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15 The present invention is concerned with novel wet developable anti-reflective

coating compositions and methods of using the same.

Description of the Prior Art
As feature sizes shrink to less than 110 nm, new and more advanced materials
20 will be needed to achieve the goals set by the semiconductor industry. Improvements
in both photoresists and bottom anti-reflective coatings are needed to achieve high-
resolution lithography targets. For example, resist thickness loss that occurs during the
bottom anti-reflective coating and substrate etch steps becomes a critical issue because
new resists are much thinner than older generation materials. While resist thickness is
25 being reduced, bottom anti-reflective coating thickness is not expected to decrease at
the same rate, which further complicates the problem of resist ioss. A solution to this
problem is to eliminate the bottom anti-reflective coating etch step by using a wet-
developable bottom anti-reflective coating.
Wet-developable bottom anti-reflective coatings have typically utilized a
30 polyamic acid soluble in alkaline media as a polymer binder, thus allowing the bottom
anti-reflective coating to be removed when the resist is developed. These traditional
wet-developable bottom anti-reflective coatings are rendered insoluble inresist solvents

taking advantage of a thermally driven amic acid-to-imide conversion. This process



t aki ng advantage of a thermally driven amc acid-to-imde conversion. This
process WD 29&S/ 111719 PCT/ US2005/ 012851 works well, however, it has two
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di spersed iiftir 8dlliterdolisysaemalldtg¢ineaiypound is preferably present in the
conposition at a level of from about 0.5-10% by wei ght, preferably from
about 0.5-5% by weight, and even nore preferably from about 1-4%y weight,

based upon the total wei ght.,of i i in-the conposition taken as
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nmet hacryl ates, pal yesters, ppl ycarhonates, novol aks, polyam c acids, and
m xtures t HEBEUR t\“retq{ém&@ﬁ%ﬁé%cggwﬁ?ﬁ oligomer, it is preferred that the
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at a level of from about 0.5-10% by weight, preferably from about 0.5-5% by weight,
and even more preferably from about 1-4% by weight, based upon the total weight of
all ingredients in the composition taken as 100% by weight.

If the compound is a polymer, it is preferred that the average molecular weight
20 be from about 1,000-100,000 Daltons, and more preferably from about 1,000-25,000
Daltons. Preferred polymers include those selected from the group consisting of
aliphatic polymers, acrylates, methacrylates, polyesters, polycarbonates, novolaks,
polyamic acids, and mixtures thereof.
Ifthe compound is an oligomer, it is preferred that the molecular weight be from
25 about 500-3,000 Daltons, and more preferably from about 500-1,500 Daltons. Preferred
oligomers include substituted and unsubstituted acrylates, methacrylates, novolaks,
isocyanurates, glycidyl ethers, and mixtures thereof.
Regardless of whether the compound is an oligomer or polymer, and regardless
of the structure of the polymer backbone or oligomer core, it is preferred that the
30 compound comprise an acid functional group. The acid group is preferably present in

the compound at a level of at least about 5% by weight, preferably from about 5-90%



Regar dl ess of whether the conpound is an oligoner or polyner, and regardl ess
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It is also preferred that the inventive compositions comprise a chromophore

(light attenuating compound or moiety). The chromophore can be bonded with the

compound (either to a functional group on the compound or directly to the polymer

backbone or oligomer core), or the chromophore can simply be physically mixed in the

20 composition. The chromophore should be present in the composition at a level of from
about 5-50% by weight, and preferably from about 20-40% by weight, based upon the

total weight of the compound taken as 100% by weight. The chromophore is selected

based upon the wavelength at which the compositions will be processed. For example,

at wavelengths of 248 nm, preferred chromophores include naphthalenes (e.g.,

[\.)
n

naphthoic acid methacrylate, 3,7-dihydroxynaphthoic acid)}, heterocyclic chromophores,
carbazoles, anthracenes (e.g., 9-anthracene methyl methacrylate, 9-anthracenecarboxylic
acid), and functional moieties of the foregoing. At wavelengths of 193 nm, preferred
chromophores include substituted and unsubstituted phenyls, heterocyclic
chromophores (e.g., furan rings, thiophene rings), and functional moieties of the

30 foregoing. The preferred inventive compositions will also include a crosslinker.



based upon the wavel ength at which the conpositions wll be processed. For
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-4 WD 2005/111719 PCT/ US2005/ 012851 The preferred conpositions al so contain
a catalyst. The preferred catalyst is an acid generator, and particularly a

phot oaci C'\k/%%(%%‘é‘ﬁﬂ‘) ("PAG " both ionic and/or non- ioni %2:‘1‘/(@9%5@%

-t hat
produces an acid I'n the presence of light is suitable. Preferre BAGs
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Regar dl ess of the enbodinent, the anti-reflective conpositions are formed by

si nply di spéideriKgpgeku dpwpeaiyi ng the pol ymers, oligoners, or mxtures thereof

ina suitable | vent syste referably at amii ent itions and.for a
sufficient anourt*®ofP™ROFHEE g}r?fggaﬂyac B%Steaﬁf’ﬁng%%‘/ﬁ ﬁoﬁ@gnéﬁd‘éﬂlﬁ?‘%ﬁ’ér si on.
The ot her iBgR8dhgMhDrd Srehrably Hols Mdub k8%, bPARIHRbE cR8ISEeh Alk Yipdh siRer sed or
di ssolved in the solvent systemalong with ~ 20 % he conpound. PPef erred

sol ¥ént systtemseightodfitbepayset sehtligoates solet ifi themonyesiontgkenand 08Yi ng  of
propyl ene glycol nethyl ether acetate (PGVEA), propylene glycol nethyl ether
(PGVE) , pré’Y’f%C}E-ne gl ycol n-propyl ether (PnP), ethyl lactate, and m xtures

