1 POLISHING COMPOSITION AND METHOD FOR HIGH SILICON
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INVENTION [0001] This invention pertains to a polishing composition and
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zirconium oxide, and tin oxide. U.S. Patent 5,527,423, for example, describes amethod for
chemically-mechanically polishing a metal layer by contacting the surface with a polishing
slurry comprising high purity fine metal oxide particles in an aqueous medium. Polishing
compositions are typically used in conjunction with polishing pads (e.g., a polishing cloth or
disk). Suitable polishing pads are described in U.S. Patents 6,062,968, 6.1 17,000, and
6,126,532, which disclose the use of sintered polyurethane polishing pads having an open-
celled porous network, and U.S. Patent 5,489,233, which discloses the use of solid polishing

pads having a surface texture or pattern. Instead of or in addition to bemng suspended in the



pads having a surface texture or pattern. Instead of or in addition to being
suspended in the 2 polishing composition, the abrasive material may be
incorporated into the polishing pad. U.S. Patent 5,958,794 discloses a
fixed abrasive polishing pad. [0005] S&veral chemical-mechanical
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ppm of a cationic copolymer comprising at least one cationic monomer and at least one
nonionic monomer, wherein the at least one cationic monomer comprises more than 50% of
the cationic copolymer on a molar basis, and (3) 0.1 ppm to 200 ppm of a cationic
copolymer comprising at least one cationic monomer and at least one nonionic monomer,
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molar basis, and {c) water, (ii) moving the polishing pad relative to the substrate with the



molar basis, and (c) water, (ii) moving the polishing pad relative to the
substrate with the 3 chemical-mechanical polishing composition
- therebetween, and (iii) abrading at least a portion of the substrate to
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dioxide. Generally, silica particles have a negative, or anionic, surface charge, at a pH
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above the isoelectric point of the silica partices (e.g., pH 3.5 or higher). The presence of an
appropriate second metal oxide (e.g., aluminum oxide) renders the doped silica particles
cationic. Desirably, 0.01 wt.% or more (e.g., 0.2 wt.% or more, or 0.3 wt.% or more) of a
second metal oxide is pfesent in the doped silica particles. Preferably, 2 wt.% or less (e.g.,

1.5 wt.% or less, or 1 wt.% or less) of a second metal oxide is present in the doped silica



1.5 wt.% or less, or | wt.% or less) of a second metal oxide is present in
the doped silica 4 particles. Examples of alumina-doped silicas are the
MOX 80 and MOX 170 products (both containing 1% alumina) available
from Degussa. [0006] As noted above’ the cationic metal oxide abrasive
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wt.% or less, or 1 wt.% or less) based on the weight of the liquid carrier and any



wt_% or less, or 1 wt.% or less) based on the weight of the liquid carrier
and any 5 components dissolved or suspended therein. More preferably,
the amount of cationic abrasive present in the polishing composition is
0.01 wt .% to 1 wt.%. [0011] The abrasive desirably is suspended in the
B e o, more SRpelicaly n e MR SHRRNGrt Sl

pURERANRE CBRpositiSh: {i rasive is suspehded in the polishing

ebmpmwﬂae@&a@%g@%m% Edibladiy sbE-fhe term colloid
refang to tine: sbepersion obhbiasivepkdivldeeindhdiiguichagnnisenColisidal
%ﬁ@&lﬂﬁifﬁﬁfﬁé%ﬁ@ Eﬂﬁif;&%@ﬁ@ﬁ}@fﬂa@hﬁi@%ﬂﬁd@ﬂiﬁvewm e dbasive is

context of this invention, an abrasiye. i [ llgidally: I e
e SR e A e

f@r@taﬂ%o%@ﬁte&lffomwﬁ%@w %%ﬁlge TGP el BRARH e
sohientrdtisoshpariclesirthe Bettorraoil @Yqh@r@raau@f‘eam&wha%ﬁhm

