WD 2004/ 024392 PCT/ US2003/ 027215 MEASURI NG THE SURFACE PROPERTI ES OF
POLI SHI NG PADS USI NG ULTRASONI C REFLECTANCE TECHNI CAL FI ELD OF THE

| NVENTI ONwOIeo4q2ement i nvention is directed to a systempamas2tu3reethod of
measuring the surface properties of chem cal nechanical polishing pads
used for creating a snmooth, wultra-flat surface on such itens as gl ass,

sem conductors, dielectric/netal conposites, magnetic mnass storage nedi a
and integrated circuits. Nbre 10 specifically, the invention is directed to
the use of noncontact reflectance ultrasound to neasure the surfagg

coating and MﬁéﬁpﬁﬁNﬁa?FErﬁgRE¥ of RePFER %§E£@F PRIAESERFY)

| NVENTI ON Cheni cal - nechanlcaIUb SPNEG CTANGEBed 15 extensively as a
pl anari zing technique in the manufacture of Very Large-Scale Integration
(VLSI) integrated circuits. It has potential for planarizing a variety of
materials in | C processing, but is used nost widely for planarizing
netallizied |ayers and interlevel dielectrics 20 on sem conductor wafers,
and for planarizing substrates for shallow trench isolation. The grow ng
use of copper for circuit interconnects, but lack of etching techniques to

remove coppghpgﬁgééheggEgg ég EggogkggﬁTgé danascene processes and the use

of CWP 25t assSocCiated barrier netals. In
shal l ow trench isolation, for exanple, |arge areas of 1 WD 2004/ 024392

PCT/USZOOB/OZ?Zli field oxide nug be.go i she g élg roduce a_.pl anar
starting wafer. APRi BYERG hcEBEERbEE pEEnGtHEoStFEn Cats ¥§t?ﬂe P
di anet er sof matwabiebfusieguirtiagdi thenalirface properties of chemical

mechanical polishing pads used for creating a smooth,
ultra-flat surface on such items as glass,
semiconductors, dielectric/metal composites, magnetic
mass storage media and integrated circuits. More

10 specifically, the invention is directed to the use of
noncontact reflectance ultrasound to measure the surface

coating and wearing patterns of polishing pads.
BACKGROUND OF THE INVENTION

Chemical-mechanical polishing (CMP) is used
15 extensively as a planarizing technique in the manufacture
of Very Large-Scale Integration (VLSI) integrated
circuits. It has potential for planarizing a variety of
materials in IC processing, but is used most widely for
planarizing metallizied layers and interlevel dielectrics
20 on semiconductor wafers, and for planarizing substrates
for shallow trench isolation.

The growing use of copper for circuit interconnects,
but lack of etching techniques to remove copper, has led
to the adoption of damascene processes and the use of CMP

25 to remove excess copper and associated barrier metals.

In shallow trench isolation, for example, large areas of



etching processes has been | argely unsuccessful. 5 However, using
conventional CWP, where the wafer is polished using a nmechanical polishing
wheel andwe 04120392 of chenical etchant, unwanted oxi de PeatEREl027295r enoved
with a high degree of planarity. Simlarly, nmultilevel netallization
processes, each 10 level in the nmultilevel structure contributes to
irregul ar topography. Planarizing interlevel dielectric |ayers, as the
process proceeds, is often now favored in nmany state-of-the-art IC
fabrication processes. Hgh levels of planarity in the nmetal layers is a
common 15 olfjiedtd wesidandust el pojriehmetediby tos pmgdpcegai pllanbeve
connections. A _pr.eferr appr,oach_t.o plug formation_is_.to blanket deposit
a thick netﬁtﬁéiﬁ?,‘%%ﬁ%%isfﬁgﬁeﬁéngg%aﬁﬁ|8%@f ??? Fﬁ?aSﬁOFhe interl eve
di el ectric atdast chd ridrll eMemetiendofs a2 ardetrhes ingmoveddgttibaaéxcess net al
20 using CWVP. may al so be.used for .polishing an oxide. |ayers, such as
S 02, Ta205 e&rcgvfgt% %rocteﬁsﬁﬁ PSF ReEH dETSCAye g‘sélﬁgﬁsﬁguéi'., N4, TaN, TiN.
There are, hosewer, defing ercivesitilonadr CMPndehstrendihegwbliermikt i pl e factors

t hat affect > 25 perf.ormance. . These.defi.ci enci es.derive .in rt fromthe
l ack to noné%@?f%%?f&ﬁ”ﬁﬁ%ﬁb&?cﬁgné§?#u P18 F@a@?esﬁ a??eﬁsgiﬁrfﬁé
producti on GV¥P diads,cads amiHamas ewvalamttedn@xidae maeating cbataebetedsti cs of

Ty be 30 cUdatodtE) AFERCG CHoSHARAZA Yanal ysi o (W) and Fourier &
Transform | nfrar ed (iFEHR)y , Speatrideeely metbldpeetivel proSeskerpasucdnent s,
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irregular topography. Planarizing interlevel dielectric
layers, as the process proceeds, is often now favored in
many state-of-the-art IC fabrication processes. High
levels of planarity in the metal layers is a common
15 objective, and this is promoted by using plug interlevel
connections. A preferred approach to plug formation is
to blanket deposit a thick metal layer, comprising, for
example W, Ti, TiN, on the interlevel dielectric and into
interlevel windows, and then removing the excess metal
20 using CMP. CMP may also be used for polishing an oxide
layers, such as Si0O,, Ta,0; or W,0;, or to polish nitride
layers such as 8i; N,, TaN, TiN.
There are, however, deficiencies in our
understanding the multiple factors that affect CMP
25 performance. These deficiencies derive in part from the
lack to nondestructive methods to evaluate efficacy of
steps in the production CMP pads, as well as evaluating
the wearing characteristics of such pads. For example,
the mechanical and chemical properties of CMP pads may be
30 evaluated by dynamic mechanical analysis (DMA) and
Fourier Transform Infrared (FTIR) Spectroscopy,
respectively. Such measurements, however are performed

on strips or samples of material cut from pads. These



approaches, therefore, are not ideally suited to provide information about
the dynam cs of pad production and wear during use. U trasound provides a
pot ent i alwoeamg2tz2nondestructi vely eval uate these propectisg003d2Mdoficont act
opt oacoustic netrol ogy, for exanple, wusing laser light to generate and
detect ultrasonic waves, has been used to characterize netal deposition

and Unif0er£¥oQEh§§UiEHEQH§BQé vwatersobei gegl apdsaftes €dMProdegdni ques
t hat bounce an acoustic signal off of the 10 wafer b |ngi£ﬁgé%£ed, simlar

to sonar priihépprasioRazboubebReuSBEARECHPECPAPOPTSAIRA i ¥t3C Direct

transm ssi 0g,$¢a8N,88 . Ul {1 23QUBAnaWISE61 @8 Ukt p8SERE £al SheMas ©enerated by
a transducer attached to a pad is passed through the pad to a receiver on

t he oppositaosfgetrscefivehy pHalunks bBeReuBEEPEECH8Bect i nhonogeneities in

ul trasonic transg,ssi0R2FPbbtHYESusPOEShbE Yol 853t €HotOcxbfig1®ad s density,
el astic nodulus or viscosity  coefficient. This approach, however, requires

intimte constact lpseuedidohhietpedasaerragedanfceéchfdct HethReertal 20 being

tested, eithet 0y LOWEESLAd.LRE ¥B! 8hLALCLBrdzeCAUPhL NEebbYidion avacuum
suction of a sendor tothe material's surface. Such contact disturbs the

surface thaniferpétygomeasnicgndsgehrneasarentafonpprbachésedrePal so un
acceptably sl.ow,;F0L X3 '%owéﬁguhh'QSoHEE%c}Q?ﬁn§§ gre day-hQ nmeasure the

surface of a polishing pa reover, none o e above descri bed
appr oachés, waddredbs ingnppddisirg ., ofipadasuEpasesagupPirhgCciBers  phddfcti on and

