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Crpss Reference To Related Applications This application is a divisional
aﬁl i cation of Singapore Patent Application No. 2000 01433’”@/‘”&%’/[

August 1997 which is a divisional application of Singapor ﬂmll th
filing date of 4 August 1997 and clgimng priority fromU. S. Bgf

Application Serial No. 081689,930 filed on 16 August 1996. Background Thi s
invention rel ates general I y to sem conductor rranuf acture and nore
particularly to aBetISHHNG HEEA hf WA N in a polishing
pad for use in chem cal rrechanl cal poI [ Shl ng (CIVP) In the process of
fabricating nodern sem conductor integrated circuits (1Cs), it is necessary
to formvarious materigrbss ReBeend8d SRelbYAHDHIRYAENPT evi ousl y forned

| ayers and structures. However, the prior formations often | eave the top

surface topogra h of an in-process wafer highly irreqular, w th bunps,
areas of unequa 'él arpliGadien 1y Gughdsioparlenaprlcatigny oy ipAapore, PR
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| ayer. For exanpl e, printi otol1thographic pattern having small
geomnetri @BP'&ﬂé&O"pr@v|Sjn§$8/°fﬁor9ﬁ@%7ﬁéy7eﬂ"$th tlingdate 19f]4 HWoHeh99b@Ndocus i s
requiredg, Yéeal loat

sur f ace, otﬁﬁﬁ‘?‘vmwégemklsgﬁen{ plg%f?m;?nfﬁgﬁggadtt? enr%ergﬁgbgefsggfgoﬂglIgér’lgﬂot her
parts wi 16 August 1896act) surface variations on the order of |ess than 1000
A over a 25 x 25 nmdie would be preferable. In addition, if the
irregularities are not |levelled at each nmajor processing step, the surface
i 2 topography of the wafer can Bae%#8YBden nore irregul ar, causing further
problems as the layers stack up during further processing. Depending on the

die type_and . the size of the tr|e5|nvlved the. s
11 equl al P BYSRLRN] Exlatas, 958BFAID 49 PemiECRAYFIeE B PR R AN Equent | v,
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| C structures. In fact, nost hlg ensi twc fabrication techni ques nake
use of stusednHAemisat meshanisehRalishing (kMRY surface at critical points in

t he manufacturing process.

In the process of fabricating modern semiconductor integrated circuits (I1Cs),
it is necessary to form various material layers and structures over previously
formed layers and structures. However, the prior formations often leave
the top surface topography of an in-process wafer highly irregular, with
bumps, areas of unequal elevation, troughs, trenches, and/or other
surface irregularities. These irregularities cause problems when forming the
next layer. For example, when printing a photolithographic pattern having
small geometries over previously formed layers, a very shallow depth of
focus is required. Accordingly, it becomes essential to have a flat
and planar surface, otherwise, some parts of the pattern will be in focus
and other parts will not. In fact, surface variations on the order of less
than 1000 A overa 25 x 25 mm die would be preferable. In addition, if
the irregularities are not levelled at each major processing step,

the surface
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One gt hod for achi eving sem conductor wafer planarization or topography
rembval is the chemical nmechanical Polishing (CW) process. In general, the
cf®ni cal nechani cal polishing (CWP) process involves hol di ng and/ or
rotating the wafer against a rotating polishing platen under a controlled
pressure. As'shown in Fig. 1, a typical CW apparatus 10 includes a
pol i shing head 12 for hol ding the sem conductor wafer 14 against the
polishing platen 16. The polishing platen 16 is covered with a pad 18. This
p?d ﬁ8 t?wpaq&iyhﬁanatbapkaﬁ?rlaaﬂ;baa;mbLebehnhegéa@eseghnar;he surfﬁce
of the p n overing,laver ch_ is used,in_cqnjunction with a
chen cal cRuFTag APy brpH1ERY o Fnd tarerS | 4E8Rs.BOCRUELBR pade have
only a cthwethey prgeessingno Depéhdingagerthéhdieotypengnlagbe 82zki s
usual ly gftdes QEPi EE! p u A . L.C1Q00) or a
sheet of_ pol yur t%ﬁngpﬁfghigcg?gggédeéér%g%gg§g.é?rﬁggéﬁgggésgo%ggThe pad
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a;)& asi yeigruiesmf zal §p|_€b£e&¥pé§ﬂlﬁ eﬁeglhsﬁl ?ihﬂéfizhﬁibﬂ?eérKO" (Pgt aESI um
r oxi unmegd- i rticles. plLaten is usual]y_rotated about
its cengﬁéygii#%'zﬂg ?heaggigﬁﬁﬁ?g?ﬁﬁspol?Ehfﬁﬁ heﬁﬂsgsgbghaPF9sF%Yated
about i tEC ceabritatkos fe€chabguesamakatede ofrsome flethodssot fermuaf ace of
t he plaﬁgi? ] S i a : ough_just o polishing head is
shown i |%ﬁk%%é%§¥§§§€i%gékggﬁi%g}%glﬁg%%gngggn¥ga%nog§eof t hese heads
spaced dPRRMFAGFERiNG| Pyogessnd the polishing platen. A particul ar probl em

encountered durighe sebHRd e BTHiRvihd eriRidHdlidtaly Gafdiat a part has
been Maﬂigizeg to,a desired flathess or relative thjckness. In general

there i P abion: oF: tQReATaRRY jEerP¥AlsiFf Ehe EREPACR4ri stics or

pl anar anechianbeabapobieninga¢t®H) phoeesss beanganeeapl i ghed in a variety
of ways. ] o] thle I h terkstlecs of
Che wat ¢t achalB3aToboRESRLLT (Lip T BrhEEak EpoaThe8 ABIAINET om ( ne
CVP appaard/er snetatingnthecwatencagainstt Aerabatingi goadshingt the desired

speci i Ggid &% uhdeRad E8nBPol 2L@2PLEsENEE. [ NRs MRoRAPERAFYG. 3R] a
reprocessed, This was a tine consym ng_and | abor-]ntensive 5rocedure.
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mat er i al hébdlingethe esemédondasteri wafebelpaayaingsakbhe. poiéshings,

t her ef or e i nihe [ a ice Lch co detect wh t he
desired h??%ﬁefghargé?ePSéﬁfggngrpg%¥8?né§21§agggéggda %ﬁévgdpg?n-situ,
during th®. CNPhpsopadsl8stypiehlipvhassaahackingodsykav@obwbiclevel oped for
the in-sihterPheeti el chBdBAKEASIE! Bl BE2EUR BRACASSovERinGnSt ance,
devi ces and nethods,that are associated wth the use of ultrasonic sound
waves, akYe¥tH2tWalght &8t peRdoincREGAJUBCLACReWARRI BaFheRdradance,

el ectri cpolisheAgnsturey vof polishf 6Re waFper aiur eHobaverheeomenphayed.
These deglces a hi ckness, of the wafer or

fd neéhods.relx onrdgtﬁrninggg the_h S gf tl
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change icovérihgetayern2ghéscusvalhyr eithersanf apenl epdl fbamed wafer is
bei ng t NhoPparethaneh89§.1 RobBhCEBESS0) SolSEUshBeteb? BoiGuidtRahiae 4
with a grooved surface (e.g. Rodel EX2000). The pad
material is wetted with the chemical polishing slurry
containing both an abrasive and chemicals. One typical
chemical slurry includes KOH (Potassium Hydroxide) and
fumed-silica particles. The platen is usually rotated about
its central axis 24. Ipn addition, the polishing head is
usually rotated about its central axis 26, and translated



surfage |layer has the desired depth. And, in the case of planarizing a
patterned wafer with an irregul ar surface the endpoint is determ ned by
i toring the change in thickness and knowi ng the approxi mate depth of the
surface irregularities. Wien the change in thickness equals the depth of
the irregularities, the CVWP process is term nated. Although these devices
and net hods work reasonably well for the applications for which they were
intended, there is still a need for systens which provide a nore accurate
det er ni na¢ross othe hsucfidpei of . tBanplayenf 16heidnackhranslatiganaral , in one
aspect, e i i t o] i o ,agp¢hem ca
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apert ur epencess ses oim pbetdenepm1n5t¢oadthatthepaeeohdssbebnon of the
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second section with a segond di, nmension stanti al transparent plug is
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whi ch ar ERRRESR aPﬁHhé °€&n§FFﬂﬁF€"&epa riga
schenmat i wakéy surpateatemperataere, "Thaveobekhe empleytedan, Tamaetogether with

the genepal; d83°LhA" h8ERBLLCRe300%h ABtetindfbAithd thickness of the
wafer or a layer thereof, and establishing a process
endpoint, by monitoring the change in thickness. 1In the
case where the surface layer of the wafer is being thinned,
the change in thickness is used to determine when the



6 desc¢ription given below, serve to explain the principles of the
inventiont FIG 1 is a side view of a chemical nechanical polishing (CWP)
apparatus typical of the prior art. FIG 2 is a side view of a cheni cal
mechani cal polishing apparatus wi th endpoint detection constructed in
accordance wth the present invention. FIGS. 3A-D are sinplified
cross-sectional views of respective enbodi nents of the w ndow portion of
the apparatus of Fig. 2. FIG 3E is a4sinplified top view of the

transpar oaf£ fbél 01 apes hQstEﬁe“hEQbeBOEEFQH OfAE&G-lﬁDthE|€hs§FoES a
sinplified cross;sectional viewillustr t he assenbl of the w ndow

portion plapdeizipg 2 patierned gPFﬁFlPPEH Po%§r§€BﬂP5n§Pr€P8W'OFh& wi ndow
porti ?n Qxﬁdpdﬂﬁ\ﬁpmrdé’dérﬁﬂ.nEdgby2moﬂlilewrgggcﬁmOGHtheOﬁ??thaaghess
interfer t n e et ect reflecte
interfer%ﬁ%eﬁﬁpgﬁ¥§ ?ﬁf gPPEO &%I Fng 8? %5 gggF%HSI vi ew of a bl ank
oxi de maizreqmlmgipleSessﬂhebythhecappgeanustbiCKngsszequeﬂsnﬁhecalIy

show ng r an-i-88,h gl t flec form ng
T esul 1 Apth TOE | HHETEEERUTArIE.00, | R D RBPE‘?EE 150 eoninatEn, | O

pl at en obliheugh thesesdgviceg and ?ﬁGﬂPﬁg BRE p6§§FBPébE¥I¥FFGef°r
arrangenené aHFpyeeatibasWebgowhietl theyowetbadntandelihethereoisand | aser

|nterferqgfifra need for systems which provide a more accurate
determination of the endpoint.

Sunmary of the Invention

In general, in one aspect, the invention is directed
to a polishing pad for a chemical mechanical polishing
apparatus. The polishing pad comprises a polishing surface
with an aperture formed therein. The aperture includes a
first section with a first dimension and a second section
with a second dimension. A substantially transparent plug
is positioned in the aperture. The plug has a first portion
positioned in the first section of the aperture and a second
portion positioned in the second section of the aperture.
There is a means for securing the plug in the aperture.

In general, in another aspect, the invention is
directed to a method of forming a polishing pad. An
aperture is formed in the polishing pad such that the
aperture includes a first section with a first dimension and
a second section with a second dimension. A substantially
transparent plug is placed in the aperture. A first portion
of the plug is positioned in the first section of the
aperture and a second portion of the plug is positioned in
the second section of the aperture. The plug is secured in
the aperture.



FIG 7 is atop view of the platen of the apparatus of Fig. 2, showing a
relative arrangenent between the w ndow and sensor flag, and the sensor and
l.aser, where the windowi's in the shape of an arc. FIG 8 is a flow chart
of a nmethod of piece-wi se data acquisition in accordance with the present
invention. - FIGS. 9A-B are graphs show ng the cyclic variation in the
data signal fromthe |aser |nterferoneter over time during the thinning of
a bl ank oxi de wafer. The graph of Fig> 9A shows the integrated val ues of

the data signal rmpheseaicad QM ﬁ.dieﬁer %esmllwﬂﬂae., A té&tﬁﬁ@%

Fig. 9B shows a flhﬁﬁéﬁ%%verSI n of th gntegiated valuest FIG , 10Ais a

bl ock di%FfAEMRAY & rHPd R?ﬁbvﬁeFﬁ Br it det TR AEFYCt REXELAR0i nt of a
CVP procefsthe phig mdye maveeshbyeantiadlpl ehé& samdediménsion ascthéance
with theepr e 0, F b Kk Lan)

f or war d- ﬁ ré??%£Q$2é€ﬁ€%%t%§£r&8#g’ ﬁd Lﬁ%o?n?gﬁ? %ﬁ#SBr%EeEEeto thin
t he oxi delumymy diave phubpgktant tial haf ‘ehel ﬁanecd)manseom a8 the pecendt

i nventi Qactidid-of Whé & @rg\w@l | Topd £1PSE- &gﬁég&i‘@ﬁ Mﬁgv‘ﬁeoiaf’gg tterned

waf er mnth an |rregular surface Equ process aratus”of Fig. 2,
wher ei n ap the, s8cRRA (dbnepFiPnar The BRI RRYigPeratpe ZRFEE?GBGSS Fig.
11B showratiéialf edndibehé aaKeeivéhhaydbet 8 g1os€6kerd8d Fig. 11C shows

th f I to th t. of t f har t
i agr am BTSSR dra bR Lo he i P08 ALk ERcpSFrionron Ehp pPotkeEero
pl anari zeays patfemel aferfirsh hayerregudatheuséaoadlagattondaﬁce with
the presgid 4 é”ina;ﬁ'& £orhdd di HrQPQeéBR&“ g%¥¥§r' h&?”féﬁ %Bﬁ%data

si gnal fron1t aser terferoneter over anari zation of
a patter?&%PvQﬁ¥H1n¢4¥§elﬂemgvhnﬁlEER ﬁ%ﬁ@?aﬁ?%tlanngFﬁBdtgﬁ g&¥eEnmi ni ng
the endpriyér aff K& FpPI DERERG L PadOAha Orehbeihiy| théhkekoRassereibii ng a
partlcuh§%]¥AS|zed ) gcture og grou g£1§|n1agrlyTﬁéz grggé g%ures I n
accor da 3 PEFD1vex PhvERE Ball 9P

measurement of the first layer may be greater than the

durometer measurement of the second layer. The top surface

of the plug may be coplanar with the polishing surface,

whereas the thickness of the second portion of the plug may

be less than the depth of the second section of the

aperture.

