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Background of the Prior Art

Integrated circuit manufacturers are consistently seeking to maximize silicon
wafer sizes and minimize device feature dimensions in order to improve yield, reduce
unit case, and increase on-chip computing power. Device feature sizes on silicon chips
are now submicron in size with the advent of advanced deep ultraviolet (DUV)
microlithographic processes. However, reducing the substrate reflectivity to less than 1%
during photoresist exposure is critical for maintaining dimension control of such
submicron features. Therefore, light absorbing organic polymers known as antireflective
coatings are applied beneath photoresist layers in order to reduce the reflectivity normally
encountered from the semiconductor substrates during the photoresist DUV exposure.

These organic antireflective layers are typically applied to the semiconductor
substrates by a process called spincoating. While spincoated antireflective layers offer
excellent reflectivity control, their performance is limited by their nonuniformity,
defectivity and conformality constrictions, and other inefficiencies inherent within the
spincoating process. As the industry approaches the adoption of eight-inch or even
twelve-inch semiconductor substrates, the inherent inefficiencies of the spincoating

process become magnified.
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substrate and the features). For example, if an antireflective coating layer with a nominal

layer thickness of 1000 A is spincoated over raised features having feature heights of 0.25
um, the layer may prove to be only 350 A thick on top of the features, while being as
thick as 1800 A in the troughs located between the raised features. When planarization
occurs with these ultramicroscopic feature sizes, the antireflective coating layer is too
thin on the top of the features to provide the desired reflection control at the features. At
the same time, the layer is too thick in the troughs to permit efficient layer removal
during subsequent plasma etch. That is, in the process of clearing the antireflective
coating from the troughs by plasma etch, the sidewalls of the resist features become
eroded, producing microscopically-sized - but significant - changes in the feature shape
and/or dimensions. Furthermore the resist thickness and edge acuity may be lost, which
can lead to inconsistent images or feature patterns as the resist pattern is transferred into
the substrate during subsequent etching procedures.

Other problems can occur as well due to the fact that spincoating of these ultra-
thin antireflective coating layers takes place at very high speeds in a dynamic
environment. Accordingly, pinholes, voids, striations, bubbles, localized poor adhesion,

center-to-edge thickness variations, and other defects occur as a consequence of attendant
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probl ens by broadly providing i nproved nethods of applying antireflective
coati ngs twrosidingdonraped éﬂp@ﬁltldnef thetanticefleetiverdoatisgs. and ot her substrat es
(e.g., silicon, alum num tungsten, tungsten silicide, gallium arsenide,
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of the syssirepdubstatdsq¥e!, Pcon AMARAY tungsten, tungsten s11101de, gallium arsenide,
germanium, tantalum, tantalum nitrite, mixed metal salts, SiGe, and other reflective
surfaces) utilized in circuit manufacturing processes.
In more detail, the inventive methods preferably comprise converting a quantity
of an antireflective compound (which can be in the solid, liquid, or gas state) into a
plasma state by applying an electric current to the compound under pressure. This is
preferably accomplished by increasing the pressure of the system to a level of from about
50-200 mTorr, more preferably from about 70-150 mTorr, and even more preferably from
about 95-100 mTorr. As the pressure is being increased, an electric current of from about
0.1-10 amps, preferably from about 0.5-8 amps, and more preferably from about 1-1.5
amps is then applied to the compound. For compounds having a boiling or melting point
of greater than about 100°C, slight heating may be necessary as the current is applied.
The deposition of the layer on the substrate is very rapid, much more rapid than
conventional chemical vapor deposition (CVD) processes. More particularly, the layers
are formed at a rate of at least about 100 A/min., preferably at least about 130 A/min., and

more preferably from about 135-700 A/min. on an eight-inch round substrate. It will be
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attenuating noiety and an unsaturated noiety (i. up conprising at
| east one wotdksastdayed). and/ or at | east one triple bond), the latter of

which readily reacts .during the pl.asm, enhanced chem cal vapor deposition
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substrat e.mojety(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,-Cg). 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
nitroétyrenes) 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-
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1,1, 1- tri fdunorsmaly {Sectnltes. Vihps, 3hdwateﬂesﬁ tlemebow-O, 1 défbdts/omd nfartiytflective
layer (i.e., less than about 15 defects per 8-inch wafer), and preferably less than about
0.05 defects/cm? (i.e., less than about 7.5 defects per 8-inch wafer), when observed under
an optical microscope. Furthermore, these essentially defect-free films can be achieved
on 6-12 inch substrates having super submicron features (less than about 0.25 pm in
height). As used herein, the term "defects" is intended to include pinholes, dewetting
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



styrene, 2-(trifluoronethyl)styrene, 3-(trifluoronethyl)styrene,
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defects per 8-inchwafer), when observed under an optical m croscope.
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Furthernore, the antireflective |ayers have a k value (the inmaginary
conmponent dsifine es: conpl ex index of WD 02/ 062593 PCT/US01/19081 6
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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
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph depicting the ultraviolet-visible (UV-Vis) spectrum of a 4-
fluorostyrene film deposited on a quartz slide by the inventive PECVD process;

Fig. 2 is a graph showing the reflectance curve of a 4-fluorostyrene film deposited
on various substrates by the inventive PECVD process;

