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ultraviolet (DUY) mcrolithographic processes. However, reducing the
substrate reflectivity to less than 1% during photoresist exposure is
critical fleldmdithe Wivemtban di mensi on control of these submicron features.
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antireflective coating (ARC) layers on silicon and dielectric materials as well as the

resulting integrated circuit precursor structures. More particularly, the inventive

methods comprise providing a quantity of a highly strained antireflective compound

and vaporizing that compound. The resulting vapor is then pyrolized to form stable

diradicals which are subsequently polymerized on the surface of a substrate. A

photoresist layer is applied to the formed ARC layer, and the remaining

microphotolithographic process steps carried out.

Description of the Prior Art

Integrated circuit manufacturers are constantly seeking to maximize silicon
wafer size 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 these
submicron features. Therefore, light absorbing organic polymers are formed into
antireflective coating (ARC) compositions which are applied beneath photoresist layer
in order to reduce the reflectivity normally encountered from the semiconductor
substrates during the photoresist DUV exposure. These organic ARCs are typically

applied to the semiconductor substrates by a process called spincoating. While
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sidewal I's of the resist features becone
layer thickness of 1000 A is spincoated over raised features having feature heights of

0.25 microns, 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 ultra microscopic feature sizes, the ARC
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 ARC
deposit 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 ARC 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 rapid
or non-uniform solvent evaporation, dynamic surface tension, and liquid-wavefront

interaction with surface topography. The defects stemming therefrom become
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compound in a layer on the substrate surface by chemical vapor deposition (CVD)

processes. A layer of photoresist is then preferably applied to the antireflective layer

to form a precursor structure which then be subjected to the remaining steps of the

circuit manufacturing process (i.e., applying a mask to the photoresist layer, exposing

the photoresist layer to radiation at the desired wavelength, developing and etching the

photoresist layer).

In one embodiment the antireflective compound comprises respective light

attenuating compounds comprising two cyclic moieties joined via a linkage group

bonded to a first location (either diréctly to a member of the cyclic ring, or to a

functional group bonded to the cyclic ﬁng) on one of the cyclic moieties and further

bonded to a first location on the other of the cyclic moieties. Preferably, the two cyclic

moieties are joined by more than one such linkage group, and even more preferably the

two selected moieties are joined by two such linkage groups, with each additional

linkage group being bonded to second, third, etc. locations on the respective cyclic

moieties.

The light attenuating compounds should be highly strained so that they can be
cleaved into stable diradicals upon exposure to energy (e.g., heat, UV light). Thus, the
strain energy of the light attenuating compounds should be at least about 10 kcal/mol,

preferably at least about 20 kcal/mol, and more preferably from about 30-50 kcal/mol.
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kcal / nol .~ WO 01 @ands | sehomatisalin 318'53 the prefegred, light penating compopidist  one
of the cycljgnpipi eties be aromatic or heterocyclic, wth preferred
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benzene, napht hal ene, ant hracene, phenant hrene, and pyrene. Preferred
heterocyclic noieties include those selected fromthe group consisting of
pyridine, pyrid&wal pyrinidine, pyrazine, thiazole, isothiazole,
oxazol e, isooxazole, thiophene, furan, and pyrrole. Formula I
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wherein:

R represents a linkage group and each R is preferably individually selected
from the group consisting of alkyl groups (preferably at least C,, and
more preferably from about C,-C,); and

each X is individually selected from the group consisting of the hydrogen, the
halogens, substituted and unsubstituted phenyl groups, substituted and
unsubstituted alkyl groups (preferably C,-Cy), nitro groups, substituted
and unsubstituted amino groups, acetamido groups, substituted and
unsubstituted cyclic and heterocyclic groups, and COR', where R' is
selected from the group consisting of hydrogen, substituted and

unsubstituted phenyl groups, substituted and unsubstituted alkyl groups



structure. Formula | X cyclic noiety RR J cyclic noiety X wherein: R
represents a |linkage group and each Ris preferably individually selected
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In one embodiment, the light attenuating compound is formed by reacting at
least two cyclic compounds with a halogenating agent (e.g., a brominating or
chlorinating agent) in the presence of a catalyst (such as benzoyl peroxide or
cetyltrimethylammoniumbromide) and a solvent (such as carbon tetrachloride) so as to
halogenate the cyclic compounds. The halogenated cyclic compounds are then reacted
with a "bridging" compound (such as sodium iodide) so as to yield an antireflective
compound comprising two cyclic moieties joined via a linkage group bonded both to
a first location on one of the cyclic moieties and to a first location on the other of the
cyclic moieties. In another embodiment, an alkyl-donating compound (e.g.,
paraformaldehyde) capable of reacting with the cyclic compounds so as to add a C, or
higher alkyl group to each of said cyclic compounds is also present during the reaction.
In another embodiment, the light attenuating compound is 1,4-dixylylene. In
yet another embodiment, the antireflective compound comprises 1,4-dixylylene having
two to four halogen atoms (e.g., chlorine) bonded thereto, or xylenes having at least one
functional group bonded thereto, wherein the functional group is readily cleaved during

the CVD process. Formula IT schematically depicts the monomer of this embodiment.

Formula IT
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where each R? is individually selected from the group consisting of hydrogen and alkyl
groups (preferably C,-C,) and the "*" designates the atom which is bonded to the CH,
group which, in turn, is bonded to the benzene ring as depicted in Formula II.

The chemical vapor deposition process to which the antireflective compound
is subjected comprises subjecting the compound to sufficient temperatures and
pressures so as to cause the solid compound to sublime to form a vapor. This is
preferably accomplished by heating the compound to a temperature of from about 35-
250°C, and more preferably from about 60-150°C, at a base pressure of from about 2-
50 mTorr, and more preferably from about 5-25 mTorr, over the course of the entire
process. Even more preferably, this heating is accomplished by running a temperature
gradient wherein the temperature is raised about 10°C about every 5 minutes followed
by a dwell time at the particular temperature for about another 5 minutes. When the

temperature is close to the melting point of the cyclic moiety (e.g., within about 2°C),
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Finally, the cleaved compounds or diradicals are caused to polymerize on the
surface of the substrate. This is preferably accomplished by introducing the cleaved
compounds into an ambient-temperature, deposition chamber in the presence of the
desired substrate where the cleaved compounds are simultaneously adsorbed and
polymerized on the substrate surface. This step is preferably accomplished at a
temperature of from about 20-25°C, with the spin speed of the rotating shelf on which
the substrate is situated preferably being revolved from about 2-10 rpm, and more
preferably from about 2-5 rpm.

The equipment utilized to carry out the foregoing CVD process can be any
conventional CVD equipment so long as the above-déscribed temperatures can be
attained by the equipment. The primary modification required for conventional CVD
equipment is that the deposition chamber must be modified to accommodate the
particular size of the substrate (e.g., an 8-inch silicon wafer), and it must include a
mechanism for rotating the substrate (such as a rotating shelf) at a speed of about 2 rpm.

