28 SEP 2006 1 SYSTEM AND METHOD OF BROAD BAND OPTI CAL END PO NT DETECTI ON
FOR FI LM CHANGE | NDI CATI ON BACKGROUND OF THE | NVENTION 1. Fi eéﬁg 2@ he
Invention [1] This invention relates generally to endpoint et f in a
chem cal nechanical polishing process, and nore particularly to endpoint
detection using optical interference of a broad reflectance spectrum 2.
Description of the Related Art [2] In the fabrication of sem conductor

devices, typically, the integrated citcuit devices are in the form of

multi-level structures. At the substrate |level, transistor devices having
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netallization | evels and associated dielectric |ayers are fornmed, the need
to planarize the dielectric material increases. Wthout planarization,
fabrication of additional netallization |ayers beconmes substantially nore
difficult due to the higher variations in the surface topography. In other
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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.

[3] 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




conbi nati on of the novenent of the preparation surface, the novenent of the
sem conductor wafer and the friction created between the sem conduct or
waf er and the preparation surface. [4] Figure | A shows a cr 038 SEBZPPonal
view of a dielectric |ayer 102 undergoing a 5 fabrication process that is
common in constructing danmascene and dual damascene interconnect
nmetallization lines. The dielectric |ayer 102 has a diffusion barrier |ayer
104 deposited over the etch-pattemed Burface of the dielectric layer 102.

The diffusion barrier layer, as is well known, is typically titanium
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In ordeMlt o Figufodd shsée 2oceshseeiimahaidsr iofl 3 dislgetrie auen AE2 rundergaiier ad

chery ol oReaicRBiest AL RBbldSE coRlbuTRE RERER AR, Hoal Bilab i Bholipert o

ment i ongetatibaven lihkie THYRli€pariatdyon] 02shaesdigigsh barieermyel jahepbsrd over the
metallization material fromover the dielectric |ayer 102. For instance,

as showdch-paitsraes wirfpe 0f ﬂpé digdGadi l?tY@'eWQp okhici ffugien bw@e& byypre s isayelk kupgel and

~opor at 1 Bnab eHE bR sl IToAS, ot RFER ot R e Bl of A OB R g

" netal | i gatahen ra@ﬂectﬂfamsanartabtarum Q’[‘a)ﬁﬁmbé ahe 11%@1@ b@mevq@ei oM 0¥ efech he
dielectric |ayer 102. However, in order to ensure that all the diffusion
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copper cannot be 25 successfully polished using a tinmed nethod. A tinmed
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noni4 or h&ehrhsdneeded to determ ne when the endpoint has been reached. In
multi-step CVMP operations there is a need to ascertain nmultiple endpoints:
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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

20  overburden metallization and diffusion barrier material 104 is removed from over the dieleciric
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  successfully 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
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28 SEP 2006 3 over the dielectric layer. Thus, endpoint detection

techni ques are used to ensure that all of the desired overburden materi al
is renoved. [6] Many approaches have been proposed for the e%%EEP3906
detection in CVMP of netal. The prior art methods generally can be
classified as direct and indirect detection of the physical 5 state of
polish. Direct nmethods use an explicit external signal source or chem cal
agent to probe the wafer state during 3he polish. The indirect nethods on
the other hand nonitor the signal internally generated within the tool due
to physsealthOdiekbe 167k, IRANIRIpSiNATcQIM tecRRIME Blel kel EMdtrd A& D0 BEI NG
process. [7] Indirect” endpoint detection nethods include nonitoring: the

t enper adestred oferbimden idtepial isghinngedpad/ waf er surface, vibration of polishing
tool, frictional forces between the pad and the polishing head,
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interference,_inﬁedance/conductance, el ectrochem cal .
| methods 1n which motor current changes are monitored as different metal layers are polished.

[8] Another endpoint detection method disclosed in European application EP 0 739 687 A2
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




potential change due to the introduction of specific chem cal agents. U.S.
Patent No. 5,399,234 and U S. Patent No. 5,271,274 discl ose_nethods of
endpoi nt detection for netal using acoustic 30 waves. These %%5@3@@06
descri be an approach to nonitor the acoustic wave velocity propagated 28
SEP 2006 4 through the wafer/slurry to detect the netal endpoint. Wen
there is a transition fromone netal |ayer into another, the acoustic wave
vel ocity 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
usi ng L i f i i

