluoroalkylamine, or a perfluoroalkyl- polyether-perfluoroalkylamine mixed film.
The reflection-preventive film is removed after pattern wise exposure using a
Freon®, a chloro-fluorocarbon ("CFC") solvent.
The Tanaka materials having the desired refractive indices are expensive t-o
5 use. There is the required additional process step to,remove the anti-reflective
miaterial. In addition, the removal step requires an organic solvent which is
expensive to make or purchasc.and requires time and expense to safely handle and
dispose of. Finally; the nature of Tinaka's solvents, as CFC's, requires extreme care
to protect against t;nvironmental damage. The waste management aspects of the
10 Tanaka mﬂection—prevcntati\}c materials weigh heavily_. against their use.

U.S. Patent 4,701,390 to Grunwald et al., discloses a process for thermally
stabilizing a photoresist image layer formed on a subsmate 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

15 substrate after post bake and does not interfere with tﬁc desired operation of any of
the subsequent steps of pattern generation, including final removal of the photoresist
image. The prott;ctivc (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

20 (and alkali metal, ammonium and amine salts of such acids), ethoxylated
perfluorocarbon alcohols and quaternary ammonium salts of N-perfluoro-N',N"-

dialkylamines.
.This Sheet Has Been Rep
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ammnl um perfl uor oct anosul fonate and ammoni um | auryl sulfate To a 0.51

- sthdensor and a stirrer was added the follow ng
I:lhgrsn Q Sﬁggf cycl ohexane 16 g Fl uowet EA 812 acrylate
(acrylilc ac{d perfl uprpl kyl -ester with 8-12 G atons in the ester al cohol
group) | 438 JUNWIL afr{iic acidlghnd 0.4 g di | aur oyl pex oxi de. The
reactfi ¢n m xture was|tphen heated to reflux (80[err]C . Aft 20- 30 m nutes,
the polymertzation was|determned by a white powder, that was preci pi ating.
AfteRcan.additional 3 hours stirring under reflux. the polynerization was

conpl eted. The

-33-

In the US-A 5,139,879 an anti-reflection coating composition is disclosed,’
which comprises a blend of a crosslinkable, fluorinated terpolymer and an amorphous
flucropolymer. Upon heating the coating is cured. The coating compositions are
soluble only in specific fluorinated organic solvents, but not in water. They are em-
ployed to produce an antl-reﬂectlon coating on eyeglasses, windows, displays and
the like.

The anti-reflection coating composition according to EP-A 522 990 comprises
a fluorocarbon polymer having a refractive index in the order of 1.3 to 1.4. The fiuoro-
carbon polymer does not offer solubility or strippability in aqueous media. In order to
render the anti-reflective coating water-soluble, suitable binders, such as polyvinyl-
alcohol or poly(acrylic acid), are added to the composition. Without giving further
details, there is also stated that “additional benefit may be derived by incorporating
fluorine in the binder polymer as well”.

Summary of the Invention

In order to overcome the deficiencies of the materials and top anti-reflective
processes of the prior art, the present invention provides anti-reflective coating com-
positions having a refractive index of from greater than about 1.20 to about 1.40, pre-
ferably from 1.29 to about 1.40, which is capable of being applied in a single quarter
‘wavelength thickness and are removable with water or with the developer for the un-
derlying photoresist.
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;7 - polymer (f|ne white pomder)T
in a vacuugme o1; '
tRERE:S '*ﬁg T3

d filtration and was drled
y;uanple rée§ﬁ$s si zed according to the
.3“!Iyner|2| l d and

H err])x ratio 32/68 where x was

procedur e i
CH[err]=CH:C"t) (jjg Ih (IcH
bet ween 7 an{l | aty on was nade as fol | ows: Res 0.31 g
I s
What is claimed:
1. A water-soluble anti-reflective coating composition
for a photoresist, the coating having a refractive
5 index of from greater than 1.20 to 1.40, the
coating composition comprising a copolymer
containing the following units:
10 |
X
where X is COZL, SO3L, CH, CO(OCZH4)XOH,
CONHC(CH3)2CHZSO3L, P03L2 or CONHZ, where L = H, a
15 Group I or Group II cation or NH4+ and x = 0 - 10
b4
20
where Y is Fluorine or a Fluorine containing ali-
phatic organic substituent:
where R = H, halogen, CF53, C3=Cg alkyl or CN.
25 2. The anti-reflective coating composition of claim 1
comprising a copolymer of CH,=CH-CO-0-(CH,) 5 (CF5) 4~
CF; and acrylic acid, where x = 7 to 11.
3. The anti-reflective coating ;omposition of claim 1,
30 wherein Y is COO (CH,) 4 (CF4) nCF 5,
CO(OC,H,) O (CHy) 4 (CF,) [CF4 or
2 CO (OCH-CH2 ) xO (CHZ ) x (CFZ) nCF3
CHZCl
— 7\
R A JENDED SHEET
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tetranethyl<

