WO 2004/ 000853 PCT/ EP2003/ 006534 1 Silyl alkyl esters of anthracene- and
phenant hrene carboxylic acids The present invention relates to silyl alkyl
esters, wer2niqwbesl y of ant hracene- and phenant hr ene c&CE@mPRoG3®065a¢i ds, a
met hod for their preparation, conpositlions and polysiloxane conpositions,
whi ch contain the silyl alkyl esters according to the invention and can
be- used particularly in the sem conductor industry for the production of
anti-reflective layers for photolithographic applications. Progress in the
sem conductor industry is based on the continuing devel opment of new
generations of integrated circuits which need to exhibit greater
efficiency and functionality wth ever-decreasing dinensions. This | eads
to new challenges in many processes conventionally used in sem conductor
production. One of the nost inportant of these processes is
photolithography. It has |ong been recognized that |inewdth variations in
WO 2004/ 000853 PCT/ EP2003/ 006534 - 2 patterns produced by
photol i t hography can result fromoptical interference fromlight reflected
by an underlying |layer of a sem conductor wafer. Variations in thickness
of the photoresist |ayer due to the topography of the subjacent 5
substrate or layer also induce linewdth variations. In the prior art,
anti-reflective |ayers applied under a photoresist |ayer have been used to
prevent interference fromreflection of the transmtted light irradiating
beam In addition, to sone extent such |ayers are capable of planarizing
the wafer 10 topography and thus of producing a nore uniformthickness of

t he photoresist layer, which contributes to less |inew dth

Silyl alkyl esters of anthracene- and phenanthrene

carboxylic acids

The present invention relates to silyl alkyl esters,
particularly of anthracene- and phenanthrene carboxylic
acids, a method for their preparation, compositions and
polysiloxane compositions, which contain the silyl alkyl
esters according Eo the invention and can be- used
particularly in the semiconductor industry for the production

of anti-reflective layers for photolithographic applications.

Progress in the semiconductor industry is Dbased on the
continuing development of new generations of integrated
circuits which need to exhibit greater efficiency and
functionality with ever-decreasing dimensions. This leads to
new challenges in many processes conventionally used in
semiconductor production. One of the most important of these

processes is photolithography.

It has long been recognized that linewidth variations in



variations. Organic polyners have al ready been enployed in ant
reflective layers during irradiation of photoresist materials

properties with the organic photoresists can limt usable pro
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are not VWfidalPySsuitable for exposure in the short-wave ul travi ol et 5

range, e.g. at 248 and 193 nm which is increasingly used for

Organic polymers have already been employed in ant

1

15 reflective layers during irradiation of photoresist materials

at the conventional wavelengths (365 nm, 436 nm) and also the

shorter wavelengths (248 nm) used recently. However the fact

that these share many chemical properties with the organic

photoresists can limit usable process sequences. Furthermore

20 they may intermix with photoresist layers, and additives have

conventionally been introduced to avoid this. An example of

suitable additives are thermosetting binders, as described in

US-A-5,693,691.

25 Silicon oxynitrite is another material that has been used in

anti-reflective layers and it works mainly by a destructive

interference rather than by absorption, thus ma

king

it

necessary to control very strictly the coating thickness.

This makes it difficult to wuse it if highly
30 topographies are intended to be coated. Since

oxynitrite is typically deposited by chemical

uneven

silicon

vapour

deposition, while photoresist layers are typically applied

using spin-techniques, the complexity of the semiconductor

production is even increased.
35

Another class of materials are so-called spin-on-glass

compositions. For example, Us-A-5,100,503 discloses

solution of cross-linked polyorganosiloxane contail

ning

a

an



t he production of sem conductors with very small dinensions. Furthernore,
not all inorganic pignents are suitable for the incorporation into

di f f er entwopoewnssgl ass conpositions. 10 WO A- 00/ 77575 a@CIEHPO&BH06534

spi n-on-gl ass conpositions containing3 a siloxane polynmer and an

i ncor por at abl e absorbing organic conpound. For exanple, these conpounds
have a choegapher @igmemtp v th 1ITi@ &mghinsethmsnoandoademéﬁsﬁmene
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ul traviolet range, e.g. 193 48 nm or 65 and aretherefore al so
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i mprovenerbricsrd® ibadihteddnrEbrepgasfdihoohhglasHycsmbydieiang. t her mal
stability, ich is essential for the yield of technical syntheses,
subsequent storage and the production of coating materials suitable for
t helgpi moelA—DlOdG'é§§,5 whisel osesnmadiyn-drakds sl aendas idadwesu ssal ool
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reactio ure a soli a supernatant solution, with t elatter
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| MpL §VengRt oWt hgbeaasd t omyhel b PUr ida¥boxylic acid groups and
substituted silyl groups, with silicon bonded to one, two, or
three alkoxy groups or to halogen. The reactive group may be
directly bonded to the chromophore or the reactive group may
be attached to the chromophore through a hydrocarbon bridge.
20 These compounds, e.g. 9-~anthracene carboxylic acid
triethoxysilyl methyl ester, show strong absorption at
wavelengths in the ultraviolet range, e.g. 193 nm, 248 nm or
365 nm, and are therefore also suitable for modern
photolithographic‘processes. However, further improvement is
25 reguired with regard to their Thydrolytic and thermal
stability, which is essential for the yield of technical
syntheses, subsequent storage and the production of coating
materials suitable for the spin-on-process, which normally
takes place in aqueous—-alcoholic media.
30
WO-A-00/77575 also discloses a method for the production of
9-anthracene carboxylic acid triethoxysilyl methyl ester, in
which 9—-anthracene carboxylic acid, chloromethyl-
triethoxysilane, triethylamine and a solvent are mixed and
35 heated under reflux. On cooling of the reaction mixture a
solid forms and a supernatant solution, with the latter
containing the desired end product. However, this method

requires further improvement with regard to yield and purity



WO 2004/ 000853 PCT/ EP2003/ 006534 4 of the desired end product. For
exanpl e, the synthesis of 9- anthracene carboxylic acid triethoxysilyl

met hyl esworogi/mbgss a dark-brown oily |iquid which contalreP2anlogesappr ox.
25 wt.-% silyl alkyl ester. In additign, the working-up of the 5 reaction
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These obYects are achieved by the silyl alkyl esters according to Clains 1
to 10 and by the nethod according to Cainms 37 to 45.

The object of the invention is therefore, firstly, to provide
a light-absorbing compound, which has a strong absorption at

15 wavelengths in the ultraviolet range, e.g. 193 and 248 nm,
and 1s more stable with regard to hydrolytic and/or thermal
influences than known compounds containing mono- or
polynuclear aromatic hydrocarbon radicals as chromophore
groups.

20
A further object of the invention is to provide a method for
preparing silyl alkyl esters containing polynuclear condensed
aromatic hydrocarbons as a chromophore group, with which an
even higher vyield of the desired £final product can be

25 obtained than with conventional methods. In particular the’
final pro-duct should have even higher purity than is
possible with known methods, in spite of a simpler working-up

of the reaction mixture.

30 These objects are achieved by the silyl alkyl esters
according to Claims 1 to 10 and by the method according to
Claims 37 to 45.

The silyl alkyl ester according to the invention having the
35 formula (I)



The silyl alkyl ester according to the invention having the 35 formula (I)
WO 2004/ 000853 PCT/ EP2003/006534 - 5 ORI ORL -Si-ORZ ROR3 5 XT 11<11
Y~ (R6) MvQI2po4/480858 characterized in that RlL, R2, and RPCAmP2&3006530r
different and represent alkyl, aryl _a#ad heteroaryl, R4 and RS are equal or
different and represent hydrogen, 5 halogen, alkyl, aryl and heteroaryl, n
is an integer froml to 10, R6 is a substituent selected from hal ogen,

al kyl, aryl, heteroaryl, hydroxy, alkoxy, arylether, substituted and
unsubstituted am no group, carboxy groug, car?ﬁgylic acid 10 ester group,
carboxylic acid am de group, gulfonic aqu group, sulfonic acid ester
group, sulfonyl, thio, thio etﬁg%__ Al #-igran integer fromO to 4,
T, X, Y and Z each represent caybon, Sla nzp grdup, which is being
substituted mfold with R6 or /s unsubgiitutddR,is condensed on one of the
bonds T-X, _X-Y or Y-Zto{forma trinucl®ear aromatic ring system wherein
the silyl alkyl ester grgupS stituted at the mddle ring of said

trinuclear aromatic ring|syst YRhma silyl al kyl ester of t héI{ ornul a
(1) being excluded, in Wi

NO

is characterized in that
Ri;, Ry, and R3 are equal or different and represent alkyl,
aryl and heterocaryl,
Ry and Rs are equal or different and represent hydrogen,
5 halcgen, alkyl, aryl and heteroaryl,
n is an integer from 1 to 10,
R¢ 1s a substituent selected from halogen, alkyl, aryl,
heteroaryl, hydroxy, alkoxy, arylether, substituted and
unsubstituted amino group, carboxy group, carboxylic acid
10 ester group, carboxylic acid amide group, sulfonic acid
group, sulfonic acid ester group, sulfonyl, thio, thio ether
and nitro,
m is an integer from 0 to 4,
T, X, Y and Z each represent carbon,
15 a benzo group, which is being substituted m-fold with Re¢ or is
unsubstituted, is condensed on one of the bonds T-X, X-Y or
Y-7 to form a trinuclear aromatic ring system, wherein the
silyl alkyl ester group is substituted at the middle ring of
said trinuclear aromatic ring system,
20 with a silyl alkyl ester of the formula (I) being excluded,
in which
Ri, Rz, and R3 each represent ethyl,
Rs and Rs each represent hydrogen,
n=1,
25 m = 0,
an unsubstituted benzo group is condensed on the X-Y bond
and the silyl ester group is substituted at the 9-carbon atom

of the trinuclear aromatic ring system.