Fig. 3 is a scanning electron microscope (SEM) photograph showing the film
conformality of a 1940 A thick 4-fluorostyrene film deposited on 1000 A topography by
the inventive PECVD process;

Fig. 4 is an SEM photograph showing the resist profile cross-section of a 4-
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;



target feature when the target feature is a raised feature, or the upper
edge of a contact or via hole when the target feature is a recessed
feature.wBimabty3 in addition to the aforenentioned anti rrefllesot/iissi | ayer
properties, the instant invention has a further distinct advantage over
prior art spincoating nmethods which utilize large quantities of solvents.
That is, the instant nethods avoid spincoating solvents which often

requi re special handling. Thus, solvent 8aste is mininzed and so are the
negative effects that sol vent waste can have on the environnent.
Furthernmore, ovEigalllis eSEM photogmphrslmedngittehfilitheoriformenity vfa pyiscAskickher ei n

subst anti al of, t.he reactants ar ons d in the process. BRI EF
DESCRI PTI &%ﬁ@@eﬁﬁﬂww&r%dﬂ@w@e oy @Hﬁ Ry dpnogranty Whike mventive
ul traviol et pRCYIOIBcEWV- Vi s) spectrumof a 4- fluorostyrene filmdeposited

on a quartz slide by't‘ne i nventive PECVD process; Fig. 2 is a graph show ng
the refl ect ance EBigr ¥ agraph dgpictingthe IV Vesspedtivmmo tregilyhiehedluombenzne Hlis

i or bscope. (BERNCTLHILE GBI RGOV RE S ECNID BERES nal v of o 1040 A
Lhi 'k 4-T1 UOT OSt yioe0 d kil ABRAR e sbrRBLAAMRA d R RS: fRent i ve

PECVD process; Fig. 4 is an SEMphot ograph show ng e resist pro
cr oss- sect i dgpositedaomvarfdus ontmstes by ¢hef inventide PESTVIIR grdeysst bied | nvent i ve PECVD

rocess and utiljzing.a rcially. avail ab photoresist; Fig. 5 is a
gr aph depi cting F’ﬁe?@\?‘a@i %{Mébown@t& YL{E’?SC -ftﬁ%‘fngPgérl@%g@ﬁ@ﬁ]é film
deposited o ! o i Svedt HS a
a1 aph Showi g TR sE SR K eI T 0 R R e e IR e i m

depo%i t ed oprogessi ous substrates by the inventive PECVD process; WO
02/ 062593 PCT/ US01/ 19081 8

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



Fig. 7 is an SEM phot ograph showing the filmconformality of a 1735 A thick
2,3,4,5, 6-pentafl uorostyrene fil mdeposited on 1000 A topography by the

i nvent i vewORBOWE39pr ocess; Fig. 8 is a graph depicting the Rdayt8o3/198€ect r um
of a allyl pentafluorobenzene film 5 deposited on a quartz slide by the

i nventive PECVD process; Fig. 9 is a graph show ng the refl ectance curve of
a allyl pentafl uorobenzene film deposited on various substrates by the

i nventive PECVD process; and Fig. 10 i € an SEM phot ograph showing the film
conformality of a 1698 A thick allyl pentafluorobenzene fil m deposited on
1000 A t opdiriaphpmbyr tiveughntheRF veil PEHOYDIuafz mhombsis waDEIEAI doBiecBESORE PTI ON

OF THE PREEFERRED | VENTS S 5 The,follow ng exanples set forth
pref erred %@P%&%gﬁ%‘%&d’a% ctgﬁl%gﬁgﬁeﬁgqer}\% fon. It is to be understood,
however, that thesepexasRLRSHRE Sndd My eﬁgnwwweﬁéuatédﬂgﬁ&s@@ﬂe'( aftfpd

not hing therein should be taken as a limtation upon thé ‘overall scope of

t he i nventdrewd 20-AOrERion. srefinih VEPHED30-Aen REOQV D hp nupessrd to bakdepdsitede
antireflective canpounds r ubjected. in the. follow exanpl es i nvol ved
subj ect i ngw?rﬁ'z(e%tdﬁ@beﬁfﬁ? Vﬁ%‘ gﬁl?ef1?1%%%85PO’é‘isecgﬁjpﬁ@gcmp}l%#tﬂgﬁﬂm‘ﬁ?@%? e so as
to cause tiags @ehi10d0or, pietitdloCONBOWNES: hidnt ValsBrRiRS 'E@effé@i’%\lﬂﬂﬂaﬁﬁ s to

be deposited were initially weighed in a glass vial (generally around 0.2
g). The viHdpwevarotthe maligng peintsomrdivding pestsatftthe hedomeisawerergredar thsit opper )
to a quartz chanber c ted to a stainless steel pipe, with flow through
t he steel éqopg?%qsﬂﬁe@g%p’% I’ W%COI&%@&P@%P@%M f%ﬂgn W& fAvERAkber was
sur r ounded:pye @BiribeRbdionthi ch, in turn, was connected to an RF generator.

