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“e3e} {} xT" 6DTSX* ~1LU- UU11 . MEASURI NG THE SURFACE PROPERTI ES OF POLI SHI NG

PADS USI NG ULTRASONI C REFLECTANCE TECHNI CAL FI ELD OF The
present invention is directed to a systemand 5 nethﬂ 1 I ng the
surface properties of chem cal mechanical polishing creating
a snooth, ultra-flat surface on such itens as gl ass, sem*G@iuctors,
dielectric/netal conposites, nmagnetic mass storage nediadand iRtegrate?
circuits. Mor iflca he_invention is directed to the use o
noncont act: re?Fégygggé %?ﬁr%é%ﬁﬁéE§%FQRﬁﬁﬂﬁg§ CFe POLLFHERC cBARS TS BFf
wearing patterns of polishing PtRRS BHEKERELRSTENCEHE | NVENTI ON _

Chem cal - mechani cal polishing (CW) is used 15 extensively as a planari zi ng
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

nmetal lizied layers and interlevel dielectrics 20 on sem conductor wafers,
and for planarizing substrates for shallow trench isolation. The grow ng
use of copperetaiIeAt.CHifrb bR EDNNAG SN | ack of etching techniques to
remove copper, has led to the adoption of damascene processes and the use
of CMP 25 to renpve excess copper and associated barrier netals. In shallow

trench isol ation, Ther p P8Rt EindeH®rA€2%:i%ctdld to a system and

5 method of measuring the surface 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 uszed
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 adqption 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
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- fidld oxide nust be polished via to produce a planar starting wafer.

Achi evi ng acceptabl e planarization across*the full dianeter of a wafer

using traditional etching processes has been | argely unsuccessful. 5

However, using conventional CWP, where the wafer is polished using a

mechani cal polishing wheel and a slurry of chem cal etchant, unwanted oxide

material is renoved wth a high degree of planarity. Simlarly, multilevel

netal lizati orftti%ti cessgs, each 10 | e,verlﬁd'an the multilevel structure

contributes t3.irrgufar "FobodF Ayt S hnEA FongTPAreR| evelamiel ectri ¢

| ayers, as tktaprongssapenceecnishidwiny tRivap@uriavenadatnzfBnyn

state-of -t he-a%%slsct%%g%i J‘clgti on %roces es. Hgh levels of planarity in the
U SHFRRIS VT andrathts Yedngr brateet ®82bisi ng pl ug

netal layers 1S a“co

interl evel cehmbthjopsocdepeefiess eskappraaehyt enphbgeborgntion is to
bl anket dﬁpoﬁ i Si

I thick.netal layer, conprising, for exanple W Ti, TiN, on
the inter eveP%Si%%Fécltl?f‘I&ga(ﬁ%mf‘?f%/%lc?nrﬁ%e?@vef”%%rﬁdlﬁﬁé,W%ﬁ%lrt%ﬁen r enovi ng
the excess npbaliskedussimg GVRedMAIEY @i shenySeHEDr ap@l & Sfiwg-@n oxi de
| ayers, such_as_Si Ta205 or. W05 or_ to pql.ish nitride |ayers such as Si3
N4, TaN, Ti N?’@Tﬁ%%%?%,e%%v%\‘/%r ,urﬁ’@fﬁt&der?g"r‘-é% PACBE 2 LinderSeeaRSg t he
mul tiple facwdts &hbighfdegteMT 28 qpanfianmance. These defici encies derive

in part fromthe no tructi.ve nethods to eval uate efficacy of
steps in the pr od%%ﬁlk%énﬁdpqgg%sl,leé’seweltaﬁlé@SFaﬁt?E%C?W%\’eaﬁ'?%
char act efPst Lewedf iguthe paddst 1 Fore lexamplce ureheoneehant €al t@and cheni cal

properties o ) e .30 eval uated, by dypamc chani cal anal ysis
(DMA) and Fo%lrc%gu%?gn% orgrrﬁbaiprﬁyr'ar\eﬁ aﬁﬁfﬁﬁ)lnépéﬁe?glﬁ%%, Jr%%li%el y.
Such neasur eh@yiess, howeiies mreeeer fooaeddsn $kropsenrnsanplwsc«f imteri al

cut from pad h -2 . AappLo therefore, are not ideally suited
to provide iﬂ?%gng?{aa%enz%%oﬂu}%et & g%%bg%cg 182 PHPOTRREET on wear during

use. U trasobgiveh? ovf dekrnemictierin ahenpanslt bapendess raicddnvedry eval uat e
t hese propergtj t.act t I5C for_.ex | e, usin
Proper kLSt dyNongep s 9B %%%&B%EH bgeﬁé.%g?ﬁ(lﬂ.% BEET vgg ¢ 9

| aser |ight to generate and detect “ul'trasonic wave _ 0
char act er i zeCPRett Hepbsi tA arediedredi fpprpaghono seng ofwitnettaronwafser s bef or e

and after CMb JEEIMQURLINY Dayice adcagoustie, sianal, off; of: the 10

waf er being polished, si ar to sonar principtes; 7 udsF to detect

pol i shi ng en%lxiiﬁii’]rﬂ # BiirediNr ahsthssivhesteavel ndiel¢ctasiaurthd whewe an
ul'trasoni c signak SRMERALRILWY, anlr @Héﬂuggﬁ?giﬁsgg%ﬁ%sé}gﬁe% ?n%t'ag passed

through the pad to a receiver on the opposi e pad, has been
used to #et &I11HhHIPge @R M8y BAsal Pravent cfer ans sisimon aranpliideudes,

possi bly reledws-d 0 it pad's3odensd by, ol @t | G nodul bis; Or i sGesity
coefficient..  This approach, however, re%| rés Intimte contact between the
measuring deVA¥F St dhésrdde™:al Ta8: bBihg tested, either by irmersing the

material in a coupdyg ddei homevBy, VasEyn aueidon: ofoa- sensor to the

material's surface. ch contact disturbs the surface that is being
nmeasur ed. SutHf ?@%ﬁi%tt pPHO5LRES BrEtAFgothat AdEstalMP sl ow, for

exanpl e, 25 eqperidignares t TaRsdSdeneciayct 8s neasife e84 frach ehed
pol i shi ng pad. reqver, none t he above descrj bed approaches, address

of
i nspecting o acd%lwgzosﬁ’r"fng@§§rﬂ'ﬁlti1ﬁ§ PRERPAR BRI RT3 B teth & frfdiacdr P the pad' s

