APPARATUS AND METHOD FOR PRE- CONDI TI ONI NG CVP POLI SHI NG PAD Fi el d of the

| nventi eA-The-present invention relates to apparatus and nethods for the
condi t.i oni ng of polishing pads on chem cal nechanical polishers for

sem conductor wafers. Modre particularly, the present invention relates to a
new and i nproved apparatus and nethod which is suitable for pre-conditioning
pol i shing pads in chem cal nmechanical polishers wthout the need for dummy
waf ers. BRPKRATUSAAND MRTEHODVEOR PREAPPMDETIGNING ¢IdP i ROLIBHING rBAT | at

sem conductor wafers are well-known in the art. Such apparatus normally

i ncl udes a polishing head which carries a nenbrane for engaging and forcing a
sem conduct or wafer against a wetted polishing surface, such as a polishing

pad. Either the pad or the @QigHMmgHEeahventieat ed and oscillates the wafer
over the polishing surface. The polishing head is forced. downwardly onto the

pol i shi ng f BSIHH iy B%S 194 | ngepei. The
downwar d fgir{%eﬁfpgseés%? ?&R{ he g%? %?ﬁ’iah%lges Eéaédﬁ%%%ﬁ%% a’?:'#eﬂ%g%iagﬁi ng suref ace can

be adic;sg@%ieﬁgﬂg;&% §b1 108 0 PalaBbAGHGRIL D netlGA BBYILALQ AN

el onga pivo

semiconductor wafers. More particularly, the present invention
relates to a new and improved apparatus and method which is suitable
for pre-conditioning polishing pads in chemical mechanical polishers

without the need for dummy wafers.

Baékground of the Invention

Apparatus for polishing thin, flat semiconductor wafers are
well-known in the art. Such apparatus normally inélﬁdes a polishing
head which carries a membrane £ or- engaging and forcing a éemiconductor
wafer against a wétted polishing surface, such as a polishing pad.
Either the pad or the polishing head is rotated and oscillates the
wafer over ﬁhe polishing surface. The polishing head is forced
downwardly onto the polishing surface by a p#essuriZed air system
or similar arrangement. The dowhward force pressing the polishing
‘head against the polishing surface can be adjusted as desired. The
polishing head is typically mounted on an elongated pivoting carrier

arm, which can move the. pressure head between several operative
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arm which can nove the. pressure head between several operative 1 positions.
"I'n one operative position, the carrier armpositions a wafer nounted on the
pressure head in contact with the polishing pad. In order to renove the wafer
fromcontact with the polishing surface, the carrier armis first pivoted
upwardly to lift the pressure head and wafer fromthe polishing surface. The
carrier armis then pivoted laterally to nove the pressure head and wafer
carried by the pressure head to an auxiliary wafer processing station. The
auxi liary processing station may include, for exanple, a station for cleaning
t he wafer and/or polishing head, a wafer unload station, or a wafer |oad

st at | : e rgce Yy, chepical - mnechani cal . polishing (CVP) apparatus has
begéégﬁtpi'%@éed i%?co i%%?F%H}LWtﬁoﬁlgﬁgﬂn&FP@apﬁr&@tru@t% e itstone head. CWP
app régls i%nﬂagd prin%{il¥ for polishing the front face ordevice side of a
sent CEhdte SRS PRy P en B EBRE L Spheadt { BrecRtacie i iigh dutt roldestiioes ' on t he
waf er AIWafer I s "planarized" or snpothed one or nore tinmes during a

f atPidat i6h OFF6EeLS FRTEVEeFher brieRef¥op euntante with thevafdrighide as fl at

as gos i bl e, . A waf er ) . .
urface, the carrier arm is first pivoted upwardly to 1ift the pressure

head and wafer from the polishing surface. The carrier arm is then
pivoted laterally to move the pressure head and wafer carried by
the pressure head to an auxiliary wafer brocessing station. The
auxiliary processing station may include, for example, a station

for eleaning the wafer and/oxr polishing head, a wafer unload station

or a wafer load station.

More recently, chemical-mechanical polishing (cmp) apparatus
has been employed in combination with a prieumatically actuated
polish..ing head. CMP apparatus is uged primarily for polishing the
front faceordevice side of a semiconductor wafel_: during the fabrication
of semiconductor devices on the wafer. A wafer is “planarized” or
smoothed one or more times during a fabrication Process in order
for the top surface of the wafer to be as flat as possible. A wafer

is polished by being placed on a carrier and pressed face down onto

a polishing pad covered with a slurry of colloidal gilica or alumina

in deionized water.



I's polished by being placed on a carrier and pressed face down onto a
polishing pad covered with a slurry of colloidal silica or alumna in
dei oni zed water. 2 A schematic of a typical CWP apparatus is shown in Figs. 1A
and 113. The apparatus 20 for chem cal nechani cal polishing consists of a
rotating wafer holder 14 that holds the wafer 10, the appropriate slurry 24,
and a poli shi nIg1 pad 12 which is normally nounted to a rotating table 26 by
adhesi ve nBafStemREigobiLsisi Rypiad 1l ZMB anpidtad:s t 0 tdyey f%:[; gurface, 22 at a
specifigalp%es%g;e. The chem cal nechani cal polishing nmetho canbe ed to
provi @e afdae spphvetusiferechéhtcal aedis deep ;and shal | ow trenches
t hat aée filled with polysilicon or oxide, andn%]hlvg’rglg(%%gnﬁgtﬁ?nﬁ??r%. CVP
pol i sAf Ryrpbeting Water actaeki Datiiar 861 8heHL hani cal effects. A
possig{ﬁ mechani sm for the CMP process | nvgﬂveggfgﬁglqg‘ﬁ%&t?ﬁﬁr%@rha%em cally
al tergturaye24 at ahfieaspbliastial bhg 18aLeLIA bein l.i shed. The | ayer is
mechani cal ly renoved from thebu%derl yi %’gjlt?& lg‘%rrﬁogﬁ)a;lly Arwted &b [ayer is
t hen reguoimg aabliehgs sy Hag el pr.acess.i s, repeated again.
{hen s@toimg aRblehps by batesiel feddS. PR8I LSni SBRS S 90 1 1 e
tothewafer surface22at a specificpregsure. The chemical mechanical

polishing method can be used to pProvide a planar surface on dielectric
layers, on deep and shallow Lrenches that are filled with polysilicon

or qxide, and on various metal films,

CMP polishing results from a combination of chemieal and
mechanical effects. a possible mechanism for the CMP process involves

the formation of g3 chemically altered layer at the surface of the

material being polished. The layer is mechanically removed from

the underlying bulk material. An altered layer is then regrown on

metal ishir, i
etal polishing, a metal oxide may be formed and removed separately

