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2. Description of the Related Art

[2] In the fabrication of semiconductor devices, typically, the integrated circuit devices are
in the form of multi-level structures. At the substrate level, transistor devices having diffusion
regions are formed. In subsequent levels, interconnect metallization lines are patterned and
electrically connected to the transistor devices to define the desired functional device. As is
well known, patterned conductive layers are insulated from other conductive layers by
dielectric materials, such as silicon dioxide. As more metallization levels and associated
dielectric layers are formed, the need to planarize the dielectric material increases. Without
planarization, fabrication of additional metallization layers becomes substantially more difficult
due to the higher variations in the surface topography. In other applications, metallization line
patterns are formed in the dielectric material, and then metal chemical mechanical polishing

(CMP) operations are performed to remove excess metallization.

[31 In the prior art, CMP systems typically implement belt, orbital, or brush stations in
which belts, pads, or brushes are used to scrub, buff, and polish one or both sides of a wafer.
Slurry is used to facilitate and enhance the CMP operation. Slurry is most usually introduced
onto a moving preparation surface, e.g., belt, pad, brush, and the like, and distributed over the

preparation surface as well as the surface of the semiconductor wafer being buffed, polished, or



ot herwi se prepared by the CVMP process. The distribution is generally
acconplished by a conbination of the novenent of the preparation surface,
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t he sem conductor wafer and the preparation surface. [4J Figure 1A shows a
cross sectional view of a dielectric |ayer 102 undergoing a 5 fabrication
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interconnect netallization lines. The dielectric layer 102 has a diffusion
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70  overburden metallization and diffusion barrier material 104 is removed from over the dielectric
layer 102. However, in order to ensure that all the diffusion barrier layer 104 is removed from

over the dielectric layer 102, there needs to be a way of monitoring the process state and the

state of the wafer surface during its CMP processing.  This is commonly referred to as
endpoint detection. Endpoint detection for copper is performed because copper cannot be

25 succéssﬁ;lly polished using a timed method. A timed polish does not work with copper
because the removal rate from a CMP process is not stable enough for a timed polish of a
copper layer. The removal rate for copper from a CMP process varies greatly. Hence,
monitoring is needed to determine when the endpoint has been reached. In multi-step CMP
operations there is a need to ascertain multiple endpoints: (1) to ensure that Cu is removed from

30 over the diffusion barrier layer; (2) to ensure that the diffusion barrier layer is removed from



WD 03/ 083522 PCT/ US03/ 09666 3 over the dielectric layer. Thus, endpoint
detection techniques are used to ensure that all of the desired overburden
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appl i camporallFBudngtbe p@ghingProcgnpdul at es t he acoustic emission resulting
fromthe grinding process to yield information on the 1{ool i shi ng pjocess.
Acoust i d7ler Eslirest ensippind rdefegtions myghody Anglyde, moaitorngy the emperaife PE the

endpgi nt . fhe It b 6r SYiishidl Beb1,AGEHRR] thidk bb@easthelpag andlur i ng
pol P@hi ﬁﬁ%l&ﬂ%%}rﬁhg%osﬁﬁég#%u%osf | Sr]e% at’ a predeternned di g{egnce from
t he waf elie tpolistims ehead,o eidcirediemwaly gwtentidnof athed shifren a0H e 2P BESSHR: er i al

renoval reaches a cgertain .determ nabl LSt fr o to

t her eby TsEweRaTe TEeR el B FONar Ry e iSp E IR pfpine ML B6Gs 2

gl obal t seleaﬁztultrygmqf thb hgta{p &rt]xlrh $>bin|§ bﬁ:s_ﬁediml:ﬂ. tPateat Bo.s3,643005 0 deprexdmpleef dris p ][ 0 tc ﬁs s
par aneter settings_an e selecti of c u wever .. n o] e
met hods aexeag: Pér Paisat Npj 30431 %ﬁir%glg %‘%{82\%' g%%§§§§ é@ol Sesor%or%fg%’fgr%r ci al
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waf er surface using acoustic wave velocity, optical reflectance and

| nter { ergnce uhRPAARGE! EARANFRBNGEdAbOEL BRORALApHlicaal BNO 720 Gihange due
to the introduction of specific chemcal agents. U S. Patent No. 5,399,234
demodulates the acoustic emission resulting from the grinding process to yield information on

the polishing process. Acoustic emission monitoring is generally used to detect the metal
endpoint. The method monitors the grinding action that takes place during polishing. A
20  microphone is positioned at a predetermined distance from the wafer to sense acoustical waves
generated when the depth of material removal reaches a certain determinable distance from the
interface to thereby generate output detection signals. All these methods provide a global
measure of the polish state and have a strong dependence on process parameter settings and the
selection of consumables. However, none of the methods except for the friction sensing have

25  achieved some commercial success in the industry.

[9] Direct endpoint detection methods monitor the wafer surface using acoustic wave
velocity, optical reflectance and interference, impedance/conductance, electrochemical
potential change due to the introduction of specific chemical agents. U.S. Patent No. 5,399,234
and U.S. Patent No. 5,271,274 disclose methods of endpoint detection for metal using acoustic

30 waves. These patents describe an approach to monitor the acoustic wave velocity propagated



and U.S. Patent No. 5,271,274 disclose nethods of endpoint detection for
nmetal using acoustic 30 waves. These patents descri be an approach to

nonit or tWe 0ao83i21i c wave vel ocity propagated WO 03/ 083522CPTBRI3BGES 09666

4 through the wafer/slurry to detect the netal endpoint. Wen there is a
transition fromone netal layer into another, the acoustic wave velocity
changes and this has been used for tHe detection of endpoint. Further,

