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BACKGROUND OF THE INVENTION

Technical Field

This invention relates to chemical mechanical processes for the planarization of
surfaces, and to chemical compositions especially suited thereto. More particularly, this
invention relates to compositions for the chemical mechanical planarization of
conductive, barrier and dielectric surfaces as typically encountered in the fabrication of
integrated circuits, including compositions specifically formulated for chemical

mechanical planarization and non-contact chemical planarization of Cu/Ta/TaN.

Description of Related Art

Fabrication of integrated circuits ("ICs") to improve performance and reduce
costs involves complex analysis of materials properties, processing technology and IC
design. IC's consist of multiple layers of conducting, insulating and semiconductor
materials, jnterconnected in various ways by conducting metallic channels and plugs
("vias"), including various dopants implanted into various materials for producing the
electronic functionality desired of the IC. The near-universal trend in the manufacture of
integrated circuits is to increase the density of components fabricated onto a given area
of wafer, increase the performance and reliability of the ICs, and to manufacture the ICs

at lower cost with less waste and fewer defective products generated by the
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of etching by means other than photolithography. In addition, the present invention is
not limited to the field of IC manufacture and may find applicability in other areas of
technology requiring planar surfaces. ‘
Chemical Mechanical Planarization ("CMP") has been successfully integrated
into integrated circuit multilayer manufacturing processes to achieve highly planar
surfaces as described in text books (for example, "Microchip Fabrication" by Peter Van
Zant, 3rd Ed., 1997 and “Chemical Mechanical Planarization of Microelectronic
Materials” by J. H. Steigerwald, S. P. Murarka and R. J. Gutman, 1997) and generally
known in the art. We note that "CMP" is also used in the art to denote "Chemical
Mechanical Polishing" as well as "Chemical Mechanical Planarization". We use CMP
herein synonymously in either sense without distinction.
A typical CMP process is depicted schematically in Figure 1. During a CMP
process, the wafer, 1, is typically held inside a rotating carrier and pressed onto a rotating
pad, 2, under pressure, 6, while an abrasive slurry, 5, (typically containing particles of
abrasive such as SiO,, Al,Os, and the like) flows between the wafer and the pad. The
) slurry, 5, will typically contain reagents for chemically etching the wafer, 1, leading to

chemical as well as mechanical removal of material. Thus, in the typical practice of
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in the referenced application, appropriate etchant chemicals are applied to a spinning
15 wafer under conditions and in such a fashion as to planarize the wafer surface. The
‘ techniques described in 09/356,487 are collectively denoted as “spin etch planarization”
or SEP. Chemical compositions presented in the present application may be employed in
SEP processes for the planarization of Cu/Ta/TaN surfaces as well as in more
conventional CMP.
20 Increasing the speed and performance of ICs typically calls for increasing the
density of components on the wafer and increasing the speed at which the IC performs
its desired functions. Increasing component density typically requires decreasing the
size of conducting channels and vias (or plugs). It is well known that decreasing the
cross-section of a current-carrying conductor increases the electrical resistance of the
25 conductor for the same material. Thus, decreasing component size on ICs increases
electrical resistance, degrading performance and perhaps leading to unacceptable
heating. This is one reason IC developers have been looking for conducting materials
for use in IC fabrication having lower elecirical resistance. Present IC technology
typically makes use of tungsten (chemical symbol W) and aluminum (Al) as conductors.
30  Both have adequate electrical conductivities in present devices, but future generations of
IC devices will preferably make use of yet higher conductivity materials. Copper (Cu) is

among the leading candidates.
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15 typically in an SiO, dielectric layer. The W plugs act as electrically conducting paths
between the metal lines of adjacent layers of the IC. Typically, the metal lines connected
by W vias will consists of alloys of Al and Cu in present ICs. In typical present IC
designs, Ti and TiN layers are used as barrier layers (to hinder unwanted diffusive
intermixing of components during fabrication) and adhesion layers (to promote good

20  bonding between otherwise poorly bound layers and to avoid delamination). Such
barrier and adhesion layers must also be removed during W CMP to reveal the inlaid W
p‘lugs. Desirable CMP for such ICs should remove the various layers equally and, thus,
planarize in one CMP step. Commercially available W shuries can achieve almost the
ideal 1:1 removal rate selectivity between W and Ti/TiN layers. This results in a very flat

25 surface of the device wafers after W CMP. Thus, if other combinations of conductor and
insulators are to be used in IC fabrication, adequate chemical reagents for CMP must be
employed and adequate planarization processes must be used. Such are among the
objects of the present invention.

The use of W viés, A1-Cu lines, and SiO, dielectric layers, although quite

30 successful in present ICs, has inherent drawbacks that hinder attaining the circuit

performance desired in future devices. The A1-Cu alloys and W vias are conductive, but

less so than Cu. The SiO, dielectric layers (although good electrical insulators) have a
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particles. Thus, when used in connection with porous dielectric materials, these CMP
15  solutions of the present invention offer the advantage of not requiring post-CMP cleanup
for removing entrapped abrasives.
Metallic copper (Cu) has a lower resistivity than W or Al-Cu alloys. Therefore,
Cu is becoming a popular choice for the interconnect metal to be used in future
generation ICs. It is further envisioned that low k dielectric materials (that is, materials
20  with dielectric constants, k, less than about 3.0) will be used in conjunc;cion with Cu
metallization to reduce capacitive effects. However, both of these choices bring
accompanying challenges in the fabrication of high performance, low cost, reliable ICs.
Low k dielectrics are often mechanically weak relative to conventional dielectrics and
tend to delaminate under the stress of CMP, especially if the applied pressure, 6, in
25  Figure 1 must be rather large in order to achieve adequate material removal rates. An |
adequate rate of material removal is required in order to achieve planarization in an
acceptable period of timé. Addressing these challenges, the focus of the present
invention is on the use of copper, on barrier layers to avoid harmful diffusion of Cu, and
slurry compositions for effective Cu CMP (or non-contact planarization also known as
30  “spin-etch planarization” or “SEP”) in the presence of effective barrier and adhesion
layers. Typical barrier layers in copper damascene or dual damascene fabrication

processes include Ta and TaN.
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damascene is a two-step damascene process, typically forming more than one layer of
15  features in the dielectric before barrier layer and metal is deposited.

It is envisioned that the metal of choice for the next generations of ICs will be
copper. Therefore, to be concrete in our description, we will describe the practice of the
present invention in connection with copper damascene or dual damascene processing
including the use of Ta/TaN barrier layers. However, the present invention is not

20  inherently so limited and other embodiments will be obvious to those having ordinary
skills in the art. |

Copper has the advantage of higher conductivity, but suffers from several
complications which heretofore have delayed its adoption in ICs. Among copper's
disadvantages is the fact that it is a very diffusive contaminant. That is, copper diffuses

25  widely and easily through other materials typically used in the fabrication of ICs,
seriously degrading electronic performance by doing so. It is among the objects of the
present invention to address, eliminate or ameliorate some of these attendant drawbacks
in the use of Cu metallization in the fabrication of ICs.