nonitoring pad' ar a et LGS ccardingl ypiphat is needed is
an inprovedkgthg%egfW%3ge§%?%gB&?EFggggngnébﬁggﬂggstruétiver_nDnitor t he
product i on amdneedsisignpaceenisgofltihessurflacwheteCRR UpaE3SORAFEl e not

eXperienCin%i%%%la%%%%igﬁ%%?%@eg transducer attached to a pad is

passed through the pad to a receiver on the opposite gside
15 of the pad, has been used to detect inhomogeneities in
ultrasonic transmission amplitudes, possibly related to
the pad’s density, elastic modulus or viscosity
coefficient. This approach, however, requires intimate
contact between the measuring device and the material
20 Dbeing tested, either by immersing the material in a
coupling fluid or by vacuum suction of a sensor to the
material’s surface. Such contact disturbs the surface
that is being measured. Such measurement approaches are
also un acceptably slow, for example, requiring more than
25 one day to measure the surface of a polishing pad.
Moreover, none of the above described approaches, address
inspecting of pad surfaces during their production and
monitoring the pad’s wear characteristics.
Accordingly, what is needed is an improved method of
30 using ultrasound to nondestructively monitor the
production and wearing patterns of the surface of CMP
pads, while not experiencing the above-mentioned

problems.



probl ens. 3 WD 2004/ 024392 PCT/ US2003/ 027215 SUMVARY OF THE | NVENTI ON To
address the above-di scussed deficiencies, the present invention provides,
i n one emyodomnt3oza system for neasuring surface prop@CoiEs2003f02215
polishing pad. The 5 system conprises a polishing pad having a polishing
surface associated therewth, an ultrasonic probe |ocated over the

pol i shing shaskrarst are bawasheGPupl ed to the ultrasonic probe. The -
probe is configured to both transmt an ultrasonic signal to the polishing

surface 10 and receive a nodified ultrasonic signal fromthe polishing

surface wi thout coniagtidids e RAIJANING o MILAHR s ThRSURSY SLEM | S
configured to determne a surface property of the polishi ng pa fromthe
refl ection. oBdenty dnvamtinr meidiatsentin tdre Eréseiimentyert isgstepr ovi des a
met hod for neasyrd ; P f .a.pql.i_shing d. .The nmet hod
i ncl udes situat %égg%nfquﬁ %é%%%c%%é&%%v%fa ap&%ﬁéﬁ?%@sé’rg acgﬂgf a
polishind pFExEtem tdwupricord acalg sthiegpglaids avg nsurf god.isfhies?0 met hod )
further co Ses.dr 1.t L | t.r.@asonj_c i | .fromthe.probe to the
pol i shi ng rsnu% ace,ét e ujl%ﬂrée{got%%g%g%l&%eﬂ %tgleiunlg:x%% I |Ce§°r1533%)2t %ecﬁ‘%ﬁdshi ng
surface. Thevest Hdt: gislol shmiclaides fleereiaridng: tshd symdief @@bupileglna:o byret he

ul trasonic qhe, . T ol egai out ] i preferred.and alternative
features of IQ{lhe psrcéglecn{b%ignbvée'nt iqg{néq&%%ﬁatisj’t F%E%lg{?%l %le&:o ibr?tt%he art may

bet t er undertstearsinittheardetldideesbrdes criigntsiloto d¢fhet hpeliimbdanti enrtthat f ol | ows.

?g?h:iggﬁJ féﬁglyé§%f¥e ér%%df?ﬁ%&id%%fgggni%?sq%%%ﬁi%%%HP%%%inafter that
polishing surface without contacting the polishing
surface. The subsystem is configured to determine a
surface property of the polishing pad from the
reflection.

15 In yet another embodiment, the present invention
provides a method for measuring the surface properties of
a polishing pad. The method includes situating an
ultrasonic probe above a polishing surface of a polishing
pad, without contacting the polishing surface. The

20 method further comprises transmitting an ultrasonic
signal from the probe to the polishing surface, the
ultrasonic signal being modified by the polishing
surface. The method also includes receiving the modified
signal by the ultrasonic probe.

25 The foregoing has outlined preferred and alternative
features of the present invention so that those skilled
in the art may better understand the detailed description
of the invention that follows. Additional features of
the invention will be described hereinafter that form the

30 subject of the claims of the invention. Those skilled in
the art should appreciate that they can readily use the
disclosed conception and specific embodiments as a basis
for designing or modifying other structures for carrying

out the same purposes of the present invention. Those



30 subject of the clains of the invention. Those skilled in the art should
appreciate that they can readily use the disclosed conception and specific
enbodi menwe 2aer/@439asi s for designing or nodifying ot hePCItusaaBweess f or
carrying out the same purposes of the present invention. Those 4 WO

2004/ 024392 PCT/ US2003/ 027215 skilled in the art should also realize that

such equiv r i r rQmt of the

i nvention. %%12%&64 02%92%@%%%2%1%1% E%eaé TION OF THE
DRAW NGS Forequ it kerionpdrs brusitierrst awlinat oiepd ifimoenttihen, scapef erfence i s
now nmade to | descriptions taken in conjunction wth the
acconpanyi ngé%%a%m%%r?y\ilér}gi/\hi ch: 5 FIGQURE 1 illustrates a systemfor
measuring surface properties of a polishing pad; FIGURE 2 illustrates, by
flow diagram a method for neasuring surface properties of a polishing
pad; FIGURE 3 presents representative near infrared 10 spectra of sanples
of different thernoplastic foam polishing pads after variabl e periods of
coating with a polishing agent conprising Tetraethoxy Silane (TECS);

FI GURE 4 shows the change in near infrared signal for representative

t her nopl astic foam polishing pads 15 exposed to different coating periods
with TECS; FIGURE 5 shows the tinme course in change in the acoustic
reflectance fromthe surface of exenplary polishing pads as a function of
silicon dioxide coating tine and illustrates the relationship between
acoustic 20 refl ectance, transducer transm ssion frequency and the



air gap between the transducer and the polishing pad surface being coated
with a polishing agent conprising silicon dioxide;, FIGJRE 6 illustrates

t he use oWworoog@assact 25 ultrasound to nonitor wthin bacalueeBlertiance
uniformty of representative polishing pads after coating with

tetrai sopropyl-titanate; FIGURE 7 illustrates the nean refl ectance and
absol ute val PEEoPf Blfsia@l ues of 30 representative
pol i shi ng pads ﬁé&ftﬂeﬂri&(::%atl ngl@va}{ ﬁfﬁf?{ ral soépé?opyl -titanate; FIGURE 8

defi nes wearFsec inrse faymal elsedupisiambinpad, HeGiRE<Mthoesent s

representati i %Sﬁr ect t-al I.f.f er.ent sections of
a polishing y%%%%g%%g %@Sé%%é/ %gqldp?c?sgclfl{l r%lémpse?_’lag{&nof use;
FI GURE 10 prioserms) usprsseniiath vehes carmumgpretiest rdormwimogr dscopy dlnages of a
surface differ i f | i shi.n d after _a _period of use; 5
FI GURE 1(igi | 1 ust rﬁﬁe%@feﬁfe nlfluasrontrcaqi%sgﬁaanﬁs}ﬁsa & %ﬁcﬁi %ﬁassusrhlo ﬁ’gurtq: s

rel ati onshi ppimeweied osS dviehil ishirgndakenperature for different sections

of a used polishi - FI.GURE 12 |l ustrates,.the rel ationshi et ween 10
St orage Mbdul us gﬁn errgzerla e a(])tre%i f Yerirelrﬂw AT 5 meé&l?sdg&%ﬁol i shi ng

pad; FI GURE rasihtirsy rateiadderadeatt iens i setolserhiban padkl ta and
Terperature for difdgrent secilans ofo.8 4sede R Lalhng.pad, 4P FI OURE 14
10 spectra of samples of different thermoplastic foam
polishing pads after variable periods of coating with a
polishing agent comprising Tetraethoxy Silane (TEOS) ;

FIGURE 4 shows the change in near infrared signal

for representative thermoplastic foam polishing pads
15 exposed to different coating periods with TEOS;