R1, R2, and R3 each represent ethyl, R4 and R5 each represent hydrogen, n
=1, 25 m= 0, an unsubstituted benzo group is condensed on the X-Y bond
and t he swbDybo4#®osss group is substituted at the 9-carbomCatErnoo3obesshe
trinuclear aromatic ring system W) 20Q4/.000853 PCT/ EP2003/006534 6 The
met hod according to the invention for the preparation of a silyl alkyl
ester having the fornmula (I) R4 ORL COi CS-ORR ORI RS X *T/ | |

(R6) M Z (I in which5RL and .are_equ or_different and
represen¥£§I§%F,°daﬁﬁCQ§ nﬁéﬁé?&?%il%nﬁ@n hﬂanogrgkgqﬁﬁepéFaHFPPeﬁﬁht and
represent hbydydgehkylhabbgenhawikyl thar fbrmndaheteroaryl, n is an integer
froml to 10, 10 R6 is a substituent selected from hal ogen, alkyl, aryl,

het eroaryl, hydroxy, al koxy, arylether, substituted and unsubstituted

am no group, carboxy group, carboxylic acid ester group, carboxylic acid
am de group, sulfonic acid group, sulfonic acid ester group, sulfonyl,

thi o, thioether 15 and nitrg, 4 OR,
NS [ ! \ L.
Sc—o0+C Si-OR,
\ | In <
Rq OR,
x/T/ N
1 | (Re) m
Ys, /

in which

5 Ri, Rz, and Ry are equal or different and represent alkyl,
aryl and heterocaryl,
Ry and Rs are equal or different and represent hydrogen,
halogen, alkyl, aryl and heterocaryl,
n is an integer from 1 to 10,

10 Re¢ 1is a substituent selected from halogen, alkyl, aryl,
heterocaryl, hydroxy, alkoxy, arylether, substituted and
unsubstituted amino group, carboxy group, carboxylic acid
ester group, carboxylic acid amide group, sulfonic acid
group, sulfonic acid ester group, sulfonyl, thio, thioether

15 and nitro,

m is an integer from 0 to 4,

T, X, Y and Z each represent carbon,

a benzo group, which is substituted m-fold with Rg or 1is
unsubstituted, is condensed on one of the bonds T-X, X-Y or

20 Y-Z to form a trinuclear aromatic ring system, wherein the
silyl alkyl ester group is substituted at the middle ring of
said trinuclear aromatic ring system,
is characterized in that a carboxylic acid salt having the
formula (II)



mis an integer fromO to 4, T, X, Y and Z each represent carbon, a benzo
group, which is substituted mfold with R6 or is unsubstituted, is
condensedworzoen®os®d t he bonds T-X, X-Y or 20 Y-Z to foPeT&PRed3noesBear
aromatic ring system wherein the silyt alkyl ester group is substituted at
the mddle ring of said trinuclear aromatic ring system is characterized
in that a carboxylic acid salt having the fornmula (Il1) W 2004/000853

PCT/ EP2003/006534 - 7 0 _ \COMk* , T X~~1 ~Rs) m Y-zz:~Z k (11)
in which k is an integer froml to 4 and Mis a netal, is reacted wth an
organosilicon conmpound of the formula (Ill) 5RA ORL A--~C--Si-ORR RS

OR3 (I1l) in which Ais a nucleofugal |eaving group. A further object of
the invention is a conposition, particuliarly a solution, which contains at
| east one silyl 10 al kyl/ esteQ.according\to the invention and at |east one

WO 2004/ 000853 PCT/ EP2003/ 006534¢ g~ M K+
N
‘ (Re) m

(IT)

in which k is an integer from 1 to 4 and M is a metal,
is reacted with an organosilicon compound of the formula
(III)

T OR,
A +? %n_—]Si—ORz
R OR
5

3

(III)

in which A is a nucleofugal leaving group.

A further object of the invention 1is a composition,
particularly a solution, which contains at least one silyl
10 alkyl ester according to the invention and at least one



8 additional reactive silane. Another object of the invention is a nethod

for the

pol ysi | oxaneoswioogsson,

preparation of a polysiloxane conposition, particularly a 5

is provided and the silyl al kyl ester. is_ condensed with the reactive
Yet anot her object is a polysiloxane conposition, 10 particularly

a pol ysi jg¥aness91 utd om:- Whd cdy 1 5,0bt ai nabl e by the above nethod. The

si | ane.

invention also relates to a coated substrate, which is obtainable by a
met hod conprising applying the conposition

wherein the conposition accordi n@CI®EPRB3/006M3€Nt | On

15 or polysil oxane conposition
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silicon
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phot ol i t hographi ¢ production of an integrated circuit pattern.
Surprisingly, it has been found that the si
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The invention also relates to a coated substrate, which is
obtainable by a method comprising applying the composition
or polysiloxane composition according to the invention to
the substrate (e.g. a semiconductor device or silicon wafer)
and heating the substrate with the composition or

polysiloxane composition applied thereon.

Furthermore, the invention relates to the use of the above
composition and the polysiloxane composition for preparation
of a coating on any substrate, particularly for the
preparation of anti-reflective layers on a semiconductor

device or a silicon wafer.

Finally, the invention relates to an improved method for the
photolithographic production of an integrated circuit

pattern.

Surprisingly, it has been found that the silyl alkyl esters
according to the invention are more stable with regard to
hydrolytic and thermal influences than conventionally
synthesized compounds, which contain polynuclear condensed
aromatic hydrocarbon radicals as chromophore groups. In
addition they have a strong light-absorption, particularly
in the ultraviolet range, e.g. at wavelengths of 193 and 248
nm. This enables their wuse in anti-reflective coating

materials for photolithographic applications, particularly

al kyl esters according to

in the

30



nm This enables their use in anti-reflective coating materials for

phot ol i t hographi ¢ applications, particularly WO 2004/ 000853

PCT/ EP20080Q063848539 in the production of sem conduct oPCadPe@38065B4 ch are
exposed to the above wavel engths. They conpounds according to the invention
represented by 5 Formula (1) are silyl alkyl esters of carboxylic acids of

a trinuglegiie Cpﬂ@@@@@ﬁoﬁr@ﬂatsembbﬂa@@@blaomevmwsr adiical safRd, eRoseqd R3
are equal or different an](tj ei_gresent al kyl, aryl and heteroaryl. In a

preferred 5 AHOH MRS 1HRIT% cal s R1, R2, and R3 each represent al kyl,
yet nore preferably Ilnear or branched aI kyl having 1 to 6 carbon atons.

e’ anoufi 2ottt Rl Gl dnlS 2hgentebhc! eda LbdRPERIRY! Y Of
one anot FFER &t hyl, , 1'So-p B
2- neﬁhyllfxvnpyla(KSb bmeyls)llyl liﬁlkmlt an@ybf(%@bomtlym aqam@ of a

1 1- d'nﬁigyﬁﬁgiggr(ééﬁ&enséﬁ” %@Tati& h%d?é@éfﬁéﬁd that the radicals Ri,

R2, and eac represent net wth ethyl being nost
preferred. The radicals R4 and R5 in the bridgi ng group are equal or 20

di ff er enfpand JgRIL8ENR, hydgpgenndnakogeaihe aldglal abyl andreheher ognyl .
Preferably R4 and R5 eac repr sent hydrogen. n is an _integer f£om1 to 10,

pref er abfSPASIRPE, AHKEL pr ¢ bl"il/n tBERSIQRE Yiror e LPr ef®er aBFST 356793 and
nmostL o Z%M@&m@b& ytBe REdisadss®ast iRpyenhdsdseataeth fmpméwémgemkplkyl,

aryl, heteroar t%dro , kox Lyhet her, u
unsubst i Yot eﬁ°5%1 R le&(f‘@iyc::jtJII’Jb%‘?(%//fg?ou|clk)),ra&'ﬁfrl'lboxy%)ﬁl iac%% §§8ester gr oup,
car boxyl ¢zriach daaonde Fnowerisulflem,c Hod dragioaps Bul fBni caadi Bs edrer
group, s t ery s ahgh ni h reffgrtirp eﬁﬁp@!lté@ﬂ y$, are
hal ogen, gé{f% éd Qhaepﬁngrgg%? aﬁioxy a% o8 f_/feet ero qn al o%en bel ng
n- propyl iso- propyl butyl, —methy propyl 1so—buty

15 methylpropyl (sec.-butyl), and 1,l-dimethylethyl (tert.-

butyl). It is preferred that the radicals Ri, Rz, and Rs each

represent methyl or ethyl, with ethyl being most preferred.

The radicals Rgs and Rs in the bridging group are equal or
20 different and represent hydrogen, halogen, alkyl, aryl and
heteroaryl. Preferably Rs and Rs each represent hydrogen.

n is an integer from 1 to 10, preferably 1 to 5, more
preferably 1 to 3, yet more preferably 1 or 3 and most
25 preferably 3.
R¢ is a substituent selected from halogen, alkyl, aryl,
heteroaryl, hydroxy, alkoxy, arylether, substituted and
unsubstituted amino group, carboxy group, carboxylic acid
30 ester group, carboxylic acid amide group, sulfonic acid
group, sulfonic acid ester group, sulfonyl, thio, thio ether
and nitro. Preferred substituents are halogen, alkyl, aryl,
hydroxy, alkoxy and arylether, with halogen being
particularly preferred.
35
Each of said hydrocarbon-containing radicals Ri to Re can be
branched or unbranched and carry further substituents, e.9.

alkyl, which in turn can be branched or unbranched.



particularly preferred. 35 Each of said hydrocarbon-containing radicals Rl
to R6 can be branched or unbranched and carry further substituents, e.g.
al kyl , whmworzoeamovsssn can be branched or unbranched. WO PQOAPOGGHBG34

PCT/ EP2003/ 006534 - 10 mis an integgy fromO to 4, preferably fromO to
2 and particularly fromO to 1, with m= 0 being the nost preferred. 5 T,
X, Y, and Z each represent carbon. On one of the bonds T- X, XY, or Y-Z
formed by these carbon atons, a further benz roup,. Which is substituted
m f ol d V\%‘tﬁ%a{}r Ji‘"ste%u%zf’i“ttde ° % c8ﬁ8gﬁ§glaf¥o S 4 £F; n%cla&gr
aromat i cpiaftitngasygt efromhedcondensat it tth the Winsadiistg t whed_aosw fol d
wth R6 substituted benzo group can be either linear on the X-Y bond, or
angul ar gﬁegﬁfﬁgg'the T-X or Y-Z bond. Accordingly, the trinuclear
condemsed aronmatic hydrocarbon radical represents an anthracene or

phenant hr.en I ety. The o e nt hQn ahav a used as
subst i tugr‘lt%’g?'oféﬁ%?b%%%ﬁis%g%d%%% bnbl'?hgg?'- 9(9 (>?(h% %Pp@-szsiﬁonds
whi ch gr Sup&-Yhowavei2 caermed sy ebiede i Aaspendateng, of dn@thanobeayzof or
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the X-Y bond, or angular on either the T-X or Y-Z bond.
Accordingly, the trinuclear condensed aromatic hydrocarbon
radical represents an anthracene or phenanthrene moiety.

15

The groups already mentioned above can be used as substituent
R¢ of the benzo group condensed on the T-X, X-Y or Y-Z bonds
which groups, however, can be selected independently of one
another for the respective rings of the trinuclear condensed

20 aromatic hydrocarbon radical.

