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enhance removal of materials from the surface of the substrate via chemical reactions with

the surface. Such chemically-enhanced polishing is commonly referred to as chemical-
mechanical polishing (CMP). Frequently, oxidizing agents, such as hydrogen peroxide, are
used in CMP slurries to oxidize the substrate surface during polishing, which aids in material
removal. For example, hydrogen peroxide frequently is utilized in CMP of copper-
containing semiconductor wafers.

[0003]  Common abrasive materials used in CMP slurries in combination with hydrogen
peroxide (e.g., for copper CMP applications) include silicon dioxide (silica) and aluminum
oxide (alumina)-based abrasives. Because of the relative chemical instability of hydrogen
peroxide-containing CMP slurries, due at least in part to transition metal contaminants
generated during preparation of the abrasive medium and/or generated during the
planarization process, such CMP slurries have a limited usable lifetime (commonly referred
to a pot life stability). The limited pot life stability of hydrogen peroxide-containing CMP
slurries contributes to the costs of semiconductor wafer manufacture, due to the need to
frequently replenish the amount hydrogen peroxide in the sturry.

[0004] Accordingly, there is an ongoing need for silica- and alumina-containing CMP
slurries with improved pot life stability when used in combination with hydrogen peroxide,
particularly for use in copper CMP. There is also an ongoing need for methods of enhancing
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5 ppm, preferably less than 2 ppm. In one embodiment, the method further comprises ;
maintaining the pH of the slurry during planarization at a value of 7 or less (i.e., at a neutral
or acidic pH). The methods of the invention provide for stable, reproducible copper removal
rates over longer periods of time than conventional CMP slurries.

DETAILED DESCRIPTION OF THE INVENTION
[0007]  The present invention is directed to compositions useful in combination with
hydrogen peroxide in CMP applications, such as copper CMP. The CMP compositions of the
present invention, when combined with hydrogen peroxide, ameliorate the decomposition of
hydrogen peroxide, affording a significantly improved pot life relative to conventional CMP
slurries. The CMP compositions of the invention comprise an abrasive powder in a liquid
carrier. The compositions have a transition metal content of less than 5 parts per million
(ppm), preferably less than 2 ppm, prior to use in CMP of a semiconductor wafer. Preferably,
the abrasive powder is a silica abrasive, an alumina abrasive, or a combination thereof, Most
preferably, the CMP slurries of the invention are substantially free from transition metal

contaminants prior to use in a wafer planarization process. The transition metals (e.g., metals



slurries. The CVMP conpositions of the invention conprise an abrasive powder
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nm or greater). Typically, the a-alumina is used in combination with a softer abrasive (e.g.,

fumed alumina). The abrasive can have any suitable particle size. In some embodiments, the
use of a-alumina having a mean particle size of 100 nm or greater (e.g., 200 nm or greater, or
250 nm or greater) is preferred. Other non-transition metal-based abrasives can be utilized in
combination with the silica and alumina abrasives as well, such as silicon nitride, silicon
carbide, and the like. The mean particle size is reported as determined by light scattering, for
example, using a Hariba LA-910 instrument.

[0010]  Any suitable amount of abrasive can be present in the CMP composition.
Typically, 0.01 percent by weight (wt.%) or more (e.g., 0.03 wt.% or more, or 0.05 wt.% or
more) abrasive will be present in the polishing composition. More typically, 0.1 wt.% or
more abrasive will be present in the polishing composition. The amount of abrasive in the
polishing composition typically will not exceed 50 wt.%, more typically will not exceed 20
wt.%. Preferably, the amount of abrasive in the polishing composition is 0.5 wt.% to 10
wt.%. In some embodiments, the amount of abrasive in the polishing composition desirably
is 0.1 wt.% to 5 wt.%.



