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I NVENTION 1. Field of the Iny s |s | aggs to device
fabrication utilizing resist- c Mos! 1( """" (% culay 1@cr/sus91/01977
fabricati oWQAEkes and nas rﬁ\%’lg&?n a?eéisl ﬁt atg8$| #1"§ | under goi ng aci d
catal yzed reaction. 2. Art Bag i ARSHACLLi ¢ RB8aphi &0 BEEE ermi g of circuit

conponents has become useful iiPATRe 9F RECEFPTdevi-ce-fabri-eali on, 15 e.g.
sem condly t &ke&qmaﬁkicatlon, i nt erconneétion nedia such as printed
circuit @ oel ectronic device fabrication. (See, for exanple,
C. G ant rrae J. Bowden, "Resist Materials For

M croel ectronics,” ChenTech, 20 pages 102-111 (Feb. 1989).) “Such
processes involve the fabrication of ‘devi cegrgg patterned regions on a

5 RESIST MATERIAL AND PROCESS FOR USE

1. Field of the Invention
This invention relates to device fabrication
utilizing resist compositions and, in'particular

10 fabrication of devices and masks involving resist
materials undergoing acid catalyzed reaction.

2. Art Backaround
Lithographic patterning of circuit components
has become useful in the field of device fabrication,

15 e.g., semiconductor device fabrication,
interconnection media such as printed circuit boards,
and optoelectronic device fabrication. (See, for
example, C. Grant Willson and Murrae J. Bowden,
"Resist Materials For Microelectronics,” ghgnggh,

20 pages 102-111 (Feb. 1989).) Such processes involve-
the ‘fabrication 6f de#ices or pattetned regions on a
substrate such as a semiconductor substrate, e.g.,
silicon or on a chromium coated mask substrate.
(Substrate in the context of this invention refers to

25 the wafer, board, or mask on which the device or
pattern is being formed and includes in the former
case, if present, regions of semiconductor material, -
dielectric material, and electrically conducting

i material or in the latter case, optically - |

onal

30 transmitting material.) The fabrication'procedure
generally'requires at least one step in which a
resist material is formed on the substrate and a
pattern is delineated in this material by exposure to
correspondingly patterned, actinic radiation, e.g.,
35 deep ultraviolet radiation (150 to 300 nanometers),
e x-radiation (0.4 to 10 nanometers), ultraviolet



subpstrate such as a sem conductor substrate, e.g., silicon or on a chrom um
codted mask substrate. (Substrate in the context of this i-nvention refers

toi25 the wafer, .board, or mask on which the device or patt erpCI/vS9e/01877
formed and WORLER8I0i n the former case, if present, regions of

senmi conductor material, dielectric material, and electrically conducting

material or in the latter case, optically 30F transmtting material.) The
ea

fabrication procedure generally requires at st one step in which a

resist material is formed on the substrate and a pattern is delineated in
oo, 35 deep U TEE P B e e e A Tt o
(0.4 to 10 nanonet40@)touV0Panpppmeters) and particle beams’ such as
5 ion and electron beams. The actinic radiation '
produces a chemical reaction in the film which in
turn introduces a difference in solubiliéy between
the exposed and unexposed regions. The exposed
pattern in the resist is developed with a Suitable
10  solvent that preferentially solubilizes the exposed
or unexposed region. The pattern thus produced in
the resist‘-material is employed as a protective
barrier in subsequent device fabrication steps such
as etching, ion implantation, deposition and dopant
15 diffusion or employed as a protective barrier for
etching mask substrates.

Various resist materials relying on a wide
variety'of chemistries have been proposed for use in
device fabrication. One such approach is discussed

20 in U.S. Patent No. 3,779,778. This approach employs
a water insoluble polymer containing one or more acid
degradable groups and a photosensitive acid
generator.  Examples of photoacjd generafing
compounds are described in a paper by J. V. Crivello,

25 *The Chemistry of Photoacid Geﬁerating Compounds" in
Polymeric Materials Science and Engineering
Preprints, Vol. 61, Amer. Chem. Soc. Meeting,'Miami,
Fla., Sept. 11-15, 1989, pp. 62-66 and references
therein. The crux'qf this approach involves tbé use

30 of a radiolytic acid-gengrator and a polymer whose
pendant groups are chosen to be Catalytica;ly‘écid '
labile; thus, the poiymer is disclosed to contain 6he
6: more acid degradable iinkages which are formed by
the nucleophilic reaction of hydroxy aromatic

. 35 compouhds, N-alkylaryl sulfonamides or certain

s s -
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secondary amines with alkyl vinyl ethers such as



lation (300 to 400 nanoneters), visible radiation (400 to 700 '
ters) and particle beans such as 5 i on and- el ectron beans. The
ic ra‘d‘iﬁ%h(}?%ﬁr oduces a chemical reaction in the fil mwhi cRCTAUSA/GIIT7
duces @nce in solubility between the exposed and unexposed
As. The exposed pattern in the resist is developed with a suitable 10
nt that preferentially solubilizes the exposed or unexposed region.
 pattern thus produced in the resist material is enployed as a
protective barrier in subsequent device fabrication steps such as etching,
i on iplantation, ndeRedl Vidy PELKOPANétAPl vihiiuetherobrenpl oyed as a
protective barrier fof etching mask substﬂatei.-varl u .reskfttﬂyterlals
relying on a w dedihydropyran. (As to this last embodiment, e

: 5 reactions of dihydropyran materials as prqtecting

Z groups removed by relatively mild conditions are

i described by J. E. Kerns et al., Jgnxg;;_gﬁ

i ' Macromolecular Science and Chemistry, A8(4), 673

i (1974).) (See also Canadian Patent No.  672,947).

‘ 10 U.S. Patent No. 4,491,628 also discloses resist

E materials sensitive to ultréviolet, deep ultraviolet,

! electron beam and x-ray radiation employing an acid
generator with.a'polymer having acid labile pandént
groups. The polymers include recurrent pendant

15 groups such as tertiary butyl ester or tertiary buty}
carbonate groups together with a generator of acid
that catalytically converts the protecting moiety to
an aqueous base solubilizing group. (A sensitizer
that alters wavelength sensitivity also is

20 discussed.) . The—preferred acid labile pendant groups
are tertiary butyl esters of carboxylic acids and
tertiary butyl ethers and.carbonates of phenols.
However; other acid labile groups such as trityl,
benzyl, benzylhydryl as well as others characterized

25 as "well known in the art" are discussed. |

In a third resist employing an acid generator
and polymer combination (European Patent Application
0264908) the auto decomposition temperature of the
polymer, copolYmer or terpolymer employed is .

30 increased to greater than 160°C by employing pendant
groups.thét form secondary carbonium ion _
intermediates with 55 available adjacent proton.

In other approaches to resist chemist:ies, a
polymer (without radiation sensitive acid generator)

35 is formulated to. have a backbone and pendant group -

that together yield the desired properties. Such:
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variety of chem stries have been propoéed for use in device fabrication.
One such approach I s di scussed 20 in U'S Patent No. 3,779,778. This

approach e é a water insoluble polynmer containing one or noperAgssl/01977
degradablengﬂb H3580d a photosensitive acid generator. Exanples of

phot odci d generating conpounds are described in a paper by J. V. Crivello,
25 "The Chemistry .of Photoacid Generating Conpounds"” in Polyneric

Mat eri.al s Sci ence and Engi neering-Preprints, &ol. 61, Arer. Chem Soc.
Nbetlng, Mam, Fla., Sept. 11-15, 1989, pp. 62-66 and references. therein.
The crux of this approach involves the use 30 of a radiolytic acid
generator and a p@rpposethastaeiahndesgeribedain dh@anese)nnkaIHEOytlcalIy

degr adabl e | i nkagBoR AHof D (Fe4E oy RERHaRS 2%%%%8%%&2{&%&?&”’

hydr oxy aroma®i ¢ backbone and alkoxyalkyl pendant groups.

SUMMARY OF THE INVENTION

The present invention involves the fabrication
. of devices utilizing resist formulations that afford
10 sensitivities better than 30 mJ/cm? for optical
radiation, 25 pC/sz for electron radiation, and
resolution better than 1.0 pm. The resists include
acid génerators and polymers that possess recurring
ac1d labile groups including a—alkoxyalkyl carboxylic
15 ac1d esters and/or a-alkoxyalkyl ether derivatives of
hydroxyaryl or hydroxyaralkyl esters of carboxy11c
acids. These resists are sensitive not only to deep
UV radiation but also to UV radiation,-x-radiation,
and particle beam radiation. The inventive resist
20 materials include an acid generator=and a resin
generically described as having pendant functional
-groups attached directly or indirectly to a polymer
backbone where the structure of the pendant group is
represented by the formulae:

25
o
-c-o-<|:-c-1z3n4
] oR?
30 .
R
I | 1 5
~C-0~(CH,) ~C.H,~0-C-CRR
OR?
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35 ' conpounds, N-alkylaryl sulfonanides or certai n secondary amnes wWth
al kyl .vinyl ethers such as 3 nethyl vinyl ether, ethyl vinyl ether or

di hydropyran. (As to this |last enbodi ment, the 5 reacti ons opcT/US91/01977
di hydr opyr WO #8810, s as protecting groups renoved by relatively nild

conditions are described by J. E. Kerns et al., Journal of Macronol ecul ar
Sci ence and Chem stry, A8(4), 673 (1974).) (See al so Canadi an Patent No.
672,947). 10 U S. Patent No. 4,491, 628 al so di scl oses resi st

materials sensitive to ultraviolet, deep ultraviolet, electron beam and
x-ray radiation enploying an acid generator with a polynmer having acid
| abi | e pendant Where:

n is 0-4;
5 Rl is hydrogen, lower alkyl (e.g. alkyl having
up to 6 carbon atoms);
RZ is lower alkyl; and
R3 and R4 independently are hydrogen or lower
alkyl where the definition of lower alkyl
10 includes the joining of Rl and R? or R! and
’ either R3 or R?, or R? and éither R3 or R4
to form a 5-, 6- or 7-membered ring.
Exemplary of resins utilized in these resist
compositions are copolymers of benzyl methacrylate
15 and tetrahydropyranyl methacrylate, and poiymers of
4—tétrahydropyranyloxybenzyl methacrylate (or
acrylate).

DETAILED DESCRIPTION OF THE INVENTION
20 Excellent resolution and sensitivity are
obtained in device and mask fabrication by utilizing
specific resins in conjunction with a radiolytic acid
generator. Such resins involve a polymer backbone
such as methacrylate, acrylate, or styrene backbone
25 having pendant acid labiie groups attached directly
| or.indirectly to the polymer chain described as:

30
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groups: The pol yners include recurrent pendant 15 groups such as tertiary
buttyl ester or tertiary butyl carbonate groups together with a generator of
acid that c“ﬁb?ly{g,ﬁal |y convert's the protecting noiety to an adEJUSINVNIRTT
solubi lizing droup. (A sensitizer that alters wavel ength sensitivity al so
is 20 discussed.) The preferred acid |abile pendant groups are tertiary
butyl esters of carboxylic acids and tertiary butyl ethers and carbonates
of phenols. However, other acid |abile groupS such as trityl, benzyl,
benzyl hydryl as well as others characterized 25 as "well known in the
art" are discussed. In a third resist enploying an acid generator and
pol ymer conbi nat i Bh (Eur opean Patent Application 0%@4908) the auto '
deconposition tenperature of the polymer, copol yn®R“Wr terpolyner enpl oyed
is 30 increased to greater thjn 160[err] C by enploki§g4pendant

R

—C-O-(Cﬁz)n—CGH4-O-C-QR
ORZ This Sheet Has Been Replaced
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Rl is hydrogen or lower alkyl (alkyl having up

where:
n is 0-4;
10
to 6 carbon atoms);
R2 is lower alkyll(having'up to 6 carbon atoms)
and _
R3 and R? are independently hydrogen or lower
15 alkyl and where the generic description
includes compositions such that the .
structure is as defined above but where R!
and R2, ‘or R! and either R3 or R4, or R? and
either R3 or R? are connected to form a 5, 6
20 or 7 membered ring.