The silyl alkyl ester group 1is substituted at the middle

ring, i.e. bonded either on the 9~ or on the 1l0-carbon atom

of the anthracene or phenanthrene moiety. Preferably the
25 silyl alkyl ester group is bonded on the 9-carbon atom.

The other respective position of the middle ring can likewise

carry a substituent which can preferably be selected from the

radicals already listed for the substituent Re. It 1is
30 preferred that the anthracene or phenanthrene moiety is

substituted on the 10-carbon atom.

In a yet more preferred embodiment of the silyl alkyl ester
according to the invention, an unsubstituted benzo group is
35 condensed either on the X-Y bond or on either the T-X or Y-Z
bond, and in each case m = 0. This means that the whole
condensed aromatic ring system, with the exception of the

silyl alkyl ester group on the 9- or 1l0-carbon atom, carries



radicals already listed for the substituent R6. it is 30 preferred that the
ant hracene or phenanthrene noiety is substituted on the 10-carbon atom 1In
a yet norwOpoefmnssad enbodi nent of the silyl al kyl estePCTaPpeans®desg4to the
invention, an unsubstituted benzo groyp is 35 condensed either on the X-Y
bond or on either the T-X or Y-Z bond, and in each case m= 0. This neans

t hat t heowkebetricoedessed aromatic ring system with the exception of the
silyl alkyl ester group on the 9- or 10-carbon atom carries WO 2004/ 000853
PCT/ EP2003/ 006534 - 11 no substituents. Therefore, in the fornmula (1) an
ant hr acane reffopkenaint htlese foradiieal (I )Warchahshsabshet vire blemaridhreespect i ve
9-carbon_at.om. 5 wi.th t.he silyl. | ester I referr S
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met hyl ester, “9-phenant hrene carboxyli ¢, _agci r OXYSi -

ester, SISHERSRORr eFETLARBOXGI | Ecié_g'él?ﬁr%?g]i‘%}gm%ﬁ yISr-O%leopﬁrgecee&{er, or
9]: pmena_ratﬂélr e@.ﬁampaéfboxyﬁ id@aaftﬁldua]aﬁili?t hoxysetndd - spilgpyl akkyer erteemxanpl es
of particul ar]. referred si al ky sters rdisng._t i i on.
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(triethoxysilyl)~- methyl ester, 9-phenanthrene carboxylic
15 acid (triethoxysilyl)- propyl ester, or 9-phenanthrene
carboxylic acid (triethoxysilyl)- propyl ester are examples

of particularly preferred silyl alkyl esters according to the

invention.

20 From the silyl alkyl esters according to the invention, a
compound with the formula (I) is excluded, wherein an
unsubstituted benzo group is condensed on the X-Y bond, n =
1, m = 0, Ry, Rz, and Rs each represent ethyl, R4 and Rs each
represent hydrogen and the silyl ester group is substituted

25 on the 9-carbon atom of the trinuclear aromatic ring system.
This is 9-anthracene carboxylic acid(triethoxysilyl) _methyl

ester.

The silyl alkyl esters according to the invention can
30 generally be used as light-absorbing agents, particularly for
absofption in the ultraviolet 1light range. Surprisingly,
silyl alkyl esters according to the invention, in which the
trinuclear condensed aromatic hydrocarbon radical is a
phenanthrene radical, show particularly wide absorption in
35 the -ultraviolet light range. They absorb not only at a
wavelength of 248 nm like the compounds based on an
anthracene radical, but also at 193 nm. Generally this

enables them to be used as light-absorbing agents in modern



represent hydrogen and the silyl ester group is substituted 25 on the
9-carbon atomof the trinuclear aromatic ring system This is 9-anthracene
car boxyl iwoaee4dpvssBet hoxysilyl) . methyl ester. The sil yCTaiPRgu3/oecsBer s
according to the invention can 30 generally be used as |ight-absorbing
agents, particularly for absorption in the ultraviolet |ight range.
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to the abovenentioned wavel engths but wherein shorter wavel engths, e.g.
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sur pri sipmpuedatlesis wuidlabylle .est ers according to 15 the invention, in which
in Formula (1) n =3 and R4 and R5 each represent hydrogen, i.e. the silyl

group is attached to the ester group via a Erojp_)yl ene group, both in the
case of It was also surprising that silyl alkyl esters according to

15 the invention, in which in Formula (I) n = 3 and Rs and Rs
each represent hydrogen, i.e. the silyl group is attached to
the ester group via a propylene group, both in the case of
compounds based on an anthracene and on a phenanthrene
radical, have higher hydrolytic and thermal stability than

20 corresponding compounds with n = 1.

The composition according to the invention contains at least
one of the silyl alkyl esters according to the invention
described above, and at least one further reactive silane.

25 For example, such compositions are suiltable as starting
materials for the preparation of coatings used in
photolithographic processes, e.g. in semiconductor
production, which are intended to avoid interference caused
by reflection of transmitted light.

30
The reactive silane is preferably selected from alkoxysilanes
and halogen silanes. Suitable alkoxysilanes are for example
selected from triethoxysilane (HTEOQOS) , tetraethoxysilane
(TEOS), methyltriethoxysilane ~(MTEOS), dimethyldiethoxysila-

35 ne, tetramethoxysilane (TMOS) , methyltrimethoxysilane
(MTMOS) , trimethoxysilane, dimethyldimethoxysilane,
phenyltriethoxysilane (PTEOS), phenyltrimethoxysilane
(PTMOS), diphenyldiethoxysilane and diphenyldimethoxysilane.



conpounds based on an ant hracene and on a phenanthrene radical, have

hi gher hydrolytic and thermal stability than 20 correspondi ng conpounds
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15
In a preferred embodiment the composition according to the
invention is present in the form of a solution. Consequently
the composition preferably contains a solvent or a solvent
mixture. It is preferred that the solvent or solvent mixture
20 contains at least one component selected from water, linear
or branched alkyl alcohol having 1 to 6 carbon atoms, linear
or branched ketone having 1 to 6 carbon atoms, linear or
branched carboxylic acid ester having 1 to 6 carbon atoms and
linear or branched carboxylic acid amide having 1 to 6 carbon
25 atoms. It is yet more preferred that the solvent or solvent
mixture contains at least one component selected from water,
acetone, l-propanol, 2-propanol, butanol, methyl-
isobutylketone, methoxypropanol, propoxypropanol, ethyl
acetate and propyl acetate. The most preferred are water,
30 acetone, l-propanol, 2-propanol and/or butanol. By "butanol"
is also meant all isomers of l-butanol, e.g. 2-butanol or 2-

methyl-1-propanol.

Furthermore, the composition according to the invention
35 preferably contains an aqueous solution of at least one
protonic acid and/or an aqueous solution of at least one acid
anhydride. An aqueous solution of at least one protonic acid,

e.g. an agueous nitric acid solution (e.g. 0.1 M-aqueous



et hoxysi | ane (MIECS) tetranethoxysilane (TMOS), nethyltri- nethoxysilane
(MIMOS), phenyltriethoxysilane (PTECS) and phenyltrinmethoxysilane (PTMOS).
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preferred. 15 In a preferred enbodi nentsa the conposition according to the
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solution of at [east one protonic acid, e.Qd. an aqueous nitric acid
sol uti o PeSRELI@ 1 M aqueous WO 2004/ 000853 PCT/ EP2003/ 006534 - 14 nitric

acid solution) is preferred. Exanples of other suitable protonic acids and
acid anhydrjdes are acetic acid, formc¢ acid, phosphorjc_ acid
hydrochlbri% Eeigoawa.aéeﬁpere prefergkiy % to gb &%.—6 ang yét more

15 preferably 5 to 15 wt.-%) reactive silane,

- 60 to 98 wt.-% (more preferably 80 to 95 wt.-% and yet
more preferably 85 to 90 wt.-%) solvent or solvent mixture
and

20
- 107% to 5-107° wt.-% (more preferably 10™% to 107 wt.-% and

yet more preferably 10" to 3-107* wt.-%) protonic acid and/or

acid anhydride.

25 Usually, the at least one protonic acid and/or the at least
one acid anhydride is added in the form of an aqueous.
solution, e.g. 0.001 to 0.5 wt.-%, preferably 0.01 to 0.1
wt.-% and yet more preferably 0.0l to 0.03 wt.-% of a 1 wt.-%
aqueous solution of these components.

30 |
In certain cases it may be an advantage for the composition
according to the invention to contain auxiliary agents, e.g.
wetting agents. Suitable wetting agents are alkyl and aryl
sulfonic acids, alkyl and aryl carboxylic acids, partially

35 fluorinated or perfluoro alkyl and aryl sulfonic acids and
partially fluorinated or perfluoro alkyl and aryl carboxylic
acids each having a long-chain as well as their respective

salts. Preferably, the amount of auxiliary agents in the



acid anhydride. 5 Suitable amounts of the above nentioned conponents in the
conposition according to the invention, which can be sel ected

i ndependewDl2go4ofoossae anot her, are as follows: 10 - 0.5 POTEP2003/006534 nOr e
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sol ution of these conponents. 30 In certain cases it may be an advant age
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solvent or solvent mixture may be mixed first, and the
aqueous solution of at least one protonic acid and/or aqueous
solution of at least one acid anhydride added subsequently.

15
In the method according to the invention, for the preparation
of a polysiloxane composition, particularly a polysiloxane
solution, the composition described above is provided and the
silyl alkyl ester is condensed with the reactive silane.

20 Generally, a linear and/or cross-linked polyorganosiloxane is
formed, which in the following is also referred to as glass
matrix. The condensation of the silyl alkyl ester with the
reactive silane is preferably controlled in such a way that
polysiloxane with a low molecular weight and degree of cross-—

25 linking is formed, which is dissolved or suspended in the

solvent or solvent mixture.

In a further preferred embodiment, the condensation of the
silyl alkyl ester with the reactive silane is carried out by
30 heating. For this purpose the composition according to the
invention is preferably heated for 1 to 24 hours, more
preferably 1 to 10 hours and yet more preferably 2 to 6 hours
at a temperature of 20 to 100°C, more preferably 40 to goecC
and yet more preferably 60 to 80°C. It is also possible sim-
35 ply to heat the composition according to the invention under
reflux, so that the required temperature range is determined
by the boiling point of the solvent or sclvent mixture used.