(IRLAads) rﬁﬁ%&ﬁﬁlfmll)a apskinegonerritiomekpariciasin thedop S0phatalf into a
0 ra%aa?% gy &%faﬁﬁlaawgmﬁ af . dividedhy, the.iBitihours, the

concentration of‘particles in the aprasi composition ([C
R e ot s o i o S8 ST
BTN CRtlasikvaiyoibdesd thdithe ceepsalrt o 3! Q%‘C%%%%Wﬂssl%@é of the
thaneeeapalda 1) {00t2k Uie/pojishidgddompoaitioh canptisgsnaof particles in
RIS RO MBS (i qelfemlm@mma@ Ao §1UéEﬁJa qsatonie, (8] -
polymer. The ¢ tlon 0 LEE glcf[ré[jo% s;r t|on| eSS %31 uaelrtoo[)g d
?{&%tBBEI g § atronic po ymer is'to reduce the
rléﬁf@‘@b!)fr&t@sbfhémé@ﬁcﬂi@ﬁ@la bs compared to the removal rate of silicon
nitwice for Shibsstatesscomprisitignsiboumigioxicktiarid siliporrnitiidecationic polymer
%QH*@é@%l%uhxbﬁ@%mﬁ@lﬂ&ﬁﬁmp@ﬁgk%&ﬁctbsm/@rmerbewmamdmshm@lymer

to be bound cular theor, |t| heliey t removal rate
66@/%8?1?1506? fpaﬁ] Sorbed’ g/tr?tot & surt §§»,}Q? ﬁ@@r;?%ﬁ@@él%x' e. et

PﬁeﬂléalﬁSrﬂ%sféfowmrf%‘é|78\9’éf‘dffaﬂf’a%%€p‘?6%é‘&ﬂ?e“ffm‘?e fioh
dioxjdizisyiicentdidnidibitmdontmen oftthis pdliskihly burseskigrngigemesition of

silicansiaxdevsuraceithesehybdesucing the permolal taierafisilideiticved that the
digde piviead SRR W)Y s sianiisenisaffeqtibantheale absiicomne

Aitride rentoval. 013] The tationic homo e any su tab
egl? 3 Cage silicon droxide surface to

ﬁf}%ﬁ:ﬂ?&}fﬁ‘ﬁbﬁlﬁ?ﬁﬁ’@%ﬁ%mf BoksH 18I honomer repeat
uniiisitRontestarhiprepohshénticnierpsner Bahbhalinsy domdpRdatioriereby

pelyBner GeRsisting assentaityoivatienitite pdatunitscdmprisigyifitrugenifecting
Iﬁl%hfjg n&pﬂg&p&w‘geg%wpnomers comprising basic amine groups and
uaternized amine grou he basi amlne r n stin

e S SIS S NP S AL AUIRIBIERS AP fsising

cationt
%coy clic or I r orate a ring structure. ltis a

SRR o R A TS BRI BT er HRBUATle 6§/ BgIACr a0 be any
anylationaetioyylatien conottieg chemichy rdastionicircprelamtits shepiipag nitrogen,
SQUARc b\éi%ﬁﬁ%i%&{ pihesHensicalRaiametatioftncationicapalymesinized
T e ThETIom Aol LIS SEIREIES IOMNR. URUP SARVEURRAL o
yeeti%/?e gimine, et(hoxyila &l "
mcorporated into a ring structure. It is also suitable for the cationic polymer to be further
modified by alkylation, acylation, ethoxylation, or other chemical reaction, in order to alter
the solubility, viscosity, or other physical parameter of the cationic polymer. Preferably, the
cationic polymer is selected from the group consisting of polyethyleneimine, ethoxylated
polyethyleneimine, polydiallyldimethylammonium halide, poly(amidoamine),

poly(methacryloxyloxyethylirimethylammonium) chloride,



polyethyleneimine, polydiallyldimethylammonium halide,
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amidoamines. The cationic monomers can comprise sulfonium and phosphonium groups.

Sulfonium groups and phosphonium groups suitable for incorporation into the copolymers

can be as set forth above. Preferably, the cationic monomer is ethyleneimme.



amidoamines. The cationic monomers can comprise sulfomum and
phosphonium groups. Sulfonium groups and phosphonium groups
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cationic polymer in the polishing composition is too high, then suppression of silicon nitride
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removal occurs, thus lowering the ratio of silicon nitride removal to that of silicon dioxide
removal, as well as reducing the overall polishing rate for the substrate below useful levels.
[0023] The cationjc homopolymers and cationic copolymers of the invention allow for
similar selectivity for removal of silicon nitride in preference to silicon dioxide in the

chemical-mechanical polishing of substrates comprising silicon nitride and silicon oxide.



removal, as well as reducing the overall polishing rate for the substrate
below useful levels. [0023] The cationic homopolymers and cationic
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form of a salt (e g a metal salt, an ammonium salt, or the like), an acid, or as a partial salt

thereof. For example, tartrates include tartaric acid, as well as mono~ and di-salts thereof.
Furthermore, carboxylic acids including basic functional groups can exist in the form of an
acid salt of the basic functional group. For example, glycines include glycine, as well as
monoacid salts thereof. Furthermore, some carboxylic acids can function both as an acid

and as a chelating agent (e.g., cerfain amino acids and the like).



thereof. For example, tartrates include tartaric acid, as well as mono- and

di-salts thereof. Furthermore, carboxylic acids including basic functional

groups can exist in the form of an acid salt of the basic functional group.

