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minimize dishing, erosion, and other defects. Commercially available polishing pads

typically form the polishing layer of uniform polyurethane. In one manufacturing
scheme for existing polyurethane CMP pads, a reactive composition is placed in a
mold. After curing the composition to form polyurethane, the pad material is cut into
slices used as the polishing layer of CMP pads. In another manufacturing approach,
polyurethane beads are prepared first. The beads are then glued together with proper
materials and additives during the casting. Existing CMP pads may also have one or
more backing layers behind the polishing layer, such as a barrier layer that prevents
passage of the slurry beyond the polishing layer or a soft backing layer to improve
contact area of the polishing layer. Another type of existing CMP pad has fixed or
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numerical values within the recited numerical ranges. Notwithstanding that the
numerical ranges and parameters setting forth the broad scope of the invention are
approximations, the numerical values set forth in the specific examples are reported as
precisely as possible. Any numerical value, however, inherently contain certain errors
necessarily resulting from the standard deviation found in their respective testing

measurements.
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substrate in the presence of a polishing slurry to remove selected portions thereof, and
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a polyamine chemically bonded to the polishing layer.

[0015] According to one aspect of the present invention addressing at least one of
the above stated objects, the present invention includes a chemical mechanical
polishing pad and slurry for polishing a surface of a substrate to remove selected
portions thereof. The polishing slurry being configured to contact at least a portion of

the pad and to contact at least a portion of the surface of the substrate during
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BRIEF DESCRIPTION OF THE DRAWINGS
[0018] Figure 1 is a schematic view of a chemical mechanical polishing process;
[0019] Figure 2 is a schematic side sectional view of a chemical mechanical

polishing pad according to the present invention for use in the process of figure 1;



present invention includes the product nmade by this
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[0028] Figure 11 is an IR spectrum graph of a chemical mechanical polishing pad

according to another aspect of the present invention;
[0029] Figure 12 is a comparative graph of the step height reduction relative to
polishing times of the existing CMP pad represented in figure 4 and a CMP pad
according to the present invention represented in figure 6; and
[0030] Figures 13a-c are schematic views of a chemical mechanical polishing process
with a chemical mechanical polishing pad according to another aspect of the present
invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0031] The present invention chemically modifies the surface of the polishing layer
of the CMP pad to give the CMP pad an added functionality, whereby with such an
added functionality, a CMP process, in particular a metal CMP process, can be vastly
simplified. The polishing may be accomplished by supplying a solution of oxidizer
between the CMP pad according to the present invention and the metal film to be
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include, but are not limited to, ferric nitrate, nitric acid, and potassium nitrate. Some
have proposed the use of (NHy),S,0s, K38,0s, or K3Fe(CN); as acceptable oxidizers.
Other proposed or known oxidizers can be utilized.

[0034] Similarly, representative non-limiting examples of abrasive particles for
abrasive CMP slurries that can be used in the slurries include particulate cerium
oxide, particulate alumina, particulate silica and the like. Additionally other abrasives

can be used.
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functional group added to the pad, or may have constituents to complement the

functional group in the pad.

[0037] In the present invention, a functional group 30, such as an activator, can be
embedded in to a polishing layer 26 of the CMP pad 20 through chemical bonding
thereto, as shown schematically in figure 2. The covalent bonding of the functional
group 30 to the polishing layer 26 of the pad 20 allows the functional group to be
maintained with the pad 20 for pad re-use. An ionic bonding of the functional group
30, discussed below, to the polishing layer 26 allows the pad 20 to act as a dispenser



slurries for use in the polishing of sem conduct or
substrates include but are not limted to Copper
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thereto, as shown schematically in figure 2 . The
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functional group to forman ionic bond w . The C
carggps ingha § gropp.gueladmgictipllentebampine o Ssitgde ﬂﬂnmﬂ@s include,
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ol ko2 A3, 008 TR SRR IR0 88 170 e
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[002#11] Ah@tgrEsent invention allows for a finctional group 30 in the pad 20 that
could not be supplied in the polishing medium 24 or slurry, e.g. continuants that
would make the slurry unstable. This effectively increases the components that may
be used as effective functional groups 30. The added functionality of the functional
group 30 may be distributed throughout the CMP pad 20. However, as the MRR and
selectivity are functions of patterns and groove configurations of the polishing layer,
the added function groups 30 may be incorporated into the polishing layer 26 of the
CMP pad 20 at selected topography provided that the conditioning process would not
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coygdent &(ﬁ’éﬁ-c hAR (pbrasiiceh fige qrolisling i roedipmo$4.,| lso Fabedaddgdishing