Lhereof . Pref eiablbe sblie: S0HERL u 3H5L ST NBADLL 0RO Sl Lo abou

50- 250C, and nore erably from abou e System

shoul d be uif tHei co@thositiofis hewell. Thpichy @tioablontre8nR9%l0ye wWetfahits, afthe
preferably from about 95-99% by wei ght, based wupon the total weight of the
conposi t i ofaseskand asibesiGOpEBIPiGR ght .

15 Regardless of the embodiment, the anti-reflective compositions are formed by
simply dispersing or dissolving the polymers, oligomers, or mixtures thereof in a
suitable solvent system, preferably at ambient conditions and for a sufficient amount of
time to form a substantially homogeneous dispersion. The other ingredients (e.g.,
crosslinker, PAG) aré preferably dispersed or dissolved in the solvent system along with

20 the compound.

Preferred solvent systems include a solvent selected from the group consisting
of propylene glycol methyl ether acetate (PGMEA), propylene glycol methyl ether
(PGME), propylene glycol n-propyl ether (PnP), ethyl lactate, and mixtures thereof.

Preferably, the solvent system has a boiling point of from about 50-250°C, and more -

o
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preferably from about 100-175°C. The solvent system should be utilized at a level of
from about 80-99% by weight, and preferably from about 95-99% by weight, based
upon the total weight of the composition taken as 100% by weight.

The method of applying the compositions to a substrate (such as a
microelectronic substrate) simply comprises applying a quantity of a composition hereof
30 to the substrate surface by any known application method (including spin-coating). The

substrate can be any conventional circuit substrate, and suitable substrates can be planar



The net hod of applying the conpositions to a substrate (such as a

m croel ectronic substrate) sinply conprises applying a quantity of a

conposi tiv%l j)})emp;w 30 to the substrate surface by any 5@’9/%2(}‘39/9#8%3“ on
met hod (i nclzuﬁl Ng "Spi n-coating). The substrate can be any conventi onal
circuit substrate, and suitaple substrates can be planar -5 WD 2005/111719
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Si Ge, | ow tntiheheaettalum hiyter SiGegllost e dialdotrid Ryes,sdi¢lectéic layetd (e@qrilicoxi de) , and
ion inplant |ayers, 5 After the desired coverage is achieved, the resulting
| ayer shoup¥idpk arbigndmpiayt layersenper at ure of from about 100-250C, and

f bly f 120-200C ind i nki di
Phe Tayor’ 11 ohasneatfteqiditat fackBiuf dne SRBaE Righ ol e sl '
carboxyl i cg t&ﬁg;&atgfeoypﬁoﬁnsbohh_@omm,iaalhlqﬁ-ef'efabex HbRYiboat hep-206¢@sp! i nker,

the crosslinked pol yners or oligonmers w conprise acetal |inkages having
10 the forimdhee ¢rosshinkingof i chhwosndinghé hiverd Th apbediwichts vieers thiefpotymaet | y
crosslinked that it. wll be substant.iall i nsol ubl e.in typical ot or esi st
colvent o ghlsonygrncl) Bcels ISR e Srsiner 1 Auenti S8Tcont g
| ayers wi | broldiRea iR REMcE bR o borh €S il B3 : LoDl y 20

| ess than arlg(p)%lt ?L’% an e\?eh Xg’rge p?e‘f’%%@%l;} a ort?&%g%ta%%a%sﬁag%%ng t est
i nvbd ves fherfstmudet er mi ni ng t he thi ckness (by taking the average of
nmeasurenents at five different |ocations) of a cured layer. This is the

average initial filmthickness. Next, a solvent (e.g., ethyl lactate) is
puddl ed onto the cured fil mfFroabout 813sec3nds, foll owed by spin drying

at about 2,000-3,500 rpm for abgut 20- secagnds to renove the solvent. 25
The thickness is neasured agal nllat IiVn di Lf rent points on the wafer using
el lipsonmetry, and the aver agf Sﬁﬁeseﬁ mea'SLj'r enents is determned. This is

the average final film
15

The crosslinked layer will be sufficiently crosslinked that it will be substantially
insoluble in typical photoresist solvents. Thus, when subjected to a stripping test, the
inventive coating layers will have a percent stripping of less than about 5%, preferably

20 less than about 1%, and even more preferably about 0%. The stripping test involves
first determining the thickness (by taking the average of measurements at five different

~ locations) of a cured layer. This is the average initial film thickness. Next, a solvent

(e.g., ethyl lactate) is puddled onto the cured film for about 10 seconds, followed by

spin drying at about 2,000-3,500 rpm for about 20-30 seconds to remove the solvent.