The RF generator generated the electric current in the WD 02/ 062593
PCT/ US01/ 19081 The needle valve was then opened by 1/4 of a turn (it took 8 full turns to open the

needle valve completely). The pressure inside the deposition chamber increased because
the glass vial was not under vacuum. As the glass vial was evacuated and the pressure
inside 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
0f 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



9 quartz chanber through the RF coil. The quartz chanber was al so connected
to a deposition chanber in which the substrates were | oaded. The

deposi ti owochrawt®®s and quartz chanmber were evacuat ed by prregsusoe/igassual |y
around 20-100 niforr, preferably around 30-50 nTorr). The nononers to be
deposited were kept in the glass vial. If the nelting points or boiling
points of the nononers were |ess than 100'C, pressure of 40-80 niforr al one
was sufficient to effect sublimation. 1However, if the nmelting points or
boiling points of the nonomers were greater than 100C, pressure of 40-80
nrorr in ceMydindsiseiatWiotwatts asticytled hedistussedmbove.edniinidid] ¢ight roauee fiahei r

sublimation, .The need| e, val.ve.was .t hen, o ed . 1/ 4 of. turn. (it took 8
full tur nsSUtbf)tragf)seVFllerfi ﬁ%nduﬁggg? %et?}g}lg%tﬁg B%%@pﬂp%esq@ﬁ,@pﬂpgﬁqﬂe@% e t he
deposi t i onyhaRiRe! inteRaheRs Mith PE6RHERLS, FARtAE & reVik@o WA, Qlﬁfadl'l@ggﬁ tyacuum

As the glass vial was evacuated and the pressure 1inside the deposition
chanber i nibeeaseds sebsoBteniTcFlre, tophgraply pladesavenasisedi t ddteomine Toeforprabssur e
during depgsiti.on s typicall etween 70-150 nifork. The RF plas power
was set ar%rﬁpl%]{l%%- %ﬁ A\T\g&lrgﬁfrﬁﬁ% EPAFY agﬁorﬁ{e 9‘813%56/ Tt Pg,ana‘ﬁﬁhtﬂﬁ?

pref er abl ysuabeatt. TBO dedolifibn tAROWhNELER d8orV@ ShAHSESE &vw%rob&s&n/@ﬁé mode,
not continuous) at a duty cycle of 30% and pul se duration of 300 nsec. The
nmononer s wirugtursobthp resamggtodimeeriinsttone indimictuze Bhanber, and t hen

pol ynmeri zed and deposited on the substrate (six- or eight-inch flat
wafers) in the deposition chanber. The substrate was rotated at 2 rpmin
order to ensure a uniformcoat. BEXANRLE:.] Deposition of 4-Fl uorostyrene
The antireflective coating |ayers were prepared by PECVD pol ynerizing a 0.2
g sanple of 4-fluorostyrene (Structure obtained from Si gma- Al drich) onto
six- or eight-inch flat silicon waferg, topography wafers, quartz slides,
al um num substr at es,

Structure B

[@)e"

P 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.



tantalum (Ta) substrates, and tantalumnitride (TaN) substrates. Before
deposition, the pressure was about 40 mforr. During deposition, the

pr essur emearR/6E98It ai ned around 95-100 nTorr, and the termuavesoungsnas room
tenperature (about 23'C). The RF plasma WO 02/ 062593 PCT/ US01/19081 10
power was set at 80 watts and cycled as di scussed above. An initial eight
runs on flat substrates were conducted to determ ne the best film

t hi cknesses, optical properties, film Uhiformty, intermxing with
photoresists, resistance to resist solvents, and adhesion to the various
substr at es. Talle 1t dployThickyessbngbsniter e used to det ernmi ne conf or mal

roperties.| The 4-fl1uyoro reng, depqsited at.a fate.of 136 A/'m.n._ onlan
gi gﬁt -inch Qlﬂl%eg% ?fﬁhcgnesigé)z 195@?&“ ﬁ?vﬁqﬁ (ﬁ‘g@ rra‘gw?@%i?%@@ﬁé{ﬁ%smt of
CVD processes. Thesggstructure of the jsgsulting polymer is, shown in
Struct ure B—St+ueture—A—F—Structure—B—H-G-CH2-n—FE-The— | less
was optically nmeasured by ellipsonetry at 25 points on a planar silicon
wafer to estinat -hi ' 1] i n
W thout pi nhol 65 "yorde e AR AR er FAFuLd o8 Mol R R Bl 00 o
The filnms Ehdtiihiveyditde thidlalkssdes wasi dbeermed ysing etrPl@dotas. Thestvigpingdsta is

substrates. The filmthickness wuniformty data is set forth in Table 1. WO
02/ 062593 PEEF %@U?/Tf@iﬁs% 11

Table 2 - Stripping Test
Solvent Initial Thickness (A) | Final Thickness (A) Stripping Estimate (%)

Ethyl lactate 3895 3852 1.10

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/um 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.



