WO 01/ 96062 PCT/ US00/ 18399 POLI SHI NG PAD W TH BUI LT-1 N OPTI CAL SENSCR
DESCRI PTION Technical Field The present invention is in the field of

sem condwo or/9anef er processing, and nore specifically repal/@soisi®

di sposabl e polishing pad for use in a chem cal nechanical polishing
operation perfornmed on the sem conductor wafers wherein the 5 polishing pad
contains an optical sensor for nonitoring the condition of the surface
bei ng polished while the polishing operation is taking place to permt
determ nation of the endpoint of the process. Background Art In U S

Pat ent No. 5,893,796 issued April 13, 1999 and in continuation 10 Patent
No. 6, 045,439 issued April 4, 2000, Birang et al. show a nunber of designs

for a window installed in a (ROLISHING PAD WITIEBUWALEIN 0 be polished is on
top of the polishing pad, and the polishin ad rests upon a rigid platen
so that the polishing occurs on t@g’mﬁ%ﬁlﬁ\[é)@%ce of the wafer. That
surface is nonitored during the polishing process by an interferoneter
that is |located below the rigid platen. The 15 interferoneter directs a

| aser beam upward, and in order for DESCRIP®OBH the | ower surface of the
wafer, it must pass through an aperture in the platen and then conti nue
upward t hrough the polishing pad. To prevent the accunul ation of slurry
above the ape re (g ihe platen, a window is provided in the polishing
pad. Regardl esg%%h“?%%efdt he window is fornmed, it is clear that the

interferoneter sens@he pesétt WR¥atidnds ittBélfield Of Ralieondhttor Whidt Siocabilg,i andnever
| ocated in the polishing pad. In U S. Patent No. 5,949,927 issued Septenber

7, 1999 to Tangore kpecifically relalies do i b digpesablarpndishing nadcfoniusads & ekemisdli t ori ng
pol i shed surfaces, durjng t.he Lishi ocess. .ln .one enbodi.nent .Tang
Pefers to a 1 peraie Bttiferdihnitbimg e tmiodRpraaRRREE me
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.

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 al. show a number of designs
for a window installed in a polishing pad. The wafer to be polished is on top of the
polishing pad, and the polishing pad 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.
In U.S. Patent No. 5,949,927 issued September 7, 1999 to Tang, there are
described a number of techniques for monitoring 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. Nowveoei/si®es Tang suggest including a |ight source pOTUSOdSB®Ct Or

i nside the polishing pad. In sonme of Tang' s enbodinents, fiber-optic
decouplers are used to transfer the light in the 5 optical fibers froma
rotati ng conponent to a stationary conponent. In other enbodinents, the
optical signal is detected onboard a rotating conponent, and the resulting
electrical signal is transferred to a stationary component through
electrical slip rings. There is no suggestion in the Tang patent of f
transmtting t L cal .S ' o] ns o
radi o waves, a{((;:&(;ea stlilgfggé bg\gv'géé h%d?éiifdﬁ eﬁnﬂ@&?g@ﬁﬂ{}?’gﬁ%ﬁbréﬂz‘%ﬁg@tﬁs"ﬁg"e@gnet iC

i nduction. |n thededetor tat dethe sﬁﬁdagp@éhbats&mgdgo&gsga}mN@ﬁﬁeré d@@craigg U. _S.b .
Patent No. 5,081,796 issued January 21, 1992 to Schultz there is describe
a method in whiugsest inglyding 3light senrceand adetestor insile thepelishing padkagsoms of
position at whipgh., ecwaf er: e f n. The
wear on this o*\ll‘_e g%ﬁ%‘gfng}é@tﬁ% Oﬁégsdgef/og@ﬂﬁfﬂ%ﬁ& ‘%ﬁ%oer glgsrf%r;[rlsl%lrﬁ ghfgla%lgt erm ne
whet her theé pobptidal fiberpfiate asrotiag | cdmpendn®id iansi@fbnaryt Borpdiint!S i@ dther! t hough
several techniques_are known_in the art for nonitoring the polished
surface duri ngembrdiments.dhe Apfical venadis detesied ogboard a setatingeqmpagais andsthent i reldy
satisfactory. 5 . ' | ljve an
potentially f r%ég‘?l PIéé agﬁge{i%fgﬁﬁgéwgfﬁgrﬁgi?(?\ﬁéétroglrggprrééfn -egr%ﬂ&gg%rt% ‘é%ﬁ %g(ﬁggvdlt he 20
platen, as usediphingsi IThe ieho sbggesticadit itieFanFepstend opRadpeiting tke élbdtdedh t he
pl aten that supports the polishing pad. Accordingly, the present inventor
set out to devsigeal 0 arftionatyi sempopent iy means ofiadiel Wekese caseysticebvaesdar obust |
t aki ng advant a L0 - . niaturization of certain
conponent \51,16 D@?F@étﬁggggﬁﬁmﬁvgﬁﬁ?%ﬁg%cf‘i‘ﬂ?téégan obj ective of the present

i nvention to provi di ghofih iophiédl endplint Sendifik S¥ktend eSddibed 3 USE Magint No.

