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Techni calwbioeloshodhe present invention relates to the pl anacrasoz/oronf
surfaces during the fabrication of integrated circuits and to viscous
protective overlayers retarding etching of depressed surface regions. Mre
particularly, the present invention relates to the 10 pl anari zati on of

copper surfaces a I jtri ier d to the
use of viscous ovgfﬁé@ﬁ)l&gﬁ(ﬁ]@b@%éﬁgﬁﬁﬁl{gﬁm@@ i ng dishing
that typically occurs in the g auepcrATER CPRcl#rge copper danmascene and
dual damascene features. Description of Related Art 15 Increasing the
performance of integrated circuits ("1Cs") typically calls for increasing
t he densitﬁmm and increasing the speed at which
the [IC pe ' sing conponent density typically
requires decreasing the size of the conducting trenches and vi as
("interconnects” ) on the wafer. However, decreasing the cross-section of a
cur r ent - carleghmepl dgsidiuct or mcreases the eI ectrical 20 resi stance for the
same conducting - haterial. ChrlcC rforma ncreasing the
heating of the |%é’ﬁ§8%ﬁfe\éetng gtqth[a atn% ﬁa 18P8fsur acgiq’ cal?%/thmakes use of
tungsten (\WbradombLifiegtuned Afc)ms aﬂ@focﬂme boteonigté eweradybﬁsmtamiﬁg aiiching@ft hese
mat eri al s. Both metals, Al and W and typical alloys thereof have adequate
el ectri cal eE@ﬁ??dét“if%etTEIglP’éﬁ Msee E’Wl?ﬂl@i’yeﬁl?e esrnt wyentig refatgs e glegener ations
of 1GCsy e Copper
(Cu) |sWa %aglatﬁ ﬁo goﬁ% cangyggc% %&taﬂl\/@/@aﬁ&al&lﬂ glgE![b Mey lI;r?’t %%dgﬂogt?e hi gher
conduct i vi tuge bﬁ\amoruslov«;rtatyeﬂs(famhtaﬁngq)tamemanomatldamnagmnglduswﬂhetrtsprrcaldbm
several disadvant : very diffusive co f fusing

easi |y and SfFY&f ‘}/%gﬂ?faﬂﬁr&?t‘(?flﬁ ar%%@ﬂﬁ&#@ﬂ%%}%ﬁ&? @H@Q@SFWetqjﬁaeurfeébrl cation
of 30 I1Cs, seriously degrading IC performance in so doing. Tantalun{Ta) and

tantalum nitride (TaN) have been identified as prom sing barrier materials
or "li ner s'Daseraptionmyf Related Art

15 Increasing the performance of integrated circuits (“ICs”) typically calls for

increasing the density of components on the wafer and increasing the speed at which the
IC performs its functions. Increasing component density typically requires decreasing
the size of the conducting trenches and vias (“interconnects”) on the wafer. However,
decreasing the cross-section of a current-carrying conductor increases the electrical

20  resistance for the same conducting material, degrading circuit performance and
increasing the heating of the interconnects. Present IC technology typically makes use
of tungsten (W) and aluminum (Al) interconnects and/or alloys containing these
materials. Both metals, Al and W, and typical alloys thereof have adequate electrical
conductivity for use in present devices, but future generations of 1Cs will preferably

25  make use of higher conductivity materials. Copper (Cu) is among the leading
candidates.

While Cu has the advantage of higher conductivity than current IC interconnect
materials, it suffers from several disadvantages. Cu is a very diffusive contaminant,
diffusing easily and widely through other materials typically used in the fabrication of

30 ICs, seriously degrading IC performance in so doing. Tantalum(Ta) and tantalum
nitride (TaN) have been identified as promising barrier materials or “liners” that may

be deposited prior to Cu deposition, thereby hindering the diffusion of Cu into the
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be deposited prior to Cu deposition, thereby hindering the diffusion of Cu
into the -1 WD 02/059962 PCT/ US02/ 01692 surrounding material. A recent
revi ew ofwoampps9et C i nt erconnect and ot her m croel ectroniPCTIEONOMGPDY | S
gi ven by Shyam P. Murarka, Igor V. Verner and Ronald J. Gutmann in

Copper - - Fundanent al chanjisnms for. M cfoel ectronic | cations, (John
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convent i onklGysinanaii Cappern Fuadinreintp Méchagisms f@heficroelectrdvie Agplications,
Pl anari zat j_on 0 In the art and described in text books (for exanple,
WS Zohdl,

Chem cal arization of Mcroelectronic Materials, by Joseph

M 10 Steiger am: Yo pp IH(?’Q 7 makes
use of %a pol ﬁ?ﬁ%ﬁégﬂgr%ﬂ%tg 6%?}l'(nt?tgﬁ %%}ﬁgﬁ%%tﬁggmc W’rt ﬁ,{?t%rgv\%ﬁ r to
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wafer. Relative nption (typically rotation) of the polishin &gd W th
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abr asi on ' tchi €, i .e . i 1 henm.gal s
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proposed i OhetticgVRERLEdal PRInXrin®iooE MidioedctdiicahRfaRCbY IssepM he waf er,
pl anari zin by neans of chemi cal effects. One such non-contact

pl anarlOz at $teigerveddndlajiaes P niaarka gad Ronhald Js Giutmamgl Sd) . CVER ehakes wsebsifa
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and D. DeBear "Spin-Etch Planarization ocess for Copper DanasCen
| nt er connewmtation) of therpodickidg pad with 1Skttt (oebé maferdyadSyorpokshing &the RBefenber 1

- 3, 1999, .. 4-73 to -82. See also J. |evert, S. Mikherjee, D. DeBear
and M Fur@P‘f%hNB?@PmSﬂi %Iﬁwndlﬂhﬁﬁ’é‘iail stehing rapsed QyswitpBle regedive panascene
Copper <l nt S LA L cal 3 | ber
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Spi n-Etch Process: A Chemi cal proach,” MRS Spring Meeting,
by means of chemical effects. One such non-contact planarization techniques makes

D

use of a spinning wafer and suitable etching chemicals (“spin-etch planarization”) and
is described in application 09/356,487 (incorporated herein by reference). Some

20  aspects of non-contact planarization have been reported by J. Levert, S. Mukherjee and
D. DeBear “Spin-Etch Planarization Process for Copper Damascene Interconnects” in
Proceedings of SEMI Technology Symposium 99, December 1 - 3, 1999, pp. 4-73 to

- 4-82. See also J. Levert, S. Mukherjee, D. DeBear and M. Fury “A Novel Spin-Etch

Planarization Process for Dual-Damascene Copper Interconnects” in Electrochemical

25  Society Conference, October 1999, p. 162 ff. And see also, Shyama P. Mukherjee,
Joseph A. Levert and Donald S. DeBear, “Planarization of Copper Damascene
Interconnects by Spin-Etch Process: A Chemical Approach,” MRS Spring Meeting,
San Francisco, ,
California April 27, 2000 including the references cited in all of the foregoing.