Table 1 - Film Thickness Uniformty Mean Thickness (A) Standard Devi ation
(A) Thickness Uniformty (%9 3895 130 2.01 The deposited antireflective

| ayer was whsgo@udsstantially insoluble in ethyl |actate. That/user19981 Y
little thickness | oss was observed using ethyl lactate. The stripping data

is set forth in Table 2. Table 2 - Stripping Test Sol vent Initial

Thi ckness (A) Final Thickness (A) Stripping Estimate (%9 Ethyl lactate
3895 3852 1.10 Fig. 1 depicts the ultrd®iolet-visible (UV-Vis) spectrum of
the deposited film according to this exanple (i.e., using 4-fluorostyrene

deposited on a d“llnaﬂtthoemityiel)e wadydasnZ: vapsr &@ssim‘d oh&3iliveh whlfdi$o femeTEir at i ng
that 4-fl uorost basel-g g |,#ﬁrleflectl ve filnms _deposited by PECVD
processes af¥mg 31‘1 93 NI Prpaticaras Ofﬁ%%ﬂtlpéh@m%ﬁéﬁoﬂ??m%s

14. 4/ mat 13, §ihitdhs &@bn’gggélt@@lr% ﬁvé@cﬁlﬁﬂgﬁﬂ% d%d\éb‘?g[o g ﬁl Oh) The

average n value (the onent conple

and the avéixge (cbd)tmaédjﬁfomtsmpley Ehmpaﬁy,ynmpmﬂ’ers@fferé ﬁ&n%@cﬁ’é@isemdnl@dex of
refraction) @ere det?'rm ned. The values. were n = an = 0.59 at 193
nm The optPddhe TSk fRalres Fetn Ktaewngd witht SN | Elgl 4 1%@1%33@\%@%@@4 4/ m

at 193 nm sﬁb@mg%hé&@ nttﬂégls‘ﬁﬁr; dr8dAC dﬁon&{%ﬁhlggarﬁ@g ﬂes%c §§sy rﬁg film

prepared in thi exar‘rp es as posite e various su
first m ni mei?® hinadenssknesand 330 nA, iscinid tihes weeeBhiet@di mum t h| ckness was 900
A. The filmconfonnality was tested by depositing the 4-fluorostyrene on
1000 A topography wafers. An exam nation of the scanning electron
m croscope (SEM phot ograph i ndi caﬁ dyiptaiothe filmwas nearly 96%
conformal to the substrates over t opogr aphy of 1000 Ain height. Fig. 3
i s an SEM phot ogr aph showDagositiw dﬂzmsgﬁ@mrmdifmlrdﬁtyfeﬁ a 1940 A thick film
of 4-fluorostyrene on 1000 A, topography.
The antireflective coating layers were prepared by PECVD polymerizinga 0.2 g
sample of 2,3,4,5,6-pentafluorostyrene (Structure C, 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 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 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.



WO 02/ 062593 PCT/ US01/19081 12 The 4-fl uorostyrene was pl asnma vapor
deposited on a silicon wafer to forma film having a thickness of 1077 A
fol | oned Wpatobza9di ng of a PAR-710 phot oresi st (obtained HamowsoSusst ono
Chemical Co.) over the antireflective coating film and devel oping with
CD- 26 (obtained from Shipley Conpany, Inc.). The wafers were then
cross-sectioned, and the resist features were examned with an SEM Fig. 4
is an SEM phot ograph showi ng the exceldent resist profile cross-section of
this sanple. Resist profiles as small as 170 rimdense lines and 170 nm

i solated lines were achi eved. EXAVPEEucRwuBEposi tion of

2,3,4,5,6-Pentafl uorostyrene The antireflective coating |ayers were
prepared by PECVD polynerizing a 0.2 g sanple of

2,3,4,5,6-pentafl uorostyrene (Structure obtained from Si gma- Al drich) on
six- or eight-inch flat silicon wafers, [topography wafers, quartz slides,
al um num substrates, tantalum (Ta) subgtratgs, and tantalumnitride (TaN)
substrates. Before deposition, the™ypressyeé was about 40 niforr. During
deposition, the pressure was nmaintai dround 95-100 niforr, and the
tenperature was roomtenperature (abet 3.C). The RF plasma power was set
at 80 watts and cycled as discussed above. AR initial eight runs on flat
substrates were conducted to deternmine the best filmthicknesses, optical
properties, filmuniformty, interm xing with photoresists, resistance to
resist solvents, and adhesion to the various substrates. Topography wafers
were used to determ ne conformal properties. The PECVD rate was 667 A/ m n.
on an eight-inch substrate, which is a much qui cker deposition rate than
that achieved with standard CVD prbicessed The structure of the resulting
polynmer is shown in Structure D. WO 02/ 062593 PCT/ US01/19081 13
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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




Structure CFLF FF F Structure D HCC HZ F\ FnFF F The film
t hi ckness was optically neasured by ellipsonetry at 25 points on a planar
silicon wafen2besesti mte the nean thickness. The fil ns geperakedioogy f or m
coats, wthout pinholes, voids or particles and having a preferred
t hi ckness of 1000 A. The filns exhibited a thickness uniformty of >92% on
the various substrates. The film thickness uniformty data is set forth in
Table 3. Table 3 - Film Thi ckness Unifd#dmty Mean Thi ckness (A) Standard
Devi ation (A) Thickness Uniformty (% 1385 165 7.2 W) 02/ 062593
PCT/ USO1/ 19081 Thé dEpesiubdpami'retfRadtiemldyeefzvlaecatst@bkta:?{teﬂlyV\iasO(IalblsCin typiﬁall
subst anti al I nsol yble in typical photoresist_solvents (e.g., ethy
| actate). ‘Phétogelsw bog?"ﬁﬁs (fa%-aeq%él(i%“é%te)f- oeftnpinggataispet foxtgndale4. St ri ppi ng
Test Solvent Initial Thickness (A) Final Thickness (A) Stripping Estinmate
(%9 Ethyl lactate 1385 1315 5.05