cont ai ned, for _nonitori nggan optical characteristic, such as the

reflectivity, &P8h7%iswmed danupacd, 9% toiSshulta there pdaserthed 2 narthodhig witieh,
pol i'shing oper gﬁe'r%gftial polishing, the wafer is moved to a position at which part of the wafer

overhangs 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 that
supports the polishing pad. Accordingly, the present inventor set out to devise a
monitoring system that would be economical and robust, taking advantage of recent

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.



WO 01/ 96062 PCT/ US00/ 18399 3 The real-tine data derived fromthe optical
sensor enabl es, anong other things, the end point of the process to be
det er m nado 01/96065 a further objective of the present i nvenrCT@RONIB3IPr ovi de
apparatus for supplying electrical power to the optical sensor in the
polishing pad. 5 1t is a further objective of the present invention to
provi de apparatus for supplying electrical power for use in transmtting
an electrical signal representing the opgtical characteristic fromthe
rotating polishing pad to an adjacent non-rotating receiver. It is a
further objective of the present invention to provide a disposable 10
pol i shing pad Pl i | 1S Bi: dis
Femmvably contieier @ Qe i «RTARRA sorthinBbls wBpRBMF IR, BRT

si gnal processénigpoisti dfahé progesslid badeiermiagd:e Wi th the present invention, an
optical sensor that_ includes a, |ight source and a detector is disposed
within a blind hol eltiihadfwghesabjestivegf thepresentiaventign ¢ proyide apparatys f4ce t hat

is being polis . L . L ght ' . fromthe
surface being %1 }yé#e%pcte[lrﬁcfﬁg%g&gfth%gﬁcgfg#éﬁﬁnPgeI{@%ﬂeﬁgéﬁgby t he detector
whi ch prodgces an eftdshrfughér sHjephiat of eedpresint Mvéhidnitotpeorddd yppakatidiforl i ght
refl ected back onto the detector. The electrical sjgnal produced by the

detector is coswrpbingleciinabpoweriformse i trapgmiptingeneleetricglsignalappresentingtiget ect or
to the central e re.of .the i shi. . thi t nceal ed
bet ween t he | a?étfcg{ %‘?af?‘i%%“sﬁ% ﬁogﬁﬁ{ﬁgr% SETs g pgﬁ%"%/%a d8 aagll %’agcgﬁ“. S?ﬁ-r‘%atl%gd i s

renovabl y connggtige, both nmechanically and electrically, to a hub that
rotates with the polishing pad. The hub contains electronic circujtry that
i s concerned with slipplayfurhepobiestive®fithe prssent daventieth kb proyife aylisposable

par s of  Whe. ByiisfpebRoied tonBh SERER St ik ETHERLA L RaASBNCL L

the hub is not ¢onnectable to a non-disposable hub that contains power and 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 face the surface that is being polished. Light from the light source is reflected
from the surface being polished and the reflected light is detected by the detector
which produces an electrical signal related to the intensity 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, to a hub that rotates with the polishing pad. The hub contains 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 parts 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 from use,

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



considered to be disposable. After the polishing pad has been worn out from
use, it is disposed of, along with the optical sensor and the thin

conduct owOW»@E2 96062 PCT/ USO0/ 18399 4 In accordance w POTAUR®/188®sent

i nvention, electrical power for operating the electronic circuits within
the hub and for powering the light source of the optical sensor may be
provi ded by several techniques. In a preferred enbodi nent, the secondary

wi nding of a transformer is included withfy n the rotating hub and a prinmary
5 winding is |ocated on an adj acent non-rotating part of the polishing
machine. In a first alternative enbodiment, a solar cell or photovoltaic

array i s nounted on :tgée"tth gSour ce
nounted on a non-ro{&{&ordag%ﬁ%ﬁk}g%ep}é? n?ﬂ‘g/eﬁtﬁ) %lrkt%{ﬁbﬁjﬁbanoﬁ%géega'lt native
enbodi nent, el eleétmrﬁablraawamm thbchub\ead férr poweriag itied light yodroeafthd optitdli n t he

hub. In yet anot her enbodi ment, el ectrical, conductor he rotati ng
pol i shing pad %ﬁnSerFnﬁ}’téerP&?‘é@qdnl@’ sRYBrap techniguaso g pie "’E?ége‘r’i’gtoﬂﬁn‘fqehﬁs
per manent rragn ﬁB{JQ{ FGER n&lﬂ1

polishing nac |ne, 0 ?glﬁg)?l ?rgt'{’e a %rnlesgne ({88 nngg%@r &ﬁlg?gﬁ\?\ﬁ#ﬁyhe pr esent