25 The thickness is measured again at five different points on the wafer using ellipsometry,
and the average of these measurements is determined. This is the average final film

thickness.



t hi ckness. -6 WD 2005/111719 PCT/US2005/012851 The ampunt of stripping is
the difference bet ween the initial and final average fi | mthicknesses. The

per cent i 5 anount of stripping stripping pjtial
aver age fS\IRzF) zﬂﬁ] ness The crosslinked layers will also ﬁg\ﬂ/{%gg(}agéirsl {)r l'i ght
absor bance. The n value of .this.c anti-reflective e r coating wll
be at | east aboﬁmfn@m‘é t’fﬁpé’f‘ersatE? @9#3%68&? bitﬁ’e%gﬁmilatl é“é“a?@rﬁ?rﬁee the k
value w || tinfc':ﬁﬁ abo. t ARy gf erably fromabout 0.2 0.8, at the
wavel engt h of use ég , er rllmgli‘f%lnn 248 am 365 rinm. The OD of the

cured layers will be at |east about 5/ m preferably from about 5-15/m and
even nore preferably from about 10-15 m at the wavel ength of use (e.g.,
157 m, 193 m, 248 iim 36 rn 15 After the | ayers are cured, further
stepg can be carr, egiout as nece AUt PHSTIPRIDS part CJSI<It aL Jrenuf acturing
procdss. For exanfISEIPRIRgRot oresr t can L{l 00 cured Iayer and
subsequently patterned by ex o ay%r £y gﬁP?@F Frd appropriate wavel ength
foll owed by devel opnent of the exposed photoresist. Advantageously, as the
photoresist is exposed to light, so is the inventive coating. Upon exposure

to light, 20 an cidi ner at e m t he this i d "decrpsslinks"”
t he conpound in ‘tH&OSF 1ay?FFa‘t"ﬁla§S° H%sggpa%bgtggggor?%ea’%%nyﬂa? ﬁ/a
formed bet \tﬁeeutebenﬁ%rpéawgtayacbrtcbemo%%élat RK&%M&Q@ LAGHBa1) @981 | nki ng.
When a carboxylic acid is the acid group on the polyner or oligoner,

decri6ssl i nkibogt T84, whilk thetkhealieowitblte least afout g , smhmrefeodbyrEomabound.2-goner

originally resent inth S|t|on as wel | as an_al cohol and an 25
acet yl al detfyiét thepyayeleag g‘tq y’d]esﬁélﬁb [Parey 7?%ntphé6%%gn§’%gpdtﬁ*l€%er e R

represents e{?iﬁ@%?! %mﬁfe apfe%@%&?t 52;1}11 1%(@&)@13}[&@-8 raﬁout@q%/ﬁn IRRLESRIRES the

remai nder ot er cro
preferably from about 10-15 pm, at the wavelength of use {e.g., 157 nm, 193 nm,

248 nm, 365 nm).

15 After the layers are cured, further steps can be carried out as necessary for the
particular manufacturing process. For example, a photoresist can be applied to the
cured layer and subsequently patterned by exposure to light of the appropriate
wavelength followed by development of the exposed photoresist. Advantageously, as
the photoresist is exposed to light, so is the inventive coating. Upon exposure to light,

20 an acid is generated from the PAG, and this acid "decrosslinks" the compound in the
layer. Thatis, the acid breaks the bond that was formed between the compound and the
crosslinker upon thermal crosslinking. When a carboxylic acid is the acid group on the
polymer or oligomer, decrosslinking results in the formation of the same polymer or
oligomer originally present in the composition as well as an alcohol and an

25 acetylaldehyde. Thisreaction is demonstrated in the scheme below (where R represents
the polymer backbone or oligomer core, and R' represents the remainder of the vinyl

ether crosslinker).



WO 2005/ 111719 PCT/ US2005/012851 - O C', Proton transfer 0 ~+ 0 RIH + \' R
- -r RILGCPR Heat Crosslinking RR~~ R Insoluble in solvent Light

Exposur e AG_ R 0 0 HO-R H20Jf OR + ROH R H_10- p'-Soluble in
TVAH H Itw&izﬁ’/lbeﬁgopr eciated that after this decrossli ﬂk?’f‘r‘égq%{ ?25‘8 urred,

t he inventi ve coatings are rendered wet devel opable. That is, the cured
conposi tionsjt hat h@e beefrotorgepidsed tQ | i +can be substantially (and
preferable et ~Rr enmoved—w>t h SRCanv ~anal_aqueoys (Tegel opers such
as tetranethyl asmdni um hydr &'%#tde and KOUeveI ORESsSinkingOME” 0P — hese

devel opers are commercial i zed under the names PD523AD (avail abl®™from JSR
M cro), NE-319 (available from Shipl ey, Massachusetts), amduleM¥DZEn(avail abl e
from TOK, Japan) devel opers. At |east about 95% preferably at |east about
99% and even nore preferably 100% of the inventive coatings Wwll be renoved
10 by a base devel oper such as tetranethyl ammoni um hydr oxi deréﬁﬁ'ﬁpg"s%aﬂ
devel opers. This high percent solubility in conmercially-ava Iabre

devel oper sHOaf er light exposure is a significant advantage oVer the prior
art as this shortens the manufactur ng process and nmakes i¢® |less costly. 15
DETAI LED DESCRI EIl ON ) THE—PREF =D EVBODI VENTS_ The f ol I@E\@_q exanpl es set
forth prefepred netHds R n aceorddnd® wit h R'ReH i nventi on. It ds-/f O be

under st ood, lhowever, that these exanpl es Sameingveni ded by way o
illustrationtand nothing therein should be taken as a limtation upon the
overall scope )