In addition to its high rate of diffusion, reaction products of copper with typical

30  etching reagents have often resulted in non-volatile (or insoluble) reaction products.
Thus, etching of Cu with conventional CMP slurries has been difficult. Identification of

a group of effective copper etéhing reagents having volatile or soluble reaction products
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alumina and/or silica abrasive, and other chemical components, typically in acidic (low
15  pH) solutions. (Tytga‘i et. al. 4,981,553; 5,098,571). These formulations typically give
good Cu removal rate, but often achieve very low Ta/TaN removal rates, even when high
polishing pressures are employed. Currently there are two common experimental
approaches being employed for Cu CMP, both of which suffer from disadvantages. In
one approach (Brusic, “A Cautious Approach to the Removal of Ta in the CMP
20 Polishing of Cu/Ta Structures”, 193" Electrochemical Society Meeting, May 1998) Cu
CMP is conducted by using a two-step polishing process to remove Cu and Ta/TaN. The
Cu and Ta/TaN layers are removed separately in sequence using two distinct slurries.
This two step approach significantly complicates the fabrication processes and increases
the cost of the CMP process applied to Cu. A single-step Cu CMP would be preferable,
25  but it would require a shurry with 1:1 selectivity for Cu and Ta/TaN. One possible way
to increase the removal rate of Ta/TaN layers is to dramatically increase the polishing
downforce. However, a higher polishing downforce is contraindicated since it could
damage the underlying low k materials, which are often mechanically weak and subject
to delamination. Achieving a slurry with the required near 1:1 selectivity without the
30  application of large polishing downforce is among the objects of the present invention.
Slurry formulations that react chemically with inert liner metals to achieve

adequate removal rates and selectivity would be an improvement in Cu CMP. A single-



WO 02/ 059393 PCT/ US01/ 48867 1n order to increase performance and, reduce

manuf acturing costs, it is envisioned that Cu netal will nost |ikely be
used in fwbueesd3es in fabricating the netallic conductingPcrhmsaonedss7 Wit hin
a layer and in the vi as whi ch connect adj acent Iayers This will likely be

acconpllshed a _'danmascene ' scen tur|n
appr oach. P @Q\Qﬁ SR Battlﬂ’}?)"“geél rvegeng‘@ r?iaef)rbi fetn?oﬁ@ a bl anket
| ayer of matadt iR R&l%ﬁmg%fres&lr@s'iistlﬁgmdeslrllﬂbl | HbWé‘I@r ar twdlsESpE{IMP slordyayer,

thereby filling annel vias in the patterne insulati ng | ayer. Wen
necessar y thatgid %feﬂplfﬁ@ﬁbﬂﬂﬁh&g s hogellepyd @é‘b@‘gls’tng Steé’ barrier or
adhesi on |ﬂ1¥[§, Wg,%\gfﬂqeg Elhgnﬁ}@‘teﬂ]enﬁﬁqhetﬂ}gsegﬂﬁd ect ric. Since trench and via
filling is not typlca y uniform the netal is deposited to fill the

featur és and 1thpmmlmbnaloﬂm@dq§cm@glf@rrtbe fnetifie exanipda e MY shriesddt . Thi s

bl anket S et chi ng,
reveal i nﬁ“ﬁ%a/?% ar a){ers] astﬂlqggrjpectﬁ)sé%g%gg J\:/)%ﬁgét@@\ﬁ’kﬁ% Ig%%a%g%éfl deal ly .

copl anar ‘applicabitiey dfitkd pkeimgmomloﬁfﬂcsmels ﬂreroompdélmglsdhépmcessesmf tiehe barrier

| ayer onthefleldreloni . T, C int | anari zati on
step. DuaPresgiRerton: F§°’a‘“]§ ]S’%éIB%H ?‘r@"g%f’y&? NEBE‘é?ECCS 55? @Sﬁﬂg f onni ng
nor e t han ;QREtibRYRId B usbful foR BtdebRmginthnt Qe byped 61 Betlal, Aidedday, bt €r | ayer
and netal is deposited. It is envisioned that the netal ‘of choice for the
next géneraganisiayesy, of Wixtyes andps cowpeniey therppb prpREOUY PO sEREFEEX i n our
descri pti %ﬂme%’éﬁs%cijﬁlcﬁ g@fc'a&&st Q%dﬁﬁ@ﬁé%n%grn% tHoBeskildGS Bl Byention in
connection w copper mascehe or amascene processing including
the use ,ofada‘mbﬂ' thbmtrfomﬂatioaymasmay—bwmém conhetipn gk non-contehMIh(ors not 20
i nher entl%ﬁs !S({n %d and ot her enbodi ments will be obvious to those having
ordi nary ) PIePH%e art. Copper has the advantage of hi gher
conductivity, but suffers from several



conplications which heretofore have delayed its adoption in ICs. Anpbng
copper's disadvantages is the fact that it is a very diffusive

cont am naWwoO.020503 | s, copper diffuses 25 wi dely and easi | PCTRISOU¢AS6Dt her
materials typically used in the fabrication of I1Cs, seriously degrading

el ectroni C perfor mance by doi ng so It is anong the objects of the present
i nvent i @RIES SldiM ok TN iNel i orate sone of these attendant
drawbacks in the use of Cu netalllzatlon in the fabrication of 1Cs. In
addition to its high rate of diffusion, reaction products of copper with
typical 30 etehiieg rﬁe@ﬁgﬁémldﬁamtmhwguﬂfm@bf@@ F iRt PARE tah@1un®’

i nsol ubl e) reaction products. Thus, etching of with conventional CWP

sl urri edithige isrceamalished byimeans gEheichemigal fmmg}atnoras of the presentdnyentionve copper

021 0503 SR sah B bBRot R bborklly R SRS AHPRREHE BB |
sel ect i pattitles riayab®ct@ntibelyabativt iov aRrto fConkt opficis ediitadt CMPmd#ybe Tant al um

(Ta) and Tantalum Nitride (TaN) have been identified as prom sing barrier
| ayer, derformegbwithhegpresent ﬁhmlc%fwn%? wopsndubsipnirally lohremevalsten. Because
CWP is f tion

t echni qéegwagrfsolrtthe nat ura IY %afrcrgt%k%dé?nw tl%l clnllj'?%ﬁgn g@?aﬁlleét’i\ﬂé} i

pl anar i za¢sennineéntion, prdvides adeqidte fiatehialGemnicevallalds wilidut expessies deswnforéees Wi t h

hi gh Cu_.and Ta/ TaN rempval .rat ose to a 1: rerm selectivity
ot woon HEMETGETRE I (ABF AEGaled Tov BiRispisse Corsponapisr ECHaPLIRRIAPSSs | v har d

dth For th
" easons M chis i 1ERRon AEHo A B B R0 ons to obtai n

1:1 selectivity between Cu and the liner netals have been difficult to
achi eve. Hence, at present there is no slurry




commercially available for Cu CWP. Typical experinental Cu slurries are
conposed of H202, various oxidizers, alumna and/or silica abrasive, and
ot her chewpaalossesrponents, typically in acidic (low 15 pHCTASOUISSONS.
(Tytgat et. al. 4,981,553; 5,098,571). These fornulations typically give
good Cu renoval rate, but often achieve very | ow Ta/ TaN renoval rates, even
when high polishing pressures are enployed. Currently there are two common
experinmental approaches being enployed for Cu CMP, both of which suffer
from di sadvantages. In one approach (Brusic, "A Cautious Approach to the
Renoval oBRIEF DESCREPTIUN 08 TP SEWERAL ME WS/ G TEEANMENEON  193rd

El ectrochem cal Society Meeting, May 1998) Cu OCWMP is conducted by using a
t wo-step polishing process to renove Cu and Ta/ TaN. The Cu and Ta/ TaN

| ayer s sar @iguedDVSshef@palati@ioy of Chasigi whanisil Rnanvation IAMRY. sl urri es.