Additional objects and advantages of the invention

will be set forth in the description which follows, and in

part will be obvious from the description, or may be learned

by practice of the invention. The objects and advantages of

the invention may be realized by means of the

instrumentalities and combinations particularly pointed out

in the claims.

Brief Description of the Drawing
The accompanying drawings, which are incorporated

and constitute a part of the specification, schematically
illustrate an embodiment of the invention, and together with
the general description given above and the detailed



8 FIG, 15A.is a sinplified cross-sectional view of a wafer wwth a surface

I nperfection being illumnated by a narrowdi aneter |aser beam FIG 15B is
a*sinplified cross-settional view of a wafer with a surface inperfection
being illumnated by a wi de-di anmeter |aser beam FIG 16 is a graph show ng

the cyclic variation in the data signal fromthe |aser interferoneter over
time during the thinning of a blank oxjde wafer and including the high
frequency signal associated with a nonunifona wafer surf ace . FIG 17 is a

SChemt'&eé@P{ﬁé%ﬁa#i%h efogvp S¥obey! E&%Ygﬁﬂgtﬁg PEEEEE&F@%@V and a

conput er progranted 10 analyze and respond t e ouf t si gha
i nt er f er'eh@t BAVeRLEPRr m FIG. 18 is a bIock dlagran1shomﬁng t he

functionality tiraig.i 9 iigplacEadeL o v N d h gt efedHariddormin-situ

noni t ori ng, pf un 9(a o] exa | es_of an
mterfer% tghi 'é?gﬁé& t?@p?ﬁ?ﬁ??eﬁxﬁég’éi 92 ﬁi& EF ff*has been filtered
by a Iow frequeFaG.bandsaas gisks vidw & f aartdmdmg:alnhmdrmrwnﬂbr si gnal

af t er Q/@?:)f}sl?ﬁr?% :I%%F%&S’T b?i@hhéﬁ{igévigﬂg Excﬁi‘gﬂpéé P.@ﬁétéh' T

respecti are procedure for
gener at | agcordaneerwith nghe prementr énventionp systen1to quallfy it for

product | on use. FiicS. 3NCH) dre Hipli {1 Ak Wk SRl anal WRNToan

enbodi ment of the mnndOM/portlon of the apparatus, of . 2 enploying the
pol i shi ngePReCHAVE Henhpaimants gt sHBﬁnHg“§°VePP€E%PBn°frBHFthe backsi de of
the pad.apparatiig bofiBiq. gzaph showing the cyclical variation in the data

signal fromt heEJI%se Ef rltseraf esrlonqlefrle(a/etrog Ivnl‘eew of the transparent
plug used in the window portion of FIG. 3D.

FIG. 3F is a simplified cross-sectional view
illustrating the assembly of the window portion of FIG. 3D.

FIG. 4 is a simplified cross-sectional view of a
window portion of the apparatus of Fig. 2, showing
components of a laser interferometer generating a laser bean
and detecting a reflected interference beam.

FIG. 5 is a simplified cross-sectional view of a
blank oxide wafer being processed by the apparatus of Fig.
2, schematically showing the laser beam impinging on the
wafer and reflection beams forming a resultant interference
bean.

FIG. 6 is a simplified top view of the platen of the
apparatus of Fig. 2, showing one possible relative
arrangement between the window and sensor flag, and the
sensor and laser interferometer.

FIG. 7 is a top view of the platen of the apparatus
of Fig. 2, showing a relative arrangement between the window
and sensor flag, and the sensor and laser, where the window
is in the shape of an arc.

FIG. 8 is a flow chart of a method of piece-wise
data acquisition in accordance with the present invention.



9 with a | arge DC conponent caused by the reflection fromthe backsi de of
the pad of the enbodinent of Fig. 21(a). FIG 21(c) is sinplified
cross-sectional view of an enbodi nent of the wi ndow portion of the
apparatus of Fig. 2 enploying the polishing pad as the window with a

di ffused backside surface to suppress reflections. FIG 21(d) is a graph
showi ng the cyclical variation in thg data signal fromthe | aser
interferoneter over tine without the | arge DC conponent caused by
reflection from FE@ShagksBdarefgraphgaghawingr tbeal eyelichwadiation backsi de

surface gfp iie atqdi 107e 1fdnd el ((@s erPeS i d ¥l rUmetier Ry Y & s5id €d
Enbodi nent ~(s~ Fi.g. 2 depicts a portiqn of, a CIWVP apparatus nodified in
rr

accor dan@¥hiingh thee tigudingeaf & Riank edds ti gne AnaRte ofp i s
formed i rrilche 9 aimtme-.l&:hhimtirttha&;zﬁi»tﬂﬂfc?c Waﬂmepé aiﬂsrtnmdiallt;h shiyranol eh30 i ?] .
position that it has a .ie t.he er 14 pol i.shi ng hea
12 duri nglq’é:% %tleo (et ﬁe%ﬁsaftreergﬂl £ rngflae[ i%ﬁe’r ead'zﬁ' B:I%eesgt{é'pq} hoceag l'slg'

trans| at ihahqwssia ifdd tefrechordnsicdn 2f AHasrtagnadredevaites. 32 is fixed
bel ow the platenpi§. i gof Pesh!bPBekNdbhbPanokadchabrAlrdd186REAG! ©d by the
| aser interferoneter to pass t ro;% the hole In the platen 16 and
strike t methed afe detemdndng |the endraint o1& iGHP Prqagssutch $Hd hol e 30

i s adj acaile tdid el @lyekd of” al B 1airie i day vl f i laticsr dutice IPiand waf er
14 (at aé_'thlsegea?v\qhen it, overl.ies the platen hole 30) are shown in Figs. 3A-C

As can b 88N dNVERLIGN: bl aten hole 30 has a stepped diameter, thus
form ng a shoul dBIG3610Bhissaohlldek @hagramsefi aofoowamdrlenkihgl d a quartz

insert 3 j 'Eq:q@ | I gﬁacf? i1t erface
bet ween &%ﬂﬁtiyn% an r‘t‘j"lﬁjekgailérly'::ée]rt é)ilrnsé r;tgfalag_}?lps t a%ﬁgf hgex?béit}l; on of

t he chenith® oxigde Qayex jafdimdlank oxidewaian Wemagrrdanes Wwithind i nsert
38 cannotrte Pt Ghventilgh bottom of the platen 16. The quartz insert 38

protrudes above %? to gurface of the EI ten 16 and, partiall, int& t he
blaten pad 18, TRTGSpr SLRTEi BFeoPLPRILEREE: ETEST SFHEERALVEBYA Rim 2o t he
gap bet weepatterdmyd waffexcavitth tare imssyul&B sarfddes miriqaqeradeddesd waf er
14. By m,p) .zl i t anpu g r it p-is
m ni m ze(ﬁ.y %@s%ﬁ%&%ﬁ%&eoﬂ%b?&a&%&%@ gﬁ(ltﬁl'r ;4/10_%) %{e)‘ﬂﬁésj ‘lf}ge s‘?:% er

| i ght traﬂ‘_elﬁhmg heginnjing tof tthe Qﬂ?eﬁ'm*?ﬁﬁgr tHid J kb shews dfheted from
the | aseryd fiye d0utTEl Riwad? thttudl) tHE pded £Y find fF g U1 3c 4hbes Ween the

insert 38 and the wafer 14, the less the |aser beam 34 and light reflected
from t he thE H2L6X% chass, kR dhe |Roint RF i RIARRLAZALIQR - approximately 1 mm
woul d result in gpzGgeptablis at FeBwathaptvdliagrafubEng meehoNPofir ocess.

made. a5 SR B EAdhd T of ) € 0SS Vo s 8B 1t {ouen
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FIG. 13 is a graph showing variation in the data
signal from the laser interferometer over time during the
planarization of a patterned wafer.

FIG. 14 is a block diagram of a method of
determining the endpoint of a CMP process to control the
film thickness overlying a particularly sized structure, or
group of similarly sized structures, in accordance with the

present invention.



Fig. 3B shows an alternate enbodi nent of the platen 16 and pad 18. In this
enbodi nent, the quartz insert has been elimnated and no through-hol e
eXists in the pad 18. Instead, the backing layer 20 (if present) of the pad
18 has been renoved in the area overlying the hole 30 in the platen 16.
This | eaves only the pol yurethane covering | ayer Z2 of the pad 18 between
the wafer 14 and the bottom of the plagen 16. It has been found that the
pol yuret hane material used in the covering layer 22 will substantially
transmt the | aRIGhekbA b fa ainpgld f bskrerogerdeartoimriak Bikw Tdfisa t he
ortion e egi e hgl,e .30
Finct | ondegerowirkos BireayR 16pelpt 1QKhENGR, 110uR}AFRa B e
arrangenEHFrﬁHsdéﬁgﬁFPFc&ﬁﬁeadbaﬁﬂages First, because the pad 18 itself is

used as the wi ndoms. 1158 6id S mmm&h&&%ecﬂwﬁpr@eﬁ%ﬂ aittle of
t he slurr¥ﬁ40 i s_present to cause_the detrbnent catteélng of the | aser

beam AnBRAEF YA nPaGBrSPCFhFEPQFF&FﬁéPB ﬁﬁBHlﬁéiPmFga gt P¥ad wear
becones hide#dmanbtetnlhherfbeah—descrlbed enbodlnent of Fig 3A, the gap
bet ween t he quar i 8

possi bl e. Homeveéfc nf s 3& oﬁ}g)%}%gs@{ \,%; r?éj%%sl#(%ﬁrreﬁgven

smal | er . tEeedatal B}gnpnefmar tbeullasgycenﬁessegpgaterhaverh&1Mp surface of

the 'nse&hr§§gW€HledtBQHﬁlinbh6fW§f Blahk eszdddaaagerl andsme@uhliﬁgp%ﬁew is
used as the wndowin th S al ternate enbaqdi nent o I S designed

to be i nhdght SEETNLNRY: RdIRAtcASERCipkEAVAED ﬁonSBPgFFEHPaVagﬁFécts due to
t he wear gagratethe pad 18. It is noted that tests using both the opaque
open-cell and tr p ed surface t ads_ hav hown that the
| aser beamis |es 'ata{ JI(Fag% "\‘\llﬁ?%a'?%e RN %%%ﬂs*é%mé} ooﬁe%l face pad.
Accor di ngygtemt inclpddhngr abl éntkxferbmeteypandf apedmputenp berpgaramsiedhough
the pol YupehhaigsaRhill Bbapsid LB LR GAXBUENiLAYET o8l the pad is
substantially tfansm ssive to the | aser beam oes contain certain

addi ti vedNteEERTQRERProHAYREPEWpher es, which inhibit its transnissiveness.

This problemis Et¢mretos 4 bidsk Gdrtﬁljﬁ-mr&h@hﬁ&a:ﬂélvﬁm&;]ﬁbﬁ&piw ed in
I.n._the.r

Fig. 3C _ln,this.emhodi t.he .t C ad,mat eri al i
overlyin&LPﬁelBIéPgﬂeHSgg wﬁﬁglﬂegh 88588§8r Php§r§8FPdlﬂbF§§Pbthane
pl ug 42. méhiitopling ¢Z, uniformfikyct i ons as the wi ndow for the |aser beam is

made of a pol yur n L gmgf

Accordi ngly, theﬁ%ct;?eelgﬁgn d;if %\9{1%%%?5 eaﬁz%}f gir}bél;g]ﬁfgﬁ ug 42 is

m ni m ze@ignAd ,pthe 42t#§¢e§emeﬁ9§gsasmylneﬁﬁea %t bash eﬁadfjgtere 12 For
exanpl e, pyha RbWd FFRYuS ciyO HER spgﬁ%gnglhkggldaaalxﬁgethane into a hole

t hat has en _cut in the polishin The |i Uld ol t han cured to
forma pPGSeﬁﬁFEﬁmF§thFé§P§ﬂl9fﬁ%Fpég PRS0 PR 5&9 ﬁ%ﬁgig %ﬁﬁ%érnately
the pl ug fé2quency bandpaiss’ pagsafidten,i despeettivellyi.s insert coul d be
placed in the b po the entire
assenbly coul d g%ﬁﬁﬂ?%%ﬁg% ﬁfh%ﬁg Pf?%p?éﬁi g-?¢é§%b%h€ﬁ§ and the

mat eri al p@pcpﬁ@rgolfnoshgn@qmtlm laavdd thedeisdng whed ures @fplay GMP

cool ed, tshateal ¥ uaan ypllqgf@wdd, ontug@r.al |y nolded into the
pO|IShIng pad. However. the

t he poli shj 8, a
specifically theFE%Ve?¥ﬁﬁ)I%ﬁe?fQinfgeﬁl?¥ $ %g?+g%?$ﬁ %ﬁ?e??a?nof t he
pol yur et embodimentiadf the sfimdowipartilon afsahe wpparatuesd off IRigwmteri al of
th | t t h Th
el thor o SHBICAYY, the BiArli ol BalIEE Rrish % AR ald Endifiy &0 5, 0V
waf er 14re|§é:eatmqng firen- the @ksweamft e @rﬂ@odl ment, a twol evel plug 600

is positioned inpige @kafhiagapapasﬁ §pewnahehela&emashevéhawen
two- 1| evel, plug 600 is formed of rel atlvely transparent nateri.al

ch
acts as aMth®odatsy st’f?é’qlasfé'r"%é"&ﬁ Ipgern rerometier Q¥eY &idte pI ug 600
may be a substantially pure pol yurethane avail abl e from Rodel of NewarKk,
New Jer sey, under the product name EX-2000. Such a material is chenically
inert vis-a-vis the polishing process, and erodes at the sanme rate as the
pol i shing pad. The two-|evel plug 600 includes an upper plug portion 602
and a |l ower plug portion 604. The upper plug portion 602 fits into a hole
or opening 630 in the covering |ayer 22 and the | ower plug portion 604 fits
into a hole or opening 632 in the backing |ayer 20. The top surface 606 of
t he upper plug portion 602 is co-planar with the top surface 23 of the
polishing pad 18. There nmay be a gap 610 between the | ower