30 Other copper planarization procedures include that of Moslehi (WO 99/14800)

and electrochemical or electropolishing techniques described by Cantolini and co-



San Francisco, California April 27, 2000 including the references cited in
all of the foregoing. 30 O her copper planarization procedures include that
of Mosl enwo(0s®82 14800) and el ectrochem cal or el ectrop®Cirarsongi692

t echni ques descri bed by Cantol ini and co -2 WO 02/059962 PCT/ US02/ 01692
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the pl anarogetiigy. of Cu/Ta/TaN layers in the fabrication of ICs. The
present invention nmay be enployed in 5 connection with spin-etch

pl anari zat i on, TEhempresent seventionrelases ot improysdanethodsafor the plagdrizatoresf t hat are
apparent t Vi n nary skills_in the art BRI EF, SUMVARY . OF THE
D Py b L Ry s S e b e B 1,
as typisgcal done @ RAGHH %ﬁiétd lﬁﬁh%ziuﬁﬁf 'c?ﬁ«;énﬂanﬂfCM@t(ﬁ:%ﬁér riabiZ &t S
particul arly copper conductors and Ta/ TaN barrier |ayer encountered I n
damascene tactthigiiea lthat ame sppanent ito these bavieg dslinafy skible intfeiari.t € i n our

di scussi on, we consider an exanpl e of considerable current technol ogi cal

I nt erest, the pl anari zation of copper surfaces and Ta/ TaN barrier |ayers.
15 Applic g{nhle S TNQ’E d herein to the planarization of

ot her sys?%%%vmn be SQE?S:]%%L to%q %@if having ordinary skills in the art.

Fol | owi ng deposition of the copper |ayer, surface topography in the upper
surface of copper layer is.to be renoved by the@gl anpari zatlon process,

resul ti%hg in a SRAIFESERE inyepijon ﬁﬁlaéfﬁé? t@dﬂ%&i‘@?é’fﬂo% syriaereras Writpllyhe

surroundi a
concave e onpa i faniaioh OPinu R e B, Bisfd il SIRENEhah ol
dielectri CT%B'W&N&J@HlGI‘ID}&k‘H ergoumemdmdmmsmﬁequdamlal dammsénepnmmonm@m Tm t he
pl anari zat,i O%f . ar ge..i nterconnectsd The r&F |on descri bes

pl anar i zat 11T IRER ML JisUsBaR T4 SRUR] e‘i"?ﬂ@?‘ ‘?‘1 ‘i%m Vge(féffrle’&t maki ng use of
a Vi Scous {MRIIGHI& irlteRet i ﬁle&aﬁ%ﬂoln of @oﬁﬁ‘& Is@isceS hnd ?é/l{aﬂvﬁfne?lﬁ)fe?sce

t opogr aphy, protecting said | ower regions frometching by a conbination of
cheni cil aMpblivetiomaf thelinehfien tiscloidrherdin hetheplanarizatonrediothed systess wilbbect ed
regi ons of

apparent to those having ordinary skills in the art.

Following deposition of the copper layer, surface topography in the upper surface
of copper layer is to be removed by the planarization process, resulting in a substantially
planar conductor co-planar with the surrounding dielectric. “Dishing” relates to the
20  tendency to form a concave region in the copper interconnect lying below the plane of

the dielectric surface. Dishing is a problem typically most pronounced in the
planarization of large interconnects.
The present invention describes planarization methods for Cu/Ta/TaN
interconnects, typically making use of a viscous overlayer tending to dwell in regions of
25  lower surface topography, protecting said lower regions from etching by a combination
of chemical and mechanical effects. Simultaneously, the raised less-protected regions of
surface topography are preferentially removed. In some embodiments, the viscous
overlayer contains species that hinder removal of copper from regions of the surface in
contact with the viscous layer. Such species may be a substantially saturated solution of
30  copper ions, thereby hindering the dissolution of interconnect copper into the protective
overlayer. Other species inhibiting or passivating the copper surface from dissolution
may be included in the viscous overlayer, including quinolines or benzotriazol among

others. In some embodiments of the present invention, the viscous overlayer may be
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surface topography are preferentially renoved. In sone enbodi nents, the

vi scous overlayer contains species that hinder renoval of copper from

regi ons oWotohes®earface in contact with the viscous | ayer PCBISa2/8seLi es nay
be a substantially saturated solution of 30 copper i ons, thereby hindering
t he di ssol uti on .of terc ect nto ot i.ve . over] ayer.

Ot her specal%ggcg)?ﬂ%r tBIt ?Hﬁmg}laﬁ)élsogl %Fﬁﬁﬁl‘ fega 8‘6%%” ﬁ)PHb%t chanb#i ssol ut i on
nmay be i nclisdasoldilayBemyy 5@qu@day&irduw%nally@ﬁhﬁleudaausqyItml:auyea% R wafer
benzotriazol anpbng "others. In some enbodiments of the preseént invention,

t he vi scous spwedurimgadanpsigation. OB enbadRNEBIGiGRS mn@mqumgnmagde@tqdn or
to the int cLi urf or. both etchant and

