COVPCSI TI ONS FOR CHEM CAL MECHANI CAL POLI SHING-SI LI CA AND SILICON NI TRI DE
HAVI'NG TVPROVED™ENDPONT DETECTI ON BACKGROUND OF THE | NVENTI ON [ 0001] In the
sem conductor industry, critical steps in the production of integrated
circuits are the selective formation and renoval of filnms on an underlying
substrate. The filnms are nmade froma variety of substances, and can be
conductive or non-conductive. Conductive filnms are typically used for
wWiring or wiring connections. Non-conductive or dielectric filns are used

in several ar&ggpdd R CHEMICAS RICA EPOLSHING $hSH s _of
metal | izati o, 3 IED s 02]
Typi cal processi SR 2 —patcel Ni Ng

areas of the filmusing | ithogréphy and etching, (3) depositing a filmthat
fills the etched areas, and gArkdRERDIGF TAETRYENIIOKt Ure by etching or
chem cal -mechani cal polishing (CMP). FITns are Tt1ornmed on a substrate by a
vari ety of 001} klowre sesti¢tvodsgtorfiodusey.aompt @ stephinghe ploduetjparof irdegyated tirawits ( PVD)
by sputterin r evaporation, chem cal . vapor deposjtion (CVD). pl.asma
enhanced ch tg%l?e?‘??gg%for’iﬁ‘étb%‘s?"ﬁirﬁrﬁo‘(agﬁﬁg}ﬁﬁg.°"_rgf‘I“ Cryne %“_B%B\%dﬂl?)fl‘lg‘ﬁﬁwof
several wel lmadk RO, ViRl SubstdhedslSHdtGn b BEMuER e IFRERRPARRL v Abdrilidig, dry
etching such as reactive ion etching (RIE), wet etching, electrochen cal

et chi ng, vapidms e dypicadly usaddoswiring oewitiigapnnectiom 3jont-¢ondactietor divtecirici npor t ant
with renoval.,of fil to stop the process .when the correct thickness has
been rermoved ™ ﬁreélf%iép_smf % §‘P°a§j E?ri f%ﬂm{’]ﬁeasﬁ%tﬁ'g?/vﬁf diglectrics ﬁgs‘fve‘:?“t layegs of npor t ant
to know whemneii®za804 RP aifsoRBnstRBIteh @daOAEcirdull efeMRntsd filmis selectively

renoved froma sen conductor wafer by rotating the wafer against a polishing
pad (or rotl@02hg Typicapprgcesgiag sisps inhelveud f edeposatingyofilm), () pattemingmneas of thed

anount of pressure.in th ence,.of a.chem.cally. cti.ve slurry.

Over pol © sy g gting Hetabfu e %R B Repdi ot bl TSR B Bgui ¢ es
costly rewonpkanarif®ihdisit@tyre by @ichidg Sr BRI e aPPEIRhRRBRCMIFY A Filing aféet ect
when the desired endpoint for renoval has been reached, and the polishing
shoul d be dewsged a spodwie] by phariptyiod weBknovre mel@ds, fferrexampleeplasisahtapeiet ect i on
suitable forgall.t f filns involve the follow type surenent :
(D) el o ceRtish P By slele g M@l JEpich V4 SboBRTCT D FIRR)
optical, (5knre@edisdhemndal v4{d} d&REBIBUE (PEBCEVRN EFilnk)ar€ RaiBved@by adybfRavdrilaliar ,
chemi cal endpoint detection (e.g., Li et al., US. Patent No. 6,021,679) has
been popul akneiemetheds, dnclueding. chgmicy-rpachiniend pelishing: duystching seethas raarbiye ion

analysis of eEcﬂ%g%k%)f%etde%hii&g el%&lrécﬁg}hﬁgl’etc%ing, vapor etching, and spray etching.

[0003] It is extremely important with removal of films to stop the process when the

correct thickness has been removed. In other words, during the removal of films, it is
important to know when the endpoint has been reached. In CMP, a film is selectively
removed from a semiconductor wafer by rotating the wafer against a polishing pad (or
rotating the pad against the wafer, or both) with a controlled amount of pressure in the
presence of a chemically reactive slurry. Overpolishing of a film results in yield loss, and
underpolishing requires costly rework. Accordingly, various methods have been employed
to detect when the desired endpoint for removal has been reached, and the polishing should
be stopped.

[0004] The prior art methods for CMP endpoint detection suitable for all types of films
involve the following types of measurement: (1) simple timing, (2) friction or motor current,
(3) capacitive, (4) optical, (5) acoustical, (6) conductive and (7) chemical. In particular,
chemical endpoint detection (e.g., Li et al., U.S. Patent No. 6,021,679) has been popular due

to its ability to provide real-time and continuous analysis of the slurry during polishing, a



| direct signal endpoint as soon as the nitride layer is polished and a fast
response tinme, typically less than one second, in addition to other
benefits. [0005] It has been discovered that when chenically-mnmechanically
polishing a substrate wth a target filmof oxide (Si Q) over a stopping
filmof nitride (Si3N4) with a slurry containing potassium hydroxi de (KOH),
a chem cal reaction occurs when the oxide/nitride interface is reached,
resulting in the production of amonia (NH3). Wen polishing oxide, the
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determ ned by nonitoring the level of ammonia in the slurry. Once” the
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cont ai ni ng GAs folloWRRRe4%H0n BEu@nal yzed and nonitored for endpoint detection
for renoval of the target film Gas phase chem cal analysis, such as

standard mass sp&i®r-v2KOpl+ tHa@ b&KoSH:ghlGsensiti ve and have a fast response

time, that would desi r.abl e .f or aint detection. Unfortunately, with
slurry sampling, ﬁeélrpé’ if)E Bﬁ“‘iﬁgﬁ?‘%&ﬂ(&‘% AR ¥nce from any residual

ammoni a created fgi o+ d¥ORIUSHYO %F?tei@NHgtsel f, making accurate endpoint
detecti on extrenel >r1/§hdi fficult. [0008i nce, what is needed is a conposition
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silica and silicon nitride on a sem conductor substrate conprising:
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the endpoint is reached, the polishing is stopped.

[0007] Typically, in order to detect and monitor ammonia in a gaseous form, slurry from

a polishing apparatus is pumped through an ammonia extraction unit. The ammonia-

containing gas stream can be analyzed and monitored for endpoint detection for removal of

the target film. Gas phase chemical analysis, such as standard mass spectroscopy can be

highly sensitive and have a fast response time, that would be desirable for endpoint

detection. Unfortunately, with slurry sampling, there may be substantial interference from

any residual ammonia created from the slurry composition itself, making accurate endpoint

detection extremely difficult.

[0008] Hence, what is needed is a composition and method for chemical-mechanical

polishing of silica and silicon nitride for shallow trench isolation processes having improved

end-point detection capability.