It will be appreciated that after this decrosslinking has occurred, the inventive
coatings are rendered wet developable. That is, the cured compositions that have been
exposed to light can be substantially (and preferable completely) removed with

5 conventional aqueous developers such as tetramethyl ammonium hydroxide and KOH
developers. Some of these developers are commercialized under the names PD523AD

(available from JSR Micro), MF-319 (available from Shipley, Massachusetts), and

NMD3 (available from TOK, Japan) developers. At least about 95%, preferably at least

about 99%, and even more preferably 100% of the inventive coatings will be removed

10 by abase developer such as tetramethyl ammonium hydroxide and/or KOH developers.
This high percent solubility in commercially-available developers after light exposure

is a significant advantage over the prior art as this shortens the manufacturing process

and makes it less costly.

15
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The following examples set forth preferred methods in accordance with the
invention. It is to be understood, however, that these examples are provided by way of
illustration and nothing therein should be taken as a limitation upon the overall scope
20 of the invention.



20 of the invention. -s WD 2005/111719 PCT/ US2005/012851 MATERI ALS AND
METHODS 1. In-house Preparation of Tetrafunctional Vinyl Ether Crosslinker

+ 4Na Br FW 449.79 88.11 23 478.55 5 e : 3. - 8 not:
WQAZ Ogﬁllﬁggr Pﬁé%é&’r?ﬁ) ,198§-§neck,

8.22 32.9 34. eaction was carried out under N2 in"a

round bottom fl ask. The Na rj | i exane prior to use to
renmove mneral oil, placed m%mﬁé%b§or wei ghi ng, and then
transferred to e oflaskyqwhbe Br 2aM@I APl e, AfAksohol sol ution in
THE (20 nm) was adgéd dr%(fo’vm se ]trhr 01@1 anaadg’ﬂl;:on ’unnle’F‘Ie (about 15

m nutes), and then heated to reflux until all of the Na was dissol ved (about
30 mnutes). The solution was |light yell ow and honbgeneous. Tetrabrono

durene dissolved in THE (15 n) was added tom ction flask dropw se
(about 30 & ~Brl5 MO\Aed to reflux overni ght- onoadai tidn, the
m xture bem@teroge S (N&Br+ pteci-pitates). Afge ing, the salts
were filter dyinsed with THF. The THE was .g@mbved in arqtary

evapor at or, and t h&" r emai ni ng oil was redi ssofved in CHC13 (254 ). The
chl orof orm sol uti on was washed with water (2x25 m), and then with brine 20
(saturated NaCl, 25 m). The organic |layer was dried by passing it over a
bed of silica gel. The solvent was renoved. The product was |eft under

vacuum f or \(Vurt her drying._ -9 WD 2005/111719 PCT/ US2005/012851 2. In-house
Preparati ohVof TH%{hcti o 1NVinyl B her Gross linker 37856 0

5 gr: 3.6976 2.9 0.8

mmol:  §,22 32.9 34.8

The reaction was carried out under N, in a 250-ml, 3-neck, round bottom flask.

The Na cube was rinsed with hexane prior to use to remove mineral oil, placed quickly

10 in a vial for weighing, and then transferred to the flask, which contained 50 ml THF.

An alcohol solution in THF (20 ml) was added dropwise through an addition funnel

(about 15 minutes), and then heated to reflux until all of the Na was dissolved (about

30 minutes). The solution was light yellow and homogeneous. Tetrabromo durene

dissolved in THF (15 ml) was added to the reaction flask dropwise (about 30 minutes),

15 and allowed to reflux overnight. Upon addition, the mixture became heterogenous
(NaBr precipitates).

After cooling, the salts were filtered and rinsed with THF. The THF was

removed in arotary evaporator, and the remaining oil was redissolved in CHCl, (25 ml).

The chloroform solution was washed with water (2x25 ml), and then with brine

20 (saturated NaCl, 25 ml). The organic layer was dried by passing it over a bed of silica

gel. The solvent was removed. The product was left under vacuum for further drying.



cl, a Ho ~0~0 /~\/o\/ Ether / Et3N O Cl 0I0 Ethylene glycol vinyl ether (6
grans) and triethyl amne (7.5 nil) were mxed in 5 ether (40 m) and

treated dygRWsg¢iMéth a solution of trimesic acid chlorpdekfhedhod® 1N
et her (40%. Af t er addition, the mxture was heated to re?l ux for 1.5 hours.