Examples of resins-utilized in these resist
compositions are copolymérs of benzyl methacrylate
and tetrahydropyranyl.methacrylate and benzyl
mathacrylate and tetrahydropyranyloxybenzyl
methacrylate, and polymers of 4-tetrahydro-
pyranyloxybenzyl methacrylate (or acrylate). The
structure of the phenylene group (CgHy) in the
4-tetrahydropyranyloxybenzyl methacrylate (or

25

acrylate) may be ortho, meta or para. )
30 If a copolymerzis used, the ratio of acid
labile groups to non-acid labile groups in the.
copolymer is dependent on the structure and -acidity
of the polymeric acid species formed upon
irradiation. For methacrylic acid forming systems
35 the ratid should be at least one acid labile moiety
per twenty hydrophobic groups. Mole ratio requiréd

depends strongly on strength of acid, molecular size



groups-that form secondary carbonlu B&h@kﬂﬁd¢ates w th an avallable

adjsracent proton. In other approa hen1str|es a pol yner
(wi t hout ‘ﬁg%é#&é gSensitive acid mmm i s fornul at RCT/AUSIAMIIE
backbone a nt group that to the desired properties. Such
4 proposed material described in Japanese Kokai No. SHO57 [1983] 118641
I ncl'udes a nethyl nethacrylate 5 backbone_,and al koxyal kyl pendant groups.
SUMMARY OF THE | NVENTI ON The present i nventfon invol ves the fabrication of
devices utilizing resist formulations that afford 10 sensitivities better
than 30 m)/cne f&¥ éggéff%bile group, and hydroprobicity of non-acid
forming group. A control sample is easily employed
. 5 to determine suitable ratios for a désired group.
Additionally, both the ratio of the acid labile
pendant group to non-acid labile groups and Ehe type
of pendant groups employed should be chosen so that
after exposure and optional post exposure bake, but
10 before development, a volume loss of less than 25% is
incurred in the exposed region. (Volume loss is
measured by layer thickness changes.) For volume
losses greater than 25%, image distortion is
possible. Groups such as tertiarybutylcarbonyloxy
15 afford volatile products which in turn produce
relatively large volume changes upon exposure and
subsequent optional thermal processing to complete
" the reaction. Groups such as'tetrahydropyranyloxy
" attached to aromatic acrylic polymers and present in
20 only one monomer of a copolymer or terpolymer afford
" volume changes less than 25% after exposure and
further processing.
The molecular weight of the resin material
should generally be in the range of 5,000 to
25 500,000 g/mole. Molecular weights less than
5,000 g/mole lead to poor film formation
characteristics and too rapid dissolution of the
base-soluble form, while molecular weights greater
~ than 500,000 g/mole lead to solutions with too high
30 viscosity and poor dissolution characteristics upon
' exposure and processing. The polydispérsivity-of the
polymer (M, ,/M,) should be less .than 1.75.
Polydispersivities greater than 1.75, although not
precluded, genefally lead to decreased lithographic
35 reproducibility. If the resist is used during
subsequent plasma processing, the monomers employed



th
recurring acid | abil e groups |ncIu
acid est WQIHIEBH [err] - al koxyal kyl m‘\t\g‘m
hydroxyaralkyl esters of carboxylic

onl'y to deep WV radiation but also to WV radiation, x-radiation, and
particle beamradi ation. The inventive resgst 20 material s i nclude an

acid generator and a resin generically described as having pendant
functional groups attached directly or indirectly to a polyner backbone

where the strucdsireebl asethengentiagtogproup rshpnekd i ksb bye t bboSennul ae:

[erfl 30 O such that the glass transition,'Tg, or the tesultzng

5 resin is preferably higher than 60°C and most
pteferably higher than 130°C. To obtain a desirable
Tg, aromatic monomers such as styrene and benzyl '
methacrylate that are compatible with the desired
lithographic characteristics are employed. '

10 Additionally, solutions of the material should be of
suitable viscosity, generally in the range of 10 to
500 cp, to form an essentially pinhqle-free,
continﬁous coating on the substrate with thicknesses
in the range of 0.5 to 2.0 ym. For example, in the

15 case of a silicon—based.substrate, the polymers
forming resist layers thinner than 0.5 um are
difficult to maintain pinhole-free, while layers
thicker than 2.0 pm are difficult to coat uniformly.
These resists are sensitive not only to deep UV

20 radiation but also to UV radiation, x-radiation, and
particle beam radiation.

Pendant groups of the generic formulae above
are attached to the polymer backbone or are direétly
or indirectly pendant from the polymer backbone.

25 Examples of attachment points are 1) the carbon atom
in the a-position relative to the carboxylic'acid
group in acrylic or methacrylic polymers; and 2) the
carbon atom in the benzene ring of polystyrene that
is paré- to the point of polymer backbone attaéhment;

30 Although the specific backbone employed in the
resin is not critical, methacrylates, acryiates and
styrenes are advantégeously used since they ggnerally
yield materials with relatively low optical densities
needed for high resolution in spectral regions

35 suitable for exposure, e.g. 248 nm. Typically
optical densities for the resiné of greater than

al kyl car pexyise1/01977
ves of hydroxyaryl or

hese resists are sensitive not

radliatron, 25 [err]C/cnferr] for e#ecrfﬁﬁ'?éd_atlon and resol ution better
n 1.0 pm The resists include a sakoﬂ@ﬁﬁ? pol yners that possess

25



[erk] 35 5 where: n is 0-4; rr |s hygrogen | ower al kyl h

(esg. al kyl having up to 6 carbon at e ageower al kyl

and R[err] ngﬁgntly are hydrogen where the %fﬂ%ﬁ}@?%
{ ower yl i ncl udes R[err] and Rlerr] or .

R[egr] and either Rerr] or Rerr], or R[err] and either Rerr] or Rerr]

to fiorma 5-, 6- or 7-nenbered ring. Exeana@y of resins utilized in these
resWsL '

0.30 per ym are undesirable. For suitable
resolution, resist thicknesses in the range 0.8 to

5 1.2 ym are employed in device fabrication while "
thinner 0.2-0.5 pym films are adequate for mask.
fabrication. If the optical density of the resin is
greater than 0.30 per um, a uniform optical-exposure
through the thickness of such materials is not

ey e A esten £ F L

10 generally attained and resolution is degraded.

The specific pendant group within the generic
class described also affects resist properties. For
example, if the resist is to be employed as a mask in
a plasma etching procedure it is desirable to include

15 aromatic moieties such as phenyl groups which offer
relatively high resistance to typical plasma etchants’
such as Cl, and CHF3. Similarly, if adhesion is more
desirable than etch resistance, another moiety also
is employed.

20 It is also possible to modlfy resist properties
by employ1ng a backbone polymer that is a copolymer,
terpolymer or block copolymer of various monomers.

At least one of the comonomers must contain a pendant
acid labile group. For example, typically monomers

25 such as methyl methacrylate, butyl methacrylate,

' benzyl methacrylate, benzyl acrylate and stfrene.as
well as small amounts (typically less than 5 mole
percent) of glycidyl methacrylate as an adhesion
pfomoter are usefully employed. However, monomers

30 that are very easily hydrolyzed or thermally;labile
functionai groups should be avoided because of
thermal inséability.

The ac1d-1ab11e resins utilized in the
invention are typ1ca11y formed by polymerzzat1on of

35 monomeric components that contain the acid-labile
group such as a monomeric acid-labile carboxylic acid




congosttions are copol yners of benZVT‘ﬁET_écrylate 15 and
t et fahydr opyranyl net hacryl ate, and nrml;gktmrﬂasbéenRep‘aced

4-t dt rahydr opy ra‘r‘%l oxybenzyl nethacryl te). DETAI lper/US91/01977
DESARI PTI OW! 10 NVENTI ON 20 sol ution and

sensjtivity are obtained in device and sk la rication by utilizing
specy fic resins in conjunction with a radiolytic acid generator. Such
resi bs involve a pol ymer backbone such as nel@acrylate, acrylate, or
styrene backbone. 25 havi ng pendant acid |abile groups attached directly

.indirectly to the polyner chain described as: [err] 30 35 REPLACEMENT
SHEET ester that has been formed by the reaction of a

monomeric carboxylic acid with an alkyl v1ny1 ether

.5 such as ethyl vinyl ether or a cyclic vinyl ether
such as dihydropyran or a monomeric acid-labile
alkoxy aryl ester (or alkoxyaralkyl ester) of a
carboxylic acid that has been formed by the reaction
of . a hydroxyl aryl ester (or hydroxyarelkyl ester) of

10 a carboxylic acid with an alkyl vinyl ether such as
ethyl vinyl ether or a cyclic vinyl ether such as
dihydropyran. Alternatively, reaction of polymer
bound carboxylic acids with vinyl ethers in the
presence of an acid catalyst or the reaction of the

15 hydroxyl groups of polymer bound hydroxy aryl esters
(or hydroxyaralkyl esters) of carboxylic acids with
.vinyl ethers in the presence of an acid catalyst is
employed.

It is possible to syntheéize the polymers

20 employed in the ptesent invention from the'abbve
described monomers by group transfer polymerization
or by a polymerization reaction such as free radical
polymerization or other polymerization methods such
as anionic polymerization. The molecular weight of

25 the polymer is dependent on reaction parameters Suqh
as'reagents,'concentrations, temperature, time and
caialysts. These parameters are interrelated and a
control sample is utilized to determine the specific
canditions necesary to yield a desired molecular .

30 weight. However, generally for molecular weights in

the desired range and for typical copolymers such as
those of benzyl methacrylate and tetrahydropyrenyl

¢ methacrylate concentrat1ons in the range of 0.3 to
0.7 moles/11ter, temperatures of approximately 80°C,
'35 catalysts such as benzoyl peroxzde (0.006 to 0.01

‘ moles/11ter) and react1on times in the range of 3 to




or [érr] where: nis 0-4; 10 R[err] h drogen or |ower alkyl

(al’kyl having up to 6 carbon at ons) ; Tmﬂﬁwa aIkyI (havi 6
carbon at ombggf@err] and Rlerr] ar y hydrogen ng/lllﬁ%éf‘m??;’
al kyl .and r generic descripti ositions such that the
structure is as defined above but mheﬂ err] and R err], or Rerr] and

either Rlerr] or R4, or R2 and either R[err]lfr Rl err] are connected to
forma 5, 6

7 hours are employed. If a relatively low
polydispersivity is desired, group transfer
5 polymerization as described in U.S. Patent 4,417,034
and in Dicker, et al., "Polymer Preprints”, American
. 1 svisi _ . '
28(1), 106 (1987) is employed.
The weight percentage of the radiolytic acid

10 generator relative to the resin in the polymer should
generally be as low as possible without unacceptably
sacrificing sensitivity. Weight percentages less

than 0.1 lead to insensitive compositions while
weight percentages greater than 5.0 tend to yield
15 compétibility and control problems. Further, it is
possible to add 6ther monomers or additives such as
polyketals and acetals, plasticizers and/or
crosslinkers into the resist composition to modify
certain properties. Clearly it is contemplated that
20 the acid generator undergo acid formation upon
exposure- to actinic radiation. The acid generator
employed is chosen for the particular desired actinic:
radiation. For example, acid generators such as
. diphenyliodonium tosylate and'triphenylsulfonium
% 25 trifluoromethanesulfonate are suitable for deep
2 ultraviolet, x-ray, electron beam or ion beam

% . exposure.
E The resist film is initially formed by a
k variety of techniques such as. those described in

t 30 Sgm;ggndng;g;_thhggxgghx by W. M. Moreau, Plenum
‘ Press, New York, 1988. Typically, the resin and acid
generator are dissolved in solvents such as

cyclopentanone. Typical resin concentrations in the

solvent of 10 to 20 wt % in the solvent are used to
35 give approximately 1 um thickness films. For methods

such as’ spincoating the solution is generally placed



si st conpositions are copol yners of benzyl nethacrylate and

t rahydr o gﬂ*%sﬂpthacrylate and benzyl mathacryl ate and PCT/US91/01977
tétrahydroﬁ&i yr'oxybenzyl 25 nmet hacryl ate, and pol yners of 4-tetrahydro-
pyr anyl oxybenzyl nethacrylate (or acrylate). The structure of the phenyl ene
group (C6H4) in the 4-tetrahydropyranyl oxybenzyl nethacrylate (or acrylate)
may be ortho, nmeta or para. 30 | f allopolynmer is used, the ratio of
acid labile groups to non-acid labile groups in the copolyner is dependent
on the structure and acidity of the polyneric acid species fornmed upon
i rradi ati on. For ometthec wafier zandl the nwafesyisespunhatr @t iratehmf A0 at

| east one dcid l%Bi%%dﬁﬂfﬂﬁK per twenty hydrophobic groups. Mdle ratio
required

JE' ’ or 7 nmenbered ring. Exanples of resins utilized in these
]
t

After the resist is formed on the substrate, it

: is desirable although not essential to pkebéke the

E materiél. This prebake is conveniently performed in

1 the temperature range 70 to 130°C for periods in the

; - range 1/2 to 30 min. The temperature . and time period

E 10 are adjusted to obtain enhanced sensitivity and

{ resolution. It is also desirable, but not essential,
E to bake the exposed resist material after exposure
. but before development to augment the acid catalyzed
removal of the protecting group. TYpically
15 temperatures in the range 70 to 115°C in conjunction
with time periods in the range 0.5 to 5 min are
employed. These parameter ranges are employed to
yield complete converéion of the protécting group to
the acidic compound. Particular time period and
% 20 temperature_ranges are affected by the resin
E composition and'the nature of the protecting group.
Affer exposure and optional post-bake, the
exposed portion has a different solubility from those
portions that were not subjected to actinic-

25 radiation. Generally a solvent is employed to
develop the exposed material that is preferentially
dissolved and leaves the unexposed portion of the
resist matetial essentially untouched. For resins.
fo;ming acidic grbupsfupon exposure, aqueous base

30 developers are employed. Agueous-base solutions Such
as 0.25 wt % tetramethylammonium'hydfoxide in:water
.are preferred since they avoid typical disposal
problems associated with organic solvents and develop
the patterns without apprebiable swelling. '

- e T

e e

335 After the photosensitive region is.developed
{ the reéulting‘pattern is useful as an etching mask or
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pends strongly on strength of acid, nolecular size 7 of .acid-labile
gioup, and hydroprobicity of non- aC|d formng group. A control sanple is
edsily enpl gy ?b o0 deternine suitable ratios for a desired RQ@YPSI/01977
Addi tional |y, otﬁ the ratio of the acid | abile pendant group to non-acid
bil e groups and the type of pendant groups enpl oyed shoul d be chosen so
thiat after exposure -and optional post exposurge bake, but 10 before

deVel epnent, a volunme | oss of |ess than 25% i%3 i ncurred in the exposed
region. (Volune lLoss is neasured by.layer thickness changes.) For vol une

| osses greater thagh 2506, 15, dehkQbbed" db 22 RY ot 8 NI o

teﬂtlarybutylcarbon
dellneated resist pattern such as ion 1mp1anat10n.