wear charactsterst iias.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
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Acéordingly, what is needed is an inproved nmethod of 30 using ultrasound to
nondestructively nonitor the production and wearing patterns of the surface
of CWP pads, while not experiencing the above-nentioned problens. -3
SUWRRY OF THE_| NVENTI ON To address the abogve-di scussed deficiencies, the
present i nveAPPERZPPEYT deBSTFHPhe BifbdtmenEalaYs§eibfilf bP PREAIELLE ng

surface propentoesadion gbbuishiing pathmithe o5 prat ppreaaPidsesnd@ POI4 shing
pad havi ng ad?P'iE hj ng s Iace associated therewith, an ultrasonic probe
| ocat ed over "thé %OPI Shi lr:% STATATE BPV3 985Sy BPERTEbTHI BERRD §Pe

ul trasoni c probdesThecpiobby i svalndfteguhedet @rbpehtieansn t an ul trasonic

signal to:the poljshing surface 10 and receive a nodified ultrasonic signal
fromthe Sol i shi ngggé? B2 VR T aE’teitﬁﬁ?LPﬁX' pch:FSW?‘fEPJS%'I’faCG. The

subsyst em i susdngi based 1igldetes Hareratrsushdcaepeepent ¥rofotne polishing
pad fromthe ection 15 In t anot her enbodi nent, _the present
i nvention pr\g\g}?ééé Itéa%rg?%%l?:l Lf%‘?&lﬁﬁaﬁfﬁrﬁ(jtFﬁézguW?’éﬁi Ferperiis #1d a
pol i shi ng padnifbemiey hod sentd adeR’idruakifagsabBe Bbié 85001 £f f¥0hey@bove a
- polishing su . Of olishin ad, without contacting the polishing

sur f ace. The%gﬁﬁle&ﬁ%% ik ﬁaec%u oeﬁﬁ”l ?«??%Féﬁsﬁ??’ﬁ?%g"%ﬁ U t¥s0ni ¢ si gnal
from thelprowefen bédngabdsiuingl suitdder tbesvhirasetmeisignalhdai ng
nodi fi ed by pol i shi urf.ace., .The _nmet hqd_al so i ncl udes receiving the
modi fi ed si gir)lg nb‘g%‘ﬁgwuﬁeftaes‘%nipc?lﬁrsg‘ﬁgg §§8T381%’?“ egoi Tif Has out I i ned
preferred antranseissidwedaatineslofracbeng; eskratei sventi®ssa d hat t hose

rventi on t Har ST ol | Des ST el FUARLFSS Bf CERESTvert (G A | be
descri bed hepfsed terraumit ther pacheo3@ sebpeeer obntiies dmiomitef dile _
use the & scloscd dorcentibhan Sesdi p delbb it i i Tor
desi gni ng oruhbEr 45 ¥R totdremistsiont amed ifodesarpyssipbutrdlze <A pur poses
of the presenfe i Ve i¥hs1 PSR 1% tic modulus or viscosity
coefficient. This approach, however, requires intimate
contact between the measuring device and the material
20 being 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.



ski'lled in the art should also realize that such equival ent constructions
do not depart fromthe scope of the invention. -5 BRI EF DESCRI PTI ON OF
THE DRAW NGS For a nore conpl ete understandi ng of the invention, reference
is now made to the followi ng descriptions taken in conjunction with the
acconpanyi ng SHPEHRRYg OF| ﬁHﬁthﬁEN'SIWGJRE 1 illustrates a system for
measuring surf ace properties of a polishing pad; FIGURE 2 illustrates, by
fl ow diagram a nmethod for measuring surface properties of a polishing pad;
FI GURE 3 present s IPepfésereathecabhere -didqwrssd tefipeetraesf shapl es of

different thenaRlasthoehoashPotbolidd, PAIS AL Gk KarLaD! eap&?i%%%%) o e

coating with a polishing agent” conprising TetraethoXy Sifane
4 shows the dREnFE2FHTABEr SHAfras dreneptales of meprdsehtayi vadt henaopl astic

f oam pol i shi rgspads cdbpexposed ﬁ&lﬂéﬁjfﬁgfe g %ﬁg&g gapggﬁggﬁ» wi th TEGCS,

FI GURE 5 shows the tinme course in chan In t otstrc reti@ctance from

the surface SMTERERPREPCPBFES bRyt asm Wlrestoncoprebé i bonatkdxi de
coating tinmecsas thbusblakesnd e, selal iqnshi ra;u%%%ﬂ ésegfé&ct 20,
and the ai Betii®en the

refl ectance, ér ansducer transm ssion frequency a gap
transducer aMd“TRECPLFi BRPAY: pathe ke Useicogfdaared wpthbosh pol i shing

agent conpri sirAgsfiki 68Nt Oxdsle; - Rl &d Lhushrat g8, fbe of
noncont aﬁé 25 Hl trasound to noni tcor 1Wlt i nobat %hﬁégﬁg%{‘gn%lgéﬁarﬁ?orm ty of
t

representat i F8YpbFFERY Righ PRes etk uldgasiong cwet anpét Eapsopreopyl - ti t anat e;

FIGURE 7 il | pslishesgt berf@as #aflaa %%%a%qnabﬁﬂleuﬁsn@hﬂf of the range
of reflectance 361al ues of 30 representative polishing pads a fer coati ng

with tetrai sBpf BT t i TRhaA S GIRE 58 copiiausedetp Getermine faor a used
pol i shing padurface property of the polishing pad from the

reflection.

15 In yet another embodiment, the present invention
provides a method for measuring the surface propertieg 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
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FIGURE 9 presents representative near infrared 35 spectra obtained for
different sections of a polishing -6 pad after a period of use; FIGJRE 10
presents representative scanning electron mcroscopy i mages of a surface of
di fferent se%%éﬂ s of _a %élishin pad after a period of use; 5 FIGURE 11
illustrates t gﬁﬁaﬁpct cR&hi BRPUIG 43T sresidiengheke skehat i onshi p

bet ween Loss edudwvladgnandoneapecetl shie dOmst fdpy0nt 386t LABS:QEL8 gfed
pol i shi ng pa%‘ FILGJRE 12 illustrates the rel ationship between %0 t or age
Mbdul us and erYBIF&é°Por different sections of a used polishing pad:
FIGURE 13 illustrates the relationship between Tan Delta and Tenperature
for different sections of a used polishing pad; 15 FIGURE 14 il lustrates
the rel ati onship between noncontact ultrasonic transmttance and polishing
surface |l ocation, as defined by distance fromthe outer edge to the center
of a used polishing; and FIGURE 15 presents a representative reflectance 20
i mge of a section of a used polishing pad. conventional wreless
comuni cati on neans. The ultrasoni c probe 115 preferably conprises a single
ultrasonic transducer. In alternative enbodi nents, however, the probe 115
may conprise a separate ultrasonic transducers 5 configured for
transmtting and receiving. Exenplary designs for the probe 115, subsystem
130 and comunication |line 135 are presented in U S. Patent No. 6,311,573
to Bhardwai, and U S. Patent No. 6,343,510 to



