POLI SHI NG PAD W TH BUI LT-1 N OPTI CAL SENSOR DESCRI PTI ON Techni cal Field The
present inventionis in the field of sem conductor wafer processing, and
nore specifically relates to a disposable polishing pad for use in a

chem cal nechanical polishing operation perforned on the sem conductor

waf ers wherein the 5 polishing pad contains an optical sensor for
nmonitoring the condition of the surface being polished while the polishing
operation is taking place to permt determ nation of the endpoint of the
process. Background Art In U S. Patent No. 5,893,796 issued April 13, 1999
and in continuation 10 Patent - No. 6,045, 439 issued April 4, 2000, Birang
et I. show a nunber of desi%gﬁJ a wndowinstalled in a polishi-ng pad.
The wafer to be polished is I@@%f@@%ﬁ%‘%pad, and the polishing
pad rests upon a rigid platen so gphpicAh hshing occurs on the | ower
surface of the wafer. That surfaég 'S nn%Fnggd during the polishing
process by an interferoneter that is |ocated below the rigid platen. The 15
interferoneter directs a | aser beaE; pward, and in order for it to reach
the | ower -surface of the wafer, i 'ﬁﬁaﬂmﬁgyg t hrough an aperture in the

pl at en-and then continue wupward through the polishing pad. To prevent the
accunul ation of slurry above the aperture in the platen, a wndow is

provi ded in tHechoimhi BHidng pad. Regardl ess of how the windowis forned, it

is clear that the J'nqt erferometer sensor_ js. always |ocated 20 bel ow t he
platen and i s nevef 1§ Mespnbivemiopfdn Hisifieldwhsgmisaruciar wales proogssing: and.

echni ques T of ooy bae i eldye k09 il st RE G Raf 18 BR0H b bnRal 0 oes”
| n one enbodi nechanitalylisiedgoeration pefforired oa fesemiahdigt@r gt etercin the
5 polishing pad contains an optical sensor for monitoring the condition of the surface
being polished while the polishing operation is taking place to permit determination
of the endpoint of the process.

Ba(;kground Art
- In U.S. Patent No, 5,893,796 issued A?ril 13,' 1999 and in continuation
10 Patent No. 6,045,439 issued April 4, 2000, Birang et al. show a number of designs
for a window installed in a polishing pad. The wafer to be polished is on top of the -
pofishing pad, and the polishing ﬁad rests upon a rigid platen so that the polishing
occurs on the lower surface of the wafer. That surface is monitored during the
polishing process by an interferometer that is located below the rigid platen. The
15  interferometer directs a laser beam upward, and in order for it to reach the lower
surface of the wafer, it must pass through an aperture in the platen-and then continue
upward through the polishing pad. To prevent the accumulation of slurry above the
aperture in the platen, a window is provided in the polishing pad. Regardless of how
the window is formed, it is clear that the interferometer sensor is always located
20 below the platen and is never located in the polishing pad.
Tn U.S. Patent No. 5,949,927 issued September 7, 1999 to Tang, there are
described a number of techniques for moﬁitoring polished surfaces during the

polishing process. In one embodiment Tang refers to a fiber-optic cable embedded



2 in a polishing pad. This cable is nerely a conductor of light. The |ight
source and the detector that do the sensing are | ocated outside of the
pad. Nowhere does Tang suggest including a |ight source and a detector
inside the polishing pad. In some of Tang's enbodi nents, fiber-optic
decouplers are used to transfer the light in the 5 optical fibers froma
rotati ng conponent to a stationary conpoment. In other enbodinents, -the
optical, signal is detected onboard a rofating conponent, and the
resulting electrical signal is transferred to a stationary conponent
through electrjcal...slip rings. There js no suggestion in the Tang patent
of transmittirg atpﬁgShérf%&dr iﬁ’%l cab@il%ﬁ‘iﬁrle{)/ta&f’&d%‘tt%(?f@ﬁhfr- yLhedighbsnaree dmd neans
of radi o waveshe ageust , L beam, or..b
magnetic induction. | nﬂlgﬁigttﬁ%%éﬁ%ﬁ%iﬁgé%ggﬁgg%@?tﬁ?&gg%%?ﬁﬁws?%pg?ﬁ:an escri bed
in U'S. Patentsuggest ingluddg a Bght sosmaend J deteaoyinfde thd PERhingPahUlt dontdiar e i s
descri bed a ”Etﬁrﬁod i“@?‘l’wﬂi ch, .,after partial polishing, the wafer is noved
to a position *BRH S, perreptic, gepeplers gk hrash 4o tranderciigdigdt int the pl at en.
The wear of t H$ica\ i i ed by i.nterferonqetry to

det er ni ne whet r@fﬁ ;%Rgg%ﬁfﬁgﬁ%r%%“eﬂs@@%ﬁ g%g%n%%ﬁﬁnﬁ%e&‘?' qgr?tﬁ/er

concl usi on, alaRedigtenss therogtical sighaliindstactar enblsmdwWroiating bemgdrent, 8fd the

nonitoring the Lished.surface during the polishing process, none of these
t echni ques is Tgﬁf?tfl}geq?%;?%cgrq@yagf{rar,lsﬁ:rre%ﬁ@_apqa' ponpeiitionsgh dedtdicilbed by
nterfer oot or T ongy ear ool gt b9 TaE pB8E g i erricyl

requi res naki riggnahtcapemtionaey tdmpongty bih@eplsaifendisd %ges, SaRRSidad wal&, RO! 1 shing
pad. Accordi ng| t he.present inventor set out to devise a nonitoring
systemth_;({ii mgﬁ%lddflaéj%delé%‘é_ﬁw’ﬁhjymn?t% fctiog.aki ng advant age of recent
Fventi on 25 1t {5 aobectitedind oofif sbillod SRRISHIR VRS IR

pol i shing pad 308 Lil%oddsued January 21, 1992 t6 'Schultz there is described a method in which, -

after partial polishing, the wafer is moved to a position at which part of the wafer
overhaﬁgs the edge of the platen. The wear on this overhanging part is measured

15 by interferometry to determine whether the polishing process should be continued.
In conclusion, although several techniques are known in the art for

monitoring the polished surface during the polishing process, none of these
techniques is entirely satisfactory. The fiber optic bundles described by Tang are
expensive and potentially fragile; and the use of an interferometer located below the

20 platen, as used by Birang et al., requires making an aperture through the platen thét
supports the polishing pad. Accordingly, the present inventor set out to devise a
monitoring system that would be economical and robust, taking advantage of re'cent

advances in the miniaturization of certain components.

Disclosure of Invention
25 It is an objective of the present invention to provide a polishing pad in which
an optical sensor is contained, for monitoring an optical characteristic, such as the

reflectivity, of a wafer surface that is being polished, during the polishing operation.



an optical sensor is contained, for nonitoring an optical characteristic,
such as the reflectivity, of a wafer surface that is being polished,
during the polishing operation. 3 The real-tine data derived fromthe
optical sensor enables, anbng other things, the end point of the process
to be determned. It is a further objective of the present invention to
provi de apparatus for- supplying. electrical power to the optical sensor in
the polishing pad. 5. It is a further oéiective of the present invention to
provi de apparatus for supplying electrical power for use in transmtting
an electrical _signal, representing the optical characteristic fromthe
rotating poli Cs':ﬁF FF@-?"B@G dtg dariveddiane thetoptieah sensersenables, amengother thingt, the a

further objecti : r bnvention to provide a disposable 10
pol i shi ng padgfé%ﬁ?‘g‘.f%ﬁfﬁgpﬁﬁg%g‘??’%%}e@% br, wherein the polishing pad is

removably _connect aisa futhe dbfiel SP65 BRlseu iRnliGiRlo FRNIR! AP RRNGE, and
signal processing, circuitry.” In accordance wth the present invention, an
optical sensof¢ g eleciriend pewer tolthgbpticglongnsoe irathe palisheigamidor i s di sposed
within a kdind hole-.in pql.i shing.pad so.as .15 to face the surface that
i s being %lol i shed. LT Srﬁlgﬁe O(ﬁ)trﬁcﬁge P?B‘ﬁtpf%saﬂr%@mlen t PravidecaprriaBim fohe
surface bei ngspgiyisdeettidatipdie forabd if frb Shiliing M elbGridfLi et ect or
whi ch produces an_el ectri_g%I signal rel atAedgt oet%ggﬁﬁﬁglg&rllg%{%&g%%e | i ght
reflected bacRP shareristic Somothe ritating palishing gadl ts agrdiacant adneedtify t he
detector is C})&gﬂ(&t ed radially inward 20 fromthe |ocation of the detector
ap

to the centra éfture of the polishing pad by a thin conductor conceal ed

Femmvabl y, connect o, Both nethan ool [ et eaRAe e s GoReT
rotates wi h Palishisgipad spriginsgdn optieal bansor; pheminthe polshing@ad & removably
' connectable to a non-disposable hub that contains power an& signal processing
circuitry. '
In accordance with the present invention, an optical sensor that includes a
light source and a detector is disposed within a blind hole in the polishing pad so as
15 to faqé‘ the surface that is being polished. Light from the light s-oﬁrce is reflected
from the surface being polished and the reflected light is detected by the detector
_ Which produces an electrical signal related to the.inten's‘ity of the light reflected back
onto the detector, :
. The electrical signal produced by the detector is conducted radially inward
20 from the location of the detector to the central aperture of the polishing pad by a
thin conductor concealed between the layers of the polishing pad.
. The disposable polishing pad is removably connected, both mechanically and
- electrically, toa hu_'b that rotates with the polishing pad. The hub coutains electronic
circuitry that is concerned with supplying power to the optical sensor and with
25  transmitting the electrical signal produced by the detector to non—rotating paﬁs of
the system. Because of the expense of these electronic circuits, the hub is not
considered to be disposable. After the polishing pad has been worn out fom use,

it is disposed of, along with the optical sensor and the thin conductor,



circuitry that is concerned with supplying power to the optical sensor and
wth 25 transmtting the electrical signal produced by the detector to
non-rotating parts of the system Because of the expense of these
electronic circuits, the hub is not considered to be disposable. After the
pol i shing pad has been worn out fromuse, it is disposed of along with the
optical sensor and the thin conductor. 4 In accordance with the present

i nvention, electrical power for operatlﬁg the electronic circuits within
the hub and for powering the light source of the optical sensor nay be
provided by several techniques.. In a preferred enbodi ment, the secondary
wi ndi ng of a transﬁcacmdanicswith&emdesdnt\&ﬁxtehﬁm ehetricaitpaisenfbriopbragingthe pri mary