STATEMENT OF THE INVENTION

[0009] In afirst aspect, the present invention provides a method of manufacturing a
composition for polishing silica and silicon nitride on a semiconductor substrate
comprising: ion-exchanging carboxylic acid polymer to reduce ammonia; and combining by

weight percent 0.01 to 5 of the ion-exchanged carboxylic acid polymer with 0.001 to 1
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wei ght percent 0.01 to 5 of the ion-exchanged carboxylic acid polynmer with
0.001 to 1 2 quaternary ammoni um conpound, 0.001 to~I phthalic acid and
salts thereof, 0.01 to 5 abrasive, and bal ance water. [0010] In a second
aspect, the present invention provides a nethod of chem cal nechani cal
polishing silica and silicon nitride on a sem conductor substrate
conprising: providing a polishing pad and a ceri a-abrasi ve contai ni ng
slurry; ion-exchanging a solution of carboxylic acid polyner to be utilized
in the slurr g@ﬁ relagpuslal 1 to 2 ppm
and pol i shi %’ ttefwhé}wseu sﬁlat e E‘?gﬂc{;??w% hg)}HH Qqﬁltd%nd% %&%f QOPHP? urry

cont ai ni ng tdbeasa{m"andiba}ana:d\umetd solution of car boxyl ic acid polyner. BRIEF
DESCRI PTI ON ure |Aillustrates th aver ages of
post pol i shl[ﬁgmj al%ec‘? {“ 'l}eeflrese igygngion Bml%ﬂéé"e&}c’é@ £agmicdh ai ni ng
degree of Wah&hameabSishiHg PidHahY silibOPhdde thléErﬁlcgﬁidc dr'é§l§s'ir§{e%mfpﬁ§n \Ver ages
of post polishing results fromcenter, mddle and edge dies for reflaining
dggree gf vvanl‘re\ndlsgalpehahlmg‘pﬂdmndycexidaﬂaia]velépgammgzlurﬁl wwmhagggmwﬂut@n .
obtalned uti i1z var..ou en- t.1 on chn 1 ure 3A
T st rat es BRI AaHVEH fe Rl e ROB S Rlle e oG Harhessiions® boi nt
detection t agheA469p b[&%&pﬁh ﬁu%nﬁu@g&he bdbdiiee @El@ﬁnﬂh@'{b@ﬁihﬁ’éﬁa@rﬁnd the

ef ficiencies obtained utilizing various end-point detection techniques.
DETAI LED DEStmRiyRDh@Ningrhg pEmonEriuceis¢ladmsif cathex disrmpigigiolynoer. and net hod
provide inproved end-point detection signals for use in chem cal end-point
detection systems. In parti ‘lJCI» hod of the present
i nvention is anmoni a-reducesd ' o RE et¥ acy of the chem cal
end- poi nt dgsAGt i PuRYIH filkt T&qhégws b A

i on- exchangce]t regl n {ég red ucéathe amﬁ%nél (grbgo egﬁlﬁ’%%%%’lﬁs ty%lgtrcr%{cgésrlzft%?dg?\@to
reduce t he iantleddeatiesfoerefaimng elafgreesdfuwalfe;r-scad:e;r urgfcxmatty:d anmoni a cont am nati on.
I'n particul Hhe carboxylic acj is i.on- exchanged to reduce the
anmoni a conﬁgmz i nFigHE l%e IP%fr%ééﬂa"ﬂa@ Sr‘ifpoi‘trPOBﬂH‘i‘% TeaHts frate cendgnpisisieangn
provi des uneegggglggfj,r%élgﬁgldg%&yoff%fars% Ylh@(?,m‘?tl lica relative to silicon
nitride. The conposition advantageously re g upon a chel ating agent or a
sel ecti vity [@013ncEigute® illustrates results obtained utilizing various end-point detection

techniques;

[0014] Figure 3A illustrates planarization efficiencies obtained utilizing various end-
point detection techniques;

[0015] Figure 3B illustrates planarization efficiencies obtained utilizing various end-point

detection techniques.

DETAILED DESCRIPTION OF THE INVENTION
[0016] The composition and method provide improved end-point detection signals for use
in chemical end-point detection systems. In particular, the composition and method of the
present invention is ammonia-reduced, thereby improving the accuracy of the chemical end-
point detection system. The invention advantageously utilizes an ion-exchange resin to
reduce the ammonia content of the composition to reduce the interference from any slurry-
originated ammonia contamination. In particular, the carboxylic acid polymer is ion-
exchanged to reduce the ammonia content in the ceria-based slurry. In addition, the
composition provides unexpected selectivity for removing silica relative to silicon nitride.
The composition advantageously relies upon a chelating agent or a selectivity enhancer to

selectively polish silica relative to silicon nitride for shallow trench isolation processes. In



selectively polish silica relative to silicon nitride for shallow trench

i solation processes. In 3 particular, the conposition conprises a quaternary
anmoni um conpound to ‘sel ectively polish silica relative to silicon nitride,
at the pH of the application. [0017] The quaternary ammoni um conpounds of
the present invention include the following structure: R, R4 -N-R2 1 R3
where R1, R2, R3 and R4 are an organi c conpound that has a carbon chain
length of | to 15 carbon atons. Mre preferably, Rl, R2, R3 and R4 have a
carbon chai pattiemgt, fheQormpotifor-Sompridesi qikehLy a:hhﬁzsmuRﬂcon%unBa) ndiivdy have a
carbon chain |ength of I to 5 carbon atons. The organic conpound of Rl, R2,
R3 and R4 miglithesilicagelptive tp silisen pitridenatibespHl ofithe @pplioption. al kyl ,  aral kyl, or

al karyl gro i | s.(such as,

o karyl oo B G O L gk B B R B BB g

mal at e, gluﬁﬂnﬁhﬂgmnhyﬂHOXIde acetate, borate, Iactate t hi ocyanat e,
cyanate, sulfonate, silicate, per-halides (such as, perbromate, perchlorate
and periodate), chromate, and m xtures cBWprising at | east one of the
foregoing anions. [0018] Preferred quateﬂnary amoni um conpounds i ncl ude,
tetramet hyl anmoni um hydroxi de, tetRaet A &amoni um hydroxi de, tetrapropyl
ammoni um hydr oxi de, tetrai sopropyl ammonji um hydroxi de, tetracycl opropyl
ammoni um hydr oxi de, tetrabutyl anmoni unrhydroxide, tetraisobutyl ammoni um
hydr oxi de, tetratertbutyl amonium hydroxide, tetraiecbutyl ammonium

hydr oxi de, tetracycl obutyl annDniun1hydroxide tetrapentyl annDnium

hydr oxi de, yel I gusgsl ,

hydr oxi de, 5@%&§§ygfqﬁ§§§¥“§% c@ﬁﬁé@?ﬁgﬁhg%gEhﬂ&fﬁﬁégb #gq%kst

pref erred quader atammy. Mﬁﬂ@pﬂefummprmplmpﬁs andRave anﬁbhryl:ha&xmmgthlmml Irxyctr oxi de.
[ 0019] The co 05|t|on advantageously contains 0.001 to 1 wei ght percent

quat er nary cgihl % SipBu R 28GR By Ve acasher 9“%"23]%8@ of hdo §|°Prbelaatpé!sa?h@/e to
the silicon Fﬁfaﬁfc cgﬁl ourfdBFR) L R rmg‘ko‘dﬁél Ry mg%geuﬁﬁﬁ‘;&ﬂﬁfcﬁ'oPGns%B&ft@t'eﬁ'ﬁryQ afkyl,to 0.5

wei ght percen quat rnary nrum co
aralkyl, or alkaryl group. Example anions include, nitrate, sulfate, halides (such as,

bromide, chloride, fluoride and iodide), citrate, phosphate, oxalate, malate, gluconate,
hydroxide, acetate, borate, lactate, thiocyanate, cyanate, sulfonate, silicate, per-halides (such
as, perbromate, perchlorate and periodate), chromate, and mixtures comprising at least one
of the foregoing anions.