Depending on the proportions of the individual components in



- 15 conposition according to the invention is 0.001 to 1 w.-% and nore

preferably 0.01 to 0.1 w.-% The anmounts of the conmponents nenti oned,
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a |linear an cross-linked pol yorganosiloxane is formed, which in the
following is also referred to as glass matrix. The condensation of the
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pr ef er abtyobeatnking istpreeriours, nmore preferably 1 to 10 hours and yet

nore preferably 2 to 6 hours at a tenperature of 20 to 100C, nore

preferably 40 to 80C and yet nore preferably 60 to 80C. It is also
possi bl eTBgm light-absorbing silyl alkyl éster according to the

15 invention can either be incorporated in the interstices of
the glass matrix or chemically bonded to the polysiloxane. It
is assumed that the accessible reactive group of the
compounds according to the invention enables chemical bonding
to the polysiloxane and this has a particularly advantageous

20 effect on the anti-reflective properties of the coatings.

It may possibly also be advantageous, during preparation of
the polysiloxane composition to add a diluting solvent during
or after the condensation. This is because, by varying the
25 amount of solvent (including diluting solvent) in the
polysiloxane composition, it is possible to adjust the
thickness of a coating applied to a substrate. Suitable
diluting solvents are methanol, ethanol, 2-propanol, butanol,
acetone, propyl acetate, ethyl lactate, propylene glycol
30 propyl ether, diacetone alcohol and methoxypropanol. Diluting
solvents with high boiling points are preferred, such as
ethyl lactate and propylene glycol propyl ether, presumably
because these reduce the probability of bubble formation in
the coatings. On the other hand, solvents with lower boiling
35 points lead to cavities if they are enclosed under a cross-
linked top layer and consequently again escape due to burning

process required for hardening.



35 ply to heat the conposition according to the invention under reflux, so
that the required tenperature range is determned by the boiling point of
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15 particularly for the preparation of a coating on any
substrate, for instance a semiconductor device, a silicon
wafer, a glass plate, a metal plate and the like. Any coating
method known to persons skilled in the art is suitable for
the application, e.g. the spin method, roller-coater method,

20 dip and pull-up method, spray method, screen printing method
and brushing method. The composition and the polysiloxane
composition according to the invention is preferably applied
to the substrate and the substrate with said composition or
polysiloxane composition applied thereon is heated. In

25 semiconductor production, spin methods are typically used for
the application. Such methods include a first spin to apply
the coating materials and a second spin to form a layer with
a specific thickness. This is followed by at least one
thermal burning stage to produce the hard (glass-like) layer.

30 Typical processes operate with the second spin at 1000 to
4000 rpm for approx. 20 seconds and with two or three burning
stages at temperatures of 80 to 300°C for approx. 1 minute in

each case.

35 The layers thus produced exhibit light-absorbing and anti-
reflective properties. In addition they are suitable to
planarize the uneven topography of a substrate or a subjacent
layer so that variations in the thickness of the layer or



30 propyl ether, diacetone alcohol and nethoxypropanol. Diluting solvents
with high boiling points are preferred, such as ethyl lactate and

pr opyl enewglzeaioogssopy! et her, presumably because theseCraPaes/006534
probability of bubble formation in ¢t coatings. On the other hand,
solvents with |ower boiling 35 points lead to cavities if they are encl osed

under a €L0885 Linkgdohopoh ayes wad-&onseguent |y again escape due to
burning process required for hardening. WO 2004/ 000853 PCT/ EP2003/ 006534

- 17 Instead of the above single-stage nethod it is also possible to mx
t he abovenaent inpnedconpoaedtdimf t heocomeesi ti oinveaccirdi ngEéo t hehe

i nvention._and. optional di luting.solvent in__ stages .in.any.order, and to
condensep5?£8}lgﬁ99rigb£?aPFOSPCQ%O%a8 FHdﬁ&F&ggg §8dfﬁfgﬁlgtgg§?efp may
possi bl yoal aoshbsheeessaoyptissepaiatecagud icdf: i nsol ubl e conmponents from
t he pol ysil oxane conposition, e.g. using standard filtration techniques,

before they are 10 available for final use. The conposition according to
t he inverie) on amdiehéngpal pserbxahecvehpesineistn Sed6r ditagkt ¢OMRELSARENt i on,

whi ch is obtaipabl g0yt heyaetied deserihsd abgugiocanibe usadS at
particularly for the preparation of_a coating on any_ substrate, fgﬁ
t al

i nstance a senl€8ABUCIVIE dedPbbTrAtSFFHEGR ver, £ymess phaes,
pl atggand the LibkgoshBYogoatdg rashhodHeowsol 9spessans skiokpeditionhe art
is suitable for th .aBp%ic%éion, e.g. the Sﬁin %Ethog ro%l r-coater
met hod, 20 dipaﬁﬁargﬁp - Gp Fh&BYeggF8§’n§P 08P HOPEERY pP Nt PRT tndf fod
and brushi ng netikederTheagenpdsi t iben andutherpdl ysedoxars imgpnposiatieoh
according to the _invention LS i ! ate and the
substrate wit hBSE?VSe%oﬁ%ési ?P%%‘E%%’% S% %s??géaégo%%%%ﬁ ?loéﬁ E%afrlo’pl i ed
thereon is heated. In

15 (b) developing the exposed stack to produce openings in

said photoresist layer,

(c) etching a first pattern through said openings in said
at least one anti-reflective layer and optionally at

20 ~ least one further layer to be structured, and

(d) stripping off said photoresist layer, at least one anti-
reflective layer and optionally at least one further
layer to be structured to produce the integrated circuit

25 pattern. '
Preferably, the substrate is a semi-conductor device or a
silicon wafer. It is further preferred that in step (a) the
stack is radiated with ultraviolet light having a wavelength
30 of less than 260 nm, particularly 193 nm or 248 nm. Suitable
materials and methods to perform the radiating, developing,
etching and stripping steps are well-known to those skilled
in the art. For further details reference is made to the
aforemetioned WO~A-00/77575.
35
The method according to the invention for the preparation of
a silyl alkyl ester of Formula (I) comprises the reacting of

a caboxylic acid salt of Formula (II)



25 sem conduct or production, spin nethods are typically used for the
application. Such nethods include a first spin to_ apply the coating

mat er i al swaredo4z008856ond spin to forma layer with a spe®cChiEP2ed3iocdsness.
This is followed by at | east one thermal-burning stage to produce the hard
(glass-like) layer. 30 Typical processes operate with the second spin at
1000 to 4000 rpmfor approx. 20 seconds and with two or three burning
stages at tenperatures of 80 to 300C for approx. 1 mnute in each case. 35
The | ayers thus produced exhibit |ight-absorbing and anti- reflective
properties. In addition they are suitable to planarize the uneven

t opography of a substrate or subj acent |layer so that variations in the
thi ckness of the layer or WD /2004/@Q853 PCT/ EP2003/006534 - 18 |ayers

l ying on top can be reduced. [The netﬂhg_agpor ngpfe the invention for the
phot ol i t hogr aphi ¢ productionfof an infegrated gircuit pattern 5 on a
substrate conprises the steps of: radi ating a stack through a nask,
said stack conprising the Iomer ate, anjupper photoresist |ayer, at

| east one anti-reflective | ayeK™f of Fyom t he 10 conposition or fron1the
pol ysi | oxane conposition acgopdi ng éRi)nvention, and optional@é

| east one further layer to be & i¥e€d, eagh being | ocated bet'ien said
substrate and said photoresist |ayer, 15 (b) vel opi ng the exposed stack
to produce openings in said photoresist layer, (c) etching a first pattern
t hrough said openings in said at |east one anti-reflective |ayer and
optionally at 20 l|least one further layer to be structured, and (d)
stripping off said photoresist |ayer, at |east one anti-

in which k is an integer from 1 to 4 and M is a metal,

with an organosilicon compound of Formula (III)

v, ®
[ )
A T (’: n SI OR
Rs OR3 (I11)

5 in which A represents a nucleofugal leaving group.

In the carboxylic acid salt of Formula (II), the metal M is
preferably selected from the groups Ia, IIa, IIIa, IVa, Ib,
IIb, IVb and VIIIb of the periodic table. M is particularly a
10 monovalent metal, i.e. k = 1. It is preferred that M is
selected from metals of the Group Ia, more preferably from
lithium, sodium and potassium and yet more preferably from
sodium and potassium, with potassium being the most prefer-
red.
15
R¢ is a substituent selected from halogen, alkyl, aryl,



reflective | ayer and optionally at |east one further |ayer to be
structured to produce the integrated circuit 25 pattern. Preferably, the
subst r at ewD20@/®ess3- conduct or device or a silicon waf ePCTIEP2008/0b6sB34 her
preferred that in step (a) the stack ¢ tadiated with ultraviolet |ight
havi ng a wavel ength 30 of less than 260 nm particularly 193 nmor 248 nm
Sui t abl ehefatrerpirgls amydretdyods dlokgpey f or axryhethadi at 'sngstﬁleueédpi Rohd

et chi ng I s ar | - IIed i.n_the art
For furtﬁggugg?g?%@r&ef%@ﬁ%e de%{%%‘g{gﬁ% éP fret |%ne%f{%% GO F7575.
35 The neehed a@é@ldﬁvngc@bb@hﬁliﬂveml@n armxde he;mm&par atildiordfc  acsid vyl
al kyl ebupl Rormya | S boxy].i cid salt
of qur F u? VO 2004/ 0%%%[{@%%% 200 %ﬁ&l% ghﬁé élﬁ%lﬁier‘r X

, qu | Pyef %??%ﬁmﬁpéﬁtktPgnﬁﬁ @ﬁﬁed@?lGQQﬂm 1aﬂBYH,a@dMM/|s a

netal myahoay,orgamaaxylcoan@onpg@@de@heEorWUMatﬁlllbaB%ggﬁl Deirg~ C
) _Si in which A represents a nucl eofugal |eavinggroup.

I the cBF‘BB?{ﬂlﬂ'é i\@lﬁrgfﬁ?r 8F-Formula (11), the metal Mis preferably

selected fromthe groups la, Ila, Illa, IVa, IDb,
m 1s an integer from 0 to 4, preferably from 0 to 2 and
10 particularly from O to 1, with m = 0 being most preferred.

Furthermore, in Formula (II), T, X, Y and Z each represent
carbon. On one of the bonds formed by these carbon atoms, T-
X, X-Y, or Y-Z, a further benzo group, which is substituted
15 m-fold with Rs or is unsubstituted, is condensed to form a
trinuclear aromatic ring system. The condensation with the
benzo group, which is substituted m-fold with Rs or
unsubstituted, can be either linear on the X-Y bond, or
angular on either the T-X or Y-Z bond. Accordingly, the
20 trinuclear condensed aromatic hydrocarbon radical is an

anthracene or phenanthrene moiety.