5 di [ | ted ' t tat t ft hi
oaohi e i S e R B SR b attering e e sears otsﬂlema'@asiv'ortg ai ¢
array i s mounireh:r Hihyt iy ro{fi%@i)* @Qvepﬂge(?ﬁiguéss % 3 gfgf({}ﬁé anolfcﬁhrﬁ‘edt ht source

nmounted on a non-rofating port of Srnatlve

enmbodi nent ,  eleemtlety vabdippotertransfostesriisieduded ermhirthbattitiighub @ﬂcﬂi%@nﬂwt hin the
hub. In ygt anot her, errbo i ment, electrical conductors 10 in t rotating

pol i shi ng® padV8RI0E 5 Iprated of an adigpenaongaiesing H%Qﬁﬂe@ﬁ@%ﬁ@ml@ flnal ds of ‘
per manent  MRGH! SieRNOE Bl RIndH 26QAL el R phBlRbh 0 aRR BB od or esent

polishing nmachine, to constt tute a accordance w
i nvention, t hetaexlngdmb archib illusdigioal byraeughe@eme inf@nted dn@Rfoncatatief goARher i stic

of the s rfac bei S I.s transmtted fromthe rotatin 15 hub to
an adj acgnt s‘{ ‘B‘i‘fglfr{/)e b’lb‘?"loﬁ’ﬁh"ﬂ@fnaf‘%e%dfw ﬁ@cﬁﬁém%f%ﬁelﬁﬁgd'@@mseveral
techni ques. - Jyu@ FJ@JtE'd' ?ﬁﬁknm 'ﬂ?g&l} %tﬂ& ﬁ‘ib ehg%ieﬁﬁ %ﬂtt%ndﬁc?o

transmtted is us requency no 'S r‘gcel ved by

a detectdd | anaheaﬂtantmg pmi;shmgpad orianhe rotating hgb pztsl@ tobudtethe hiagidticdieliRt | ve
enbodi nent s, e Si gnal Is transmtted by a radio |ink or an acousti cal

link. In yet %P%WW&P@W@%’@HC%@@M@%H@%&M @hmﬁlsb’@gappl i ed
to the pri ”Brﬁ{adi‘ﬁd%dto”&n&ftut% rﬁ%ﬁ%‘f ormer on the rotating hub and

In accordance with the present invention, the glectrical_signal representing -
an optical characteristic of the surface being polished is transmitted from the rotating

15 hub to an adjacent stationary portion of the polishing machine by any of several
techniques. In a preferred embodiment, the electrical signal to be transmitted isused
to frequency modulate a light beam that is received by a detector located on adjacent
non-rotating structure. In alternative embodiments, the signal is transmitted by a
radio link or an acoustical ink. In yet another alternative embodiment, the signal

20 may be applied to the primary winding of a transformer on the rotating hub and
received by a secondary winding of the transformer located on an adjacent non-
rotating portion of the polishing machine.” This transformer may be the same
transformer that is used for coupling electrical power into the hub, or it can be a
different transformer.

25 The novel features which are believed to be characteristic of the invention,
both as to organization and method of operation, together with further objects and
advantages thereof, will be better understood from the following description
considered in connection with the accompanying dfawings in which several

embodiments ofthe invention are illusirated by way of example. Itisto be expressly



received by a secondary wi nding of the transforner |ocated on an adjacent
non- rotating portion of the polishing nmachine.' This transfornmer nay be
the sane transformer that is used for coupling electrical power into the
hub, or it can be a different transfornmer. 25 The novel features which are
believed to be characteristic of the invention, both as to organization
and net hod of operation, together with further objects and advantages

thereof, will be better understood from#he follow ng description
considered in connection with the acconpanying draw ngs in which several
enbodi nents of the invention are illustrated by way of exanple. It is to be

expressly 5 uritdesiasdd howemeevthat thelimawinge adr fankiRgsurpes Sflludthion M4r Pose of -
illustration dosi (giescrH"t pti.on Onlﬁ‘r@& ate not intended as a definition of
the limts of THERRYSRVIZEH areqt dftended a5 ¢ definitionf theyimits efiibaiwemic@. | is an
expl oded viewin perspective showi ng the general arrangement 5 of the

el ements of a preferred enbodi nent of the invention; FIG 2 is a front top
perspective vikngfdescription oftlieddiawignsor used in a preferred enbodi ment of
the invention; FIG ﬁ; 1s a sid |.evati onal , di agram show ng an opti cal
sensor in an' altédpr ak ?S\Fé‘e@ﬂlﬂgﬁe‘ﬁ%tnﬁf’ﬁpﬁﬁé’eﬁh@‘éﬁgfi@gﬁn@ #FaBgedents a

di agr am sh®w nf tige s1BHER Oﬁﬁl\%&ﬁggﬁﬁ@ﬂﬂi@nﬁﬁf@% @L?n%og_ub in accordance with

a preferred embodi ment of the invention; s @ di agram showi ng a
medi a] cross secti diGh 2viseavfioht tophperspentive biewsdr thal dpBEdladehae® RBD G, ment  of
the invention, rFfl G .6 gs . a dﬁﬁ{.ﬁam showi ng a nedial cross sectional view of
a hub in a 19 %Sgﬁf}'nﬁm cﬂﬂ‘@f‘ﬁ dTERBMI ment of the invention; and, FIG 7
is a diagram show rgGa 3”3@1 @de%&ﬁﬁo&?%dg?ﬂﬁlshgﬁ%\év é)nf ogticgftgeﬂsgr % tag" rd
alternative embodiment of the invention;
10 FIG. 4 is a diagram showing a medial cross sectional view of a hub in
accordance with a preferred embodiment of the invention;
FIG. 5 is a diagram showing a medial cross sectional ﬁew of'a hub in a first
alternative embodiment of the invention;

FIG. 6 is a diagram showing a medial cross sectional view of 2 hub in a

15 second alternative embodiment of the invention: and,

FIG. 7 is a diagram showing a medial cross sectional view of a hub in a third

alternative embodiment of the invention.

Best Mode for Carrying Out the Invention
V The wafers with which the present invention isused are composite structures
20 that include strata ofdifferent materials. Typically, tﬁe outermost stratum is
polished away until its interface with an underlying stratum has been reached. At
that point it is said that the end point of the polishing operation has been reached.
The polishing pad of the present invention is applicable to detecting transitions from
an oxide layer to a silicon layer as well as to transitions from a metal to an oxide or
25 other material, |
Clearly, stopping a polishing machine to remove a wafer to inspect it and

then replacing the wafer into the machine and starting the machine is a highly



alternative enbodi nrent of the invention. Best Mdde for Carrying Qut the

I nvention The wafers with which the present invention is used are conposite
structures 20 that include strata of -different nmaterials. Typically, the
outernost stratumis polished away until its interface with an underlying
stratum has been reached. At that point it is said that the end point of
the polishing operation has been reached. The polishing pad of the present
invention is applicable to detecfing tramsitions from an oxide |ayer to a
silicon layer as well as to transitions. froma netal to an oxide or 25
other material. Clearly, stopping a polishing machine to renove a wafer to

i nspect it andneffitint waypdfadetergititpewhetharthe proazeidies MReh taige@Bd sbagl i Ng the
machine is a rli %y .61ki nef ficient way of determ.ning whether the process
.8% ayituthg

has been carr BEFient ujvaRiEan, (he pRlishingrecest wadnellaweddnpragnesst he
pol i shing prOGRAGE tAbhtlRel MnsAVEGhE frdd &%@%ﬁgﬁﬁg%}y{ovti%egrﬁﬁr@% bn 357501 Of

the present invention has provided* I ntornatl

det er m nat i on petraits 4 Heleredchtionitindt tasidpen histehesichd. Al t hough end poi nt
sensing is.the main gbjective of the present invention,. other
possibilities for @ﬁ’ﬁjdgh FRd prinisenting is deamnpis ebisedve afdbe present iinventien, on.