[0018] Preferred quaternary ammonium compounds include, tetramethyl ammonium
hydroxide, tetraethyl ammonium hydroxide, tetrapropyl ammonium hydroxide,
tetraisopropyl ammonium hydroxide, tetracyclopropyl ammonium hydroxide, tetrabutyl
ammonium hydroxide, tetraisobutyl ammonium hydroxide, tetratertbutyl ammonium
hydroxide, tetrasecbutyl ammonium hydroxide, tetracyclobutyl ammonium hydroxide,
tetrapentyl ammonium hydroxide, tetracyclopentyl ammonium hydroxide, tetrahexyl
ammonium hydroxide, tetracyclohexyl ammonium hydroxide, and mixtures thereof. Most
preferred quaternary ammonium compounds is tetramethyl ammonium hydroxide.

[0019] The composition advantageously contains 0.001 to 1 weight percent quaternary
ammonium compound to selectively remove the silica relative to the silicon nitride.
Advantageously, the composition contains 0.01 to 0.5 weight percent quaternary ammonium
compound.

[0020] In addition to the quaternary ammonium compound, the composition

advantageously contains 0.001 to 1 weight percent complexing agent. Advantageously, the
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[0020] In addition to the quaternary amoni um conpound, the conposition
advant ageously contains 0.001 to | wei ght percent~Tomnplexi ng agent.

Advant ageously, the 4 conposition contains 0.01 to 0.5 wei ght percent

conpl exi ng agent. Exanple conpl exing agents include carbonyl conpounds
(e.g., acetylacetonates and the like), sinple carboxylates (e.g., acetates,
aryl carboxyl ates, and the |like), carboxyl ates containing one or nore

hydr oxyl groups (e.g., glycol ates, |actates, gluconates gallic acid and

salts ther eQBmgl iffor ﬁéb‘?ltalr{s'd@to oK weléﬁt r{iercentaé% tag@ﬁtb@ﬂﬁlngfe%m %ég?at os

oxal ates, phth Cltrates, suc tes rt r tes
(e.g., di sodigents Enmm; carhonyl mremummaﬁe@ofapetm@tqmes landeg likea silpley¢anthoxglates

cont ai ni ng gne or nore ufon and/ or osphonic groups. Al so, other

su tabl e conpReRHe TybtrastPlefes i ) SRRASAEs GrbiRG pre Sport

pol y-al COhO'l@dl@Q{;l%roupﬁf(@w BREo18tkY, SRlates PYiRAEE QAL acidRyd 98aIthdbof, drANKY C
acid, and the Ili hosphat e- cont ai ni ng conpounds (e.g. phosphoni um

salts and thkaldbmﬂc, aaémly)carwb}a@ﬁ teg yoxalales, ;&lﬁmﬂﬂt@xclﬁgwa@emnat@, praesl i c

acid and salt ha ate sal s i nji um

hydr ogen phtr?l% gt 8&t %Is(eﬁd éggwﬂﬁg%% Gy Eres et gnhe lﬂﬁ?rﬁa&{om‘&?sther eof .
[0021] Advarbag@eigsing or frdge uiNéRic aR@bt sHok O PIRPS! AldNoherYunhhls cahglbking. 01
to 5 wei ght percent of a carboxylic acid polymer. Pr ef er abl y, the

conposi t i on 38N Ak de. dprxamplepdi- itd-, 3r pelialgRholh e & cathylerte ghycohpseyteihel.aci d

o Jbout 2010605 SRUYERG A ThaTi SRRy ARRIRAS R, 00, " O

nunber aver a}mespmohnemwhm amﬁmgkﬁhoﬁﬁrabﬂk()y |Preferablly dth@ odnpiexing agent hephumieacidhese
car boxylic aC| d POl ymsrs ener a l\Iﬁ%qtare in solution but nmay be in an aqueous

di spersi on. arg éa rﬁ'&mr ewlit weludeiagrroniym hydrogdnaphaliagate ashed
pol yners ar i erp%@ %e a(]ggl ¥tHI%EfFE?Jof°n chromat ogr aphy) . [0022] The
i poI

car boxylic or me rom unsat ur at ed nmonocar boxylic aci ds
and unsat ur a[()mi]dmarahmggdusky the indeel pdlyshingabmposiadricontaies aboooler fodxyéiple aci d
nmononers contain 3 to 6 carbon_atons and include acrylic acid, oli g)orreri C
acrylic aci Perca@aigcpiprryic aatsiiRflyreqroﬁﬁﬁqréb%éheocogmswa91>maa@eatr%lt 889
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i nclude the an s there for exa mal ei c
anhydri de, faveragd moleculel, wejbhttofiabaut ae,om toi It #HO®00 ¢ Inazdddtjoni blandsrof highehandr | de,
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carboxylic acid polymers generally are in solution but may be in an aqueous dispersion. The
number average molecular weight of the aforementioned polymers are determined by GPC
(gel permeation chromatography).
[0022] The carboxylic acid polymers are formed from unsaturated monocarboxylic acids
and unsaturated dicarboxylic acids. Typical unsaturated monocarboxylic acid monomers
contain 3 to 6 carbon atoms and include acrylic acid, oligomeric acrylic acid, methacrylic
acid, crotonic acid and vinyl acetic acid. Typical unsaturated dicarboxylic acids contain 4 to
8 carbon atoms and include the anhydrides thereof and are, for example, maleic acid, maleic
anhydride, fumaric acid, glutaric acid, itaconic acid, itaconic anhydride, and cyclohexene
dicarboxylic acid. In addition, water soluble salts of the aforementioned acids also can be
used.
[0023] In addition, carboxylic acid containing copolymers and terpolymers can be used in
which the carboxylic acid component comprises 5-75% by weight of the polymer. Typical
of such polymer are polymers of (meth)acrylic acid and acrylamide or methacrylamide;
polymers of (meth)acrylic acid and styrene and other vinyl aromatic monomers; polymers of
5