i nvention, 5t hewiildangtis ievatedingmaldjacep mesestatingparaof thp polishingahavhaet dniasti c of
the surface being polished is transmtted fromthe rotating 15 hu to an

adj acent st at i Brshalerpyive; esbodimantea sodaricelh Ph@hQFHE‘PiF%aW ig pyougtedQn,
techni ques. ro%at Qtrgeﬁut%oan? ?selgﬁ%%%eq% % h]gﬂtrlgur%!e ﬁl%g{%t'teﬁ @lé g.% gﬁg{atl%lg pgx?lon

transmtted is use te a recei ved by

a detector | ocefthemashiaélj Inaasther aftomativicaibodient, electricalpownten isaletieedidmy e
enbodi ments, the signal is transmitted by a radig |ink or, an acousti cal

link. In yet aﬁbtltm IQﬂa'teérWt‘HtﬂH}’@héhbbweﬁé@ﬂthefteméo@mjﬂfaPIGQ@CNWnﬁ‘é“%pI i ed

to the pripary. 0 @geq ei ved
by a secon1 ar yln Qd’m; gjtohgﬁlié[?ﬁ:(%géorn%@ﬁ?%catégg tﬁ%ﬁtg enCHr?g%-
rotating portiefpdahdi rrib?héts hidﬁﬁteﬁ&ﬁhdj&@ent]ibn—sothﬁ@gtﬁtfrﬁblﬁmfth@yommnghe sane
transf or ner that is used for coupling electrical power into the hub, or it

can be a dif f eeline, e gorstigHens magneto.
In accordance with the present invention, the electrical 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 is used
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 link. 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 drawings in which several

embodiments of the invention are illustrated by way of example. It is to be expressly



25 The novel features which are believed to be characteristic of the
i nvention, both as to organi zation and nethod of operation, together with
further obpevdt@énnd advantages thereof, will be better uPdEUStOB3 romthe
foll owi ng description considered in connection with the acconpanying

drawi ngs in which several enbodinents of the invention are illustrated by
way of exanple. It is to be expressly WO 01/96062 PCT/US00/ 18399 5
under st ood, however, that the drawi ngs ase for the purpose of illustration

and description only and are not intended as a definition of the limts of
the invention. Brief Description of the Drawings FIG 1 is an expl oded

he i | . | f
br efer T ed embadlSaRo b RorRee Nk A Hefingd ake BEHE Bepcse Bt ihRAELTHER, 0 1 °

vi ew of the opddscripticheondyoandige dot inteAdedmsafdefiniéidn effthe dimisif th intdigion.
invention; FIG 3 is a side elevational diagramshow ng an optical sensor
in an alternative enbodi nent of the invention; 10 FIG 4 is a diagram

showi ng a nedigl cld jew of a hub in accordance with a
%Hefq?ﬁ&%?tﬁﬁhéeftﬁ@ﬂ'a A

preferred enbodi ne rnvention; FIG 5 is a diagramshow ng a nedi al

cross sectional vieMI® igahedpldded &iel in pérspettivestionting/ he goiasliafangentdnt t he
invention; FIG _6 is a diagram show n%. a nedi al cross sectional view of a
hub in a 15 sefdbnelementsof apreferredanehndivent obthednuentionienti on; and, FIG 7 is

2l ternati ve. onbodi MRt St e Ao REBRANto e Prrfabiol ittt e

I nvention The jwefefried ewibblimwat 6fthe hevefticasent invention is used are conposite
structures 20 that_include strata of different materials. Typically, the
out ernost stratum iBIG.pblis shude elgeational fliagiams shavtieg faaceptighk senser imaer | yi ng

stratum has b Cifdeda508 Ql%godi'rar‘ltent 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 view of a hub in a first
alternative embodiment of the invention;
FIG. 6 is a diagram showing a medial cross sectional view of a hub in a
15 second alternative embodiment of the invention; and,
FIG. 7 s 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
The wafers with which the present invention is used are composite structures
20  that include strata of different materials. Typically, the 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



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
detecti ngvOpam®s1 i ons from an oxide layer to a silicon | pgBUS@EI8® | as to
transitions froma netal to an oxide or 25 other material. Cearly,
stopping a polishing machine to renove a wafer to inspect it and then

repl acing the wafer into the machine and starting the nmachine is a highly
WO 01/96062 PCT/ US00/ 18399 6 inefficieng way of determ ning whether the
process has been carried far enough. Ideally, with the present invention,