A . . .
polishing pad is typically constructed in two layers overlyi

| ing

a platen with the resilient layer ag the outer layer of th d

e pad.

|
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metal polishing, a nmetal oxide may be formed and renoved separately. A
polishing pad is typically constructed in two |ayers overlying a platen with
the resilient layer as the outer |layer of the pad. The layers are typically
made of pol yurethane and may include a filler 3 for controlling the _

di rensional. stability of the layers. The polishing pad is usually several
tinmes the dianmeter of a wafer and the wafer 1is kept off -center on the pad to
prevent polishing a non-planar surface onto the wafer. The wafer is also
rotated to prevent polishing a taper into the wafer- Although the axis of

rotation of the wafer- and the axis of rotation of the pad are not collinear,
CWP head, |arge variations in the renoval

t he .be parallel.,In he
rat & 8%?’“%?’#&&?’8’9'&% %’f@?n%:b‘?%%ﬁ StRBLWhEY hvidietagera. arkhd pelileininy obser ved.

,thickness varjation across the wafer is therefore produced as a najor cause

f or PRk o7 WORtmY fRF¥RE3. HimesdhansigreseeVPihaadadesi gnd eenyatdough a

pneumati ¢ systemfor forcing the wafer surface onto a polishing pad is used,
Skepb bl

phey HTRCEPEC I BRG tpprevent perldsh imoes sione 1 agk rdid L& &0t
| ocatjons on the surface of the wafer. This effect
onto the wafer. The wafer is also rotated to prevent polisghing a
taper into the wafer. Although the axis of rotation of the wafer
and the axis of rotation of the pad are not collinear, the axes must

be parallel.

In a CMP head, large variations in the removal rate, or polishing
rate, across the whole wafer area are frequently ocbserved. Athicknessg
variation across the wafer is therefore pProduced as a major cause
for wafer non-uniformity. In the improved CMP head design, even
thoughapneumaticsystemforforcingthewafersurfaceontoapmlisﬁing
pad is used, the system cannot selectively‘apply'different.pressures
at different locations on the surface of the wafer. This effect
is shown in Fig. 1cC, ;.e. in a profilometer trace obtained on an -
8-inch wafer. The thickness difference between the highest point
and the lowest point on the wafer is almost 2,000 angstroms, resulting
in a standard deviation of 472 angstroms, or 6.26%. The curve shown
in Fig. 1C is plotted with the removal rates in the vertical axig
and the distance from the center of the wafer in the horizontal axis

It is seen that the removal rates obtained at the edge portions
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is shown in Fig. 1C, i.e. in a profilonmeter trace obtained on an 8-inch
waf er. The thickness difference between the highest point and the | owest
poi nt -on-the wafer is alnost 2,000 angstrons, resulting in a standard

devi ation of 472 angstrons, or 6.260-.. The curve showmn in Fig. ICis plotted
with the renpval rates in the vertical axis and the distance fromthe center
of the wafer in the horizontal axis. It is seen that the renoval rates

obt ai wédthe whéerdgre poulsomst Yably thisyhed drhan e saihsinntd laldae Y gltebt han t he
removal rates at or near the center of the wafer . The thickness uniformty

on t heemeditiet ¢emtenatfathedafert ha@VPhpcleess uns Fpear vt ROksihpgnpad 12 is
a consunmable itemused in a sem conductor wafer f abricat ion process. Under

nor makvafetenftakr chat cop peBdekt0As, poblke polishing pad is replaced after
about 12 hours of usage . Polishing pads maybe hard, inconpressible pads or

soft- pads. For oxide polishing, hard and stiffer pads are generally used to
achi eve planarity. Softer pads are generally used in other polishing

Bnd t he Sof tpaae B 4o e MR TH1A S5 pRdRetohact 1 or
cust o8¢ fabrication process. Undernormal wafer fabrication conditions,
the polishing pad is replaced after about 12 hours of usage. Polishing
pads may be hard, incompressible pads or softpads. Foroxide polishing,
hard and stiffer pads are generally used to achieve planarity. Softer
padsaregenerallyused inother polishingprocesses toachieve improved

uniformity and smooth surfaces. The hard pads and the soft pads

may also be combined in an arrangement of stacked pade for customized

applications.

| A problem frequently encountered in the use of polishing pads
in oxide planarization is the rapid deterioration in oxide polishing
rates with successive wafers. The cause for the deterioration is
known as “pad glazing”, wherein the surface of a polishing pad becomes
smooth such that slurry is no longer held in between the fibers of
the pad. This physical phenomenon on the pad surface is not caused

by any chemical reactions between the pad and the slurry



applications. A problemfrequently encountered in the use of polishing pads

I n oxide planarization is the rapid deterioration in oxide polishing rates
with successive wafers. The cause for the deterioration is known as '"pad

gl azing”, wherein the surface of a polishing pad beconmes snooth such that
slurry is no longer held in between the fibers of the pad. This physical
phenonmenon on the pad surface is not caused by any chem cal reactions between
the pad and the slurry. 5 To renedy the pad gl azing effect, nunerous

techni ques of pad conditioning or scrubbing have been proposed to regenerate
and restore the pad surface and thereby restore the polishing rates of the

pad. The pad conditioni t echni ques include the use of silicon carbide
particl§§fqﬁ@ﬁﬁ%ﬂ?@ﬁdﬁﬁfgﬁﬁﬁ?FﬁbP55@35n RyreEousr teshagiangs of pedring the
pol i shing pad surface, The goal of the conditioning process is to renove
pol K WEFIS QF FrevbbiBghiave bepRET RRFakt o pegsperat e and reetpad by formi ng
m cro-scratches in the surface of the 8ad for inproved pad lifetine. The pad
coridia PoRi AYTHREEARA ddietrb Ziadtere she pplhshidariawea gblthehpag.process,
i .e. known as concurrent '

The pad conditioning techniques include the use of silicon carbide

particies, diamond emery paper, blade or knife for scraping or scoring

the polishing pad surface. The goal of fhe conditioning process

is to remove polishing debris from the pad surface and re-open pores

in the pad by forming micro-scratches in the surface of the pad for

improved pad lifetime. The pad conditioning process can be carried

out either during a polishing process, i.e. known as concurrent

conditioning, or after a polishing process.