The resulting precursor structures have antireflective coating layers which are
surprisingly defect-free. Thus, there are less than 0.1 defects/cm? of antireflective layer
(i.e., less than about 30 defects per 8-inch wafer), and preferably less than 0.05
defects/cm? (i.e., less than about 15 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 um 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



conpounds in the vapor are cleaved. Preferably, this cleavage is effected
by pyrolizing the light attenuating conpound by heating it to a
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utilized in the photoresist which is subsequently applied to the antireflective layer. That
is, the thickness of the 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:

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

100

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),



height). As used herein, the term"defects" is intended to include
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sol vent contact) - (thickness after solvent contact) (thickness prior to
sol vent cont act ¥ingly iaraddition| te dhe yleramspsipsediapiveflectisic dayes ptopertsethsur f aces

accordi ng i.hventi re.als i.ghly conformal,. even on topographic
surf aces (}élgtatlg 121 elﬁéorngl}a ,aofﬂrtﬁer dlﬁlncp a&agagg OVET prior g% spin-coating mettho%s
which utilize large quantities of solvents. That is, the instant methods avoid spin-
coating solvents which often require special handling. Thus, solvent waste is
minimized and so are the negative effects that solvent waste can have on the

environment. Furthermore, overall waste is minimized with the inventive process

wherein substantially all of the reactants are consumed in the process.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph depicting the ultraviolet-visible (UV-Vis) spectrum of a
[2.2](1,4)-naphthalenophane film deposited on a quartz slide;

Fig. 2 is a graph showing the reflectance curve of [2.2](1,4)-naphthalenophane
on various substrates;

Fig. 3 is a scanning electron microscope (SEM) photograph illustrating the film
conformality of an 850 A thick film of [2.2](1,4)-naphthalenophane on 2000 A
topography;

Fig. 4 is an SEM photograph of the resist profile cross-section of a [2.2](1,4)-
naphthalenophane-based organic antireflective coating of 930 A thick film using a
commercially available photoresist;

Fig. 5 is a graph depicting the UV-Vis spectrum of a [2.2](9,10)-

anthracenophane film deposited on a quartz slide;



surfaces having raised features of 1000 A or greater and/or having contact
or via holes O forned therein and having hol e depths of from about

1000- 15, 0G® A)s33sBhus, the deposited |ayers have a percentpcango@ossesi ty of
at | east about 85% preferably at |east about 95% and nore preferably
about 100% wherein the percent conforpmlity is defined as: 100. 1
(thickness of the filmat location A) - (thickness of the filmat |ocation
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t he target on {8adudisBbdidtad; r ai sed feature, or the centerpoint of the bottom
surface of the target feature when the target feature is a contact or via
hol e; and "B" i Eigt hes dnciEMahotogiaph ilbstrategithe filre cenlgendity bfie36@Adgetk f eat ur e
and the ed of. .t feature nearest the et feature. When used with the
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to refer t@.2)(®10aathateriopkareitdesbdrbanié antirefigrtivh eodtimp@eh Ob@Athiclefilhen t he
target feature is a raised feature, or the upper edge of a contact or via
hol e when BHBe & sogmerqialht aagable photprssisbsed feature. Finally, in addition to

the aforenentioned antireflective |ayer properties, the instant invention
has a further distinct advantage over prior art spin-coating nmethods which

utilize |arge @EMMIIBEDESCRIPTINOE THRFREFERRIE EMBO®TMVERISI0ds avoid
spi n- coating solvents which often require special handling. Thus, solvent

waste is mnimzed and so are the negative effects that sol vent waste can
have on the environnent. Further , all waste is mnimzed with the
i nventive process "EXAMPLES

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.

EXAMPLE 1
Synthesis of [2.2](1,4)-Naphthalenophane
A mixture of 1,4-dimethylnaphthalene (12.5 g, 0.08 mol), N-bromosuccinimide
(30.6 g, 0.17 mol - a brominating agent), and benzoyl peroxide (0.4 g - a catalyst) in
carbon tetrachloride (70 ml) was stirred and refluxed for 1 hour. The reaction mixture
was cooled to room temperature, and the precipitate was filtered and washed with
carbon tetrachloride. A suspension was formed by stirring this solid with water (500
ml) for 45 min. followed by filtering, washing with water, and drying.
Recrystallization from ethyl acetate furnished pure 1,4-bis(bromomethyl)ynaphthalene
in 86% yield and with a melting point of 188°C.
Next, 1,4-bis(bromomethyl)naphthalene was extracted (Soxhlet) into a refluxing '
solution of sodium iodide (15 g) in acetone (250 ml) for 24 hrs. The solvent was
evaporated on arotary evaporator until the overall reaction mixture volume was around

50 ml, and then the mixture was poured into 150 ml of water, Sodium thiosulfate was



wherein substantially all of the reactants are consuned in the process.

BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a graph depicting the

ul travi ol @tooie3sd3l € (UV-Vis) spectrumof a [2.2](1,4)-naghtiadoginsdehane
filmdeposited on a quartz slide; Fig. 2 is a graph showi ng the refl ectance
curve of [2.2](1,4)-naphthal enophane pn various substrates; Fig. 3 is a
scanni ng el ectron m croscope (SEM photograph ill ust rating the film O
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phot ograph illustrating t m conformal ity of a fr1mof

[ 2. 2] (9, 1093 afAwend Hcehdiawed: oF - Q32@@ﬁdH{®ﬂ>&gr aphy; and Fig. 8 is an SEM
phot ograph showi ng the resist profile cross-section of a

[2.2] (9, 10) - ant hracenophane-based organic antirefl ective coating of a 900 A
thick film usiggu@usoRmercially avail abl e photoresist. DETAI LED

DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

sefles

EXAMPLE 2
Synthesis of 4-Substituted-[2.2](1,4)-Naphthalenophane

A mixture of anhydrous, finely powdered aluminum chloride (0.004 mol) was
stirred in dichloromethane (100 ml), followed by slow addition of the corresponding
aryl or heteroaryl acid chloride (0.0037 mol) over a period of 30 min. Next, [2.2](1,4)-
naphthalenophane (0.003 mol) was slowly added. The reaction mixture was stirred and
refluxed for 5-9 hrs. The mixture was cooled to room temperature and poured over a
mixture of ice water and 20 ml of concentrated hydrochloric acid. The mixture was
poured into a separatory funnel. The organic layer was washed with dilute sodium
hydroxide solution, then washed with water, and finally dried over anhydrous
magnesium sulfate. Finally, the organic layer was evaporated on a rotary evaporator
to isolate pure 4-substituted-[2.2](1,4)-naphthalenophane (see Structure B) in a 63-89%
yield. The respective structures of the compounds were confirmed by IR, NMR, and

elemental analyses.



EXAMPLES The foll owi ng exanples set forth preferred nethods in accordance
with the invention. It is to be understood, however, that these exanples
are providedilegssgay of illustration and nothing therein $audiossesaken as
a limtation upon the overall scope of the invention. EXAMPLE 1 Synthesis
of [2.2](1,4)-Naphthal enophane A m xtune of 1, 4-di nethyl naphthalene (12.5
g, 0.08 nol), N-bronmpbsuccinimde (30.6 g, 0.17 nol - a brom nating agent),
and benzoyl per§%ﬁ&ﬁr ®.4 g - a catalyst) in carbon tetrachloride (70 nl)
was stirred and refluxed for 1 hour. The reaction mixture was cooled to
roomtenperature, and the precipitate was filtered and washed with carbon
tetrachloride. A suspension was forned by stirring this solid with water
(500 m) for 45 min. followed[t g, washing with water, and

dryi ng. Recrystalllzatlon fro acetate furnished pure

1, 4- bi s( br ononet hyl ) naptfha ; Ra nelting point of
188 C. Next, 1,4-bis( bxtracted (Soxhlet) into a
ref | uxi ng sol ution ofl_sodi i odi ] in acetone (250 m) for 24 hrs.
The sol vent was evaporate 3 until the overal
reaction m xture volunme was arpund 50 m| and then the m xture was poured
into 150 m of water. Sodium t ki as WO 01/63358 PCT/USO1/ 03568 11
added until the color changed to mhlte followed by filtering and dryi ng.
Recrystal li zati on from di chl oronet hane furni shed pure [2.2]

(1, 4) - napht hal ewbglean&R ﬁmCGIﬁsl%MeexEG(ﬂLamMé(a@éHg, NGl C /Y c@hmbylofi - 296- 300C

(see Structure A). '"HNVR (CDCL3 02 (m 4H, CH2), 3.72-3.74 (m
4H, CHR)07.39-7.42 (H%Phﬁi@.‘/ér Srraphithy }/1 acwloyl methacryloyl, 2-furoyl, or 2-
thiophenecarbonyl.
EXAMPLE 3

Synthesis of [2.2](2,6)-Naphthalenophane

A mixture of2,6-dimethylnaphthalene (12.5 g, 0.08 mol), N-bromosuccinimide
(30.6 g, 0.17 mol), and benzoyl peroxide (0.4 g) in carbon tetrachloride (70 ml) was
stirred and refluxed for 1 hour. The reaction mixture was cooled to room temperature
and the precipitate was filtered and then washed with carbon tetrachloride. A
suspension was formed by stirring this solid with water (500 ml) for 45 min. followed
by filtering, washing with water, and drying. Recrystallization from ethyl acetate
furnished pure 2,6-bis(bromomethyl)naphthalene.