acrylic acijdia H
ratio 32/ 6% mh%rgww¢%§?=b

Q. ’3’3_

18.0 g The additive used was the

TT“ﬁT ent adecaf | uorooctanoi c acid. Exanple 3 A resin

ofthe procedure of Exanple 1 by polynaizing
O(CHerr])[err]-(CFlerr])xCF[err] in the
en 7 and 11. A fornul ation &@s nade as

PRV ESrS K

dditive - 4.0 g (25% active) Water -

foll ows: Réskn==
16.0 ¢
This Sheet Has Been R

e

10

15

20

25

30

35

) A

- 12 -

wherein the aliphatic chain can be branched or un-
branched;

n=0 - 14; and

Xx=0-10.

The anti-reflective cbating composition of claim 1
further comprising a surfactant.

The anti-reflective coating composition of claim 4,
wherein the surfactant comprises ammonium perfluor-
octanocate, the amine salt of perfluoroctancic acid,
the tetramethylammonium salt of perfluoroctancic
acid, ammonium perfluoroctanosulfonate, ammonium
hydroxide/tetramethylammonium hydroxide or ammonium
lauryl sulfate.

A process for making a water-soluble anti-reflec-
tive coating composition for a photoresist, the
coating having a refractive index of from greater
than 1.20 to 1.40, the process composition provi-
ding a copolymer containing the following units:

a) : CH,—CR
” l

X
where X is Co,L, SO,4L, OH, CO(OCzH4) OH,

CONHC(CH3)2CH2803L PO,;L, or CONHZ, where L = H, a
Group I or Group II cation or NH4 and x = 0 - 10

b) CH,—CR

Y

where Y is Fluorine or a Fluorine containing ali-
phatic organic substituent; where R = H, halogen,

AMENDED SHEET
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Thé addi t I}Y@? SIEs7pi ne salt_of perfluorooctanosul fonic acid.
Exampl e 4 ' M«s si zed according to the procedure of Exanple 1
by polynefiging acrylic @ andThis Sheet Has Been R?ﬂlaced

CH] er r ] =CHOPO(TBIJUN 19T erfr 1| ( CF[ er*mmmm F the ragj o 39/61. where x

was betwe 7 and 11. A florjmul atio ol | ons\gResi n - 0.32 ¢
Additive } , ctjive) Water -
the ami nel salt of perfluordctanosul fonic acid.

D
-]

g The additive used was

-13a-

11. Substrate with a photoresist layer and an anti-reflective top coating, said top
coating being applied in a quarter-wavelength thickness, wherein the top
coating consists of a composition as claimed in any of claims 1 to 5§ and is
removable with water or with the developer for the underlying photoresist

layer.
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-8 Exarrpr e-5
.1 by poI y’mell

per fl uor
‘Exanpl e

‘T OF RECEIPT w{&'('(‘l

_Eeepwnmmas. synthesized according to the procedure o?‘ Exa

L0885 YREEH s to pag 5. 0 j The .additive-used was anmoni um
ctanbsiect A Ep@deﬂ wa@ ﬁy{mihem zedjaccording to the procedure of
by , : ' _

.L i

Ay IR I

TOP ANTI-REFLECTIVE COATING FILMS

The present invendon relates to irnpro;fcd eomposiu'ons for enhancing the
performance of aqueous developable photoresists by substantially eliminaring patern
distortion caused by reflections over non-planar features on the subswate being
patterned. The invendon is direczed to ﬁnpmved water soluble, ant-reflective top
coating compositions which are easy ta apply, provide better process control of image

formation, and are aqueous soluble and, therefore, are easily removed using exisdng

:lithographic processing, which minimize environmental hazards and do not

significantly add to lithographic ;irocess costs.

Background of the Invention

The use of én:i-mfiecdon coatings for opdcal devices, such as lenses in
photographic and other equipment is well known in the prior art. These coatings take
advantage of the relationship described in the Fresnel formulae. It is well established
that the refractive index of an'overlying.mawrial should be about the square root of

" the refractive index of the underlying material and that the thickness of the coadng or

layer should be an odd integer fultiple of one-quarter of the wavelength of the
incident radiation, the so-called "quarter-wavelength thickness".