While the pad conditioning process improves the consistency
and lifetime of a polishing pad, a conventional conditioning disk
isfrequentlynoteffectiveinconditioningapadsurfaceafterrepeated
usage. A conventional conditioning disk for use in pad conditioning

is shown in Figs. 2A, 2B and 2C.

ReferringnexttoFig.ZA,aconventionalCMPapparatusSOincludes
a conditioning head 52, a polishing pad 56, and a slurry delivery
arm-54 positioned over the polishing pad. The conditioning head

52 includes a conditioning disk 68 which is mounted onra conditioning
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conditioning, or after a polishing process. Wile the pad conditioning process
| nproves the consistency and |ifetine of a polishing pad, a conventi onal
conditioning disk is frequently not effective in conditioning a pad surface
after repeated wusage. A conventional conditioning disk for use in pad
conditioning is shown in Figs. 2A, 2B and 2C. Referring next to Fig . 2A, a
conventional CMP apparatus 50 includes a conditioning head 52, a polishing
pad 58t Whirhriy estendeg owem bhepbept ¢bnele opetishingopadhsagferd. The
conditioning head 52 includes a conditioning disk 68 which is nmounted on a
condi mebhnag GweenBg wotdlen scevtentked aveird mmrnihyreobft bhepebl s8heg pad 56
for making a sweeping notion across the entire surface of the polishing pad

56. Thadsleur r Fhdedlwery delivbdyi sreGai ppedudipbedst Ltk séldﬂr&@e@%;?@nsﬂe%zl es 62
whi ch are used for dispensing a slurry solution on the t.op surface 60 of the

pol i shoegleads36uhSuhf ace @5eQVESr64iapensitd Ners1REpYi Q@ﬁuﬁfodﬁ h(?ntﬂ?e surface
60 to facilitate even distribution of the slurry solution an o0 help

ent r apph REnFRdess 0 YT ehepolliehang pAREAr egURALE@ RGO JNE LOAAW LS SLUr Ty
solution or any other foreign
provided in the top surface 60 to facilitate even distribution of
the slurry solution and to help entrapping undesirable particles
that are generated by coagulated slurry solution or any other foreign
particles which have fallen on top of the pelishing pad 56 during
apolishingprocess. Thesurfacegroovese64, while servinganimportant

functionof distributing the slurry, also presents a processing problem

when the pad surface 60 gradually wears out after prolonged use.

The conventional conditioning disk 68 may be of several different
types. A conventional brazed grid-type conditioning disk is formed
by embedding or encapsulating diamond particles in random spacings
with each other in the surface of a stainless steel substrate. A
conventional dia grid-type conditioning disk is formed by embedding

cut diamonds at regular spacings in a nickel film coated onto the

surface of a stainless steel substrate. The diamonds are typically

coated with a diamond-like carbon {DLC} layer.



particles which have fallen on top of the polishing pad 56 during

apol i shi ngprocess. The surface grooves 64, while serving an inportant

function of distributing the slurry, also presents a processing problem when
the pad surface 60 gradually wears out after prolonged use. The conventi onal
conditioning disk 68 may be of several different types. A conventional brazed
grid-type conditioning disk is formed by enbeddi ng or encapsul ati ng di anond
particles in random spacings wth each other in the surface of a stainless
steel substrate. A conventional dia grid-type conditioning disk is formed by
enbeddi ng cut dianonds at regular spacings in a nickel filmcoated onto the
surface of_ a stainless steel substrate. The dianonds are typically coated

with 2 deHRIFdNG Rexe £OBRECE DIAB) and)aG.. therMR appagatiest5e ayBiGS11y2B and 2C,
the CMP apparatus 50 typically further includes a polishing head 70 which is

nodritddiedn 1act veae appelisfeimng headhdd evhich tispmeuntadeot® ebckikapnal i shi ng pad
56. The polishin head 70 hol ds and rotates a wafer (not shown) against the

t ol 4e abowe the torspufashiaigpopatie ® lticnolg sod sbe vwﬁsgol@%h% producti on
waf ers are polished using the CVP apparatus 50, tine nust al | ot

head 70 holds and rotates a wafer (not shown) against the top surface

€0 of the polishing pad 56 to polish the wafer. Before production

wafers are polished uzing the CMP apparatus 50, time must be allotted

to warm the polishing pad 56 and facilitate flow of polishing slurry

from a slurry container (not shown) to the slurry delivery arm 54.

This enhances polishing uniformity among successive wafers polished

on the apparatus 50.

Conventional techniques for warming the polishing pad 56
preparatory to polishing of production wafers thereon include
successive mounting of typically 3-4 dummy wafers 74 on the polishing
head 70 and rotation of each dummy wafer 74 against the top surface
60 of the polishing pad 56, as shown in FIG. 2C. After use, the
dummy wafers 74 may be recycled, and eventually, discarded-. While
this technique is useful in pre-conditioning the polishing pad ss,
the cost of the dummy wafers 74 is inordinately high, and thus, best
avoided. Accordingly, a new and improved apparatus and method is

needed for the pre-conditioning of a polishing pad in a CMP apparatus



to warmthe polishing pad 56 and facilitate flow of polishing slurry froma
slurry container (not shown) to the slurry delivery arm54. This enhances
polishing uniformty anong successive wafers polished on the apparatus 50.
Conventional techniques for warm ng the polishing pad 56 preparatory to
pol i shing of production wafers thereon include successive nounting of
typically 3-4 dummy wafers 74 on the polishing head 70 and rotation of each
dummy waf ett7is aﬁ%l‘??%le‘%%eoﬁ die RueRat deventies ol psbvigepadng&, anad shown
in FIG 2C After use, the dumy wafers 74 nmay be recycled, and eventually,
di scat®BEOVERi REPALREYSt whiehqus isLitedfld for il -poadtbndbt Denihg @el i shing
pad 56, the cost of the dumy wafers 74 is inordinately high, and thus, best
av0|d@dP0k@@blﬂgnga¢ cm ae@MBndppapavusd apparatus and nethod is needed f or
the pre-conditioning of a polishing pad in a CWP°P apparatus. 8 It is an object
of the present invention to provide a new and inproved apparatus which is
suitable for the pre-conditioning of a polishing pad on a CVP appar at us.

Anot her objeothet bthgeptesenthenyeridedit iiSrviedtRiAYiide b Mbvide a new

andimprovedapparatuswhichissuitableforrotary—typeCMPapparatus.

