WO 2012/ 032466PCT/ 1B2011/ 053891 1 Aqueous Pol i shing Conpositions Contai ning
N- Substituted Di azeni um D oxi des And/or N - Hydroxy-Di azenium Oxide Salts

Fi el d of wbeoixmseswsi on 5 The present invention is directed/IBmH1NGs8I1 aqueous
pol i shing conpositions, in particular chem cal nechanical polishing (CW)
conpositions, containing Nsubstituted diazeni um di oxi des and/ or

N - hydr oxy-di azeni um oxi de salts. 10 ll\/bf‘eover., t he present invention is

di r ect ed AcbeprePolshien Gosepasitions SepiningNeibglitiiadrPiasaninm i kédesaing/e i -

N - hydr oxydebxgaatanonoixidie Satst s f or nmanufacturing el ectrical and optical

devi ces. Furthernore, the present invention is directed to a novel
process for poli shi ng substrate 15 materials for manufacturing electrical,
mechani c&I€'4ALNEPRYEREPN devi ces. Cited Docunents The docunents cited in

the présent application are incorporated by reference in their 20 entirety.
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| C device fabrication by subsequent photolithography, patterning, etching
and thi n‘ditielj\r,g]o%ﬁ%ﬁt§5i ng. Shallow trench isolation (STlI) is a specific CW
application I generally requires the 40 selective renpoval of silicon
dioxide to silicon nitride on a patterned wafer substrate. In this case,

et ched t ridechesinends oivest ini the gdesertt hapglidat@rearerincorpataded by referamce isithdicon

di oxi dg, ewhie®) is polished using the silicon nitride barrier filmas the
stopping | ayer. The CMP process ends

Background of the Invention

Chemical mechanical planarization or polishing (CMP) is the primary process to achieve

25 local and global planarity of integrated circuits (ICs) devices. The technique typically
applies CMP compositions or slurries containing abrasives and other additives as an
active chemistry between a rotating substrate surface and a polishing pad under an
applied load. Thus, the CMP process couples a physical process such as abrasion with a
chemical process such as oxidation or chelation. It is not desirable for the removal or

30 polishing of substrate materials to be comprised of purely physical or purely chemical
action, but rather the synergistic combination of both in order to achieve a fast uniform
removal.

This way, the substrate material is removed until the desired planarity is achieved or a

35 barrier sublayer or stopping layer is exposed. Ultimately, a planar, defect-free surface is
obtained which enables proper multilayer IC device fabrication by subsequent
photolithography, patterning, etching and thin-film processing.

Shallow trench isolation (STI) is a specific CMP application which generally requires the
40 selective removal of silicon dioxide to silicon nitride on a patterned wafer substrate. In this
case, etched trenches are overfilled with a dielectric material, e.g., silicon dioxide, which is
polished using the silicon nitride barrier film as the stopping layer. The CMP process ends
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the barrier filmwhile mnimzing the renoval of exposed silicon nitride
and trencwo2piZmseweoxi de. This requires CVMP slurries capahBmiobszaehi evi ng
a high relative ratio of silicon dioxide 5 material renoval to silicon
nitride renoval which ratio is also referred to in the art as
oxide-to-nitride selectivity. Ceria-based CVP slurries have received
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(2006), Role of Amino-Acid Absorption on Silica and Silicon Nitride Surfaces during STI
CMP, the influence of proline and arginine.

Hyun-Goo Kang et al. disclose in Journal of Material Research, volume 22, No. 3, 2007,

30 pages 777 to 787, the effects of abrasive particles size and molecular weight of
poly(acrylic acid) in ceria slurry on removal selectivity of SiO2/SisN4 films in shallow trench
isolation chemical mechanical planarization.

S. Kim et al. disclose in Journal of Colloid and Interface Science, 319 (2008), pages 48 to
35 52, the absorption behavior of anionic polyelectrolyte for chemical mechanical polishing
(CMP).

S. V. Babu et al., Electrochemical and Solid-State Letters, 7 (12) G327-G330 (2004),
Slurry Additive Effects on the Suppression of Silicon Nitride Removal during CMP,

40 investigated the influence of arginine, lysine, proline, N-methylglycine, alanine, glycine,
picolinic acid, N,N-dimethylglycine, 3-aminobutyric acid and isonicotinic acid.
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The American patent US 6,436,835 B1 discloses a ceria-based CMP slurry for the shallow
40 trench isolation process comprising water-soluble organic compounds having carboxylic
acid or carboxylate or sulfonic acid or sulfamic groups such as polyacrylic acid,
polymethacrylic acid, naphthalene sulfonic acid-formalin condensate, malic acid, lactic
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A1 disclose a ceria-based CMP slurry containing a polishing additive comprising
functional groups having a pKa of 4 to 9. The polishing additive is selected from the group
consisting of arylamines, aminoalcohols, aliphatic amines, heterocyclic amines,

30 hydroxamic acids, aminocarboxylic acids, cyclic monocarboxylic acids, unsaturated
monocarboxylic acids, substituted phenols, sulfonamides, thiols and salts thereof, in
particular, chlorides, bromides, sulfates, sulfonates, trifluoromethyl sulfonates, acetates,
trifluoroacetates, picrates, perfluorobutyrates as well as sodium, potassium and
ammonium salts.

35
The arylamines expressly mentioned are aniline, 4-chloroaniline, 3-methoxyaniline, N-
methylaniline, 4-methoxyaniline, p-toluidine, anthranilic acid, 3-amino-4-
hydroxybenzenesulfonic acid, aminobenzylalcohol, aminobenzylamine, 1-(-
aminophenyl)pyrrole,  1-(3-aminophenyl)ethanol, 2-aminophenyl ether, 2,5-bis-(4-

40 aminophenyl)-1,3,4-oxidadiazole, 2-(2-aminophenyl)-1H-1,3,4-triazole, 2-aminophenyl, 3-
aminophenyl, 4-aminophenyl, dimethylaminophenol, 2-aminothiolphenol, 3-
aminothiolphenol, 4-aminophenyl methyl sulfide, 2-aminobenzenesulfonamide, orthanilic
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benzoylpiperazine, 1-tosylpiperazine,N-carboxyethylpiperazine,1,2,3-triazole, 1,2,4-
35 triazole, 2-aminothiazole, pyrrole, pyrrole-2-carboxylic acid, 3-pyrroline-2-carboxylic acid,
ethylpyrroline, cyclohexylpyrroline, tolylpyrroline, tetrazole, 5-cyclopropyltetrazole, 5-
hydroxytetrazole, 5-phenoxytetrazole, 5-phenyltetrazole, fluorouracil, methylthiouracil, 5,5-
diphenylhydantoin, 5,5-dimethyl-2,4-oxazolidinedione, phthalimide, succinimide, 3,3-
methylphenylglutarimide, 3,3-dimethylsuccinimide, imidazol[2,3-b] thioxazole,
40 hydroxyemidazo[2,3-a)isoindole, 5,5-methylphenylbarbituric acid, 1,5,5-trimethylbarbituric
acid, hexobarbital, 5,5-dimethylbarbituric acid, 1,5-dimethyl-5-phenylbarbituric acid and

their salts.
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The sulfonamides expressly mentioned are N-chlorotolylsulfonamide, dichlorophenamide

mafenide, nimesulide, sulfamethizole, sulfaperin, sulfacetamide, sulfadiazine,
sulfadimethoxine, sulfamethazine, sulfapyridine, sulfaquinoxaline and their salts.

30 The thiols expressly mentioned are hydrogen disulfide, cysteamine, cysteinylcysteine,
methyl cysteine, thiophenol, p-chloro thiophenol, o-aminothiolphenol, o-mercaptophenyl
acetic acid p-nitrobenzenethiol, 2-mercaptoethanesulfonate, N-dimethylcysteamine,
dipropylcysteamine, diethylcysteamine, mercaptoethylmorpholine, methylthioglycolate,
mercaptoethylamine, N-trimethylcysteine, glutathione, mercaptoethylpiperidine,

35 diethylaminopropanethiol and their salts.

The polishing additives are believed to increase the oxide-to-nitride selectivity.
The American patent application US 2006/0207188 A1 discloses a ceria-based CMP

40 slurry containing the reaction product of a polymer such as polyacrylic acid or poly(alkyl
methacrylate) and a monomer such as acrylamide, methacrylamide, ethyl-



WD 2012/ 032466PCT/ 1B2011/ 053891 7 net hacryl am de, vinyl pyridi ne, or

vi nyl pyrrolidone. The reaction products are believed to increase also the
oxi de-t o-wptni2ds246! ectivity. The Anmerican patent appli eariiBzo1uUss3891

2006/ 0216935 Al discloses a ceria-based CVP 5 slurry conprising protein,

| ysine and/or arginine and a pyrrolidoge conpounds such as

pol yvi nyl pyrrol i done (PVP), N-octy 1 2-pyrrolidone, N-ethyl-2-pyrrolidone,
N hydr oxmth@qylzmlqmmﬂpv%% OFI\Y-”EWQW@ 1T23;59?Q*'@P|Ftﬂ@ﬁ1@t3 are believed to
N-but y| - 2nqeyasecisaiibe @xidd-toeitide Selgytiviol | done, Ndecyl-2-pyrrol i done,

N- oct adecyl- 2-pyrrolidone, and N hexadecyl-2-pyrrolidone. The ceri abased

CWP slurr n further re cont ai Ilke acryl aci d,
olycol o Theahientin, Brsebpeocefiotiy 2OaREATIRE AL shses o cbia-base ehp
SRR s eect vetiar ot ey

an -
aggressi {?)glréllc?l ny !(%do %I?]x WYZ re ﬁnn é'l\?éo ”;[r?}'flllqbq% alkllllh Xy WA %(r;ﬁ)%’g(h[y(laéded
SR G R o G R
step hei 1 i -

di scl osedbasedteMPasibag eah fUMReshorercpntaimdigpdrsing agents like polyacrylic acid, glycols

pol yeqfyly %I@AEQ%W 86RO BEEWé&?ﬁ@éb%%e%ﬂhé&”ﬁ IZ %&P&%'o%eféﬂmo%@?z-

FLE{ ﬁglr Snp-yrgo e nb§3 Cﬁb o&?%l)(pﬁ mers; 30A 9 arirlaF‘d he ceria SL)gsrerdyCﬁI% slurry

2- di et hyd betiened @ madtabgrlessively ograone trérioVsNIBPn d@detmmew gtawjdlfopextepdech o 1
(AM P ) poRsHirdy 5eYoR@ el i dipaing Q8 R 30Btantil{ irefiisPith@ Mim@let igpRbighi2- 20