13 surface 608 of the | ower plug portion 604 and the top surface 17 of the
pl aten 16. The application of a load fromthe wafer 14 on the polishing pad
18 will cause the backing |ayer 20 to conpress. Thus, the width of the gap
610 wi Il decrease. The gap 610 is selected to be sufficiently wide that the
| ower surface 608 will not contact the upper surface 17 of the platen 16,

even if the wafer 14 is positioned over the platen hole 30. The top surface
606 contacts the wafer 14 but, due to the gap 610, does not exert pressure
on it. Thet @ dargee DiErRporEnt icalusiid thie theo-refaeictilong fadh dbes not

create a,] A h t I I 0 does not

adversely %?@eg%é t‘ﬂstca p(aﬁsﬁg‘rﬁil %S‘dﬁ‘ lt%zubv?/a %eﬂ-&"{? o%%]flgpr:é%égt}o FI GS. 3E and
3F, the polishi nfI®ad218cinisbeinplifibeddcressoseetitonaheview-o£van pl ug
600 is MupiHodhett B AL Wich PUrtd dH G tHe RPparatURARE PAY.ARETIUre

612 is cut intq a polishi pad 18. Alternatel the polishing pad 18 may
be int egteaﬂlfyﬁﬂngﬁ’%ﬂ‘#}t%%m&q o &ith @ & }ft%ﬁﬁdudes t wo

sect i ons batks ilde ﬁuﬁ%ﬁd do (ﬁuﬁﬂi@s@q:retmr@ﬁmdqe the hole 630 in covering
| ayer 22 and the Eg éfcti on of éﬁe ﬁgerturg ma bg ﬁohOl e 63Z in the
backi ng | ayer 20 $81 ¢ 47 <2 s952R: ERRYIPH gﬁa%%c o P EVR P ug 600.
The pl ug J.rmy:lme dan:a taig‘rmlrnfcrfonad:jlmcelraseredtlmmmmms ovex ntgm# f f er ent

Cr 0SS- Seqitpa %"éﬂ‘%ﬁza‘be %ﬂé&%b@ﬁ%ﬁ’é@tﬁne%@m@% | ower
pl ug portion 604 an e cross-séctional area of the upper
bl ug por tRGksddE of) ;sadgmg SR 100 o L G e EAGKEHRELL of  about

2.0 i nch@;ﬁxﬂ;eadzeng{a dibodimtiiio 0. K g nehese)he | ower plug portion 604
may have a length L2 of about 2.2 inches and a height H2 of about 0.7

i nches. Thus, the | ower plug portlon 14 604 extends beyond t he upper plug
portion 602 to fopRescripbidhs RYe i nches. The

lug may be oriept 0 t dipa Sa us of
'Itohegpol ?/Shl ng pag ? g%gﬁeﬁé 1)gf)?l‘:&s{hg\?v %hgﬁbnppé# ?éuQ o‘??’%%‘ggw as
havi ng a s iienlemhaski manth QﬂtéihQ)\Dé'reﬁﬂnIg lmﬂtdl@‘ﬁm this
: ﬁe”f’émg?“m bar 'l.r%??’é‘d“e‘* ?Q‘e‘“ﬁ*teér“‘t‘ﬁ‘ s i e Lﬁéséhi‘-t
equal toptll?é"qg‘np B’rq p 4 p%’qul@edm%ﬁta%t }er a8 Thus,
t he thi cIme&sawaﬂ st}m]utdfém meuem)my F1 pﬁl:td‘tarfg rtﬂacsetz idurr iofg tahe
apert ure., Wfﬁleéjgplp‘ﬁ{éﬂ o1y rQ:Q:%étlsox{ hi 1 cking layer 20

by about ten m pl'ug portion ve a I ckness T2 of

about fortranflationnk pasitian G dhe hread 13355 Pt Heﬂ‘ﬁetlhe depth D2 of the

second sqgiteytdfondter@Pey il & 1ix¥a HEIRS Whd B Ritell 18141 2 Rflowidian the
rimael6 of the | ower EI ug g rtion 604, The adhe ve material 614 may be an

el ast omrerf Yo et B 3 PRI B Yheilds8%es of van Nuys,
Cal i f or niintexferdnetdr i twmpasdCiHrAidh thdidiolad pasiive tind glietten such

as rubber, CefEnt Ql5 A0 GROWir Fe VP HRE S0Sh Y Blg WA G- 1R & 1 &

614.

time when the hole 30 is adjacent the wafer 14.

A detailed view of the platen hole 30 and wafer 14
(at a time when it overlies the platen hole 30) are shown in
Figs. 3A-C. As can be seen in Fig. 3A, the platen hole 30
has a stepped diameter, thus forming a shoulder 36. The
shoulder 36 is used to contain and hold a quartz insert 38
which functions as a window for the laser beam 34. The
interface between the platen 16 and the insert 38 is sealed,
so that the portion of the chemical slurry 40 finding its



An area 618 on the underside of covering |layer 22 is cleaned by scraping
of f any adhesive debris and washing the area wth acetone. Then the

two-1 evel plug 600 is inserted into the aperture 612 until the rim 616 of

pl ug 600 contacts the area 618 of the polishing pad 18. This contact area
is placed under a |oad of approximately fifteen to twenty pounds per square
inch. This forces the adhesive material, 614 into the gaps between upper

pl ug portion 602 and covering |layer 22 or between |ower plug portion 604
agﬂ backiway Ibatsreei).thid twlfa“fér fﬂNadayer&fjeftDm tdﬁﬁiﬁtﬁﬂlﬂaﬁ thli-e:fughlg ]
adhesi ve I | av re n e 6 | e fixed in the
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appl i cat ipneteudesitabdue the daressinfacemmerthamdaten d& @andé t he backi ng
material pdt1BNARe o Rehd)POMEh Pad LS O £ Hrdtthid iR dFO\RE N | ayer

22 of the polishi ng{{a.d 18 to provide for inproved slurry distribution.
These gréd{)ﬁ%tor:’ap drgandethitd mininize die AR Patredokdye HoRy portion

604, are surflagd WA the fiHser|3giraid am mirfddd df24hd Wadédi tisQn, the top
surface %06 af_.the two-level a{)l Uqg?OO is left \uﬁi} roove&b Because .there are
no groovdy SHAHEHANYT dis FdRve NS AR CL RN PG IESPESE ihere i s
no accumthet igap dfs sdinmimiadd ch Tioid di &l asblantesydmme bdraame34heDur i ng t he
conditiory 1 i (‘&péji i rs gri th

surface ?gq% t%ec&%vnédrénneéwl%}e‘%%d][lq resf%llore %@ro% es?tdf chrt%%o

pol i shi n@ti@muatingthedagay heamemiditedyfnam ghep|l@sesdn0 will be

scr at ched ntfed felticiiter Becaust alyitmdmaife iayedidd Wiwgymateeri al, the
abr asi on ,of, t he tg_‘pqs.urface 606

[l t signifi tl ffect .th
per f or mabEF¥Sen 119 Agent 38 an Megg'as’;’g%‘e'l \s&hq’rn?d(}\%s%r ﬁcedé&s%f t he
t wo- | evelbeainu@ 46 @hdorichgdrit srefriectosidiniran ithe ofafdmyr ris altbenuaitedal at en

hol e 30 i |5 4 i of a
mat eri al ﬁ&%l&@ﬁ%éifr%é?aﬁpaﬁoﬁqﬁoﬁﬁliglﬂ %A’g%gr# s‘ilelq{:@?n cally

i nert vi acgeptaklie afienuatipprevies during dhe@Repracassfe sane rate as
the rest gwehiti ,PAlt S rdtdtaiPie 18 Y 1151 QP Gvidr ina e aperture to
prevent the | eakage of the slurry 40 into the platen hale 30, .and the plug
may be dépeegaR WP R&™madR f@a]ﬁ, foiii @&%‘it@rﬁ:i‘ﬂt}]& 155l y i ncreased
| oad. | n eapmrdingorthes Fde P8 alces ottt wafer st pte sy

i nvention .use e he ser. interfeno er o erm ne
t he armu%ﬂ%’f %r‘r’atgﬁ gisherr earrgstega!t Jé){%é,r roin';lal t%etésél}ér (%cegr[bcég%tgnneenéwa eﬁ%heor to
det er m n@rgfent Havantion, the gaprketesmrihednsirt R&iand wafer t hi s

process Wy e sl nel ind ef MEN6H LWidH SdtidfadtoriPhbdigd, a | aser
and col linator 44, beam sgl itter 46, and detector 48 aré depicted as

el enents of the Fager 3PnEBPNEr 8Rcpdteshate pubpdingnt 0§ Fhei PLALER the

af orementiera@ @ad arst | arn cth idcempsd drot), afhd hpudNZ aipprnal s | n

ddition, th hodi f,Fig..,3A l.OV] h i 8
4 ndow | D0 AL AN e, et R Rl I hd BB e o0
j ust one Ipsgwad e thre dysinon | layérer20 caif Ipresgitlyerf e pakstldhdes any of
the afor g 'fz‘?ét%é[/% HOWERE r?{@&%ﬁf%& ke KT %T/@din Ak FPiLLdpt e

enbodi nents o ser I nterferoneter are possible. One alternate

i nt er f er cvfet erThikd ARANRS oMY the RO IYYERHIANe) CRVRIINYT daxatin3hih is
idnci dent mféltﬁtaibsw fieeew _@énéﬂ%%ﬁé; at4 \;G\i}]hdiﬂgli@-l?]dtftdlﬂ@f eHw ct#mu:&n ha

et ect or u ositioned a oi nt e light reflecti romthe
hafr vodGr i s e s foud, Gl e EE o ating PeHHAE M i

al t er nat ekrerthmlicavering layemst2itweill nsubhstantiahky |tasansmitd e | | mat or 44
generate | SR I 4 { L Sk LEd tapn t 0 portion
of the be%n%pl i tte?jj446£f§!£ p@??%a:)s%’}m%ﬁge{)g%%&g%g%?o?oée)fgat'fe}guéth\rlx%l{ﬁ;h t he
beam spl iRAEH1AE e thPCOVRFiRT | FR¥RY 23 Wikt PYRELIRT thh RY¥atRAm 34

| eaves t hepops AscEiohdcasNsewinddw fér PERIDESS BeuWUB, t hgnssurry 40,
and i npinges on the surface of the wafer 14. The wafer 14, as shown in
detail in Fig. 5 has a substrate 50 nade of silicon and an overlying oxide
| ayer 52 (i.e. Sio2).