In U.S. Patent No. 4,759,990fto Y-T. Yen, the ant-reflective coating concept
is extended for use over opﬁcal membrane elements (pellicles) which are used in the
manufacture of semiconductor wafers. The pellicle is typically made from a
nitrocellulose film which is stretched over a pellicle holder. The use of an aromasdc
vinyl polymer such as polyvinyl naphthalene, polymethylstyrene or poiysryrcnc as a
first coatdng layer, followed by a fluorocarbon layer, such as 3M's FC-721 or FC-77.
is disclosed. Pellicles may be used a number of tmes before they suffer either
mechanical break dowﬁ or cover conamination. S uch pellicles are either cleaned.

reworked or replaced.

-3"1“”

G EEENT SraciTd ang; ﬁf A(‘;E\\AEN'FEHEET
%perp}){jen] éGF{!emr] xCF[err] in the ratio 61, where x-
7 11 pAgddal mul apt0 5 made as follows: Resin - 1.0.g
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ol'yieri zin acryllc aC|d and : T
»gH[grr]—CHC%O(CH[err])[err] (CF[err])xCF[err] in the ratloRB@\lPé\ﬁM% %ﬁ'
was between 7 and 11. A formul ation was made as foll ows; Resin - 0.33 g
Additive -. 2.3 g (25% active) Water - .17.4 g The-addi‘tive used was
the anine salt of perfluoroctanosul.fonic aC|d Exanple 7 A resin was made »
according to the procedure of Exanple 1 byZpol yrizing acrylic acid and
CHerr]=-COO(CHerr])[err]-(CF[err])xCF[err] in the ratio 39/61, where x
was between 7 and 11. ‘A formul ation was nade as follows: Resin - 0.3 g

" Tanaka et al., L Eleczochem, Soc., 137, 3900 (1990) (Tanaka I) discloses a
process for directly applying an aﬁ:ircﬂccdvc coating on top of a photoresist. This
technique attempts to overcome pmbicms which have been encountered due to |
reflecdvity when increasing the degres of pattern densificadon, in rying to achieve

~ ULSI having sub-0.5 um geometries.

Light interference leads to linewidth variatons and degraded detection of
through-the-lens (TTL) alignment marks. Tanaka I discloses the formation of an
anti-reflective film on a photoresist surface, which is sufficient to suppress the
multple interference effects due to repeated reflection of incident light in the resist
film. The anti-reflectdve film is clear, has its thickness and refractive index optimized
and is used in a process which entails the sweps of coating and baking a photoresist in
the conventional way, spin-coating a film of the and-reflective coating on the
photoresist, -imaging the composite structure, removing the anti-reflective film, and
developing the photorcsisg.' This process adds the steps of spin-coating and removal
of the anti-reflectve film.

Using the Fresnel formulae, Tanaka I determined that the refractive index of
the anti-reflective material should be about the square root of the refractive index of
the imaging photoresist used. Tanaka I used a photoresist having a refractive index
of 1.64 and, thus, the ideal anti-reflective coating refractive index was 1.28. The
Tanaka I material falls into two categories: (1) those which suppress reflection
effects and which require organic solvent strip; and (2) those which are aqueous
strippa.blc, but which provide linle 'proccss benefit. (Refractve index 21.48.)

‘Tanaka et al.,, I_App, Phys,, 67, 2617 (1990) (Tanaka II) dzsclosx the us¢ of
pcrﬂuoroalkyl polyether and di-propoxy-bis(acetyl-acetonate)titanium as and-
reflective materials for single and bilayer films, to control the interface reflectivides.
as well as methods to measure such.rcflecu'vitics. Tanaka II entails the use of baking
steps to fix the one and two layer coadngs disclosed. He is silent on the use of post
exposure and develop metheds to remove the and-reflectve layer(s).

Tanaka et al., Chem, Abs, 107:87208y (1987) (Tanaka IIT) is directed to the
subject marter of JP 62 62,520. It discloses a process for coatng a photoresist with

an ang-reflective coating which may comprise perfluoroalkyl- polyether,

This ;ns the replacement sheet
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additive - 0.68 g Vater - - 18.0 g The additive used was the
st et ramet hyl ammmoni um salt of perfl uoroctanoic acid. Exanple 8 A resi n. was

made according to the procedure of Exanpl e 1 by pol ymeri zi ng apry@fmgmgm S-”"."
and CHerr]= HCOO O (CH err])[err]- (CF[err])xCF[err] in the ratio
where x was between 7 and 11. A fornul %‘tl on was made as fol | ows: -9-
-pcf'ﬂuoroa.LEylaminc, ora pcﬁTuomé.kaI- polyether-perfluoroalkylamine mixed film.
The reflection-preventdve film is remaoved after pattern wise exposure using a
Pr:on@ a chloro-fluarocarbon ("CFC") solvent. _

