COVPCOSI TI ONS FOR CHEM CAL MECHANI CAL POLI SHING SILICA AND SILICON NI TRI DE
HAVI NG | MPROVED ENDPO NT 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 hon- conductl ve,. Conductl ve f| I m; are t | caII used for
wiring or ) MI AN 2 NG SELIGA AND ysed
in several ar eS&I(f@Nm ﬂ@ﬁlNGﬂMFK%EMWINT&E@E@Q&ﬁ) ayers of
metal | ization, or as isolations between adjacent circuit elenents. [0002]
Typi cal processing steps involye: (1) depositing a f| Im (2) patterning
areas of the filmusing |B& REMNIZ QI EHEANYENTION depositing a fil mthat
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variety Ozire\ﬂﬁsldeieléﬂwfbﬂmhmgk&i rehfdivaledfdis @n aphindédghe ViaRahte. dBRIRInk afn (PVD)
by sputtering or evaporation, chem cal vapor dep05|t| on (CVD), plasm

enhanced ®A&nres|a "(ﬂa‘lﬁb’rOfdébﬁ%ﬁGﬁS and GmEmndumYerm neneconduaiived Gwldacﬁweof

sever al udi n api ca shi ng, dry
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et chi ng, ﬂﬁwre ﬁﬁ&lhh @gverm?easpfroayxs@ﬁ;gela@gmeﬂé@@&%lec resibtvoeh1§Rd o | mpor t ant
wi th renoval of Il ms to stop the process whe correct thickness has
been r ermmetalhzhnorotohawsmMIdss batweé¢mayljadeat mmun\e&!memits filns, it is inportant

to know t he_ end 0| nt has been reached. In > a filmis selectivel
renoved }%ﬁﬂa 2‘%}’ H‘iﬂ’ﬁ‘?ﬁs’d‘tg SRS &R VOlNF: Egtdgi’?sh%“&c'\/ghﬂza@i?atﬁ%ﬂinﬁs’feaéOf)fﬂel s% ng
pad (or fiofadih gthb?ﬁp?ﬁgn@&@hlﬂ {3 H%)O\é\ﬁlfn R filf thFﬁ‘ﬁl@thg“e{che@aﬁ? taﬁ&) k4)ed

anount of press preseénce of hem ca reactive s

Over pol i splamgizofg the birhauredyietdhsnd or chemil- h&slsamc&]mﬂohshm@@ﬂm sﬁilmgarreeqw res
costly rework. Accordingly, various nethods have been enployed to detect
when t he @88¢4 a2 sphabaierty & Wik epovall-kpeyn pstieds, JQEWPI%W&Y%IF@ V@BP shi ng
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(1) sinpl @lhandadrwem(ca)v por a&pdamdar(PEQW) RiliiseRé remdv3) b??&ﬁ?@f sdvernl wet)
optical, (5) acoustical, (6) conductive and (7) chem ca n particul ar,
cheni cal lemmﬁtm%n@émdl@& chemigal-meghaatcahpolishinggdryraghamg sugb.as geagfive 6)719) has

been pOpueltg}{ing ?I?[E), wet etching, electrochemical etching, 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



toits ability to provide real-tinme and conti nuous analysis of the slurry
during polishing, a 1 direct signal endpoint as soon as the nitride layer is
polished and a fast response tine, typically |less than one second, in
addition to other benefits. [0005] It has been discovered that when

chem cal |l y-nechanically polishing a substrate wth a target filmof oxide
(SiOD) over a stopping filmof nitride (Si3N4) with a slurry containing

pot assi unfliged sigrildadpiois soqn ap Bigindtaide AaysE tsinoHs il faHdRSRORES BREde/ nitri de
interface, ] r ' [y on of ammonia (NH3). Wen

pol i shi ngty8§ﬁagg%%pﬁ%8 °P§?%’H8&mhﬁ§ ap@g@ﬁ?%ﬁtrhgg%ﬁlﬁegg- SR + 2KOH + H20 -. K2Si &8

+ 2H20 VWhpnosp! i1s higteenidiscowteed thhewhel dewiaglyreediahienl [P pelishaig a Kibste + 6KOH
+ 3H20 -> 3K2Si 3 + 4NH3 [0006] The ammoni a produced is dissolved in the
sl urry and#ithia tengpisfilen pf oxieg (3iQ2)i qyet matoppipg Ailpfof NBde 6¥iklds) tilbhsINFY+. Thus,

t he presence .of a niaJn.th indi cates.that the derl.yj nitride
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slurry. Once the endpoint is reached, the polishing is stopped. [0007]
Typi cal | ytheifollovidgreactonet@cs: and nonitor amonia in a gaseous form slurry

from a polishj] t IS med ough an ammoni a extraction unit.
The ammoni a- cgggéﬁﬁﬁﬁgabgéo§?#§§g$bﬁﬂh%é anal yzed and nonitored for
endpoi nt - det ec{yaR HREhihEARN@, R follbPh ol rBidih oE&drg:‘ Gas phase chem cal
anal ysis, such as gtanda d nmass spectrgécopy can be highly sensitive and

have a fast reSpbnse®KOHe,3Hitat- B8i0;batNIési rabl e for endpoint detection.