This two step approach significantly conplicates the fabrication processes
and increases the cost of the CWP process applied to Cu. A single-step Cu
CVWP woul d be preferable, 25 but it would require a slurry with 1:1
selectivity for Cu and Ta/ TaN. One possible way to increase the renoval
rate of Ta/TaN layers is to dramatically increase the polishing downforce.
However, a higher polishing downforce is contraindicated since it could
darmage the underlying low k materials, which are often mechanically weak
and subject to delam nation. Achieving a slurry with the required near 1:1
selectivity without the 30 application of |arge polishing downforce is
anong the objects of the present invention. Slurry fornulations that react
chemically with inert liner netals to achieve adequate renoval rates and
selectivity would be an inprovenent in Cu CVMP. A single 7 WO 02/059393

PCT/ USO1/ 48867
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step Cu CWP enploying a slurry that provides 1:1 selectivity and high
material renoval rates at |ow polishing pressures, is highly desirable.
However, wotoaosspep CMP slurry that did not require high palricsai/use7
pressures, though |ess desirable than the single-step slurry, would still
be an inprovenent in the present art. 5 The present invention is described
for the specific exanple of CWP slurries for Cu/Ta/TaN on IC wafers as
this specigi €apescrerneoiest 119 beveNpronary ar ea of appl i cability of

t he present i1nvention. However, the conpositions and ocesses of the
present invent ﬁmtheécvl@\ﬂﬁn.ﬁdqsﬁ’f*@ﬁoéﬁﬂ@g‘lf?sﬁﬁlfnélafIieg?r%%%%m BIF PIEdSTHP i nst ances.
The present .| nveﬂgr e?é}ne%? g&n%g%yfan%ﬁée RwE Q@ngtorﬁéﬁé‘te%thf erent types
of netalli'C, TectTic, r 1 ayers, or mxtures and/or

conposist es:hérhﬁaleﬂéchamml Iplmmnzawn mwgiesh zoﬂiollslubs padhis @sdddi contagheME(isast echni cal
applications, as would

d ddi t
et chant f SfSHLAS PR-GREagt nch%oé ﬁgp%d( i L Lgd g 8 g]ﬁﬁ&l withil mi@ddi tion,

onnecti on w -cont act .CvP
(or SEP) a4 ﬁ Ste3er hbedp e&ﬂ@-&ﬂt’a&&ﬂ\'z}ﬁi% PCT/ US01/ 48867 BRI EF SUMVARY OF

THE | NVENTI Chem cal mschanl cal planariza of surfaces of, copper,
tantal um and t dhe &u(ieTal EMPgduTies. g CEAMIY s ﬁfﬂﬁf}hﬁ’?&h%re&f‘pr?ﬁeél cheni cal

formul ati %ﬁmﬂ%ﬂ é\?gf ARGty 1@2\4@%%&%& cMPNgcIeMeghGadivd Qireb aldkQns may

optionally inc rasive particles and such abra5|ve partlcles may be
cheni cal | \etahesats tnd/eleamersi ctentical Golishese brightenasnandiekdieg s@MoFesic-be  per f or med

wi th the present em cal rul ati.on ngoval rate
sel ecti vi téfmf"?ﬁq &glh(ﬁ (;gf@l\ypwa 4Chi |1§i\95é§)%)s?\; gﬁsll%ﬁ%t%c %@[1 rempoval rate
sel ecti Vi tigmmilieon, MreSeRtard tfjlp!leil{llyl o ppsaavincdes-cadtecCMR. Febants with pedroval

rates without excessive, downfo 1
without abrasive particles are w1th1n the scope of the present invention. The chemica

compositions of the etchant include chemical mixtures, typically comprised of one or

15 more of the following constituents:

TABLE A
e Abrasive Particles
e Mineral Acids

20 & Organic Acids

e Strong Bases

e Mineral Salts
e Organic Salts
e pH buffers
25 e Oxidizing Agents
e Organic and Inorganic Peroxides
e Corrosion Inhibitors
e Chelating Agents
¢ Surface Modifying Agents
30 e Liquid polymers

° Surfactants

11



bei ng necessary on (often delicate) |low dielectric conponents. Etchant
formul ations of the present invention are also applicable for use with
spi n et chwploansgspzati on. 9 WO 02/ 059393 PCT/ US01/ 48867 BRCERSDESSRI PTI ON
OF THE SEVERAL VI EWs5 OF THE I NVENTION 5 Figure 1: Schematic depiction of
Chem cal Mechani cal Planarization ("CMP"). 10 WD 02/059393 PCT/ US01/ 48867
DETAI LED ES@NMPQHEN’@RWHE | N\VENTION I n the following description and
figures, Iar g nce nunbers are used to identify simlar elenents.
For econorﬂ/ ‘PIVF%t‘?léH b‘g‘n%v@’a‘iﬁ e "CMP" to denote both 5 chenical nechani cal
pl anari zation in which a polishing pad is used ("contact CWP") as well as
non-contact CVMP in which no polishin ad_is used. SEP is_included within
this usage of logmesd. gMPyiseoihe ﬁtﬁhﬁﬂgﬁdﬁ?%@ﬁd@wnr@ﬂﬁl@eﬁum’@?q’%ﬁ\l CWP

slurri 9551 lﬁ{md&h{gﬁﬁ@é@hat §9fe'v&l%?g sﬁmc@ I B ferdblPL ﬁ‘éﬁgd er%ﬁ@ﬁbﬁﬁqFOﬂS gf

chem cal s typically use I ncl udi ng” abrasive slurries
et chant s aheletchatnapss, the::Weﬁenr wﬂacqa dh¢ pdlshing ped ghdtnsersssdepistad ontgmel Ing

sol uti ons, lﬁﬁ} ttﬁ%lcagnve tls?r??‘sled cor}l% F&R&chfwe%% t%gbh\b éh%ﬁnééijes abr asi ve

particles S MUY At or rasives are Ically not present
i N non- confoatlatdvs.of He@hasitsnwwhiidn @Ednot%ﬂdltﬁtﬁubra@bésalﬁlthfﬁet@ﬁﬁﬁmmhﬁs are
within the sco e of the present nvegtlon The chem cal _ conposi |ons of

t he et charf® |dﬁ@|°hﬁ°@e§§ﬁ%lﬁ1rwre RSREANE confaﬁbl?eé‘ﬁ?ep)yhec%?f{ﬁrrqugféﬁ agofacTor
nore ofy t hgrhed s BMIPGuEPRSE AdiaRE fad. ThABkE dehants of the present invention may

be used to good effect in both contact and non-contact CMP, but require different
transport mechanisms (such as SEP) than the polishing pad depicted in Figure 1.

In addition to adjusting the type and concentration of etchant constituents,
heating the etchant solution may be used to control the removal and rate of removal of

15 material from the surface of the wafer. Temperature control of the reaction may be
achieved by introducing the etchant onto the wafer preheated to the desired temperature,
by heating the polishing pad other body and/or by maintaining the polishing at a constant
temperature.

Improved CMP is achieved by means of etching solutions as described below.

20  Abrasive particles are optionally included and may optionally react with the surface of
the wafer being etched as well as provide mechanical removal of wafer material. Many
‘suitable abrasive materials could be used, including conventional abrasives (SiOa, Al,O3
and the like), and various nonconventional abrasives that are comprised of metals, solid
elemental particles (for example carbon), polymer particles, oxides, carbides, fluorides,

25  carbonates, borides, nitrides, or hydroxides of several metals, including, but not limited
to, Al, Ag, Au, Ca, Ce, Cr, Cu, Fe, Gd, Ge, La, In, Hf, Mn, Mg, Ni, Nd, Pb, Pt, P, Sb,
Sc, Sn, Tb, Ti, Ta, Th, Y, W, Zn, Zr, or mixtures thereof. These particles may be coated
with a thin layer of another material, including but not limited to those described above.
The potential advantages of the use of coated particles are expected to include decreasing

30  cost by coating a less dense, inactive and inexpensive particle, such as SiO,, with a
chemically active, and often more dense and expensive active material such as CeOs.