[ 0010] Any suitabl e anount of abrasive can be present in the CWP
conposition. Typically, 0.01 percent by weight (wt.% or nore (e.g., 0.03
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ppm of Group 8 transition metals (e.g., iron). Iron contamination can arise from exposure of
the CMP composition to certain iron-containing equipment during manufacture or storage,
particularly when the slurry is acidic and after combining the slurry with hydrogen peroxide.
Preferably, the iron content of the slurry is less than 1 ppm, more preferably, less than 0.2
ppm. Most preferably, the CMP slurry is substantially free from iron contaminants.
[0014]  Preferably, the CMP compositions of the invention have a neutral or acidic pH,
e.g., 7 or less, more preferably in the range of 5 to 7. Maintaining the pH of the hydrogen
peroxide-containing slurry in the neutral to acidic range results in a reduced degree of
hydrogen peroxide degradation over time, relative to slurries having basic pH.
[0015] A liquid carrier is used to facilitate the application of the abrasive and any
optional additives to the surface of a suitable substrate to be polished or planarized. The
liquid carrier is typically an aqueous carrier and can be water alone, can comprise water and a
suitable water-miscible solvent, or can be an emulsion. Suitable water-miscible solvents
include alcohols such as methanol, ethanol, and the like. Preferably, the aqueous carrier

consists of water, more preferably deionized water.



[0014] Preferably, the CVP conpositions of the invention have a neutral or
acidic pH, e.g., 7 or less, nore preferably in the range of 5 to 7.
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hydrogen peroxide and its adducts such as urea hydrogen peroxide and percarbonates,

organic peroxides such as benzoyl peroxide, peracetic acid, and di-terz-butyl peroxi&e,
monopersulfates (SOs>), dipersulfates (S,05>), and sodium peroxide. Examples of
compounds containing an element in its highest oxidation state include but are not limited to
periodic acid, periodate salts, perbromic acid, perbromate salts, perchloric acid, perchlorate
salts, perboric acid, perborate salts, and permanganates. The per-type oxidizer preferably is
selected from the group cousisting of hydrogen peroxide, persulfate salts (e.g., ammonium
persulfate), periodate salts, and permanganate salts. More preferably, the per-type oxidizer is
ammonium persulfate or hydrogen peroxide.

[0020]  The peroxy-type oxidizer is a compound containing at least one peroxy group and
is selected from the group consisting of organic peroxides, inorganic peroxides, and mixtures
thereof. Examples of compounds containing at least one peroxy group include but are not
limited to hydrogen peroxide and its adducts such as urea hydrogen peroxide and
percarbonates, organic peroxides such as benzoyl peroxide, peracetic acid, and di-tert-butyl
peroxide, monopersulfates (SOs”), dipersulfates (S205°), and sodium peroxide. Preferably,
the peroxy-type oxidizer is hydrogen peroxide.



conpounds containing an elenment in its highest oxidation state include but
are not limted to periodic acid, periodate salts, perbrom c acid,
perbromate salts, perchloric acid, perchlorate salts, perboric acid,
perborate salts, and permanganates. The per-type oxidizer preferably is
selected fromthe group consisting of hydrogen peroxide, persulfate salts
(e.g., ammonium persulfate), periodate salts, and permanganate salts. More
preferably, the per-type oxidizer is a ni um persul fate or hydrogen
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containing slurry, which’is then fed to a copper-containing a sem conductor
waf er in epn@mng slurry, which is then fed to a copper-containing a semiconductor wafer in a CMP

apparatus, The CMP apparatus typically includes a rotating, carrousel-like platen, in which
the wafers are mounted, and a rotating polishing pad, which contacts the copper-containing
surface of the wafers. The hydrogen peroxide-containing CMP composition is fed to the
surface of the wafers that is in contact with the polishing pad, to facilitate removal of copper
and other materials from the wafer surface.