Unfortunatelé with slurry sanpljgp, t here naY be substantial interference
from anyl0088] qukhe ammeRip areduesd Balvsplyad imibe slumrapd domiys PEMGHIY indbg 1 |
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is needed 1's a conposi hod  tor chem ca ani c g of
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i nproved end-point detection capability. STATEMENT OF THE | NVENTI ON [ 0009]

In a firstheggpiedilm eandepietesminedibyveeniiosng predevad of ammmasihigdhe slupsin Ginget ur i ng
a 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 a first 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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conposition for polishing silica and silicon nitride on a sem conductor
substrate conprising: ion-exchanging carboxylic acid polyner to reduce
anmoni a; and conbining by weight percent 0.01 to 5 of the ion-exchanged
carboxylic acid polymer with 0.001 to 1 2 quaternary anmoni um conpound,
0.001 to 1 phthalic acid and salts thereof, 0.01 to 5 abrasive, and bal ance
water. [0010] In a second aspect, the present i nvention proyides a nethod of

cheni cal qtr?é%ﬂ%mlaeamorbwcgmpﬁgn%|0rq0c!é0érP&ﬂEth peigiindistlts heresh O lslem conduct or
SUbStrate1ﬁ8¥R¥5ﬁ&B&ameL8ﬁ?d'”9 a polishing pad and a ceri a-abrasive
containing s ur I on-exchangi ng a solution of carboxylic acid polymer to
be utilizwdlOp tIha s8tanidrag poo, theﬂthnmapnomdeha nsohad dfarhetnical bet ween 10

ppb to 2 ppm and polishing the substrate utilijzing the polishing pad and
the sl urmgchagirehpelishgetsHicaapehsHican Péﬂ%%la§@P@PF‘@}WtQ§f5uE%F%WPPI%SI%| d

pol ymer. BRI H P THE, | s the
aver ages Y] ms%%éqﬁh p%l a%g SF %@'@%w%&%ﬁu@d?&{ g"éhA“%hgg%éf géﬁf or
retaini ngofdﬁﬁfcﬁ@h@ﬁaﬂ@h@&nes@@b@uﬂﬂﬁeﬁ@ﬁ fetsyirryl @Q3&]cehnghéia inldheisblutish k@t es
the averages of post polishing results fromcenter, mddl e and edge dies
for ret aibgtwgerd md?aw& piaf and Mamlegmﬂsmbwﬁtft ytIhZ[mE)m]pOhBlgag padand thgst r at es
results o talne util Z|nﬁgyar| us en? g g t|o t echni ques; [0014]
Fi gure 3APY ﬁ%‘f PIRESDR PRI ST S “r“f’& e 8’§y 1(Sba'tC %Oelﬁmﬁlil li zi ng vari ous
end- point detection techniques; [0015] Figure 3B illustrates planarization
efficiencies obtained Ut].lr ‘ NG N ‘@ﬁkg§t|on t echni ques.
DETAI LED DESCRI PTI ON OF VENT JO16 ]ﬂﬁA posi tion and net hod
provi de I[(WMD]\/e(Flgﬂd-llAOllllﬂ‘s'trai&ttﬁéhV@ﬁlgeSlo@paﬂt@oﬁﬂﬂnglﬁ&ults fromlvenie ahidarred- poi nt
detection systens. In particular, the conposition and nmethod of the present
|nvent|cnﬁﬂ&;dﬂﬁﬁﬁﬁﬁ@ﬂﬁ§@U@%ée@?%@@%%@r$Wﬁﬂﬂ9ﬂ@ﬁ§“¥he accuracy of the chenical

on- exonatgeet cdik TR 4B Rhiffe TRa HURE A B0 BV BRI kst AR g

reduce t hgidei®@rtberetlififg UeQ8: 8Ny afel WalduniRmainat ed amoni a cont ami nati on.
In particular, the carboxylic acid polyner is’ion-
[0013] Figure 2 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



exchanged to reduce the anmmonia content in the ceria-based slurry. In
addition, the conposition provides unexpected selectivity for renoving
silicarelative to silicon nitride. The conposition advantageously relies
upon a chelating agent or a selectivity enhancer to selectively polish
silicarelative to silicon nitride for shallow trench isolation processes.
In 3 particular, the conposition conprises a quaternary a ni.um conpound to
sel ect | veryiculs] e ROmPPTRaT FUPBRIey d Rty TBRORR FRroul o ReHel  t he

appl i cat i Qyhsh k@04 AdiacVago GRS HNAAY, 2ATHEM S apREAGS of the present
invention include the following structure: R R4 - N- R2 R3 where R1,

R2, R3 an{D0RZ] aifbe gnatemgardnemoeninpoiomipouhdd ofiths peesednipention&icudeshgt h of | to
15 carbqn atoms. More preferably, R, R2, R3 and R4 have a carbon chain

| engt h of OfOVHESHUCUfEst preferably, R 1, R2, R3 and R4 have a carbon chain
length of 1 to 5 carbon atoms. The orggpic conpound of R, R2, R3 and R4
may be a substituted or unsubstituted aqyl, al kyl, aral kyl, or alkary]
group. Exanple anions include, nitrate, 'sul fate, halides (such as, broni de,
chloride, fluoride and iodide), cittate, phosphate, oxal ate, nalate,

gl uconate, hydroxide, acetate, borate,llactate, t hi ocyanate, cyanate,

sul fonate, silicate, per-halides (such Ras, perbromate, perchlorate and
periodate), chromate, and m xtures conprising at | east one of the foregoing
anions. [0018] Preferred quaternary amoni um conpounds i ncl ude, tetranethyl

ammoni um e ROXR AR, ah@ R, BRIMYGre AHIORIHhpEBNAYKEH: A% HarbbBERAR I ofaME0rs um
hydr oxi de, tetraisopropyl ammoni um hydroxi de, tetracycl opropyl amoni um

hydr oxi desartiostaterbsit More prefenatil iR ihRolrRexdndeR 4 hiaee a airboty ahaih leagthoefi e Wy dr oxi de,
tetraterthutyl DN U droxi de, tetrasecbutyl ammoni_umhydroxid

