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computer chips and integrated circuits. Generally, in these processes, a

thin coating of film of a photoresist composition is first applied to a
substrate material, such as silicon wafers used for making integrated
circuits. The coated substrate is thén heated to evaporate any solvent in
15 the photoresist composition and to fix the coating onto the substrate. The
coated surface of the substrate is next masked and subjected to exposure
to radiation. .
This radiation exposure causes a chemical transformation in the
exposed areas of the coated surface. Visible light, ultraviolet (UV) light,
20 electron beam and X-ray radiant energy are radiation types commonly
used today in microlithographic processes. After this masked exposure,
the coated substrate is treated with a developer solution to dissolve and
remove either the radiation-exposed or the unexposed areas of the coated
surface of the substrate.
25 - . There are two types of photoresist compositions, negative-working
: ~_and positive-working. When negative-working photoresist compositions
are exposed to radiation, the areas of the resist composition exposed to
' 'the radiation become less soluble to a-developer solution while the
' Unéprsed areas of the photoresist coating remain soluble to such a
30 selijtion. Thus, treatment of an exposed negative-working resist with a

‘developer causes removal of the non-exposed areas of the photoresist
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treated with a substrate-etchant solution or plasma gas and the like. The

etchant solution or plasma gases etch that portion of the substrate where

15 the photoresist coating was removed during development. The areas of
the substrate where the photoresist boating still remains are protected and,
thus, an etched pattern is created in the substrate material, which

. " corresponds to the photomask used for the exposure of the radiation.
Later, the remaining areas of the photoresist coating may be removed

20 during a stripping operation, leaving a clean etched substrate surface. In
some instances, it is desirable to heat treat the remaining photoresist
layer, after the development step and before the etching step, to increase
its adhesion to the underlymg substrate and its resistance to etching
solutions.

25 - Photoresist resolution is defined as the smallest feature which the
resist composition can transfer. from the photomask to the substrate with a
high degree of image edge acuity after exposure and development. In
most manufacturing applications today, resist resolution on the order of
less than one micron is necessary. In order to provide such so called sub-

30 micron resolution photolithography brocesses have used increasingly
shorter wavelengths of light. Photolithography processes have progressed
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' invention is sufficiently transparent t6 wavelengths above 180 nm so as to
be useable in photoresist compositions at these wavelengths. In addition,
15 the mechanism for photoacid catalyzed cleavage results in the efficient
formation of highly soluble, small molecule fragments which will give
higher contrast images than the conventional resin approach which only
\ gives rise to a solubility change in the polymer. The present polymer, '
which contains the active acetal protected a-hydroxy anhydride group,
20 when used with a suitable photoacid generator, will decompose into a
series of small molecular weight, water-soluble fragments, as cleavage of
the polymer will occur at both the acetal and anhydride sites. The
- products from this photoacid cleavage are significantly more polar, which
creates a Iargé solubility difference between polymer and product,

25 - resulting in high contrast and high resolution.

- 8 RY OF VENT
e The present invention is directed to polymers that when used with a
suitable photoacid generator (PAG) form a positive working water-soluble
| 3"0 ' - - photoresist. The polymer of the present invention is useable at
wavelengths above 180 nm as it has a chemical structure which is
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dissolution characteristics of the photoproducts and solubility contrast
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15 contrast, high resolution imagés.
DESCRIPTION OF THE FE BODIMENTS
. The present invention is directed to a polymer particularly suitable

for use as a photoresist. The polymer is comprised of a polyanhydride

20 backbone, with fused ring structures chemically attached throughout the
length of the chain as set forth in the diagrams to follow. With the addition
of a photo acid generator and dissolved in a spin casting solvent, the
polymer formulation forms a positive wofking photoresist composition.
Exposure to radiation will cause a photoacid catalyzed deprotection of the

25 acetal group and cleavage of the anhydride linkage, yielding low molar
mass material; soluble in an aqueous based developer. The polymers are
transparent to wavelengths above 180 nm and will therefore be useful as