Next, 2,6-bis(bromomethyl)naphthalene was extracted (Soxhlet) into arefluxing
solution of sodium iodide (15 g) in acetone (250 ml) for 24 hrs. The solvent was
evaporated on arotary evaporator until the overall reaction mixture volume was around
50 ml, and then the mixture was poured into 150 ml of water. Sodium thiosulfate was
added until the color changed to white, followed by filtering and drying.
Recrystallization from dichloromethane furnished pure [2.2](2,6)-naphthalenophane
(see Structure C) in a 78% yield and with a melting point of 150-152°C. 'H-NMR
(CDCL); 6 4.61-4.65 (m, 8H, CH,), 7.46-7.49 (m, 6H, aromatic), 7.72-7.78 (m, 6H
aromatic), ppm. The elemental analysis calculated for C,,H,,: C-93.50 and H - 6.49;



7.71-7.74 (m 6H, aromatic) ppm The elenmental analysis calculated for
C24H2G C - 93.50 and H - 6.49; found: C- 93.24 and H- 6.48. Structure A
EXAMPLE 2woynidhsssi s of 4-Substituted-[2.2] (1,4)-Naphthal geapisenessgs m xt ure
of anhydrous, finely powdered al um num chloride (0.004 nol) was stirred in
di chl oronet hane (100 m ), followed by sl ow addition of the correspondi ng
aryl or heteroaryl acid chloride (0.0037 nol) over a period of 30 mn.

Next, [2. Z}Juﬁdzdfb-é?i)f‘%m-le- ﬂhane (0.003 nol) was slowy added. The
reaction mxture was stirred and refluxed for 5-9 hrs. The mi xture was
cooled to roomtenperature and poured over a mxture of ice water and 20
m of concentrated hydrochloric acid. The m xture was poured into a
separatory funnefructyigeC or gani c | ayer was washed with dilute sodium

hydr oxi de sol ution, then washed with water, and finally dried over
anhydrous magnesiumsulfate. Finally, the organic | ayer was evaporated on
a rotary evaporator to isolate pure

4-substituted-[2.2](1,4)-napht hal egophape (see Structure B) in a 63-89%

yield. The respective structures & cowpounds were confirned by IR,
NVR, and el enental anal yses. W | US01/ 03568 12 Structure B
COR wherein, Ris C6H5, 4-Me OJC6H4, 4- NO2- C6H4, ci nnanoyl, 1-
napht hoyl , 2-napht hoyl, aciyl sryl oyl, 2-furoyl, or 2-

t hi ophenecar bonyl . EXAVPLE 3

EXAMPLE 4
Synthesis of [2.2](9,10)-Anthracenophane

A mixture of anthracene (0.1 mol), paraformaldehyde (0.1 mol),
cetyltrimethylammoniumbromide (0.4 g), and glacial acetic acid (25 ml) was stirred at
room temperature. Next, 60 ml of aqueous HBr (containing 47% HBr gas) was slowly
added dropwise to the reaction mixture over a period of 1 hour. The reaction mixture
was stirred and heated to 80°C for 5 hrs., cooled, filtered, washed with water, and then
dried. Recrystallization from toluene furnished pure 9,10-bis(bromomethyl)anthracene
in a 93% yield and with a melting point of 201°C.

Next, 9,10-bis(bromomethyl)naphthalene was extracted (Soxhlet) into a
refluxing solution of sodium iodide (15 g) in acetone (250 ml) for 24 hrs. The solvent
was evaporated on a rotary evaporator to isolate the crude product. Recrystallization
from chloroform furnished pure [2.2](9,10)-anthracenophane (see Structure D) ina 97%
yield and having amelting point 0£275°C. 'H-NMR (CDCl,); 8 2.94 (s, 8H, CH,), 6.90-
6.92 (q, 8H, aromatic), 7.12-7.26 (q, 8H, aromatic) ppm. The elemental analysis
calculated for C;,H,,: C,94.11; H,5.88; found: C,94.79; H,5.43.



Synthesis of [2.2](2,6)-Naphthal enophane A m xture of

2, 6-di met hyl napht hal ene (12.5 g, 0.08 nol), N-bronosuccinimde (30.6

0.17 nol)w éﬁﬂqﬁggnzoyl peroxide (0.4 g) in carbon tetraCthﬁhﬁ%dﬁiﬁs”1) was
stirred an efluxed for 1 hour. The reaction m xture was coo to room
tenperature and the precipitate was fj)Jtered and then washed wth carbon
tetrachloride. A suspension was fornmed by stirring this solid with water
(500 M) for 45 'q. fQllowed by filtering, washing with water, and

dryi ng. Recryst§H%??§P$on fromethyl acetate furnished pure

2, 6- bi s( brononet hyl ) napht hal ene. Next, 2, 6-bi s(brononet hyl ) napht hal ene was
extracted (Soxhlet) into a refluxing solution of sodiumiodide (15 g) in
acetone (250 m) for 24 hrsg—The sotvent—was—evaporated on a rotary
evaporat or until _reaction mxture volune was around 50 m, and
then the m xture
added until the cdg
Recrystal lization di chl o oret hane f urni shed| pure
[2.2] (2, 6)-napht hal"ew SQ£ 28k N7

mel ting point of 150-152C |'H NVR (CDCl3); S 4.61-[4.65 (m 8H, CH2),
7.46-7.49 (m 6H, aromatic), 7Z.72-7 78 (m 6H aromatic), ppm The

el enental anal ysis cal culated for C24H20: C - 93.50 and H - 6.49; WO

01/ 63358 PCT/ US01/03568 13 found: C - 93.11 and H - 6.41. Structure C
EXAMPLE 4 Synthesis of [2.2](9, 10)- Ant hracenophane A m xture of anthracene
(0.1 nol), paraformal dehyde (0.1 nol), cetyltrimnmethylamoni unbrom de (0.4
g), and glacial acetic acid (25 nl EXWPKESrred at

Synthesis of 4-Substituted-[2.2](9,10)-Anthracenophane

A mixture of anhydrous, finely powdered aluminum chloride (0.004 mol) was
stirred in dichloromethane (100 mi), followed by slow addition of the corresponding
aryl or heteroaryl acid chloride (0.0037 mol) over a period of 30 min. Next, [2.2](9,10)-
anthracenophane (0.003 mol) was slowly added. The reaction mixture was stirred and
refluxed for 5-9 hrs. The mixture was then cooled to room temperature and poured over
ice-water and concentrated hydrochloric acid (20 ml). The mixture was poured into a
separatory funnel, and the organic layer was washed with dilute sodium hydroxide
solution, then washed with water, and finally dried over anhydrous magnesium sulfate.
The organic layer was evaporated on a rotary evaporator to isolate pure 4-substituted-
[2.2](9,10)-anthracenophane (see Structure E) in a 59-84% yield. The respective

structures of the compounds were confirmed by IR, NMR, and elemental analyses.