Still amother object of the present invention is to provide

a new and improved CMP pad pre-conditioning apparatus which is

economical in operation.

Yet another object of the present invention is to provide a
new and improved CMP pad pre-conditioning apparatus which utilizes
an ingot to pre-condition a polishing pad prior to the polishing

of production semiconductor wafers.

A still further object of the present invention is to provide

a new and improved method for pre-conditioning a CMp pelishing pad

Yet another object of the bresent invention is to provide a

new and improved method for Pre-conditioning a CMp polishing pad

9



and i nproved apparatus which is suitable for rotary-type CVMP apparatus. Still
anot her object of the present invention is to provide a new and inproved CWVP
pad pre-conditioning apparatus which is economcal in operation. Yet another
obj ect of the present invention is to provide a new and inproved CWP pad
pre-conditioni ng apparatus which utilizes an ingot to pre-condition a
pol‘i shing pad prior to the polishing of production sem conductor wafers. A
still further object of the present invention is to provide a new and
i nproved nethod for pre-conditioning a CVWP polishing pad. Yet another object
of the present invention is to provide a new and inproved nethod for .
pre-conditioning a CVWP polishing pad, 9 which nethod is econom cal and may be
us &gl HthAlndky 9R0ReELcahorp@r malyj bet usedt Wathpuse diumingy emifieqs i s t 0
provi de a new and inproved apparatus and nethod which save tine in the
pre-conditioning of a polishing pad on a CVP apparatus. Still another object
of the present invention is to provide a new and inproved apparatus and
met hod whi ch nay be adapted to
Another object of the present invention is to provide a new
and improved apparatus and wmethod which save time in the

pre-conditioning of a polishing pad on a CmMP apparatus.

Still another object of the present invention is to provide
a new and improved apparatus and method which may be adapted to

pre-condition a variety of substrates including but not limited to

pelishing pads.

Summary of the Invention

In accordance with these and other objects and advantages, the
present invention is generallydirected to anewand improved apparatus
and method sgitable for the pre-conditioning of a pelishing pad on
a CMP apparatus prior to the polishing of production wafers on the
apparatus. The apparatus includeg a pre-conditioning arxm on which
is mounted an ingot of suitable material. In typical use, the ingot
is pressed against the polishing surface éf the rotating polishing
pad-for a selected period of time to increase the temperature of

the polishing surface by friction. The pre-conditioned polishing

10



pre-condition a variety of substrates including but not limted to polishing
pads. Sumrary of the Invention In accordance with these and ot her objects and
advantages, the present invention is generally directed to a new and i nproved
apparatus and nethod suitable for the pre-conditioning of a polishing pad on
a CWVP apparatus prior to the polishing of production wafers on the apparatus.
The apparatus includes a pre-conditioning armon which 1is nounted an ingot of
sui t abpd nBeeilitates tunydifeatm upelishdéngngoatess qf eggedirgdionst whhergol i shing
surface of the rotating polishing pad for .a selected period of tine to

i ncr easbseluentiyepai iishedf ont bRepappakpapdgssurface by friction. The
pre-conditioned polishing 10 pad facilitates uniform polishing rates of
production wafers subsequently polished on the apparatus. The
pre-conditioni ng armaybe nounted in abase provi ded adjacent to the polishing

Dol Shi ng. ST aee e R b e b e 4485 T ur t her
be pi ¥et ght YooK At idad #BrP8S%ective vertical adjustment of the ingot
with respect to the polishing surface of the polishing pad. The
pre-conditioning arm may further be pivotally mounted in the base
to facilitate sweeping of the ingot over the prolishing surface of
the pad as the pad is rotated. The ingot may be a selected material

including but not limited to copper, tantalum or silicon dioxide,

and may have a round or alternative shape.

The present invention further contemplates a new and improved
method for the pre-conditioning of a polishing pad in a CMP apparatus,
The method includes providing an ingot of selected material, providing
motion between the polishing pad and the ingot, and causing contact
between the ingot and the polishing pad. The method may further
include pressing the ingot against the polishing pad at a pPressure
of about 4~5 psi. The method may further include Pressing the ingot
against the rotating pol ishing pad for typically about 40~60 seconds.,
The method may still further include imparting a sweeping motion

to the ingot over the polishing pad.

11



to facilitate sweeping of the ingot over the polishing surface of the pad as
the pad-i's'rotated. The ingot may be a selected material including but not
limted to copper, tantalumor silicon.dioxide, and may have a round or
alternative shape. The present invention further contenplates a new and

i nproved nethod for the pre-conditioning of a polishing pad in a CWP
apparatus. The nethod includes providing an ingot of selected material,
providing notion betBekafthespolipshongopacthanbrapenyggot, and causing contact
bet ween the ingot and the polishing pad. The nethod may further include

pressi ng tTkei igoenaganneill heopobeSheBEr PBEd AlbR HEGSSHN & b -5 psi.
The nmet hod may further include pressing the ingd? égainstx?ﬂélébgg%Fﬁg

pol i shéfgrenadef 06 thei sakbipahpuhgl@rsRisgsonds wihe, et hod may still further
include inparting a sweeping notion to the ingot over the polishing pad. 11
Brief Description of the Drawi ngs The invention will now be described, by way
of exanple, with reference to the acconpanying draw ngs, in which: FIG 1A is

a cross-segt&ongh Yhew %&d%éuQ@dEﬂon.&“%%@U‘8¥“a typical conventional

chemical mechanical polishing (CMP) apparatus;

FIG. 1B is an enlarged, cross-sectional view of a section of

a wafer and the polishing pad of a conventional CMP apparatus, with

a slurry solution therebetween;

FIG. 1C is a graph illustrating the changes in removal rates

as a function of distance on a wafer after a polishing pad is repeatedly

used;

FIG. 2A is a perspective view of a conventional CMP apparatus

having a polishing pad with a slurry dispensing arm and a conditioning

disk positioned on top;

FIG. 2B is a top view of the conventional CMP apparatus of FIG
24;