- resists operating at the ArF eximer laser wavelength of 193 nm and the

KrF wavelength of 248 nm. In addition the fused ring structure offers

30 énhanced etch resistance, while the decomposition product will provide a
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- . The polymers of the present mventron are generally in the form ofa
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prot bt od 1, 2 Ik SRSt Bahfi 3 50 UYNREGAFOPACKRRI DN, Bprdtdic ©
adamant one or genmeraigelinanfameuntréffegtive to cause cleavage of the astieergraumef
tartaric pol yatﬂg%%rl}lmcj‘g? upon exposure to radiation, with the remainder[beerirggl a
5 suitable solvent. A suitable solvent for use with the polymers of this
invention is PGMEA (propylene glycol monomethyl ether acetate). Other
suitable solvents are also commercially available. Photoacid generators
useable with the polymers of the present invention are commercially
available. The requirement is that, upon exposure to radiation of the
10 appropriate wavelength, the photoacid genefator generates sufficient acid
i to cause cleavage of the acetal and anhydride moieties. Suitable
photoacid generators include onium salts, hydroxymaleimide ftrifilates and
diazonium sulfonates. Different photoacid generators are activated by
different wavelengths of light; thus the selection of a photoacid generator
15 may be based on the resolution requirements of the microlithography.
Various processes can alter the resolution and sensitivity of the photoacid
generators. For example, onium salts can also be sensitized with
. anthracenes for use in i-line microlithography processes. A listing of other
photoacid generators is found at column 3 of U.S. Patent No. 5,685,223
20 (Frechet et al) issued December 17™ 1996, the disclosure of which is
hereby incorporated by reference as if fully set forth herein.

The prepared photoresist composition solution can be applied to a
substrate by any conventional method used in the photoresist art,
including dipping, spraying, whirling and spin coating. When spin coating,

25 for example, the resist solution can be adjusted with respect to the
percentage of solids content, in order to provide coating of the desired
thickness, given the type of spinning equipment utilized and the amount of
time allowed for the spinning process.- Suitable substrates include silicon,

~ aluminum, polymeﬁc resins, silicon dioxide, doped silicon dioxide, silicon

30 : -ni"tride, tantalum, copper, polysilicon, ceramics, aluminum/copper mixtures:

~ gallium arsenide and other such Group llIN Compounds.
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The photoresist coatings of the present invention are particularly
suitable for application to thermally grown silicon/silicon dioxide-coated
wafers, such as are utilized in the production of microprocessors and other
miniaturized integrated circuit components. An aluminum/aluminum oxide

5 wafer can also be used. The substrate may also comprise various
polymeric resins, especially transparent polymers such as polyesters. The
substrate may have an adhesion-promoting layer of a suitable
composition, such as one containing hexa-alkyl disilazane.

 The photoresist composition solution is then coated onto the
10 substrate, and the subsfrate is treated or “soft baked" at a temperature
: from about 70°C to about 200°C for from about 30 seconds to about 180

seconds on a hot plate or for from about 15 to about 90 minutes in a
convection oven. This temperature treatment is selected in order to
reduce the concentration of residual solvents in the photoresist, while not

15 causing substantial thermal degradation of the photosensitizer. In general,
.one desires to minimize the concentration of solvents and this first

. temperature treatment is conducted until substantially all of the solvents

have evaporated and a thin doating of photoresist composition, on the
order of a micron in thickness, remains on the substrate. The treatment is

20 . 'conducted until the rate of change of solvent removal becomes relatively
mssgmﬁcant The temperature and time selection of the soft bake depends
on the photoresist properties desired by the user, as well as the equipment
used and commercially desired coating times. |

The coated substrate can then be exposed to actinic radiation, e.g.,

25 ultraviolet radiation, at a wavelength of from about 180 hm to about 500
nm, x-ray, electron beam, ion beam or laser radiation, in any desired
pattern, produced by use of suitable masks, negatives, stencils, templates,
etc. Exposure to radiation will activate the photoacid generator and cause
a photoacid-catalyzed deprotection of the acetal group and anhydride