Vi scous ov%r (ge @rtﬁgfa%frltggﬁ&n?ﬂhﬁg hcefrc\/\gg rg[‘rglrtclgmﬁc csol 1an§ 1nt ulcﬁpg % ypically
as the SV\Iaf}ﬁbtecﬂu% ﬂmdmndusmmgleml &[r&{cb aﬂd dl@persﬁgaalﬁlﬁ@ﬁbﬁ@'ﬂulﬂ etrakesid 0 a

met hod of planarjzing a nmetal surface in thefaprication of mteqrated
circuit i rff‘@?]c%‘ﬁf%ré%?%d vhRprsiag ayetching sefutoments seidgneselswriapg wheraby thit o sai d
nmetal surf I

sur face an AT guus RoVRG A ScBERRRLY O Lokl BRAT I I8 hindEhE

wher eby t mChmg eﬁ:sasd mrfaoé irs@igtbnp lof)saead: surfage bba;upaiedebgcmdiprotdfwhg tafyersaidd

et ching sol ytion. gﬁb fhi de iglg etching of said surface in regions of
sai d surf &SR HHME ' [ﬁ‘ln cting | ayer and etching said netal
surface to planarity. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS The draw ngs
herein are schematl C and not to scale. Figure 1: Schematic, cross-sectional
view of t : : AN N dIdE AR AW ESene 15 i nterconnects prior to

pl anari zat ectl onal view of typical
damascene %h(%gjr ué’% égrﬁéqs%rgr%& %&11?3%8?{‘ 83? follow ng ideal planarization
process. 20 Figure 3: Schematic cross-sectional view of typical damascene
and dual damascene_  interconnect (A) prior to planarization. (B) After
renoval ofFIgYEIly Hppatic, sHFsssgivailiaew pf Bipirabagmesseng andeduat dgamasaetedeal

pl anarlszatlht%f&o%&qggﬁor t%)g rf\{&ﬁ{o ,conpl ete planarization for an ideal

pl anari zat1 on process. ter conplete planarization follow ng a
conventional (non-ideal) planarization process.

Figure 2: Schematic, cross-sectional view of typical damascene and dual damascene

interconnects following ideal planarization process.

20  Figure 3: Schematic cross-sectional view of typical damascene and dual damascene
interconnect (A) prior to planarization. (B) After removal of field copper and exposing
field barrier layer for an ideal planarization process. (C) After complete planarization for
an ideal planarization process. (D) After complete planarization following a
conventional (non-ideal) planarization process.

25
Figure 4. Schematic cross-sectional view of typical damascene and dual damascene
interconnects with surface topography prior to planarization including applications of

viscous overlayer. (A) Complete coverage. (B) Partial coverage.

30  Figure 5: Schematic cross-sectional view of typical damascene and dual damascene
interconnects with surface topography prior to planarization including application of

viscous overlayer completely covering the surface. .



25 Figure 4: Schematic cross-sectional view of typical damascene and dual
damascene interconnects with surface topography prior to planarization
i ncl udi ngwapplos®ar i ons of viscous overlayer. (A) Conpl et @caaiser/ege2 ( B)
Partial coverage. 30 Figure 5: Schematic cross-sectional view of typical
damascene and dual damascene interconnects with surface topography prior
to planarization including application of viscous overlayer conpletely
covering tHETAWEBIESCRIMTVN ORNGFIRSGZEREIONS02/ 01692  DETAI LED
DESCRI PTI ON OF THE I NVENTION I n the follow ng description and fi gures,
simlar refererédhpfpliosiag é@%rln%@daqdd’lgumeﬁmﬂrayreferﬁmmmun@beéwwlge.d thhe
dr aw ngs ' r-e..S ' - dr . y
var | ot onaianiy RIS Pra AR ikt ALk AR Bric PR Bt B 1
art. Fdr escalepl e, see Copper--Fundanental Mechanisns for M croel ectronic

[ [ : - ited th in, )
(Phcor por at ed HREY Ko g B dABesene YHLNEK AHBRES PGS EE RROWRIR dual
damascene e edphaL-Slifdahfntl R1dchhnisink 367 MEcB8kitrdd not
I nt ended ttgéﬁlﬁ'mﬁtaeiéﬁg{pgéggée olr)ﬂ;fppl [ caabinl Ity of the present irnvent I on.
Fi gure 1 dépplicaions (umes:- e &6 rdland referentesaciteyd sherain, dinnerpomteel eetialby
I nterconnection structure ("interconnect") before planarization. An
i nsul at i ngH®ICELt The exarapley of damasespsiand ingl dagrapese proCeRses praseyed herein
di el ec{yic, ' r. LR I . of
phot ol llt({ hoagr? g{)uﬁg&%el é{@ Rﬂeb@ﬁﬁﬁgd%lr%ﬁéﬁg{hﬁé?&%&e%ﬁaggg%@ﬁﬂfE)hg i ?Sgrrlt | ayer,
2, is typneailtioy. deposited on the patterned dielectric followed by

> _ . : I i cal |

ST ot ol AR v S P o U Sl Domaucor,
3. 1 n or deptet@nREctRANGL BT (a“mta%mﬁ@@yséfﬁfé SEhari¥BHSE S&R iRE1aHRE dieRRE4d cul ar
exanple related to the planarization of copper 1nterconnects th a Ta/ TaN
20 bar ri erlayenyleftypinaily ¢altedradi nrgerdyer diblectrio” lor ) ishpettsmefeymtallyttey pr esent
i nventjon. Mdi.fjcatjons or extensi.ons to other systens e.apparent to
those. Havi MES P PhERBRTPRG TS Rt phdn o det e e < TR R L 2 scope.

is typically deposited on the patterned dielectric followed by deposition of the conductor,

3. Typical barrier layers are typically tantalum/tantalum nitride (“Ta/TaN"), 2, for use
with copper conductors, 3. In order to be concrete in our description, we describe the
particular example related to the planarization of copper interconnects with a Ta/TaN

20  barrier layer, not intending théreby to limit the scope of the present invention.
Modifications or extensions to other systems are apparent to those having ordinary skills
in the art and are included within its scope.

In practice, typical means for depositing the metal layer, 3, (electrodeposition,

CVD, PVD, among others) do not fill the features precisely to the lip or form a

25  conductor surface coplanar with the dielectric. Thus, the common approach is that
depicted in Figure 1 in which the conductor, 3, fills the interconnect features such as vias
and trenches, 5, as well as coats the flat “field” regions 4, between features leading to a
metal layer overlying the entire dielectric surface. Typically the coating process results
in non-planar surface topography of the copper layer because of the variation of the size

30  ofthe underlying ILD features being coated. The surface structure is depicted as 8, 9 and
10. Subsequent processing results in the copper material and barrier layer being
removed so as to form an interconnect surface ideally coplanar with the surface of

dielectric, 1, suitable for further deposit of material and patterning among other

-5



In practice, typical neans for depositing the netal |ayer, 3,

(el ectrodeposition, CVD, PVD, anong others) do not fill the features
preci sel ywom2tobmet i p or forma 25 conductor surface copl aram/uso/medhe
dielectric. Thus, the comon approach is that depicted in Figure 1 in

whi ch the conductor, 3, fills the int erconnect features such as vias and
trenches, 5, as, wel | as coats the flat "field" regions 4, between features
| eadi ng t oDTRCESHBE AleDs. abignreck &nists Hi idonb raswit pf elamreaa@@n in whishreflgepper

