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2. Description of the Related Art

In the fabrication of semiconductor devices, typically, the integrated circuit devices are

15  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

20  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.

25 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

30 otherwise prepared by the CMP process. The distribution is generally accomplished by a
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endpoi n et ection. poi nt detection for copper is performed because
copper cannot be o
15 As mentioned above, the CMP operation is designed to remove the top metallization

material from over the dielectric layer 102. For instance, as shown in Figure 1B, the
overburden portion of the copper layer 106 and the diffusion barrier layer 104 have been
removed. As is common in CMP operations, the CMP operation must continue until all of the
overburden metallization and diffusion barrier material 104 is removed from over the dielectric
20 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
successfully polished using a timed method. A timed polish does not work with copper
25  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 over the diffusion barrier layer; (2) to ensure that the diffusion barrier layer is removed
30 from over the dielectric layer. Thus, endpoint detection techniques are used to ensure that all

of the desired overburden material is removed.
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on the polishing process. Acoustic em ssion nonitoring is generally used
to detect thengRlefbndpoint detection method disclosed in European application EP 0 739 687 A2
15  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
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
20  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

achieved some commercial success in the industry.

Direct endpoint detection methods monitor the wafer surface using acoustic wave

25  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
waves. These patents describe an approach to monitor the acoustic wave velocity propagated
through the wafer/slurry to detect the metal endpoint. When there is a transition from one metal

30 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 method of endpoint detection using
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Broad band methods rely on using information in multiple wavelengths of the
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

20  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

indicate the transition from one metal to another.

A common problem with current endpoint detection techniques is that some degree of

over-etching is required to ensure that all of the conductive material (e.g., metallization

25  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
endpoint detection or over-polishing is that dishing 108 occurs over the metallization layer that

is desired to remain within the dielectric layer 102. The dishing effect essentially removes
more metallization material than desired and leaves a dish-like feature over the metallization

30  lines. Dishing is known to impact the performance of the interconnect metallization lines in a
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i nterconnect netallization lines in a WO 02/ 074491 PCT/ US02/ 05961 5
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15  of the Fourier Transform within a specified thickness window are summed. The endpoint

occurs when the sum of peak magnitudes exceeds a predetermined threshold.

In another embodiment, an endpoint detection apparatus is disclosed that detects an
endpoint during a chemical mechanical polishing process. The endpoint detection apparatus
includes a broad band light source for illuminating a portion of a surface of a wafer, and an

20  optical detector for receiving reflected spectrum data corresponding to a plurality of spectrums
of light reflected from the illuminated portion of the wafer surface. The endpoint detection
apparatus further includes logic that determines an endpoint based on optical interference
occurring in the reflected spectrum data. As, discussed above the optical interference is a result
of phase differences in light reflected from different layers of the wafer, and occurs when the

25  top metal layer is reduced to the thin metal zone.

A system for detecting an endpoint during a chemical mechanical polishing process is
disclosed in a further embodiment of the present invention. The system includes a polishing
pad having a pad slot, and a platen having a platen slot. The platen slot is designed to align
with the pad slot during particular points of the chemical mechanical polishing process. The

30  system also includes a broad band light source for illuminating a portion of a surface of a wafer

through the platen slot and the pad slot. An optical detector receives reflected spectrum data
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WD 02/ 074491 PCT/ US02/ 05961 8 BRI EF DESCRI PTI ON OF THE DRAW NGS The

i nvention, together with further advantages thereof, may best be understood
by referwpamentadthe foll ow ng description taken in conjurcTiusn2/ed9sh t he
acconpanying drawings in which: 5 Figure 1A shows a cross sectional view
of a dielectric layer undergoing a fabrScation process that is common in
constructi ng damascene and dual damascene interconnect netallization
lines; Figure 1B is an BRIEEDESCRIPTEONGHRTOHEMRAWANGS den portion of the
copper layer and the diffusion barrier [ayer having been renoved by a CW
process; 10 Figure 2A shows a CWP systemin which a pad is designed to
rotate aroundh¢ dnveatian, togethercwish fariber sdventages bwieodi menbesfba n@gqut@@,@hv

i nventign: Fi qur is apn illustrati.on show.n endpoi nt detecti.on .
yst om Srorets Rt oM ind e aptnilin MasbtGRtcnu Tl rECERPmP IR Fai gy, o
3 is a @hirgr am showi ng a portion of a wafer illumnated by a nmulti-spectral
light 15 during a CMP process, in accordance with an enbodi nent of the
present invention, Figure 4 is a flowhart showi ng a nethod for detecting
an endpoi nt HigtrngAshewe s @als sepgeishiicvapt poliglediiio dpypr vedesgoing g fabieatidance

wi th an_enbodj,nent of th resent i.nvention, Fiqure.5.is _spect.rum graph
show ngp rgc%srgoghgl? blgngorp@foﬁe& ecéfnr%][ & ]fliguar?rfl?SS?Hea a\rAlgf glilal aflarggsrcg%eusm%&clo% escl%i n
t he CMVRnpfafiz@66n lihés;accordance wi th an enbodi nent of the present invention;
20 Figure 6 is graph show ng a Fourier Transform of the reflectance data
where the wunderlying dielectric layer has a thickness in the range of
6000- 10000 Abiguge ﬁ%e&)muélﬁétéatwnt%oamg Batoverbriisn peftiqnrd the sennst layay et then;
Figure 7.d Four i ) how o]0y & sfornms of reflectance data
curves ‘lZl#uagggpemr?%rﬁﬁ%&o%ggégrﬁ%&t}%c}g' %w&glgeggrs instances of tinme, in
accordance with an enbodi nent of