The groups already mentioned above can be used as substituent
Rs of the condensed benzo group on the T-X, X-Y or ¥Y-Z bonds.
25 These can be selected independently of one another for the
respective rings of the trinuclear condensed aromatic

hydrocarbon radical.

The carboxylate group is substituted on the middle ring, i.e.

30 either on the 9- or on the 1l0-carbon atom of the anthracene
or phenanthrene moiety. The carboxylate group is preferably
substituted on the 9-carbon atom.

The other respective positionﬁof the middle ring can likewise
35 carry a substituent which can preferably be selected from the
radicals already listed for the substituent Re¢. It is
preferred that the anthracene or phenanthrene moiety is

substituted on the 10-carbon atom.



[1b, 1Vb and VIlib of the periodic table. Mis particularly a 10 nonoval ent
nmetal, i.e. k = 1. It is preferred that Mis selected fromnetals of the
G oup | a,woroer/qnssBer ably from |ithium sodium and pot €IEPRVENASB€t NOr e
preferably from sodi um and potassi umyw-t h potassi um bei ng the nost
prefer- red. 15 R6 is a substituent selected from hal ogen, alkyl, aryl, WO
2004/ 000853 PCT/ EP2003/ 006534 - 20 heteroaryl, hydroxy, alkoxy,

aryl et he substituted and. unsybstituted _am ng Q ar box rou
CaTboxyl 15 S8 8°tclbEr BPGas TR By P aBr kbR RPha B G328 br BB B
group, sobhdansedceéitiest eongkbepX-guldeonylor tdn osithewether T5Kand H-Ero.

Preferr efosubstiduent s g halggen, allyl. oftyl e ydroxye alkoxy,gad
aryl et her, "W t h hal 6gen being particularly preferred. mis an integer from
0 to%4, peedenrsdlyafreoatbct gingarkd/stEl paatdicd ard ystbahiduents; with m= 0
bei ng noste PEEEEHE LGN oFUEHDCEEPEEXyL BEOLRYLE bh! tne To-XorY180d22p8aCH
represent carbon. On one of the bonds forned by these carbon atons, T- X
X-Y, or ¥t9-a further benzo group, which is substituted 15 mfold with R6
or is unsubstituted, is condensed to forma trinuclear aromatic ring
system The condensation with the benzo gr.ou which,is substituted mfold
with R6 %?uSUnSGBstPPGg§8F68§n 5 eik a#%hﬁéhecnf??&Fééﬁ’bg ﬁ?HorlS
anguloar eabetiteted heol- X tire Y- ZebpadtitecoPdcagbyn t keed?0 twithucl eae
condensed_aropatic hydrocarhgn i C j t ene
ooty REGRRUBES abF 8HY aenfied Spove Chrbe CheaibEe ok, BORRERERICE,
of the candemtéd bgdzocgrbap eadilelT-1q Khy carporybésdsicidssghesefcan be
selectenggggpgnggﬁij of one another for the

15 Particularly preferred carboxylic acid salts of Formula (II)
are selected from 9-anthracene carboxylic acid-sodium salt,
9-anthracene carboxylic acid-potassium salt, S-phenanthrene
carboxylic acid-sodium salt and 9~ phenanthrene carboxylic

acid-potassium salt.

20
In the organosilicon compound of Formula (III) A represents a
nucleofugal leaving group. Preferably, A is selected from
halogen, hydroxy, alkoxy, arylether, substituted and
unsubstituted amino group, thio, thiocether, carboxylic acid
25 ester group (e.g. acetate or trifluorocacetate), alkyl

sulfonate (e.g. methane sulfonate or mesylate) and aryl
sulfonate (e.g. 4-methylbenzenesulfonate or tosylate). It is
preferred that the nucleofugal leaving group A represents
halogen, more preferably chlorine and/or bromine, with
30 chlorine being most preferred. In general n 1is an integer
from 1 to 10, preferably 1 to 5, more preferably 1 to 3, and
most preferably 3. The groups which can be used as Ri, Rz, Rs,
R: and Rs radicals are those already discussed in connection
with the silyl alkyl esters according to the invention.
35
According to a preferred embodiment of the method according
to the invention, the carboxylic acid salt of Formula (II) is

reacted with the organosilicon compound of Formula (III) in a



respective rings of the trinuclear condensed aromati ¢ hydrocarbon radical.
The carboxylate group is substituted on the mddle ring, i.e. 30 either on
the 9- orworot4m®ossB- car bon at om of the ant hracene or plReREPRONZONSINDI ety.

The carboxyl ate group is preferably _ sybstituted on the 9-carbon atom The
ot her respective position of the mddle ring can likewise 35 carry a
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are N,N-dimethylformamide and/or N,N-dimethylacetamide.

15 The molar ratio of the carboxylic acid salt (II) to the
organosilicon compound (III) is preferably 1:1 to 1:2 and
more preferably 1:1. Preferably, the reaction of the
compounds (II) and (III) is carried out for 0.5 to 15 hours,

more preferably 1 to 4 hours at temperatures of 60 to 200°c,
20 more preferably 100 to 140°C.

Surprisingly, using the above method, it was possible to
obtain silyl alkyl esters with a greater purity and yield
than was possible with conventional processes. As, during
25 reaction of the carboxylic acid salt of Formula (II) with the
organosilicon compound of Formula (III) a metallic salt which
is insoluble in the solvent or solvent mixture is formed
(e.g. an alkali metal halogenide), this can be continuously
removed from the reaction wvessel during the reaction, and
30 thus the reaction equilibrium can be shifted practically
completely to the product side so that the yield is

quantitative.

To isolate the desired final product, the reaction mixture
35 can be worked up with usual methods. A very high purity of
the final product requires, for example, the removal of
mechanical impurities or impurities caused by metals in the

ppm-range. This can optionally be carried out by vacuum



hal ogen, hydroxy, al koxy, arylether, substituted and wunsubstituted am no
group, thio, thioether, carboxylic acid 25 ester group (e.g. acetate or
trifluorosoevamysssal kyl sul fonate (e.g. methane sul f orar&EPR603 00 at e)
and aryl sulfonate (e.g. 4-nethyl benzgnesul fonate or tosylate) . It is
preferred that the nucl eofugal |eaving group A represents hal ogen, nore
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the desigethd iglrgqpeduct, the silyl alkyl ester according to the
invention, remains 5 dissolved/ suspended in the solvent or solvent m xture.

Al the usual sol vents can be used for this. However, it is preferred
t hatL ot herts®ol pe@paeatsohve&t that gieyTorilayls @étei@aabcomdlngnpmetﬁm
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15 hydrolyses the ester group. In addition, it is preferred to
work in the absence of light, as, for example, anthracene
compounds can dimerise during exposure as the result of a

photochemical reaction.

20 The following examples illustrate the present invention.

Unless otherwise indicated, all percentages relate to weight.
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suspended in 50 ml N,N-dimethylformamide. 5 ml chloromethyl-
triethoxysilane were added. The mixture was stirred at 100°C
for 1 hour, then cooled to 20°C, drawn off by suction, and
the residue washed with 60 ml n-heptane. The combined
filtrates were concentrated under wvacuum, 50 ml n-heptane
were added, stirred for 15 min., then drawn off by suction,
the residue washed with n-heptane and the combined filtrates
concentrated under vacuum. The residue was dried under wvacuum
at 0.01 mbar. The yield was ‘quantitative. Purity was above
95% (GC). Light~yellow solid; Fp.: 63°C; Bp: 190°C/0.01 mbar.

Example 1b: Synthesis of 9-anthracene carboxylic acid (tri-
ethoxysilyl) methyl ester (comparative)

9-anthracene carboxylic acid (triethoxysilyl) methyl ester
was produced according to Example 14 on page 18 of WO
00/77575 Al. A dark-brown oily liquid was obtained in a yield
of approx. 53%. The NMR analysis of this oil gave a yield of
approx. 25% (relative to the oil) 9-anthracene carboxylic

acid (triethoxysilyl) methyl ester.

A comparison of both methods shows that the preparation
according to the ihvention is superior in terms of the yield
and purity of the final product as it yields a light-yellow
solid with a melting point of 63°C and a content of the



invention suitably takes place in an inert gas atnosphere (e.g. nitrogen)
to reduce oxidation by atnospheric oxygen (e.g. of the
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is preferred to work in the absence of light, as, for exanple, anthracene
conpoundslecdamedi newniyseardiir bfig cenposdre. agot hechesed t satha a phoéoghemidcal

reaction he fql-l ow ng il lustrate the presgnt _invention
Unl ess opﬁégﬁgéeiéﬂ%é%ﬁ%d,%g?PP%giggntéﬁgsr%ﬁ%ﬁ%?%o égigﬁngﬁﬁﬁ 1S
2004/ 000858=PEFLEP200S/ 0065349 -uR4f Erhaplkesctinnpmintipke ial ltheyriblyeses
and vorKLaGLUP £SLEPS A 6AN/i el LRl IRl s | B50kn 0Bk Ccfle BLLEQOSH) and
exclusion o hunydltéé and l'ig p.,ThéJrea ents used were dried before use.
The drodhet §rébiai Wéd Sher é kepdiGA@sr tion Ferant inge aalss eissevefl of

humi di tytaad |igdtverk) Exagpl e tlige-Synlhasing acces dimig-drt-dne dgPegtiicon of
9- anthracen%,ca%boxyl ic.acid (triethox Sllﬁlﬁ)e net hyl ester 5 g._ .

9- ant hr aBBR&TEEPEORY FESAciRE pot BEEFUNPEEl t Merathigi&heRle8VER S 9ReT -

N, N- di nephyliter neai dartherd slntof oret oyt - chbh tibé etdameisid ader wehe cadted.
The m xt ur %rwagaiﬁi.rg?d atoloag %oéléthogr. th\:%% coaoled to 20C,..dr avﬁvn of f
by sucti onCTdR h&2resTage ghda-wreh 66nn1 -I?Eﬁtcgﬁg’. a‘Fﬁé’rg&Hﬁi &d
filtr@&t esheeieveohcentrated under vacuum 50 ml n-heptane were added,
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n- heptane and the conbined filtrates concentrated under vacuum The
resi due was dried under vacuum at 0.01 nbar. The yield was quantitative.