Lot r acy I NBHETEHARO R i Ry PO BEve & FbTEGEN heuHraP SAeHyt s hte he
tetracychggﬁﬂéygnl R RY W, 00l 8§ mdy@e" 24483 hited BFTRQULLRuRAGE- P hIg S,
tetracycl ohexyl a ni um hydroxi de, and m xtures thereof. Mst” preferred

guat er nararalapinonalkmyt griopp.uBgismpls ah®ins abideyhitraenanifaenhhydisdxuatens, [ 0019] The

conposi tion advantageousLy contains 0.001 to | meiqht percent quaternary
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, tetracthyl 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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ammoni um conmpound to selectively renove the silica relative to the silicon
nitride. Advantageously, the conposition contains 0.01 to 0.5 wei ght
percent quaternary anmoni um conpound. [0020] In addition to the quaternary
ammoni um conpound, the conposition advantageously contains 0.001 to |

wei ght percent conpl exi ng agent. Advantageously, the 4 conposition contains

0.01 to 0.5 wei ght percent conpl exi ng agent npl e caonpl exi ng agents
i ncl ude c‘éﬁ%ﬁ&ﬂon&ﬁﬁﬁﬁlﬁrﬁ&l fod ngwelgé}&@%rw%ema}%tr&agswd EXxqgnls xayplegingp| e

car boxy! a s ihdudk carffiS] AififourRE YL £ SR AR ALRS an@ﬁfé(méa? shhgx]@carbox lates

car boxyl s contal ni ng-one or oxy gr oups ycol at
| act at es, (el \ncenaak o8yl cgaidxlytamcardi taadiks)abarbo;tymésemmtalmmg onber rriolrcke) d|
tri-, and pol y- car boxyl at es oxal ates, phthal ates, citrat

succi nat e&ydre*g groupese-g., &la@%iefég»%%@% &lusenqtes, @thC&F'@o?aﬂd?At@mwpf aﬁfiﬂ?%r es
h f, he .| d/
thereo 3&1 i 'aﬁ?éoly a 1%‘%? Sw(ggbpgﬁg% ﬁﬁ&mt&“&t&&s”ﬂc&nﬁgk QR esan or

phosphonlc roups.’ exing’ agents I nc

exanpl e, fhhites!ddetatesqE.gRAHdRINCBDAIAY, fhextgres t}@tdmylaexaehcghy@o&arbwmwt echol
pyrogal | ol , tannic aC|§ and the |ike) and phosphate-contai ni ng conpounds

(e.g., gq@mogpuws@preswéf@dw;ﬂﬁdéwbwmom|ga§aps P, @mbslytabler@rm&wpngxu ng

toi ht hal lts th f f ht.hal. at
ol ude. SEBATU RS ranBRe ATHE rdShaa ot Gl SR T S el Bt e, and
m xtures ghes8Rl -tadiROZckd, aﬁdw@@ﬁ@aﬁwhas hitBRoRRAUEhg BFhpSMIBg. £0Mposi ti on
cont ai ns about 0.01 to 5 wei ght percent of a carboxylic acid polyner

Pr ef er abl mospllmnlm) n@lmsartdl msm@mmm) aBmiftralﬂy,OBe temglexingiagbnt ipphtbelnt acd a
carboxylic ac poI Al s pref erabl y has nber . average
ol acut ar TR aB TGO S5 U080 R NRE S SN R BRESof b gher
and 1o otaglgm?@ﬁ &Mge AN 1Rk S A48 Eleofar boxyl i ¢ aci d pol ymers can be
used. These carboxyTic acid polymers generally are in solution but may be

i n an aqu@ols] dmapanmgmmﬂyﬂhe nonelrmdashlagemagﬁslmmi anitdiay abwat Qo tob wdight
af orenent i oned yners, are determ_ned b per neati on

el
chr o[rat 0 tgmiﬂw yP a f@b?@]hcwaﬁéi RAYBEx ek eraaif)i prf@rrw@n SPRIANS rah%r G0%in 3
unsat ur a |
%ggpﬁ?ge% BEXYdrbEx AT ag@ pote NS gﬁr@&%gﬂ O@@%Mgh% @ﬁ&ar Lon

Typi cal uns nonocarbox acl d non
at ons  andavieugk witde@tdrdighta¢ iaBout ADJ0GO @1 j500,800.y In &ldawind blef@s bllEibhdriaad aci d,

crotonic acid and vinyl acetic acid, Typical unsaiurated dicarboaylic aci ds
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
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S carbon atonms and include the anhydrides thereof and are, for exanple,

mal eic acid, maleic anhydride, fumaric acid, glutaric acid, itaconic acid,
i taconi ¢ anhydri de, and cycl ohexene dicarboxylic acid. In addition, water
soluble salts of the aforenentioned acids al so can be wused. [0023] In

addi tion, carboxylic acid containing copolynmers and terpolynmers can be used
in mhlch the carboxylic acid component conprises 5-75% by wei ght of the
pol ymer . atsyi(@gth)agy a@aé%teﬁapfﬁféyhca?rén%mﬁl&%Cl@fan@ﬁé{lmca%rr%wgo’syélic&%d
acrylam d 3 ( ene
and other£§ﬁn épéggtlc n%é%§§h¥ﬂﬁ§§%g§g %?%glgqﬁxwh “ﬁ&%%“??gog%gé
(esters OIﬁIOﬁ@fIMJS haviap sastineatsy buch aachat)geanick. achiharine, ﬂnomhecbrdmminy,l nitoaci d,
such as, acrylic or methacrylic acid or itacqnic¢ acid; polymers of