FIGURE 5 shows the time course in change in the
acoustic reflectance from the surface of exemplary
polishing pads as a function of silicon dioxide coating
time and illustrates the relationship between acoustic

20 reflectance, transducer transmission freguency and the
air gap between the transducer and the polishing pad
surface being coated with a polishing agent comprising
gilicon dioxide;

FIGURE 6 illustrates the use of noncontact

25 ultrasound to monitor within batch reflectance uniformity
of representative polishing pads after coating with
tetraisopropyl-titanate;

FIGURE 7 illustrates the mean reflectance and
absolute value of the range of reflectance values of

30 representative polishing pads after coating with
tetraisopropyl-titanate;

FIGURE 8 defines wear sections for a used polishing
pad;

FIGURE 9 presents representative near infrared

35 spectra obtained for different sections of a polishing



noncontact ultrasonic transmttance and polishing surface |ocation, as
defined by distance fromthe outer edge to the center of a used polishing;
and FI GUREODBo4qezents a representative reflectance 20Ppcmageosfo2zz1sect i on
of a used polishing pad. 7 WD 2004/ 024392 PCT/ US2003/ 027215 DETAI LED
DESCRI PTI ON Recently, ultrasonic transducers have been devel oped to
facilitate thestransmj tg%gkgi@&]dofqgseé.\/i ng of ultrasonic signals through
air to performnoncontact 5 testing of paper, wood, ceramcs, netals,

pl astics and conpysiRRslO TheegersemepraasTttad wx plwinmsindhe legewirous| y
unr ecogni ze : i i r 1,Ng. S t ducers
and associ aﬁ?a%&y(?érgstr Srrle[ﬁ%ga%?oér? a:n %éa?ér;gg daﬁ%%ﬁgéc %e?adg%:bél % %%S 10
surface propeelislsing prod ixsfien parkricthiat awioach is superior to

previ ous @pproac% t, i ekl i t e .coptact between sensors
and the sanpl e sur aI(B:]Eg\Ea ]ble?lﬂlgdrrsgtcaksur edn'%Ten ar%%r&?icculp%rcfﬁatﬁécagystem and

met hod of tAeaiyesemhiowirentilon reha theoradvian tegemes] y.assedddulifs nonit or

t he producti I pﬁwl : t he coat.in i npregnation of such
pads with ce%gampjgermn@%éaﬁ% S. e&%s%ﬁeer% asr?cf% e r%oc(l%rrraay éﬁeglg be

benefi ci al | ypalssshing miderve the wear patterns of the polishing surfaces

of such pads aft iads. -of e. 20 Fl GQJ Il lustrates one enbodi nent
of the present iﬁ/c;e% olﬁi,j lalols%lsgtsreamtel%d:q‘eorr%ﬁea;tsjl?rnlshrlﬁps r%éf'(?eenproperti es
of a poliGhiSigppagk Mddulsystaanl IBOnmominises o hlfifehiany sead it kdvi ng a
polishing surface. 110 associated therewth. The system al so has an

ul trasonic lpj)a[ro eeﬂl%ool%ﬁno%ﬁaecg over the polishing surface 110. The probe
115 FIGURE 13 illustrates the relationship between Tan

Delta and Temperature for different sections of a used
polishing pad;

15 FIGURE 14 illustrates the relationship between
noncontact ultrasonic transmittance and polishing surface
location, as defined by distance from the outer edge to
the center of a used polishing; and

FIGURE 15 presents a representative reflectance

20 dimage of a section of a used polishing pad.



transmts an ultrasonic signal 120 to the polishing surface, and receives
a nodified ultrasonic signal 125 fromthe polishing surface 110 w t hout
cont act i ngotzae/02psR2i shi ng surface 110. The system 100 alpsa/tispaidwdessa 30
subsystem 130 coupled to the ultrasonic probe 115 and configured to
determ ne a surface property of the polishing pad 105 fromthe nodified

signal 125. YRR @y be coupled to the probe 115 via a
conventi onaI:D al}%cbzmmsﬁilacatl (?rifpl ine 135 or via a 8 WD 2004/024392

PCT/ US2003/ 027215 conventional w rel ess conmuni cati on neans. The

ultrasonic probe 1 r.ef er.ahl rd i.ng | trasonic tr ducer.
In alternative e%beoccl?ﬁlnt@ﬁ{t’s?l]%%va\é\?g’l&fg)ttﬁ%%ss@gb%ergl%V%ag)e%%rr%re&seéogggepar ate
ul trasoni ¢ transdudertsates tdenftirgursad tframd reands mieceiinvg ngnd fr ecei vi ng.

Exenpl ary desj.gns_ for the probe.115 .suhsystem 1 n QI i.cation line
135 are pr es@h‘“%e%gcl’nr%%.%gr%&tsen h%i.gh é%%,osffrt%g)r%hglro \c/é\:/al ,t %Irt{‘d U S.

Patent N& 6&A3 OGO pageessowaet, aerantatsh metedgor afledthieseiamdby
reference. 10 In certain enbodi nents,. for exampl e, t.he gbe 115 conprises
separate fi rstS % r asTg’rﬁ o T B O Sa?hae transnitter and
recei ver l1llGredibudihe urtreansyrildeet satvhiteesisverf 1EGngl b7 sarseehocat ed above

the surface 110 such that t@g tranzc{n'ttesd 12d0 andcrieccﬁei ved 15 125 signals
are not per peHaT &A1 (S dr's . SEACGHEE enbodi nent s, t he
probe 115 comytimaserscdtiat, afd rasion G cansducer siceenfrieguhed transmtter

i gnal | £20 (T AR TSGR R G Y D5 108 P BBy A5 v ng. a
signal 125 tgsupeseeondb phdwiasoiappiraatic aitmhc ariduguesd ek iag ecei ver 119
intimate contact between sensors and the sample surface
being measured. In particular, the system and method of
the present invention may be advantageously used to

15 monitor the production of pads, in particular the coating
or impregnation of such pads with ceramic materials. The
system and method may also be beneficially used to
observe the wear patterns of the polishing surfaces of
such pads after periods of use.

20 FIGURE 1 illustrates one embodiment of the present
invention, a system 100 for measuring surface properties
of a polishing pad. The system 100 comprises a polishing
pad 105 having a polishing surface 110 associated
therewith. The system also has an ultrasonic probe 115

25 located over the polishing surface 110. The probe 115
transmits an ultrasonic signal 120 to the polishing
surface, and receives a modified ultrasonic signal 125
from the polishing surface 110 without contacting the
polishing surface 110. The system 100 also includes a

30 subsystem 130 coupled to the ultrasonic probe 115 and
configured to determine a surface property of the
polishing pad 105 from the modified signal 125.

The subsystem 130 may be coupled to the probe 115

via a conventional data communication line 135 ox via a



| ocated on the opposite side of the pad 105. Conbi nations of different
probe 115 configurations nmay be advantageously used to provide nultiple
measur enewpD00f02a39225 pol i shing pad. As further ill ustr@cediseen3tore1s
Experimental section to follow, the probe's 115 ultrasonic signal 120
transm ssion frequency and the air gap 140 |ocated between polishing

surface 110 di{18 HPPE 111D A & ROUTRY LI RATATE IS Lﬂftfr%gstroin'l% the

utility of the reflected signal 125. In certain _enbodinents, exanpl e,
t he transm tReebal ¥ yagwiffempighalcomgriseshet wawleabddrat®®ikHz and about 5