roomtenperature. Next, 60 ml of aqueous HBr (containing 47% HBr gas) was
slowy added dropwi se to the reaction m xture over a period of 1 hour. The
reacti on wWiogxhiussss was stirred and heated to 80' C for 5 hi o1/600084s
filtered, washed with water, and then dried. Recrystallization from

t ol uene furni shed pure 9, 1 O-bis(bron?ﬁethyl)anthracene ina 93%yield
and with a nelting point of 201 C. Next, 9, 10-bi s(brononethyl)napht hal ene
was extracted (§%F§h$;@ into a refluxing solution of sodiumiodide (15 g)
in acetone (250 or 24 hrs. The solvent was evaporated on a rotary
evaporator to isolate the crude product. Recrystallization from chloroform
furni shed pure [2.2] (9 10) - anthracenophane (see Structure D) in a 97%

yi el d and having a ngttingpornt—of—275—€—H NVR (CDC13); S 2.94 (s, 8H,
CH2), 6.90- 6. 92 (q, 8H aromatic), 7.12-7.26 (q, 8H aromatic) ppm The

el emental ang Jhated for C32H24, 5. 880Rrf ound: C, 94.79;
H 5.43. WO 0 4 AMPLE 5 Synt hesi s of
4- Substi tut hr acenophane anhydrous, finely
powder ed al um\Quf as < ¥ di chl or oi net hane
(100 M), followed by slow addition of the correspondlng aryl or

heteroaryl acid chlornide (0.0037 nol) over a period of 30 mn. Next, [2.2]
(9, 10)- anthracenophane (0.003 nol) was slowly added. The reaction m xture
was stirred and refluxed for 5-9 hrs. The m xture was then cooled to room
tenperature and poured over ice-water and concentrated hydrochloric acid
(20 m). The nlxture was Eoured into a reparatory funnel, and the organic

| ayer was washeWhgieth Rais bt é‘oMﬁt@rifhyélﬂ\é detl,sbiN@:r Gl chwamegsHed wit h
water, and finally dﬁépqﬁiho%/\ferZ% Wtﬂoﬁus acry ny?SI me h%grlyioytl,e' 2-furoyl, 2-

thiophenecarbonyl.

EXAMPLE 6
Characteristic Properties

Part 1

Two major families of compounds were studied as potential chromophores for
antireflective coating layers. Those families were [2.2](1,4)-naphthalenophanes and
[2.2](9,10)-anthracenophanes. The antireflective coating layers prepared according to
Example 1, using [2.2](1,4)-naphthalenophane were CVD polymerized on six- or eight-
inch flat silicon wafers, topography wafers, quartz slides, aluminum substrates,
tantalum (Ta) substrates, and tantalum nitride (TaN) substrates.

The film thickness of each sample 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 thickness uniformities of greater than 98% on the various
substrates. The film thickness uniformity data is set forth in Table 1.



The organic | ayer was evaporated on a rotary evaporator to isolate pure

4-substitu

yield. Thaegarpswti ve
anal yses.

NVR, and e

t ed-

| enent al

V'V VvV V' \ COR wherein Ris Co6H5, 4-

[2.2] (9, 10) - ant hracenophane (see Structure E)
structures of the conmpounds were caoigfidimgdsdey | R
WO 01/63358 PCT/ US01/ 03568 15 Structure E\

inab

9-84%

H4, 4-MeO CoH4, 4- NO2- CoH4,

ci nnanoyl, 1- naphthoyl, 2-naphthoyl, acryloyl, nethacryloyl, 2-furoyl, 2-
t hi ophenec I racteristic Properties Part | Two nmjor
fan1P|es o] a@%ﬁifﬁﬁ%ﬁﬁ¥E&§S§hnéE%§aS~i9LenLLal Ethr phores faor J
antirefl ectiSammdedhintbgr | aykfesn Thiths&sf am | isdart e Thickness

[2.2] (1, 4) f napht hal enophanes a8y [ 2. 2](9Dé@hﬁﬁpybracquﬂ (oghe

ant i r ef | ectHve—ecoat+rg—pyrers—preparedraccordi-ng—t Exanple 1, Usiing
[2.2](1,4)¢ ﬁhﬁﬁLhAIenophane weR2’ CVD polynergzed on gi x- onwﬁyght- i nch
flat silicpmwafers,—topography—wafers—uartz—stdes—alum-rum-sustrat es,
tantalun1(T€§1§®ﬁBtrates and 83htal um/nitri847(TaN) |substriaites. The film
t hi ckness h_Sanpl e[was oplicarty neasureu by ettt psometry—at— 25
points on gd %ﬁgﬁép silicon waf 8#8to esli mate5Hhe nean t hi cli¥ss. The fil ns
generated wuniformcoats, w thout pinholes, voids, or particles and having

a preferred thickness of 0 1000 A The films exh| bi ted t hi ckness
uni form ties of THe dgpesited galiredgoiveriayesevas aljocubstartiglyt inselukle iiepicdll m

thickness Bﬂdtgféglg% o}{veg?st %hé: gol&entts efv(a)t u%t%d 1nclude(§) etﬁyljlactate and propylene glycol
monomethyl ether acetate (PGMEA). No thickness loss was observed with either ethyl
lactate and PGMEA. The stripping data is set forth in Table 2.

Table 2 : Stripping Test

Sample Solvent (A) Initial Final Stripping
Number Thickness (A) | Thickness (A) | Estimate (%)
63-152-1A Ethyl lactate 380 381 0.00

The ability of the films to remain chemically inert to the photoresist was tested
using UV-6 photoresist (manufactured by Shipley Company, Inc.). The photoresist was
coated on the antireflective coating layer, exposed, and then developed with LDD26W
developer (manufactured by Shipley Company, Inc.). Excellent profiles were obtained
using UV-6 photoresist during photolithography.

Fig. 11s a graph showing the UV-Vis spectrum of the deposited film according
to Example 1, using [2.2](1,4)-naphthalenophane on quartz slide. The A,,,, was at 233
nm demonstrating that the [2.2](1,4)-naphthalenophane-based antireflective film is
useful for deep UV (248 nm) applications. The optical density was 6.46/um at 248 nm.

The optical constants were measured by VASE analysis. The average real
portion of the refractive index (n) and the imaginary index (k) were determined. The

values of real and imaginary refractive index were n = 2.29 and k = 0.29 at 248 nm.

The optical density calculated from the optical constants was 6.46/pm at 248 nm. Fig.



WO 01/ 63358 PCT/ US01/ 03568 16 Table 1 : Film Thickness Uniformty Sanple
Nunmber Mean Thi ckness Standard Thickness (A) Deviation (A Uniformty (%
63- 154- 1AV@2868B54.7 1.00 63-154-1B 828 8.17 1.00 63-154-2Cr/83@/B566 1. 00
The deposited antireflective |layer was al so substantially insoluble in
typi cal photoresist solvents. The sol Yfents eval uated i ncl uded et hyl

| act ate and propyl ene glycol nononethyl ether acetate (PGVEA). No

t hi ckness | V. i th either h lactate and P . The

Stri ppi ng dara &Rl R il Dl LS ofhm, | FRART By ekt o

Sol vent ( Awdsri7siAglandFitadecid @it thiAdewal hBgikAess (A) Thi ckness (A)
Estimate (%9 63-152-1A Ethyl lactate 380 381 0.00 The ability of the filns

to remain cheni dain gonfpenality was Rlso pésbaddryedsipssiting §2.2 K 54 daphilsil exgphbsies
phot or esi st__ ( manuf act.ur ed Shi pl any, Inc.). The photoresist was
coated on th a&%ﬁ"f’%@r“@@? |Egéml?gaﬁ ?ﬁézé@%@%@%&@)&faé FHRERNgEEPbped

W th LDD26\We SievigheRer i EQIRAMN, el | ent
profiles Weree obt al n%ap@%%ﬁt%?{éﬁ%ﬁ%%{g%&@??bgwI ng pagéog]??%lﬁ%tg%{%phy.
Fig. 1 is avgraphoghohy of20006 ioNteldhs Ripelisan SEM phdtegdpipsisivtiag teiflim
according to Exa1 le 1, usi.n 2] (1, 4) - napht hal enophane on quart,z slide.

2, ,
The ~r"ax kQafogmalstyof Wﬁ%l@bﬁ%‘%kr Q{q]“r?é [£ 174! 4 rephthalenophane on a 2000 A

[2.2] (1, 4)~ ?I enophane- based antireflective filmis wuseful for deep
WV (248 nm applications. The optical density was 6.46/ mat 248 nm

A coating of [2.2](1,4)-naphthalenophane was vapor deposited on a silicon
wafer to form a film having a thickness of 930 A, followed by patterning of a UV-6
photoresist over the BARC and developing with LDD26W. The wafers were then
cross-sectioned, and the resist features were examined with a SEM. Fig. 4 is an SEM
photograph showing an excellent resist profile cross-section of the [2.2](1,4)-
naphthalenophane-based organic antireflective coating of a 930 A thick film using UV-

6 photoresist. Resist profiles as small as 100 nm dense lines and 90 nm isolated lines

were achieved.

