29 Septenber 2005 1 METHOD AND APPARATUS FOR END PO NT TRI GGERI NG W TH

| NTEGRATED STEERI NG 5 BACKGROUND OF THE I NVENTION 1. Field of the Invention
This invention relates generally to chemi cal nechanical poEéseinber 2005
apparatuses, and 10 nore particularly to methods and apparatuses for end
point triggering with integrated steerin% in a chem cal mechanica
polishing system 2. Description of the Related Art In the prior art,

oroitar, or SRHOBANIAFPARRI GYRGREND POINT TRIGEERING,

scrub, buff, and 15 polish a wafer. To facilitate and enhance the CWP
operation, slurry is usedWHTHINTRGRATED STEERINGuced onto a novi ng
preparation surface, e.g., belt, pad, brush, and the like, and distributed
over the preparation surface as well as the surface of the sem conduct or
waf er being buffed, polished, or otherw se prepared by the CVMP process.
The distribution is generally acconplished by a conbination of the
novenent of the preparation surface, the novenent of 20 the sem conduct or
wafer andl the friction created between the sem conductor wafer and the
preparation surface. In addition, end point detection nechani sns are used

to determ ne when to end tBACKHEROUNDSISTHE IRVERTIGNI Nt det ection
mechani sm senses the wafer layers through an end pol nt w ndow when

triggered by an end point trigger nmechanism Figure A is diagramshow ng a
prior art CMP system 100a. The CWP system 100a 25 includes a polishing
belt 101 an ol]e 02, .which physically rotate the belt and provide belt
29 Sept enbeﬁ' gg&oéﬁe Tiveition

This invention relates generally to chemical mechanical polishing apparatuses, and
10 more particularly to methods and apparatuses for end point triggering with integrated steering
in a chemical mechanical polishing system.

2. Description of the Related Art

In the prior art, chemical mechanical polishing (CMP) systems typically implement

belt, orbital, or brush stations in which belts, pads, or brushes are used to scrub, buff, and

15 polish a wafer. To facilitate and enhance the CMP operation, slurry is used. Slurry generally is
introduced onto a moving preparation surface, e.g,, belt, pad, brush, and the like, and
distributed over the preparation surface as well as the surface of the semiconductor wafer being
buffed, polished, or otherwise prepared by the CMP process. The distribution is generally
accomplished by a combination of the movement of the preparation surface, the movement of

20  the semiconductor wafer and the friction created between the semiconductor wafer and the
preparation surface. In addition, end point detection mechanisms are used to determine when

to end the CMP process. The end point detection mechanism senses the wafer layers through

an end point window when triggered by an end point trigger mechanism.,

Figure 1A is diagram showing a prior art CMP system 100a. The CMP system 100a
25 includes a polishing belt 101 and rollers 102, which physically rotate the belt and provide belt



steering. During the CMP process, a wafer is positioned at wafer position
106, generally via a carrier having a retainer ring that holds the wafer
in position during polishing. Beneath the wafer positiof dQfRemBer20sat en
104 for wafer support during polishing. To facilitate end point detection,
an end point w ndow 108 is di sposed w thipn the polishing belt 101. 5
Further disposed within the polishing belt 101 is a trigger slot 110, which

is used in st Uﬁﬁﬁﬁg)tﬁe rﬁ&s@ & aRP s Hosifibrle AP BB SRRBA ?6@ gﬁaﬂﬁ%ﬁaﬁt' on,

t he end p0|n i gger~ nechani sm’ etect t he trlgger sl ot ever the
trigger sl otarﬁ&(hamgaeaamaramgtthm hehid theowater mtposlggedmnquehm:gn Behbath theas
w Il be descrjbed.jn greater detail with respect to Figure 2, the. end

poi nt t ri gg¥PCHResHIoR;1EesH Ridteny H for walghsipperhdyingipplishig: (19| fhlitate\gpg peint
control s engey bﬂ%égdeﬁ)gﬁt%dowg)&@dl%ﬂ&élmé 1&1%&’1%&&1{ j art CVP system

100a can sync on’l z Stecton sensr Re e end poi nt w ndow
108 in the polishing belt 101. To hel p maintain the centralized position
of the ehd poi nt Fusther dispds&Bwithih fther gaigienng bdliol 0t He a wirdger slgrald0f whith k0Gedind
platen 104, limt sensors are used Figure 1 B |s a diagram showi ng a top
view of a pP‘?%‘Pl T “@B’Fﬂ% §t BpiY Gteser TRehapisior In paeratian, end, ppigh{TiEgED

I ncludes r ol ]85 ﬁ%@gy@ﬁ@%ﬁhp%&&ym&&%&%m eeg&izreeeﬁagqmmdow

108 and a trigger acilitate end I nt det'ection contr The
end point diggeaahéchanismechm, snwiled desdribed @sgreatdralatat] vétheregpeqtad Rigumi )dleww 108
is centered above the end point detection sensor. Thus, limt sensors 112
are used t ocufbROVrigasEMeheRism Prayidss o sighal & 2 CMP congpllarnyhigh sratrels £ad PIDY | ng

censor ot SAFRofcf AERNE s Afich (e SRR b TR R A pohltooin

posi ti onal mfsmg ithi e ehd paint béldowst08eini thg polishing ek MO1.THE> bedp tmakit@e theng
mechani smthen adjusts the |ateral position of the polishing belt 101
using the r gfualized positionpidhe endzpong vendgvalfSanIeeRsFi g the wefrmpostipnREe andhd

point tri ggf){)gﬂ‘?ﬁ%%ﬁb @ﬁs%gqar &ch" end point trigger mechani sm 200 incl udes

a pol i shi ng aving an end point wi ndow 25 108 and a trigger slot
110. Further included are a trigger sensor 206, which detects light froma
| i ght source 204Figared Bais C¥Rgamshowing @ top wéw ofta priec &t CRE systérarl 08t iThie pfioom t he
trigger sensor_ 206
15 art CMP system 100b includes rollers 102, and a polishing belt 10! having an end point
window 108 and a trigger slot 110 to facilitate end point detection control. The end point
detection mechanism performs best when the end point window 108 is centered above the end
point detection sensor. Thus, limit sensors 112 are used to detect the lateral position of the
polishing belt 101 during operation. When the polishing belt 101 moves off center, the limit
20 sensors detect the position of the polishing belt 101 and provide the positional information to a
belt steering mechanism. The belt steering mechanism then adjusts the lateral position of the

polishing belt 101 using the rollers 102.

Figure 2 is a diagram showing a conventional end point trigger mechanism 200. The

end point trigger mechanism 200 includes a polishing belt 101 having an end point window

25 108 and a trigger slot 110. Further included are a trigger sensor 206, which detects light from a
light source 204, and a CMP controller, which receives information from the trigger sensor 206

and an end point detection sensor 208. The end point detection sensor 208 senses the current

layer status of the wafer 202 in a CMP process.

Generally, the trigger sensor 206 is an optical sensor that detects the presence of the
30  tniggerslot 110 by the intensity of the light detected from the light source 204. Specifically, the



and an end point detection sensor 208. The end point detection sensor 208
senses the current |ayer status of the wafer 202 in a CWP process.