The Tanaka marerials having the desired refractve indices are expensive to
use. There is the required additional process step to remove the ant-reflective
material. In addition, the removal step requires an organic solvent which is
expensive to make or purcha.éc and requires time and expense to safely handle and
dispose of. Finally, the namre of Tanaka's solvents, as CFC's, requires extreme care
to protect against environmental damage. The waste management aspects of the '
Tanaka reflection-preventative materials weigh heavily against their use.

U.S. Patent 4,701,390 to Grunwald et al., discloses a process for thmnally
stabilizing a photoresist image layer formed on a substrate wherein the image layer,
prior to being sujected to a fost-devclopmt bake, is coated with a protective
material which bonds to the photoresist, but is readily rinsed from the exposed
substrate after post bake and 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 mare compounds selected from chromotropic acid, perflucrocarbon
carﬁoxyﬁc acids, perfluarocarbon sulfonic acids, perfluorocarbon phosphoric acids
(and alkali metal, ammonium and amine salts of such acids), ethoxylated
perflucrocarbon alcohols and quaternary ammonium salts of N-perfluoro-¥',N™-
dialkylamines. -

EP-A2-0 583 91 8 discloses a reflection preventing film and process for
forming resist pattern uSing the same, comprising a copolymer with recurring acrylic
acid and acrylic acid fluoroalky! ester units, the latter being different from the
present invention.
Summary of the Invention
In order to overcome the deficiencies of the materials and top and-reflective
processes of the prior art, the present invendon provides and-reflective coating
compositons having a refractive index of from greater than about 1.20 to about 1.40.
preferably from about 1.29 to about 1.40, which is capable of being applied in a
single quarter wavelength thickness and are removable with water or with the

developer for the underlying photoresist.

This is the replacement sheet
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Resin - 029Ad-d'itive- 0.68.gV\ate'r |
- 18 0 g Th
Was the tetramethyl ammoni um salt of perfluoroctanoic aC|gd Ex addltlv%ﬂj‘lmg
resin was synthesized according to the procedure of Exanpl el by
pol ymeri zing of acrylic acid and CHerr]=

HCCO- O(CH err])[err]-(CF[err])xCF[err] inthe r :
' | ) X atio 20/80 wh

between 7 and 11. A fornulation was madeas fol |l ows: Resin - e )(; \glgs
Additive - 2.3 g (25%active) Vater- - 17.4 ¢ | 2

The pmsént inventon relates to a new water soluble anti-reflective top coat
material for photoresists. The novel material comprises a new group of fluorinated
polymers and, preferably, an additive to cnhance the water solubility of such
polymers. Preferably the additive is a surfactant, most preferably it is a fluorinated
surfactant. The top coat is spih coated onto the photoresist and imaging is done in
the normal manner. The uniciue materials of the top coat are water soluble, so wﬁcn
the top coat solution is spin coated onto the photoresist, no intermixing betwen the
two layers occurs. Addidonally, a water based top coat is environmentally safer than
organic based solutions. In cises where the fluorinated polymers are themselves
soluble in water or are soluble in water upon heating, no additive is required.

The family of polymers which comprises the anti-reflective coating of the
pmsent invention have a rcfracnvc index of from greater than about 1.20 to about
1.40, may be applied in a smgle quarter wavelength thickness, are removable with
water or with the developer for the photoresist and are copelymers c_onmmng the

following units:

a) | —CR:

where X is CO,L, SO,L, OH, CO(OC;H),OH, CONHC(CH,,CH,SO,L,
PO;L,orCONH,wth=H,aGmupIorGroupIIca:ionorNH,’andx=
0-10

t;) an acrylic acid perﬂuoroalkyl-ester with 8 - 12 C-atoms in the ester

alcohol group or

I

o]
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-Thée addit Il ve

used..was . an. ani ne salt of per| | uor oct anosul foni ¢ aci d. Exarrpl e

.Nunber or Sanpl e - Refractive I ndex 2 _
1.37.3 : - 1.39 4 o -REPLACEMENT SHEET .
1.395 5. 1.40 6 . - _
1.40 7 -1.38 8

1.35 9 1. 38-Po|yacryllc AC|d

“1.51

where Y is fluorine ar a fluorine containing aliphatic organic substituent

b)

selected from the group consisting of -COO-(CH,),(CF,),4-CF,,
where x1 is 7 to 11; -80,0(CH,),(CF,),-CF3,
- =S0,(0C,H,) O(CH,)(CF,),CF3, where nis 0 - 14 and x is O -
10; and o =
R s H, halogen, CF,, (C,-Cg)alkyl or CN.