Resi dual | t by £iltrati t : | uti
vashed vi th 100l R (P i iRl PRe B 0% o) and then

dri ed over anhydrous magnesium sulfate. After renoval of the solvent under
pressure, light yellow oil was collected 10 (69%yield). EXAMPLE | Pol yner
Conposition Wthout Acid Sensitive Goups 15 A honopol yner of nmet hacryl oyl oxy
ethyl phthalate (28.9 mmol, obtained from Aldrich) and

P o . . D . .

2,2' -azobi sis wonitrile ("AIBN," 0.5 8 | .radigal initiatey,, obtained

from Al dri@h) & xed i N5 nj | tetrahyd?g&noaxf\@ P sBonZd from

Al drich) undex-a nitrogef at rm\{pheéte f]gck heated to re for 15 hours. The
3l lowed to cool, conceRtfated to about 25(m, and then

reacti on was
precipitated Pntw 200 mM hexane. 20 After filtration dfr\ypngr about 8
grans of the remaining white powder were collected. The pol yner nol ecul ar
wei ght ("Mwv') was neasured by using polystyrene standards and gel

permeati on chromat ography ("GPC') and was determned to be 68,400. A 193-nm

bottom anti - r ef k@glch¥ elyeolRtinyIGtHepS® REBDAINEH @EyIalihOWs mf) vate 89kddds 25
fornul ation contal ni g{g ethyl lactate ("EL," obtained from General Chemcal),
t he 5 pol ynetherdAe pel) &l i iropg s mgithveesodiitonvifdrimesie aBid dblorle\(d gydmst her

[inl - 05/111719 PCT/ US2005/ 01285 bt ai d Al drich),
s kO ARSI FET USR000L 012051, bt ahncd Lromp) i o)
Al drich) wag: Qx(ff?é) caBY diirhd &L e Eh@&%ggolﬁti% Wa&(x%he?’\ﬁ@?l@% widmer- The

crosslinker and PAG anouhts were based on the weight o e polyner.
(2 x 25 ml), washed with water (25 ml), and then dried over anhydrous magnesium

sulfate. After removal of the solvent under pressure, light yellow oil was collected

10 (69% vield).

EXAMPLE 1
Polymer Composition Without Acid Sensitive Groups
15 A homopolymer of methacryloyloxy ethyl phthalate (28.9 mmol, obtained from
Aldrich) and 2,2'-azobisisobutyronit1ﬂe ("AIBN," 0.58 mmol radical initiator, obtained
from Aldrich) were mixed in 50 ml tetrahydrofuran ("THF," obtained from Aldrich)
under a nitrogen atmosphere and heated to reflux for 15 hours. The reaction was
allowed to cool, concentrated to about 25 ml, and then precipitated into 200 ml hexane.
20 After filtration and drying, about 8 grams of the remaining white powder were
collected. The polymer molecular weight ("Mw") was measured by using polystyrene
standards and gel pemieation chromatography ("GPC") and was determined to be
68,400.
A 193-nm bottom anti-reflective coating was prepared as follows: A 3% solids
25 formulation containing ethyl lactate ("EL," obtained from General Chemical), the

polymer prepared above, 28% by weight Vectomer 5015 (a vinyl ether crosslinker

-10-



The above formul ati on was spin coated at 1,500 rpmon a silicon substrate
and 5 then baked at 160C. The filns were rinsed with EL to determ ne

resi stancgd Rt/ ng71o" €Si St sol vent, exposed to light for Tﬁﬁ% ARAS2ssheated in
a post-exposure a e ("PEB") at 1300 and inmmersed in J% oper 0

hyl. ar. d . d h 23A
Obtai noa 1 GMBEERICABHED And 3R by sTieR wen il PSR R a R e DR At e
bot t om ant Ioﬁﬁfléde@&m\mdﬁ&@twa@qm E@&i malaiRelowaavws: hh%n%g I%ctlﬁt RRLL om

anti-reflective coating had good sol vent resistance, and it could only
be renovedheycresslisic ahd HACdan@uIIhpwcredfas@fore&lp@wgm ofmlpmlmarrpl e shows t hat
i acjd-sensitive . rou reqU|red for the

a polynmer havi a
crossl i nki ng/ derclﬁﬁsag’PYen TRYLaLER HRe Sl cga} bll’-»%zO TP & SHCOnUBRFRiS 8 ter | %

Th
peveroprent Toe e EATEPatlrl wlhe ritaf SPATEL § BRmot regb RS 3BE, o
(A (A  618s:is301vént explodedtddibgl Gor ?Z&Candapﬁéat@m@%eemmeﬁm\ﬂeﬁm) Bott om