These i ncl udekletgkdbiftied FoM QMo gé/g@¥ : : Lot is. sanpli various
areas on a wafer tp and (rap%i ng gttﬂé PSor te{%\%%té&pgw%%figrrqon F?rﬁﬁ?r}ghi‘ge%gi ngl e
optical sensonndigle dbéarminifgebow ifart dveayftht bedvpoigt RasAWIRRRAriohS arkss on a
contenpl ated t hq?.t 1;%% sone uses of the 10 invention a nunber of optical
sensors may be 3'fc FHUBEPPIAS thesirdachphg wigka. Although asingle ppficehsenser isnvol ves'
modi fying a CoRy@mkd gk rIRWiER i Wt D, L BRyopti cal
sensor and ot her conponents. [%?ea %ﬁ%g’l ‘P*é&ﬁﬁg’gﬁ?ﬁgﬁ\g%ﬁ%e WFEChi'tel v
avai | abl el@omievestien & yumberef bpidcaMetedrs Gy be MRGidem b Pilishib padRode!  Conpany
of Newar k, New Jer $ﬁ%’ Is a typi cal unnodified pad. Pads
_ _ € present nvenuon involves modifying a conventional polishing pad by
embedding within it an optical sensor and other components. The unmodified
polishing pads are widely available commercially, and the Model IC 1000 made by
the Rodel Company of Newark, New Jersey, is a typical unmodified pad. Pads
15  manufactured by the Thomas West Company may also be used. The manner in
which these pads are modified in accordance with the present invention and used
will be clear from the discussion below. )
In that discussion, it will be seen that the opﬁcal sensor of the present
invention senses an optical characteristic of the surface that is being polished.
20 Typically, the optical characteristic of the surface is its reflectivity. However, other
optical characteristics of the surface can also be sensed, including its polarizaﬁon,
its absorptivity, and its photoluminescense (if any). Techniques for sensing these
various characteristics are well known in the optical arts, and typically they involve
little more than adding a polarizer or a spectral filter to the optical system. For this
25 reason, in the following discussion the more general term “optical characteﬁétic” is

used,

The words “optical” and “light™ as used below include unltraviolet, visible,

and infrared types of light. The terms “radio” and “acoustic” are used in their usual

broad sense.



15 manufactured by the Thomas West Conpany may al so be used. The manner in
whi ch these pads are nodified in accordance with the present invention and
used will be clear fromthe discussion below In that discussion, it- wll
be seen that the optical sensor of the present invention senses an optical
characteristic of the surface that is being polished. 20 Typically, the
optical characteristic of the surface is _jts reflectivity. However, other
optical characteristics of the surface cdn al so be sensed; includi ng its
pol ari zation, its absorptivity, and its photol um nescense (if any).

Techni ques for sensing these various characteristics are well known in the
optical arts, and t¢4iskewn in Kigel, thepadishing pad 10 has arvircalat Stape atilh bertal

| ari . t t h i.cal { F this 25 ,
o the fol | ow cEABdRle 12 B o st S B breleld ivapsiaro abliohgiaddas | o1 o
is used. The fomds ii ot potishing ?Ekﬂ anld! @B tholedRy H?élﬁg #?%% ‘s(?ﬁg Wleice ¢

unltraviolet, vigible, and infrared types of erns  radi o" and
"acoustic" ar eSWteg thag isthemgpolished! In coatinsemilethe invstioh awapiical Bé@or 1, t he

olishin ad . . GLIcul.ar a and, a ceptral circular aperture 12.
'n accor dance %Q{S%?q%ﬁ(gmgb%@gﬁ?mleagéﬁ&F‘Sﬂr}duﬁtoﬁln bep %W@;Cil@l;fe@ds Fomtkal i n
the polishing ppibal sasbriibeo ﬂ@'c@ntﬁ:ﬁraﬁ&ﬁiﬂ@l%!ﬁé"@&%dﬂeﬁ?ﬁ@ﬁ} %gg%?&ﬁlglﬁt&gh

surface that is bei %pol i shed. In accordance wth
optical sensor 5 16Whshphequodishingpadie tiobe wd rohub Ais anertad fomAboY@Etg | bbon

18, which exte tical nsof 16 to the central aperture 12,

i s embedded wi ?‘n?ﬁ ‘Eﬁgl’%gﬂ‘%? %%?Lﬁags ci’.a%h%é%S‘Fﬁ‘@mg&n?lﬂé%%gﬂﬁﬁﬁmﬂ?eb@ be

used, a hub 20thepolishiigy faedorts @ MraddRd 8oi t G and -

secured there b;?gér evviﬁnag_a base 22?6\?\%&%%%%@2‘38%% %?Vbes?ﬁ%ﬁwésﬁ?l}]eg pad,
f

onto a t hri@adeBOlishingired 184s thheclmpedigtween fresonssd e ub dndgpordonstdfehe 10

olishin ad i . cl amed between por.ti ons of. the hub and portions
gf t he gp l}z%e. lci)uhtﬂg?he gnngB;g process, ep(ﬁlshmg pads, the hub 2nd the base rotgte '

togethef about a central vertical axis 24.
Also seen inFig. 1 and Figs. 4-7 is a non-rotating portion 26 of the polishing
machine. Preferably, it is located adjacent and above the hub 20, Although it is not
15 considered to be part of the present invention, the non-rotating portion 26 is
ancillary to the present invention and its purpose will be described more fully below.
Fig. 2 is a top front perspective view showing the optical sensor 16, in a
preferred embodiment, in greater detail. The optical sensor 16 includes a light
source 28, a detector 30, a reflective surface 32, and the conductor ribbon 18. The
20" conductor ribbon 18 includes a number of generally parallel conductors laminated
together for the purpose of supplying electrical power to the light source 28 and for
conducting the electrical output signal of the detector 30 to the central aperture 12,
Preferably, the light source 28 and the detector 30 are a matched pair. In general,
the light source 28 may be a light emitting diode and the detector 30 is a
25 photodiode_.. The central axis of the bundle of light emitted by the light source 28
is directed ﬂon‘zontally initially, but upon reaching the reflective surface 32 the light
is redirected upward so as to strike and reflect from .the surface that is being
poli;hed. The reflected light also is redirected by the reflective surface 32 so that
the reflected light falls on the detector .30, which produces an electrical signal in



base. During the grinding process, the polishing pad, the hub and the base
rotate together about a central vertical axis 24. Also seen in Fig. | and
Figs. 4-7 is a non-rotating portion 26 of the polishing nachine.

Preferably, it is |located adjacent and above the hub 20. Although it is not
15 considered to be part of the present invention, the non-rotating portion

26 is ancillary to the present inventi OB and its purpose will be described
nore fully below. Fig. 2 is a top front’ perspective view show ng the
optical sensor 16, in a preferred enbodinment, in greater detail. The

optical sensor. 16 includes a |light source 28, a detector 30, a reflective
surface 32, afftftiondo thsrnisesiof thadiebhialing onfle Tie areogrment stows intog 218

includes a nuaggéh&%n&%%g ééﬁeﬁ’l@iréﬁﬂ AeShe §e‘ﬁ€é¥'90t ors lamnated together for

t he purpose of supplying electric power to the |ight source 28 and for

conducting the el eAssigikk lighttsputicesindialectts bde6me aVA6HE it 3Gy bo 6%%1ecen-tr al
aperture, 12. t‘:!Pciieferab_ly the light source 28 and the detetct OP are a

mat ched pai r . *0 HsRgaseavii the reflpgive pepface 33 andiostedl twase the aarahgaphent shavert i ng
di ode and st he; 2 i s a 25 photodiode. The central axis of the
bundl e of i gwg’%sn&%vfpgndﬁg‘yj‘t he |ight source 28 is directed horizontally

initially, but upoThe eptitsl Rgmbbente i eld ¥ed DUNh@e8nBRtdrNE oI ard S
redirected upward so as to, strike and reflect fromthe surface that is

being pol i sh&sapspriedigtheciornaf s thimdislaps that is sizedlio@stegly Wthinttbe bisfd ect i ve

f 32 : f ' al the det whi ch
or oduces an: ofoet oL EReLl B PELERenL AR b B2 BaPT kS BdhERd ashliene | | gh
falling on itmafheusnangioette aatoantof strafiight réachi@ShCdi9sger t © conserve the

hei ght of the sens]gj‘rs Ai smal |l er |1ight sources and detectors becone
avai l abl 9 it may I“ﬁé ¥iifingthe condyictnsaibben WB tre atheast dirke condnetosuiraf ace 32

opti car comonaire hifd 16 OREN bR a8 Lo Sgle g wrdind” T
conductors, not shown.
As'best seen in Fig. 4, the power conductor 36 terminates adjacent the
central apérture 12 of the polishing pad 10 at a power plug 40, and the signal
15 gonductor 38 likewise terminates at a signal plug 42. When the hub 20 is inserted
into the central aperture 12, the power plug 40 makes electrical contact with the
power jack 44, and the signal plug 42 makes electrical contact with the signal
jack 46. An O-ring seal 48 Vprevents the liquids used in the polishihg process from
reaching the plugs and jacks. A jar lid type of seal 50 is provided in the base 22 to
20 further insure that the electronic circuits within the hub remain uncontaminated.
An eléctrical signal produced by the detector 30 and related to the optical
characteristic is carried by the conductor 52 from the signal jack 46 to a s‘ignai
processing circuit 54, that produces in response to the electrical signal a processed
sigoal on the conductor 56 representing the optical characteristic. The processed
25 - signal on the conductor 56 is then applied to a transmitter 58.
In the embodiment shown in Fi g. 4, the transmitter 58 applies a time-varying
electrical current to the primary winding 60 of a transformer that produces a varying
magnetic field 62 representative of the processed signal. The magnetic field 62

extends upward through the top of the hub 20 and is intercepted by a secondary



encapsul ated in the formof a thin disk 34 that is sized to fit snugly
within the blind hole 14 of Fig. 1. In the arrangenents of Figs 2 and 3,

it is understood that baffles may be used to reduce the anount of stray

| i ght reaching the detector. 10 Included within the conductor ribbon 18 are
at | east three conductors: a power conductor 36, a signal conductor 38,
and one or nore return or ground.conductg®rs, not shown, As best seen in
Fig. 4, the power conductor 36 term nates adjacent the central aperture 12
of the polishing pad 10 at a power plug 40, and the signal 15 conductor 3