nder ¢ BRI R S h Rl et 1R e o T e
fluid papgsdotoendther,the pahusidimage vabtichclongeeapothitshas been ussddngtheidetettien
shear force when_ pqlishing transitjions from one terial |layer to the next.
Unf or t &fﬂ@?@}?ﬁ Chirdierad{ Bokete Ny 0. 180103 ISR HRIEOIONERRADT delFEfLYSINgG he

endpoi t : QQQF . | o
endpoiE%ggﬁ&ggggggﬁﬁﬁgg%gﬁﬁéngn t %hag?E?ﬁngﬁ%%g%%.ﬂﬁ%?@%egﬁg&%ﬁ%dhe?ﬁ%d of
t he %5, 1865865 updtionletecsa ciemige i thedlitid peeshira darng pblishivey, whidhi @hrespb@ids toqaui r es
an air hearing., [10] There have been many proposals to detect the endpoint
usi ng tHEnEHIT by shér farceawben reliding Hansiaons, Rg@r 9%@!3‘%@5%@&&0 iee geduped

i nto tvﬁ¥%ﬁ5ﬁ&8fgi gﬁ’? TR0 Wb BbhitGo pEEdeES lgfri{g%sgp%gﬂ%h ik SRdoiRldciReRlNg! ©

wavel eng usin aser source or using a |1 ght "source

cover i ngobdieadditHusthe infdtod asrget dbtetthe Ielabehdpoimoned specHiepdiniuon tHe. Bafer
“Patent No, 5,433,651 15 di scloses an endpoi nt. detection mnethod usingh1

e dp . . a
" singl e e eNpEEPYich thinmethodpidhs £.4 86,863 gatant is reststed oyg bpeas galighst,; véhich
i mpjnge t he . waf surface and the reflected signal is nonitored for
endggiﬁgq%g?éggwg%?gﬁ%e change in the reflectivity as the polish transfers

f tal t th i to detect t I it] [ 11],B d
band molAbas Py et Py B9 GRISHAGS iEGH e TR0 SR P PR FIEHTERs of
the 2056k NTBIRRTICE. REELAHIR: dbibed RalRto MicadliclOfoRRBfll 8R! RABSNSI g

a spectroneter to acquire "an intensity spectrumof reflected light in the
vi si bl eoptealgsigodfl at hesingle iveaklesgiboisingnz labansdaerder vofig webreddebayidhléght seurce

| ted i t 1 t hat i d s itivit fl ti.vi
IR NIRRT IR I RN I S
is {hengidabicied OMpSRAMBRELRS H&ﬁnodﬂéldg% Qiﬁqgfeh@a\%Ye%rgﬁfB& {PVH%CE%I dpfichinsigie two

bands sel ect ed. Significant shifts inthe detection signa
from a laser source is impinged on the wafer surface and the reflected signal is monitored for

endpoint detection. The change in the reflectivity as the polish transfers from one metal to

another 1s used to detect the transition.

[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 fransition 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




25 indicate the transition fromone netal to another. [12] A common probl em
with current endpoint detection techniques is that some degree of
over-polishing is required to ensure that all of the conduct % 8ER&PEe i al
(e.g., netallization material or diffusion barrier layer 104) is renoved
fromover the dielectric layer 102 to prevent inadvertent electrical

i nterconnection between netallization lines. A side effect of inproper 30
endpoi nt detection or over-polishing i5 that dishing 108 occurs over the
metal lization layer that 28 SEP 2006 5 is desired to remain within the
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20 tine delay to pre Icted end pornt In current exanple (3000
Al i nuteoved)) tisepimdsrt process must then predict an actual end point (i.e., when all of the
15  desired material is actually fully removed). In one example, the actual event detected, the
translucent point, occurs when the material is 500 A thick. From previous processes, the CMP
process 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




[ 15] Therefore, the prior art CVP process then continues the CWVP renoval
process for an additional 10 seconds after the actual detection event
occurs. Further, this time delay is calcul ated based on pri%ﬁsgg}g@i)@ence
and al so assunes a constant renoval rate. 25 [16] In view of the foregoing,
there is a need for endpoint detection systens and nethods that inprove
accuracy in endpoint detection. SUMVARY OF THE | NVENTION [17] Broadly
speaki ng, the present invention fills & hese needs by providing a system and
met hod of broad band optical end point detection. It should be appreciated
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ways, including as a process, an apparatus, a system conputer readable
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are descri bed bel ow., ﬁ[‘é‘i?# A system and nethod for detecting an endpoi nt
during LVEMAH E&fessER @%) polishing 5 process is disclosed that
includes illumnating a first portion of a surface of a wafer with a first
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in the corresponding second spectra. [20] I'n one enbodi nent, the
wavel enbgtivsen thetsnilized tfirgspettrum datd andhtheswoooaitied pewnd apesémm date| ude a
range of about 300 run to about 720 nm

[19] In one embodiment, the first spectrum data includes an intensity level corresponding to -

15  each of the wavelengths in the corresponding first spectra. In one embodiment, the second
spectrum data includes an intensity level corresponding to each 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.