U.S. Patent No. 6,186,865 discloses a nethod of endpoint detection using a

Sensor tigrofEht Qhfef/Sltird tolieReBME ehefal exitipint. Wiiedl theaisiatgnbidoafred onacetal t he
polishing pad. The 5 sensor is used to detgg a ch%g%g in_th

| uj.d
pr essur dayguiningnoghstithmacqustiowave relogit diangss aad thes hps gL f‘?rrjil%t %Féect‘%ar
force i Sl ! j i bdin Qe -
Unt or t ittt U S Bichd RO, 168 SR80 MR iR f ?%‘2’%@‘%2? Horhet. the
endpoi nta wdedoeed mdnitcs flul mossiire faoma atfluigsbaatieg lpsathdundes earoligingpad- aThecal

endpaint at a specifijic int .on the. wafer Urface. t hod of
the 8, 15675865 “ﬁ%f@ rﬁifteftsdp ajﬁ‘ggerlflgtfee@“g BeEMS dr@gé P %%ﬁ%lméu/g'p,ﬁﬂ\\%ﬁ?%sﬁsﬁéﬁequi res
an air Eﬁ@ﬁg'eniﬁ-thf 1;1%15 l?dsleé evm@\@}im@trﬁmhmn?mposﬁ mateoialjﬁiyexcto thheegtndpoi n;
using the optical reflectance romthe er syrfac They. .groupe
into twdinfawgishs tis mgad isgiot pustie PF%F%S‘Q@%U@&S' ‘Hf}ie&%‘e %‘?@ﬁ‘&fﬁlﬁ?"?"g lgi ngloe

wavel .e“%tl&ﬁh' 5&%:5' IR th@sRmoAUdhER defectUs 1008l hdpsinngt Dapedifici @it ohaki¢ eafer
covering the tull visible rangtg gflgt he el ectromagnetic ,spect{ﬁgm U S.
28,

Pat ent Norfa®, A8e®81 thomethed p 8@ Ryt HreEeed o HinREPelsher Wiy o

si ngl.e wavel engt.h, i ich an optical signal froma |laser source is

i nmpi gecfe%uﬁref Igélpmt/zﬁ?{é]?é’w;urface and the reflected signal is nonitored for
endpoi nt tectiaon. Th { oyt f bl Yasids thd 6otRAl teBbotidcansf ers
from oneuﬂ]gt g[?‘ertegm%ﬁ%%hlg@%{%gﬂéssgﬁ t{;?etﬁgttggt% Itl(%p}?ier&t rS agsi tig%n. [11 Lg>r oad
band metfefshd whfer alrfage.r Bley @an besgrouped riftotwatcatsgorias: mohitgrpigethovasiisciedigt hs of

the 20 electromagnetic¢ spectrym .U. S, Patent No.. 6. 106, i S.C S using
a spect r‘tﬂﬁ‘é%léfgnf‘loegé‘cﬁ‘&ﬁ(i? @’g"ej‘ﬁlgﬂh'fsé?%? lager SQWER Pf, HB¢ aab é?aldgbc %gigﬁ 5 4g(j)ﬁlt%gi n the
vi si bl e 4,386 @ NGB 163¢ of PRGdctoMaghetic hRotism. af.SwaaeltaNgtIHs3Hse
selected in the spectra that provide goqd sensitivity to refl ec’ Vi

chantfe adisclgses #1sendpeinh deteqtion mediadoisierretiagle Pavelrisih iy Whish 4R OBRE! HED ! gnal
s then gehlLngd: BbrEATHihaA ditfe whlt biRrol ald e AUREAISGighAliRhidted fort hE 1O

bands seflect I gni shifts 1 n the detection signal 25 indicate the
t r ansi t i exdpéiniodatestion. MBiteathangs arthe heftectiyityzs the pokishotnsfeebirem aetmetel P r ent

endpoi nt deilt ect i %Qoaee%cq%eatyes .1 s that sone degreerof

another 1s use eC ansitiomn.

[11] Broad band methods typically rely on using information in multiple wavelengths of the
20 electromagnetic spectrum. U.S. Patent No. 6,106,662 discloses using a spectrometer to acquire
an intensity spectrum of reflected light in the visible range of the optical spectrum. Two bands
of wavelengths are selected in the spectra that provide good sensitivity to reflectivity change as
polish transfers from one metal to another. A detection signal is then defined by computing the
ratio of the average intensity in the two bands selected. Significant shifts in the detection signal

25  indicate the transition from one metal to another.

[12] A common problem with current endpoint detection techniques is that some degree of
over-polishing is required to ensure that all of the conductive material (e.g., metallization
material or diffusion barrier layer 104) is removed from over the dielectric layer 102 to prevent
inadvertent electrical interconnection between metallization lines. A side effect of improper

30  endpoint detection or over-polishing is that dishing 108 occurs over the metallization layer that



over-polishing is required to ensure that all of the conductive materi al
(e.g., netallization material or diffusion barrier |ayer 104) is renoved
from overwOha/osliset ectric | ayer 102 to prevent inadvertenCelusot/ode6al

i nterconnection between netallization lines. A side effect of inproper 30
endpoi nt detection or over-polishing is that dishing 108 occurs over the
netallization |ayer that WO 03/083523 PCT/US03/09666 5 is desired to
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t han nonexi st ent renoved), the prior art process st then
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removal rate time dela redi.cte i_nt ncrret npl e:
(500 A) TEmpEUHThaPHPH it gyocess faust élﬁf’g‘rﬁfgélftl%’] “?‘nglg‘f‘)}%?l&t e pri aglr °§€rﬁ? C\VP
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is cal crinsinenit beintedcesrs e dhe matpal i 0A Hick- Jiram PHRYIQTBLOCES S St

removal Igrgée(sas is known to be removing material at a rate of 3000 A per minute. Therefore, the actual

end point is predicted by the Formula 1 below:
Formula 1:  (translucent material thickness)/(material removal rate) =
20 time delay to predicted end point
In current example: (500 A) / (3000 A/minute) = 10 seconds

[15] Therefore, the prior art CMP process then continues the CMP removal process for an
additional 10 seconds after the actual detection event occurs. Further, this time delay is

calculated based on prior experience and also assumes a constant removal rate.

25 [16] In view of the foregoing, there is a need for endpoint detection systems and methods
that improve accuracy in endpoint detection.

SUMMARY OF THE INVENTION

[17] Broadly speaking, the present invention fills these needs by providing a system and
method of broad band optical end point detection. It should be appreciated that the present



25 [16] In view of the foregoing, there is a need for endpoint detection
systens and nethods that inprove accuracy in endpoint detection. SUVMARY
OF THE | NwvBNBhgIN2 17] Broadl y speaking, the present i nventcansbs/bdess t hese
needs by providing a systemand nethod of broad band optical end point
detection. It should be appreciated that the present WD 03/083522

PCT/ US03/ 09666 6 invention can be i#6pl enented in nunmerous ways, including
as a process, an apparatus, a system conputer readable nedia, or a
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intensity fluctuations which are renoved by substant] al I“y .
spectrum data includes an intensity level corresponding to eac of the wavelengths in the

corresponding second spectra.