5 After use, the resist material is typ;cally removed
with a suitable solvent stripper such as methyl ethyl
ketone. '

The following examples are illustrative of the
invention.
10
. Example 1
Preparation of 1:1 Random Copolymer of
Tetrahydropyranyl Methacrylate and
Benzyl Methacrylate by Group Transfer Polymerization
15 To a sqlution_of 0.74 mL (2.5 mmol) of 1-(2-
trimethylsiloxyethoxy)-l-trimethylsiloxy-2-methyl-1-
propene (TTEB) and 50 uL of tetrabutylammonium
biacetate hexahydrate (0.04 M in tetrahydrofuran) in
75 mL of tetrahydrofuran (THF) under argon was added
20 a mixture of 25 mL (25.43 g, 0.1445 mol) of benzyl
methacrylate and 24 mL (24.57 g, 0.1445 mol) of
tetrahydropyranyl methacrylate (THPMA) at a rate sqch
that the temperature did not exceed 38.2°C. Both
! monomers had been individually passed over columns of
25 basic alumina under an argon atmosphere just prior to
use. NMR analysis of an aliquot of the reaction
mixture showed no residual monomer. The product was
precipitated in methanol and dried ar room
~ ~temperature to give 47.6 g of poly(benzyl
30 methacrylate-cp-tetrahydropyranyl methacrylate)t‘

'~ GPC: M, = 19,500, M, = 22,000, M /F, = 1.13
(polystyrene standard). NMR analysis of the
copolymer shows the composition to be 1:1 on a molar
basis. In a similar experiment in which the quantity

35 of monomers, initiator and catalyst were decreased to
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2 afford volatile products which in turn produce relatlvely | ar ge vol une
changes upon exposure and subsequent optional thermal processing to

npl et e th {)9939{%? G oups such as tetrahydropyranyl oxy attapgqéuse1/01977
omatic acry @ners and present in 20 only one nononer. of a
pol ymer or terpolyner afford volune changes |ess than 25% after exposure
d further processing. The mol ecular weight of the resin material should
nerally be in the range of 5,000 to 25 533 000 g/ nole. MNbl ecul ar
ghts less than 5,000 g/nole lead to poor filmformation characteristics
too rapid dISSO|UtI0n of the base-soluble form while nolecul.-ar ,weights

ater than 500, 00%%@fothe| ahaveo aBeuRtSynsl 3% (FPROYIREHWED °b§P%BS§|ty

poor di ssol utiwitkHy a&t gy, 200GS MiPan 2wy WM, Pk oLeeseng. The
dlsperS|v1§y of the .

| Example 2
Preparation of Homopolymer.
of Tetrahydropyranyl Methacrylate .
To a Solution of 0.30 mL (1 mmol) of TTEB and
10 25 pL of tetrabutylammonium biacetate hexahydrate .
(0.04 M in THF)'under argon in 75 mL of THF was added
20 g (19.6 mL, 0.1175 mol) of THPMA, that had been
purified over a.column of basic alumina just prior to

. use, at a rate such that the temperature did not
15 exceed 40°C. NMR analysis of an aliquot of the-
solution showed that there was no residual monomer .
Precipitation in methanol followed by drying in a
vacuum oven at .room temperature gave 19.9 g of
poly(tetrahydropyranyl methacrylate). GPC: M, =
20 19,300, M, = 21,100, M,/M, = 1.093. Differential

scanning calorimetry showed a T, at 91°C.

g

Example 3
Preparation of 1:1 Random Copolymer of Tetrahydro-
25 pyranyl Methacrylate and Benzyl Methqcrylate
To a solution of 12 mL of THPMA and 12.5 mL of
benzyl methacrylate (both monomers purified
separately over basic alumina) in methyl ethyl ketone
.(degassed with nitrogen) under argon at 75°C was '
30 added 0.15 g of azo-bis-isbutyronitrile ("VAZO 64" )
After.a. total react;on time of 11.5 hr and a total
VAZO 64 catalyst addition of 0.3 g, precipitation in
hexane gave 22.2 g of poly(benzyl methacrylate-co-

e A"
.

tetfahydropytanyl methacrylate). . NMR analysis of an
-35 ~aliquot of the reaction mixture showed 92%

-
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;ner (N[err]/N[err]) shoul d be less than 1.75. Polydispersivities

;ter than 1.75, although not precluded, generally lead to decreased -
fhogr aphi c 35 reproducibility. |If the resist is used durin subsqug t
Bis e pr qg@ssivegiot he mononers enpl oyed 8 as well as the'défgﬂ 91 IB
shihul d al so be chosen such that the glass transition, T[err], or the
;ultlng 5 resinis preferably higher than 60[err] C and nopst preferably
hlgher ‘than 130[err]C. To obtain a desirabl ggT[err], aromatic nononers .such
as-styrene and benzyl nethacrylate that are conpatlble with the desired

| i t hographi ¢ characteristics are enployed. 10 Addi tionally, solutions of

the naterial shoydghdir@on. @ec: M, = 20,000, H, - 48,700,
M,/M, = 2.433.

5
L ' Example 4
Preparation of
Poly(4 tetrahydropyranyloxybenzyl methacrylate)
A. Preparation of Methyl 4—Tetrahydropyrany1—
- 10 oxybenzoate

To a stirred mixture of 157 mL (1.72 mol) of
3,4-dihydro-4H-pyran, 300 mL of methylene chloride
and 131 g (0.86 mol) of methyl 4-hydroxybenzoate was
added 5 drops of 20% sulfuric acid. Addition of the

15 acid caused the ester to dissolve and the temperature
to rise 6°C. After stirfing for 20 hr, the solution
was evaporated, and the residue was dissolved in
ether and passed through a short column of basic
alumina. The effluent was evaporated to small

20 volume, and 144.7 g of methyl 4-tetrahydropyranyloxy
benzoate crystallized as an off-white solid, m.p.
'70°C. : :

14 NMR (360 MHz, CDCl;, d ppm, J in Hz): '1.5-2.1
(m*s, 6H, CH3), 3.87 (s, 3H, OMe), 5.49 (t, J=3.6,

25 14, OCHO), 7.06 (4, J=9, 2H, Arﬁ), 7.97 (4, J=9, 2H,

ArH). '
IR (CCly): 1722 cm~l (ester C=0).

e

B. Preparatlon of Tetrahydropyranyloxybenzyl
30 Alcohol ) iy
To a mechanlcally stirred slurry of 10 g of
lithium aluminum hydride and 100 mL of
tetrahydrofuran was added dropwise with cooliné in an
ice bath a solution of 32.9 g (0.139 mol) of methyl
35 4-tettahydropfianylo;y benzoate at a rate such that_
the temperature did not exceed 30°C. Aftef;stitring
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suilt abl'e viscosity, generally in the range of 10 to 500 cb, to forman
esgqentially pinhole-free, continuous coating on the substrate with
t hijcknesseswig C}t,hgmange of 0.5 to 2.0 pm For exanple, in the RGI/USI34HIZT

a qili,con-based substrate, the polyners form ng resist |layers thinner than
0.3 pmare difficult to maintain pinhole-free, while layers thicker than
2 pmare difficult to coat uniformy. Thesqg esists are sensitive not

to deep WV 20 radi ation but also to UV radiation, x-radiation, and
icle beamradiation. Pendant groups of the generic fornulae above are

atthched to the powri?f @@Cl‘@%etéﬁ\pé&%tﬁ'ﬂ’e‘%mﬂlﬁé ¥oluWideGhdy eeadesl from
t helpol yner backbone. ng s _of attachnent points are.l) the carbon
v

in the [err] ?ﬁﬁﬁ%?%ﬁﬂYeV & 00omln ot &ﬂﬁ%&ﬂl(?QﬂﬂWFfﬁ%ﬁ% YaSacrylic
thacryli g polgiE¢éredNdand the filtrate was stirred with 200 mL of

agueous sodium hydroxide for 2 hr. The organic layer
. was separated and evaporated with a rotary

evaporator. The residue was dissolved in 200 ‘mL of
ether and washed three times with 5% aqueous_spdlum

10 b1carbonate and dried over sodium sulfate. ,
Evaporation gave 20.58 g of 4- tetrahydropyranyloxy
benzyl alcohol as a liquid.

F 14 NMR (360 MHz, THF-dg): 1.45-2.0 (m's, 6H, CH,),
3.5 (m, 1H, OCH;), 3.8 (m, 1H, OCH;), 4.25 (t, J=6,

15 1H, OH), 4.45 (4, J=6, 2H, ArCH,O0H), 5.35 (t, J=3,
1H, OCHO), 6.95 (d, J=8, 2H, ArH), 7.19 (4, J=8, 2H,
ArH). ' |
IR shows no ester C=0 absorption.

20 C. Preparation of 4-Tetrahydropyranyloxybenzyl
Methacrylate
To a stirred solution of 62.4 g (0.3 mol) of
4—tetrahydropyranyloxy benzyl alcohol and 58.5 mL of
triethylamine in 225 mL of methylene chloride and 225
25 mL of diethyl ether cooled in an ice bath was added
dropwise 31.9 mL (0.33 mol) of methacrylyl chloride
at a rate such that the temperature did not exceed _
30°C. After 3.5 hr, the mixture was filtered, and .
the fitrate was evaporated. The residual oil ﬁas
30 treated with ether and triethylamine and washed w1th
water. The- organlc layer was dried (sodium sulfate)
and evaporated to a yellow 011, which, on stand1ng,

gradually crystallized. The crystals were rinsed
w1th a small amount of methanol to give 7.3 g of
35 colorless crystals, m.p. 36-36.7°C. The product can

be recrystallized from hexane at low temperature.
. S
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dﬁrbon atomin the benzene ring of polystyrene that is para- to the point
¢ -pol ymer backbone attachment. 30 Al t hough the speci f ipClrausopa1977
enpl oyed i WOI98/¥58%0n is not critical, methacrylates, acrylates and
styrenes are advant ageously used since they generally yield materials with
relatively low optical densities needed for high resolution in-.spectral
regions 35 suitabl e for exposure, e.g. 248l#m Typically opti cal
densities for the resins of greater than 9 0.30 per pmare- unde5|rable
For suitable resokhution, resist thicknesses in the range 0.8 t

[err]mare enpl oyeH NHRdé@ﬁﬁaﬂﬁﬁW|¥§ET€a)mhlﬂesrﬂrﬁﬁe g s &H&;ﬁﬁz?+ns
are adequate far 789§ (m, 3H, CH3C=), 3.5 (m, 1H, OCHy), 3.8 (m, 1H,

5 OCHZ), 5.07 (s, 2H, AtCHZOOC), 5.40 (t, J-3, 1H.
OCHO), 5.52 (m, 1H, =CH), 6.05 (m, 1H, -CH), 7 0 (m,
2H, ArH), 7.27 (m, 2H, ArH).

IR (CCl4). 1720 cm~1 (conJ. ester C-O), 1640 cm- -1

(C=C). _ _ C '

10 | | .

D. Preparation of Poly(4-tetrahydropyranyl-
"oxybenzyl methacrylate) '

After purification by passage of a solution in
hexane over a short column of basic aluminé, 14.45 g
15 (52.3 mmol) 4-tetrahydropyranyloxybenzyl

methacrylate, was dissolved in 45 mL of THF, and then
treated 0.4 mL (2.42 mmol) of bis(dimethylamino-
methylsilane (scavenger). After stirring for 30 min,

0.101 mL (0.503 mmol) of l-methbxy-l-trimethyl-

20 siloxy-2-methyl-l-propene and 20 uL .of tetra-
butylammonium m-chlorobenzoate (0.3 M in THF) were
added. Since no exothermic polymerization was
observed, an additional 40 uL of tetrabutylammonium
m-chlorobenzoate (0.3 M in THF) was added. A _

25 temperature rise of 6°C occurred during 25 minQ When

- the temperature had returned to room temberature, the.
reaction was quenched with 1 mL of methanol

Addition of the reaction mixture to 500 mL of
methanol caused prec1p1tat10n of 12.64 g of

30 pbly(4-tetrahydropyf%nyloxybenzyl méthabrflate)'as a
colorless solid; GPC (polystyfene standard):

M, =23,300, M, = 28,900, M,/M, = 1.24.
1y NMR (360 MHz, THF-dg: 0.75m 0.95, 1.15 (br s, 3H,
CH3) "1.45-2.05 (br m's, 8H, CH,), 3.51 (m, 1H, OCHy),
" - 35 3.80 (m, 1H, OCH;), 4.84 (br s, 2H, ArCH,0), 5:40 (m,
' "1H, OCHO), 7.01 (m, 2H, ArH), 7.23 (m, 2H, ArH).

:_7‘/.
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fabrication. If the optical density of the resin is greater than 0.30 per
pm' a uni formoptical exposure through the thickness of such naterials is
not 10 ge bﬁll Kss%tai ned and resolution is degraded. The sped®@T/8JS91/01977
pendant groﬁg ( I'n the generic class described also affects resist
properties. For exanple, if the resist is to be enployed as a nmask in a

pl asma etching procedure it is desirable to ipglude 15 “aromatic noieties-
such as phenyl groups which offer relatively high resistance to typical

pl asma etchants such as C[err] and CHF[err]. Simlarly, if adhesion is

nore desirable than etchThes&%bwmaacdﬁyaggﬁi@@iegyiﬂhﬁed!grampka&edﬁizo
ol yrer that i3 a BBEOFInEPSORBRGS yHiheRL HEE ki Y ofRby REr 9% Ao d s
nononers. At |gsast3®nerof the conononmers nust contain a pendant .

IR (nujol): 1730 em~1 (unconjugated ester C=0).

UV (glyme): 225 nm (e 11,466), 272 nm (e 1053), 278

nm (¢ 903). .