The portion of the beam 34 which inpinges on the wafer 14 wll be partially
reflected at the surface of the oxide layer 52 to forma first reflected
beam 54. However, a portion of the light will also be transmtted through
t he 17 oxide layer 52 to forma transmtted beam 56 which inpinges on the
underlying substrate 50. At |east sonme of the light fromthe transmtted
beam 56 reaching the substrate 50 w lily be refl ected back through the oxide
| ayer 52 to forma second reflected beam 58 The first and second refl ected

3eade54a153r:\E\:Qr E&Eanwe&dalr&?msotﬂ@rmgq@?tﬁw@dMaa s gegﬁrrt&télove%
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oxi de | ayxpprééiabll’ehgagph e refore,deeay bﬁd:tﬂrd)(mch e sdyrryystoa is | i con

SUbSL T at £l 8] DALE DU JQMAorW AU Thel ol |

recogni z nter farence process Wo SO occur’ w § H&°Fubst r at es
and ot hePedmi. deAngiber athvantage oft tiis ad ternadd aalmoq}atqnfalﬂsy reflects

and part ahky phiaRelirt bectiitd Nerdivantie ahn It@&stfﬁ%rﬁ-ldﬂéaflwd ects, the

i mpi ngin I n add| t| on, the interference process may al so
app! i cabg@gf’a Reng: OL\FiY it ithe gapy eLwaRn (Yhen W’sé&ﬁerr& @8 Agai n,

if each hayletheswat:ew aldl warsefxdaenet iage @milparst lp&!dssiﬁlrea.nsmcﬁ.@m, as
resul tanrt

e bea he cr althouhltvvlll
conbi natl %3 ﬁ‘é 9’ &ct € ea%%? trﬁ mfy %(f“faﬂéle bst rate.
Referri ngvagaunltlw, ithe Aeart qmrld)é)e@@me tstee great ttamt Uﬂmm
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(Fig. 5) propagat es back rough the s urr 40 an o0 the
upper potiti-onSdhcen&hse pads 8 tItSeruS@ei aphdheeatindaw tinethes aditarnate
polrltl on ehblblhembntubtfam eaap &hd @ﬁimltdiﬁdjﬂice(ﬁé)rirﬂ%on'ﬂ&ﬂ)hﬁﬂtﬂf\ 16

Wi typ a ta uring t LoGes or pl at en
hol e 30 %ﬁf% ﬁ'g'\lettg"e\%l RSt qf%teae%l&eonffcjdﬁ%d:% %‘1 ttg'er ot ation.
Accor di ngbyrinlgeoﬁett@@t ipad SliggnalIt riemndted amart tekds nsriemtdt er 32
should o 3t eam 34.
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Wi causge consi de nQi n the signa revent.this from

happeni ngS B Bg Fﬁ’ 3&?30%%%3@[%50 é’?%é’&ﬁp Y§tated. Any wel |
known proxinity Aktisonghothd pelyuedthanehmatetibbl esédctin €bdy current,

optical IRLRLiual §la ave‘}r &ﬁoéiféeﬁds%'?% &ﬁﬁ@‘%ﬁf%%é&ﬂ sivll &g upter

type sensor was “use d enbo he 1 nvention and will be

shown i nthee l1psgyr deaghatity slqesy contaigh Aexttiasimadsdidiings, M Pr esent
i nventi opyioh SMRYsPHAIdY, WifidRsihiviteritey amifiniFeiversdsy\n in Fig. 6,

mount ed SRis PEREI &%’teﬁmir&wﬁﬁg{“ 5 odiaeR At iich ha 1 has
a vi ew ofinveatien pﬂwiaiteaﬂgm EHig haql athn tifis Tenlsodimentof temsor 62 is
sensor fIEypLeAT e Rr LA RS dyer Sy S dndedpelen,

att achrrer3t0 Has Ihﬁﬁgt reglaged fWith 64 S%lkﬂad@bﬂwﬁthmle iPlut4d s upts the

sensor’' s oy pAgsaalwiidy tdifee 1dis I@éafh@m@éwff&mém 1886
mterferoneter 3 |s co letely transmtted thyou I"h
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defined by the dotted lines 68, although, the exact length of the flag 64
woul d be fine tuned to ensure the |aser beamis conpletely unbl ocked by



19 the platen 16 during the entire tine the flag 64 is sensed by the sensor
62. This fine tuning would conpensate for any position sensor noise or
i-naccuracy, the responsiveness of the laser interferoneter 32, etc. Once
the sensor 62 has been activated, a signal is generated which is used to
determ ne when the detector signal fromthe interferometer 32 is to be
sanpl ed. Data acquisition systens ﬁgpable of using the position sensor
signal to sanple the Iaser |nterfe nmet er srgnal durrng those ti mes when
the wafer is vr he I er Qﬁﬁ e art and do
not forma nove part o §3‘ rﬁ cco detail ed
descrrptl@ﬂP¥¢IPOlmmr%bhgneehnhererholebnbvbrheénbeebngnﬁeﬂattbﬁs shoul d be
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w ndow st u %ture 66’ n&g he mnngOM/cou ga t he sane, but
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However , lehelnElHGeQQOtl§fpesihépnﬁ§thodthsupdlbéhﬂagl@ngtﬁénabnyedata

vaUIS'ttHQ le@eﬁoﬁoﬁécboreVﬁthtQB-QEvEﬁethet%Bo Alst reiygied @Fdlaheni ng
the platen_hole and w.ndow i s advanta geous It es sonewhat, reduce the

surface BPiativel¥ctFRRERATYRBRY. mekersd drﬁthHeaFaﬁeaéfapV&HQPF%&Pan is
decr easethenlaserabean.of Theemdtekialli off ther kwe-llewedi pduy GO0 maya
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regar dl cageatshicssathbndchiagesl g@wn%snasw&eo@heTQ,%rﬁfs@re.athe 'ength of

t he expande aten hol e an ow, or time which _the at en- nount ed
i nterferBﬁEF@FScaﬁnﬁee§QﬁﬁFeét t§eIFﬁPFeHaﬁf 28y thea PQldshdng B renent of

the pol i ghengwbeadvelCpoud agby,mamaree aheippeed prmbhqxbxoa‘mabtsaimi ng
adequate dat a gcgui Si #r on |on rats'oﬁ g.ge is to cq_ﬁ: ect tt ast over nore
than one?PEv8I uPFER BrUgnR 5 &r 8RPET %;p%f |ng step 102,
the | asefikst énter anbpde orgopenings&APl o divei wpvielrd gy didyey @2 angd
acquisi tkfR §blBr' B16ACRoreidh 8040k ithe ifkd! 8N hd¥eXlor idpening 632

in the backing layer 20. The top surface 606 of the upper

plug portion 602 is co-planar with the top surface 23 of the

polishing pad 18. There may be a gap 610 between the lower



m steps 104 and.106, each sanpled signal is integrated over the

af orenenti oned data acquisition time, and the integrated val ues are stored.
Then, in steps 108 and 110, a cunulative sanple tine is conputed after each
conpl ete revolution of the platen and conpared to a desired m ni nrum sanpl e
time. O course, this would constitute only one sanple tine if only one
sanpl e has been taken. If the cunukﬁtive sanple tinme equals or exceeds the
desired m ninum sanple tine, then e stored integrated val ues are
transfer hown n rocess of
sanpllng,gEg ?ggrgpgggg t %r?ﬁg cb§p§t§8r£§§g ééﬁu?gpl&ggsg le tinme, and
conpar i ngurface ﬁﬂeode§hﬁe§lntﬂnnnﬁ1sanple time continues. In a final step
114, the sunmed gHy o f‘é’aﬁ’?&r&m&f o cRsRe! S3G dhdudfer S{Tay dd eorated

val ues are_fransferred and.s are output as_a data signal. The
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t hese ne n tail desc tiQ r edundant
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col | ecti dawprosur€éace 60Buwidd nott kenpactl sheofippert snyfaceedi?r of m ni mum
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pl at en rotat 4ct he process iIs tion sensor
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woul d st pht, beuabtal eRe. gepl mbhedauababtotexah.—et gaerse»a%ufdnoa& required to
obtai n tggs ssarg dat.a woul d nt| |%§% and second

reflecte T&ni thes FﬂﬁﬁrtHE%Fgégﬁtﬁgt%BEa ¥80.eY§ SP Figs. 4 and
5, causedoaSenbereneatéoabéosaényaunbheadededbad 48Thiss,t thef two- and
second b n a i c Is det ect or
48. VMergggala?fuh GggaﬁéegigBTS%aggg%gg SE?E§F %E lF%éﬁggéggé a mnim
on the the wafertdf-.48. Any ot her phase relatlonshlp betmeen the reflected

beams will resulfefidrrihd ESIFRISNCPE AN F PENE GPol 1éh IRy pRa afgl m ni ma
bei ng seen by the dehictor resu nal _out put f,romthe

det ect or ®3¥ PRafsSEcRPiEd P§ %8#18¥smntwkﬁh§wPﬁ}8V dsPIYF H99 % de | ayer
Sﬁ ashlmaphlneduoedmdu?edgftba gNEonﬁdei&celbffp@ﬂyurbthameheemwgbfe{vEd
that the_si o u r t I ry | al -11ke
manner , agegﬁﬁke HEB %s cB@'%nﬁgfSFggaquiﬁng%ﬁexargpﬁ&qzﬁ§g@£i§ A shows
t he |nteghatpglaﬁbﬂhguﬁedoﬂBtnede@eGn&ﬁgghéAXImp}d&ﬂlyﬁt@vébeeach sanpl e

period vgpapeutemB10X- a*hé)apZQb%r@akizwaﬁcQﬁhébn%@ob%é%%TdHEW ngHehe | aser
|nterferoneter out put of gparatus of Fig. 4, ile perfornlng t he CWP

procedur E15#/ asﬁ&FéPnh8§|ﬁ§eaa REGPWQOPPHebFa§QP BP&ﬂ'ﬁ Qg iR silicon
substrateerrengalbyankzaxaﬁﬂ whiec secohde sgcaionobfFithhe Aperturesenlys a

filt d ta,f Fi 9A... T I d
ver st on Ehosbe, Rele, B3 AR Snel BRckiRan1888: 20k, {arsarll dine, 1% Gna
qui te cl makchesl thshsblapebefndw@crlbrv&tl Plugp60ioed Ghet pd ugnmanyf dreerige
si gnal %heogbm' b%dﬁ@ja& t/ Heetdhn a‘i-h ;mtb%r h%bfnahnﬁ%ﬁe om t he

oxi de layer durin process. ctors su as the downward
force pl §&¥8&soReckdonadcAreds nsﬁPFﬁéfﬂpéﬂéN'pé&e gressehianale vel ocity
bet ween akeapbgt eheandwele plaige lpo(ieiwnmsm mag wu«ad-gelaurum aarh peri od
of the output S|gnal hotted |13 ﬁh% A-B,_.a cert |n t gﬁ of t he

oxi de Iafg SpS8eshdfRg. ?ﬁgatﬁ s?ppg y@gg P/ dﬁg}tl 5 the

wavel enguppetr plugl mn:lbmmoanahadyhélamed@x lehagrtdf riacofonboﬁtt BeOoxi de

| ayer. S C Ya t . of kpess; ed r 1.0
approxurgt%%?‘Lls ?%h wh EP oﬁ %Qggsgaéelag§g¥enggﬁ IPQEE Bﬂgger beam
and n |SPPW§1Pndéﬂ4oﬁawehﬁa@t@ode@ﬂtmhémoﬁfdébPayeZ 2Thpshest and possi bl e
to deter HejghROY nafhaeéu{-.he 9Xiﬂeh£ayerfrh§sreﬁﬁgeﬁowbe R“’E poytipg the
CVP process u5|n6 t he net hod 23 il Tustrated in Fig. irst, in step
202, the nunber of cycles exhibited by the data signal are counted Next ,
in step 204, the thickness of the material renoved during one cycle of t he
out put signal is conputed fromthe wavel ength of the | aser beam and the

i ndex of refraction of the oxide |ayer of the wafer. Then, the desired

t hi ckness of material to be renpbved fromthe oxide |layer is conpared to the
actual thickness renoved, in step 206. The actual thickness renpoved equal s
t he product of the nunber of cycles exhibited by the data signal and the

t hi ckness of material renoved during one cycle. In the final step 208, the
cMP process is term nated whenever the renoved thickness equals or exceeds
the desired thickness of material to be renoved. Alternately, |ess than an
entire cycle mght be used to determ ne the anount of material renoved. In
thls Wway any excess naterlal reaned over t he desired anount can be
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24 result of this alternate approach is that the CMP process can .be
termnated after the occurrence of a portion of the cycle. Accordingly, any
excess material renoved will, in nost cases, be less than it woul d have
been if a full cycle where used as the basis for determ ning the anmount of
materi al renoved. The just-described nethods | ook back fromthe end of a
cycle, or portion thereof, to determng if the desired anount of materi al
has been renoved. However, as inferred above, the anobunt of materi al
renoved 6@4hextends doeyend cthe esppeouplug | posbien apP2 i tat form, athis excess
r emoval 1al, ng SRR -l 5‘Le_tgase , ter nate

met hod c&;i;f tr}zé‘g%?o?/e% ?gﬁl Ilggg(l;ag fo'r\;l!dafrqd lz;{r;il: ant i (ﬁ?ﬁlsuﬁorhﬁnuc

mat er i aloniented senthat tverlengipedinal pvisolies alepgaadradivenates the

procedurge Wge @ﬁﬁ?ﬁﬁéaﬁg&hi cCkTeRdudls PIESCi POLedshow hene kgpgerrenoved. A
preferredlenbo | this altfernate gﬁehod is illustrated in Fig. 10B.
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once a renalni ng tinme has been cal cul ated, the process is repeated for each
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iterati f e : ol ex ep.3 [
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aile §

det er mi neledRed h%; FFFAPERP BFHcRRE adhesiye Eltaf e n¥2reiEPn process
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e
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backing layer 20. After a few days at room temperature, the