10 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;

Figure 2B is an illustration showing an endpoint detection system, in accordance with

an embodiment of the present invention;

Figure 3 is a diagram showing a portion of a wafer illuminated by a multi-spectral light

15  during a CMP process, in accordance with an embodiment of the present invention;

Figure 4 is a flowchart showing a method for detecting an endpoint during a chemical

mechanical polishing process, in accordance with an embodiment of the present invention;

Figure 5 is spectrum graph showing a broad band reflected spectrum from a wafer at

various points in the CMP process, in accordance with an embodiment of the present invention;

20 Figure 6 is graph showing a Fourier Transform of the reflectance data where the
underlying dielectric layer has a thickness in the range of 6000-10000 A, in accordance with an

embodiment of the present invention;

Figure 7 is a Fourier Window showing Fourier Transforms of reflectance data curves in
a specific thickness bounds for various instances of time, in accordance with an embodiment of

25  the present invention; and



25 the present invention; and WO 02/074491 PCT/US02/05961 9 Figure 8 is a
graph showi ng the magni tudes of the peaks found during operation as a
functi on wD ozioma91 whi ch is shown as the shot nunber. WO 0PCOAA4D15961

PCT/ US02/ 05961 10 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS An
invention is disclosed for optical endpbint detection. The present
invention p I ti . I 0t i.Q ¥ Ll

opt 1 cal 1 nt oF FER s R ARLUER e BT B8] F By BT R LA ER
met al  zfuneticlof fighe AWk is¥ho6a3S the shopaiirthb&ul ar, an 5 endpoint is determ ned
based on optical interference occurring in the reflected spectrum dat a,
which is a result of phase differences in light reflected fromdifferent

| ayers of the wafer, and occurs when the top netal layer is reduced to the
thin metal zone. In the follow ng description, nunerous specific details
are set forth in order to provide a thorough understanding of the present
invention. It will be apparent, however, to one skilled in the art that the
present 10 invention may be practiced wi thout some or all of these specific
details. In other instances, well known process steps have not been
described in detail in order not to unnecessarily obscure the present

i nvention. Figure 2A shows a CMP systemin which a pad 250 is designed to
rotate around rollers 251, in accordance with an enbodi nent of the present
invention. A platen 254 is positioned 15 under the pad 250 to provide a
surface onto which a wafer will be applied using a carrier 252. Endpoi nt
detection is perfornmed using an optical detector 260 in which light is
applied through the platen 254, through the pad 250 and onto the surface
of the wafer 200 being polished, as shown Figure 2B. In order to
acconplish optical endpoint detection, a pad slot 250a is fornmed into the
pad 250. In sonme enbodi nents, the pad 250 may i nclude a nunber of pad slots
250a



20 strategically placed in different |ocations of the pad 250. Typically,
the pad slots 250a are designed snmall enough to mnimze the inpact on the
pol i shi ngwopenatbon. In addition to the pad slot 250a, aPplraiseno®bot 254a
is defined in the platen 254. The platen slot 254a is designed to allow
the broad band optical beamto be pass&¥ through the platen 254, through
the pad 250, and onto the desired surface of the wafer 200 during
polishing. 25 BETAINED DESCRIPTION OfeTHERREPGRREDIEMBQIIRGENTS t O
ascertain a level of renoval of certain filnms fromthe wafer surface. This
detection technjque.is.desi?ned to measure the thickness of the film by

i nspecting tAe invewidreieniisslqsed tfer wptiead ceidpent bieteationopilihe apreseat dBYeantior60.

Addi ti | ] he_ . pl 254 i s .desj ical I '
A B RS ST St B D GEEIR e
| ayers {h&imatih&amler haZ0Rachd@ Dahid 1dd L oBE tubR0 2 ORBD drocdss. FinOpdrEcular, Sna

di agram showi ng a portion of a wafer 300 illumnated by a broad band Iight
sourTe ehdpping imdarnipedbessd, oni eptigelciviedizrenee wiewiring ire thsowfleserd spectrumedata,

t i tion. T f 300. i.ncl iLi bst 30
o do. 18P 158 2 cqroet B BrordRon B aRSied o EeLRRGH BL e Wer %Bgs
formed eueafs whdh @ éle e Slyesi4edubBe (SABREH thé@¥Biond0B the FQRIWESEM Bription,

over burdened copper forned during a Danascene CWVP process. Cenerally, the
copper heyepusepecific detpds iateesttdorth in lveden i quovidy er thagmghwimdetstandingt afhibd i n
an earlier step to formitrenches for copper interconnects. The overburden
Copper PEhdRVankiey el B B PR Hy TS oy ol e RUEE A dBe 1y A 4euprertiis
| eayy nGinQBiktdont My HRNFHGICEY SvitHolE o bOAID off MEesk IPAGHE YetalWally oFPRFIBEERRES,
occurs in a simlar manner and allows the formation of netal plugs and 10
i nt er cownlkdnewat prohessssiems haveenotDeeen rdgserttedpal dethil ny Edocedsto wmsodtsardpt s
of the resen%ei nvention utilize optical interference to determ ne when
the copP&fUgdac Hgsenh gt i@foved. Initially, shown in view 30la, the copper
layer 306 is relatively thick, about 10,000 A, and thus opaque. At this
poi nt, the Fioght289BokHaCNIP kiRmMaf ®8ichReaaurshas 8edinddns r¥afeeioddQollsrs

no

reflected back with little or
251, in accordance with an embodiment of the present invention. A platen 254 is positioned

15  under the pad 250 to provide a surface onto which a wafer will be applied using a carrier 252.
Endpoint detection is performed using an optical detector 260 in which light is applied through
the platen 254, through the pad 250 and onto the surface of the wafer 200 being polished, as
shown Figure 2B. In order to accomplish optical endpoint detection, a pad slot 250a is formed
into the pad 250. In some embodiments, the pad 250 may include a number of pad slots 250a

20  strategically placed in different locations of the pad 250. Typically, the pad slots 250a are
designed 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,

and onto the desired surface of the wafer 200 during polishing.