[20] In one embodiment, the wavelengths in the first spectra and the second spectra can

include a range of about 300 nm to about 720 nm.

20 [21] In one embodiment the first spectra and the second spectra can include a range of about

200 to about 520 individual data points.

[22] In one embodiment, normalizing the first spectrum data includes substantially
removing the process related intensity fluctuations which are removed by substantially
removing the corresponding intensity values. In one embodiment, normalizing the second
25  spectrum data includes substantially removing the process related intensity fluctuations which

are removed by substantially removing the corresponding intensity values.

[23] In one embodiment, substantially removing the corresponding intensity values can

include modifying the intensity values of each one of the wavelengths such that the sum the



removi ng the corresponding intensity values. In one enbodi nent, normalizing
the second 25 spectrum data includes substantially renoving the process

rel at ed iwoen®83sy2 f | uct uati ons which are renoved by substamitisad/h966¢ enovi ng
the corresponding intensity values. [23] In one enbodi nent, substantially
removi ng the corresponding intensity values can include nodifying the
intensity val ues of each one of the fdavel engths such that the sumthe WO
03/ 083522 PCT/ US03/09666 7 intensity values of each one of the wavel engths
i's equalintbitg 94l8esTGadeheSof MhedRavelengtisisanesl toberotahé therstmndithesquarkuiels of
each one of the wavel engths is e uail t.0.one. h241 I n one enbodi nent,
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converting the normalize 0 _seco ect. 1Nt or. A
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second enYesing thenormakizaddirstispentrugy daiiiera 4t oion ARLFRIVE 8 EEARER  “Yhen a

Chan]he isPcoth(g R L i8S BEondVeBY. | X 8ftandd Yebitseh ithe fildf vedior bPthE s@ofdr ti on
of the p ural?ty of wavelengths in the first spectra and the second 15
spect r a viesto chartiei dalcabited] Jhe dixtanee betwpacthe fissh yeeiorandtthg acorst veckE cthbent i on

w Il becone apparent .f 1, i ' HRLLAA veldidhsg I N
conj unct‘iogwaﬁﬁ? at(:ﬁﬁ Shggdggﬁtpg%%y%gé% gl\rgﬁgvﬁ\kngaﬁaégﬁétlwe%%glf ?gftic‘%ggbf w§§t of exanpl e
the pringéairabanadr dobidl tb pvBreEliodh disBRIcEmCDESERIZTh ON 1WPPOTHENSDRAGMZeR0 [ 271

The present invention wll readi.l y.understood I | tailed
descri ptiptpsityitor %iﬁ?ftm%rpl%%etfﬁurtah% 053’3‘6%5% inhtghl‘g i3 %Q erﬁgIg aJl cg% Q%ioﬂ(g

r ef efsencs%eaféq@ila@,{tﬁied_esi ghate like structural elenments. [281 Figures 1A and
1B show a cross sectional view of a dielectric |ayer undergoing a

[26] Other aspects and advantages of the invention will become apparent from the following

detailed description, taken in conjunction with the accompanying drawings, illustrating by way
of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

20 [27] The present invention will be readily understood by the following detailed description
in conjunction with the accompanying drawings, and like reference numerals designate like
structural elements.

[28] Figures 1A and 1B show a cross sectional view of a dielectric layer undergoing a
fabrication process that is common in constructing damascene and dual damascene interconnect

25  metallization lines.

[29] Figure 2A shows a CMP system in which a pad is designed to rotate around rollers, in

accordance with an embodiment of the present invention.

[30] Figure 2B is a endpoint detection system in accordance with one embodiment of the

present invention.



fabrication process that is common in constructing damascene and dual
damascene interconnect 25 netallization lines. [291 Figure 2A shows a CWP
system i nwatiBoBssa2 pad i s designed to rotate around rol | er RCTIUS03/8860r dance
wi th an enbodi nent of the present invention. [301 Figure 2B is a endpoi nt
detection systemin accordance wth one enbodi nent of the present

i nvention. WO 03/083522 PCT/ US03/ 09666 8 [31] Figure 3 is a diagram
showing a portion of a wafer illum nated by a broad band |ight source
during fBlPVPFigﬁ:@CBeﬁ % didghan@ SCWiSkeN §6rtioh ol a onerdlimisltee by adfroadHmng lightent

i nvention. 2] Figure 4Ais a flowhart dLgﬂ&lam &at illustrates the

net hod uh@ﬁ@%’&’rﬁ@?%é“?‘%ord%?é‘fl%%Fﬁ@ S AP B RTeSPE I VED br ocess
in accordance with one enbodi nent of the present 5 invention H%Sﬂ Fi gure
4B i's a[¥ owkigaetdAdisagflewshert disgeanidiah dipstaes e msthodssraiiny e fogred g a
change ,i.n _pr. ' : ' Tou Sb¥@MehtITehdmedent t he
first aﬂgegﬂé%%ggﬁ%%aggﬁ%?%r@k %h@gé:sggﬁ%dgw\?\ﬂcﬁ%ﬁemgﬁbodi ment ofeht&he pr esent
i nveft i @fventiodd4] Figure S5A illustrates one received refl ected spectrum of
data (i.e., shot) in accordance 10 with one enbodi nent of the present

i nventi g38] [ B&hreFiBgis nefloSBhdrt diagrhmanf ¢ rethodhaperatibiy 45 ineplceletingr 3ags r um of

data (i.e. a normalized shot). i ccordan i £ h e | t he
present 1 ﬁ(ﬁ’é’ﬁ’ft‘ioﬁ?q?or[%gfasﬁaﬁ? éOHS%R% “éavdl%rrlégs }(gfl %gnfggo%ngln&gglggﬁ# %:%ffn

|11 ust r gtdoaiin wHeMRIcboMiaRnlsitiEreeadneabs i n accordance with one

enbodi nent of the present invention. 15 [37] Figures 6 and 7 are graphs of
the dat ga34hopuiecns AliRikEResTfac 30RUR réflRcide epicttan @f duat(he., g ipnbmdarent  of
the present i1nvention. [38] Figures 8 and 9 are two-di nensional graphs of

t he 18at avitrooeambedimprjof BepEsedPeni®at  have been enhanced in accordance
wi th one enbodi nent of the present invention. [Hﬁ‘g‘] Fi 9ure 10 is ah(ggaphi cal
repr esefddt | Biguws S dipsteates oe aamalivadeilociad spectmapftatss (6 paupplizsg s
coeffici.ent (:Vé/avyiﬁllO%Qg%goﬂngg_oghﬁg?ﬁ%ggr%%%nnot been normalized rel ative

to int edSfEY TS Vaccordance w di nent of the present invention.

i[ ﬁ,? ]eng 33&]‘; Oh]gaife;ssz(g ggartﬁ{%re] idﬁﬁénsfoﬁﬁrg?ﬁ)mglaﬁlh%ﬁ&{ of &ULSCiEthRiahidel BRIts has an

in accordance with one embodiment of the present invention.