20 211 Inone 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 comresponding 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




20 [21] In one enbodinment the first spectra and the second spectra can

i nclude a range of about 200 to about 520 individual data points. [22] In
one enbodi nent, normalizing the first spectrumdata includes2&oBBE8Mially
removi ng the process related intensity fluctuations which are renoved by
substantially renoving the corresponding intensity values. In one

enbodi nent, nornalizing the second 25 spectrum data includes substantially
renoving the process related intensity fluctuations which are renoved by
substantially renoving the corresponding intensity values. [23] In one
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conjunction w accomrpanyl ng draw ngs, by way Of
the primengiteforat ldakten poriembi M plurality of wavelengths in the first spectra and the second

15  spectra is identified.

[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] TFigure 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.




BRI EF DESCRI PTI ON OF Tl LE DRAW NGS 20 [27] The present invention will be
readi |y understood by the follow ng detail ed description in_conjunction

wi th the acconpanying draw ngs, and |i ke reference nuneral s HE3EBRAP® i ke
structural elenents. [28] Figures 1A and 113 show a cross sectional view of
a dielectric layer undergoing a fabrication process that is common in
constructi ng damascene and dual damascene interconnect 25 netallization
lines. [29] Figure 2A shows a CWP syst&min which a pad is designed to
rotate around rollers, in accordance with an enbodi ment of the present

inventi @1 [ BQurdB g4k &lictarh ShéwRBAPHONibn Q€ LOEALOMuSHSIE LY B BEALhAANEHW t h
one enbodi nent of the present invention. 28 SEP 2006 8 [31] Figure is a

di agr amPeHe LR QW preeesefin acansdanee withni peibedinient of the pamelamentipght
source during a CVP process, in accordance wi th one enbodi nent of the

pr esent [32vehiguon4A if 32flowelgur dagibm tharilfuswaveh dret methagd operatibad pérfdrmstiriat es

t he net Hod oper ati ons ,pefo;or d in determning an endpoint for a CW
process ?tﬁff%@&’@raa ROl top 2 SRS WeareodanaeettppraserpbodimentRfdhe pigpent [ 331
Figuse fRehSo2 f1owchart diagram of the method operations 450 in
calculating a change in proportions for at |least a portion of the

wavel en s Ln.the first and second ectra jn accordance wi.th one

onbods et of pheR & Biv iy BRERBho TS R o heaGRS 190 S Erifiteh Ghange
recei veeh pRIpbRRING Fof RE MasUM REHERLA thd waveleSIR! In tHE AREAUHARESHd 4Rl tih one
~enbodi nent of the present invention. [35] Figure 5B illustrates one

hor nal i 2&d@rdagte with ede epbedimeni effthelpreaertinwentien.nor mal i zed shot) in
~accordance with one enbodi nent of the present invention. [36] Figure 5Cis
a t hr ee[Hi] neRgucnsA ijnaphisamk reddivesit reflbdten sppktraveT dita (100-shot)Malaterdarsbot s
in cordance with one enbodi nent of the present invention. 15 [37] Figures
6 ahd 7Wipongembpdimsnt ohfde grosentdmsRHoRn Fi gure 5C above, in accordance with

one enbodi nent of the present invention.
[35] Figure 5B illustrates one normalized reflected spectrum of data (i.e. a normalized shot)

in accordance with one embodiment of the present invention.

[36] Figure 5C is a three dimensional graphical illustration of several non-normalized shots

in accordance with one embodiment of the present invention.

15 [37] TFigures 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.

f41]  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.