8 likew se term | gpal pl 42.. \Wen the hub 20 is inserted into
the central ap‘)YraHrKP gﬁlglf “@h%'%g%‘fip b"ﬂgﬁl Bolofaird onetre gdinepaInonantatiog wi t h
the power | alrtih 26361ckht Relishing@chileY ectrical .contact with
the signal jack,46. An 'Obr in ;seaclhm%&pé%%/%@Fﬁéo%%ﬁ}“&so%éd%ﬁ t he

pol i shing pr od8s4ng wagnetie digldniZhipdudes aptungst iarttle jaolidary Aidding b9 thathe of seat
50 is provi degwglﬂ: ttgﬁrgc% eerg?Z tﬁ?fz further insure that the electronic
circuits withi th.e OB TEheR thetpredvies an tegninal A agigaehrepresantativgdl
produced By t te deicelahamncidfstN rHiSlAhed a@ﬁ%%%@é%&sglby gharacteristic is

carried by the conductor 52 fromthe signal | o7& Slllr"““&‘ocessi ng
circuit 54, tHitSUSR BHTROSE dsrmenitopiop the progtdse of tiecpaliskial cpb@Rah aad/Mf Ocessed

signal on the 6_LL,epresenti the optical characteristic. The

processed 25@?‘3&%&%‘* e"é{h(?(?ﬂgBB‘P%)PP@%PP@WB@W@WQSMWU&aeheldr ansmitter

58. In the enbodi mMAnimitdreiictive tgéfﬂjquéhmagrﬂgu%rdqgﬁ'%gf%‘% e§%ﬁﬁf&% o
i

time-varyin electrical current to the primary w n Tansf or mer
y gﬂ}gag

t hat produces HBFSAL Aep-ratettgeoi tionZi6elf the Galishinpimes ik as thy ?ot@(ﬁngt}fﬁ? 2@{1 oc ﬁs E e(2jo
of "the hu

and s i er gg‘%d’l p%’}"; & fufes &é‘i_@é %ﬁ%ﬁﬁaﬁﬁg@rﬁﬁ Herwhe atnrr?egm_tg?ogl_r averentrhi ch i s
0538 on S il st b ap 40§ L Y AR
- extends downward through the top of the hub 20 and is intercepted by a secondary
winding 76 in which the varying magnetic field induces an electrical current that is
applied to a power receiver circuitry 78. The power receiver 78 applies electrical
?5 power on the conductor 80 to the power jack 44, from which i is conducted
through the power plug 40 and the power conductor 36 to the Iigﬁt source 28. The
power recgiver 78 also supplies electrical power to the signal processing circuit 54
through the conductor 82, and to the transmitter 58 through the cc,mductor 34, At
present, the magnetic induction technique is the best mode and preferred
20 embodiment for transferring power into the rotating hub 20. In one embodiment the
winding 60 is the same winding 76, and the winding 64 is the same winding 72. The
superimposed power and signal components are at different frequency ranges in this
embodiment and are separated by filtering,
Figs. 5-7 show alternative embodiments in which other techniques are used
25 to transfer signals from the rotating hub 20 to a non-rotating portion 26 of the
polishing machine, and to transfer electrical power from the non-rotating portion 26
into the rotating hub 20.
In the embodiment shown in Fig. 5, the transmitter 58 further includes a

modulator 86 that applies to a light emitting diode or laser diode 88 a frequency



varying magnetic field 62 induces a current in the secondary w nding 64
that is applied to a receiver 66 that produces on the termnal 68 a signal
representative of 5 the optical characteristic. This signal is then

avai l abl e for use by external circuitry for such purposes as nonitoring

t he progress of the polishing operation and/or determ ning whether the end
poi nt of the polishing process has been.reached. A simlar inductive

techni que nay be used to transfer el ectPi cal power from the adjacent
non-rotating portion 26 of the polishing machine to the rotating hub 20.

10 A prime power source 70 on the non-rotating portion 26 applies an

el ectrical CW{@W YrieArepieseniatiye af thepragessed oignad that repsdsentarthe optiedf pr oduces

a magnetic fi h -oxt rd. thr.ough the top of t hub 20
and is inter gg%ortg%%é%% grhglel ongg%gg%wgggﬁﬁmsiggq?ﬁg\ﬁﬁd@ﬁhﬁtﬁgetg‘é‘f%??ﬁ)j magnet i ¢
field i nduceslams 9gloatid phoaddigder dedstiortAAThE Sete@tBPY4 E5hvEAs e MENELaeSCEl Ver

circuitry 78, The power receiver 78 ap‘%lti es electrical 15 power on the
conduct or 808 apsEchisikyeah et isemodplaiadhin dhe jeceiver Wonduodwd ontthe ough t he

poer 18,45 A PN SOy, OB AR, o P

receiver 78 also supplies e rical power 't rcuit

54 through phaedpiidisthebefianodendd peefirtd tédhal@oatdrtiRnstEBing MdI&idd e
conductor 84.. L At'  present, the magnetic induction technique is the best
mode and pr efSEPRIROD dheFrigmeHg: 20 tr thernonsiotating pyriovRs of dlisling ot at i ng .
hub 20. In one.gpbodi ment the w nding 60 is the same winding 76, and the
winding 64 is the sanme wi nding 72. The superinposed power and signal

conponents are at Adid frethe ainbédimentelBig. 5 M8 pEmb Bourkd & cl@FRAMpSBEHs and are
separated by filtering. Fi 5-7 show alternative enbodi nents in which

ot her tethni adey é%séh&t_swpﬁ%@qwr o arpotesr distripudios cirouiil @hehat,ohatuinng hub 20
el cctri cal pogBUARE P lohdPond T BinCRsal MbtesdiectSieing hub
20. In the emhdth tiemianshicanciicnitB8g. 5, the tr an§m tter 58 further includes
a In the embodiment of Fig. 6, the transmitter 58 is a: radio transmitter having
an antenna 102 that transmits radio waves 104 through the top of the hub 20. The
15 radio waves 104 are intercepted by the antenna 106 and demodulated by the °
receiver 103 to produce an electrical signal on the terminal 68 that is representative
of the optical characteristic.
Also inthe embodiment of Fig, 6, electrical power is generated by a magneto
consisting of a permanent magnet 110 located in the non-rotating portion 26 and an
20 inductor 112 in which the magnetic field of the permanent magnet 110 induces a
current as the inductor 112 rotates past the permanent magnet 110. The induced
current is rectified and filtered by the power circuit 114 and then distributed bya
power distribution circuit 116.
In the embodiment of Fig. 7, the transmitter 58 further includes a power
25  amplifier 118 that drives a loudspeaker 120 that produces sound waves 122. The
sound waves 122 are picked up by a microphone 124 located in the non-rotating
portion 26 of the polishing machine. The microphone 124 produces an electrical
signal that is applied to the receiver 126 which, in turn, produces an electrical signal

on the terminal 68 that is representative of the optical characteristic.



nodul ator 86 that applies to a fight emtting diode or |aser diode 88 a
frequency 10 nodul ated current representative of the processed signal that
represents the optical characteristic. The light-emtting diode 88 emts
light waves 90 that are focused by a lens 92 onto a photodi ode detector

94. The detector 94 converts the light waves into an electrical signal

that is denodulated in the receiver 96 to produce on the 5 termnal 68 an
el ectrical signal representative of théloptical characteristic. At

present; this is the best node and preferred technique for transferring the
electrical- signal ,fromthe rotating hub 20 to the non-rotating portion 26
of the polishing et %?mm%?ntpfﬁg.ﬁeelmb@mmﬁs goherkied in the rdtitRigpr | Ne