MHz, and nor |y %MM;%P%EQ b Mz [he air gap
140 is 35 beij’tar\/\%{esﬁi%%ﬁ't grﬁ%{lang aag%)iﬁ%tg mm an rrsf)}r gl%tf)ﬂreg? er’aé-]h% 9 WO
2004/ 024392 RCI4JSIOD 02 7o st wesrersimite 12 masand calfgemsgiioems | n
certain re Sipodi mant he it ' : j}i:ig%,aso ' ' 120 is
about 3 %c%{d{% al ?fggap %%lrﬁa ﬂoﬁ%%%%r#} e po%ixlcesrﬁl%g@pad 105 and
pol i shing sutdsicand 1PmEyhe Hwdrprilse anwpsyEhaantliddnaindmat eri al used for
CVWP. More p ; : nad ﬂqg | shi SUF e re._any of
the materi aléﬁd&%%%telcérrﬁllgﬁey %%st e é%%véeeﬁe erl%ngfe'é%c' gf];latjcé%ﬁ gqﬁdl i cations
by Qbheng ands Yokl 6573 Yok |Bhamivwihi Osend;U.ct. Cedmgptantd .THoBesS., SAor texanpl e,

t he poli shi 10 pad,_may c r.ise a ther stic foam substrate and a

pol i shi ng ag\’eé?l?s%rga?if n%j/'t’hég%orf iSH g sur egicglegfe%t%ey srueb%; TAE In certain
pref err e enbodi mentssritdien ddivrdioprast,i Edmwarsulis,r athe o 965 a

crosslinked n?' etehgll ene 1g:l ose],:d._-lpetll fpa Inocl)ltirg:er Iprefderrq:d 15
enbodi nent s Cfcgep%%sf i srﬁ??ga aagte%t o searré(gt@c}:ﬁarsom a r@lﬁ? S5t Eer ani cs
consi sting aforBiiquosd Biox degrabidmaiiten and receiver 116, 117. The
transmitter and receiver 116, 117 are located above the
surface 110 such that the transmitted 120 and received
15 125 signals are not perpendicular to the surface 110. 1In
still other embodiments, the probe 115 comprises a first
ultrasonic transducers configured transmitter 118, on the
same side as the surface 110, which generates a
transmitted signal 120 that goes through the entire pad
20 105, thereby providing a signal 125 to a second
ultrasonic transducers configured as a receiver 119
located on the opposite side of the pad 105.
Combinations of different probe 115 configurations may be
advantageously used to provide multiple measurements of a
25 polishing pad.
As further illustrated in the Experimental section
to follow, the probe’s 115 ultrasonic signal 120
transmission frequency and the air gap 140 located
between polishing surface 110 and the probe 115, are
30 important parameters affecting the utility of the
reflected signal 125. In certain embodiments, for
example, the transmitted ultrasonic signal 120 is between
about 100 kHz and about 5 MHz, and more preferably
between about 2 MHz and about 3 MHz. The air gap 140 is

35 between about 5 mm and about 50 mm and more preferably



D oxi de, Tetraethoxy Silane Polynmer and Titani um Al koxi de Polyner. In

ot her advant ageous enbodi nents, the polishing agent is selected froma
group of wol2pme283920 consi sting of Pol yal cohols; and Polpganisn@s/2he system
100 may be used to characterize any nunber of surface properties of the
polishing surface 110 may be determ ned fromthe reflected signal 125

using nethods. nown aqgg!!n P d nd art. 25
Non-limting ex‘h\é@n%)llr es | ncllu%e%rgty, u?%%c@"l’ext ure Il}:ganlg{_ .

Vi sco- El ast ipFeferiephesarodiamntys, ttee gropemitdsd dildossedid midadsdsh C.
Bhar dwaj , Nop%[g:oﬁpé t %@K , t t4er, i - ructive
Testing and va ug%lg%l#j 3|rn %é%&%‘i%gag{v&%d %@%%g% wartz ed.
, 30 2002), incorpPwe sl dteired rpdy ¥E&F earehqel el dee sr:ddaeremlrielj.ma‘y_et )
anot her O'Ega__nf f e t_jnvent. on i-s f% 0 r asuring the
surface ;e)érﬂc))péeié esSéé)f‘—irl(iatyh cpcgﬁ;s m%ﬂagla . 1LJ‘I':t?‘‘plﬂzjlnalllng T the %D%E\?v diﬁEgrream

depi cted i n BERGIRE 2, thdearkt il 20D pald aidesy siunfatdend lan axdet raagoni ¢

10 WO 2004/ O%LASE%%G F[‘Igé 053/(9 SDeci)robeanaboovfe t%eooalbios'\rhei nl%éuref ace of a
pol i shing pad 210, vmef. out™ contacting tThe r}’ol I"shi'ng "surface. “I1é"5vet hod
200 furt herpatretiudgsol resinid iy Goend taras ofukil 31 ;griadk 1220 arfd om t he probe

to the polishing surface. the ulfrasonic si gnal_-bei modi.f.i ed by the
pol i shi ng su&?ea%’. %:&éﬁ?ﬁ Hot _néﬁsfs'o i n(.)cﬁ prlee(!ei ené)qlﬁés i fied
signal 1230 pad ey ecbrfipoinsd hee ot dnsdp Inegs tsiwr ffacen byuddwersammmy a di fferent
ultrasonic pr

ul transonic %C?%%é‘e%in%ﬁ‘%é q:lr gcdbaa{%jgggggé}iey%oﬁsﬁ’?j{ﬁ%e}a% fra\é\:ﬁgegir%ei?%?;at ©
configured isuldstfferent Il axatians @mte femnosd petjuelicdiecsidgr targl es above t he
surface thermoplastic foam substrate comprises a crosslinked
polyethylene closed-cell foam. 1In other preferred
15 embodiments the polishing agent is selected from a group
of ceramics consisting of Silicon Dioxide, Titanium
Dioxide, Tetraethoxy Silane Polymer and Titanium Alkoxide
Polymer. In other advantageous embodiments, the
polishing agent is selected from a group of polymers
20 consisting of Polyalcohols; and Polyamines.
The system 100 may be used to characterize any
number of surface properties of the polishing surface 110
may be determined from the reflected signal 125 using
methods well known to one of orxrdinary skill in the art.
25 Non-limiting examples include Density, Surface Texture
and Visco-Elasticity. However, any of the properties
discussed in Mahesh C. Bhardwaj, Non-Contact Ultrasound:
The Last Frontier in Non-Destructive Testing and
Evaluation, in ENCYCLOPEDIA OF SMART MATERIALS (Mel Swartz ed.,
30 2002), incorporated herein by reference, may be
determined.
Yet another embodiment of the present invention is a
method for measuring the surface properties of a
polishing pad. Turning to the flow diagram depicted in
35 FIGURE 2, the method 200 includes situating an ultrasonic
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above or on either side of the pad, receiving the signal 230 further
includes receiving a transmttance signal 235 transmtted by the
transm t two 20bwusph t he pad or 15 reflected fromthe tr@&eIniszesn2120s5 a
receiver. In certain enbodinents, the method 200 may be advant ageously
used to nonitor the fabrication 240 of any conventional polishing pad. The

met hod 200 | Rgor. t.ed . f r ri-bed in the
20 above ci 'E%)éﬂ%gtaeﬂnt aggﬁ{o?ajtesﬁloln %or t C% Sﬁfg%u%{oﬁoq%%gfl%sf%lﬁls%ﬁiohg pads.

I n particul arithde merHed 0@ mde el iahiag syedesiey usie frethooni2t0ér i ng

t he coating | Shi 45 . th | shi .surface of a

t her nopl ast i%jﬁ%fnﬁpgl%%qdaé%ei%%nﬁ%%l% %5’5 u%%%b%%%&%éalf %(r% Oexarrpl e,
by transm t tirmn drite recdiey ity 220 pR3IGhina sagdrics  sitdreahd tadfetsemia peri od
of coati t na[alolﬂesiq_jf%gmr@%.e@ i rth%i rcboqri%fh%r e%u%rg%odi ms%%, however,
the noni OI‘I% I'S "perrorne dlurlnéletthe oati ng ocesscfSO, 0 with the
probe and t heetgold sHihglpad drodatdesds ineceingact ithe clahifdredusadnidr coati ng.