Ceneral ly, the trigger sensor 206 is an optical sensor tInSepteinbet 3005he
presence of the 30 trigger slot 110 by the intensity of the |ight detected
fromthe |ight source 204. Specifically, 3the 29 Septenber 2005 3 polishing
belt 101 blocks light fromthe |ight source 204, except when the trigger
slot 110 is present above the trigger sensor 206. Thus, when the trigger
sensor 206 galiskiog belb 101 gfixtks lightt feoms thelighthrouree 204 rercbpf whandthe triggerhebdtd 10 ds
nessage is sent to t contrqller 212 that the tri lot 110.is
present |y pBSTT AP i HR8T FESY 08 USe HEGY dﬁ&ﬁgﬁﬂgggﬁﬁﬁaﬁ?ﬁbﬁéﬁmglot

110 5 i s pogitdnbifdevdia pravihed idésAela a meRiBel D e RIMBTNIP cWirdilgvo 1208 and t he
belt speed is known, the appropriate delay can be calculated that wll
trigger endtiggérslot 41 is preseptly Phsiticoed shione the tieggemwgnisn 206t Singerfbowggaslot §10
aligned with the -ndow.210 of .t he plate 04. previ qusl
nentione%{ gﬁPgﬁggég%ﬁﬁ8W?s 6?%9P éﬁmﬁggﬁb &%¥?mégﬁ§gﬁ%n n m%%9ﬁ¥ﬂ$ gnal
strengt h i nagpadpriad dpigy\ehd be padduldadtthat Wilbtripder PRk dad adghisit@nehdpahddnd pbidow
108 above the platen 10 window 210 in the direction transverse to belt
travel and PHEowPisskgned wih the glajsa mindow 2y @ pf theplateret®on. However,
conventional CWP systens 100a and 100b use two separate, unrelated nmethods
to position the @od 0RL mhdd Qe | fnif REsRNEnR bt sigaf @
acqui sition. Spec??ﬁcg$%§{ tﬂgﬁg%|gnnen€§¥ﬂﬁ?£§ﬂgﬁrectlon trgggvtﬁéﬁgto
bel t travel strepgttiat paridepends uinrbgtht thealighmerit of the msbpaint widndolvel 08 abovalthegplatent i n

end poi K whitw ARGhE ket SEVER T b o S i Gt Cavghoor
206. Using HiRtibd) dEBREBHE HonvEREidHAOEMPOsy3tking N00an@ideInbb R Rfo Whiee WinkdsedM t h

the platen w ndow 210 causes problens in both the reliability of the end
poi nt det ecfethadsip poetrndhel endint syimlowm 08 @nd symchronies thT meds pointlaia@cquisitonneed

mechan s RETEHHD v R B EockCRrRERR of B A BheleBBe & o

setup limit sensors, while the alignment in the belt travel direction is determined by the

15  synchronization of the end point window 108 with the platen window 210 using the trigger

sensor 206.

Using two independent methods to align the end point window 108 with the platen
window 210 causes problems in both the reliability of the end point detection system and the
system set up time. Thus, there is a need for reliable systems and methods for improved end

20 point trigger mechanisms that improve end point detection reliability and reduce system setup
time.



time. 29 Septenber 2005 4 SUMVARY OF THE | NVENTI ON Broadly speaking, the
present invention fills these needs by providing a sensor array that
determ nes the |ongitudinal and transverse position of ties&menp& 2005

wi ndow, as well as the belt speed of the polishing belt. In one

enbodi ment, a nethod for end point trigggring in a 5 chem cal nechani cal
polishing process is disclosed. A sensor array is positioned beneath a
pol i shing belt having an end AL RIDESHEINVERGIHQN: Wherein the end point
detection section can be anTend pornt w ndow, a nole in the polishing
belt, or a translucent section of the polishing belt. The polishing belt
i's then rotated Buwadlpgpdakiag, GhPppsencmsationfitls tieder mpdsvigy mroviding @i sensonarcdy t he
end point detection section_is determ ned based on a portion of the sensor

array 10 cotardsisrpinesthelopaiudinplapd gansysrespogiiion ¢fdhesmd peint wigdeye as well g the

particul ar %Eje%n {njﬂﬁhiﬂ Lis hi eﬂﬁkﬁim n,heath ' ' L a

trigger sl o?‘?{ r aOfgfé? I on %#Jél?hgln%gl I shi ngﬁbgl t co?%r?éélg ‘%&t?%&é@ﬁgg Ive

mat eri al5 Feehli@l methagicd golghingagrodys 6 alisclogidi anatbisyr freayds positioped] bawrathlaed

device (CCD), or a linear array of sensors. In operation, the positiona
1l

i nf or mat i onPQlishiagbelt havingcan gdpett deteciian sertiete ey e 6nd BUBY &POHRN $oRd

parti cul ar rii he |, shi : . poOsi 1] . 0k: Lon is
t hen com‘run?%a%e%%%{ @@erﬁlaé‘%”egrh ?%glggtbép%ﬂr%ﬁg%\;??%h&cdo%@ stts%fg&; {ES? t(S&?sver se
posi tion of pdliking Belt. PTh polishiAg Ot BaB&Croated Witieg) tHe €INIP pfocddsLarkioy Bty t he
particular portion of the polishing belt. The tinme to begin end point

det ecti on i posisigs efithe sndpointaisigrtionspeiian isgistemminechbased emapatien ¢dbsheensr Addy, and

t he spe of the.belt can be.determ ned. ed. on_I. e y the
sensor g‘?r a$Pvesg by @ ew%%%fgﬁilﬁgﬁlls&“%%g’gpg‘é? gﬁ@ﬁf&% }ué%rll? S‘%ulﬁ’? §the”
triggering bélt @n®ba¥ hdboiiBwRad,GatgeeP bt &MY RitdA @ @RSDlitHgtel cb@gddy aThe
apparatus includes a sensor array that is disposed beneath a polishing

bel t, whi chreflegiveidesteriah Erghep othersengert aeyi o oplenallnbe avieleargsid neoupled dpdcepoi nt

detection seghi on qan, bean,eod point wndog, 2. R0leil-ift% BRlhha0

belt, or

based on which sensors are covered by the particular portion of the polishing belt. The
15  positional information is then communicated to a belt steering system, which comrects the
transverse position of the end point window based on which sensors are covered by the
particular portion of the polishing belt. The time to begin end point detection is based on a
longitudinal position of the end point window, and the speed of the belt can be determined

based on intensities sensed by the sensor array.

20 In another embodiment, an apparatus for end point triggering in a chemical mechanical
polishing process is disclosed. The apparatus includes a sensor array that is disposed beneath a
polishing belt, which includes an end point detection section, wherein the end point detection
section can be an end point window, a hole in the polishing belt, or a translucent section of the
polishing belt. The apparatus determines a position of the end point detection section based on

25  aportion of the sensor aray covered by a particular portion of the polishing belt. As above, the
particular portion of the polishing belt can be the end point window, a trigger slot, or a portion
of the polishing belt covered by a reflective matenal, and the sensor array can optionally be a
charged coupled device (CCD), or a linear amray of sensors.