15 [371 Figures 6 and 7 are graphs of the data shown in Figure 5C above, in accordance with

one embodiment of the present invention.

[38] Figures 8 and 9 are two-dimensional graphs of the data shown in Figure 5C above that

have been enhanced in accordance with one embodiment of the present invention.

[39] Figure 10 is a graphical representation of reflected data that has a change of reflecting
20  coefficient by wavelength with time that has not been normalized relative to intensity, in

accordance with one embodiment of the present invention.

[40] Figure 11 is a graphical representation of reflected data that has an intensity normalized

reflecting coefficient change in accordance with one embodiment of the present invention.

[41] Figure 12 is a flowchart diagram of method operations for determining an endpoint in

25  accordance with one embodiment of the present invention.

[42] Figure 13 is a graph of the vector distance squared (VD) of a material removal process

in accordance with one embodiment of the present invention.



reflecting coefficient change in accordance with one enbodi nent of the
present invention. [41] Figure 12 is a flowhart diagram of nethod

oper at i orwofoa8x$et er m ni ng an endpoint in 25 accordance WCThISONE666

enbodi nent of the present invention. [42] Figure 13 is a graph of the
vector distance squared (VD) of a material renpbval process in accordance
wi th one enbodi nent of the present i%vention. WO 03/083522 PCT/ US03/ 09666
9 DETAI LED DESCRI PTI ON OF THE EXEMPLARY EMBCDI MENTS [43] Several exenplary
embodi ment s f oy Okt 63 DYsEaPRIGR OFNUIEFRNXENGPARY ENMBODIMENTSe  descr i bed.

It wll be apparent to those SKIfted tn the art that the present invention

may be acticed wthout som i.f].C biat W31 28t deorth
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present "1 nvent platen 254 is positioned under the pad 250 to provide
a surf asystennt desartbied bbavewarpisallymredictinad gpdnoins pasedjongraiowssetqcisfl OGPOME qnoi nt
detection is perfor usin y! : j Aeldw. 1 ght i s
appl i ed%{‘ttﬁa&‘ﬂfgﬁccuf%%}gg?t%%gﬁ - ?ch}rltgaggﬁﬁtg g&%ggcf d%ggoglhgv%lr?t% o the surface
of the er _200 bei.ng paoli.she . ' : I t&11
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t he 1pad 2250n abébrdRtE wahan dinbediinent dffiee pastneBentiay. iAplaied @54 inpesiionedf pad
slots 250a strateqgically placed in di.fferept lLocation . 250.
Typi cal Mjder tﬂPF‘eP%‘a?égé‘P B’E"é’%ﬁgéb’{&%ﬁeé’mo dlélflbﬁgagg %lﬁ)ﬁe & glﬁé Hgl{l%a %&r}?ﬁ'ﬁ% e the
| mpact %{ﬁd}%&ﬁ‘t Rk shis DOrrORRA atih@hh optitaladbthiclor 060 inovltittelighp achpplict thdiga, a
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desi gnedhe plateaRbbithiongh te@ad 28k e Fl@aﬁUff%a%t{l%WB‘gf g <oe PHIBYL RS t he
platen 2p4 i i Al&Siall @bt 350afigesmed t he
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det ect Orgegifbd small enough to minimize the impact on the polishing operation. In addition to the

pad slot 250a, a platen slot 254a is defined in the platen 254. The platen slot 254a is designed
to allow the broad band optical beam to be passed through the platen 254, through the pad 250,
20 and onto the desired surface of the wafer 200 during polishing.

[46] By using the optical detector 260, it is possible to ascertain a level of removal of certain

films from the wafer surface. This detection technique is designed to measure the thickness of

the film by inspecting the interference patterns received by the optical detector 260.

Additionally, the platen 254 is designed to strategically apply certain degrees of back pressure
25  to the pad 250 t6 enable precision removal of the layers from the wafer 200.

[47] Figure 3 is a diagram showing a portion of a wafer 300 illuminated by a broad band
light source during a CMP process, in accordance with one embodiment of the present
invention. The wafer 300 includes a silicon substrate 302, an oxide layer 304 disposed over the
substrate 302, and a copper layer 306 formed over the oxide layer 304. The copper layer 306

30 represents overburdened copper formed during a Damascene CMP process. Generally, the



Additionally, the platen 254 is designed to strategically apply certain
degrees of back pressure 25 to the pad 250 to enabl e precision renoval of
t he | ayerwofososasehe wafer 200. [47] Figure 3 is a di agramPSRasosigpeas porti on
of a wafer 300 illum nated by a broad band |I|ight source during a CWP
process, in accordance with one enbodi nent of the present invention. The
waf er 300 includes a silicon substrdfe 302, an oxide |ayer 304 di sposed
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other wavel engths of the |light 312 continue CtnbacHe o dhe
sur f ace 3b% 2pg &0seWRVRIEREps GAgnRass ?5?)‘{?& ?59%‘?“%%8{[ §%go |hlnten5| E; g}, t he
refl ect gd,dsgvel engths of light 318 that are reflected from the interface
bet ween | ayer 304 and | ayer 302, below the copper |ayer 306, is different

t han st "9 NGARSI dotheOkvaldg®a BT theTipheBDE beginfillimhting3 e pd| e ethef r om t he
copper layer 306. However, 20 only the intensitﬁ‘li es _of %ghe Ve'@” t hs that
are ref lvevtlengihs ofghe ligks J13tcoptinuedo Falegidk frapethe Serface of e tﬁf‘?é’rw "% 1 1

change. c-cl)_gpeer ia%r% g ﬁlté?‘lglt}; Send LB Weelamal 8Nehhs1 gohatlakedbflectelidrdnat ar e
the interface between layer 304 and layer 302, below the copper layer 306, is different than the
intensity of the same wavelengths of light 314 reflected from the copper layer 306. However,
20  only the intensities of the wavelengths that are reflecting from the interface between layer 304
and layer 302 will change. The intensities of the remaining wavelengths of light 314 that are

reflected from the copper layer 306 will not change.