(et hyl am no) et hanol , 2-(di et hyl am no) et hanol ,

2- (2-di net hyl am no) et hoxy) et hanol , 1,

[ [ 3- (P ndtheyh@atieRs) paispl PPRliepHe) Us 80@7/997(7[%%?\1 dsciopep i peaPaRedeCihol |
2- (t er t bstuytyacontaiiey h)@ly@thyleaeé)ddegmpym@wlmonﬂ)aaidpalyaiers pratderably from the
N-(3-am pR6LARY )amﬁ Q%Id"tg BASE. ﬁ‘?ef !:é} fﬁﬁMerfrﬁHr Ht‘%ﬁ{ €
contai n quater n ound trarret [ um >1| de,
filmfor %TH@O age Ig sy ?mm%ee Vb DHRRA Wa?- Y

am nes, pPhosydentel eAVH? s, 2-6bdminpethylanyiho) ettnlaﬁalt e, 2flamr§7psdmnlde)ethanol 2-
pol yagoyI(ﬁhbﬂ@lanmﬁb»éﬁetnbaetwleaﬁﬁmn@ tb(andI‘YJ @b@ﬁeh@mﬁ.ﬁé etmy)éwdr@ e|S1'

pol ystyr sul.f onat e Yl fat & triazol e, Laz9

bonyoi i dagamE A b 2 oL Beo G S oisih 8RBz B8
gl ycol at dsitylaraipe)ethasol, @ @ém@wéamlgexerha@oh@nd N&amcegopybmomoarﬂesﬁe
citrat es CeRaOasabC P, slliray nal ésrtharmlbad e@ntauatqlnmteemwgl|aam1mmratcroamehd§m&0

aci d, Eé(tlﬁﬁ |Mﬂbn|uﬂyﬁmﬁﬁn@oﬂlkm9¥?ﬂg% nttsa&%ﬁaasc Ieveﬁpxom um

sal ts on| e cerli a-based IS
provi d ﬁ\)'awyo?mgieﬁ BB?FF%IQ}%@SEF?@/S&PIU& IW%H ra{er iaY A&l95t i ve
to pol ys|p|oimrylafélsep¢lrymetr¢anyl|ae&semolwpmlwlumhonales RO Waldies10dygtyrene

di scl osegyforfs '@IW@UIQ\@ b%ﬁzéthafdw tﬂQiHPé Iaﬂd%n@ombé’z&ﬂé 'a%@'?:oﬁ#b'léxﬂlj ng
i nhi bi tor V\:thh is sel c| from er S| uFeéS 6%?%%””5 haV| n
t

- nonos uBSET SRSt 35 gt et iare ol BsY PEEE éﬁw@c'ﬂ‘enbers
sel ect ed okplgias: REthGlases cﬂeﬁeﬁ s$ycstpalss. triajesa makeies ratbHaredjanminetriraghetiaal pha-
subst B0 utzedll, denylwas gwes |, tgyesenéchdpopyreyhydietsnnid xcial ﬁhosphonlum salts and

pol yvi ”y'(gyﬂ}S%;SrRJn'i s ,Thfldgv.h%gé@bﬁ@: &Ibﬁ?ﬁé O@*év@?% bfovtle® éeb@d’t‘uq

et hyl ene he ceri a- ase
STty o aARds RIS oD U v de PABF L] ymor s SuGh as

pol ysaccharides |ike alginic acid, pectin acid, carboxynethylcellul ose,

agar, CUW'eaQneﬁM @ét'ehﬂép%hcaﬁ@ﬁ WQWMT§1 OaCAﬂSjléiﬂl&dQBsaécéWd ¥ ASRPC MFC

ggllg/ 832 églr:y%a@g%@@ag?géafwnyp%hgﬁhg |r9n glttrc‘)ir v'vr(]:lch Y&elected from water-soluble
polymers having a N-monosubstituted or N,N-di-substituted skeleton substituted by any
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substituted derivatives thereof; polyethylene glycols; polyvinylpyrrolidones; alkyloxylated
linear aliphatic alcohols and ethyleneoxide adducts of acetylene-based diols. The ceria-

40 based CMP slurry may contain additional water-soluble polymers such as polysaccharides

like alginic acid, pectin acid, carboxymethylcellulose, agar, curdlan, and pullulan;
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Likewise, the manufacturing of high precision mechanical devices also requires high

precision CMP process steps.
25
One of the major drawbacks of the prior art ceria-based CMP slurries is that they are
prone to attack by microorganisms and fungi. Therefore, they become unstable upon
storage due to bacterial and fungal growth, which growth has a deleterious effect on the
particle size distribution of the abrasive ceria particles which, in turn, leads to an
30 irreversible agglomeration and sedimentation of the ceria particles.

One has tried to ameliorate this severe problem by adding biocides. However, the prior art
biocides also tend to destabilize the particle size distribution of the abrasives in an
unpredictable way.
35
N-substituted diazenium dioxides and N'-hydroxy-diazenium oxide salts, methods of their
preparation and their use as wood preservatives as well as bactericides and fungicides
suitable as disinfectants and for the finishing of textiles, plastics, buildings materials or
paint systems are known from the German patent application DE 38 35 370 A1, the US
40 patent US 5,393,874, the European patent application EP 0 588 249 A1, and the
international patent application WO 90/01033. No mention whatsoever is made that N-



10 I n particular, the novel aqueous polishing conposition, in particular

t he novel chem cal nechanical polishing (CVWP) conposition, especially the
novel cerwa-2be#set6&MP sl urry, should exhibit a significaorhpoimpievied
oxide-to-nitride selectivity and yield polished wafers having an excel |l ent
gl obal and local planarity as exenplifigd by the wthin-wafer 15
nonuniformty (WW\U) and the wafer-to-wafer nonuniformty (WWWU).

Ther ef or 8Ubstiigod digrgnynbdiokides |and il 'ty deaxyrdiarentym pyiAafsals GPHIAPS gsed in

ar chi t ectpotigting comguaitions,uh aartic@ar W dekialbSted CMIPgsursiesl e i ntegrati on) or VLSI
(very- Iarge scal e integration), having structures with dinmensions bel ow 50
nm 20 eover, the novel aqueous polishing conposition, in particular the
novel éﬂ%%ﬁ?oﬂ@ﬁﬁaﬁP@§] pol i shing (CMP) composition and especially the
novel éerla based CWP slurry should not only be exceptionally useful in the

field of Tihat&eraitad aﬁldbféat bf ﬂ\%%@@ént .mgnn@hqulp%\ﬁaég nBQeMBsileol$ fobfdtiitf | Y
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magnet i c aneadsybaaks withke peasr &t ghlishing@osipositioc hani cal devi ces and opti cal
deviceg, in particular, optical glasses such as photo-masks, |enses and
Iectro conductjve filnms such as indj

prisns, inor C u TO,
i ea i PalR g dRe TR 2 Edgs Folsfing o oRs Han d BaRRDEY Mepduebphermich
wavegui desschapicatrdlishingd EMRtaahpositioh, espectadly drednbed esriabaspd COHR sitimyer s
and sci ntshbligleRRidit a%ﬁﬁrilf@ahl%ﬁlﬂ{pré)\%dr&%ctb%ﬁhé‘é §ele§tﬂ/ﬂ§3ah(ﬂ 9le§i~m§|tslﬁéht \ﬁ§fefsor

bl ue Ias%r LEDs sem,song, 0g st al & a ubst ratt 0f
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t her ef or ghogld &gl ekcaltentigBgitad Elxlmdﬁiufaomrb\@dt)ea”rclaiecamds 35 phrdingial |Gy witk bSdur i ng
prol onged /{08 208 A8 ra‘E‘iBn?SWE@\ d(%g’ialrg sQéIFtrl?t% I%‘lrohk (Ha‘?/in? %tﬁﬂur%%%ﬁ#“ on

I
of the agra5|ve EFFI @8 Icles uent o irrever
aggl oner HMYHASPELNGPHERt ati on of the ceria particles should take place.
WO 2012/ 032466PCT/ 1B2011/ 053891 11 It is a further object of the present

i nvenpp Orl\/lerO\FHrOWéjﬁO\?él W@busprp@ tempeatidrs hh %rﬁé&hh?rt t'hét fov@RicREMmRES Of
mechani cal el ectr

necor i natesnEbEa diGe RERERE oA e Reci TR Phr kel Bt SO P e
sai d pol is5piIAGoLempbeiersentiopalisedil ythe Apldaf integratedoisuikdepess SHLHsIbr
wat er - di sieytsé bloet efticipatiyans et egitegedusnusdia igrtoel fieltid ©® Aginsfdongingf other
N-subst i tpdd %afiéjéﬁ@e@'s‘ﬂl% di (ﬂéwg%@/sf’ap ahbIs, Wgérﬁ&(éregbé}aﬁme%%rﬂ?sbgés |_r,1tt&j and

Scie0s SORILPRRGS CBRisoRPETERT. (U0 Bies 1B q §283 AHldnaGisH 0ereT o WAl e
i nvent i omigh precision mechanical devices and optical devices, in particular, optical glasses such
as photo-masks, lenses and prisms, inorganic electro-conductive films such as indium tin
oxide (ITO), optical integrated circuits, optical switching elements, optical waveguides,
optical monocrystals such as the end faces of optical fibers and scintillators, solid laser
30 monocrystals, sapphire substrates for blue laser LEDs, semiconductor monocrystals, and

glass substrates for magnetic disks.

Most particularly, the novel ceria-based CMP slurries should no longer be prone to attack
by microorganisms and fungi and, therefore, should no longer exhibit a bacterial and

35 fungal growth during prolonged storage and no destabilization of the particle size
distribution of the abrasive ceria particles. Consequently, no irreversible agglomeration
and sedimentation of the ceria particles should take place.

It is still another object of the present invention, to provide a novel use for N-substituted
40 diazenium dioxides and N'-hydroxy-diazenium oxide salts.



Mor eover, the novel process for polishing substrate materials of

mechani cal, electrical and optical devices has been found, which process
makes usewof2otds24s6nposi tion of the 20 invention. Herei mafriBzo11/033891novel
process for polishing substrate materials of nmechanical, electrical and
optical devices is referred to as the fprocess of the invention". 25 And

| ast but not |east, the novel use of N-substituted di azeni um di oxi des and
N - hydr oXly§i 2a7¢falirbisa @& talrrasenbinvariiang RePiovideg mexslaPeqss, foepetighinc al

and opt i cabsteay haesialkas niesbanicalysldctrisdliant optieal idsvibey.ei nafter referred to as
the "use of the invention". Advantages of the Invention 30 In view of the
prior art, it ma§ sqrprLsing and could not be expected by the skilled
artisan tHAMIHET K5'B&WOBt "t he present invention could be sol ved by the
conposbtion of the invention, the process of the invention and the use of

t he i nvenicemingBp thd noVeS afddduk PelisHihy cSHpMiticH Mg BddatiolMe tlOEMPpbhidhtty of

t he |nve%thonigéplgltﬁgja significantly 1 nproved oxide-to-nitride
selectiviPypgﬁd y?éP@'pé1ished waf ers havi ng an excell ent gl obal and | ocal
planarity as exenplified by the within-wafer nonuniformty (WWWU) and the
waf er - t o{Wpf erat raBUONG Water-sylubMDAMdXer-disprsiblercempohey swected évaethbemnddgy

sui tedpfor ma CL Ll | | & i i S, Mk

(lar gg(-)scal e {&Eﬁgg{rﬂé Pgﬂ)éugﬁﬁ\l}% &'%é’?e@fdﬁ’f'g?ggﬁasﬁﬁ-‘éﬂ?’r‘%{ g}é%%ﬁlp@n@ehavi ng
structures w tA'iEnsi ons bel ow 50 nm WO 2012/ 032466PCT/ 1B2011/ 053891 12
Mor eover, the conposition of the invention was not only exceptionally
useful i nBf he t @ktorftypbesradi@dpsticiesli t devi ces, but was al so nost
efficiently and advant ageously useful in the fields of manufacturing other
el ectrical devices such as liquid crystal panels, organic

el ect 13| Uhen&stednaitepaidl $ovelr iagteeHscipolizhing wamesitiom ter sefaeedi iveas A

chi ps, m"csrpdsitphaftis iavshtioRlgnet i ¢ heads; as wel|l as hi gh precision
mechani cal devices and optical devices, in particular, optical glasses such
as phot o-masks, |enses and i sns, .inorgani c el ectro-conductiye fi|ns, such
25 P oMoy e BOT8 PCesB I P Ta R A GuLETATS o TS0 et Glforisal Fh ng
el enent s optipali devicesehasgesateund pwhichl processcmpkealse obithe esnpositiemdf freces of
opticaph fih@tisn.and scintillators, solid |aser nonocrystals, sapphire
substrates for blue | aser 10 LEDs, sem conductor nonocrystals, and gl ass
substrates for magnetic disks. Mst particularly, the conposition of the

i nvent i oflaigigakey, el prospes fop pelisding subskateymaiedpGoY grathahisalaalgcirigali

and, t her@tieptcal doviterigesfepadidad e "probest dfthainvadtidnf.ungal growt h duri ng
prol onged storage and no destabilization of the particle size distribution

of 15_the rasive ceria particles. Consequent|ly, no jrreversible
aggl o rfﬂ%gﬂs@h‘& ”%@8?%%&%@8‘:1“%%0&"#%&%%&#%5 B'é%?ﬁ“%@&léoﬁ K@ “gélé!.droxy'
Ther ef or @jazehieincoxipe satts for noénufactuiimy evechanicalaslentictl gat optmal devigesulsast ul

for the ppegeamdOvhich@sd RURMEIhSTer rdBRePIPSEMS "Me bMEMvERMbREOUl d be nost
advant ageously used for polishing, 20 in particular chemcally nechanically

pol i shing substrate materials for electrical devices such as liquid crystal
panel s, anfpgeeridbe yeaiimescent panels, printed circuit boards, nicro
machi ges, DNA chips, mcro plants and magneti c heads; as well as substrate

mat te_r i a: $n URW éﬂtﬂé‘ﬁ?&f&rlﬁtj Wik é’(ﬁﬁh&ﬂé %ﬂb tcgﬁlﬂin%ﬁﬁe %Fﬁieé?&ﬁ Bg?ﬂéa &M Chfisar N
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invention, the process of the invention and the use of the invention.