A system for end point triggering in a chemical mechanical polishing process is
30  disclosed in a further embodiment of the present invention. The systern includes a polishing



polishing belt. The apparatus determ nes a position of the end point
detection section based on 25 a portion of the sensor array covered by a
particular portion of the polishing belt. As above, the 29%dpitéibére20080rti on
of the polishing belt can be the end point window, a trigger slot, or a
portion of the polishing belt covered bg a reflective material, and the
sensor array can optionally be a charged coupl ed device (CCD), or a linear
array of sepgliavingAneis peiit Wiklo®Nghdrodedor birhyodispobdicbeneatiaa pblestingddelt. The
mechani cal polishing process is 30 disclosed in _a further enbodi nent of
the present SeNfRRE AEROAN dRicaming St RoFHiPM 6f theead ROWb KR Rpsebornse pedigp &f 005 5
belt having_an end polLnt.w nd . ka6 h I; a

ol 1 shi ng perror oV bl Hasiti Bt of B pOnARE sHARAR BE RARRL B

poi nt wi ndopsikagiagown tﬁ%gé@ﬂ&ti, 6 RktidnlVE thegRISATE Lalt bayeraityer refiective Material
particular portion of the polishing belt, which can be can_be the end

poi nt wi hdoWhe system; fyglesr ingludes a balt seeog sism hat comectsybe bahpasiiop bpsed @B ST ed by
a reflective r te%kplwiS.@he & stem further includes a belt steering system
that correcP®RE BEY %%%ﬂ??o "based on the position of the end point

wi ndow. Advant ageously, the enbodi nents of the present invention logically

correl ate signal advintaasaity| tht pBodigtee bidthe glesdime ivention lagically cantlsosigmlst o
provi de corroborative synchroni zation and steering_ information from

mul tipl e sefroimgliige detector elements s} 41 arspy 8 B0 Pipvida ﬁ@ﬁ@@@hvﬁw?fwu@%w 10
and rel i abi | té%‘éﬁg?l{fglﬁl% tgrg/ﬁ(%rﬁ %rﬁ%t?p?ﬁ ﬁeggrtlg?%gnt? Ohﬂg E%bﬂﬁ# %‘%ggly%ﬂhﬂl%s' Bllikﬁlegvp

process. I n® _ separate fanctions Into a single
sensi N9 @ppandielidbility BeochiRetigmatkad flintldeRctioprdefifnthe OMIERLLSS [Padditidnyby
sinplify systemset up and inprove reliability. Mreover, by using nultiple
sensors in someining v separathfunctione interiscingtresensing Apnarpius, the cebREimep &ithcon

reduce the nunber of. errors.often encountened In. pfi art systens, which
use 15 si ngP@S@gngg}I@n gré:gt;y H&H‘“’?W%a“ Y aél‘r%\lltfl?rg‘ﬁenlg%ba{tﬁ her aspects and
advant ages of the invention wll becone apparent fromthe foll ow ng
detail ed descri ptMdévet, ayaﬂn% Ruliply denekd ian wittdvikdneng Gronmadimang Tt ngs,
illustrating by way of exanple the principles of the invention.

present invention reduce the number of etrors often encountered in prior art systems, which use

15  single sensors designed for a dry environment. Other aspects and advantages of the invention
will become apparent from the following detailed description, taken in conjunction with the

accompanying drawings, illustrating by way of example the principles of the invention.



29 Septenber 2005 6 BRIEF DESCRIP' T' | ON OF THE DRAW NGS The i nventi on,
together with further advantages thereof, may best be understood by
reference to the follow ng description taken in conjunctiggeptémbert 1095
acconpanying drawings in which: 5 Figure 1 Ais diagramshow ng a prior
art CWP system Figure 1 Bis a diagram ghowing a top view of a prior art
CWP system Figure 2 is a diagram showi ng a conventional end point trigger
mechani sm Figure 3 shows ] ng an end-point trigger
mechani sm in accordance BRIBRDESCRIFHIQN OFFHE DRAWINGS osent i nventi on: 10
Figure 4 is a diagram showi ng an end point trigger system in accordance

with an enbodi t.of the present dnvention:  Fi ! I |!ﬂ§£]r ion
showi ng transver ¥ ngrluf){lbtﬁgqthea&ntgc i-On a‘l(é%aﬁ% er?edﬁ%ggfg?lg%héséﬁg uh(?)m nt ]ﬁi gger
nmechani sm i pfa&ke O RoWing destAptRMidadh MRdhjudtioh Meth MR CotipanyiX@diaivings inFi gur e
6 is a diagram showi ng an end point trigger systemin accordance with an

15 enbodi mewhichf the present invention; Figure 7 is an intensity graph of
light intensities detected by a sensor array of the enbodinents of the
present inventiog; Fi.qure. 8 | ] - | n end point trigger
system i% accor dgf cgl\j’i“n]f;ﬁla%&%g%’gg%?ﬁ%%%o e%g?esent i nvention; 20
Figure 9A is a diagram show ng a charged coupl ed device (CCD) based end
point trigger syRuemB isadiagaensbeniaga wiptviewest apibodi Clftsyssdm;t he present
invention; Figure 9B is a diagramshowing a reflection based end point

trigger syste in accordance with an enbpodi nt. of the present invention;
29 %gpt en%:l)er rznoogigureZis a diagram shomngaconvenr{lj()mg enn;?pomtmggerm anism;

Figure 3 shows a CMP system including an end-point trigger mechanism, in accordance

with one embodiment of the present invention;

10 Figure 4 is a diagram showing an end point trigger system, in accordance with an

embodiment of the present invention;

Figure 5 is an illustration showing transverse positional detection components of an end

point trigger mechanism in accordance with an embodiment of the present invention;

Figure 6 is a diagram showing an end point trigger system in accordance with an

15  embodiment of the present invention,

Figure 7 is an intensity graph of light intensities detected by a sensor array of the

embodiments of the present invention;

Figure 8 is a diagram showing an end point trigger system in accordance with an

embodiment of the present invention;

20 Figure 9A is a diagram showing a charged coupled device (CCD) based end point

trigger system, in accordance with an embodiment of the present invention;

Figure 9B is a diagram showing a reflection based end point trigger system, in

accordance with an embodiment of the present invention;