' ' ' by .t | e d functi opal
soBELA0 LS ol B 35 Bl
mepe diprfeoepo eths edbdiyatd 16. ChakFo it in6dia P, 3GIasdnaing agent is
. it is in contact wth workin pollsﬁlng nmedi a 24,
mﬁﬁ@effaﬁs} PEHEet fRmloryes Adng eyearaythe @Qﬂgsﬁﬂlgfﬁ@qm e enbrmateel 0. The
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conbi nations c o
be gesilyvatmioned byrint polishingylagern4 afitheqadditz eUpod @omitet, the fresh

' | desi d pl es. e
el B sbpied S e Sl FiRs ToT i 260 i oRpizes i ecapiohing
metifde2Qr Th@yerotiog Wt &ta 189 mﬂcﬁ%}laﬂ %tpﬁieo élg ?x%ﬁqoliglr]]jgg layer 24

enbodi ments wi t hout departing from
ands; dgp exighizer Ha thaveelishiog medipt 3 yieddsd es tevemrstrong G84dB}er. The

8, D0 TR WL TRAL o bt P RS e
laytriy arag) at BRowniris tHigRa! 1. VIePspROIREAs, iR rbRfenROkd FLRE 2, an
actlv%%/o? rgroup forming the functional group 30 may be built into the polishing layer
26 of the CMP pad 20 covalently throughout the polishing layer 24 structure. The
polishing media 24 may be an oxidizer solution that flows through the polishing layer
24 of the CMP pad 20 during polishing. When the activator group forming the
functional group 30 in the polishing layer 26 of the CMP pad 20 and the oxidizer
molecules in polishing media 24 are in direct contact, they react to yield a stronger

oxidizer and correspondingly higher removal rate.
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non-limting enbodi nent of the present invention gives
w0 b@7aMR1pads 20 an activating functionality tPCDUSN06/027215
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_ofi di zef accelsrates the renopval of the nmetal of fhe
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Fogur e d. Mo e to Figune 2,
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be built ipto the polishing | ayer 26 of the CVWP pad 20
coval ent |l y| t hroughout the polishing | ayer 24
structure.| The polishing nedia 24 nay be an oxidi zer
solution that flows through the polishing IayerJ% of
LheﬁCNP pad 20 duri ng pRly shing. Vihen the activ r
gPogm°f or mi ng &tje-% unet-onab gr ups-30 i HE e o1 § $hi ng
| ayer 26 of |t he CMP pad 20 and theooxi di zer nol ecul es
in polishing nmedia 24 are in direct contact, they
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t hat dianin% conpound can acqg#erate t he .
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o8} Rk o EHLREY nd b, STer e BORE T amistien, S RRnaE Bhmptes
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[08 Iowkmngher snen-imgpigs esbediment of the presaitsimvengiont the selected
ful’ril&ltoin\a/ gtrlcn%] 30 fgives the CMP pad 20 a functionality that can prevent step height
from developing by selectively removing the passivating layer of the polishing
medium 24 in the high area of the substrate 10 while keeping the passivating layer or
film untouched in lower areas of the substrate 10. One such example is to use a
polyelectrolyte, such as polyethyleneimine (PEI), in the polishing medium 24 to coat
the metal surface of the substrate 10 to be polished. The polyelectrolyte can be

delivered through an abrasive free polishing medium 24. The pad 20 may then be
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representative non exa
functionality of the group 30 with the polishing medium 24 is provided

topographically (e.g. only at the high spots where the polishing pad 20, wafer 10 and
slurry, and not at the low areas), which is distinguished from the isotropic properties
(operates at high and low areas of the wafer 10) from similarly soluble functional
groups provided in the polishing medium 24. A further feature of this construction is
that it allows for functionality at selected areas through a functional group that can not
be supplied in the polishing media (e.g. it makes the polishing media unstable). For

example, polyethylineimine or derivatives thereof may cause abrasive flocculation in



maki ng the CWVP pad 20 according to the present
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medi um 24. A further feature of this fconstruction is

t hat ws for functionality ; el ect ed areas

t hr oudh S unet iqoalca@rioup THat camdietete supplied in
the polishing nedia (e.g. it makes the polishing nedia
unst abl e). For exanple, polyethylineimne or