Purity wagaapoue2:95% bGshenkhthieN&! | @ISOy Tic Flaci @i Rihoxy3aT4A)01
nbar. 25 Exanple | b: Synthesis of 9-anthracene carboxylic acid (tri-
methyl ester
15
5 g 9-phenanthrene carboxylic acid-potassium salt were
suspended in 50 ml N,N-dimethylformamide. 5 ml chloromethyl-
triethoxysilane were added. The mixture was stirred at 120°C
for 1 hour, then cooled to 20°C, drawn off by suction, and
20 the residue washed with 60 ml n-heptane. The combined
filtrates were concentrated under wvacuum. 50 ml n-heptane
were added, stirred for 15 min., then drawn off by suction,
the residue washed with n-heptane and the combined filtrates
concentrated under vacuum. The residue was dried under wvacuum
25 at 0.01 bar. The yield was quantitative. Purity was above 95%
(GC) . Light-yellow solid; Fp.: 26°C.

Example 3: = 9-anthracene carboxylic acid-3~ (triethoxysilyl)

30 propyl ester

5 g 9-anthracene carboxylic acid-potassium salt were
suspended in 50 ml ‘N,N—dimethylacetamide. 5.6 ml (3-
chloropropyl) triethoxysilane were added. The mixture was
35 stirred at 100°C for 2 hours, then cooled to 20°C, drawn off
by suction, and the residue washed with 60 ml toluene. The
combined "filtrates were concentrated under vacuum, 50 ml

toluene were added, stirred for 15 min., then drawn off by



et hoxysilyl) nmethyl ester (conparative) 9-anthracene carboxylic acid
(triethoxysilyl) nmethyl ester was produced according to Exanple 14 on page
18 of WO wBQoeoiss375 Al. A dark-brown oily |iquid was eoTaira@d/ones3a yi el d
of approx. 53% The NMR anal ysis of thigs_oil gave a yield of approx. 25%
(relative to the oil) 9-anthracene carboxylic acid (triethoxysilyl) nethyl
ester. 3§ué<t£@ﬂpal‘tim=.0nr@§icﬂl@é h waithleedsw bW d1t@inet hen@r epiay at:bmnlned
accordin?. € Ee i nvent i squilor in ter of the, |eId g urlty of
the fina 11‘5 bduct &EHF F8 89 15Ynt Y§&HFBw i GG Hea“??eﬁt HS oi nt
of 63C auddearcoateuth of 0h@lV\ﬁo&ﬁMTHéO@E@lECﬂT&EPQQéﬂtﬁ)ﬁéBMe -Pﬁ51tgesi red
compound,ol ougby2oYesto aglh eve iR2 MAAANd phu Ly, 980K 8 o,

in he

filtration an rem)va soI vent neces g up of
reactdi on2 hP X€(0 01 smbé?fﬂer eby si npl | f| ed conpar ed with the process known
fromthe state of 5 the art in which, in addition to the decanting and
renoval of the solvent, a tinme-consum ng col um-chr omat ogr aphic
purification nmust be carried out. To achieve an even higher purity, a

further piampisadion cewarhddrieed OgarbbikQUYP I aehvsBal(kirimbiRExgF
distillation_ jn the process according to 10 the invention. Exanple 2:
9- phenan?ﬁf ht REP )ﬁ"’l”?,e%m d(triethoxysilyl) nmethyl ester 15 5 g

9- ph@nant hr ene car boxyl i ¢ acid-pot aSSI um salt were suspended in 50 m

N, N- di net hyl for hl or ri,etho |In The‘
o sy [OLIR A, Oha SOLOYOIE! ¥l o RERELAOXKSY AngrteLe adiinds
suct i on,llandOZ(mlt he N-esimbid Wedohedniideh 60 himh- hép@hh@rogmpzébhbtmd
filtrat e veoe, SONEROt LaLed LRdR], varuum; Al RadeRkareed at 120°C

for 2 hours, then cooled to 20°C, drawn off by suction, and

15 the residue washed with 60 ml n-hexane. The combined
filtrates were concentrated under wvacuum, 50 ml toluene were
added, stirred for 15 min., then drawn off by suction, the
residue washed with n-hexane and the combined filtrates
concentrated under vacuum. The residue was dried under wvacuum

20 at 0.01 mbar. The yield was quantitative. Purity was above
95% (GC). Yellow liquid; Fp.: < 25°C; Bp: 205°C/0.01 mbar.



wer e added, stirred for 15 mn., then drawn off by suction, the residue
washed with n-heptane and the conbined filtrates concentrated under
vacuum TWe 2oeio0ks@ was dried under vacuum 25 at 0. 01 bacCI/EPh@3pie@Bd was
gquantitative. Purity was above 95% -(&£)- Light-yellow solid; Fp.: 26C
Exanpl e 3: 9-anthracene carboxyli.c acid-3- (triethoxysilyl) 30 propyl
ester 5 g 9-anthracene carboxylic a€laimpstassiumsalt were suspended in 50
m N, N-di net hyl acetam de. 5.6 m (3- chloropropyl) triethoxysilane were
added. The m xture was 35 stirred at 100C for 2 hours, then cooled to 20C,
drawn ofif- By lydceilsHl aaderhbavesydueewlshedlai th) 60 m tol uene. The
conbined -filtrates were concentrated under vacuum 50 m toluene were
added, stirred for 15 min., then drawn off by WO 2004/ 000853

PCT/ EP2003/ 006534 - 26 suction, the residue washed with toluene and the
conbined filtrates concentrated under vacuum The residue was dried under
vacuum at 0.01 nbar. The yield was quantitative. Purity was above 95%
(G0). Yellowliquid; Fp.: < 25C, Bp: 5 210C0.01 nmbar. Exanple 4:

9- ant hracene carboxylic acid-3-(trineRQoxy-(§hlyl) propyl ester 10 5 g
9-ant hracene carboxylic acﬂa§§odiun1sdlt werg suspended in 50 n

N, N- di net hyl f or mam de. 4.7 n1(68*€h§660ﬁ%eﬁy$&<JRJ- met hoxysi | ane were
added. The nixture was stirred at 120¢ f'or hours, then cooled to 20C,
drawn of f by suction, and 1% the resi ®je wa Rd with 60 nl n-hexane. The
conbined filtrates me%?ﬂ' rated under vacuum 50 m tol uene were
added, stirred for 15 fnin/, drﬁgf off by suction, the residue washed
wi th n-hexane and the vgybi { ®es

z

wherein

Ri, Rz, and Rz are equal or different and represent alkyl,
aryl and heteroaryl,

Rs and Rs are equal or different and represent hydrogen,
halogen, alkyl, aryl and hetercaryl,

n is an integer from 1 to 10,

Re is a substituent selected from halogen, alkyl, aryl,
heterocaryl, hydroxy, alkoxy, arylether, substituted and
unsubstituted amino group, carboxy group, carboxylic acid
ester group, carboxylic acid amide group, sulfonic acid
group, sulfonic acid ester group, sulfonyl, thio,
thiocether and nitro,

m is an integer from 0 to 4,

T, X, Y and Z each represent carbon,

a benzo group, which is substituted m-fold with R¢ Or
which is unsubstituted, is condensed on one of the bonds
T-X, X-Y or Y-Z to form a trinuclear aromatic ring
system, wherein the silyl alkyl ester group 1is
substituted at the middle «ring of said trinuclear
aromatic ring system,



concentrated under vacuum The residue was dried under vacuum 20 at 0.01
nbar. The yield was quantitative. Purity was above 95% (GC). Yell ow

l'i qui d; PpO0:2063/@B%33 Bp: 205C/ 0. 01 nbar. WD 2004/ 000853 PCT/HPRRO08¢5806534 -
27 Cainms 1. Silyl aIkyI ester havingg t-he formula (I) O R4 ORL C O+C
Si-OR2 RS OR3 X. & (I') wherein Rl, R2, and R3 are equal or

di fferent anHlFépﬁbséh YélK@Hﬁﬂ-aﬁ?teandHhEMEIoéhyl fodrd RE) akeiequal or

di fferent angxﬁggaggengnhwgiggen hal ogen, al kyl, aryI and heteroaryl, n
is an |nteger from1l to_10, is a substituent selected from hal ogen,

al kyl, aryl, Jheter daFyR3 ﬁ?@?o&?ﬁjr%ﬁﬁ%&yet%ﬁyd et her, substituted and

unsubst i t ut eH4 A R:0eaeh, reprbexntghguRogear boxylic acid ester group,
carboxylic acid i\m de group, sulfonic aci g group, sulfonic acid ester

group, squoﬁyT thio, thioether and nitro, mis an integer fromO to 4,
T, X, Y and & eah represent carbon, a benzo group, \/\hi ch is substituted

mfold with bstl t ut ed nden on o of the bonds
T-X, X-Y or 5@219{1&]}9@#%{‘%{ ?ﬁ%ﬁ:‘ ea r%l?’%nja? |% I} t;h \%:gr @Oﬁldt he
silyl al kyl erdekhgreupyils ester group is substltuted on the 9-carbon

atom of the trinuclear aromatic ring system.

2. Silyl alkyl ester according to Claim 1, wherein Ri, R,

and Rz each represent alkyl.

3. 8Silyl alkyl ester according to Claim 1 or 2, wherein Ri,
Rz, and Rs; are selected, independently of one another,
from methyl, ethyl, n-propyl, iso-propyl, n-butyl, 2-
methylpropyl, l-methylpropyl and 1,l-dimethylethyl.

4. ©Silyl alkyl ester according to any one of Claims 1 to 3,

wherein Ri, Rz, and R3 each represent methyl or ethyl.

5. Silyl alkyl ester according to any one of Claims 1 to 4,

wherein Rs and Rs each represent hydrogen.

6. Silyl alkyl ester according to any one of Claims 1 to 5,
wherein n is an integer from 1 to 5, particularly from 1

to 3, yet more preferably 1 or 3 and most preferably 3.

7. Silyl alkyl ester according to any one of Claims 1 to 6,
wherein a benzo group, which is m-fold substituted with Rsg

or which is unsubstituted, is condensed on the X-Y bond.

8. Silyl alkyl ester according to Claim 7, wherein an
unsubstituted benzo group is condensed on the X-Y bond

and m=0.