Anti - Refl ecti ve Coating Containing 25 Chronophore, Acid, and Di ssol ution
Enhancer Mt b3Sy pné m@pigeq mpggvelopar @etmmthylwmanweuhydr@ﬁdwdm\éﬁﬁ

tert-butyl th | at e Ptr[)%% 2 afned. f Al dri

9- ant hr acensé)%ﬁ | the IEE:'tnﬁéac y afqg(q& mﬂm ?Sks fgf)ﬁoaf’eﬁ%&sr %%m

St - JeanPhotde@fb@mr&adna réfi6ve the BBHomARBNefidotide B8RRI, W%fé MbASH sharwOhafl THE
under nitrogen atnosphere and heated to 30 reflux for 19 hours. The reaction

was 18l | owedhe bottrmointi-wdlscitvamoshng hadegpoti solabmuesigancei and thatat opakl arfighe
preC|p|tated|nt 150 .m.. hexane. After f||tr Jon and out

grams of a FPght R)/ez}q %Wlmaﬂ}eﬁﬂo%rage’cﬁﬂoélgf’e 15?%@1%I88Wé§%pﬂ¥%ﬁred by
using  pol YL H-LHP ShABKA S cANE 15t ri¥Rred GbEME BRSsHRiR AL bs8fking 11

process.
15 Table 1
Initial Thickness After % | Thickness After % Thickness After %
Thickness | 20 sec. lé‘L Rinse | Loss | Development Loss Exposure, PEB?, Loss
(A) (A) (No Exposure) and Development
(A) A

619 590 4.7 712 0 65 90

20 ? Post-exposure bake
EXAMPLE 2
Bottom Anti-Reflective Coating Containing

25 Chromophore, Acid, and Dissolution Enhancer

Methacrylic acid ("MAA," 31.2 mmol, obtained from Aldrich), tert-butyl
methacrylate ("tBMA," 26.0 mmol, obtained from Aldrich), 9-anthracene methyl
methacrylate ("9-AMMA," 14.5 mmol, obtained from St-Jean Photochemicals Inc.), and
AIBN (1.4 mmol) were mixed in 60 ml THF under nitrogen atmosphere and heated to

30 reflux for 19 hours. The reaction was allowed to cool, was concentrated to about 35 ml,
and was then precipitated into 150 ml hexane. After filtration and drying, about 10
grams of a light yellow powder were collected. The polymer Mw, measured by using

polystyrene standards and GPC, was determined to be 23,800.

-11-



WO 2005/ 111719 PCT/ US2005/ 012851 A 3% solids fornmulation containing the
pol ynmer, PGVE (obtained from General Chem cal), PGVEA (obtained from General

Chemi cal Jwo Q% £46 af unctional vinyl ether crosslinkerppteRaMSMH1JsEr house as
descri bed above, and 4% triphenyl sulfoniumtriflate (aPAG obtained from

Al drich) was prepared .and filtered through.a 0. 1-m . e olat 5 filter.
The crossl i nkerggr{ésogﬂé%%&ﬁtog CRer gnggﬁolwe%%p%{pgﬁqeaﬁm@F@ex%}bove
fornul ati oahyrﬁfeagr,mmg_%sﬂmea frémIhefDThONLCAN) 2l (94 etreRR AR VMG &nand then
baked at 160C. The optical constants at 248 m were neasured using a

vari abl e aengbgdinkenmeparesbindpiuse a4 déspebrdeabere, (@nyA%EHphemd swdosundtifietei ned t o
be k = 0.4 = .4589.. The fil [ ith EL to t esi st
be = 042 200 Do 40RR e U Lm s einesd WD L Lo Lesh cest tance
thi ckness ﬁﬁ%rfﬁ%rosgﬁﬁ(eggﬁ@gé@ s Weﬂ%“f?lsédagn R%IQ?]% 81 TMRHsQ)eut i on,

and no thickness | 0ss occurre wever, after t m was ~exposed to

li ght fronfamokation fyes Xpincivatedrp 1{390 rPnsao nddlicdndubyities sehtheA bakhibgquent
post - exposur e bake at 130C for 90 seconds, the film becanme soluble in

devel oper . 160f. EXARmIptca eonstapts ato?480pm ware meaped nEssHy vEaIjerangle

Conposi tiop ral ¥ [ 1ng t rocedyre i.n Exanple 2
-and usi ng SR/%%%%H%%%@%%&% Ee%f(v‘gﬁ‘gg%%gﬁg%(%&?% e)dqtgnb%o de&'ﬂ? oanger?mnst rate

control of 14bgo. TH filGAkadiRee kiihasL @ftedt hesideaict e Rk sol®int egkbverigRat | ng
whi | e mai nt ai ni n(gPdl ssolution 20 properties. A 3 %solids fornulation

cont@i niOI ng RGP @aEA,norbe%geén ﬁkﬁ@ﬁd{ﬂe@s’amcurr@d. e cezterléﬂnlorr?émmamsk@ér y
9= . ‘ 4% 1 11 ) .
E%\%pﬁ,éihp'r B TR P o AP B EpesBLtGs AsTHTES QROBHBGTEY PRI Table. 2
. ! - | C
dons: ty. - aSHoStOEIRRRh S F AP RRRGFIR AR T el PR R OO i

val ue n vabow-eKp¥srd bake aM 30°Quior Bekéwatls, the filnabecksi solubld i@ d4ytlopér. ckness (A)
M ni mrum Thi ckness (% 10 0.27 1.52 6.1 660 2.6

)

15 EXAMPLE 3
Control of Optical Properties by Polymer Composition
Several polymers were prepared using the procedure in Example 2 and using
varying amounts of chromophore (3-AMMA) in order to demonstrate control of the
optical properties of the bottom anti-reflective coating while maintaining dissolution
20 properties. A 3% solids formulation containing PGME, PGMEA, 10% tetrafunctional
vinyl ether crosslinker prepared in-house as described above, and 4% triphenyl
sulfonium triflate PAG was prepared and filtered through a 0.1-micron endpoint filter.
Table 2 shows that by increasing chromophore loading in the polymer, optical

density, and substrate reflectivity can be controlled.