Wil e, the just-described nonitoring procedure works well for the

snoot h-surfaced bl ank oxi de wafers being thinned, it has been found that
the procedure cannot be successfully used to planarize nost patterned

waf ers where the surface topography is highly irregular. The reason for
this is that .a typical patterned mater contains dies which exhibit a w de
variety of differently sized surface features. These differently sized
surface features tend to polish at different rates. For exanple, a smaller
surface &dhesivel matieedadlebani walll hawvef comedt hed thet plog 600dwifld be
reduced fas h e tur a set of
surface % %S?gé %B Qgg EyggEgg%héigX|dgﬁeaggge§%$§e§g§?gte& %X4

under | yi aguddr bet gused7@orgoquieklyh iy #hghﬁpﬁé1Fé§n8noﬁfahﬁ?§ucépt

patter neQnweie&séiveaeemf)aeaebeagaayt BR¥orndehaobdkking mateP¥BIPROCESS.
Feature 72 is a relative feature, feature 74 is a d| um si zed

feature, and fediNf%® ARY sb%\ grAQYes % PR 94%GH%. in¥Q tha A shows the
f eat ur escoering Iaybeef Qrzeonolth&hpbg,xsﬁugglinads hewsot peolvddieufexr 72, 74, 76

bout md th iLshi i.d. C f eat
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or 'argeftﬂagreitﬁ ?ﬁre' Boqgm:ta'tﬁanet hateedhimeheat urg Ahd4itlilonhe

reduced at aster ra | arge feature 76. The rate at whi'ch t he
f eat ur esthe, toR surfarce FQ&UESdtQPsG"G’e&Pé’%eQI&S €R8 35 il&fithg process
prOgreSSﬁﬁgrE@ﬁeanWBb&aubbetﬁﬁ&@ afrefl ot greovaswolrl dldpirTelsdJ.lomsha\m a high

t f duct t 1 d
L?ogegs {:ﬁﬁggrlaggal’fy%}‘ﬁ S"’%lri% 'esaﬂ‘\(l)m\ﬁ'g'utghrg t&‘Fgu“l ﬁe fea ur esgf’g%%4 76
st art i ngofosduenyowhichndohild. b1oCks ltirgs ltalserhaegmt 3df. t harieg thes 72, 74,
76 essen{:bﬂhbﬁfl‘a}‘n‘i aceskhe i %ﬂrc‘fxmal a%' Z2nhdi 3 oWesS @ ihd=LAWagd at

di fferent es an ese rates are hangi ng, the interference’signal
pr oducedthﬁo#PEaéﬁrtfééﬁuPé ] Ithﬁ‘a\‘Pé’V&rd-l“Hf i (i Bﬁa e Harsg ey .
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of all the ndividug ect.i.qns from of the fe
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descri begopgurethane issai dalff:uisg.wal malﬁcamwé.r,, the albnaddedn ofaldhee, the
pol i shi gobaks 9! Bbe! GAU Sde! Bighbe Earkall dratanigige ol oser to the

poi nt of anari zation. There ore ce I n phase and frequency
bet ween P%fpmpmgfcéh@emeﬁréquﬁ) 4 d&-ures 72, 74, 76 tend to

appr oach Elero Tihe &ﬁﬁ%@)&sptaviéécérlB?“Ehé“?wbﬂlé?réEfﬁfDﬁg sognal beconi B?
recogni zabl e as a periodi c sinysoi da ve form re SSI e
to det er RERYEREEN agrumylatjon, 9f, sIMIRY, aRavE: Pgleace"o‘?fb rb?]a%a& zed by
det ecti ngm\AIﬁaan cmﬂrmllﬂmwlalthmtlﬁs‘e&r o s:4gnal'rtteeg:]rm; 600 sisrefidmekd s
illust rat 2. . Fi i s_ﬁ?r S iy

af or emend oﬁe égqlélarﬁsatéh&?lﬁ%ﬁy eastl é‘rorret er s?sg]fh&]rm; {m)en t he
si nusoi dandvasi atqmlto@ldr)Sdmm’tedfléﬁm'W theoaodushing (RFQFeRRed, as

shown i N e P14y erddes Ja?t ithe SHRPrdlOtdd thd Hestimis tugle of the

detector signal, 'over tine for a patterned wafer under rocedure.
The sanpPedighind, R (18 -cofhte RYUT HS SHAAAT WEEHN %%ﬁ ?Q?(%/P’eg His

i nt egr at @tev@inte thd llledlhtydlfbﬁ tied sl Ay repanitss, thidyslaten choleg t he

squar ed- qf f al u rni bl e
si nusoi dg‘lo'c %; %{é Pﬁi" nebrés\e‘féaﬁorseaﬁoépér%%ﬁéépﬁég&gﬁéecon dtli&ﬁ
coi nci deaxnetrliemcaqmrmtlmlar tircyrased nkardwaf er first becarre pl anari zed.

O course, in regh-f Fa?armaht Ohi pfkpOh ba%ataee&tleaeestaaneeowlm teiegnal ,
it would be inpossiblfe to know exactly c |n‘g ﬁe i ns. Rather, at

| east soRFest dnntiph Wgee thel QEREaQRRRnﬁ € can be certain
t hat the ints fatdndtgehaso hbsterm Hief eiadnourito obrwatdmbabneengeed is

all owed to pass before the CVMP procedure is termnated. A one-cycle limt
is a practical choice because it provides a high confidence that the
cycling has actually begun, rather than the signal sinply representing
variations in the noise caused by the polishing of the differently sized
features on the surface of the wafer. In addition, the one-cycle |imt
ensures only a snmall amount of material is renoved fromthe surface of the
wafer after it beconmes planarized. It has been found that the degree of

pl anari zation is essentially the same after two cycles, as it was after

one. Thus, allow ng the CVMP procedure to continue would only serve to
renove nore material fromthe surface of the wafer. Even though one cycle
is preferred in the case where the CMP process is to be term nated once the
patterned mafer becones planarlzed it |s not |ntended that the present
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29 signal is used to make the determ nation. In addition, various well
known curve fitting algorithns are avail abl e. These net hods woul d
essentially be used to conpare the interferonmeter signal to a sinusoida
curve. Wien a match occurs within sone predetermined tol erance, it is
determ ned that the cycling has begun. Sone sem conductor applications
require that the thickness of the q%terlal overlying a structure formed on
a die of a patterned wafer (i.e. the filmthickness) be at a certain depth,
and t hat frémsthel sutrbacknessthe wapesf abketbr detdraihe dhen &hd from wafer
to wafer r o] t hodg f ar . n typi ca
patterne %u;chQ ﬁ¥F|B§E¥m égééggg gspro ﬁgegfﬁgéﬂgﬁél?gdgpgﬁeatable film
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via wel | nomn nmet hods ,to determ ne the unique frequency
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31 neasured tine; as shown in step 508. This constitutes the rate at which
material was renpoved in the preceding portion of the cycle. In the next
step 510, the thickness of the material renoved as calculated in step 506
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this remai ning renoval thickness is (]il vi ded by the aforenentioned renoval
rate to e¥idenilayeiow2mich floomger triansgiR tedodese i56 whilkh demptingesd before
ftterm Bal kfiRd unlethSAnyl usiiard SHTE ?\@aéaeeém RaernahGymat ed, the

process 1S repeate ch occurrence of a nmaxima and m nina, Or Vice

versa. ALESRJthe ﬁraﬂ?@’{ti heafe & NeAchNg dheusubsinate B aHd i ni ma
is lrreasuwdretltlegtladcbaeﬁcstﬁfrdwew dxﬁ.laé\/qtiy@if i52g i &diad ta on of the
cycl e represente i.S.occurrenc e . maxi n

oo hal £ BeEBRE FRgdbagel bR A8r oI A Eein At Sorang, Hetgar s

cal cul at bépmjsu§t4,a§8| i nitleg fleines w iithe reatdho o tife rt hmnm:trtumtlvldiwe\m:r in the
next st e?je_él:%ud%%.v%ﬁ%”&ép@nﬁ N S ’thté(}g't obe '?;tlo Hi‘iirferéd?" £draroved

during a e _previous Fterat fons is ore g subtracted

fromt head€§isﬂéd'r andi beaas 60, Twheres they MWMM% ishe same in that
the renappi i@ rilyC lanFuhdtd dre ofe BN dHickHess1&F tﬁhet f&suraeMnayal a4 at ed

renoval rate to termne the remain r ces rocess is
repeated until tHEER %%Pnlﬁﬁet?%vﬁ'é?gﬁggﬁgo?’@b? emﬁﬁ te?‘PlHe?K Bn can
beg| n. Asiflieionp@ubistriate @I‘sﬂ%mrwcsamhes chaidd Natyed;, dhoseeskilldep 514.

8, nousd eblaatrd) LNGYON Ll e 0] Qip e Al Gl dnd ilness

descrl bed above "util'izés ermnin process
endpoi nt ailsioy Sccare ¥ iith Ht@eﬂwb%tﬁs tangl @M@T endigis aYRnser mi nat i on

et hods GRC ki (ish%h%tn t@@'dil@es(la%rerﬁdz%&%ily fréh%c!t@ and 32 It is
further not he beam di anget e.m spot wavel er%t of the

| aser beRAF té:&'wmc"ﬁé'l g Y %r‘"fqﬁ tca?r?ﬂ‘f'é" AR aElg‘d)usl y
mani pul aretlettsshae iinmpingsngl beaand ZUS‘Badiimairer,Wﬂl&’inﬂr&z-’érﬁBﬁnm one

focused ot‘,;lges ﬁg %slt S%%[(#?)ﬁ.ﬁm%b fcgo yﬁe:n\q@svejlw%l 10é/ed covers a

smal | er rea o sur ace an a W der sS focused beam
86. Thi s layerswoyextydng ¢hmrseltzam| blrgain,sddft targmg ayer isheam 88)

due to 5gﬂ'a‘(r'?:c:l‘i‘ml'lryr RS a?#b gaididng Vi‘.z%{sﬁ%aﬂ\?@ é'ﬂé‘s‘%i@@nﬂ’“ der

beam 86 preads out over nore he surface area er 14, and

enconpasdederference hean, Widde ‘?q [ARAEI ¢ |aelsuW9hI'Hé1" é'f’cﬂr’e be, 3 der beam

86 woul ddwbﬁ.rﬁltlldﬁ A alHe G e ffertied bbamil| fdie d1AS THdISKApdr i t 0
extremne rlatlo n the reflected interference signal, as it travels
across t s&r“\‘b aotfe‘t he wafer 14. Accordingly, a w der beam 86 is
preferred for thRefeeasng agaan| aeeFigeam,vvii.tlt ravabebseendshed usi ng wel |

k ' ' N
nown Ophigdly at s a’I‘%ﬂ Lot i %@twaém dH1GHL def rdeam Wi

reduce the avali aten revol ution since the
time in mdcﬁ%’r%‘%é'zﬁﬁ':ﬁ%c‘?ﬂﬁrﬂ?ﬁnﬁ VWeohi wﬁ)hlﬁqumﬁﬂ?’és of the

wi ndow i lftlixeﬁﬁ;li Rétie Iélm#h ddad)eaxm tthen Mémabaednh trtdovwm%l Ex with the
previ ous e.scrl nmet.hods o a_acgui n,_this, shou ot present a
si gni fi czﬂ\ﬁr ‘}71 tﬁﬁﬁﬁ@r&%?’ﬁc‘é hzf %e%%lr‘a&%rsb eads the
| i ght eneﬁgmm a)\;mrmdmrcgertlm ecesuyktant mnam)vﬁl taeamds eheént ensity of
t he refle@.et%& be | essen sonewhat. This drawback can be renedi ed by

n povver

i ncr easi of the |laser beamfromthe |aser interferonmeter so
that the Ioss i nThet pAatep a6 wiadls E¥pécaddypPgntotating Qurdndothen

det Fctl omlzfd&eéh&e V\ﬁ\/@ﬂ-@f&}f &, 0%1;}6 @Am;n@m??wlﬁ éﬁw:h?eehag

enpl oy a an ere fromthe rared to ultraviole wever,
it is pr e“fvxger e‘#]%rﬁﬁ a/gm’é?%ei‘fﬁ’r'hgtﬁ%& 11T 953 52°Be used. The reason
for this Amwadmingky; sthewdétectidn rsignahofrtem theclasegrhs result in an
increase in the anmount of scattering caused by the chem cal slurry because
this scattering is proportional to the 4th power of the frequency of the

| aser beam Therefore, the |onger the wavel ength, the |less the scattering.
However, |onger wavel engths also result in nore of the oxide |ayer being
renoved per period of the interference signal, because the anpbunt of

mat eri al renoved per period equals approximately ~/2n. Therefore, the
shorter the wavelength, the less material renoved in one period. It is
desirable to renove as little of the material as possible during each
period so that the possibility of any excess material being renoved is

m nim zed. For exanple, in a system enploying the previously described

met hod by which the nunber of cycles, or a portion thereof, are counted to
deternlne the thlckness of the OX|de Iayer reaned _any excess naterlal
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It is.believed these two conpeting factors in the choice of wavelength are
optimally balance if a red light |aser beamis chosen. Red |light offers an
accept abl e degree of scattering while not resulting in an unnmanageabl e
anount of material being renoved per cycle. Further Enbodi nents The
generated interference waveform provi des consi derabl e addi ti onal

i nformati on about the polishing process. This additional information can be
used to provide an in-situ neasurenemd of the uniformty of the polished
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surface gégéhgfmgﬁgrplatég 16. This type of sensor 62 is activated
when an optical beam it generates is interrupted. A
position sensor flag 64 is attached to the periphery of the
platen 16. The point of attachment and length of the flag
64 is made such that it interrupts the sensor’s optical
signal only when the laser beam 34 from the laser
interferometer 32 is completely transmitted through the
previously-described window structure 66. For example, as
shown in Fig. 6, the sensor 62 could be mounted
diametriéally opposite the laser interferometer 32 in
relation to the center of the platen 16. The flag 64 would
be attached to the platen 16 in a position diametrically
opposite the window structure 66. The length of the flag 64
would be approximately defined by the dotted lines 68,
although, the exact length of the flag 64 would be fine
tuned to ensure the laser beam is completely unblocked by



The reason that the high frequency signal appears is as follows. As the
polishing is being perforned, the interferoneter typically sanples (or
llboks at) different |ocations across the surface of the wafer. This is
because during polishing, both the platen and the wafer are rotating and in
addition the wafer is also being noved axially relative to the platen.

Thus, during polishing different areas of the wafer's surface pass over the
hole in the platen through which the interferoneter sees the layer that is
bei ng po h e ;. .sh e n fo esul ting
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frequencyrfd @ads. After polishing has been performed for a short period of
time, a high frequency signal begins to appear, indicating a certain |evel
of nonuniformty. Low frequency filter 154 selects the | ow frequency
conponent and filters out the other frequencies to produce an output signal
of the formshown in Fig. 19(b). Simlarly, high frequency filter 152

sel ects the high frequency conponent and filters out the other frequencies
to produce an output signal of the formshown in Fig. 19(c).