[0023] In addition, carboxylic acid containing copolyners and terpolyners
can be used in which the carboxylic acid conponé&nt conprises 5-75% by

wei ght of the polynmer. Typical of such polyner are polymers of
(meth)acrylic acid and acryl am de or methacryl am de; polyners of
(meth)acrylic acid and styrene and ot her vinyl aromatic nononers; polyners
of 5 alkyl (neth)acrylates (esters of acrylic or nmethacrylic acid) and a
nono or dicarboxylic acid, such as, acrylic or nethacrylic acid or itaconic

aci d; poly ”%Tkgl ﬁﬁet@%@?ﬁie& K%so‘ri’sl %f‘g@}%fs af B%Eér?lb 3 c AT QB SncfhB bt Hﬁax%UPﬁltc' aE *de nt ;

such as, hal ogen, uori ne om'ne, nitro,
hal oal kyI csarltqupryl'mrdrm;haaryiinacidloky:icomndcm pnigatmbﬁ!;@dnmximrqﬂ aromanc

di car boxyl ic acid and. _an al.k th | at e; ,pol rs. of nonethylenically
unsat ur at ed m%%ﬁ&ﬂ“%‘“éﬁmsgf'%mgwﬁh ?ﬁ) F‘% En!- er’|“tji‘g° "éuﬁ Ypring, bromiiey “‘é’?rl di ne,
al kyl vinyl cbyiol Sk&8s, halbalidl, cal?égxyrz%lﬁ&taﬂﬂﬁo Mky1¥%hd ﬁﬂﬁiaﬂlrﬁ’tﬁ@l &hodpd an

unsat urat ed nono or ‘di carboxylic acid; polymers of olefins, such as,

propyl ene, idsethexyliceased ar@ranlaﬂwg(mﬁmammek y¢1Ymb1@1’0f n@nd:thylr:mgall_wlllsam@(tdc ar bon

atons and an_unsat ur at ed nnnﬁ or dicar g ac 18 y s.gf Vi. N

al cohol est SPLOMEFERNAUMNE § RIFOREN LG H° asd Y P’ﬂ'ﬁd‘ne giyl-Any pyRdine.in haI i des,
such as, vi mylyrdlhddan, vyl cyprawétaﬁhmrdn%sawrwea}ﬂolns%ﬂ@wﬁﬂbugnic%doisolymax lof
nitriles, such as, acrylonltrlle and nethacrylonitrile and an unSaturated

mono or di cald@m,wuﬂcasamoaylemIls?hwbn@for holngylnanq arltvlmlefarsmmgég tma&/cankgml 24

carbon atons_ in t rou sat ed npnhoc i C aC| , such
S ot g 478 3 nafuracl fioRe BEr PR Bl Fiet B IR oL E el ¢

variety of m@Ivyma&tatt@a{d Ayl stebRteisi&thyl RalidBs sdvig! viR@lfiusRie gisPBmesdd, i on of

this invention. Also, it is possible to use polyners that are

bi odegr adeapinylidgnedluoddyeratie mitales,sugiey addanirde pyd mpumrywéanl@ andan exanpl e
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Advant ageoughibon atbﬁlsexamlaqmyl gmupﬁmdiamkaﬂﬁﬁfed%onbé@b@(yﬁsQﬂﬂ Jubl ed)at@nc i s i on-
exchanged to reduce the ammonia content that may interfere with an
ammoni a- det deidiongethagprlic pridnThese agan!omfewyekeapies pifhp ariaty:of patymer that can

| on- exchanag e ylhndh DS, RURRE QmddNERGE A1) nDARORNARB! £, LQUAR ) Qgor POT at o

therein. These ani onic grou t| oni ¢ ion resin

capabl e of adbmiecks thgy ase:)blubé@adeaile @hstodspiadeatsls or mmibdblobyzomer geansNAh, K,
Ca+z, Fe+3...etc. g and ammoni.a from an aquequs sol utign. Resins of the
present i nvekEnpIAohsush a@aﬁlaaql%%thatrléBl@é?%ieﬁ%IS@equb@ﬁryéleﬁ@érpp}ya%er ons to

bet ween 10 QBPt &35 @Héﬂt ﬁ%; E’Jrgifaérc%E% 12- éﬁﬁ%&%@%) t he present invention

are capable o cation conce to between
[0024] Advantageously, the carboxylic acid polymer of the present invention is ion-

exchanged to reduce the ammonia content that may interfere with an ammonia-detecting,
end-point detection system. In particular, the ion-exchange resin of the present invention
has anionic groups incorporated therein. These anionic groups render the cationic ion
exchange resin capable of adsorbing soluble cations, such as, metal ions (e.g., Na*, K*, Ca*,
Fe**...etc.) and ammonia from an aqueous solution. Resins of the present invention are
capable of reducing the cation concentrations to between 10 ppb to 2 ppm. More preferably,
resins of the present invention are capable of reducing the cation concentrations to between
50 ppb to 1 ppm. Most preferably, resins of the present invention are capable of reducing the
cation concentrations to less than 100 ppb to 200 ppb. These ion exchange resins are
typically regenerated using strong acids to desorb the adsorbed ions and replace them with
hydronium ions. Preferred ion exchange resins include, Amberlite® ion exchange resins
from the Rohm and Haas Company, of Philadelphia, PA. A preferred ion exchange resin is

Amberlite® [RN-77.



50 ppb to 1 ppm Mbst preferably, resins of the present invention are
capabl e of reducing the <cation concentrations to |less than 100 ppb to 200
ppb. These ion exchange resins are typically regenerated using strong acids
to desorb the adsorbed ions and replace themw th hydroniumions. Preferred
i on exchange resins include, Anberlite(r) ion exchange resins fromthe Rohm
and Haas Conpany, of Philadel phia, PA A preferred ion exchange resin is
Anberlite(r)1RN-77. 6 [0025] The cation exchange resins of the present

i nvention neyoixveThdéutiBR¥RiNaRse eQhd0fAhe prEht AGEHDN nfhyhave B Phital foadlof
beads, or macroporous beads, including nmacroreticul ar beads or conm nuted

resin parti cicbbeagdhgtg. éP’éﬁl‘gjé]I gebpeaghOr GPETOBRROUY eesily incBiding @é?fﬁieﬁﬁﬂléfcbep@r(tﬁ cles

may be derivy

usi ng known %gléﬁrnﬁl&%%y ﬁ;aﬁ EF%IS% .lﬁl&%@%ﬁalg#%&r'e%%béﬁﬁé{x&ﬁ& reS| n
particl es armaybeakeval epabelk-polyrherired bosuspenzivngpol pheaived polya@rs using known
suspensi on-pol yneri zed copol yner beads that are well known in the art as
precursors fOPIMIBHiODeWMAKIYEs 1 esi ns. copol yner beads bear their
functional S i

funcltl onal i fa&%\k E{égeg%géggéxﬁgagggfﬁnpf: bﬂ%ei;st mgﬁﬁjagegnn( pgﬁ?ﬁ i]:ﬁ?;%g t he

copol ymer atcresslimket csuspensibs-polyheritdd ckolgmsr et dre/well kooved inztelar ayer s
tend to be uniformfor all beads, re&ardl ess of bead size, Prow ded only that

the smal | estPreWEQHLORIon exchanggiesinst @Fhropeliass Rsads heapigeir fungt onarhs'eoueﬁ)wet ely
sul fonat ed. a%%eréhélﬁéf%tfonﬁ BSth. dB%JaHs%'tE?@qu@tMﬁ%hﬁ'ﬁ@n Pl‘ogﬁklsé/s 4B 08;5 ard fig@r dl ess

of the uniformty of sl ze Monomers su epar i ng
crosslinked hnaqlnpeyeteate lhacbptdﬁnmmaummrm ra&r@aﬁﬁe@emmﬂuscndnalﬂzeﬂaﬁnl e,

styrene, vin I ol uene, n ht ha) ene,. ethyl vin enzene, v
ch?/or obenzerf)én toke S W%‘(éf’%%g s phiead F‘BKK% Pr%&@ﬁ’“r%é a B?rf}Pi‘ f rom
about 50 to Q@ IS c@mﬁmt&¥ %E@&ﬁhzedpf Ef Rk @é}hﬂeég aSEIIgO %;tAsgag Bl BePer cent,

of the nononers fro he copol yner 1s vi nyl nononers
having at | edffusienyonthseare highlywinifgim,gegacdiess pdihy ueiforaatylof bwdshrzet he nonovi nyl

nononer , pri se, fr out 0 abo t 50 erce
pref erabl y f[ﬁw “8’5‘81?15“%191{% BreB%‘}’lgéﬁ‘ESS]“h‘Fd y%ﬁgcmgcsﬁsmgqogmy hat the

copol ymer i sy §RaR mEneAEN, ?c%e%m di &ﬁ@rﬁeevnlﬂglltdll\{én@)’\hnﬂ‘?ﬁ@ﬂ%l@ne, bﬂﬂ?l' H{%ﬁ
di vi nyl benzene, trimethyl ol pr opane trimethacryl ate hyl ene glyco

di net hacryl ateszene Ninyl hlorabenzene, chtorroéthylbtimemz adehe ke, imiydhahdyorooipeise from,