Part 2

Antireflective coating layers were prepared according to the procedure described
in Example 4 using [2.2](9,10)-anthracenophane. These layers were CVD polymerized
on six- or eight-inch flat silicon wafers, topography wafers, quartz slides, aluminum
substrates, tantalum (Ta) substrates, and tantalum nitride (TaN) substrates.

The film thickness was optically measured by ellipsometry at 25 points on a
planar silicon wafer to estimate the mean thickness. The films resulted in a uniform
coat, without pinholes, voids, or particles and having a preferred thickness of 1000 A.
The films exhibited a thickness uniformity of greater than 94% on various substrates.

The film thickness uniformity data is set forth in Table 3.



The optical constants were neasured by VASE anal ysis. The average real
portion of the refractive index (n) and the imaginary index (k) were
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set forth in Table 4.

Table 4 : Stripping Test

Sample Solvent (A) Initial Final Stripping
Number Thickness (A) | Thickness (A) | Estimate (%)
63-152-1A Ethyl lactate 233 191 18.00
63-152-1A PGMEA 191 165 14.00

The ability of the film to remain chemically inert to the photoresist was also
tested using the UV-6 photoresist. The photoresist was coated on the antireflective
coating layer, exposed, and then developed with LDD26W developer. Excellent
profiles were obtained using the UV-6 photoresist during photolithography. The
antireflective coating layers prepared according to the procedure described in Example
4 exhibited excellent adhesion to silicon, aluminum, tantalum, tantalum nitride
substrates.

Fig. 5 is a graph showing the UV-Vis spectrum of the deposited film according
to Example 4 using [2.2](9,10)-anthracenophane on quartz slide. The A,,,, was at 267
nm, thus demonstrating that the [2.2](9,10)-anthracenophane-based antireflective film
is useful material for deep UV (248 nm) applications. The optical density was 5.80/um
at 248 nm.
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film was nearly 100% conformal to the substrates over a topography of 2000 A in
height. Fig. 7 is an SEM photograph showing the film conformality of 815 A thick film
of [2.2](9,10)-anthracenophane on a 2000 A topography.

The coating of [2.2](9,10)-anthracenophane was vapor deposited on a silicon
wafer to form a film having a thickness of 900 A, followed by patterning of a UV-6
photoresist over the BARC and developing with LDD26W. The wafers were cross-
sectioned, and then the resist features were examined with an SEM. Fig. 8 is an SEM
photograph showing the excellent resist profile cross-section of the [2.2](9,10)-
anthracenophane-based organic antireflective coatings of a 900 A thick film using UV-6
photoresist. Resist profiles as small as 170 nm dense lines were achieved.

In conclusion, it will be appreciated that a number of antireflective compounds
can be prepared according to the invention and applied to substrates via chemical vapor
deposition processes. These compounds include:

[2.2](1,4)-naphthalenophane and derivatives thereof such as 4-bromo-
[2.2](1,4)-naphthalenophane, 4-chloro-[2.2](1,4)-naphthalenophane, 4-
fluoro-[2.2](1,4)-naphthalenophane, 4-nitro-[2.2](1,4)-
naphthalenophane, 4-amino-[2.2](1,4)-naphthalenophane, 4-acetamido-
[2.2](1,4)-naphthalenophane, 4-(1-naphthylcarbonyl)-[2.2](1,4)-
naphthalenophane, 4-(2-naphthylcarbonyl)-[2.2](1,4)-naphthalenophane,
4-(phenylcarbonyl)-[2.2](1,4)-naphthalenophane, 4-(4'-methyl-
phenylcarbonyl)-[2.2](1,4)-naphthalenophane, 4-(4'-methoxy-
phenylcarbonyl)-[2.2](1,4)-naphthalenophane, 4-(4'-nitro-



The ability of the filmto remain chemcally inert to the photoresist was
also tested using the UV-6 photoresist. The photoresist was coated on the
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4-(phenylcarbonyl)-[2.2](9,10)-anthracenophane, 4-(4'-methyl-
phenylcarbonyl)-[2.2](9,10)-anthracenophane, 4-(4'-methoxy-
phenylcarbonyl)-[2.2](9,10)-anthracenophane, 4-(4'-nitro-
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anthracenophane, 4-(methacrylcarbonyl)-[2.2](9,10)-anthracenophane,
4-(2'-furylcarbonyl)-[2.2](9,10)-anthracenophane, and 4-(2'-
thienylcarbonyl)-[2.2](9,10)-anthracenophane).
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X

wherein:

R represents a linkage group; and

each X is individually selected from the group consisting of hydrogen,
the halogens, nitro groups, amino groups, acetamido groups,
substituted and unsubstituted cyclic and heterocyclic groups,
and COR', where R! is selected from the group consisting of
hydrogen, substituted and unsubstituted phenyl groups,
substituted and unsubstituted alkyl groups, cinnamoyl,
naphthoyl, acryloyl, methacryloyl, furoyl, and
thiophenecarbonyl groups; and

subjecting said antireflective compound to a chemical vapor deposition process
so as to deposit said antireflective compound in a layer on said substrate

surface.



- thienylcarbonyl)- [2.2] (1, 4)-naphthal enophane;
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conpound is to be applied, said antir ective onpoun avi e fornul a
pyridine, pyridazine, pyrimidine, pyrazine, thiazole, isothiazole, oxazole, isooxazole,

2.2
2.2
2.2
| uo
n

thiophene, furan, and pyrrole.

5. The method of claim 1, wherein the strain energy of said antireflective

compound is at least about 10 kcal/mol.
6. The method of claim 1, wherein said substrate comprises a silicon wafer.

7. The method of claim 1, wherein said chemical vapor deposition process
comprises the steps of:
(a) subjecting said antireflective compound to a sufficient temperature and
pressure to form said antireflective compound into a vapor;
(b) cleaving the resulting vaporized compound; and

(c) depositing said cleaved compound onto said substrate surface.

8. The method of claim 7, wherein said subjecting step () is carried out at

a temperature of from about 35-160°C and a pressure of from about 2-50 mTorr.

9. The method of claim 7, wherein said cleaving step (b) comprises

breaking a bond between two of the atoms of each R.



x cyclic noiety RR cyclic noiety J X wherein: Rrepresents a |inkage
group; and each X is individually selected fromthe group consisting of

hydr ogen, wad i&358! ogens, nitro groups, am no groups, acet POTAGYHINEPS,
substituted and unsubstituted cyclic and heterocyclic groups, and COR ,
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conpound in a |layer on said substrate surface. WO 01/63358 PCT/ US01/ 03568
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12. The method of claim 7, wherein said causing step (c) comprises

subjecting said cleaved compound to a temperature of from about 20-25°C.

13. The method of claim 1, wherein said antireflective compound layer is

substantially insoluble in solvents utilized in said photoresist layer.

14. 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.

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

of from about 150-500 nm.

16.  The method of claim 1, wherein the antireflective compound layer
deposited on said substrate surface will be subjected to light of a predetermined

wavelength and has a k value of at least about 0.1 at said predetermined wavelength.