Conmput er 150 inplenents two anplitude neasurenent functions 156 and 158
whi ch neasure the peak-to-peak anplitudes of the output signals of filters
152 and 154, respectively. Once the anplitudes of the two filtered signals
has been determ ned, conputer 150 conputes a ratio of the p-p anplitude of
the high frequency signal to the p-p anplitude of the | ow frequency signal
(i.e. , Ab=/Al=) (see functional bloc 62). After the ratio has been
conput ed, conputer 150 conpares (see block 166) the conputed ratio to a
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filter.
data over more than one revolution of the platen. 1In
reference to Fig. 8, during step 102, the laser
interferometer signal is sampled during the available data

acquisition time in each rotation of the platen. Next, in



The frequency of the high frequency signal can be obtained in a simlar
manner, i.e., directly fromthe trace that is generated by the
interferometer as the CVP systemis polishing the wafer. In other words,
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frequency signal. This process can beg readily automated so that the
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which formed the resultant beam 60, as shown in Figs. 4 and
5, cause interference to be seen at the detector 48. If the
first and second beams are in phase with each other, they
cause a maxima on detector 48. Whereas, if the beams are
180 degrees out of phase, they cause a minima on the



After.the waveform has been obtained, certain relevant features are then
extracted fromthe generated waveform (step 252) and stored for |ater use
as a reference against which to evaluate that systenis performance at sone
later time or tines (step 254). Alternatively, the waveformitself can be
stored and used as the reference. In the described enbodi nent, the
extracted features are the polishingzate and the neasure of uniformty,
both of which can be determ ned fromthe waveform as descri bed above.
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Al so,.it should be noted that sinply displaying the interferoneter waveform
(i.e,, the process sighature) to the operator can be yield val uabl e
f-eedback on how well the systemis behaving. Typically, the human eye is
extrenely sensitive in detecting even subtle changes in an inmage from
what ~one expects to see. Thus, after gaining sone experience, the operator
will often be able to detect changes aid i mm nent problens in the overall
CWP system performance sinply by | ooking at the waveform Thus, in the
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occurrence of a maxima and minima, which represents one-half
of a cycle, the computed one-cycle thickness would be
multiplied by one-half to obtain the thickness of the oxide
layer removed during the prescribed portion of the cycle.
The remaining steps in the method remain unchanged. The net



Fig. -21(d) illustrates the data signal obtained when the diffuse surface
704" is enployed. As can be seen, with the elimnation of the DC conponent,
t'he signal can be readily anplified and processed wi thout the need to

el ectronically elimnate any DC portion. How the diffuse surface is
produced is not of central inportance. It can be produced by sanding the
back surface of the polishing pad in the vicinity of the w ndow or by
applying a material coating which is diffuse g.. Scotch tape), or in any

g S e.
ot her waleFnit of obhiesalkerpate, appreaght &s gﬁéthBEeﬁFPiHFQHFFEn has been
descri befanhnbéect@Bmbhateqr af terethanbedupeahce TBE ANpoOPLLioA, ofOBRBEr, S

not lim ot odi nent _depicted_and,descri hed. the t he scope of
The i nverti b AeePPRERoly " ABYopRbRRe RerarraL PelavElLPRAL, 18 (o i ng
pad for ngeheqaees,nbghhﬁ#gathpnliShwqgldppawetbgencéﬁpaiQUhg:cxnlepaque
layer hathQBeauEQh'&g'{i‘ﬂesﬂééﬁﬁefoé_ Eg&&?ﬂ‘iﬁ% atfle apdunt aperture

t heret hrough; ,a_soli1d transparent w ndow securéd 1 n the aperture by an
adhesi ve®aberiyal Fepp¥@dng pad of claim 1, wherein the solid transparent

wi ndow i s solidomd ustidasor ibedl e tiddss Niduk Necbioffxidmithel endasei n t he
TPurt iy Sk, [BF THoEtigR ol apl, ke SBERTRIRE B6. EBR SEPAEER of (he
opaque |ayeunttdof matenilalahas beehudemgved. aHewewer,abhsghndewrefl t he
aperturQaﬁgvépetRQagﬂguh@ygf'material removed might exceed the
desired amount. In some applications, this excess removal
of material might be unacceptable. In these cases, an
alternate method can be employed which looks forward and
anticipates how much material will be removed over an
upcoming period of time and terminates the procedure when
the desired thickness is anticipated to have been removed.
A preferred embodiment of this alternate method is
illustrated in Fig. 10B. As can be seen, the first step 302
involves measuring the time between the first occurrence of
a maxima and minima, or vice versa, in the detector signal
(although an entire cycle or any portion thereof could have
been employed). Next, in step 304, the amount of material
removed during that portion of the cycle is determined via
the previously described methods. A removal rate is then
calculated by dividing the amount of material removed by the
measured time, as shown in step 306. This constitutes the
rate at which material was removed in the preceding portion
of the cycle. In the next step 308, the thickness of the
material removed as calculated in step 304 is subtracted
from the desired thickness to be removed to determine a
remaining removal thickness. Then, in step 310, this
remaining removal thickness is divided by the removal rate



5. The polishing pad of claim4, wherein a portion of the w ndow extends
into the second aperture. 6. The polishing pad of claim1l, wherein a top
surface of the window is substantially coplanar with the polishing surface.
7. A nethod of formng a window in a polishing pad, conprising: form ng an
aperture in at | east one opaque |ayer of a polishing pad having a polishing
surface; and securing a transparengsplug in the aperture to the opaque

| ayer with gn adhesive. 8. The .nethod of claim7, wherein securing the

t r anspar &t GSEEFBIRE ho¥apuah Aengsd Jd PIBadnaress oF S Rfe of the plug
subst ant icenity nbed defore tits Rermdnatdiiorg surface. 47 9. The nethod of
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form ng detecto¥r sdgnadn wandh s9 $heomenanal gratie, widdsdamdiaaidly di nensi on
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second ddessEiped method is repeated to compensate for this. 1In
other words, once a remaining time has been calculated, the
process is repeated for each occurrence of a maxima and
minima, or vice versa. Accordingly, the time between the
next occurring maxima and minima is measured, the thickness
of material removed during the portion of the cycle
represented by this occurrence of the maxima and minima
(i.e. one-half) is divided by the measured time, and the
removal rate is calculated, just as in the first iteration
of the method. However, in the next step 308, as shown in
brackets, the total amount of material removed during all
the previous iterations is determined before being
subtracted from the desired thickness. The rest of the
method remains the same in that the remaining thickness to
be removed is divided by the newly calculated removal rate
to determine the remaining CMP process time. In this way
the remaining process time is recalculated after each
occurrence of the prescribed portion of a cycle of the
detector signal. This process continues until the remaining
CMP process time will expire before the next iteration can
begin. At that point the CMP process is terminated, as seen
in step 312. Typically, the thickness to be removed will
not be accomplished in the first one-half cycle of the
detector signal, and any variation in the removal rate after
being calculated for the preceding one-half cycle will be
small. Accordingly, it is believe this forward-looking
method will provide a very accurate way of removing just the
desired thickness from the wafer.



11. The nmethod of claim9, wherein the first dinension is smaller than the
second di nension. 12. The nethod of claim9, wherein formng the aperture
i'hcludes formng the first section of the aperture in a first |ayer of the
pol i shing pad and form ng the second section of the aperture in a second
| ayer of the polishing pad. 13. The nethod of claim9, wherein securing the
transparent plug includes placing an adheS|ve on a lip between the first
and second sections of the aperture.2%4. The nethod of claim9, wherein the
transparent plu a first portion,and a secon ortion, and securing the
transparent pl u%”?ﬁf‘? h%h%p%‘t‘? r%e??\’épaﬁ‘g m%?h%‘?ﬁb“&h%""???@‘t“'%df’??ﬁﬁ of the
transpar eelllpifog ithet lsmdoithsisusr€aicedn btlfarﬂm«:»apmr mrfemdbemnqzl ng the
second of st.h ar, I f the
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tirst surfaguresqd &%%%%I%qf%e%%%%i%aE%g%dﬂéﬁifgééj}ea\ﬁi&ytend to
polish at different rates. For example, a smaller surface
feature located relatively far from other features tends to
be reduced faster than other larger features. Fig. 11A-C
exemplify a set of surface features 72, 74, 76 of the oxide
layer 52 associated with underlying structures 78, 80, 82,
that might be found on a typical patterned wafer 14, and the
changes they undergo during the CMP process. Feature 72 is
a relatively small feature, feature 74 is a medium sized
feature, and feature 76 is a relatively large feature. Fig.
11A shows the features 72, 74, 76 before polishing, Fig 11B
shows the features 72, 74, 76 about midway through the
polishing process, and Fig. 11C shows the features 72, 74,
76 towards the end of the polishing process. 1In Fig. 11A,
the smaller feature 72 will be reduced at a faster rate than
either the medium or large features 74, 76. In addition,
the medium feature 74 will be reduced at a faster rate than
the large feature 76. The rate at which the features 72,
74, 76 are reduced also decreases as the polishing process
progresses. For example, the smaller feature 72 will
initially have a high rate of reduction, but this rate will
drop off during the polishing process. Accordingly, Fig.
11B shows the height of the features 72, 74, 76 starting to
even out, and Fig. 11C shows the height of the features 72,
74, 76 essentially even. Since the differently sized
features are reduced at different rates and these rates are



48 17. The nethod of claim 16, wherein securing the plug in the aperture

I ncl udes adhesively attaching the plug to the polishing pad. 18. The net hod
of claim 16, wherein the first surface of the pad is a polishing surface.
19. The method of claim 17 wherein securing the transparent plug in the
aperture includes placing a top surface of the plug substantially copl anar
wi th the polishing surface. 20. A nmethod of form ng a polishing pad,
conprising: positioning a solid insert of transparent nmaterial in a liquid
pad natechahgﬁngprmhbddn&@r&atembbysignaﬂnprbhacaﬂsewbhyehohsﬁéhdhfy t he
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insert ighe EB@ R%@l@&h%h&aEef&%ctf%ﬁs”%&@&de%Eth%' aofeWQﬁfeb”7§he pad
mat eri al _co rlsea ol yur et hane., 24. The ,nethod of claim 2 wherei n t he

pad nat effal 7fur ¥ netuate &BdPtFﬁ&?lﬂﬂﬂghrPﬁﬁPElfaFP&H§n1§§F985ess
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26 The method gloglall 20s ADRIELE E0%0d I LNeFd1 FOBNY A gp!apr et hane
the features 72, 74, 76 tend to converge closer to the point
of planarization. Therefore, the difference in phase and
frequency between the interference beams produced by the
features 72, 74, 76 tend to approach zero. This results in
the resultant interference signal becoming recognizable as a
periodic sinusoidal wave form. Therefore, it is possible to
determine when the surface of a patterned wafer has become
planarized by detecting when a sinusoidal interference
signal begins. This method is illustrated in Fig. 12.
First, in step 402, a search is made for the aforementioned
sinusoidal ‘variation in the interferometer signal. When the
sinusoidal variation is discovered, the CMP procedure is
terminated, as shown in step 404.

Fig. 13 is a graph plotting the amplitude of the
detector signal over time for a patterned wafer undergoing a
CMP procedure. The sampled data used to construct this
graph was held at its previous integrated value until the
next value was reported, thus explaining the squared-off
peak values shown. A close inspection shows that a
discernible sinusoidal cycle begins to emerge at
approximately 250 seconds. This coincides with the point
where the patterned wafer first became planarized. Of
course, in real-time monitoring of the interferometer’'s
output signal, it would be impossible to know exactly when
the cycling begins. Rather, at least some portion of the
cycle must have occurred before it can be certain that the



49 27. The nethod of claim 20, wherein the solid insert conprises

pol yuret hane. 28. A nethod of form ng a polishing pad, conprising: cutting
a'hole in a polishing pad material; dispensing a |liquid wi ndow nateri al
into the hole; and curing the liquid window material to forma plug of
transparent material in the pad material. 29. The nethod of claim 28,
wherein curing the assenbly integral nol ds the solid insert into the pad
material. 30. The nethod of claim 29, wherein the pad material conprises
pol yur et i nal h hod L,30 [ e d rial
conpriseg?ggépgiegg aﬁ§§h°inﬁ?%F%E?Pa énpg2?§g§e§§%h3§HaTﬁgB%§t%%d of claim
31, wher 8LAOVRE L8dPRFScbefors: thes CHPcPEesREnES. ig3terpdnatedod Af clai m

32, wher ehe-telki giind twWisdawpeadRicass choliver ebangel aekppgviagsogpheres.
ggiyzrgtﬁ§§§?g°ggiag EE‘%ﬁat tﬁgebgc&g%g|EQQIQCWhgqu E%ESBiaLaERQPr'SeS
than the signal simply representing variations in the noise
caused by the polishing of the differently sized features on
the surface of the wafer. In addition, the one-cycle limit

ensures only a small amount of material is removed from the

surface of the wafer after it
been found that the degree of
the same after two cycles, as
allowing the CMP procedure to
remove more material from the
though one cycle is preferred

It has
planarization is essentially
Thus,

continue would only serve to

becomes planarized.

it was after one.

surface of the wafer. Even

in the case where the CMP

process is to be terminated once the patterned wafer becomes
planarized, it is not intended that the present invention be

limited to that time frame.

If the signal is particularly

strong, it might be possible to obtain the same level of

confidence after only a portion of a cycle.

