;e3ep@6Tp A8 January 2004 1 | NFRARED END- PO NT SYSTEM FOR CgP BACK
OF THE INVENTION 1. Field of the Invention 5 The present inv rinl tes
generally to the chem cal nechanical planarization (CWP) of substrat es, and
nore particularly, to techniques for end-point detection in CW. 2.
Description of the Related Art In the fabrication of sem conductor devices,
there is a need to perf gNFRAYED INBIFGINT SYRTEM PGSR eivapar i zation, buffing
and substrate cleaning. Typically, integrated 10 circuit devices are in the
formof nulti-level structures. At the substrate |level, transistor devices
havi ng diffusion regions are forned. In subsequent Ievels, i nt erconnect
netallization lines are patterned and electrically connected to the

transi stor devices to def i BACGKGROAIND OF THICINVENTION/i ce. As is wel |l
known, patterned conductive |ayers are insulated from other conductive

| ayers byldiF?élg%ﬂﬂeCIn%ﬁﬁ(;!i al's, such as silicon dioxide. At each 15
netalliza s a need to planarize netal or associated
dielectric mategrial. Wthout nari zati fabrjcation of addi

metal | i 2ation | 9@#%%65%86’%%@@{?3@%@@%1& torice ChpPRIFs P ehaglsal Ptﬁnﬂ%@nﬁl’gher

variati O“zCM'fP) bhﬁlb%f}étfeé%ﬁd h%?@g&ﬁ@&lb{rly,'té‘te%ﬁ ﬁes@@ﬂ%ﬂdﬁ?&ht‘&%&ctﬁiﬂxﬁé jpzation
line patterns’are fornmed in the dieledtric teria and then netal CW
operationg are er,for ed to renove excess netallization, e.g., such as
copper. 28&8—5% L S ¥t systenms typically inplenent belt, orbital,
or brush stations in V\/mch belts pads, or brushes are used to scrub, buff,
polish and ot hér vthesefalmcmpam ofasesibatduetbe. detzicessoﬂhereaisphirmadi tonperfam &AMRBRSI ve

substance in suspe nomn as rry, (s used to faC| e and enhance
The” b opRrtaferh ety plReiflh. Gulhiiipo SbHEe, cledmbiy o G; ficersied

prepar api Rt BEAER; ar€ 18 the Rt of Ma-1ePEIUSAcuriRd Ahﬁml iu%?tratﬁnétefi'tﬁngfsi&‘r't ed
over the 25 preparation surface as well as the surface o e substrate
bei ng buf dedgespdaivmpediffusionotrbgion sae pfeepad.ed Ioy stllbwqﬁm) levels g datercbneect

di stri but | | d f t of
the. pr eparRiA R acue FRERHD T AFRNORY RSGGH ( SHCEBIon AT 6P Brifihhe
friction edeeqsRed REICUBRIP detite.S ¥ i§ WeHUEIoMn, Pak@he PshdbiReNh PR b Al # in@tﬂatcd

surface. 8 January 2004 2 Figure | A shows a cross sectional view of
di el ectri éronhytéxer rondughize daisirn Yadlﬁlaﬂirlpclaatﬁﬁd&pﬁl@be@ssﬂlhfm dnogﬂd;ormﬁaneam

The- di obctr SRS 3P0 B0 €5 b T SRR Hhelr 87 d5eh el Belek 68! viliater

t he etch- Mthcﬁ[ rpmi:aﬁwfoap éatﬁfcatﬁtb‘re oﬂlaeﬂmeh rmeralliadedn b9ers Tdremds fshibkiareiall
barrier 5 | ayer is well known, is typically titaniumnitride (%_I

tant al um P55 dlfflam aueuw] the highglovaripsegs isrthe se@mtamgrmhymlnm APPligaHpRS; de
(TaN) and oL il i Uge O A 1

deposi tedn{egﬂ:l%glgg]elggfg?}te%%kness ualfnm%llte @i Fayerﬁheh@/?‘{nd thén nﬂaigiﬁ\{ﬂ;

f or med oveperatiansdird parfirmad baremose ekewemetaﬂlzatlmy & Jsath fis ¢dppe1t he et ched
features in the dielectric |layer 102. Some excessive diffusion barrier and
met al | izgati on fRERMArdr kS Hcllﬂﬁ

areas. In order to Ijrrerrrgvte%lzg)e&%{l/degﬁgdra Hgﬁhﬁaﬁgﬁ)ﬁ i%gor% Y |§tét€dng !
desi red i mhighc beéltve padsreerabiushest arenused nesscauty g gmiliah eaildvothsm(lsaoprephmv\m) a
netal che ani c |.anariz eration i erforned. As
nent i onedgﬁl oetgm@he rre?pzﬂhews’o% 7’13?1(5\%\5/%’15% Yy AL CRe: ZWEWB PRl gs

met al | i zauseanomadikfateddnd dnbaMRUBE OMI opr@i L t STufry W&t vkldly Fodi Rt ARFE. as
shown in Figure 15 1B, the over burdenbgortl on of the cop er | ayer 106 and

the di ff uB1O8NZBIEP#TaHOY syiEace] 64., Hlie padelrustsrmndelic like, prd distritomed oveEMBe

t t ti |l _of d
motal| Poap B Bos IrRRE B8 AL AT HRE SRR BF Tnd Biboteel beffe iRl SRl SF e
di el ect ri othenyise pepared Higvihe dEMPipro@ssie Th disevitattion it paderaly aéoh Eﬂsﬁefdtw an

barrier layer. 104 is. renmoved from %r the dielectric |ayer t here
needs to %mé %?}1 Oqlf f?-“lil'lBY(?I“f‘d]tt A ¢ preparation surface, the movement of the

semiconductor wafer and the friction created between the semiconductor wafer and the

preparation surface.



20 process state and the state of the wafer surface during the CW
processing. This is commonly referred to as end-point det ect § d#uary2004

mul ti-step CMP operations there is a need to ascertain nultiple end-points
(e.g., such as to ensure that the copper (Cu) is renoved fromover the

diffusion barrier layer; and to ensure%hat the diffusjon isrri r layer is

renoved from okighret b ghomisex crase seehjaia) vieph gk a diglecis ey dte dppeygoing a
t echni queg, are. use us.e 11 : L.red, oV ur

ot ori ol ToRRdia; Bbcht BT Bmcdlb S oBhfstide daliREceh U lodhoene
t echni quemtdrsorine&t ms@NBak@glies. ofheodiekeetpicdags 102 das al diffusionbarrias layer 104

over-polishing, is required to ensure that all of the éonl%léc % ve terial
(e.g., nedenositedhevessharaichppitemest suface g itiendiglgetricdpyar J0&r 4%1 fpsion barrict g
from over | el.ectri r. : t eatsh | Gadal

i nter coﬁnléi I?%)%’b%%\/\ﬁ@#%ﬁﬁl llszg@f%lﬁ’ Pl[aﬁ}é%?%g(})ﬂ%gzms)i’ gdgﬁaé fe t5’of iarlr%l} oper
end- poi nt nitkédee CTANINo104 cOitdInapioh iof Hamgluivs nitfidd (TiNHhamigtabGBiro dd'a). s Gneerthe he
nmetal features that remain within the dielectrjc layer 102. The .di shing

of f ect oS SEREIRIRFrdRtss dO% fiah derfuferostieiio B deslied PIHashah Y 15% Sl

| eaves a gjshy lj Wi lihin %yl (881 fllisneSetcRidBh0 s i
known to &r@g{ftlb%%e&pe??g‘géﬁancelng$6?h%ﬁcpgy%énagﬁ/yl 2004 S3 i%fercpnnegtl

met al | i zathedlielbdtrie $ayen 182. nSgmt eveessimy difusidntbavrionaod mtitallizatign seaterisd s ase
desired integrated circuit to.fail for its intende urpgse, Di shi.
further9c B‘_ﬁl’&?bih ﬁ%@s’tt ‘évei’i_cSW- %‘?‘l?fa{fﬁaﬁw _Ilh?ré_ﬁrnt8§ §mgye ﬁ’ﬁ%’e‘?‘@%"ﬁd%{' I_E@tﬁ{ @g Afict or
waf er. Asg &f@@ MY desFO Rt bd et mdANLd fAlIR amPREbGAED PRS (Mot Ghivid), 4 Hdtal a
specific thickness of 5 material be maintained in order to craft a working
devi ce. Byhensiyalaficchbawingd pbgnatipasioni(€MIopetipaisqerfooredieeds to be mai nt ai ned
at a specific thickness to accommpdate the netallization lines and _
associ at ed condychkyifonéd abodef ihgedlefaD &P NopetdiBnVBYde’ignB@ b Ofefiond tBO1dopOi Nt
detection is to use an optical detector. Using optical detection

t echni quemetallization puderidb fiont oveaghe diekeicticdayasvidR. dior irstange,l asghowarin &jigure i | s