Incertainﬁw i S,¢f e | e.-.the coati rQce na conpri se
exposi ng a sur gcgeeﬂgef@tt%de %Oen} )r%lpr%)%qlilcs 0 a“é'tusrt%%&%r ;%P/e%t%& i al
pl asma r eact@ntfdmempr oduom sor8s modidd .ed Isurdeatea inherle@rnatheremodi fi ed

surface is then ..11 2004/ 024392 PCT/ US2003/ 027215 xposed .t.0o a
secondary pleggo n%dlrmeeélgt\gdntw eorecrseeaPt‘—’lerat(gr-%e Iﬁ%orlains Olnr%é: ?lfroﬁ)fp e c@ﬁlftll%lrﬁgdi fied
sur f ace,1a heegpd vestamig t esurafrak e-eceniprars ed-eofedntfd gquolads Him @l iddentent

Ao et ve ey 18, P9I B SESS T sl e 2poring, Bipl seLie
t her eby produserea awdif ieceidther side of the pad, receiving the signal
230 further includes receiving a transmittance signal 235
transmitted by the transmitter through the pad or
15 reflected from the transmitter to a receiver.

In certain embodiments, the method 200 may be
advantageously used to monitor the fabrication 240 of any
conventional polishing pad. The method 200 may be
incorporated into any of the procedures described in the

20 above cited patent applications for the production of
polishing pads. In particular, the method 200 may be
advantageously used for monitoring the coating of a
polishing agent 245 onto the polishing surface of a
thermoplastic foam substrate. Monitoring 245 may be

25 done, for example, by transmitting and receiving 220, 230
ultrasonic signals after a period of coating the
polishing pad.

In certain preferred embodiments, however, the
monitoring is performed during the coating process 250,

30 with the probe and the polisghing pad located in a
reaction chamber used for coating. In certain
embodiments, for example, the coating process may
comprise exposing a surface of the thermoplastic foam
substrate to an initial plasma reactant to produce a

35 modified surface thereon. The modified surface is then
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plastic. In other preferred enbodi nents, the nethod 200 may be

advant ageously used to evaluate the wear pattern 260 10 of any

convent i owel2opi2ezhi ng pad after a period of use to pol ipshiusgos/oeaigr, such
as a sem conductor wafer. In certain preferred enbodi nents, however, the
method 200 is used to evaluate the wearing of a polishing pad during

pol | Shi g 203 ddL SHEN LTRAUIBALS p1LAR-POLESILG A Lo Rad te probe are
coupled to a &ﬂ I'shing apparantus onpri sed of ~a mechani cal | y driven

carri er heagadnghdngpaiirdisiosy opl dthen modgif iedaspiré acehe thel poRisgipad i s
attached to th al i shin | at d. t I i.tting [ (VA 220,
230 are car rslué%a%u C\Sﬁﬁ{l Ig‘ t Cgo?;rt?}%e Oggsﬁéags%c&%'a %&g;ﬁ%ﬁé‘é{eﬂ arts a
pol i shi ng f ditee cagaiimgt prdve gEolmaghiimylpaEe eaxpeslingh aa plafsér.c The met hod
200 may incl ude any cqonventignal, .Si | . .pr ' eps to convert the
refl ect e?sisd’lgbaﬁt%@ i%r?toa 5 l%rhr%aqgo%%e%oﬁ%t%%gk’s%%r ?L%lc% properties of the
pol i shi ng 2sypackcrfBdri ceXafileg,d thre thefredbot edosiugeala 28 iMeEgdbe used to

cal cul ate an acocusti c refl ectance spectrum 270 of the polishing surface.

The refl ect &4 HGs

al 230 may be rasterized to produce an acoustic
reflectance | mgam2&theaf pireef qrotdds migpdsimeindace. tliennledihlogd, 2t0l9e magf | ect ed
a-surfa texture

o0 FLInaL 20 S L, SRS T AT Sl S S b ol S
signal 235 ray &y usedrdm iatetlerpdinesta nelpatd wEtdens Pprdell of tise
poll 20, SCs S Foutng oSt Lhed d e sl NEnLIgn, | o 12 10
apparent by certain preferred embodiments, however, the method 200
is used to evaluate the wearing of a polishing pad during
polishing 265. In such embodiments, the polishing pad
15 and the probe are coupled to a polishing apparatus
comprised of a mechanically driven carrier head and a
polishing platen. For example, the polishing pad is
attached to the polishing platen and the transmitting and
receiving 220, 230 are carried out while the carrier
20 head holds a wafer and imparts a polishing force against
the polishing pad to polish a wafer.

The method 200 may include any conventional signal
processing steps to convert the reflected signal 230 into
information about the surface properties of the polishing

25 pad. For example, the reflected signal 230 may be used to
calculate an acoustic reflectance spectrum 270 of the
polishing surface. The reflected signal 230 may be
rasterized to produce an acoustic reflectance image 280
of the polishing surface. Similarly, the reflected

30 signal 230 may be used to determine a surface texture of
the polishing surface 290. Alternatively, in certain
embodiments, the transmittance signal 235 may be used to
determine a relative density 295 of the polishing
surface.

35 Having described the present invention, it is
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reference to the follow ng experinments. It will be appreciated that the
experinents are presented solely for the purpose of illustration and
shoul d nowolreoswmasser ued 5 as limting the invention. FoPCEasawiz®272ast hough
the experinments described below may be carried out in a |aboratory
setting, one skilled in the art could adjust specific nunbers, dinensions

and quantitigs: 4,19 +apPr oL | ALfe WAl 1eS ot ? UL -36al e plant; sef i ng. 10

Experi ments sefs of experinenis were con t 0 exammne use of
noncont act urefesonerl to:ths feohlewing hexmodthery: of Jtme:virﬂnlplkastl c

subst e Wi 9ol 16D G A0ORUS! AT, Fler Y L HRLE LG MERILDG RALLET D of

pol i shing surfaces o pol I'shin er vari ous perlo
Experiment 1tie therpop ast i tl Testrmratdst rmda skesa ¥ rmmed bentapnatimed ar

pol i shi ngs pads P{mf@ﬂ{ﬁxﬁ}@te' eHZlOCPcdeA n%{a%ﬁ, 4, fogtrﬁ bt)ﬁtjl%tt 3 cm

t hi ckness e conmmer ai ned" t her It e (J-foam
fromJNS Pl asx@@simemm)tdemcnt\ﬂk)ed deslcgmaﬂad m d‘a]r:ﬁ{bd' cmmpjm sed a bl end of
about 18% EVAY, &Pa%g about 20%.t

and al ance ne and
ot her addltlves Suc as’segljrn%atone %%lalplréeds th tahre cocﬁ'ﬁecil A;yq provi ded
substrate. T$};eec:]3=1‘ﬁi): mhm:ssmmemm varich @amﬁn;ﬁre:g alp ad ti ng bl ade
(Model  nunber_ D5100 Ki om F cken-Kirfe n, Germany). The sheets
wer e t hen narﬁ%rfcf%/rl?te%n—\é \Iﬁ%h n %qﬁgo]uﬁqas]oeprgp%}ft S{ " solution. 30
The J-60 substrate was then coated wth a polishing agent conprising

Tetraet hoxy Silane (TEOCS), by placing the skived substrate into a reaction
chanmber bf EXRIAEIGhal commercial Radio Frequency G ow Di scharge (RFGD)

plasma reactor hayd ngkds EMEKAE MR RN edBhfEYPES examine the
use of noncontact ultrasound to: 1) monitor the coating of
thermoplastic substrates with polishing agents; and 2)
evaluate the wearing pattern of polishing surfaces of

15 polishing pads after various periods of use.

Experiment 1
A thermoplastic foam substrate was formed into
circular polishing pads of approximately 120 cm diameter of

20 about 0.3 cm thickness. The commercially obtained
thermoplastic foam substrate (J-foam from JMS Plastics,
Neptune NJ), designated as “J-60,” comprised a blend of
about 18% EVA, about 16 to about 20% talc, and balance
polyethylene and other additives, such as silicates,

25 present in the commercially provided substrate. The J-60
sheets were skived with a commercial cutting blade (Model
number D5100 K1, from Fecken-Kirfel, Aachen, Germany). The
sheets were then manually cleaned with an aqueous/isopropyl
alcohol solution.