7 Figure 9Cis a diagramshow ng a Fiber Optic based end point trigger
system in accordance with an enbodi nent of the present invention; Figure
9D is a diagramshow ng a proxinty based end point triggegepinab&n00sn
accordance with an enbodi nent of the present invention; 5 Figure 9E is a

di agram show ng a bifurcated fiber optic7based end point trigger system

i n accordance with an enbodi nent of the present invention; and Figure 10 is
a flowhart showing a nmethod for end point triggering in a CVP process, in
accordance with Biguerdibi ardiagranf shotvengpr EbemOplicbasod iend poiBOtrigeqt systerey in2005 8
DETAI LED DESCRI PTI ON. OF THE,A PREFERRED EMBCDI MENTS An invention is disclosed
for an end pEPRANceHIGEEembedipsniosthe REEKThVEHCRgr at ed belt steering in a
CWP environnment. Using a sensor array, the present invention integrates
into a single s i -§£¥§ : -t t ot i il aly)
functions and beF 5?2%??235 uﬁ@?&g gﬁﬂPﬁﬁ?ﬁém%?I ow#ﬁg:%lgggﬁg??bgt

numer ous s pewbidatceddthain lesibadimestef tht: eresdnt imeraibder to  provi de a t horough
under standing of the present invention. It will be apparent, however, to
one skilled in the art that the present invention nmay b racti ced w thout
some or all of t &@%Eéb%@‘?fﬁri”@SW?E‘%HWF%&%H’EW“FR?%H‘@&MW Gl
process stepﬁmgg i L ko b0 order not to
unnecessarily o é%ﬁ?gk?ﬁ§§g9g§§%¥b|n éﬁ#?gﬁ%ﬁ%%hg#gures | A, 1B, and 2 have
been described in ternms of the prior art. Figure 3 shows a CM system 300
i ncl udi ng an endFjgorenl0 it a flggehart sotinga swthod for sutpritidngasring infa GYIB process,
enbodi nent of the present inventio The end-point trigger nechanismis
desi gned t o} %€ with an.grabpdiment g %@@“ﬁE@Yqﬁﬁmed bel ow t he polishing belt
304. As is well known, the carrier 308 is designed to hold a wafer 301 and
apply the wafer 301 to the surface of a polishing belt 304. 15 The

polishing belt 304 is designed to nove in a belt notion direction 305
around rollers 302a



and 302b. Generally, the polishing belt 304 is provided with slurry 306
that assists in the chem cal nechanical polishing of the wafer 301. In
this enbodi ment, the CWP system 300 al so includes a conmsdéﬂgﬁng- iopead 316
that is connected to a track 320. The conditioning head is designed to 20
scrub the surface of the polishing belt 804 either in an in-situ manner or
an ex-situ manner. As is well known, the conditioning of the polishing
belt 304 is designed to re-condition th r f q& t he polishing belt 304
to inprove the peDPEIARRER DESCRIFHONOF THEARERFRRED KNMBODN be
described in greater detail subsequently, the sensor array 322 is used to

trigger end point data. acquisition and to. proyjde
i nformation duri 1?‘??8“(@!\}?’%3?18%635@. anz%l(aFHOHﬁ E%ggﬁr g h%% %IB g‘gﬁgénmst%gavt\nedn%dtan end
poi nt tri gogbery Bt £ OMIDGhvirbAN@HR.C Okifla AGensH drfyaRe prREADEIVERIOH idgritddntpraesent

i nvention. The end point trigger system 400 includes a polishing belt 304
havi ng an esidglpcemingnippdas Abth cad ippighdctsdsionctoggroing functienss aird helf slperBEy a
pl aten 408 _having, a platen w.ndow. 410, an end .poi,nt..detection. 412,
and a c Betaney 7 ﬁ%o@h‘?‘ﬁmg JSHHE! “ca?ff"é}’ﬂ“%ﬁp?ﬂg%d%@ﬂst argtséeflp‘%ﬁéns §1§/a§){e0m 406.
It shoul d bg0ek §thokdddh uiddRiah@hFbERSpERhithveABorSaPiBIBRePpAH hofevenitheiw as
used in the present application refers to a nmechanismthat allows the
sensor arr aykill@ip tho arti¢hag tite presghit inpengon 1mag bei pytrticesowithoat 4ane phalbg§Hethe
pol i shing belt, 304.. such, the e oi nt W ndow 414 .can.be, npl e,
a hole in tP@c‘@é%Ft?ulsﬁﬁ%Btﬁeri @S‘%’ﬁ%ﬁ?b‘&’%ﬁ‘o"{%&sﬁsﬂeﬁ K\%Vﬁ ngt fen d‘g%boegi%{rr%en 12 an
aperture thingh nbNe ulkkissdBYotilire the pRE@IRJentibRr exanpl e, a translucent 5
polishing belt section may performas an end point wi ndow. In these

enbodi nents, the sensor array 322 is capable of detecting |ight through
t he pol 18hi ng beFiguies 38} 1B, amthd hewsrhsor deserrhey ingermsg dvgrprionarki Kjgiire 3 she¥eripr i ses

a plurality sensors..capahl e of etecting light. from.t | i 1S ce
402, _hOV\BveIC,RjﬂI) tS %uﬁ)g Blgﬁﬁlﬂ?ge@ Efak Dt %?@ggt_ S‘gisam(% ’él_ér?g%r?dang%%gls%%n_ be
used in the gERAALTRBIINS pREerk BReMORS TS erld PR triglEr méBarin Is deggrdl sciusiadd in
greater 10 detail subsequently. As the polishing belt 304 rotates during
the CVP pr oeesser atag322mositisiet pelow the polishing belt 304. As is well known, the carrier 308 1s

designed to hold a wafer 301 and apply the wafer 301 to the surface of a polishing belt 304.

15  The polishing belt 304 is designed to move in a belt motion direction 305 around rollers 302a
and 302b.

Generally, the polishing belt 304 is provided with slurry 306 that assists in the chemical

mechanical polishing of the wafer 301. In this embodiment, the CMP system 300 also includes

a conditioning head 316 that is connected to a track 320. The conditioning head is designed to

20 scrub the surface of the polishing belt 304 either in an in-sity manner or an ex-situ manner. As

is well known, the conditioning of the polishing belt 304 is designed to re-condition the surface

of the polishing belt 304 to improve the performance of the polishing operations. As will be

described in greater detail subsequently, the sensor array 322 is used to trigger end point data
acquisition and to provide belt position information during the CMP process.

25 Figure 4 is a diagram showing an end point trigger system 400, in accordance with an
embodiment of the present invention. The end point trigger system 400 includes a polishing
belt 304 having an end point window 414, a light source 402, a sensor array 322, a platen 408
having a platen window 410, an end point detection sensor 412, and a CMP controller 404 in

communication with a belt steering system 406. [t should be noted that the term end point



the Iight sensed by the sensor array 322 rises sharply when the end point
w ndow 414 is directly above the sensor array. Thus, when the sensor array
322 senses a sharp rise in light intensity, the end poiJySeptéeribey 2004 i s
above the sensor array 322 and the intensity information is provided to
the CWP controller 404. 15 The CWP contreller 404 then uses the polishing
belt speed and the di stance between the sensor array 322 and the pl aten

W ndow 410 iwhd6w!as ubedtie tHetiResot lapMicativnl refetshe aelﬁﬁéhaiﬁnrrﬂﬂlawllﬂd/@me séshr widyl be
positioned over the end point detection sensor 412, and end point data

acqui si ti on322te dp@thh@htrmﬂ ﬁmllﬁ@t spwiee #Rcthoetnthe pelishingibslt 3¢k rAbruchtbe endn ¢ hi s

h 2
For and poi R cRae Al Be fp Bt 05 e B0 o B bf adofiha FEGRRT o
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mechani smin accordance with an enbodi nent of the present invention. Figure
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15 The CMP controller 404 then uses the polishing belt speed and the distance between the
sensor array 322 and the platen window 410 to calculate the delay until the end point window
414 will be positioned over the end point detection sensor 412, and end point data acquisition
is performed using the end point detection sensor 412. In this manner, the sensor array 322
functions as an end point trigger mechanism for end point data acquisition.