Doy dl St 1 A o BOMEbel! & Bler hinel 148 H pbsponseyiicist? pbitisd Sarbaanrarcal pover
to the power paaekl2B4by adighbeogtanas Iﬁaﬁéﬁeiﬁsthé‘%oﬁi—%%ﬁh% ﬁ%ﬁt@on d 4o the
ig. 6, e 17angni

transmtter ci rcu%i 58. I n the enbodi nent of Fi er 58 is
a radio trans{§¢H OBV of ghe salar panebidfds dd@ertdiEd at amepridisvalagd: by waves 104

t hrough the t t . .. Ih 5.radi o waves 104 are intercepted by

the ant enga l%gvg%él ‘gﬁgg‘%ﬁ%? lgdmbd; a?élgd F%&?iﬂ?@"ler g’é%“%t"ﬁmb?w&dé 6an

el ectrical signal TmstHerd aanbaml dB&idehal p&lﬁh{nggfaﬂsfé}t@stei i}éeﬁ LlLhe optical
Fig. 6, electri

characteristic. Al,gpg i n the enbodi ment of trical power is
gener at ed by Beshayfal pslishingnepesationg ceritainingemnaptieslt sensug fet mbiforifcated in the

of "t he. per oo iogOf 2o e M ybob BT chrng emolhironsreions der ot at co.

of the permanent magnet I nduces® , A Srotates
PO s 0 o Tkt b el e AUt (58 e
di stri bui!(? on Jgs‘ppgz?freﬁmh it containgrircuiby dufirensivingshe signg! prédudetiby theapgpdlt t er 58
further incl %@ﬁ%r,afopﬁr‘%éssing the signal and for transmitting the signal to a non-rotating
station, The hub also contains cirouitry for supplying power to the optical sensor
as well as to the other electronic circuits located in the hub. In ‘the several
embodiments described above, it is seen that the signal may be transmitted from the
15 rotating hub to the non-rotating station by radio waves, sound waves, light waves,
or by magnetic induction. Also, inthe various embodiments, power may be supplied
by including a battery in the hub or by coupling electrical power into the hub
through a solar panel activated by externally appliéd light or by a magneto in which

a stationary permanent magnet induces a current in an inductor that is mounted on
20 the rotating hub, |

Industrial Ap plicabiﬁ_ﬁy
The optical sensor that is built into the polishing pad permits the progress of
the polishing operation to be monitored continuously fo permit the process to be -
terminated when a desired end point has been reached, and to avoid terminating the
25 process too early or too late. Avoidance of these undesirable possibilities permits
the polishing process to be completed more efficiently. The invention is applicable

to the polishing or grinding of any workpiece that includes strata having different

optical characteristics .



25 anplifier 118 that drives a | oudspeaker 120 that produces sound waves
122. The sound waves 122 are picked up by a m crophone 124 | ocated in the
non-rotating portion 26 of the polishing nachine. The m crophone 124
produces an electrical signal that is applied to the receiver 126 which,
in turn, produces an electrical signal on the termnal 68 that is
representative of the optical characteristic. | |I A so-in the enbodi nent of
Fig. 7 electrical power is generated inldhe rotating hub 20 by a solar
cell or sol .panel 128 in response to light applied to the solar panel
128 by a fﬂg% Source 132 |located in the non-rotating portion 26, The

el ectrical output of the sol ar panel 8 is converted tq an appropriate

vol tage by L he. 2 (elo) T B?hsﬁ'&,wq%?rs ﬁ'@%‘i‘g‘%’&}“@‘?g gﬁ‘fcﬁ’“ﬁ%ﬁ_‘ﬁ‘%&etﬂ%ﬂt he power

di stributi %Ii@ﬂiﬁgis'ﬂokel,d%ile@; w%éf@h'%olisth RdieRches b Apaeh] HadnepiReh kadi ng pad,
a

for use in'a chemcal nechanical polishing operation, containing an

opt i cal Sserpobshipppadrashrataied, aad @ psface ehavefests hsld agamskapdlisbiagareatofi s bei ng
pol i shed, j | jeshi i i,.shi i ncl udi ng the
ot cal sydchdiinbEgaPBlciag AARED AL Shtucl i PR S RoREnRE e 201 & i

t hat cont aipefisidng padiis nyt vised for pcléshitighpid Hidtesi grgdrispigoduced by the opti cal
sensor, for processing the signal and for transmtting the signal to a

non-rotating statj.gn. The hub al so contains cirgcuitr or..supplyi ng power
Lo the opt 1 cal * ednligiie B et R obtest PRyharpsef et s & f PR P ot e
in the hub. In thex&everal enbodinents described above, it is seen that

the signal nay be transmtted fromthe 15 rotating hub to the non-rotating

station by radi o waves, sound waves, |.ight. ves, ar b netic

"nduct . Al so M PRUGRHenSeraipnsedaritiaRbel sy sgptea S i e by
including a batt erdﬂa?t@d tdideth tichycheRuRHstRGDrheRhfer Gdtach QMR lopliddi 0 t he hub
through a sol ar panel activated by externally applied |ight or by a magneto

in which a stati ooy bpiag Apsrale tngigpws an eleaicelsignabepriesnanding tathel nduct or
that is nmounted Orbptig:g hliGct QR iR \Jfﬂfg'surface;

an inductive coupling system operable to inductively transfers signals from the
15 pad during rotation to a stationary receiver, said inductive coupling system
comprising a first transformer winding secured to the pad such that is
rotates with the pad, and a second transformer winding within the
stationary receiver, and a means to communicate the electrical signal

output from the optical sensor to the first transformer winding.

2 2. The system of claim 1 wherein the optical sensor provides a constant current
output proportional to an optical characteristic of the wafer surface, and the inductive
coupling system further comprises means for converting the constant current output of
the optical sensor into a time varying electrical input to the first transformer winding,.

25

3. The system of claim 1 further comprising:

a light source disposed within the polishing pad for illuminating the wafer

surface to provide reflected light to the optical sensor; wherein the optical



I ndustrial Applicability The optical sensor that is built into the
polishing pad permts the progress of the polishing operation to be
nonitored continuously to permt the process to be term nated when a
desired end point has been reached, and to avoid termnating the 25

process too early or too |late. Avoidance of these undesirable possibilities
permts the polishing process to be conpleted nore efficiently. The
invention is applicable to the polishi'ng or grinding of any workpi ece that
i ncludes strata hayj ' ' . 1581 dreclaim 1.
A system for poIig%#%%pﬂgﬁ%géggﬁﬁnggﬁgﬁﬁbﬁﬁagh?ﬁgﬁ%% %g?%?ﬁ% %lgtain
pol i shi ng pr ocedurfesn thetveafe sarfpel | shing pad is secured to a platen, and the
pl aten and 5 polishing pad are rotated, and a surface of a wafer is held
agai nst a polishing area of the polishing pad to effect polishing of the
surface, and at |l east a portion of the polishing pad is not used for
polishing, said system conprising: a polishing pad having an optical w ndow
di sposed od. t he Thaskstemmoft demplg Mihsieimite aptiza] sehfordndispdsed aff cemearsiothedi sposed

wi thin the optical w ndow,. said.optical,. sensor dapted t etect an

opt 1 cal Schapiiad, 1 16y tsh Gerhageet €pincnscotss § B et ot dEheoinde; ng
oper abl e t gnheOdidtiduhry deRleLRididpoaHd if rditdh 6 GRS pAAToRGertvindiRg sucdRhdtcal
characteristic of the wafer surface; an inductive coupling system operable

to i nduct i Ve speanddraastormer syipdiag & Hekbimopprable PEXiEHY HUIE Aest frandemush to a
stationary gigsgiver, said inductive coupling system conprising a first
transfornmer w ndi ng secured to the pad such that is rotates with the pad,
and a second transforner winding within the stationary receiver, and a
means to comuni cate the electrical signa

10 5. The system of claim 1, further comprising;

a hub disposed at the center of the polishing pad, said hub housing the first
transformer winding, wherein the stationary receiver is suspended over the
hub such that the second transformer winding is held in operable proximity

to the first transformer winding.

15
6. A polishing pad assembly for polishing a wafer surface and collecting and
transmitting data relating to the condition of the wafer surface, said polishing pad
assembly comprising:
a polishing pad;
20 means for directing light at the wafer surface, said means disposed within the
polishing pad;

means for detecting light reflected from the wafer surface and creating an
electrical signal corresponding to the light reflected, said means for

detecting light disposed within the polishing pad;

25



output fromthe optical sensor to the first transfornmer w nding. 20 25 2.
The system of claim 1l wherein the optical sensor provides a constant
current output proportional to an optical characteristic of the wafer
surface, and the inductive coupling systemfurther conprises nmeans for
converting the constant current output of the optical sensor into a tinme
varying electrical input to the first transformer winding. 3. The system of

claim1 further conprising: a light so Ace di sposed within the polishing

pad for illum natli I : j f i.ght to the
optical sensor; %\Kéﬁg?fg? El%tc %%{ngf)}ﬁ %%ﬁ%@ﬁgﬁ%ﬁ%@ﬁ%ﬁ%{ﬁ etggg lﬁgﬁ EI|S%tﬁ
correspondi ng t o tdud prevtueingiattymeo¥aryief electried signghtorrefpoadinghethedipbr surf ace.
4. The system of clﬁ'n1_, wherein the optical sensor is disposed off center
inthe 5 polishid§"¥44> and the first transformer winding i s secured to
the center of the pad, and the stationary receiver is disposed in relation

to the first trambdtaandornw Bdndige sdapled thrakeivé he thecairging eROSEALEREA W ndi ng
is held_in operable proximty to the first transforner w nding. 10 5. The
system of cl ai m 1,°%Ri Ch&F @B HIesi ng: a hub di sposed at the center of the
pol i shing pad, said hub housing the first transforner w nding, wherein the
stationary receiver is suspended over the hub such that the second
transfornmer winding is held in operable proximty to the first transforner
wi nding. 15 6. A polishing pad assenbly for polishing a wafer surface and
col l ecting7and The Belishingtiod gssembly of €laih Orflrthes COMBNEBEdi t i on of the waf er
surface, said polishing pad

a second transformer winding disposed in operational proximity to the first
transformer winding, such that time varying electrical signal inputs into the
10 first transformer winding are induces a time-varying electrical signal in the
second transformer winding for output to means for analyzing the signal to

determine the condition of the wafer surface.