10 from.t fer . surface. This aptical d | QN hni j j to
det ect TEndole ovrrobHienerion 8 e SBeE Bt 04 i 8 AR Bifen Byl IGE

i nt erf er epgd LAbLYET. N&s IsRSAINYENnTMP bpcrafidriscak CMP epérafion Austotghueantil il
end- poi nt detection is suitable for sonme applications, optical_ endpoint

det ect i onofrthg avetbuiensaealiaation andtiffesionpartier mariplo] Mt is aerpeved; fopm oxerdde r ed
for diff Chf éctrfceﬁ&(?rnﬁ)frH?&&?ei ﬂforaé}etoscﬁgﬁrg %q 'ﬂﬁttﬂé d%fs?arn' ba]'@erﬁ%.gé‘frl%-ﬁl?ié
shows a partfial cross-sectional view of an exenplary sem conductor chip 201
after therdnagredaipffroveayity dirbRtricntige ook thereNReds acbea whigiafgneitonitgrttle

impurity inplantation hot ol i t hogr aphy, .and et chi ng hni ques, P-type
t ransi SPoPPCETHdSRE §5e ther SR %{ Bstafeé SsHEAcs during ﬂilendﬁf I‘Ré"%-s?‘?%e 'g]i“_gi‘&on
subst rat e .g{fhonfSre i} R0 o§ BAApbIABSESIA! 11318 sPLEMPIHRFfiBns AR dTadleRd

whi ch are %‘gibrlcated into ap‘p?oprlate well's. The pattern of 20 alternating
P-types t taastiionultipld end-poipts (8igansitsasdp sngre thabthe goppemiCehis nermeycdrfean|

dielectric sem duct or . ) Vi ce, first.dielectric |ayer 2 i S
fabr | car 8Bk SRACIR Rafic FhERbnd eEisd P BspfoR bBHE et o fedtrded
phot ol i t hegéraRbieleRtridlapg). Bheh, dePPsint dertiod ClVRhYueSard uted'®assire thdt QBlod
tungsten pl ugﬁ;s,ZlO and copper |ines 212. The tungsten plugs 210 provide

el ect r i%Galthepdesiied waetbples metendds remavasopPHesommens roblem £wEen enflpeint
features - 1SSt S el ri:c | b
fabri cat 69&3%@ t%%@ﬂﬂegg Esgﬁgc({%gﬁg% gi’,%ﬁ%?‘ﬁ%ﬁ%ﬁ%‘ﬁﬁ@ i%g%ré&glﬂl.n &1
Convent i onajuired ad alsutenthgrdipdfithe edndbctivg, matedal de p.o sdetdlantive eduterijpl esdiéfusions ed

to create, co r vias 220 and c er lipes, 214 in the second dielectric

| ayer 20402 ﬁgﬁwpp@r‘*) 3 demoid Bho.ous 1ot é‘(‘:"c%‘?‘i“é%llayébrlrﬁiéf’iRfﬁ‘éenbéﬂf%ﬂé(éﬂ“tthe
copper | i Re3ufAfintddcdnRBctRAMRAG 3 RiiAdnIAed Ne copper lines 212 or the
tungsten plugs 210 in the first layer. The wafer then typically undergoes a

roral Gty |G SdeGhHIsRERY Foproer REToRIT AeCURRGR b PutsBimgL e iRhing 108 "
January 2Q0duréods tROmelabERnAss Wesemhadiugh ke diskarenaRr 102, FrediSing Arrld-

After the copper CMP process, the wafer is cleaned in a wafer cleahing
system FicgfgndalpBrasniks more pelatlization: mpdasiab dlaani desired \andweaesea dishdiknatopr

h d i = Doi nt. i.on., h | i
on-the. top el ehdficEERAE0R YigPEc FARHEE o ARnal R Powsef B BRRFgndi e ™

detection process. The photo-corrosion is believed to be partially caused
by I'ight photons emtted by the optical detector and reach the P/ N
junctions, which can act as solar cells. Unfortunately, this anount of
l'ight, which is generally normal for optical detection, can cause a
catastrophic corrosion effect. In this cross-sectional exanple, the copper

e S o A~ o . ey




15 of the junction. This potential difference increases wth I|ight
intensity. Accordingly, at the electrode connected to the P- § Jenuapt 2004,
junction, the copper is corroded: Cu ~ Cuz" + 2e . The produced sol uble
ionic species can diffuse to the other el ectrode, where the reduction can
occur: Cu2' + 2e- ~ Cu. Note that the general corrosion formula for an
netal is imrescaunectsneiallizationdineR én yapgating wagdand: e much dishing s cagsy? d?étr%d/ i's
M™ + ne ~ M For. more 20,1 nf or.mat i phot o- corrosi on effects, reference
can be na’dléegf%e‘gﬂmé‘r’ttt?é?lgf%;l}sR.ltepéfg\(;g’?fp%ge'et al ., "Photo-Corrosion Effects
During Cu Interconnection Cleanings," to be published in the 196 " ECS
Meeting, Honol DishingHawhen coniugisep almmeyniformghiskeass obiaysr iaissismicandusiae
copper lines and. tro I o’ . 1 r
Foat ur es, AEr oS CRNRY gt SRl bR Bhe RRAIANN B RELRARRFT
over the RateyiaEbd maintdisddin Srder e cqatiat werkinprdesicon Byfwacio exampleatisaidentrioded

copper lines 224 or conpletely dissolved co£per | ines 22 I n ot hﬁr wor ds,

t he phot ol2yer F¥snesds tabe aunipipied pla SpeGigHl qugssctgrﬂggqmmpg@e B mepefligation o
e N0 | gRAGIde¥oRhid dRaldive UNQballd eV ST the N type transistors, the
phot o-corrosion etffect may cause copper deposit 222 to be formed. This

di storted topography, i ncl udi.ng the corrosion of the COppﬁ?ai i hes, lgax
cause 30 devi cPngieYayc ek perieiming §AGPOInh JeRIEST & nPs #hEpk fectogy, gUst

defective [ n N ol ISERLPRGhovHE cerfl8S T8RS NO
yield and’ ?C\éistﬁlgtggﬁﬁ\yéflﬁlﬁgg%egkﬁﬁé%Pﬁgélgé@ oftQ@h%!&EBBJanuoary 28%4 5 :
fabri cabi fiomptheeass surfides i emtical dueetior techniqit isgdesigned foydetart ohangeein thhe

entire wafer, thus destroying many of the chi ps on the waf.er, This, of
cour se. | ek udac HEmERSHOnoRy FBLGH R o SR HE Byt Heeir it B R gpiiaher o

|'s a needgfp %tlﬁﬂ%h% i1 @6t OBctWSE SiEabld Y8t sclfe AFichtitHs SopIthI Gt i cal
det ectorsdéin 0éna e prgé?ésieontpend- po(i: nt det ectei onto f#ﬁévent _S(imsihi ng 5 and
avoi d t hepoiaedeteotigre nfayr motebec edajuete mveasepstheshiemdypoint ge@atmaisy deigd for
SUMVARY CE. THE | NVENTI ON Br gadl y spegki n he present invention fills

t hese neeﬂ‘.%ceWtﬁngﬂsdﬁrﬁﬁncéog%%ml&?a“%&gﬁ Ifor using infrared enissions
to determne process state, and to produce an infrared surface nmap of a
substrase duri Rigu@VPAphowes panl ofosssdstional tviesy off e examplanyt semigoadu¢tonchipn 5

D P ST St SRR K5 e Bptitar S £ PR P R0 Bty ®
erbodi men{fpightatibe  PRASIRAbgraPME NddOBLcAG ELRERIGIdE P-BPk Oansisfor®Nehd N-type

enbodi nent,” a chem cal nechani’cal planarization systemis disclosed. The
syst em i ntrangigersarsisbrcated mte the dktyph alicopsubstratn d0P.oAs shewn, caelbbansiier haft h
at | east gne 10 ricat I . C LT y r
i ncl udes g %?rt%psé’ﬁlg% 8?[1&1612%?1 g‘%ﬁ%\r}& %ﬂ% %ﬁg%afrg&agﬁfqﬁ:g%g ?ﬁ%f islgh%glﬁ%fé?%%?t 0 a
pr epar @bi aherfatifga®etypés tthasistobs tandit Nstyseichantiftats chatepr £ panhail¢nentivgachetal
overlaps at | east a portion of e .preparation surface of the substrate
that is nge%eqrmnﬁ?P”éH?‘PF@MQéHB‘ﬂc%f the preparation surface of the
substrate. Finally, the systemincludes an infrared sensor that senses

i nfrared em ssifoffirdtrdishettnie layap202atd dabrsated aner ohe tdapsidtbrssanik sutstrate 200.

anot her enpodi nent, hod f or nitoring the process state of a wafer
U f ace qLPRHEEHEPRaPEBEHANY cfEBEadiy | SRETEN IS IGITET dledseqHa (Bt od

i ncl udes jn@igQleR%ILEAL 200 SRR &dpper 1k Pase TR thAlRienepREs %Dfﬁrﬁeidk%lécﬁﬂ@a\le a
first layer of material fromthe wafer surface.” The nethod further provides

f or t he2dseomriengonsf bétweermthedcappes inengld aodinthehactivef isatukd erutlfcaensihiors.ngAt he

renoval of the first |aye f terial to determmn nd. ni t he process
Ctate of CHieRspdtctic LSEE 20 mal e ThtrRiac hGR I SsRRieR o2 ahl ol
det ect i onlings diZclCaaechtiohephivrdliBskraphs| YdBmgPERY HePosBiod WeinRjuet Aad uftdoa
first layer of material to be renpved fromthe preparation surface of the
waf er, an@3HoRAPEFNGaR2HbrRdenPREr bues 214He thesterend dislectriclayer 2842 T he cppperonal

contact b ' f f . S pad
SO enove 2D prdfaPaeRredich ik ofiths e e PSpotf ifils Alln ytscBild BHBIPRE
sensi ngoofthd eupper lats 2it2 ssihe mengsteaplitgs @19 irethafmstilayer.sur f ace of the waf er

during the renoving of the first layer of material; and evaluating the

infrared em sshepsydiG tHGE §pIEE uAirSSd aRBbHr (NIPREREESS' Bfove the overburden

metallization material leaving metal only in the trenches, and the entire wafer surface as flat