25 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

to the pad 250 to enable precision removal of the layers from the wafer 200.



15 interference. Then, as the copper is polished down, the copper |ayer 306

becones a thin netal, at about 300-400 A This is known as the thin netal
zone. At wbiog/opgbnt, shown in view 301lb, the copper |ayePCIABoHevones
transparent and |ight can pass through the copper layer 306 to illumnate

the |ayers beneath. Wien the |ight 3121lbegi ns penetrating the various

layers of the.wafer. %pc}ﬁ%%ﬁgxs,h%\?vyﬁ:lé‘t%%%%?orne&cae w%et(f%oﬁ'illﬁﬁﬁrgbé%f %\gé b?é]aedt&%

waf er has a réefledttve i a property tha afller's

af fect @phtt BeurveldeihtYa AEMPhBrdcb@tin abeordendet withs &€ erhticalitenteot #eebresént
another. Hence, the velocity of the |light 312 changes as the |ight 312
passes fiveniiomellreavaler 300 ingludgmasitiepn sykstratn 8A2. aayaxida layer304«ksposrs qveghe 312

gets refl.ect nd cones back he aptical 2 t or— Since e
Jel oot ¢ 5 zeCinandi® TR 25 O R et e s BEdraial TS i oo
ther® i sepleRh@SiefiivkdeRib@nNeppiiciome dulfg la DRthastéAe CAIP gab&Ms.f r(}klﬁbiahg, the
surface of the copper layer 306 and the |light 316 reflected fromthe

sur f aceceiper hayenRDeles Heppsitedoder BE wixidgrlryer A0 e whidhsis etchsd s eindiaflfes stepcte
between_.the |ight 316 reflected fromthe surface of .the oxide l.ayer. 304 and
Che 11 G SR SOPEE PPGARCRES < APy ALEDBPeE FePrlt it HPacEmates SN Ve
var i oustd gfJR€ HRbxhdedRYer U S thus adl onBlfhe coRdhca¥S1ih& RItRGIth@feBbd. CBhal

i nterference occurs. 02/ 074491 PCT/ US02/ 05961 12 Thus, when the copper
| ayer 3D@niascenhi edcursa iphmsemidirampeneioesd redlowscthgr fdyewdios eoft meetal| plygs ®CS
ca\rll\g@t Pe{netrate i[}% copper layer 306, and thus no interference occurs.
However ™ B

CREAEIFC opPEM™yer 306 becomes very thin and transparent,
interference occurs because phase changes occur between the |ight

reflected fromdnbanyaydliomisg! H¥edss, ahbddietdf & thdOfesedt inventibh Sutitige Mpticilhe
pol i shing process should be halted. Figure 4 is a flowhart show ng a

met hod #0efdroncedet daterimine aerribipodpier dU6 ihag been whmerviedal Initisdliiastioval in view
PR UG T S R T o ML
i1 um ngfd RehtaBoBAhAH Pminates the surface of the wafer 300 is reflected back with little or no
15 interference. Then, as the copper is polished down, the copper layer 306 becomes a thin metal,

at about 300-400 A. This is known as the thin metal zone. At this point, shown in view 301b,

the copper layer 306 becomes transparent and light can pass through the copper layer 306 to

illuminate the layers beneath.

When the light 312 begins penetrating the various layers of the wafer optical

20 interference occurs. Each layer of the wafer has a reflective index, which is a property that
defines the layer’s affect on the velocity of the light 312 as it passes from one layer to another.
Hence, the velocity of the light 312 changes as the light 312 passes from one material to

another.

At each layer interface the light 312 gets reflected and comes back to the optical

25  detector. Since the velocity has changed inside the material, a phase change occurs. Thus,
there is a phase difference between the light 314 reflected from the surface of the copper layer

306 and the light 316 reflected from the surface of the oxide layer 304. Similarly, there is a
phase difference between the light 316 reflected from the surface of the oxide layer 304 and the

light 318 reflected from the surface of the substrate 302. When the various reflected light rays

30 314, 316, and 318 interact an optical interference occurs.



of the surface of the wafer with a broad band |ight source. Reflected
spectrumdata is then 10 received corresponding to the spectruns of |ight
refl ect eawbrootav44be i || um nated portion of the surface of PCh@SK661 Fi gure
5 is spectrum graph 500 showi ng a broad band refl ected spectrumfroma
wafer at various points in the CMP prdéess, in accordance with an

é
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i nt ensi tighta308cAntide bedirarf th& copgari 1R F6nand pelsimdinterfragial ocetien Hpldwes)
interference occurs. Hence, the enbodi nents of the present invention plot
i nt ensi Maeaghe coppasdeyes BO6fbeepmes yeric thin Bheé AEAnsRAIGIt ot ERreRregoccurclhacawseof