Neéson et al., both incorporated herein by reference. 10 In certain
enbodi nents, for exanple, the probe 115 conprises separate first and

ul trasonic transducers configured as a transmtter and receiver 116, 117.
The transmtter and receiver 116, 117 are | ocated above the surface 110

such that t hEREINDFSCREETION QRITHERRAERNGS 125 signals are not
per pendi cul arFdrO ot k@ raUtbapeetd OunddrStddd; Q%rt%%bggbgﬁggé?éthe probe 115

conprises a first ultrasonic transducers configured transm r 118, on the
same side as HETEHFFadE 190, Mafe cie gererfldeovwa nor desniripedons gnaked20 t hat

goes t hr ough itthec@htihte 1 BAtw20n 105. éé’@&@%}hﬁ%@vidqlﬁa@@naﬁgﬂl”@ﬂzi%ﬁ? to a

second ul trasonic_transducers configured as"a receiver 11 ocated on the
opposi te side of FREUBEJL1851ueHRbiemtd cheEtem dorFaraaurpngbeutisce

confi gurati opsgopeythesadyant peeoss] g Used to provide multiple measurenents
of a 25 polishing Ead. As further ilTustrated in the Experinental section
to follow, the pr8pEURE145141 ¢slisdfirey vyridiowl 86 agramsnpseebod r Bamency and

the air gap ké@shesagedubehve SNBSS W {48 sh1fgapdgt he probe 115,
are 30 inportant paraneters af ec%% ng the uti Ipi tyso% ?hgg?'eflect ed signal

125. In certain efbBHRFeAtBreseRt ©xgRyasenteé iveansart ivfrared asoni ¢ si gnal

120 is babweepeabeut of 0akhize &k apottle RrMitne3RE MIEE; P abl'y between
about 2 Mz angi%gout 3 M—gﬁzeThe air eap 140 ies Sgﬁrget t\geﬁéﬁgout 5 mm and

about 50 mm &R +RIpPaferabist Yprialde wesnodBonf ToakERG@NdiEbout 25 mm

In certain ppefeshefyeabost estisyidihey iansithbed HktLasOptsos) gnal 120 is
about 3 MHz and tpi @kl]f:m a%l 140 is about 12.5 mm The polishing pad 105 and
pol i shing surface”1% % THhpriS Ehamgec Ry BREF opBF TARE@r$ 9N ed f or

CMVP. More préber abbyeséheapiee ke ap1peiiishirsamsysl 868: Ad e any of the
mat eri al c§]5descri bg% %(n n%/l of the abave references gatent appl i cations by
Obeng and” YokTB§7¢Yo ‘Pe@l o B P tEP90BpER G C9RdVFRBNEECS For  exanpl e, the

pO: [ sEi ng 10 pad m&ummnm[]élﬁcﬁusl’:l tHee mRl @f%hir%ef ?ﬁ”ﬁﬁ&@@%rﬁﬁ%@é‘d a
pol i shing agent. coatin e polishing surface of the substrate. Tn certain
preferred en%%é’ilﬁ%ﬁ?s?gﬁ#emi%erm%lo&tt FB&%F‘EEb@Fr%%‘%‘“@cﬁﬁ%i ses a
crosslinked pol yshind emeda| s ad-fagldt ibpamt kR1oEbRT d Pl @s rashdihg
enbodi nent s pol i shi ent is,selected from roup of ceramcs
consi sting o‘t:b@lel i%(li%n JIf;]lg‘lxsl ea%eﬁ tstéﬁ Eﬁiﬁgéi?flﬁg}p%é%?‘&% hFEEPE Y e Pol yner
and Ti t ahP unr&f kext alecdol tyrersduaerotthrensadwanbagepsguendp e nits t he
pol i shing ag i om.a_aroup_of _polyners. 20 consi sfing of
Dol alend PIENL i SRAHE] LAY LB NI S h 500 S

surface being coated with a polishing agent comprising

silicon 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
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Thé 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 well known to one of ordinary skill in the art. 25

Non-limting exan@l es include Density, Surface Texture and

Vi sco- El ast i &PFy 2LHGRefePeTang of ¥#Ri properties di scussed in Mahesh C

Bhar dwaj , Non- Contractiril & baspupg: ﬂiae%l I Y NQ Q- ive

Testing and Eval uation, .in NCé\}%l_td%E%elA of%ﬁ%%?ewﬁ%%?%\!ﬁ% %ﬁg{:{: 81grt z ed
, 30 2002) ™CHESFREBY at BAIREr @F N2 b ides erfcdiffayebs decerpnmed! ¥et

anot her enbogileshial phe BEESEN: pAWEN ign ds®;a nethod for neasuring the
surface properties_of a ggl ishing pad. Turning to the fl ow di agram depi ct ed
i

in 35 FI GORE 2, tRECHBENLY 2bbusteatriedhs Oyaerig§ Macheriesbnic -10  probe

above a poli ahbDgssHrER6RiNE EndOtd S NG NG 2LQweBht NOUL GOMLAGLI NY the

pol i shi ng surfﬁc?. The pet hod 200 further includes transmtting an
POftal ST # 1okt t e plbbeetnadt wesdrnsnpigasusedce, the

ul trasonic si
ul trasoni c 5psilgenalindepag; nodi fied by the polishing surface. The met hod 200

al so incl udes reclg't fﬂ?ﬁ {22492?& fied signal 230 ref|ected fromthe

pol i shing surface é e Yt TR TFerde relecaspaherpbebesenn certain

al ternat iive enbpagaENdSulwheiR] SRPH AR et FaRsaNEeePLRPES configured 10 as
transmtter and rgcei ver, are copfigured in different | ocations at a

non- per pendi ul'&r< ARGt B HEHRAG he surface above or on either side of the
pad, receiving thercugmal3 230 fanrdiess ichel wdest i 868hYh NGeBydd Ansdy tt ance
signal 235 t mit by the transmtter through the pad or 15 reflected
fromthe t ra]rBSiE?ﬁ ?%?T?%peararté‘geq \)n%r dil%fééfsfléi Aeehbod? nehts, U8 net hod
200 may be advanshigeousdd; used to nmonitor the fabrication 240 of any
conventi opal polishi ..-Ehe et hod 200 be i ncorporated into any of
the pr ocggur es de%gclrn?fg%gﬁljnl -EhLbs%tﬁO\tf ECFQ%%%%NP &&4tions for the
producti on ofopedisitng fadsoriv pashisaikasnct hendesSDTsR0% B Re-e

advant ageous fo j.torjng the coati of a polishing agent 245
onto the polli%%ﬁg&%’ur Sa(r:géeryolfneéi tbﬁ'eﬂﬁﬁﬁﬁﬁgfai E%‘Baﬁ?@u%‘é‘i?%t g toring