[38] Figures 8 and 9 are two-di nensional graphs of the data shown in Figure
5C above that have been enhanced in accordance wth one enbodi nent of the
present invention. [39] Figure 10 is a graphical representat#dREBRO0O
reflected data that has a change of reflecting 20 coefficient by

wavel ength with tinme that has not been normalized relative to intensity, in
accordance with one enbodi nent of the present invention. [40] Figure 11 is
a graphical representation of reflected data that has an intensity
normal i zed reflecting coefficient change in accordance wi th one enbodi nment
of the present lbﬁ'}‘ﬁ JLIS)T)EJCZEIL’ Lyl e b '
oper ati ons for —getertr g an enapotr i iaaeamei
enbodi nent of the present invention. [42] Figure 13 is a graph of the
vector 3t apewra xspplary wobodmenisitrepptielly slesymining 68 casgpoinh wald aemdhace

with on [ resent. 0 | Qn. 2 : TAl LE
DESCR P@?%QP‘%Q— ﬁgh%ﬂéﬁ%ﬁ% GRS ﬁ?éﬁﬁ‘gi‘t gﬁ arég%/ag Eg Pgegg%‘?‘g%m& Tarfrent s
for optpratided vieHoat sonkd Ml bof thasHaift dewdilslseiomh Bereiflescri bed. It will be
apparent to those skilled in the art that the present invention may be

Pracsi o)W NAOipoR@EcdiroR labpeel of e SRGSLA fedBhithl Eoﬁs@in Rfﬂ/[?? NGi&hNs S
[44] An inportant control aspect of the chem cal nechanic pol i shi ng fCNP)
syst em dgermdeingrwheni fhg proesss tihat pnendssel svieh tarstgnthe CMP proshan Prorsarmdp
the CVMP process. _Prior art . systens descrjbed above, typically predic¢t and
~_endpoi DSl SE}FPW%PB%W@%I_ cRredictathepPRY Saseg pn w%tdétge%é ategrognts
- detect it BxRftacSRAPRIdllecPih Mabt crdBofPACIMIPEISBHIRY R otk Abtail BEloQ: [ 4]

a ch ap I'S gne

Fi gure 2A shows systemin ad 2 esl to rotate

around |l e 201, i cordance, w t h nbodi. nent of the present
Mventi B A 2 8 § ENBE SRIPERERnith el 2o oo ot G008
sur {@Ce29NtR avddir@ihca Wit &1 eribddimlet SPME ifpsbehtSinDehtRNC 34 IplfREn 252is pdsiitRed nt
detection is perforned using an optical detector 260 in which light is
appl i edundsr disgrad 23960 prexidna sedacetdntowhicht hwafonwilk 5o applicdorsing 2 barisuFace
of the er .2 ein | ished, as sh Ei . 2B.. rder .t

cconp ERiPeRlesSL RehsBRmedtins ¥ onftin tsgoetifindabich heRlis Ahmlrd tarongh o
the padihéd3flated 054 HRUSAIRAbIEIEE and BRoRAE slrBe B Yokt PO0D U RALKSS, apad
slots 250a strategically placed in different |ocations of the pad 250.
Typi cal shpwit Hgugsd. singirderds @ecaarpish optical endpoint detection, a pad slot 250a is formed

15  into the pad 250. In some embodiments, the pad 250 may include a number of pad slots 250a

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,
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 to 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




.. conducti1ve ne

designed small enough to m nimze the inpact 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 bdﬁﬁsgﬁgp@%l 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 |evel of renoval of
certain filns fromthe wafer surfacel0OThis detection technique is designed
to neasure the thickness of the filmby inspecting the interference

pat t er ngoppet RiyMesudls ddpesiedat dvepkhelekias Ifer 264 whibe dé bicRORkd ¥n ehdier fkREen
254 is designed to strategically aQFIy certain degrees of back pressure 25

to the {oam txmghesoor peprice ipeseingcn Teneieghurddn eappet imytbersremayiad b oligtfieg

v um gt E bl S BRTERIRE P B B Ml Bletihy. Dua

accor dapgaehd) Rb@semPadsikant MhnddiCardl QEEWE the NMERMEN of TRStaVafless 30
includes a silicon substrate 302, an oxide |ayer 304 disposed over the

subst r améergomects atthe sgoppme. | ayer 306 forned over the oxide |ayer 304. The
copper layer 306 30 represents overburdened copper forned during a

Danas cef#8] CNBuging® cles polishanpe palckys, ahhmptiz8 Sidgoid Metectibn copparudeayiesr opial i s
deposited over the oxide |ayer 304, which is etched in_an earlier step to
for m t r BifelsEce dp delsppiie Vhsethedioraet 300 mpebesndemererkn Teilptbe shpwnip giew

_removedsby, Fh:%' Jo?B%\rAﬁtg%ertﬁs% P(%ﬁt?ve:l%h ﬁli&(gﬁ,l Ab%\é{;'io 88¢ Agtaﬁlﬁschﬁseé’ﬁ’a'ﬁﬂ& al 'tﬁi]s the