The effective density of such particles will be less than solid particles comprising all

12



Abr asive Particles M neral Acids 20 Organic Acids Strong Bases
Mneral Salts Organic Salts pH buffers 25 Oxidizing Agents O ganic
and | nor gapioe/oRBspdxi des Corrosion Inhibitors Chel ati ngragarsoy48ssur f ace
Modi fying Agents 30 Liquid polyners Surfactants 11 WO 02/ 059393

PCT/ US01/ 1zal I%?(!tH’E 'Irﬁﬂarlg‘lt ahi hiiZBbR sta@Elﬂf ?e'?ﬂ@ ol(ﬂa?t@dlélggtﬂﬁg %@&)?d'lﬂ I'n

general , the etchants described herein requires a nethod of 5
i nt r oduci rlngtohes mchkmh podict at lhrgensaftang wiacity fu paﬁkﬁl@é naYieg abighca net hod for

transport| gsétp/egwﬁ 1}5?&%%%%%% oftsal?dsvmrﬁes o%&ﬁ%oeof c-ggt%d Mgéﬁ@' ng pad and

process d anismused in contact CMP.
However, theicyidypieln les"sldens‘epwma&e a(gfhﬁteﬂﬁumﬂs}ﬁ oppatent iniangiemtiobmeaeed not
i ncl ude abrasives in the etchant m xture
5  of fluid and thereby present a greater abrasive surface area in contact with the wafer
surface.

It is envisioned in the practice of the present invention that many of the particle
systems described herein will be produced ‘by means of the "sol" method. This typically
involves growing the particles to their final size in solﬁtion. By growing the particles

10 entirely in solution and remaining in solution for use (that is, never dried) there is no
sintering or "necking" of the particles that will result in large agglomerate, which may be
damaging to the sensitive IC layers, or underlying structures. Having avoided
agglomeration, these particles are introduced into solvent systems very readily and at
lower cost than conventional abrasives that typically must undergo additional and

15  expensive particle size reduction and powder dispersion processing. The practice of the
present invention makes use of several particle size distributions. A bi-modal particle
size distribution, or a multi-modal particle size distribution, or a broad Gaussian particle
size distribution, may all be employed in the practice of the present invention with
typical particle sizes in the range 4 nm to 5pm.’ It is envisioned in the practice of the

20  present invention that particle sizes greater than approximately Spum will not give
satisfactory results, particularly in terms of increasing removal rates and reducing defects
and scratches.

We note elsewhere herein typical components of the etching reagents useful in
the practice of the present invention. Practical industrial applications may also require

25  the reagent mixture to contain other additives to inhibit premature reaction, stabilize the
mixture, increase shelf life of the reagent mixture, reduce volatility, inhibit toxicity,
inhibit photodegradation, and the like. Such additives are known to those skilled in the
art and art not otherwise specified in detail herein.

Tables 1-13 following are examples of reagent mixtures usefully employed in the

30  practice of the present invention for planarizing copper surfaces or other surfaces as

indicated on the Tables.
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and do not necessarily require mechanical contact between the wafer surface
and anot her 1o surface or body, such as a polishing pad. Thus, the etchants
of the prweanwsidpyenti on nay be used to good effect in bechusonisset and
non-contact CMP, but require different transport mechani sms (such as SEP)
than the polishing pad depicted in Figure 1. In addition to adjusting the
type and concentration of etchant constituents, heati n% the etchant

sol uti on AP Hel uBFEHY SBRRPEIDE hEBHOSREPRIC 4% dDrRREAGBNT [SERSVREIONS 15

material ORIt ety faesn oF ddyppief er. Tenperature control of the reaction
may be achi eved ‘bi‘ introducing the etchant onto the wafer preheated to the
r

desired tenper by heating thekepahitshi ng fiberdtdiétivebody and/ or by

mai nt ai.ni ng th ishing at a co nt tenper re. .l nproved CVP is

achi evgd by ne nfgz(a(}f et chi ng sol uﬂ?%@% as descr&% dﬁﬂjgﬁtg%lcsl“?g Abr asi ve
particles are bpti®@nal |y incl udeddsi@, may optiomadl] y react with the surface
of the wafer being etched as well as provide (slatcg@moval of wafer
material . Many suitable abrasive materials coulpdaBeysegk) | ncl uding
conventi onal ves (Si 2, Al2G3 and the like), and various

ahr asi
nonconvent i ona?% Hakasi ves that ar BsRQmpri sed of HfdtAgidol-3olid el enent al
parti dPes (for exanpl e carbon), polyner particles, oxides, carbides,

fluorides, 25 konates, boridesy mhtrides, or xi des of several
metal's, incl ud?)ﬁf%% but not linite 3ljrt?“o, A, Ag, i{ dlgeeébu f, Cu, Fe, Gd,
C
P

Ge, La, In, Hf, Mh, My, Ni, Nd, Pb, Pt, P, Sb, ! Wamip) i Ta, Th, Y.
W Zn, Zr, or mxtures thereof. These particles 1%bated with a thin
| ayer of anot her terial, includj but not limted to those described
above.lg The po%gﬁt@al advant ages %[angQ“he use of ié’g_ articles are
expected to include decreasing 30 cost by coati fgP@sl el dense, inactive
and inexpensivgmaiticle, such asgypdR, wth a pheppgaldy active, and
often nore dense and expensive active nateri al gmh_’@ﬁleg@pz.

aminomethylphenol
20 g) H,0, H5PO, borax
h) H,0, HsPO4 | various additives

14



The effective density of such particles will be less than solid particles
conprising all 12 WD 02/059393 PCT/ US01/ 48867 chemcally reactive

mat eri al ,ward/os43as nore stable in terns of particle settl iPeg/Eovaessdi ng to
St okes Law which predicts a larger settling velocity for particles having a
hi gher density. Simlarly for a given wt% of solids, slurries conprised of
coat ed abr-asive—partieles{typtecatHHytess—denser—wtH—have—a greater

nunber of PABLEQ! @NUROBS PERGXIDE- S FBRIC ACTD REAGENTISOIENOMSesent a
greater abrasive surface area in contact with the wafer surface. It is

envi si oned® QR PLAAJHEAION @Ff CPRBERr esent i nvention that many of the
particle systens described herein will be produced by neans of the "sol"
met hod. This typically involves growng the particles to their final size
in sol wtion. Byxdiaed ng t he parti cCeBeatrnbnt i r el QthehAdditivasi on and renai ni ng
in solution for use (that is, never dried) there is no sintering or
"necking" of the particles that will result in |arge aggl onerate, which may
be damaging ta)the,sensitive | C |HEp8e;s H:POs undeEthylengglgtaluct ures. Havi ng
avoi ded aggl onmeration, these particles are introeB@ed into sol vent systens

very readily and_at |ower cost than conventi ona| siyes that typically
nust undergo addiftPanal and 15 experSltve particﬁgtgg;gdyéﬁﬁction and powder

di sper 8 on processing. The practice of the pres@Hﬂmﬁﬂ@%ﬁﬂﬂ%ﬁ=nakes use of
several particle size distributions. A bi-nodal Mab¢rdde size
distribution, o mul ti-nodal parfig],e size di sipipytkdNeolf a broad
Gaussi an partié%éﬁoéize distributioﬁﬁhnay al | bewgggggggﬁnﬁQzﬁhe practice
of the present invention with typical particle gigzgs i the’range 4 nmto
5m' It is envisioned in the practice of the 20 present invention that

. 5 . . . .
partlcﬂe S|zes(8&géger t han approxhgﬁhely 5n1mn|§%Q8%H@53ﬁ
1% ethylene glycol

e) H, O, . H,SO4 1,2,4-triazole,
1,2,3-triazole,
20 tetrazole,
‘ nonionic surfactant

f) H>O, H;S04 C,HsOH, aliphatic
alcohols,
nonionic surfactant
25

g) H,O, H,S04 Triflouroethanol,
Laprol 602® surfactant,
aliphatic alcohols

h) H,0, H,S0, aliphatic alcohols

30 1) H20, : H,S04 SiFs, Organic salt
surfactant

) H20; H,S0;4 various additives

15



satisfactory results, particularly in ternms of increasing renoval rates and
reduci ng defects and scratches. W note el sewhere herein typical
conponentwoaR/0593e3 et chi ng reagents useful in the practi cecafushhesspr esent
invention. Practical industrial applications may also require 25 the
reagent mxture to contain other additives to inhibit premature reaction,
stabilize the mxture,increase-sheld—tifeofthereagent—mxture, reduce

vol ati i t ypapyr fﬁak bAbGE@TBS:PEKOXIDEMIN'ERAﬂhR@HﬁREA@@NF SoLUBING he |ike. Such
additi ves are known to those skilled in the art and art not otherw se

specified in d@O&ELMABIZﬁTI@b@E§@Pﬁ§\ following are exanpl es of reagent

m xtures usefully enployed in the 30 practice of the present invention for
pl anari zi ng copper surfaces or other surfaces as indicated on the Tabl es.
13 WO G2/ 05939 xRitAer US01/ 4886J0-RFABhE 1: AQUEASSIEHEROXI DE - PHOSPHORI C ACI D
REAGENT SOLUTI ONS FOR PLANARI ZATI ON OF COPPER Oxi di zer Co- Reactant O her
Additives 5 a) H202 H3P04 HCI, aliphatic alcohols b) H202 H3PO4 HC1,.