t he polishing process can be allowed to progress wuntil the optical sensor

of the present.j | OV | | }

determ nation ‘Pﬁ@%{ﬁ%@gﬁga%& n.@iﬁ%g@{égﬂeegf}]l%[@gisg@# E% %ﬁ%ﬁa}gﬁg’l h(')i nt
sensing i s t hedealynwithjtlegireseat infentibe, the pelshing processtcambe allosted éo progress
possibilities for using the present invention are under .copsi deration.
These i ncl udeiibiths gp aihéerrfew@éhe thllh‘@nﬁ%h%l’mv“{eg,l ¢hihabar i ous
areas on a : I f . Al'though a single
bt cal sensorbemits §aEeARRRCh e S pAGiulbet BbRR. | Tt 1DUD]

contenpl at #d that fAkhaghendpeimt ednsingés theAndimvkjodtiverof aheprelt inventigat, | cal

sensors may be included .in_a polishing pad. The preéeent |$$/{ent Il opn, i nvol ves

modi fyi ng a cotbemrassihilitiesfor using the present nvensipnag upder gopsideration. oThesg: i cal

avai | bl 6 conmity ufé RS noblfor 4GP e dihoiits Bpfes RASONEREE Y o
Newar k, New Jewsafey,, antd Snappingpthe alirfaverofdi waferd pdtougladsingfe optivalfl sensarried by

t he Thomas West Conpan ma?/ al so be used., The manner_in which these pads
are nodified Mﬁ%@éﬂ@ﬁﬁé@lwma p@wgra;sh%stéﬁeontﬁv@ﬁteﬂéwéwomeéwesvﬁe £ be

cl ear froput he di | I ' LOA,, At i e seen that
the optica selrr%géc??ﬁgfsd ﬂ“ﬁg’eg% en s@?ér?\?%%? f%%ﬁlg%ﬁ%(g@ aaér]éllg%# h%.(P

characteristic of tTike preséndafehtivhinvelvésahodifiiig 4 sdirentiondDpdlighing phd Py t he
optical characteristic of the surface is its reflectivity. However, other
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 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 its reflectivity. However, other
optical characteristics of the surface can also be sensed, including its polarization,
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 characteristic” 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.



optical characteristics of the surface can also be sensed, including its

pol ari zation, its absorptivity, and its photol um nescense (if any).
Techni quas0DD9606ENSIi Ng t hese various characteristics areP@mUB0KIseN i n the
optical arts, and typically they involve Ilittle nore than adding a

pol ari zer or a spectral filter to the optical system For this 25 reason,
in the follow ng discussion the nore general term"optical characteristic"
is used. The words "optical” and "light% as used bel ow i ncl ude
unltraviolet, visible, and infrared types of light. The terns "radi 0" and
"acoustic" are used in their usual broad sense. WO 01/96062 PCT/ US00/ 18399

i e M }ﬁureﬁ?éésllhltﬁkgpccorgéﬁa&]?@h ac‘%i{?g%%a etk

central «circular aper ce WI ent Invention, a
blind hole 14 gifuldrapsidrei 12. tThacpatambiwith tpa;iresandmtehmﬂml ind Aoleplinis

upwardly so as_to face the surface that is being polished. In acc rdance
with the invenforsed imtheginlishing padrang ths hofe 14 opens upavardly spas ke ifass el e 14

22ﬁ ¢ ?afogggﬂ agrugf ligﬁﬁplsjb%}%\g% dﬁ%deﬁ E&%?%a&é@%{m Iﬂf'ehm%rnbﬁ? o%ﬁ%&l%@n#@ to the
pol i shing pad iGistplacbdintheblindholeia a0 aicondursairibbdn 18 omldbmtmds lﬁtom ﬁhhe

central aperture 12 and secured there by screw na %"é I es
bel ow the pol PRfisehigngnsd6 toHhesentral gperied2 s embgdeds t ng ‘best

seen in Fig. 4, theg, %Qtlpoﬂc{h%ﬂhggacpﬁq%ﬁguée% {;ﬁh‘t?z&isa} eda lﬁ%m <Rt I OnS

of the hub and portions ng process,

pol i shing pad, thbiaentmlapaﬂdeunan@aaﬁrddqha’ee)y sbm@mgwbasampwm tiesbalow
vertical axis 24. Also seen in Fig. 1 and IS a non-rotating

po (r]I ti gn 26 (r)]f tha polidhingpadnento #éh}ﬁ@dfé Poﬁi@fclfﬂ%ﬂﬁ%b 20r tAS|b§StI seetHi Eig- 4dih ﬁcent
f
and above,jne PO :)h%hi%g }%@Ilb QQ&IQF gltaﬁxﬁéé b&%een %é%i@ﬁ@éf {4 'hﬁ? Fﬁ&’ g}g’rﬁogﬁf th@f the

present I nven non-ro g pOI’t (0] I'S anci e present
invention and bdse. DrRGIR PiddindySro6dds ahe b@ldshﬂi?rp%dfﬂhb IhMb b@d tho'basEicgate2 is a

top front perspective view show ng the optic sensor in a

together about a central vertlcal axis 24.