35 It was particularly surprising that the composition of the invention exhibited a significantly
improved oxide-to-nitride selectivity and yield polished wafers having an excellent global
and local planarity as exemplified by the within-wafer nonuniformity (WIWNU) and the
wafer-to-wafer nonuniformity (WTWNU). Therefore, they were excellently suited for
manufacturing IC architectures, in particular ICs with LSI (large-scale integration) or VLSI

40 (very-large-scale integration), having structures with dimensions below 50 nm.



25 as indiumtin oxide (1 TO, optical integrated circuits, optical
switching el enents, optical wavegui des, optical nonocrystals such as the
end faceswofopieeal fibers and scintillators, solid | aper/IBIMO033st al s,
sapphire substrates for blue | aser LEDs, sem conductor nonocrystals, and
gl ass substrates for magnetic disks. 3Q,Detailed Description of the

| nvention The conposition of the inventron is an aqueous conposition. This
means t haforpevesdhe spmposiiereef the inveaan was aet Ay ggolienalarediul indhe il ahi n
sol vent amdgratesipeicait nigviagss miut wie \adsot hestasficieritipeandaivastageauslyofisdfiian the

| nvent | ofefiYorCAlhdhBuig RS LoiiicaHeticollisieh Bty QLRI fansRl ¥iRd
however , gqrzfl% In mnor a?ﬂ?unts that do nOtd change e daqg s nature of the
conposi t iFGFBHMIPRSCERl BAGIS P N & CEFYb PParden BB P8 e te% $HRS: i RGENt i on
cont ai fis platteand magnstinthead$; 3 weail 86 high IecBEN e chwiightdevives@ndraftisabbl y
70 to 99.43¥chy, i%hﬂib&lar,ggﬂ@al@Hs@e@_é&ffﬁé@%dto%sk@, 14053 BrivhsWRiogdtinicand,

nost preferabl 90. t Q. 9% by. weight, th i ght _percent ages ..hei ased
ot e csfeshBicnadctiyh iy sgclt RYintERo o B, o DBlBrIRe e Gy bliRaP
2012/ 032486PTTE BP0 058iB9h Wa B gpitese 8RR Manearstals aech 2% Betsnshfagenehi ns
as the fiopfital ébserdndaicintingtordselt lagsr manqeosens, sapphieasibsoaes forgieraabt y

one, t e=rs.0L yhi Pl i fromthe group
consi g\t@i %th%f g%ﬁ‘?ﬁ%ﬂ%%@ c%s%@%%ﬁ%ﬁ!agls %X| Ee@?&fﬁgﬁtﬁ%-l%édr oxy-di azeni um
oxide salts (A). "Water-sol uble” nmeans that the rel evant conpounds (A) are
di st ri butMast ipartich@rizigthemosposiionof 8¢ inhentionl vwauh@ongew plonewh dhee atiack by

i vvg_t er- d'nﬁ@l}?f&géﬂi@rﬁ% @Ela%néihﬁd, Erﬁtﬂ‘%fcﬁéﬂn@ﬁirﬂ‘g{eﬁ%kb{ibﬂbgI%etﬁﬁériélrhri&ﬁlngﬁueous
medi um an rm.a s e suspensiqn o sl.on,..pref erabl. abl e
Suspens: Qv g PLAdhdae SRR 2hd Delss it p gyt BE RafiER sl fihigtRoror

Pr ef edablthe aprasinesifita palii@as dCarenduen iy .oxe deeverajblgragdpmetiatige meydal

formul a IsediRlentdtion @f dreNeB2 pattictestdok pld&e.l n t he general formula |, the
vari abl e R designates a noiety containing or consisting of at |east one

resi due | ected fromthe group.consisting of n ric, qligonmeric and

bol ymer | dRewiere e PEwosHAN GhURHAN R Was TSt Bredo syl dein pracess of

al i phat i ¢heamdentiool db¢ ppivass of igvendios cauld beonogtiadvagtageoustyntsedriomgplishingeast
one hep enipph@iouaneh&hicaly measdni@ng pBiidring sLsdtalte Aatéridid 1R eldcaital dbiitdd ng
group, and nmononeric, toll | goeri ¢ anq oII neric t20 S,Jbst.ltt Ht ed and q

unsubst i tsh{?'éasﬁ%'ﬂacﬂsca %’r;%ﬁfﬁs OFﬂ?t”'Cc%ﬁ&é‘? %E“H‘ge%?”,c"@ﬂ?&r Ri"Ag sieyLBGards

het er oat gMera maghieegeRbAthippHrmigraplants ped MagneHadradsi as Welh@gisabstiatef rom 1
to 1000, npatefia@s &dolhyghlpreoisPlnediahapd@fiarsadidyoptichiadelid@s ainthartuen, oftical

pref erably,ssds EL?(ihSQs Mo-TRRE, 1Rk A vgrs}iﬁ%@;aég'eljléégfr%ncc;nlaﬁctrv%%{hqé’ﬁ% vei foan

ol i goneri"c .or. polyneri lety, the nu N do t, hecessarily

be an“? nt&d¥ 'U'E‘Jt’%/%ﬁ*ne glng;g %P‘/’Q' ipesktRd FIRKES. OPYeRl SWitchigg &'qrpentieoptical

st ati st i owveguaities, @ptifal nreemootysptnsrchasahel epd faoee of optimel Bbdére sind Wiotillatdre,
residue Boli§ 18 MNORGE Y Stal®i ipyhirk RRIbRUEREY foh blFe WeRILIBDARhIESRIctor
Consequento‘lsr%/dC w!f}'lsh re rsdsto rthesfdh%emt%raj]sq(l oxi de group, the residue R can
be monof dHETCERE™ 8 Pi !f'tfﬁ%@ﬁ onal SINHICC eans that the residue R

cont ai ns one di azeni um di oxi de group or nore than one di azeni um di oxi de

gr oup 30 3Detdilet i seastntd e Ihbentioasi due R contains at | east one heteroatom
and/ or at |east one bifunctional or trifunctional |inking group, the

di azeni um, di oxi de_groups .are preferably bonded to arbon at om of the
resi due g_he compositign oy%e inventign IeS an aqugous composition. hcis means ?ha? it contatlns

water, in particular ultrapure water, as the main solvent and dispersing agent.
Nevertheless, the composition of the invention may contain at least one water-miscible

35 organic solvents, however, only in minor amounts that do not change the aqueous nature
of the composition of the invention.

Preferably, the composition of the invention contains water in amounts of from 60 to
99.95% by weight, more preferably 70 to 99.9% by weight, even more preferably 80 to

40 99.9% by weight and, most preferably, 90 to 99.9% by weight, the weight percentages
being based on the complete weight of the composition of the invention.



A given residue R can consist of one of the above nentioned noieties
described in nore 40 detail below or such residue R can contain two or nore
of the abwoeorstieoned noi eti es described in nore detai IPCvaBmal/038R91CHh
groups are different fromeach other and may be WO

2012/ 032466PCT/ 1B2011/ 053891 14 |inked 40 each other via at |east one

coval ent _bond and/ or ¥1 one or nore of the above nentioned |inking ?roups
descr i bed hersompeaitigePRiNE IMKENBAR coiainhas enitrebassential ingrastiend oneom Abn

" mononmer iledst oransefehuly drie watdresotuile oma’atdudep&sbleaa:c&nmtmhﬂ\setécferdo‘mnmrmrrer ic
conpoundg, i ﬁdﬁ%ﬁh@bﬁﬂ -s0bsttREd 'd%zbﬂuawpéuoﬁdéé @{y%&?%\a&%huﬁnﬁé% igeet ural
unit or t acteristic structural units. eera nonomeri c
conpound$? Aﬁave nol ecul ar wei ghts in the range of from 40 to 1000 Dal ton.
In theScontext of the present invention "oligoneric" means that the

r eI evant "Y\/%%r%%léqtrﬁézﬂwbsltﬂaﬁwel r&%@aﬁﬁ@&t{nﬁ@"(ﬁ'} hfe @l@fﬂb@ltt{bdlﬁ t!{% a@?@é@d tm ng
con3|s | Q,.a aracteristic r n ructural.units.

P ofer bl ity 3h 375 SBIEIRLevgm RS "ML AbbE LR A it

wei ght s p@fseﬂﬁ@ﬁhelwe%s Q‘EQ@'”I%H‘Q oM 2 ﬁ’iamﬁéUWﬁ@i@toréfn S, prederahly a

i nvent i ostabosyspension. Miesa peeféraly, theompbendsn(d) aeswatessoltblar e 15 derived

from pgl ymeric conpounds R containing or consisti ng of at least 12

characte ructural uyni | ymeric

conpound et B GisyRili e e i AL ek @ adiest erBiR 500 t o

2,000,000 Dalton, nore preferably 1000 to 1,000,000 Dalton, and nost

preferabl -NRE8=No”[0, 000 Dgj.ton. 20 "Unsubstituted” neans that -- except

for the heteroatom; descri bed below -- the rel evant residues R only consi st
of carbon atonms and hydr ogen at ons. "Substituted" neans that the rel evant
resi diies IRthegsngral fermulahshe wariabuB slepignates aineigly Gostainieg pr consisting of at

non- r eacti¢ast onedesidubaetuunet tfiommshe §raupecqarsetimigadfiraonorh édc, hﬂjrgdhiemg artdhe
storage ﬁ)%lﬂ’ﬁ'&é *&%b‘éﬁ@t&ﬁ a%B‘iin%%Ef?M%’& %d%ra't&j Lhg u‘h‘% gi %ﬁna‘?ﬂ‘c gl

inventio e inhert su ents such
B B A S L L AR

sul f oni ¢ caeibfunptionpr tifhndiphaldinking gralipg andipenometic, @Ilgmmerpsanohmdqumm |l e

gr oupsy %U@itﬁuté@|a)ﬁdfddé95étiﬂﬁe@%¢orﬁél|cogﬁrbﬂ|@s AbOEBHtAREG 1 tohlaiP a0kastiPsne
" Sat ur at E]F}%gqans that the relevant residues R do not contain any

olefinic B Macet yl eni cally unsaturated groups. Consequently,
"unsat ur at ed" neans that the rel evant residues R contain at | east one

ol ef i ni cah the gemdtadforamaizt ly thenhe midey nigs atimbat efdrogi 0t 10®5 preferably 1 to 500,

more preferably 1 to 100 and, even more preferably, 1 to 50 and, most preferably, 1 to 10.

25
When the residue R is an oligomeric or polymeric moiety, the number n does not
necessarily have to be an integer but can also be a broken number. This is due to the
statistical nature of the oligomeric and polymeric moieties. When the residue R is a
monomeric moiety, the number n is usually an integer.