Agi dol (butyl atayrﬁzopydroxytollﬂlleO?) c) H202at84 HCLl, Agidol-2, 10 d) H202

H3PO4 HCl, 2,6-di-tert-butyl- HOOC(CX,),COOH
X=0H, amines, H
10 n=1-4
b) H,0; HNO; various additives

16



4[ (di met hyl am no) net hyl ] phenol 15 e) H202 H3PO4 HO ; H3P04, (HPO4)2
PO43_ f) H2O2 H3P04 HCI, 2,6-di-tert -4N, N-di nethyl am nonethyl phenol 20
g) H202 H3PO%/0bwBPEX h) H202 H3PO4 various additives 14 WRCOA/SOH9BH3B

PCT/ US01/ 48867 TABLE 2: AQUEOUS PEROXI DE - SULFURI C ACI D REAGENT SOLUTI ONS
FOR PLANARI ZATI ON OF COPPER 5 Oxi di zer Co-Reactant OQther Additives a) H202
H2SO4 | H3POA Et hyl ene gl ycal ZnS4 h) H202 H2SO4 MeOH, Pol y(oxy 10

gtmh%'eene) '%1}’% ﬁek@EOUWTﬁca&tﬁb REALRAZ $BSPHATRORORX2) "COOH Wi th X=CH
PLANARIZATION OF COPPER
5 Oxidizer Co-Reactant Other Additives
a) H,O, / HNQO; H3PO4 methanol
b) H,0, / HNO;3 Triflouroethanol,
Laprol 602°%
10 Surfactant, aliphatic
alcohols
C) HNO3 H3PO4 PVA
d) HNOs IS0, " diphenylsulfamic acid,
15 aliphatic alcohols
e) HNO3 H,.SO, HCl1
f) HNO3 H,SO4 various additives

g) HNO3 BTA (benzotriazole)

20
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d) H202 H2SO4 3% tartaric acid 1% ethylene glycol e) H2O2 H2SO4
1,2,4-triazole, 1,2,3-triazole, 20 tetrazole, nonionic surfactant f) H202
H2SO4 C2HEOM2/08d3pphati ¢ al cohol s, nonionic surfactant 28Tg)SoHEE387 H2SO4

Triflouroethanol, Laprol 602(r) surfactant, aliphatic alcohols h) H202
H2SO4 al i phatic aI cohol s 30 ) H2O2 HZSO4 Sl F6, Organl c salt surfactant
j) H202 H2SC 3 0 48867 TABLE 3:

AQUEQUS PﬁB@i@E Md‘d@@ﬁbs ﬁ@k@x‘ﬂﬁé@@m}@m&@@ﬂﬁ@vb@ﬂm | ON OF COPPER
5 Oxidizer Co-Reactant Qther Additives a) H202 HNO3 al cohol s,
FOR PLANARIZATION OF COPPER

5 Oxidizer Co-Reactant Other Additives
a) H,O, Oxalic acid Sodium oxalate,
Benzotriazole,

Sodium Lignosulfonate

10 b) H,0, other organic various additives
acids

18



HOOC(CX2)" COOH X=0H, amines, H 10 n=1-4 b) H202 HNO3 various additives
16 WD 02/ 059393 PCT/ USOL/ 48867 TABLE 4: AQUEOUS NI TRI C ACI D REAGENT

SCLUTI ONSWBOR05BRANARI ZATI ON OF COPPER 5 Oxi di zer Co- ReactPamtusOt/sss7
Additives a) H202 / HNOG3 H3PO4 net hanol b) H202 / HNG3 Tri fl ouroet hanol ,
Laprol 602(r) 10 Surfactant, aliphatic alcohols «c¢) HNG3 H3IPO4 PVA d) HNOG3
H2SO4 di phenyl sul f am ¢ -aci-d—315-aliphaticalecohols—e) HNGBH2SOM HO f)
HNCB H2 SO4r A s gUS RSl s Yesu ek MINER ABTACPRRZ oENTEZOL BTIONY 17 WO

02/ 059393 PCT/ USOL/ 48867
FOR PLANARIZATION OF COPPER

5 Acid Other Additives

a) HsPO, various additives
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TABLE 5: AQUEQUS PEROXI DE ORGANI C ACI D REAGENT SOLUTI ONS FOR PLANARI ZATI ON
OF COPPER 5 Oxi di zer Co-Reactant Ot her Additives a) H202 Oxalic acid

Sodi um oxabare35939Benzotri azol e, Sodi um Li gnosul f onat e 10 P)/ud8028861 her
organi c various additives acids 18 WO 02/059393 PCT/US01/ 48867 TABLE 6:
AQUEQUS DI LUTE M NERAL ACI D REAGENT SOLUTI ONS FOR PLANARI ZATI ON OF COPPER 5
Aci d O her—Additives—a) H3PO4 various—addi-tves—19—W502/0659393

PCT/ USO01/ 48867 TABLE 7: AQUEOUS CONCENTRATED ACI D REAGENT SCLUTI ONS FOR
PLANARI ZATI ON OF COPPER 5 Oxi di zer Acids O her Additives a}[i NI .
H3PO4/ AceTABLEZBRQBEOUS CONCENARNTELY AR BEAGENT [PL B, KR8t i ¢/ HNOB/

H2S04 PLANARIZATION OF COPPER -
5
Oxidizer Acids Other Additives
a) NI . H3PO4/Acetic/ H,SO4
b) NI H3PO4/ACGtiC/ HNO3
10 C) NI H;PO4/Acetic/ HNOs/ HaSO4
' Glycol, Gelatine
Carboxymethyl-
cellulous, amines,
surfactants, heavy
15 metal salts including
Cu and Ta.

d) H,0, H3PO4/Acetic/ H;SO4 Glycol, Gelatine
Carboxymethyl-
cellulous, amines,

20 surfactants, heavy
‘ metal salts including
Cuand Ta.
e) H,0, H;PO4/H,S04 100ml propylene
25 glycol, 100ml 2-ethyl-
hexylamine, 25 ppm
CI.
1) NI H;PO4/Acetic/ HNO3 nonionic surfactant
30

2) H,0, H;PO4/Acetic/ HNOs/ HySO4
various additives

h) NI H;PO4/HNO;

35  “NI” indicates that a distinct oxidizing component is not included in this formulation, its

function being served by one or more of the acids..
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G ycol, Celatine Carboxynethyl- cellulous, amnes, surfactants, heavy 15
nmetal salts including Cu and Ta. d) H202 H3PO4/ Acetic/ H2SO4 d ycol ,

CGel ati ne wGarlos9sysret hyl - cel | ul ous, am nes, 20 surfact ant CThsavyssenet al
salts including Cu and Ta. e) H202 H3PO4/ H2SO4 100m propyl ene 25 glycol,

100m 2-ethyl- hexylamne, 25 ppm C1 f) N H3PO4/ Acetic/ HNO3 nonionic
sur f act ant—30—g)—H22 H3POA /- Aceti+e/—HNS3/—H2SO4—vartous—addi-ti ves h) NI