subst i t ut ®@i nyah%iﬁﬁﬂlccar%ﬁ’@ﬁ@%@ Aminakd @pd giunsritiaied BERMOTs,  hal ogen,

i.e., chi (%cérBSXyl{c alépc{ An@i all?lgﬁ [(?g@ﬁl)ac lBtreUIIgol%rrﬁ%r@%?mo%le!f@/f%ucan?hﬂgat Yled

car boxy, am sat nono or I car boxylic acid and

an al kyl ﬁlﬁﬁérhé@%mhﬁﬁ@gam@logéfeﬁﬁg,@ﬁcﬂmneinbyﬂ)ﬁmm@hlm VRS Bp ARG dinyllDNOMer s
containing a nitrogen ring, such as, vinyl pyridine, alkyl vinyl pyridine,

vi nyl bublyyr@laammnx} mgrplaé@pr 8ndian upsatusaied meng s dicarhekic pdicpdymers of
Fong. onayHefresitiERonTERE sy, o Bne SHFE AR5 o PhREN RS0 oA o e "
nono or  diemE RAX X Lgsadfhidd nﬂﬂb)bﬁ’fﬂfcﬁrﬂéﬁ(?fl‘{d ayd; pllERhe bf emlPAISehot e6Brs, akh Vi nyl
acetate and vinyl stearate or vin i des, stich as, vinyl fluoride, vinyl

chl ori de, as, vintsfwdetiaéfn@d‘huﬁrSit@eat@pr V/my\lwahdcsr, sudhess, vispiciucaie, mylycthbmderl | e and
met hacryl ani t nsa urat di car bgxylic ag ol yners of
kot (et oaRie Shuor T ees Rief sy BoroSrifratd emnasuiie Sio8p and an
unsat ur at g, RRGFHORGYY lickrbatith ac?d'g)ely%%rs éicarlwll(ﬁletmbglaceés HRtfachy!l i c acid.
These are only a few exanpl es” of variety of polyners that can be used

i n the noseeborpabins v thg atyhpesptandan ahsaturated monecdrboxylicAlcsl sudht asi scrplissi bl e

to use poI nmers that arg blode radeable hotodﬁgradeable or degradeabl e by
ot her orethasailiprddof SSGe¥e o ¥ 3ripwsramplgs Phiie Vadetyiobaelymeachsl @ni s a

pol yany'lSe g} th@?ggégj{olliﬁﬂgk&h bﬁ@of@ﬁﬁﬁ%%n% Pah ¥ s?/(?c% %&%% Foole%t hy!

2-cyanoacrylate nt ageous the carb oxylTc a yner of the
present ipolentisoifatiage blodegraieaﬂjﬂangmdodegraﬁedﬂmer ddgeadantiio bly atheo Inieaﬂi Ahat may
interfere with an ammoni a-detectin end- poi nt detection system In

parti cul agxampieof yab a cemapyaon daf ﬁg%‘fdegﬁ’éefthl"eS‘é‘rﬂdY%%éﬁtqcbihp‘)lymef

containing segments of poly(acrylate comethyl 2-cyanoacrylate).

[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® IRN-77.



has ani oni ¢ groups incorporated therein. These anionic groups render the
cationic ion exchange resin capable of adsorbing soluble cations, such as,
netal ions (e.g., Na+, K+, Ca+2, Fe+3...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 Mre preferably, resins
of the pr ifavent.ion are capabl e, of reducing the cation cgoncentrati.ons
Lo betveelit2gh i Rhof Cdifed B8R oF upardfl R\ ddioh M GRVE RS GRAEENHHA'E

i nvent i ong@hRadsa. .b|s$xéi>ﬂccalr§éqiB@dd@goﬂrﬁﬂzrolﬁﬁbﬂlSQféa@QMlﬁliiﬁgliﬂa@fbietk@ldr%‘é&dstd?an
100 ppb to 200 ppb. These 1on exchange resins are typically regenerated

usi ng st r oergmégiteskresip pagsbistihatiaee gl 9 MIISWPPIONS I8y FushlcQEENNAMPAtiches
hydroniumions. Preferred. ion exchange resi.ns include, Anberlit.e i on
exchange TBEPRUe e RO SL BT R b /oA o et b e k¥ A
preferred i QniRxehanaiguesin is Amberlite(r) IRN-77. 6 [0025] The cation
exchange resins of the present invention may have the physical formof gel
heads, e.@026phdirefcalkd o exvbats, reon paticles pertbos fhemds] by funkuchatiging
macroreticul ar beads or, commnuted resin partjcles that are gel or
nacroporoﬂ§“$§§? ?u%ﬁeﬂo%ﬁﬁgg%ﬁ¥€§0 vv%ﬂﬁghthaym%&eﬂ PWangF3 as

bul k- pol ygR| X ioR YRARRSE R POleY &0l el HFLAGi o i
conninutiﬁﬁ&?éc nﬁﬁﬁgg.&ﬁo 2§?m%refe§§§J%§%n e§%ﬁ§%§g resfﬁ pa tﬁ?ﬂ%ﬁ“are
t hose pr epaeedtheyf hnifieit depah.i Becagse the dssdtiondedtios psioessss asedpo pydpere thesd
copol yner heads that are well known in the art as recursors for ion

exchange Pwdp Renctiags) the soRalyRerrat QB &, tb%@ﬁcrknﬁ}rfgtth%ﬂ@m%%i@%laiY?FSan
t : - ; CToTr g
2o ot epar tng RLab M@ 8RS TEARUAR dr e (REPIARR G LAPURIBRGRACE Vo

t hi cknessb&ids kot bghle@Mafunz@6hdlidy® i 8., nbedtthpl@eReulibhfted. Nh§ aresalt| theeads
regardl ess of head size, provided onhé that the small est beads are not

conpl et el §iffusien e ard highly uniferm, ragardlesmngthe eniforgutyfadhrgedsize.As a result, the
di f f usi hi_ghl v .uni f . | of the.uniformty of bead