17.  The method of claim 1, wherein the antireflective compound layer

deposited on said substrate surface has a percent conformality of at least about 85%.



the group consisting of benzene, naphthal ene, anthracene, phenanthrene,
pyrene, pyridine, pyridazine, pyrimdine, pyrazine, thiazole, isothiazole,
oxazol e, waoossz®l e, thiophene, furan, and pyrrole. 5. TheTmsthsasof claim
1, wherein the strain energy of said antireflective conmpound is at |east
about 10 kcal/mol. 6. The nethod of clg m 1, wherein said substrate
conprises a silicon wafer. 7. The nethod of claim1, wherein said chem ca
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of fron1abgﬁﬁﬁﬁgﬁ%ﬁﬁfg?ﬁnmgggThe met hod of claim 7, wherein said cleaving
step (b) conprises breaking a bond between two of the atonms of each R WO
01/ 63358 PCT/ US01/ 03568 23 10. The nethod of claim 7, wherein said

cl eaving step (b) conprises pyrolizing said antireflective conpound. 11.
The met hod of claim 10, wherein said pyrolizing step conprises heating
said antireflective conpound to a tenperature of from about 580-700C. 12.
The nethod of claim 7, wherein said causing step (c) conprises subjecting
said cl eaved conpound to a tenperature of from about 20-25 C. 13. The

met hod of claim11, wherein said antireflective conpound | ayer is



substantially insoluble in solvents utilized in said photoresist |ayer. 14.
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wherein:

R represents a linkage group; and

each X is individually selected from the group consisting of the
hydrogen, the halogens, nitro groups, amino groups, acetamido
groups, substituted and unsubstituted cyclic and heterocyclic
groups, and COR!, where R' is selected from the group
consisting of hydrogen, substituted and unsubstituted phenyl
groups, substituted and unsubstituted alkyl groups, cinnamoyl,
naphthoyl, acryloyl, methacryloyl, furoyl, and
thiophenecarbonyl groups.



a layer conprising an antireflective conpound on said surface, said
antireflective conpound | ayer being fornmed on said surface by a chem cal

vapor depa®) di/¢dssspr ocess and said antireflective conpoundcqamdiosisg a

pol ymer being fornmed fromnononmers having the fornmula x Lcyclic nmoiety Th
R Rcyclic noiety x wherein: R represgnts a |inkage group; and each X is
individually selected fromthe group consisting of the hydrogen, the
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unsubstituted cyclic an erocy roups,

sel ected frer drhei@ualipfleti9BsompbudM 18ferhydr ogen, substituted and
unsubsti tuted phenyl groups, substituted and unsubstituted al kyl groups,
ci nnanoyl, naphthoyl, acryloyl, nethacryloyl, furoyl, and

t hi ophenecar bon gr S, 01/633 PCT/ USQ1/ 03568 . 26 20,. The structure
of claim 19, saﬁj st?ﬁgftﬁl}%‘gﬁ?% P]ﬁg??g’o IRy éeaéb?l%?frsé@i gelic majeties on sai d
antirefl ecigineter oupskohauer . 21. The structure of claim19, wherein at

| east one of said cyclic noieties

22, The structure of claim 21, wherein said cyclic moieties are selected from
the group consisting of benzene, naphthalene, anthracene, phenanthrene, pyrene,
pyridine, pyridazine, pyrimidine, pyrazine, thiazole, isothiazole, oxazole, isooxazole,

thiophene, furan, and pyrrole.

23.  Thestructure of claim 19, wherein the strain energy of said antireflective

compound is at least than about 10 kcal/mol.

24.  The structure of claim 19, wherein said substrate comprises a silicon

wafer.

25. The structure of claim 19, wherein the antireflective compound layer on

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

26.  The structure of claim 19, wherein said antireflective compound layer

1s substantially insoluble in solvents utilized in said photoresist layer.

27.  The structure of claim 19, wherein the antireflective compound layer

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

28.  The structure of claim 19, wherein the antireflective compound layer,
when subjected to light of a predetermined wavelength, has a k value of at least about

0.1 at said predetermined wavelength.



is heterocyclic or aromatic. 22. The structure of claim 21, wherein said
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silicon wafer. B%S #Hgéﬁ{[ T uc%ﬂcﬁéelﬁiﬁ JW?’%lrlem %am efhvﬁcmou&ﬁh YeEHaSect i ve
conpound | apercesrtonfoaindliguist lcatiabsi §36e has a thickness of from about

300-5000 A. 26. The structure of claim19, wherein said antireflective
conmpound | ayer is substantially insoluble in solvents utilized in said

phot oresi st |ay 24, The structure aof erein the
antireflective ggnpoihﬁsEEVEF g ﬁg e#@é§?‘d%@h SHate G9MBrises Hitedat a
wavel engt h f@turbd insBhoute &E‘ﬁﬁrn%@gnﬁm oréa ho-[&eanﬁtsﬁlﬂghﬂfeﬂ]e&ﬁveclgﬂgng dPat Wherein
the antireflective conpound | ayer, when subjected to I'i1ght of a
predeternlh@dﬁ%ﬁm&ﬁeﬂ@ﬁhﬂu@aan@&kdhakubﬁnﬁgaMuuﬁast about 0.1 at said
predet er mi ned wavel ength. WO 01/ 63358 PCT/ US01/ 03568 27 29. The structure
of claim19, wherein the antireflective conpound | ayer has a percent
conforinality of at |east about 85% 30. The structure of claim 19, wherein
said substrate conprises raised features and structure defining contact or
via holes and said antireflective layer is on at |east sone of said
features and said hol e-defining structure.



WO 01/ 63358 PCT/ US01/ 03568 28 31. A light attenuating conpound having the
formula x cyclic noiety RR cyclic noiety J x wherein: R represents a
| i nkage oweL@je3s83d each X is individually sel ected from t heT90BuWn3568

consi sting of hydrogen, the hal ogens, nitro groups, am no groups,
acetam do groups, substituted and unsipstituted cyclic and heterocyclic
groups, and COR, where R is selected fromthe group consisting of

hydr ogen, substhtute . [ henyl Qu substituted and
u%subgtituted aFEyI g%@@%@#gééﬁigﬁ%@%&g“ﬁgﬁﬁﬁﬂ%g?F“@@#y|oy|, met hacryl oyl ,
furoyl, and thiophenecarbonyl groups; and when both cyclic noieties are
napht hal ene, each X is individually selecked fromthe group consisting of
t he hal ogens, nitro groups, an no groupsM/acetanido groups, and carbonyl s.
32. The conpound of claim 31, wherein eact cyclic Hniehy IS segecteddfrom
t he group consisting of naphgtdl ene,.. ant hr ag , thiophene, and pyridine.
33. %he Eonpound ofgclain13 , hercyﬁnggﬁd is)COR, and R is selected
fromthe group consisting o%_phenyl, net Ny ph%pyl, met hoxyphenyl ,

ni tro- phenyl,
K— cyclic moiety )

\

\

X

wherein:

R represents a linkage group; and

cach X is individually selected from the group consisting of hydrogen,
the halogens, nitro groups, amino groups, acetamido groups,
substituted and unsubstituted cyclic and heterocyclic groups,
and COR', where R' is selected from the group consisting of
hydrogen, substituted and unsubstituted phenyl groups,
substituted and unsubstituted alkyl groups, cinnamoyl,
naphthoyl, acryloyl, methacryloyl, furoyl, and
thiophenecarbonyl groups; and

when both cyclic moieties are naphthalene, each X is individually
selected from the group consisting of the halogens, nitro groups,

amino groups, acetamido groups, and carbonyls.

32.  Thecompound of claim 31, wherein each cyclic moiety is selected from

the group consisting of naphthalene, anthracene, thiophene, and pyridine.