20 In addition, the sensor array 322 provides transverse positional information for the end
point window 414 relative to the sensor array 322. This transverse positional information is
provided to the belt steering system 406 for positional correction, as will be described in
greater detail below.

Figure 5 is an illustration showing transverse positional detection components of an end

25  point trigger mechanism in accordance with an embodiment of the present invention. Figure 5
shows the end point window 414 in the polishing belt 304 positioned above the sensor array
having sensors 500a, 500b, and 500c. Further shown is the light source 402, which generates

an illumination cone 502. By determining which sensors are illuminated by the illumination

cone 502 and which sensors are not illuminated, the transverse position of the end point

30 window 414 ¢an be determined.



5 wi ndow 414. Since, in the enbodi nent of Figure 5, the sensor array is
aligned with the platen w ndow, the situation shown in Figure 5
illustrates the end point w ndow being correctly aligneg siptdinbdi2opbat en

wi ndow. In this case, if any of the 500a sensors becone illum nated the
pol i shing belt would need to be noved i mg direction toward sensors 500c.
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edge angy t h@wlafdaichioROS08810 B tafs mdhferethe tpeivetie pisindoof the 4nd poikineindow &intteough
the sensor array i s shown heneath the en ol nt__ w 4 f e polishing
bel t 304, i fetamunet dndeomsicd sing the QWW@S@%%‘F&P&:&%@‘%%B@C a@@a S%ﬁ?r t he
end point trigger 25 mechanism In this case the sensor array woul d be

aligned wt he trigger slot and the belt positional information would be
determ ned based on |ight detected though the trigger slot igure 6 is a

.. F
di agr am showi ng in additibnp dienlongituflige eposisipn radnspesd frhe pebshmgrbell Hith Fabe
enbodi ment qf _th [ iy i ' L :
i ncl udes a ggﬁﬁggfﬁg?ﬁgglgﬁ?@gﬁ%/@gl gae-ggﬁ??gﬂgie?@b@%t @ggg’ggg' 5%505&_!51_ g% and
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cone 502 of the light source 402, the end point window 414 is positioned above the sensor
array. The speed of the polishing belt 304 can be determined by the time interval between the
leading edge of the end point window 414 passing over the sensors and the trailing edge of the

20  end point window 414 passing over the sensors. Thus, the duration of illumination of the
sensors of the sensor array can be used to calculate the speed of the polishing belt 304 since the
distanice between the leading edge and the trailing edge of the end point window 414 is known.

Although the sensor array is shown beneath the end point window 414 of the polishing

belt 304, it should be noted that a trigger slot can also be used for the end point trigger

25  mechanism. In this casc the sensor array would be aligned with the trigger slot and the belt
positional information would be determined based on light detected though the trigger slot.

Figure 6 is a diagram showing an end point trigger system 600 in accordance with an

embodiment of the present invention. The end point trigger system 600 includes a sensor array

322 having a plurality of sensors 500a, 500b, and 500¢. Further shown in Figure 6 is an end

30  point window 414. Two positions of the end point window are illustrated in Figure 6, a first
transverse position 414a and a second transverse position 414b.



transverse position 414a and a second transverse position 414b. 29

Sept enber 2005 11 The first transverse position of the qﬂps | b dadow at
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array 322. Figure 7 is an intensity graph 700 of light intensities detected
by a sensor illusyinasgd byfthe light sevsesovhaaibesengfpoinh windowsapies Py ietsersar aey Bhown i n
the 1nt ensi tke @R Burff and ienl; deURABY behed 300 is b 1d b HnftShEaH Al BY the
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15  bedetermined and corrected when necessary.

As previousty mentioned, the embodiments of the present invention can also determine
the speed of the polishing belt by analyzing the light intensities detected by the sensors of the
sensor array 322. Figure 7 is an intensity graph 700 of light intensities detected by a sensor
array of the embodiments of the present invention. As shown in the intensity graph 700, the

20 intensity 702 of the light detected by the sensors of the sensor array varies with the position of
the end point window. Specifically, when the end point window is not positioned over the
sensor array, the light intensity detected by the sensor array is low, as shown by the edges of the
graph of the light intensities 702.

However, when the end point window is positioned over the sensor array the light

25  intensities 702 detected by the sensor array changes dramatically. Specifically, as the leading
edge of the end point window begins to pass over the sensor array the light intensity rises
sharply. Then as the end point window is fully over the sensor array the light intensity reaches

a platean. Finally, as the trailing edge of the end point window travels over the sensor array the

light intensities drop sharply. By analyzing the time between the low and plateau of the graph of

30  the intensity 702, a point 704 can be calculated that estimates the time when the leading edge of
the end point window has passed the sensor array. Similarly, by analyzing the time between



However, when the end point wi ndow is positioned over the sensor array the
light 25 intensities 702 detected by the sensor array changes
dramatically. Specifically, as the |eading edge of the enddpédiberdonsow
begins to pass over the sensor array the light intensity rises sharply.
Then as the end point windowis fully ovgr the sensor array the |ight
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804. | niyisepoihiiRicERNSMen?E02800d3ARpldps®@Ct s the presence of the end point

wi ndow 414 when the ‘end point wi ndow is position above the sensor array

322 during a CWP process. As previous“ﬁ menti oned, the sensor array 322
det er mi nes bot h {rhse,tasnsgnsonaray 322 geeas thepressnes of He end aeighaipdey 41doeheniteen of

the end point, wi.ndow 414 by. det ect.i n ' a :
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of light. THRnERBEKe St ardy $1PedetertingdBth ieClBngdidihdl roGlibh awinthe atmseersed 04,

whi ch anal yzes the sensor data to determ ne the position .
position of the end point window 414 by detecting the presence of light and by determining

15  which sensors of the sensor array 322 detected the presence of light. The sensor data is then
transmitted to the CMP controller 404, which analyzes the sensor data to determine the position
of the end point window 414 and the speed of the polishing belt 304. The longitudinal position
of the end point window 414 is used to calculate the proper time to trigger end point data
acquisition by the end point detection system 802. The transverse position of the end point

20  window 414 is used to determine the amount of positional correction necessary to properly
align the end point window with the platen window. This information is provided to the belt
steering control 406. In addition, the end point window positional information and belt speed
are displayed to the user using the display 804.

Advantageously, the embodiments of the present invention logically correlate signals

25  from multiple detector elements in an array so as to provide corroborative synchronization and
steering information from multiple sensing points. This ability greatly enhances the robustness

and reliability of belt steering and end point detection during the CMP process. In addition, by
combining two separate functions into a single sensing apparatus, the embodiments of the
present invention greatly simplify system set up and improve reliability. Moreover, by using

30  multiple sensors in a wet environment, the embodiments of the present invention reduce the



of the end point w ndow 414 and the speed of the polishing belt 304. The
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devi ce (CCD) base rigger syste Oa, cordahce wth an
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CCD 322a, the transverse and longitudinal positions of the end point window 414 can be

15  determined.