- 30 cleavage. The photoreéist may then be subjected to a post exposure
second baking or heat treatment either before or after development.
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25 for exanp resist solution can be adjusted with respect to
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111 zed and (R rSENE Sden 86 E8RrklR, YT At SLBRL 8RR hg pr ocess.
Sui tabi® substgersitizarsdeveingagemenplasticizers, adhabiohii profote, ¥pesd c resins,
silicon dioxide, doped silicon dioxide, silicon L
: - enhancers, solvents and such surfactants as non-ionic surfactants may be
added to the solution of the polymer resin, sensitizer and solvent before
the photoresist composition is coated onto a substrate.
The solvents may be present in the overall composition in an
20 amount of up to 95% by weight of the solids in the composition. Solvents
of course are substantially removed after coating of the photoresist
solution on a substrate and drying. Non-ionic surfactants that may be
used include, for example, nonylphenoxy poly(ethyleneoxy) ethanol;
octylphenoxy ethanol.
25 . The following specific examples will provide detailed illustrations of
the methods of producing and utilizing compositions of the present .
invention. These examples are not intended, however, to [imit or restrict
the scope of the invention in any way and should not be construed as
providing conditions, parameters or values which must be utilized

30 exclusively in order to practice the present invention.
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have evaporated and a thin coating of photoresist conposition,
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relatively
bicarbonate (5%, 2x100 ml), water (100 ml) and brine (100 ml). The

organic layer was dried (MgSOa), filtered, and solvent removed under
15 reducéd pressure to give diethyt 2,3-adamantanone-L-tartrate as a
colorless liquid (15.9 g) in 94% yiéld. 'H NMR (200 MHz, CDCl3, § ppm):
4.75 [s, 2H, -COCH(O)CH(Q)CO-], 1.6~2.1 (m, 14H, H-b~H-j,
. adamantanone), 1.25 (s, 3H, -OCHj3). 3C NMR (200 MHz, CDCl3, & ppm):
169 (-COz-), 117 [FO(R)C(R)O-], 77 [-CHCH(O)CO2], 37}, 36-b, f, 34-c, e,
20 g, h, 26-d, i (C-b~C-j, adamantanone), 14 (-OCH3). '

Example 2
re ti -ad tanone-l -tartaric acid
The adamantone tartaric ester (3.4 g, 0.01 mol) prepared in
25 Example 1 was dissolved in a mixture of NMP (20 ml) and a 30 wt%
solution of potassium hydroxidé (3 g) in water (10 g). The reaction mixture
was refluxed for 6 hours, and the mixture carefully neutralized with the
~ addition of dilute HCI. The product, 2,3-adamantanone-L-tartaric acid, was
N . iéolated by column chromatography (ethy! acetate eluant) as a white waxy
30 | __-.-s;c_'slid which was used directly in the next example.
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sol uti ?n O[:)I deh@uaaeahgye@peéaﬁuceewasélmm&levates%&%%“ﬁ@rafurther 10 heyirgit i on
The' subst r at os Ao eAcoRmaRPI RRTove Hode A B Hodiing! el i Borymr

substantial ly @L‘d)ducﬁfwé@@sﬁbl@bdﬁﬁﬂmsocmﬁi podfi édibthréapitamrh into toltéee.

exposed areas. Devel opers may include aqueous sol utions of
ammoni um or al kal i met al hydroxi des. One preferred hydroxide is
tetra hyl ammoni um hydroxi%@#[ég renoval of the coated
vvaferrsrq romthe devel opi ng 10 sol one may conduct an opti onal

post - devel opnent heat -t rBgdpa

adhesi onfand cher caA rr{lgt%res to Imet}nyl L-tartrate (17.79 g, 0.11 mol), norcamphor

geampnor-peiadraie t he coating' s

(11.24 g, 0.1 mol), and p-toluenesulfomc acid (500 mg) in toluene (150 ml)
was refluxed for 48 h (Dean-Stark water separator, 1.6 ml of water). The
15 solution was cooled and washed with aqueous sodium bicarbonate (5%,
2%x100 mi), water (100 ml) and brine (100 ml). The organic layer was dried
(MgS0,), filtered, and solvent removed under reduced pressure to give
. dimethyl 2,3-norcamphor-L-tartrate as colorless liquid (24 g) in 89% yield.
TH NMR (200 MHz, CDCls, 8 ppm): 4.55~4.65 [m, 2H, -

20 COCH(O)CH(0)CO-], 1.5~2.5 (m, 10H, H-b~H-g, norcamphor), 1.40 (s,
3H, -OCH3). *C NMR (200 MHz, CDCls, & ppm): 169 (-CO5-), 121 [-
O(R)C(R)O-], 77 [-CHCH(O)CO2-], 45, 44, 37, 35, 28, 22 (C-b~C-g,
norcamphor), 14 (-OCHsa). '