H3PO4/ HNC3 35 "NI" indicates that a distinct oxidizing conponent is not

included in this fornmulation, its function beiRr]lgg served by one or nore of
t he aci ds TABLE 8: AQUEOUS DILUTE ACID - METAL SALT REAGENT SOLUTIONS

FOR PLANARIZATION OF COPPER

Oxidizer Acid Metal Salt ' Other Additives

a) HC1 CuCl
b) HCl1 CuCl KCl1
c) | HCl FeCl various additives
10 d) H;O; H,SO4 CuCl n-propanol |
e) HCl Cu(Cl various additives
) H,0, H,S04 CuCl various additives
2) HCI FeCl; glycerol
h) HNO; HCI FeCl;
15 1) HCI FeCls
i) HCl FeCls various additives
k) HCl1 FeCls CuCly, SnCl,
D HCI FeCl; ethanol
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20 WD 02/ 059393 PCT/ US01/ 48867 TABLE 8: AQUEQUS DI LUTE ACID - METAL SALT
REAGENT SCOLUTI ONS FOR PLANARI ZATI ON OF COPPER 5 Oxidizer Acid Metal Salt
Q her AddwDIRes9398) HC CuCl b) HC1L CuCl KO c¢) HO FeCl ‘amiusov4ss6di ti ves
10 d) H202 H2SO4 CuCl n-propanol e) HC1L CuCl various additives f) H202
H2SO4 CuCl various additives g) HO Fed 3 glycerol h) HNG3 HO FeCl3 15
i) HCl FeGE3{)—HCEr+eCi3—vartous—additives—k)—HCHFe€i3—Cud 2, SnCl2 1)
HC1 FeCl3 et{ibemol AQUEGMB OXIDEFFFO3s RCTRESGHNBSOLUTIABE FOR  AQUEQUS

OXI DI ZER - SALT REAGENT SOLUTI ONS FOR PLANARI ZATI ON OF COPPER 5 Oxi di zer
2nd Oxi di Z8rANBAREASHON OF h&FTERd ti ves

5  Oxidizer 2nd Oxidizer Base Salt Other Additives
a) NaClO; NH,F CuSOq4 Na EDTA salt of
wetting agent
b) FeNOs3 various additives
c) (NHy);S,0s various additives
10 d) CuNH4Cl; NH4OH various additives
e) NaxS,03  K3S5,05 various additives
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a) NaClO3 NH4F CuSO4 Na EDTA salt of wetting agent b) FeNO3 vari ous
additives c¢) (NH4)2S208 various additives 10 d) CuNH4Cl 3 NH4OH vari ous
addi ti veswe)02meBS203 K2S2(0b vari ous additives 22 WO 02/ 0Pe39301/48867

PCT/ USOL/ 48867 TABLE 10: AQUEOUS BASE REAGENT SCOLUTI ONS FOR PLANARI ZATI ON
OF COPPER 5 Base Oxidizer Other Additives a) NH4AOH KOH H202 vari ous

addi ti ves —b)—NHAOH-H202 various—additives—er—NH4OH-{NH4E2S208 vari ous
addi ti ves 481 MYOROBHANGSBASEREALGMEr 800T39S FERPIUSOAREBSOON GABLE 11:
AQUEQUS ACI D REAGENT SOLUTI ONS FOR PLANARI ZATI ON OF TANTALUM AND COPPER 5
Oxi di zer APRPHER her Additives a) HNO8 HF various additives b) H202 HF
various additives

5 Base . Oxidizer Other Additives
a) NH;OH/KOH H,0; various additives
b) NH,OH H,0, various additives
¢) NH,OH (NH4)2S,03 various additives
d) NH4OH Cu(NOs),

10

23



c) HNO3 HF |l actic acid,

vari ous additives

d) H202 HF H2SO4 10 24 WO

02/ 059393 PCT/ US01/ 48867 TABLE 12: AQUEQUS BASE REAGENT SOLUTI ONS FOR
PLANARI ZAVD@BI08¥393 TANTALUM AND COPPER Base Acid O her Addipcinaess1/4886a) NaCH

b) NaOH H2CR

c) KOH H2O2 d) NH4OH H2O2 10 Renove oxide filmafter CWP

with rinse of dilute acetic acid, dilute nitric acid, aqueous solution or

ot her sol uti ons.

25 WD 02/ 059393 PCT/ US01/ 48867 TABLE 13: M SCELLANEQUS

REAGENTS FOR PLANARI ZATI ONS OF COPPER a) EDTA, NH4AOH, H202, in aqueous

sol uti on
sol ution
sol ution
sol ution
5

10

5y~ Crtric acid,

Eryt hor bi ¢ _aci d,

ITi et hanol am ne, i n agueous

GABIE bodhQHEOUS AE® REAGENASHSIEHONS, FCR ELANARAIIEN OB aqueous

Oxidizer
a) HNO;
b) H,O,

c) HNO;

d) H>0,

Acid
HF
HF
HF
HF

Phenol sul foni ¢ acid, in aqueous

HCl or the |like), nolybdenum salt

Qf%ﬁﬁun1nnlybdate,
sul furic,

Other Additives

various additives
various additives
lactic acid, various additives

HoSO4
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10 In addition to the additives shown in Tables 1-13 above, other additives
include but are not limted to the follow ng: borax, zinc sulfate, copper
car bonat ewoakost3ed (i ncl udi ng | ow nol ecul ar wei ght al coh®@C3/Uusgl/ysset s,
phenol's, aliphatic alcohols, polyvinylalcohols and the like), surfactants
15 (including anionic, cationic, nonionic surfactants and others

pr ef er ent I aI |y adhering to Ppm_m%p%—n@d%png—t—her eby the

chemi cal v 1%1’% ty 925  AbP REAENT SERUHIEFOR PARIN AREIAT TONEE udi ng
pol yvi nyl a Co g ot her agents inhibiting spontaneous deconposition
of oxi di zZiTNBYEUMSANDAEQRFER) agents. For exanple, one specific fornulation
uses hlghé%¥$oncentrated HaCQ in a strong S%Qaggaﬁmfguch as KOH, plus

chem cal ve abraS|ve—part|cIes such as n02, in conjunction

W t h otshera)siaem cal conponents. According to Tytgat (4,981,553), the

chem cal etchant al one (ﬂ@ hout abrasion) provides a Ta renoval rate of
approxinaﬂ%PV- 000- 2000 ##@stroninin which is significantly higher than
Ta renoval, YGRS t ypi cal ipyo, avai | abl e Cu slurries. The present invention
may be expected to achieve increased Ta 25 renoval rates in CVP by

enpl oyi ng & RSHAdi t i onal Hitchani sm of nechani cal abrasion of the wafer by
abraS|ve partlcles I n addltlon heatlng the slurry, or the opposing body
or t-d—enhance T hus

tenp er <l:1ot uf%en&ovlg IX malft ECI{/[‘P‘ &Hﬁﬁ Insé gfcﬁlu%ac%:&eachc? gf\?liqtﬁ élﬁg{: écgf\},'\l %ggeolughl ng
pressure cﬁ%”ﬁ?%% .80 S”%OESXANPLES 26 WD 02/ 059393 PCT/ USO1/ 48867
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Exanple A 5 50 parts by volume H3PO4 40 parts by volune Acetic Acid 10
parts by volume HNO3 All acids are fully concentrated aqueous sol utions.
The formwaetinom3es Exanple A yields a Cu renoval rate of pprusei/wstely
15,000 10 A/min. when SEP is performed and a surface roughness (RMS) |ess
t han appr oxi mat eI y 100 A. In addition, thi s corrp05| tion planarizes

. X | ITE QA : J ) atures no
2.5 mwi deTAtB(LE;lWZSYﬁ% e @&E@US&%%N % % Rei.ght re(rjﬁc': sz)
15 Exanple B 70 pargg yppe@ une H3PO4 24 parts by vol ume Acetic Acid 6
parts by volume H 20 Al'l "acids are fully concentrated aqueous sol utions.
The f or mulap DA, NHOFEARDe, iBagieehusoltioty renmpval rate of approxi mately