The present invention also relates to a process for making an anti-reflective
coating composition for a photoresist, the coating having a refractive index of from
greater than about 1.20 to about 1.40, and being capable of being applied in a single
quarter wavelenth thickness and is removable with water or with a developer for the
underlying photoresist; the process composmon providing a copolymer containing the
following units:

S ey

where X is CO,L, SO,L, OH, CO(OC,H)),0H, CONHC(CH,),CH,SO,L.
PO,L, or CONH, where L = H, a Group I or Group II cation or NH," and x =
0-10 - |

an acrylic acid perfluaroalkyl-ester with 8 - 12 C-atoms in the ester
alcohol group or

I——

o
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_ 10 - Conparative Exanple 10 Several

silicon substrates'mere spi n coated

with filmthicknesses ranging fromO0.9-1. 3pm using AZ7500 resi'st (available

from Hoechst Cel anese Corporatlon) and then soft baked on a hot plate at

100[err] C for 60 seconds . The silicon.substrates were exposeﬂEV‘LA(BEM

doses of i-line energy on a 0.54 Nikon i-line stepper,
at 120[err]C i.n an.oven for 60 seconds andédevel oped in 2.38 . wt.

t etranet hyl

where Y is ﬂuonne or a fluorine containing aliphatic arganic substituent

selected from the grcup consustlng of -COO- ~(CH,),(CF3)y4-CF,,
where x1is 7 to 11; -SOZO(CHZ)X(CFZ)n CF,,
—S0,(0C,H,),O(CH,),(CF,),CF4, where nis 0 - 14 and xis O -
10; and
R is H, halogen, CF;, (C1-Ca)alkyl aor CN.

Perferably, the polymer is a copolymer of CH,=CH-CO-O-(CH,),(CF;)x-CF; and
aErylic acid, where x =Twll.

| The additives are those compounds which aid in solubilizing the polymer if
the polymer is itself insoluble, or not sufficiently soluble, in water. These
compounds are typically surfactants, emulsifiers or dispersants. Preferably,
surfactants that are water soluble are used. Additives that may be utilized include

- ammonium pentadecafluoroctanoate, the amine salt of perfluoroctanoic acid,

ammonium perfluoroctanosulfonate and ammonium lauryl sulfate.

To 2 0.5 1 flask with a reffux condensor and a stirrer was added the following

chemicals:

185 ml - cyclohcxanc
16 g Fluowet EA 812 acrylate (acrylic acid pcrﬂuoralkyl-cs:cr with
8-12 C-atoms in the ester alcohol group),
4¢ acrylic acid, and
04¢g dilauroylperoxide.

The reaction mixture was then heated to reflux (80°C). After 20-30 minutes, the
polymerization was determined by a white powder, that was precipitaing. After an
additional 3 hours stirring under reflux. the polymerization was completed. The

per-cent
anmoni urn hydrOX|de (TNAH) developer The exposure ener gy

SH%ET

post exposure baked

‘Pr‘pz‘.,'_—‘.-':‘ Y
i
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at V\:hl ch the photoresist was fuIIy devel oped away was pI otted against the
resist filmthickness. The swing curve fromthe sinusoidal plot was
calculated to be [err] for a flxed node, where E[err] and Eferr ! %%%P@WSHEH __
“respective. exposure energi es. at -t he maxinum and i ni mum of a Y .

val ue of the swing curve was 35.3. Exanpl e7 11 Several silicon substrates
were spin coated with AZ[err] 7500 photoresist with fil'mthicknesses
ranging fromO0.9-1.3[err]m and soft. baked on a hot plate at 100[err]C for
60 seconds. The solution from Exanpl e -8 was coated over the AZ 7500 resist,
to give a filmthickness of the top coat of 68 mm (680. angstroms) The

ne oo ok e ok i Bl 0 R

. 80°C.

Example 2 - |
A resin was synthesized according to the procedure of Example 1 by
polymerizing acrylic acid and CH,=CHCO-O-(CH,),-(CF,),CF,; in the ratio 32/68,

where x was between 7 and 11. A formulation was made as follows:

Resin-  03lg
, Addidve -  0.68g
Water - 180 g

:The additive used was the teramethylammonium salt of pentadecafluorooctancic

acid.

