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concerned with nmethods of formn ive coating layers on silicon”
and dielectric materials as well as tisetsgqresulting integrated circuit
precursor structures. Mre particularly, the inventive nethods conprise

provi di ng a quaROLYMBRIG ANIREELEGEHEE AGATINGS MERQRITER BY of nononers
into the plasma s tric rrent and_subsequent pol ynerization

t hereof onto the éﬁ%ﬁ%@%Eﬁ#ﬁﬁﬂgﬁgﬁﬁﬁgygcAéd%ﬁB&%ﬁﬁﬁggﬁrpﬁﬁqPrior Art
Integrated circuit manufacturers are consistently seeking to maxim ze

- silicon wafer sizes and m nim ze device feature dinensions in order to

i nprove yield, reduce unBAGKGROUND ORTHEASYENTFION p conputing power.

Device feature sizes on silicon chips are now submcron in sjze with the
*advent of advanced deep ultraviolet (DUV) mcrolithographi C7H@mﬂmﬁﬂmmm
However, gefuhgdig substrate reflectivity to less than 1

phot oresi st exposure is critical for maintaining dinension contrabosf such
submi cron featThieprestheriaiation is dadadabsenbirigl okgiannetheds yore fsmigagwn as
antireflectjve coatings are appl.ied beneath photoresist |ayers in order to
reduce t hatireliactye peating lawrnen siicameand dielerisis materials pe well ms desisswltiog

subst r at e ' ' e. T 2 organic .

antirefl e@%e%g%éq]%rf é?ﬁre§§§5ﬁ>%§§@%%-| %ﬁ%ﬁ?@%ﬁ%ﬂlﬁs Hgl%gg‘ﬁ Iggtﬁaéjscctog}pr?ﬁbst rates
by a procgsgidadl 4 qarkidy BE adjolyifler ddhbdatedSBi the @abRshimnéf mehdBekiiN® thayer s
offer excellent reflectivity control, their performance is limted by their
nonuni f oriRIga stafefby elactria gprightandawbenqrentipolymasization thereoh ontodhgisustager
inefficiqﬂpi%%mhggerent Wi thin the spincoating process. As the industry
appr oaches 55K Option of eight-inch or even twel ve-inch sem conduct or
substrates, the inherent inefficiencies of the spincoating process becone
magni fi ed. WO 021 062593 PCT/ USC1/ 19081 2 When spincoated at thicknesses
rangi ng fPekesondAfthe BByoMA comercial organic antireflective coating

| ayers requir ol rs specif'call desi gned.t o prevent nol.ecul ar
| nt or i xi ng wi PREHFLRRREL FRBpBr Ot e Enay Sethie, Ry SHEPBon.
Al t hough Wh@hsioed drfdahing@ie deyics fedtdY dNAUBIRRGH BEdp AeRhSrol B SRR, BERcEesi gned

polynmers to provide effective reflectivity control at prior art dinensions,
t hey haveumtense.cud iehreasp aoichip cangtuting ppwelh | Revice ferturdrizes onrsdisoh ghipeai | abl e

tireflecti ti Licat ] i s inad te.pl i zation.
O gani ¢ affei<gt ISR dBatAenyLh e e ¥4 vined S irvidet TGV the
formed | ayedrsiithygriapiat pocbed HoReher, Fadh¥ink thelsissiratd18118dHvE BOIR S thdn fohe edge

of the substrate is greater than the thickness at the center. Furthernore,
spi ncoat eduring phetpresist iewpostivnis Agticadfer saieipmingo dphension eenttpl afnsgbnl y coat

surface topogra rat her than.form hi.ghly conformal, |ayers (i.e.. |layers
whi ch everrpRreastdh Hert o e PR SR e PP Brtregeve,

exanpl e, gdatiaBs ﬁ@hﬁmﬁﬁb@ﬁéaiﬁ@o@&ééi&tﬁ?efs@ﬂ@fde%fr&d@eﬂfé%ﬂl@kivitﬁﬂcﬁfnaﬁl?i ckness
of 1000 A is spincoated over raised features having feature heights of 0.25
Vim the tzopunteredyfrgm thesermicapdueint subggesndurhiigdhke photorsgisbP Uhexpfogaiteur es,

whi | e being as. hick as 1 OH Ain the trou % quaa d getmeen(ih rai sed
feat ures.  Vihen TR RIpHIG ARGRTiS vy o HEAD APRIFL do (5% SREondneon oy o
si zes, thguRRhies BY h BRickdaNOPiPiMtDatiny EWhils spif€oaid BnipefibdifeiBRrfrdrhe

features to provide the desired reflection control at the features. At the
same ti megxcaeHent| mfleetivity canirol,hiheir penformander Sulighited dypthetri nomwhifpunignt | ayer

renoval dyrgi .subsequent plasmg.etch. T I.S,4 N the.process,of .clearing
the anti rg?tjle‘ér}g’r‘%\@ &gaﬁ“ﬁ‘aﬁ r%ﬁ?tpﬁtéo“tsr %rtfg‘ﬁgerwéfﬁc?ﬂlﬁlﬁs é@]ce e,n?%tgl%ﬁlgeml l's
-of the regifloatifaipisc@ss. DARARE iRINNEE BpprBaches! eHeNstoptieh OF Rt Gidhl o &leped - but
significant - changes in the feature shape and/or dinensions. Furthernore

t he resi stwelé-tichesmicondueidy eubstraies,ythedphdyent| inefficiennics tof dhe spiseenting

‘i nconsi st ent inges or feature patterns as the resist pattern is
transferrBﬂmFﬁ&S‘Pﬁﬁngﬁﬁﬁﬁpate during subsequent etching procedures. O her
probl ens can occur as well due to the fact that spincoating of these
ultrathin antireflective coating | ayers takes place at very high speeds in
a dynam c environnment. Accordingly, pinholes, voids, striations, bubbles,

| ocal i zed poor adhesion, center-to-edge thickness variations, and ot her
defects occur as a consequence of attendant WO 02/ 062593 PCT/ USO1/ 19081




3 rapid or non-uniformsolvent evaporation, dynam c surface tension, and

| i qui d-wavefront interaction with surface topography. The defects stenm ng
t her ef r ofigRaRI®3 unaccept abl e with increased wafer size (gegusoiBo@it- to
twel ve-i nch wafers) and when patterning super submcron (e.g., 0.25 ~.mor
smal l er) features. There is a need for an inproved process of depositing
antireflective coatings on various substrates. This process shoul d overcone
t he above-nenti oned drawbacks while providing for rapid deposition of the
antireflective coatings. SUVWARY OF THE | NVENTI ON The present invention
over conmes t heswhenaplreosted\t kHiclamhies papidlitdgn 50WAovessoreRhastamefciapp! yi ng
antireflective coatings to silicon wafers, dielectric material s, and ot her
- subst r at e@rgpric gntirelestiveotoating lyersuaquire privnen speaifiepllyalesighed to ptevergal | | um

d |
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gquantity of an antireflective conpound (which can be in the solid, |iquid,
or gas stitppvidatesfeatiys wfleatiwtiacantioy ab ppby amglimensidnsc they havempewtouso t he
conpound nd?’ ‘é(pr essure. This is preferably acconplished by increasing the
pressure A Systemto a |l evel of fromabout 50-200 mTorr, nore
preferably frophaietrobRmleith IWOErend)hyBYDNe ARHENREGE e&aﬂ YapphiGiogbouUL
95-100 nTorr. As the pressure is being increased, an el ectrl ¢ current of
from abouprogesgesms)madwatqplmaezabdny Grgzum aﬁmeﬂecﬁveccatlagwe usmatly formed
preferabl from bou ) ied to ound For
BonpoundsSHRIPREORE LB Frizes PR R A BB OB Tayaa i T aRkasod Meo0
sl ight he@&gewwbaeat@ﬁ%%%wan%ﬁe fhmmewa& ﬁiatcem%r %Meﬂﬂoxe}ﬂﬁhﬂ%es' tion
of the layer on the substrate is very rapid, much nore rapi

convent i omsdtrefidvéine cedtingdpers temhtopildniatine graviByenby omt sieése tddogemphardtherul arl y,
the layers are f d at_a ragte of at |east .gbout 100 A/ nin. ferably at
| east aboﬁﬂ@nf@@ égj confgprpel jayexs Sreef]é}’%{ﬁl‘v”‘f BYRLLEQAL caalk aspser ‘Pfe n. on
an_ei ght - Licfhat QA TR cxabnphd, ilan B o ﬁéﬁ 9081 4
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types of nongnmers which can é)e seI %‘é‘ﬂ% end| r}ghu on the int ended