Also seen in Fig. 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 horizontally 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

polished. 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



preferred enbodi nent, in greater detail. The optical sensor 16 includes a

| ight source 28, a detector 30, a reflective surface 32, and the conductor
ri bbon 180®heso2D conductor ribbon 18 includes a nunber oPCT/®ER&rRBI%Y
paral |l el conductors |lamnated together for the purpose of supplying

el ectrical power to the light source 28 and for conducting the electrical
out put signal of the detector 30 to the central aperture 12. Preferably,
the light source 28 and the detector 30 & e a matched pair. In general,

the light source 28 may be a light emtting diode and the detector 30 is a
25 phot odi ode. The central axis of the bundle of light emtted by the |ight
source 28 is dj.t: | b Blitdo®nl iV T M e AW ;
reflective sur%gglgﬁggﬂ}eﬁg{ellﬁtg%%% ﬁs/ghk g%l%ffg?gtlgdrrupwa#gag%ﬂtgs toﬂglglgih%e and
reflect from twes chosératoeconkaate the hoighhof thepsdnsehed. The reflected |ight al so
Is redirected by the reflective surface 32 so that the reflected, |.ight
falls on the detect®ds smyler lightspuisepanddstectoss @@Wr&vgbﬂblesltgwaﬁ)eipﬁsw
01196062 PCT/ U0kl id i fie tétbitieSlirid) sofifd inlefdR iok ¢ arteiBerhbithol! | | ng
on it. The arrangenment shown I'n Fig. was chosen to cons&rve the hei ght
of the senS$or.inArlesfd indffigl 3.ght sources and detectors becone available, it
may be possible to _dispense with the reflective surface 32 and_instead to

use the arrangenent L&h8RHAcal somponents agd the epd mfthe pondugtor, Abbeny |18 Weponent s
and the end of i I s f of a
Thin disk 34t spoERRrHIh koot ARk 34 By RERHI BERREN kel AR O, ©
1. I'n the arramdebeofBigol. n ths atamppeohents of Figs 2 and deit Stunderstoodithdtdbfflees may
be used to reduce, t he anount of stra%/ | i ght, reaching the detector. 10

| ncl uded wi t hi Hay %“i?éﬁ_@ltﬁ%df“é? the; agswnt alsstigy dghfrepchingithe detedlobonduct ors: a
power conggct or 36’In@1u§§§ hi Cﬁ@%ﬂﬁ&&&orﬁ%}boﬂgg a?ﬁgt fhst IR o Hﬁ&&s."% ground
conductors, not shown. est seen 1n Fig. 4, € power conductor 36

term nates adjpseditcontigeto86ltd sibnalpenducte 382 and oh&er pwire $étifidogduid at a

power plug 40, and the signal
conductors, not shown.

As best seen in Fig. 4, the power conductor 36 terminates adjacent the
central aperture 12 of the polishing pad 10 at a power plug 40, and the signal
15 conductor 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 prevents the liquids used in the polishing 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 electrical 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 signal
processing circuit 54, that produces in response to the electrical signal a processed
signal 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 Fig. 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



15 conductor 38 |likew se term nates at a signal plug 42. Wien the hub 20 is
Inserted into the central aperture 12, the power plug 40 nakes el ectri cal
contact wohi/pdee2 power jack 44, and the signal plug 42 nBRPIS@/B61r i cal
contact with the signal jack 46. An Oring seal 48 prevents the |iquids
used in the polishing process from reaching the plugs and jacks. Ajar lid
type of seal 50 is provided in the base 22 to 20 further insure that the
el ectronic circuits within the hub renmi g uncontam nated. An el ectrical
signal produced by the detector 30 and related to the opti cal
characteristic is carried by t he conductor 52 fromthe signal hj ack 46 to Ft
signal processj | spo the el.ectrica
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char act eri st i cporfibe 2prof¢kes pslithing mathi@s adr &ﬂsdrﬁbeotﬁaﬂmpﬁo@{unéfbbj&tt fme
applied to a transmtter 58. In the enbodi ment_ shown i n Flc?

transmtter 5gvapEEimagngtic figld 62-pducsga curre@ttmltheaseceudammn ngﬁﬁéhqsrls mary

wi ndi ng 60 of r 1 m netic el d.62
representat i vegp El&?ﬂﬁ l%rc %Egéerséséelggtsp? &ﬁ%#gg’%@ 1 nagne i E 98 S%%gllraprgﬁen Ae&hds
upwar d t hr sughtht laptléabﬁheﬁﬁctélﬁl@wh qihls%fgnalrlﬁitheﬁ avallaBle @SINisR by R¥tePnal BFERGRAT Y VO
01/ 96062 PCT/ USO00/ 18399 9 wi nding 64 of the transfornmer which is | ocated

on an adj acentfonswuch pHrReses s manitoriag tespregress of the pqhshlng opagtipnandier on