G ze 1 0ogBE e AhBe B gty bk BhePer bR et r St B oNiaf | met wae
nonovi Nyl aroffaB8RidnemERN iFRK 8mpleOty @& RPhBtol 'Y ERE naphtAdlch® |dBMQinyyi Ny!

napht hal ene, ethyl vinyl benzene, vinyl chlorohenzene, chloronethyl styrene
and t he | bdegnapinyhchtasobemaepe i chdorbmetinylstynenetang8@he ke lvduth B8y Bomptige fpencent ,

BRGNS LN N S T
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,
diallyl 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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active vinyl groups polynerizable with the nonovinyl nononer, which may
conprise from about 0.5 to about 50 nole percent, preferably from1l to
about 20 nol e percent, of the nononmers fromthat the copolynmer is nade.
Exanpl es of suitable polyvinyl nononers include divinylbenzene, tri

met hyl ol propane trinmethacryl ate, et hyI ene gI ycol di met hacr yI ate,

di vi nyl t ol,uene, tl’fl i n?/l I;]ﬁﬁzene . n Jgorobenzente b a%ﬂné ht h | at e,
di vi nyl pyf§Tghkes © % e{B‘PﬂOIIn%ﬁréIHé ur FERECYFPE OHPREY er?‘leél pent yl
glycol di Wtﬁﬁ%ﬁ(}tl%&ron@r@ﬂlﬂyﬁ@ﬂ& afﬁbe/tﬁ@bas% Nt of @ WREultiRg &SIIpﬂaﬂﬁl fo-

di et hacryl ate, pentaerythritol tetra- and trinethacrylates, divi nyI

xyl ene, dcxarrmkt apnwmm@n@dlmmmwacrsm fathend @lﬁhvnswbwnendmeart Iailcmﬁnyl

[ fid te, diall | eat |1yl t | |
succi nat ecmbodirEs of e isGiiine the PR IIeT b oa achit Gt CopvBrRBerisley | y)
adi pat e, ﬁio@kj[ybné%ﬂaa%ﬁ orfl AIehndtiohA{Zafigh %’sulfghﬁidn%’ﬁncﬁﬂhla'p?é%ﬁ infbirRloh ¢

tricar bal e, triral]y] aconitate, triallyl citra triallyl

phosphat ecd]dableﬂﬁptdvydhegl pardiaBy syl famaiedaesitd, thif arersighificeméy ditwetblaco withstaoed, N,

N - ethyl enedi acryl am de, trivinyl nap h%hal ene, polyvinyl anthracenes and the
pol yal | y] thatesssé |twloa«}1|ng é{l%erggnf‘dﬁtlw el a@'f‘%é#% eXCB@r&ea@be%mnf Hran

resor ci ”O}es Q?Meﬁ%y%}}%ﬁzﬂ c%ﬂ@'en%hﬁl'c%g%lgﬂx%fs‘ Yidd Yr?ﬁxe%lx@hbl&QI tI‘)%n-

monomer moxture may “al so cofitain up to e per cent Rervi nyl
nononer s §»b@l1endsmté10t af fect the basic nature of the resul ti ng reS| n matrix,

for exa acrylonitrile, butadiene, nmethacrylic acid and others known in
the art. QQ ghe Acivm@am%h‘t thefpolipking omAesiiom cqmémns:%bwﬁr@felg%p@ﬁcemtes are
acrylic e rticle

i%[rﬁséﬁ t(g)ﬁoﬁ;l}/lp?e T1Fca e ovaIs Wlthanﬁls]rar}%:s r]ﬁ gesHvblﬁ g%ve%e a%rgm Bl e of

functi ona g enatt 1 on,

provi di ngpRgdnk irdhid Mn§&ﬂtf09@ﬁafa@ﬂtﬂaﬂ$ir Bgudl b weeglﬁlpgfveﬁﬂ C@l@b'dési?@élé Withﬂb' eto
withstand the stress of the | oading and regeneration cycle in aqueous ion

exchange @pplangaisiaonmouheef lessghimer dqorited nglghstlﬂef@natl ng conventi onal

copol yner soI vent - swol | en o non- en st at e. 8%‘90?
Advant ageafl, Thabhsive St ot EtastRiaron-Chebarn a0 B dhRisks i) gk cent
abrasive fn&}pés%'of tHi@dRcRHchii GR phRTRVRLe rellid 131 tRe 5&'r§ger;ﬁz?&§e sizk of ﬁleda%ﬁelsfv%b' eto
have the abrasive present 1n an anount of greater than or equal to 0.1

wei ght pelvbmprefmwya it deisslrzajhdmum:tahalahrasﬂvhhsvmga]gevarsgeaparmtamb befwder 86 t han
or equal to % erc The aﬁ)r asi ve has an gver age particle

30
si ze bet woelwVgmn e‘?é g 8%@?@6(41?ﬁg)slve!f8 ess fi3p968a%al &9 89 AMs (89 £ i cat i on,
particle §iz6d ﬁ%@:%ﬁa%aﬁ?atfolﬁ%f"i‘ﬁeeﬁcﬂgﬁnQ%Fn‘pBélﬁoi'b%‘?, iPf1sé REARRY RIF4Ee 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,O3),
zirconia (ZrO,), ceria (CeO;), manganese oxide (MnQ;), 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.