25
Table 2
9-AMMA | kvalue | nvalue OD/um 1st Minimum Reflectivity at 1st
(Mole %)* Thickness (A) Minimum Thickness (%)
10 0.27 1.52 6.1 - 660 2.6
30 20 0.42 1.459 10.8 660 0.08
30 0.54 1.462 13.3 620 0.87

® based upon total moles of solids in composition

-12-



30 20 0.42 1.459 10.8 660 0.08 30 0.54 1.462 13.3 620 0.87 a based upon
total noles of solids in conposition -12 WD 2005/111719 PCT/ US200S/ 012851

EXAMPLE 4y69pRaiphbve Exanple with Phenolic Polymer A cpapaiabkypsgexanpl e
was prepared to denonstrate that vinyl ether <crosslinking wth a phenolic

resin does not provide sufficient gy inking density to 5 prevent
stripping by photoresist solvent. Wfﬁ%r ocedure, 0.5 grans of

pol yhydroxystyrene (" PHBofnpahtiaé BR&npletith BAHERE Polythed2 grans of a triazine
PAG (TAZ107, obtained from M dori Kagaku Conpany), 8.5 grans of EL, and

vari ous anount sAotomparative ssaypleemgs preparedyip dethemstrapy délir wubyl retharuse wer e

m xed and filtered through 0.1-mi cron endpoi filter,. Two 10 .additi onal

for mil at1 oSS BKE ey Eh e BRENLP aEP AOGHIE RIS R E RO BHFBR FFPEDAE d (» 0-

ACA, 5 a Ch%i%@ﬁ@ﬂ{pppi&béﬂﬂb?&eéiét%lvéhg” ch) were added to the conposition to
e

form a bottom antr- l'ective coating for 248-mm |ithography. Filns were
spin coated ontin tisd procedurs,ubStgratesf poiyhydrenysoatees ('PEHS /avplaitgdt @omer at ur es
up to 205C_ Table 3 shows the results obtained. In_all cases, the bottom

N
anti - r ef | ePEPoR),cO8E ighyns of dpipiaaing Sy &€ &1 07,19 toiked form ddidori Kpgak, Table 3

Terper at ur SRRANGe P T e R Reaa s pRBh ORI 10 5
PHS 4: 1 15Qr285d TREEkE were Abd diiS1idicH ARUsROD.1-ThiEbD én@roeAIROTWEHS 4: 1

100-205 TAZI 07 9-ACA 100 ' tests were carried out at 10-degree intervals
t hr dlgh t hadditienap&ramiations wargelso prepared in which 9-anthracene carboxylic acid ("9-

ACA," a chromophore obtained from Aldrich) were added to the composition to form
a bottom anti-reflective coating for 248-nm lithography. Films were spin coated onto
silicon substrates and then baked at varying temperatures up to 205°C. Table 3 shows
the results obtained. In all cases, the bottom anti-reflective coating stripped completely

15 when rinsed with EL.

Table 3
Polymer | Crosslinker:PHS Bake PAG Chromophore EL Stripping (%
Ratio Temperature change in film
°0) thickness)
PHS 2:1 150,205 | TAZ107 | - 100
20 PHS 4:1 150, 205 TAZ107 - 100
PHS 2:1 100-205° TAZ107 9-ACA 100
PHS 4:1 100-205 TAZ107 9-ACA 100

® tests were carried out at 10-degree intervals through this temperature range.

-13-



-13 W claim 1. A nethod of formng a mcroelectronic structure, said

nmet hod conprising the steps of: providing a substrate having a surface;
appl ying a conposition to said surface, said conposition conprising
conpounds di ssolved or dispersed in a solvent system said conpounds bei ng
selected fromthe group consisting of polyners, oligoners, and m xtures
thereof, a é%gﬁhponpound conprising respective acid groups other than
phenolic groups, dand having protected acid groups and unprotected acid
groups, wherein the nolar ratio of protected acid groups to unprotected

acid groups is fromapout 1:3 to about. 3:1, wherein said acid groups.