30
Consequently, with regard to the diazenium dioxide group, the residue R can be
monofunctional or multifunctional, which means that the residue R contains one
diazenium dioxide group or more than one diazenium dioxide group.

35 In the case that the residue R contains at least one heteroatom and/or at least one
bifunctional or trifunctional linking group, the diazenium dioxide groups are preferably
bonded to a carbon atom of the residue R.

A given residue R can consist of one of the above mentioned moieties described in more
40 detail below or such residue R can contain two or more of the above mentioned moieties
described in more detail below, which groups are different from each other and may be



Preferably, the heteroatons are selected fromthe group consisting of
boron, oxygen, sulfur, nitrogen, phosphorus, and silicium nost preferably
oxygen amsiorotrvmegsn. WO 2012/ 032466PCT/ 1B2011/ 053891 1BCEABRIMI/@B8910r

sui tabl e bifunctional and trifunctional |inking groups are carbonic acid
ester, thiocarbonic acid ester, carbongje, thiocarbonate, phosphoric acid
ester, thiophosphoric acid ester phosphi nic acid ester, thiophosphonic
acid est dpkedypoagsthi qteer Y'%r%ﬂﬁ@éb@%ﬁ@‘@'%r%%@@é@r by AP i rporgcqf dhe sbeye

am de, ameargionédiirddny greuppdesspbat inan@eiddtatimetdsy. 5 t hi ophosphoric acid

am de, phosphonic aci d am de, thiophosphonic acid am de, sulfonic acid

am de, , hydrazid ur et hane, yrea, thiourea, rbon t hi ocar honyl ,
SU fon anh T PSR G 108 BB HUSTOpAFEBGRRS| Jes Bhingb e Blevarbinies X

car bon§| asndderixetholndorp awindmest econpavings, Rmesntaéng iacutensigingf efr ablsgngle
carboni ¢ cAgdtt@stRI stalcBPunil OoPiveS BF ARlcYeridtiestp@dtUrAtuetts. rmefyrm:rr ,Cthe

alrphatrc noi eti es eriye mI|n ar .or bran C

hydr ocar HeneR"C C%]rpgupre?eraglmfleciu e 'gh? '”6?%&36‘988?HP| pha tf)l @sélb & &ar bons
R having 1 to 20, even nore preferably 1 to 16, nost preferably, 1to 12
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substi tuted, satur at1c noletles are derived from
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oct achl omawrb%aéflsur@amem aMRBcBhRIHe PUIRBA aﬁﬂﬁis L SPPAE ARRIndSc&ide &% t he
m xed fl ?)or ochl R.\éCfr substi t ut eg?@,hrt anes_and 35.i sobut.anes. Pref ra.bla)é, t he
e

unsubst i CUTRES DLIGRLITRYPS TBRENT @9grP iR SHIONE S LeURe: r?Q\‘?rFP?B”'é‘rt ast
one het elgpAEREPAO s, aBd nftrrlemrcpqnseareferablwrﬂaﬁ&m%anwhlgmm atemsyanddiiilbons
R noge pf&fperably, linear or branched aliphatic hydrocarbons R having 2
to 20, even nore 40 preferably 2 to 16 nost preferably, 2 to 12 and, nost

bne. i 1 ogBHTRIGH ARRP SN §aRISRGRT BRRUERR 30 ca BORTELS afy. olefasall or °°°"
2012/ 032466tvEnicaid2 0nsat@aiglogroups. Consequently, "unsaturated" means that the relevant
residues R contain at least one olefinically and/or acetylenically unsaturated group.
35
Preferably, the heteroatoms are selected from the group consisting of boron, oxygen,
sulfur, nitrogen, phosphorus, and silicium, most preferably oxygen and nitrogen.

Preferably, the bifunctional and trifunctional linking groups are inert in the above-
40 mentioned sense.



16 Exanples for particularly suitable unsubstituted, saturated, nononeric,
aliphatic noieties R having at | east one heteroatom are derived from

di met hyl woherzo3essbhyl et her et her, diethyl ether, 2,4-diPoYapsEnt/esssl

2, 4- oxahexane, 3, 6-di oxaoctane, dinethyl am ne, trinethyl am ne, diethyl
amne, triethylamne, dipropylanne, apg 2-oxa-4-aza-pentane. 5 Preferably,
the substituted, saturated, nononeric, aliphatic noieties R having at | east
one het efFdarpiasdpesiiablekignetional @n%'arncquabhaﬂwa@uaﬁ BphedrPeniagaid&sirbons

R , nor e thioefresrablagid éstereaarbonatbr tigdaesbnata, phasphoribyedtdoesteh anispidsphanic ng 2

to 20. euen amce PEERED &ike d@ﬁ%n.@ra%deéa@r' frodh_ HodRbndRst
par ticul ar] y" prefer car.pon 'ecu Bt Teast
one it r G5 eSt5mefiRn racef—k St AT e P o AN RS sl i FBaa:
one fl bothinehcapbone ac;ihlamw@f@tspmm@aamhe@e ftoiopipeapthiooigl awid gmisiei salfdnic

substi t ut:eeh arsigt uhﬁdee%ydr%ﬁia@n@d’etr%neauﬂeﬁhlihtduﬁed’néla&ioh?lsthl%cla?’dﬁnvg s@l?ori zﬂ%ﬁt one
het eroat g derived f er et t'{ 15

ro rret h
other 2 G Bl Tt PAT T bbondle! Srandlé, QA8 Hoa inia
trimet hylgr%—lﬁsn@osbﬁaé"ﬂ%ﬂﬁr pagferably qafb@uwwﬁt%groap&pr opyl ani ne, and
2- oxa- 4- aza- pent ane which may be substituted preferably by at |east one

fluorige P?é@FHb%P%é”saﬁl?ét%' nBhBAL aé‘lgfhgﬁc 'Mc}uéﬂe'seRgér@U&rvéQ fﬁfn?fhﬁéébbb’ t he
substltu ed U tifute sat no ic, a atic etles

o St eiad SR ANCUREOSHRANS B PTS BHTCIAAl MaaRiar Fa2 bt S tior [ ved
from | i négdrosarbbnaikC hadnallitpl2&t eeerhydre peaféyably Rio hfbrreoe,jrpeéferaiw y1 tol i2hear

(2)rt br igc hed, ﬁl'dspbaﬁticglahbjlq{r@ﬁ‘e@é@ n$ 1634 (Eb'%bﬁgat@m% % 4 meMRNIdTH ﬁaﬁfcgfa‘?r ably
0 articular

r 2 to 6
2 o bon. a PR e B tand. 540 BB and PR, ot Al e Bl R e
trif uhet ilgahexane. diapReg osiane. FRECEBE eleNieNehJerahea HhOPRANR: aRdfodecadecHY ry at
| east oneagichist etrent, ethamspramnbobutpes dndisbibuthiye.sui t abl e substituted or
unsubsti t ut ed, sat urated, nononeric, ali phatl c noieties R are derived from

acet one, e et di et hyl ket one, th ket o
oy Dot JTTRetahe e, SRR AL GBS P ematic, RBE A MORLES R oo Acgs ToBL y|
and pent yihe@sirérancaee tlighaticingdnoearphs Renioyé prqtﬁerapiyl lirmad oblorepthesisaliphatic

propi opi ¢ él%'cﬁ'rb@ﬁ& Whav.ﬁg Ryto z@n@vaﬁ wé p%?ér%bb ﬁw@%b@tlpﬁe@@uﬁ/ melpmd and
et hyl est er rab ast OPFetafl uorine

t
S b s B! TSP RB L5 0 T R PLTRARY ¥ Blosl 2R e BB Ll 1Y
sat ur at edalogep g pelected er@S‘ItpﬁﬁFqU@ @P?'Eﬁl‘f&l@f(ﬂUﬁWQe@n%@“W%re derived from
| i near, branched, hyperbranched, starshaped, dendrineric and conbli ke

horopol YBGhp %%dforcg%)rﬁ{; @&ltﬁgle%tum{ itGA8; AU, %on%‘rllkyal Etl(‘[aﬂ%letles R

|sobu&¥Iene or anpunt ﬁ nmeri zed

[
hi ghe ola‘é?l‘i’\esr“’feij kgg'ﬁe lore: aHtP Bt h@ro TH]@R@&? dCWBFP(‘S'HBrIOyntH ‘éorand”%?f& yer s
may be sulifbioraantcsd angd fiperelichbd methyaret fllems thlorme 1{1-wrd he-difhafart, thamat i ne

atomb tmge.@avoaﬁawt ng/fik%Z&hlérQé%&ﬂﬂu&J Pﬂi‘ﬂﬁ%@fl%rotilﬂ'ltﬂ%l%sﬂldl(%m&g or
unsupsti ed, rrc o | C, nol e e

cont o ni AFpre ot BRE VBRI, Do dPoIRLE PHRZid ol oadg % atom
are deri \ﬂé@IrOﬂPCBIWCP iateane, fiosmhcedero, Wb@f%r@iﬁ'&'ﬁ@d t”%‘!%@sﬁf&b@(ﬂo Eférﬁ Wergeri c
and cooblétkehvengeatafioeios p@ﬁécfﬂ@'ppihe}é@ﬁﬂﬂ@ropfﬁe@bkwcﬁ hepuafmoweandlh@p@ahlbrcﬁul ar,

ethyl eni ?’é}fﬁne%sk\)@l? £t ANl eﬁjorb(fhlcﬂ@ LF arf%g 5 ro d| uoro,
propyl en d H Iy oxXl| tetr an ers and
esters, erPhﬂ%{Pttir artrv {9 t?ﬁafﬁg?ro “Or%rPcT' é}%é UARd

ester. Th\@xamlwrohbempfdﬂqyorm®tmroam&lfymw 9C¢m>;nlcm©smr@ﬁmra|amdtrtmachloro

bi functi (bﬂt%lneoén@ risbsiisid rRalell aBkhBInGEAYRRDréGN6Fd BESstRbRMELutkRes and
Pr ef ﬁés |§/o’b Fhe substituted or unsubstituted, saturated, oligoneric or
pol y (N Sﬁatl c noieties R containing at |east one bifunctional or
tri functl onal preferably bifunctional, |inking group are derived from

| i near, tnraf@fdiﬂgd thdwr}milbbrtatwheaituraécarrﬁdﬂammw digphaiic mm’etmsaldamagbt igst
pol ycar F%@t eroB?c{hrM ‘érréhgﬁ & froff e(arf%tr%}%&?é'daélgﬁwﬁﬁé H? ﬁm&' F@'_[[‘Hore q
particu %rrefgrat}fy Ilnear a/nc%te% ﬁ a?g h{/geocarbons ﬁg\gl g to 0, even mce)"resal
40 preferably 2 to 16, most preferably, 2 to 12 and, most particularly preferably, 2 to 6 carbon
atoms to the molecule, and at least one nitrogen atom and/or oxygen atom between 2

carbon atoms.