33.  The compound of claim 30, wherein said X is COR!, and R! is selected
from the group consisting of phenyl, methyl phenyl, methoxyphenyl, nitro-phenyl,
cinnamoyl, naphthoyl, acryloyl, methacryloyl, furoyl, and thiophenecarbonyl groups.



ci nnanoyl , napht hoyl, acryloyl, nethacryloyl, furoyl, and thiophenecarbonyl
groups. WO 01/63358 PCT/ US01/ 03568 29 34. The conpound of claim 33,

wherei n ea@iR3seNPri ses et hyl groups. 35. The conpound gicTod<dini3538 .,
wherein each R conprises ethyl groups. 36. A nethod of formng a |ight

attenuating conpound conprising the stgps of: reacting at least two cyclic
conpounds with a hal ogenating agent in'the presence of a catalyst and a

I t t 9, hal d. t th I
Compounds so s to yier Faro Rt e B ot AR e A S0 cyel i <

noieties joined via a |inkage group bonded both to a first location on one
of the cyclic noieties and to a first location on the other of the cyclic
moi eties. 37. The neheeacrpouwndsifviads,32wvbereineasiaRecongirsgeethyl grgumgent i s
selected fromthe group consisting of brom nating and chlorinating agents.
38. The nethod of claim 37, wherein said hal ogenating agent is N

bromosucci ni m des. 39Aﬂ&ﬁod@f3&ﬁn§5h§lﬁt@tt@ﬂé@ng &ind SR gﬁ dlﬁghf%leei)%

benzoyl peroxide. 40. The nethod of “cl ai m 36, rein s
carbon tetehchloride. 41. The net hod of claim 36, wherein said cat aI yst is
cetyl trimet hyl ammoni unbr oni ge and said first reacti ng step is also carried

out in the presence3FtLEAtigaRIINOSSRAR SompouBabhHiihahalagasiias agent Bbei ng wit h

Sai d bycl i o conpounds. o S17853e" BATIE bENEE W uBRaAR GRCT O

cyclic compounds; and

reacting the cyclic compounds so as to yield an antireflective compound
comprising two cyclic moieties joined via a linkage group
bonded both to a first location on one of the cyclic moieties and

to a first location on the other of the cyclic moieties.

37. The method of claim 36, wherein said halogenating agent is selected

from the group consisting of brominating and chlorinating agents.

38. The method of claim 37, wherein said halogenating agent is N-

bromosuccinimide.
39. The method of claim 36, wherein said catalyst is benzoyl peroxide.
40. The method of claim 36, wherein said solvent is carbon tetrachloride.
41.  The method of claim 36, wherein said catalyst is

cetyltrimethylammoniumbromide and said first reacting step is also carried out in the
presence of an alkyl-donating compound capable of reacting with the cyclic compounds

so as to add a C, or higher alkyl group to each of said cyclic compounds.



30 42. The nethod of claim4l, wherein said al kyl-donating conmpound is
par af onnal dehyde. 43. The nethod of claim36, wherein the antireflective
conmpound ¥weyr¢wrAsssi N sai d second reacting step has the formdmauso1o08¢g! i C
noiety Th R Rcyclic noiety -/ x wherein: R represents a |inkage group;
and each X is individually selected frgmthe group consisting of hydrogen,
t he hal ogens, nitro groups, am no groups, acetam do groups substi tuted
and unsubsti t ut cy sk ere R’ is
sel ected from tﬁfel grgiﬁ%q%onm E‘ﬁlﬁﬁl‘?% %&ﬁrgg)gagﬁsalk u%g{latfn@t GYrRgpd 1s

unsubst i t upsdfopineldghydgr oups, substl t ut ed and unsubstituted al kyl groups,
ci nnanoyl, naphthoyl, acryloyl, nethacryloyl, furoyl, and

t hi ophenecar bonyl groups. WO 01/ 63358 PCT/ US01/ 03568 31 44. A nethod of

f r nt e ted circ
08$ |ng| ﬁgp[ ﬁgugg:osﬁ"% m%glfégvo? aHB h‘g\rﬁh Imé reﬁﬁ&’a‘(ﬁtcio‘r’né’lfo ACJ% 9rp&d conpound

and a substyd@idsecond reacting step has the formula

X

/

/

(— cyclic moiety ’\
k— cyclic moiety -)

\

\

X

=
o

wherein:

R represents a linkage group; and

each X is individually selected from the group consisting of hydrogen,
the halogens, nitro groups, amino groups, acetamido groups,
substituted and unsubstituted cyclic and heterocyclic groups,
and COR!, where R' is selected from the group consisting of
hydrogen, substituted and unsubstituted phenyl groups,
substituted and unsubstituted alkyl groups, cinnamoyl,
naphthoyl, acryloyl, methacryloyl, furoyl, and

thiophenecarbony! groups.



having a surface onto which said conpound is to be applied; subjecting
said antireflective conpound to a chem cal vapor deposition process so as

t o depositve@aisdsgntirefl ective conpound in a |layer on saipt13uleshias e
surface; and applying a photoresist |ayer to said antireflective conpound
layer to yield the circuit precursor.3A5. The nethod of claim44, wherein
said antireflective conpound conprises two cyclic noieties joined together

by at |east oneyal kyly g : ] | kyl .group.conpri.ses from about
2-4 carbon atoms. 46. gﬁgﬁgégho lgégéfg#%Pﬁ%%W%ﬁér8Pﬂ8%?8$%ﬁ§?w%ﬁ'dof sai d
cyclic noi eircts dompriaingrthé steps ¢f7. The net hod of claim 46, wherein said
aromatic noieties are individually selected fromthe group consisting of
benzene, napht hal enePreyidiAg Aceuratity of aplasiisflectiver compoand qoyira edbstraei et i es.
48. The nethod of claim47, wherein at |east one of said aromatic noieties
i s benzene. 49. The net hog‘a‘é)l?gglsgif?‘ﬁe@,to Wﬁ?ﬁié‘ﬁ ngipﬂu’&%hﬁ)t%’ﬁ&p?%ei

1, 4-di xylyl ene. 50. g ﬁ]60tﬁi%tsQﬂ@nﬁ{eﬂ_@&tﬁie%ﬂé)ouﬂ@ﬁraeéh@mﬁi gaﬁk ﬁééﬂosﬂfoBuD I's an
1N

ethyl group. 51. The nmethod of claim45, wherein the str nergy of said

conpound is at |east thamrehssso ag@ dgpmbit paill antieX16dive I8P oRdinUSalér03568
32 52. The nethod of claim 44, erein éai.d iubstrate conprises a silicon
waf er. 53. The method of CP&MFhSYeSralfriare a8di d chemi cal vapor deposition

process applying a photoresist layer to said antireflective compound layer to

yield the circuit precursor.

45. The method of claim 44, wherein said antireflective compound
comprises two cyclic moieties joined together by at least one alkyl group, wherein said

alkyl group comprises from about 2-4 carbon atoms.

46. The method of claim 45, wherein at least one of said cyclic moieties is
aromatic.
47. The method of claim 46, wherein said aromatic moieties are individually

selected from the group consisting of benzene, naphthalene, anthracene, thiophene,

furan, and pyrrole moieties.

48. The method of claim 47, wherein at least one of said aromatic moieties

is benzene.

49. The method of claim 48, wherein said compound is 1,4-dixylylene.

50. The method of claim 45, wherein said alkyl group is an ethyl group.

51. The method of claim 45, wherein the strain energy of said compound is

at least than about 10 kcal/mol.



conprises the steps of: (a) subjecting said conpound to a sufficient
tenperature and pressure to formsaid conpound into a vapor; (b) cleaving

t he resul Hvig@/eesegori zed conpound; and (c) depositing said pgdmaeseedsgempound
on said substrate surface. 54. The nmethod of claim53, wherein said

subj ecting step (a) is carried out atsa tenperature of from about 35-160C
and a pressure of fromabout 2-50 mforr. 55. The method of claim 53,

uherein sal d cl ggvi nayslennd bhe CAIRIAISARLRLPAKL 10, hond, betwee, Lo of Lhe

carbon atons of said a roup ‘@Pn sai d
cl eavi ng stseyer(b) conprises pyrolizing said conpound. 57. The nethod of
claimb56, wherein said pyrolizing step conprises heating said conpound to
a tenperature of from about 580-700C. 58. The nethod of claim53, wherein

sai d causing st (c onpri.ses . subjecting.said.cleaved conpound to a

t enperat ure of $ fg‘omg gﬁ}%@?ﬁ%@&b’%@ﬁﬁ}f@ﬁ%%ﬁp@r SAPSHRNDIRREEei n t he
antirefl ecoompriscomosesh drayer on  said substrate surface after said

appl ying step has a thickness of from about 300-5000 A. WO 01/63358

PCT/ US01/ 03568 (83 6@ubﬁ¢tmgmatdmmmund|taarsumb;emmmmmu&aaxﬁ |edsireabl ective
conpound layer is substantially insoluhle in solvents utilized in said
photoresi st |ayer. 61. Thé"HetHbOELBPOURHARIHAMEPOE ur t her i ncl udi ng the steps

of : exposing at (§)eastiedvingid RButhe $ctAOLERRIISInd aver to activating

radi ation;
(¢) depositing said cleaved compound on said substrate surface.