The advantages of the present invention are nunmerous. One no%jbl e bepefit
and 30 advantage of the invention is the exploitation of infPafB@#¥% si ons
provi des an accurate determ nation of process end point, and avoids the
prior art problens of photo-corrosion. 8 January 2004 7 Another benefit

Is the conbination of infrared cl earanc‘_é detectjion w tﬂ Var i a%{hﬁ Parti al
padwaf er &vBEeSEY ®Miessrbrewh sefergmre fp Higaregd ArlBr etftesdhe, foprep SMRPIOSTSe CvP

process. ﬁ%v@%&;igicggﬁéd ig%ﬁw?gfjntcfléa?)gg‘s?s@ml ity to utilize infrared sensing
|

to genera ared nappi ng o ntire surface of the substrate during
CVP processing.. In addition to prqcess state, the i nfrared mappin

reveal s surf acgl@EFpggrﬁW ’é‘ﬁdpa(‘,'%ﬂpgg?sfﬁeﬁﬁ’ﬂna} Y ta?tﬁbrﬂ?enwﬁger" ehalgrlg'glp%@ne
sem Condugét%l feﬁ@-ﬁn?ﬁ@dhf&@ﬁon@ t&%rsha@gégiee?g@?epimés%u BY 8 {opMaér havBARORE

appar ent omt ol 'owm ng detaile ption, taken in cohjunction with
t he accenpejgdtedytodptmee-oersgsion durtgr the ideigetion prayesef Thr phploecoriosiopris heligyeés of

the invention. 8 Januar 004 .8 BRI EF PTI ON THE W
present i FR/E?]P?‘ESWEWCF‘P“E&}/}?é%\tﬂiﬂl&‘?t%ﬁ&@}‘g%g%o?twl ggtP?tBW@%P%‘? Eﬁ
descri pti QfhctifnsS WMt Chh ARt 46 (sPlat RELAC CORMBAMNAIGY, tHidWddds otMMhe! Which ke

reference’ nunerals designate like structural eléenments. 5 Figure | A shows a
cross secgerendly narmal fof opticil détection canl aysera eatadgopluc nerresidradffactat i on process
that is conmon in constructi ng damascene and dual danascene interconnect
metal li zation i 54-648tiSnat Bx ROIS e B pFerafiR LORR, oY reysRh Pragulre | A
in which the overburden pc%rltlalloﬁ o?mlfshe cggger IS’;&)E? and the diff udgi%n

bar ri erl0l elgetrichliw eoreetad rte differcnt gadts ifghe €/19 jumhions Ehepdurry ghemicals and/or

cross-sectjonal, view of an enpl ary sem conduct or, chi fter .the to
Copper | astamical Souithos qeRte OB Btk SaHcE i R ehafdsrav il b B ihe
Cr 0SS- SeChLfeaf cYdsal & elbbteibdlcirdit Ak eRictrbhee Wal YoleRFS are transferred across the

P/N junctions. The electron/hole pairs photo-generated in the junction are separated by the

electrical field. The introduced carriers induce a potential difference between the two sides

15 of the junction. This potential difference increases with light intensity. Accordingly, at the
electrode connected to the P-side of the junction, the copper is corroded: Cu = Cu®* + 2¢.
The produced soluble ionic species can diffuse to the other electrode, where the reduction
can occur: Cu®* + 2¢- — Cu. Note that the general corrosion formula for any metal is M —
M" + ne’, and the general reduction formula for any metal is M"* + ne’ =& M. For more

20 information on photo-corrosion effects, reference can be made to an article by A. Beverina et
al., “Photo-Corrosion Effects During Cu Interconnection Cleanings,” to be published in the
196" ECS Meeting, Honolulu, Hawaii (October 1999).

Photo-corrosion displaces the copper lines and destroys the intended physical
topography of the copper features, as shown in Figure 2B. At some locations on the wafer

25 surface over the P-type transistors, the photo-corrosion effect may cause corroded copper
lines 224 or completely dissolved copper lines 226. In other words, the photo-corrosion may
completely corrode the copper line such that the line no longer exists. On the other hand,
over the N-type transistors, the photo-corrosion effect may cause copper deposit 222 to be
formed. This distorted topography, including the corrosion of the copper lines, may cause

30 device defects that render the entire chip inoperable. One defective device means the entire

chip must be discarded, thus, decreasing yield and drastically increasing the cost of the



under gone optical end-point detection. Figure 3A shows a VaPO CMP system

i ncorporating a single point, infrared 15 cl earance detecti of Japsay ddds in
accordance with one enbodi mrent of the present invention. Figure 3B
illustrates the positioning of the single point infrared sensor across the
surface of the substrate in accordance W th one enbodi nent of the

i nvent i onfabricgfinnepragesshdibis effagsArovver, Wil gsreialy OEPBroYeT HI GG Wfesr dys
scanni ng sensor.  cl ear e chi p a i C i

cmbodi menpeups P BB Brik SRADR T b hule AERAL TG fOon
path of the scanning sensor clearance detection systemillustrated in

Fi gure 4A. Fi gl desAfdheoipscsaing Hrereais adieedfos MB enépoint defectisasysiems that o)
systemin_accor .t i ' ; j nvent | Bi.gure
ST 11 ust PO PR Dot SRt lRbicRGHbTERY o6thy beluloR 6 BEERr SR
array 25 gheavoidae nded Riarformsyedseive bldryslliskihgd i n Figure 5A. Figure 6A
shows a belt CWP systemw th infrared end point detection in accordance

with still another enbodi nent of the invention. 8 January 2004 9 Figure
6B shows a side detail of the transm ssion and reception of infrared energy
in the belt CWP systemwi th infrared end point detection illustrated in

Figure 6A. Figure 7 is an infrared end point detection systemdiagramin
accordance with one enbodi ment of the present invention. 5 Figure 8Ais a
graph of a representative absorption coefficient of a typical copper CW
process in accordance with one enbodi nent of the present invention. Figure
8B is a graph of the reflected infrared energy plotted between ~ ~ and 7~2
corresponding to the applied infrared energy and the absorption coefficient
plotted in Figure 8A.



10 Figure 9A is a graph of a copper absorption coefficient curve and an
oxi de absorption coefficient curve plotted between ~, 1 and ~3 Jppuagy. dMyance
wi th one enbodi nent of the invention. Figure 9B is a graph of the resulting
reflected infrared energy curve plotted fromthe data in Figure 9A 8
January 2004 10 DETAI LED DESCRI PTI ON OF% THE PREFERRED EMBODI MENTS An
invention for infrared end Eﬂhﬂh@gggﬁigpggﬁgﬁggx rations is disclosed.
In preferred enbodi nents, a tion system i ncl udes
an infrared sensor conflgured to a Variable Partial pad-wafer Overlap CW
system and us&noatdby epﬁakmgt e oupent iprentiondillstthese nepds RopPovisingia sytigBEpdt e
surface m |nfr f i ons
o eval untBusRoiog s iiPheg AR L BocHhy PERe silp B9 W ThbALE ARl
di scl osedsurfivetdip dfod blmarﬁtg ddeisg CMP pm@essmgrﬁrsobmasq@ecnﬁelmesdﬁm md:moamanset
forth in order to PFOVIde a thorough understandi ng of the present

i nvent i &nbe implgmepteddn aupesous FaHs, IWEIRAS 2 PEICEeI RPAAFHLS: A FYHIRE, 4 FEVice hat
the pr .esegtﬂtlétﬂ?{oe%&%l éér ?e‘%dﬁ’:{lé‘%éd&e%e { Eﬁﬁ)ocﬁ%ﬁts%@ (R %fééelat Hvehiiitse
specific I nstances nown process operations have
not been desgibedbelown detail in order not to unnecessarily obscure the
present invention. Figure 3A shows a Variable Partial pad-wafer Overlap
(VaPO) CVP sysieml BGALR eﬁ 1y “&hefh §a|1 Q&Jcﬁarﬂé)dlg) afﬂtfoﬁrs‘jgteﬁll @dl%%@&a%@
det ecti on apparatus (SIng SR ance detection In

accor dancegyssrh hnolmeleseabsmdstrmeltch@ék thee Holdssemt rdtaies ravarlistram wirlnat \ladRO oabP
systen1|ncludes a subaperture polishing confi uratlo in which the con act

sur f aceOoffabiicatsd lagist iybefaMb pro¢estede ThsAutien 5,7 RTSPATALPR CRIFiCE W
smal l er t u r n t