Example3
A resin was synthésized according to the procedure of Example 1 by
polymerizing acrylic acid and CH=CHCO-0~(CH,);-(CFp,CF; in the ratio 32/68,
" where x was betwesn 7 and 11. A formulation was made as follows:
Resin - 033 g
Additive - 4.0 g (25% active)
Water- ~ 160g .

The additive used was the amine salt of perfluorooctanosulfonic acid.

- ) Example 4
. A resin was synthesized according to the procedure of Example 1 by .
polymerizing acrylic acid and CH,=CHCO-0-(CH,),~(CFy),CF, in the rado 39/61.

where x was between 7 and 11. A formulaton was made as follows:

Resin - 032g
Additve - 4.0 g (25% acdve)
Water - 160 g

The additive used was the amine salt of perfluoroctanasulfonic acid.
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a post exposure bake at 120[err]C for 60 seconds in an oven and devel oped

in 2.38% TMAH devel oper. The exposure energy at which the photoresist was

fully devel oped away was plotted agai nst 't he resist filmthickness. 6Ey TSHEET
swi ng curve was cal cul ated as described in Exanple 10, and a val BEPlY EN

was found. ~clains: 1. A wat er-sol ubl e anti-reflective. coating
conposition for a photoresist, the coat i having a refractive index of
fromgreater than 1.20 to 1.40, the coating conposition conpr|5|ng a

copol ymer contalnlng t he follomnng units _

A resin was synthesized according to the procedure of Example 1 by
polymerizing acrylic acid and CH,=CHCO-O-(CH,),-(CF,),CF, in the rato 39/61,

whc_n: x was between 7 and 11. A formulation was made as follows:

Resin - 10g
Additive - 065 g
Water - 150g

_The additive used was ammonium perfluoroctanote.
A resin was synthesized according to the procedure of Example 1 by

polymerizing acrylic acid and CH,=CHCO-O-(CH,),~(CF,).CF, in the ratio 39/61,

where X was between 7 and 11. A formulation was made as follows:

Resin - 033 g
Additive - 2.3 g (25% active)
Water - 174 g

The additive used was the amine salt of perfluoroctanosulfonic acid.

Example 7 .
A resin was made according to the procedure of Example 1 by polymerizing
acrylic acid and Gi,-—CIiCO—O—(CEI:,)z-(CF,j‘CF, in the rato 39/61, where x was
between 7 and 11. A formuladon was made as follows:

R&m - 03g
Additive - 0.68 g
Water - 180 g

The additive used was the teramethyl ammonium salt of perfluoroctanoic acid.

Example &
A resin was made according to the procedure of Example 1 by polymerizing

acrylic acid and CH,=CHCO-O-(CH,),-(CF),CF, in the rato 20/80, where x was

between 7 and 11. A formuladon was made as follows:

This is the replacement sheet

pate: ‘1 0 SEP 1898



[err] where X is Cerr]L, Sqerr]L, O4S, CO(OCerr]Herr])xOHerr]
CONHC( CH3) 2CH2SOBL, PO err]L[eri] or CONH err], where L is H, a Goup | or
Goup I'l cation or NHerr]+ and x is 0 to 10; b) ~an acrylic acid

perf.l uor oal kyl-ester with 8 - 12 .C-atons in the ester "al cohol SEPLRCEMENT S Y
[err] where Y ~ is fluoride or .a quorlne.gental ni-ng allphatlc organi c
substituent selected fromthe group consisting of

-COO-(CH err])[err](CFlerr])x.-CF[err] where x1 is 7 to 11 .
-Sgerr]QCHerr])x(CF)n-CF[err] . . '
-Sqerr](OC[err]H[err])xO(CH[err])x(CF[err])nCF[err] where nis 0 - 14 and
XISO- _ Resin - 02g :

Addidve - 0.68 g
Water - 180 g |

The additive used was the rzﬁ‘arpcthyl ammonium salt of perfluoroctanaic acid.

Example 9
A resin was synthesized according to the procedure of Example 1 by

polymerizing of acrylic acid and FI-I,=CHCO@-(CH,),—(CF,J,CF, in the ratio 20/80,
where x was between 7 and 11. A formulation was made as follows;

_Resin - 032¢g
Addidve - 2.3 g (25% active) |
Water - 174 g '

The additive used was an amine salt of perfluoroctanosulfonic acid.