Typical l'y éri?la a?ﬁé?‘tl gnﬁlié?faf%srﬁﬁﬁ%ﬁ Frg iy %ﬂ)n @%ﬁ& {13 fp%?e t opogr aphy of

t he copper er ause 0 eovariation o St ze t he underlying

| LD feat urmfabeoﬁgomamcﬂucfﬁaes suflitcamnd |sfel with tiieeupper slepice o€ thed®DB1. 9 and
10. Subsequent ]grocesm npgcrresul tai in the copper material and barri er | ayer
bei ng renoved SUSHE 3 oderiFtipAvPis @B?%ﬁﬁ%@f’e &ﬁ%é@lwé&w@ﬂw@ anar with

t he sur4 ac f al and
At tor 1 ng BouoR bERE Bhfref ks 331 HerBtSh bbfhe Y Mer 85 R I anRA¥hG 21
Fi gure 2 degictgorsh é/ m e dlencle Subte cobtep Mét!hdxahieaﬂdﬁn 2, andMiilehwathlcopmppsr and

barrier |ayer ter i'S ved fromf d.re 4, . and t
surface of YBGpH H%IHH“S ngopoigga V’go c it ’\?\P‘E‘i?r;tyﬁbg tﬂg}g@@niﬁl,af ace of

the 1LD, 1strucEjr6bure 3A depi cts a typical dual danmascene feature follow ng
patterning, 5 deposition of the barrier layer and deposition of the netal
| ayer in the fe’HlQﬁféf serlingHananigation ef qﬁhereignmﬁsene\ﬁrdualeiamausmh 7, are

Focur tihg Tisrehbrdtis P aLagRe st piielhe RoBoBR Hanu b sfy b encn

and via sthe befief Bger ﬂihﬁie ﬁb]ﬂi‘réglsﬁﬁﬂdbdllypﬂ@ff@[d #efal Befoved inheflaghanascene or
dual damascene 10 _interconnects is the renoval of the netal above the field

and f eat ur‘éa’?f@QP’@i% © BRisH Sveee af ke welal indhe fegipae isjoeplanar witkthe r egi ons.
deal 1Y, ti@robh@hel AIR nd cinbiRUGdehiBied iR FRRAL 35 FRA0SIe Hld Inki1e UPPer

surface of int eature s cop ar UFréundi ng
field. Oweremmbertiumﬂmbp}aeqzitytmdm tiha fielddharmer 38/es MM isadhihevelli Sbahe metall renoved
unti | lanarity wi.th the field barrier _layer,. 2, is _achiev Some net al
15 re reaw&@@a%eégreﬁ SRS R anofil g difforeat dashicathi the §Hi96$PYPhé‘ﬁ1 dinge

depi ct redl e RO O dep Ao OB, e [ &7 Payer
as an " et clemovdprodeduies asé thy batreer daydr podnritetabf stariiy endlcating the end point of the

copper field planarization step. Typically, a copper removal process that does not

remove the barrier layer (or removes the barrier layer at a much slower rate than the

20 copper layer) will effectively terminate on the field regions when the barrier layer has
been exposed. However, unless the etchant is rapidly removed when the barrier layer is
exposed, etching will continue in the copper feature, leading to a concave structure in the
upper surface of the copper within the feature (“dishing”). Reduction or avoidance of
dishing is one object of the present invention.

25 Following exposure of the barrier layer, depicted in Figure 3B, the barrier layer is
typically removed by subsequent planarization along with the removal of sufficient metal
to retain coplanarity of the metal-filled feature and dielectric, as depicted in Figure 3C.

If the planarization procedure achieves substantially a 1:1 selectivity in the removal of
barrier material and copper, then direct planarization from Figure 3 A to Figure 3C may

30  be accomplished in one step.

The creation of damascene and dual damascene interconnects by procedures that
result in structures similar to those depicted in Figures 1, 2, 3B and 3C, is an idealization

infrequently realized in practice. Practical planarization of copper damascene and dual
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copper field planarization step. Typically, a copper renoval process that
does not renove the barrier |layer (or renoves the barrier |ayer at a much
sl ower rawe oklosae6t he 20 copper layer) will effectively tergrnsozownthe
field regions when the barrier |layer has been exposed. However, unless the
etchant is,rapidly renmoved when the barrijer |ayer ds. .ex ed, etching wll
cont | nue. TR SUREPREE Ve @lerral §hars o B F IRy L he
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avoi dance of dishing is one object of the present invention. 25 Foll ow ng
exposure of the barrier layer, depicted in Figure 3B, the barrier layer is
typically §§ﬁ9g%g a sequent planarization along with the renoval of
sufficient ain coplanarity of the netal-filled feature and

di el ectri c, as Hgmedtdepidinscheguatically Cand ot tdscafd) anasdszattional viewoEdue e
achieves substantiaglly a 1:1 selecfiyi in_th%Freanal of barrier,

Ity
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t hose depi@ippdr inay Fingdup @iatd or depoSBappmakiB@iely sordormalyatendmgitoreproduice aguent | y

realized i ractice. Practical, pl anagi zati of er, damasce and dual
[6 W 02/ GRoBERRETisssPTEES heartCieafides ol bl od By er al
chal | emvgeshe d¥ReRfondBhabctefi fict dTearpéd fOBRMs, GPREBY RreMhel NBayPdppeaMs | Nventi on;
surface topography and di shing. Surface prography 5 ﬁlgure 1 depicts

schemat i calepiestedritifaen topegigply, &)and 18y igdke eenper sHEdcey Howeser, ovea smallpe of
: foct, . S | 9
ot ectri donpte) Heide OGS ey gk B d SRR b0k i BERLs LR PRRAREREE

3, and di ehecsppet surfakce is odepemonalintthaplataization proeesses prbicdting phast oxi mat el y
confornall¥, tending to rg roduce | t he surface of tﬂe.copper | ayer the

n
| ar ger f edt¥aEgatign if Recterd rqogxaﬁanfpawg?laew of prrstal 1 8h3tH% threinPeEsi ons
char acjiser 'r%ﬁlb{{;%@‘}oéegsr Bkt (fr@l%}éﬁgiglg%r q’i?dtér}’aﬁ HoRNERERed E% onS BPSMinen

depressed sur e topography, 10, i n the copper s ace. wever,
even snal |sarfacd eachiews planatizationg Conamtinesal CGVBunwdves theiafpdicatianagfogr aphy, 8.

gr;ﬁ atjin S\é,?rpn gléjlggltctléécgégt{ aqdatgqerbé?qﬁﬁlg{c@ﬁ%go%gleotj nslattegal.b %Jéc%g'rﬂgﬁqogcgs ‘Eeplg
to be larger on the raised portions of the surface that project into closer proximity with
the polishing pad, leading to higher rates of material removal at the raised portions.