torm vapOt et itk RATGaCh dfel® & ﬂ‘%ﬁféﬁﬁﬁﬁé of PR Sty ﬂ*r%?"ﬁ%ty@?em
The si ngl ergparatibn hkshoweniaps atelemniportiosmftthmpﬁpﬁanmiimﬂes ofithersebsirat thatishead
306 20 no ted onag_reparatlon carrier s, attac

pr epar at i $%S (AT FbFntifR POFLioRoRS ‘h?rPéeP&Faé‘BBrsé{{fP‘éfno £ rSPBﬁlra%aF’tna%bzth%ﬁﬁt‘?‘Bs
rotation Hﬁuﬁde@ aRiEPAER bdriRbr &auehfers iRf4re @ BRAiRIARRIR Pt R ATbm3Qtact\Bf 4B Can
be any of a polishing pad, buffing pad, brush, fixed abrasive pad, and the
i ke. 115 ewsstrettbodi nent, the preparation carrier shaft 302 is configured to
apply oscillation in addition to rotation to the preparation carrier 304
and 25 prepar af ghhihGashrddfinedse] RMnBA forRRRRI A gtﬁehﬁroﬁésgl@ﬁﬁeaéﬂ PRafieage6, a
substrate 312 is nmounted on a substrate chuck which is attached to a
chuck shafdurig®ghermivel mgblsnical @la@arization rlstdaﬂcmery Tihi em@tp@d uMde@ noiging the
rotation to tgg chu K sh Hh 30 mh%ch rot ates % €13 { ﬁgﬁ 310fupon
whi ch t he P§%8 ‘PBFB‘ SHHAC O THMPYR2 Y @FFS &4 “’é‘ hiVad

condi ti onlsﬁlgadaeanle?ﬂ;&hb@ fﬁxﬁfeatpﬁﬁln@djfapsﬁtsehmg ahihfiafedt digisSanefromahe wager t he

substrate 306. The conditi oni nﬁ; head 318 is mounted on a
20 surface during the removal of the first layer of material to determine and monitor the process

state of the wafer.

In still a further embodiment, a method of end point detection is disclosed. The
method includes providing a wafer that has a first layer of material to be removed from the
preparation surface of the wafer, and providing a polishing pad. The method next creates

25 frictional contact between the preparation surface of the wafer and the polishing pad to
remove the first layer of material. Finally, the method provides for the sensing of infrared
emissions from the preparation surface of the wafer during the removing of the first layer of

material; and evaluating the infrared emissions to determine an end point of processing.

The advantages of the present invention are numerous. One notable benefit and
30 advantage of the invention is the exploitation of infrared emissions provides an accurate

determination of process end point, and avoids the prior art problems of photo-corrosion.



8 January 2004 11 conditioning carrier 316 which is attached to a
conditioning carrier shaft 314. In a simlar manner as the s8dsnuasy 2012,
the conditioning head 318 is rotated by the application of rotation to the
conditioning carrier shaft 314. The conditioning head 318 can be a pad, a
brush, or other such abrasive substance/’that is configured to provide

cont i nuoudénotrdb¢refihistthe Borhbinatien efriefrared clearanbedetc @O vitl Varabde Badal pad-

tion. An inf i gnal. dyi t. and ser t] ket 322, ]
ohovn: pos ieres fath 4 B ke ssind, B R eliela £ eosr e Qitcliay COBE bRers”/ah°
si gnal  copgiiibnaABEnIRRSME BT ADizB L& schdiag S gORPdid a8l hSppiRNGE an

IR signal to and froman IR signal processor (see Figure 7), as well as
provi de amntictsacfaeent thieosubstraie ryriag FOVRt proedssiag e dnsaddifinn ®2process st the

Ceceived ditghd mrePRar TN C e SRR SoaRRd, S RFRER, mofl Brekhe

enbodi mentgmichedirtdighidcagemt | R sensor 320 is an active sensor, and IR
signals are transmtted froman IR signal processor to the single point

I R
sensor 320 as | | as_transmtted from: i i I 0 an
R st gnal pr oc o aRaugRat i Bl R Wit heeShO SR il R SARRRG dRlhe,
322 is coqtdceiptied thRenPdSédnjitibMevith Mgl RcqppdilyingRiraR e/ ilEkating Bnedl efl R
exam nation and eval uation of the substrate 312 during CWVP processing. In
the il | usexampld thepoiniesnf theyingedfosy red | ocation is directly over the
substrate 312 being processed by a VaPO CWP system The IR signal conduit
and sensor nounting bracket 322 is configured to position the single point
IR sensor 320 in a 20 plurality of points across the surface of the
substrate 312 during processing, and the IR signal conduit and sensor
nmounting bracket 322 is configured to nove i ndependently of the preparation
carrier 304. If, for exanple, the preparation carrier 304 is configured to
CWP a substrate 312 noving froma center of the substrate 312 to an edge of
the substrate 312 in a first direction, the IR signal conduit and sensor
nmount i ng bracket 322 would be configured 25 to position the single point IR
sensor 320 over the surface of the substrate 312 noving fromthe center of
the substrate 312 to an edge of the substrate 312 in a second direction
that is opposite the first direction. Thus, as the preparation head 306 is
novi ng al ong the substrate 312 fromthe center to the edge, the single
point IR sensor is noving over the substrate 312 in an opposite direction
of the preparation head 306. Because the circular substrate 312 is 30
rotating during CVMP processing, the single point IR sensor 320 i s exam ni ng
the sane substrate 312 surface that is being CVWP processed by the
preparation head 306. In another enbodinent, the IR signal conduit and
sensor nounting bracket 322 is attached to sone other part of a CWP system
and the sensor is inserted into a position over 8 January 2004 12 the
substrate 312 during CMP processing, and then withdrawn at the conpletion
of the CVP operation. As described above, the single point IR sensor 320 is
positioned adjacent to the preparation head 306 in the illustrated
enbodi nent, and focussed on the surface of the 5 substrate 312. The
di stance between the single point IR sensor 320 and the surface of the
substrate 312 is dependent upon the type of CMP process (e.g., whether or
not slurry is used, the type of slurry is used, and the |ike), and whether
the single point IR systemis active or passive. The di stance between the
surface of the substrate 312 and the lens or "eye" of the single point IR
sensor 320 can range between approximately '/z inch and 20 inches, with a
10 preferred di stance being between 2-3 inches. In one enbodinent, the IR
signal conduit and sensor nounting bracket 322 is configured to both
position the single point IR sensor 320 in a plurality of sensor points
across the surface of the substrate 312, and to position the single point
| R sensor 320 at a desired distance fromthe surface of the substrate 312.
Figure 3B illustrates the positioning of the single point IR sensor 320
across the 15 surface of the substrate 312 in accordance with one
enbodi nent of the invention. In Figure 3B, an overhead perspective shows
the substrate 312 and the conditioning head 318 adj acent to each other and
rotating in a substrate process direction 326. Directly over the substrate
312 and the conditioning head 318, the preparation head 306 is shown
rotating in a preparation direction 328 which, in the illustrated
enbodi ment, is the sane as the substrate 20 process direction 326. In
anot her enbodi nent, the substrate process direction 326 and the preparation
direction 328 are opposite directions. In addition to rotation in the

T [T 1 N g, o NS M o - 1. 1 ~SASe~S - L Y T



8 January 2004 13 this manner, when the preparation head 306 noves fromthe
center of the substrate 312 to a next position towards the efdanusfy 204
substrate 312, the single point IR sensor 320 increnents to a next sensor
point also in a direction away fromthe center of the substrate 312 and
towards the edge of the substrate 312. &he process and increnmental novenent
of 5 both preparation h i ngl e i R S8 320 conti nues
until the entire surfacﬁ ; 0 S E0 INOE L ':-“'-kw““-‘ P processed and
determ ned to have achieved the desired renoval. Figure 4A shows a VaPO CWP
syst em i ncor poTht i prgsemn inméntmmesvill | ®) readilyniunderstond oby cthe afolinwingd aletagled on

apparatus (scanning sensor clearance detectjon. system. 5 i.n 10 accor,dance
W one: drsoRtRograEin i B e m e vings SRR R LR PR DEREE
system shaw\ﬁia& ki Btutd eletnengient i cal to that shown and described in