I'n the trenches. nmEscene occurs 'i a similar

manner paidt, @d 10uks 308 ehat dilurinaes tlef surBtabf tleugHerad () is Defldticl iRk Reth ktlabr t he
sane tinme, [48] During1the pol i shing process, an optical endpoint detection
systbm 1@ B¥crgRncspr At Hie coppereistnst Qven, dee eonpieh EYRh PO beromssppdin 8okl has

been re ed. [J Y, . V] . & er, l.ayer. 306 |5 .

ol at | ey Ebelt g0 cA st o M i G EARRE A RRind Mol ip
the |1 ghiew308b! thatcoppdrUafen 306 HeddhtestibFaent @b at RestwaherwaRRniths lof theagihed
back with little or 10 no interference. As the copper is Bpllshed down, the

copper }HEyend dose yeavstnsgths aahipesintiraigh the eoppeadayghdle teobumomtenthentarwsy .
Thi s isbéggﬁn as the thin netal zone. At this point, shown in view 301b,
t he coppér Tayer 306 becomes transparent to at | east sonme wavel engt hs of

e Oy 4 eRnd s el oGS 18958k T S S GRS 30U fHer 308
wavelengths of the light 312 continue to reflect back from the surface of the thin metal zone
copper layer 306. The intensity of the reflected wavelengths of light 318 that are reflected from
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




beneath. 15 [49] Wen sonme wavel engths of the light 312 begin illum nating
the | ayer 304, other wavelengths of the |ight 312 continue to reflect back
fromthe surface of the thin nmetal zone copper |ayer 306. T%%Sﬁﬁﬂgﬁgity of
the refl ected wavel engths of light 318 that are reflected from the

I nterface between | ayer 304 and | ayer 302, bel ow the copper layer 306, is
different than the intensity of the sane wavel engths of |ight 314
reflected fromthe copper |ayer 306. Hbwever, 20 only the intensities of

t he wavel engths that are reflecting fromthe interface between | ayer 304

and | ayso4 #PhaVeld cahgdBintchkiey ieRbieRTohiparedab thd RuitdnSiPbNMNRGaMe WRivelRadths Of
light 314 that are reflected fromthe copper |layer 306 will not change.

[ 50] Onef lightsblectetl drommtberroppardaycoB04.he wavel engt hs of 1ight 318 change is
due to the fact that each of the various |layers 302-306 have a

corr esp@afli nphe @fticaldstattor Jsdeicteckhie reffebrd tighe30ndex 3183531 Thetefore lig one
intensity of the light reflected fromthat |ayer. %51] As the_cop?er I S
fully reiedbaentef theprsentinyerdigngen endpoie is dsiserined ydiensobstarfially all| of {her

t -t h I th f th
Pl ght bttt nelen R el AR S R enlai S onThen i 1 uri mat o
the | 304 th | i bel t ) l. ...306.  Subst ant | al
wavel orgha. sy Rieh {5rhopydbiespDaes Biks o iensivy pranf ipurionshipptafens 14
304 Wi | by Rav el NanGfvkr) hiltiBRSéthd nfffherRS SQIPR0&GH S QlulEﬁS}echicEB%QéL B%IE ff

~the same wavel engths of 'light reflected fromthe copper |ayer 306.
" The optintaferendet acit aher260rade tac taust metensfyl ‘@otse’d that gt 868 the3iknsBegof 324,

.""Therefore, i n,on nbodi t of the presenf invention, an endpaint .is
det er m e aREREGaISEaNEctel, NShtPichahed hEhorg oy bt SHURI DRt et ERIEEFdd

i Off  epRrheVeGoR iHRARELNiI% QRS ¥ne EpBbdifiie haAelnt B AORPEI ddiore”

306 is thick, the intensities of the wavel engths of Tight 308 do not

change. thelaveleamnd poilitang defaérttmte that @xdpeme froe wooncmtsuthnaise sduicasy
t hi cknesses, belt interference, and other sources can cause intensity

"noi se" {hat Figare £8UsQ fidiecHaftt ERchin B8t Dfus@thtbs tHehBethod @pendbhspaforied ligct ed
light to change. Therefore, the endpoint nust be differentiated 10 fromthe

var i ousdétermnisigtan endpajat fooa (@B proggsoweaceondaaicrraith ona ¢rabesimeninf thapesant on
Can e i S SRl S0 P B oY LEREEH L Rt LSRRI o 8
15  of broad band light. In operation 404, a first reflected spectrum data (i.e., a first shot) 1s
received. The first shot corresponds to a first set of spectra of light reflected from the first
illuminated portion of the surface of the wafer. In one embodiment, the first shot includes an
intensity level corresponding to each of several wavelengths in the corresponding first spectra.
In 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 1s 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.