[50] One reason the intensities of the wavelengths of light 318 change is due to the fact that

each of the various layers 302-306 have a corresponding reflective index. The reflective index

25  impacts the intensity of the light reflected from that layer.

[51] As the copper is fully removed, as shown in view 30lc, the copper layer 306 is no
longer present to reflect or block the passage of any of the wavelengths of the light 322.
Therefore, all wavelengths of the light 322 can then illuminate the layer 304 that lies below the
copper layer 306. Substantially all wavelengths of the light 324 reflected back from the layer



reflected fromthe, copper |layer 306 will not change. [501 One reason the
intensities of the wavel engths of |ight 318 change is due to the fact that
each of twe ogasisers | ayers 302-306 have a correspondi ng r eCirasns/ewseé ndex.
The reflective index 25 inpacts the intensity of the light reflected from
that layer. [511 As the copper is fully renoved, as shown in view 301c, the
copper layer 306 is no |onger presdit to reflect or block the passage of
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a CWP process in accordance with one enbodi nent of the present invention.
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by the intensity level corresponding to each of several wavelengths in the corresponding first spectra.

Tn one embodiment, the first reflected spectra are in the range of about 200 nm to about 720 nm
20  wavelengths. The number of individual wavelengths that can be detected is limited only by the
ability of the optical detector 260. In one embodiment, 512 individual wavelengths are

detected, however, fewer or a greater number of individual wavelengths can also be detected.

[55] In operation 406 a second portion of a surface of a wafer is illuminated with second
beam of broad band light. In operation 408, a second reflected spectrum data is received (i.e., a
25  second shot). The second shot corresponds to a second set of spectra of light reflected from the

second illuminated portion of the surface of the wafer.

[56] Figure 5A illustrates one received reflected spectrum of data (i.e., shot) in accordance
with one embodiment of the present invention, such as the first shot received in operation 404

of Figure 4A above. Approximately 512 individual wavelengths are shown across the x-axis.

30 The intensity is shown on the y-axis.



ability of the optical detector 260. In one enbodinent, 512 individual
wavel engths are detected, however, fewer or a greater nunber of i ndividual
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intensity for at least a portion of the wavelengths in the first and second spectra.

[60] Figure 4B is a flowchart diagram of the method operations 450 in calculating a change
20 in proportions for at least a portion of the wavelengths in the first and second spectra in
accordance with one embodiment of the present invention. In operation 452, the normalized
first spectrum data is converted to a first vector. In operation 454, the normalized second
spectrum data is converted to a second vector. In operation 456, a distance between the first
and second vectors is calculated. The distance between the first and second vectors is
25  compared to a threshold distance to determine if the distance between the first and second
vectors is greater than or equal to a threshold distance, in operation 458. If the distance
between the first and second vectors is greater than or equal to the threshold distance, then a
change in proportions of the intensity is identified for at least a portion of the wavelengths in

the first and second spectra, in operation 460 and the method operations end.
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[63] Figures 6 and 7 are graphs of the data shown in Figure 5C above, in accordance with

20  one embodiment of the present invention. In Figure 6, the reflected data includes unwanted
information such as absolute intensity changes that result in wide variations in the intensity of

the reflected light for each of the shots shown.

[64] Conversely, Figure 7 illustrates the same reflected data that has been normalized to a
relative intensity. Normalizing results in a narrow variation in the intensity of the reflected

25  light for each of the shots shown.

[65] The resolution of the reflected data can be increased by analyzing the reflecting
coefficient change rather than the absolute intensity value. The reflecting coefficient change
can be generated by Formula 2 as follows:

- -

30 Formula2: Change = {R;—Ry}



poi nter 555 identifies a change in the material reflecting the shot. [631
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accordance with one embodiment of the present invention. Figure 11 is a graphical

representation of reflected data that has an intensity normalized reflecting coefficient change in
accordance with one embodiment of the present invention. Figure 11 demonstrates that
measured value changes from straight line 1102, 1104 with some high frequency oscillations
20 into Well—deﬁned sinusoidal interference related oscillations 1106, 1108, 1110,1112 and those

lines with transitional states 1114, 1116.

[69] A second characteristic of transparent films and a function of thickness and refractory
index (not shown) can also influence the reflected data. For example, sinusoidal function of

different frequencies relates to transition from one film to another.

25 [70] Figure 12 is a flowchart diagram of method operations 1200 for determining an
endpoint in accordance with one embodiment of the present invention. In operation 1210, a

reflecting coefficient for wafer for a first shot is calculated according to Formula 3 as follows:

Formula 3: R; (7»_;) =T (Xj ) /1 Li(?x,j),j = 1,..., 512



accordance with one enbodi nent of the present invention. Figure 11
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normal i zed and presented in relative intensity units according to Fornul a
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current R; and a pre- seleeteth recipe reference value Rk is cal cul ated
according to Fornula 6 as_f&LI : 512 -> -> 15 Formula 6: VD =Z{R ;
(,j JOR Reguja® ~jLHE Changgg iK'y ki 74] In operation 1230, the cal cul at ed
vector distance is conpared to a threshold vector distance. The threshold
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previ ous experience with renoving the |ayey 58 be renoved f]{gﬁt{‘ veal an

5

under | yiT3j | lyeperatipm 1235 theriselar AEHRCS AMHE (¥R PHEESR the iearret 1%P¥D can be
apre-s géleec?etdergcigéjgpe%ncé %&ﬁik 1@ lated according to Formula 6 as follows:

512 — -
N A 2 .
15 Formula6: VD=2 {Ri()-R ()}, ji=1...,512
=1

[74] In operation 1230, the calculated vector distance is compared to a threshold vector
distance. The threshold VD can be a known change in vector distance that was determined
20 from previous experience with removing the layer to be removed to reveal an underlying layer,
in one embodiment. Alternatively, the threshold VD can be a pre-selected number indicating a
direction in the change (e.g., an upward or a downward trend in the normalized reflecting
coefficient. If the calculated VD is not greater than the threshold VD, then the I ; () and the
T; (A) are input to operation 1210 as described above and the method operations 1210-1230
25 repeat. If, however, in operation 1230, the calculated VD is greater than or equal to the
threshold VD, then the end point has been determined and the CMP process can be stopped

immediately.