' ' t b [ fl t
OO Sk B B, e o R B P g
CMiR pad distn &dal, Tua otheeitalited HRUIT 1200 Padp aths2frsidiermbd into
log\%[srl@ltllﬂg_éﬁrje slurry as it is not stored with the _
UM gxalyl chiomdg sqlations imagtiyl acefpter faopmdenpergfure frg about 60 min.
' | ' ti to b d
Th!ta %\gt&% Ofhefl R étﬁ'ﬂ/lna%'tﬁ@%rét%{r}}%ll,s‘%gt%y @ﬁ% 518%1 %céegcatlee. The

4 r
! when dlssoc\l/ggllna ri urr
mokHmanpad Wasaderarterined coibt BDIR/ ASTRI afteprit tie Hik® i®Vacuum

t he er..., bhi s_property of t invention is because
oviign} TRt W ° 5P5EE Lo podRetprbuiner gistonngh K. 1400
polishirft BYer M LitficBerRat 2Qndhe an tihe @&guﬁQ)fit h BRNIRISH:

fromthe wafer 10 at the end of t ﬁ)e pol i shlﬁ%gégn notgﬁlng
layem 2¢ rariaes epgdified bRl chl¢riil4 8]Cofimrimg divith dhe iovigimat pad

. ufachu n. b i vided, i two .steps, w.th
R N AT W
moilficttion; ity Adtioag Ghdutd7aU RPN {Msighed ROCESHi\D) SHpdASEatrer

3% usi ng Qxa}Il yl chl ori de:
modification. It 1s therefore concluded that the CI-C=0 group has been successfully
introduced onto the polishing layer 24 surface.

EXAMPLE 2
[0050] This is the second stage of forming a pad 20 according to the present
invention. In this example, the pad was modified using a procedure described in
example 1 and is further functionalized in order to introduce NHCH,CH,NH, group

onto pad surface using ethylene diamine (EDA):



OH A -C=0 Pad Surface + C COCOCl Pad Surface [0049] An
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WO an100ist4) brand CVP pad from Rodel, Inc. (hepei/msfoneo27215

the I C 1400 pad), was firstt3imersed into |.OM oxal yl
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for @bged 60 m n. The pad was thequyesiedNy.ceidy!

acet atle, ethanol, water and then acetone. j[The nodified
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dr| edSurfize vac umrgy | bout—330C. | Ragdiiee 4 shows
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16Dk egeht Itrivehes oonclidedt thias thexpotishing tdyer padof@s pad 20 was

modi.f.i ed i ng . escribed in exanple 1 and
Su(i'cgssiﬁﬂ}hlﬂaa%f‘:’ﬁ%’d@i —%@ﬁg}%@ﬁiﬂﬁz 8°YBr to introduce

NHCH2CH2NH2 gr oup ont o paghguid fice usi ng et hyl ene

di am ne (EDA): d - C=O NH2CH2CH2NH- C=0 Pad Surface Pad

[0052] Thése is+ tINHRGIHRAHRMER of CoBihg Thepaga?l) facamdmsatpkie present

-)é@&' sed into,1.0 M in ethyl acetate at room .

ey TRl st ‘Hgl%“ﬁs “ﬂfﬁﬁﬁ%HSlﬂ&é PRRESHw dgeribed

in BidntpleaC i Rtther Rb@RRlizeddl SePRMintR8RAE BbOREr T Sontains
nodi fi ed pad 20 was characterized with FT-I R ATR after

NHy; grgpps dMere sppeificalbu welisthotaningine @BA0) 3C8Cisetitgmadify the

he | C140 Jodified b
S“‘E%%\m@&g %Sg %Oﬁgﬁg%ﬁﬂ@glg‘%%; 1}’11’1eme(‘r|33cfIr 1’&9% gﬁg /g?%% égq . mxliropanol
at Bppetnperdas sy aesitt7s M. gTRIPAd waBdvdshéd by BaksiOwaaRdnd

t 1741 ¢cm1 shifted to 1651 cm1. It is thus .
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pad modified by PEI600. After PEI600 modification, (i) A band at 3274 cm-1
appeared (assigned to NH group); and (ii) The C=0 band at 1741 cm-1 shifted to
1664 cm-1. It is this concluded that the polishing layer 24 of the pad 20 was
successfully modified with PEI600.

EXAMPLE 4
[0053] The modification of an existing manufactured CMP pad can be divided into

two steps, with example 4 being the first step thereof. In this example, an existing
CMP pad, namely a commercially Fast Pad™ brand CMP pad from PPG Industries,
Inc. (hereinafter the PPG pad), was modified with oxalyl chloride using a procedure
similar to that described in Example 1. The PPG pad was first immersed into 1.0 M
oxalyl chloride in ethyl acetate at room temperature for about 60 min. The pad was
washed by ethyl acetate, ethanol, water and then acetone. The modified pad was

characterized with FT-IR/ATR after it was dried in vacuum overnight at about 30°C.