appl i cat i B EHAYE| %aryspmm 98 9l dpsisatices grhgle be t he
mononer s @idid 2Ny 'A‘%ﬁ'tﬁ@ %f'oa 'Hetw&e Fhd AR FOHukf CWaRR fahﬁﬁﬁanoﬁ | ayer
of photoresi st can e appl 1 %3‘ to the resuflu ng anti re? ective layer to

form a preaurswith shase attrengcriscagic fmture kizes, e mﬂbpmneei coatingHayer égabni ng
steps of the circuit_ panufacturing, process (i mask to the

phot or esi S prihetop bthe fahigesth arqyidii the desied r?%@?n 9951 iﬂ‘i tg? ?eaﬂu%lsf Athe
desired \aaARAihe, HE 18R 1 A iB'AE) trBdgil t%rfﬁébrﬁ dlayemeﬁlbval
Preferred nonomers ‘conprise a |ight attenu t| n an unsat ur at ed
noi ety (i dering subgequept ptasmalemhngl“hat i$,6aghe pmesﬂmﬂxilwimgrttie amiivefiectae | east

one triple bond the | att f which read] reacts durin pl asma
enhanced EMEFEJE™ %Fpts?ugie(}asﬁe%%efege@@f depsyraHée fhe ’ES’S‘SB R\R?Sth'PFCB’E“I"?er
nonomer s t kY [
attenuati ?\%d%r&[:ﬁ%\éc?%g{ clg%% elbagﬁis;}%éal cﬂhgo%gougﬂf scﬁ%%é: erf%gﬁjg S%He
napht hal easd/ouditrensiosn & uriermate thes, refisirthiockndsh ambebc@eepmmmay)belpsqowmoﬂl ne,

pyri dazi ne, pyrimdine, and pyragzi ne. Even referably, the |.ight
at t enuat i A 1§BT Orycansistent FmagsHpF feause %@tmﬁa%rsﬁﬁ pagierily &ee%e tg

and/lor a %ﬁﬁa eties include al kenyl groups
(preferab ﬂé%bg&%’%oglﬁ{ %ﬁ%ﬁ&h%%%?%{%g The nononers shoul d have a
melting or b0| IOtineg pmhlﬁhsodndaeasast\hdhdw&muhe %Otha&pup:toeﬁmg aftthysel vdtss t han

.about 150 C, and nor.e prefer rom about 10100C. Thu preferred
mononer s R %@eﬂqetlywomeﬁey% tfees Rlace 8t PR Hil 80268 Bt AVPRBIR ¢ he
group con

R e e o
acet am doséntélemeaige midqﬁsstuaﬁsﬁqnsemmm@defeab bgdub eswoenee ok eofi bisdndanit ed
derivatives thereof (e. g., al koxybenzenes, al kyl benzenes, hal obenzenes,
am nobenzenes, acetam dobenzenes, and nitrobenzenes). Particularly
preferred nmononers include 2-nethoxystyrene, 3-nethoxystyrene,

4met hoxystyrene, 2-nethyl styrene, 3-nethyl styrene, 4-nethyl styrene,
2-fluorostyrene, 3 WO 02/062593 PCT/ US01/ 19081 f | uorostyrene,

4-fl uorostyrene, 2-bronostyrene, 3-bronostyrene, 4-bronostyrene,

2chl orostyrene, 3-chlorostyrene, 4-chlorostyrene, 2-nitrostyrene,
3-nitrostyrene, 4nitrostyrene, 3,5-bis(trifluoronethyl)styrene,

tralls 2 chloro 6 quoro '3 nitrostyrene, decafl uoroallyl benzene,
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surprisingly defect-free. Thus, there are |l ess than about 0.1 defects/cne
of anticeffective layer (i.e., less than about 15 defects per 8-inch

waf er), wh2asedosr ably | ess than about 0.05 defects/cn2 (pcr/esor/iess than
about 7.5 defects per 8-inch wafer), when observed under an optical

m croscope. Furthernore, these essentially defect-free filnms can be

achi eved on 6-12 inch substrates having super subm cron features (less than
about 0.25 wmin height). As used her&in, the term"defects" is intended to
i ncl ude pinhol es, dewetting problens where the fil mdoesn't coat the

surf ace, ﬁpﬂﬂcﬁ‘ﬁo@ﬁhifﬁdn Salediit bedpotatioh iynaaRisurfdcebiich, and fued-9Raverddti cl e
contacts the substrate surface causing the coating to flow around the

. particl e. InigEgctions withs pwdaceyoppERpphy. s f[)lh plefects stespnigigndheraftonhdecoment i on

can be foymy t 0 5000 A,
and can oit@hitfe WA IEIRERFe 0y o8 b IRE BHRH) pT Rt

i ncl udi ngpdtteghﬁg aipedswmnietoan@lgh) 0of5 [ eismanet) fehhfleH00 Nm (e. g., 365 nm or
i-line wavel en ths, 435 nmor_ g-line wavel engths, 248 nm deep ul travi ol et

wavel engt hs, re o3 need\pras isgeved)procesvofleppsiting antireflentiva beatings 90300 nm

Th th b |
pr gfs er abfy%a IS%@ﬁlérgt%%bj\éﬁ?prQ s‘§/§‘ho\§f;lcl oveg(fﬂ%?ertﬁ 39&\)’816@ Hgd)cgr]awge}cgﬁ]wiﬂgut
150- 500 npRovidiig {36 F4pd aepashﬁnwmerﬁlfulrﬁreulvecdawv\%s have a k value (the

i magi nary conponent of the conpl ex index of 02/ 062593 PCT/ USOL/ 19081 6
refraction) of at |east about 0.1, preferably at |east about 0.35, and nore

preferably at |east about Q.4 real conponent of the
conpl ex index of refracti Oﬂwﬁg& @E&ﬁ“yMElﬂﬁgﬁ preferably at | east
about 1.5, and Tﬁ@g s@{tﬁmhﬁ&L Uve%orﬂ&ﬂ%seﬁ%@l&ns%y@r@ddhtﬂ}@vf&ﬁlﬂn Rekh of

interest (e.g., . The deposited antirefl éctive layer s aI SO
subst ant i allethpds nﬁapphang antireflottiverrostings. tg silicen wafers adiclatteic matomals,end gl ycol

th th t l. I th hot t whi ch
o o bs oo SpeuEs fety b et imehnafs Jw i AN siid Sl cnec
of the | aygmaivnl, ishanas tQMal'uﬁ§ﬁ1t1tit'€aﬂm?é&%EtaiL9§{'ﬁs 8k, %@f&ﬁ@%ﬂe&ﬁés t han

about 5% after contact with the photoresist solvent. As used herein, the
percent chafuges)iuglided innedud snanueturing(prévesseness prior to sol vent contact) -
(thickness after sol ven cant act%)Hl hlckn SS r|or .to solvent contact) The

antireflectivelEyEdstals FSdPYEgv § Pregrad ﬁPF‘QEé%C%E’SP&.%‘aW&Yt he
i nvent i Onoﬁﬁﬁaﬁtiréﬂe&ivgmo}hp%ﬁﬁcfl PiARh caff B8 i AL E&lﬂoﬂﬁﬁiﬁhbf?gésusrtitéfg? o gas used
herei n, surfaces having raised features of 1000 reater and/or having
cont act oplasma statel Bsafpdying dn teheetrid eurmntitonthe |cnglpbmicbunkmnmmssm’e flihismsabout
1000- 15, 000 _A)... Thus ede osited. layers h nt conformal ity of
2t Teact  BEGAEAGOTIASRaH RGeS e BSOS whioREiog Tt 6 BB rBR bl
about 100%p. SR | gedve
(thi cknesggopbtﬁL hnmtoE%el?artefﬁclirocat ?Ig%%&ﬁmgbh?rggaelss o?ﬁftéﬁezp%ﬁe%@yfét | ocation
B71 (t hi clbmes85-a00 tiifiert. iAsthepressuoeis beaing Aicreasdtk arelactrit Mirérg of flemaboniter poi nt
of the top . surface of a et featuge when the ta atu rai sed
feature, ﬁr m@n%ﬁf%?rﬁlafyﬁoq%@b?‘ﬁ@ %gla’fn@ﬁa %W@F&é’rﬁé a{b}yegor&rab lf'l—t'gture
when t he , ac | f way
poi nt bet \?\t'\gl Eg%?%éél BHée&tc())ltﬁ% ﬁoe ar geﬁoﬁgﬁgﬁg&%ﬁglﬁgﬁy gggeorg? ltErihgngF&gat ure
near est t hégxteauegémn fabaumOé Cy#ight bestidg mayrbemeesska'& jag itte currentfis ppplo?dnt
conformality, ture arget feat i s intende 1.062593
PCT/ UsOL/ 19081 The e &%‘E‘r"r}%&eia ‘?%@FE?‘&S ‘é&ryﬁ?é%“‘ifn e ?FF&%RI &anyi a
holes. As calza 1bﬁ§a.?ghérﬂlﬁ5ma§ ld@eg, ahﬁ glgces%e’g%@f pabtlReldH! @elaybRAt Ure is
base e side

|ntendedtore er to formngthetarget feature
when the tsrfgehedat atate of it deast abaitsld A/mirt. ;preferabﬂya;tﬂmstqbpeirlwd’gmlmfaml cont act