12



chem cal mechanical polishing (CWP) apparatus; FIG 1B is an enl arged,
cross-sectional view of a section of a wafer and the polishing pad of a
conventional CWVP apparatus, with a slurry solution therebetween; FIG 1Cis a
graph illustrating the changes in renpval rates as a function of distance on
a wafer after a polishing pad is repeatedly used; FIG 2A is a perspective
view of a.conventional CWP apparatus having a polishing pad with a slurry

di spensing armand a conditioning disk positioned on top; FIG 2B is a top
view of the conventional CWP apparatus of FIG 2A; 12 FIG 2Cis a
cross-sectional view of a conventional polishing head with a dumy wafer

i nt erposed between the polishing head and a polishing pad; FIG 3 is a top

vi ew of FACEMBCappat atxRSvhe ¢t {oralideiesw ofpee comveintionialgpal AishAngccor dance
with the present invention, FIG 4 is aside, partially schematic, view of the
prém@@n@pﬁhoﬁiﬁgmmy wafer interposed between the polishing head and

a polishing pad;

FIG. 3 is a top view of a CMP apparatus which includes a

pre-conditioning arm in accordance with the present invention;

FIG.4isaside,partiallyschematic,viewofthepre—conditioning
arm of the CMP apparatus of FIG. 3, illustrating pPre-conditioning

of a polishing pad in implementation of the apparatus and method

of the present invention; and

FIG. 5 is a graph of polishing pad temperature, plotted along
the Y-axis, as a function of pad preconditioning time and substrate

polishing time, plotted along the X-axis.
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armof the CWP apparatus of FIG 3, illustrating pre-conditioning of a
polishing pad-in inplementation of the apparatus and nmethod of the present
invention;.and FIG 5 is a graph of polishing pad tenperature, plotted al ong
the Y-axis, as a function of pad preconditioning tinme and substrate polishing
time, plotted along the X-axis. 13 Description of the Preferred Enbodi nents
The present invention is generally directed to an apparatus and nethod for

pre-condi tioning 4S54 4 ] .cal., polishing
DAY RAC (e PRI EVRRANGRL

apparatus. However, the’invention is not s _ ~application and while
mvention TEENREeBaE AR o TE ER T e B G| % AEPRFa b or
thr oubRa TR R SR ot G R PR o8 BB ga T e Rat @l 0 & new
on o DR E e BB a R PR Tl C% cHEr St T W BAE 1461 | 1mBte8 Babsequent
”“ifoéﬂﬁfféé Qéﬂ%ng%hilereferencesmaybemadetosuchchemicalmechanical

polishing apparatus, the invention is more generally applicable to

the pre-conditioning of pads or substrates in a variety of industrial

or mechanical applications, |

Shown throughout the drawings, the present invention is generally

directed to a new and improved apparatus for the pPre-conditioning

or warming of a polishing pad on a CMP apparatus to an operatiomal

temperature which facilitates subsequent uniform polishing of

successive production wafer substrates on the apparatus. The

apparatus includes a pre-conditioning arm on which is mounted an

ingot of selected material. The pre-conditioning afnlmay'be mounted

in such a manner that it may be swept across the polishing surface

of the polishing pad as the polishing pad is rotated in order to

cover substantially the entire surface of the pad.

The ingot may be any material which is suitable for
pre-conditioning of the peolishing pad and typically dépends on the

type of CMP polishing operations to be subsequently carried out on

the production wafers. . For exXample, for a copper CMP operation
r
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successi ve production wafer substrates on the apparatus. The apparatus
I ncl udes a pre-conditioning armon which is nounted an ingot of selected
material. The pre-conditioning armnmay be nounted in such a manner that it
may be swept across the polishing surface of the polishing pad as the
polishing pad is rptated in order to cover substantially the entire surface
of the pad. The ingot may be any material which is suitable for
pre-conditioning of the polishing pad and typically depends on the type of
CWP polishing operations to be subsequently carried out on the production
waf ers. For exanple, for a copper CVP operation, 14 the ingot is preferably
copper. Simlarly, a silicon dioxide ingot is preferably used to
pr &heAdgetoh st peefRraR b MpRRRY i nSanidrrdy, ©VR bpmomtdioxidéhdngas a tantal um
ingot is preferably used to pre-condition the polishing pad in a tantal um CWP
opersatinaferpidy usgst tieaprse qendiiitde itheappldedingdpabapa anh esAfiegur ation,
including but not limted to circular, thick plate, thin plate, block, colum
or GMRI cpefaglen: | wherefise prspttlumvenigomn is foweifeendi egsed kg a new and
i mpr oved

pre-condition the polishing pad in a tantalum CMP operation. The

ingot may be provided in any desired shape or configuration, including

but not limited to circular, thick plate, thin plate, block, column

or rod configurations.

The present invention is further directed to a new and improved
method for the pre-conditicning of a polishing pad on a CMP apparatus.
The method includes providing an ingot of selected material , providing
motion between the ingot and the polishing pad, and providing contact
between the ingot and the polishing pad. Heat generated by friction
between the ingot and the polishing pad is imparted to the pad.
The heated or pre-conditioned polishing pad facilitates subsequent

uniform polishing of production wafer substrates.

The method may further include pressing the ingot against the
polishing pad at a pressure of_ typically about 4~5 psi. The ingot
may be pressed against the polishing pad for typically about 40-60
seconds. The ingot may be swept across the polishing pad during

the pre-conditioning operation to increase the surface area of contact
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met hod for the pre -conditioning of a polishing pad on a CWP apparatus. The
nmet hod i ncludes providing an ingot of selected material, providing notion

bet ween the ingot and the polishing pad, and providing contact between the

i ngot and the polishing pad. Heat generated by friction between the ingot and
the polishing pad is inparted to the pad. The heated or pre-conditioned
polishing pad facilitates subsequent uniform polishing of production wafer

substateen The MBYOLMaR@HdIHNEISH! @.Pre8si ek ke dn ' the
- polishing s%d at aépressure o#i?§pical gﬂébout 4-5 psi. Thgg%hgg%%gﬁgy he

Pr eS56<28aicH FukBRaPOLLARLAE1 BEds! BEotYRLAG! I ABRUL 43: 50 naRCgAds, The.