DSC: Tg = 79.8°C.
10 _ *

- Example 5

To a 20 wt % solution in 2-methoxyethyl ether

of a methacrylate copolymer containing 55 mole %
benzyl methacrylate and 45 mole % tetrahfdropyranyl

15 methacrylate [P(BMA-co-TMA)] having a molecular
weight of 18,000 g/mole was added 0.4 wt % of
triphenylsulfonium trifluoromethanesulfpnate; The
resulting solution was used to spin coat a silicon
wafer at 1000 rpm. The coated wafer was heated at

20 105°C for 15 min to give a 0.8 pm thick -film and then
was exposed to 248.4 nm light using a 0.38 NA, SX
demagnification step-and-repeat exposure apparatus.
After curing for 2.0 h at 25°C the exposed regions
were removed by immersion development in 0.63 wt %

25 aqueous tetraméthylammonium hydroxide (TMAH) at 25°C
for 1.0 min. At a dose of 44 mJ/cm?, 0.6 pm line and
space patterns were obtained. ' "

. Example 6
30 To a 20 wt % solution of 1:1 P(BMA-co-TMA) in
cyclopentanone was added_o.l wt % of diphenfliod&niuh
g-toluenesulfonate.v A silicon wafer was spin coated
with the resulting solution at 1800 rpm and- heated at
115°C for S min on a hot plate to give a -1 pm thick
~35 film. . The wafer was exposed as in Example 1 and
heated at 115°C for 1 min. Immersion dévelopment in

This Sheet Has Been Replaced -
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acid |l abile group. For exanple, typically nononers 25 such as net hyl
met.-hacryl ate, butyl nethacrylate, benzyl methacrylate, benzyl acrylate and

styrene as Ssmall amounts (typically less than 5 nole. pp(n¢0591KH977
glzciQyI n&%ﬁéb???gfe as an adhesion pronoter are usefully enpl oyed. :
However, nononers 30 that are very easily hydrolyzed-or thermally |abile
functional groups should be avoi ded because j@f thernmal - instability. The
acid-l.abile resins utilized in the invention are typically fornmed by

pol yneri zati on of 35 nmonomneri c conponents that contain the acid-labile

group such as a npPrORRE g métpnbakbhke inalatet st st £04%8 min
afforded 0.8 um line and space patterns at a dose of
5 24 mJ/cm2. :

Example 7
To a 10 wt % solution of 1:1 P(BMA-co-TMA) in
cyclopentanone was added 0.2 wt % of dipheﬁyliodonium
10 Q-Eoluenesulfonate. A silicon wafer was 'spin coated
with the resulting solution at 2250 rpm and heated at
115°C for 5 min on a hot plate to give a 0.42 um
thick film. The coated wafer was exposed to 20 keV
electron-beam irradiation from a Cambridge
15 electron-beam exposure system. The exposed film was
heated at 115°C for 15 sec. Immersion development in
2.5 wt % morpholine in water at 25.0°C for 5-min
afforded 0.75 pm line and space patterns at 22 pC/cm?.

20 As many differing embodiments of this invention
may be made without departing from the spirit and
scope thereof, it is to be understood that this
invention is not limited to the specific embodiments
exemplified except as defined by the -appended claims. -

25

30

35 N _ -
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;h an al kyl vinyl ether 5 such as ethyl vinyl

fer that has been formed by the reactlon of a mononeric carboxylic acid
ether or a cyclic vinyl

coxyar al KO ¥18810 of a carboxylic acid that has been
ction of a hydroxyl aryl ester (or hydroxyaral kyl
';boxyllc acid with an al kyl vinyl ether sugp as ethyl

e vinyl ether such as di hydropyran. Alternatively,”
bynmer bound carboxylic acids with vinyl ethers in the
catial yst or the reaction of the 15 hydr ogilaIM®ups of

hiydroxy aryl esters (or hydroxyaral kyl
vinyl ethers in the presence of an acid catalyst
ppssi bl e to snt héthiate itshechaimedr is:

is enpl

1. A material comprising 1)

esters) of carbox

'er such as di hydropyran or a nononeric acid-1abile al koxy ar ér
oKy Hn ol
ester) of 10 a

vinyl ether or a
reactionof——-

G

oyed. It is

a polymer chosen

10

15

20

25

30

35

from the group consisting of compositions having a
polymer backbone and pendant groups bound directly or
indirectly to said backbone, said pendant groups
represented by the formulae:

or
-g-o-(cn ) _-C.H -o-c-cI:R3R4
2n 764
OR?
where
n is 0-4;
Rl is hydrogen or lower alkyl;
R? is lower alkyl; and
R3 and R? independently are hydrogen or lower .
alkyl where the definition of lower alkyl
includes the joining of R! and R2 or Rl and
either R3 or R4, or R? and either R3 or R%
to form a 5-,  6- or 7-membered ring; and (2)
a material that forms an acid upon
irradiation.

2. The material of Claim 1 wherein said
polymer comprises a copolymer, terpolymer or block
polymer.
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enpl oyed in the present invention fromthe above descri bed nononers by
ghoup transfer polynerization or by a polynerization reaction such as free

r &di cal po'{%ﬁquﬁ@i on or other polynerization methods such asPGMUSA1£01977

p LynprizéY / nol ecul ar wei ght of 25 t he polyner is dependent on

action paraneters such as reagents, concentrations, tenperature, tine and

. al ysts. These paraneters are interrel atedyand a control [

lized to determ ne the specific conditi o%g' necesary tp um"mnﬁu‘lmulll
ecular 30 weight. However, generally for nol ecul ar;wetghfts“n®*thé *
kired range and for typical copolynmers such as those of benzyl _
meyhacryl ate and tetrahydropyranyl methacryl ate concentrations in_the range
of }0.3t0 0.7 noles/lit&. tcPhermptesiadf ofpflaime stherpin$3td 35

cagal ysts sugh aﬁaQ@?ﬂ?@(ﬁﬁﬂﬁ?ﬂ§@%(Q'9890&9ﬂ%ﬁlenﬂéﬁ¥§1tﬁiﬂh@@?ylﬁ%ét'0”

tifes in the.range o
and tetrahydropyranyl methacrylate.

4. The material of Claim 2 wherein a monomer
used to form said cqpplymer, terpolymer or block
10 polymer comprises 4-tetrahydropyranyloxybenzyl

methacrylate.
* 5. The material of Claim 1 wherein said
' polymer comprises a homopolymer of 4-tetrahydro-

15 pyranyloxybenzyl methacrylate.

6. The material of Claim 1 wherein said
polymer is selected from the group consisting of
polymethacrylates, polyacrylates and polystyrenes.

20 ‘

7. The material of Claim 2 wherein the
polymer contains comonomers having no pendant acid
‘labile groups.

25 8. The material of Claim 7 wherein the
comonomer having no pendant acid labile groups is
selected from methyl methacrylate, butyl
methacrylate, benzyl’methacrylate, benzyl acrylate
and styrene.

30 .

9. The material of Claim 8 wherein glycidyl
methacrylate is added in a quantity suitable for
adhesion promotion.

35 10. The material of Claim 9 wherein the
quantity of glycidyl methacrylate added is abou§J§____

mole % or less. ——
| eet Has Been Replaced
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7 hours are enployed. If a relatively |ow polydispersivity is desired,

group transfer 5

o ol rer WaoRrE;

of the radiolytic acid 10 generator relative to the resin-in.-the . polynmer

pol yneri zation as described in U S. Patent 4,417,034 and

« Pol ymer Preprints”, Ameri-can Chenical Soci @ct/06¥1/0167
, 28(1), 106 (1987) is enployed. The wei ght percentage

shoul d generally be. as | ow as possible w thaqut unacceptably sacrificing
sensitivity. Wi ght percentages |ess than 0.%42 | ead to i nsﬁﬂu”melml lml " IIII
conposi tions while wei ght percentages greater than 5.0 te ais! } .
conpatibility and control problems. Further, it is possibl®e to add other
mononers or additives such as .

10

15

25

35

11. The material of Claim 8 wherein one of

5 the monomers is benzyl methacrylate.

.

12. The material of Claim 6 wherein said

polymer comprises an acrylic or methacrylic polymer.

13. The material of Claim 1 wherein said

.polymer is prepared by group transfer polymerization.

14. The material of Claim 1 wherein said

polymer is prepared by free radical polymerization.

15. The material of Claim 1 wherein said

polymer has a polydispersity less than 1.75.

16. The material of Claim 1 wherein said acid

20 generator comprises diphenyliodonium tosylate.

17. The material of Claim 1 wherein said acid

generator comprises triphenylsulfonium trifluoro-
methanesulfonate.

18. The material of Claim 1 further including

a solvent.

19. The material of Claim 18 wherein said

30 solvent is cyclopentanone.

20. The material of Claim 19 wherein said

material is applied-to a substrate.

21. A process for méking a device or mask

comprising the steps of forming a material on a

I
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| yketal s and acetals, plasticizers and/or crosslinkers into the resist
rposi-tion to nodify certain properties. Clearly it is contenplated that

 the acid (f or undergo acid fornmation upon exposure to pctiug91/01977
dikat i on. g’a‘?%iﬂbenerat or enployed is chosen for the partlcur‘r destred

agtinic radlatlon For exanple, acid generators such as ﬂw
tdsyl ate and tri phenyl sul foni um 25 trifl uor g thanesul’ n mﬂ ﬁ Eiuwl e
r deep ultraviolet, x-ray, electron bean1or on beam exposure.

mis initially formed by a variety of techniques such as those descri bed

30 Sem conduc r Lenum_ Pr. New Yor k,
B8. Typically, t gbrslglglg%%gng'%ﬁddiy%ﬁ?N%na/bgggyaegggll@e 1?2'8‘1%5’( P
sukh as- cyclopentaﬁ&ﬁeus1wm<§§1¢e§ﬂ#ﬁdkﬁﬁeﬂtaad|dailnnathﬁ material for
5 subsequent device or mask processing characterized in

that said material comprises 1) a polymer chosen from

the group consisting of compositions having a polymer

backbone and acid labile pendant groups bound

directly or indirectly to said backbone, said pendant
10 groups represented by the formulae:

o
-c-o-cl:-c-R3R4
ORr?
15 _
) or
0 r'H
I 115 g
~C-0-(CH,) -C¢H,-0-C-CRR
oRr?
20
where

n is 0-4;
Rl is hydrogen or lower alkyl;
R? is lower alkyl; and
25 R3 and R4 independently are'hydfogen or lower
alkyl where the definition of lower alkyl
includes .the joining of R! and R2 or R! and
either R3“or R4, or R? and either R3 or R4
to form a 5-, 6- or 7-membered ring; and 2)
30 ' a materia}-that forms an acid upon |
irradiation.

2;;' The process of Claim 21 wherein said
polymer compr1ses a copolymer, terpolymer or block

35 polymer.

——
e
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sdsvent of 10 to 20 wt % in the solvent are used to 35 . give approximately
1 Ferr]mthickness filns. For nethods such as spincoating the solution is
geheral ly pl aced 12 on the-wafer and the wafer is spun at a pet/es9i/01990
t o] 60Q0 rprWWO91/15810  After the resist is fornmed on the substrate, it is
deki rabl e al t hough not essential to prebake the material. This prebake is
copveniently perfornmed in the tenperature range 70 to 130[err] C for periods
infthe range 1/2 to 30 nmin. The tenperature &Ad time period 10 are

adjusted to obtain enhanced sensitivity and resolution. It is also

degirabl e, but not essential, to bake the exposed resist material after

ex*osure 23. The process of Claim 22 wherein said -
material comprises a copolymer of benzyl methacrylate

5 and tetrahydropyranyl methacrylate.

24. The'process of Claim 22 wherein a monomer
used to form said copolymer, terpolymer or block
pol?mer comprises 4-tetrahydropyranyloxybenzyl

10 methacrylate.

25. The process of Claim 21 wherein said.'
polymer comprises a homopolymer of 4-tetrahydro-
pyranyloxybenzyl methacrylate.

15

26. The process of Claim 21 wherein said

ﬁoiymer comprises an acrylic or methacryiic polymer.

27. The process of Claim 21 wherein said
20 polymer is selected from the group consisting of
polymethacrylate and polyacrylates.

_ 28. The process of Claim 21 wherein said
polymer is.prepafed by free radical polymerizatidh.
25
29. The process of Claim 21 wherein said
polymer is prepared by group transfer polymerization.

. 30. The process of Claim 21 wherein said acid
30 generator comprises diphenyliodonium tosylate.

31. The process of Claim 21 wherein said acid
generator comprises triphenylsulfonium trifluoro-
methanesulfonate.

35 o S
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‘pr ot ecti ng

il op the ex
unexposed

10

15

20

25

30

35

gecting group. Typically 15

Ee par onBaAsE]

thef or e devel opment to augnment the acid catal yzed renoval of the
. : penperatures in the range 70 to 115[err]C
otinme periods in the range 0.5 to 5 mn are pRAMPURYEH1977
ges are enployed to yield conplete conversion of the
gecting group to the acidic conpound. Particular time period and 20
berature ranges are affected by the regign conposition and the nature of
t he exposed
'ion has a different solubility fromthose portions that were not
cted to actinic b,
g
ns f@m ng salskratgs CaPsePPPredRasing. saddemate?dsd and before
p delineating said material.

group. After exposure and optional post-bake,

TPRé 2hrOBessCBRELARIN 21SANKARginy
d material that is

1Pnal skep o F sPofht BARIPIe L8 Maten] aln iy dhey

33.
irradiation and prior to delineation volume loss in

The process of Claim 21 wherein after
the irradiated region is less than 25%.

34.
irradiating is done with electrons.

The process of Claim 21 wherein the said

35. The process of Claim 21 wherein the

irradiating is carried out in the deep UV range.

36. A monomer of the structure 4-tetrahydro-

pyranYloiybenzyl methacrylate.
37.
oxybenzyl methacrylate.