[0052] This is the second stage of form ng a pad 20
according to the present invention. In this exanple,

wo b@7padiawhi ch was nodi fi ed using a procedure PEBUS100€027215
in Exanple 1 is further funétionalized in order to

Figurb roghiews an R ypeRfruinhet (Heosghiisp aeif M&h I urf:
speci fical |l y pgllméet hyl eni m n% (PEI 6 Higbda?er suttace.

Figgai% shops wfethp 2BG pztdrpcamamgl layaw sweface modified by
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(asfstgmad] ab, C#at gioup) dp]bd’ﬁx&fd amdt @i)erheTmH radd f dtesb M agmWegmost
dried jn vacuum for_ overni ght at about 300C before IR

digspResde n At thugcepelederd th#dhe Chfy=OReopp otas sheesksiie intaduced
nodi fi ed by PEI600. After
On%%t% &Sh?j;???yga ?(g%l,rﬁ??’) A band at 3274 cm 1 appeared
(assigned to NH group) ;EX¥AMKIE} The C=O band at 1741

0{@@ BJ fted 01664 cm 1. It is this concluded that

[ ]Iﬁ& %Sﬁ*ﬁﬁl@ 9 kPG pad that easpnerlified weisg sueesdsteddsyribed
o o8 R A ol 0 b s 2.
Thb emdcﬂlﬁﬁdi PG pad Wa/soumna;sed intbth5 d\){aBD]Aem‘]- ethgl ﬁ@et&th @t room

terpperS RO L R et s eTosve iy s, g gvater
andl HIQM dBfonk MUkkS hlolififed JadCwas( BFRiNBEY St FEIRIAT 1§ ARkr it was

was nodi fied with oxalyl chloride using a procedure
driggl 4 Vaguum overaichy @t ebetiSd°Cn FEgmpHOestmwsTmuP@@qnam of the

PP Bed rholiptdES BE0, Ah: P Hiiiman. B A o ele T o
appeascdrasinger; yid €1i The @63 8hd a1 78aMGh-1 Wak&T tAkS 88N . 1t is
acet gn he nodi fied pad was characterized with

thlﬁﬁﬁopfﬁﬁsi?ﬁi af the padl purfpes %H&Séépewfu%mmtﬁmﬂhwymcfac&mz
grddgout  3Q0C. Figure 8 shows an IR spectrum of the
ofi gi nal PPG pad polishing |ayer surface. Figure 9
shows an IR spectrum of EXARPPES pad polishing |ayer

face.nodi fied by oxalyl chloride. Conparing to the
[O‘gﬁ]d?n s Epegplad thg iBPGn pedr whishp aiss medified 7usimg 12 procedure

dedcABEd %@(aﬁ@lecZIQS gﬁﬁg&) m%ﬁﬁféﬂr@ﬂh Bglgﬁmt k@ﬁﬁ%og*u é)é@er to

at 3271 cm I sappear ed. con
introdace athem@lo- m:n@ugrab gp)u‘pe&ﬁ) s]]lm:msdi‘ﬂeHIBPG‘r pid ods t@fhemad into
EXAVPLE 5 [ 0054]

t | f
10Yo R 800, S R Hspb b P AR forcbpBLs? i dBpmge avas
waiedGeith E@astaS&hicP 86l ihen BXaSR!. and nheaifisd %Mas dried in vacuum

functionalized to i ntroduce an amno fu ctlon grou
forgyyernight at about 30°C before IR measurement. Figure 11 shows an IR spectrum
of PPG pad modified by PEI600. After PEI600 modification, (i) A band at 3271 cm-1
appeared (assigned to NH group); and (ii) The C=0 band at 1737 cm-1 caused by
oxalyl chloride shifted to 1654 cm-1. It is thus concluded that the PPG pad surface
was successfully modified with PEI600.

TEST 1

=

[0056] In this test, a set of polishing experiments were conducted on original CMP
pads (the IC 400 pad) and modified pads (pad 20 described in example 2) to confirm
the introduction of reactive functional groups 30 on to the pad surface, specifically on

the polishing layer 26.