1/ X proyj des,a periodi.c.si | ,when . opti.cal ,i nterference CUrs, rve 502
shows. ¢ HAEF S RRRR st EartBe nERC Rt s oieaEPbERooE s E R 200 ifer
and 3§ hugmi9paiat €he PSlisRInG PrSd shollRISd uked, when the copper layer is thick,
20 no interference occurs because the |light cannot penetrate the copper

| ayer and thus a phase change does not occur. This is shown by curve 502,
whi ch does nd&igwhdwisamflogsbir shevingsa method HE0 depdetecting ap HepeifeUEiRg Aner

gﬁ?i/lalsa Iibe?{rgl% lrliggiglgai%c%l Z)gfé%l%ﬁ%g)?ocztepse iglee]:clc:? %%1%% F{ECtnr Thod erﬂt ar t}tleS @Qé’svgnti n

C
1
resenting e refliected spectrum a alrl ous

poi Nt's inventibiEI\bSRatiddI020BRAE bafd téfRRBREE @ath is @Railbd By sIR@finkiig@h pyrtiodr aph
500 shows that periodic frlngfs or oscillations begin appearing in the

r ef | ect ed thepauface of ithe wakst itk abragdnbangd ight sowres-e Reflested spectrupedetn ds thgRen

t he,copper. layer thickness approaches {he netration.depth.. Each cupve in
i b o Briyey P fsoliE S 7 ABELPEF PEDeC B aBERELPR I e AR e EPES S I, o,
300 to #g8morfitewaeproximate relation for the ratio of the magnitude of
electric field of the reflected wave to the incident wave for a single 30

| ayer of dielectric on a substrate is given by eguati on (1) below. WO
02/ 074491 PCFigyso3/iosmetrumigsaply 300 siyorying a-broag) band paffectedxpgciyra fom p gyafernd

riz ar eatt Q%icl):liseg&%lsl h ﬁl%eCEMPp ipreo'?:tesss', ir'? a{cgorhgrlecep\gﬁﬁ eanaglg{)gdig'le\rlf Bt l%?fe %ge%gﬁti on
invention. The graph 500 plots the intensity verses 1/A, where A is the wavelength of light in
15 free space. Plotting intensity as a function of A provides a non-periodic signal when optical
interference occurs. Hence, the embodiments of the present invention plot intensity as a
function of 1/A, since intensity plotted as a function of 1/A provides a periodic signal when
optical interference occurs. Curve 502 shows the reflected spectrum when the copper layer of
the wafer is thick, and thus opaque. As previously mentioned, when the copper layer is thick,
20 no interference occurs because the light cannot penetrate the copper layer and thus a phase
change does not occur. This is shown by curve 502, which does not show any oscillations. As
the copper layer becomes thinner oscillations begin to appear in the reflected spectrum, such as
shown in curves 504a and 504b, each representing the reflected spectrum at various points in

time when the copper is transparent.

25 More specifically, graph 500 shows that periodic fringes or oscillations begin appearing
in the reflected spectrum in the 1/A or 1/nm axis, where nm is 10 Meters, when the copper
layer thickness approaches the penetration depth. Each curve in Figure 5 is an instance of the
reflectance spectrum R(1/A) where A is from 300 to 700nm. The approximate relation for the
ratio of the magnitude of electric field of the reflected wave to the incident wave for a single

30 layer of dielectric on a substrate is given by equation (1) below:



(2) below (2)R=2nld/X 5 where d is the thickness of the dielectric |ayer
and nl is the reflective index of the dielectric. Referring back to Figure
4, the reWbeevawee data is nornalized in operation 404. Nomnmsb2/eiony t he
refl ectance data reduces the sanple to sarrple variations in the data. As
menti oned previously, when the endpoi nd3wi ndow in the polishing belt noves
over the 10 ciﬁcf) gt de ecthzam sensor, the surface of the wafer is

i 11 uni nat ed E{} &Jrﬁhnélzl i ght and the |i ght reflected fromthe wafer
surface is recorded as refl ectance data. Since snmall variances in the data

can occur begaese rfif andul Sielehd BedlRI’s codffitichfl Pas HrNAasdRote %ﬁerﬂ@fr Bghdtgd to
reduce the effect the variances have on the endpoi nt det'ection process. In

oper at i G0 b4®8y: the normalized reflectance data is de-trended using a
polynom al fit. 15 De-trending stretches out the reflectance curve to
reduce osci | I@t'ggseﬁ)&esent when the copper layer is still opaque, which
can be cause tﬁ/‘ 4 rs other than optical interference fromthe
underlying wafer layers. To this end, a polynomal is fitted to the

reflectance datR and thd @fickded! 6f th%%él'éé’tﬁbelg @Uind ﬁlnlsttﬁé %ef'l@%ﬂ@@ﬁmdekhéf the
refl ectance data curve begins essentially fY thus allow ng for easier

det ect i dinlegfricosci | | ati ons caused by the opti cal interference of the various
20 |l ayers of the wafer. In operation 408, a noving average filter is

applied alon he 1/X axis.. Typicall an unt of high,f.requ se
Pt esent 1 Relering dPeE b Sraléfhy oo firsllingd, BB s Sprntifen of SHeERES 281
adver SeN&Snﬁﬁliz@ﬁg R EfRBARG Bhta ABHIRES RN sBHHIE S SsamP Fariiohk |ih QFe idataaPRlsi ed
to the curve to reduce the high frequency noise. 25 A derivative transform

i s t henmapipdieddpreyiaquky, rvdfenetheagrslpoit windawojpe thet pokishig belt Cmcmsawqr thg

const ant es the refl tan d m t he
Cor B0 A endRofY e R setshe The R e P glegare, is MEhPRAiL b bibad band Rt wid O
I arge, i [EAMEErohT BB A Burfed s l?@co‘f'(%ﬁ' ﬁ%ﬁ&ta%e@a{aargﬁceoﬁﬁéﬂ HriahB& in
origin. This can dom nate and obscure the peaks at the
the data can occur because of outside factors, the reflectance data is normalized to reduce the

effect the variances have on the endpoint detection process.