9. Silyl alkyl ester according to any one of Claims 1 to 6,

wherein a benzo group, which is m-fold substituted with Re



substituted at the mddle ring of said trinuclear aromatic ring system W
2004/ 000853 PCT/ EP2003/006534 - 28 wth a silyl alkyl ester having the
formul a (WP 2beicegss3excl uded, in which RL, R2, and R3 ea®lTrEPReBSHsH34 et hyl |
R4 and R5 each represent hydrogen, » 29 m = 0, an unsubstituted benzo
group i s condensed on the X-Y bond and the silyl ester group is
substituted &F tHdch deér pEPukatdhvdedt hd ot rdandsine®d @rormttier ithe sist em

2. Silyl al kyy gstzerhoagcording to Claiml, wherein Rl, R2, and R3 each
represent alkyl. 3. Silyl alkyl ester according to Clain11 or 2, wherein
Rif R2, and R3 are selected, independently of one another, from nethyl,
ethyl, n-r.omylyli seipyopykstarbub¥bordinget iyl peopyh . d,; py,, and
1,1- dlnethyleth%kft % IyI aIkyI ester aggordln to any gﬁ§n¥+£%fa¥%% 1to
3, wherein RI'® Thnge r%??rué’se‘n? ﬁ%&l%‘wsw @?h?llthsr Sitley IT-A kyl
ester accor diomg Yt-@ anyidoaedofn—otl ains 1 to 4, wherein R4 and R5 each
represent hydrogen. 6. Silyl alkyl ester according to any one of Clains 1
to 5 wherein nis an integer froml1l to 5, particularly from1l to 3, yet
nore prefldr.abyppesétignanshickt qomdsrsdd yad ZeaSkl ybnal kydlest erlkyl
according to (o] I R o] I a;b ZQ 9r.Qup, ich.is -
mfold subst|?§¥gdgﬁfgkdgéa wﬁ&cﬁgﬁsoggg&gsﬁstu %g i"s Gt 5& e&sgn t he
X-Y bond. 8.OSPIﬁPréhRVIrégﬁéivécébl@mﬁg to Claim?7, wherein an
unsubstituted benzo group is condensed on the X-Y bond and m=O0.

12. Composition according to Claim 11, wherein the reactive
silane is selected from alkoxysilanes and halogen
silanes, particularly chlorosilanes.

13. Composition according to Claim 11 or 12, wherein the
reactive silane is selected from triethoxysilane (HTEOS),
tetraethoxysilane (TEOS), methyltriethoxysilane (MTEOS),

dimethyldiethoxysilane, tetramethoxysilane (TMOS) ,
methyltrimethoxysilane (MTMOS) , trimethoxysilane, di-
methyldimethoxysilane, phenyltriethoxysilane (PTEOS) ,

phenyltrimethoxysilane (PTMOS) , diphenyldiethoxysilane,
diphenyldimethoxysilane, trichlorosilane, methyltrichlo-
rosilane, ethyltrichlorosilane, phenyltrichlorosilane,
tetrachlorosilane, dichlorosilane, methyldichlorosilane,
dimethyldichlorosilane, chlorotriethoxysilane, chlorotri-
methoxysilane, chloromethyltriethoxysilane, chloroethyl-
triethoxysilane, chlorophenyltriethoxysilane, chloro-
methyltrimethoxysilane, chloroethyltrimethoxysilane and
chlorophenyltrimethoxysilane.

14. Composition according to any one of Claims 11 to 13,

wherein the reactive silane is selected from triethoxy-

silane (HTEOS), tetraethoxysilane (TEQS) , methyl-
triethoxysilane (MTEOS) , tetramethoxysilane (TMOS) ,
methyltrimethoxysilane (MTMOS) , phenyltriethoxysilane

(PEOCS) and phenyltrimethoxysilane (PTMOS).



9. Silyl alkyl ester according to any one of Clains 1 to 6, wherein a
benzo group, which is mfold substituted with R6 WO 2004/ 000853

PCT/ EP20080Q06584853- 29 or which is unsubstituted, is comiPa@3®0ea4eit her
the T-X or Y-Z bond. 10. Silyl al ky 3ester according to daim9, wherein
an unsubstituted benzo group is condensed on either the T-X or Y-Z bond
and me0. 1341, Capgosti i9mn agisiochioonptd seayat oheasif oféaginbylllal kpl léster

according t O%E?EigéaiJTESIO#é;e?lgl%'rg%%l%lfnlt\iﬁig(tu%ge. further reactive

silane. 12. nposition accor éiern the reactive silane
is selected from al koxysi | anes and hal ogen silanes, particularly

chl orosi{an -Jgpcfppo' Walt FNg: 1 O j - Or , L n_the
reacti vei %i Ieg%né&%sl sel ec%%%é@oﬁf% cejd‘fjfz%%gﬁ sjl’ gaﬁeéﬁ% ‘iﬁg sdGERL ot

t et r aet hoxys$9ERN§ THEES UL et ot st tﬁikyzﬁ?@%meomwmwent selected

di met hyl di ethexysidese, teheapebhoxyshkbane GIMGD) .a1d®idly IHd4iRf hoxysi | ane
(MIMOS), trimet hoxysil ane, di- nethyl dinmethoxysilane, phenyltri’et hoxysil ane
(PTECS), ph n???gg%FHBWsi ILdReEP VDS L 2R e n P EPRE hBRY SN Parte, tO

di phenyl di netdubarsi kangas, t rioidar 06kl anendmsdybbrbeRYDicr @glil@angster
ethyltrichl C}I}‘]Q\}Sji | ane, henyé trichl or ositl ane, tet iachl orosi | ne,

di chl or osi | afe, 't ﬁyl Thi‘or G&FP8Re, 2t8MTet AP CAMGPBsi PAnebranched

chl orotri et hoaaksistyanie; ashildraotide hawtihgx tsitlbase carbon atoms.

chl oronet hyl tri et hoxysil ane, chloroethyl- triethoxysilane,

chl orophenyl tri et hoxysil ane, chloro- nethyltrinethoxysil ane,

chl or oethid tGamaaHicxdyst | ageocaddngchitor 6leany| LPi net haXysi whageind. the

Conposi tion aecandi Ngo10 apyyeRe of;Chakas LlnQilds whereidndie geactive
silane is selected fromtriet hox%/-
component selected from water, acetone, 1l-propanol, 2-
propanol, butanocl, methylisobutylketone, methoxypropanol,

propoxypropanol, ethyl acetate and propyl acetate.

18. Composition according to any one of Claims 11 to 17,
which comprises an aqueous solution of at least one
protonic acid and/or an aqueous solution of at least one

acid anhydride.

19. Composition according to Claim 18, wherein the protonic

acid is nitric acid.

20. Method for the preparation of a polysiloxane composition,
wherein a composition according to any one of Claims 10
to 19 is provided and the silyl alkyl ester is condensed

with the reactive silane.

21. Method according to Claim 20, wherein the condensation of
the silyl alkyl ester with the reactive silane is carried

out by heating.

22 . Method according to Claim 21, wherein the composition is
heated for 1 to 24 hours, more preferably for 1 to 10
hours and yet more preferably for 2 to 6 hours at a
temperature of 20 to 100°C, more preferably from 40 to



silane (HTECS), tetraethoxysilane (TEOCS), nmethyl- triethoxysilane (MIEOS),

t et ranet hoxysilane (TMOS), nethyltrinmethoxysilane (MIMOS),

phenyl t r iwODhlooy®dssane (PECS) and phenyl tri met hoxysi | an@CTREPRDIN06S0D

2004/ 000853 PCT/ EP2003/ 006534 - 30 - 5. -Conposition according to any one
of Clainms 11 to 14, which conprises a solvent or solvent m xture. 16.
Conposi ti on &etoralidgyed @hed mrEendidneifirarhéOsdlové®t’Cor  sol vent mi xture
conprises at |east one conponent selected fromwater, |inear or branched
al kyl al cohol having 1 to 6 carbon atons, |inear or branched ketone having
1 to 6 <arbdnatkednBccPrAeas 6P Brahcieal ear BoRyMec 28citP edfer whitgeing 1 to

6 carbon atoge-gnd | kpear Qndehaaehed, C@’otlc&)@i!li&a@l@ d Y ey hayi ngod to 6
carbon atons. 17.” Conposition according to aim15 or 16, wherein the
sol vent or SBPLRFELIF xHELERERHT sERILRS | RASICISITE ~IddthieiFentS séPEREE from

water, acetofigicH-Ps0opaneblvdd Ofopaseendddt anokhenebhyentsebukylivenene,
nmet hoxypr opanol , ropoxypropanol, ethyl acetate and propyl acetate. 18.
Conposi tion I&Pé*b‘fﬁ‘?‘ng to any one of Clains 11 to 17, which conprises an
aqueous solution of at |east one protonic acid and/ or an aqueous sol ution

of at |east on Ci nhydri de. [ ccoy di ng-ko Lm 18,
wher ei n ?ﬁé bg?@f‘%%i 8gc§€?éggs%§i tagnl%/c %%szg.lg%ggho%g) 19{0#] % e %‘gﬁg}éti on
of a pol ysi | dxaimg compasitamnthe whendensattonposi tdidivtdasr b hgerlo 4Ry one
of Caims 10,4540419 is provided and the silyl alkyl ester is condensed
with the reactive silane. 21. Method according to Caim20, wherein the
condensation of the silyl alkyl ester with the reactive silane is carried

25. Method according to Claim 24, wherein the diluting
solvent comprises at least one component selected from
methanol, ethanol, 2-propanol, butanol, acetone, propyl
acetate, ethyl lactate, propylene glycol propyl ether,

diacetone alcohol and methoxypropanol.

26. Polysiloxane composition, which is obtainable by a method

as defined in any one of Claims 20 to 25.

27. Coated substrate, which is obtainable by a method
comprising applying the composition as defined in any one
of claims 11 to 19 or the polysiloxane composition as
defined in claim 26 to the substrate and heating the
substrate with the composition or polysiloxane

composition applied thereon.

28. Coated substrate according to claim 27, wherein applying
of said composition or said polysiloxane composition is

performed by means of spin techniques.

29. Coated substrate according to claim 27 or 28, wherein the
substrate is selected from a semiconductor device, a

silicon-wafer, a glass plate and a metal plate.