[0023] A method fbr enhancing the pot life of a hydrogen peroxide-containing slurry
used in semiconductor wafer planarization. The method comprises maintaining a transition
metal content in the slurry at a value of less than 5 part per million (ppm) prior to initiation of
chemical-mechanical polishing of a semiconductor wafer. Preferably the transition metal
content of the slurry is maintained at less than 2 ppm prior to initiation of wafer planarization.
Optionally, additional hydrogen peroxide can be added to the slurry storage tank to partially
compensate for hydrogen peroxide that has degraded during storage.

[0024]  In apreferred method embodiment, the content of any individual transition metal
from Groups 3, 4, and 6-12 of the Periodic Table (e.g., zirconium, zinc, titanium, nickel,
manganese, iron, copper, chromium, cobalt, and yttrium) is maintained ;t less than 1 ppm
prior to initiation of CMP, provided the total transition metal content is maintained at less



apparatus. The CWVP apparatus typically includes a rotating, carrousel-like
platen, in which the wafers are nounted, and a rotating polishing pad,

whi ch contacts the copper-containing surface of the wafers. The hydrogen
per oxi de- cont ai ni ng CMP conposition is fed to the surface of the wafers
that is in contact with the polishing pad, to facilitate renoval of copper
and other materials fromthe wafer surface. [0023] A nethod for enhancing
the pot |ife of a hydrogen peroxide- con}alnlng slurry used in sem conductor
waf er pl anarization. The nethod conprlses mai nt ai ni ng a tranS|t|on nmet al
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[0027]  Preferably, the pH of the hydrogen peroxide-containing slurry is maintained at a
neutral or acidic value, e.g., in the range of 5 to 7 prior to planarization. Maintaining a
relatively neutral pH during the planarization process can help to minimize iron
contamination from the CMP apparatus used in the process, as well..
[0028]  The following examples further illustrate the invention but, of course, should not
be construed as in any way limiting its scope.

EXAMPLE 1
[0029]  This example demonstrates the effect of transition metal content of a hydrogen
peroxide-containing CMP slurry on pot life.
[0030] A polishing composition of the invention (A-1) was preparéd by milling a-~
alumina in deionized water with an a-alumina-based grinding medium. The resulting CMP
composition, A-1, had an o-alumina content of 0.5 percent by weight. A conventional CMP
composition (C-1) was prepared by grinding a slurry of o-alumina in dejonized water using a
zirconium dioxide grinding medium. Composition C-1 had an a-alumina content of 0.5
percent by weight. The transition metal content of each slurry (A-1 and C-1), as well as the



exanpl e, by exposure of the slurry to iron-containing equi pnent, storage
hoppers, and the |like. In sone preferred nethod enbodi nents, the iron
content of the slurry is naintained at an anmount of less than | ppm
preferably less than 0.2 ppmprior to initiating wafer planarization.

[0027] Preferably, the pH of the hydrogen peroxide-containing slurry is

mai ntained at a neutral or acidic value, e.g., in the range of 5 to 7 prior
to planarization. Maintaining a relatively neutral pH during the

pl anari zati on process can help to ninifize iron contanination fromthe CWP
apparatus used in the process, as well.. [0028] The follow ng exanples
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pad) over a period 2 hours. IncreaS|_ng7 copper renoval rates indicate
slurry déypeishtaieef les than 33|99§§nggyp.ver the entire 72 hour evaluation period, whereas

conventional slurry C-1 exhibited a removal rate that drifted up to 5000 A/min over 72 hours.