A homopolymer of 4-tetrahydropyranyl-

38. A copolymer containing 4-tétrahydro-

pyranyloxybenzyl methacrylate.

39. The material of Claim 1 wherein a

crosslinker is added.

e

—
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30 devel opers are enployed. Aqueous-base solutions such as 0.25 wt %

t et ramet hyl ammoni um hydroxide in water are preferred since they avoid

typi cal disposal problens associated with organic solvents and devel op the
patterns w thout appreciable swelling. 35 After the photosensitive
region is developed the resulting pattern is useful as an etching mask or
13 for other conventional processing steps utilizing a delineated resist
patterf such as ion inplanation. 5 After use, the resist material is
typically renoved with a suitable solvenf.stripper such as nethyl ethyl

ket one. The foll owi ng exanples are illustrative of the

ABSTRACT
RESIST MATERIAL AND PROCESS FOR USE

Excellent resolution and sensitivity in the patterning of resists utilized in device and mask -
manufacture is obtained with a specific composition. In particular this composition involves
poiymers having recurring pendant acid labile o-alkoxyalkyl carboxylic acid ester moieties in
the presence of an acid generator activated by actinic radiation such as UV-visible, deep

ultraviolet, e-beam and x-ray radiation.
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i nvéntion....10. Exanple 1 A%Paaa%+eﬂ~€f 1: 1 Random Copol yner of

Tet r ahyHr opyFRIpATENENE SR TS e §ﬁd Bdnzyl Methacrylate by G ou er
Pol yner ziipl?ssnrg_uﬁn :paged.). 7o megedlltijon of 0.74 nl (R—S—TTHE f SHERT2
tri met hy| @idiexyet hoxgeeed -2.rtp ripgpd | 874 loxy - 2- net hyl - HEB

pL of t=tmahuuyka®mqmwmw1bmaq@@aﬁe hgxahydraie (0.0
in 75 nmL @A ’B%Hahyqls@édlr’aﬁﬁ figE) .under argon was adflef 2@ F t uy el of
25 nmL (25.43 g, 0.1445 nol) of benzyl] nethacrylate apd}{24 nlL (24. -
0. 1445 wlys0f ek opypnyl nethacryl ate (THPMA ate such t hat
t he tembe\)" %f oK '——ﬁég--r—éggéédg"%fzferr] C. nononter s had

i ndi vidual |y passed over colums of 25 b C al um naunder an argon
atnosphere j Bt prior to RESIST MATERIAL AND PROCESS FOR USE

1. i \'4
This invention relates to device fabrication
utilizing resist compositions and, in'particular

10 fabrication of devices and masks involving resist
materials undergoing acid catalyzed reaction.

2. Art Background
Lithographic patterning of circuit components
has become useful in the field of device fabrication,

15 e.g., semiconductor device fabrication,
interconnection media such as printed circuit boards,
and optoelectronic device fabrication. (See, for
example, C. Grant Willson and Murrae J. Bowden,
“"Resist Materials For Microelecttonics," ChemTech,

20 pages 102-111 (Feb. 1989).) Such processes involve-
the fabrication of devices or patterned regions on a
substrate such as a semiconductor substrate, e.g.,
silicon or on a chromium coated mask substrate.
(Substrate in the context of this invention refers to

25 the wafer, board, or mask on which the device or
pattern is being formed and includes in the former
case, if present, regions of semiconductor material,
dielectric material, and electrically conducting
material or in the latter case, optically-

30 transmitting material.) The fabrication'procedure
generally requires at least one step in which a
resist material is formed on the substrate and a
pattern is delineated in this material by exposure to
correspondingly patterned, actinic radiation, e.g.,

35 deep ultraviolet radiation (150 to 300 nanometers),
x-radiation (0.4 to 10 nanometers), ultraviolet




use.” NMR anal ysis of an aliquot of the reaction mixture showed no residual
gononmer. The product was precipitated in nmethanol and dried at room
tenperature to give 47.6 g of poly(benzyl 30

met hacryl at e-co-tetrahydropyranyl mnethacrylatg). GPC. Merr] - 19,500,

Merr] - 22,000, Merr]/Merr] = 1.13 (polystyrene standard). NVR anal ysis
of the copol yner shows the conposition to be 1:1 on a nolar basis. In a

simlar experinmentradidbiéh (131@0Cltlaglhbt)y:laﬁome(tferiﬂ)r}mﬁfﬂblie"litta'liltalﬂdmd
vas obtai ned wi th VAR Eo2799 BAROmRERFF) Bl Ry TGN Koy it Ha O 096,
S) 5 ion and electron beams. The act1n1c radiation
produces a chemical reaction in the film.which in
turn introduces a difference in solubility between
the exposed and unexposed regions. The exposed
pattern in the resist is developed with a suitable
10 solvent that preferentially solubilizes the exposed
or unexposed region. The pattern thus produced in
the resist  material is employed as a protective
barrier in subsequent device fabrication steps such
as etching, ion implantation, deposition and dopant
15 diffusion or employed as a protective barrier for
etching mask substrates.

Various resist materials relying on a wide
variety of chemistries have been proposed for use in
device fabrication. One such approach is discussed

20 in U.S. Patent No. 3,779,778. This approach employs
a water insoluble polymer containing one or- more acid
degradable groups. and a photosensitive acid
generator. Examples of photoacid generaﬁing
compounds are described in a paper by J. V. Crivello,

25 *"The Chemistry of Photoacid Generating Compounds" in
Polymeric Materials Science and Engineering
Preprints, Vol. 61, Amer. Chem. Soc. Meeting, Miami,
Fla., Sept. 11-15, 1989, pp. 62-66 and references
therein. The crux of thié approach involves the use
30 of a radiolytic acid.generator and a polymer whose
" pendant groups are chbseﬁ to be catalytically acid
labile; thus, the polymer is disclosed to contain one
6: more acid degradable linkages which are formed by
the nucleophilic reaction of hydroxy aromatic
35 compounds, N-alkylaryl sulfonamides or certain
secondary amines with alkyl vinyl ethers such as
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Exanpl e 2 Preparation of Honopol yner of Tetrahydropyranyl Methacrylate To a
solution of 0.30 nL (1 mml) of TTEB and 10 25 pL of tetrabutyl ammoni um
bi acet at e hexahydrate (0.04 Min THF) under argon in 75 nL of THF was added
20 g (19.6 niL, 0.1175 nol) of THPMA, that had been purified over a colum

of basic alum na just prior to use, at a raté such that the tenperature did
not 15 exceed 40[err]C. NMR analysis of an aliquot of the solution

showed t hat thered@%ﬁyqo¢i hdualhdPNBiy1 P £ R Eehe2Noir Nt hanol
foll owed by drying . in~a vacdum oven at room tenperature gave 19.9 g of

pol y(t et r ahydr opy Cdiyarepmrany| &Ag terehin bpst embgdimegtyodheferr] =

21,100, Merrk/ M qigalctiohsO%¥ ailydeosyian maeapialg @al prowicbingoved a

Tlerr] at 91[err]%&&%§¥n¥é%é%ed by relatively mild conditions are
described by J. E. Kerns et al., Journal of
Macromolecular Science and Chemistry, A8(4), 673
(1974).) (See also Canadian Patent No.  672,947).

10 U.S. Patent No. 4,491,628 also discloses resist
materials sensitive to ultraviolet, deep ultraviolet,
electron beam and x-ray radiation employing an acid
generator with a‘polymer having acid labile pendant
groups. The polymers include recurrent pendant

15 groups such as tertiary butyl ester or tertiary butyl
carbonate groups together with a generator of acid
that catalytically converts the protecting moiety to
an aqueous base solubilizing group. (A sensitizer
that alters wavelength sensitivity also is .

20 discussed.) The preferred acid labile pendant groups
are tertiary butyl esters of carboxylic acids and
tertiary butyl ethers and carbonates of phenols.
However; other acid labile groups such as trityl,
benzyl, benzylhydryl as well as others characterized

25 as "well known in the art" are discussed.

In a third resist employing an acid generator
and polymer combination (European Patent Application
0264908) the auto decomposition temperature of the
polymer, copolymer or terpolymer employed is

30 increased to greatef than 160°C by employing pendant
groups that form secondary carbonium ion |
intermediates with an available adjacent proton.

In other approaches to resist chemistries, a
polymer (without radiation sensitive acid generator)

35 is formulated to have a backbone and pendant group
that together yield the desired properties. Such
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Preparation of 1:1 Random Copol yner of Tetrahydro- 25 pyr anyl

Met hacryl ate and Benzyl Methacrylate To a solution of 12 nL of THPMA and
12.5 mL of benzyl nethacrylate (both nonomers purified separately over.
basic alumna) in nethyl ethyl ketone (degassed with nitrogen) under argon
at 75C was 30 added 0.15 g of azo-bis-isbutgronitrile ("VAZO 64"). After
a total reaction tinme of 11.5 hr and a total VAZO 64 catal yst addition of
0.3 g, precipitation in hexane gave 22.2 g of pol y(benzyl nethacryl ate-co-
tetrahydropyranyl mpriopased fiatleriiRdesainites din aTapdneseal Kokai ¥6.t he

reaction mxture shatRd $3¥ea) Y1681 Yokliilhes FheA £ hdemadly 0
' 5 backbone and alkoxyalkyl pendant groups. '
SUMMARY OF THE INVENTION
The present invention involves the fabrication

of devices utilizing resist formulations that afford

10 sensitivities better than 30 mJ/cm? for optical
radiation, 25 pC/cm2 for electron radiation, and
resolution better than 1.0 um. The resists include
acid generators and polymers that possess recurring
acid labile groups including a-alkoxyalkyl carboxylic

15 aéid esters and/or a-alkoxyalkyl ether derivatives of
hydroxyaryl or hydroxyaralkyl esters of carboxylic
acids. These resists are sensitive not only to deep
UV radiation but also to UV radiation, x-radiation,
and particle beam radiation. The inventive resist

20 materials include an acid generator;and a resin
generically described as having pendant functional
groups attached directly or indirectly to a polymer
backbone where the structure of the pendant group is
represented by the formulae:

25
o ¥
-c-o-cI:-c-R3R4
oRr?
30 .
0 RYH
i L1 s e
~-C-0-(CH,) ~CH,-0-C-CR’R
or?
35
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Merr]/Merr] = 2.433. 5 Exanple 4 Preparation of :

Pol y(4-tetrahydropyranyl oxybenzyl nethacrylate) A Preparati on of Mt hyl
4- Tet r ahydr opyr anyl - 10 oxybenzoate To a stirred m xture of 157 nL
(1.72 nol) of 3,4-dihydro-4H pyran, 300 nL of methylene chloride and 131 g
(0.86 nol) of nethy1 4- hydr oxybenzoate was &dded 5 drops of 20% sul furic
acid. Addition of the 15 acid caused the ester to dissolve and the
tenperature to rise 6[err]C. After stirring for 20 hr, the solution was
evapor at ed, and uhernasidue was di ssolved in ether and passed through a

short colum of basic Q%q? The effluent was evaporated to small 20
vol unme, and 144.7 g of q?t y 4% t et r ahydr opyr anyl oxy.
5 hydrogen, lower alkyl (e.g. alkyl hav1ng

up to 6 carbon atoms);
R2 is lower alkyl; and
R3 and R? independently are hydrogen or lower
alkyl where the definition of lower alkyl
10 includes the joining of Rl and R2 or Rl and
) either R3 or R4, or R? ana e1ther R3 or R4
to form a 5-. 6- or 7-membered ring.
Exemplary of resins utilized in these resist
compositions are copolymers of benzyl methacrylate
15 and tetrahydropyranyl methacrylate, and polymers of

4-tetrahydropyranyloxybenzyl methacrylate (or
acrylate).

DETAILED DESCRIPTION OF THE INVENTION

20 Excellent resolution and sensitivity are
obtained in device and mask fabrication by utilizing
specific resins in conjunction with a radiolytic acid
generator. Such resins involve a polymer backbone
such as methacrylate, acrylate, or styrene backbone

25 having pendant acid labile groups attached directly
or.indirectly to the polymer chain described as:

R

|
30 - ’0'?’
0

35
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benzoate crystallized as an off-white solid, mp. 70C. [err]H NVR (360 Mz,
cbaferr], d ppm Jin Hz): 1.5-2.1 (ms, 6H CHerr]), 3.87 (s, 3H Ow),
5.49 (t, J=3.6, 25 1H, OCHO), 7.06 (d, J=9, 2H, ArH), 7.97 (d, J=9, 2H,
ArH . IR (CO[err]): 1722 cnierr] (ester CO. B. Preparati on of

Tet r ahydr opyr anyl oxybenzyl 30 Al coholé To a nechanically stirred
slurry of 10 g of lithium alum num hydride and 100 nL of tetrahydrofuran
was added dropwi se with cooling in an ice bath a solution of 32.9 g (0.139
mol ) of nethyl 35 OTr4-tetrahydropyranyl oxy benzoate at a rate such that the
tenperature did not exceed 30[erg] C. After stlrrln@ H

; I |1,
-C-O-(CHz)n—C6H4-0-C—QR

|
OR®

R4

where:
n is 0-4;
Rl is hydrogen or lower alkyl (alkyl having up
to 6 carbon atoms);

R2 is lower alkyl (having up to 6 carbon atoms)
and

10

R3 and R? are independently hydrogen or'lower
alkyl and where the generic description
includes compositions such that the
structure is as defined above but where Rl
and R?, or R! and either R3 or R4, or R2 and
either R3 or R? are connected to fbrm as, 6
or 7 membered ring.