Table 4 - Stripping Test

Solvent Initial Thickness (A) | Final Thickness (A) Stripping Estimate (%)

Ethyl lactate 1385 1315 5.05

Fig. 5 is a graph which depicts the UV-Vis spectrum of the film deposited on a
quartz slide according to this example. The ), 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 nearly 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



Fig. 5is a graph which depicts the WVis spectrumof the filmdeposited on
a quartz slide according to this exanple. The kmax was at 181 nm thus
denonst r atwo@2b042893 2, 3, 4, 5, 6- pent af | uor ost yrene- based ant peefukegidose fil ns
are useful for 193 nm applications. The optical density was 4.33/mat 193
nm The optical constants were neasured by VASE anal ysis. At 193 mm, the
average n value was 1.62, and the average k was 0.31. The optical density
calculated fromthe optical constantslfas 4.33/mat 193 nm Fig. 6 shows
the refl ectance curve of this sanple when deposited on the various
substrat es préﬁhlﬂref\ﬁalssaboutiéltﬁ)imﬂ@nrt Diueikip dsgoswing, fHeGresSurcaingd thaiatasRAMASUHA NI Mum

t hi ckness elrﬁ% 10 g e filmconformality was tested by PECVD depositing
2,3,4,5, 6- ‘Q’S F Y %F%@TWGMGOWfW%%K?b%% . ThaREpdasimsat i on
of the SEM,phplagranhsy w%hgaﬁc?ﬁ, 1ok i dohl e Yeaf R %;yel%?%%s%r}f jral - to

the substrates over a topograp aspm

phot ogr aph ssbetmates gretdm@nfindtad to(demﬁﬁm&mlha Heyt filfn ﬁilckﬂ%eﬁoptﬁdaﬁirof)bﬂu@% @Hlm
2,3,4,5, 6- peg tafl uorostyrene on a 1000 A topography. EXAMPLE 3 Deposition
of Allyl pedPHPIRSH FHERBENE WithPhotRieies, Iréﬁéﬁtﬁw te sepist ﬁglvplay,@né aghesign lepar ed

by PECVD p r B]%;W I zene St ructure
E, obtai neglle)f/‘?ﬁgl%hééd%gtrﬁﬁﬁo c][% P g%a élt%&sqxg%?héeeﬁ tﬁ?&%ﬁ%ﬁyﬁ Pliog 8 Waf er s,
t opogr aphy ThaPECYD guttawis7525 1A/ @@son a'ml ighit-findh sabélfaité whieBis mﬁo@ﬁﬁs‘ﬂéﬂm&dﬂﬂ)
substrates, and tantalumnitride (TaN) substrates. Before deposition, the

VO 02/ 062595stpederd Sy D) proersses. The ﬁﬂ@é@ﬁ pEthaars Ui BE RO AT MRbP WD IDBirigigre
depositiong the pressure was maintained around 95-100 niorr, and the

t enperature was roomtenperature (about 23 C). The RF plasna power was set
at 80 watts and cycl ed as di scussed above. An initial eight runs on flat

Structure E

Structure F
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substrates were conducted to determine the best filmthicknesses, optical

properties, film uniformty, intermxing wth photoresists, resistance to
resi st solwe@wnbse2send adhesion to the various substrates. popegiapPhss waf ers
were used to determ ne conformal properties. The PECVD rate was 525 A/min
on an eight-inch substrate which is nuch faster than that of standard CVD
processes. The structure of the resulting polyner is shown in Structure F.
Structure EF\ F | F/ F F StructurdéFr HC-C H2 CH2 nF\ F | FF

F WD 02/ 062593 PCT/ US01/ 19081 16 The filmthickness was optically neasured
by el li psonet ry The fith thiwknéss veuz dphieallypinassaredshyl élipomuadyer 25 ot biaie t he

mean thickness. .The fi| ns generated uniform coats wi t hout pinhol es, voids
or particl @RnagsiliconyiggoLsimatdhs waan thickremss hefilmogmentedmmiformicpais, had a

thickness ynhfar ﬁinhé’leQ,fVOT@sG(%) ;%?tiélgb? aﬂ@ﬁéﬁﬂg a %%&Eg@tﬁlﬁ%hesg%% lbb(l) n t ieC kness
films had a thickness uniformity of >96% on the various substrates. The film thickness

uniformity data is set forth in Table 5.

Table 5 - Film Thickness Uniformity
Mean Thickness (A) Standard Deviation (A) Thickness Uniformity (%)

5140 283 3.37

The deposited antireflective layer was also substantially insoluble in typical
photoresist solvents. No thickness loss was observed using ethyl lactate. The stripping

data is set forth in Table 6.

Table 6 - Stripping Test
Solvent Initial Thickness (A) | Final Thickness (A) | Stripping Estimate (%)

Ethyl lactate 5140 5173 0.00

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/pm at 193 nm.