These results demonstrate the effectiveness of the CMP compositions of the invention for

enhancing pot lifc of hydrogen peroxide containing CMP slurries.



per oxi de degradation). A target renoval rate is |l ess than 3500 Amin (e.g.,
around 3000 A/mn). Hi gher renoval rates result in unacceptable

pl anari zation defects in the polished wafers, such as di shing and erosion.
Composition A-1 (of the invention) maintained a copper renoval rate of |ess
than 3300 A/m n over the entire 72 hour evaluation period, whereas
conventional slurry C1 exhibited a renoval rate that drifted up to 5000
Almn over 72 hours. These results denpnstrate the effectiveness of the CW
conpositions of the invention for enhancing pot |ife of hydrogen peroxide
containing CWP slurries. 9 Table 1: Elenmental analyses for CMP conpositions
El enent Conposition G 1 Conposition A-1 Elenment Conc. (ppnm) Elenent Conc

(IOIOYT) Cal’ﬂ)lé—ﬁ' ﬁle%?entmniﬁ’s%rmgénpgu&sosdf 0.033 Cu <0.025 <0.025 Fe

.57 0.67 K 67 68 12 ©Mh 0.076 0.084 Na 3.3 0.44 N <0.025 <0.025
T| 0.14 0.18 Zn O. 21 0. 25 Zr 90 0 068 10 CLAI M5 1 A conposition suitable
for copper—ctenmcal—=mn L.Ila:ll ng—(TENP) g an br asi ve
pomdeern aIEkmmﬂtcar Ub E?%?t?¥ e konq)q% R co alllw) transition
netal s i nar—anpunt—of der— MY RE?—EQ—TA conposi tion
sui tabl e for rr(:ﬁ\pL ol mr‘nL J‘S;ml cal nrl iLshing (¥

<0.025 i o <o.025
Cr 0.034 0.033
Cu <0.025 <0.025
Fe 0.57 0.67
K 67 68
Mg 10 12
Mn 0.076 0.084
Na 33 0.44
Ni <0.025 <0.025
Ti 0.14 0.18
Zn 0.21 0.25
Zr 90 0.068




conprising a silica abrasive, an alum na abrasive, or a conbination thereof,
inaliquid carrier therefor; the conposition containing transition netals
in an anount of less than 5 ppm 3. The conposition of claim2 wherein the
amount of transition metals in the conposition is less than 2 ppm 4. The
conposition of claim2 wherein the conposition contains less than 1 ppm of
any individual transition netal selected fromtransition netals in Goups 3,
4, and 8 of the Periodic Table. 5. Thggconposition of claim4 wherein the
transition metal is selected from the group consisting of yttrium
zirconium and iron, 6. The conpositicpAmRis cl aim 2 wherein the total anount
of transition netals from Goups 3, 4, and 8 of the Periodic Table in the

conposi tion isll ess‘\t:mposzmptpmltable fvh@p@m@@ml@ﬂﬁne@ﬁn@ﬁ@wm%@m)n t ot al

amount of transitio ele from r co yttrlum
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conposi tiiphsionGh@hRir aMBROBATLIIAS tWﬂﬁ’cs%e@ﬁanbﬁK%bﬁ? less than 1 ppm of
a transition netal from G oups 3 and the Periodic Table. 9. The

conposi tion of2. cI alArc@‘.npbmﬁl@i suitable fomqppsr clieprical onechianisal mélshmEéﬁN_ﬂ_P) ppm of
zirconium_ 10, g 05|t|onﬁ? 6#4%18 V\,herelr:h %1 Ctﬁgxlﬁ ltl ontalns

| ess t har %npfls“ﬁﬁﬁ‘ fa 9AEYwmieh unﬁxaa SVEHF O R G E Y Hh rein the
conposi t' % refdpSthb 88 bélﬁan eontRR{R [ngankﬂlgﬁméﬁs il Q?aﬁ@tﬁ‘iﬂ%f!lésb %nca‘ claim
2 mhereln rasive co rises a silica abrasive. 13. The conposition of
claim 12 Mﬁmrel n the silica abrasi ve corrprl ses funmed 11 silica. 14. The

composition of, el Al 2 oMiposiiion of clain 3 whercis tie Aount of transifon Mefals inhe 2> V&
composition is less than 2 ppm.

4. The composition of claim 2 wherein the composition contains less than 1
ppm of any individual transition metal selected from transition metals in Groups 3, 4, and
8 of the Periodic Table.