Gi acry at o, RegpRie P BB PHETh R R aD S0 TRk BRE pefient of e 91YCC

monomers from that the copolymer is made, and polyvinyl monomers having at least two

active vinyl groups polymerizable with the monovinyl monomer, which may comprise from
about 0.5 to about 50 mole percent, preferably from 1 to about 20 mole percent, of the
monomers from that the copolymer is made. Examples of suitable polyvinyl monomers
include divinylbenzene, trimethylolpropane trimethacrylate, ethylene glycol dimethacrylate,
divinyltoluene, trivinylbenzene, divinylchlorobenzene, diallyl phthalate, divinylpyridine,
divinylnaphthalene, ethylene glycol diacrylate, neopentyl glycol dimethacrylate, diethylene
glycol divinyl ether, bis- phenol-A- dimethacrylate, pentaerythritol tetra- and
trimethacrylates, divinyl xylene, divinylethylbenzene, divinyl sulfone, divinyl ketone,
divinyl sulfide, allyl acrylate,diallyl maleate, diallyl fumarate, diallyl succinate, diallyl
carbonate, diallyl malonate, diallyl oxylate, diallyl adipate, diallyl sebacate, diallyl tartrate,
dially] silicate, diallyl tricarballylate, triallyl aconitate, triallyl citrate, triallyl
phosphate,N,N'-methylene-diacrylamide, N, N'-methylene-dimethacrylamide, N, N'-
ethylenediacrylamide, trivinyl naphthalene, polyvinylanthracenes and the polyallyl and

polyvinyl ethers of glycol, glycerol, pentaerythritol, resorcinol, and the monothio and dithio
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gl ycol divinyl ether, bis- phenol-A- dinethacrylate, pentaerythritol tetra-
and trinethacrylates, divinyl xylene, divinylethylbenzene, divinyl sulfone,
di vinyl ketone, divinyl sulfide, allyl acrylate,diallyl naleate, diallyl
fumarate, diallyl succinate, diallyl carbonate, diallyl malonate, diallyl
oxylate, diallyl adipate, diallyl sebacate, diallyl tartrate, diallyl
silicate, diallyl tricarballylate, triallyl aconitate, triallyl citrate,
triaIIyI phosphat e, N, N - et hyl ene-di acryl am de, N,

- met hyl enetedlivatRedacslydotYi TR, md¥onidr mixeire Wanedicashinl b dBsut Srmolk PMhent
naphthalene ponV|g%panthracenes and the polyallyl and polyvinyl ethers of
gl ycol , gl ycdoder visslypenamerhihat dg not pifecs theibags natyrecpf theresdiing 16518 maék. &0t hi o 7

der i vat i ves Qe ol ni0%uIRRATShe okl ubig TR oA InE ORLAE oD 1 GhabOUt 5

nol e percent er vinyl nononers o not asi ¢ nature of

t he resul ti ngnbodshent ofthe invention; theenaomher paaietey lacenictyliclester dupbbthee particles.
methacrylic acid and others known in the art. |n one enbodiment of the

i nvention, tA%& odenredesirabimformeof églca?rehé%&ow% wiferition, ¥WiiBe Pisest BERAB|igs
2
[0028] One dc% élfl@‘@fl ﬁo@;l&ng]ggxfnaﬁy foh?[gﬂaa:sﬁgmggé}fF%P?féhrﬁtf}n?etgho{ble @)%tl{sgﬁd

pr esent |nven Ion i's provi nated resins that
are signlflamnmkysMhheEmdmghmimgmwmmhmtyndhunhansﬁmes&hmﬁmmpﬁuhnadnm@ and
regeneration CX‘%HW@Q? eous ion exchan e a pllcatlons than resins forned
by sul f onat iTAg"% 81‘3"6‘668%“5?%?’? ¢ s, pither pthe SPLYEIHiSWUlBH Pidionor
non- swol | enyyifiiat &atel 0029] Advant ageously, the pol i shing conposition
contains 0.01 to 5 weight percent abrasive to facilitate silica renova

Wt hin this [062f)e, Advaniagealsly, ttatploeshmg dmmpesntltmeccatumws@ OEto pweigbingerdent an

anount of gr ater t enc nt. Al so, desirabple
aronn Ot PPt o el shdRmaid). Mt idihed G dbiranit iy DA RBE Gent
00301 The apiaisn by HscAGAy e@&fubﬁb@ ﬁmgm%ﬁc\eﬁtew@@ dbraBQithin

nanonet er s . For purpoSes of this specification, particle size refers
to the aver atge rgee tis arl anaingef logs thdlle)rabm@m 3/wc1ghtl\m®npr eferably, it is

150 nm . Decr 8o TeERER iR t Rk BREIe e P FER 0 (a0 TBhomeERInED B8 nim

tends to | & ofNiis BpeRITRati &R phi@iBleQfze kdters ROIhE 81 IBROSibd bQRe athk It
al so tends ﬁ%ﬁggcreaségéhe #en%va eré?e f0031 éﬂ%&%ﬁe abraS|ve§ |H§Iude

i nor gani c ode@@ref‘pnabhygiaiﬁ desinghii @mselesabrmeahavmg eh dessage pagicld sizahdtwvern$0

el D0 R YRR SR PR RMES MR (G P B £58 TS ©

(Si @), al unipRoveAtle?SlBarization of the polishing composition, but, it also tends to decrease the
removal rate.
[0031] Example abrasives include inorganic oxides, inorganic hydroxides, metal borides,
metal carbides, metal nitrides, polymer particles and mixtures comprising at least one of the
foregoing. Suitable inorganic oxides include, for example, silica (SiO;), alumina (Al,Os),
zirconia (Zr0O,), ceria (CeO2), manganese oxide (MnQO;), or combinations comprising at
least one of the foregoing oxides. Modified forms of these inorganic oxides, such as,
polymer-coated inorganic oxide particles and inorganic coated particles may also be utilized
if desired. Suitable metal carbides, boride and nitrides include, for example, silicon carbide,
silicon nitride, silicon carbonitride (SiCN), boron carbide, tungsten carbide, zirconium
carbide, aluminum boride, tantalum carbide, titanium carbide, or combinations comprising
at least one of the foregoing metal carbides, boride and nitrides. Diamond may also be
utilized as an abrasive if desired. Alternative abrasives also include polymeric particles and

coated polymeric particles. The preferred abrasive is ceria.