The optical constants were measured by VASE analysis. At 193 nm, 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



uniformty data is set forth in Table 5. Table 5 - Fil m Thi ckness
Uniformty Mean Thi ckness (A) Standard Deviation (A) Thickness Uniformty
(%9 5140 w882/82393 The deposited antireflective | ayer wasraraso1/19081
substantially insoluble in typical photoresist solvents. No thickness |oss
was observed using ethyl lactate. The stripping data is set forth in Table
6. Table 6 - Stripping Test Solvent Initial Thickness (A) Final Thickness
(A Stripping Estimate (% FEthyl |actdf’e 5140 5173 0.00 Fig. 8 is a graph
showi ng the UV-Vis spectrumof the filmdeposited on a quartz slide

accor di ng theighhikg é)@aﬁ%ﬂ %EMm@t%mmb shewingtthelim m!mfonmhsy aféhoit®8riathiakg t hat
aIIyIpenta%th&oﬁ négn ed antlrjééfg%lve fi nB are useful for 193 nm
appl i cations gp @gﬁg??@a 193 nm The optical
constants were qﬁﬁﬂlﬂe@ﬁp&ylatéﬁaﬁt ﬁfé@hﬁi&io‘i’ me&Iodla%@epmmng bRiRNElRG oatthgval ue
was 1.64, and the average k value was 0.34. The optical density cal gﬁ | at ed
from the dpferch plesns @rgmlsedestheml anqmlspwtw Imas disitiget Blvdepgasteet te

refl ectance _curyve of this a ed on the various substrates. The
e o Sl b Spcatee et RED MR TRIRE e Slubis KE KpiRERe PRkl nas
950 A. The jhdtdrneaRddaraid ﬂﬁéV%ﬁlchcﬁ‘Igeéi)l\téYl%E\@{Qh deRATEJuiR%Epecial handling.

al | yl pent af | uor obenzene 1000 A topography wafers. An éxam natioh of the

SEM phot ogridh sohghiceiestelistthiimizedhend 5q areWesnagetivd ¢ff@6o%hatahé eolpmlt wastet he
SuBSITat o gl A SRALIPRY o 1000, L 0y JOLOR 062000, FETLRCL Jo0gn.
1698 A thi Qﬂfe ifvehtieOprodéss W Re&h alib4Mi AN e SEHE ResttahP0 Qe dnORAEH AP
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.



It wll be appreciated that the superior nmethod of depositing
antireflective coating |ayers by plasma enhanced chem cal vapor deposition
has di stiwotozacsant ages over the prior art spincoating necChamsel/wesch
utilize large quantities of solvents. That is, the instant nethods avoid

t he spincoating solvents which often require special handling. Thus,

sol vent waste is mnimzed and so are the negative effects that the sol vent
waste can have on health and the envid8nment. Furthernore, overall waste
is mnimzed with the inventive process wherein substantially all of the
reactants a¥eckdsuned in the process. Thus, the nethods of present
invention are lower in cost than nost prior art nethods and are al so
environnmental ly friendly. The PECVD net hods al so have a nuch faster
deposition rateil(i.e.A nle@fd éf BRning dﬁ%lmrs@ldfomséiﬁpﬁﬁhﬁfatsﬁﬁn;'i tg%)ateﬁs
conpared to_ conventional CVD nethods. WD 02/062593 PCT/US01/19081 18 We
claim 1. Arp@istrospaingsherstaps ef: precursor for use in manufacturing

integrated circuits_cqonprising the.steps of: providi a quangity of

mononers and a subst Pat e Hadi tgygfl?]%‘gl@erﬁﬁflggSmt@#q%ﬂmlﬁﬂaﬂ“rr{?ﬁ BRj ve

coating is to be appli ed: v hisaldiTOAMNRE S bHeApfiglasmm: _deposi ting
o

said plasma nononers on said substrate surfacé so as orm an
antireflective coati dening esid mamdmarsphipiapjasmghot or esi st | ayer to said

antireflective coati | ayer to.yield the circui recursor. 2. The nethod
of claim1, wherein gg??f%ﬁtﬁﬁ%lé?l SR IR R G %’f“‘i!fﬁ‘%ﬁgateémfwa@? HYORBi et y
and an unsaturated noi ety an3ntirkRBctRIDAhOhy&! #dn 2, wherein said |ight

attenuating noiety is a cyclic .
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.



conpound. 4. The nethod of claim3, wherein said |ight attenuating noiety
is selected fromthe group consisting of benzene, naphthal ene, anthracene,
acri di ne, wiounana2593t hi ophene, pyrrol e, pyridine, pyridazi neciysoimndine, and
pyrazine. 5. The nmethod of claim3, wherein said |ight attenuating noiety
conprises a group selected fromthe group consisting of cyano groups,
nitroso groups, and halogens. 6. The nethod of claiml, wherein said
mononers have a nelting or boiling poi%ht of |ess than about 200C. WO

02/ 062593 PCT/ US01/ 19081 19 7. The method of claim 2, wherein said
mononmers are sel.ect e"Hnefm@ﬂmodfméclagfncmpvhcmmism'tlimnmomrﬁershgers&tt&teﬂrﬁomubesti t ut ed

derivatives thereof yl benzen bst.i tuted, deri ives thereof. 8.
The net hod® 8P &PH 1?#% t\/r?@'rrg}e %‘gl Gvalfves Jhpee e%iﬁtfeé‘ﬁ?rtenénd group
consi st i NGyuBtitdreARERGHNSE WeRdg, 3- et hoxystyr ene, 4-methoxystyrene, 2-

met hyl styrene, 3-nethyl styrene, 4-nethylstyrene, 2-fluorostyrene,

3-fluorostyrene, 4- quorostyrene 2- bronnstyrene 3- bronost yr ene,
4-bronDstyrene oros yr.e orost rene 4- chl or ost yrene