Fi gure 3A. ile the description of the illustrate VaPO CVMP system

conponents i s pnot repeated, conponen art f the VaPO system.ar.
i dentifPed wit lﬁuﬁ%ﬁgéﬁ‘é‘“’%%ﬂoﬁ% C“B‘é‘"’éi"@“ﬁ%?f%ﬁ?“&@“‘i ‘ﬁyﬁfi“é‘g?h{g"‘é‘ﬁ.a 'é‘%gn
scanni Ng PRSA! tHat §8' @GRofIGh e@dnis@ﬁbtmgsaﬁﬁrasaéiﬁ bfid altak damdioahe tinRfconhect
present 15 invention, and is further described. Figure 4A shows an IR

si gnal comttallizagiod lisefasor nounting bracket 322 supporting a scanning IR
sensor 334. In the illustrated enbodi nent, the IR signal conduit and sensor
mount i ng bracketigud?2Bi shoWRONE cAdsk aehiRMhal Qicdl oNBiured 1 A0SWHIGh IWE boetBdideg t he
preparation carrier shaft 302. In another enbodinment, the IR signal conduit
and sensoporionof thegcopperdkyer apd g 2liffisiombardeayerhavesaea remmead. part of t he
VaPO CWP system and then positioned over the substrate 312 during CW
processigng. TheiduR SAGRSWs 6 Partibl trod§8e B8NS el B eREnBlaBCaTiconddctopLhif
then wi thdraw the scanning I'R sensor 334 fromthe CMP processing

envi r onneafterthe tapecopperdryes hanuasiergone aCiP prasessssi ng. During CMP processi ng,
the scanning IR sensor 334 is positioned over the substrate 25 312 being
processed. As ¢gmed RBetholR thebaitianesd-Qchibgilngevd f Fifige diAsifesiaBe helferdan t he
substrate 312 and the | ens of the scanning IR sensor 334 can range between
'/ z inch andergone optisaendyolr datepti@dt. er r ed di st ance bet ween 2-3 inches,
dependi ng on process requirenents. |In one enbodi ment, the scanning IR
sensor 334 is ird 13208HowH 2 VaPOe CMP Cbie iddorptitatitipd b Oxhglat soife Mhfiredf

t he exposed suﬁg%lce of the substrate SE%S(e.g. , IIfdti:a?@ré)orti%lﬁ %:‘,ﬁ?he_ 30
subst r dbe clearanghdetediionappagius Heagsprdenecaviti Andmbpdioent of the present igxention.
enbodi ment, the scanning IR sensor remains stationary in the fixed position
during the CVPFphee8Bsillngratedihei poisiignignal mE%iI@B/?ﬁi&lg&lfﬁfrcd beénse babgsathe
surface by scanni ng back and forth across the surface of the substrate 312
from the Pstess 9bdhs ubgrate inpcsprgdpres WighorsmpRadiment gh thenegngipB  conduit and
8 January 2004 14 sensor nounting bracket 322 positions the scanning IR
sensor 334 in &idure 9A gosst a GRPONCHME afsedry indrparatitg 410 idfleeed seapaingtscosorhead
306 near the center of the substrate 312 at the bggi nni of the CWP
process, &KEAFRACPHONIRBHARE IR/AGeRARCT ith g%eaﬁﬂb%l%m O ISpSeRBIVERISM ¢ he
center of the substrate 312 towards an edge of the substrate 312 as the

pr epar &0 on 5 Héawle 3B6shomsribeninftaatd yeampads of themcaiing s¢nser clemtince ddtedtion
Substrate 312 t,(i) rds.a .egﬁ%‘? of the substrate 312. In this enbodinent, the
scanni ng A%tsBAllGirateddn Ay IR sensor 334 can provide | R mapping of the
surface of the substrate, and can determ ne surface state over a | arger
regi on of the Suput bat sho®sansofriredsgnsas amey Cleamnandaedtionisysttman agtordamte

poi nt for re.precise processing.. 10 .Figure 4B shows the IR scan path 336
of the scafd Wégg%tﬁ%roermbgﬂdgg‘?rgﬂtB%d'é‘feélf:'?’il'on system 335 illustrated in Figure
4A. In the illustrated enbodi ment, the substrate 312 is shown adjacent to

t he conditi oni digiead Bugratesreptiisentalive ssusar artay poids of sheeinfraedagedsor array

condi t igQni 8 i he, pr.epar.ati on ad 306. As can be appreciated in
Fi gure B,cPegraLﬁﬁgg%tgént Ga St%@d%lgsﬁrage? lﬁ#éguéﬁg‘gtrate 312 is unobstructed during

processing by a VaPO CMP 15 system The scan path 336 of a scanning sensor
cl earance det edigwn Géy%@éfmai’&é 4P sysem vetteinfiared end P detsttioamia asodrdencst e
312, obtai . 312 surface in overlapping scan

pat hs, an q@hﬁﬁkﬁﬁyﬁéé5§&§§9§%@@ggbéﬁﬁgﬁ"of the substrate surface. In one
enbodi ment, the surface map is obtained froma passive IR sensor. In

anot her enbodi nent, the surface map is obtained froman active IR sensor.
VWi chever enbodi ment is used, the 20 scanning IR sensor 334 exanmines the IR
em ssion of the substrate 312 using a continuous or intermttent scan node
with IR sensor data being obtained over tine for a substrate 312 being
subject to a CWP process, and thus providing an accurate determ nation of
end point in CVWP processing, as well as an accurate predictor of process
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30 present invention, and is further described. An IR signal conduit and
sensor mounting bracket 344 is shown positioning an | R sensoB Jamuasy 2042
over a substrate 312 being CWP processed. In the illustrated enbodi nent,
the IR signal conduit and sensor nmounting bracket 344 is shown in a
configuration other than 8 January 2094 15 attached to a housing )
surroundi ng t hBigareefBshiwsomsidadetaid of HiedfansBBgion land sepeptiemofaintrawid eaengy it he
| R signal .cqonduit _and sensgor .noynting bracket .m ght .position, the IR sensor
ar r oy 342 MR e SR ok e P Pt PRt 00 sl R I A hen w ¢ har s
the IR sensor array 342 fromthe processing environnent at the conpletion
of processi ng. Figurafios heinfeartd didrpeint déte@iontsystemydiagraninin aogerdafeesy i gne
conduit and _senso unting.bracket 344 is attached to a housing
surroundiﬁ@b?ﬁﬁwﬂ{ ?BF?%&“EEPV?%r shaft 302 as in the enbodi nent
described in Figures 3A and 4A above. The IR sensor array 342 consists of a
plurali®y of i Fjuwi 84Aals al Raplenf erreprossaitative rabsprpddmm eeatficieds efrie typist lsepper

within a single sensor housin | n one,enbodi pent n_LR.sensor 10 array
342 1 gh CMEERIGFS 18 Sesotalet bt ope SRROFEBER e ool FIoE50  see Fi gure
3A) configured in aline or array within a single sensor housing. In

anot her enbodi Fegure 88nisl Rgsaphsafr tharrefgct@i frarggth enargy phdiled betywéan & and of

scanning IR sensars 334 (see Figure 4A) confiqured in a.line or arr

wthin g SPRoPerduaLbbe nbpighdthntia) b B shphin Sadturienimie Mg neq
over the gubstrate 312 to be processed, and configured to be able to
exam ne as 15 large a surface area of the substrate 312 as possi bl e during
CWP processing,. Typically, the IR sensor array.342 has an area,of coyerage
Chat 1 701 udes FiRvens & bianh e et AROTRIBSOY IR TRve St SHICasiliShat o
full surfacanRRPLRYe gﬁotteﬁr Btvedtt 5 uhd 1§ Sin (RcSrdancAOR TN MR @htsdimér BT e 5B
illustrates representdtive sensor array points 346 of the sensor array

cl ear anceimlentiei.i on system 340 illustrated in Figure 5A. The sensor array
cl earance 20 detection system 340 can be a passive or an active system In
one enbodi ment g r i DSSar, i

array points 35 2%?%?&gﬁ%ﬂsolﬁ?ﬁe;%gmgﬁg{%%ést rgdt gdelﬂ yg&lsri%r/wmaﬁtg%glgﬁglrh?/. I n
anot her exbadn Figote 9Ahe | R sensor array 342 examines a plurality of sensor
array points 346 across the surface of the substrate 312 sequentially. In
yet anot her enbodi ment, the IR sensor array 342 examnes the plurality of
sensor array 25 points 346 across the surface of the substrate in a phased
and pre-determ ned order utilizing both sequential patterns and

sinmul taneous IR data collection However the IR data may be coll ected, a
sensor array clearance detection system 340 assimlates IR data froma
plurality of sensor array points 346 across the surface of the substrate
312 to both determ ne or predict process endpoint, as well as nmap the
surface of the 30 substrate at any point in time in the process. The sensor
array clearance detection system 340 is configured to provide an accurate
determ nation of substrate 312 topography, and process state. Wth the
plurality of sensors across the surface of the substrate 312, the sensor
array clearance detection systemis configured to filter or conpensate for
data irregularities 8 January 2004 16 that can be caused by slurry on the
surface of the substrate 312, transitions between |ayers in surface
conposition of the substrate 312, and other such barriers to accurate IR
mappi ng and data collection. Figure 6A shows a belt CW°P systemw th IR end
poi nt detection 360 in accordance 5 with one enbodi nent of the invention.
The illustrated belt CMP systemwith IR end point detection 360 includes a
CWP belt 376 driven by two rollers 377. A substrate 366 is attached to a
chuck 364 which is driven by a chuck shaft 362. Continuous conditioning of
the belt 376 is provided by a conditioning head 372 which is positioned
over and across the belt 376 by a positioning track 370. A platen 378 is
configured under the belt 376 in the 10 regi on beneath the substrate 366
and chuck 364 where the CWP of the substrate 366 occurs. The platen 378
provi des a hard and solid surface on which the substrate 366 is applied
agai nst the belt 376 with a force in order to CVWP the substrate 366. The
pl aten 378 can al so include an air bearing (not shown).