For example, glycines include glycine%as well as monoacid salts thereof.
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[6033] The polishing composition also can be provided as a concentrate which is
intended to be diluted with an appropriate amount of water prior to use. Int such an
embodiment, the polishing composition concentrate can comprise a cationic abrasive, a

cationic homopolymer or copolymer, a carboxylic acid, and water in amounts such that,



prepared by mixing the components at the surface of the substrate during
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excessive erosion of silicon dioxide within the trenches.
[0036] The polishing method of the invention is particularly suited for use in '
conjunction with a chemical-mechanical polishing (CMP) apparatus. Typically, the
apparatus comprises a platen, which, when in use, is in motion and has a velocity that
results from orbital, linear, or circular motion, a polishing pad in contact with the platen and

moving with the platen when in motion, and a carrier that holds a substrate to be polished



nitride is substantially removed and the silicon dioxide is adequately
planarized without excessive erosion of silicon dioxide within the
trenches. [0036] The polishing method of the invention is particularly
suited for use in conjunction with a chdmical-mechanical polishing (CMP)
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Bekirabdy, the inspection or monitoring of the progress of the polishing
resess Wikh respeniteanyikkpicos bibisigeolisheretrables tecourse, should not
ggggmlgplgg@%gﬁmaggq@s&@mt l.e., the determination of when to
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p?n carrier speed, 200 mL/min polishing composition flow rate, and
use of in-situ conditioning of a coneznMeigiodved

[0041] This example shows the effect of increasing amounts of a polyethyleneimine
having an average molecular weight of 2000 Daltons on removal rates for silicon nitride and
silicon dioxide layers observed with the polishing compositions of the mvention.

[0042] Similar silicon nitride layers and silicon dioxide layers were separately polished
with six different polishing compositions (Compositions 1A-1F). Each of the compositions

comprised 0.4 wt.% ceria and 400 ppm of 4-aminobutyric acid at a pH of 4.9 in water.



_CMP pqd. EXAMPLE 1 [00411 This example shows the effect of
Increasing amounts of a polyethyleneimine having an average molecular
welgh-t-of 2000 Daltons on removal rates for silicon nitride and silicon
dioxide layers observed with the polistthg compositions of the invention.
0042] Similar silicon nitride layers and silicon. dioxide layers were . .

) T S WA QA P oS b S oo Cy eneimine).
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et imine). Compositjons, |1B- IE (invention) further j

SR EIT & B ne e ST uROM A EOE e, vor
wdalofethelpolistlig o rspBaoRs#e Silicon nitride (“nitride”) and silicon
dloxlde ("oxide") removal rates were determined, and the selectivities,
tefined pEthe fatieafithdcsitisart pitsidbvionsitivon diosidenariodalkpdtagcon
wetde eateutatedksThe results are set forth in Table 1. Table 1 . Effect of

inchemsing deyelstisipolyRsthyplbabinimdnen silidsrdaifide aftrsindsie | Selectivity
dioxide removal rates Péfighing Compositidd &8lithylen&HiHa) Nitrlde

Rate6xide Rate SelegtiVitye (pprtrpA/min)i(A2fhin) IA (coffi®l) Nond 1-5

(¢BrinetnB56) 640 1.5 _IBl(invention) 1 970 383%.1 1C (ihvEittion 2 988180

50 (iddinvention) 4 920290 10.2 |E (inventidiP6 50 i 5.8 19 (inventich} 10

20102440043 As is|abparent from the d 8&et forth in%Pable 1, | 10-2
inEréasintithe amount of_polyethyleneimine¥8m none 4% 4 ppm|2-8

réBiteaniioa)negligible [dékrease in the rem¥%hl rate of 4iffon nitride 2%

while the removz_al rate for s_ilicon dioxide decreased by approximately
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BERSRHR RO PSSO R e R RHHO T SRR R 200 2 T RS eXample
sheifistitewffesioftiferantcatiowicpbiyisisisn Femoths el of this example

demonstrate the dependence of silicon. nitride and silicon dioxide removal rate on the

amount of the cationic polymer in the polishing composition of the invention.