I ngot nay be swept across t pol 1 shing pad during e pre -con oni ng
' t2Q J t f b he. i t d
Che. po S T L TRl RS of BHAGLa R R ETBR O bR Bt e
i, di i t heqi t I Le .th |ishi d ' tati
br ovicateep Fov B b e, o by SRR R A tane .
pre-conditioning operation. Referring initially to FIGS. 3 and 4, an exanple

of a CWP apparatus which includes a pre-conditioning armof the present

I nvention_is .
Referring initially to FIGS. 3 and 4, an example of a CMP apparatus

which includes a pre-conditioning arm of the present invention is
generally indicated by reference numeral 80. It will be appreciated
by those gkilled in the art that the CMP apparatus 80 hereinafter
described represents one example of a CMP apparatus which is suitable
for the present invention and that the invention is equally suitable
to CMP apparatus having characteristics which may depart partially
or entirely from those hereinafter described. The CMP apparatus
80 may include a base 81 on which is mounted a rotatable platen 26,
as shown in FIG., 4. A conditioning arm 88, having a conditioning
head 82, is pivotally mounted on the base 81 and can be extended
over and swept across the polishing surface 90 of a polishing pad
85 provided on the platen 96. A slurry delivery arm 84, also pivotally
mounted on the base 81, may be swept from a home position, as shown,
to a position over the polishing pad 86. As shown in FIG. 3, the
conditioning head 82 includes a conditioning disk 98 which is mounted

on the conditioning arm 88. The slurry delivery arm 84 is equipped
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generally indicated by reference nunmeral 80. It will be appreciated by those
skilled in the art that the CVP apparatus 80 hereinafter described represents
one exanple of a CMP apparatus which is suitable for the present invention
and that the invention is equally suitable to CWP apparatus having
characteristics which may depart partially or entirely fromthose hereinafter
descri'bed. The CMP apparatus 80 may include a base 81 on which is nounted a
rotatable platen 96, as shown in FIG 4. A conditioning arm 88, having a
conditioning head 82, is pivotally nounted on the base 81 and can be extended
over and swept across the polishing surface 90 of a polishing pad 86 provided
on the platen 96. A slurry delivery arm84, also pivotally nounted on the
bad¥l tay slygyyh dispansing moz Ziefe Fosihiicdn ares usiedmEor i spepesing @n over the
polishing pad 86. As shown in FIG 3, the conditioning head 82 includes a
corfdiunrahised udiisn 9gtehtsa P@lhﬁhhngdsunf\acda@@mrﬁji'dheoliid]gsaﬁrﬁg%%adThe slurry
delivery arm84 is equipped 16 with slurry dispensing nozzles 92 which are
useth f oSdifagengnapves Sdumay dot upronided oinhhehpobbsheREngU 28620 of the
polishing pad 86. Surface grooves 94 may be provided in the Polishing surface

90 to facilitate an even d_istribution of the slurry solution thereon

and to help entrapping undesirable particles that are generated by

coagulated slurry solution or any other foreign particles which have

fallen on top of the polishing pad 86 during a polishing process.

The CMP apparatus 80 typically further includes a polishing

head 100 which is mounted on a rotatable shaft 102 above the polishing

surface 90 of the polishing pad 86. Innormal use of the CMP apparatus

80, the polishing head 100 holds and rotates a production wafer (not

shown) against the polishing surface 90 of the rotating polishing

pad 86 to polish the wafer, typically in conventional fashion.

A pre-conditioning arm 30 is pivotally mounted on the base 81,
adj.acent to the platen 96. The bre-conditioning arm 30 tyéically
includes an elongated support 32, the proximal end of which ig mounted
on the upper end of a shaft 38. The shaft 38 may be telescopically
receivedby anarmbase 40 that is supportedon the bage 81. Preferably,
the shaft 38 is partially rotatable with respect to the arm base
40. An actuation motor 42, which may be electric-actuated or

fluid—actuat§d, may be provided in the arm base 40 and engages the
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90 to facilitate an even distribution of the slurry solution thereon and to
hel p entrappi ng undesirable particles that are generated by coagulated slurry
solution or ary other foreign particles which ' have fallen on top of the
polishing pad 86 during a polishing process. The CVP apparatus 80 typically
further includes a polishing head 100, which is nounted on a rotatable shaft
102 above the polishing surface 90 of the polishing pad 86. In normal use of

the CiBwappandtl ¢S 3@ shaEtpals shhpaokaadqglo Eﬁledéréﬂéoﬁafiﬁfi%iiﬁ proguct i on
waf er (not shown) against the polishing surface 90 of the rotati ﬁg pol i shi ng

Pad 880! aapolies bdliuidly JRIER! ds | InaARERST 00OLnLasBE 0. 100BEC ||

-conditioning arm 30 is pi'votally nounted on .
g'gségiﬁggi?ﬁgzﬁl%&"en G ‘%L‘-.‘Qf ¥ Cil‘?% %?i%%&lﬁgféﬁggzegﬁ fﬁit‘fi sha
suppor e% g"nrctt heegg?%gl%f%P&a}g?ly%é(t‘f%gl%%a‘f'?t%% ?g'paﬁ?‘ﬁaP-Fffuﬁgﬁaﬂabl e

ol ect PEEBECks el Figite 3RG150E, Epecr At b W e i alioparhaddy 40 and
engag%ﬁtt@'ﬂ?ngl the shaft 38 with respect to the arm base 40 to facilitate

sweeping the pre-conditioning arm 30 across the polishing surface

90, according to the knowledge of those skilled in the art.

An ix}got mount head 34 is provided on the extending or distal
end of the support 32 of the pre-conditioning head 30. an ingot
36 is typically removably mounted on the botteom surface of the ingot
mount head 34, typically using screws (not shown) or other fastening .
techniques known by those skilled_ in the art. The ingot 36 may be
copper, silicon dioxide or tantalum, in non-exclusive particular,
depending on the type of CMP operation to be carried out on préduction
wafers after pre-conditioning of the polishing pad 86, as hereinafter
described. Furthermore, the ingot 36 may have a digk shape, as shown,

ormaybe anysuitablealternative shape or configuration. Pref erably

the disk-shaped ingot 36 has a diameter of typically about 6~8 inches

and a thickness of typically about 1~10 cm, and preferably, about

4~5 cm. As shown in FIG. 4, the ingot 36, normally disposed in a
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1-7 I ower end of the shaft 38. Accordingly, the pre-conditioning arm 30 may
be selectively raised (as indicated by the solid lines in FIG 4) and | owered
(as indicated by the dashed lines in FIG 4) by selective operation of the
actuation notor 42. The actuation notor 42 may further include the facility
for selectively partially rotating the shaft 38 wth respect to the arm base
40 to facilitate sweeping the pre-conditioning arm 30 across the polishing
surface 90, according to the know edge of those skilled in the art. .An ingot
mount head 34 is provided on the extending or distal end of the support 32 of
the pre-conditioning head 30. An ingot 36 is typically renovably nounted on
the bottom surface of the ingot nount head 34, typically using screws (not
shsahyedposihdpnmadhargsnect tebhe@edd shiogeunfadmse ofkild wsll ighide art. The
i ngot 36 may be copper, silicon dioxide or tantalum in non-exclusive
papedcdf args ig€ieatiedgbynthibesolid ldne@yPmagebat s6het©iBEl ¢ A dvictbPUt ON
production wafers after pre-conditioning of the polishing pad 86, as
heasdnpfesseddegainbedthEupbhidsimng, str€acegon 35 eHehavie R Sk skyshape, as
shown, or maybe any suitable alternative shape or configuration. Preferably,
actuationmotor 42, as indicated by the phantom lines and as hereinafter

further described.