8. The polishing pad assembly of claim 6, wherein:
15 the means for directing light at the wafer surface comprises an LED;

the means for detecting reflected light comprises a photodiode which produces

current proportional to the amount of reflected light detected;

the means for processing the electrical signal and producing a time-varying
electrical signal comprises a signal processor adapted to produce an
20 processed electrical signal corresponding to the current output by the
photodiode and a transmitter adapted to produce a time varying current

corresponding to the processed signal;

9. The polishing pad assembly of claim 7, wherein:



assenbly conprising: a polishing pad; 20 neans for directing light at the
waf er surface, said nmeans di sposed within the polishing pad; neans for
detecting light reflected fromthe wafer surface and creating an

el ectrical signal corresponding to the light reflected, said neans for
detecting light disposed within the polishing pad; 25 14 neans for
processing the electrical signal corresponding to the light reflected and

producing a tine-varying el ectrical si | corresponding to the Iight
reflected, a fi rt)?éméixé'i‘&f(ﬂ{e i P& ROwaRRRNEe E@nﬁ@%@hﬁ’ﬁ phe time-varying
electrlcal si gha output e transmitter. e po §hi ng pad

assenbly of claim®6 further qonpr|5|ng, a second transforner w nding

di sposed i n opertke meanaforpletsxiing r[e;leqt@;i lighs compriges aphetndivde whichpraddiesg, such
that time varying electrical n t.0,1. first transformer

Wi nding are i nduces’ Hgn{ﬁ”ﬂ%‘) '}alll%ﬁg ar 8@#19%56 Ctgfléglilld%%ﬁteflhe second
transfornmer winding for output to neans for analyzing the signal to

determ ne the colredntdnsforgirodebsinghé electsivalfszmel and prddueingaltinshvargingad assenbl y

of claim6, wherei 15.t.he neans for.directin at the wafer rface
o hsos an' LED, S g CER Pt SR atetia Biadtotr | os A

phot odi ode whi ch pireeldse@%lechital £ital BSrRRAGHdIMRNB khd @rdeMbuefi®YPtheof reflected
| i ght detected; the neans for processing the electrical signhal and

produci ng a ti me- viéholadisic aad a sapsmitier adppiedito oS ndians vArEngAEIenpr ocessor

adapted to produce of’llaspondmg to the processed signal;

10 10.  The polishing pad assembly of claim 6 wherein the first transformer winding is
located near the center of the pad, and secured to the pad such that it rotates with the

pad when the pad is rotated.

11.  The polishing pad assembly of claim 7 wherein the first transformer winding is
15 located near the center of the pad, and secured to the pad such that it rotates with the
pad when the pad is rotated, and the second transformer winding is suspended above

the first transformer.

2. The ﬁolishing pad assembly of claim 10 wherein the means for processing the
20  electrical signal corresponding to the light reflected and producing the time-varying

electrical signal, and the first transformer winding, are disposed within a hub secured

to the center of the polishing pad, and the second transformer winding is suspended

near the hub.



20 processed el ectrical signal corresponding to the current output by the
phot odi ode and a transmtter adapted to produce a tine varying current
corresponding to the processed signal; 9. The polishing pad assenbly of
claim7, wherein: 15 the neans for directing light at the wafer surface
conprises an LED; the neans for detecting reflected |ight conprises a
phot odi ode whi ch produces current proportional to the anmount of reflected
| i ght detected; the neans for processi the electrical signal and

produci ng gt i My %Bﬂ’éhﬂ% Opa§ of klgﬁlté Fli GAbrefH t?@ ﬁ'Jeal‘lf]sOJ{Jp Iio§f%§ing ﬂ?e';jéi&"i’#i%apr ocessor

adapted to produce’an processe ectrical signal torresponding to the
current outsigml dyresprading o thedighdellemdl mdtprahemgtthetimedagyimectidariqat oduce a

time varying current .. correspondi.ng to the processe i gnal,; 10 10. The
ol 1 shing. poehabEl i St R rin rs R (ihoR FITREE o8 SRR wini ng i s
| ocat ed neagntehér teepdlRhinglpad,had Bﬁ@ﬁgcﬂlﬂ@raﬁﬁ@ﬂﬁeﬁ‘dvihdln%_ﬁ%uﬁﬁﬂd&ﬂfeﬁr fnpat it
rotates wwth the pad when the pad is rotated. 11. The polishing pad

assenbl y oftu® ai m 7 wherein the first transformer winding is 15 | ocated
near the center of the pad, and secured to the pad such that it rotates
with the pad when the pad is rotated, and the second transfornmer winding is
suspended above the first transforner. 12. The polishing pad assenbly of
claim 10 wherein the neans for processing the 20 electrical signal

corr espondildg t dhe pelishingipad ua@r:rngbft A ¢lam § prbersempESing a seqopdary 8pyemg

el ectrical §hoBaher vAlng BRufelitFn Bﬁé}éﬁ A5hd Wprich Srafids ngﬁed Wi thin a
hub secure&& to fﬁe ceﬁ%er S? ttg%po |§ﬁ§ng pa&, éﬁgp?ﬂ% 3@%§n t ransf or ner
wi ndi ng i s veindipgddpabed nemthet fivet gosler trdformer, and means for providing power to

10  the means for directing light from the cutput of the secondary power transformer

winding.

15.  The polishing pad assembly of claim 7 further comprising a secondary power
transformer winding secured to the polishing pad and a primary power transformer
15  winding disposed near the first power transformer, and means for providing power to

the LED from the output of the secondary power transformer winding,.

16. A polishing pad assembly for polishing a wafer surface and collecting and
transmitting data relating to the condition of the wafer surface, said polishing pad

20  assembly comprising:
a polishing pad;

means for directing light at the wafer surface, said means disposed within the

polishing pad;

means for detecting light reflected from the wafer surface and creating an
25 electrical signal corresponding to the light reflected, said means for

detecting light disposed within the polishing pad;



13. The polishing pad of claim 11 wherein the nmeans for processing the

el ectrical signal corresponding to the |ight reflected and producing the
time-varying electrical signal, and the first transformer w nding, are

di sposed within a hub secured to the center of the polishing pad, and the
second transfornmer wnding is suspended near the 5 hub. 14. The polishing
pad assenbly of claim6 further conpriﬁ%pg a secondary power transforner

wi ndi ng secured to the polishing pad and a prinmary power transforner

wi ndi ng di sposed,Apaf QUEL, provi di ng
power to 10 the%rreansmF%rgesgfln z%et(?ng aiglgﬁﬂ?égn?gﬁdln%%ﬁlﬁﬂ?@ﬂ?efée%%dsecondary
power transforner andipneiiupigg atbrresphadipgpiostrsedsigmdt assenbly of claim 7
further conprising a secondary power transfornmer w nding secured to the
pol i shing pad ag ' L al i ngi [ d near the
first power trang?orthﬁ%éﬁﬁﬁﬁﬁﬁééﬁﬁgsaﬁﬁgﬂgéﬁﬁgﬂ%%@efggﬁ$°@ﬁ%§ D fromthe
out put of the secaheprogespalwignal;r ansf ormer wi ndi ng. 16. A polishing pad
assenbly for polishing a wafer surface and collecting and transmtting
data rel.ating to ndltlon of he wafer. syrface, said OJIShIn pad 20
Gesenbl s conpr | Sy B G SFHEE e NEIREYE e i stk G PRgHE BT he

waf er surface, saidghiypanme taggiiged W thin the polishing pad; neans for
detecting light reflected fromthe wafer surface and creating an 25

el ectrical signal corresponding to the light reflected, said neans for
detecting light disposed within the polishing pad; 17 neans for processing
the electrical signal corresponding to the light reflected and producing a

correspondiing PITaE pslshthgPadB&kmbly of claim 16 further comprising;

a second transformer winding disposed in operational proximity to the first
10 transformer winding, such that time varying electrical signal inputs into the
first transformer winding are induces a time-varying electrical signal in the
second transformer winding for output to means for analyzing the signal to

determine the condition of the wafer surface.