30. Use of a composition as defined in any one of Claims 11

to 19 or of a polysiloxane composition as defined in



out by heating. 22. Method according to Caim 21, wherein the conposition
is heated for 1 to 24 hours, nore preferably for 1 to 10 hours and yet
nore prefwoabiyoodsss 2 to 6 hours at a tenperature of 20CTEP2EBGI6ADI €
preferably from40 to WO 2004/ 000853~ F&T/-EP2003/ 006534 - 31 80C and yet
nore preferably from60 to 80C. 23. Method according to any one of C ains
20 to 22, m@ﬂéiﬁﬁ 2QUFPRGERPPERRRIEHEER R P HAIAG Ik e T ARG ra tieow

nol ecul ar wei ght and degree of cross-linking is forned, which is dissolved

or suspepded_in the sqlvent or.solvent mxture, 24. Method according to
any ong g?’cpﬁ?nécﬁﬁrngQS,Omﬂé?é@ngeduWPﬁgeéﬁ &hEeForResdthaensat tbR, a

di l uting sol pebysisoxandedompdbsidebhod sacqyididay e Ghai BuB4+ruwher ahp t he
di luting so%Mgnt cBgEriges at %east.gne conponent sel ected _from nethanol
ethanol , 2-pFopandP hltEnol "*hdet SAEY pFOBYPS15d8Pat 8F PNV SLACKANE,
propyl ene gl gecopopibpyh apihkied hewstrones ateathwl. and nmet hoxypr opanol . 26.
Pol ysi | oxane conposition, which is obtainable by a nethod as defined in
any one of Claims 20 to 25. 27. Coated substrate, which is obtainable by a
met hod @3rpPesi AgCapplyvngot keacanpdsial ofl aswhefenrdthe aoyposetioh
clainms 11 to,19 th I necggﬁgggi-i n a I in.claim.26 to
t he substrat%ganghﬁeaﬁpﬁ§%¥ag&gggbstfate mﬁ%%#%hgé%oﬁﬁﬁg?gg%n E§ e

pol ysi | oxaneSUedhpRE? tPHrinedpt i et dethrggiuaoat ed substrate according

to claim27, wherein applying of said conposition or said polysiloxane
conposi tggn bge Qgéfog&ggg Qg g?l?in%nce)f OSfDICr}.ati?r(l:shn Oqute('bs'32, wherein the

substrate is a semiconductor device or a silicon wafer.

34. Method for the photolithographic production of an

integrated circuit pattern comprising the steps of:

(a) radiating a stack through a mask, said stack
cbmprising the lower substrate, an upper
photoresist layer, at least one anti-reflective
layer formed from the composition as defined in any
one of claims 11 to 19 or from the polysiloxane
composition as defined in claim 26, and optionally
at least one further layer to be structured, each
being located between said substrate and said

photoresist layer,

(b) developing the exposed stack to produce openings in

said photoresist layer,

(c) etching a first pattern through said openings in
said at least one anti-reflective layer and
optionally at least one further layer to be

structured, and



29. Coated substrate according to claim?27 or 28, wherein the substrate is
sel ected froma sem conductor device, a silicon-wafer, a glass plate and a
nmet al pl awe.20800833e of a conposition as defined in any POREP2IO3CH&3HE 11
to 19 or of a polysiloxane conposition3as-defined in WO 2004/ 000853

PCT/ EP2003/ 006534 - 32 Claim 26 for the preparation of a coating on a
substrate. 30d) Usesadamidicnefd ©hidnpBotowketetnlaefercorpodidaisin are t he
pol ysi | oxane conposidi;and Vet d fo t NS SURMI AR 1800 oL NEosUbSLLAL e
with said conposition or polysiloxane® conposition app i ed t hereon 18
heated. 32. Use accOHthil®y t da@edi mt30 be 3strupbreed the corpbyie | dre or
the polysiloxane compesiddid iS 2Rl edt@he substrate by means of spin
techni ques. 33. Use according to any one of Clains 30 to 32, wherein the
substrate is a sem conductor device or a silicon wafer. 34. Method for the

pEot olit h@@]{ améu'mocprmtcﬁd_ tdioty ofo a@}(iait?]egll a:] Qde@éﬁ.ﬁUithePa%hb%ﬂ:@E%@mrsi & ng
the steps of:_(a) radiatin stack through a mask, said stack conprising
the | ower subss%r?‘w)altce?ndé‘lr?tl?ﬁgéj%mﬁﬁoto r &si° ngg}e}"?%{f ‘| east one
anti-reflective layer formed fromthe conposition as defined in any one
of clali 1 o) 1t he,. polyst ) oxan 0S5y L] as_defined jn
claim Zgl,s?’%'n %tplgcf%on% @fpﬂar%§1|%‘gsjf¥§%é ;S%r ﬁ]rer 'ay@r"&f%%eggt ‘r%t&g ur(eac], each
bei ng | ocat edchet ibafksdid sadseiade wild saldrapholer ediigthll apevingb)r

devel opi ng t hesRXRAORAY, SEACkEQ R;rkféQiJC%@p%ﬁi,Ugﬁﬂﬂl@ﬁ%ﬁ‘iyph@?Fﬁi%i r
| ayer, (c) etching a first pattern through said openings i'n said at |east
one anti-reflet} Ve | ayer and

37. Method for the preparation of a silyl alkyl ester having
the Formula (I)

0 ?4 ?R1
\C__O_(_.C! —)——n ?i—ORz
Rs OR,
N
‘ (Re) m
Y
\\Z

in which

Ri1, Rz, and Rs; are equal or different and represent alkyl,
aryl and heteroaryl,

R4y and Rs are equal or different and represent hydrogen,
halogen, alkyl, aryl and heteroaryl,

n is an integer from 1 to 10,



optionally at |east one further |layer to be structured, and W 2004/ 000853
PCT/ EP2003/ 006534 - 33 (d) stripping off said photoresist |ayer, at |east
one  ant iwpabbs«wossse | ayer and optionally at | east one PCumEPh@s/obeger to be
structured to produce the integrated 8rcuit pattern. 35. Method according

to claim34, wherein the substrate is a sem -conductor device or a silicon
waf er. 36. MBEhad dccdrarhyteent| acdegscdr BBM wheteeni nadkyp, (@rylhe

stack is radinatedowirth, ulkyand:0} et ahkghl,, havi g @ ﬂ/\ﬂvghsggi’e pLyl e3Ry than
260 nm particul g? ggl% njm >@J24§ nm 9&7 I\‘T)ggE r for the prgparatlon of a

silyl .al kyl PhEd FWénPoﬂﬁFﬁluQ (Harﬁ@X@RErOHPJ SAEXEY IS ORI X~ |
| (R) M Y\ eZt(elr) grduphi edriixy Ree aaddR%naro@ e@u@hppr sdilEbar enta gind
represent al a yI d heteroaryl and_R5 are E%l 05_ dlfferent and
represent hy rog oo ¢ afkyt §IS§?Ie naglf%f%'roaﬁ IORYls afiifreger
from1lto 10th\1\@e2liea¢/ eﬁdSEBtPGT/ EP2003/ 006534 - 34

m is an integer from 0 to 4,

T, X, Y and Z each represent carbon,

a benzo group, which is m-fold substituted with Re¢ or
which 1is unsubstituted, is condensed on one of the bonds
T-X, X-Y or Y-Z to form a trinuclear aromatic ring
system, wherein the silyl alkyl ester group 1is
substituted at the middle ring of said trinuclear
aromatic ring system,

wherein a carboxylic acid salt of Formula (II)

4

c—0~ M k*

A\Y

(Rg)m

<
/Y

(II)

in which k is an integer from 1 to 4 and M is a metal,



R6 is a substituent selected from hal ogen, al kyl, aryl, heteroaryl,
hydr oxy, al koxy, arylether, substituted and unsubstituted am no group,
car boxy gwoupo4/@essBoxylic acid ester group, carboxyli cPeTiEP2@3i00&3gr oup,
sulfonic acid group, sulfonic acid esBer-group, sulfonyl, thio, thioether
and nitro, mis an integer fromO to 4, T, X Y and Z each represent
carbon, a berZo IgEeded WHitdh a5 qndasias islibsn taamembuwid oR6 or  which is
unsubsti t ut egho g 1GONdeNsed on one of the bonds T-X, X-Y or Y-Zto forma
trinuclear aromatic ring system wherein the silyl alkyl ester group is
substituted at. the mddle ring of said trinuclear aromatic ring system
wherein a carboxylic acid salt of Formula (I11) O-COMk, rT YI / (R6) m
k (1) inwhich k is an integer froml to 4 and Mis a netal, WO
2004/ 000853 PCT/ EP2003/ 006534 - BRA is rﬁﬁct ed with an organosilicon

l I

conpound of Fornula (111) R4 4C. -7 SIi-OR2 i RS OR3 (II1) in
whi ch A represents a nucl eof U e Si~ap. 38. Method according to

Claim 37, wherein the metal Mis' ¢$eldcted fromthe groups la, Ila, Illa,
IVa, Ib, Ilb, IVb R OR, (III)

in which A represents a nucleofugal leaving group.

38. Method according to Claim 37, wherein the metal M is
selected from the groups Ia, IIa, IIIa, IVa, Ib, IIb, IVb
and VIIIb of the periodic table.

39. Method according to Claim 37 or 38, wherein k = 1.

40. Method according to any one of Claims 37 to 39, wherein M

is selected from metals of Group Ia.

41. Method according to any one of Claims 37 to 40 wherein
the metal M is selected from 1lithium, sodium and

potassium.

42. Method according to any one of Claims 37 to 41 wherein
the metal M is sodium and/or potassium and particularly

potassium.

43. Method according to any one of Claims 37 to 42 wherein
the nucleofugal leaving group A represents halogen,
preferably chlorine and/or  bromine and yet  more

preferably chlorine.

44, Method according to any one of Claims 37 to 43 wherein

the carboxylic acid salt of Formula (II) is reacted with



and VIlib of the periodic table. 39. Method according to Caim37 or 38,

wherein k = 1. 40. Method according to any one of Clains 37 to 39, wherein
M is selwotedydongsn netal s of Group la. 41. Met hod accoPdiTrEp2003/006584 one of
Clains 37 to 40 wherein the netal Missselected fromlithium sodium and
potassium 42. Method according to any one of Clains 37 to 41 wherein the
metal Mis sodeumraadiosr iatons sommotmd! paf t Fetthald y (IPO) asai umsAedet hod

accordi ng to_any .aj 37 42 er.ei t he .nucl eof ugal _I eavi ng
group A repr (e)gen?és)ﬂﬁ%r?%ggﬁ%t%%reéf e]rrflg%rpy " i ﬁgeaﬁ%a;i bFS%%neogng?’s‘fet
nmore pref er bkpudhl ¥ik neormer ivetdwstigtidmttidlg to any one of Clains 37 to
43 wherein the carboxylic acid salt of Formula (11) is reacted with WD
2004/ 000853 PCT/ EP2003/ 006534 - 36 _the organosilicon conpound of Fornula
(111) in%d-sYrtBRE BFceBRiREt %R xtUrdm f ddm wihekeihe a®t adolsedntt ofort he
formula MAK feroedti s pigeipkiat Q@I;N-ﬁl@imé@ﬁ[\}_zhpﬁbﬂ{%&ﬂ&g ng 4y AJ.2 S}N%‘N \
or N,

wherein as s I.ven}1 gr sol vent , m xture, N, N-di nethylfornmam de an
di et hyl acet 4hPgENYsaggegmide is used.