Under the platen 378, an IR sensor 380 is configured in accordance with one
15 enbodi nent of the present invention. The IR sensor 380 is8daaugehdP4 o an
| R signal conduit and sensor nmounting bracket 382. The IR sensor 380 is
focussed upward through the platen 378, through the belt 376, and at the
surface of the substrate 366. IR belt whdows 374a374d are configured in
the belt 376 t I L,00,.an 1SS of IR
ener gy through 8 ]&ﬁc&ﬁl}; .;.Bc b t—oerow- 20 Figure
6B shows a side detail of the transm ssion and reception of IR energy in
the belt CVP systiamemionhfor Rufeared pod pointdetsctioroim 8P aperatéensris shslaspd.Filgur e

6A. I n one enbodi nent of the.i.nvention, t R signal. conduit. and.sensor
nount i ng Bfeg?fﬂegit ?‘%‘é‘?ﬁlﬁfﬁtﬁ’t M pdrap eCl?aF@ILCSnAs%EErCh%%éy%?rP é%@?‘g}sbagnigﬁﬁﬁdtsﬁlésm

pl aten 378odighrél el eiabidParigl AANRETRS O EreapSUNIPt syatem, 3RBusefido thsuguicNP at e
366 is being CMP processed, it is applied against the belt 25 376 and

agai nst 5t peocpssattatn agd 8o wravideasiubsiraie spfageanapning efiinfrrashiepnissipes. c Meshods 19hf t
362 and chuck.364, . The . nd i i i Lt her
an-act | ve P ifiled (OBsioh B R P fakia08 pERcCRUREHS TR Hitbeity &t
refl ect edaRy didtbsedibE thatfellhag degcription, minfeeanispedfibyethiieart Resforhdn od&d and
transmtted through the | R sjignal_ conduit and sensor nountin brg(fket 82

to an IR & gravidprotesaigh ydsstanding ef the peseniniavsdjos. Fhavil %’eeH cgsfo
penetrat eg L hg. bgl &ne%iﬁle‘a hh t, kR tl‘%ﬁ%&&k’ I@Qmﬁd% Rg) be }Q%d&geé@wﬁﬂ&t sofg IR
si gnal processor (see Figure is configured, in one enbodi nent, to

assi m [at er ahef ithdse spacificdétailsR Bi ghel iastandesvweel kivvaugioctdseopefatioas hawei mdows
374 into conposite determ nati on of CVMP progess state and end point

det ect i onbeephdeserbedyin gl g ﬂ@sw@éaup@%ﬁw@aﬂ%ﬁ% PTERRLINYENNOR. Janyary
2004 17 sensor 380 and provides a fixed path for the transm ssion of IR
ener gy bet ween Figuee |3A showera 3B4tiabled Phhial pabistafet ©vafiep (WMaB0O) eCMP sysiem| R

end point . detection system di agram 39& i n,accordance with one gsnbg?di nment of
the preseMCOIRNEME 8nsinglsePqint dRHTEH; (IR) HRAANCE JiFielier APPERRRIr EHEIh POtes 5
an IR sen , . L I aduj I I I gee 394.
The IR se%ls%(%rraﬁgéé 1de?e§u{):1(§n$$tg§l?e3d(ﬁ?g€ LHtc%%raf%r?ogngﬁﬂt tél{ibngﬁlgﬁgﬁg%&: e(?v?fr%gﬁlc?g énz;n I R
si gnal ,15amdehon.t ke YaROi O Paiystbir inchidasi aosubaparmme péleshmgrdoabigurafiomirswbrhr at e
during CMP processipg. The J.R.senspr.391 h a lens 391la.that.diyects. a

Cr anom ¢ o SPGRA A of 8 pALTTEPAT WHE e YT gl deraln goiats Bosne bESHI

in accor danman¥Vhrfack ROWE Wiet. SRR QGY apﬁ%ﬁaﬁ@ﬁﬁﬁ@ék Otk ValPB, 48 RRASAH beS

t he Conpact Infrared Sensor Wth K-Type Thernocoupl e Adapter, distributed
by Col e- Pangdestope tn dagentrera ‘Gobapsttuxgdspstemd [ |s, 111inois. In various

enbodi nents as descri bed above, the IR sensor 391 can be a single point IR
sensor 391, a ghaNwgld pbint LRAKACe Akctid syskEn® S00 Ahcladdsay paiphratioh RDSB06
configuration to allow for the sensing of IR enissions fromthe surface of
a subst30amrouated iy CRIPaptior cagies $04 veudhis ttasBed3ty1 proparatian icafisice shafb36dcus
in single i =an, kN I Of .+ 1.2, CoOr di a . her
such conf i@gr%P?gE&% Cg{:rg:gr gi;%c?é%a? ﬁgetshg)t%]g)g i %Oeg%l &k%%%ﬁggi %a%fi%e? g%:ta?lgn,
surface mppyparagionatedd ritloatwedciappl ibe adnyoofs a pdisking ks buffigepad) edruste fiseie | R

sensor 391 and the IR signal processor 394 through an | R signal conduit
392, The GPERH R idoite| ke dRafmE FRDRYBIGAL tﬁﬁcprﬂrﬁeraﬂognaarﬂeroﬁeﬁﬂ 902018392

enpl oys coppRfutdE qaltﬁyi SschiBHGPIE addifien 1R r§tiaﬂ&ﬁ|to I?ﬁeogfac?a?ﬁfio WrricP 304 ARY 2
plurality of Conponent "parts in accordance wth the pafticular enbodi nent
of end Fpoipmpaddivedcadddesi red. For active endpoi nt detection, both a

transmtter 395 and a receiver 396 m ght be contained therein. In another

embodi ment, alRBeldw Sl Ppofh GRS PRIpAraASH Hedd 1385 Na JubdiARs 313 i€ moddRdaa a2
receiver 396, but 25 the transmfter 395 is only used for active IR

pr ocesses Sutittate dwek d&¢ whodh is ttaghed o a chucksihafs 308 dihd splitnate Tt ie cotated byand

[ [ ' d .j.on. h [ both th '
305 (i1 r AL ort FREOP bk SuPIHAR A0 E VAR AR o R Bpo D oo)

(i nstead efhitththe sbbssiagril ipmoasegor 394), and the IR signal processor 394
perfornms only those signal processing functions described below. 30 As is
known, ssive i a | S..] h. ptd.on .and .

anal ysi ésbaof I Rﬂé riﬁllegl?pgt%}st&?‘%}g%&gmg@tl%%é#‘ﬁ%{)/&%{\gbga?fsﬁgxlg%ﬁ%&% aé]haf e%tgtﬁ’r%'g Wit h
heat (e. g.the damubstmeatie the8subsmatar 306200hel SotktidindCMeadriagesse@dunted | dn @mi t
varying levels of IR energy, and this IR energy can be received and

anal yzed to determ ne a nunber of characteristics about the source. The
nore information and detail known about the source, the nore information is
avai lable fromthe analysis of its IR emssions. 5 Simlarly, active IR
anal ysis involves the reception and analysis of IR em ssions froma source.
In active IR analysis, however, IR energy is applied to the source from an

M T ~ N - 1 e B N "




15 enbodi nent, the IR signal processor 394 is calibrated for process end
poi nt detection in accordance with the specific substrate beBdgnyarp2@#Bsed.
I n anot her enbodi nent, the IR signal processor 394 is calibrated for
substrate mapping to generate topographic detail about a particular
substrate. In such an enbodi nent, the sUbstrate map or topographic detail
may be di spiditoiing carfiesyR whichde nttavhed te gpivitading cspik ayhafindit4. showsimilarhe

system user nmay 20 eval uate the displayed suhstrate m r {opographi cal
Gotar | 1 omHENE by e Pt oL il BB DHBESIO LB S ToPBY s SoRIegiM S A
through 9 tmoq.veogﬁe %ﬁﬁggﬁﬁg%nfeﬁsﬁahfgm ﬁh@%@ﬁcﬁﬁéniﬁgﬁcmmﬁ; bOA pad, a
consi derations. Figure IS a graph of a representative absorption

coef fi ci ebtusHaB otlfer audhygbirasivie subgtpmoe VRS pondigesd to pravideorodtinemis \wonditioniag
enbodi ment of the aﬁr eigzgit d'Qn%ﬁ,nti 8&?4 The Ebsor ption 25 coefficient 408 is
cal cul abPelp 5 Preparationp hgad 3 #2307 MF oBEREMRi on. The absorption coeffi cient
408 in Figure 8A is a systemcoefficient, and includes the absorption of
copper | ayers, Anhiafrateglosigial @ondifit amdieeisgi mypudiing boackétc332aiseshowanpbsifioned es,

th b J f sili . the .ab i f th | d oth h
Syst om f aBdBTedt o4 BISEORHOT FArFIgh SHAE 108" oRRe B Siapaecandlls i sohecs FapiiEE oy
408 is pl gidcrd PRLVREAINRYEECERIS an IR 4i38alabthnd Zrohd4n TR siéhat BRocd&or (see
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an infrared sensor positioned to sense infrared em ssion fromthe

preparation surface of the substrate; and an infrared signal SgreRaE:3YM

bei ng configured to process infrared data fromthe infrared sensor, 15

wherein the infrared signal processor includes an infrared transmtter for

transmtting infrared ener to the preb%\rati,on surface of the substrate.

2. A chenthegubsieatndl? duingdtMR preceating qnd jhonayifhdsawipat the gompletpnpithe CMP

wherein thger'htrggrfared sensor is a single point infrared sensor configured to
e

sense inff em ssion 20 fromthe preparation surface of the substrate

froma plurality of single points across the preparation surface of the
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point IR sensor 320 at a desired distance from the surface of the substrate 312.