In operation 406, the normalized reflectance data is de-trended using a polynomial fit.

15 De-trending stretches out the reflectance curve to reduce oscillations present when the copper
layer is still opaque, which can be caused by factors other than optical interference from the
underlying wafer layers. To this end, a polynomial is fitted to the reflectance data and then

later subtracted out. In this manner, the reflectance data curve begins essentially flat, thus
allowing for easier detection of oscillations caused by the optical interference of the various

20 layers of the wafer.

In operation 408, a moving average filter is applied along the 1/A axis. Typically, an
amount of high frequency noise is present in the reflectance data curve. The high frequency
noise can adversely affect the endpoint detection process. Thus, a filter is applied to the curve

to reduce the high frequency noise.

25 A derivative transform is then applied to the reflectance data in operation 410.
Generally, a constant bias, or DC, is present in the reflectance data collected from the wafer
surface. Since the constant bias in the reflected spectrum can be large, the Fourier transform
can be dominated by a large peak at the origin. This can dominate and obscure the peaks at the

higher regions of the spectrum, which are of primary interest. By applying the derivative



hi gher regions of the spectrum which are of primary interest. By applying
the derivative WD 02/ 074491 PCT/ US02/ 05961 14 transformation to the
refl ectarwe odar491 t he constant bias can be reduced or el i FCRAISeZI0595N
graphical terns, the reflectance data curves can be zero centered by
renovi ng the constant bias. A spectral 14\i ndow i s then applied to the

refl ect angg %ﬁn'ﬂat @Q%@Eét%e‘l&% tﬂ@%oﬁs?ﬁﬁtrgxﬁéec% B9y &Hoérhéﬁmhgﬂéﬁc%' on
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at the edges of the reflected spectrum which generally occur when the
refl ected spectrum contai ns _a non- integer nunber of cycl.es
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t he Fouri rans ormontoa reso utron gri rocedure
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grid. This, in turn, enables increased accuracy in peak det ecti on,
per f or m8fi theaiellected, s&q%r%tvﬂw gonstrlly) gscynehe s deHesied S%Fremwatﬁmrga n%n-

perfor nﬁﬁ?%n%%mﬁ?lgge?ﬁé@@%kﬁm discrete pixels of the reflected

spectrum a nuch | y pixels in the extended grid not
covered by the actual acquired data are can be filled with a val ue of zero.
15 I'n oper at Zero gebidingais Fostr applied tatefrefisatinee alpial inegpetatioh Hd4r ektoepdaingeof
data. The Fourier Transform breaks down the signal into pultiple
conponefiestetlpgied gpectrpm dagy helps twmrhérﬁwnera“ﬁraséfoae@anq # hipbex ’E—?FOIH‘é‘?re&‘E‘d t he

occ ltlgr gg‘éﬁsﬁ%c&ﬂré) §§‘S t a"ilﬁll M?paﬁt 1&1&%{?)1&% toemk %fo#lﬁ&t EhnSREM! SY 2 Fngl %ﬁd 6is

grap OW ng a Fourrer Trans ' The reflectance data where
under | yiTig, th elrecdnables lingredsetl ascidradyhingieale sistettior, e peafogaedaté(G0 Ghel BRADIA,
in accordance with an_ 20 enbodi nent of the present invention, The Fourier

Tr ansf ofhY- grlapnleembq%%rd@el%ﬁa%% irePertppie esrigrding doe awphe @odiscrete
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conpar eff he penetraty urves 1% Y he

copper layeéd bysthe \aetuyl idquﬁe@dﬂpafeeﬂnﬂaefﬂlh@“@mme\tdlm oforeralept h. I n equati ons
(1) and (2) above, the thickness d

15 In operation 416, a Fourier Transform is applied to the reflectance data. The Fourier
Transform breaks down the signal into multiple components. Hence, the Fourier Transform

can be used to better detect the occurrence of an oscillating pattern in the reflected spectrum.

Figure 6 is graph 600 showing a Fourier Transform of the reflectance data where the

underlying dielectric layer has a thickness in the range of 6000-10000 A, in accordance with an

20 embodiment of the present invention. The Fourier Transform graph 600 includes an opaque
copper reflectance curve 602, wherein the thickness of copper layer on the wafer surface is very

large compared to the penetration depth, and thin metal curves 604, wherein the copper layer is

very thin compared to the penetration depth. In equations (1) and (2) above, the thickness d

and the wave-number 1/A are related through the phase expression. Thus, the Fourier

25  Transform of R(1/A) maps to the space of d:
(3) RE(d) = F{R(1/A)} <> R/\)

The Fourier Transform graph 600 of Figure 6 shows RF(d) for various instances of time
during a CMP process. As can be seen from the Fourier Transform graph 600, at the time

instances where the copper thickness is very large compared to the penetration depth, curve



and the wave-nunber 1/ X are rel ated through the phase expression. Thus, the
Fourier 25 Transformof R(1/X) maps to the space of d: (3) RF(d) =