30 The J-60 substrate was then coated with a polishing
agent comprising Tetraethoxy Silane (TEOS), by placing the
skived substrate into a reaction chamber of a conventional
commercial Radio Frequency Glow Discharge (RFGD) plasma

reactor having a temperature controlled electrode

13



13 WO 2004/ 024392 PCT/ US2003/ 027215 configuration (Mdel PE-2; Advanced
Energy Systens, Medford, NY). The plasna treatnent of the substrate was
comencedwbyoiaizazduci ng the prinmary plasnma reactant, ARCgars203o27239
seconds within the reaction chanber 5 maintained at 350 mflorr. The

el ectrode tenperature was maintained at 30C, and a RF operating power of

300 vatts V@ényﬁﬁgfﬁé&&%ewﬁaa%y, e 25 €C AR LA AR5 5 upLEAdLCEd

for periods rangi rom about t o about m nut es af and
consi st ed ofMerH@E i x¥8) wi t Fhide pdieste Arepasiertheoantlunt sobsseeoaduesy

reactant in dfgndated! HAM NMRSGARYRLNSELOY g iAPOL BAGK PLESSULE:(BP) of

the secondary reactant “nononer at the nono enperaturé (MVRT;
50 10C). FIA2dREs, 3 &pd 430 | wstocade t heibisier oftlee coneaentional chabprocess,

FTIR spectr AV it t ati o] b ' ol i shing
surface \SvlE§ t ﬁ%qgc gglltei S |%ggl%§%gﬁt .f%pe%%%gﬁ\fgrag %%%eﬁ%%%ne a"FTI R
spect r onet ermd EHR N 288, FPet®j nafdl ner }F Saaphesnof powersabsBoat Baatter

di fferent perjod coati e ved.fromthe reaction 20 _chanber and
pr epar ed fosﬂﬁl ;lés)gpde’ct r oség'gjpéﬁfuﬁrl{t?%i I I%a]s?t r %]teggnéitarpfeasrfaafj\%n i m't8ti ons
in using FTIRtspbotedstopy perimos tremding cledm ngbpnbc@ssco naibdutpl espads

must be sacrjficed d | tipl.e sappl es .nust. b i ned during.the
coating pr ocr%élslléu?t?ﬁﬁﬁa{s]c rder':qiucl} r]ﬁ'r%\g atrh({er%ﬁjrnosclesssedt o 2%@ @E&‘Sf}eéflég HPt PEr ent
intervals0t Awlgas.n The saophe. of FE&GURIABry | tastraitesit hdle gasceakeng ti ne

i ncreases, the ETILR spectrosc signal s, at . about 1010 ( ign

Si-OSi strechj anm eé:ﬁloeﬁtc %go %ﬁ% v(agt)soé"? gREFSt PEFSERSCS d )eaéjgg, Eg’ﬁe to
net accunul atéamddrsi | Teatesnon hdwopad 38t suthacemoAsmek| ugtsakediin
FIGURE 4, t eer}\ﬂeapastmlxté[ amf'}j{al';atSO + 10°C).

FIGUREs 3 and 4 illustrate the use of a conventional
15 process, FTIR spectroscopy, to monitor the coating of the
substrate’s polishing surface with the TEOS polishing
agent. Spectra were obtained on a FTIR spectrometer (FTIR
1727, Perkin-Elmer). Samples of the substrate after
different periods of coating were removed from the reaction
20 chamber and prepared for FTIR spectroscopy. This
illustrates at least two limitations in wusing FTIR
spectroscopy to monitor the coating process: multiple pads
must be sacrificed and multiple samples must be obtained
during the coating process, thus requiring the process to

25 be stopped at different intervals to obtain the sample.
FIGURE 3 illustrates that as coating time increases,
the FTIR spectroscopy signals at about 1010 (assigned to
Si-0-Si strech) and about 850 cm?' (assigned to Si-OH)
decreased, due to net accumulation of silicates on the pad
30 surface. As illustrated in FIGURE 4, the transmittance at
either wavenumber increases linearly from 0 to 30 min and
then starts to decrease thereafter. The decrease in
transmittance is thought to be due to competitive signals
being received from native versus deposited silicates. As

35 noted above, the foams pads also contain silicates as
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ei ther wavenunber increases linearly fromO to 30 mn and then starts to
decrease thereafter. The decrease in transmttance is thought to be due to
conpetitiwe 204natk being received fromnative versus @epas2esd2®isfi cates.
As 35 noted above, the foans pads al so contain si licates as 14 WO

2004/ 024392 PCT/ US2003/ 027215 filler material.  These native silicates have
essentially gt ank Si gﬂzﬂ% | TEOS.
The depositi onﬂgerlts)cessé?navid ves ﬁn%%ﬂ%%]esrﬁjgg%#(%gd?%e s%%%%%téiélg
silicates ardelepostt FOARofsiggddtomteesasd vha plepsisd tedh asrckeicattessi ﬁacbmvapor
deposi tion Q) - r t. 30 p nat.l silic |s
substanti al I'y repl ?éled dg %%§$§rogld%9%F%§ gzlb%g?tggdbggpl g%{éggerlrm &EE
result in FHHe sq;lgrﬂéﬂtcse pnatmvel yslﬂioateshandepim:IQManri i c@t esllwa]teh | s

oo tﬁol Bﬂt hlgtsle}e % gr a esg%?? c%%rc%paorsactt b s(tdv(b% fr‘ﬁg%t e

native si W on N s

spect roscopp]:tcmtrmnBtOmnIshe depbsmglpnocestshe di statnigné shisig ichetweens
silicate natjve.to.the - pad et rial versus Si ed ilica | GURE
5 illustrat eés\gt Héss o nohe le % ref| e893ﬁ5§8 Y as o}behd %%p?r%hF? r the

coating or mmmu@ paddis amd:d)rriemglit air IR @S_@mltallsnpﬁﬁltnp.ﬁﬁlly-rflﬁom

(Secondvave S5 RO a4 SBarg Sy EBRCPnacr RGTPEt e hBWREID FhYERCRE 5,

the pol ixghi raigLfsﬁmfeazte O@ftlﬂ!@ﬂ shbshcatesswece fooatde nscigeaspldcess.

11 con di ol TRGUSTERFER: 19ty BPRE pOFTShrhGCBur Pho SRIRS %ﬁ@%r ed on

di fferent pcdpeﬂumg;cpmis tbemonedof:rtdm tdwen triegr proaeelanbest 2hgai skf ng

different p%“é%&%ﬂﬁ (xfaca e natlv ortagﬁ tOpad material versus
deposited silicates.

15 FIGURE 5 illustrates the use of noncontact reflectance
ultrasound to monitor the coating or polishing pads,
according to the present invention. The transducer and
associated subsystem components are commercially available
(SecondWave Systems, Boalsburg, PA). For the results shown

20 in FIGURE 5, the polishing surface of J60 substrates were
coated using a process similar to that described above,
using a polishing agent comprising silicon dioxide. The
reflectivity of the polishing surface was measured on
different polishing pads removed from the reaction chamber

25 after different periods of coating. It is important to
note, however, that once the optimal measurement conditions
had been established, the reflectivity of a single
polishing pad could have been monitored continuously during
the coating process. One skilled in the art would

30 understand that these measurements are sensitive to the
distance of the transducer from the surface of the pad, and
that the distance must be routinely optimized for maximum
sensitivity and reproducibility.