15

20

Examples of resins-utilized in these resist
compositions are copolymers of benzyl methacrylate
and tetrahydropyranyl methacrylate and benzyl
mathacrylate and tetrahydropyranyloxybenzyl
methacrylate, and polymers of 4-tetrahydro-
pyranyloxybenzyl methacrylate (or acrylate).  The

- structure of the phenylene group (CgH,) in the
4-tetrahydropyranyloxybenzyl methacrylate (or
acrylate) may be ortho, meta or para.

If a copolymef'is used, the ratio of acid
labile groups to non-acid labile groups in the
copolymer is dependent on the structure and acidity
of the polymeric acid species formed upon
irradiation. For methacrylic acid forming systems
the ratio should be at least one acid labile moiety
per twenty hydrophobic groups. Mole ratio required
depends strongly on strength of acid, molecular size

25

30

35
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16 18 hr at roomtenperature, the solution was treated cautiously with 100
m. of water. The m xture was 5 filtered, and the filtrate was stirred
with 200 nL of aqueous sodi um hydroxide for 2 hr. The organic | ayer was
separated and evaporated with a rotary evaporator. The residue was

di ssolved in 200 nL of ether and washed three tinmes wth 5% aqueous sodi um
10 bi carbonate and dried over sodium sulfate. Evaporation gave 20.58 g of
4-tetrahydropyranyl oxy benzyl alcohol as a liquid. [err]H NVMR (360 M-z,
THF-d8): 1. 45-2.df (agidl-lhileiyroeps and hwdroempbicity ®f£3 non-agid

g:!"[?rg] ) 1H4 %rmﬁ%g}gﬂtﬁ;p 18|-h ékktrél‘%aﬁlg’le‘] i& e%'é"ll@" gﬂ[ﬂdﬁi}m 5.35
5 determ1ne sulﬁable tatxos for des:red group.
Additionally, both the ratio of the acid labile
pendant group to non-acid labile groups and the type
of pendant groups employed should be chosen so that
after exposure and optional post exposure bake, but
10 before development, a volume loss of less than 25% is
incurred in the exposed region. (Volume loss is
measured by layer thickness changes.) For volume
losses greater than 25%, image distortion is
possible. Groups such as tertiarybutylcarbonyloxy
15 afford volatile products which in turn produce
relatively large volume changes uﬁon exposure and
subsequent optional thermal processing to complete
the reaction. Groups such as'tetrahydropyranyloxy
" attached to aromatic acrylic polymers and present in
20 only one monomer of a copolymer or terpolymer afford
volume changes less than 25% after exposure and
further proces;ing.
The molecular weight of the resin material
should generally be in the range of 5,000 to
25 500,000 g/mole. Molecular weights less than
5,000 g/mole lead to poor £ilm formation
characteristics and too rapid dissolution of the
base-soluble form, while molecular weights greater
than 500,000 g/mole lead to solutions with too high
30 viscosity and poor dissolution characteristics upon
' exposure and processing. The polydispersiyity of the
polymer (M,/M,) should be less than 1.75.
Polydispersivities greater than 1.75, although not
precludéd, geneially lead to decreased lithographic
35 reproducibility. If the resist is used during
subsequent plasma processing, the monomers employed
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| R shows no ester C=0 absorption. 20 C. Preparati on of

4- Tet r ahydr opyr anyl oxybenzyl Methacrylate To a stirred solution of 62.4 g
(0.3 mpl) of 4-tetrahydropyranyl oxy benzyl alcohol and 58.5 ni of
triethylamne in 225 nL of methylene chloride and 225 25 nmL of di et hyl
ether cooled in an ice bath was added dropw%se 3.9 nL (0.33 nol) of

met hacrylyl chloride at a rate such that the tenperature did not exceed
30[err]C. After 3.5 hr, the mxture was filtered, and the fitrate was

evaporated. The pesieia! ol knéepealant! GFaher stioi gy ¢ iyl am ne

and washed with water, Tﬁe gani c a er was drie un1sd{fate and
evaporated to a JBFRokhak| thﬁhﬁéﬁssoﬁfﬂ“ér’rd‘llﬁg‘ g'ﬁgazdd%ﬂ Iﬁh%rﬁ%ﬁ‘hﬁi%d The

crystals werg ri aeeﬂnmshp@eimhblmuahe&f R FUIC lghdimest/- 3 g of 35

col orless CryStalséfergbl ?gheLe BL IBBQ% prqgw%béﬁin a de51rab1e
Tg, aromatic monomers such as styrene and benzyl
methacrylate that are compatible with the desired
lithographic characteristics are employed. '

10 Additionally, solutions of the material should be of
suitable viscosity, generally in the range of 10 to
500 cp, to form an essentially pinhpie-free,
continuous coating on the substrate with thicknesses
in the range of 0.5 to 2.0 um. For example, in the

15 case of a silicon-based.substrate, the polymers
forming resist layers thinner than 0.5 pum are
difficult to maintain pinhole-free, while layers
thicker than 2.0 um are difficult to coat uniformly.
These resists are sensitive not only to déep uv

20 radiation but also to UV radiation, x-radiation, and
particle beam radiation. '

Pendant groups of the generic formulae above
are attached to the polymer backbone or ate'directly
or indirectly pendant from the polymer backbone.

25 Examples of attachment points are 1) the carbon atom
in the a-position relative to the éarboxylic acid
group in acrylic or methacrylic polymers; and 2) the
carbon atom in the benzene ring of polystyrene that
is para- to the point of polymer backbone attachment;

30 Although the specific backbone employed in the
resin is not critical, methacrylates, acrylates and
styrenes are advantageously used since they generally
Yield materials with relatively low optical demsities
needed for high resolution in spectral regions

35 suitable for exposure, e.9. 248 nm. Typically
optical densities for the resins of greater than
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be recrystallized from hexane at |ow tenperature. 17 [er]H NVR (360 MHz,
THF-d[err]): 1.5-1.82 (mMs, 6H CHerr]), 1.90 (m 3H CHerr]C), 3.5 (m
1H, OCH err]), 3.8 (m 1H, 5 OCH2), 5.07 (s, 2H, ArCH err]0O0C), 5.40 (t,
J=3, 1H, OCHO), 5.52 (m 1H =CH), 6.05 (m 1H =CH), 7.0 (m 2H ArH),
7.27 (m 2H, ArH). IR (Cd[err]): 1720 cniewdr] (conj. ester C=0, 1640
cnferr] (GC. 10 D. Preparation of Poly(4-tetrahydropyranyl- oxybenzyl
met hacryl ate) After purification by passage of a solution in hexane over a
short colum of b&sBO® @Pewnuwrnarel utglesirable. For suitable

resolution, resist thicknesses in the range 0.8 to

5 1.2 ym are employed in device fabrication while
thinner 0.2-0.5 pm films are adequate for mask
fabrication. If the optical density of the resin is
greater than 0.30 per um, a uniform optical exposure
through the thickness of such materials is not

10 generally attained and resolution is degraded.

The specific pendant group within the generic
class described also affects resist properties. For
example, if the resist is to be employed as a mask in
a plasma etching procedure it is desirable to include

15 aromatic moieties such as phenyl groups which offer
relatively high resistance to typical plasma etchants
such as Cl, and CHF3;. Similarly, if adhesion is more
desirable than etch resistance, another mbieﬁy also
is employed.

20 It is also possible to modify resist properties
by employiné a backbone polymer that is a copolymer,
terpolymer or block copolymer of various monomers.

At least one of the comonomers must contain a pendant
acid labile group. For example, typically monomers

25 such as methyl méthacrylaté, butyl methacrylate,
benzyl methacrylate, benzyl acrylate and styrene as
well as small amounts (typically less than 5 mole
percent) of glycidyl methacrylate as an adhesioh
promoter are usefully employed. However, monomers

30 that are very easily hydrolyzed or thermally labile
functional groups should be avoided because of
thermal instability.

' The acid-labile resins utilized in the
invention are typically formed by polymerization of
3s monomeric components that contain the acid-labile
group such as a monomeric acid-labile carboxylic acid
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15 © (52.3 mmol) 4-tetrahydropyranyl oxybenzyl nethacrylate, was dissol ved
in 45 nmL of THF, and then treated 0.4 nL (2.42 mol) of bis(dinethylam no-
net hyl sil ane (scavenger). After stirring for 30 mn, 0.101 nL (0.503 mmol)
of 1-met hoxy-1-trinethyl- 20 si | oxy-2- et hyl - 1- propene and 20 pL of
tetra- butyl anmoni um m chl orobenzoate (0.3 Mgn THF) were added. Since no
exot herm c pol ynerization was observed, an additional 40 [err]L of

t et rabut yl ammoni um m chl or obenzoate (0.3 Min THF) was added. A 25
tenperature rise cdster drdrat riegls dbeemof @bmeéd@nby Yhenrehetioenpefabure had

et hanol . Addi 1 ol OHELES ceat st £RE ePEarBEeho8Ry SThvibinky eser,
preci pitationSf Isudy as Etigyl vinyl (etherrabydr opglicyvinyBepther
methacryl ate) as aggdll Od Ffny@tofyr&hof PR! ¥5h¥hEREcShaTd21dbile
alkoxy aryl ester (or alkoxyaralkyl ester) of a
carboxylic acid that has been formed by the reaction
of a hydroxyl aryl ester (or hydroxyardlkyl ester) of
10 a carboxylic acid with an alkyl vinyl ether such as
ethyl vinyl ether or a cyclic vinyl ether such as
dihydropyran. Alternatively, reaction of polymer
bound carboxylic acids with vinyl ethers in the
presence of an acid catalyst or the reaction of the
15 hydroxyl groups of polymer bound hydroxy aryl esters
(or hydroxyaralkyl esters) of carboxylic acids with
vinyl ethers in the presence of an acid catalyst is
employed. .
It is possible to synthesize the polymers
20 employed in the present invention from the above
described monomers by group transfer polymerization
or by a polymerization reaction such as free radical
polymerization or other polymerization methods such
as anionic polymerization. The molecular weight of
25 the polymer is dependent on reaction parameters such
as reagents, concentrations, temperature, time and
caéalysts. These parameters are interrelated and a
control sample is utilized to determine the speciﬁic
conditions necesary to yield a desired molecular
30 weight. However, generally for molecular weights in
the desired range and for typical copolymers such as
those of benzy} methacrylate and tetrahydropyrényl
methacrylate concentrations in the range of 0.3 to
'0.7 moles/liter, temperatures of approximately 80°C, .
35 catalysts such as benzoyl peroxide (0.006 to 0.01
moles/liter) and reaction times in the range of 3 to
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Merr] =23,300, Merr] = 28,900, Merr]/Merr] =1.24. [err]H NVR (360 Mz,
THF-d[err]: 0.75m 0.95, 1.15 (br s, 3H, CH3) 1.45-2.05 (br m's, 8H,
CHerr]), 3.51 (m 1H, OCHerr]), 35 3.80 (m 1H, OCH err]), 4.84 (br s,
2H, ArCHerr]O, 5.40 (m 1H OCHO, 7.01 (m 2H ArH), 7.23 (m 2H, ArH).
18 The tactic conposition estimated fromthalferr]H nmethyl resonance
intensities is 54%rr, 43%rm and 5 3%rr. IR (nujol): 1730 cnferr]
(unconj ugated ester CCO. WV (glynme): 225 nm ([err] 11,466), 272 nm ([err]
1053), 278 nm ([ e7 rjowfsS)ar®©3Bnployed.791¢[ &r rledatiyely low

polydispersivity is desired, group transfer

5 polymerization as described in U.S. Patent 4,417,034
and in Dicker, et al., "Polymer Preprints”, American
28(1), 106 (1987) is employed.

The weight percentage of the radiolytic acid

10 generator relative to the resin in the polymer should
generally be as low as possible without unacceptably
sacrificing sensitivity. Weight percentages less
than 0.1 lead to insensitive compositions while
weight percentages greater than 5.0 tend to yield

15 compatibility and control problems. Further, it is
possible to add other monomers or additives such as
polyketals and acetals, plasticizers and/or
crosslinkers into the resist composition to modify
certain properties. Clearly it is contemplated that

20 the acid generator undergo acid formation upon
exposure - to actinic radiation. The acid generator
employed is chosen for the particular desired actinic:
radiation. For example, acid generators such as
diphenyliodonium tosylate and triphenylsulfonium

25 trifluoromethanesulfonate are suitable for deep
ultraviolet, x-ray, electron beam or ion beam
exposure,

The resist film is initially formed by a

variety of techniques such as those described in

30 Semiconductor Lithography, by W. M. Moreau, Plenum
Press, New York, 1988. Typicélly, the resin and acid
generator are dissolved in solvents such as
cyclopentanone. Typical resin concentrations in the
solvent of 10 to 20 wt % in the solvent are used to

35 give approximately 1 uym thickness films. For methods
such as spincoating the solution is generally placed
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Exanple 5 To a 20 w % solution in 2-methoxyethyl ether of a methacrylate
copol yner containing 55 nole % benzyl nethacrylate and 45 nole %

t et rahydropyranyl 15 met hacryl ate [ P(BMA-co- TMA)] havi ng a nol ecul ar

wei ght of 18,000 g/nole was added 0.4 wt % of triphenylsul fonium
trifluoronmethanesul fonate. The resulting soa tion was used to spin coat a
silicon wafer at 1000 rpm The coated wafer “was heated at 20 105[err]C
for 15 min to give a 0.8 [err]mthick filmand then was exposed to 248.4 nm

light using a 0.38,Npe 5%;3 gﬂgﬂ'ﬁf tha! bafet! 4R 3PN YEQl RUROTE 2000

apparatus. After curln at 25C the exposed regi ons were renoved
by i mrersi on deveF%pﬁ% @ reme. 63 wt % 25  aqueous t et ramet hyl anmoni um,

hydroxide (TM\H) at 25[gftkE Eaé te8iBtnis Aormeddvn dthetsubbtudtas, it 0. 6

[err]mline and SESCSeEQ}Lgi 8u3 ta”aeessent:.al to prebake the
material. This prebake is conveniently performed in
the temperature range 70 to 130°C for periods in the
range 1/2 to 30 min. The temperature and time period

10 are adjusted to obtain enhanced sensitivity and
resolution. It is also desirable, but not essential,
to bake the exposed resist material after exposure
but before development to augment the acid catalyzed
removal of the protecting group. Typically

15 temperatures in the range 70 to 115°C in conjunction
with time periods in the range 0.5 to 5 min are
employed. These parameter ranges are employed to
yield'complete converéion of the protecting group to
the acidic compound. Particular time period.and

20 temperature ranges are affected by'the resin
composition and the nature of the protecting group.