20 | Non-contact chemical etching requires other modes by which preferential removal of
raised topographic features occur, resulting in planarization. Recent developments in
spin-etch planarization make use of diffusion controlled reactions, balanced oxidation-
reduction reactions, self-galvanic microcouples and/or etch-controlling additives to
achieve planarity as described in 09/356,487 which is incorporated herein by reference.

25  Thus, one challenge to be met in achieving effective planarization of copper

interconnects is to effectively smooth the surface topography while removing metal.

Dishing
Figure 3A depicts a cross-sectional view of a typical dual damascene interconnect
30  structure including trench and via prior to planarization. Surface topography, 8, 9 and
10, resulting from conformal-like plating may also be present in dual damascene
interconnects. We omit this additional effect to simplify our description by focusing on

dishing. In general, both dishing and surface topography will be present and both effects
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pl anarization is preferably not a conformal renoval of material. That is,
the copper 15 renoval process nust preferentially renove material from

el evat ed wegRos®enf an uneven surface to achi eve pl anari Paritus02/01692
Conventional CWP involves the application of nechanical forces in addition
to chem cal renoval of material. Mechanical forces tend to be |larger on
the raised portions of the surface that project into ¢loser proximty with
the ‘polis hwﬁdleséao by @Lia? Higo BEFoHNgHapltangpEdy by e dlealen af 2n eiiesviap. PARCTIORR

rai sed pordiiQnsatickOpbeRueont act chemical etching requires other nodes by
whi ch prefierential renoval of raised topographic features occur, resulting
i n pl anari zat i RerfeReplemrizdeoetcopventappenuntd phewppec bufdcamdtheAfedtien7nmke use
of diffusion.controlled reactions,,bal anced oxidatign- .redycti reactions,
el 1 gal et Tar SHOLYE BPES Siitaort chs Bt g GelasioRydBe k6 hohi eve

pl anaristy @Asadiesedn Weiteiidve MeIbrid8dyentti, ahthe Samb ek Iﬁ@ﬂﬁtc%g?é%{y%t, RhdMs
reference. 25 Thus, one chal]lenge to be net in _achieving effective

pl anar i zatYubsamsally dgpdr selackivisy. c bhtse pae-pisp planadzasionicee by usaduempvingdotiur f ace
t opogr aphy, ' Vi | S hi Ei 3A depi ctsqa

Cross-s ecttp%ﬁéadp%{n{ag\%p %nfﬂge p%)’i%%: glye@tl} Za{lm%ge S ggsﬁs]fégi htPe ?@15 r%%eeaé fesu% ¢ Oél%dr ucture
i ncl udi ng terasdepiceddn FigureB Cofor apr@esyiaridet sinface Sapoltphy dogamt afftyt, 8, 9

and 10, resulting fromconfornma]-like platipng may al so be present in dual
damascene PATHEEHIHEANE o gdﬁ*‘%ltefiﬁﬁ SOOLRSi the BHAEFL By ¢1cie ferpevedaRprety our

topogr phy Gy BEHILDIL s sCbER Mo el PR AR BusEkIn ERELY 0160-
wi | | need ihprdstice. aKewditiontloplacar ation of thelitanemest of Figue B ohegiegrovef an

effective, practical. planarizatiaqn procedure. Perfect planarjzation
removes coPBEY WS lpteflﬁér%%?ﬁg‘ﬁfqaﬂg% rﬁ?l?tfnrgemfa Tlhﬁlée, g‘g’,mqt@’ deglﬁteﬂi %nar
Wi th the uppgFigi#e BBCDighink iea BSHMbE IndRNE1e iRl babRovRgkRGeidhe i deal

5 planarization will renove the barrier |layer, 2, at the sanme rate as the
copper | ayiegion copper, 4 and theshaameri layery2, bverdying thelfeadd iegiary. Thus, a one-step

I ' [ : ; ' b .| d the b '
Payor T a o ngtavBrndbebrhEr Y b oty dudff SRRy kR T Riedft ot e

in Fi gure rdguirelad rém@redic e ASwiotstappledbrisatidasiocdse RRgHREMpIERASH Relchef f ect
pl anarizatjion and the etching is halted as soon as the barrier layer is
renoved arystest of etchants removes copper and other etchants remove the barrier layer. The use

of such etchants often results in a faster rate of copper removal if such etchants are
applied to unprotected Cu surfaces. Dishing depicted as 11 is the unwanted result. It

20  should be noted that dishing tends to be a more serious problem for larger features,
typically feature dimension, 10, exceeding approximately 10 pm (10 microns). Modern
integrated circuit technology may wish to planarize feature dimensions as large as, or
exceeding, 50 um, making dishing a serious practical problem.

If planarization is performed by means of a two-step process, copper removal

25  followed by barrier material removal, several factors need to be considered. The
chemistry employed in the first step should be capable of chemical polishing or removal
of copper selectively. In this instance, the uniformity of copper removal over the entire
surface undergoing planarization is important in avoiding dishing. If some of the copper
regions are cleared of copper (to the barrier layer or coplanar with the barrier layer),

30  while other areas are not cleared, dishing of the copper in the cleared areas is expected
when the residual copper is removed from the uncleaned area. Thus, there are two
general causes of dishing: 1) Non-uniformity of copper removal in the first removal
step. 2) Preferential etching or polishing of large features at a higher rate than smaller

features.
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10 planarity wwth ILD, 1, has occurred. However, this ideal situation is
not often achieved in practice. Traditional planarization of the

i nt er conr®oto20899k2 gure 3A nay renove copper in the interiper/useydwm of the
feature, resulting in a dish-like georretry depicted as 11 in Fi gure 3D.