Figure 9B is a diagram showing a reflection based end point trigger system 900b, in
accordance with an embodiment of the present invention. The end point trigger system 900b
includes a reflective material 902 disposed beneath the polishing belt 304, and a sensor amray
322b that detects light reflected off the reflective material 902. In the embodiment illustrated

20  in Figure 9B, the sensor array 322b can be positioned to a side of the polishing belt 304 as is
the reflective material 902 in a manner similar to the configuration of a trigger slot in the
polishing belt 304. In this manner, the end point window does not interfere with the end point
trigger system 900b.

When the reflective material passes above the sensor array 322b, light is reflected back
25  at the sensor array at a high intensity, which is detected by the sensors of the sensor array 322b.
The number of sensors and position of the sensors that detect the reflected light determine the
end point window position, as described previously. In addition, the length of time in which
the reflected light is detected can be used to determine the speed of the polishing belt 304.



shades of light. Typically, CCDs are anal og and generally are nade of a
special type of MOS transistor. Analog to digital (ADC) converters can be
used to quantify the variable charge into a discrete nuySdptahbaed0ess.
Thus, by analyzing the states of the transistors that conprise the CCD
322x, the transverse and | ongitudinal pogjtions of the end point w ndow 414
can be 15 determned. Figure 9B is a diagram showi ng a refl ection based
end point trigger system 900b, in accordance with an enbodi nent of the
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mat eri al pagses. abaov nsor array 322b, light is reflected back 25 at
t he sensor lls‘iaﬁ(ifq‘{f?mgwﬁsg)hs@?‘ﬁ%énsi ty, which is detected by the sensors of
the sensor array 322b. The nunber of sensors and position of the sensors

that detect the trefpemttre thelfibetipticbirdiesPiXethbtves dirertty Ypoeatit theemideint podowi on,
as descri bed previou oy | dditi the length of. tinme | i chy t.he
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Fi ber %tlc based end point trigger system 900c, in,. cor ance% Wi th an
embodi mttt 8nd s thtmawese ?W@ﬁ% Wﬁpwmgﬁ%@ngsﬂﬁm%}g@ et dhn asBv
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end point w w ol1shing belt 304 is a sensor array 322c
conprising a plurality of fiber optic 5 bundles 906 that are cougl ed to an
optoel ectric arr¥ & a deaamyihpwing quexinly pesd endpeint HeewSwioah &k fom t he

CMP system . ordance with an embodiment of the present invention. The end point trigger system 900d

includes an array of proximity sensors 322d positioned below the polishing belt 304, which
15 includes an end point window 414, Other embodiments of the present invention can use
ultrasonic sensors in place of the proximity sensors. In operation, the array of proximity
sensors 322d can detect the present of the polishing belt 304. When the end point window 414
is positioned above the array of proximity sensors 322d the sensors detecting the presence of
the polishing belt combined with the sensors that do not detect the presence of the polishing
20  belt, because of being below the end point window, determine the positional information of the

end point window.

Figure 9E is a diagram showing a bifurcated fiber optic based end point trigger system
900e, in accordance with an embodiment of the present invention. The end point trigger
system 900e includes a bifurcated fiber optic array 322e with spatial resolution disposed

25  beneath a polishing belt 304 having an end point window 414. The bifurcated fiber optic aray
322e both sends and receives light using fiber optic bundles 908. The bifurcated fiber optic
array 322e also has spatial resolution, which provides positional information on the end point

window 414.

Figure 10 is a flowchart showing a method 1000 for end point triggering in a CMP

30  process, in accordance with an embodiment of the present invention. In an initial operation



In operation, the fiber optic bundles 906 that are directly beneath the end
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Fi gure 9D i $008, pieprgeeanvpsiationsnage perdined. t Yraprosess operatiops instude fixigg er wafgisinem

900d, in accordance with an enbodi men f the. present invention, The end
poi i 11 gBRSCR driPna TR fEPIB S 1 P RO BB b R b e B PeraS

posi tioned [el-@whdiie wibhd PhdrdtiRdsk sikdfidin WBieh 15 includes an end poi nt

wi ndow 414. O her enbodi nehts of the present invention can use ultrasonic
sensors in place of the proximty sensors. In operation, the array of
proxi mity sensohsopg@iich H¥4, alemenr arrashie ppsitiasiet bengtith theepofighiingsheltn fhp sensor304.
When the_end point w ndow, 414 i I ti,oned abpve the arr of 4proximty
sensors 532_26‘“3’?@“&’%#?9%?%%%‘%@0%@@% AN H@%ﬁgftop?ﬁe&%ﬁtfiosvﬁri%lgs%]éﬁrt _
conbi ned wi Eﬁyﬁﬂﬁn?@@ﬁ@rﬁo&ﬂatﬁﬂ%ﬂ&tﬁ Qlorale sbid6r dah 88 ﬁ?emfmé WRihdHhes hi ng
20 belt, because of being below the end point w ndow, determ ne the |

posi ti onal Emfminteindow, skh thabspeafisepwrsere it ilbiovinated; when éhegsad ipgingwistilewy isam
showi ng a bifurcated, fiber tic bas end i nt .trigger syst.e 900e, in
accor dance WOPHY g’@ﬁirﬁ@gi ) A1 r@%?ﬁ%%?en‘??gﬁ?lp .d%éa"el??cr?efgwﬂ
trigger sygf&m89&diiNalUdas G YERaS Beoofichfim@Rkd, C AREThAWeF 286 stisbh
spati al rescﬁ))lt utlonaﬁfislposed Z%Q)t?gneath a pol ieshi ng belt 304 hlg\_/i ng an end
poi nt Wi Gdowradlodn b pesitinéditocthe side bf the polisping belasuchthat 822wd Ipoinh windpw sloesnd
receives |light using fiber optic bundles.908 The bifurcated fiber tic
array 322e BPlsRpShdisetly, gyerfhe @%IWY'OA‘?%F‘BW%i%wgoé(ﬁt%r]i’ﬁlusecp%

informati onS%thléﬁg)gid&pémem%&g%w. Figure 10 is a flowhart show ng

a method 10 point triggering in a CMP 30 process, in accordance

with an enbodi nent of the present invention. In an initial operation 29
Sept enber 2005 1Fhe polishing belt is then rotated in operation 1006. Once the sensor array is properly

positioned, the CMP process is started. The polishing belt is rotated at a predetermined speed,
15  which can be detected and corrected using the sensor array and belt steering control, as
previously described. Generally, as the polishing belt is rotated, the sensor array detects the

presence of the end point window and uses that information to trigger end point data
acquisition as described above.

In operation 1008, the transverse position of the end point window is determined based

20  on a portion of the sensor array covered by the end point window. Generally, the sensor array
is initially configured such that some sensors of the sensor array are non-illuminated because

they are blocked from the light source by the polishing belt, and other sensors are illuminated

by the light source through the end point window when the end point window is properly align

with the platen window. Then, if any of the non-illuminated sensors become illuminated, the

25  polishing belt would need to be moved in a direction opposite of the newly illuminated sensors.
In this manner, the transverse position of the end point window can be determined and

corrected using the plurality of sensors of the sensor array.