The nodified PPG pad was imersed into 0.5 MEDA in
ethyl acetate at roomtenperature for about 45 m n.
wab@7padisas washed by ethyl acetate, ethanol , P@EUS2006/027215
and then acetone. The nodi fifed pad was characterized
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nodi fied with -NHCH 2 NH2 group. EXAMP
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into 10.0 % PEI 6060 in i sopr opanol roomtenp
wasgised by the sodii 4. typibd nodishing dasisad heﬁdrmwmtdrs wtdenn pkgssure of 6

ot Slop R S G PR/l P e B o R A T barer
andreiaes pachmit a re‘F&tgfldTrStaﬂ;ﬂ S}b&‘dfonTSO'anﬁﬂﬁFeﬁf&)@Hk}ﬁﬁg Eﬁ’@cﬂ@iﬁng,
nodi f{ ed by PEI 600. After PEI 600 nodification, (i) A
the, Jerial remipyalcipfel was ralgulaied Rassdgpre diet ovauhtglosuphd natished
suffhddardfl€ C=O band at 1737 cm 1 caused by oxalyl
chloride shifted to 1654 cm 1. It |s t hus concl uded

[Oothheheorﬂpﬁqoadbamémmdvm sttt @eigiitalllgays rmldlct)p;ﬁﬂ material
TEST | [0Q056] In this test, a set of

renYal HE (SRR e PSS TABIRL - FOR SAEPIs oA 15 ot orggipel and
mdBEs1 b &ﬁ?alv@ rﬂﬁ%n&apﬁu@@.z mdidq %gn/l%zrg | n%]?o%% I water was

described’in exanple 2) 'to confirm
suppigdto the rfolisldri dhad is gomqb@lt Gthahe fawt tHe&:hpmd:aSﬂfoﬂﬁ'ﬁﬁtlon did

RS UL 05 S0 e 050G B g o
nBmif)| Yhea8gidigr aldnek@ith ialOEREbERLS tp%l%‘%éléé@% RGBS AL in

into a vessel fitted wth a magne stirring system
MRR. tArecxpspied the combiaiaton o€ dxidivee andvastivates on addédn gave even

V0 110Gt B S 0 5B st o

(1\/1;?13—2[566518&1/11&1);3 a§ipg imallifidd pad thafl corlhinsiesctivair dhttBE B@dace
carrier and then nounted on a

(io a‘ stai nl ess- st eel
and . 7giudon Tk spenties frnerifide rrieme slraeriBatlia soppparale to sample
#3 (a\{mkm.g"ﬁm/ﬁn)was obtained without the use of free-dissolving activator.

This is a direct confirmation of the success of surface functionalization of the pad.

TABLE 1
Sample I1C1400 pad KPS EDA pH MRR
(%) (%) (nm/min)
1# Original 0 0 8.0 5.2
24 Original 0.2 0 8.0 79.0
34 Original 0.2 0.2 8.0 240.9
4% Modified by 0 0 8.0 9.1
EDA
54 Modified by 0.2 0 8.0 255.5

EDA




and Struers LaboForce Arm Westlake, Chio). A

pol yur et hane | C1400 polishing pad was used for the
waeewdg2148 t ypi cal polishing lasts 3 - 5 mi nut eBCU/ON®G6/627215

pressure of 6 psi by supplybng the slurry at

60nmL/ m nute between the wafer and the pad. The wafer

and the pad have a relative rotating speed of 150 rpm

After polishing and cl eanfB3l 2t he materi al renoval
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structure of the pad significantly. For Sanple 2#
abPRAY Jry/ThiRY rwhwh ip h@ugyumglzeér thélloﬁ?@ adntrol aexperiment using
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w1§DIPEHt 6(1@|;1kqa\tbe ﬁmemoﬂml ghomps BRBctikecort hetpae 20Nk & aicigated that

n t.he oxidi.zer and activator., For Sanple 5#

thlf 26651 b5 Ttk or TRRIP HRANAHIPeRIthR L9gsing the Aetaiergsoups on

sutfhe. actlvator on the surface and a solution that
supplies the oxidizer, a renoval rate that is _
conparabl e to sanple #3 TNBRE%O 9 nni nn)was obt ai ned

TR of R AR 1 R el sl ©

pHE8yti onal i zation of the pad TABLE | Sanpl e | C1400
pad. KPS EDA pH MRR 1# (xriginal 0 Q0 8 0 5 2 2# Oiginal

@@OSOWQOI%#OlgBhaI 0.44 0.2 8B40 24@#9 4#7# 8#

Wegll TTedshy 0078 D 9 h EDAS# Mdifigd é‘d& 02308955
225,.‘_3 EDATEST 2 [0060] I'n this test, a set of
"Bof s hi