Figure 3B illustrates the positioning of the single point IR sensor 320 across the

15 surface of the substrate 312 in accordance with one embodiment of the invention. In Figure
3B, an overhead perspective shows the substrate 312 and the conditioning head 318 adjacent

to each other and rotating in a substrate process direction 326. Directly over the substrate
312 and the conditioning head 318, the preparation head 306 is shown rotating in a
preparation direction 328 which, in the illustrated embodiment, is the same as the substrate

20 process direction 326. In another embodiment, the substrate process direction 326 and the
preparation direction 328 are opposite directions. In addition to rotation in the preparation

head direction 328, the preparation head 306 has an oscillation 330.

Sensor points 324 are shown progressing from I, at about a center of the substrate

312 to I, at an edge of the substrate 312. In one embodiment of a single point clearance

25 detection system 300, the active or passive single point IR sensor 320 examines the IR
emission from the substrate to determine the status of the CMP process. In one embodiment,

the single point IR sensor 320 begins the examination of IR emission at a point of highest
removal rate on the substrate 312, typically the center of the substrate 312. The processing

of the IR signal by an IR signal processor (see Figure 7), determines the end point of the

30 CMP processing at a particular sensor point 324, and the preparation head 306 is moved
away from the center of the substrate 312 and toward an edge of the substrate 312. As
desired removal is achieved, and end point determined, the single point IR sensor 320 is

incrementally moved at the same time and complementary to the preparation head 306. In



6. A chem cal nechanical planarization systemas recited in claiml

wherein the infrared signal processor evaluates the infrar edeawry@M ved
fromthe infrared sensor to 10 determ ne wafer surface state and an end

poi nt of chem cal nechani cal planarization of the substrate. 7. A chem cal
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infrared &®M&&l.on. 11. A chenical mechanical planarization system as
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system shown in Figure 4A is identical to that shown and described in Figure 3A. While the

description of the illustrate VaPO CMP system components is not repeated, component parts
of the VaPO CMP system are identified with the same call-out designations as in Figure 3A.
The scanning sensor clearance detection system 335 is an embodiment of the present

15 invention, and is further described.

Figure 4A shows an IR signal conduit and sensor mounting bracket 322 supporting a
scanning IR sensor 334. In the illustrated embodiment, the IR signal conduit and sensor
mounting bracket 322 is shown attached to or near a housing surrounding the preparation
carrier shaft 302. In another embodiment, the IR signal conduit and sensor mounting bracket

20 322 is attached to some other part of the VaPQO CMP system and then positioned over the
substrate 312 during CMP processing. The IR signal conduit and sensor mounting bracket
322 could then withdraw the scanning IR sensor 334 from the CMP processing environment

at the conclusion of the CMP processing.

During CMP processing, the scanning IR sensor 334 is positioned over the substrate

25 312 being processed. As described in reference to Figure 3A, the distance between the
substrate 312 and the lens of the scanning IR sensor 334 can range between % inch and 20
inches, with a preferred distance between 2-3 inches, depending on process requirements. In
one embodiment, the scanning IR sensor 334 is positioned in a fixed location at an
approximate center of the exposed surface of the substrate 312 {e.g., that portion of the

30 substrate not obstructed by the preparation head 306). In such an embodiment, the scanning
IR sensor remains stationary in the fixed position during the CMP processing, obtaining
complete coverage of the substrate surface by scanning back and forth across the surface of

the substrate 312 from the fixed position. In another embodiment, the IR signal conduit and



waf er surface froman infrared sensor during the renoval of
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conpri si "Shown adjacent to the conditioning head 318. Immediately over the substrate 312 and

5 material fromthe wafer surface; transmitting infrared e”e%ﬂén@mé(ibal ayer

conditioning head 318 is the preparation head 306. As can be appreciated in Figure 4B, a
substantial region of the substrate 312 is unobstructed during processing by a VaPO CMP
15 system. The scan path 336 of a scanning sensor clearance detection system 335 covers the
entire surface of the substrate 312, obtains IR data from the substrate 312 surface in
overlapping scan paths, and can provide a detailed IR map of the substrate surface. In one
embodiment, the surface map is obtained from a passive IR sensor. In another embodiment,
the surface map is obtained from an active IR sensor. Whichever embodiment is used, the
20 scanning IR sensor 334 examines the IR emission of the substrate 312 using a continuous or
intermittent scan mode with IR sensor data being obtained over time for a substrate 312
being subject to a CMP process, and thus providing an accurate determination of end point

in CMP processing, as well as an accurate predictor of process end point,

Figure SA shows a sensor array clearance detection system 340 in accordance with

25 yet another embodiment of the invention. The sensor array clearance detection system 340
is shown configured to a VaPO CMP system as described above in reference to Figure 3A.
While the description of the illustrated VaPO CMP system components is not repeated,
component parts of the VaPO CMP system are identified with the same call-out designations

as in Figure 3A. The sensor array clearance detection system 340 is an embodiment of the

30 present invention, and is further described.

An IR signal conduit and sensor mounting bracket 344 is shown positioning an IR
sensor array 342 over a substrate 312 being CMP processed. In the illustrated embodiment,

the IR signal conduit and sensor mounting bracket 344 is shown in a configuration other than
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as recited in claim 20, wherein the netal . ,
configured in a line or array within a single sensor housing. In another embodiment, an IR

sensor array 342 might resemble a plurality of scanning IR sensors 334 (see Figure 4A)
configured in a line or array within a single sensor housing. The IR sensor array 342 is then
positioned over the substrate 312 to be processed, and configured to be able to examine as
15 large a surface area of the substrate 312 as possible during CMP processing. Typically, the
IR sensor array 342 has an area of coverage that includes the entire surface of the substrate

312, and can accommodate full surface mapping of larger substrates (e.g., 300mm wafers).

Figure 5B illustrates representative sensor array points 346 of the sensor array

clearance detection system 340 illustrated in Figure 5A. The sensor array clearance

20 detection system 340 can be a passive or an active system. In one embodiment, the IR
sensor array 342 examines a plurality of sensor array points 346 across the surface of the
substrate 312 simultaneously. In another embodiment, the IR sensor array 342 examines a
plurality of sensor array points 346 across the surface of the substrate 312 sequentially. In

yet another embodiment, the IR sensor array 342 examines the plurality of sensor array

25 points 346 across the surface of the substrate in a phased and pre-determined order utilizing

both sequential patterns and simultaneous IR data collection.

However the IR data may be collected, a sensor array clearance detection system 340
assimilates IR data from a plurality of sensor array points 346 across the surface of the
substrate 312 to both determine or predict process endpoint, as well as map the surface of the

30 substrate at any point in time in the process. The sensor array clearance detection system
340 is configured to provide an accurate determination of substrate 312 topography, and
process state. With the plurality of sensors across the surface of the substrate 312, the sensor

array clearance detection system is configured to filter or compensate for data irregularities
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IR energy through the belt 376 as described in greater detail below.

20 Figure 6B shows a side detail of the transmission and reception of IR energy in the
belt CMP system with IR end point detection 360 as described in Figure 6A. In one
embodiment of the invention, the IR signal conduit and sensor mounting bracket 382
positions the IR sensor 380 directly beneath the platen 378 and directed upward towards the
substrate 366. As the substrate 366 is being CMP processed, it is applied against the belt

25 376 and against the platen 378 with a force F transferred through the chuck shaft 362 and
chuck 364. The IR end point detection can be accomplished by either an active or a passive
system. The IR energy both emanating from and reflected by the substrate 366 surface is
received by the IR sensor 380 and transmitted through the IR signal conduit and sensor
mounting bracket 382 to an IR signal processor (see Figure 7) for analysis. The IR energy

30 penetrates the belt 376 through the configured IR belt windows 374. The IR signal
processor (see Figure 7) is configured, in one embodiment, to assimilate the intermittent IR
signals allowed through the IR belt windows 374 into a composite determination of CMP

process state and end point detection. The IR platen window 384 is directly above the IR
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5 an IR sensor 391, an IR signal conduit 392, and an IR signal processor 394.
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The IR sensor 391 is configured for the transmitting and receiving of an IR signal,
and for the sensing of IR emissions from the surface of a substrate during CMP processing.
The IR sensor 391 has a lens 391a that directs a transmitted signal and focuses a transmitted
signal and a received signal in accordance with known IR technology. An example of an IR

10 sensor is the Compact Infrared Sensor With K-Type Thermocouple Adapter, distributed by

Cole-Parmer Instrument Co. of Vernon Hills, Illinois.

In various embodiments as described above, the IR sensor 391 can be a single point

IR sensor 391, a scanning IR sensor 391, an IR sensor array 391, or other configuration to
allow for the sensing of IR emissions from the surface of a substrate during CMP processing.

15 The lens 391a is configured to focus in single point, scan, focus in pulsed or in a coordinated
array, or other such configuration in accordance with the desired IR end point detection,

surface mapping, and related applications.

IR signals travel between the IR sensor 391 and the IR signal processor 394 through
an IR signal conduit 392. The transmission of IR signals is known, and IR signal conduit

20 392 employs common IR conduit methods.