15 18. A system for polishing wafers and determining the endpoint of certain
polishing procedures, where a polishing pad is secured to a platen, and the platen and
polishing pad are rotated, and a surface of a wafer is held against a polishing area of
the polishing pad to effect polishing of the surface, and at least a portion of the

polishing pad is not used for polishing, said system comprising:

20 a polishing pad having an optical window disposed on the pad, in the polishing

area;

an optical sensor disposed within the optical window, said optical sensor
adapted to detect an optical characteristic of the wafer surface, said optical
sensor being operable to output an electrical signal corresponding to the

25 optical characteristic of the wafer surface;



a transmtter for producing a tine-varying electrical signal corresponding
to the processed signal; 5 a first transforner w nding adapted to receive
the tine-varying electrical signal output of the transmtter. 17. The

pol i shing pad assenbly of claim 16 further conprising; a second transforner
wi ndi ng di sposed in operational proximty to the first 10 transforner

wi ndi ng, such that tine varying electrigcal signal inputs into the first
transfornmer winding are induces a tinme-Yarying electrical signal in the
second transfor L. ndl i signal to
determ ne the cgﬁgPt\tﬁAIaggduggn% gte\j\ﬁ/ﬁ%ﬁb&@f cgﬂ@f%gﬁfgﬁﬁ%l%iféé}g%{%rd pol i shi ng
waf ers and det er mi during rothigongn dsGiinnarp fecewer, sdid optipml ¢aiplingsysteotedur es, where

a polishing pad is_secured a pla and t | aten an ol shi ng pad
are rotated, and acogli’flfléfgén?)‘%Dasegﬁ?‘iﬁﬂfl%p?‘fgﬁuaﬁlﬁb‘gisﬁg?{éﬁw tglq’eg?ﬁdn rHar ea of
the polishing pad 4 @t®idr@pérablekd édaiva@tr&flic%hhﬁglwwpmefmlﬂn@ IED ik@st a
portion of the polishing pad is not used for polishing, said system

conprisPng: 20 a rfé?qt@fﬂ ﬁ%ﬂaﬂ)éﬁi’“ﬁé‘%ﬁf“ﬁ‘@ ‘gﬁhwipﬂﬂha‘&ﬁtﬁ%wcﬁﬂ@pﬁ%f% on the
pad, in the poli S%Pﬂce%a@@det@d?whhééi%it}ﬁﬁﬂé%fati%z?r??&:@ﬁe A aﬁ&‘hﬁeﬁﬁﬁoom' cal
apte od I ¢

wi ndow, said optical séensor a t etect an  optica aracteristic of
t he waf er surf ace,cogmiuhicaptthe electrica signal dugiun fomgbe apfical seosayie thet an

el ectrical signal f@%respondi ng to the 25 optical characteristic of the
waf er surface; 18 " optical coupling systemoperable to optically
transfer signals fromthe pad during rotation to a stationary receiver,
said optical coupling system conprising an LED secured to the pad such

that is rotates th the pad,..and .a detector operable to convert the |ight
si gnal Slgut F}gt f ;l“gnwxsﬁén P q'nn‘ItSngléeﬁem the opfical 3ensor provides a constant current
output proportional to an optical characteristic of the wafer surface, and the optical
coupling system further comprises means for converting the constant current output of

the optical sensor into a time varying electrical input to the LED (88).

15 20.  The system of claim 18 further comprising:

a light source disposed within the polishing pad for iluminating the wafer
surface to provide reflected light to the optical sensor; wherein the optical
sensor provides an output corresponding to the intensity of reflected light

from the wafer surface.

20
21.  The system of claim 18, wherein the optical sensor is disposed off center in the
polishing pad, and the LED is secured to the center of the pad, and the stationary
receiver is disposed in relation to the LED such that the detector is held in operable
proximity to the LED.

25

22.  The system of claim 18, further comprising;



5 electrical signal representative of the optical characteristic of the
wafer surface, said detector housed within the stationary receiver, and a
means to comunicate the electrical signal output fromthe optical sensor
to the LED. 10 19. The systemof claim 18 wherein the optical sensor

provi des a constant current output proportional to an optical
characteristic of the wafer surface, and the optical coupling system
further conprises neans for convertinglﬁhe constant current output of the
optical sensor | j ' L i 88). 15 20.
The system of cF2@%9%5&%§?p§§?¥%%%%?#gﬁhgh&§b¥$%ﬁ?hg%%?%ggékgggééd W t hin

t he polishing pad wimtein kHewsrdtiondry nereivaeis wadpeidedwef the duli sucpriawtide refl ect ed
light to the opti%ﬁl sensogi.mherg'n the,og}ic sensor provides an out put
correspondi ng to tHECTORisY] PPERblerPRitE P e LD from the wafer surface.
20 21. The system of claim 18, wherein the optical sensor is disposed off
center in the polishing pad, and the LED is secured to the center of the
pad, and the statiognary receiver is disposed in relation to the LED such
that thé deéPect Srpalishingpyyl asserahy formolishipg pwrier syrface apdeolictig and 22, The

system of Gl.al ki ’da{a%gltaﬁ%tOQR@wﬂdﬁioﬂg)f thbyatdr sQHRcdbAP ﬁﬁ%ﬂing:paa he center of

t he polishing pad,” sal housi ng the LED, wherelfn the st&tionary

recei ver i sssobpewdypdisioger the hub such that the detector is held in
operable proximty to the LED. 5 23. A polishing pad assenbly for polishing
a wafer surface ggﬂ?ﬁ%Hbgcting and transmtting data relating to the

waf e

condi tion of thé sut face, said polishing pad

means for directing light at the wafer surface, said means disposed within the

10 polishing pad;

means for detecting light reflected from the wafer surface and creating an
electrical signal corresponding to the light reflected, said means for

detecting light disposed within the polishing pad;

means for processing the electrical signal (54, 58) corresponding to the light
15 reflected and producing a time-varying electrical signal corresponding to

the light reflected;

an LED adapted to receive the time-varying electrical signal output of the

transmitter and produce a corresponding light output.

20 24.  The polishing pad assembly of claim 23 further comprising;

a photodetector disposed in operational proximity to the LED, such that time
varying electrical signal inputs into the LED produce a time-varying
optical signal to the photodetector which in turn produces a time varying
electrical signal for output to means for analyzing the signal to determine

25 the condition of the wafer surface.



assenbly conprising: a polishing pad; nmeans for directing |ight at the

waf er surface, said neans di sposed within the 10 polishing pad; neans for
detecting light reflected fromthe wafer surface and creating an

el ectrical signal corresponding to the light reflected, said neans for
detecting light disposed within the polishing pad; means for processing the
el ectrical signal (54, 58) corresponding to the light 15 reflected and
producing a tine-varying el ectrical siéﬁbl corresponding to the light

refl ected, n L%ﬂ%Egﬂﬂbgg?ﬁgﬁ%gﬁsgﬁ%h5p§3gkﬁga¥grying el ectrical signal

out put of the transm uce a torreésponding light output. 20 24.
The polishing pad assenbly of claim 23 further conprising; 25 a

phot odet ect or ditleposasl fardiregmgdighbatahe wafoxsuniate/cangpriskean JHED (28)ch that tine
varying electrical signal inputs into the LED produce a time-varying

optical signal t,0 the_ photaodetector heh in.turn pr ces. a ti.nme varying
oPeettl cal JoR ol hlfis RRARARSEhMed lnf Lorlichd Prlib QR EReRplodls ot Y 19

the condition of tduerenahrportsanal @aRe amfun? bf refib@edbtlitdbletigd;pad assenbly of
claim 23, wherein: the neans for directing light at the wafer surface

conprises an LED (28); .the neans, faor detecting,reflected. |ight. conprises a
Dot ot Sde- whi o ehci s SOkt Shetin SISy PR ERE SAmSIBE 1 of | cot eq

light detected; 5 didi@idiPansl tehpieos Sighllpeodefidr lpeldrd pRddued Anal and
produci ng a tlne-varylng el ectrical signal conprises a signal processor
adapt ed to producePregesse electrical signal corresponding to the current output by the

photodiode and a transmitter adapted to produce a time varying current

corresponding to the processed signal.
10
26.  The polishing pad assembly of claim 24, wherein:
the means for directing light at the wafer surface comprises an LED;

the means for detecting reflected light comprises a photodiode which produces

current proportional to the amount of reflected light detected;

15 the means for processing the electrical signal and producing a time-varying
electrical signal comprises a signal processor adapted to produce an
processed electrical signal corresponding to the current output by the
photodiode and a transmitter adapted to produce a time varying current

corresponding to the processed signal.
20

27.  The polishing pad assembly of claim 23 wherein the LED is located near the
center of the pad, and secured to the pad such that it rotates with the pad when the pad

is rotated.



processed el ectrical signal corresponding to the current output by the
phot odi ode and a transmtter adapted to produce a tine varying current
corresponding to the processed signal. 10 26. The polishing pad assenbly of
claim 24, wherein: the neans for directing light at the wafer surface
conprises an LED; the neans for detecting reflected |ight conprises a
phot odi ode whi ch produces current proportional to the anmount of reflected
| i ght detected 15 t he neans for proceé@tng the el ectrical S|gnal and

pr oduci ng % %o?ﬂhu%,paﬁ a?s%%n% cF}J ?ﬁ%%fhe%fn L%Eiﬂseiocsate%n% r (BE OCessor

adapted to produce ocesse Yrica nal~—corresponding to the
current outcpnter dfthd pel, aphetndd aoée patlksuah thaah smﬁes with attbamtieﬂleh theyradduce a

time varyin Ohdln d signal. 20 27. The

pol i shi ng dgﬂnﬁg£éﬁ%ﬂ§fﬁ$m ﬁﬁ?%’ﬂ%@ﬁ% 'ﬁﬁg%ﬁﬁég }s located near the
center of the pad, and secured to the pad such that it rotates with the pad
when the pad is rotated. 21 28. The polishing pad assenbly of claim24
wherein the LED is | ocated near the center of the pad, and secured to the
pad such that it rotates with the pad when the is rotated, and the

phot odi 8de ¥’s s(féls@%algame@eemhbf q_fﬁbutlé’é)whesmz e mﬂags £95 PTOSESHG thead
assenbly ofe1l fhiidnil }zdn'allfghg tHEﬁE%ﬂ?reﬁl@étedPﬁﬂhcd&é&lcﬂ% thb8me SR | cal

si gnal correspondlng to t I i"ght | ect ed produci ng the “tine-varying
el ectri cal clctival signaband e uﬂbarm@m@pzﬁb@d hpb s¢vureddo theteesieroftbel t o t he

center of toe &ohhsg&ﬂg g@ &%‘%S%ESG‘QSB égg%t;s suspended near the hub.