Example Number or Sample : Refractive Index
] 2 ' 1.37
3 ' 139
4 o ' 1.395
5 _ 1.40
6 | 1.40
7 | 1.38
8 ' 1.35
9 : 1.38
Polyacrylic Acid 1.51
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10;‘and R is H halogen, CFlerr], ((err]-Clerr])al kyl or CN. - 12 -

2. The anti-reflective coating of claim1 conprising a copol ymer  of,car. T
CH[err]—CH-COO(CH[err])[err](CF[err])x CFlerr] and acrylic acf%/E(?LAGE@mT)?HEET

=7 to 11. 3. The anti-reflective coating of claiml.further conprising a
surfactant. 4. The anti-reflective cgpting of claim3, wherein the
surfactant conprises ammoni um perfluoroctanoate, the amine salt of

per fl uoroctanoic acid, the : S ' '

Comparative Example 10

Several silicon substrates were spin coated with film thicknesses ranvirig from
0.9-1.3um using AZ7500® resist (available from Hoechst Celanese Carporation) and
thcn soft baked on a hot plate at 100°C for 60 seconds . The silicon substmtcs were
exposed with varying doses of i-line energy on a 0.54 Nikon i-line stepper, post
exposure baked at 120°C in an oven for 60 seconds and developed in 2.33 wt.
percent tetramethyl ammonium hydroxide (TMAH) developer. The exposure cacrgy
at which the phdtorcsist was fully developed away was plotted against the resist film
thickness. The swing curve from the sinusoidal plot was calculated to be

/an'ﬁnin
\2(‘Em:x+§nhi)

for a fixed node, ';v/hcrc E_.. and E_, are the respectve exposure energies at the

maximum and minimum of a node. The value of the swing curve was 35.3.

Example 11 . .
Several silicon substrates were spin coated with AZ® 7500 photoresist with

film thicknesses rangmg from 0.9-1.3um and soft baked on 2 hot plate at 100°C for

60 seconds The solution from Examplc 8 was coated over the AZ 7500 resist, to

give a film thickness of the top coat of 68 nm (680 angstroms). The resist was exposed

with varying doses of .i-line radsation on a 0. 54 Nikon i-line stepper The resist was given
a post exposure bake at 120°C for 60 seconds in an oven and developed in 2.38%

TMAH dcvclopcr The exposure energy at which the photoresist was fully developed

away was plotted against the resist film thickness. The swing curve was calculated

as described in Example 10, and a value of 9.4 was found.
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tetra.treLh;d_a.mmm_um_saJ_t of perfl uoroct anoi ¢ ‘aci d, . atmoni um.

per f | uor oct anosul f onat e, ammoni um hydr oxi de/ t et rarrehyl anmoni um hydrOX| de or

anmon -13 - 5.° A process for maki ng NG| aHHed
antlrlmnﬂu"muﬂnlﬂmg conposition for .a photoresist, the- c@ﬂ%‘%&f\ﬁaw ng a
refractlvé i hde’%k of from greater than 1.20-to 1.40, the process conprisi.ng
_preparl ng an aqueous sol-ution of the. ccﬂ)ol ymer. contai ni ng the foll ow.ng

units’

claims:

1. Awater-soluble anti-reflective coating composition for a photoresnst the
coating havnng a refractive index of from greater than 1.20 to-1.40, the
coa;x_ng composition comprising a copolymer contammg the following units

where X is CO,L, SO4L, OH; CO(OC,H,),OH, CONHC(CH;),CH,SO4L,
PO;L, ar CONH,, where L is H, a Group | or Group |l cation or
NH," and xis 0 to 10;

b) an acrylic acid--perﬂuoroalkyl-ester with 8 - 12 C-atoms in the ester
alcohol group or

cn]

T

whereY s fluoririe or afluorine containing aliphatic organic substituent
selected from the group consisting of -COO-(CH,),(CF,),4-CF3,
where x1is 7 to 11; -S0,0(CH,),(CF,),-CF,,
~80,(0C,H4),O(CH,),(CF,),CF,, wherenis 0 - 14 and x is 0 -
10; and " |
R is H, halogen, CF,, (C{-Cg)alkyl or CN.
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a) [errJ where—X——-+s-CJerr]L, SJerr]L, OH COOJerr]Herr])xoH -
CO\IHC(CH[ SHerr]L, Pgerr]L[err] or CONH err], where LéEsf
H a Grou & Hﬂm batlon or NHerr]+ and x is 0 to 1ﬂEPMCEMEi\HQH _
acrylic acCk I-ester with 8 - 12 Catons i‘'n the ester alcohol -
group or.[err] where Y is fluorine or a fluorine contai-ning allphatlc
organi c. substituent selected fromthe-gtdup consisting of = :
-COO-(CHerr])[err](CFlerr])x1-CFlerr], where x1.is 7 to 11;
-SOerr]QCHerr])x(CF[err])n-CFerr],