More preferably, it is desirable to use an abra5|ve haV|ng an aver age
particle size between 80 to 150 nm Decreasing the size of the abrasive to
| ess than or equal to 80 nm tends to inprove the planarization of the
pol i shing composition, but, it also tends to decrease the renpval rate.

[ 0031] Exanpl e abrasives include inorganic oxides, inorganic hydroxides,
metal borides, netal carbides, netal nitrides particles. and

m xtures O8ARF i ghﬁgowovwgowﬁ@emaqwerF@F%@@Pﬁﬁmgsm YoABIES CRBYATAR &
oxi des i n&h&{{%@ P&%eﬁﬁ% ﬁl’tloﬁ' ldsgfﬁl %e)x?elnﬂm% "I\ga%@)to 7. H z(cﬁi?tEBna

(Zr@2), cer manganese OXId or conbi nations conpri $ing at
| east onethefsolluhen hovaageeagorlidesponbishldrice df eibngedvateh eskmitriacigemialc oxi des,
such as, polyner-coated inorganic oxide particles and inorganic coated

parti cl esimpyyitigs.sBhaepH of thei patighing fluihbef thisdnvestipp preferabl wroret-bi@ies; bori de
LT LR e PR e RSO0 SR B8 or 8 I EBROBLEL B

Bor on carbl car ZI'rcon

car bi de, abertionwR,¥6rF éxdenpld, antialatid) aafubic deid, hydradhionia &ad Bhdephodic acid and
conbi nati ons conprising at |east one of t he foregoi ng netal carbides,

hori de anée hiker E&@@plaoi basemnieserdy ading dhenpH of thel compasision oh thipimyentien are, for
desired Alternat ﬁg%SIV s also include polyneric particles and coated
polynerlc’ﬁﬁug?ép “u SV% erred abrasive is ceria. 8 [0032] The conpounds

provi de e[fOi)Bg]aC)&chﬁfng‘?y meqa@seahnwam% proviaey é’&érﬁﬁt%u%”atn@' héR8d Ravif@l ance of
water. This solution's ‘useful pH range extends fromat least 4 to 7. In

addi ti on, 1mprh@dsamkima1mrﬂeaadmmmgg@loﬁaluye methieescall podipainb détactom szystedm dmi zed
water to limt ci dent al urities. The pH of the polishing idof this

i nvent i onpqr%C‘B?YeQErCQH}WS‘PPBﬁH‘EH@&{OS thg, DIeseB} 6 VBRG BT &4“6‘?‘1” 5 to 6.5.
The aci dstlhléx%ﬁﬂ thBrodlig R alclifcpldr e bR dcapﬁ%ogalcwe?c?lfgntggét%n IRY §fNeh @B 3 €,

for exanple uric aci 0 phosphoric acid
and the idviketagdouelypitidivzys Havesxuisage temllandjrﬂfﬂlcettﬂfﬂaarpiﬂoofa dohencofghesi ti on of
this invention are, for exanple, potassium hydroxide. [0033] Accordingly,
the presefRMASIORLP seluge Hvlla@gfe%%n%%@m S Y201 At hTMRR IR G908 amiARSy e d

end- poi nt %ﬁ%}?o%ﬁt Misg 9 RS 1Et%g Silie ahﬁ‘q Tﬁ]ﬁgdﬂoxﬁﬂ-iq?%da QUi B AL Glak QoS Y ST €S,

I n partl C e COI’TpO I on—an e present 1 nvention 1s

anmoni a- r g@dueedrench 6ra6bY ptdtpssey.i Mgpatti@lache cadyxdic idiepsipeet gabn-end- poi nt
detection system The invention advantageously utilizes an ion-exchange
resin to ¢xsodgedinecdipnmibaiamneeng egitedfin theeeria-based slurry. In addition, the

composition advantageously comprises quaternary ammonium compounds for improved
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, carboxylic 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

9



conposition to reduce the interference fromany slurry-originated anmoni a
contam nation. a conposition useful for polishing silica and silicon
nitride on a sem conductor wafer for shallow trench isolation processes. In
particular, the carboxylic acid polyner is ion- exchanged to reduce the
amoni a content in the ceria-based slurry. In addition, the conposition
advant ageousl y. ¢ ri.ses rn i £l oyed
selectivi??%a‘%wggg |%ngﬁ¥%%%§'§%%§eﬁgR? §§%@?§%9§§%§P&g%”gﬁBgaﬁgous
conposi t i galyasaiccid @ncemedté shddihisdd waer @k Sblad€Mixdriahd k@@ngtheeria

sem conductor wafer conprising quaternary ammonium conpound, phthalic acid
and sal t scanhentenss inte elpokyprivhic agiddolepy mddyaniagenysly sthe anlyagralia Agd palesr. The

conposition exhibits particul ar. i oved sel ecti.vi at a pH range. _of
Lo Not 8 tschiiel R PRb R R e ik il e BrR e Biteb P e
ammoni a lﬁﬂeﬁa@@d irf GyBAUSD ErofS RANNS Wat@ClGhRAOHBE bf WHRNUMKEPAT AReisSlufifh SO
limted. 1n other words, any constituent or conponent of the slurry, for

exanpl e, ofivartpuatieaqidpylyaremindilnted oonpsoeand tavmgdudeethé giscestyivdtesbletewn educe