.or via hole mhen the tar i.S arece fea ur.e, aH

addi tion RPre preterptyy Sioph °(5‘F|L§5az‘mx4‘%‘fll W e tr‘ﬁ 58%??@?%2 i nst ant
i nvention has a further distinct advantage over prlor art splncoatlng

«met hods which utilize large quantities of solvents. That is, the instant
met hods avoi d spincoating sol vents which often require special handling.
Thus, solvent waste is mnimzed and so are the negative effects that

sol vent waste can have on the environnment. Furthernore, overall waste is
mnimzed with the inventive process wherein substantially all of the
reactants are consuned in the process. BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1 is a graph depicting the ultraviolet-visible (UV-Vis) spectrum of
a 4fluorostyrene fil mdeposited on a quartz slide by the inventive PECVD
process; Fig. 2 is a graph showing the reflectance curve of a
4-fluorostyrene filmdeposited on various substrates by the inventive PECVD
process; Flg 3 |s a scannlng electron nlcroscope (SEN@ photograph shomnng
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Fig. 4 is an SEM phot ograph showi ng the resist profile cross-section of a
4f | uorostyrene fil m deposited by the inventive PECVD process and utili zing
a conmrer Gigidoéasai | abl e photoresist; Fig. 5 is a graph depi/gtiingogihe W Vi s
spectrumof a 2,3,4,S, 6-pentafluorostyrene fil mdeposited on a quartz slide
by the inventive PECVD process; Fig. 6 is a graph showing the reflectance
curve of a 2,3,4,5,6-pentafl uorostyrene filmdeposited on vari ous
substrates by the inventive PECVD prodess; WO 02/ 062593 8 PCT/ USA /19081
Fig. 7 is an SEM phot ograph showing the filmconformality of a 1735 A thick
2,3, 4,5, bappesttiabd wiedt ahisypronideé ial dpsi€pasiddoshtage IO Ardwpeahapbiriy t he

I nventive PECVD process; Fig. 8 is a graph depicting the UV-Vis spectrum of
»a all yl pePo&®$suor obenzene filmb5 deposited on a quartz slide by the

i nventive PECVR praocess:.. Fig. 9 is a agraph show ng the_reflectance, curve of
2 al Iyl pent af | GAT BEERIEHHE PRI RSEITSE SIF VAR EIL S ESHRrEE Hitchne
cinventi vegdﬁ%%ae@te@@%)%ﬁamgﬂﬁorﬁheintérﬂieaal?mat‘fﬁmo@mmg.rﬁﬂ&tﬁ@lQ%&ﬁ@ﬂshe film
conformality of a 1698 A thick allylpentafluorobenzene film deposited on
1000 A t opredemnpseintsya plasmpyithe monpmeRRO P @y peniscanst, depesinin £BySBESOREPTI ON OF

THE PREFE D E | IVE LES, 5 ,Th . ] . t forth
preferr edsm?ﬂ%g/gqf%ﬁer 8%@?8%{?5" %‘?‘P l?%agapifh%é/ Logt\ﬁnp g%u llﬁgrg%%?lﬁgtgvee Iﬁg%er st ood,
however, {Waim tbiiRetre¥ 3FRttef% WHich BAPHbA BE sitedtdtodhe tnhdisihp dteh B fad

not hi ng therein should be taken as a limtation upon the overall scope of

t he i nventiraut manuiRTERIAIrS coNDe VENHPDS 2 ek REIDYPhqterssietdsyer expbsingihiche
antiref| egﬁdtc\)/r%si(s:toﬁggru odrsadla 151(1? a? 'fﬁ)é ggsgr% v{rarlleferlllgth, developing and etching the

photoresist layer).

Preferred monomers comprise a light attenuating moiety and an unsaturated
moiety (i.e., a group comprising at least one double bond and/or at least one triple bond),
the latter of which readily reacts during the plasma enhanced chemical vapor deposition
(PECVD) process to bond with other monomers as the layer polymerizes on the substrate.
Preferred light attenuating moieties comprise a cyclic compound such as benzene,
naphthalene, anthracene, acridine, furan, thiophene, pyrrole, pyridine, pyridazine,
pyrimidine, and pyrazine. Even more preferably, the light attenuating moiety further
comprises a cyano group, a nitroso group, and/or a halogen.

Preferred unsaturated moieties include alkenyl groups (preferably C,-C,;) and
alkynyl groups (C,-C;). The monomers should have a melting or boiling point of less
than about 200°C, preferably less than about 150°C, and more preferably from about 10-
100°C.

Thus, preferred monomers for use in the inventive processes are those selected
from the group consisting of styrene and substituted derivatives thereof (e.g.,
alkoxystyrenes, alkylstyrenes, halostyrenes, aminostyrenes, acetamidostyrenes, and
nitrostyrenes) and allylbenzene and substituted derivatives thereof (e.g., alkoxybenzenes,
alkylbenzenes, halobenzenes, aminobenzenes, acetamidobenzenes, and nitrobenzenes).
Particularly preferred monomers include 2-methoxystyrene, 3-methoxystyrene, 4-

methoxystyrene, 2-methylstyrene, 3-methylstyrene, 4-methylstyrene, 2-fluorostyrene, 3-



fol |l ow ng exanpl es invol ved subjecting the conpounds to sufficient electric
current and pressure so as to cause the solid or liquid conmpounds to forma

pl asma. Wegoiessasers to be deposited were initially wei ghedr/usoiasgdiass vi al
(generally around 0.2 g). The vial 5 containing the nononers was attached

(via a rubber stopper) to a quartz chanber connected to a stainless steel
pi pe, with flow through the steel pipe being controlled by a needle val ve.
The quartz chanber was surrounded by @&n RF coil which, in turn, was
connected to an RF generator. The RF generator generated the electric

current ifdrb@yrend\01-R6RERBGR, 2-thomlokiSohel 98dmastHehe £ Baatyrbiy, gugh the

RF coil. The quartz chanber was al so connected to a deposition chanber in
- whi ch t hecldempsiyiente S-dderestysmde dt-clitprostyegnes i 2-nigiestyrraeh Srnidiestyeanar t4 chanber

were evacuated b sure (Us l.y.around 2051 r ref erably around
%0 50° oy SoerRY P RBRr b e ReRt o raficr EMonfb ore RfaPilny, o O
" the nel tiqngaf@irpilSkinzesd, Ricod fiaerioslyeenef ethyld- MR AR SpheRYIF-4LisSsoplan 100 C,
pressure of 40-80 niforr al one was sufficient to effect sublinmation.

However, plienyhd Hramtidazplphiy)-6-lydroayt3-ngopgoinst:6-heptansateronBueasziner e

t t 100C, f, 40- 80 i J ti it h | i ght
heat | ng viDraehTiebi ek D R n P e DReer ks ara e o8 Fas t hen
opened bydfidorBfnethoky)srédel h@ﬂéiﬁﬁli&&bl(tﬁﬂﬁo?&n&tﬁy}zﬁﬁ%né,h?crdi'l‘é‘%i?ro@' ve

conpletely). The preSsure inside the deposition Chanber increased because
t he gl ass(tufleiromethyhsyrens BaitrordCuifiooroastityhstytinadmns2:8,4, ivapentafivoratied and

the pressure inside, the positio ha i.ncreased to,95 nilorr, .the RF
bl s welUDERTHES. o e h SRt & (U ARROEr £ 00 vaCPRYReE ) bet neen
70- 150 niiggendhe. OMRine Vs (5 LorRER 3004 YRk jpr abl y
about 70-%grgn\ﬁlatt(§flzﬂ1§r{gﬁ%ryg pr eF’éWrag;gl y about Sgpmeatfs)@gndmt&%@n%de was
pul sed (istyrené,nmdr3/,1)3-ftriﬂuxde-,I-MBnﬂuﬂfmdeumppatq.a duty cycle of 30% and

pul se duration_of 300 cosec. The nononers were in a pl.as state in the
quartz chanber [DFRFUHRE PTEfEFSPRSITSREFS JAYe B’étﬁﬁﬁ?ctt’é’ﬁ °8ﬁt1‘331g§’§‘i§6§]?$}é?1§ (si x-

or eight-} A i b was
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problems where the film doesn't coat the surface, and so-called "comets" in the coating

where a foreign particle contacts the substrate surface causing the coating to flow around

the particle.