[75] Figure 13 is a graph of the vector distance squared (VD) of a material removal process
in accordance with one embodiment of the present invention. The y-axis is the VD. The x-axis

30 is time or more precisely shot number. From the origin to approximately the 12" shot, the
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t han t he wbrogessskzl VD, then the | W (?) and the |ILi (7?)ParasSosifmste t o
operation 1210 as descri bed above and the method operations 1210-1230 25
repeat. If, however, in operation 1230, the calculated VD is greater than
or equal to the threshold VD, thenlthe end point has been determ ned and
the CMP process can be stopped imrediately. [75] Figure 13 ihs a graph of
the veckat dlosk MOPDSCHiHiploYialatdl] cdhstinl eiicalThe abaweqpribe BY'sshof and
accordanice wth one enbodi nent of the present invent hggp ']ih'%ral/'da)t( S 1S t he
VD. Thethe-1a%iskot ag0omireh greaies 28 shavpy &Y e 8EPRe e chagee Wb &P M B t e ™ or i gi n
to apprﬂf%iﬁ'@%&?ﬁe% Qinﬁggtbee,{&@ec}é@ 03/083522 PCT/ US03/ 09666 16 graph

shows t 'hs approxi mately constant value. The VD between the 12th

shot an t 3t h.shot e Y ) afthd JBbe change
&Iﬁ]i Pﬁ&é h@%@fﬂﬁ'{fﬁﬁ%ﬁ RS invBRINA HaYe b @s@itd a g

in the Y VARES AR not indicates the endpoint has been
det egt edalatfn%@d dotrilisiny a1 éndpsintasizmotmodngla eorpodliayesit shopld eygdsrsigethtirlon have

been described above 5 relati t o _det er m nj ' ovi Ng a
copper fheyagthodsand j§yigf écrtaf’ﬁ@ig%ﬂno‘@a%te r?g?nﬁa@{y@p?r@ttﬁggeg%g]aﬂgﬁ?gﬁ

descri bgdl, BeEGhiteGAN THE meinold il systapptidsedbedtheteirecandepinsilariyrapplsiso dfe  any

ot her mat'erial. The methods and systens, descri hed her.cféijregga tcgpra ]]peeor%iﬁgj larly
appl i ed renmovehef ofles ARARAE OTHONAPAGIS TBHEHAEIEH A OYFTIpTg 2 & efrals that are

overlaying a differ £ M8Hods ARAGYRerPdREriRE helin mmybeafsedxanpl e,
net hods °B eﬂ/aé{dé?fs gé%agﬁb?%gﬁmﬁe’rei n gan b?ab?eused to 10 getern‘i ne_an

endpoi nidetefmihéien edpoinabf the coewsl Prosess BB GHiFIEYTr &Y ORRAEYhque

| ayer) over a copper. |ayer (op, 2 1 ool e aBRdxRBIRRE Glonf OF
removi n§Veirt %BPPEfelQ%ﬂWq%/eﬁlS’fér)' o%alé]l@rég"?aé%é? ongvfg}rllear?ot Rer ﬁon-%ﬁagﬁe
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received. For finer resolution of the data, a greater number of individual data points must be

collected and used. However, the greater number of individual data points that are collected
20  also increases the computational load. 512 individual data points are used to illustrate one level
of granularity of the process. Fewer individual data points such as about 200 or less can also
used. Alternatively, additional wavelengths can also be used such as more than about 520 data
points.
[78] As discussed herein two different scales are used for the same broad bandwidth light. A
95  first scale is the wavelengths included in the spectrum of the broad band light. In one
embodiment the spectrum of the broad band light is from about 300 to about 720 nm.
However, the spectrum of broadband light that is used can be expanded to include shorter
and/or longer wavelengths of light. In one embodiment the spectrum of broadband light is
selected to correspond to the materials being processed in the CMP process. In one

30 embodiment, a wider spectrum can be used for a wider variety of materials.
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r ef d6r edeteoniningt @rcemparsigch as producing, identifying, 15 determning, or
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a devic Snachin® rc}p&gtpo%g.aﬁ“filesinile%ioxp 8165 RN 2 W\E&Eor an apparatus for performing these

operations. The apparatus may be specially constructed for the required purposes, or it may be

a general-purpose computer selectively activated or configured by a computer program stored
20  in the computer. In particular, various general-purpose machines may be used with computer
programs written in accordance with the teachings herein, or it may be more convenient to

construct a more specialized apparatus to perform the required operations.

[82] The invention can also be embodied as computer readable code on a computer readable
medium. The computer readable medium is any data storage device that can store data that can
25  be thereafter be read by a computer system. Examples of the computer readable medium
include hard drives, network attached storage (NAS), read-only memory, random-access
memory, CD-ROMs, CD-Rs, CD-RWs, magnetic tapes, and other optical and non-optical data
storage devices. The computer readable medium can also be distributed over a network

coupled computer systems so that the computer readable code is stored and executed in a

30 distributed fashion.
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4A6| 4E aghq{P,llog Lﬁa@fstaﬁﬁmg, QEIUWiLl Bél appardne tmegérgaimlrl]hﬂgcs ttdemodifieations mas'thegt ed,

and that all the processing represente he,_operation e
necessapicticgd p)’iifé@t'g@ scopp af 'ihﬁ\‘}%R?Pii?S‘rﬁE[\a‘mﬁu N%%&?gty hee B?eg%lgglg‘}éé@%ggg%ﬁebed in
FI gur es, 4 cq ﬁd&@aﬁﬁuﬁﬁpv@éﬁ%op?esiﬂw{/@ BRhe Gnvehtisiok indefoebe lmistias éd i n any
one of or conblnations of conputer readable nedi um ,[?4% Atd hough tdhe

f or @goi Bgailsnyiest hepeinHag niedn miekfed witkinithe scone apfbegiyalents o &E‘? %’g&e of
clarity of understanding, it will be apparent that certain changes and

modi i cEEins may be practiced within the scope of the appended cl ai ns.
Accor di Wahyis cldgedds€sent enbodi nents are to be considered as illustrative
and not restrictive, and the invention is not to be limted to the 10
details given herein, but may be nodified within the scope and equi val ents
of the appended clainms. Wat is clainmed is: W 03/083522 PCT/ US03/ 09666
19 CLAI M5