F{ R( 1/ X) }wB-02/0R421 X) The Fourier Transform graph 600 of FiPGEIESIBIPHROWS
RF(d) for various instances of tine during a CVWP process. As can be seen
fromthe Fourier Transform graph 600, a the time instances where the

oor b 744 SRRl Eelifgl Gine FoBe TR, Chhoh MO SRR Blel BRIGER AnaL it W 1O
Graph 6Q@Iwdtiid)i 6000H@0DNI A kisewsy sanale Wheh hige pdiigl fatlidscthe GRABARAORpH, d S

very small. Wen the polish reaches the penetration depth, a significant
peak begighificapt apakebaging torapreathwithinghe didlecérie Hielgasrngangfeshosg Bhdwrthisy

t he thi % - Faur i T, ,
the peatsliBies B A eiPiin 19dng BOML: Mol fBloh o0 HIRLEL L BB Y
whi ch i mdthli Gurexab®t appeéir tapaibbhi 860ESS wiich e thidi @laafld i€ thayaekaesd evitidhe
copper layer. In other enbodinents, where the wafer structures are nore
conpl i c&liederiri¢ yerdelovathe copperdeyesf t he Fourier Transform represent the
geonetrical |ayout of the |layered structure. For exanple, in a tw |ayer

1 ayout | _ e, Tayer
and i '+ a2, BB ARRran gy e oo, Wl BELAEY RS My BPRE3he Bllly *

det ect posksf dfagie Hoeridd Trahsfoim sé@AbGAt ther debmetrital YRutITahe $8yevdiadiruatupet Bbr
| ayer reaches the thin netal zone. For copper the penetration depth is
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the graph that covers the dielectric thickness. Figure 7 is a Fourier

W ndow Hoopesistaiiangdepuisiabeut H0Qrs fiest fos Tuagstereif iscaboah®® Hata curves in a

speci fic thickness bounds for various instances of tinme. In the exanple of
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Transform spectrum within predetermined thickness bounds. When the thickness of the
15  underlying dielectric layer is known, a window can be focused on an area of the graph that
covers the dielectric thickness. Figure 7 is a Fourier Window 700 showing Fourier Transforms
of reflectance data curves in a specific thickness bounds for various instances of time. In the
example of Figure 7, the thickness of the dielectric layer below the copper layer is in the range
of 6000-10000 A. Thus, the Fourier window 700 is configured to show the Fourier Transform
20 of the reflectance data curves within a thickness established by a low thickness bound (I.TB) of
6000 A and a high thickness bound (HTB) of 10,000 A. Thus, referring back to Figure 4,

during operation 418 a predetermined number of peaks are found between the thickness bounds

defined by LTB and HTB.

Next, in operation 420, the magnitude of the peaks found in operation 418 are summed.

25  Figure 8 is a graph 800 showing the magnitudes of the peaks found during operation 418 as a
function of time, which is shown as the shot number. The shot number represents the sequence

of the reflectance data obtained during consecutive iterations of the endpoint detection process.

As shown from graph 800, the peak magnitude curve 802 remains low during the earlier stages

of the CMP process, in this example, during shots 1 to about 84. Then, as the copper

30  approaches the thin metal zone at about shot 90, the peak magnitude curve 802 rises sharply



0 of 6000-10000 A. Thus, the Fourier w ndow 700 is configured to show the
Fourier Transform 20 of the reflectance data curves within a thickness

est abl i shwo obp7491 ow t hi ckness bound (LTB) of 6000 A andPaThisghodohi ckness
bound (HTB) of 10,000 A. Thus, referri n% back to Figure 4, during
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Ther§ agerere]ycapypesd éﬂlasatpresmamhemehhhe thin mnem?ltz@he hanbeeatreadhedt TSbiullPthe t he
peak magnitude curve 802 rises shar WO 02/ 074491 PCT/ US02/ 05961 16
becauseBgshpkbisoidsatedsq ahio Be digh 1 Wentotth% spy ofethe aigalk paranitidssquhen e a
result c c b

tr anspal SiFEe.6F et TRh 1E1E06 EonhRt b ARG RO, T Pl BBl

t he summagnitities feakd imwgeiatiodds$s aut«e legs ehdre thet jslaaefﬁleﬁrtﬁfbehmlﬁgemet ﬂlﬁ&ﬁ)hmm in
operation 422. The threshold is enerally selected so as to estimate

when t heortiugs feoRfaiy élrrf-‘en%sbr%bha sdlestancer dafp da | apgratin 407 e O ises the
sel £t egle%%d%ot C%quegqn 6§ér§‘ﬁdn"f24t° the sum of the peak nagnitudes when
ne

the  thickness o arge conpared to the penetration depth.
If the sum of the peak magnltudes found in operation 418 are |less than the
predefined tMheMPchrodebeisnetrhiadied(f) opemribh HAéssiha aththBi poihthide rRadpoibr kad
band refl ectance data in operation 402. Oherw se, the =10 nethod 400 is

conpl et BeFniTRadSer &7 pier erphodimpats eheereat g veriiane fiatisicelbbypomesis desis Gadrbes 24,
since aﬁsetdh[bsdePéHn%e &/H&l ﬁl@qﬂl{ﬁl Iﬂétaﬁﬁﬁle has been reached. Since the embodiments of the

present invention use optical interference instead of mere changes in the surface reflectivity as

15  in conventional endpoint detection, the embodiments of the present invention advantageously
provide increased sensitivity and robustness in endpoint detection. In addition to endpoint
detection, the embodiments of the present invention advantageously can be used to determine
the thickness of the layers in the wafer. Conventionally, an off line metrology tool was needed
to measure the thickness of the layers of the wafer. The embodiments of the present invention

20  can measure the thickness of the layers of the wafer without needing to remove the wafer and

measure from a separate machine.