2-ni trostyrene, 3 n| @’P@ﬁg daﬂnrﬁ %etlw%l JUONPTECTS gre sg(e’iqcfeﬁléﬁfpé%t hyl )
styrene, RO gm f&‘@&éﬂi@i ¥, €5 ARk At | henzene,
2,6-difl uoérrglgt?yor eﬁe ée)t hyl 7- 1-}g4ﬁ?l uoropher}l(?P)%e}llel soﬁr%lggf@ghé/ s
phenyl -1 I—I—met_hyllawmne53yﬂle)thﬁsthlgede o&meﬁxmyrener anfudobtgphenddierosfyreneani zi ne

di hydr ochl r|d , tr ?ﬁnﬁ -fl uoro- %nltrost ne 2f|uorostyrene
3-fl uorost TGRS, Iioal%tyrinter Bt T%P%}}ﬁ?p 5Q§1{1 ERRE, 2-chlorostyrene, 3-

trans-B- n'd‘-h'Icﬁ‘oﬁ ﬁé' Ul dnes08pichy ! kslﬁt%ﬁﬁ% tg%%os%ﬁ&;l%r@—nﬁrost ene, 3,5-

(trifluoronethy yrene, B-nitro-4- tr| uoronet styren
trans-2, 3 bﬁi,s&rﬁﬂpenbmfdthgt)csfcyﬁ-nu trtranyrmmrmamﬂudl;om -niltrostyrene,

L o B )5 R don, (L T eromeuy ) st e

4- (triflugnQuet. Iﬂtﬂ hidazol-5-yl)-5-hydroxy-3-oxo-trans-6-heptenoate, flunarizine
dihydrochloride, trans-4-fluoro-B-nitrostyrene, 2-fluorostyrene, 3-ﬂu0fostyrene, B-nitro-4-
(trifluoromethoxy)styrene, trans-B-nitro-2-(trifluoromethyl)styrene, trans-B-nitro-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-(irifluoromethyl)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.



styrene, and 3,3, 3-trifluoro-1-(phenylsulfonyl)-1-propene. 9. The nethod of
claim1, wherein said substrate is selected fromthe group consisting of
silicon, avawoi/nasy3 tungsten, tungsten silicide, gallium arBeniudel/19081
germanium tantalum SiCGe, and tantalumnitrite wafers. 10. The net hod of
claim1l1, wherein said plasma form ng step conprises subjecting said
antireflective conpound to an electric current and pressure. 11. The net hod
of claim10, wherein said electric cur?nt is fromabout 0.1-10 anps. WO
02/ 062593 PCT/ USQ1/ 19081 20 12. The nethod of claim 10, wherein said

el ectric currentl2i s afimetod of clpimnd @swherdis saiftielectristchudntds appliad i phllseswher ei n
said pressure is fromabout 50-200 inTorr. 14. The method of claim1l,
wherein the antireflective coating | ayer on said substrate surface after
sai d deposi ti ng 13t ep THRSmathbd o€ ER8HS 0 likf MM Al YssABqs B ayut sH200The

met hod of claim1l1, wherein said antireflective coating |layer iIs

subst ant i alm{ornsol ubl e in solvents utilized in said photoresist |ayer. 16.
The nethod of claim1, further including the steps of: exposing at |east a
portion of said photoresist |layer to activating radiation; developing said

exposed phot oregiyst I'By¥ehethaddf Bk NGh&aIndhE MELARS T RBAIRY B3 Sh bR er -
17. The nmethod of claim1, wherein the antireflective coating |ayer

deposited sobsttd tirGobsfiorseid depediaegstabbardthicknedsed foradiout 3@BOQT Al | ght  at
a wavel ength of from about 150-500 nm 18. The nethod of claim1, wherein

the antireflective coating |ayer has a k value of at |east about 0.1 at
light of a waveligngt THef md@3d W claim 1, wherein said antireflective coating layer is

substantially insoluble in solvents utilized in said photoresist layer.

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.



19. The method of claim1l, wherein the antireflective coating |ayer has an
n value of at |east about 1.1 at |light of a wavelength of 193 nm 20. The
nmet hod of wOa2/ne2%93 wherein the rate of deposition of sai d ronwser®osion said
surface is at |east about 100 AAm n. on an eight-inch round substrate. WO
02/ 062593 PCT/ US01/19081 21 21. The nethod of . claim1l, wherein said plasna
nmononmers pol ynerize during said depositing step. 22. A precursor structure
formed during the course of the integrdfed circuit manufacturing process,
said structure conprising: a substrate having a surface; an antireflective
coating |ayer orRlsai dhsmataadeofclogn d, vereréin efid plosmamonaaers polymedyedurbei ng
formed on sai rface by a plasnma enhanced chem cal vapor deposition
process; aﬁsgldgiegﬁ%{ngg%%ﬁ"st | ayer on said antireflective coating |ayer. 23.
The structure of claim22, wherein said antireflective coating |ayer
conprises a polyner includes recurring nononers conprising a |light
attenuating noi @2y anpregursonsiaciire femeddigny theoursthd tist integtaiececiofuitc| ai m
23, wherein_sai dtanti reflectiv ctoati ng | ayer consists essentially of a
pol yer i ndT &S RE BroseRy S?‘?!Slﬁﬁ'%f‘l%e COPF$ ng a |ight attenuating noiety
and an unsaturated mis@bdratdBavidd@siitdcbict ure of claim 23, wherein said