245 may be 2shelormntéwroferamsed doy ishangmi ahéing and receiving 220, 230

ul trasoni c signal r riod of coatin he, polishin ad. In certain
preferred enbodi n@n@ﬁhlo%ger%eﬁ%ﬁe aNEﬁPFSFgﬂéaF%V%e‘F?&?f&cﬁp%i ng the
coati ng p¥oceazg5ef BEastilen lod pr obedapdlibeipglpsdi ng pad |ocated in a
reacti on chanber used for coating. In certain enbodinents, for exanple, the

coating process nay conprise exposing a surface of the thernoplastic foam
substrate to an initial plasm reactant to produce a



35" nodi fied surface thereon. The nodified surface is.then -11  exposed to
a secondary plasma reactant to create the polishing surface on the nodified
surface, the polishing surface conprised of the polishing agent.

Al ternati vel oatin rocess may include exposing a plastic 5
substrat e to%ETkgﬁﬁghﬁhﬁcgﬁgﬂFoﬁissolved in a supercritical fluid to

t hereby produce a nodified plastic. In other preferred enbodi nents, the

met hod 200 nay be advanﬁageously used to evaluate the wear pattern 260 10
of any conventi ondFCHBFI¥hi Ryt HARCRFE rranssiiqes® drVvesbeen Peveéshpag a
wafer, such as ZaseUieaBduehor t¥ah&hitd The eidRiRRIGERET 88 enbodi ment s,
however, the thod 200 is used to evaluate the wearing of a polishing pad
during poIisﬁgﬁﬁaﬁgg?clﬁlgﬂﬁkseﬁ%ﬁﬁﬁﬁﬁnﬁ%ﬁ Ghe@egdrrshnagcpadads and t he
probe are scottelsedntioosd pabés i veodPRad At 0MItia3&d g&aétgsgh jeally
driven carrier head _and a_polishing platen. For exanple, the polishing pad
i s attached FSmP98158FrshFﬁ% Eﬁ%ﬁ%ﬁFzﬁﬂY%ﬂﬁ%qpr§ﬁ§%PgEﬁn§h9nd recei ving 220,

230 are carr pedvaotsihi herébegeaidd efa2htherd B@!Q§iﬁgmﬁf§§s@§ﬁ inparts a

pol i shing force against t he golishin pad to polish a wafer. e met hod 200
may incl ude ARY°EBRYBRITBNAN-R Grifte Brsees iy ageepdatedconvert the

reflected si gnatr2@éntatdonpfoidatidiony abadeHoae tsunbaser-oroperties of the
pol i shing,25_pad, For_ exanple, the reflected signal 230 may be used to
calcuIatgoansgggﬁg?i%r?gfggkﬁ%ﬁyg5§Héé#P&ﬁi@?@Sof Thés paPPEPaEy Sr f ace.
The refl ect edupbghat 230pre@yidies rasheidciee tOapr 0dyGerad AoRLUSt i C

refl ectance kggg%aggocof t%@ al i shing surface. Sinilarly, the reflected 30
signal 23D may be-used T o et Er MR zf‘éé’lf‘PFéc@“Fleﬂlﬁr%a‘BE’ ¢ PR $Shi ng
surface 290. baitgrmedswedy, |iIm qerttaiculenhodheeslstehhend radsid tance

signal 235 b to determne a.relative densi 295 of the polishing
su?f ace . ggxﬁlag}:%%g st BEd Fhér &S VR éﬁFP‘dﬁiyi‘Es‘F% Lo

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 or via a
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beli eved that the sane will become even nore apparent by reference to the
follow ng experinents. It will be appreciated that the experinents are
presented solely for the purpose of illustration and should not be
construed 5 as limting the invention. For exanple, although the

. experinments &@§BﬁpﬁéﬂngélU&Fﬁ%?s%ec%ﬁﬂﬁn¥ﬁﬁﬁﬁﬂﬁim¢®@SLaBbﬁavbtyasenitng, one

skilled in theoet 1Qeubﬁle§6£a§1¥S@&%Eié‘eé“%ﬁ@ledhﬂ?%is% §%§nd quantities

up to appropriate values for a full-scale plant "setting. periments Two
sets of expeFABREYCREre EBNALETERR B aiFHAfE Memé sus BowEvaBncome act

ul trasound t @robk M0BI hey EbREEOM | NHather MRLASHLE SHPSLLALES M th
pol i shi ng _age and eval uate the wearjng pattern of polishing surfaces

nt s 2 .
of 15 pol isshFﬁ&%ﬁgﬁeéf %@F VERRYIEL g Gasl geced@ingxpeEraEptany A
t her nopl ast i debdamesibst £ Aé ep#&iSe f OTITRdHHR & 6dbagpgol i shing pads of

appr oxi mat el ¥ 120 _cm gli. amet er of_ 20 about 0.3 cm thickness. The
commer ci al | y-GBFHPRER" tRRr nbPF akt? @Fodhessnderate Uit oBateroiIaNG