15 honopol yners and copol yners may be substituted preferably by at |east
one fluorine and/or chlorine atom Preferably, the substituted or

unsubst i twDedi2/asasat ur at ed, nmononeri c and ol i goneric, alPCphBaiilcossedieti es R
are derived fromfromcustomary and known ol efinically or 20 acetylenically
unsat urated nononers such as ol efins, etyl enes, acryl ates, nethacryl ates,
vinyl esters, vinyl esters, allyl ethers, allyl esters, and acyclic

nonot er pér@sirlesdeppartieydnegtablei ynspbifdsd. satdatedi Mepp@AES aiphaficsveiptired in
Ronpp OnIR hevidd H,leakhicasendiireniont byg denvedr oa@nppmethiyl ethéerpethglether ether,
"Sesquit ef €'%hihar D4 £ N do"yIr nes «_ why n

substi tu?éegﬁﬁr g’fhee.rr’ab ’.§H sglg?tm?rge% 't2’4ocglﬂgh§.ilzéj%r" %g dél\%la%ﬁ?g’r %F@Vﬁ%mggbm
and/ or nitiPEY 20BeRIctEd AN T YR SRPYEMNG 3d Agre-4HRserieed or
unsubsbdituted, unsaturated, nononeric and oligoneric, aliphatic nmoieties R

are et hylreamyrabhy, GRY4BREUtdAUEMLRIG, McHRRIePB alipASIRE MbRNss RNa0PY e lcaBBsdy| and
et hyl acrh)él ate, methyl|l net hﬁlgrrnyll at e,
h h

A X \ nxl e{j)h?r f'in(Fl1 50 e tersR. in

particul ar Vioay? et aﬁrlveé’t o N PR h ! ﬁae"f_hé( kA 83t er , "ahd

al |yl netPrsferably Hippar pr Gpsfiched ripbattcy hydpsrsbonn R’ davies, 2 dei 4k rivennipPtene,

citral, aprefbablyahtd 16 teos) pretsreblrRitopteardd resdparticuliry srafecabip 200w cartpay  be

subst i Uta%ﬂn@fo%g n?tgééﬁ#é),%t g{as{ Sﬁiﬁitreé LHoptPEAdDEr &Dygé%%o%‘bé‘Merj 2ALpEpnd/ or
re st nsu ,

»
nitriles group. era , the ) uted or stitute sat ur at ed,
cycl oal i ﬁ‘g%ﬂ‘? g”%tﬁ%?ﬁté?geﬁu%ﬂ EH@V‘V\?B ¢ 8t"Sat ur at ed nonocyclic, dicyclic,
tricyclic, tetracyclic hydrocarbons, which may be substituted preferably by
at | east ExampldsueF harcdaml/ Qlitablel ibsitEtedt oMuARSH, Afordnidric! fiphbdMoidesanpl es

f | i t abl b ed : ' d d..
ect bal | SRAPB e KRt iledR oIS b Y G5t B RS bt Bt Rl R sty
cycl ohéx&ther, AiHionapaniane, 2¢wxabrieane, 3. Cyioxaersadmedimethyl namiagd tpmatwt hane,

ment hone andae,anehyl@nniagriebgiaanes, digopybmited ahdl@-oxasoi-paHtaid ahictenay

canpher, A , o
20212)/ OBZEEWEEQ%%%E%QT%&%% fluBARE IRANEnd/oMEiorine atom and/or nitrile

spi ro[ 3. [t ane, spi robi cycl ohexane, decal i n, hydr oi ndane, nor canphane,
bi cycl o] 2. 2. 1] oct ane, adamant ane, tw stane, and congressane whi ch may be

subst b utregrePA Y, Sha BlibstiMedbr LSAMstRREY, shilPatbBemansthBric, @NpRatic@ortiesnrRand/ or
nitrile rouB. ¢ Pr ef er, afbl . tge tsﬁbsil tultleg. or _unsubst,i tut(ﬁd at ur at ed,
cycl oal i g‘ﬁ‘éﬁ” AR OED! ﬂn%ooﬁ]ta PhiRg APl NI QI8UR &1 F ALY TSI AP dMgat v ed
from f r olrarghadaalirhaticonatgeaibensdt' dyers ereferabysdinear of Brariad aliphatic
hydr ocar bgomca®oh@iRMhagnal tb 2as tvenmohe pesferably toMs, chodiyisferspand 128y be
substituted poef @é@@&%rl%re@érab@?%o BN&rbdHAohfiSo NI MR kil 2hd BEIca50sRANd/ or
nitril roup. 1 . . o
2? %lfun tional or trifunctional linking group. The relevant hydrocarbons R' may also carry at

least one substituent.

Examples for particularly suitable substituted or unsubstituted, saturated, monomeric,
aliphatic moieties R are derived from acetone, methylethylketone, diethylketone,

30 methylbutylketone, ethylbutylketone, acetylacetone, formic acid methyl, ethyl, propyl, butyl
and pentyl ester, acetic acid methyl, ethyl, propyl and butyl ester, propionic acid methyl,
ethyl and propyl ester, and butyric acid methyl and ethyl ester, which may be substituted
preferably by at least one fluorine and/or chlorine atom.

35 Preferably, the substituted or unsubstituted, saturated, oligomeric or polymeric aliphatic
moieties R are derived from linear, branched, hyperbranched, starshaped, dendrimeric
and comblike homopolymers and copolymers of ethylene, propylene, butylene and
isobutylene. The copolymers may contain minor amounts of copolymerized higher olefins
like hexene and octene. The said homopolymers and copolymers may be substituted

40 preferably by at least one fluorine and/or chlorine atom.



Exanpl es for particularly suitable substituted or unsubstituted, saturated
cycloaliphatic noieties R containing at | east at | east one heteroatom in
parti cul avoapbidmsass one nitrogen atom and/ or oxygen at omcanBodenidsed from
t et rahydrof urane, 1, 4-di oxane, gamabutyrol act one, epsilon-caprol act ane,
nor phol i ne, uretidine, isooxazolidine, 1-;;)yrrol i dine, 15 i m dazoli ne,
pyrazolidine, piperidine, perazine, and qui nuclidine which may be
substit utpéﬁferﬂbéf é?%ﬁ“@ﬁt'wecgpr Hegdstityiad, ppiyEHeh ligamedp ot PalyMeris.otliPhatiat om
and/ or nintgiétied Rycontpiningraefezsabhe hetblvatsu s pattidtiadaisastoselastgérustech, are

unsat ur a%ﬁy%}’%&?hhéﬁ?abh‘ncﬂ?d ety %?or&(fhregl I%% ﬂ%gbaegendrmrfémi@& %691‘0%

nmonocyclic, trac

. roc 0
Subst | t uteopPETEraBNY pSetscals kg Foi0Es. hopama SOVEBIT G AP/ or
nitril & @xidep.inpBrdicplagstiidengoaidei probelehgoxils, batylemesuxisstandueieahydrofurane,

unsubst i tinki&chyl BheAd HR@ESErs, wFémambpnaw rﬁet%?l @myftdé@;sylﬁ’a@r sut Ieé’thé!teéhcf r om
nt aql exa

cycloprope cyel utene

and 1, 2SI T EA ORTERE0 mer AP IRL SENETT s LA & °
ganma- teNHPW@W@m'Pémaﬂﬁﬁﬂﬁn@smﬁﬁﬁﬁﬁmV%nd bet a- phel | andrene, |i nonene,
di pentene, pul | egone, carvone, carvenone, alpha- and bet a- pi nene,

bi Sab?be'ﬁ%f%ﬁéﬂ Qﬁ@su&%&ﬁé&bi uré@Ftutﬁ?éngQtru Qm%HbB r'i_’i}eﬂgcé"r t"i3c di ene

whi ch stitute ast one
chl orine ”é‘i"a‘w‘ﬁsa dIBHRING At ¢S PaE ! Uf—‘ffé%“é‘ % ”yun 'HBasBEFé?ra [Yt*?éﬁm& O”a
unsubst i tiokied grasmtare aeddgd ftyollioadn, pmx:heﬂ mypetorashRd chanshapadigeadrimericsst  one

[‘et er Ofit QMJAE S BIgKd VWyéeraﬁé@”bUl@ﬁ@iHé{n@’s e%ndmﬁf&m(ébﬂy%te(% ﬁbﬂ llnleﬁ‘su . in
r cyclic, rac rnoon al,. Nl eroa m
wht ShC s Bl Aty dERER P33, § &Pé/a*ethyéf  fhadia 9

BastMone!
f1 uor ilhe NRAWPBYMEF aPd wePalyBRiSaR@y die Akt H’@' grederg Y'Y%@ﬁi?ég‘ erﬁﬂuor'ne
parti cul anbjor shibtiddhtenmsubsti t uted or unsubstituted, unsaturated
cycl oal i phati c m)i eties R containing at |east at | east one heteroatom in
parti cul t ope nltro en 40 at om and/ or oxygen atom are derived
P oty refrany3Re syPsulsd daiaybs bl b Raguriietr hasom e drg qliggmeric.
del t a3- pyliptradice mqigtieoRemrnejerised fieht Hdmi sostameni redwkinewn hyldinicdly bons nay
be Sugﬁtla'&:élty%ﬂlc@ﬂyﬁf %h@élhbétéby aftonbﬁl@sst eu@hflayordléfﬁ]san%@t%leﬁséorwﬁaﬁgom

and/ or nitr ou 12/ 032466PCT/ 011/ 053

bttt urdihache8e iy VBB VR SRS L AP el B esterS R Ridng oS
f r om nondRSnetareenasdsessIiepenss diterpenes. pad H&n@@mﬂ@s dessriped I RémeR Onbenzone,
bi phenyl 20t er Phieimd Chelnpirgnwvat. rezimppdidah eMytpanic € Sesl uiteepstek etDieepene”,

di phenyl %‘r\ fir Gy eprW rﬁUh&ﬂéFSqﬁay gL gnﬁéﬁﬁ[dtéél’k)ﬁ é‘r@bly"l&ﬁﬂtlﬁé’slh%g@ flubfi

fl uor P}ﬂ none racene, enant hr ene rocar bons
may b S@BQ rPWP@'&e ?)tPgT VY r%‘fp | east one fluorine and/or chlorine atom

and/or nitrile group. Preferably, the substituted and unsubstituted,

ol i goner igxaaiMbsel yamiciarly §ﬂ|@JB?é EGbdTmited b?ﬁnﬁ@h%t&ﬁruh!@l@rd‘té@rﬁwé\rﬁd?ﬁ&’id c
groups cont.al.ni n ol i ﬁ]On rs and gO|I¥ITEI’S gartl Cc
and oligonteric, afphatic™ moleti are ethylen propy ene "butylene, isoprene,
acetylene, propyne, methyl and ethyl acrylate, methyl methacrylate, vinyl ethers and
30 esters, in particular vinyl methyl, ethyl, propyl, and butyl ether and ester, and allyl methyl,
ethyl, propyl, and butyl ether and ester, ocimene, myrcene, citral, alpha- and beta-jonone
and pseudojonone. The said monomers may be substituted preferably by at least one

fluorine and/or chlorine atom and/or nitriles group.

35 Preferably, the substituted or unsubstituted, saturated, cycloaliphatic moieties R are
derived from saturated monocyclic, dicyclic, tricyclic, tetracyclic hydrocarbons, which may
be substituted preferably by at least one fluorine and/or chlorine atom and/or nitrile group.