15, 000 A/ I t [
oss ¢ fan 2 GiF B9 BpypiCe e TSR e BHAINRRR, (1 OO o P o) | °
parts by plTuRedid@ektte, Aﬁneﬂlaﬁolmmb,SSodluixOnmaueim alyeounalutwnHNO3 30 Al |l aci ds

are fully concentrated ueo
y d) HzSO4, HyOo, Sodzliu &Jy%dgtglﬁ‘l ncﬁsu?fomc acid, in aqueous solution

e) Mineral acid (sulfuric, HCI or the like), molybdenum salt

10
In addition to the additives shown in Tables 1-13 above, other additives include but are
not limited to the following:
borax, zinc sulfate, copper carbonate, alcohol (including low molecular weight
alcohols, glycols, phenols, aliphatic alcohols, polyvinylalcohols and the like), surfactants
15 (including anionic, cationic, nonionic surfactants and others preferentially adhering to
certain materials, modifying thereby the chemical reactivity of certain sites), solution
stabilizers (including polyvinyl alcohols and other agents inhibiting spontaneous
decomposition of oxidizing agents), wetting agents.
For example, one specific formulation uses highly concentrated H,O; in a strong
20  base, such as KOH, plus chemical-active abrasive particles such as CeO3 or SnO,, in
conjunction with other chemical components. According to Tytgat (4,981,553), the
chemical etchant alone (without abrasion) provides a Ta removal rate of approximately
1000-2000 Angstrom/min., which is significantly higher than Ta removal rates typically
available Cu slurries. The present invention may be expected to achieve increased Ta
25  removal rates in CMP by employing the additional mechanism of mechanical abrasion of
the wafer by abrasive particles. In addition, heating the slurry, or the opposing body or
pad, could enhance the removal rate of the Ta or TaN layers. Thus temperature control

may be another means of achieving a low polishing pressure CMP process.

30

EXAMPLES
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27 WO 02/059393 PCT/ US01/ 48867 The fornul ati on of Exanple Cyields a Cu
renoval rate in the range from approximately 3,000 Am n to approxi mately
20, 000 A/wDrez/osd3eh SEP is perforned. The rate of Cu renpwPall/tise1/48867
approximately proportional to the nitric acid content. 5 Exanple D 50 parts
by vol une H3PO4 40 parts by volunme Acetic Acid 3 to 10 parts by vol une
HNG3 10 1 to 15 parts by volune HF All acids are fully concentrated
aqueous sol ution. Having described the invention in detail, those skilled
inthe art will appreciate that, given the present disclosure,

modi fi cat ilxempleey be nmade to the invention without departing fromthe
spirit of the inventive concept described herein. Therefore, it is not 15
i ntended that the scope of the invention be Iimted to the specific and

pr ef errsed enbodippernd sy vdlimsHgRd.ed and descri bed. 28 WO 02/ 059393

PCT/ USO01/ 48867 ., CLAI M5 Claim, 5 1) An etching solution for the

pl anari zati on 4f parthy velimenceiiiat e conprising: a) an oxidizing reactant
sel ected fron1qb%ag§gpﬁﬂ@g@gy§ging of (NH4)2S208, H202, HNG3 and m xtures

t hereof; and, .
All acids are fully concentrated aqueous solutions.

The formulation of Example A yields a Cu removal rate of approximately 15,000
10 A/min. when SEP is performed and a surface roughness (RMS) less than approximately
100 A. In addition, this composition planarizes topography approximately 3000 A in
height (bumps) and features more than 2.5 m wide to an 80% degree of planarity (that
is, 80% height reduction).

15 Example B

70 parts by volume H3PO4
24 parts by volume Acetic Acid
6 parts by volume HNO;
20 All acids are fully concentrated aqueous solutions.
The formulation of Example B yields a Cu removal rate of approximately 15,000
A/min. when SEP is performed. Final roughness (root-mean-square) is less than

approximately 70 A.

25 Example C

50 parts by volume H3PO4
40 parts by volume Acetic Acid
3 parts - 10 parts by volume HNO;

30 All acids are fully concentrated aqueous solutions.
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b) a co-reactant selected fromthe group consisting of H3PO4, H2SO4, HNGB,
oxalic acid, acetic acid, organic acids and m xtures thereof; and, 10 c)
ot her addwDioms938®l ected fromthe group consisting of HCLPCaltisphasssT

al cohol's, butyl ated hydroxytol uene, Agidol -2,

2,6-di-tert-butyl -4 i.met hyl am n hy henol , .2 6-di-tert-4N, N

di et hyl ani norré[%(’ﬁ)‘;?‘lmgl‘gaﬁﬂp ?P%’Eﬁ“?r&e, 8&%@&%‘%@9\?&4@ m%h%@i‘fge ‘Thanol ,
propanol , % k(B9 BlYb e 13 upprbxifkiaBr 20,008| /g Giheh SHONHESEhed. COOH
wherein X=0OH, ami ne, H and n=1-4), 3%tartaric acid, 1% ethylene glycol,
1,2, 4-tri absirate of Cp rguovpkisppprayigiaily Rrepqraonsf © heificaicosf act ant

et hanol, triflouroethanol, SiF6, organic salt surfactant, polyvinyl

al cohol , di phenyl sul fam c acid, sodium oxal ate, benzotriazole, sodium

| i gnosud f ofrtple Bl ycol , gel atin car boxynet hyl cel | ul ose, am nes, heavy netal
salts, salts of Cu and Ta, KO, CuCl2, SnCl2, propylene glycol,

2- et hyl - hexyl am ne, copper carbonate, |ow nol ecul ar wei ght al cohols,.

gl ycol s, phenolss,pagth bphetine Ho@ohol s, 20 pol yvi nyl al cohol s, ani oni c
surfactants, cationic surfactants, .fluorocarbon-based surfactants,

noni oni ¢ surfac@é’ﬁﬁ%b%‘é{%ﬁ&‘qﬁﬁg %‘H%perti es of preferentially adhering to
certain materi alig,0pR@ §y+dhend BROEDY the chem cal reactivity where so
adhered, polyvinyl “al cohol solution stabilizers and species inhibiting
spont ahtous deddapéped mnvaddme BXi di zi ng agents, wetting agents and mi xtures
t hereof. 25 2) 21 chi ' ' im1 further conprising a
speci es sel ect e‘ﬁp?c‘r?%sn@% ﬁ%y%gécgh%ﬁgdoﬁqéfds'{aisﬁﬂgﬁ%@ CuCl, Fed, FeCl3, and

m Xt ur es, t her edavirg)deduribed driimgnsal intdetai, thewe skifled pl thaat wilhspposviand a

Cu/ Ta/ TaN surface_conpri si 30 species selected fromthe.qgrot onsi sting
of | NaCL0B, TRGRER T RS 508 T O ReLRors TR P s0ae B arbai fh e Sou.
NHAOH, KOHjephi#ie frofthdNS3iiof ts0ieh dhfiy EE3hers abderiBdd herein. Therefore, it is not