1. A nethod for detecting an endpoint during a chem cal nechanica
pol i shing process, conprising: illumnating a first portion of a surface
of a waf ewowBw8s521 r st beam of broad band light; 5 receivi RGgTAISHI/OBH6
reflected spectrumdata corresponding to a first plurality of spectra of
light reflected fromthe first illum nated portion of the surface of the
wafer; illumnating a second portiori9of the surface of the wafer with
second beam of broad band light; receiving a second refl ected spectrum
data corresponding to a second pluCgaitsg of 10 spectra of light reflected
fromthe second illum nated portiof of the surface of the wafer;

nor mal i 7j ng A hgethdd fot deteftingcihandppecturingradhtmicahoeshanicsl prdishipge POESSN d

refl ected spectrum data; and determ ning an endpoi nt based on a difference
bet ween CoAEISHBr mal i zed first spectrum data and the normalized second
spect r um dat gumiBtide a KREpARENEh soffacelofh Wafer withdire ibearh b&brbad tsind Eplsct r um dat a

i ncl udes an |nten5|dy | evel correspondi ng t& each of %ﬁ@#urglit% cg
wavebengt hs ieseiving adostrrelqsted SPerirum; qaia cosiseronfing toya figt PIYrality 8HSRSFHA P m 2,
wherein.the bl urali i taRlf e ng first 20 spectra
includegggrﬁgﬁgg%% '%%§%¥ﬂ@%ﬁ*%ng%gﬁﬁﬁgﬁ%hgﬁo nm 4. The method of claim 3,
wherei n t he lupimking y sefondepesioargtiesstirface plothe Gratesspighsrceryl bsamsef breddbct r a
includes a range of about 200 to about 520 individual data points. 25 5.
The net e Lelaim 1, wherein normal i zing the first spectrum data includes
subst anti al | }csiGRBVd B@ohd1@efieoted epgonai daa icotrespondiyg valausegondsplumlity ABt hod of

claimb5, wherein, substantially repovi t he correspondi ' nsity

val uds isprstre ailightrdiestod ﬁ@mtﬂFFeS%%‘fléﬁ&‘lP{}g‘%/%qrﬁ%o{)tge Seug%ﬁe {))frr}ge %%Hh‘r?he plurality
of mavelengtRﬁn%Hﬁggﬂéqhﬁgﬁkmk@gmﬁyﬁhﬁﬂg intensity values of each one of
the plurality of wavelengths is equal to zero and WO 03/ 083522

PCT/ US03/ 0966@maliging the seapnvl srlcetpdspseiiin @at%ifanghe intensity values of each

one of the plurality aﬂfenﬁ%\{rﬁ lbﬁ%gtogsa diffeRiéetwded R Bormalizelin@stgpbdiagh of
determ i ng t he

claim1, whe‘riée%'l endpoi nt based on the difference

data and the normalized second spectrum data.

==

15
2. The method of claim 1, wherein the first spectrum data includes an intensity level

corresponding to each of a plurality of wavelengths in the corresponding first spectra.

3. The method of claim 2, wherein the plurality of wavelengths in the corresponding first

20  spectra includes a range of about 300 nm to about 720 nm.

4, The method of claim 3, wherein the plurality of wavelengths in the corresponding first

spectra includes a range of about 200 to about 520 individual data points.

25 5. The method of claim 1, wherein normalizing the first spectrum data includes

substantially removing the corresponding intensity values.

6. The method of claim 5, wherein, substantially removing the corresponding intensity
values includes modifying the intensity values of each one of the plurality of wavelengths such

30  that the sum the intensity values of each one of the plurality of wavelengths is equal to zero and



5 between the normalized first spectrumdata and the nornmalized second
spectrum data includes determning a change in the proportions of

i nt ensi t ywbms/osas22 east a portion of the plurality of wavelCgngodiessha t he
first spectra and the second spectra. 8. The nethod of claim7, wherein,
determ ning the change in the proportions of intensity 10 for at |east a
portion of the plurality of wavel en@0hs in the first spectra and the second
spectra includes: converting the normalized first spectrumdata into a

first Vegl@hof HEQRYEE bi giddsity e b eell osexfinsplspbtytof wavdengthsinapala second
vector; calculating a distance between the first vector and the second
vect or; toldedeterm ning if the di stance between the first and second vectors
is greater than or equal to a threshold distance; and identifying a change
in the proportions of intensity for at |east a portion of the plurality of
wavel engt hs The mkthofljof saimpbewhesein sgtepmigingelhe sadroichased of fthe; HECERS ance

between the first and eco | ] EirRg iR ideRidee
t hr eShoPEYETS 838’5{1"3]581 éfsgﬁéguﬁgﬁggédo?égﬁﬁ%g S%h&?rqsepi@n the second vect or
i s | ess gibaiinhpa dhiniget invRe poportidfls ofinensiet favat lofst @l portian1 of thp plugglity of

normalizing the firsi reflect specfrumdata i ncludes substantially
elim nawange%thﬁd?%f%ﬁﬁ??%ﬁ%‘%&ﬁé%%‘{%’ﬁ%%y | evel corresponding to each of
a 25 plurality of wavelengths in the corresponding first spectra. 11. A
system of detecting an endpoint conprising: broad band J.i ght.. source for
i || umi ndti ngThke wethod efclaim Wf%é@tﬂéﬁmlaz%%@??geéﬂ %E&‘P%Oé‘i“’“g 8% E’E?SIFY f or
recgiyvi el Lec SRIhSRPANEL Bkt becRa RhdHha kécoid §fectr30

30 it e Ch S PG b RIch AR BN

spe omthe Tllum nated portion of the surface of
t he waf efichides: each of the plurality of shots; WO 03/083522 PCT/ US03/ 09666

21 logic for normalizing g.fikst refl %tc?:? i Jdifgdata corresponding to a
first shot; POYPEBHE ’W%P‘ﬂ’*fﬁh éfshaje(gmsnﬁg%% r eﬁgect g}cri’ spectrum dat a
cor r espondi Ngorvertg §RGRAAaIEBO tcondpectiuagdata fntra wedrelrvertoisng an endpoi nt
based on a difference between th ormalized first .
calculating a distance between the first vector and the second vector;
15 determining if the distance between the first and second vectors is greater than or equal
to a threshold distance; and
identifying a change in the proportions of intensity for at least a portion of the plurality
of wavelengths in the first specira and the second spectra, if the distance between the first and
second vectors is greater than or equal to the threshold distance.
20
9. The method of claim 8, wherein the second vector is less than the first vector.