The antireflective layers prepared according to the invention can be formulated

to have a thickness of anywhere from about 300-5000 A, and can also be tailored to

absorb light at the wavelength of interest, including light at a wavelength of from about

150-500 nm (e.g., 365 nm or i-line wavelengths, 435 nm or g-line wavelengths, 248 nm

deep ultraviolet wavelengths, and 193 nm wavelengths), and preferably from about 190-

300 nm. Thus, the antireflective layers will absorb at least about 90%, and preferably at

least about 95%, of light at wavelengths of from about 150-500 nm. Furthermore, the

antireflective layers have a k value (the imaginary component of the complex index of



WO 02/ 062593 PCT/ USOL/ 19081 10 power was set at 80 watts and cycl ed as
di scussed above. An initial eight runs on flat substrates were conducted to

det er m ngvg dxeest fil mthicknesses, optical properties, pat/osaimobsaar mty,
interm xing with photoresists, resistance to resist solvents, and adhesion

to the various substrates. The topography wafers were used to determ ne
conformal properties. The 4-fluorostyrene deposited at a rate of 136 A/mn.
on an eight-inch substrate. This depogition tinme was nmuch shorter than that
of CVD processes. The structure of the resulting polyner is shown in

St r uct ur erefractmin) we'tati teastfablout 0.5} preirabils aBlebbt GbOIH0.BS, Fandhigofeipréfetablyckness was
optically measured by ellipsonetry at 25 points on a planar silicon wafer
. to esti naleastaheutfhrnd pnacabuegtherigal compepeniad thegorenlen dax phigfragiiemout

i nhol es, _ygi i ' f hi f _ Th
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The fil m athhekaedenginof tiidrediye.datlod nm)set forth in Table 1. WO 02/ 062593
11 Table 1 - Film Thickness Uniformty PCT/US01/19081 Mean Thi ckness
(A) St andar d DeVhedenssitedamireilaeieslayenis aler subsipniialiyzaedulde in @iventsledeposi t ed

antireflectiv e al ng i al 1.NS0 | e i,n ethyl, | agtate.
That is, gtiel%/?alc%a?%léoﬁﬂ?%? ﬁ%gﬁﬁ%@éﬁg&?ﬁgﬁ%{a ra\(}%agexgmaal& K ilelda@t ®e. The
stri ppi ngpktabRsisSlag@twhioh idsubseqhailyPapplied @bt adtirefiobtivePRY &I ThaSLs, the
SolventlInitial Thickness 'fA Fi nal Thickness (A)Stripping Estimte (% Ethyl
| act at e38thidasssof flge layer will change by less than about 10%, and preferably less than about

5% after contact with the photoresist solvent. As used herein, the percent change is

defined as:

100 - (thickness prior to solvent contact) - (thickness after solvent contact)

(thickness prior to solvent contact)

The antireflective layers deposited on substrate surfaces according to the
invention are also highly conformal, even on topographic surfaces (as used herein,
surfaces having raised features of 1000 A or greater and/or having contact or via holes
formed therein and having hole depths of from about 1000-15,000 A). Thus, the
deposited layers have a percent conformality of at least about 85%, preferably at least
about 95%, and more preferably about 100%, wherein the percent conformality is defined

as:

100 - (thickness of the film at location A) - (thickness of the film at location B)|

(thickness of the film at location A),

wherein: "A" is the centerpoint of the top surface of a target feature when the target
feature is a raised feature, or the centerpoint of the bottom surface of the target feature
when the target feature is a contact or via hole; and "B" is the halfway point between the
edge of the target feature and the edge of the feature nearest the target feature. When

used with the definition of percent conformality, "feature" and "target feature" is intended



Fig. 1 depicts the ultraviolet-visible (U/-Vis) spectrum of the deposited
filmaccording to this exanple (i.e., using 4-fluorostyrene deposited on a
quartz syigdR)os2sbBe f max was at 189 nm thus denonstrati ngct/0sd1/19081
4-fluorostyrene-based antireflective filns deposited by PECVD processes are
useful for 193 nm applications. The optical density was 14.4/.mat 193 nm
The optical constants were neasured by VASE anal ysis. The average n val ue
(the real component of the conplex index of refraction) and the average k
val ue (the imagi nary conmponent of the conplex index of refraction) were

det er m neg.refeh® raidkd Gsitiwey & welFasleofifacBiidvikheles). £9alad used3n Gk ddittiemt i cal
density calculated fromthe optical constants was 14.4/wmat 193 nm Fig. 2
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+ conf or mal {ihholashdntht EdgdfedlaRAS b kdcagel iandef | UOr ost yrene on 1000 A
t opography wafers. An exam nation of the scanni ng el ectron m croscope (SEM

phot ogr aph i ndFimalisadint additianhie the |ateramentiensd| aptichlretdvh tayenaiopeisies hie
bst r at t hy of. 1000 A in height. Fig. .3 | E
b o wofi=GHE A BEBR RIS P0G Peler Sk Fome itk P
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The 4-fluorostyrene was plasma vapor deposited on a silicon wafer to forma
fil m havi sigvents Whick oées raghire sgeziahhariding oWhus, sglveritwastais ngnisfized AR 710

hot i st .{ obt aj.ned,.f i t Chenical Co. th ireflecti
Poat i gt RS BeR e UL AL T oh VeSS 380 Pote o REum Py Smes BREYrEibany.
Inc.). Theyep@i Qaste WEHBNIWNLN IR BR i%%‘dtiv%’]ﬁ@bes@ﬂﬁekﬁﬁsdb@t%hﬁillyf APbEHHGS were

examned with an SEM Fig. 4 is an SEM phot ograph showi ng the excellent r
esi st pr ofeaétents arsseonswoed vrihoprackiss sanpl e. Resist profiles as small as 170
nm dense lines and 170 nmisolated |ines were achi eved. EXAMPLE 2
Deposition of 2,3,4,5, 6-Pentafl uorostyrene The antirefl ective coating

| ayers were prepared bypRERYREROUPTRONZD R TLE ]QR_K a@pl e of

2,3,4,5,6-pentafl uorostyrene (Structure C, obtained from Si gma-Al drich) on
si x- or ei ght - Fipote 1 lis4 gephidepicting fherdiratiolebyisibh (UViefiey specqurarafz 4| i des,

al um num substrate tantal ym (Ta) supstrates, and lumnitride (Ta
SUbst r af eDUoTRE TS THEBEPRIEHn Aderts Sadebr be Rt R bRCYE RSRS During.
deposi tion, t hFigPﬁ (;&%S%‘Iéﬁ’ s%@iﬂ?ché‘ﬁeﬁb&ﬁ&ce%ﬁ»‘é%@a ?}-ﬁlﬁ%ﬁﬁtﬁlﬂ}% film &Bgsifeﬁe

tenperature was To enperature (about 23 C). e RF plasma power was set
at 80 wat bs vamaliscybstedesdy the svestredPBB¥Dgrogass;i niti al eight runs on flat

substrates were. cqonducted.to determ.ne the hes il mthi cknesses,. opti cal

properties, fi f‘ H 3&?130%"?;?1’(195 eﬁe s} FHWP?F@PW@MNBWBE@QF?@W%&E% nce to
resi st so rﬁ&éﬁ : foireR| _ [ t AtORRS waf er s
wer e usedlc(;{o e%het??np%e con¥}g§kn§?“%{b§%ﬁﬁeifg@e%%@%%}g§? Q;Ee vvailﬁ)g% Al m n.