some ot her nony net i lbeld 62 induces a
current in the e&%@%]ﬁ%}&?}\kn ﬁnJE§n¥ %ﬁbgpél%hﬁ%%ﬁ’cg&&% bge I?Eeééfe\?ler 66 t hat
produces on the t er Aisislar ﬁﬂu@tl\félt&hﬂiqué YB§Q§HdQ& trafsf&eléetridap éri fFth
characteristi-c. This signal is then available for use by external circuitry

for such pur po‘félé adiaeentm- mtlng@ortw@ %m@@e@ghslmfg mavbmpm ihe Inmhagngipérm i on

and/ or degper her e cess has been
r eached. ibsi mnAE Ipﬁgg §°u5ce% éﬁﬂﬁlﬁ’ﬁém "'QIE)‘@% affp ‘}“fg@f @We‘?f‘fri cal
power from thg tﬁé‘ﬁﬂl‘h@@tmﬂ@iﬂiﬁgfoﬁ’a'tfbﬁszﬁﬁér'tHa& pe&ubs 4 Fﬁ’éﬁc'&m PYyHERChi ne
to the rotating hu rime power source 70 on The non-rotating

portion 26 appxtenss dﬂWeWé@tthTngh thatop efithetob 2 endpisiintencepted by segoiidarpf a
transformer that dﬁg%l’l‘ﬁ: Shich tﬁragarf'}%}lg %agtlle%lcqie?d m&uces an electrical current that is

applied to a power receiver circuitry 78. The power receiver 78 applies electrical

15 power on the conductor 80 to the power jack 44, from which it is conducted
through the power plug 40 and the power conductor 36 to the light source 28. The
power receiver 78 also supplies electrical power to the signal processing circuit 54
through the conductor 82, and to the transmitter 58 through the conductor 84. 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



ext ends downward through the top of the hub 20 and is intercepted by a
secondary wnding 76 in which the varying magnetic field i nduces an

el ectricavoousdoent that is applied to a power receiver cPCTWUSIWN3NE. The
power receiver 78 applies electrical 15 power on the conductor 80 to the
power jack 44, fromwhich it is conducted through the power plug 40 and

t he power conductor 36 to the light source 28. The power receiver 78 al so
supplies electrical power to the signal fyocessing circuit 54 through the
conductor 82, and to the transmtter 58 through the conductor 84. At
present, the magnetic induction technique is the best node and preferred 20

enbodi nent for_t

embodi ment 1 hanodiFlEs Bt PedeitRtan hnG HRababABR Rpfclentt reBeal, | ¢
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app} i es ';o a |pregent, éhlmthﬁgesaméea@#pqe&r@ﬁtwh@aeeégt@n?ff?r@aaéhrcglew 1/ 96062
PCT/ US00/ 18399. 1 t 1 |
t hat repr esentség[{aﬂgngbﬁeargfaqm%ngpacttgrt% tnl zlergﬁaginé?ﬁ%gﬁ({ -%é%sfp{ n%(ﬁiglﬁlggeségna

emts light waMgshi®) 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 derméllﬁp,a!tlébﬁ¢mquﬁéemé’€ﬁigvérth99ﬂméswmﬁeéecmﬁaiH@ngﬁérm nal
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el ectrical siggsbutes ela'ahbﬁ poferdol thepdiver jadk 44 Otottesighalproedssihg Bigcus4,i on 26

of the polishing nachine.
and to the transmitter circuit 58.

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 by a
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.



Al so, in the enbodinent of Fig. 5, the prinme source of electrical power is
a 10 battery 98 that supplies power to a power distribution circuit 100
that, i nwaon9eoezli stributes electrical power to the powerPCBROTR00MAS399t O t he
signal processing circuit 54, and to the transmtter circuit 58. In the
enbodi nent of Fig. 6, the transmtter 58 is a radio transmtter having an
antenna 102 that transmts radi o waves 104 through the top of the hub 20.
The 15 radio waves 104 are intercepted py the antenna 106 and denodul at ed
by the receiver 103 to produce an electrical signal on the termnal 68 that
I's representative of the optical characteristic. Also in the enbodi nent of

Fig. 6, electrical ' : . | Sk 3 :
per manent nagnet 118R oct(glltb glgg(?iniﬁl% ﬁt[e&g%f??%%tgteiﬁ ﬁg%%%‘? g%ﬁdtg%fng%ﬁ gaﬁlﬁgZO

i nductor 112 ikub@0 by atsbiar celyoesolar ganell 128dh réshenseao ligheapiplischepnthe sdho

I nduces a current_as the jnductor 112 rotates past the pernmanent r’rggnet
110. The i nduckadel ¢28 by light source; ¥32clgcaied) it the erszotalng pertioBwdr dPfcuit

emboa ment of eSS AN 14 cbhiateh P ubiop itk ebiagcf B
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non-rotating porti bispdhere hagdbepe deicribedy amalishing padnfor Hse i ghehicaniaabq
produces an el Lcadl . 181 I ' i -0t ' : i ch,
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11 Also in the enpodinent of Fig. 7 electrical power is generated in the
rotating hub paishipg pad.dnelndipg the eptical sysemypis sésposable, ppd isispdWatd anenri ght

applied tgunt hey. Fght . . i .
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and applied to the power distribution circuit 116. .

station. The hub also contains circuitry 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 applied 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 Applicability
The optical sensor that is built into the polishing pad permits the progress of
the polishing operation to be monitored continuously to 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 .