5. The composition of claim 4 wherein the transition metal is selected from
the group consisting of yttrium, zirconium, and iron.

6. The composition of claim 2 wherein the total amount of transition metals
from Groups 3, 4, and 8 of the Periodic Table in the composition is less than 2 ppm.

7. The composition of claim 2 wherein total amount of transition metals
selected from the group consisting of yttrium, zirconium, and iron in the composition is
less than 2 ppm.

8. The composition of claim 2 wherein the composition contains less than 1
ppm of a transition metal from Groups 3 and 4 of the Periodic Table.

9. The composition of claim 8 wherein the composition contains less than 1
ppm of zirconium.,

10.  The composition of claim 8 wherein the composition contains less than 0.1
ppm of zirconium.,

11.  The composition of claim 2 wherein the composition contains less than 1
ppm of iron.

12.  The composition of claim 2 wherein the abrasive comprises a silica
abrasive.

13.  The composition of claim 12 wherein the silica abrasive comprises fumed



15. The conposition of claim 14 wherein the alum na abrasive conprises a-

al um na. 16. The conposition of claim2 further conprising hydrogen

peroxi de. 17. The conposition of claim 16 wherein the hydrogen peroxide is
present at a concentration in the range of 0.1 %to 3 %on a weight basis.
18. The conposition of claim 16 wherein the conposition has a pH of 7 or

|l ess. 19. A nethod for enhancing the pot |life of a chem cal - mechani cal
polishing (CWP) slurry during sem condyctor wafer planarization, which
conprises maintaining a the amount of transition netals in the slurry at a
val ue of dijjggs than 5 part per mllion (ppm prior to initiating
planarization. 20. The nethod of claim 19 wherein the transition netal
content is maildt ai Al composition of tlaim 2 whenein fhie abTaséiveneamiptbenan glugiing 19
wherein the anount of any transition netal selected fromGoups 3, 4, and 8
of the PAHH® Table present in the slurry is naintained at |ess than 1

ppm 22. The st hoqhefcoﬁxkéﬁiﬂbﬁ br Wash ¢4t WHelgn tHealshina QBrd¥RleFomipsisged-ect ed
fromthe group consisting of yttrium zirconium and iron. 23. The nethod

of cl ai ma®@mimerein the total amount of transition netals selected from
2t 635 than 30ppmilBEOMPABAARORDAIDE RGO EOISHERE R aRn: of any
et hon e SRR oF e kiRl R
wher ei n tdoacentration irothe zangeasfiQuh¥ioskrdn d weightbasisurry is maintained at a
e T Y NV KR e T e
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(CMP) shurry during semiconductor wafer planarization, which comprises maintaining a
the amount of transition metals in the slurry at a value of less than 5 part per million
(ppm) prior to initiating planarization.
20.  The method of claim 19 wherein the transition metal content is maintained
at less that 2 ppm.
2]1.  The method of claim 19 wherein the amount of any transition metal
selected from Groups 3, 4, and 8 of the Periodic Table present in the slurry is maintained
at less than 1 ppm.
22.  The method of claim 21 wherein the transition metal is selected from the
group consisting of yttrium, zirconium, and iron. '
23.  The method of claim 19 wherein the total amount of transition metals
selected from Groups 3, 4, and § of the Periodic Table present in the slurry is maintained
at less than 2 ppm.
24.  The method of claim 19 wherein the amount of any transition metal from
Group 3 and Group 4 of the Periodic Table is maintained at an amount of less than 1 ppm.
25.  The method of claim 19 wherein the amount of zirconium present in the
slurry is maintained at a value of less than 1 ppm.
26.  The method of claim 19 wherein the amount of zirconium in the shurry is
maintained at an amount of less than 0.1 ppm.
27.  The method of claim 19 wherein the amount of iron in the slurry is

maintained at an amount of less than 1 ppm.