on an ei glite-invantive PECIVIdpmcesshi ch is a nuch qui cker deposition rate than
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fluorostyrene film deposited by the inventive PECVD process and utilizing a
commercially available photoresist;

Fig. 5 is a graph depicting the UV-Vis spectrum of a 2,3,4,5,6-pentafluorostyrene
film deposited on a quartz slide by the inventive PECVD process;

Fig. 6 is a graph showing the reflectance curve of a 2,3,4,5,6-pentafluorostyrene

film deposited on various substrates by the inventive PECVD process;



WO 02/ 062593 13 Structure C Structure DHCCH , F\ FnF~"FF

PCT/ US01/ 19081 The f I mthickness was optically neasured by ellipsonetry at
25 poi ntygar/@2banar silicon wafer to estimte the nean pdu/okona9ses: The
films generated uniformcoats, w thout pinholes, voids or particles and
having a preferred thickness of 1000 A. The filns exhibited a thickness
uniformty of >92% on the various substrates. The filmthickness uniformty
data is set forth in Table 3. Table 3 - &ilm Thickness Uniformty Mean

Thi ckness (A) Standard Devi ati on (A) Thi ckness Uniformty (% 13 851657. 2

WD 02/ 062593 PCTFIgSQtis 38 GEM iphotbhapt shewingakle fhh icbefolaslity o al 1738A as al so
substantial ly insoluble in typical photoresist solvents {e.g., ethyl

lactate). THRe-bp-PiDsplafigorestyacestiln depasited onnl OPPpAdopograniiy By he ingemtiyspi ng
Test Sol venp Wﬂ% -i[%l ckness (A) Final Thickness (A)Stripping Estimte
(Y Ethyl |actatel 55155, 05 Fig. 5is a graph which depicts the U/-Vis

“spectrum of the Fid Bigigpast depittiap iR WMt Speslrind@faci0apetitathdrébenbére MAAND! €.
The ~,",aX was at 181 nm thus denpnstrati anVt hat
5 deposited on a quartz slide by the inventive PECVD process;
Fig. 9 is a graph showing the reflectance curve of a allylpentafluorobenzene film
deposited on various substrates by the inventive PECVD process; and
Fig. 10 is an SEM photograph showing the film conformality of a 1698 A thick
allylpentafluorobenzene film deposited on 1000 A topography by the inventive PECVD

0 process.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

EXAMPLES
5 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 of

the invention.

0 MATERIALS AND METHODS
The PECVD process to which the antireflective compounds were subjected in the
following examples involved subjecting the compounds to sufficient electric current and
pressure so as to cause the solid or liquid compounds to form a plasma. The monomers
to be deposited were initially weighed in a glass vial (generally around 0.2 g). The vial
5 containing the monomers was attached (via a rubber stopper) to a quartz chamber
connected to a stainless steel pipe, with flow through the steel pipe being controlled by
aneedle valve. The quartz chamber was surrounded by an RF coil which, in turn, was

connected to an RF generator. The RF generator generated the electric current in the



2,3,4,5, 6-pentafl uorostyrene-based antireflective filmare useful fox 193
nm appl i cati ons. The optical density was 4.33/, mat 193 nm The optical
const ant yg\ey@249Basur ed by VASE anal ysis. At 193 mm, the pypisa@os1val ue
was 1.62, and the average k was 0.31. The optical density calculated from
the optical constants was 4.33/mat 193 nm Fig. 6 shows the reflectance
curve of this sanple when deposited on the various substrates. The first
m ni mum t hi ckness was 450 A, and the $econd m ni num t hi ckness was 1000 A
The filmconformality was tested by PECVD depositing

2, 3,4, 5, 6peantzadtatitieo shirptigin ¢heORF 1000 Thd Rty émbenalRr8so Mmex@ediigat i on of
t he SEM phot ograph indicated that the filmwas nearly 97% conformal to the

. subst r at eScRovEON ghamperdnapnch be subrtatea wete lafletht . Fig. 7 is an SEM

phot ogr aph show the fi f i f a 1735 ick film of
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by PECVD pol ynerizing a 0 é;t sarTE‘[ e of allylpentafluorobenzené (Structure
E, obt ai nwgretheptingheetassaialy lichy meHingipeings oehailing points of thetmesiomerowensaf er s,

t opogr aph fersnoguartz sli um num substrat es ntal um (.Ta)
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deposition, the pressure was mai ntai ned around 95-100 niforr, and the

t enper at ut@ WaPresaain afePped) miloren (cohipnctidBwith.a stight Reatipgagasareguiveer tonas set
at 80 vvattas aﬁ%. g%lﬁhed.as di scussed above. An initial eight runs on flat
subst r at eSHRB I, TP to deternine the best film thi cknesses, opti cal

properties, fiirHepediOvdRdWas théﬁ@ﬁeﬂwbm4\@fhhlrﬁb@£&k%%ﬁhﬁmt%%’;‘okﬁ%&nce to
resi st solvents, and adhesion to the various substrates. Topography wafers
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St ruct ur einkidk the deposition chamber increased to 95 mTorr, the RF plasma was turned on. The
pressure during deposition was typically between 70-150 mTorr. The RF plasma power
was set around 50-300 watts (preferably about 70-150 watts, and more preferably about
80 watts), and the mode was pulsed (i.e. in on/off mode, not continuous) at a duty cycle
of 30% and pulse duration of 300 msec. The monomers were in a plasma state in the
quartz chamber, and then polymerized and deposited on the substrate (six- or eight-inch
flat wafers) in the deposition chamber. The substrate was rotated at 2 rpm in order to

ensure a uniform coat.

EXAMPLE 1
Deposition of 4-Fluorostyrene
The antireflective coating layers were prepared by PECVD polymerizing a 0.2
g sample of 4-fluorostyrene (Structure A, obtained from Sigma-Aldrich) onto six- or
eight-inch flat silicon wafers, topography wafers, quartz slides, aluminum substrates,
tantalum (Ta) substrates, and tantalum nitride (TaN) substrates. Before deposition, the
pressure was about 40 mTorr. During deposition, the pressure was maintained around

95-100 mTorr, and the temperature was room temperature (about 23°C). The RF plasma
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The filmthickness was optically neasured by ellipsonetry at 25 points on

t he pl angio ®idsksmen wafer to estinmate the nean thickness. AtRUS01/19881
generated uni formcoats, w thout pinholes, voids or particles, and having a
preferred thickness of 1000 A. The filnms had a thickness uniformty of >96%
on the various substrates. The filmthickness uniformty data is set forth
in Table 5. Table 5 - Film Thickness UWiformty Mean Thi ckness (A) Standard
Devi ation (A) Thickness Uniformty (9% 51402833.37 The deposited

antir ef | epdwerevdsageat 80asaitd ad cyoled adistwssed/ aboveo | Aubinétial BighyRingahn flat

phot oresi st solvents. No thickness | oss was observed using ethyl |actate.

- The st ri pPioagatanysreicendustediio detprmine thebest tdm thigknesses, optiselurpparfies, filst

Sol vent | ni:ti.ak T'%EEE - A) Fi . Thi ORI ' (99 Et hyl
| actate S%Sdg%sitgt)l% |§g “é&lpsib{a@%srl%% ﬁg%#%\%lg ﬁ‘é@sﬁég%ﬁ)ﬁwg@%@fbﬁwof t he
il mdepogietetionn sabsitassst zThe tapogrphprwlhifalg weretused t6XRtaRintne ddiforfmal, ax was
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anti r ef | eRiOPFEcE| fled-Bueroatyimme fdsposited a4 watpPf 43¢ dmin. oman eight-ish density
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structure of the resulting polymer is shown in Structure B.