Pl astics, Neptane,bd}, cdeshgrawLed, asmd Ir.60, ‘paeempr isedsaz i enfy of ,about 18%
EVA, about 1@ t o _about iO%taI c,, and bal ance _pol yet hyl ene and ot her
addi tives, stERSE &F| flat Oth5iniuRanatied treednhEr 5pEETSNGR ovi ded

substrateo The J- 6 sbeesn efioditaad Wedh axaREmelcial sHitd nop bl ade
(Model nunber D5100 K1, from Fecken-Kirfel, Aachen, Germany). The sheets

vere then mafiQRPFySEP eBRRU T E H Hr a o e e6pFe Fy EransdmeArsol uti on. 30

The J-60 subsbnafguwad aden coaireshiWtdy anpokkshipgragent cOpprisidg
Tet r aet hoxy §i I ane.igTEOS%rll b | aci ng .t he skived substrate into a reaction
chanber of  a"t3HEBAtTOha %o%f%lc"ieéq di ¢1Fr égBeheyeErdviliy s Htgge ( RFGD)

pl afsrra r eact surfiavé lngm émﬁ’pgcr]r&iwrt(!;neccmbh@kn|i@de§| @Qbréh%f? r%@eil\xere)d )
configuratio E- 2; Advanced Ener Systens, Medford, . The

pl asna t?éat ?r%%'lt\/g g&‘?ﬁ% FHHTRRER c%‘ﬁﬁﬁeﬁ@eggﬁys‘ilﬁi?%dc]i%g e
primary pl assiiltbacthet  ensgiimerft@, 30eseeobds 10kt Bofpteed eaction chamber

5 mai nt ai ned orr. The el ectraqode tenperature was nai ntai ned at 30C,
ug\%f%gg%%@/\-e?raol?s ARatFPE ?rﬁgga?a%ﬁ%%ﬁ%nﬂ%ﬂ, heéhgcondary

and a RF oper
react ant wassamnerotlde ek fidte pardfede nangi whithogeabssted 4 0 about 45

e e U NI R
back preg8ur&0f BFjhefelhhesacaticer v megabanl 2 FOBONRI s@toidie nononer
reservoir te@P@f@ééﬁf%(Qéggséﬂ%er%pgkhfigured 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
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FIGURES 3 and 4 illustrate the use of a conventional .15 process, FTIR
spectroscopy, to nonitor the coating of the substrate's polishing surface
with the TEGCS polishing agent. Spectra were obtained on a FTIR spectroneter
(FTIR 1727, @%{;5} n- El ger%) %ianﬁl es_of the substrate after different periods
of coating were reRovd"F r b PRerFL AR Wn 290 "EhanB8r cakBagRepared for FTIR
spect r oscopy pr¥fiesridl esboatwsndd, |aaste damdiicricliatl 0pssbAi 8SE NG LT R

spect roscopy monitor. t oat | rocess:. multiple pads nust™ be
sacrificed arllg8rru5$t ?%?%t SQM%sa’?%g‘tfeo@l&btgéipnééod&Fi Agothel £ oat MAg
process, thus reqUheipglidieips qeebsidD 28 pe1SkeRRgdsabrdbd fei@nhay ntervals

t o obtai nct hg %@rﬂalsg’a':l GJRE 3 i)Jlustrates that as coating time |Increases,
the FTIR Specttoscopy I%Yg%%f?‘éeréttlQélﬁsjluf“af@féa@aﬁﬁanéart%M i - Trestrech)

and about 85prefretabhpsigrecddd s Grd deqrieasad, sdueatd Nej Accuipy ation
of silicates_g@n e d 30 surface. dllustrated in FIGURE 4, the

t r ansni ttancgga%flgi T%g?rl Ojvsen(i{ﬁﬁfe‘?hieﬁirlé’ﬁ@é’ PENEBR| $PPYRFHEQXSBERS n and
then starts pateecrapski¢dtereaf tyr ObEhe dedr gagBei N voRNSW dtance is

t hought to b?bgll.[lg t9- G e iat iyghsi nal s_bei ng rei:ei ved fromnative versus
deposited silicates. As ot e e, thE FHAME!PadshelRol cBhted n

si | i cat es0aspadmay f¢dreri smteerihalrmoblese inafbse Sibscaies fave essential ly
t he sane FTI ' r t he .deposited siljcates from TECS. The

deposi tion pg%gie%gﬁ?#voqe\%g:s &%%p?l?’?e??iésh??gtﬁ‘éréﬁ?? ate Tha i ve
silicates angueposiai onlmfcesitdaicapesfbrrved phbsabment@ncad cheni cal vapor
deposition ( f : 30m _ns _deposition, the native silicate is
subst anti al I?{%%Cfpglcée 1ocf%((%>t)év%ersélg)sﬁﬁagﬁecagﬁé%??%da STFPRHd&kedrhi s wi l |
result in FIPR¥¢gnalengdlmeesd-gefllofvhhe depostherd stdfaates, which is

t hought {® hawie §i4 0 diif.fer.ent tical characteristics fromthe
native silicat e.&lTriﬁﬂ_{sgél I%Ihljjes %&tlesgllggt a§§8k he? “F?ﬁ‘?c?tﬁc? Th STETI R
spect r oscopyPk et tas aonsistaniongfpBotesen Distidwuisitarg deet ween

silicate natpysif t hedad [ r 0S| .silicates. 15 FI GURE 5
illustrates the use of noncto@i%t Cﬁéﬁg%{?e%?g}q@%f’u%é glg%tuaﬁ&‘%"b PEEE t he
coating or pti¥Mithg gadstheeceddangagecuheeppedomntisyenitd on. The
transducer TSI chsyhRsys nt s comrer.cial |l y avail abl e
(SecondV\aveaéSu;lslt,errg,fd %tg‘;el sbur g, %%)g?ggg?ggﬁeé r%ﬁ%ﬁ% s sr‘?oo\/\lﬁ%s%/n FI GURE 5,
the pol i%hi fPirtacyw of PodvadbshrisesandrRokyaisteausi ng a process simlar

to that describedaboyeteshBg RaPoblshiog @cgeé};arcaowegiszien%nsi l'icon
di oxide. The reflectivity of the polis |ng surface was reasured on
di fferent pdt4afth§ihBYETrerR0PERPEE DRSS hef ridae tha siiah enrFacafl e

diff t ' L ihag. i B4 - : t hat
ifferent peddyods Cfeteealingg fkbml§hénp9fié€%e&g%#?%ﬁé&?g¥ﬁ%&%gfIegtie?fg

the opti mal %sgﬁemeri conditions had_been est _
of a singl e"g% 5 MG Ba&n&ml gohave PEerrHomtorad donm wbsusky .during t he
coati ng 38 ocess-litie il kkafipl Bst DEcBhde Woath&h 30 under . hat these

measurenment s _ar .sensi'h:éi ve.to the distance of t'he transducer fromthe
surface of tHe S/é COafid2Phaf it e dQVeTRe st Ye WhsuEnedeytédpsi m zed for