I Nng experiments were conducted to test the

[1fetime of the newy 1T ntroduced Tunctional groups 30

on the pad 20. The experinental results
TEST 3

[0061] In this test, the ability of a pad 20 according to the present invention to
planarize topography is demonstrated. More specifically, the step height reduction
efficiency of a standard testing patterned wafer on original pads and modified pads 20
of the present invention was measured. As shown in Figure 12 the step height of 100
um copper line on a 1” patterned wafer in the 50% metal density region remains
essentially the same throughout the polish when a original pad (an IC 1400 pad) was
used in combination with a solution of a persulfate oxidizer and DEA as the activator.
However, when a surface treated pad 20 according to the present invention (Example
2) was employed during the polish, the step height for the copper line in the same
region on a patterned wafer reduced significantly. It is thus concluded that surface
modification of the pad 20 can have the needed step height reduction efficiency for

patterned wafers.



are shown in Table 2 for the PEI-nodified I C 1400 pad
(exanple 3). The renoval rates (MRR) were high for the

WO poog2t4md runs (~ 375 nnmimin). This may be t hBCT/ES206/027215
of sone free PEl residue. After that (Run 3 to Run 8),
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.fresent i nvention was neasured. As shown in Figure 12
diferencet kopwers thhpad 20 20d thermetabiblar of thesubsirate 10 to be polished as
r . i . 0 | i i . .
aeB A5 AL DRSBTS Ay BT B amines
sutihes ahyleneidivatingaslk{lanmings, 1400 Jnaids, wasino Seebhols, etc. The
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fuagiigneEarogn 30nBay consisiierl -1 wé ks totalead srives cagraical bonds.
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patterned wafers.[0062] In summary, an extra . _
of fauii§i( greaip ato ppliging kyeh24 ising odalyk chloonda Thel hediiling pad is

N R N TR AT S
fuddiRnehefdupaBoi Alagr B¢ lihesthesd I8 Sther pallyRicribBinaletials before the
foxfnsegi%\lllacl)f tfh[e (;)r:d. The functional groups may be covalently linked to the base
polymer in the polishing layer 26. Alternatively the functional group may be ionicly
bonded to a group in the polishing layer as described below.

[0064] One non-limiting embodiment of the invention provides a self regulating pad
20. In this approach, the pad 20 serves as a controlled release device. Depending
upon the processing parameters, the pad 20 is pre-loaded with fixed amount of
activating agent forming the functional group 30, which activating group is ionically
bonded to the functionalized polishing layer 24. The polishing layer 24 will have an
embedded component to bond with the functional group 30, such as the built in
polyanions shown in figures 13 a-c. During the polishing, the pad 20 will supply

activating agent in the form of the functional group 30 to the metal surface of the

substrate to be polished. Furthermore, the pad 20 will only allow the high area of a



the netal filmof the substrate to be polished
according to the topographically location, in other
wowride2am enhanced step hei ght reducti on ef fi cPE€nTS2006/027215
The polishing nmedi um 24 may8be an abrasive free
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functional group 30, which activating group is
the westigr a8 gén the appraded pleimn nBIY EEPE pioiip §Fﬁsﬁ©t ipggpéipn is
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as the built in polyanions shown in figures 13 a-c.
During the polishing, the pad 20 will supply
activating agent in the formof the functional group
30 to the netal surface of the



substrate to be polished. Furthernore, the pad 20 wl|
only allow the high area of adesired netal surface to
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sel feystRprhintePead P61 @FSthdasemhid e thasiRirbte in sliding
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frictsonal denta¢trwitihat feasytm pefrtipn o€ fheepolighiigdiyer of the substrate in the
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I'sTinvention have been describe ove for purposes
merhanichlupolishingonf d tubstdrtiae identtbeh tsubstrateh s éhs lprédenck of a

in the art that numerous variations of the details of .
subifengiyarnicn oty PTHEY S5 * ROUSNRE PROUYDEEp A Firgiantially
idédiR A SRhinBYBRE 1O 1% heRS the @chctibndl Reovpppended cl ai ms.

The scope of the present invention s intended to be

defined by the appended cl ai nr8 and equi val ents
ereto. t.is.clained.is: 1..A nethod .of.chenc :
2 e Red % sorichl AT papinitt SEpRE JCh e L tynotional
gro@MRMURrived eohes chapbirdneonpiRimod psl9aminesh palyeWtrolyte, and/or
Providing a polishing pad having a polishing | ayer
aniiigp a¢id- subst antial Iy free of abrasive particles and
havi ng a functional group chem cally bonded to the
polishing layer; B) Providing a polishing slurry in
3. cliret methodi dfhclaim llewherem fier polshingf sltdng includes a persulfate or a

polyelectrolyte and wherein the surface of the substrate includes copper.