Thus, there has been described a polishing pad, for use in a chem cal
nmechani cal polishing operation, containing an optical sensor for nonitoring
the conavoooysoed the surface that is being polished, durpPamyusévespsl i shing
operation. The polishing pad, including the optical system is disposable,
and is used wth a non 10 di sposabl e hub that contains circuitry for

recei ving the signal produced by the optical sensor, for processing the
signal and for transmtting the signal ti@ a non-rotating station. The hub
al so contains circuitry for supplying power to the optical sensor as well
as to the other electronic circuits located in the hub. In the several
enbodi nents descri bed above, it is seepARg the signal may be transmitted
fromthe 15 rotating hub to the non-rotating station by radi o waves, sound
waves, |ight waves, or by magnetic induction. Also, in the various

enbodi nents, power nmay be s lie by including a batfery in_.the hub or by
coupling electrical* po ted by
g e ectr i call powes oI e b5 PraedgRts Agshiog ARERIgR OPr ed b
external Iy apRlyped dfiaGirkBlecd ¥hataéBGRALY: i N Wwhich a stationary pernmanent
magnet induces a current In an inductor that is mounted on 20 the rotating

hub. Industrial Appipticallmdans witliiheaid pblishidg prd fiersengitigadn opgiclichhmacieristee t he
pol i shi ng pad rmts the, progress, of the polishing operation to be

moni t or ed con@?ﬁ%ﬁé@%@@@ﬁ%&‘%%?@@%s to be ternminated when a
desired end point has been reached, and to avoid term nating the 25 process

too early or too |ate. Avoi dance of these undesirable possibilities permts
the polishing process to be conpleted nore efficiently. The invention is

L, ot e oot Mg nbnk e TP S5 s L
PCT/ US00/ 1839 \ i Shi pad for use in performng a
Sncidde aqg?xlt g@rce}fofr ?eﬁ’é?&t*n%gig\f}gr ki ece.

pol i shing operation surface o characterized by:

3. The polishing pad of Claim 2 wherein said light source is a light

emitting diode.

4. The polishing pad of Claim 2 wherein said light source is a solid state

laser.

5. The polishing pad of Claim 2 wherein said light source is oriented to

illuminate the surface of the workpiece.

6. The polishing pad of Claim 2 wherein said optical means further
include a reflective surface oriented to reflect the light generated by said light source

onto the surface of the workpiece.



optical nmeans within said polishing pad for sensing an optical
characteristic of the surface during the polishing operation. 2. The

pol i shi ngv@ad9®@t2 Cl aim 1 in which said optical means furtpPeT/USinsBade a

i ght source for generating light. 3. The polishing pad of Caim2 wherein
said light source is a light emtting diode. 4. The polishing pad of Caim
2 wherein said light source is a solid state |l|aser. 5. The polishing pad
of Claim2 wherein said light source is@riented to illumnate the surface
of the workpiece. 6. The polishing pad of Caim2 wherein said optical

means further include a reflective surface oriented to reflect the |ight

generated by said |4 ght : |
01/ 96062 PCT/ US00/ 18309 T3P g“ﬁ%ﬁ%@?ﬁ?#&gﬁ?‘ﬁ Sag ‘g‘?t%%‘h%nggﬁt\ﬂ?%e/\?ei n

sai d optical rmdnde detectdrameans foc recdivingdigbtiefectedbinthe Sunface of diewrorkpieceg ht
reflected by th urface of the workpi ece and for produci,n n electrical
signal repres @Hg zﬁ‘i B@%B?mg K8 ‘il?ﬁt‘é‘??i F‘gﬁ}ﬁ Sepreseatative pf E)her @ané‘E}?%%‘.he g‘.gﬁﬁ'h e

pol i shing pad ;gfiectdgai m 7 further including: a central aperture; and,

signal conductor nmeans within the polishing pad for conducting the

el ectrical signal fromsaid optical neans to said central aperture. 9. The

polishing pad of Caim8 wherein said signal conductor neans further
i nclude an elongated flexible circuit board. 10. The polishing pad of Caim

8 further including a reowabl oA QSR PRirihRr Sdiudingent ral aperture and
including electrical signal con%elckz%aor means rreclhagll clg ly adapted to
renovabl y a central aperture; and,

signal conductor means within the polishing pad for conducting the electrical

signal from said optical means to said central aperture.