maxi num 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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sensitivity and reproducibility. To establish optinal neasurenent
condition, various 35 transducers, each emtting ultrasonic signals at
different -15 frequenci es, were situated above the coated polishing
surface of the ds, with the transducer |ocated at various distances from
the surface. PASPEl pheVEaReHOl hs FLGURRS: Brcd rrfowglpcBBshtthg paequeocy of the

transmitted withasenkenbaskgnal | ween, t he pol i.shing
surface and tﬁe Eﬁansdﬁcgr ar% F%S}f%%ﬁpﬂ% %?r!n%tf%(r%;e'af 88'[ Pﬁgg?ﬂe%gl ative
anounts of r&HFEEEEVIRGLBesr verReTHrt i el tagonst| ecgaate220om
transm tted Sirgnakse0brs08 dSHZLA b relativ insensitive to
the peri Xg of .coa igg?rlo as. co ;%a%l%%l%aé\r%?%%ﬂeéd@é%gﬁ% Eé‘% B5 Mz and
~3 MHz. i FFE8fra Elnﬂnm‘P-‘ii%ile@C%m,lsﬁlhélgaisnr@apebetmn t he
transducer amdthBe PObi sDEOJ: S&Tf d : of | nce signal .
As illustrat 2@ in %GURE 5D,lusi n(gééaet %C}%ﬁnhktegggsfnéﬁgfﬂ\%&t%fir???equency of
~3 Mz and af*8i Feiseghpd ofrap. thenpokimhiissasimgack biethel sahe ngrsurf ace

can be advantageeushy WDRiiohed: FFUERES 16 %I%thﬁ%lleg.y§é£§£§i$$e use of

noncont act ulgggaaound to nonitor within batch reflectance uniformty of
represent at i VB POTPSRT fig Parie afRAradGatiltgancenia Poopes i etnhigragsht .

Mil ti pl elbat abesrahspot tehi g pads i it Rrsevehal opads PRrabatsilL were
fabricated s'%m' lar to that described above usi n?/aa substrate conpri sed of a

crosslinked pBFYetAYT ete 3 GHR S-SRI CNdRBeARSYaN| aboVerthe rom Mote ek,

Law ence, Mgbane o pontisitiig: agert ozowpel $8d, 29051 44 alsoNrQRylrtitanate
(TYZOR~ TPT)2 gl %;‘UI%]G sho diﬁhe variation in reflectivity obtained from

i ndi vi dual pot ! shFng PaddSwtdsis *ELEH VBAEC R, LEFEBREL Fantr visiareel rasth
reflectance tamlnsz}nstcﬂ&tl ewalHee t]?fantslﬂﬁtEé_@%hQ{m%ﬁg%ﬁgtﬁg@eoyal ues of
representati ol i shi s after coating wit

teltorai so%rgop%&fﬁ%% t%%“gitgfr iSTERE™ tE§ ek anP nESREYS$ g patterns of

pol i shing surface afdweraiardntisslipehc@)StBE HMSEhod 0} oMY fads were

prepared by in ki.ved J60 thernppl astjc foam substrates to the -16
above- descr i %%\pdé%{raa%c’ﬁﬁglyp?l@@ &% B‘OBFEHECEh%i PR ePh A4S Wi gnyads,
desi gnat ed asordS0SEalApdllisidtmaped. i nThe GlRELW&d 160 fras) Idd at e

conpari sons fﬁ%8¥§3}é§gaﬂyyféT%%%lof 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 aﬁd 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 polishing pad located in a
reaction chamber used for coating. In certain
embodiments, for example, the coating procesgs 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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measurenents and the noncontact ultrasonic neasurenments of 5 the present
invention, different sections of the polishing pad were defined as: center
(Q; center to track (CT); track (T) ; Track to edge (TE) and Edge (E) .
The J60SE polishing pads were subjected to a wearing period by polishing
waf ers havi nF*PWEEFo$it éd sgbentazgopl Asid temofsren urfrace cantiean

under | yi ng abgyiti 5250, b3 n i er er. ngsten paqlishing
properties Wetpraellassegggal usaieﬁgbg %:g%%?ﬁé%oﬂ%aée’(E?igdﬁgﬁlﬁlg‘.mﬁPOZZZ
from Ebara TeH{GISSgicesprésedantntbe 1A} i shimesgetther wilsernatégelihe

renoval rate tof n Lshi ; i a.down force of
e toeRgshenpRekbshi g \Q%%%ﬁgeefé&dcbsﬂlﬁ} 12

about 13. N per inch2 of substrate 0 "abo ;tlfabl e speed of
about 100 X o S¥SHa550tPpm RAYL8hées vasri ol ssilvedy ifProduct Number

MSW2000, fromuRedeh-ichewar ki1 DEY. «Fl %é%%%gﬁ%%%t gggtlgxéﬁrt hosilicate

(PE-TEOCS) wafers, having a 20 thickness d a deposited
tungst en surf GS RV ng a thickness of about 8,000 A and an underlying

titanium barrier tﬁygﬁhéﬁ}/bﬂgf@rfa}éﬁcé‘rmn%fnt@o% 2P Eﬁg@‘é‘éé&‘ used for

test polishi %% conventional slurry (Product 'Nunber F#%m Rodel ,
Newar k DE) 25%adfyisreaseeualpHiesd dipwrvalusss tdedweAlt prtpetnshing, the

pads wer eodi vitdedyi abavehe: aReyesstef dined, ?%‘Eit 1303 gr 89%5”%%0%'

anal ysis, or _the intact pads were analyZed using the hon-con act®ul t rasound
system and n&PhB3s8R1RRe? pYRkeht FURfeRsS Gn.SeB0 CPRAUREC® Whest r ales

conventi onal byrEILR ppectFHSEOMRMmbRtRINed Ushagsi Ml ar dypes to that
described i n.Exgeri nment 1, fromdifferent secti oﬁs'g};htghrgg%)lg%s égti ons of

the pad corr&8pdRatngPt eV HeAt@ring Wegr iaed oddge POE) shimgt bed | dwgiess  FTI R

spect r oacopypsi.gjshinat 2 @hout 1 Gk Brbo@Resik@ni YLD tinyed
presence of Si 82”11' n cok?r;t rast, the - 170 F‘IF:I R s ec!targo%?%l?n&giaé%t eri al
o

cor r espoiidi ng" REPTPRIGTT)CHRE S $Par BPlipghng appabaties 1010 cm 1.