Affer exposure and optional post-bake, the
exposed portion has a different solubility from those
portions that were not subjected to actinic"

25 radiation. Generally a solvent is employed to
develop the exposed material that is preferentially
dissolved and leaves the unexposed portion of the
resist material essentially untouched. For resins.
forming acidic groups:upon exposure, aqueous base

30 developers are employed. Aqueous-base solutions such
as 0.25 wt % tetramethylammonium hydroxide in water
are preferred since they avoid typical disposal
problems associated with organic solvents and develop
the patterns without appreciable swelling. '

35 After the photosensitive region is developed
the resulting pattern is useful as an etéhing mask or
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Exanpl e 6 30

To a 20 wt % solution of 1:1 P(BMA-co-TMA) in

cycl opent anone was added 0.1 wt % of di phenyl i odoni um p-tol uenesul f onat e.

silicon wafer was spin coated with the resulting solution at 1800 rpm and

heated at 115[err]C.for 5 min on a hot plate to give a 1 [err]mthick 35
film The wafer was exposed as in Exanple 1138nd heated at 115[err]C for
m n. | nmersion. devel opnent in 19 2.5 wt % norpholine in water-at

25[err]C for 8 mn afforded 0.8 pm|ine_and space patterns at _a dose of 5
£or rihen copveptirnelopreressimy mirern-ubidizing a

24 mi/ cn2. Exanpl

5

10

15

20

25

30

35

delineated resist pattern such as ion implanation.

After use, the resist material is typically removed

with a suitable solvent stripper such as methyl ethyl
ketone.

The following examples are illustrative of the
invention.

Example 1
Preparation of 1:1 Random Copolymer of
Tetrahydropyranyl Methacrylate and
Benzyl Methacrylate by Group Transfer Polymerization
To a solution of 0.74 mL (2.5 mmol) of 1-(2-
trimethylsiloxyethoxy)-1-trimethylsiloxy-z—methyl;l-
propene (TTEB) and 50 uL of tetrabutylammonium
biacetate hexahydrate (0.04 M in tetrahydrofuran) in
75 mL of tetrahydrofuran (THF) under argon was added
a mixture of 25 mL (25.43 g, 0.1445 mol) of benzyl
methacrylate and 24 mL (24.57 g, 0.1445 mol) of
tetrahydropyranyl methacrylate (THPMA) at a rate such
that the temperature did not exceed 38.2°C. Both '
monomers had been individually passed over columns of
basic alumina under an argon atmosphere just prior to
use. NMR analysis of an aliquot of the reaction
mixture showed no residual monomer. The product was
precipitated in methanol and dried aé room
temperature to give 47.6 g of poly(benzyl
methacrylate-co-tetrahydropyranyl methacrylate).
GPC: Mp = 19,500, M, = 22,000, M /H, = 1.13
(polystyrene standard). NMR analysis of the
copolymer shows the composition to be 1:1 on a molar
basis. In a similar experiment in which the gquantity
of monomers, initiator and catalyst were decreased to
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cycl'opent anone was added 0.2 wt % of di phenyliodoni um 10

p-tol uenesul fonate. A silicon wafer was spin coated with the resulting
solution at 2250 rpm and heated at 115[err]C for 5 mn on a hot plate to
give a 0.42 [err]mthick film The coated wafer was exposed to 20 keV

el ectron-beamirradi ation froma Canbridge 134 el ectron-beam exposure
system The exposed filmwas heated at 115[err]C for 15 sec. |mmersion
development in 2.5 w % norpholine in water at 25.0[err]C for 5 mn,
afforded 0.75 pm | 608 afidtbpaaboyet mmomnts, 22 ¥ oRa¥ Mg v3s obtained
As many differing digrent § q0halohi § i vent i ) nede, ¢ ¢ hout _
departing fromt hewggﬁr E‘T‘Egn 9s'f38t8é t regl,'(iﬂ{b m{)ﬁ%e Sﬁd%gr st ood t hat
this invention3 s not linited to the specific enbodi ments exenplified
except as defined by the appended cl ai nms. gzamgle 2 —_

Preparation of Homopolymer
of Tetrahydropyranyl Methacrylate
To a solution of 0.30 mL (1 mmol) of TTEB and
10 25 pL of tetrabutylammonium biacetate hexahydraﬁe
(0.04 M in THF) under argon in 75 mL of THF was added
20 g (19.6 mL, 0.1175 mol) of THPMA, that had been
purified over a column of basic alqmina just prior to
use, at a rate such that the temperature did not
15 exceed 40°C. NMR analysis of an aliquot of the
solution showed that there was no residual monomer.
Precipitation in methanol followed by drying in a
vacuum oven at .room temperature gave 19.9 g of
poly(tetrahydropyranyl methacrylate). GPC: M, =
20 19,300, M, = 21,100, M,/M, = 1.093. Differential
scanning calorimetry showed a Tg at 91°cC.

. Example 3
Preparation of 1:1 Random Copolymer of Tetrahydro-
25 _pyranyl Methacrylate and Benzyl Methacrylate

To a solution of 12 mL of THPMA and 12.5 mL of
benzyl methacrylate (both monomers purified
separately over basic alumina) in methyl ethyl ketone
(degassed with nitrogen) under argon at 75°C was ;

30 added 0.15 g of azo-his-isbutyronitrile ("VAZO 64").
After a total reaction time of 11.5 hr and a total
VAZO 64 catalyst addition of 0.3 g, precipitation in
hexane gave 22.2 g of poly(benzyl methacrylate-co-
tetfahydropyranyl methacrylate). . NMR analysis of an

35 aliquot of the reaction mixture showed 92% '
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35 21 3. The material of Claim2 wherein said 5 material conprises a
copol yner of benzyl nethacrylate and tetrahydropyranyl nethacrylate. 4.

The material of Claim2 wherein a nonomer used to form said copol yner,
terpol ynmer or block 10 pol ynmer conprises 4-tetrahydropyranyl oxybenzyl

nmet hacryl ate. 5. .The material of Caim1 wherein said polynmer conprises a
honmopol yner of 4-tetrahydro- 15 pyranylox}genzyl net hacryl ate. 6. The
material of Claim1 wherein said polyner is selected fromthe group

consisting of conversion. GPC: M, = 20,000, M, = 48,700,
M,/M, = 2.433.

Example 4
_ Preparation of _ _
Poly(4-tetrahydropyranyloxybenzyl methacrylate)
A. Preparation of Methyl 4-Tetrahydropytanf1—
10 oxybenzoate
To a stirred mixture of 157 mL (1.72 mol) of
3,4-dihydro-4H-pyran, 300 mL of methylene chloride
and 131 g (0.86 mol) of methyl 4-hydroxybenzoate was
added 5 Adrops of 20% sulfuric acid. Addition of the
15 acid caused the ester to dissolve and the temperature
to rise 6°C. After stirring for 20 hr, the solution
was evaporated, and the residue was dissolved in
ether and passed through a short column of basic
alumina. The effluent was evaporated to small
20 volume, and 144.7 g of methyl 4-tetrahydropyranyloxy
benzoate crystallized as an off-white solid, m.p.
70°C. . ,
1y NMR (360 MHz, CDCl,, d ppm, J in Hz): 1.5-2.1
(m's, 6H, CH3), 3.87 (s, 3H, OMe), 5.49 (t, J=3.6,
25 1H, OCHO), 7.06 (d, J=9, 2H, ArH), 7.97 (d, J=9, 2H,
- ArH). '
IR (CClg): 1722 cm~! (ester C=0).

B. Pteparatiod of Tetrahydrbpyranyloxybenzyl
30 Alcohol _ .

To a mechanically stirred slurry of 10 g of
lithium aluminum hydride and 100 mL of '
tetrahydrofuran was added dropwise with-cooliné in an
ice bath a solution of 32.9 g (0.139 mol) of methyl

s 4-tettahydropyfanylo;y benzoate at a rate such that
the temperature did not exceed 30°C. After stirring
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pol ynet hacryl ates, pol yacryl ates and pol ystyrenes. 20 7. The material of
Claim 2 wherein the polynmer contains conononers having no pendant acid

| abil e groups. 25 8. The material of Claim7 wherein the
conononer having no pendant acid labile groups,.is selected from net hyl

met hacryl ate, butyl nethacrylate, benzyl netHH%rylate, benzyl acrylate and
styrene. 30 9. The material of Caim8 wherein glycidyl nethacrylate is

materi Al of (O ai m 38 At Tae SHEIEFR orDs B 1uBian voraFESasedd s
about 5 nole % or lcaddiously with 100 mL of water. The mixture was
5 filtered, and the filtrate was stirred with 200 mL of
agqueous sodium hydroxide for 2 hr. The orgenic layer
was separated and evaporated with a rotary
evaporator. The residue was dissolved in 200 mL of
ether and washed three times with 5% aqueous sodium
10 bicarbonate and dried over sodium sulfate. _
Evaporation gave 20.58 g of 4-tetrahydropyranyloxy
benzyl alcohol as a liquid.
ln NMR (360 MHz, THF-dg): 1.45-2.0 (m's, 6H, CH,),
3.5 (m, 1H, OCHZ), 3.8 (m, 1H, OCHZ), 4.25 (t, J=6,
15 1H, OH), 4.45 (d, J=6, 2H, ArCH,OH), 5.35 (t, J=3,
1H, OCHO), 6.95 (4, J=8, 2H, ArH), 7.19 (d, J=8, 2H,
ArH).
IR shows no ester C=0 absorption.

20 c. Preparation of 4-Tetrahydropyranyloxybenzyl
Methacrylate
To a stirred solution of 62.4 g (0.3 mol) of
4-tetrahydropyranyloxy benzyl alcohol and 58.5 mL of
triethylamine in 225 mL of methylene chloride and 225
25 mL of diethyl ether cooled in an ice bath was added
dropﬁise 31.9 mL (0.33 mol) of methacrylyl chloride
at a rate such that the temperature did not eiceed
30°C. After 3.5 hr, the mixture was filtered, and .
the fitrate was evaporated. The residual oil was
30 treated with ether and triethylamine and washed with
water. The organic layer was dried (sodium sulfate).
and evaporated to a yellow 611, which, on standing,
graddally crystallized. The crystals were rinsed
with a small amount of methanol to give 7.3 g of
35 colorless crystals, m.p. 36-36.7°C. The product can
be recrystallized from hexane at low temperature.




20 CLAIMS 5 VWhat is clainmed is: 1. A material conprising 1) a polyner
chosen from the group consisting of conpositions having a pol ymer backbone
and pendant groups bound directly or 10 indirectly to said backbone, said
pendant groups represented by the fornulae: jerr] 15 or [err] 20 where

'lH NMR (360 MHz, THF-dg): 1.5-1.82 (m's, 6H, CHj),
1.90 (m, 3H, CH3C=), 3.5 (m, 1H, OCHZ), 3.8 (m, 1H,

5 OCH;), 5.07 (s, 2H, ArCH,00C), 5.40 (t, J=3, 1H,
OCHO), 5.52 (m, 1H, =CH), 6.05 (m, 1lH, -CH), 7. 0 (m,
2H, ArH), 7.27 (m, 2H, ArH).

IR (CCl,): 1720 cm~! (conj. ester C=0), 1640 cm~l
(C=C). ’
10
D. Preparation of Poly(4-tetrahydropyranyl-
oxybenzyl methacrylate)
After purification by passage of a solution in
hexane over a short column of basiq.alumina, 14.45 g

15 (52.3 mmol) 4-tetrahydropyranyloxybenzyl
methacrylate, was dissolved in 45 mL of THF, and then
treated 0.4 mL (2.42 mmol) of bis(dimethylamino-
methylsilane (scavenger). After stirring for 30 min,
0.101 mL (0.503 mmol) of l-methoxy-l-trimethyl-

20 siloxy-2-methyl-l-propene and 20 uL of tetra-
butylammoqium m-chlorobenzoate (0.3 M in THF) were
added. Since no exothermic_polymerization was
observed, an additional 40 uL of tetrabutylammonium
m-chlorobenzoate (0.3 M in THF) was added. A

25 temperature rise of 6°C occurred during 25 min. When
the temperature had returned to room temperature, the.
reaction was quenched with 1 mL of methanoia
Addition of the reaction mixture to 500 mL of.
methanol caused'precipitation of 12.64 g of

30 poly(4-tetrahydropyranyloxybenzyl méthéérflate)'as a
colorless solid. GPC (polystyrene standard):

M, =23,300, F, = 28,900, M /M = 1.24.

1y NMR (360 MHz, THF-dg: 0.75m 0.95, 1.15 (br s, 3H,

CH3) ‘1.45-2.05 (br m's, 8H, CHZ), 3.51 (m, 1H, OCHZ),
- 3% 3.80 (m, 1H, OCH,), 4.84 (br s, 2H, ArCH,0), 5.40 (m,

"1H, OCHO), 7.01 (m, 2H, ArH), 7.23 (m, 2H, ArH).