10 30. The}) ng pa arm efein the nmeans for
processi ng the

10 30.  The polishing pad assembly of claim 28 wherein the means for processing the
electrical signal corresponding to the light reflected and producing the time-varying
electrical signal, and the LED, are disposed within a hub secured to the center of the

. polishing pad, and the photodiode is suspended near the hub.

15 31.  The polishing pad assembly of claim 23 further comprising a secondary power
transformer winding secured to the polishing pad and a primary power transformer
winding disposed near the first power transformer, and means for providing power to
the means for directing light from the output of the secondary power transformer

winding.
20

32.  The polishing pad assembly of claim 24 further comprising a secondary power
transformer winding secured to the polishing pad and a primary power transformer
winding disposed near the first power transformer, and means for providing power to

the LED from the output of the secondary power transformer winding.

25



el ectrical signal corresponding to the light reflected and producing the
time-varying electrical signal, and the LED, are disposed within a hub
secured to the center of the polishing pad, and the photodi ode is
suspended near the hub. 15 31. The polishing pad assenbly of claim 23
further conprising a secondary power transfornmer w nding secured to the
polishing pad and a primary power transformer w nding disposed near the
first power transformer, and neans for # oviding power to the nmeans for

directing ljght fr t he qut put, of the secondar gwer tranpsformer

i ndi ng. 20792, A REbispe Bt by oA ERBES SRR A R AL o i ng a
secondary peueinittilig Gt feiting fo the BehdMrsEaky Rafet urfabs sfiapbBdhinppagad and a
primary power transformer w nding disposed near the first power

t r ansf or merdSSeply FRIBRISIG%r provi di ng power to the LED from the output of

t he secondary power transforner w nding. 25 22 33. A polishing pad
assenbly for [uﬂgﬁﬁngﬁggﬁhdyafer surface and collecting and transmtting
data relating to the condition of the wafer surface, said polishing pad
assenbly conprising: a polishing pad; 5 nmeans for directing |ight at the
waf er surface, %628 fos dHectiar dighis thegyafen syrfagee said mreprslisngsqsbmithintigns f or
detecting Iight re&hgﬁ&ggm§r0n1the waf er surface and creating an

el ectrical signal corre8ponding to the light reflected, said neans for
detecting light disposed within the polishing pad; 10 neans for processing
the el ectrical dagnafordeeetmgpightiicAectedfroméhd wefbn surfecs anshasentinganl pr oduci ng a

correspondi ng procggsedh §iig9:ﬂ %ln;responding to the light reflected, said means for

detecting light disposed within the polishing pad;

10 means for processing the electrical signal corresponding to the light reflected

and producing a corresponding pfocessed signal;

a transmitter for producing a time-varying electrical signal corresponding to

the processed signal;

an LED adapted to receive the time-varying electrical signal output of the

15 transmitter and produce a time varying optical signal.

34.  The polishing pad assembly of claim 33 further comprising;

a photodiode disposed in operational proximity to the LED, such that time
varying optical signal output by the LED are detected by the photodiode,
20 which in turn produces a time-varying electrical signal for output t0 means

for analyzing the signal to determine the condition of the wafer surface.

35. A method of polishing a wafer, said method comprising the steps of:



a transmtter for producing a tine-varying electrical signal corresponding
to the processed signal; an LED adapted to receive the tine-varying

el ectrical signal output of the 15 transmtter and produce a time varying
optical signal. 34. The polishing pad assenbly of claim33 further
conprising; a photodi ode di sposed in operational proximty to the LED, such
that time varying optical signal outp;% by the LED are detected by the
phot odi ode, 20 which in turn produces time-varying electrical signal for
out put to neans ition of the
waf er surface. K%ﬂﬁmfyﬁﬂﬁgh a%gﬁﬁ§%? ghgﬁﬁggg%Sﬁggﬁgnﬁgﬁﬁggﬂgonpr|5|ng
the steps of: 23 Sprfmmdrthvgava?emdmgwldlgg pplacaf mpanssrethlmsqyéptﬁkshmgrpgda
pol i shing operatign on.a sur rOVI n tlcal nmeans
within said polis PHE“% any gﬁmzﬁngcw%iﬁ a%ﬁsg g %ﬁ 'Bc of the
surface during the)a@ho@hing operatlon 5 prOV|d|ng a mafer, pol i shing the
wafer with the polishing pad; and sensing an optical characteristic of the
surface_during the, |ISh ng operation. 36. The nethod of claim 35 wherein
the step of pro@iodk Pi shing pad further 10 conprises providing
conduct or neans mnthln t he polishing pad for conducting an electri cal

si gnal from sai golehingGRd waepwih tiR palisiend pal; agedrti on of said polishing pad.
37. The nethod of claim 36 wherein the step of providing a polishing pad
further conprises, prOV|d| nmeans ansferrin the el ectrical signal
fromthe centraFen?L’?gﬁBPP‘l“@ acf‘ﬁ’éu‘bﬁﬁrtg ”F‘i’@ a'éréfl&tge OlsGg PR POt € from
the polishing pad. 38. The nethod of claim35 wherein: the step of
polishing the wafer conprises rotation of the pad while the pad is in

- 36.  The method of claim 35 wherein the step of providing a polishing pad further
10 comprises providing conductor means within the polishing pad for conducting an

electrical signal from said optical means 1o a central portion of said polishing pad.

37.  The method of claim 36 wherein the step of providing a polishing pad further
comprises providing a means for transferring the electrical signal from the central

15  portion of the polishing pad to a location remote from the polishing pad.

38. The method of claim 35 wherein:

the step of polishing the wafer comprises rotation of the pad while the pad is in

contact with the wafer;

20 the step of providing a polishing pad further comprises providing an inductive
coupling system operable to inductively transfer an electrical signal from
the pad during rotation to a stationary receiver, said inductive coupling
system comprising a first transformer winding secured to the pad such that

the first transformer winding rotates with the pad, and a second transformer



contact with the wafer; 20 the step of providing a polishing pad further
conprises providing an inductive coupling system operable to inductively
transfer an electrical signal from the pad during rotation to a stationary
receiver, said inductive coupling systemconprising a first transforner

wi ndi ng secured to the pad such that the first transformer w nding rotates
with the pad, and a second transformer 24 wnding within the stationary
receiver, and a neans to comrunicate the electrical signal fromthe
optical sensor to the first transforneroam nding. 39. The nethod of claim 38
conprising the furfhemeS¥itih Bt staligfs fbivBJatdemeshsth 8Ghmbfidhte Blcgnal from
the optical sensor to the first transformer wi nding. 40. The nethod of

cl ai m 39 conpri si ndeatieal sigral fem the epticst sempainia therfistitpusihunerayiadingi cal si gnal
fromthe first transformer winding to a second transfornmer wi nding. 10 41.
The met hod of claim40 conprising the further step of transferring the

el ectrical signal fromthe second transfornmer winding to a signal
processing circuit. 42. The nmethod of claim 35 conprising the further step
of determ @ng {lhe mstiwd op olaim 3@ Eompresigethe Sivihaystey oldemsieosigibe t he opti cal
means fQr s F NO.: 43 . The. 0, | ai rei.n the optical

char act gri sefel%%lco lgrﬂilgﬁg%rt?ea%gwgfsw%gw@lvea (rasrﬂrfq?és:%%ﬁl\gr]%éﬂl%ti vity of the
surface of the wafer and wherein the nmethod conprises the further steps
of : sensing the reflectivity of the surface of the wafer as the wafer is
pol i shed; 20 ending polishing based on the reflectivity of the surface of

the wafer. 40.  The method of claim 39 comprising the further step of transferring the

electrical signal from the first transformer winding to a second transformer winding.

10 41.  The method of claim 40 comprising the further step of transferring the

electrical signal from the second transformer winding to a signal processing circuit.

42.  The method of claim 35 comprising the further step of determining the end

point of the polishing process using the optical means for sensing.
15

43.  The method of claim 35 wherein the optical characteristic of the surface of the
walfer is the reflectivity of the surface of the wafer and wherein the method comprises

the further steps of:
sensing the reflectivity of the surface of the wafer as the wafer is polished;

20 ending polishing based on the reflectivity of the surface of the wafer.