25 | , Example 5
- Preparation of 2,3-norcamphor-L-tartaric acid
The norcamphor tartaric ester (2.7 g, 0.01 mol) prepared in
Example 4 was dissolved in a mixture of y-butyrolactone (20 ml) and a 30
" wt% solution of potassium hydroxide (3 g) in water (10 g). The reaction
30 | mixture was refluxed for 10 hours, and the mixture neutralized with the
' addition of trifluoroacetic acid. The product, 2,3-norcamphor-L-tartaric



etching solutions and ot her subst ances. ' Phot or esi sts of

the present on may al so contain other opt i ongdr/kp@i8shsent s
BB Qi |

such as col dyes, anti-striation agents, 15 sensitlzers,
| evel i ng agents, plasticizers, adhesion protbte
enhancers, solvents and such surfact ants as nonifﬂwsﬁ r“ﬁ%t@ﬂ‘s may be
added to the solution of the polynmer resin, senkitiz ol verft before

t he phot oresi C Eﬂ?ﬁ t

The sol vents %%'9 %g?%'?ﬁ%b*%" ge‘éﬁ%@ co ogt? oa:?eltar;[efr'lua%t) asa anmount
of up to 95% bygmscgptcwlmte selidwhiakswas dried agiculionandsused directly

of course are, substantially renoved after coating of the photoresist

sol ution on ar%tﬁ'@ )gteé(ame'dryi ng. Non-ionic surfactants that nay be

used include, for exanpl.e, nonyl phenoxy pol y(ethyl eneoxy) ethanol;

octyl phenoxy et hanol. 25 The follow ng specific exanples w |
provid§ detailed illustrations of _ e net hods of producing and

utilizing conpositi qﬂr%n%?aﬁ Wo%&?@é-nor%%mp‘%%iﬁ?’ﬁlﬂhy%ﬁie exanpl es
are not intended, however, Tt O cope of the
i nvention in any wa'heatattaabmfdiaml prepaced i Exdmipde 5 (2.4 g, 001pﬂol\)l di ng

condi tions, paraneters val ues, whi st be utilized, 30 excl usi vely
in order to p?ﬁat“l g@"‘?tHX{aﬁF'Bgé’rYf'dlrW\/éEthnb" mmoSwere {Reclyedgngestic

PCT/ EP99/ 0380 05 t fion mixture st o
'n the exanpl 22YEr9e, (3 §,,0.05 mol)and the seaction mixture sfired af 130°Clor 6

of a 0l yner houtsai The terapetaiutediwas théraeldvated toah80) fardefurihier 1€ hours

containing fused ring acetal pendant grou les. 4 through 6 show
. J and vacutm appl%d % remove cetxcloacul:'f>< %ﬁ)coohngt e solid polymer

product was dissolved in DMSO and purified by precipitation into toluene.
The invention has been described with respect to preferred .

embodiments. However, as those skilled in the art will recognize,

15 modifications and variations in the specific details, which have been

described and illustrated, may be resorted to without departing from the

spirit and scope of the invention as defined in the appended claims.

— e ———
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the formation of a polymer containing an anhydride backbone, and a5

nor canphor Wégzbi“&j[ ,Ng fused ring acetal pendant group. PCT/EP99/03805
Preparati on or~diethyl 2.3-adamantanone-L-tartrate . A
m xture of dimethyl L-tartrate (9.18 g, 0.092-ol) 2- 10 adanant anone

(7.59 g, .,0.05 nol), and p-tol uenesul fonic acid (250 ny)
t ol uene (100 m) was refluxed for 48 i _(ImeéhFetSiaaBken\Berl dseparator 0.6 n

of water). ThepgPAPisTLAMEDPS! ed ang - ous sodi um
G_)O m). The
red an sol vent -renoved under 15

bi carbonate (5% 2x100 rr1) wat er (10

organic |layer was dried (MgSO4), filt

reduced pressuge to

col ol ess |1 quid (1%%“5‘}‘@* Rl S BIER HAU A PRHESE e,

[err] ppm):  the structure: 75 [s, 2H, -COCH(O)CH(O) CO-], 1.6-2.1 (m 14H

H b~H, adamant anone), 1.25 (s, 3H, -OCH[err]) [err]C NMR (200
MHz, CDCl[err], [err] ppm: o) rr]-), 117 [- O(R)C(R)O]
77 [-CHCH(O CO err]-], 37-j, 36-b 0 g, h, 26-d,

i (CGb~Cj, adamantanone), 14 (-
Thﬂédamantone tartaric
Exanpl €01 was di ssolved in a