Examples for particularly suitable substituted or unsubstituted, saturated, cycloaliphatic
40 moieties R are cyclopropane, cyclobutane, cyclopentane, cyclohexane, cycloheptane,
cyclooctane, cyclodecane, o-, m- and p-menthane, menthone, carane, pinane, carone,
bornylchloride, isobornylchloride, campher, bornane, norbonane, 8.9.10-trinorbonane,



10 polyesters, particularly, poly(ethyleneterephthalate) PET and

pol y( butyl enet er epht hal ate) PBT, polyethers, in particular,

pol y( phenybenemsedes) such as pol y(2,6- di nethyl phenyl eredABza)/p53a91d

honopol ymers and copol yners of styrene, which oligoners and pol yners may be
substituted preferably by at |east ones gl uorine and/or chlorine atom and/ or
nitrile group. 15 Preferably, the substituted and unsubstituted, nononeric,
aromatic Sﬁtﬁ?[gﬁ]r&?t@@eeontsé?irﬁh)'ﬁl@l%lexﬁ%%st telimet ePyskieiBdaNg: e ¥ FaRRNANEOM
nmonocycl ibicyaofR. pojogye Jadambetaas ofvisiand, | andcaomyoessdse whichpaal i keusdostigagen,

sul fur a{bgéJQFabgc%é;gfd;t gﬁé‘ﬁ@dr{ﬁk%ﬁld)&%%% R A/ f RY? whi ch may be

substitu pr y at |east one fluorine and/or chl'orine 20 atom
and/or nitrile group. Exanples of particularly suitable substituted and
unsubs?bi tRuefeblyro trenesubstjtuted owat usubsiitateid e ssaRuretedt a¢yeiaagplzatic] exdetiesnd

het er oat QBh@IEn IS Ib¥R GnE MRrbatbANe deRi QPG SronP¥AtLRI&Y, mdRodpdR! Gicyclic,
pyrazol e,

.isothi.azole, i,.sooxazole, triazole ridine Ir.azi ne
byr i i di Wiyl iBEve YHREaons soualninaindeasy pné hetetoalom. WHIGT Aldiearpans,
phenoxat maye sybsdbited piederably diyddgast ope fdapine Brﬂﬁ/Prn@?'Oﬁ”s%Qfemmq/QféE'tF”G
qui nol i ngyoypht hal azi ne, 1, 8-napht hyri di ne, qui noxaline, quinazoline,
ci nnohpne, pteridine, carbazole, acridine, and phenanthridine, which may be

substituted preferabl at | east, one fluorine and/or chlorine atom and/or
tri ] e Granpeie Aariituay ap b idemb ps NS Al el b Rl ot | s
R can be maetissne domiainingeatd bashtah asi oneaimgtergaionn.on ferticuteh et keast ciisl mtréyest t he
general fa@grAudidi/dr oX{igksn afin WRY @iriveX A BotrahydRifefaneR1dRHIoX8Re fdMmBenzene
can be C%Hﬂgll nedowith a moi ertoi'a B der vreﬁ floma .&o‘rqu%/OHEE Igi et h}yrm%%gm de
via an_etCHEOIHOUR 77513 qaP ORI NA Jae PIRY S WEBLET et 2S5 T AR IR I

di oxi d@ (midagpliee.\purazaligina wireriding . iperezecapny auinecliginet WedciRnaa e bger i ved
f r om noncuestitated Jaéferalyedy ale g3t @ik cflwmithecynel syaicigy baloriae aieh rapd reitric
aromatic ounds, even nore preferably from unsubstituted, nononeric,
saturated, aliphatic and cycloaliphatic and unsubstituted, 40 nononeric

aromati ¢ conmpounds, in particul ar nethane, ethane, propane, butane,
cycl opentFuekeraldy,dhe kebstteted an dnbgrstibied, ungaizated/ysR4GEROT/ mBRUies R0BBBI1 20

Most  par tdefibdirbin Hs@iRAREBINYondch idNIRYORE ticyERd tétrRZBIN MfareéAEbEEE whith ar e
sel ected fIqm | 'l% e Bregtasy Bl Osgo'\F gEtrri]rYI rid '\chlic?r}" . N%rdz(gryn'it'rn
N-butyl, " GRATITd Preleld Kpﬁ!heﬁ‘iﬂ P BHYITR i GLorme PP ALpliirile he
N- subst i HRWd N - hydr oxy-di azeni um oxi de salts (A) are of the general
formula I'l: {R[-N(-0)-N-O]-,-,}m (Mm),-,(I1),
Examples for particularly suitable substituted or unsubstituted, unsaturated, cycloaliphatic
25 moieties R are derived from cyclopropene, cyclobutene, cyclopentene, cyclopentadiene,
cyclohexa-1,3- and -1,2-diene, cycloheptene, cyclooctene, cyclodecene, alpha- and
gamma-terpinene, terpinolene, alpha- and beta-phellandrene, limonene, dipentene,
pullegone, carvone, carvenone, alpha- and beta-pinene, bisabolene cadinene, beta-
selinene, camphorene, and spiro[4.5]deca-1,6-diene which may be substituted preferably
30 by at least one fluorine and/or chlorine atom and/or nitrile group.

Preferably, the substituted or unsubstituted, saturated, cycloaliphatic moieties R
containing at least one heteroatom are derived from from unsaturated, monocyclic,
dicyclic, tricyclic, tetracyclic hydrocarbons containing at least one heteroatom, which

35 hydrocarbons may be substituted preferably by at least one fluorine and/or chlorine atom
and/or nitrile group.

Examples for particularly suitable substituted or unsubstituted, unsaturated cycloaliphatic
moieties R containing at least at least one heteroatom, in particular at least one nitrogen
40 atom and/or oxygen atom are derived from 2H-pyrane, 2H-pyrrole, delta?-pyrroline, delta?-
imidazoline, delta3-pyrazole, pyrrolenine, and delta*-isoxazonine which hydrocarbons may
be substituted preferably by at least one fluorine and/or chlorine atom and/or nitrile group.



10 wherein the variable R has the above-nenti oned nmeani ng and the indices n
and m are both nunbers of from1l to 1000, preferably 1 to 500, nore
pr ef er ablwo2012003140 and, even nore preferably, 1 to 50 &ad/IBIMI$D53891
preferably, 1 to 10. Wen the residue Ris an oligoneric or polyneric
noi ety, the numbers n and mdoes not 1hgnecessarily have to be integers but
can al so be broken nunbers. This is due to the statistical nature_of the
ol i goner iFEefgrRPHothg netasEtuiRs e ednsupRiEkied hangnesialiGe areMatica MRRlsTeRi are
noi ety, tdeeverlifoer sonoeyutic randr polyis/gid, | aromatie gempounds, i particatarabéezeie,
desi gnat at § I CRinl t the I Skl gani c
20 and iﬁ’i"r@g Ii c{e%rh)en ; pﬁph,énygfb&gng@fé&gﬂ?&m%bla Wkk%%@? i oﬁgﬁ&&gﬁgﬁ’es for
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t her eof . As already explained above, the above described moieties R can be combined with each
other in any way to form the variable R of the general formula |. Thus, by way of example,
a moiety R derived from benzene can be combined with a moiety R derived from a
copolymer of ethyleneoxide via an ether group in order to render the N-substituted

35 diazenium dioxide (A) more water-soluble.

More preferably, the moieties R are derived from monomeric, saturated, aliphatic and
cycloaliphatic and monomeric aromatic compounds, even more preferably from
unsubstituted, monomeric, saturated, aliphatic and cycloaliphatic and unsubstituted,

40 monomeric aromatic compounds, in particular methane, ethane, propane, butane,
cyclopentane, cyclohexane, and benzene.



The average particle size of the abrasive particles (B) can vary broadly
and, therefore, can be adjusted nost advantageously to the particular

requi r emewo0fo3a466onposi ti on, process and use of the i RCEMBLAND53891
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ot her rarg, eaihlyiggi@l oxides. Preferably, the abrasive particles (B) which
contain ceria are conposite particles (B) conprising a core containing or
consisting of at |east one other abrasive particulate 30 material which is
di f f er entPréfemblyc ghé dY-substipded iN-hydnoxydiagenian exide salts i(Bpairea of e gemaral zi nc
oxi de, amglnuixf:ures thereof. Such conposite particles (B) are known, for
exanple, from WD 2005/ 035688 Al, US 6, 110, 396, US 6, 238,469 Bl, US
6,645,265 Bl, K S Choi et al., Mat. Res. Soc. Synp. 35 Proc. Vol. 671,
2001 Mat dRI-M(-©)-NeQbdn éM™Soci ety, 5.8.1 to M6.8.10, S.-H Lee et al., J.
Mater. Res., Vol. 17, No. 10, (2002), pages 2744 to 2749, A. Jindal et al .,
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zi nc oxide, and m xtures thereof with a core size of from?20 to 100 nm

wher ei n e core i.s ¢ eria.particle avin a particle siz
ot ow 10 ier B Tedfud A 88 ofitdRe el URRL] FofR, B8 "égg ad ar Tigfoes nof
corrpoéﬁt ineAessArily eavienlpebr igpgeIaPY Hap %S%lb@a*érpberhﬁd elserldfsoisedyan iy Hie
adj ust ed smatiticadivatoteagebigsd! i ot richendopsly imeuikc anoieggsl Wasr ths refidade R is a

Compos| i @honferif HBAET S ALliBER Phnd MSrk BYGH iRBgerEr ef erabl y, the

conposition of the invention contalns Yo by wei ght, nore
preferably 0.01 to 8% by wei ght and, nost pref erabl y 0.01 to 6% by wei ght
of the aBbhasiaviablpdt tesigrates Batiarhehivk isgieieqgta ten theyeroub ebngjstvasd drgemia he

conpl ep e anBiikthgarid, rﬁdh%nfé?ﬁP&@bFﬁeﬂ@aﬁa pbl?ﬁleﬂigcétmhgn“ on. The conposition of
the invention can contain at 1east one functional conponent (C) which is

different. fromthe ingredients or conponents (A) and (B).
Examples for suitable monomeric organic cations are primary, secondary, tertiary and

quaternary ammonium cations, primary, secondary and tertiary phosphonium cations, and
primary and secondary sulfonium cations, in particular, the tetramethylammonium cation.
25
Examples for suitable oligomeric and polymeric cations are oligomers and polymers
containing primary, secondary, tertiary and quaternary ammonium cations, primary,
secondary and tertiary phosphonium cations, and primary and secondary sulfonium
cations, in particular, cationic polyethyleneimines.
30
Examples for suitable inorganic cations are the cations of ammonia, lithium, sodium,
potassium, rubidium, cesium, magnesium, calcium, strontium, barium, aluminum, gallium,
indium, germanium, tin, lead, antimony, bismuth, scandium, yttrium, lanthanum, the rare
earth metals, titanium, zirconium, hafnium, vanadium, niobium, tantalum, chromium,
35 molybdenum, tungsten, manganese, rhenium, iron, ruthenium, osmium, cobalt, rhodium,
iridium, nickel, palladium, platinum, copper, silver, gold, zinc, and cadmium, preferably the
cations of ammonia, lithium, sodium and potassium.

Most particularly preferably, the N'-hydroxy-diazenium dioxide salts (A) are selected from
40 the group consisting of N-methyl-, N-ethyl-, N-propyl-, N-butyl, N-cyclohexyl-, and N-
phenyl-N'-hydroxy-diazenium dioxide ammonium, lithium, sodium and potassium salt.
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Sui tabl e rheol ogy agents (C) and their effective anounts are known, for
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solution temperature UCST, oxidizing agents, passivating agents, charge reversal agents,
35 organic polyols having at least 3 hydroxide groups that are not dissociable in the aqueous
medium, oligomers and polymers formed from at least one monomer having at least 3
hydroxide groups that are not dissociable in the agueous medium, complexing or
chelating agents, frictive agents, stabilizing agents, rheology agents, surfactants, metal
cations and organic solvents.
40
Suitable organic abrasive particles (C) and their effective amounts are known, for
example, from the American patent application US 2008/0254628 A1, page 4, paragraph
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frictive agents (cf. the American patent application US 2008/0254628 A1, page 5,
paragraph [0061]) or etching agents or etchants (cf. the American patent application US
2008/0254628 A1, page 4, paragrap [0054]), and their effective amounts are known, for
example, from the American patent US 7,300,601 B2, column 4, lines with 35 to 48. The

30 amino acids, in particular glycine, and, moreover, dicyandiamide and triazines containing
at least one, preferably two and, more preferably, three primary amino groups such as
melamine and water-soluble guanamines, particularly melamine, formoguanamine,
acetoguanamine and 2,4-diamino-6-ethyl-1,3,5-triazine, are most particularly preferably
used.

35
Suitable stabilizing agents (C) and their effective amounts are known, for example, from
the American patent US 6,068,787, column 8, lines 4 to 56.