Alternately, if

the signal is particularly weak, it may take more than one

cycle to obtain the necessary
depend on the characteristics
instance, the size of the gap
the surface of the wafer will
strength, and so the decision

The choice will
of the system used. For

confidence.

between the quartz window and
have an effect on signal
on how many cycles to wait

before terminating the CMP process.

The actual determination as to when the output
signal from the laser interferometer is actually cycling,
and so indicating that the surface of the wafer has been

planarized can be done in a variety of ways.

For example,

the signal could be digitally processed and an algorithm

employed to make the determination.

Such a method is

disclosed in U.S. Patent 5,097,430, where the slope of the
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signal is used to make the determination. 1In addition,
various well known curve fitting algorithms are available.
These methods would essentially be used to compare the
interferometer signal to a sinusoidal curve. When a match
occurs within some predetermined tolerance, it is determined
that the cycling has begqun. Some semiconductor
applications require that the thickness of the material
overlying a structure formed on a die of a patterned wafer
(i.e. the film thickness) be at a certain depth, and that
this film thickness be repeatable from die to die, and from
wafer to wafer. The previously described methods for
planarizing a typical patterned wafer will not necessarily
produce this desired repeatable film thickness. The purpose
of the planarization methods is to create a smooth and flat
surface, not to produce a particular film thickness.
Accordingly, if it is desirable to control the film
thickness over a specific structure, or group of similarly
sized structures, an alternate method must be employed.

This alternate method is described below.

As alluded to previously, each differently sized
surface feature resulting from a layer of oxide being formed
over a patterned structure on a die tends to produce a
reflected interference signal with a unique frequency and
phase. It is only close to the point of planarization that
the frequency and phase of each differently sized feature
converges. Prior to this convergence the unique frequency
and phase of the interference signals caused by the various
differently sized features combine to produce a detector
signal that seems to vary randomly. However, it is possible
to process this signal to eliminate the interference signal
contributions of all the features being polished at
different rates, except a particularly sized feature, or
group of similarly sized features. Once the interference
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a] caU] cagkractured on a die, in situ, during the CMP processing of a
wafer, will now be described in reference to Fig. 14. 1In
step 502, the detector signal is filtered to pass only the
component of the signal having the predetermined frequency
associated with the structure of interest. This step is
accomplished using well known band pass filtering
techniques. Next, in step 504 a measurement is made of the
time between the first occurrence of a maxima and minima, or
vice versa, in the detector signal (although an entire cycle
or any portion thereof could have been employed). The
amount of material removed during that portion of the cycle
{(i.e. one-half cycle) is determined in step 506 via
previously described methods. Then, a removal rate is then
calculated by dividing the amount of material removed by the
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material removed as calculated in step 506 is subtracted
from the desired thickness to be removed (i.e. the thickness
which when removed will result in the desired film thickness
overlying the structure of interest), to determine a
remaining removal thickness. Then, this remaining removal
thickness is divided by the aforementioned removal rate to
determine how much longer the CMP process is to be continued
before it termination, in step 512. Once a remaining time
has been calculated, the process is repeated for each
occurrence of a maxima and minima, or vice versa.
Accordingly, the time between the next occurring maxima and
minima is measured, the thickness of material removed during
the portion of the cycle represented by this occurrence of
the maxima and minima (i.e. one-half) is divided by the
measured time, and the removal rate is calculated, just as
in the first iteration of the method. However, in the next
step 510, as shown in brackets, the total amount of material
removed during all the previous iterations is determined
before being subtracted from the desired thickness. The
rest of the method remains the same in that the remaining
thickness to be removed is divided by the newly calculated
removal rate to determine the remaining CMP process time.
This process is repeated until the remaining time expires
before the next iteration can begin. At that point, the CMP
process is terminated, as seen in step 514.

It is noted that although the method for controlling
film thickness described above utilizes the method for
determining the CMP process endpoint illustrated in Fig.
10B, any of the other endpoint determination methods
described herein could also be employed, if desired.
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It is further noted that the beam diameter (i.e.
spot) and wavelength of the laser beam generated by the
laser interferometer can be advantageously manipulated. As
shown in Figs. 15A and 15B, a narrow beam 84, such as one
focused to the smallest spot possible for the wavelength
employed, covers a smaller area of the surface of the wafer
14 than a wider, less focused beam 86. This narrow beam 84
is more susceptible to scattering (i.e. beam 88) due to
surface irreqularities 90, than the wider beam 86, since the
wider beam 86 spreads out over more of the surface area of
the wafer 14, and encompasses more of the surface
irregularities 90. Therefore, a wider beam 86 would have an
integrating effect and would be less susceptible to extreme
variations in the reflected interference signal, as it
travels across the surface of the wafer 14. Accordingly, a
wider beam 86 is preferred for this reason. The laser beam
width can be widened using well known optical devices.

It must also be pointed out that the wider beam will
reduce the available data acquisition time per platen
revolution since the time in which the beam is completely
contained within the boundaries of the window is less than
it would be with a narrower beam. However, with the
previously described methods of data acquisition, this
should not present a significant problem. In addition,
since the wider beam also spreads the light energy out over
a larger area than a narrower beam, the intensity of the
reflections will be lessen somewhat. This drawback can be
remedied by increasing the power of the laser beam from the
laser interferometer so that the loss in intensity of the
reflected beams is not a factor in detection.

As for the wavelength of the laser beam, it is
feasible to employ a wavelength anywhere from the far
infrared to ultraviolet. However, it is preferred that a
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beam in the red light range be used. The reason for this
preference is two-fold. First, shorter wavelengths result
in an increase in the amount of scattering caused by the
chemical slurry because this scattering is proportional to
the 4th power of the frequency of the laser beam.

Therefore, the longer the wavelength, the less the
scattering. However, longer wavelengths also result in more
of the oxide layer being removed per period of the
interference signal, because the amount of material removed
per period equals approximately A/2n. Therefore, the
shorter the wavelength, the less material removed in one
period. It is desirable to remove as little of the material
as possible during each period so that the possibility of
any excess material being removed is minimized. For
example, in a system employing the previously described
method by which the number of cycles, or a portion thereof,
are counted to determine the thickness of the oxide layer
removed, any excess material removed over the desired amount
would be minimized if the amount of material removed during
each cycle, or portion thereof, is as small as possible.

It is believed these two competing factors in the
choice of wavelength are optimally balance if a red light
laser beam is chosen. Red light offers an acceptable degree
of scattering while not resulting in an unmanageable amount
of material being removed per cycle.

e iments

The generated interference waveform provides
considerable additional information about the polishing
process. This additional information can be used to provide
an in-situ measurement of the uniformity of the polished
layer. It can also be used to detect when the CMP system is



| " ##%$$$} [ M1 10" 10 ° .
10" °18L0'10% & ()-f/10% & ()-'F & !110% & ()-$!' P& ! 10% " & ()-$s10% & () - $$
$$(%wW8@BVMP?1 10~ 19s! 10%v& ()-! POMLO%1& () - -
@O%E ()-9y ! 10%W ()--,t10%& ()-m 10%K' ()-% &&c' (() zX6M?1
100 A" (' 1090MVE' () -! " 9s! 10%VVE' () - 9s! 10%v&' () -! T 9s! 109VUMUL () -! T 9s! 10%wy
My& ()-!P 9s! 109 ()-)p******1, rP1 10! A" (! 10%W K! 10%9g& ()-, s 10%& () -
1ONN|10NN|10NNIT“3.!10%WN&'()-!K‘S.!‘b%ww&'()-1,,-./F061WU8P1

not operating within spec (i.e., not operating as desired).

Both of these uses will now be described.

Uniformity Measurement:

The polishing and/or planarization operations which
are performed on the CMP system are generally required to
produce a surface layer that is uniform across the surface
of the wafer/substrate. In other words, the center of the
wafer should polish at the same rate as the edge of the
wafer. Typically, the thickness of the polished layer must
not vary by more than about 5-10%. If that level of
uniformity is not achieved, it is likely that the wafer will
not be usable since the device yields will be unacceptably
low. In practice, it is often quite difficult to achieve a
uniform polishing rate across the wafer. It typically
requires optimizing many different variables to keep it
performing within the specs. The end point detector
described above provides a very useful tool for monitoring
the uniformity of the layer being polished and that
monitoring can be performed both in-situ data acquisition
and processing.

We have discovered that the interference waveform
that is produced by the interferometer during polishing
provides information about the uniformity of the layer that
is being polished. As noted above, the output of the
interferometer appear as a sinusoidal signal as the surface
layer (e.g. oxide layer) is being polished. The distance
between the peaks of that signal indicate how much material
has been removed. On top of that sinusoidal signal- there
will also be another higher frequency sinusoidal signal.
The amplitude of the higher frequency signal indicates by
how much the thickness of the polished layer varies across
the surface of the wafer.
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ometer typlcally samples (or looks at) different
locations across the surface of the wafer. This is because
during polishing, both the platen and the wafer are rotating
and in addition the wafer is also being moved axially
relative to the platen. Thus, during polishing different
areas of the wafer's surface pass over the hole in the
platen through which the interferometer sees the layer that
is being polished. If the polished layer is completely
uniform, the resulting interference waveform will be
unaffected by the sampling of the different locations across
the wafer’ s surface. That is, it will have substantially
the same amplitude. On the other hand, if the polished
layer is not uniform, the sampling of different locations
introduce, a further variation onto the sinusoidal base
signal. This further variation has a frequency that is
dependent on the rotation and sweep rates that are used and
it has an amplitude that is proportional to the degree of
nonuniformity of the polished layer. An example of such a
waveform is shown in Fig. 16. In this particular example,
the nonuniformity was relatively large so as to clearly
illustrate the high frequency signal.

A measure of the uniformity is the ratio of the
peak-to-peak amplitude A;, of the high frequency signal to
the peak-to-peak amplitude A,, of the low frequency signal.
The smaller this ratio, the more uniform the polished layer
will be; and conversely, the larger this ratio, the more
nonuniform it will be.

A CMP system which produces a measure of uniformity
is shown in Fig. 17. 1In addition to the components shown in
the previously described Fig. 2, it also includes a computer
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150, which is programmed to control the operation of the
interferometer and to perform the signal analysis that is
required to produce a measure of uniformity from the
interference signal, and it includes a display unit 160
through which various information and results are displayed
to an operator. Computer 150 can be any device which is
capable of performing the control and signal processing
functions including, for example, a standard PC which is
programmed appropriately and a dedicated, specially designed
digital processing unit. Display unit 160 can be a video
display, a printer, or any appropriate device or combination
of devices for communicating information to the operator of
the CMP system.

To generate a uniformity measure, computer 150 is
programmed to implement and perform the signal processing
and other functions shown in Fig. 18. In that regard,
computer 150 implements two programmable bandpass filters,
namely, a high frequency filter 152 and a low frequency
filter 154. High frequency filter 152 has a passband
centered.on the frequency of the high frequency signal
containing the uniformity information and low frequency
filter 154 has a passband centered on the frequency of the
low frequency signal containing the polishing rate
information. The width of both of these passbands is on the
order of a few milliherz in the case when the period is on
the order of tens of seconds. Indeed, the width of the
passband is programmed to vary in proportion with the center
frequency, or stated differently, to vary inversely to the
period of the signal being examined. That is, if the period
of the relevant signal increases, the bandwidth of the
passband filter decreases and vice versa.

Fig. 19(a) shows an example of an interferometer
signal obtain from an actual system. Note that initially
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the signal indicates that the layer is quite uniform, i.e.,
no discernible high frequency signal is riding on top of the
low frequency signal. After polishing has been performed
for a short period of time, a high frequency signal begins
to appear, indicating a certain level of nonuniformity. Low
frequency filter 154 selects the low frequency component and
filters out the other frequencies to produce an output
signal of the form shown in Fig. 19(b). Similarly, high
frequency filter 152 selects the high frequency component
and filters out the other frequencies to produce an output
signal of the form shown in Fig. 19(c).

Computer 150 implements two amplitude measurement
functions 156 and 158 which measure the peak-to-peak
amplitudes of the output signals of filters 152 and 154,
respectively. Once the amplitudes of the two filtered
signals has been determined, computer 150 computes a ratio
of the p-p amplitude of the high frequency signal to the p-p
amplitude of the low frequency signal (i.e., A;./A;,) (see
functional block 162). After the ratio has been computed,
computer 150 compares (see block 166) the computed ratio to
a threshold or reference value 164 that was previously
stored in local memory. If the computed ratio exceeds the
stored threshold value, computer 150 alerts the operator
that nonuniformity of the polished layer exceeds an
acceptable amount. In response, the operator can adjust the
process parameters to bring the process back into spec.

Since the high frequency signal tends to appear only
after some polishing has been performed, it is useful to
wait before attempting to measure nonuniformity. Indeed, it
may be desirable to automatically compute the ratio
periodically so as to monitor the uniformity of the polished
layer throughout the polishing operation. In that case, it
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may also be desirable for computer 150 to output the
computed ratios throughout the process so that the operator
can detect changes and/or trends which are appearing in the
polishing process. This would be particularly useful if the
in-situ monitoring was done during on actual production
wafers during polishing.

Note that the functions just described can be
implemented through software that is running on the computer
or they can be implemented through dedicated circuits built
for this specific purpose.

The bandpass filters can be implemented using
techniques which are well known to persons skilled in the
art. In the described embodiment, they are FIR (finite
impulse response) filters which can be implemented in either
the frequency or the time domain. However, to perform the
filtering in real time as the interferometer signal becomes
available, the filtering is done in the time domain by
convolving the appropriate function with the waveform as it
is being generated. The appropriate function is, of course,
simply the time domain representation of a bandpass filter
having the desired characteristics (i.e., center frequency
and bandwidth).