[54] Figure 4Ais a flowhart diagramthat illustrates the method
operations perforned in determ ning an endpoint for a CVP process in
accordance with one embodi nent of the present invention. |nZégEF20P®n 402
a first portion of a surface of a wafer is illumnated with first beam 15
of broad band light. In operation 404, a first reflected spectrum data
(i.e., afirst shot) is received. The first shot corresponds to a first
set of spectra of light reflected from2the first illum nated portion of
the surface of the wafer. In one enbodi ment, the first shot includes an

I ntensi fsy) | ex@glerrfi dp88P8THLRE 440 i85 aRins SEY Bh@ 14 1 VAUGlBiMHI Shd first §ft and
corresponding first spectra. |n one enbodinent, the first' reflected

spect r athasecdnd shbieare angralokd alfeaordd@Otordnm dnthodboent, wizthalizing 2¢ fvavgiotagd hs.

The numper of .individual vel engt hs that can be detected is limted on
byt he. MG sprashgt aciies shpyan g EReLEAED IMER G FOP GG fonglots 3t ot
i Vi aboR! RNORGHRT B SHBLARARA o NOVRISY sl R CnRn 5SSty ThET O

i ndi vi dual wavel engths can al so be det ect ed. I n operation 406 a
second qubeciddowandlemgtburdchcihanh samwaf dre fosaliihfensiticsadfeall ictchted ecoritngtheam of

broad band |ight. | n operation 408, second ref|ected spectrumdata is
recei vedilgl togero Az@ﬂ% @gaw&r%smﬁt&? tﬁé“?@%‘&?ﬁjoéﬂ{)&t%?dr wgb@ﬁ%é\ﬁ i equal & ond

set of ectra of light reflected fromthe second illum nated portion of
the surtace of the wafer. [56] Figure 5A illustrates one received reflected
- spectr f ta dd 4€....shot) in accordanc w.th o egbodinent.of
o esent Py BB UGl 80 b RER LRRRR st S e fr HePBRAH DT

Fi gur e iAcokiaifoe viIBDHAX EMBSEMEnDI2tht Pes¥htAHMntIORVRICE A8 HikSnahRliSdioRYat S4of 0SS
the x-axis. 30 The intensity is shown on the y-axis. 28 SEP 2006 12 [57]

Ref ¥ r i asetaymiined: i opergtion 440 of Figuopé ahoveo ndppredinately 412 indiwdpad oravelshgths t he
first shot, and the.second .shat, are normalized. According to.one .. .
erbodi R CHOTOPHRTS OF el T PGS heimp of Firer- STt Sitae? IHRar gtes is
subst andqual foyzek& BRY bl of Buardd SMAk totaldarasitied 5041 Ad6t&RbeledgtsOBqual to
enbodi nent, the intensity is substantially renoved by adjusting the

i nt ensieng. gihegaathobépariieons ofl sowalethgmesiol mpbhdessuidl inmagre slewilpeloiv. t he
total intensities of all detected wavelengths is equal to zero and sum of
squar es[58f tRefetrnfgadgaimteRRiutd ¢4, of opdrhticletiegtedifiveenet dagtdea ths negudized o
one. [58] Figure 5B illustrates one normalized reflected spectrumof data
(i . N 1lﬁb§lwg end the Ig)ﬁr@gl)lzed second shot is determined and is used to determine an endpoint of
the CMP process. In one embodiment, determining a difference between the normalized first
shot and the normalized second shot includes determining a change in the proportions of

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.




in accordance with one enbodi nent of the present invention, such as the
normalized first shot 10 as determned in operation 410 of Figure 4 above.
Approxi mately 512 individual wavel engths are shown across t hé8 REBZPR0  The
intensity is shown on the y-axis. The sumof the intensities is. equal to
zero and sum of squares of the total intensities of all detected

wavel engths is equal to one. The nethod operations of normalizing a shot
will be described in nore detail belowW [59] Referring again to Figure 4A,
in operation 414, a difference between the normalized 15 first shot and

the norige| i Z@eh3etORG MAQL ditend8hA MM ANdirhifortSEvEQ] ASH-B6M dlBedbhots
endpoi nt of he CVP process. |In one enbodi nent, determning a difference

bet weenntageordanceatitiz ene Emnbsedimeshof the pdesehteinmentival Thewasdengies whvon ringhgides

determ ning a change in the pro ortionsf f intensity. for % IeaslitEl a .