FI GURE 10 showmpepsesenf ad i nvecleonivelvodiak vSeapRi-pge El gL 4 o, M Sroscopy
| mges (SEM ' 5.the surface of different sections

at; 400X r\_iafi catjon of e Of .
of a polishiRg pad-af (Rt her ifGF GFaOde  SERFi Rageshins oabtis ned from a
commerci al | astacnehttd XA pReatiddy, pVAenThadi BEQ%rér'zérHﬁEtfﬁ%% d.he

evol ution of [ he, cel | structure of the foam Wiile the cells in
the center aﬁ%ggfdl‘glgé%f&che FAE Sepéardi ARthcrhilaoklke areridiathe track

defined Betveead theldocusvaffert kadrdigerder kngoPobh sy NgoMes ey glefarmed and
the polishing pad to polish a wafer.

The method 200 may include any conventional signal
processing steps to convert the reflected gignal 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 gignal 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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“sheared. The nechanical properties of different sections of J60SE polishing
pads after use were assessed using Dynam c 15 Mechani cal Analysis (DWA).
The DMVA neasurenents were obtained using a commercial instrunment and

anal yzed usi Uni versal V2,5H software (both from TA Instrunments, New

Castle, DE). gy Fhd&t &h6f samer Hghl Neriedss  evass siovisdabpsrand Ban Del ta

are present ededfereiddRES the #3128¢i88 dpes -iv%kywiE?rPEIEURES 11 and
the maxi num

13, maxim are d%ﬁyctegebg vertical ITnes, and tenperature a
i s present ed FAPHITE ACEGehH2E ThBS eCHREBI TS i 132R PrelsentBAspiet gl dbivel y

i nsensitive uﬂmd@t@@bb&goinﬁhhuﬁbﬁ@@ﬁ@hiéhdfﬁhdﬂfﬁﬂﬂﬁta%%iEoREQPﬁ%Eies of
u

di fferent sectiqns of used pads. 25 In conparison, noncontact rasound
&Mlﬁﬁiﬂ gﬁi

measur emerit s %h Refl8i tPerRhter. Famesinie disfitboeah thetions of

used pol i shi rgpeadmenEbCURECHbbd | BStdates, the J-ehatisonshi p,bet ween
noncont act ultrasoni c transmttance and polishing surface [ocation, as

defined by dit$PRREECFYoRTEHIPE heOliit Bl iRsk o thise aggntenldf adj used

pol i shing padpethi€ipadunbges ( B)indtk L8 end Quabavingst g Lgast amount of
wear al so had_t he hi%hest ranspittance, as conpared to re central

portions of BRETARYIAGSNBRLUER NS % & WS CaREGORENTS SEEEUBYF at es t hat
noncont act ul trasound neasurenents may 35 be rasterized to produce a

refl ecta Ge %nagg,of a section -18 of the polishing surface of a used
polishina pad*PEFLAGHGR t he present invention has been described in detail,

t hose skilled in the g@@ssggnggﬁéyyygﬁ%%aagrghggn&3§%e§aQDQgéﬁp¥%%i us

changes, substitutions and 5 alterations herern w thout depa om t he
scope of theUPRvBht FORCOLYAFt \RitMaRORNENT OSHEETEOMHATY | (SieClollavERd &f 1. A

system for nmeasunbpUaSUif acLREQREEL! 65 (Of Bolishing 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 gilicates,

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 éubstrate 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
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palishing pad conprising: a polishing pad having a polishing surface 5
associ ated therew th; an ultrasonic probe |ocated over said polishing
surface and configured to both transmt an ultrasonic signal to said

ol i shing surface and receive nodi fied ultrasonic signal fromsaid
Bol i shi ng surcfoiggq}dirtaﬁc}ﬁf‘ ldwpa?ﬁaptﬁﬁfg? isai AFBI9eshi nifeAEY ackySbens a
subsyst em cowadgdbrid sw|a)d ulmﬂ@m%§r%%@w|&ge&g&%eé§rmge a

surface property of said polishing pad fromsaid reflection. he 'system
as reci tgd Pﬁoaé?%e%, g}ﬁerlé?tﬁ%‘gﬁcc}n% tPer oM Ypr Bbeswanpreaesant si ngl e
ul trasoni c tramsdycerfor3. 3he Sy&4eIB asviacid edtid Galdiby V"*’Lel{%m%b ai d

ul trasoni G pr%be (o%0) Eii setz gﬁél I’ST;[ ul trasoni ¢ transducer configure or
a sec

sai d transm tFrng an i Fsont e 261 eFhRedEcéeTPsAREyERe W Dr sai d

recei ving. 4maimtasystientasoreci had hnRE 8par: i MSsSldy ¥ & dg apsid t ed
uItrason?c siw% al is.betwe about MHz and - 20 about 3 MHz and an air
gap | ocated BetwedRcgaid p$ CENT SR d O sAPRGREBFY acke3 &t a5E: wed® about

12 mm and abautr28umred ForTheemsiysisemasy iRl f06 | pldai i Lo Whekgl nsaid 5
surface propgibyels 38§16 % oM e LR Lopssting, of  Bensity:
10 Ar gas. The amount of secondary reactant in the gas stream
was governed by the vapor back pressure (BP) of the
secondary reactant monomer at the monomer reservoir
temperature (MRT; 50 + 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 using 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-0-81i 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
tLransmittance 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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Surface Texture; and Visco-Elasticity. 10 6. A method for measuring the
surface properties of a polishing pad, conprising: situating an ultrasonic
pr.obe above a polishing surface of a polishing pad, w thout contacting said
polishing surface; 15 transmtting an ultrasonic signal fromsaid probe to
sai d pol i shi g Si#% dederiaild ulhegsonke ivpgral ibetag hode féedeby: sai g

ol i shing sur esarddriegekYE5Age §aL d aodifi ed naly by; ;sal % ul trasonic
Brobe 28 7. t{'fl'}ﬁ';(e: et hod as regl tegﬂﬁnaa aim e, p\?\#nere I'n S fJé?f“m gnal
is a refl ect % -gnaber ééEP%Hl%rpr@C%ﬁﬁatm@lMesabpohl spumgena:ge@tofmt 0

sai d pol i shi ngheSWiiratRe Zat 1w & thermp! AT %‘ﬂbf]otf adlels:xacl:'%t%? cbe

thod as recited_in Caimé6, wherein s ai po g
gfe goupl ed tV&aanaﬁméh@%@a%&ﬁ%%cgénﬁap@:emq:foammﬁmm | yagtrawen

rrier headaboatd azpaihshi nEdYak80y,9. dhe net qu, jted.in Caims,
\(/:\A?er:al n said pol ishing pad is altntwtacheél1 to s@?d ol i shi ng pf {: e and Sai d
transmtting g‘%ﬁ’ tanrd Fgltfel VFRg28FE caFri e@veredwhiblye <Sdied cEposttdead

hol ds a Watersa.aﬁdatﬁﬁartﬂlfs mlgo&bémeglﬁ%% 3 hB&E 58] alploi é; di pad
to polish a wafer. 10, The nethod as recited in a|m6 erein

modi fi ed si ghBf PEPSSLERE et biFalifalvhissd isotbatght ate kavecolisthitd y
refl ectance sp€cerufit bptsaddl ROLSBERYistics from the native silicate.