Structure A

7

Structure B

Qx

Pl B

The film thickness was optically measured by ellipsometry at 25 points on a
planar silicon wafer to estimate the mean thickness. The films had uniform coating,
without pinholes, voids or particles, with a preferred thickness of 1000 A. The films
exhibited a thickness uniformity of >98% on the various substrates. The film thickness

uniformity data is set forth in Table 1.



n value was 1.64, and the average |Ic value was 0.34. The optical density
calculated fromthe optical constants at 193 nmwas 9.55/, m Fig. 9 depicts
t he refl qef @agesogur ve of this 0 sanpl e deposited on the vpei/oss/ SISt rat es.
The first m nimumthickness was 400 A, and O the second m ni mum t hi ckness
was 950 A. The filmconformality was tested byPECVD depositing
al | yl pent af | uor obenzene on 1000 A topography wafers. An exam nation of the
SEM phot ograph indicated that O the filmwas nearly 96% conformal to the
substrates over a topography of 1000 A in WO 02/ 062593 PCT/ US10/ 19081 17
hei ght . Fi gTaBle li-Fikm Thickh@hUm@iaph showing the filmconformality of the
1698 A thick f1Tmof alTyLpentall uorobenzene ,on l|a 1000 A topoar apn/%/);3 t
c

e

~will be appl etear £Bickpess (f\ﬁe s ofpdpk Deatind Adf  [dePueknesnindermirelect i ve
coating |aypers by Eé ma enhfnced chemy cal vapor| deposi ti B has di stinct
advant ages bver the ™ frior arfi spincoa (}1(} net hods whi ch 1]2] Ili ze | argel
quantities of solvents. That is, the instant nmethods avoid the spincoating
sol vents which often requjr eci al handljng. Thus, sol vent e is
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the inventive process wherein substantially all of the reactants are
consuned i ns¢tertibmotads2. Thus, the nmet hods of present invention are |ower
in cost than nost prior art nmethods and are al so environnmentally friendly.
The PECVD net hods al so have a nuch faster deposition rate (i.e., less tine
I's requiredth@c9emshiinkesif i | m8) as conpared to conventional CVD methods.
WO 02/ 0&R598— 18— W grimm— PCTuSOt 19981+t —A nethodyof—formng—ea—pregur sor
for use in pandleenturi nlgitiaﬂlfl"d;'@ka@sedA):ﬂ inal Thickoegsr(A i| Strippieg Estapate ¢¥6)
providing a aFTLtlant Ity df nononers and g subsirate havifng a surface ontao
whi ch an ant BB lactdte e coat is tol|be appBPed: form ng sai-¥ nmononers
into a plasma; depositing said plasnma nononers on said substrate surface so
as to form

Fig. 1 depicts the ultraviolet-visible (UV-Vis) spectrum of the deposited film
according to this example (i.e., using 4-fluorostyrene deposited on a quartz slide). The
Amax Was at 189 nm, thus demonstrating that 4-fluorostyrene-based antireflective films
deposited by PECVD processes are useful for 193 nm applications. The optical density
was 14.4/um at 193 nm.

The optical constants were measured by VASE analysis. The averagen value (the
real component of the complex index of refraction) and the average k value (the
imaginary component of the complex index of refraction) were determined. The values
weren=1.71 and k = 0.59 at 193 nm. The optical density calculated from the optical
constants was 14.4/pm at 193 nm. Fig. 2 shows the reflectance curve of the 4-
fluorostyrene film prepared in this examples as deposited on the various substrates. The
first minimum thickness was 350 A, and the second minimum thickness was 900 A.

The film conformality was tested by depositing the 4-fluorostyrene on 1000 A
topography wafers. An examination of the scanning electron microscope (SEM)
photograph indicated that the film was nearly 96% conformal to the substrates over a
topography of 1000 A in height. Fig. 3 is an SEM photograph showing the film
conformality of a 1940 A thick film of 4-fluorostyrene on a 1000 A topography.



an antireflective coating |layer; and applying a photoresist layer to said
antireflective coating layer to yield the circuit precursor. 2. The nethod
of cl ai nwb,02mees98i n sai d nononers conprising a |ight atteBEUSNIY9RI ety and
an unsaturated noiety. 3. The nmethod of claim2, wherein said |ight
attenuating noiety is a cyclic conpound. 4. The nethod of claim3, wherein
said light attenuating noiety is selected fromthe group consisting of
benzene, naphthal ene, anthracene, acri?i ne, furan, thiophene, pyrrole,
pyridine, pyridazine, pyrimdine, and pyrazine. 5. The nethod of claim 3,
wherein said | Thgd- ﬂa@noefrytmemg pkmmetvypqrdnmmtséen asijcoupaeetodotrad filmom t he
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claim2, wherein said nononers are selected fromthe 'group conststing of
" styrene a@B-Zulobtainedtfon SbipleyaCompamyt her)e dhe “altféryhzlemnbemeroas}deceilobsdi t ut ed

derivatives, thereof, 8. The net hod .of. cla ein 0 s are
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3- br onost asr Bifeym derse dimos aryd Efenm 2sotdibdhinastwere nehievddhl or ost yr ene,

4-chl orostyrene, 2-iutrostyrene, 3-nitrostyrene, 4-nitrostyrene,
3,5bis(trifluoronethyl)styrene, trails-2-chloro-6-fluoro-J3-nitrostyrene,
decaf | uoroal | yl benzene, 2,6-difl U@r}@ ﬁ , ethyl

7-[1-(4-fluorophenyl)-4-i sopropyl 2phenyl -1H i m dazol - 5-yl ) - 5- hydr oxy- 3- 0xo0
-traps-6- hept enoat e, f| Ubeositionef @3y slodREntafiuortatyrene

traps-4-fluoro-13- th ost rene 2-fl uorostyrene,
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traps- 13-y tr
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e, traps-six3oé cight-igebinflaf kiliooo Zbﬁaferut tdpsggapbyl@afers quartz slides, aluminum
traps-1,1,1-trifl uoro- 4£3|ndol ) - 3-buten-2-qn
a- (trifl uBlsisehyryalop he), supstrates, falnédﬁléiﬁlé‘!’fhwtl?@? {F@Wesubstrates. Before
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3,3-tr| uoro onyl")
maintained around 95-100 mTorr, and the temperature was room temperature (about

23°C). The RF plasma power was set at 80 watts and cycled as discussed above. An
initial eight runs on flat substrates were conducted to determine the best film thicknesses,
optical properties, film uniformity, intermixing with photoresists, resistance to resist
solvents, and adhesion to the various substrates. Topography wafers were used to
determine conformal properties. The PECVD rate was 667 A/min. on an eight-inch
substrate, which is a much quicker deposition rate than that achieved with standard CVD

processes. The structure of the resulting polymer is shown in Structure D.




9. The nethod of claim1l1, wherein said substrate is selected fromthe group
consisting of silicon, alum num tungsten, tungsten silicide, gallium

ar seni dewogeroeesosum tantal um Si Ge, and tantal um ni hite pef/es@|/19481. The
met hod of claim 1, wherein said plasma form ng step conprises subjecting
said antireflective conpound to an electric current and pressure. 11. The
met hod of claim 10, wherein said electric current is fromabout 0.1-10
anps. WO 02/ 0&2593 20 PCT/ USOL1/ 190813 12. The net hod of claim 10, wherein
said electric current is applied in pulses. 13. The nethod of claim 10,
wherein said pressure is from abouStrb@w2@ niforr. 14. The nmethod of claim
1, wherein the antireflective coating |ayer on said substrate surface after
- said depositing step has a thickness of from about 300-50QQ A 15. The

met hod of claim11l, wherein said antireflective coating |layer is
substantially insoluble in solvents utifized in said photoresist |ayer. 16.
"The nmethod of claim1, further ingluding ths steps of: exposing at |least a
portion of said photoresist |ayer T N i ng radi ation; devel oping said
exposed photoresist |ayer; and etchi ai d devel oped photoresist |ayer.

17. The method of claim1l, wherein ireflective coating | ayer

deposi ted F F
F
Structure D
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The film thickness was optically measured by ellipsometry at 25 points on a
planar silicon wafer to estimate the mean thickness. The films generated uniform coats,
without pinholes, voids or particles and having a preferred thickness of 1000 A. The
films exhibited a thickness uniformity of >92% on the various substrates. The film

thickness uniformity data is set forth in Table 3.