To specify the appropriate filter parameters it is
necessary to know the frequency of the signal that is to be
selected by the filter. This information can be obtained
easily from the interferometer signal waveform(s). For
example, the center frequency for the low frequency filter
can be obtained by running a batch (e.g. 25) of wafers (e.q.
blank wafers with only an oxide coating) to obtain an
accurate measure of the polishing rate. Alternatively, the
polishing rate can be determined at the start of a polishing
run by measuring the distance between peaks of the low
frequency signal. Of course, using this alternative
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approach produces results that are not as accurate as
averaging measurements over a larger number of wafers. 1In
any case, the polishing rate determines the center frequency
of the bandpass filter and by knowing the center frequency
along with the desired bandwidth of the filter one can
readily determine the precise form of the time domain filter
function and/or the coefficients of the FIR filter.

The frequency of the high frequency signal can be
obtained in a similar manner, i.e., directly from the trace
that is generated by the interferometer as the CMP system is
pelishing the wafer. 1In other words, the operator simply
measures the distance between peaks of the high frequency
signal. This process can be readily automated so that the
operator, with the aid of a pointing device (e.g. a mouse),
can mark two points on the waveform appearing on a video
display and the computer can be programmed to automatically
compute the frequency and then generate the appropriate
filter coefficients. The filter coefficients and/or time
domain representation of the filter functions are then
stored in local memory for use later during the polishing
runs to perform the filtering operations.

ess Signature:

The interferometer waveform also represents a
signature of (i.e., it characterizes) the system for which
it was obtained. Because of this, it provides information
which is useful for qualifying a system for production
operation. If a signature is obtained for a system that is
known to be operating as desired, that signature waveform
(or features extracted from the waveform) can be used as a
reference against which subsequently generated signatures
can be compared to determine whether the system or systems
from which signatures were subsequently obtained are
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performing within speec. For example, if the polishing pads
are changed or a new batch of slurry is used in the CMP
system, the operator needs to know whether that change has
detrimentally affected the quality of the polishing which
the system performs. We have discovered that a change in
performance of the CMP system results in a change in the
signature. That is, certain features will appear in the
waveform that were not previously present or previously
existing features will change. By detecting those changes,
it is possible to detect when a system is not performing as
desired.

In the described embodiment, the extracted features
from the interferometer waveform are the polishing rate and
the measure of uniformity. Both of these characteristics
are readily obtainable from the interferometer waveform that
is generated during polishing by using the methods
previously described. A properly operating system will
produce a particular polishing rate and a particular measure
of uniformity. A drift away from these reference values
provides an indication that the system is moving away from
its desired operating point and alerts the operator to the
need for corrective action so as to avoid destroying
product.

A method which uses a CMP system signature is
illustrated in Fig. 20a and will now be described.
Initially, an interferometer waveform (i.e., a signature) is
generated for a CMP system which is known to be operating
optimally (step 250). The decision as to whether the systenm
is operating optimally can be determined empirically by
processing a set of test wafers and analyzing the results.
When the results that are produced are within spec, then the
signature can be generated for that configuration and set of
operating conditions. Before capturing a portion of the
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interferometer waveform, it is desirable to polish the wafer
between 50-100% of the way through the oxide so that the
waveform is truly a signature of the polishing set up.

After the waveform has been obtained, certain
relevant features are then extracted from the generated
waveform (step 252) and stored for later use as a reference
against which to evaluate that system' s performance at some
later time or times (step 254). Alternatively, the waveform
itself can be stored and used as the reference. 1In the
described embodiment, the extracted features are the
polishing rate and the measure of uniformity, both of which
can be determined from the waveform as described above.

Referring to Fig. 20b, at some later time the stored
signature (or extracted features) can be used to qualify
that system or another system for production use. To
qualify a system for production, a new signature is obtained
for that system (step 258) and the relevant features are
extracted from that new signature (step 260). The extracted
features are then compared to the stored reference set of
features (step 264). If the operating point, as
characterized by the set of extracted features, falls within
a predetermined region around the reference point, as
defined by the stored reference set of features, then it is
concluded that the system is operating properly and that it
can be brought online for processing product wafers (step
266). If this process is automated, the computer may at
this point alert the operator that the process is within
spec. On the other hand, if the operating point falls
outside of the predetermined region, that is an indication
that the system is not operating within spec and the
operator is alerted to this problem so that corrective
action can be taken (step 268). The corrective action might
involve adjusting some process parameter appropriately to



10zz"'A' @ 10%z& ()-- @10%& ()--@10%& ()--10%& ()-1Hr S4K!H 10%9& () --10%
& ()- 10 10 10! 'L@"10%& ()--'F L@"10%&' ()--L@

"109& ()--HWKYZ])rP4AKI 10%9& ()!h 91 109& ()--! Y9! 109& ()--L109% ()- 10gg
10gg 10gg!q !10%g& ()--.uS4K, 10%& ()-'q "10%z& ()-Y"

"10% & ()-Y'L10%& ()-

42
bring the process within spec. For example, if the
polishing rate is excessive or if oxide nonuniformity is
larger than permitted, then the operator may recognize that
it is appropriate to try a new batch of slurry, or to adjust
the pressure on the pad, or to even replace the pad. The
particular course of corrective action that is chosen will
of course depend upon the details of how the system has
departed from its desired operating point, the configuration
and operating parameters of the particular system, and what
the operator’ s experience has taught him.

To provide further useful information to the
operator, the computer also optionally outputs through its
display device(s) information about the extracted features
(step 262). The displayed information may be presented as
the extracted features, the waveform, how close the various
extracted features are to the different features of the
stored reference set, or in whatever manner proves to be
most useful for the operator.

Of course, the above-described in-situ, real time
monitoring procedure can be used periodically while
processing production wafers or whenever some process
parameter is changed in the CMP éystem (e.g. a new polishing
pad is used, pad pressure is adjusted, or a new batch of
slurry is used) and it becomes necessary to know that the
CMP process is still within spec. In addition, it can be
used on blank wafers, instead of actual product, to qualify
the CMP system prior to using it on actual product.

Though we have described a straight forward and
simple approach to extracting information from the signature
waveform, i.e., by using the polishing rate and the measure
of uniformity, the signature or interferometer waveform can
be analyzed by using more sophisticated techniques (e.g.
pattern or feature recognition or other image analysis
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algorithms, or neural networks, just to name a few
alternatives). The information which various extracted
features convey regarding the operation of the system can be
determined through experience and the ones which convey the
information that is perceived to be of most importance to
the operator can be used.

Also, it should be noted that simply displaying the
interferometer waveform (i.e., the process signature) to the
operator can be yield valuable feedback on how well the
system is behaving. Typically, the human eye is extremely
sensitive in detecting even subtle changes in an image from
what one eipects to see. Thus, after gaining some
experience, the operator will often be able to detect
changes and imminent problems in the overall CMP system
performance simply by looking at the waveform. Thus, in the
described embodiment, the computer also displays the
signature waveform to the operator during processing so that
the operator can also use it to monitor equipment
performance.

Using techniques known to persons skilled in the
art, one can readily develop software algorithms which
automatically recognize or detect the changes for which the
operator is looking and which tip off the operator to
certain problems.

A Modjifjcation for Obtaining Improved Performance
Another embodiment involves a modification to the

window in the pad between the interferometer and the wafer.
Although the pad will transmit a substantial portion of the
interferometer laser beam, it has been found that there is
also a significant reflective component from the bottom
surface of the pad. This situation is illustrated in Fig.
21(a) where part of the laser beam 34 emanating from the
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laser interferometer 32 is transmitted through the pad 22 to
form a transmitted beam 702, and part of the laser beam 34
is reflected from the backside surface 704 of the pad 22 to
form a reflected beam 706. The reflected beam 706 creates a
.considerable direct current (DC) shift in the data signal.
Fig. 21(b) illustrates this shift (although exaggerated for
purposes of clarity). Inn this example, the DC shift
resulting from the reflected laser light adds about 8.0
volts to the overall signal. The DC shift creates problems
in analyzing the useful portion of the data signal. For
example, if the data analysis equipment operates in a range
of 0-10 volts, amplification of the DC shifted signal to
enhance the portion of interest is all but impossible:
without reducing or eliminating the DC component of the
signal. If the DC component is not eliminated, the
equipment would be saturated by the amplified signal.
Reducing or eliminating the DC component electronically
requires added signal processing electronics and may result
in a degradation of the useful portion of the signal. Even
if the DC shift is not as large as described here, some
signal processing will still likely be required to eliminate
it. Accordingly, a non-electronic method of reducing or
eliminating this unwanted DC component is desirable.

It has been found that by creating a diffuse surface
704’ on the backside of the pad 22 in the area constituting
the window, as depicted in Fig. 21(c), the reflected light
from that surface is attenuated. Thus, the unwanted DC
component of the data signal is reduced. The diffuse
surface 704’ in effect scatters the non-transmitted laser
light 708 rather than reflecting most of it back towards the
interferometer 32. The reflected signal from the wafer must
also pass through the diffuse surface 704’ and in doing so
some of it will also be scattered. However, it has been
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found that this does not seriously degrade the performance
of the interferometer.

Fig. 21(d) illustrates the data signal obtained when
the diffuse surface 704' is employed. As can be seen, with

_the elimination of the DC component, the signal can be
readily amplified and processed without the need to
electronically eliminate any DC portion.

How the diffuse surface is produced is not of
central importance. It can be produced by sanding the back
surface of the polishing pad in the vicinity of the window
or by applying a material coating which is diffuse (e.g.
Scotch tape), or in any other way that produces the desired
results.

The present invention has been described in terms of
a preferred embodiment. The invention, however, is not
limited to the embodiment depicted and described. Rather,
the scope of the invention is defined by the appended
claims.
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CLAIMS

1. A polishing pad for a chemical mechanical polishing apparatus.
comprising:

an opaque layer having a polishing surface, a bottom surface, and an
aperture therethrough;

a solid transparent window secured in the aperture by an adhesive.

2. The polishing pad of claim 1, wherein the solid transparent
window is solid polyurethane.

3. The polishing pad of claim 1, wherein the opaque layer s
polyurethane with additives.

4. The polishing pad of claim 1, further comprising a second layer
adjacent the bottom surface of the opaque layer, the second layer including
an. aperture aligned with the aperture in the opaque layer.

5. The polishing pad of claim 4, wherein a portion of the window
extends into the second aperture.

6. The polishing pad of claim 1, wherein a top surface of the window
is substantially coplanar with the polishing surface.

7. A method of forming a window in a polishing pad, comprising:

forming an aperture in at least one opaque layer of a polishing pad
having a polishing surface; and

securing a transparent plug in the aperture to the opaque layer with an
adhesive.

8. The method of claim 7, wherein securing the transparent plug in
the aperture includes placing a top surface of the plug substantially coplanar
with the polishing surface.
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10. The method of claim 9, wherein the first dimension is larger than
the second dimension.

11. The method of claim 9, wherein the first dimension is smaller
than the second dimension.

12. The method of claim 9, wherein forming the aperture includes
forming the first section of the aperture in a first layer of the polishing pad and
forming the second section of the aperture in a second layer of the polishing
pad.

13. The method of claim 9, wherein securing the transparent plug includes
placing an adhesive on a lip between the first and second sections of the
aperture,

14. The method of claim 9, wherein the transparent plug has a first portion
and a second portion, and securing the transparent plug in the aperture
includes placing the first portion of the transparent plug in the first section of
the aperture and placing the second portion of the transparent plug in the
second section of the aperture.

16. The method of claim 7, wherein the plug includes polyurethane.

16. A method of forming a window in a polishing pad, comprising:

forming an aperture in a polishing pad, the aperture including a first
section with a first cross-sectional dimension adjacent a first surface of the
pad and a second section with a second, different cross-sectional dimension
adjacent a second surface of the pad opposite the first surface; and

securing a transparent plug in the aperture.
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18. The method of claim 16, wherein the first surface of the pad is a

polishing surface.

19. The method of claim 17 wherein securing the transparent
plug in the aperture includes placing a top surface of the plug substantially
coplanar with the polishing surface.

20. A method of forming a polishing pad, comprising:

positioning a solid insert of transparent material in a liquid pad
material to provide an assembly;

curing the assembly to solidify the liquid pad material.

21. The method of claim 20, wherein curing the assembly bonds the
solid insert and the pad material together.

22. The method of claim 20, wherein curing the assembly integrally
molds the solid insert into the pad material.

23. The method of claim 20, wherein the pad material comprises
polyurethane.

24. The method of claim 23, wherein the pad material further
comprises additives which inhibit transmissiveness.

25. The method of claim 24, wherein the additives comprise
microspheres.

26. The method of claim 25, wherein the solid insert comprises
polyurethane lacking microspheres.
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27. The method of claim 20, wherein the solid insert comprises
polyurethane.

28. A method of forming a polishing pad, comprising:

cutting a hole in a polishing pad material;

dispensing a liquid window material into the hole; and

curing the liquid window material to form a plug of transparent material
in the pad material.

29. The method of claim 28, wherein curing the assembly integrally
molds the solid insert into the pad material.

30. The method of claim 29, wherein the pad material comprises
polyurethane.

31. The method of claim 30, wherein the pad material comprises
additives which inhibit transmissiveness.

32. The method of claim 31, wherein the additives comprises
microspheres.

33. The method of claim 32, wherein the liquid window comprises
polyurethane lacking microspheres.

34. The method of claim 28, wherein the liquid window material
comprises polyurethane.