Dishing is aco esirabl e si the.fie regi on
copper,g 4, and prﬁﬁ?&ﬂr&enﬁl%@wmﬁgsw\‘? F%b é‘ gof\é{ @?ﬁaf}zé’ﬂ%ﬂ copper
However, t{endraénd @ dubbdiastenetitpicothdcys thas ledadd RRfmimikd Ihe predéRs 8f Ve
etchants are required to renove it. A two-step planarization process may
be enpl oye@slnlng eddlition, fherseyeralambsrdimaensh ahithe m@ﬁwégené@p@e&camue@f her |
etchants r I r results
in a faste mﬁ%? l@@{ Ml’ﬁ&ersek%@gl surfaCe %@ﬁgraﬁﬁ% iﬁrc%ﬂ%&%% i é%ﬁ )

unpr ot ect epiaﬁlg @gﬁmdelef&r&hlen@odﬂmm ﬁfﬂeraﬁfférknﬂ a&lvﬁrh&gdsﬁmldﬁfe@éhtr esult. It
20 shoul d be noted that dishing tends to be a nore serious problemfor

| ar ger f ealTQFESING PYRPRBENS, f eat ure di nensi on, 10, exceedi ng approxi nately
10 m (10 mcrons). Mdern integrated circuit technology may wish to
planarize feature dinensions as large as, or exceeding, 50 m naking

di shi ng aK&&m&MﬁMmobl em | f pI anarlzatlon i s performed by neans

of a two-step pf,ﬁcess 0 barrle mat eri al

|
renoval , severa P%{&aBPgoﬁgg‘&P P%ICH SWEF‘H 08@9 ¥?ﬂfé(ﬁ1n§ {PRHSP oyed in

the fixost SriefPerdAOBicHinE ®f eARd Posridk of A dueRbe. psﬁmeahwlﬁenﬂseme%reseﬁ{
copper selectively. In this instance, the uniformty of copper renoval over

the enti r einveRfingiidize adeotedivagr pam@tmg averbayer i therfomofiat visaeuafloiddi ng
di Sh! ng. '3 e§ﬁg§r pqgfeféﬁ%aﬁf%tefihe NSV e ﬁetgﬁggp@ggaﬁt?lgg&%pﬁ eaﬁly;:] g as are

barrier |ayer oOfF ‘coplanar Arri er

not cl ear eidhibdiighéongponids. HEPretetigy fluie” hsi’h@semhewired’en@ts%aﬁ overlgepestied when
t he resi dual quﬂe is renoved fromthe uncl eaned area. Thus, there are two
[+]

general catiéise Bndmedaiprryentior rﬁéﬂ%?h%@ﬁihwu@ceéeea&s sesRygEad. | Ane he fir st

removajs s es at a
i gherty a o Epamen AP{ B e A0 IRn QR RSB DRBBHREI e
present i nidgns dmsmdo&ntdﬁ@ sudam(aymenﬂydm P, ﬂmpeqsingmmrthz atrfaon, 1) ﬁ opper
or b1 e ot GNEHPGIE it L B HE S ep e Fafre “Brnd e B dent

i nvention @ib@taﬁﬁﬂﬁ}%l@ndi’fupper surface thereof The presence of the viscous fluid tending to

concentrate in the lower surface regions retards etching from that portion of the surface

20 by means of the overlayer thus produced shielding the lower regions from attack by the
etchant as well as retarding metal removal by having inhibiting layer incorporated in
close proximity to the metal surface (typically incorporating no oxidants). One
embodiment of this inhibiting layer is a viscous layer saturated with passivating metal or
copper ions, or other substances known to inhibit the removal of copper in the presence

25  of etchants. Examples of inhibitors include quinolines, benzotriazol among others.

In general, the viscous fluid will form into a gradient without a sharp boundary
between the viscous fluid and the etching reagent. However, choosing the protective
layer to have a larger (or substantially larger) viscosity than the etchant will nevertheless
result in preferential concentration of the viscous fluid in lower surface regions and

30 retarded rates of metal removal. The use of a viscous overlayer is effectively practiced in
connection with a non-contact planarization such as spin-etch planarization as described
in patent application 09/356,487 in which the spinning of the wafer results in centrifugal

forces more easily dispersing the etchant than the viscous protective fluid.
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pl anari zi ng copper surfaces having surface topography deriving from
conformal -like 5 plating (Figure 1). D fferent enbodi nents offer different
advant agewoim/oskiobf er ent  processi ng environnents. Vi scous PRTAISeZ0i6vE

Overl ayer Planarization of a non-uniformnetal surface (Figure 1, for
exanple) requires 10 preferential etching of raised portions of the
surface. Some ehomerrshodingmty piche pessentinventor fripsefeing 3 LWPY prot ecti ve or

passivat i e y&%&xﬁ&ae‘enamte%@%mtﬁa& sBuYdtSEQUR lcagﬂggggs ?yﬁreb%¥ﬁ,r6t¥pigﬁleyrm cal ly

preferentially saturated w passivating netal, er or

i nhi bi ti ngne¢berfaonnfsoppdPpbosphaterfor dideuvith etalsantseuitdieng phogbont esida®ne
overl ayer on the ci]urfac t endi ng %g revent or retard etchi ng of the
surface reGISFEYt <Dgice 4 e BEpctien Bf the PIFHRIR KON digiUse & SPHEOY PEcous f1 ui d

schematsi cagospHotid deidindiien 4 Bopplr }s’dlﬁi@‘?l‘i’s%olfxlle&{itﬁpicalﬂy:}bop;)& ﬂ@@@ﬁké, egrpat 0 the
surface (typically by spinning, dispersing on the"surface, 12) ° and 't ends
t o col | ectacetate precopepradlasedss pmgng othess iacobigiopynayhaive a Begpityeof 4R umdd

havi ng a stantjall | apar. . upper surf.ace.t hereof . The, presepnce aof the

Dreeons 1 e abE Rk Bitat®! TARN PR UM 8 R dalf P RitsP Pl FREPE fuhost v s
et chi ng f o grbRtenpioly fedatdoftching isloffereerfaR rbylome arnts sefurithd @vks | ayer thus
produced shielding the |lower regions fromattack by the etchant as well as

r et ar di ng MerlgyervaHbeaPenRhosRRALHPT OHIST I5PRReR Salisay epnyenicst piththey ejchants) ose
ral ' _ . . ¥ O hants) o