Table 3 - Film Thickness Uniformity
Mean Thickness (A) Standard Deviation (A) | Thickness Uniformity (%)

1385 165 7.2




on said substrate surface absorbs at |east about 90%of |ight at a

wavel ength of from about 150-500 nm 18. The nethod of claim 1, wherein the
antirefl agoms2oeati ng | ayer has a k value of at |east abpct/uSoilivegr | i ght
of a wavelength of 193 nm 19. The nethod of claim 1, wherein the
antireflective coating |ayer has an n value of at |east about 1.1 at I|ight
of a wavelength of 193 nm 20. The nethod of claim1l, wherein the rate of
deposition of said nononers on said sl4face is at |east about 100 A/nmin. on
an eight-inch round substrate. WO 02/ 062593 21 PCT/ USOL/ 19081 21. The

met hod of cl ai Thel depdséeeiantiedlicckivel agerawan alsosubstpolajigenicheble it itfigcaai d
depositig&jsteg. 2%. A preceﬂ{? r st)ructur_e foanmed during the course of the
- i nt egr at LR IV (E Lot %ﬁta&‘r od 88 strippHigfata 18 set forth ig daplEdsi ng: a
substrate having a surface; an antireflective coating |ayer on said
surface, said antireflective coating |ayer being forned on said surface by
“a pl asna EalledcStiphegiTestl vapor deposition process; and a photoresi st

I i.d b f . ta A .. 23. .10e structure of cllaim 22,
wher ei 1 sy SONADY r of [REA P o | i) e () | SUEPRIBE PR30 des
recurring ﬂﬁ?ﬂg@cﬁé conpri %g@ a light at tlg%lati ng |noi ety 505

Fig. 5 is a graph which depicts the UV-Vis spectrum of the film deposited on a
quartz slide according to this example. The A, was at 181 nm, thus demonstrating that
2,3,4,5,6-pentafluorostyrene-based antireflective films are useful for 193 nm applications.
The optical density was 4.33/um at 193 nm.

The optical constants were measured by VASE analysis. At 193 nm, the average
n value was 1.62, and the average k was 0.31. The optical density calculated from the
optical constants was 4.33/um at 193 nm. Fig. 6 shows the reflectance curve of this
sample when deposited on the various substrates. The first minimum thickness was 450
A, and the second minimum thickness was 1000 A.

The film conformality was tested by PECVD depositing 2,3,4,5,6-
pentafluorostyrene on 1000 A topography wafers. An examination of the SEM
photograph indicated that the film was nearty 97% conformal to the substrates over a
topography of 1000 A in height. Fig. 7 is an SEM photograph showing the film
conformality of a 1735 A thick film of 2,3,4,5 ,6-pentafluorostyrene on a 1000 A

topography.

EXAMPLE 3
Deposition of Allylpentafluorobenzene
The antireflective coating layers was prepared by PECVD polymerizing a 0.2 g
sample of allylpentafluorobenzene (Structure E, obtained from Sigma-Aldrich) on six-
or eight-inch flat silicon wafers, topography wafers, quartz slides, aluminum substrates,

tantalum (Ta) substrates, and tantalum nitride (TaN) substrates. Before deposition, the



and an unsaturated noiety. 24. The structure of claim 23, wherein said
antireflective coating | ayer consists essentially of a polyner includes
recurri nyonmeed®ss conprising a light attenuating noi ety BCEUSM/1968\at ur at ed
noi ety. 25 . The structure of claim 23, wherein said |light attenuating
noiety is a cyclic conmpound. 26. The structure of claim?25, wherein said

| ight attenuating noiety is selected fromthe group consisting of benzene,
napht hal ene, anthracene, acridine, fut@an, thiophene, pyrrole, pyridine,
pyridazi ne, pyrinudine, and pyrazine. 27. The structure of claim 25,

wher ei n spriesbukd wht atmut é(hnﬂiohmglmhigadqposidnp,rﬂle pmsmrgmnmﬁﬁhﬁeﬂefbuhdom t he
group congj St nitroso group and hal ogens.

f
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derivatives thereof, Iyl ben ereof .
" The str uciubs@atcsfwmeaomﬂlm&d tovietermine ﬂmbdstﬁmdMMSmsmlﬂ&hmIbmmés“ @ibmt he

group conS| ting of 2-methoxy rene, 3-nethoxyst rene 4- nethoxystyrene
2net hyl st Y 9 P%Wﬁéﬁf?e%r%%fwt%ﬁ%%w@ Yoo 284 pdlesicm, to

3-fluoros 0

31 or oSkt o TpRaE Ay v QRS B\t AR k] 0.

2- ni t r ost YhePRCVBratetwas $2 Y Aania ondn Bight-0fh giilesiate which is much faster than that
3,5bis(trifluoronethyl)styrene, traps-2-chloro-6-fluoro-13-nitrostyrene,
decaf | uor tangpiddrRmeocesses. Hic ﬂt%%%@f;ﬁh%ﬁé‘ﬂtlég RQIymer 1s shown in Structure

7-[ 1- (4-ffuorophenyl)-4-isopropyl - 2phenyl - 1H i m dazol - 5-yl ) - 5- hydr oxy- 3- oxo
-traps-6-heptenoate, flunarizine dihydrochloride,
traps-4-fluoro-13-nitrostyrene, 2-fluorostyrene, 3-fluorostyrene,
I3-vitro-4(trifluoronethoxy)styrene,
traps-13-vitro-2-(trifluoronet hyl) Stryetured
traps-13-vitro-3(trifluoronethyl)styrene,
f3-vitro-4-(trifluoronethyl)styrene,
traps-2,3,4,5,6-pentaf|uorolS-nitroster e,
traps-1,1,1-trifluoro-4-(3-indolyl)-3-btten-2-one,
a-(trifluorornethyl)styrene, 2-(trifl doromethyl)styrene,

3-(trif|uoronethyl)styrene, 4- (t S| VH ptihyl ) st yrene, and

3,3,3-trifluoro- (phenylsulfonyl)-:-pro-ene 30. The structure of claim
22, wherein said substrate is selec eq/L omthe group consisting of
S|I|con al um num tungsten, tungsStenysilitwi de, gallium arsenide,
germanium tantalum SiGe, and tantaIAn1n|tr|te waf ers.
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31. The structure of claim?22, wherein the antireflective coating |ayer on
said O substrate surface has a thickness of from about 300-5000 A. 32. The
st ruct urwoaheetsesm 22, wherein said antirefl ective coati ngct/esmarioNsd
substantially insoluble in solvents utilized in said photoresist |ayer.

WO 02/ 062593 23 PCT/ OSO 1/19081 33. The structure of claim 22, wherein the
antireflective coating | ayer absorbs at | east about 90% of |ight at a

wavel engt h of from about 150-500 nm 38&. The structure of claim 22, wherein
the antireflective coating |ayer has a | c value of at |east about 0.1 at

| ight of a wavEhefiyh thicknetO®anopti@lly ndasursd by ellipsemefry at 25 poid®s, onMher ei n t he
antireflective coating layer has an n value of at l|east about 1.1 at |ight
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Fig. 8 is a graph showing the UV-Vis spectrum of the film deposited on a quartz
slide according to this example. The A, was at 181 nm, thus demonstrating that
allylpentafluorobenzene-based antireflective films are useful for 193 nm applications.

' The optical density was 9.55/um at 193 nm.

The optical constants were measured by VASE analysis. At 193 ni, the average
n value was 1.64, and the average k value was 0.34. The optical density calculated from
the optical constants at 193 nm was 9.55/um. Fig. 9 depicts the reflectance curve of this
sample deposited on the various substrates. The first minimum thickness was 400 A, and
the second minimum thickness was 950 A.

The film conformality was tested by PECVD depositing allylpentafluorobenzene
on 1000 A topography wafers. An examination of the SEM photograph indicated that
the film was nearly 96% conformal to the substrates over a topography of 1000 A in
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10%: () - pnor art spincoating methods which utilize large quantities of solvents. That is, the
instant methods avoid the spincoating solvents which often require special handling.
Thus, solvent waste is minimized and so are the negative effects that the solvent waste
can have on health and the environment. Furthermore, overall waste is minimized with
the inventive process wherein substantially all of the reactants are consumed in the
process. Thus, the methods of present invention are lower in cost than most prior art
methods and are also environmentally friendly. The PECVD methods also have a much

faster deposition rate (i.e., less time is required to deposit the films) as compared to

conventional CVD methods.
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1. A method of forming a precursor for use in manufacturing integrated
circuits comprising the steps of:
providing a quantity of monomers and a substrate having a surface onto
which an antireflective coating is to be applied;
forming said monomers into a plasma;
depositing said plasma monomers on said substrate surface so as to form
an antireflective coating layer; and
applying a photoresist layer to said antireflective coating layer to yield the

circuit precursor.

2. The method of claim 1, wherein said monomers comprising a light

attenuating moiety and an unsaturated moiety.

3. The method of claim 2, wherein said light attenuating moiety is a cyclic
compound.
4. The method of claim 3, wherein said light attenuating moiety is selected

from the group consisting of benzene, naphthalene, anthracene, acridine, furan,

thiophene, pyrrole, pyridine, pyridazine, pyrimidine, and pyrazine.

5. The method of claim 3, wherein said light attenuating moiety comprises

a group selected from the group consisting of cyano groups, nitroso groups, and halogens.