Although the foregoing invention has been described in some detail for purposes of
clarity of understanding, it will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. Accordingly, the present embodiments are

25  to be considered as illustrative and not restrictive, and the invention is not to be limited to the
details given herein, but may be modified within the scope and equivalents of the appended

claims.

What is claimed is:



been reached. In other enbodi nents of the present invention, statistical
hypot hesis tests can be used to determ ne when the thin netal zone has
been reacWed2/08i4pce t he enbodi nents of the present invenPCorisayesopti cal
interference instead of mere changes in the surface reflectivity as 15 in
conventional endpoint detection, the ehbodi ments of the present invention
advant ageously provide increased sensitivity and robustness in endpoint
detection. In addition to endpoint @ghgqaki on, the enbodi nents of the
present invention advantageously can be used to determine the thickness of
the layers in the wafer. Conventionally, an off |line netrol ogy tool was
needed to nkasurd tdgthothioc kintesisngfin tehdpdiny dugngf dhlymiashmeachanigad polishing
enbodi ment s of the.IPr sent invention 20 can neasure the thickness of the

| ayers HpaﬁﬁénﬁQQﬁ-&ﬁ%ﬁBﬂ?uﬂﬁéging to remove the wafer and nmeasure froma
separate machi ne. Al though the foregoing invention has been described in
some detai | fiRiRMIROSE5i6A of £hiidfacl ¥f RlvaftddaiShdAdbAE light; Wi | | be appar ent
that certain changes and nodifications may be practiced within the scope
of the appended clains. Accordingly, the present enbodinments are 25 to be
const der ed amceivings tefletied spagitinn detar exrespending fo arijurakity phopsstuey ofslighit t o

be limted to_.the,  detail iven rein, but.may_.be dified wwthin the
scope afft® tagiff\?&} @ﬁﬁﬁuwafeﬂg’ogboﬁeqﬁl %Sur@f:%lof@? VW%& arms) clainmed is: WO

02/ 074491 PCT/ US02/ 05961 17 CLAIMS 1. A nmethod for detecting an endpoi nt
during a chegdiemhiniiRC AR EPbinP Wabethiol JoptaD GRS Herea bkt Biing inhtheopstleateilons

of: illumnating a portion of a surface of a wafer wwth broad band light; 5
recei vi spgcirehldatt ed spectrum data corresponding to a plurality of spectruns
of light reflected fromthe illumnated portion of the surface of the

waf er; and determ ning an endpoi nt based on optical interference occurring
inthe reflected

10 2. A method as recited in claim 1, wherein the optical interference is a result of

phase differences in light reflected from different layers of the wafer.

3. A method as recited in claim 2, wherein the optical interference occurs when a

top metal layer is reduced to a thin metal zone.

15

4. A method as recited in claim 1, further comprising the operation of determining

when oscillations occur in a plot of wave-numbers based on the reflected spectrum data.

5. A method as recited in claim 4, wherein the endpoint occurs when the

20  oscillations in the plot of wave-numbers occurs.

6. A method as recited in claim 4, further comprising the operation of obtaining

Fourier Transform data based on the wave-numbers.



spectrumdata. 10 2. A nethod as recited in claim1l1, wherein the optical
interference is a result of phase differences in light reflected from

di f f erentwbageradnf the wafer. 3. A nethod as recited in @caiusn2¢s9her ei n
the optical interference occurs when a top netal layer is reduced to a
thin metal zone. 15 4. A nethod as recil8ed in claim1, further conprising
t he operati on of

et erm.ni ng. en .oscillations occur in a.plg f.o .
wave- nunber s ’bas e% @ﬁ{hf)ﬁés F%ftfe%%t gﬁﬁb@i&?ﬁ%ﬁ"&&’?ﬁ%ngéﬁe W%(ﬁ’oﬁl‘:&@u}a@@g@ed
in clai Qﬂrﬂofﬁélﬁ(frﬁiighi&ﬂ@s SRARMNh tRCEIH R MR HRRIata20 OScCil l ations in the
pl ot of wave-nunbers occurs. 6. A nethod as recited in claim4, further

conprising the operation of obtaining Fourier Transform data based on the
wave- nunbers. WD 02/ 074491 PCT/ US02/ 05961 18 7. A nethod as recited in
claim6, further conprising the operation of calculating a sum of peak

magni tudes o currinl%'n t he Fto ri@r. Tza sform dat a. . A rrgthog gs recited
inclaim7, Purth&r™8 raF§‘?Cr‘.§ theddpeér A PEheBP e i"ﬁ’&fa AR OB S0 & Mt
whens t hendpdiit @fheh ke RBAKS RPRAKE MPQEHRAXESRESI Reasehandd mednhblar eshol d. 9.
An endpoi nt detection apparatus for detecting an endpoint during a chem cal

mechani cal polishing process, conprising: a broad band |ight source for
illumnating a portion of a surface of a wafer; 10 an optical detector for
receiving reflected spectrumdata corresponding to a plurality of

spectrume of ol ohb S4ShH S LEMbIRL KBORLd Jocih . bl sihes® ©

i nt er f eneeieRidAL polishingprotess @mpieingect ed spectrum data. 15 10. An endpoi nt
detection apparatus as recited in claim9, wherein the optical

a broad band light source for illuminating a portion of a surface of a wafer;

10 an optical detector for receiving reflected spectrum data corresponding to a plurality of

spectrums of light reflected from the illuminated portion of the surface of the wafer; and

logic that determines an endpoint based on optical interference occurring in the

reflected spectrum data.