i ncl ude carboxyl ik ac%) ale&?%ﬁsftprre%@srmcmefqﬁwlﬁétraﬁhrﬁoémewlwdswmmg
conposi tion #esikhLdd crosslinked conpounds conprising |inkages having the
formula L IH 11 GO CO Hformng a photoresist |ayer on said

conposi tion; and mrydwigrgubsiate lwh';ga@iurtg@m to light so as to decrosslink
sai d crosslinked acgf ound%.O%,Ong g$ﬁ9 ogkplaink%f mherejp sai d ds
crosslinki ng stepp f §QTPosTon ?ﬁﬁ ¢ 8%§1|n%¥W§’%ﬁpémg@ﬁ5§§ﬁ@§m0§? The
met hod of claim 1, whaligblvesdat dispéresiSini adolvedt Sisen, hidl @pauhdsytingddelected
conposition that is substantially insoluble in photoresist solvents. 4. The
met hod of claiml, whefandhg grodgrousistyieselepplyneisqsligomess eind gpixtyeniisesofsi on

of claim Iy wherei n L4 SanonrRaRLPaRPFRIierReN Y FRE afpups phet el Hhefliichoc
groups, and having protected acid groups and unprotected acid groups,
wherein the molar ratio of protected acid groups to unprotected acid groups
is from about 1:3 to about 3:1, wherein said acid groups include carboxylic
acid groups;
crosslinking the compounds in said composition to yield crosslinked compounds

comprising linkages having the formula

forming a photoresist layer on said composition; and
exposing said composition to light so as to decrosslink said crosslinked

compounds.

2. The method of claim 1, wherein said crosslinking step comprises

thermally crosslinking said compounds.

3. The method of claim 1, wherein said crosslinking step yields a layer of

composition that is substantially insoluble in photoresist solvents.

4. The method of claim I, where said exposing step yields a layer of

composition that is substantially soluble in photoresist developers.

-14 -



of the bond (*) of the |inkage having the formrula 0 1 ~* ~Hs CO0-CO H

6. The nethod of claim1, wherein said substrate is a mcroelectronic
substrate. 7. The nmethod of claim®6, wherein said substrate is selected from
the group consisting of silicon, alumnum tungsten, tungsten silicide,

gal lium arsenide, germanium tantalum tantalumnitrite, Si Ge, ion inplant
layers, low k diefectry n i of
claim1l1, wherei neﬂ sai d’r hg é;'}%{% e %lﬁlrl?k‘?glf Ieecrg%é)({ %@Oglﬂgg{eﬁg?sgpse%gﬁ?l n%ﬁgga

hol e, sai d séfrthcbamdg*) ofitbé likagg havidgtelfosnidmd a bottom wal | ; and said

appl ying step conprises applying the conposition to at |east a portion of

said hole sidewalls and bottomwall. 9. The nethod of claim1, wherein said
substrate conprises an ion inplant leayer, amd saiqd applying step conprises
formng a | ayer of said conpositio jacent| said ion inplant layer. - 15
10. A nethod of formng a mcroel eR-g-Istg-uch , said nethod conprising

the steps of: providing a substratq having & surfgce; applying a conposition
to said surface, said conposition conprising conmpounds dissolved or
di spersed in a solvent system said conpounds being selected fromthe group

consi sting of poly fg(rjsgheoln' ﬁﬁﬁ‘a&fsclaﬂ#dl ”{l«ﬁ‘etr Bessald %Ht?sﬁrﬁ{%f s ch%e Cﬁ‘gllllg

polynmers are sel ec rom roup consi s
acryl ates, nmibkea¢.yl at es, pol yesters, pol ycar bonat es, novoI aks poI yam C
aci ds, and m xtures thereof, and sai d ol i gonmers are
7. The method of claim 6, wherein said substrate is selected from the group
consisting of silicon, aluminum, tungsten, tungsten silicide, gallium arsenide,
germanium, tantalum, tantalum nitrite, SiGe, ion implant layers, low k dielectric layers,

and dielectric layers.

8. The method of claim 1, wherein:

said substrate further comprises structure defining a hole, said structure
including sidewalls and a bottom wall; and

said applying step comprises applying the composition to at least a portion of

said hole sidewalls and bottom wall.
9. The method of claim 1, wherein said substrate comprises an ion implant

layer, and said applying step comprises forming a layer of said composition adjacent

said ion implant layer.
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selected fromthe group consisting of acrylates, nethacryl ates, novol aks,

i socyanurates, glycidyl ethers, and m xtures thereof, said conpounds
conprising respective acid groups other than phenolic groups, wherein said
acid groups include carboxylic acid groups and at | east about 95% of said
carboxylic acid groups are free of protective groups; crosslinking the

corbounss, L1 S0, SHBRSABION §fgech fEgselihec,cathoudh EB0N 5100

on sai d coppsising oire stgrdfexposi ng said conposition to light so as to

decrosslink Saipgov%{ii?xgglsil@s%r% e ha(\:/lct)lrégosﬁr aése'; -16

applying a composition to said surface, said composition comprising compounds

dissolved or dispersed in a solvent system, said compounds being
selected from the group consisting of polymers, oligomers, and mixtures
thereof, wherein said polymers are selected from the group consisting of
aliphatic polymers, acrylates, methacrylates, polyesters, polycarbonates,
novolaks, polyamic acids, and mixtures thereof, and said oligomers are
selected from the group consisting of acrylates, methacrylates, novolaks,
isocyanurates, glycidyl ethers, and mixtures thereof, said compounds
comprising respective acid groups other than phenolic groups, wherein
said acid groups include carboxylic acid groups and at least about 95% of
said carboxylic acid groups are free of protective groups;

crosslinking the compounds in said composition, to yield crosslinked compounds

comprising linkages having the formula
N

forming a photoresist layer on said composition; and

exposing said composition to light so as to decrosslink said crosslinked

compounds.
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