EXAMPLE 2
[0044] This example shows the effect of different cationic polymers on removal rates
for silicon nitride and silicon dioxide layers observed with the polishing compositions of the
invention.
{0045) Six different polishing compositions were used to separately chemically-
mechanically polish similar silicon pitride layers and silicon dioxide layers (Compositions
2A-2F). Each of the compositions comprised 0.4 wt.% ceria and 400 ppm of 4-
aminobutyric acid at a pH of 4.9 in water. Composition 2A (control) contained no further
ingredients (e.g., no cationic polymer). Composition 2B (invention) additionally contained
8.5 ppm of polyethyleneimine (average molecular weight 25,000 Daltons). Composition 2C
(invention) additionally contained 15 ppm of polydiallyldimethylammonium chloride



for silicon nitride and silicon dioxide layers observed with the polishing
compositions of the invention. [0045] Six different polishing compositions
were used to separately chemically- mechanically polish similar silicon
nitride layers and silicon dioxide layers{Compositions 2A- 2F) Each of
the compositions comprised 0.4 wt.% ceria and 400.p
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EXAMPLE 3 _
[0047] This example shows the effect of cationic polymers comprising different

proportions of a cationic monomer and nonienic MoOnomer on removal rates for silicon
nitride and silicon dioxide layers observed with the polishing compositions of the mvention.
[0048] Five different polishing compositions were used to separately chemically-
mechanically polish similar silicon nitride and silicon dioxide layers {Compositions 3A, 3B,
3C, 3D, and 3E). Each of the compositions comprised ceria and copolymers of acrylamide
and diallyldimethylammonium chloride ("DADMAC") in water in which the molar fraction
of DADMAC units in the copolymers was different. Composition 3A contained 20 ppm of
a 5 mole % DADMAC copolymer with acrylamide. Composition 3B contained 20 ppm ofa
15 mole % DADMAC copolymer with acrylamide. Composition 3C contained 20 ppm ofa
30 mole % DADMAC copolymer with acrylamide. Composition 3D contained 20 ppm of 2



proportions of a cationic monomer and nonionic monomer on removal
rates for silicon nitride and silicon dioxide layers observed with the

- polishing compositions of the invention. [00481 Five different polishing

compositions were used to separately ¢hemically- mechanically polish

similar silicon nitride and silicon dioxide layers (Compositions 3A, 3B,
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15 What is claimed is: 1. A method of chemically-mechanically polishing a
substrate, which method comprisest(i) contacting a substrate with a
polishing pad and a chemical-mechanical polishing composition
camprjsing: (a) a cationic abrasive, (b) a cationic polymer selected from
WQHE‘%F&]B’%‘?} gisting of (1) about 0.1 ppm to about 50 ppm of a cationic
1. homépuigthed, (2)chioutaiytmpairaoicablp RS pgnzo kabsdtideicndogolyratsod
Coﬁmgs_ing at least one cationic monomer and at least one nonionic
monomer, wherein the at least one cationic monomer comprises more |
than B09RUpeHRSC Aidstalhihar BAISIRBIAAH3NY AnthesygRlmeshanical
ppm goliabivigt 2Epppitiorofareatsigc copolymer comprising at least one
catio&ifc mog%g{%rn%ngmggi ~ast one nonionic monomer, wherein the at
least One cationic monomer'comprises 50% or less of the copolymer on a

molabbasisa EHPTHS ReAtEe PeiaeiRtePIienIng-EorRpEsiishdhad) 2ppHbe-1

about 7 or Igss {§)aBiBg aenmpstliskinmmatheatabve e esubstitevgim to
the chemical-m qgtlbanical 1polisttlinrcd com Psition therebetwc—%-(?né a[md él%) fionic
abrading at 123k RUBOREOR S (LK SOy T RO T S O PRl

method of oladremensecbipt tisesiationioabvasivesneskictetigrein the at least
group ConSiéﬁé?gchi&'\‘iHUmé_’mcSW%&ﬂ&@@ﬁ_’eﬁh&@cﬂwé’h -Bb%”tﬁthﬁé’ Qhtionic
claim 1, wherein the cationic abrasive is ceria. 4. Th ethod of clalr£| %

wherein the CARNME BT ATE RS RSB (3R AAPBPLIGAPALL 200 ppm
wherein thecxtatimticrﬂxbmsmeﬂmpoesmﬂsiin@atam_eummabom rﬁcﬁibw&r%nd
to about | wi %ez?stngﬁemﬁH?\%%f i ggﬂnewhﬁﬁ%vaamnga;&%&?ew@gﬁanEC