15  intended that the scope of the invention be limited to the specific and preferred

embodiments illustrated and described.
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wetting agent and m xtures thereof. 29 WO 02/ 059393 PCT/ US01/ 48867 4) An
etching solution for the planarization of a Cu/Ta/ TaN surface conprising
speci es swbhaewsa9srom t he group consisting of HF, HNO3, HPQZ/USKRE347 | actic
acid and mxtures thereof. 5 5) An etching solution for the planarization
of a Cu/Ta/ TaN surface conprising species selected fromthe group

consi st nggg?ri,l\i&\lam, KOH, NH4OH, H202, and m xtures thereof. 6) An etching
solution for the planarization of a Cu/ Ta/ TaN surface conprising: 10 EDTA,
NH40H, H202, in aqueous solution. 7) An etching solution for the

pl anari zatWeflayfi: a Cu/ Ta/ TaN surface conprising: citric acid, erythorbic
acid, triethanolam ne, in aqueous solution. 15 8) An etching solution for
the planarization of a Cu/Ta/ TaN surface conprising: trisodiumcitrate,

tri et hanol gm ey etsiddg sotutivnt foathe plaharizatereaiasCilg6d/TEN onrcfacd comprigdg hi ng

solution for the pl.anarization._of a/ TaN surfac I.Si H2SO4,
H202, nol ybdeﬁhﬁ?g)é‘aiz}ngﬁﬁ SR g‘&gaoup CRnSésd‘&%g@&gﬂg%@ 5]??82’20 10) An
etchl ng sqlm@gg{afhmur@mer@bfaml zation of a Cu/ Ta/ TaN surface conpri sing:
m neral acid, nolybdenumsalt. 11) An etching solution for_the

pl anari zat i onbb ca-Teastaphycteckedinm te grong CPW%II‘I&PFTHS_P 42525 Y conpri si ng
abrasi ve RBGHL e Sear! B x]%euqu 9L B kAR tHéPflﬁ“‘ #aing Si 02, A1203 nmetallic

and solid elenmentar partic pol ymer partic oxi des, car bi des,
fluori tes, ¢) other additives selected from the group consisting of HC, a11phat1c alcohols,

butylated hydroxytoluene, Agidol-2, 2,6-di-tert-butyl-4[(dimethylamino)methyl]phenol,
2,6-di-tert-4N,N- dimethylaminomethylphenol, borax, ethylene glycol, ZnSO4, methanol,
propanol, poly(oxyethylene)lauryl ether, malic acid, HOOC(CX;),COOH wherein
X=0H, amine, H and n=1-4), 3% tartaric acid, 1% ethylene glycol, 1,2,4-triazole, 1,2,3-

15  triazole, tetrazole, nonionic surfactant, ethanol, triflouroethanol, SiFs, organic salt
surfactant, polyvinyl alcohol, diphenylsulfamic acid, sodium oxalate, benzotriazole,
sodium lignosulfonate, glycol, gelatin carboxymethylcellulose, amines, heavy metal
salts, salts of Cu and Ta, KCl, CuCl,, SnCl,, propylene glycol, 2-ethyl-hexylamine,
copper carbonate, low molecular weight alcohols, glycols, phenols, aliphatic alcohols,

20  polyvinylalcohols, anionic surfactants, cationic surfactants, fluorocarbon-based
surfactants, nonionic surfactants having the properties of preferentially adhering to
certain materials, modifying thereby the chemical reactivity where so adhered, polyvinyl
alcohol solution stabilizers and species inhibiting spontancous decomposition of
oxidizing agents, wetting agents and mixtures thereof.

25
2)  An etching solution as in claim 1 further comprising a species selected from the

group consisting of CuCl, FeCl, FeCls, and mixtures thereof.

3)  Anetching solution for the planarization of a Cu/Ta/TaN surface comprising
30  species selected from the group consisting of NaClO3, FeNOs, (NH4)2S;05, CuNH4Cls,
Nazszog, KgSzO5, NH4F, CUSO4, NH4OH, KOH, HzOz, Cu(NO3)2, sodium EDTA salt of

wetting agent and mixtures thereof.
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carbonates, borides, nitrides, hydroxides of A, Ag, Au, Ca, Ce, Cr, Cu,
Fe, &d, Ge, La, In, H, M1, My, Ni, Nd, Pb, Pt, P, Sb, Sc, Sn, Th, Ti, Ta,
Th, Y, Wwoan2/039393 and m xtures thereof. 30 12) An et chi n@C3alsot/ussn7 as in
claim 1l wherein said abrasive particles are coated. 30 WD 02/059393

PCT/ US01/ 48867 13) An_ etchi ng ol yution i 2 wherein said coatin
i s a cheni®al ) cisbingsalubipe grde p anf'ﬁ%a“ﬂﬂo E}lﬁﬁéj glosl U% ORTRESTIE claim 11 ]

wher ei n S%bé&&@@&&t@&ﬁbﬁl {2 Rup cBisibhil MFWNO?%@Q'I@SOQ%@& acfdl gliai m 11
wherein sald particles are produced y the so met hod. 16) An etching

sol ution asixfures¢hea¢ah 11 wherein said particles have a range of sizes from
10 approxi mately 4 nanoneters to approximately 5 mcroneters. 17) An
etching solution as in claim 1l wherein said particles have a size |ess
than apprspxi AmtehingSohition Gorehiceplanariz@ion Afia EudhiTady swoled ¢orprisoe t he

pl anari zation o TaN surface di
reactants PW&?SS?}S&F%&F’% Fo%Y f‘fﬁ’rq’léic'ﬁg @%@%améépy@r(ﬁﬁani@m 8! i 2ing
appr oxi matgedryof70 parts by vol une of concentrated aqueous H3PO4 and from

approximately 24 parts by volune to approxi mately 40 parts by vol une of
concentrated aqueous acetic acid and from approximately 3 parts by vol une

to approxigyat @h¥ichfhRRnkidn f¥heiRhiiRBaRh of @ TRARITAL QEfBIRQHRInENCS.
10 EDTA, NH4OH, H,0,, in aqueous solution.

7)  An etching solution for the planarization of a Cu/Ta/TaN surface comprising: citric

acid, erythorbic acid, triethanolamine, in aqueous solution.

15 8) An etching solution for the planarization of a Cu/Ta/TaN surface comprising:

trisodium citrate, triethanolamine, sodium nitrate, in aqueous solution.

9)  An etching solution for the planarization of a Cu/Ta/TaN surface comprising:
H,S04, H;0,, molybdenum salt, phenolsulfonic acid, in aqueous solution.

20
10) An etching solution for the planarization of a Cu/Ta/TaN surface comprising:

mineral acid , molybdenum salt.

11) An etching solution for the planarization of a Cu/Ta/TaN surface as in claim 1

25  further comprising abrasive particles selected from the group consisting SiO,, Al,03
metallic and solid elemental particles, polymer particles, oxides, carbides, fluorides,
carbonates, borides, nitrides, hydroxides of A1, Ag, Au, Ca, Ce, Cr, Cu, Fe, Gd, Ge, La,
In, Hf, Mn, Mg, Ni, Nd, Pb, Pt, P, Sb, Sc, Sn, Tb, Ti, Ta, Th, Y, W, Zn, Zr, and mixtures
thereof. )

30

12) An etching solution as in claim 11 wherein said abrasive particles are coated.

30



19) An etching solution as in claim18 further conprising from
approximately 1 part by 20 volune to approximately 15 parts by vol une of
concent r awed2aspiebus HF. 31 PCT/US01/48867

13) An etching solution as in claim 12 wherein said coating is a chemically active

species.
14) An etching solution as in claim 11 wherein said coating is CeOx. -

15) An etching solution as in claim 11 wherein said particles are produced by the sol

method.

16) An etching solution as in claim 11 wherein said particles have a range of sizes from

10  approximately 4 nanometers to approximately 5 micrometers.

17) An etching solution as in claim 11 wherein said particles have a size less than

approximately 5 micrometers.

18) An etching solution for the planarization of a Cu/Ta/TaN surface as in claim 1
wherein said oxidizing reactants include from approximately 50 parts by volume to

15 approximately 70 parts by volume of concentrated aqueous H3POj, and from
approximately 24 parts by volume to approximately 40 parts by volume of concentrated
aqueous acetic acid and from approximately 3 parts by volume to approximately 10 parts

by volume of concentrated aqueous HNO;.

19) An etching solution as in claim 18 further comprising from approximately 1 part by

20  volume to approximately 15 parts by volume of concentrated aqueous HF.
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