P rbod e gt furfe BlesAUbidGCobb A AR UILIACOLRRIAS ol ok BN D) e

passi vat i ng net Sémeembedippats of drepresent oivligionauihist sinadanéow\imtrdductiohobdi t t he

renoval of copper_in the presence 25 of etchants. Exanples of inhjbitors
i ncl ude qmrﬁtﬂcﬁﬁ%@ﬂ@a&f@gw}t&m ti_swﬁan BB IFEITE Whilh tIEOHEPEY PRI A cous
fluid wllcdn@iakibh Of alriadiseRimach oL pidted HAFBUROHR MR XsulP ChREDN 5 BE

viscous fluid and the etchlng reagent. "However, choosing the prqtectfve
| ayer to hbkveomdaihsibeibetchant agd vistous fluifl iy a maxtyea Jr dispssek | The mprgrvisdews et chant

will vert hel ess ..resul in ferentjal concentration of.the_.yi scoys

Flui d T |y SERPLERYS deged vEh G S8 foeonP i e BioBf Fraion SrURIBET The
use of a Viap&ous a4 ek thr)Rprebsed eédions IN@IcY, Phakine6gdintrodudtRRREeidhaR At h a
non- cont act g&anarl zation such as spin-etch planarization as described in

pat ent apprPtstivoRuiddeasiséo mefereniialponcenistonsyipaiegiye diuid dhoderressedsul ts in
centri fugaéuﬁafcé’%%‘?ﬁ@r@ﬂ&e‘R%h@ﬁe&“ spersing the etchant than the viscous
urad” -9

protective
Typical etchant solutions for removing copper are as follows in which %

20  indicates % by volume of fully concentrated reagents:
Binary Reagents:
L Nitric Acid: 1% - 20% , preferably 3% - 10%

Phosphoric Acid: remaining solution.

25  Ternary Reagents
L Nitric Acid: 1% - 20%, preferably 3% - 10%
Sulfuric Acid: 20% - 50%

Phosphoric Acid: remaining solution

30 II. Nitric Acid: 10%
Acetic Acid: 40%
Phosphoric Acid: 50%
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WD 02/ 059962 PCT/ US02/ 01692 In sone enbodi nents of the present invention
for protecting a copper interconnect surface, a viscous solution saturated
Wi th copp@po o6t s prepared, typically in the form of cegparsophwsphat e
for use with etchants contai ning phosphoric acid. One convenient choice in

t he practi of ..t he present invention is to use a solution of 5 phosphoric
acid in Wnlﬁ h a}\h&:rﬂ) E‘rd é%t is dissolved, typically copper phosphate,

nitrate, acetati@tietAGOPey, al koxi des anong ot hers. Such a sol ution may
have a density of around_ 1.75 and |ack oxidants. This viscous solution is
typi cal |y spi n-Rhepeluiricetcidni®¥ot he surface and preferentially retards
etching in |lower surface regions. The saturation of the overlayer with
copper phosphate (or other copper salts as convenient with other etchants)

10 hi nder sHydtogdnarerchids ednlid wad ef repo@ Bitrid 46dNid WholkWrfimpat e aesieng
pl anari zatign. Some enbodi ments of the present invention utilize

si mul t anedANHPPEHGEEL i on of protective fluid and etchant onto the wafer,

typically whil : s W3t : i i .erials
themati bal 1y Qonogy i Phng g Pl fonifl Bl OGN, RO 3
cont ai ns bpbducest anldahd liknmatecleanedifofl the shirface af thextvafercingrepdirtfoparfsathe The nore

vi scous 15, fl uj.d, i cal nore dense,_ W l| . thus tend to _concentrate at
the | ower qﬂgﬁ?l%ﬂ’so%%ft}?é‘aif %M?fao P@Véﬁaf Bogt-e HH’gi‘"iFaE‘H@ g &sHeerd n & ons.

Hence, 1051 Ma# rANRS el By 'REBE a0kl 8450 280d30PEAbRS binkerekdrMidds | €ads to
preferential concentrafion of protective fluid in the depressed surface

regions, where it is needed. Typical etchant solutions for renoving copper
are as fol axl\gveisn which % 20 indicates % by volune of fully concentrated
reagents: *Reagents: 1. Nitric Acid: 1% - 20% preferably 3% - 10%

Phosphori ¢ Aci di so@eRinbodigneh@ oftthOPreseh ink@hlisH, YerRoRg @R bSppbr (Mg foi ¢ Aci d: 1%
- 20% preferably 3% - 10% Sulfuric Acid: 20% - 50% Phosphoric Acid:

remai ni ng &BPES Bthe Barrier laygy and the pemayal alugenlerers.cendiing ingbesonfiguration

15 of Figure 3B. At this point, it is necessary to remove the barrier layer, 2, while retaining
plan_arity of the copper layer, that is, avoid dishing. Removal of the barrier layer,
Ta/TaN typically requires rather aggressive chemical etchants such as hydrofluoric acid,
ammonium fluoride, ammonium bromide among others Such aggressive etchants may
etch the copper, or etch the copper at a faster rate than the barrier layer, resulting in

20  dishing. Thus, selective protection of the copper in comparison with the barrier layer is
useful in these embodiments of the present invention..

One approach to the avoidance of dishing is to introduce selective additives into
the etching solution that selectively adsorb onto the copper. The adsorbed species are
chosen to protect copper from further etching while permitting removal of the barrier

25 layer to proceed. The additives (typically organic compounds) adsorb at locations of
high surface energy and are known in the electroplating field as “suppressors” or
“inhibitors” tending to retard copper deposition at the adsorption sites. Similar effects
occur for hindering dissolution of the copper. Such additives must be compatible with
the etchant (that is, not destroyed or rendered ineffective in the presence of etchant).

30  Typical additives include sulfonic acid type additives, glycols or other additives
compatible with the typical etchant bath (for example, phosphoric acid).

The planarization techniques described herein may be augmented by the

application of external voltages to the copper and to the electrolytic etchant solutions,
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Phosphoric Acid: 50% -10 WO 02/ 059962 PCT/ US02/01692 111. Nitric Acid: 6%
Acetic Acid: 24% Phosphoric Acid: 70% 5 Hydrogen peroxi de can be used to
repl ace mworieos®eid in whole or in part in the above et chlramtusor/atenz es.

Fol |l owi ng etching, the residual etching reagents pr ot ect ive fluid, etching

D o Sk B0 U ot BT RS B R S GBS T

Post - et chi ¢fgctl RRadiived hegeinvel | - known in the 10 art and descri bed by
Steigerwald et. al., sup p. 289 - 305 anong ot her references.