zirconia (ZrQ2), ceria (CeQ2), manganese oxide (MQ2), or conbi nations
conprising at |east one of the foregoing oxides. " Wdified forns of these
i norgani ¢ oxi des, such as, polynmer-coated inorganic oxide particles and

i norganic coated particles may also be utilized if desired. Suitable netal
carbides, boride and nitrides include, for exanple, silicon carbide,
silicon nitride, silicon carbonitride (SiCN), boron carbide, tungsten
carbide, zirconium carbide, alum num boride, tantal um carbide, titanium
car bi de, or [ j ‘3&? j - | : al
car bi des, bo@?ﬁ ggﬁ(f ér??ftﬁ)ro |ﬁ e .rb%aé;%g%aﬁgg?%y%%’}ﬁg{e{%%ét ﬁﬁoglfe?igﬁgésan%n 12%% asi ve

i f desired. balanes ofatatere Thicrsabitior's usdfslopH rogaickeends Frpmeat ilaastyhrot 7. dh eddiaerd

coat ed pol yrrgri Parti cl es. hel. referre abr??s.i ve |'S cerila.. 8 H%OSF] The
conpounds priB%sahwionsady auagsowhurelics ynop 4 halapee af deignized waier o IgRE MesPll hi ng a
bal ance of Wal&fities! Mhe pBIQf e fIlsHing BETGE tHRH N AGR i RAMSy bR P dgast 4 to
7. In addition, the solution advantageously relies upon a bal ance of

dei oni zed wahee ptederhblpriatpH of Gi tdérft dllhe atidpused té adjust TepHpéf tbé corpospminiof Hiing
fluid of thi,s invention is preferably from4 0.6.8 e preferably a pH
of "5t o 6. 5. INAEU Beor prARe SnEh e . BrerprEon B B FI A1

i nvention are liked "ExRNPIARY Basedtided kCadibst the pBLASTht dotnpd€itidn ofBhel iaGEHoh bfe, ¢! d,
phosphoric acid and the |ike. Exenplary bases used to adjust the pH of the
conposi ti on epmpl§j potassivahyderxider e, for exanpl e, potassium hydroxide. [0033]

Accordi ngly, present .invention provides. a conposition aanlbO t hod havi ng
i nproved eno[-O j(;jﬁnp‘&%gfdé%grb(’gﬁe %rleséﬂglf].ser@fw prt?éléd%? ﬁcg':ﬁ% tboglangr%f- gﬁﬁf'maet ection
systems. In irrgﬁfvbd endd-péint defeRti6 P SPRL fok O3k iR OkknTEA RAELpEINt Ed1ectioh 8FRdHs. ITAVENt i on
i's ammoni a-reduced, thereby inproving the accuracy of the chem cal

end- poi nt deRagisujaprihegempogitioniged mathed of ba preagny anverteos simnoniariefyaed, an

i on- exchange,resj.: . i ntent . of ft. Qnpasition to
reduce the ie“r]ﬁrgbr%{‘ ' é%é@eﬁggﬁc]ugagg o@{ﬁé?ﬁ%/n?ig@i%a%-ﬁgp te‘(gl)eteéc&rlﬁlg) rsl?'sger%'oﬁﬁealﬁly?’?gf) ['on.
conposi ti on adsgftageolisdy utilizes shion@xshahge@siansiredide ti®ImmbhiaicdfteMbf he

sem conductor wafer for shallow trench isolation processes. In particular,
the car boxy|9GoEPagitien {9dPduse the igterfgiencedzam amgder - origiaietammnpria spRiaMIngtiebnt ent
in the ceri aa‘{b%fp%ghi% HeE Y for L#bli@lq%giﬁiwaandtsm%on GO 4 e} cmagaes PHECHP! Y
conpri ses quaternary ammoni um conpounds for | nproved selectivity. I'n

particul ar, shhidovwtresandolitiovndcesss. ih@uitidelar, #e cafteRpiitSactdpipaertis wa- usef ul for
polishing silica and silicon nitride on a senm conductor wafer conprising
quat ernary &ghasaediinredicp ferimmetia eaatang inghe eprigrhasedlurey. tIpadditien. thear boxyl i c

acid pol y”ercor@%@é& X(ﬁ/antageously comprises quaternary ammonium compounds for improved

a

selectivity. In particular, the present invention provides an aqueous composition useful for
polishing silica and silicon nitride on a semiconductor wafer comprising quaternary
ammonium compound, phthalic acid and salts thereof, carboxyli¢ acid polymer, abrasive
and balance water. The composition exhibits particularly improved selectivity at a pH range
of 4 to 7. Note, although the present embodiment concerns reduction of the ammonia
content from the carboxylic acid polymer, the invention is not so limited. In other words,
any constituent or component of the slurry, for example, the quaternary ammonium

compound may be ion-exchanged to reduce any ammonia content, as necessary.

Example 1

[0034] All example solutions contained, by weight percent, 1.8 ceria, 0.18 polyacrylic
acid, and 0.21 potassium hydrogen phthalate. In addition, the examples of the invention
contained 0.12 weight percent, of a quaternary ammonium compound, in particular,

tetramethyl ammonium hydroxide. The slurry was prepared by combining an abrasive
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and bal ance water. The conposition exhibits particularly inproved
selectivity at a pHrange of 4 to 7. Note, although the present enbodi nent
concerns reduction of the anmonia content fromthe carboxylic acid polyner,
the invention is not so limted, In other words, any constituent or
conponent of the slurry, for exanple, the quaternary ammoni um conpound may
be i on-exchanged to reduce any amoni a content, as necessary. Exanple 1
[0034] Al exanple solutions contained, by weight percent, 1.8 ceria, 0.18
pol yacryl i c paciaigelwithaghémitdl mok@ssirmﬁwsd\rquekhgpwahaiaawy dissoledglibei on, the
exanpl es of the invention contajned Q.12 weig percent, of a quaternary
anmoni um corRSbasfalic agid gRficentealg igdeionized wa%tlma a 'é!ﬁ%‘ﬁl’i?ﬁ?frﬁ/%ﬂd% thecertthe

Sl urry Was, RRRALEE Y 1RORRBYA0AAH NS AR RaRAGHPCRE Wl befi GBRMchRber .

package. raS|ve packadge "was na i ssofving t pol yacr
concentr at e was iate¢x@harged W\ﬂau’enbanhuerl@Na77bbrade:hmg;eecsnanﬂmdnl ex@angaeresmma

ol yacr y1i o HEREReHAR sMBHYS fiol $EREm, A G tn Pk AhREFETIAS PN 3 Sobtir
exchange r esjfRarbdXVficia&id pBl/aRANARINIRATH B péRent t@%ﬁﬁé&ﬁ@%séd}u%f ihBd6Lgod.r om
Si emens Water Technol ogies, of Warrendal e, PA. The solution of carboxylic

aci d pol yrrerThesoldtldnutseJdmpgd girgughdleecylinders pagkesbwith theag@us ionyexofanghresin.