15 10. An endpoint detection apparatus as recited in claim 9, wherein the optical

interference is a result of phase differences in light reflected from different layers of the wafer.

11. An endpoint detection apparatus as recited in claim 10, wherein the optical

interference occurs when a top metal layer is reduced to a thin metal zone.
20

13. An endpoint detection apparatus as recited in claim 9, wherein the logic
determines when oscillations occur in a plot of wave-numbers based on the reflected spectrum

data.



interference is a result of phase differences in light reflected from
different layers of the wafer. 11. An endpoint detection apparatus as
recited iwookar#wl0, wherein the optical interference ocearaSetiensn top
metal layer is reduced to a thin netal zone. 20 13. An endpoint detection
apparatus as recited in claim?9, wher et t he | ogic determ nes when

oscil I ations, pccun _in a | f ve- . th . :
oot OB ot o e Blor AP R B S ) HISRER SR Blboorms
appar at gguSwiiectht egciilftichls ¥ feblot ofberenombbs ceagpoi nt  occurs when the
oscillations in the plot of wave-nunbers occurs. 15. An endpoint detection

apparatus as recited in claim13, the logic applies a 5 Fourer Transform
to the wave-nunbers to obtain Fourier Transformdata. 16. An endpoint
detection apparatus as recited in claim15, further conprising logic that

cal cul ates a; sum - e ring 1. . FOLH | :
data. 10 17. 1%n e% p%?%t% mggc%egwrg%ﬁ%%gtggaa{sufs&&éésdﬂ}I%alcafatngdi}%’ ntﬁillgélm %ﬁésma

f ur t her Fa@spTiagsfogm ke geowavehaimtesl to obsimBoaivdIRamfornhéana.t he sum of peal s
magni t udes exceeds a predeterm ned threshold. 18. A systemfor detecting
an endpoi nt during a chem cal mechani cal polishing process, conprising: 15
a polishing pad having a pad slot; a platen having a platen slot, the

pl aten sl ot capable of aligning with the pad slot during particular points

of the chem gal Wﬁﬁ%ﬁb&g{ d&@tioﬁ%%@&g@% QSRS fred & DLLRY5 DRaRded dodprisiRUbER fOr

illumnating a portion of a surfa a wafer through the platenslot and
t he padthat @iqul#6s ammpf pead magtimdé¢sorcchwimgrie del Koungr Temkfechekdtaspect r um dat a
corresponding to a plurality of spectruns of light reflected fromthe
illumnated portion of the surface of the wafer; and

10 17. An endpoint detection apparatus as recited in claim 16, further comprising logic

that selects an endpoint when the sum of peak magnitudes exceeds a predetermined threshold.

18. A system for detecting an endpoint during a chemical mechanical polishing

process, comprising:
15 a polishing pad having a pad slot;

a platen having a platen slot, the platen slot capable of aligning with the pad slot during

particular points of the chemical mechanical polishing process;

a broad band light source for illuminating a portion of a surface of a wafer through the

platen slot and the pad slot;

20 an optical detector for receiving reflected spectrum data corresponding to a plurality of

spectrums of light reflected from the illuminated portion of the surface of the wafer; and

logic that determines an endpoint based on optical interference occurring in the

reflected spectrum data.



| ogi c that determ nes an endpoi nt based on optical interference occurring
inthe reflected spectrumdata. WO 02/ 074491 PCT/ US02/ 05961 20 19. A

syst em aswpaeiotadl i n cl ai m 18, wherein the optical interf@cense2i®en result
of phase differences in light reflected fromdifferent |ayers of the
wafer. 20. A systemas recited in claiA?19, wherein the optical

i nterference;@ccuns : i C: - tal
sone. 21, A Kot ofs SEALaf peched AP R 3n, S IR SREMCRR R b PR,
det er m piese Witsences i ligtatréfatseddam diffeferd lgkntofafie wafee- nunbers based on the
reflected spectrumdata. 10 22. A systemas recited in claim2l, wherein

t he endpoint occurs when the oscillations in the plot of wave-nunbers

occurs. 23. A systemas recited in claim?21l, further conprising |ogic that
obt ains Fourier Transform data based on the wave-nunbers. 15 24. A system

as recited ig,claiym2d, Ilﬂe&irﬂﬁigccgﬂﬂlriﬁiwﬂﬁréiﬁ’g:%ecoﬁtﬁﬁf in?e?‘fegééﬁcé‘k@&r@w%@ma of

peak magni tudes occurring iIn ourier Transform dat a. system as
r eci § edtdpmethldiayar 2drediicsd therthmangiali nag | ogi ¢ that sel ects an 20 endpoi nt
when the sum of peak magnitudes exceeds a predeterm ned threshol d.

21. A system as recited in claim 18, further comprising logic that determines when

oscillations occur in a plot of wave-numbers based on the reflected spectrum data.

10 22. A system as recited in claim 21, wherein the endpoint occurs when the

oscillations in the plot of wave-numbers occurs.

23. A system as recited in claim 21, further comprising logic that obtains Fourier

Transform data based on the wave-numbers.
15

24. A system as recited in claim 23, further comprising logic that calculates a sum

of peak magnitudes occurring in the Fourier Transform data.

25. A system as recited in claim 24, further comprising logic that selects an

20  endpoint when the sum of peak magnitudes exceeds a predetermined threshold.