As mentioned above, it should be noted that the term end point window as used in the

present application refers to a mechanism that allows the sensor array 322 to detect light from
30  the light source 402 through the polishing belt 304. As such, the end point window 414 can be,



1002, preprocess operations are perfornmed. Preprocess operations include
fixing a wafer in place using a retaining ring, applying slurry to the
polishing belt surface, and other preprocess operati ons2d $itembér 2088
apparent to those skilled in the art. In operation 1004, a sensor array is
positi oned beneath the polishing belt. The sensor 5 array can be
positioned so as to allow the end point window to pass directly over the

Sensor arr agyr ekbinphg a RoleMPhB bEIE €180, itstbilldNBE notédWatesl 8% @fboliit®nsenapituran be
| arge than the width of the end point w ndow, such that specific sensors

are not il | thrdugathecbelitraay mahde aweflepoifat exampleow trmslucept ioishing belti sgetion T0@% h t he
o o o | O . b
Cnal §gned | Py s P SRR BRIt Sakn B 302 VBBt of 0 P

the sensor dfectifig lipht fodgtbe pelishihg lteself o t he side of the polishing belt
such that the end point w ndow does not pass directly over the sensor

. In thi inent, a.tri .. Sl . to d i ne_th
0Si L or of 1 he. BT A RGN SeRHegBH SRR AL ENEIPE SR TR PTG
operation 19.91@5%?8&&%&@@%?&@%%%@&&@@&%@&' YpecibiBaly! thOR&Ehg ddBSordd

process is started. e polishing belt 'is rotated at a predeternm ned speed,
15 whi ch camdpeintiwindow eah tenvseddo determine thedorigitadinahposition stthe polisking belid Th st

teeri tyol, i apsly d i hed. Ge | Ly,. as. t;he .pol i shi
el t 1 °r ot ik e i seBivs e Henip SERY b PER on e el boin® BinaPa Bnspe o
W ndow and WsRE§ tHehaisor aPr ForkHeR Thel Pedddf @S0l HeRicAt béladi@mirRg By kR thheon as

descri bed above. In operation 1008, the transverse position of the end

poi nt Wi hdoitdrel Hewermthe dddibg sdas of 2iie e pein avindopnpasting et Fwrisaorsand dye
covered by the end point w.ndow Generall Lhe Sefso ' : Radid 2! 1Y
configured &ﬁ@?fgf{aﬁ% seoetrhr%pgsngﬂggc}o? %aFS%} 6})éer)s&épnss‘,ﬂé)s(ra rsarrayﬁlgt@“rgﬁtﬁo\ogr?l-f :ﬁl umﬁdr?at ed
because t hefth@seson sftesensbr @@y tdebelubaé caalatetke Hyed dithepolishifibolgsihelthe and
ot her sensors are illumnated by the Iight source through the end pqint

wi ndow whendistreedstvesd e deading adas and ths toping iedee-ntithgend \gonkh Windew 5t K108 M ndow.

Then, 11 20l dedBic B § HobFRBALALLS B30 ToRE Dok kil Rk Bt 19425

pol i shing belt need e noved 1n a direction opposite of the newy
i |1 um naf edcsetieosesor artay vduldsbenaipmee rwitht the trigparsky exdsthe paspdsitioml afforiratorend

point wind O Wouild be Qeeten%%[eg Earge(? gndlig%tn getected though the trigger slot.

Post process operations are performed in operation 1010. Post process operations
include end point data acquisition, belt steering, and other post process operations that will be
apparent to those skilled in the art. Advantageously, the embodiments of the present invention

20  logically correlate signals from multiple detector elements in an array so as to provide
corroborative synchronization and steering information from multiple sensing points. This
ability greatly enhances the robustness and reliability of belt steering and end point detection
during the CMP process.

In addition, by combining two separate functions into a single sensing apparatus, the

25  embodiments of the present invention greatly simplify system set up and improve reliability.
Moreover, by using multiple sensors in a wet environment, the embodiments of the present
invention reduce the number of errors often encountered in prior art systems, which use

single sensors designed for a dry environment.

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

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



corrected using the plurality of sensors of the sensor array. As nentioned
above, it should be noted that the termend point w ndow as used in the
present application refers to a mechanismthat allows thg sgasfbei008y 322
to detect light from30 the |light source 402 through the polishing belt
304. As such, the end point wi ndow 414 cgn be, 29 Septenber 2005 16 for
exanple, a hole in the belt. Also, it should be noted that in sone

enbodi nment spaficaPithit e scdiRl P g ipbdided hins MaAchdibgl ahdygredactmbodimetts arepl €, a
translucent polishing belt section may, performas an_end point w ndow. In

t hese enbodtorsrreasiderdgens dlustsaive and pgy resiriptives andyibe Tvention is léféttlébft limgged, tp
th h th h t If t h t
anaoggeed 393?h§§%%1ﬁ§ﬁfhﬁlh@f P8R %fwgﬁgg$%$ﬁ d %nghggg%éyﬁéa &%Zhdlon

trailing edggsmsof the end point wi ndow Specifically, the |eading edge of
the end point wi ndow can be used to determ ne the |ongitudinal position of
the polishing belt. To this end, when the sensors are illum nated by the

| i ght source, the end point window is positioned above the sensor array.
Further, the speed of the polishing belt can be determ ned by the tine 10
interval between the | eading edge of the end point wi ndow passing over the
sensors and the trailing edge of the end point w ndow passing over the
sensors. Thus, the duration of illumnation of the sensors of the sensor
array can be used to cal culate the speed of the polishing belt since the

di stance between the | eading edge and the trailing edge of the end point

w ndow is known. It should be noted that a trigger slot can al so be used
for the end point trigger nechanism In this 15 case the sensor array would
be aligned with the trigger slot and the belt positional information would
be determ ned based on |ight detected though the trigger slot. Post process
operations are perfornmed in operation 1010. Post process operations

i ncl ude end point data acquisition, belt steering, and other post process
operations that will be apparent to those skilled in the art.

Advant ageously, the enbodi nents of the present invention 20 logically
correlate signals fromnultiple detector elenents in an array so as to
provi de



corroborative synchroni zation and steering information fromnultiple
sensing points. This ability greatly enhances the robustness and
reliability of belt steering and end point detection dusg SpeémiBer3dos
process. In addition, by conbining two separate functions into a single
sensi ng apparatus, the 25 enbodi nents ofgthe present invention greatly
sinplify systemset up and inprove reliability. Mdyreover, by using nultiple
sensors in a wet environnment, the enbodi nents of the present invention
reduce the nunber of errors often en din prior art systens, which
use single sensors designed for a dry environnent. Although the foregoing
i nventi on has been degcriqb in.sone detail for purposes of .30 clarity of
under st andi ng, i? wi | ‘%%“%%%ﬁ?%ﬁ?m‘ﬁé?mgéFvaﬁﬁng éﬁ%%%“%ﬁadﬁﬁﬁﬁ F@%’ions
may be 29 Sgphefeacorpi¥nglife ofefaasisicfed Wi thin the scope of the appended
clainms. Accordingly, the present enbodi nents are to be considered as
illustrative and not restrictive, and the invention is not to be limted to
the details gi vEepitiraieg nsenseparipyperathpaelishig toltthavinetanend peiné defagtion
equivaleptsse{bﬁhe appended clains. 29 Septenber 2005 18 CLAIMS 1. A

met hod for end point triggering in a chenical mechanical polishing process,
the nmethod conprising the operations of positioning a sensor array beneath
a polishing bel t rdvatitigrie polishing helyj atd det ection 5 section; rotating the
polishing belt; and determ ning a transverse position of the end point

detection section based on a portign t he sensor. array covered by a
particul ar port | SHETBMMRGATSIFEOREOT, the nd ol 6o et B’ pordor

of the sensor array covered by a particular portion of the polishing belt.