Suitable rheology agents (C) and their effective amounts are known, for example, from the
40 American patent application US 2008/0254628 A1, page 5, paragraph [0065] to page 6,
paragraph [0069].
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In principle, any known charge reversal agent (C) customarily used in the field of CMP can
35 be used. Preferably, the charge reversal agent (C) is selected from the group consisting of

monometric, oligomeric and polymeric compounds containing at least one anionic group

selected from the group consisting of carboxylate, sulfinate, sulfate, phosphonate and

phosphate groups. Examples of particularly suitable charge reversal agents (C) are

described, for example, in the American patent US 7,2065,055 B2, column 4, lines 24 to
40 45 orin the Japanese patent application JP 2005-336400 A (cf. the claims 1 to 6).
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the corresponding CMP composition. Preferably, the total amount of (C) is at least 0.0001
wt.%, more preferably at least 0.001 wt.%, most preferably at least 0.008 wt.%,
particularly at least 0.05 wt.%, for example at least 0.3 wt.%, based on the total weight of
the corresponding composition.
40
The composition of the invention can optionally contain at least one pH-adjusting agent or
buffering agent (D) which is materially different from the ingredients (A) and (B).
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If present, the pH-adjusting agent or buffering agent (D) can be contained in varying

amounts. Preferably, the total amount of (D) is not more than 20 wt.%, more preferably

not more than 7 wt.%, most preferably not more than 2 wt.%, particularly not more than

0.5 wt.%, for example not more than 0.1 wt.%, based on the total weight of the

15 corresponding CMP composition. Preferably, the total amount of (D) is at least 0.001

wt.%, more preferably at least 0.01 wt.%, most preferably at least 0.05 wt.%, particularly

at least 0.1 wt.%, for example at least 0.5 wt.%, based on the total weight of the

corresponding composition.

20 Preferably, the pH of the composition of the invention is set between 3 and 10, more
preferably, 4 and 8, even more preferably between 4 and 7, and, most preferably between
5 and 7 preferably using the aforementioned pH-adjusting agents (D).

The preparation of the composition of the invention does not exhibit any particularities but

25 can be carried out by dissolving or dispersing the above-described ingredients (A) and (B)
and optionally (C) and/or (D) in an agueous medium, in particular, de-ionized water. For
this purpose, the customary and standard mixing processes and mixing apparatuses such
as agitated vessels, in-line dissolvers, high shear impellers, ultrasonic mixers,
homogenizer nozzles or counterflow mixers, can be used. Preferably, the composition of

30 the invention thus obtained can be filtered through filters of the appropriate mesh
aperture, in order to remove coarse-grained particles such as the agglomerates or
aggregates of the solid, finely dispersed abrasive particles (B).

Most surprisingly, the N-substituted diazenium dioxides and N'-hydroxy-diazenium oxide
35 salts (A) are most excellently suited for the use of the invention, i.e., for manufacturing
mechanical, electrical and optical devices.
Particularly, the electrical devices are integrated circuit devices, liquid crystal panels,
organic electroluminescent panels, printed circuit boards, micro machines, DNA chips,
micro plants and magnetic heads; the mechanical devices are high precision mechanical
40 devices; and the optical devices are optical glasses such as photo-masks, lenses and
prisms, inorganic electro-conductive films such as indium tin oxide (ITO), optical
integrated circuits, optical switching elements, optical waveguides, optical monocrystals
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such as the end faces of optical fibers and scintillators, solid laser monocrystals, sapphire
substrates for blue laser LEDs, semiconductor monocrystals, and glass substrates for
magnetic disks.

5 More preferably, the N-substituted diazenium dioxides and N'-hydroxy-diazenium oxide
salts (A) and the compositions of the inventions they are contained in are used for the
manufacture of integrated circuit devices containing, in particular, integrated circuits with
large-scale integration or very-large-scale integration, having structures with dimensions
below 50 nm.

10
Most preferably, the compositions of the inventions are excellently suited for the process
of the invention.

In the process of the invention, a substrate material for electrical, mechanical and optical

15 devices, in particular, electrical devices, most preferably, integrated circuit devices, is
contacted at least once with a composition of the invention and polished, in particular,
chemically and mechanically polished, until the desired planarity is achieved.

The process on the invention exhibits its particular advantages in the CMP of silicon
20 semiconductor wafers having isolating layers consisting of low-k or ultra-low-k materials
and silicon nitride layers and/or polysilicon layers.

Suitable low-k or ultra-low-k materials and suitable methods of preparing the insulating
dielectric layers are described in, for example, the American patent applications US

25 2005/0176259 A1, page 2, paragraphs [0025] to [0027], US 2005/0014667 A1, page 1,
paragraph [0003], US 2005/0266683 A1, page 1, paragraph [0003] and page 2, paragraph
[0024] or US 2008/0280452 A1, paragraphs [0024] to [0026] or in the American patent US
7,250,391 B2, column 1, lines 49 to 54 or in the European patent application EP 1 306
415 A2, page 4, paragraph [0031].

30
The process of the invention is particularly suited for the shallow trench isolation (STI)
which requires the selective removal of silicon dioxide to silicon nitride on a patterned
wafer substrate. In this process, etched trenches are overfilled with the dielectric material,
e.g., silicon dioxide, which is polished using the silicon nitride barrier film as the stopping

35 layer. In this preferred embodiment, the process of the invention ends with clearing the
silicon dioxide from the barrier film while minimizing the removal of exposed silicon nitride
and trench silicon oxide.

The process of the invention exhibits no particularities but can be carried out with the
40 processes and the equipment customarily used for the CMP in the fabrication of
semiconductor wafers with ICs.
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As is known in the art, a typical equipment for the CMP consists of a rotating platen which

is covered with a polishing pad. The wafer is mounted on a carrier or chuck with its upper

side down facing the polishing pad. The carrier secures the wafer in the horizontal

position. This particular arrangement of polishing and holding device is also known as the
5 hard-platen design. The carrier may retain a carrier pad which lies between the retaining

surface of the carrier and the surface of the wafer which is not being polished. This pad

can operate as a cushion for the wafer.

Below the carrier, the larger diameter platen is also generally horizontally positioned and

10 presents a surface parallel to that of the wafer to be polished. Its polishing pad contacts
the wafer surface during the planarization process. During the CMP process of the
invention, the composition of the invention is applied onto the polishing pad as a
continuous stream or in dropwise fashion.

15 Both the carrier and the platen are caused to rotate around their respective shafts
extending perpendicular from the carrier and the platen. The rotating carrier shaft may
remain fixed in position relative to the rotating platen or may oscillate horizontally relative
to the platen. The direction of rotation of the carrier typically, though not necessarily, is
the same as that of the platen. The speeds of rotation for the carrier and the platen are

20 generally, though not necessarily, set at different values.

Customarily, the temperature of the platen is set at temperatures between 10 and 70°C.

For further details reference is made to the international patent application WO
25 2004/063301 A1, in particular page 16, paragraph [0036] to page 18, paragraph [0040] in
conjunction with the figure 1.

By way of the process of the invention semiconductor wafers with 1ICs comprising
patterned low-k and ultra-low-k material layers, in particular silicon dioxide layers, having

30 an excellent planarity can be obtained. Therefore, copper damascene patterns can be
obtained which also have an excellent planarity and, in the finished, IC an excellent
electrical functionality.

35
Examples

The Preparation of the Compositions 1 to 3 (Examples 1 to 3) Containing N-Cyclohexyl-
N'-Hydroxy-Diazenium Dioxide Potassium Salt and of the Compositions C1 and C2
40 (Comparative Experiments C1 and C2)
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Examples 4 to 6 and Comparative Experiments C3 and C4

The Silicon Oxide over Silicon Nitride Selectivity of Compositions Containing N-
Cyclohexyl-N'-Hydroxy-Diazenium Dioxide Potassium Salt (Examples 4 to 6) and of
Compositions Not Containing the Salt (Comparative Experiments C3 and C4)

15

The composition 1 of the example 1 was used for the example 4, the composition 2 of the
example 2 was used for the example 5, and the composition 3 of the example 3 was used
20 for the example 6.
The composition C1 of the comparative experiment C1 was used for the comparative
experiment C3, and the composition C2 of the comparative experiment C2 was used for
that comparative experiment C4.
25
For determining the silicon oxide over silicon nitride selectivity, silicon wafers containing
oxide layers or silicon nitride layers were used in the examples 4 to 6 and the comparative
experiments C3 and C4.
30 The polishing rates (i.e., the material removal rate, MRR) were determined by difference
of weight. In this regard, 1.9 kg/L was used as density of thermal silicon dioxide and 3.44
kg/L was used as density of silicon nitride for calculating the MRRs of the wafers before
and after the CMP by a Sartorius LA310 S scale or a Filmmetrics F50 reflectometer. The
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5 - back side pressure: 0.5 psi (34.5 mbar);
- retaining ring pressure: 2.5 psi (172 mbar);
- polishing table / carrier speed: 95/ 85 rpm;
- slurry flow rate: 200 ml / min;
- polishing time: 60 s;
10 - pad conditioning: in situ (9.2 - 9.0 Ibs, 41 N);
- polishing pad: IC1000 A2 stacked pad, xy k grooved (R&H);
- backing film: Strasbaugh, DF200 (136 holes);
- conditioning disk: Strasbaugh sasol.

15 That Table 2 gives an overview over the obtained MRRs and calculated silicon oxide over
silicon nitride selectivities.

Table 2: Material Removal Rates and Silicon Oxide over Silicon Nitride Selectivities
of the Compositions 1 to 3 (Examples 4 to 6) and C1 and C2 (Comparative
20 Experiments C3 and C4)
Comparative MRR? MRR? Selectivity
Experiment/ SiO- SiaNg SiOo/
Example SizNg4
No.
C3 1082 83 13
C4 940 15 61
4 971 32 30
5 1033 8 124
6 10579 3 352¢)
a) material removal rate [angstrom/minute]
b) MRR (material removal rate [angstrom/minute] ) of TEOS (tetraethyl
25 orthosilicate)

c) selectivity TEOS/SizN4

The results shown in Table 2 makes apparent that the silicon oxide over silicon nitride
selectivity can be significantly increased by the use of a N-substituted N'-hydroxy-

30 diazenium dioxide salt, in particular, in combination with a monosaccharide or a
monosaccharide and a cyclitol.
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31
Although the composition C2 containing no N-substituted N'-hydroxy-diazenium oxide salt
but a monosaccharide exhibited a comparatively high silicon oxide over silicon nitride
selectivity, the composition C2 was attacked by bacteria and fungi upon storage.



a) material renoval rate [angstromim nute] b) MRR (material renoval rate
[angstrom m nute] ) of TECS (tetraethyl 25orthosilicate) c) selectivity
TECS/ Si 3NMOThe/Besal ts shown in Table 2 makes apparent POatBihe03s891 con
oxi de over silicon nitride selectivity can be significantly increased by
the use of a N-substituted N -hydroxy-480 di azeni um di oxide salt, in
particular, in conbination with a nonosaccharide or a nonosaccharide and a
cyclitol We&Rim| t hough the conposition 02 containing no N-substituted

N - hydr oxy-di azeni um oxi de salt but a nonosaccharide exhibited a
conpar at iqvel y ahi Id QX e nitride selectivity, the
conpositﬂbn 05@“%£B§%%%@Egggggg@ggwgigghgﬁ fungi upon storage. WO

2012/ 032466PCT/ 1B2011/ 053891 32 W Claim 1. An aqueous polishing
conposhti on caofpri sit egsbenk) water-salgble onwatgtdispersille bérapamdvesiesteddiapdresi bl e

conpound sel ected QP (BRsiGNMUBF MBHsHiLIE dRizehuRt Rifdxideddt 864 dragarixym

di oxi des and N -hy I oxxdlmaz?dnel um pa)'(”llj’de salts; and (B)at |east one type of
abrasive particles. "M e %q eous polishing conposition according to
claim1, characterized in that the N-substituted di azeni um di oxi des (A) are

of the gener al(Bf or mitileasi oneRypd\Nof aldagiwNodticldd., -, (1),

10
2. The aqueous polishing composition according to claim 1, characterized in that the
N-substituted diazenium dioxides (A) are of the general formula I:
R[-N*(-O-)=N-OH], (1),
15

wherein the variable R designates a moiety containing or consisting of at least one
residue selected from the group consisting of monomeric, oligomeric and
polymeric, substituted and unsubstituted, saturated and unsaturated aliphatic and
cycloaliphatic groups not containing or containing at least one heteroatom and/or
20 at least one bifunctional or trifunctional linking group, and monomeric, oligomeric
and polymeric substituted and unsubstituted aromatic groups not containing or
containing at least one heteroatom; and wherein the index n is a number of from 1

to 1000;

25 and that the N-substituted N'-hydroxy-diazenium oxide salts (A) are of the general
formula I1:
{R[-N(-0)-N-OFn}m (M™)a (1),

30 wherein the variable R has the above-mentioned meaning, M is selected from the

group consisting of organic and inorganic, monomeric, oligomeric and polymeric
cations, and the indices n and m are both numbers of from 1 to 2000.