Referring next to FIGS. 3-5, in use of the pre-conditioning
arm 30, before production wafers are polished using the CMP apparatus
80 time must be allotted to warm or pre-condition the polishing pad
86 and to facilitate flow of polishing slurry (not shown) from a
slurry container (not shown) and through the slurry dispensing nozzles
92 of the slurry delivery arm 84. Accordingly, as the polishing
pad 86 is rotated as shown in FIG. 3, the ingot 36 is lowered in
place against the polishing surface 90, as indicated by the dashed
lines in FIG. 4, by operation of the actuation motor 42. Preferably,
the ingot 36 is pressed against the rotating polishing surface 90
at a pressure of typically about 4~5 psi for typically about 40~60
seconds. Simultaneously, polishing slurry (not shown) is distributed
from the slurry tank (not shown) and onto the polishing surface 90
of the polishing pad 86 through the slurry dispensing nozzles 92
of theslurrydeliveryarms4. Asthepolishingpadasrotatestypically

during transit of the polishing slurry to the slurry dispensingnozzles
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t he di sk-shaped ingot 36 has a dianmeter of typically about 6-8 inches and a

t hi ckness of "typically about 1-10 cm and preferably, about 4-5 cm As shown
in FIG 4, the ingot 36, normally disposed in a 18 raised position with
respect to the polishing surface 90 of the polishing pad 86, as indicated by
the solid lines, may be selectively lowered and pressed agai nst the polishing
surface 90 by operation of the actuation notor 42, as indicated by the

phant om | £9eEypicadl yErehP ARl s&86hA8Y @%@%ibﬁ?is@&%f&ﬂ% BEKhelR FI GS.
u

3-5, in use of the pre-conditioning arm 30, before production warers are
B?L[zgﬁgi i%ﬁgﬁﬁggbgyﬁgﬁﬁﬁgﬁﬁé c%§§§%9§?3ﬂ522?$?$%%%0§%ggp%?iﬁgﬁggg%ng slurry
(i Spertingtaooonasc:3the o £"0f I T RERPHeaily ReBi¥inkangs Bhel e

o1 ace hgarhant fe-aed A LG & B rRtEt da ot sPotney o e MR AeBtattnes | n

of the .actuation Preferably, the ingot 36 is

FIG 4 i 42.
press @Hrgéggﬁ%t&%{ah }%td’feaeﬁ ngFpot FERF ng gg%%;iacré’%@oj-is’hing surface 950.

This friction heats the polishing pad 86 to a stable operational
temperature suitable for subsequent polishing of productioh wafers
(not shown) using the polishing head 100, as shown in the graph .of
FIG. 5. When this stable operational temperature is reached, the
actuation motor 42 is operated to 1ift the ingot 36 from the polishing
surface 90, after which a production wafer {not shown) is mounted
on the bottom surface of the polishing head 100 and rotated and polished
against the poli'shing surface 90, typically in conventional fashion.
It will be appreciated by those skilled in the art that the ingot
36 is capable of repeated usage without the need for replacement
and significantly reduces the cost associated with using multiple

successive dummy wafers to heat the polishing pad 86 to the operational

temperature.

While the preferred embodiments of the invention have been
described above, it will be recognized and understocd that various

modifications can be made in the invention and the appended claims

-
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at a pressure of typically about 4-5 psi for typically about 40-60 seconds.

Si mul t aneously, polishing slurry (not shown) is distributed fromthe slurry
tank (not shown) and onto the polishing surface 90 of the polishing pad 86
through the slurry di spensing nozzles 92 of the slurry delivery arm84. As
the polishing pad 86 rotates typically during transit of the polishing slurry
to the slurry dispensing nozzles 19 92 (for typically about 40-60 seconds) ,
friction is generated between the polishing surface 90 and the bottom surface

of e.ln . . The pre-conditioning arm 30 may be sinultaneously swept
ac?%gsl?%%%%%ﬁﬁ% rﬁoerIg@ﬁ‘flacsém%'OmP lglgﬁﬁéoﬁ%-@%@’l Ry daltlowinhisase t he
coE%act .surface area Qg%meen the ingot 36 and the polishing surface 90. This
f r FBEi BRTFEht 39 1REQRE | &hi e phVess- it -a st abl e operational  tenperature

sui tabl e for subsequent polishing of production wafers (not shown) using the
pol i shing head 100, as shown in the graph of FIG 5. Wen this stable
operational tenperature is reached, the actuation notor 42 is operated to
lift .the ingot 36 fromthe polishing surface 90, after which a production

waf er (not shown) is nounted on the bottom surface of the polishing head 100
and rotated and polished
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agai nst the polishing surface 90, typically in conventional fashion. It wll
be appreciated by those skilled in the art that the ingot 36 is capable of
repeat ed usage w thout the need for replacenent and significantly reduces the
cost associated with using nultiple 'successive dumy wafers to heat the
pol i shing. pad 86 to the operati GRALMSt enperature. While the preferred
enbodi nents of the invention have been described above, it will be recognized
anthahdes stbawkinadhaks vari ous nodifications can be made in the invention and
t he appended clains 20 are intended to cover all such nodifications which may
fall wilhi & buhdtspnrpre anndtioheniofy tbpakravest fon pral Gn@iMboWhal i s cl ai ned
Is: 1. Abuilt-in pre-conditioning apparatus for pre-conditioning a
suassubseratteondmprigsisg pre-conditioning arm and an ingot carried by said
pre-conditioning armfor engagi ng

a pre-conditioning arm; and

an ingot carried by said pre-conditioning arm for engaging

and pre-conditioning the substrate.

2. The apparatus of claim 1 wherein said ingot comprisgez a

material selected fromthe group consisting of copper, silicon dioxide

and tantalum.