The IR signal processor 394 includes a plurality of component parts in accordance
with the particular embodiment of end point detection desired. For active endpoint
detection, both a transmitter 395 and a receiver 396 might be contained therein. In another
embodiment, all IR signal processors 394 contain a transmitter 395 and a receiver 396, but

25 the transmitter 395 is only used for active IR processes. The receiver 396 is used in passive
IR end point detection, and in active endpoint detection. In another embodiment, both the
transmitter 395 (if required) and the receiver 396 are contained in the IR sensor 391 (instead
of the IR signal processor 394), and the IR signal processor 394 performs only those signal

processing functions described below.

30 As is known, passive IR detection and analysis involves the reception and analysis of

IR emissions from a source. By way of example, any source with heat (e.g., a substrate
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information and detail known about the source, the more information is available from the

analysis of its IR emissions.

Similarly, active IR analysis involves the reception and analysis of IR emissions from
a source. In active IR analysis, however, IR energy is applied to the source from an IR
transmitter 395, and the IR energy received and analyzed includes the reflecied IR in
addition to the source IR. The present invention includes embodiments having both active

and passive IR end point detection.

The IR signal processor 394 includes an IR spectrometer 397 for IR analysis. As is
known, an IR spectrometer 397 generally disperses IR energy into a spectrum and is
calibrated to measure IR intensities at various wavelengths. In the present invention, the IR
spectrometer 397 disperses the IR energy across calculated wavelengths, and then the IR
spectrum analysis 398 measures the IR intensities between wavelengths A; and A,. In one
embodiment, the IR signal processor 394 is calibrated for process end point detection in
accordance with the specific substrate being processed. In another embodiment, the IR
signal processor 394 is calibrated for substrate mapping to generate topographic detail about
a particular substrate. In such an embodiment, the substrate map or topographic detail may
be displayed to a system user on a graphical display (not shown). The system user may
evaluate the displayed substrate map or topographical detail to make system adjustments
during substrate processing. Figures 8A through 9B provide examples of IR signal

processor 394 calibration considerations.

Figure 8A is a graph of a representative absorption coefficient 408 of a typical copper
CMP process in accordance with one embodiment of the present invention. The absorption
coefficient 408 is calculated for an active IR end point detection. The absorption coefficient
408 in Figure 8A is a system coefficient, and includes the absorption of copper layers, the
absorption of underlying dielectric layers and devices, the absorption of silicon, the
absorption of the slurry, and other such system factors that absorb or retain IR energy. The
absorption coefficient 408 is plotted between wavelengths A; 402 and A, 404. Line 406
represents the applied IR energy in an active IR application, and is shown as a constant
between A; 402 and i; 404. In the illustrated embodiment, the system absorption 408 is

lowest at A; 402, and follows the curve shown in Figure 8A. The illustrated absorption
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Figure 8B illustrates the useful reflection of the graph in Figure 8A. In Figure 8B,

the reflected IR energy 410 is plotted between A, 402 and X, 404 corresponding to the

5 applied IR energy 406 and the absorption coefficient 408 plotted in Figure 8A. As shown in
Figure 8B, the optimum removal zone 412, the end point of process, is shown at the nadir of

the curve representing the reflected IR energy 410. In this example, the IR signal processor
394 (see Figure 7) is calibrated to sense or predict end point in optimal removal zone 412.
The desired removal points can also be presented on a graph displayed to a system user by

10 way of a computer monitor. Using the computer monitor, the user can also manually set or

adjust CMP conditions so as to improve performance.

Figure 9A illustrates another embodiment of IR spectrum analysis in accordance with

the invention. In Figure 9A, the applied IR energy 406 is plotted as before between A, 402
and %, 404. Instead of the system absorption coefficient plotted in Figure 8A, two specific

15 absorption coefficient curves are plotted in Figure 9A, a copper absorption coefficient 414
and an oxide absorption coefficient 416. The resulting reflected IR energy curve 418 in
Figure 9B identifies more exactly the points of copper removal and oxide exposure. The
identified optimum removal zone 420 signifies the end point of the process, and exact
process end point can be specified based on substrate composition and process requirements.

20 Further, the specifically identified substrate component absorption curves (e.g., copper and
oxide) can be utilized in one embodiment to produce a map of the substrate surface

topography based on IR spectrum analysis.

Although the foregoing invention has been described in some detail for purposes of

clarity of understanding, it will be apparent that certain changes and modifications may be

25 practiced within the scope of the appended claims. Accordingly, the present embodiments
are to be considered as illustrative and not restrictive, and the invention is not to be limited

to the details given herein, but may be modified within the scope and equivalents of the

appended claims.

What is claimed is:
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of the preparation surface of the substrate that is less than an entire portion of the preparation
10 surface of the substrate;
an infrared sensor positioned to sense infrared emission from the preparation surface
of the substrate; and
an infrared signal processor being configured to process infrared data from the
infrared sensor,

15 wherein the infrared signal processor includes an infrared transmitter for transmitting

infrared energy to the preparation surface of the substrate.

2. A chemical mechanical planarization system as recited in claim 1, wherein
the infrared sensor is a single point infrared sensor configured to sense infrared emission
20 from the preparation surface of the substrate from a plurality of single points across the

preparation surface of the substrate.

3. A chemical mechanical planarization system as recited in claim 1, wherein
the infrared sensor is an infrared scanning sensor configured to sense infrared emission from
25 the preparation surface of the substrate by scanning across the preparation surface of the

substrate.

4. A chemical mechanical planarization system as recited in claim 1, wherein

the infrared sensor is an infrared sensor array configured to sense infrared emission from the

30 preparation surface of the substrate with a plurality of infrared sensors configured in an
array, each of the plurality of infrared sensors configured in an array examining a plurality of

single points across the preparation surface of the substrate.
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substrate.

7. A chemical mechanical planarization system as recited in claim1, wherein the
infrared signal processor examiners the infrared data received from the infrared sensor to
15 create an infrared emission map of the preparation surface of the substrate, characterizing the

substrate surface state.

8. A chemical mechanical planarization system as recited in claim 6, wherein
the endpoint of chemical mechanical planarization of a substrate is observable on a

20 wavelength plot of infrared emission.

9. A chemical mechanical planarization system as recited in claim 8, further
comprising a monitor being configured to display infrared data from the infrared signal
PIocessor.

25
10. A chemical mechanical planarization system as recited in claim 9, wherein

displayed infrared data includes the wavelength plot of infrared emission.

11. A chemical mechanical planarization system as recited in claim 9, wherein

30 displayed infrared data includes an infrared map of the preparation surface of the substrate.
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removal of the first layer of material; and
sensing infrared emissions from the wafer surface during the removal of the first
layer of material.
10
13.  The method of monitoring a process state of a wafer surface during chemical
mechanical planarization by a preparation surface as recited in claim 12, further comprising
evaluating the infrared emissions from the wafer surface during the removal of the first layer
of material, the infrared emissions indicating a completion of removal of the first layer of

15 material from the wafer surface.

14.  The method of monitoring a process state of a wafer surface during chemical
mechanical planarization by a preparation surface as recited in claim 13, wherein the first
layer of material is a metal layer.

20

15. The method of monitoring a process state of a wafer surface during chemical

mechanical planarization by a preparation surface as recited in claim 14, wherein the metal

layer is over an oxide layer.

25 16.  The method of monitoring a process state of a wafer surface during chemical
mechanical planarization by a preparation surface as recited in claim 15, further comprising:
calculating an infrared absorption coefficient of the metal layer;
calculating an infrared absorption coefficient of the oxide layer; and
generating a graph of the infrared emissions from the wafer surface during the

30 chemical mechanical planarization.

17.  The method of monitoring a process state of a wafer surface during chemical

mechanical planarization by a preparation surface as recited in claim 16, further comprising
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18.  The method of monitoring a process state of a wafer surface during chemical
5 mechanical planarization by a preparation surface as recited in claim 17, wherein the
adjusting parameters of the chemical mechanical planarization includes repositioning the

preparation surface and stopping chemical mechanical planarization.

19. A method of end point detection, comprising:
10 providing a wafer having a first layer of material to be removed from a wafer
preparation surface;
providing a polishing pad;
creating frictional contact between the wafer preparation surface and the polishing
pad to remove the first layer of material,;
15 positioning an infrared sensor proximate to the wafer preparation surface;
transmitting infrared energy to the wafer preparation surface during the removing of
the first layer of material;
sensing infrared emissions from the wafer preparation surface during the removing of
the first layer of material; and
20 evaluating the infrared emissions from the wafer preparation surface during the
removing of the first layer of material to determine a completion of the removing of the first

layer of material from the wafer preparation surface.

20. A method of end point detection as recited in claim 19, wherein the first layer

25 of material is a metal layer.

21. A method of end point detection as recited in claim 20, wherein the metal

layer is fabricated on an oxide layer,

30 22. A method of end point detection as recited in claim 21, further comprising;
calculating an infrared absorption coefficient for the metal layer;
calculating an infrared absorption coefficient for the oxide layer; and

generating a plot of the infrared emissions from the surface of the wafer.
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5 24. A method of end point detection as recited in claim 19, wherein the infrared

sensor is connected to an infrared signal processor by an infrared signal conduit.

25. A method of end point detection as recited in claim 19, wherein the infrared

signal processor is configured for transmission, reception, and analysis of infrared energy.

10