Exanpl e 2
2, 3-adamant anone-L-tartari c aci

sol ution of potassium
m Xt ure was

ester (3.4 g, 0.01 nol) prepar®e
m xture of NWP (20 m) and a 30 wmt %
Dy neutralized with the
adamant anone-L-tartaric acid, was

hydroxide (3 g) in water (10 g). The/freactio
refluxed for 6 hours, and the m xt ukd car ef
Qcetate eluant) as a white waxy 30
Rxanpl e.

addition of dilute HClI. The product, 233
i sol ated by col umm chr omat ogr aphy st
solid which was used directly ig

2. The polymer as claimed in claim 1 further including a photoacid
generator so as to form a photoresist. '

3. A polymer particularly _suitable for use as a photoresist, comprising:
a) a poly tartaric anhy&ride backbone; "
b) an acetal protected 1,2 diol group; and
¢) a fused ring acetal group pendant to the backbone.

4. The polymer as claimed in claim 3 wherein the pendant acetal
group is an adamantone group.

5. The polymer as claimed in claim 7 wherein the acetal pendant

group is an norcamphor group.

I e
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WD 93/ 64932 .

PCT/ EP99/ 038% 99/64932 -10- . PCT/EP99/03805
Exanpl e 3 Preparation of poly(2.3- adanant anone-L-tartratic
anhydri de) The tartaric actd3acetal ﬁmﬂﬁﬂl’ml,

(2.8 g, 0.01 rml) and 4-di met hyl ami no pyri di m’ﬂ'ﬁo
were dissolved in acetic 5 anhydride (5 g, 0.05 m)l and th® réaction
mxture stirred,at 18QbRiméip élﬁbu@rly su;table forh@éra%aﬁhétdréﬁﬁﬁrcﬁﬂﬁr%l S
then elevated to 190[err]C for a further hour s vacu

appl i ed to remfhe siestyre: aci d. On cooling the solid pol yner |
product was di ssolved in DMSO and publfled by precipitation into tol uene.

10 Exa
Preparation of dinmethyl 2.3-norcanghfdr-L-tart
m xture of dinethyl L-tartrate (17.
(11.24 g, 0.1 nmol), and p-toluene

A
nor canphor
ng) in toluene (150 m)
1.6 mM of water). The 15
sol ution was cool ed and vvashed wi t h agfieous sodi um bi car bonat e (5%
2x100 m), water (100 m) and brine (™Q m )O The organic |ayer was dried
(MgSA), filtered, and sol vent renoved usder reduced pressure to give
di met hyl 2, 3- norcanphor-L tartrate as ess liquid (24 g) in 89%yield.
[err]H NI\/R(200 MHz, CDCl[err], [8 4.55-4.65 [m 2H, - 20
CCCHOCHOCO], 1.5-2.5 (m 10H, P , horcanphor), 1.40 (s,
3H, -CCH err]). .[err]C NVR (200 MHz, [err], [err] ppm: 169
(-Cderr]-), 121 [- QR CROY, 77 [-CHCH(O CO err]-], 45,44,
37, 35, 28,22 (G b-Cq, nor canphor), 14 (-OCHerr]).

7. The polymer as claimed in claim 6 further including a photoacid
generator so as to form a photoresist.
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Exanpl e 5 .
ﬁﬁé§&?99pon -of 2 3- nor canphor-L-tartaric acid. The EP 009903805

nor canphor tartaric ester (2.7 g, 0.01 nol) prepared in Exanpl e 4
was dissolved in a mxture of y-butyrolactone (20 m) and-a 30

\gvt%sol ution of potassium hydroxide (3 g) in water (10 g). The reaction 30
m xture was refluxed for 10 hours, and the €1xture neutralized with the
addition of trifluoroacetic acid. The produ f, 2,3-norcanphor-L-tartaric
26- 05- 2000