sol ution. solution js ump edthrouhthecll wi th the

cat foni i onexeHbaser dndt R i BaarRe i Sulia b FimnBRg e bt Bk fEs
cones out atofa)] BAtidnRSspedifAdhcld adRetaFidREstanhdrya. fTIRE, thO@tert-polgREyIRALA- SPeci es
such as metal ions or anmonia. Then, the ceria-polyacrylic acid- water

m xture was watermaix@ee weas tngateni Ltsmgmﬂazmaeld Th@mmtmteu‘ra@ theaded inema highi sheat o a hi gh

e i ng. ooy OIS T ERTA PoslRRE AR S BT Maebuie e

bl ade m Xxer d@ivized Wagkk,iR@roper dohduintsl MadingdWwith aﬁlaﬂéﬁilfe@dndlﬁtrﬂ&gﬂbEl'felfmaﬁﬂlid The
final slurry is prepared by mxing the abrasive package w th the chemi cal

package and asidesizgd uping pidrig #ed o Bl finalislpy is[pocpamed bymeixingtthesbaesivonaekags wer e

VT~ 864 sk 000 e BhfRae R Buint Bine Mo b ("0 4 by 4mm 1 oat ur oe.

The feat ur eq003%] t hEhgmStsmba o alePOWeBISTTMIT- 364 Mmder Fiom PRedagig g with HDR 10%
to 100% each, and 50% densities with pitches ranging from1l to 1000m _ Here,

50% densi t y and LEENDhiN Blns; Ade T804 mask desigiy hady2Uamm by Jemmedic eqnsisirgnfes
wherein t he 4?(%&824mm g&tli](f/ ('ﬁ%afﬁﬁur\% ﬂ{[tne ma 13 G| 1%9%%&%&99%%&%9 /?ané:ﬁ’é

exanpl e, ace
from 10% to 100% each, and 50% densities with pitches ranging from 1 to 1000um. Here,

50% density is defined as the spaces in an array of repeated structures wherein the space
width /(space width + line width) x 100% = 50%. For example, if the space width + line
width = 1000 microns, the 50% space has a width of 500 microns. IC1010™ polishing pads
were used for all tests. An Applied Materials Mirra® 200mm polishing machine using an
IC1010™ polyurethane polishing pad (Rohm and Haas Electronic Materials CMP Inc., of
Newark, DE) under downforce conditions of 2.7 psi and a polishing solution flow rate of 85
cc/min, a platen speed of 123 RPM and a carrier speed of 44 RPM planarized the samples.
The polishing solutions had a pH of 6.1 adjusted with nitric acid. All solutions contained a
balance of deionized water. Oxide and nitride film thicknesses were measured using an
Opti-probe® 2600 metrology tool from Therma-Wave, Inc.

[0036] Asillustrated in Figure 1A, 1B, the averages of post polishing results from center,
middle and edge dies for retaining degree of wafer scale uniformify information is shown.

As shown in Figure 1A, the average trench within-die range was 300-400A. As shown in
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wi dth = 1000 m crons, the 50% space has a width of 500 mcrons. |C1010TM
polishing pads were used for all tests. An Appli€éd " Materials Mrra(r) 200mm
pol i shing machi ne using an 1C1010, pol yurethane polishing pad (Rohm and
Haas El ectronic Materials CW Inc., of Newark, DE) under downforce
conditions of 2.7 psi and a polishing solution flowrate of 8 <cc/mn, a

pl aten speed of 123 RPM and a carrier speed of 44 RPM pl anari zed the

sanpl es. The polishing solutions had a pH of 6.1 adjusted with nitric acid.

All sol uti onge£ON8 ahd Rtk thQﬁﬁéB@ﬁhﬂfdléiﬁh%\hgseﬁowat Potal t@ﬁ'cﬁ’%xﬁ@i’osg‘ketﬂ'é&tﬁie

filmthi cknesses were neasured usin ti-probe(r) met r ol ogy t ool

f r om Ther ma-thesombination of iSiB6g amkerpdidnust rated in Fi gure 1A, 1B t he averages
of post polishing results fromcenter, mddle and edge dies for retaining
degree of fer gcale uni formfy |nforrrat|on is showmn. As shown in Figure
| A, the aver P¥rZench wit hin-die range was 300-400A. As shown in 10 Fi gure

1B, the nit r[()ﬂﬁ t@h@%é&m“t%fn@a@% ?esﬂ?srlg%h 2al k@ pBint 3_85 %thttﬁﬁ'&?ﬁnc%h

| oss reflects he conbi nat1 on I'ng and erosion. Exanple 37] This
experi nent codppiicabdatefunlatayzig ertdpointmbustmeds. pﬁlqﬂhemwlahendl-pdnnttdﬂattmf

fricti I d opt bust hem cal
end- point. adraep Pghen g b2 R Bt BRERR FhgRR g v eR e oo, A

ot her par anmgh@e gs HBdeCoftBx@mpRam® as those of Exanple 1. [0038] As illustrated
in Figure 2, the chem cal endp0| nt was the nost straightforward to
i nterpret ("[@03/8d)f ng jlluatrateduinriggure @itherelrenticat endpabit Mias the rdsestedightiocwdrdemdpoi nt

was determ nabl e second head .of fri i cal endpoints.
The cheni cal’ t&‘ﬂ?&eﬁ&oﬁ Jff‘:,étl Snéﬁ'rﬂ?fﬁl&‘ft%?})é]:‘%ol ﬁ%f?lh %B&ﬁ@Hﬁf‘Yaaence and
process robuygfeRfngble lfesamaé&mas i&Q@@ﬂ fri¢tdrl maw réﬁ&ﬁmﬁ@n’pﬁer&w&mctpampf
chem cal end-point data with that of frictional and optical data for

anal yzi ng plaawed eranasd opérpplisheviogow Fordidenverand atocessdopsinass. det ecti on  syst em
was the same as in Exanple 2. Al other paraneters were the sanme as those of
Exanpl e 1. @04 k illustrated in Figure 3A, 3B, the optim zed process
utilizing c 1 end- point significantly inproved planarization

efficiency. §6u3)ChemN S@kriRbt cBﬁ’iPEl’ed Fe)é§l¥s%?“chérﬁ'i9£l%\ﬂ§(ﬂ»o% tsle with @Rt oP ictional

confi dence and shorter over - pol requi r enment
and optical data for analyzing planarization eff1c1ency The chemical end-point detection

system was the same as in Example 2. All other parameters were the same as those of
Example 1.

[0040] Asillustrated in Figure 3A, 3B, the optimized process utilizing chemical end-
point significantly improved planarization efficiency. The chemical end-point system
improved oxide clearing confidence and shorter over-polish requirement.