3. The agueous polishing composition according to claim 2, characterized in that n
35 and m are both integers of from 1 to 10.
4, The agueous polishing composition according to claim 3, characterized in that it

contains, based on a complete weight of the polishing composition, 0.01 to 1000
ppm of the compound (A).
40
5. The agueous polishing composition according to anyone of the claims 1 to 4,
characterized in that the abrasive particles (B) are selected from the group



15 wherein the variable R designates a noiety containing or consisting of
at | east one residue selected fromthe group consisting of nononeric,

ol i goner iwoanr/q3edeyneri c, substituted and unsubstitut edpCcsaBrmadzsdiand
unsaturated aliphatic and cycl oaliphatic groups not containing or
containing at | east one heteroatom andior 20 at |east one bifunctional or
trifunctional |inking group, and nmononeric, oligonmeric and pol yneric
substituted a@ngisiEighitalymnadsiican plic Nidu Fliced caidisier dfanian girepnia digiai ni ng
at | east one haiceyxtiat and mtarepitesredtn t he index n is a nunber of from1l to
1000; 25and that the N-substituted N -hydroxy-di azenium oxide salts (A) are

of the general_formula Il: {R-N(-0)-N-O]-,-,tm (Mn),-, (1), 30 rein the
vari abl e °R had hFﬁ@“ﬁB‘&v%Q'ﬁB'}?BiCBHI%BS'iﬁ%ﬁ? O,“”Wlkq %'g@NgFe‘Eﬁaé%“t?%zﬁﬁm'? n%’?éﬂeoup
consi sbi ng of abrapimei p@rittes (Bhoemjainios consist@freeriac, ol i goneric and pol yneric

cations, and the indices n and mare both nunbers of from1l to 2000. 3. The
aqueous | i shing conmposition according to.claim.2, -characterized.i hat n
S9and m dre borR AORPRBURLSHR0 pPERBS O S fufe R hime SO RLEIER i Rot
conposi ti on adledakisiye Particlesi(M Ravecimpvrrags padeeidiaregige of fforﬁériPéioﬁ& NMhased
on a conpl et e asenesureafbyt dy@apid lasdrilight satdsgy.tion, 0.01 to 1000 ppm of the
conpoygd (A). 40 WD 2012/032466PCT/ 1B2011/ 053891 33 consisting of al um na,
silica, silic nitride, siljcon carbide, titanja, ,zirconia,_ ceri a, inc
oxi de, akd mi Xt \fr BSUEARE BO1ISNEIY $ARIPRGHEIUE CHBI] BRI tRA DAoL T f'?eoﬂ éBci’or di ng
to claimb5, clehamctesizéd éu that it kantainhebssesr asiaseoppletd vieight OB)the patisking or

consi st of cerbmpodition] MECAY A0YUSHPREGHINGf e SREROS bhdtieRs @gcording to claim5
or 6, characterized in that the abrasive particles (B) have an average

particle diameter of from1l to 1000 nm as neasured by dynam c |aser |ight
scatt épi @g. 10hs. aqne?@uam&mm ﬁ@mpgﬁii%a@‘éﬂﬁ‘ﬂiﬂgit@iwo%@éﬁ'éﬁ ﬁb"ir’f‘% 1aK’y§ne of
the 1 to 7, chanactatdedead thal it dvataing atastomsfundasesl companeon(d)eliftereri ght
of the polishigg, ﬁ@%%hﬁérﬂ@(A)%nQiQﬁ).to 10% by wei ght of the abrasive
particles (B).
10. The aqueous polishing composition according to claim 9, characterized in that the
20 functional component (C) is selected from the group consisting of organic,
inorganic and hybrid organic-inorganic abrasive particles being different from the
particles (B), materials having a lower critical solution temperature LCST or an
upper critical solution temperature UCST, oxidizing agents, passivating agents,
charge reversal agents, organic polyols having at least 3 hydroxide groups that are
25 not dissociable in the aqueous medium, oligomers and polymers formed from at
least one monomer having at least 3 hydroxide groups that are not dissociable in
the agueous medium, complexing or chelating agents, frictive agents, stabilizing
agents, rheology agents, surfactants, metal cations and organic solvents.

30 11. The aqueous polishing composition according to claim 10, characterized in that the
charge reversal agent (C) is selected from the group consisting of monomeric,
oligomeric and polymeric compounds containing at least one anionic group is
selected from the group consisting of carboxylate, sulfinate, sulfate, phosphonate
and phosphate groups; and in that the organic polyols having at least 3 hydroxide

35 groups that are not dissociable in the aqueous medium, oligomers and polymers
formed from at least one monomer having at least 3 hydroxide groups that are
dissociable in the aqueous medium are selected from the group consisting of
monosaccharides, disaccharides, oligosaccharides, polysaccharides, desoxy
sugars, amino sugars, aldonic acids, ketoaldonic acids, uronic acids, aldaric acids,

40 sugar alcohols, and cyclitols.



15 9. The aqueous polishing conposition according to anyone of the clains 1
to 8, characterized in that it contains at |east one functional conponent
(O diffeaewvernidaemst he conponents (A) and (B). 10. The agagaB®1pei3ssihi ng
conposition according to claim9, characterized in that the 20functi onal
component (C) is selected fromthe grogp consisting of organic, inorganic
and hybrid orq_nlc i norgani ¢ abrasive particles being different fromthe
particl ed?(B) ,Thaea@ierds Poliehing GoRPPiwY aesardingde a5yPug i%hrihe slayes dt tr & LoST
or an upper cichhiactrized Inuthabin coreaipe bateasieondH-adjusiing ageng oageftiring agent

passi vating a organi ¢ polyols having at |east
3 hydroxi de ggg %EGEﬁgﬁ&gﬁggggﬁﬁgﬁhﬁﬁgzg@? le in the aqueous nedi um

ol i goners and polymers formed fromat | east one nononer having at |east 3
hydr oxp dd3gr oups aduebuspelishitg dossesiticabdesording he aaypreodfstheeckios 1 ¢origl exi ng
or chel ating aaghkfrizéd inchitie AORNLSs fion@Bid #@i ng agents, rheol ogy agents,
surfactants, metal cations and organic solvents. 30 11. The aqueous
pol i shing composition according to claim 10, characterized in that the

char ge rédder sdl Pragess fof eplishing Elsdtade Metesial fios elgeticpl raesrRicalRNdIptical
nononeric, ol idgoroesity eordapithy they wbsimmmumdaab@wbasnonge afthl sasuene

ani oni§ group g ﬁsﬁ.ﬁb‘%ﬁ) M&%H@ﬁ GémH '&%bét‘rét’égmﬁ er%ﬁ‘ URAKMAiEsired
sulflnate sul ate E phonat e ag rﬁ) roups, aqq | n that tlh
organt ¢ pol yoPBTRY R GHeqea charaCir PO it 3a° BRdmbs RIS oo ton

di ssoci abl e i mcedrdingdueoymermd dieuctaimsl i igdiPas ssechd pol yners forned from at

| east one nononer having at |east 3 hydroxi de groups that are di ssoci abl e

in the aqueous., nmedi um ace sel,ect,ed from.t. u nlstl

monosaconir | ddLe ripeeah et e Cif e e el B s ERR RAEn inerseyal oxy
sugar 43 ani no leasyareayal @mﬁﬁlwn@@r @FB“S'SIHEQ @é?td%‘ﬁtén%téle@t”m@ﬁf'@ﬂ aci ds,

al daric acids, 40sugar al cohols, and cyclitols. WO

2012/ OBZQ@GPWh%%%Q%}i\‘Oéﬁgﬂa ed%‘laz-gh%n@&g%%iarpd)h' G-I Bklﬂ@ salts

according to oneo aracterjzed in that (t contains
at | east oneg %P‘{J%WHI? ’B‘@‘&W'CSF el?&fr'fcé??’}?go%ﬁé'rﬂev(’ﬁi different fromthe
conponents (A) and (B). The aqueous polishing conposition according to

anyoneqofq{7t he T%aasrésacﬂeomn 20 c@hﬁr@cfcﬂéﬁaz:%hzlea uﬁ lfwett thé élel@tﬂ.c\éabyﬁcé§a#er om 3
to 10. A process al

P ir .é %E @t a;i rmte in 6} I
mechani cal  and oPECAT YL IPUEE: BIUE SRERLPAR 1%%3%%8 CF%PE‘ rﬁif%ﬁl PRt
| east once wi tHNEY elfUdRPardnIMist MgckivapolNA GYipsamicisop!palsiang Maanetic
substrat e mat ¢iekbas; thatmdchbhizal@sviceadanel g prdoysios meehasivgidievidesr asd é1d zed

in that the a S cl ai ns
Mo % g St %&‘EQ#I dé?ﬁ?&éé&e”&pt{c%vg%%béé gﬂcﬁﬁggihg'td;?}ag%ﬁeb{é’&ﬁaﬁcf Lgr‘ﬁs

subst rate nmat é'?qr%?”'%‘é'ﬁﬁ‘if? Q%%duéf"’ {SUughas r@w t'QBﬁ'f"a pﬁgorglpad@,tﬁgragqq ng of
at | east one direlitscoplical switabimgaglemahie, edicabfavdgsidiest opticaledomhcaystais aueh

di oxi des and Ns-th¥ dr@Xdces @iGBilé&a’ﬂf@é‘réiﬁné%btrﬁlllfaRfrs NEH 1 I@@bﬂﬁioﬂ%%@@m cal,
el ectrical and o t.i cal ﬁ_ew accor i

char act eri zed °PR 'rt‘?a?“t}s dieg ?'l“? éaaﬁer > c%%m'ﬁf"%‘g‘i &1 re’a?%chc?%ai? (A0 9'ass
devi ces, |i quisdbeirajes for mganelosdisksr gani ¢ el ectrol umi nescent panel's, printed
ci rcugd boards, m cro machi nes, DNA chips, mcro plants and nagnetic heads;

the mechag ca'Thg%\gbca%éofar Big g}nwﬁ%%g@na@&@qﬂa&% g e

optical devices are es . suc enses an ri sms,
Por gani ¢ el oGO BARIRSEE I SFOF YIS MR 9S SFR) ﬁﬁ?qr??%x?rdevem Py SC@&. al
i nt egrated ci idegration, hpring atrugwies shiihrigmensionstiedlow 6pnincal wavegui des,

optical nonocrystals such as the end faces of optical fibers and
scintghklators, solid |aser nonocrystals, sapphire substrates for blue |aser
LEDs, sem conductor nonocrystals, and gl ass substrates for magnetic disks.
The use according to claim 17, characterized in that the integrated circuit
devices contain integrated circuits with |arge-scale integration or

very-|l arge-scal e integration, having structures with dinensions bel ow 50
nm