por ti orfFaT HPRE Bt gy AN 4t (e SHE st i arosis e ARPIOREATIY S0P 8By EIgEife 4B
is a fl;ourhial bntha@ali® Ofhet NexiTBhAAdHRRRLM! QPﬁqoféQpﬁﬂﬁxﬁﬁdt&y!l@t%BQ (ghdthange
20 in proportions for at least a portion of the wavelengths in the first

and Ssechhi) spebowa. iThe mnder ddisbets whokin cae cemtrpdidrenCMP ptdvessmrgeBmnt(i.c.,
invention. In operation 452,  the normal.ized ,figst.spectrum.data is
conver (RANSkGE 4Py & O%Wg?‘i.lmleﬂt’ 8}?&@8’&’:118% rgig s a RRgtiobeHap polaihelfrpecd

spect r UmqdRe SmbentCTWEEEhihQichecBiBl WHUNRSh e bdlf) QARAE A R -$abis dawh % ance
between the first and second vectors iIs calculated. The di stance between

~the fi rehnemdths eotensity of taogbeh swakelangtipan ed fitsd shot Iy dbd ahtdngdiys b ftiee sdrpe
determne | f the distance be st and second . vectors i

‘ ween the fi . eater
“than orVeWieReth i 3 shsedtsst &{’%‘i s%&ﬁ@é‘?mp > GIBYEt §§1n idepgific fm"teﬂ%ttydfeé’g]raﬁge
bet yee o o] i an i Q4
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i dent i fdoegspamidirgf inteasisy ledtelpai the oamoB 16 ha wawddngtiginnsiot 4. Theentbnsitds efrtbe
second spectra, in operation 460 and the nethod operatjons end. 28 SEP 2006
13 [ 61]VaHioys dstasted; wagelengtase vavnEngs shell togshginbw alhe; Yariplions greo suksfandialyr al
non- nor . : : 'y r

nvent | Raro e HP bt taRARHRORPAR WiElinplE SROBRIAERE Binbig eS|
origin tane dfhid heliGgtaxidsd i depnRxsioplaionsBabutioed ndeindidae a ickarpleawthen

the y-axis. The x-axis shows the number of shots, approximtely 13 shots
(shict s Bt sgfacgmateiad ipflectrg theshtfer of shots shown can correspond to CMVP
processing tine (i.e., polishing tinme). In one enbodi nent, the sanpling
rate isl63] f vaotho bshot Kioiptet F&hibeginbel markpd downward trend in the intensities of all

wavelengths, for subsequent shots 14 and 15, is shown. The downward trend indicated by

pointer 555 identifies a change in the material reflecting the shot.

[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  Formula 2: Change = {R; —R;}




and the amount of the end point detection windows in the belt. Aline in
the x-axis is drawn to connect the intensity of a given wavelength in a
first shot to the intensity of the sane wavelength in a sub%% Egﬁpoéhot.
For exanple, pointer 551 identifies intensity |level of 10 apprOX|nater 310
ma in shot 3 (shots 0-2 are not shown). Pointer 552 identifies the
corresponding intensity level of the sanme 310 ran wavel ength in shot 4. The
intensities of the various detected Jddvel engths vary fromshot to shot but
the variations are substantially proportionate in that the intensities of
all wavel engths shift upward or downward at the sane tinme. This indicates
noi se in the intensity dinmension but does not indicate a change in the 15

act ual gdblf a&ecﬁaﬁg@ d{ g'Je I%ﬁéét tc'o@ﬂi Eéi'x‘? c%ﬁg{dlca{te@ﬂ ﬁboﬂlﬂg(g.@%heﬁ itk d%s%%h“t e

555) begins a mar omnmar tren e I Rtenst al wavel engt hs,
f or subbseuieillskaiosedd and 15, is shomn. The downward trend indicated by
pointer 555 identifies a change in the material reflecting the shot. [63]

Fi gur esydy) anFlg}Z]x r@'Eaflf @RS wRLdilAsidRl %rﬁJEQW@tHe‘HaEA i REFiBReWE alldve that
accordance wt 20 one enbodi nent of the present invention. In Figure 6,
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intensity. Normalizing results in a narrow variation in the intensity of
“the ref thawadsetistiz Signaight off tbe fiba dinattial llcagitbe Ebigvs. depaidenTivean esafaeicon of