To establish optimal measurement condition, wvarious

35 transducers, each emitting ultrasonic signals at different
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note, however, that once the optiml neasurenent conditions had been
established, the reflectivity of a single polishing pad could have been
noni t or edwoaaed/yzasl y during the coating process. OnepsHiuseed/oeTeis he art
woul d 30 understand that these neasurenents are sensitive to the distance
of the transducer fromthe surface of the pad, and that the distance nust

be routinel y.qphiJdH Zed; f oL, gBxi Hyghat?&é!Siéﬂé‘x}éyt%d ESBE%ﬂuﬁéQ'iléﬂn To
establish opti measur enent conditron, various 35 transduters, eath
emtting ul tvesadie ofi §hal pade, dvitlerdm trEBi1af0c20040024882at various

PCT/ US2003/ Q212150 d SaUeNGiies o k&1 L ual egh Above, Lhie £oatedpoli shi ng

surface of the pads, e trans oca various ~distances from
t he surface.thaoudh usPr atbe ifrddu@IREs A thier cugindil ttdie filegaeonycof the

transm tted ul sonl i gnal d.t Lr tween th | i shin
surface aSﬁd Slitgf?;aejl ré{a}%\(gdglé%r gg?e glg gre tQ g’r?t% l‘rlp:}éil %D %@ﬂic%?ﬁ%a?%eang
rel ati ve andud s tahnsefucest | wirey ohsertvaed. keramergdse, affhetiafl echance

fromtransm_ tted .signals of -,500 nd.:1 were relativel
insensitive ﬁeolat léf%e%}l%u %? 8gaff3§gz,ec%vé§yc8¥§zaerré’§dt'o ?g;%]?ls?ﬁ{?%%ﬁeﬁ gnal s
at -2 Mz arche ¥eHectabhsd [flrost tabpdni bt &6 GuREEsa BE @hd- 590, Kikeaadr ~gap

beteen gl ALSED A0 L1 Bol)sfiag ourdsce, absgs ol gt e,
signal it h e feeyersy ob t3ahblitbeddanighaldSagap 20fMizlZarkd g the.
6 and 7 11105 ot BT tRd e RortBRr a8t 200t PhcouE 5 TR o SR
bat ch ref | edftenaeramiduaran tand ather epilesaihat suefpeki shsogapadstaflt ehe
coating wit r1:eaf12eOc a?’lcies hsi;ingqqaalg.entAs I\Hftllgt‘h?aipeaé CPESF?(EUIQE !ISS,hI ngilggdg’ with
transmitted signal with a frequency of ~3 MHz and an air
15 gap of ~12.5 mm, the coating of the polishing surface can
be advantageously monitored.
FIGUREs 6 and 7 illustrate the use of noncontact
ultrasound to monitor within batch reflectance uniformity
of representative polishing pads after coating with a
20 polishing agent. Multiple batches of polishing pads, with
several pads per batch, were fabricated similar to that
described above wusing a substrate comprised of a
crosslinked polyethylene foam (Product Number SV4M, Volara®
from Voltek, Lawrence, MA) and a polishing agent comprised
25 of tetraisopropyl-titanate (TYZOR® TPT). FIGURE 6 shows
the wvariation in reflectivity obtained from individual
polishing pads within each batch. FIGURE 7 shows the mean
reflectance and absolute value of the range of reflectance
values of representative polishing pads after coating with

30 tetraisopropyl-titanate.

Experiment 2

To examine wearing patterns of polishing surfaces
after various periods of use, polishing pads were prepared

by exposing skived J60 thermoplastic foam substrates to the
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several pads per batch, were fabricated simlar to that described above
using a substrate conprised of a crosslinked pol yethyl ene foam (Product
Nunber Swabl20doi2az9a(r) from Voltek, Lawence, MA) and acpalseeizionrpimagent
conprised 25 of tetraisopropyl-titanate (TYZOR(r) TPT). FIGJRE 6 shows the
variation in reflectivity obtained fromindividual polishing pads within

each batch. J GRE GaNGWS; the, peAn, elleclance g&%d%%%o'é‘i V?Jgé.’@eé?f the
range of reflectance "values oF rep?e entati ve pofFishing pads® after coating
with 30 tetpdiistpmepyads t atestimnadbaubrasiehic @SHJ' exiBen helwearaned patt er ns
of polishin ces fter,.vari_ous i f. us olishin a re
pr epar ed b% 1?)?{)%% %’g Eél %& 1}35 af[E %erc%ggﬁagglssloglsf (L)i%eﬁ%“éélj %t?% ‘é%n?%g]t%%jge 16
WO 2004/ 024382 RPECEMBRGD IR T2E5 noaboneadésuilkivedogli af heagupeneess ¢H

produce $Si 02.coated ol.i_ shin ads, signated.as "J6OSE " As-illustrated
O e &1 e g R P 0 L E e 2 ne SP Ehs PO P ront &
and t he nongat agérel tedSoricc aeasaerhent s(Of; Scedeepr esertradkenCTpp,

o1 erent ssshionscsl, oia pely SR, oal e gl ned os; center (01
J60SE pol i shing prcs JErsE sed sxitiedy trnds Weare ngubpertied by pobvéshing
Under Tyl ng. ARUCDEY R ARAEIATR BAPPFE: o ayersLTiHgeoen palPenf ng
propertiles wergstagsessedavei nhd eamerdEdlyiped | abetut( Pradult Nohi&R0222
from Ebara Technal ogies, .Sacranento,  CA) .. Unless._atherwise noted, the
removal rat e 0¥ aﬂd’r‘i‘g?taédﬁlﬁgl ﬁ@ﬁ?ﬁg v%?%%s%%?é’ IFRING RGCRSHEWHSTBTER of
about 13. Ngmtedgwh2uefng sabsbmacetabduipol itsheaboroliypsi )No t abbe2speed of
about 100 from Ebara Technologies, Sacramento, CA). Unless otherwise
noted, the removal rate of tungsten polishing was assessed

15 using a down force of about 13. N per inch®? of
substrate (about 3 to about 4 psi); table speed of about 100
to about 250 rpm and a conventional slurry (Product Number
MSW2000, from Rodel, Newark DE). Plasma Enhanced
Tetraethylorthosilicate (PE-TEOS) wafers, ‘having a

20 thickness of about 10,000 A and a deposited tungsten
surface having a thickness of about 8,000 A and an
underlying titanium barrier layer having a thickness of
about 250 A, were used for test polishing. A conventional
slurry (Product Number MSW2000, from Rodel, Newark DE)

25 adjusted to a pH of about 2 was used. After polishing, the
pads were divided into the above-defined sections for
conventional analysis, or the intact pads were analyzed
using the non-contact ultrasound system and methods of the
present invention.

30 FIGURE 9 illustrates conventionally FTIR spectroscopy,
obtained using similar procedures to that described in
Experiment 1, from different sections of the pad. Sections
of the pad corresponding to the center (C) and edge (E) had
the largest FTIR spectroscopy signal at about 1010 cm™,

35 signifying the continued presence of Si0,. In contrast, the
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to about 250 rpm and a conventional slurry (Product Nunmber MSW2000, from
Rodel , Newark DE). Plasma Enhanced Tetraethylorthosilicate (PE-TEQS)

waf ers, maoizogr@4B®@ t hi ckness of about 10,000 A and a depogisted/o2imgst en
surface having a thickness of about 8,000 A and an wunderlying titanium
barrier layer having a thickness of about 250 A, were used for test

pol i shi ng. ;Lclqgv i I N o, .f ,
Newar k DE) ? adj stée tof%&tl)lljg%%/ [g%%%?i%ims u%%%%ﬁ%rt%oﬁﬁghﬁgg?kt he
pads were di{F)ddthd rit csnidhilel eabigradf iartedikget iloi® faor®. convent i onal

anal ysis, or the d ds,were anal yzed . .using the non-contact_ .

ul trasound syst er‘}iL f&%}%?ﬁoﬁgogf ]ﬁ?ere%rr%saé—ﬁtvﬁ n‘g%rh‘f‘?%%l. ﬁF#@ﬁ@lﬁg

i Il ustrates Eloawerdn oniaddosdobdyR Ispecas dSEDY, atobbaknedgtsifngasiohl ar

pr ocedur t.g that described i Experinent 1, fromdifferent sectjons of
Phe’ pad. Sedthoalrtacs [0f s SEFrPes SORIENG: 55 ROPELHEBIRECr=anar siBe (B
had the | argesgtedfHR syFeciiescopyssl gndhadpds aﬁmﬂe 1@b&admﬂed/ 35 ramgnafyi ng
the continued presence of Si02. |n trast, 17 20 024392