EP 009903805 acid, was isolated by colum

chr omat ogr apagid, was isolated bye:oll.imard'l)'omatagraphy (ethyl acetate élpgntisaai c white

solid which s dried u c and direct in the
next exanpl el hygroscopic \gﬁﬁe solid which was dried under vact}tlxm and usedgirggtlye 6

Preparation g H%ﬁ %x%"m carrphor-L tartratic anhydride)

The tartaric acid acetal prepared in Exanple 5 (2.4 g, 0.01 ol ),

and 4-di net hyl ami no pyridine (12 ng, 0.1 mml) were dissolved in acetic

anhydrglde (5 g, 0.05 nol) and the re&gtioa E xture stirred at 130[err]C for
hours. The terrperature el evat ed to 190[err]C for a

further 10 hours

The tartaric acid acetal prepared in Example 5 (2 4g,0.01 mol)
- and 4-dimethylamino pyridine (12 mg, 0.1 mmol) were dissolved in acetic
anhydride (5 g, 0.05 mol) and the reaction mixture stirred at. 130°C for 6
10 hours. The temperature was then elevated to 190°C for a further 10 hours
and vacuum applied to remove acetic acld On eoolmg the solid polymer
product was dlssolved in DMSO and, punf'ed by precrpltatton into toluene. R

-
11w - - --~-| . \w g ~ ” pun

‘embodiments. However, as those skilled in‘the art will-recognize,
. 15 ... modifications angd variations in the specific details, which have been
Lo ..descnbed ang il ed may be resorted to wrthout departlng from the

- - - . - - - - 1 aywjw
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and 'vacuum applied to renove acetic acid. On cooling the solid poly

59‘(%%90%3 «di ssolved in DVMBSO and purified by precipitation into toﬁﬂ;ggggosaos

enbodi nents. However, as those skilled in the art will recognize, 15

modi fications and variations in the details; which have been _,

fdescribed-and illustrated, may be resorted to w thout W

-12- VWHAT IS CLAIMED | S: -12- 3. po r I "Yed

inclainms 1 and 2 conprisin the structure: (mn\ “ﬂi‘“‘
cormri =119 (A A

c

WHAT IS CLAIMED IS:

oo davmed o damms 1 0.2
3 A polymer particuiady-suitable-fer-use-as-a-pheteresis{, comprising

the structure:

o) o)
- Mo’]/
: .. .0 o) :

1 f A polymer particularly suitabie for use as a photoresist, comprising: - .
a) a poly tartaric anhydride backbone; oo :

' a b) an acetal protei:ted 1,2 diol group; and
- c) q“Esed ring acetal group pendant to the backbone.
' 1

2 4 The polymer as claimed in claim § wherein the pendant acetal
group is an adamantone group.

1

b p The polymer as claimed in claim '( wherein the acetal pendant
group is an norcamphor group.
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-

;1. -A polyner partjcularly’ sui table'for use as a photoresist, conpri EF&9903805

2@0 moy tartaric anhydri de backbone; b) an aceta
'prot ected 1,2 diol group; and c) a fused ring acetal
~group pendant to the backbone. 2. The polyner as clained in
claim wherein the pendant acetal group i s an adanant one group
%4. The polyner as claimed in claim wherein the acetal pendant
group i s an norcanphor group. -13-

“Mmc&m“o«iu

c g A polymerpa%ﬂaﬂy—su&able—fcnuse-asa—phmsisl{ comprising
the structure:
. 0O - 0
M OJ/
o

6. APWWWM -.
Y‘ r.\'he polymer as claimedin ame photoac|d. u
generatorpe-ee-te-fem-a-phetemsis} - C e

'y
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: Vo0 06534 -8
13- i 9 /A pol ymer as clalrred in clains.1 and 4 co

| s i ng ot
the structure: [err] 6. Ap03|t|ve photor N L
COMPOSI t1 0N JSPUR 111G yyou; o perd DDA NBRE-ASRSMEAAGA 11 2 Piaim o
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A polymer that when used with a suitable photoacid generator (PAG) forms a posmve working photoresist. The polymer comprises
of a tartaric polyanhydride backbone, an acetal protected 1,2 diol group; and a fused ring acetal group pendant to the backbone. The acetal
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contrast and resolution.