)?ql gr.r]SOC[err]lH[errIﬁmgmwzaﬁkﬁcfﬁq@'err%gam@c%ggmrém? 0- 14 and.
T CH=CH- CO-O-(CH,)z(CF,)x-CP, and acrylic acid, where x = 7 to 11

3. The and-reflective coating of claim 1 further comprising a surfactant.

8, The anti-reflective coating of claim 3, th;rcin the surfactant comprises
ammonium perfluoroctanoate, the amine salt of perfluoroctanoic acid, the
tetramethylammonium salt of perflucroctanoic acid, ammonium
perfluoroctanosulfonate, ammonium hydroxide/tetramethylammonium hydroxide or
ammonium laaryl sulfate.
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err | N -14- 6.

m CFlerr], (Cerr]- C[err])alkyl or |

%ge gpd 5. mherelL t he copol yner provided is a copolymer of .
CH[err] Hﬂ”(ﬂm ylerr](CF[err])x-CFRerr] and acrylic: aCP%{&C@Wﬁ\heS%EET

=7 to 1+. ss. of claim5 furthér conprising addi B
- surfactant 8. The process of -claim 7 wherein the surfactant corrprl ses .

amoni um per fl'uor oct anoate, the amne’ ERlt of -perfl noroctanoic . aci d t he
t et ramet hyl anoni um

S. A pracess for making a water-soluble anti-reflective COafing compasition for a
photoresist, the coatiné having a refractive index of from greaterthan 1.20t0
1 .40,' the process comprising preparing an aqueous solution of the copolymer
cantaining the following units

a) CH,—™CR

X

where X is CO,L, SO4L, OH, CO(OC,H,),OH, CONHC(CH;),CH,SO,L,
PQOj3L, or CONH,, where L is H, a Group | or Group Il cation or
NH," and x is 0 to 10;

b)". " anacrylic acid perﬂuoroalkyl-ester with 8 - 12 C-atoms in the ester
alcohol group or

R

where Y is fluorine or a fluorine containing aliphatic organic substituent
selected from the group consisting of -COO-(CH,),(CF,)4 -CF3,
where x1is 7 to 11; -S0,0(CH,),(CF5),-CF,,
~S0,(0C,H,),0(CH,)(CF,),CF3, where nis 0 - 14 and x is O -
10; and _
R is H, halogen, CF, (C4-Cy)alkyl or CN.
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sal t of noi c_aci d anmoni um per f uor oct anosul fonat e or anmuoni um
lauryl sulfate.

l llllll! I llIM lll!l | llll

- 14 - S
. REPLACEMENT SHEET

6. The pracess of claim 5, thrcin the copolyrﬁcr provided is a copalymer of
CH,=CH-CO-0~(CH,),(CF)x-CF, and acrylic acid, where x = 7 to 11.

7.  The procsss of claim 5--ﬁmh5::' comprising adding a surfactant.

8. ‘Theprocess of claim 7 wherein the surfactant comprises ammonium
perfluoroctancate, the amine salt of perfinoroctanoic acid, the tetramethylammonium
salt of perfluoroctancic acid, ammanium perfluoroctanosulfonate or ammonium lauryl
sulfate.
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'REPLACEMENT SHEET
- Abstract
TOP ANTI-REELECTIVE COATING FILMS
An anti-reflective coating composition for a photoresist and process for
producing such a coating having a refractive index of from greater than about 1.20 to
about 1.40, which is capable of being applied in a single quarter wavelength

thickness and is removable with a developer for the underlying photoresist; the
"coating composition comprising a copolymer containing the following units:

st
where X is CO,L, SO,L, OH, CO(OC;H,),OH, CONHC(CH,),CH,SO,L,

PO,L,orCONH,wHeteL=H,aGroupIOrGroupIIcationoerL’andxé
0-10

© e

where Yis  Fluorine or a Fluorine containing aliphatic organic substituent,
preferably selected from COO(CH,)(CF,).CF:.
SO,0(CE,),(CF).CF;, |
SO,(0C,H),0(CH,),(CF»),CF;,
(CO(OC;H)),0(CH,),(CF,),CF; or

CO(OCH-CH), O(CE)x(CFInCF3

e

wherein the aliphatic chain can be branched or unbranched;
where R = H, halogen, CF,, C,-C, alkyl or CN;
n = 0-14; and
x = 0-10.
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