54.  The method of claim 53, wherein said subjecting step (a) is carried out

at a temperature of from about 35-160°C and a pressure of from about 2-50 mTorr.

55. The method of claim 53, wherein said cleaving step (b) comprises

breaking a bond between two of the carbon atoms of said alkyl group.

56.  The method of claim 53, wherein said cleaving step (b) comprises

pyrolizing said compound.

57.  Themethod of claim 56, wherein said pyrolizing step comprises heating

said compound to a temperature of from about 580-700°C.

58.  The method of claim 53, wherein said causing step (c) comprises

subjecting said cleaved compound to a temperature of from about 20-25°C.

59.  The method of claim 44, wherein the antireflective compound layer on

said substrate surface after said applying step has a thickness of from about 300-5000

o

A.



devel opi ng sai d exposed photoresist |ayer; and etching said devel oped

phot oresi st layer. 62. The nethod of claim44, wherein the antireflective
conmpound W@y#e6335&leposi ted on said substrate surface absorbeT/asolmsasst about
90% of |ight at a wavelength of from about 150-500 nun. 63. The nethod of
claim44, wherein the antireflective ggnpound | ayer deposited on said
substrate surface will be subjected to light of a predeterm ned wavel ength

and has a k valg® Of TR mk@agbf ahRvlis Qverah s;ﬁéﬁ?tﬁﬁﬂ@&%%ﬁ%ﬁrﬁi 1%9%4%9“9“-

64. The nethod of claim 44, wherein the antireflective c oun ayer
deposi t ed Sibsiniidlysinbyublatiesdentactdizedsn saipphaterssisclapéror mal ity of at | east
about 85% 65. The nethod of claim44, wherein said substrate conprises
rai sed features and structure defining contact or via holes, and said

subjecting st epsomPThefSmodBPERI YAKMARGHANLULY ol 8l gh ant it ef| ective

conpound in a layer on sald features an sal I'ning structure. 66.
The nethod of cl ai m ekposinperteleast saportiant off &fid @bbiov&it AR URdJIREtAdE
structure of Formula Il. W) 01/63358 PCT/US01/ 03568 34 67. A precursor
structure formed during tReiakiglr se of the int egrated circuit manufacturing

process, said struct I S1.0d. trate hawing a surface; a |ayer
conprising an anti reﬁvglg ﬁ{\gga%:dzér#gﬂeﬁlgjh(%goqésﬁtgayse&rafn ce, said antireflective
conmpound | ayer bei ngettigihgesd asveigied phdtoraest 143%r. @ chenical vapor deposition

process; and a photoresist |ayer on said antireflective conpound | ayer.
62.  The method of claim 44, wherein the antireflective compound layer

deposited on said substrate surface absorbs at least about 90% of light at a wavelength

of from about 150-500 nm.

63. The method of claim 44, wherein the antireflective compound layer
deposited on said substrate surface will be subjected to light of a predetermined

wavelength and has a k value of at least about 0.1 at said predetermined wavelength.

64.  The method of claim 44, wherein the antireflective compound layer

deposited on said substrate surface has a percent conformality of at least about 85%.

65. The method of claim 44, wherein said substrate comprises raised features
and structure defining contact or via holes, and said subjecting step comprises
depositing a quantity of said antireflective compound in a layer on said features and

said hole-defining structure.

66.  The method of claim 44, wherein said antireflective compound has the

structure of Formula II.



68. The structure of claim®67, wherein said antireflective conpound
conprises two cyclic noieties joined together by at | east one al kyl group,
sai d al kywoogessp conprising from2-4 carbon atons. 69. TheT/wSowSsasr e of
claim 68, wherein at | east one of said cyclic noieties is aromatic. 70.
The structure of claim®69, wherein saisd aromatic noieties are individually
sel ected fromthe group consisting of benzene, naphthal ene, anthracene,

t hi ophene, furagy an pR3ciurRk SriERie : c |.ai.m. 70,
wherein at |east one gf saidgérona??gﬁﬁgﬁé?%gg%oﬁgeggﬁgéﬁgggngﬁ#ﬁg

st ruct ur e wnufheiimmgnrocedsesagd sirwaird comppgogd i s 1, 4-di xylyl ene.  73. The
structure of claim®68, 1t{ﬁ/\ﬂer in said alkyl group is an ethyl group. 74. The
structure of clai m 683*%HE i’?ﬁngﬁéu’éff“i'eéi n energy of said compound is at

| east about 10 kcal /pyer @;:{n?%%ﬁ%nﬁ@emléom%d 0%5321?(\?\/5 rH&%, %&uct ure

of claim®67, wherein said su te conprises a silicon er. The

structure of claim67, whatetfiectinecanpiundihesbeivg femmandid ayReepp said
substrate surface has a thickness of from about 300-5000 A 77. The
structure of claim67, whefmicayapordeppsiien pcesseansonpound i s

substantially insol LN SOl S, Ut L . n said phot oresi st |ayer. 78.
The structure of cl ;}?#rl?oé&}&sg 3?%?’%18?@5“;[%@?%? %O&RWQQ&@'@BOUM | ayer
deposited on said substrate surface absorbs at |east about 90% of |ight at

a wavel ength of from about 150-500 nm
68.  The structure of claim 67, wherein said antireflective compound

comprises two cyclic moieties joined together by at least one alkyl group, said alkyl

group comprising from 2-4 carbon atoms.

69.  The structure of claim 68, wherein at least one of said cyclic moieties

is aromatic.
70. The structure of claim 69, wherein said aromatic moieties are
individually selected from the group consisting of benzene, naphthalene, anthracene,

thiophene, furan, and pyrrole moieties.

71. The structure of claim 70, wherein at least one of said aromatic moieties

is benzene.
72. The structure of claim 71, wherein said compound is 1,4-dixylylene.
73.  The structure of claim 68, wherein said alkyl group is an ethyl group.

74.  The structure of claim 68, wherein the strain energy of said compound

is at least about 10 kcal/mol.



79. The structure of claim67, wherein the antireflective conpound | ayer

deposited on said substrate surface wll be
pr edet er myigedl/63¥88vel engt h and has a k val ue
predet er mi ned wavel ength. 80. The structure

antireflective conpound | ayer depositfp on
percent conformality of at |east about™85%
wher ei n
cont act

Forrmula I1I.
76.

subjected to light of a

of at |east ab@uigdidsks said
of claim67, wherein the

sai d substrate surface has a
81. The structure of claim 80,

sai d substrate_ conpris r.ai sed features and structure defining

or via 25(3)_' estrg%(ﬁ{%%n%ﬁlr& ngﬁlall?le P g&?f%s%gﬁﬂ%@ CQUIRFEES ?§ﬂﬂ’éﬁosi ted
on said feghftres and sai d hol e-defining structure.
claim67, wherein said antireflective conpound has the

82. The structure of
structure of

The structure of claim 67, wherein the antireflective compound layer on

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

71.

The structure of claim 67, wherein said antireflective compound is

substantially insoluble in solvents utilized in said photoresist layer.

78.

The structure of claim 67, wherein the antireflective compound layer

deposited on said substrate surface absorbs at least about 90% of light at a wavelength

of from about 150-500 nm.

79.

The structure of claim 67, wherein the antireflective compound layer

deposited on said substrate surface will be subjected to light of a predetermined

wavelength and has a k value of at least about 0.1 at said predetermined wavelength.

80.

The structure of claim 67, wherein the antireflective compound layer

deposited on said substrate surface has a percent conformality of at least about 85%.

81.

The structure of claim 80, wherein said substrate comprises raised

features and structure defining contact or via holes and said antireflective compound

layer is deposited on said features and said hole-defining structure.

82.

structure of Formula II,

The structure of claim 67, wherein said antireflective compound has the