-

9. The polishing pad of Claim 8 wherein said signal conductor means

further include an elongated flexible circuit board.

10.  The polishing pad of Claim 8 further including:
a removable hub located in said central aperture and including
electrical signal connector means mechanically adapted to removably
receive said signal conductor means to permit the electrical
5 signal to enter the hub;
signal processing means connected to said electrical signal connector
means for receiving the electrical signal and for producing in
response to the electrical signal a processed signal
representing the optical characteristic; and,
10 transmitting means connected to said signal processing means for

transmitting the processed signal.



receive said signal conductor neans to permt the electrical 5 signal to
enter the hub; signal processing neans connected to said electrical signal
connect owOneggs2 f or receiving the electrical signal and POT/USeOBBL Nng i n
response to the electrical signal a processed signal representing the
optical characteristic; and, 10 transmtting neans connected to said signal
processing neans for transmtting the processed signal. WO 01/ 96062

PCT/ US00/ 18399 14 11. The polishing padi4ef Caim 10 wherein said
transmtting nmeans further include neans for emtting radi o waves
representative of the processed signal. 12. The polishing pad of Caim10
wherein said transmytti nthe'peiidfing fﬂdﬂtdfe(ﬂlalhﬂ@bl’bﬂﬁréﬁ?‘&ﬂ& tfdsm@fhg thdags sound
waves representative of the processed signal . pol i shi ng pad of

C ai m 10 wher diurthemindlutle ameans fari mttwganémf\uweheepresentahudef theaprocéssed
emtting Ilght ma%fs representative of the processed signal. 14. The

pol i shi ng pad aim 10 wherein said transmtting neans further include
means for producing a varying magnetic field representative of the
processed signal. 15. The polishing pad of daim1l further including: a
central aperture; a pomer conduct or extending fromsaid central aperture to

said optical neans.fo a wer. to. said tical neans;
and, 5 a renovabl eslﬁu f)lleggg%&q“% %‘[{Eféﬁ? gpx?léeﬁgptsalrdetrqﬂsmgﬁp% B shi ng
pad, said rengMRG iBclBEO miehss ﬁbﬁ’ bﬂlﬁtlﬁQWndrﬁ%Qtr&freﬁﬁ?a@ﬁe foPindprodeskdg

el ectrical power in response t

signal.

13.  Anpolishing pad of Claim 10 wherein said transmitting means further

include means for emitting light waves representative of the processed signal.

14.  The polishing pad of Claim 10 wherein said transmitting means
further include means for producing a varying magnetic field representative of the

processed signal.

15.  The polishing pad of Claim 1 further including:
a central aperture;
a power conductor extending from said central aperture to said optical
means for supplying electrical power to said optical means; and,
5 a removable hub located in said central aperture of said polishing pad, said
removable hub including
power receptor means for producing electrical power in response to
externally applied energy; and,
electrical power connector means mechanically adapted to

10 removably receive said power conductor for applying to said



externally applied energy; and, electrical power connector neans
mechani cal |y adapted to 10 renovably receive said power conductor for
appl yi ngwoosgiosz WO 01/ 96062 PCT/ US00/ 18399 15 power CONBOTAIS00/18B%
el ectrical power produced by said power receptor neans. 16. The polishing
pad of Claim 15 wherein said power receptor neans include a solar cel
that produces electrical power in response to externally applied 1light.
17. The polishing pad of C aim 15 whereil sai d power receptor neans
i ncl ude an inductor that produces electrical power in response to
variations in an applied magnetic field that passes through said inductor.
18. The polishing pad of O aipswkrfoshdlvesr thecdletdiical power pesduced bgpsaid ure; a
power conductor extending fromsaid central aperture of said polishing pad
to said optical neans for supoeF FRFCRICEERPRScal power to said optical neans;
a renovabl e hub located in said central aperture of said polishiing pad and
including a battery for producing electrical power; and electrical power
connector neans nechanically adapted to renovably receive the power
conductor for applying to the power conductor electrical power produced by
said battery. 16. ~ The polishing pad of Claim 15 wherein said power receptor means

include a solar cell that produces electrical power in response to externally applied

light.

17.  The polishing pad of Claim 15 wherein said power receptor means
include an inductor that produces electrical power in response to variations in an

applied magnetic field that passes through said inductor.

18.  The polishing pad of Claim 1 further including:
a central aperture; |
a power conductor extending from said central aperture of said polishing pad
to said optical means for supplying electrical power to said optical means;
a removable hub located in said central aperture of said polishiing pad and
including
a battery for producing electrical power; and
electrical power connector means mechanically adapted to
removably receive the power conductor for applying to the

power conductor electrical power produced by said battery.