4. The method of mechanical polishing of claim 1 wherein the polishing layer
comprises a porous polyurethane, wherein the functional group is derived from

ethylene diamine, and wherein the polishing slurry comprises potassium persulfate.

5. The method of mechanical polishing of claim 1 wherein the polishing layer
comprises a porous polyurethane, and wherein the functional group is derived from

polyethyleneimine.



pol i shing | ayer of the polishing pad and in contact
wth at |east a portion of the surface of the
waensieate; C) Maintaining at | east a portion BET/URE06/027215
surface of the substrate inosliding frictional contact
with at least a portion of the polishing | ayer of the
substrate in the presence of the polishing slurry
6. Wnchémiche nrehaidad ofishihg @ad fof pblishisy af aefcefoftasubstrate to
substrate are renoved, wherein the functional group
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i dentical polishing |ayer does not have the functiona
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pol yel ectrol yte, and/or an am no acid. 3. The nethod
of claim1 wherein the 0|IShIn slurry includes a
8. pelres gheraical grecharenlypelistingo Pgd & aﬁ]@flm\hé rehgeinp ghe polyamine
trate includes copper. 4. The
ca%@%%%&ﬁgﬁgd&nﬁgﬁﬁggl polishing of claim1l wherein the
pol i shing layer conprises a porous polyurethane

erejn the funct.i naI roup lve om et hyl ene .
ffﬂ&m h@mcahan BHeq np?lh% lpﬁé rﬁfn@ 49 rxv,ﬁ%rswpmey golyamine
coﬂ%ﬁ Iﬁ§ﬁ§ﬂhkate 5. The met hod of nechani ca

|sh|ng of claim 1l wherein the polishing |ayer
conprlses a porous pol yurethane, and wherein the

f. I N d h
10,135 P! HedhliveL aPTHaNE ot 00 UG § SPCROR G PRI lever
coﬁ%ﬁfs&ﬁﬁ o pYREikANE dnd fHRMPYIRhER RGEe @lﬂ:rstdnﬁﬁﬁy free of
ereof , the pad conprising: A A polishing |ayer

abepsiveipguitcdss- t o contact the surface of a substrate in
the presence of a polishing slurry to renove sel ected
portions thereof; and B) A pol yam ne chenmically bonded

11t &\ themiral h&bhaﬁ@cdl gytishing .padhehdcélerty cfaf pﬁhﬂhﬂ@ iac@rface of a
ol i shing pad_of clai.m6_wherein the yam ne

suBHfrf todedlodnsApqighRariensohergph M Rad 8&#1& econprisings
fﬂ:%p)cllﬁ })oﬁ?rﬁﬁg?‘ Bhufd coRBLIS AN SRR aPfead B RS YHGE Pad and to
contact at least a portion of the surface of the substrate during polishing;

B) A polishing layer of the pad configured to contact the surface of a substrate
in the presence of the polishing slurry to remove selected portions thereof, wherein
the polishing layer of the pad is substantially free of abrasive particles; and

C) A functional group chemically bonded to the polishing layer of the pad
wherein the functional group acts as an activator or catalyst for a compound in the
polishing slurry to exhibit a higher material removal rate for removing selected
portions of the surface of the substrate than exhibited in chemical mechanical
polishing of a substantially identical substrate in the presence of a substantially

identical polishing slurry and a polishing pad wherein the substantially identical
polishing layer does not have the functional group.



conprises an al kyl ene diam ne. 9. The chem ca

mechani cal polishing pad of claim6 wherein the
w@odoyamine conprises ethyl ene diam ne. 10. ThePCheRi006027215

mechani cal polishing pad of2iclaim9 wherein the

pol i shing | ayer conprises a porous pol yurethane and

the polishing layer is substantially free of abrasive
12pdatki eHeqtical IthechAnichie polishingrped ani cahrry @lfi dhinng 1 pwtleraimd the

slurry for polishing a surface of subsirate to .
fupctiondle Sercitedepid i enépaapund HOMPI§ g Ahyamgjne, 2

L &4NG; i.shi ng slurry configured to

poé%%?g%ghggn?éggfmgﬁ%éég%on of the pad and to contact

at |l east a portion of the surface of the substrate

durin al i.shing;. .pol i shing.layer qf .the pad )