6. The method of claim 1, wherein said monomers have a melting or boiling

point of less than about 200°C.
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8. The method of claim 2, wherein said monomers are selected from the
group consisting of 2-methoxystyrene, 3-methoxystyrene, 4-methoxystyrene, 2-
methylstyrene, 3-methylstyrene, 4-methylstyrene, 2-fluorostyrene, 3-fluorostyrene, 4-
fluorostyrene, 2-bromostyrene, 3-bromostyrene, 4-bromostyrene, 2-chlorostyrene, 3-
chlorostyrene, 4-chlorostyrene, 2-nitrostyrene, 3-nitrostyrene, 4-nitrostyrene, 3,5-
bis(irifluoromethyl)styrene, trans-2-chloro-6-fluoro-8-nitrostyrene,
decafluoroallylbenzene, 2,6-difluorostyrene, ethyl 7-[ 1-(4-fluorophenyl)-4-isopropyl-2-
phenyl-1H-imidazol-5-yl)-5-hydroxy-3-oxo-trans-6-heptenoate, flunarizine
dihydrochloride, trans-4-fluoro-B-nitrostyrene, 2-fluorostyrene, 3—ﬂuoiostyrene, B-nitro-4-
(trifluoromethoxy)styrene, trans-B-nitro-2-(trifluoromethyl)styrene, trans-8-nitro-3-
(trifluoromethyl)styrene, $-nitro-4-(trifluoromethyl)styrene, trans-2,3,4,5,6-pentafluoro-
B-nitrostyrene, trans-1,1,1-trifluoro-4-(3-indolyl)-3-buten-2-one, a-(trifluoromethyl)-
styrene, 2-(trifluoromethyl)styrene, 3-(trifluoromethyl)styrene, 4-(trifluoromethyl)-
styrene, and 3,3,3-trifluoro-1-(phenylsulfonyl)-1-propene.

9, The method of claim 1, wherein said substrate is selected from the group
consisting of silicon, aluminum, tungsten, tungsten silicide, gallium arsenide, germanium,

tantalum, SiGe, and tantalum nitrite wafers.

10.  The method of claim 1, wherein said plasma forming step comprises

subjecting said antireflective compound to an electric current and pressure.

11. The method of claim 10, wherein said electric current is from about 0.1-10

amps.
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10% & () - 16. The method of claim 1, further including the steps of:

exposing at least a portion of said photoresist layer to activating radiation;
developing said exposed photoresist layer; and

etching said developed photoresist layer.

17. The method of claim 1, wherein the antireflective coating layer deposited
on said substrate surface absorbs at least about 90% of light at a wavelength of from

about 150-500 nm,

18. The method of claim 1, wherein the antireflective coating layer has a k

value of at least about 0.1 at light of a wavelength of 193 nm.

19. The method of claim 1, wherein the antireflective coating layer has an n

value of at least about 1.1 at light of a wavelength of 193 nm.

20. The method of claim 1, wherein the rate of deposition of said monomers

on said surface is at least about 100 A/min. on an eight-inch round substrate.
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23.  The structure of claim 22, wherein said antireflective coating layer
comprises a polymer includes recurring monomers comprising a light attenuating moiety

and an unsaturated moiety.

24, The structure of claim 23, wherein said antireflective coating layer
consists essentially of a polymer includes recurring monomers comprising a light

attenuating moiety and an unsaturated moiety.

25.  Thestructure of claim 23, wherein said light attenuating moietyis a cyclic
compound.
26.  Thestructure of claim 25, wherein said lightr attenuating moiety is selected

from the group consisting of benzene, naphthalene, anthracene, acridine, furan,

thiophene, pyrrole, pyridine, pyridazine, pyrimidine, and pyrazine.

27.  Thestructure of claim 25, wherein said light attenuating moiety comprises

a group selected from the group consisting of cyano groups, nitroso groups, and halogens.



109&& ()-L L10%R& ()- L 10%R& ()- Y Z 10% & & ()-LO[:vUaL L L!10%8& ()-L
L 10%8& ()-L L 109%&& ()- L L&IO%R& ()- L@OY%R& ()- L310%&& ()-0O *{|[: vU4L
L L . 10%&Rbdeateosl - 1098&' ()-L L*410%&R& ()-L LI (109%&& () - reTHIOMER () - Lf#
109%8& ()- ~vU4L L10%R&' ()- Ls&L0%R& ()-10&10&10&L L 5 109%&& () -
L310%&&' ()- L 010%&R& ()-& |[:vU4L L L, 10%&& ()-L L10%&R&' ()-

L&z 10%&&' ()-L Y g&l0% & & ()- L109%R& ()- L!&I0%&R& ()- U3q|[:vWiL L
L310%&&' ()-L L sOl 109&& ()- L.109%&& (P2L L+ 10%&R& ()- L* 109%&& () -

LY(10%&&' ()-(xvUAL L10% & ()- L!&I0W& ()- L10% & ()-

Ls910% & () 1028.0&1 08e kirdcti® WE&a{m 23@vheru«ﬁlsa1dhﬁ6ﬁ6rﬁeré)are selecled WA e ) - L
L109% & () - leO%& () L 109% & () - 0% & () - rmal " " Headi ng 13]c"

- "Headi ng SHWPR"confisUpg nf sgrre anfedil Fﬁ*@teésﬁ@waﬂ%é}%ofs3]1bflben4qaacﬁndg 63] c"

"Headi ng $ I—&qzﬁ "¢ "Headi ng 93] c"A "Default Paragraph
Fonta"" +r %ﬁgﬁﬁﬁd Nel hmas%ﬁ%% Xc; kvVb! ?% 827<>?" ABDEDKYQO P

q Q(RRRTVaZ’\"_ aaFbebcf hk3kl ; mmen50qr mvwxCz{ MzO x6Ti nes New

RomanAri al Cour | e.r T}Q/e Qtru%%?r% olfzgfalrrg\é\grvek%?gfrjlr;g{c]ltr;lonomers are selected from the
group consisting of 2-methoxystyrene, 3-methoxystyrene, 4-methoxystyrene, 2-
methylstyrene, 3-methylstyrene, 4-methylstyrene, 2-fluorostyrene, 3-fluorostyrene, 4-
fluorostyrene, 2-bromostyrene, 3-bromostyrene, 4-bromostyrene, 2-chlorostyrene, 3-
chlorostyrene, 4-chlorostyrene, 2-nitrostyrene, 3-nitrostyrene, 4-nitrostyrene, 3,5-
bis(trifluoromethyl)styrene, trans-2-chloro-6-fluoro-f-nitrostyrene,
decafluoroallylbenzene, 2,6-difluorostyrene, ethyl 7-[ 1-(4-fluorophenyl)-4-isopropyl-2-
phenyl-1H-imidazol-5-yl)-5-hydroxy-3-oxo-trans-6-heptenoate, flunarizine
dihydrochloride, trans-4-fluoro-8-nitrostyrene, 2-fluorostyrene, 3-fluorostyrene, B-nitro-4-
(trifluoromethoxy)styrene, trans-B-nitro-2-(trifluoromethyl)styrene, trans-B-npitro-3-
(trifluoromethyl)styrene, B-nitro-4-(trifluoromethyl)styrene, trans-2,3,4,5,6-pentafluoro-
B-nitrostyrene, trans-1,1,1-trifluoro-4-(3-indolyl)-3-buten-2-one, a-(trifluoromethyl)-
styrene, 2-(trifluoromethyl)styrene, 3-(trifluoromethyl)styrene, 4-(trifluoromethyl)-
styrene, and 3,3,3-trifluoro-1-(phenylsulfonyl)-1-propene.

30. The structure of claim 22, wherein said substrate is selected from the
group consisting of silicon, aluminum, tungsten, tungsten silicide, gallium arsenide,

germanium, tantalum, SiGe, and tantalum nitrite wafers.

31.  The structure of claim 22, wherein the antireflective coating layer on said

substrate surface has a thickness of from about 300-5000 A.

32.  The structure of claim 22, wherein said antireflective coating layer is

substantially insoluble in solvents utilized in said photoresist layer.
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33.  Thestructure of claim 22, wherein the antireflective coating layer absorbs

at least about 90% of light at a wavelength of from about 150-500 nm.

34.  The structure of claim 22, wherein the antireflective coating layer has a

k value of at least about 0.1 at light of a wavelength of 193 nm.

35.  The structure of claim 22, wherein the antireflective coating layer has an

n value of at least about 1.1 at light of a wavelength of 193 nm.