tent, . Ex | 0034] All. | uti
cont ai nedl e Hsgh P BFE R e g YRR Pookerl Bb s AahoRie &1 SRPNERInD. 21
pot assi uNly dEa9R%keR DR S resiMb@bidtdotes oh'R JSHHAIRY BRn @fanﬁt@seinﬂylﬂfr&@n

contained 0.12 wel ght percent, of a quaternary amoni um conpound,
parti cul aef, all daibniarsptdisd suahmaometam dmg dr exinebaia. THensthaceya-palyagybpacied by
conbi ni ng an abrasive 9 package_m&thﬁg chem cal package. The abrasive

package WASCHEPEUSW 3 e S R acih) Thecmiytie “é?éit%anfaﬁe@HtarfagfeSheﬁr

dei oni zedg YAt ) UghOgh iPAlﬁ‘a‘l&dﬂA&% ?@Qre% | Mo QF{é&iniﬁgBﬁéﬂitcﬁlgfiﬁo' nto
the polyacrylic acid solution. "Advant ageously, t'h pol yacryfic acrd pol ynmer
was i on- eddgdrangedatet, ihpApbesthounes, inithing Avithonblade hangand eéghting e ifianl gikchange
resin was urchased in cylinders fromSi enens Water Technol ogi es, of

War r endal @, depiied g 1igNGAGEnThofinad sHusey Prepatsdiby msingre abasiye patkaact o 5

per cent tﬁﬂﬁﬁgHﬁEHﬁ&ﬁpM&i%g%kaﬁFﬁﬁﬁagﬁKF 'H&l . The solution is punped

t hrough the cylinders pac he cationi € ion exchange resin. The

resin paspessit hroegattthed MasrweRE EMIT80%S! @bdksdtond PRidsdgs SInt hasth Bmgnd
essentially free of all cationic species such as netal ions or anmoni a.

Then, t hearsdiRQVRaTiAelmpl iThe MITd864vansk dayigathad @Owas by 20man did cassistgngmift ri c
s o Tney AL v LU Bl 008 DN SR e ML, v gt ca
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
Icioro™ 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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dei oni zed water, in proper amounts, mxing with a blade m xer and titrating
to the final pH as desired using nitric acid. The final slurry is prepared
by m xi ng the abrasive package w th the chem cal package and titrating to
the desired pH [0035] The patterned wafers were STI-MT-864 rM masks from
Praesagus, Inc. with HOP and LPCVD-SiN films. The M T-864 nask design had

20mm by 20nmm di e consistin 4mm by 4nm feagtuyres. The features in the
mask had HIGEEAR- Fha R tmcgw@sa@ﬂ@m fi‘éé“afigéﬁ’tﬁsn'goxf Tital B9t 09 R and

50% dens'ﬁlbgﬁmmntaﬁorpbf&%ﬁ LA 8gnfrom 1l to 1000m Here, 50%density is
defined as the spaces In a% array of repeated structures wherein the space

wdth /(space width + line width) x 100% = 50% For exanple, if the space
wi dth + | Eggnpiwdth = 1000 microns, the 50% space has a wi dth of 500
m crons. | Cl OLOTM pol i shing pads were used for all tests. An Applied
Mat eri al s[OW?]r aChis e2p@rmens opmphicdgesulis bf elemiei! sgd-gaint ldmomdtrmap@\f fyigtiendhane

I hi Ha El ect Mat k, DE
Eﬁd'ef douRrEb TR Prilgs oot Sbuing ™, lsThEmicth cubhoint Sriest B v at e of
cc/ m steﬁl WhedERcSHREIn 0113 23 ERBM b BhySRE N WaINotBR§Rhnterd v eRPMe

pI anarized the sanpl es.” The polishing solutions had a pH of 6.1 adjusted
with nit rsameaemthbseAIfIExsmpl@tll ons contai ned a bal ance of deioni zed wat er

Oxi de and [ de ilm nes asured usi

2600 netrwﬁéfé}y %Sd lu%tF%?Fr *Pﬁ% 8 vibgehemisal e"["@@%i”aﬁ\éhqlpi’%éfrﬁléb@ﬂ“%g M gure
1A, 1B, 8 f t dl e and edge
dies for llrﬂge{% { gragg\go V\%}nﬁﬁgﬂgg %1%51}##/ g?%wlgﬁ%%rgéﬁ{l E \g%l]Sdl s shown.

As shown dldlbrEhgibﬂ@lOAS s¢doadsutendge friatienglorwptitil Badbaents amye chasicAAXdPONA. As
shown in 10 Figure 1B, the nitride thickness wthin-die range was 150A.

Total treHinvedenbancedsucrpalishetindowchafidesien pripiosess spDWNSAS-ng and er osi on.
Exanpl e 2 [0037] This experinment conpared results of chem cal end-point data
with that_of frictional and optical data for anal yzi ng endpoi nt robustness.
The chem% P@ -poi nt detection systemwas an Eco Systens ML7 N-EPD by Eco

Physi cs. 05910t iRt cR IﬁHB{t%ﬁl %H@eéuh@of&%ﬁﬁcﬁ%n& fﬁeﬁﬁd‘é‘tfa »ﬁ&ﬁmﬁ!@ff%cn&gﬂ%]
AS|IIustrated|n Figure 2, ecemca endpoi nt "was t he nos

st rai ght fordweptidaltdata ﬁonamﬂ}meg plahaivacbi efficieaty.oWhachemig endmofr&cdbmcam lity.
The chem scygtlemewngs t%:: Q;tlmgvgss in Example 2. All other parameters were the same as those of
Example 1.
[0040] As illustrated 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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det erm nabl e 10-15 seconds ahead of frictional or optical endpoints. The
chem cal endpoint allowed enhanced overpolish wi ndow confidence and process
robust ness. Exanple 3 [0039] This experinent conpared results of chem cal
end-point data with that of frictional and optical data for anal yzing

pl anari zation efficiency. The chem cal end-point detection systemwas the
same as in Exanple 2. Al other paraneters were the sane as those of