Additives: In sbiee t@ﬁ%ﬂﬂ%‘ﬁ%@S desciibd herein easult iimireprov ehmethodpiaiithof copper

| eads to f S,

recul ti ng TERERaiG SeU TS TRRRYA] il B bRl SACS TR Rl pe ARy 8
necessdry meressahmgdCtahé/obanpno@ed peogess, thrzughpmt k®ultet ai ning planarity of t he
copper |ayer, t ayvo di shi.n enpval of the barrier |layer, TaJdTaN
typical ly requi %‘§n$ Q?SHEPeJaé@ﬂ%%rle l%ﬁéﬁf@%ﬂseék@ﬁ%m&%wﬂégp ##%f | uori c
acid, anmggi gﬁ?eﬁ't ogﬁbs@ﬁt didEBRRe %&;ﬁﬁm ﬂgn@me%ﬁe%ﬂfe inbGRioRYEfHRRS! Ve
etchants may ~etch e copper, or etch the copper at a faster rate than the
barrier | a@@artmgefmm thersglrltmf 7t xdvs‘rtwngondépuéescsbécblmrmne Tﬂlemfc&e,tlt smoof the

copper in . arikson wWth barrier_ |l ayer i useful in t enbodi nent s
of the prée¥ gerrﬁ ({%tetﬁle PEe. Otfr&e mé{?)tg}oga‘)@ﬁ“%gedttﬂgh SP6HS 308 P efa‘? hing is to

i ntroduce &gbhREheMmsilRAGhicl RS dedatiBed.t he etching sol ution that sel ectively
adsorb onto the copper. The adsorbed species are chosen to protect copper
fromfurther etching while permtting renoval of the barrier 25 layer to
proceed. The additives (typically organic conpounds) adsorb at |ocations of
hi gh surface energy and are known in the electroplating field as
"suppressors” or "inhibitors" tending to retard copper deposition at the
adsorption sites. Simlar effects occur for hindering dissolution of the
copper. Such additives nust be conpatible with the etchant (that is, not
destroyed or rendered ineffective in the presence of etchant).
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30 Typical additives include sulfonic acid type additives, glycols or other
additives conpatible with the typical etchant bath (for exanple,

phosphor iwoaeiosh9s2 The pl anari zation techni ques descri bed mremrdaisnz/msy2 be
augnented by the application of external voltages to the copper and to the
el ectrolytic etchant solutions, -11 WO 02/059962 PCT/ US02/ 01692 t hereby
addi ng el ectrochem cal effects to the chem cal and nechanical planarization
ef fects descri bed herein. The etching procedures described herein result in
i nproved nethods for the planarization of Cu/Ta/ TaN | ayers in the
fabrication of 1Cs. Inproved performddedMi 5 the resulting I C and/or

i mprovéd process throughput result. Having described the invention in
detail, tH¥selagkilled in the art will appreciate that, given the present
disclosure nodi fications may be nade to the invention wthout departing

fromthe spiAinetedd éffiBarianivRiatd MetaLaREedin Ue Fbrickesh HEHE g’f’atedrﬂﬁjhﬁf ore, it is
not intended that the scope of the invention be limted to the specific

and pr ef erdRSEFOROCCEERINTIEIE s i | | ustrated and described. -12 WO 02/ 059962
PCT/ U3@2/ 01692 qg MRinga Yo &:Itlﬁ%%ldl%nté‘sm%?ﬁ sofradl gRAr i zing a netal

surface in the rication o egrated crircurt 1nterconnects conprising:
10 a) int roduc|h)ghspemmgtsardtpmgacﬁhg,lﬂmd(mtcmssaﬂmefatsaﬂfacwaﬁ@ce and, b)
di spersing said prot ecti ngﬁfl ui d across sai sur f and, c)

i ntroducing an ﬂ‘lf?ﬂdﬁﬁmg tohdne it nonieys {nﬁTa §‘Ef|f¢c5c\é(ﬁer\ﬁhé?héb@/scf’ﬁ§’
viscosity of said pjrabiRGhéiRgidd ﬂulé eRXeaS s 4ald étf:hxﬁgwluﬁ&?ﬁfef% sol ution

thereby hindering etching of said surface 1 n regions sal d ?face

occupi ed by 15 sai diplevingetdhmg dfapirsurfacadin regions cffﬂanbsw:&ucd omenpwld byur f ace

to plq@arity. . . _
said protecting layer; and,

d) etching said metal surface to planarity.

2) A method as in claim 1 wherein said protecting fluid lacks oxidants capable of
etching said metal surface.

20
3) A method as in claim 2 wherein said introduction of said protecting fluid onto said
metal surface is in sufficient quantity to provide preferential protection to depressed

regions of said metal surface.

25  4) A method as in claim 3 wherein said protecting fluid contains dissolved therein a

saturating amount of ion of the metal comprising said metal surface.
5) A method as in claim 4 wherein said metal is copper.

30 6) A method as in claim 5 wherein said protecting fluid is phosphoric acid containing a

saturating amount of copper ions dissolved therein.

7) A method as in claim 1 wherein said protecting fluid and said etching solution are
introduced onto said metal surface substantially simultaneously.
35

8) A precursor for an integrated circuit comprising:
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2) Anethod as in claim1l wherein said protecting fluid |acks oxidants
capabl e of etching said netal surface. 20 3) A nethod as in claim?2

wher ei n swod2iososnduct i on of said protecting fluid onto sa&ca/usemomb2 surface
is in sufficient quantity to provide preferential protection to depressed
regions of said netal surface. 25 4) A nethod as in claim3 wherein said
protecting fluid contains dissolved therein a saturating anmount of ion of
the netal conprising said netal surface. 5) A nmethod as in claim4 wherein
said netal is cﬁgpger. . 30 'gl) A method .as in claim5 wherein said protecting
fluid is phospRIrPRlainefielsetigiaehdnd saturating anmount of copper ions

di ssol ved ther jynpardor 14yeFB4da0d as in claim1 wherein said protecting fluid
and said etching solution are introduced onto said netal surface
substantial | y s9)ngntdestenasd,y. 35 8) A precursor for an integrated circuit
conprising: - 02/ 059962 PCT/ US02/ 01692 a) insulating dielectric

| ayer; and, b) cﬁaﬁlr%egﬁ’ngivgr?nf , €) conductor; and, d) protecting fluid,
and, 55e) et chigyetéHint Huideieedhy thb @isvbs§ATishid pedtesigdiig ekaetd g fluid
exceeds the viscosity of said etching fluid. 9) The precursor of claim38
wher ei n saiopty of id qtefyeg flpid. t ant al um tantal um nitride. 10 10) The
precursor of claim8 wherein said conductor is copper. -14

9) The precursor of claim 8 wherein said barrier layer is tantalum/tantalum nitride.

10 10) The precursor of claim 8 wherein said conductor is copper.
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