PCT/ US2003/ (PP C 4P RABEEERRATFr ol nBEBPPRY - o PV esportdith T9eRe
track (T) hadlestsredd ewhéi@f@lu’@iorab@ﬂltcli@rl@e:@ﬁh-tEéGﬂBEIllgtﬁh@’?%rﬁl’
representativ onventi onal .Scanpi n ectran Croscop es at
100X magni fi%ﬁtqﬁ'ﬁ .5 {Nhé Equﬁc S5t S dt it fidtemedsd iaG%]S egf%%aoﬁo]: €hi ng
pad aftero a(gmimbé&rb use:aSEM &m@@Th Saﬁ*@ﬂiﬂdobltl?i ﬂ@gclf:r@gﬁane@oF@ew@ieglf

i nstrunent (JE Peabody, . MA). e_.imuges illustrate t vol ution_o
changes in tHE ckPFUgt? c'f]&‘?ea’ag?rt‘ﬂlér? AnPOYRFIENY hEeER | $§%Pﬁm?ﬂea€-@nter

and edge of diesd&3 pad appear intact, those around the track defined

between the locus of the wafer during polishing were deforned and
The necha%?cal prope é%es ot %ifferent sections of

J60SE polishing pads after use were assessed using Dynamic
15 Mechanical Analysis (DMA). The DMA measurements were
obtained using a commercial instrument and analyzed using
Universal V2.5H software (both from TA Instruments, New
Castle, DE). Exemplary data of Storage Modulus, Loss
Modulus and Tan Delta are presented in FIGUREs 11, 12 and
20 13, respectively. For FIGUREs 11 and 13, maxima are
depicted by vertical lines, and temperature at the maximum
ig presented in the legend. These data illustrate that DMA
is relatively insensitive to detecting small changes in the
viscoelastic properties of different sections of used pads.
25 In comparison, noncontact ultrasound measurements
shown marked differences between the different sections of
used polishing pads. FIGURE 14 illustrates the
relationship between noncontact ultrasonic transmittance
and polishing surface location, as defined by distance from
30 the outer edge to the center of a used polishing pad. The
pad edge (E) and center (C) having the least amount of wear
also had the highest transmittance, as compared to more
central portions of pad having more extensive wear. FIGURE
15 illustrates that noncontact ultrasound measurements may

35 Dbe rasterized to produce a reflectance image of a section
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sheared. The nechani cal properties of different sections of J60SE
polishing pads after use were assessed using Dynam c 15 Mechani cal
Anal ysi s WwDN#)4/02430he DVA nmeasurenent s were obt ai ned usi RgTAISC@BVRT2AS al
i nstrunment and anal yzed using Universal V2.5H software (both from TA
Instrunents, New Castle, DE). Exenplary data of Storage Mdul us, Loss

Modul us and T, I ; i n Fl 2 13,
respectivel y?ﬁgo%é%gr%%zﬁa% dr.rfaxai %ﬁ?ﬁﬁ&gﬁ(@%a@ verti cal

| i nes, and tenperftihaugit the pmrodenim ineepr tsentad Pacnhdebegehdd These
data illustrate, that DIk 'siiﬁfﬁleat'j¥1€|t¥hén§%95'slﬂo\{ﬁ1é %9@&?&%&&? EHQE'
changes in thé Viscoelastic properties of différent sections of used pads.
25 | n conpartilseyn, memcomalcd ulErdsoend okasaesnentsibsshicwt imark edand

di fferences batyean the difder entsect ions, of used potishing pads, £l CURE
14 illustTat®s The ~ 76l a |on§hip St e €N Foncomt act ultrasSonre

transm ttancenvandiqol i shing surface |ocation, as defined by distance from
30 the outer edge to the center of a used polishing pad. The pad edge (E)
and center (C) having the | east anount of wear also had the highest
transmttance, as conpared to nore central portions of pad having nore
extensive wear. FIGURE 15 illustrates that noncontact ultrasound
measurenents nay 35 be rasterized to produce a reflectance i mage of a
section 18 WD 2004/024392 PCT/ US2003/027215 of the polishing surface of a
used polishing pad. Although the present invention has been described in
detail, those skilled in the art should understand that they can nmake

vari ous changes, substitutions and 5 alterations herein w thout departing
fromthe scope of the invention
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19 WO 2004/ 024392 PCT/ US2003/ 027215 WHAT IS CLAIMED IS: 1. A polishing pad
conprising: a thernoplastic foam substrate having a surface conprised of
concave cwbl2eo4/@msh25 a pol i shing agent coating an interipor/isaeBace1df said
concave cells. 2. The polishing pad as recited in Claim1l, wherein said

t hernopl astic foam substrate conprises a closed-cell foam of crosslinked

honopol yner I 3. The polishing pad as recited in Caim2,
o G HEen o8

wherein sai oam conprises a blend of cross-linked ethylene
vinyl acetate copolyner and a | ow or nedium density polyethyl ene copol yner

havi ng a et hyl ene vi ny, cet,at e: polyet hyl.e atio between about 0.6:9.4
and about 15 9: ﬁl 4, Al't‘rr)eoalplosltrlllsr}ﬁ r%a“dpac msrlr%% ‘ed in daim3, wherein
sai d bl end has a et hylanghadmyplacetat foarcopabymeat pohyeihyl ensurdbice

bet ween about 0. 6: 9.Cff af1d acbout 1.8:8.2._20 5. The polishing pad as
recited in AT Swier SH°EA £ esr'rmaﬁf stic foam substrate has a

Xyl ene-i msol ubl es cord endl icfhiatg |l=eastt alveiti n8b ant ¥mteridle spelfesbi o§ pad
as recited in %Zai m 1, wherein said concave cells have an average size of
bet ween aboult* S IHF R O and 600 microns. 20 WO 2004/ 024392

PCT/ US2003/ 027215 7. The polishing pad as recited in Caim1l, wherein said

concave celI's has, a cgll depsity,of at Least apoyt; 4 8,68 LS/ M8sein
said thermoplastic foam substrate comprises a closed-cell

foam of crosslinked homopolymer or copolymers.

10 3. The polishing pad as recited in Claim 2, wherein
said closed-cell foam comprises a blend of cross-linked
ethylene wvinyl acetate copolymer and a low or medium
density polyethylene copolymer having a ethylene vinyl
acetate:polyethylene ratio between about 0.6:9.4 and about

15 9:1.

4. The polishing pad as recited in Claim 3, wherein
said blend has a ethylene vinyl acetate
copolymer:polyethylene ratio between about 0.6:9.4 and
about 1.8:8.2.

20 5. The polishing pad as recited in Claim 4, wherein
said thermoplastic foam substrate has a Xylene-insolubles

content of at least about 85 wt%.
6. The polishing pad as recited in Claim 1, wherein

said concave cells have an average size of between about

25 100 micromns and 600 microns.
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8. The polishing pad as recited in Caim1l, wherein 5 said polishing agent
is selected froma group of ceramcs consisting of: Silicon Oxides;

Ti t ani um vORI2desq2430et r aet hoxy Silane Pol ynmer; and 10 Ti tramiusavodlokeis de

Pol ymer. 9. The polishing pad as recited in Claiml, wherein said
polishing agent is selected froma gr oup of polymers consisting of:

Pol yal cohol s; an 1 ol q t%q oS! eC| Caim
9 wherein said g]ubst%rlgt éyo%”f[%ﬁ ei*ng coatlpeg4 rhg}ly on§§o sa%%geipﬂlol yners
has peak TarszDel cenatveeastlabbas #01bwensitan ofaasubsteat @boad 4.5

cells/mm?.

8. The polishing pad as recited in Claim 1, wherein
5 said polishing agent is selected from a group of ceramics
consisting of:
Silicon Oxides;
Titanium Oxides;
Tetraethoxy Silane Polymer; and
10 Titanium Alkoxide Polymer.

9. The polishing pad as recited in Claim 1, wherein
said polishing agent is selected from a group of polymers
consisting of:

Polyalcohols; and

15 Polyamines.

10. The polishing pad as recited in Claim 9 wherein
said substrate after being coated with any one of said
polymers has peak Tan Delta at least about 40°C lower than

a substrate.
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