[0041] Accordingly, the present invention provides a composition and method having
improved end-point detection signals for use in chemical end-point detection systems. In
particular, the composition and method of the present invention is ammonia-reduced,
thereby improving the accuracy of the chemical end-point detection system. The invention
advantageously utilizes an ion-exchange resin to reduce the ammonia content of the
composition to reduce the interference from any slurry-originated ammonia contamination.
a composition useful for polishing silica and silicon nitride on a semiconductor wafer for

shallow trench isolation processes.
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[ 0041] Accordingly, the present invention provides a conposition and nethod
havi ng i nproved end-point detection signals for use in chem cal end-point
detection systenms. In particular, the conposition and nmethod of the present
invention is amoni a-reduced, thereby inproving the accuracy of the

chem cal end-point detection system The invention advantageously utilizes
an i on-exchange resin to reduce the ammonia content of the conposition to
reduce the interference fromany slurry-originated ammonia contam nation. a
conposi ti orfCl@&Bf ul for polishing silica and silicon nitride on a

sem conductor wafer for shallow trench isolation processes. 11 Clains: 1.
A nmet hod of manufacturing a conposition for polishing silica and silicon
nitride on a sdm condudtmethedibfmamfactoingr ¢ampegition Joopdlighing sdicgandoxyl i ¢
acid polyner in.aqueous solutionﬂggggtactin t he agueous solution with an

i on exchartgtop 84! ?%Ff%ﬁﬁﬁﬂ?l%ﬁ eEQTP%ﬂggand armoni a fromthe aqueous
sol ution provi grdgdiAga caBoR)iRheiaGRI P ayueolEsol@idnd pol ymer in aqueous

sol ution; adding (i) an abrasive, (ii) a quaternary anmoni um conpound and
(iii) phthalic comGiithgGhe %&Bﬁi@hdt&n%ﬂ%ﬁ@hExélﬁn%é‘x‘:‘esih(wré?ff&d%%ﬂﬂlﬁfé car boxylic
acid polyner in aqueous sSolution to provide a sturry having 0.01 to 5 wt%
of the i orsatismstead aeuhonie fromythe aquaaiscolugion providingar0®niexchangedcaboryliche

guat er nary adc;rgrgni um co ounq,t.o._ 00 1to 1 ww%of the phthalicacid or

phthal i ¢ PN BARCDIVE™ wt % abrasive. 2. The nethod of claim1
wherein the quaaaeihg@iaxn abiaBIRve, Y1T) £ QUARRHAY alntmonhith %ﬁg&ﬁa@ﬂl(ﬁb%&ﬁ%p _
conprising: tetramethyl ammonium hydroxide, tetraethyl anmmoni um hydroxide,

t et r apr opydcidanamhthatic Bidsalk fatbe ianegxchanged carpgxyligragisipolymertip dqesegle,
tetracyclg I ni droxide, . t . apmni [

tetrai sobuﬁﬂ%}a{tﬁ%% %&aﬁgﬂé%&ﬁ‘é"q@e rsg%tg/‘r?? E{l}%é;ll(fn ég“r B |Lé§1 r%gﬁ’%ggéxiﬂ?e,

t et rai ecbuiofymer2BO®NIoUMViYY dF théigd ternast anfayiumismpousddo0l ] LLonl el efithéle,
tetrapentyl amroni um _ hydroxi de, tetracycl opentyl ammoni um hydr oxi de,

t et r ahexyi Phthahie asid or Rithaksacibsalt and Ol &9 S| WHeBFAS ¥ moni um hydr oxi de, and
m xtures thereof. 3. The nethod of claim1 wherein the phthalic acid or

phthalic acid salt is potassium.hydrogen &gtqrﬂgtlegntmey ammonium compound is

selected from the group comprising: tetramethyl ammonium hydroxide, tetraethyl
ammonium hydroxide, tetrapropyl ammonium hydroxide, tetraisopropyl ammonium
hydroxide, tetracyclopropyl ammonium hydroxide, tetrabutyl ammonium hydroxide,
tetraisobutyl ammonium hydroxide, tetratertbutyl ammonium hydroxide, tetraiecbutyl
ammonium hydroxide, tetracyclobutyl ammonium hydroxide, tetrapentyl ammonium
hydroxide, tetracyclopentyl ammonium hydroxide, tetrahexyl ammonium hydroxide,

tetracyclohexyl ammonium hydroxide, and mixtures thereof.

3. The method of claim 1 wherein the phthalic acid or phthalic acid
salt is potassium hydrogen phthalate.

4. The method of claim 1 wherein the abrasive is ceria.
5. The method of claim 4 wherein the ceria has an average particle size of

between 50-200 nm.
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4. The nmethod of claim1 wherein the abrasive is ceria. 5. The nethod of
claim4 wherein the ceria has an average particle size of between 50-200
nm 12 6. The nmethod of claim4 wherein the ceria has an average particle
size of between 80-150 nm 7. The nethod of claim 1l wherein the slurry has
a pHof 4to 7. 8 A nmethod of chem cal nechanical polishing silica and
silicon nitride on a sem conductor substrate conprising: providing a
polishing pad; providing a slurry, wherein the slurry is obtained by:
providing a carboazlic acid polymer in aqueous solution; contacting the
aqueous sol ution wbth dfie msthod REHaipmybWhesein thercsria bapapaverags npicde $%8tdtons and
amoni a from §ag.ca%0980amsol uti on providing an ion- exchanged carboxylic
acid polymer in aqueous solution; adding (i) an abrasive, (ii) a quaternary
ammoni um conpound and (iii) phthalic acid or a phthalic acid salt to the

i on- exchanged carb9xy|Eﬁagg?%go?ﬂgxpp&h&&nﬁﬁ% : aggkﬁﬁkgqoyp provi de a

slurry having 0.01 to e 10n-exchag oxyl1c acid pol yner,
0.001 to 1 m% of the quaternary ammoni um conpound, 0.00 1 to 1 wt% of the

phthalic acid or phthal i Lt.and O 01 .5 W% abr.asj ve:. polishing
t he sem conduct or §Ubst4aeglgﬁg f?hl%%ilcﬁbmfﬁ'gmﬁaglp?fé%fnﬁgjc’y%gan&;ﬂ@mtnﬁlzmgurry. 9.
The met hod ofonch sdntivéhdudter sbstratdvempkisiagi ve i s ceria having an average
particle size of between 50-200 nm 10. The nethod of claim8 wherein the

slurry has a pH ofPvidige s polishing phe et hod of claim 8, further conprising:
chemi cal 'y det ect i gigvidinp@lsiuep] Witeréii R Qiudy iddtaifiddaypi Ng pol i shing, wherein
chem cally detecting conprises npnitoring the |evel of amonia in the
slurry. 13 providing a carboxylic acid polymer in aqueous solution;
contacting the aqueous solution with an ion exchange resin to remove
soluble cations and ammonia from the aqueous solution providing an ion-
exchanged carboxylic acid polymer in aqueous solution;
adding (i) an abrasive, (ii) a quaternary ammonium compound and (iii)
phthalic acid or a phthalic acid salt to the ion-exchanged carboxylic acid
polymer in aqueous solution to provide a slurry having 0.01 to 5 wt% of the
ion-exchagned carboxylic acid polymer, 0.001 to 1 wt% of the quaternary
ammonium compound, 0.00 1 to 1 wt% of the phthalic acid or phthalic acid
salt and 0.01 to 5 wt% abrasive;

polishing the semiconductor substrate utilizing the polishing pad and the slurry.

9.  The method of claim 8 wherein the abrasive is ceria having an average

particle size of between 50-200 nm.
10. The method of claim 8 wherein the slurry has a pH of 4 to 7.
11.  The method of claim 8, further comprising:

chemically detecting a polishing endpoint and stopping polishing, wherein

chemically detecting comprises monitoring the level of ammonia in the slurry.
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