a cationic homopolymer. 7. The m of claim 6, wherein the cationic
homopolymBloRCGE SRTATERS T980qPH RSB RIREIRgRA RS QMatetiolar basis,
polyethylengpgine, polydiallyldimethylammonium 16 halide,
poly(amidoamine), poly(methacryloyloxyethyltrimethylammonium)
chIoraze, pgﬁﬁﬁﬂethacryloyloxyethyldimethylbenzylammoniurm)chloride,
whssBI(Ving | pgiisdiiib AePpstip Vi ianktthe b Wolyguiastpyridine), and poly
(i HYRERR) plisiieraethdalelamHe wWhrtpiltiaicaionicchOmPRRYRAcal

[
poﬁshing composition therebetween, and

(i) abrading at least a portion of the substrate to polish the substrate.

2. The method of claim 1, wherein the cationic abrasive is selected from the

group consisting of alumina, titania, and doped silica.

3. The method of claim 1, wherein the cationic abrasive is ceria.
4. The method of claim 1, wherein the cationic abrasive is zirconia.
5. The method of claim 1, wherein the cationic abrasive is present in an amount

of about 0.01 wt. % to about 1 wt. %.

B. The method of claim 1, wherein the cationic polymer is a cationic
homopolymer.

7. The method of claim 8, wherein the cationic homopolymer is selected from

the group consisting of ethoxylated polyethyleneimine, polydiallyldimethylammonium



polyethyleneimine. 9. The method of claim 8, wherein polyethyleneimine is
present in the polishing compositionsn an amount of about 0.1 ppm to
about 20 ppm. 10, The method of claim 6, wherein the cationic
homopolymer is a cationic transition metal oligomer. 11. The method of

ha'<'5F§|=mpP’X/Wf@Fé‘iﬁ"TH%eéati?fHYé“Eﬁ#‘ﬁﬁéﬂ%'8"&%%‘”&%’&5‘@5\?%@?‘3“‘ft‘?‘)'l'ﬁa‘o”de
pomaibmé@wﬁmybmymwm@mpmmWMMm@manmy@t;ms;mﬂone),

er eI cted f mthe group con |aII imethylammonium
po&]i)l\fdjé/mmids |S f y fi étfawn?s >H'|de methacryloy-

onyethyldlmethylbenzylammonlum chlorlde 2 amlnoethyl methacrylate,

8. N-(3rRgnineRiRey ) reethasiate, vinisridazale vieylRysidingoviByaRiBe, is
and ?mldoamlne 13. The method of claim 11, wherein the cationic
SRS % hyleneimine. 14. The method of claim 1, wherein the

cationic polymer has an average molecular weight of about 5000 Daltons

9. Of MPHR %@t!ﬂ&eomgm%o\tvﬁ@éﬁh]p%ly%%ﬂ%'ﬁ'emﬁn%%o&&gmymﬁe pofishing

comprises nitrogen, sulfonium grou phosphonium groups, or a
copmRBiioaiBR naTsntes 2PREt dtRBEN &9 eRokt 29 RRRerein the pH is about
4 to about 7. 17. The method of claim 11, wherein the polishing

iomﬂ%s'“on h he %?5” rseS, ARt '@a%lﬂc %??J%?ol NGHod of SaiBnic
7, wherein the carboxy ic dcid IS an amino carboxylic
transition metal cligomer.

11. The method of claim 1, wherein the cationic polymer is a cationic copolymer.

12. The method of claim 1, wherein the cationic polymer comprises at least one
monomer selected from the group consisting of diallyldimethylammonium halide,
methacry-loyloxyethylirimethylammonium chloride, methacryioy-
loxyethyldimethylbenzylammonium chloride, 2-aminoethyl methacrylate, N-(3-
aminopropyl)methacrylate,  vinylimidazole,  vinylpyridine,  vinylamine, and

amidoamine.
13. The method of claim 11, wherein the cationic monomer is ethyleneimine.

14. The method of claim 1, wherein the cationic polymer has an average

molecular weight of about 5000 Daltons or more.

15. The method of claim 14, wherein the cationic polymer comprises nitrogen,

sulfonium groups, phosphonium groups, or a combination thereof,
16. The method of claim 11, wherein the pH is about 4 to about 7.

17. The method of claim 11, wherein the polishing composition further comprises
a carboxylic acid.

18. The method of claim 17, wherein the carboxylic acid is an amino carboxylic
acid.