"~ REPLACEMENT SHEET

48 FEB 997

M ———




nis 0-4; Rerr] is hydrogen or |ower alkyl; 25 Rlerr] is |ower
al kyl; and Rlerr] and Rlerr] independently are hydrogen or |ower alkyl
where the definition of |ower alkyl includes the joining of Rlerr] and
Rlerr] or Rlerr] and either R err] or Rlerr],_or Rerr] and either Rerr]

or Rerr] 30 to forma 5-, 6- or ¥8menbered ring;, and (2) a
material that forms an acid upon irradiation. 2. The material of daiml
wheroin said 35 polyTErn oML SRS EoRBBSLYNBh ebBLRGLLEPEBR RhEChn

methyl resonance intensities is 54% rr, 43% rm, and
5 3% rr. ' . - _
- IR (nujol): 1730 cm~1 (unconjugated ester—C<0).
UV (glyme): 225 nm (¢ 11,466), 272 nm (e 1053), 278
nm (e 903). '
DSC: Tg = 79.8°C.
10
Example 5
To a 20 wt % solution in 2-methoxyethyl ether
of a methacrylate copolymer containing 55 mole %
benzyl methacrylate and 45 mole % tetrahydropyranyl
15 methacrylate [P(BMA-co-TMA)] having a molecular
weight of 18,000 g/mole was added 0.4 wt % of
triphenylsulfonium trifluoromethanesulfonate. The
resulting solution was used to spin coat a silicon
wafer at 1000 rpm. The coated wafer was heated at
20 105°C for 15 min to give a 0.8 pm thick film and then
was exposed to 248.4 nm light using a 0.38 NA, 5X
demagnification step-and-repeat exposure apparatus.
After cuting for 2.0 h at 25°C the exposed regions
were removed by immersion development in 0.63 wt %
25 agqueous tetraméthylammonium hydroxide (TMAH) at 25°C
for 1.0 min. At a dose of 44 mJ/cm?, 0.6 ym line and
space patterns were obtained.

Example 6
39 To a 20 wt % solution of 1:1 P(BMA-co-TMA) in
cyclopentanone was added.o.l wt % of diphenylioddnium
p-toluenesulfonate. A silicon wafer was spin coated
w;th the resulting solution at 1800 rpm and heated at
115°C for S min on a hot plate to give a 1 um thick
35 film.. The wafer was exposed as in Example 1 and
heated at 115°C for 1 min. Immersion development in

S A ————
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11. © The material of Caim8 wherein one of 5 t he nononers is benzyl

met hacryl ate. 12. The material of Caim6 wherein said polyner conprises
an acrylic or nethacrylic polyner. 10 13. The material of Caiml
wherein said polyner is prepared by group transfer polynerizati-on. 14.

The material of Claim1 wherein said polyne 9 s prepared by free radical

pol yneri zation. 15 15. The material of Caim1l wherein said polyner has a
pol ydi spersity le Sg than, 1. The teri wherein said
acid 20  generatdt> cd Tl@%EPBPSHEﬁyPPoHS a%o?% é?eta M1Rhe materi al
of aiml mherelnféaxdedcodsgpmeiaherandnpmanaspauﬁ&mﬂquuléomﬁﬂe1of
trifluoro- meghanggubfeggee. 25

Example 7
To a 10 wt % solution of 1l:1 P(BMA-co-TMA) in
cyclopentanone was added 0.2 wt % of diphenyliodonium
10  p-toluenesulfonate. A silicon wafer was spin coated
with the resulting solution at 2250 rpm and heated at
115°C for 5 min on a hot plate to give a 0.42 um
thick film. The coated wafer was exposed to 20 keV
electron-beam irradiation from a Cambridge
15 electron-beam exposure system. The exposed film was
heated at 115°C for 15 sec. Immersion development in
2.5 wt % morpholine in water at 25.0°C for S -min
afforded 0.75 uym line and space patterns at 22 pC/cmz.

20 As many differing embodiments of this invention
may be made without departing from the spirit and
scope thereof, it is to be understood that this
invention is not limited to the specific embodiments
exemplified except as defined by the appended claims.

25
30
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18. ° The material of Caim1l further including a solvent. 19. The

material of Claim 18 wherein said 30 sol vent is cycl opentanone. 20. The
material of Claim 19 wherein said material is applied to a substrate. 35
21. A process for making a device or mask conprising the steps of form ng

a material on a
cycl opent anone.

17. The material of C ai 8216 were the solvent is

18. The material of Claim17 applied.to a 5 substrate. 19.

The process of Caim2 including the additional step of post baking the

material on the

10

15

20

25

30

35

3. The material of Claim 2 wherein said
material comprises a copolymer of benzyl methacrylate
and tetrahydropyranyl methacrylate. -

4. The material of Claim 2 wherein a monomer
used to form said copolymer, terpolymer or block

polymer comprises 4-tetrahydropyranyloxybenzyl
methacrylate.

5. The material of Claim 1 wherein said
polymer comprises a homopolymer of 4-tetrahydro-
pyranyloxybenzyl methacrylate.

6. The material of Claim 1 wherein said
polymer is selected from the group consisting of
polymethacrylates, polyacrylates and polystyrenes.

7. The material of Claim 2 wherein the
polymer contains comonomers having no pendant acid

‘labile groups.

8. The material of Claim 7 wherein the
comonomer having no pendant acid labile groups is
selected from methyl methacrylate, butyl

methacrylate, benzyl methacrylate, benzyl acrylate
and styrene. |

9. The material of Claim 8 wherein glycidyl
methacrylate is added in a quantity suitable for
adhesion promotion.

) 10. The material of Claim 9 wherein the
quantity of glycidyl methacrylate added is about 5

_mole % or less.
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substrate after irradiating said material and before 10-del+neating- saLd—
material. 20. The process of Claim 19 wherein after irradiation and pr

to delineation volune loss in the irradiated region is J QHI aﬂ?ﬂ,m
21. The process of Claim2 wherein the |rreuhfg|ng sour om
el ectrons and a deep UV radiation source. he materi al
of Caim1 further containing a crosslinker. 24 23. The process of

G aim 22 wherein said material conprises asﬁﬂgﬂhyner of benzyl methacryl ate
5 What is claimed is:

1. A material comprising 1) a polymer chosen
from the group consisting of compositions having a
polymer backbone and pendant groups bound directly or
.10 indirectly to said backbone, said pendant groups
represented by the formulae:

o R
15 -E-o-%-é-n3n4
oR?
oF o rly
I | [ 5 4
20 —C-O-(CHz)n-C6H4-O-C-CR R
OR?
where
n is 0-4;
Rl is hydrogen or lower'alkyl;
25 R2 is lower alkyl; and
R3 and R4 independently are hydrogen or lower
alkyl where the definition of lower alkyl
includes the joining of Rl and R2 or R! ana
either R3 or RY, or R? and either R3 or R4
30 to form a 5-, 6- or 7-membered ring; and (2).
a material that forms an acid upon
irradiation.
as 2. The material of Claim 1 wherein said

polymer comprises a copolymer, terpolymer or block
_ polymer. '

. REPLACEMENT SHegT

28 FEB w97




5 and tetrahydropyranyl nethacrylate. 24. The process of Caim 22
wherein a nmonomer used to formsaid copol ymer, terpolyner or block polyner
conpri ses 4-tetrahydropyranyl oxybenzyl 10 nethacryfaTE‘—ZS Ine process
of Claim21 wherein said polymer conprises a honopoly

pyr anyl oxybenzyl methacrylate. 15 26. The p2ocess oﬂmm ]

sai d polymer conprises an acrylic or methacrylic pol'y e p¢ocess

of Claim21 wherein said 20 polymer is selected fromthe group consi sting
of polynmethacryl ate and polyacrylates. 28. The process of Claim21

wherein said polymer is pRepar §geb¥nalt'ed d12Y £ ¥ 1 AN YW EIHAAE i P ond Dot

5 the monomers is benzyl methacrylate.

12, The material of Claim 6 wherein said
pPolymer comprises an acrylic or methacrylic polymer.

10 13. The material of Claim 1 wherein said
polymer is prepared by group transfer polymerization.

14. The material of Claim 1 wherein said
polymer is prepared by free radical polymerization.
15
15. The material of Claim 1 wherein said
polymer has a polydispersity less than 1.7S.

16. The material of Claim 1 wherein said acid
- 20 generator comprises diphenyliodonium tosylate.

17. The material of Claim 1 wherein said acid
generator comprises triphenylsulfonium trifluoro-
methanesulfonate.

25 _ '

18. The material of Claim 1 further including

a solvent.

19. The material of Claim 18 wherein saiad
30 solvent is cyclopentanone.

20. The material of Claim 19 wherein said
material is applied to a substrate.

35 21. A process for making a device or mask
comprising the steps of forming a material on a
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29. © The process of Caim 21 wherein said polyner is prepared by -greup
transfer polynerization. 30. The process of Caim21 wherein said acid 30

generator conprises di phenyliodoniumtosylate. 31. Tm Hmmﬂuﬂmﬁmﬂ m
21 wherein said acid generator conprises triphenylsulf “ .

met hanesul f onate. 35 32. The process of 2@ ai m 21 i hcludi'ng "t he
addi ti onal step of post baking the material on the 5 substrate after

irradiating said material and before delineating said material. 33. The
process of C ai m 2subptrate,afirgadiatimgaiansh dslingating csaid; meterdal,

volume loss in. apnd using said irradiated and delineated material for
5 subsequent device or mask processing characterized in -
that said material comprises 1) a polymer chosen from
the group consisting of compositions having a polymer
backbone and acid labile pendant groups bound
directly or indirectly to said backbone, said pendant
10 groups represented by the formulae:

111
-c-o-cl:-c-R3R4
OR2
15
’ or
0 rRn
-C—O—(CHz)n—CGH4—O-C-CR R
_ OR2
20
where

n is 0-4;
Rl is hydrogen or lower alkyl;
R2 is lower alkyl; and
25 R3 and R4 independently are hydfogen or lower
alkyl where the definition of lower alkyl
includes .the joining of Rl and R2 or Rl and
either R3 or R4, or RZ and either R3 or R%
to form a §-, 6~ or 7-membered ring; and 2)
30 ' a materia; that forms an acid upon '
irradiation.

| 22. The process of Claim 21 wherein said

polymer comprises a copolymer, terpolymer or block
35 polymer.
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10 ° the irradiated region is |less than 25% 34. ,heﬂp%ﬁcess of Claim
21 wherein the said irradiating is done with el ectrons. gﬁﬁ
The process of Claim21 wherein the irradiating is car \‘ %gk“ ““ eep
WV range. 36. A nmononer of the structure 4- tetrahyer 10X ybenzyl
met hacryl ate. 20 37. A honopol yner of 4-tetz@hydropyrdnyl- oxybenzyl

net hacryl ate. 38. A copol yner containing 4-tetrahydro- 25

pyr anyl oxybenzyl methacryl ate. 39. The material of Claim1 wherein a

crosslinker is added. 30235 The process of Claim 22 wherein said
material comprises a copolymer of benzyl methacrylate

5 and tetrahydropyranyl methacrylate.

24. The process of Claim 22 wherein a monomer
used to form said copolymer, terpolymer or block
polymer comprises 4-tetrahYdropyranyloxybenzyl

10 methacrylate.

25. The process of Claim 21 wherein said
polymer comprises a homopolymer of 4-tetrahydro-

pyranyloxybenzyl methacrylate.
15

26. The process of Claim 21 wherein said
polymer comprises an acrylic or methacrylic polymer.

27. The process of Claim 21 wherein said
20 polymer is selected from the group consisting of

polymethacrylate and polyacrylates.

28. The process of Claim 21 wherein said

25

polymer is prepared by free radical polymerization.

29. The process of Claim 21 wherein said
polymer is prepdred by group transfer polymerization.

30. The process of Claim 21 whereln said acid
30 generator comprises diphenyliodonium tosylate.

31. The process of Claim 21 wherein said acid
generator comprises triphenylsulfonium trifluoro-

methanesulfonate.
35

i Ay
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35
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25

32. The process of Claim 21 including the
additional step of post baking the material on the
substrate after irradiating said material and before
delineating said material.

33. The process of Claim 21 wherein after
irradiation and prior to delineation volume loss in
the irradiated region is less than 25%.

34. The process of Claim 21 wherein the said
irradiating is done with electrons.

35. The process of Claim 21 wherein the
irradiating is carried out in the deep UV range.

36. A monomer of the structure 4-tetrahydro-
pyranyloxybenzyl methacrylate.

37. A homopolymer of 4-tetrahydropyranyl-
oxybenzyl methacrylate. '

38. A copolymer containing 4-tetrahydro-
pyranyloxybenzyl methacrylate. -

39. The material of Claim 1 wherein a
crosslinker is added. '




10

15

20

17. The
is cyclopentanone.

18. The
substrate.

19. The
additional step of

NWb7393~7
ves

UL

material of Claim 16 were the solvent
material of Claim 17 applied to a

process of Claim 2 including the

post baking the material on the

substrate after irradiating said material and before

delineating said material.

20. The process of Claim 19 wherein after
lrradlatxon and prior to delineation volume loss in the
irradiated region is less than 25%.

21. The process of Claim 2 wherein the

lrradlatlng source is selected from electrons and a deep UV

radiation source.

22. The material of Claim 1 further containing

a crosslinker.
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ABSTRACT
RESIST MATERIAL AND PROCESS FOR USE

Excellent resolution and seasitivity in the patterning of resists utilized in device and mask
manufacture is obtained with a specific composition. In particular this composition involves
polymers having recurring pendant acid labile a.-alkoxyalkyl carboxylic acid ester moieties in
the presence of an acid generator activated by actinic radiation such as UV-visible, deep
ultraviolet, e-beam and x-ray radiation.