Exanpl e 1C1ajm040] As illustrated in Figure 3A, 3B, the optinized process
utilizing chencal T LN Lgnifi YA - i 1on.. .

e ficiency. The aaifeloBhladbai b aRRden EPRAEA AR R divice

confi dencgh aggnisbriuteir s@w@hate@@mpsRingequi rement . [0041] Accordingly, the
present invention provides a conposition and nmethod having inproved

end- poi nt det eenieaphagighgaiasboxyhic yxé pplymen enicdage myopai 4d det ecti on systens.
In particular, the conposition t f the present invention,is
anmoni a-r educe%’,mbl?lﬂé(rgéﬁx/elghﬁﬁgrgslﬁtnq’éofﬁ)eygﬂgg%Oélé‘?/xcg n‘%eﬁec aené hccf'lﬁld §ﬂléﬁn ﬁ(r)i nt
det ect i onwgl 8108Mio TRGateMUBNAhMBniudHyERS e 8IS0 VtoUl phthARSacdDad D€ XehesTge
resin to reduce the ammnia content of the conposition to reduce the

i nt erferehQbtd} abrasing aot brlaycowitgi-nat ed anmoni a cont ami nation. a
conposition useful for polishing silica and silicon nitride on a

sem conductor wafer for shallow trench isolation processes. 11 Clains: 1. A
met hod of manuj agfdifbRgddr EEAHHQSWHe'ré}Htﬁeoc{ua&%dr%in%nﬂdq'c&% aineh RiskleCRd _
nitride on a sem conductor substrate conprising: i on-exchgngl ng carboxylic
aci d pol yiren thogroep nempasmgrietaimethyl acomdimindydioxides tegfatthgbaomohivtn 01 to 5 of
t he i on-exchanged car boﬁl i C_aci gwgol‘yner wWth 0.001 to })gq%atéernary

ammoni um ORI ETA R TPBIORYSH P HAPYIEC 4B S oprioPYs AMoni B hydioxideg 017t o 5
abr asi ve, . - al rekn. uat ernary
anmoni um tg@%ﬁg@ﬁwgﬁgﬁ%ﬁ{% gdr?;rrlg% ttg?l';;;éeHﬂl rggémgé%%éﬁo\r%g@’ fel(taﬂtalrsglrar‘g?, ﬁyl

anmoni um diygonixioteydréade, aatdwrtbuayhmmienium hydior idederatee bu@paramphivatmoni um
hydr oxi de, tetraisopropyl amoni um hydroxide, tetracyclopropyl amonium
hydr oxi delydf@idegitagyclabatpamamemyer ydrerdde. iestpeitylapmopium hydroxide,

tetracyclopentyl ammonium hydroxide, tetrahexyl ammonium hydroxide, tetracyclohexyl

ammonium hydroxide, and mixtures thereof.

3. The method of claim 1 wherein the phthalate 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.

6. The method of claim 5 wherein the ceria has an average particle size of between

80-150 nm.

7. The method of claim 1 wherein the aqueous composition has a pH of 4 to 7.

8. A method of chemical mechanical polishing silica and silicon nitride on a

semiconductor substrate comprising:
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ammoni um hydr oxi de, tetratertbutyl anmoni um hydroxi de, tetrasecbutyl

ammoni um hydr oxi de, tetracycl obutyl amoni um hydroxi de, tetrapentyl

anmoni um hydr oxi de, tetracycl opentyl amoni um hydroxi de, tetrahexyl

amoni um hydr oxi de, tetracycl ohexyl ammoni um hydroxi de, and m xtures
thereof. 3. The nmethod of claim 1l wherein the phthalate salt is potassium
hydr ogen phthal ate. 4. T&f{l mehhg& 01; .cl ?r' mvl (\)Arlﬁe%ai nslt he abrasive is ceria.
5. The net hod %EPVIéill%ﬁ ?’TPQI!IS SRR RECREM TS RS ERN e{\gerlgéyé particle size of
bet ween 50- Z%nmh&.gm;g@sdmtdmf c@iboﬁglfr?d BidpyRLkLiobd iRz Ih theRAFA0
average particle size of between 80-150 nm 7. The nethod of claim1

wher ei n t teducepremoria g thssolution o hetsveen pPppl to2 ppmyand 8. A net hod of cheni cal
mechani cal polishin ilica and silicon.njtride on a ,sem conductor

Subot rate. comprBhig: 4 iSRG R fae Lot b ng aBRuR T PR E i ve
cont ai ni ngngbifaliédude@RoRK6R BNEUrBEKAic 2681dWolRRerof carboxylic acid polymer to
be utilized in the slurry to reduce ammnia in the solution to between 10
ppb to 2 ppm and polishing the substrate utilizing the polishing pad and
the slurry containing.the ni a- reduced. sol uti on of carboxylic acid

ot yrer 5. CTHe 5 R ¢ RAT RGHHE 1 o eilas b YRR IE S PhBEEER i ol o
size of bgjygeHy 50-200 nm 10. The net hod of claim8 wherein the aqueous
conposition has a pH of 4 to 7. 13

10. The method of claim 8 wherein the aqueous composition has a pH of 4 to 7.

13