13 e hobeel petaical PO bR d0d ST < gAY JoSpgrein the
polifEnP 1858 NotRised RSHRAS ?&&%ttﬁ&h{e‘,r WHerel fHRMAMBtional group is
sel ected portions thereof, wherein the polishing |ayer,
degted frerrp@tgyliese digbunearini avheyein il polishiter suiry gncludes potassium

eﬁ?h%%0|63; and C) A functional group chemcally bonded
PeES e polishing |ayer of the pad wherein the

functional group acts as an activator or catalyst for

a conmpound in the polishing slurry to exhibit a higher
14peliber shemipd poehianical gokging Pad\andgslumy i gainy drlt vhgsn the

. ¢ it . '

ol Bt LR b P RESTRER L, LRRIREIEN MelfEfdoRal goup i
deridedfromalol yitiipdenenmei N t he presence of a substantially

i dentical polishing slurry and a polishing pad wherein

the substantially identical polishing |ayer does not

1shame tlgnitUngEéRRah] YoRURad Had THR ahA8YI srablafi®ChakiheRin the
pol i shing pad and sldrry of claim11l wherein the

polighiog layeacompiases ai porelsriokadethpeemand edeedu ity boeimakgieyp is
a amne,. a | yel ectrol yte, and/or an am no acid.
dﬁf§g?$ﬁgl%hﬁwwegﬁgnechanical pol i shing pad and slurry
of claim 11 wherein the polishing |ayer conprises a

fﬁorous pol yur et hane, wherein the functional group. is,
164 &Ftioy leprieghnmeettpicah @olishing mad andasihzr & plaimell wherein the
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potyaziytatd. 1 wherein the polishing |ayer conprises a
por ous pol yurethane, and wherein the functional group
is derived from pol yet hyl enei m ne.

17. A method of modifying a chemical mechanical polishing pad adapted for
polishing a surface of a substrate in the presence of a polishing slurry to remove
selected portions thereof, wherein the pad has a polishing layer configured to contact
the surface of the substrate in the presence of the polishing slurry to remove selected
portions thereof, the method comprising contacting the polishing layer with a solution
containing a compound having a functional group for a period of time sufficient for
the compound to chemically bond with the polishing layer, wherein the functional
group acts as an activator or catalyst for a compound in the polishing slurry to exhibit
a higher material removal rate for removing selected portions of the surface of the
substrate than exhibited in chemical mechanical polishing of a substantially identical

substrate in the presence of a substantially identical polishing slurry and a polishing



15. The chem cal mechani cal polishing pad and slurry

of claim1l 1 wherein the polishing |ayer conprises a
w@orsas4pol yur et hane, and wherein the functi oneCT/JR0E027215

is derived froman amno aékd. 16. The chem ca
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gnmqtyurethane and mhereln the slurry |ncludes a

pol yacrylate. 17. A nethod of nodifying a chem ca

mechani cal polishing pad adapted for polishing a
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wth a solution contalning a conpound having a
functlonal group for a period of tinme suff|C|ent for

19r 2'3’& pro lﬁlOEl h%g] ua?] gb?%’ﬁgllo l\é\"'cﬁlbca%l zlslgl ala Mclaim 18

wiggdih \fiad péllsfhfngclayéﬂ iy stibst-RkiaRy €@81R0Uhdsive phﬂﬁld@ Qilnd Sitiefddn the
slurrf to exhibit a higher material renoval rate for

fupctipng r@og@ BcledvesbriomBng GPmpRENd (SFHUBINE & peolyamine, a
in chem cal nechanica

PO Eﬁln Pm?é@h?) ?gally identical substrate in
the presence of a substantially identical polishing
sl yrr nd a lishin d.wherein the substantially

m%d@ﬁﬂ%% CtH@ﬁggﬁﬂﬁ@nﬁggngég@%?ZOt have the functional
group. 18. The nethod of claim 17 wherein the step of
contacting the polishing |layer with a sol ution
cont ai ni ng conpound having a functional group includes
a prelimnary step of contacting the polishing pad
with a solution conprising oxalyl chloride for a
period of tinme sufficient to have a -C(d ) =0 group
bonded to the polishing layer. 19. The process of
nodi fyi ng a chem cal mechani cal polishing pad of claim
18 wherein the polishing layer is substantially free
of abrasive particles and wherein the functional group
is derived froma conpound conprising a polyamne, a
pol yel ectrol yte, and/or an am no acid. 20. The product
made by the nmethod of claim 17.