|l ight attenuating noiety is a cyclic conpound. 26. The structure of claim
25, wherein said |ighnaatitedacizteicngtinalaydrpnissidsetfacy sid adtireflediive coatmgp

consi sting of benzene, naphthal ene,. anthracene, acridine, furan,

t hi ophene, pyrrole, pyri dﬁ?‘?’«?rabﬁ%g dacleon ]2‘] FSReDY dnBlagip sAbgRced

chemical vapor deposition process; and

C

a photoresist layer on said antireflective coating layer.

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 moiety s a cyclic
compound.
26.  Thestructure of claim 25, wherein said light 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.



27. The structure of claim25, wherein said |ight attenuating noiety
conprises a group selected fromthe group consisting of cyano groups,
nitroso gmeapgpe2assd hal ogens. WO 02/ 062593 PCT/ USO1/ 19081 PeR/URBL/190%1E
structure of claim 23, wherein said nononers are selected fromthe group
consi sting of styrene and substituted derivatives thereof, allyl benzene and
substituted derivatives thereof. 29. The structure of claim 23, wherein
sai d nononers are selected fromthe gPdup consisting of 2-methoxystyrene,
3- et hoxystyrene, 4-nethoxystyrene, 2- nethyl styrene, 3-nethylstyrene,

4- et hyl st yr ene 232- f [Thgsbuetyreanielain-28| wherost spidemenonders htersteotiyfrcam the

2-b , 3= br. 4D ne,. 2-¢h , 3-
el or ostyr G sORBCR, e ol RRRRRSY ilfouses el plifetent ana

4-ni t r ost ysebetituted Serivatiéd thedebfior onet hyl ) styrene, trans
-2-chloro-6-fluoro-B-nitro styrene, decafluoroallylbenzene,

2,6-di fluorostyrene, ethyl 741 -(4-fluorophenyl)-4-isopropyl -2-

phenyl -1 Hi m dazgl- 5-yl ) 5-hydr.oxy- 3-0xp-trans- 6- hept enoate, flunarizine
Gi hydr ochl or i det rai é?ﬁt-l”r“ftﬁ%r"&@‘ﬁéﬁrWg?rﬁ%negﬁg{m%?l T ASSEFigAdom the

3- 1 uor ost yr&ipe comkidtin! @f 42-ndiidxhyktyREMBLABKYX PHHER]) € 4-methoxystyrene, 2-
trans-B-nitro-2-(trifluoronethyl)styrene, trans-B-nitro-3-

(trifl uor omthistysng remsthyBtyrene; d-methylsiyidngo 2 dherdsjirds, Briueostyrene, 4-
trans-2, 3,4, 5. 6:pent gfl uoro- B-njtrostyrene,

rans- 1, 1, SBITPRERT o0 RaSicae: P oot SgResiEre: ProbluRiBRee Y ) -
styrene, 2chlobdstjréifd) OMBRIBYdshyRéne] ENBitrodtykddel f-HRIQTRILRY |4)-1§irtrl55t§ﬂeﬁe, 3,5-
4-(trifluoronethyl)- styrene, and

3, 3, 3-tri f bagltvflugismaaih el fyoryk) - trpro@enbloR06-luerst Budturseyodngl ai m

22, wherein said s trate | ected fr t he roup copsi sting of

si licon, aﬁﬁ?ﬁ%ﬁﬁ’iﬂaﬂgﬁﬁ&f}%&;aflﬁﬁa% IS ‘Ftﬁﬂpjﬁg,‘ (%@MWI@}?P}QS—&@WHQPYLZ-

ger mani um Blléﬂ}t'IaiH_ﬂlni@hﬁ?l’-S%!T}iStl?‘ﬂfr%kym-BkatMr?&Weg'Eénoa%el,- _ gﬂﬁaﬁ%i ycture

of claim 22, wherein the antirefl'ective coating layer on sai substrate

sur f ace hadihydronhlofife srensod-fluproni-aitostyred Q- HB0astykene, 3-fluorostyrene, B-nitro-4-
(trifluoromethoxy)styrene, trans-B-nitro-2-(trifluoromethyl)styrene, trans-B-nitro-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.



32. The structure of claim?22, wherein said antireflective coating layer is
substantially insoluble in solvents utilized in said photoresist |ayer. WO
02/ 062593 WVAQ02/i384Y 19081 23 33. The structure of clai m 22pcwusorimst he
antireflective coating | ayer absorbs at |east about 90% of light at a
wavel engt h of from about 150-500 nm 34. The structure of claim 22, wherein
the antireflective coating |layer has a_k value of at |east about 0.1 at
light of a wavelength of 193 nm 35. THé structure of claim22, wherein the

antireflective coating |layer has an_n value of at |east about 1.1 at |ight
of a wavel ength 38f 1§%eﬁmcmre 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.