10.  The method of claim 1, wherein normalizing the first reflected spectrum data includes
substantially eliminating a noise portion of an intensity level corresponding to each of a

25  plurality of wavelengths in the corresponding first spectra.

11. A system of detecting an endpoint comprising:
a broad band light source for illuminating a portion of a surface of a wafer;
an optical detector for receiving reflected spectrum data corresponding to a plurality of

30 spectrums of light reflected from the illuminated portion of the surface of the wafer for each of

the plurality of shots;



5 spectrum data and the normalized second spectrumdata. 12. The system of
claim1l, wherein the logic for determ ning the endpoint based on the

di f f er encwolwawsasen t he normal i zed first spectrum data andPChasndosses i zed
second spectrumdata includes logic for determ ning a change in the
proportions of intensity for at |least a portion of 10 the plurality of
wavel engths in the first spectra an®lthe second spectra. 13. The system of
claim 12, wherein, determning the change in the proportions of intensity
for at | eastyygicReHrotslilg 4 fitst rfldeted spdoitumidataaorbspoglitigstoiarfirstiskotf i r st spectra
and the second spectra_ includes: 15 Iogi C f&r convert.i ng the nopmalized
first spect riopicdenrormpliznga sacpud reflecdedspectiugyfata FesRNGiREP #SFOPH Y

nor mal i ze(ﬂ second spectrumdata into a second vector; logic for

cal cul affthg a distance between the first vector and the second vector;

| ogi ¢ for debgicroniletgmiifing ke endpid hessd iatadifarensrebatweest the ArmeliesdniéfSl ect or s
is greater than or _equal .to,a threshq i stance; and 20 | ogic for

i denfi fﬁ’%ﬁ“‘&%@ﬁ&ﬂég’e?‘ﬂmﬁ °d°5 rsf’?c(t)rﬁ}snddg&'i ntensity for at |east a portion
of the plurality of wavelengths in the first spectra and the second
spectra, if the distance between . the. first and second c i eater
than or ld3qualhe systereck Hrigs b eheprity thy eslc ofii.e%’fﬂlé‘“@g? 8?1‘13{%*& %Sgcll r%ﬁi ,

wher ei n e [l Be%veéptﬁ@ héNiskAtBstispéetrind iStadnd thetnonsdlizyd $eeviel spedinm data
corresponding to each of a plurality of wavel engths in tt]e corres opdl ng
first spebidealoghSor fttemnEyisg e whasze &l ép propartioph el iatensiyHar # leasht pe JO‘EP

wavel engths in the corr [ ' HPL LGl udes a range of about
300 Mim g%elgi%{'}?' ogyaven?%gﬁ)%grp @g'.ﬁyg[i%hgﬁsﬁdem of%lglﬁg%d?nﬁl& wherei n t he

plurality of wavel engths in the corresponding first spectra includes a

range of about 200 to. abo 520 .i ndi vi dual f i %@n@%?
PCT/ Us03P096dBe Sﬁ?nll"f."?‘*lﬂﬁgtzsv@?%‘ﬂa‘% :“u““}gr%h%?‘,ag%ﬁ?@rt% ‘??"??f‘e?"’ﬁo%éi c for
nor mal i Zi,ng 188, hértist oS phialily Ipwavelehgihs indis fitgpecird and thalseroadsealrd y

removing the corresponding intensity values. 5 18. The system of claim 17,
wher ei n,inglidss:| ogi ¢ for substantially renoving the corresponding intensity

val inclu [ Gedib (HARE A MO0 BedtbEdE iy v@bktiestogf each one of the
pl urgﬁsi ty of %e%?\?a%)ggdenﬁegtlﬁé such tﬁat lt%g sumthe intensity val ues of each

one of the plagiafor tonvafinggheaionnaizedsecons speptiam da iptordseedtd YeH: sum of the
squares of t oegic! t%} 8aqu1§t¥1g\éadlis%la%§e Qthgeﬂcﬂlﬂe ﬂgtevegtfor Mlﬁh@!;éé{)ﬁ’d xl'eEtY)r;Of

logic for determining if the distance between the first and second vectors is greater than

e

or equal to a threshold distance; and
20 logic for identifying a change in the proportions of intensity for at least a portion of the
plurality of wavelengths in the first spectra and the second spectra, if the distance between the

first and second vectors is greater than or equal to the threshold distance.

14.  The system of claim 11, wherein the first spectrum data includes an intensity level

25  corresponding to each of a plurality of wavelengths in the corresponding first spectra.

15.  The system of claim 14, wherein the plurality of wavelengths in the corresponding first

spectra includes a range of about 300 nm to about 720 nm.

30 16.  The system of claim 15, wherein the plurality of wavelengths in the corresponding first

spectra includes a range of about 200 to about 520 individual data points.



wavel engths is equal to one. 10 19. The systemof claim1l, wherein the
logic for normalizing the first reflected spectrum data includes

subst ant ivablog/ogdsean nating a noi se portion of an intensity PCEXESN3/09666
corresponding to each of a plurality of wavel engths in the corresponding
first spectra. 15 20. The systemof claim1l further conprising: a CWP
process tool including: a polishing28ad including a pad slot; and a platen
including a platen slot, the platen slot capable of aligning with the pad
slot during particular points of the chem cal nechani cal polishing process,

the broad band |ight 20 source being oriented to.i i .
Lhe wardr ¢ risughomnel oria o ShepndAg 10am aprmiirge e hf bfeckif &l tton of

includes logic for substantially removing the corresponding intensity values.

5 18.  The system of claim 17, wherein, the logic for substantially removing the corresponding
intensity values includes logic for modifying the intensity values of each one of the plurality of
wavelengths such that the sum the intensity values of each one of the plurality of wavelengths
is equal to zero and the sum of the squares of the intensity values of each one of the plurality of
wavelengths is equal to one.

10

19.  The system of claim 11, wherein the logic for normalizing the first reflected spectrum
data includes substantially eliminating a noise portion of an intensity level corresponding to

each of a plurality of wavelengths in the corresponding first spectra.

15 20.  The system of claim 11 further comprising:
a CMP process tool including:
a polishing pad including a pad slot; and
a platen including a platen slot, the platen slot capable of aligning with the pad
slot during particular points of the chemical mechanical polishing process, the broad band light
20  source being oriented to illuminate the portion of the wafer through the platen slot and the pad

slot.