This illustrates yet another limitation in using FTIR
spectroscopy to monitor the coating process: distinguishing
between silicate native to the pad 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
polisghing 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

-15-



15 surface. -22 . A ; \ o
.A3. AY, . AY. A[, . AL, . AL. AL?. A9. A9. A" . ALa. A N?. A" N. A"N. ALa. ALN. Aa. AL. AN . Au

[1.Qr&*./ $
"1 6= a] ca] ca] ca] ca] ca] ca] cal] c
A] CA] oa] o8] ol CHETHS CaPbaT b Ca b apbay e < Al honTash e bREN a5 ) y. . 2
4$40494d4e4gMAbi85e of the pads, with the transduc 1§Fatfd %f vTE%?%%
= caV] caV] calcalcaV[ca ]ca] ca
oo o e e L U Siin
] RPUXRYYYm z ttartamgxsat d_ZheakeakGaheq] o2l Q@l&:ﬁ%}%ﬁ%ﬁﬂ%@% %

ca)] cal ca]calJca] caljca]calc gqqCrr
g?%g?]Ca]gg]%%k&%hcgkéﬂthé aﬂr éap]begwegn ghe polishing surface and

uuu} uuuavdvmeney v ew@xsahve shed cahgaleahealcalaalcalcal ﬁlﬁél%g] calcalcalc
2l cal cal cal calgalgaloal caleal gel ol cal ozl cdl et R TG
uuu}uuuavdvnvaNYQE@ﬁchMéﬁhﬁﬁﬂﬂQﬁk&%hﬁ%k@é]§9§f§df@£§@k?@]ﬁ?%%§$§%L§a]Ca]C
ajcaJca]calc ca%;a ca%&cagca cglca]ca]ca]c%lca caj ca] caJ ca [ ],£§

109%& ()-! ZsF TORFEPTE) 2E1064 % 758094 B9 -Ca Sfha & iR () -ddating,

0210% | &10) - Qe X6iplabekilOY /&abbmi kh8a! J9YRXOXELL) - b6l %ﬂ? /~§'(%‘(1\&f LS 110%
& ()-"10%W & ()-!SE 109/ & ()-&+ - [~ =1 6TS9 I 1096t St& () -1 3L1 - 10/
10/ 10/ !: 10%?‘2' (l;-lkiﬁl féé}fé'\ &3- Fﬁﬁﬁmﬁlﬁo% é'néz\ (3}34;$thé alr gap between
57155 st i g LSS I gire aecesd
g!lgééojo&f(%g§§§ig%?é .f%gg@%ﬂoq%%8}%5qstrated in FIGURE 5D, using a
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 sgurfaces
after various periods of use, polishing pads were prepared

by exposing skived J60 thermoplastic foam substrates to the
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FIGURE 8, to facilitate comparisons between conventional
measurements and the noncontact ultrasonic measurements of
5> the present invention, different sections of the polishing
pad were defined as: center (C); center to track (CT);
track (T); Track to edge (TE) and Edge (E).
The J60SE polishing pads were subjected to a wearing
period by polishing wafers having a deposited about 4000 A

10 tungsten sgurface and an underlying about 250 A thick
tantalum barrier layer. Tungsten polishing properties were
assessed using a commercial polisher (Product No. EP0222
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-TEOQS) 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 sectiong 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 cmt,

35 signifying the continued presence of $i0,. In contrast, the
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commercial instrument (JEOL, Peabody, MA). The images
illustrate the evolution of changes in the cell structure
of the foam. While the cells in the center and edge of the
10 pad appear intact, those afound the track defined between
the locus of the wafer during polishing were deformed and
sheared.
The mechanical properties of different sections of
JE60SE 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
is 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 sectiong 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 be rasterized to produce a reflectance image of a gection
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a polishing pad having a polishing surface

5 associated therewith;

an ultrasonic probe located over said polishing
surface and configured to both transmit an ultrasonic
signal to said polishing surface and receive a modified
ultrasonic signal from said polishing surface without

10 contacting said polishing surface; and

a subsystem coupled to said ultrasonic probe and

configured to determine a surface property of said

polishing pad from said reflection.

2. The system as recited in Claim 1, wherein said
15 ultrasonic probe comprises a single ultrasonic

transducer.

3. The system as recited in Claim 1, wherein said
ultrasonic probe comprises a first ultrasonic transducer
configured for said transmitting and a second ultrasonic

20 transducer configured for said receiving.

4. The system as recited in Claim 2, wherein said
transmitted ultrasonic signal is between about 2 MHz and
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about 3 MHz and an air gap located between said probe and
said polishing surface is between about 12 mm and about

25 mm.

5. The system as recited in Claim 1, wherein said
5 surface property is selected from the group consisting

of:
Density;
Surface Texture; and

Visco-Elasticity.

10 6. A method for measuring the surface properties

of a polishing pad, comprising:
situating an ultrasonic probe above a polishing

surface of a polishing pad, without contacting said
polishing surface;

15 transmitting an ultrasonic siénal from said probe to
said polishing surface, said ultrasonic signal being
modified by said polishing surface; and

receiving said modified signal by said ultrasonic

probe.,

20 7. The method as recited in Claim 6, wherein =aid
modified signal is a reflected signal received during

coating of a polishing agent onto said polishing surface
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5 and a polishing platen.

9. The method as recited in Claim 8, wherein said
polishing pad is attached to said polishing platen and
said transmitting and said receiving are carried out
while said carrier head holds a wafer and imparte a

10 polishing force against said polishing pad to polish a

wafer,.

10. The method as recited in Claim 6, wherein =aid
modified signal is a reflected signal used to calculate
an acoustic reflectance spectrum of said polishing

15 surface.
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