10 2. A method as recited in claim 1, wherein the end point detection section is a
hole in the polishing belt.
3. A method as recited in claim 1, wherein the end point detection section is a

translucent section of the polishing belt.
15

4. A method as recited in claim 1, wherein the end point detection section is an

end point window.

5. A method as recited in claim 4, wherein the particular portion of the polishing
20 belt is the end point window.

6. A method as recited in claim 1, wherein the particular portion of the polishing
belt is a trigger slot.



10 2. Anmethod as recited in claim1l, wherein the end point detection
sectionis a hole in the polishing belt. 3. A nethod as recited in claim
1, wherein the end point detection section is a transl upesdptembér Z09sof the
polishing belt. 15 4. A nmethod as recited in claim1l, wherein the end point
detection section is an end point windoy 5 A nethod as recited in claim
4, wherein the particular portion of the polishing 20 belt is the end

poi nt wi ndow. 6.7A neAhaghaiss reited adlaim ) chidrein the pattieuled portichef frerpolishidgar
portion of the polishing belt is a trigger slot. 29 Septenber 2005 19 7.
A met hod asbslee Faveesdiby agsflgetive matsiigler ei n"t he particul ar portion of the
polishing belt is covered by a reflective material. 8 A nethod as recited
in claiml, wherein the sensor array is a charged coupled 5 device (CCD).
9. Anethod as recited in claim1, wherein the sensor array is a linear
array of sensors. 10 10. A nethod as recited in claim9, further conprising
t he operation of 8det eArhethodps revitedin chaem d owherein ¢hecsenser arthybya thaegep aouplaiul ar
portion ﬁf bhe 2 tbihing belt. 11. A method as recited in claim 10, further
conpri sihg PHES ﬁ tion of comrunicating the transverse position of the
end point detection section to a belt steering 15 system 12. A nethod as
recited in claim1ll, wherein the belt steering systemcorrects the
transverse position of the end point detection section based on which

sensors are covered by o
9 A method as recited in claim 1, wherein the sensor array is a linear array of

SCNSOrS.

10 10. A method as recited in claim 9, further comprising the operation of determining
which sensors are covered by the particular portion of the polishing belt.

11. A method as recited in claim 10, further comprising the operation of
communicating the transverse position of the end point detection section to a belt steering

15 system.

12. A method as recited in claim 11, wherein the belt steering system corrects the
transverse position of the end point detection section based on which sensors are covered by

the particular portion of the polishing belt.
20

13. A method as recited in claim 1, further comprising the operation of determining
a time to begin end point detection based on a longitudinal position of the end point detection
section.



the particular portion of the polishing belt. 20 13. A nethod as recited in
claim1, further conprising the operation of determining a tine to begin
end point detection based on a |ongitudinal position of 208epesibpo20US
detection section. 29 Septenber 2005 20 14. A nethod as recited in claim
1, further conprising the operation of d2Merm ning a speed of the belt
based on intensities sensed by the sensor array. 15. An apparatus for end
poi nt triggeringl4dn aAchetimdeakeciteloh elainc b Ifurfhet ¢omiprisigg ths operame 9 detgmining si ng:
a sensor array di S beneat h.a polishing belt, wherein the polishing

bel t incl ud@ﬁomﬁgﬁ?“WMWWi@&q%ﬁﬁ?r%& ein a position of the
end point detection section is determ ned based on a portion of the sensor
array covered by a particular portion of the polishing belt. 10 16. An
apparatus as recited in claim15, wherein the end point detection section
is an end point window 17. An apparatus as recited in claim 16, wherein
the particul ar pd?tioAncipparpius fgyoind sieint driggsting ins a tchemigaldmeabamical \pohghing 15
18. An apparatus as recited in claim17, wherein the sensor array is a

li near atra§°6F>SEMBGYEE 19. An apparatus as recited in claim18, wherein
the position of the end point 20 window is determ ned based on which

Sensors are Ccovep eshsdParh@isfRRdl tefdatt a piligKlAYbelt2 FherdiR tRARASAIg Rl FfludeCant ed i n

claim19, wherein the position of the end point w ndow is communicated to
a belt st eeridpgind defection segtien, wheseiniapositian df dictend pelat detegtionyssetiomis? SleGapinesnber

2005 based on a portion of the sensor array covered by a particular portion of the polishing belt.

10 16.  An apparatus as recited in claim 15, wherein the end point detection section is

an end point window.

17. An apparatus as recited in claim 16, wherein the particular portion of the
polishing belt is the end point window.

15

18. An apparatus as recited in claim 17, wherein the sensor array is a linear array of

Sensors.

19.  An apparatus as recited in claim 18, wherein the position of the end point

20 window is determined based on which sensors are covered by the end point window.

20.  An apparatus as recited in claim 19, wherein the position of the end point

window is communicated to a belt steering system, and wherein the belt steering system



21 corrects the position of the end point w ndow based on which sensors are
covered by the end point window 21. A systemfor end point triggering in
a chem cal mechanical polishing process, 5 conprising: 29Beptefmbengod®! t
havi ng an end point wi ndow, a sensor array di sposed beneath a polishing
belt, wherein a position of the end poinRtl w ndow is determ ned based on a
portion of the sensor array covered by a particular portion of the
polishing belt; and 10 a belt steering system wherein the belt steering
syst em cor r eaestsghdypsisitiop 0§ the endhpdiats@ddovobastden pbish sénsors afe cotxedimothp et

w ndow. 22. A systemas recited in claim2l, wherein the particular portion
of the poli ?ﬂ‘inﬁ 4% t is the end point window. 15 23. A system as recited
in claim?22, wherein the sensor array is a linear array of sensors. 24. A
systemas recited in claim23, wherein the position of the end point w ndow
is 20 determ ned based on which sensors are covered by the end point

w ndow. 25. A systemas recited in claim?2l, wherein a time to begin end
poi nt detection & détwptemndedng asistiriggering i pdwnidabmedhfnicd) gokishing pedcess,

W ndow. 5 comprising:

a polishing belt having an end point window;

a sensor array disposed beneath a polishing belt, wherein a position of the end point
window is determined based on a portion of the sensor array covered by a particular portion of
the polishing belt; and

10 a belt steering system, wherein the belt steering system corrects a belt position based

on the position of the end point window.

22, A system as recited in claim 21, wherein the particular portion of the polishing

belt is the end point window.
15

23. A system as recited in claim 22, wherein the sensor array is a linear array of

SCNSOrs.

24. A system as recited in claim 23, wherein the position of the end point window is

20 determined based on which sensors are covered by the end point window.

25. A system as recited in claim 21, wherein a time to begin end point detection is
determined based on the position of the end point window.