{

3. The apparatus of claim 1 further comprising an actuation
mechanismoperably engaging said pre-conditioning arm for selectively

| mc?ving said ingot into and out of contact with the substrate
4. The apparatus of claim 3 a material selected from the group

consisting of copper, silicon dioxide and tantalum,

5. Tbe apparatus of claim 1 wherein said Pre-conditioning arm

comprises a support and an ingot mount head carried by saig support

and wherein said ingot is carried by said ingot mount head
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and pre-conditioning the substrate. 2. The apparatus of claim 1l wherein said

. . . . The s of claimi v ,
i 17 con aFoxT e CRRAPERPOPEnEISIE IRBCF A ity Somiisha onpr i si ng
i | y Apparat ISt BT m :

Cor BEE TR Y e TR L0 PR o BN 0 o <BbRee e aiwn SR  at e, 4.

Thea%ﬁp%raﬁui of claim3 a material selected fromthe group consisting of -
COpper, 8PFFEBR di oxi de and tantalum 5. The apparatus of claiml| wherein said
pre-conditioning arm conprises a support and an ingot nount head carried by
said support, and wherein said ingot is carried by said ingot nount head. 22
6. The agpar tus of claim5 wherein said ingot conprises a material selected
fromthe grdﬁﬁecﬁﬁﬁ¥§@¢%@ of ebppurS Surthen dowmirieingnsntactwdition7. The
apparatus of claim5 further conprising an actuation mechani sm operably
engH§rhgndgrdopeppbly engagingpeeidoadppophi of said boe-seneft iveirig movi ng
said ingot into and out of contact with

arm rfor selectively moving said ingot into and out of contact with

the substrate.

8. The apparatus of claim 7 wherein said ingot éomprises a

material selected fromthe group consist ing of copper, silicon dioxide

and tantalum.
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the substrate. 8. The apparatus of claim7 wherein said ingot conprises a
material selected fromthe group consisting of copper, silicon dioxide and
tantalum 23-9. A nmethod of pre-conditioning a polishing pad, conprising the
steps of: providing an ingot; providing relative notion between said ingot and
the polishing pad; and causi ng contact between said ingot and the polishing
pad. 10. The nmethod of claim9 wherein said causing contact between said

ingot and §he PGISHUHPHP F_go(%)ﬁ ﬂ% got agai nst

t he pollsh?ng pad at a pressure o out 49%%$E£§d#£%bu$6§pp%? d1. The

met h 5@* p. wherein sald cau5|ng contact between said ingot and the
ng p CO”D

pol i shi rises the step of causing contact between said ingot.and

t he pollshlng RSQO&E&L&?Q%& ﬁg ggconds to about 60 seconds.

providing relative motion between said ingot and the
pelishing pad; and

causing contact between said ingot and the polishing pad.

10. The method of claim 9 wherein said cauging contact between
said ingot and the polishing pad comprises the step of pressing said

ingot against the polishing pad at a pressure of from about 4 psi

to about 5 psi.

11. The method of claim 9 wherein said causing contact between
said ingot and the polishing pad comprises the step of caﬁsing contact

between said ingot and the polishing pad for about 40 seconds to

about 60 seconds.
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24 12. The method of claim 11 wherein said causing contact between said ingot
and the polishing pad further conprises the step of pressing said ingot
agai nst the polishing pad at a pressure of fromabout 4 psi to about 5 psi.
13. The method of claim9 wherein said ingot conprises a nmaterial selected
fromthe group consisting of copper, silicon dioxide and tantalum 14. The
met hed of -claim 13 wherein said causing contact between said ingot and the
poli-shi rg pad conprises the step of pressing said i ngot agai nst the polishing
pad at a pressure of fromabout 4 psi to about 5 psi. 15. The nethod of claim
13 wherein said causing contact between said ingot and the polishing pad
conpri ses the step of causing contact between said ingot and the polishing
pad for X@bouThameidishaf qlaimbduvhere s seridscausingmomstdiobebieehai m 15
wherein said causing contact between said ingot and the_polishing pad
compriidsbsgothendtidpe pblpsking padkshiidt REr comprises the step of pressing

said ingot against the polishing pad at a pressure of from about

4 psi to about 5 psi.

13. Themethod of claim 9 wherein said ingot comprises a material
selected from the group consisting of copper, silicon dioxide and

tantalum.

14. The method of claim 13 wherein said causing contact between
said ingot and the polishing pad comprises the step of pressing said

ingot against the polishing pad at a pressure of from about 4 pei

to about 5 psi.

15. The method of claim 13 wherein said causing contact between
said ingot and the polishing pad comprises the step of causing contact

between said ingot and the polishing pad for about 40 seconds to

about 60 seconds.

16. The method of claim 15 wherein said causing contact between

said ingot and the polighing pad comprises the step of pressing said

25



| ingot against the polishing pad at a pressure of from about 4 psi to about 5
psi. 17. A method of pre-conditioning a polishing pad, conprising the steps
of : providing an ingot; providing relative inotion between said ingot and the
pol i shi ng pad; causing contact between said ingot and the polishing pad; and
nmovi ng said ingot in a sweeping notion over the polishing pad. 18 . The net hod
of claim17 wherein said causing contact between said i ngot and the polishing

B?gssur %gﬁrﬁa%ﬁ ISA%ﬂ(lplgél%aﬁﬁ)rilgabout 5 .SI, ng:@i d?ﬁag%‘# qg:%rﬁpi(; a @

mher 4% s g contact between said ingot and the pol i shi ng pad
conprlse e step ‘of causing contact between said ingot and the polishing
pad for about 40 seconds to

17. A method of pre-conditioning a polishing pad, comprising

the steps of:

providing an ingot;

providing relative motion between éaid ingot and the
pelishing pad; |

causing contact between said ingot and the polishing pad;
and

moving said ingot in a sweeping motiom over the polishing

pad.

18. The method of claim 17 wherein said causing contact between
said ingot and the polishing pad comprises the step of pressing said

ingot against the polishing pad at a pressure of from about 4 psi

to about 5 pgi.

19. The method of claim 17 wherein said causing contact between
said ingot and the polishing pad comprises the step of caus ing contact

between said ingot and the polishing pad for about 40 seconds to

about 60 seconds.
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about 60 seconds. 26 20. The nmethod of claim 17 wherein said ingot conprises a
material selected fromthe group consisting of copper, silicon dioxide and
tantalum ' 27

20. Themethodofclaiml?m@ereinsaidingotcompriseéanmterial
selected from the group consisting of copper, silicon dioxide and

tantalum.
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