““the refl cte a can be increased anal yzing the reflectin
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[68] Figure 10 is a graphical representation of reflected data that has a change of reflecting
15 coefficient by wavelength with time that has not been normalized relative to intensity, in
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 1s 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: Ri (l}) zl‘vi(?hj ) /1 Li(}\‘j),j - 1,..., 512




t he absolute value of the reflecting coefficient by wavel ength and ti rre i's
shown. In Figure 9, the change of reflecting coefficient by wavel en

with time is shown. This steps provides a characteristic m%%@%?@ f the
film(material reflecting the light) is dependent on an interference
effect. The characteristics of transparent film i.e., where two surfaces
neet, wll reflect the 10 light. For copper processes, the change in

refl ected data includes changing frombpaque in visible spectra copper to
a transparent filmlayer below the copper layer. After the reflected data
i s obtagmpd inNogtadidnt 8215y &hd astibcRe dBSEIkicREh AbGYRized RAd dRésentedrin Relative
processed to build an endp0|nt detecti on based on this change. [68] Figure
10 is aingpnaighimtsl aceasgingde bioamilar asffollers:ect ed data that has a change of
reflecting 15 coefficient by wavel ength,with tinme that has not been
normal i zed relative to intensi n  accordance with one enbodi ment of the
pr esent PRt onR'i Bhidar R (A / “Jéyéi‘fllera%ﬁl%gl (kJr)epr‘e]sent%?l on of reflected
datas that has an intensity normalized refl ecting coefficient change in
accordance with one enbodi nent of the present invention. Figure I]
denonstrates that neasured val ue changes fromstraight Iine 1102, 1104
with sonme high frequency oscillations 20 into well-defined sinusoi dal

i nter f eFancerny §lepliRd 1236) 4 b%g@%thl-%@naﬁée@&eﬂé& golaéﬂf%@m .4.h8s ehargk Bes
with transitional states 1114, 1116. [69] A second characteristic o

t r ans pametetial) id mldxmﬂambtdnmiod?ormmatmmdﬂsmdabdwéﬂhomt ory index (not

;- 'shown) can also influence the reflected data. For exanple, sinusoidal

“function of different frequ_énc‘_és relates to transition fromone filmto

anojher (]| 6 12 i.g.a wchart di agram of nethod operations 1200
for{dd]et murII%%g aﬁhg (ﬁr)l%l nt{ii n 1gc@_or dance wi th one enbodi rent of the
present invention. In operation 1210, a reflecting coefficient for wafer
for a first shot is calculated according to Fornmula 3 as follows: Formula
3R (Xi) =1 wi (Xi) / 1 Li(kj), j =1,..., 512 28 SEP 2006 15 [71] In
oper at i B3] 125operdimnr B2 ethiei wegtor destdrice isqurre i(¥ D detveden 2bel cament gt e pek-i n
relative

ensity units accordi to, Formul a 4 as 512 For mul a4:
Ri(), fﬁleOﬁg%(rﬁ‘?xp? R?%%fe{)ﬁe‘faéuegﬁp ?f{@llﬂted pecprding tasformu a% O Srow?

512 —»
15  Formula 6: VD=Z{R‘i(xj)—R‘k(xj)}2,j=1,...,512
J=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 «; (A) and the
Ii (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




-5 1=1 [72] In operation 1220, a change in the normalized reflecting
coefficient (i.e., the change in material) is calculated according to
Formula 5 as descri bed above follows: 10 Fornula 5: THE Chan%%sgpg . R
k} [73] In operation 1225, the vector distance square (VD) between the
current Rji and a pre- selected recipe reference value Rk is cal cul ated
according to Formula 6 as follows: 512 --? 15 Formula 6: VD=E{ R, (?,,)
- R k((XxXi)}2,j =1,..., 512 J=1 [T8] In operation 1230, the cal cul ated
vector distance is conpared to a threshold vector distance. The threshold
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a pre-sgliected nu r indicati a, direction in the change (e.g., an
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[77] While various aspects and embodiments of the invention have been described above
relating to determining an endpoint using 512 separate data points (e.g., wavelengths) along the
15  spectrum of the reflected broad band light {e.g., Formula 6 wherein j = 1-512). However, the
present invention is not limited to only 512 separate data points and any number of data points
can be used. The number of data points used is analogous to the granularity of the data
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
25  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.




t he net hods and systens described herein can be simlarly applied to the
renmoval process of any other material. The nethods and systens_descri bed
herein can be simlarly applied to the renoval of other opa%%@EBP 06

non- opaque nmaterials that are overlaying a different opaque or non- opaque
material. By way of exanple, nethods and systens descri bed herein can be
used to 10 determ ne an endpoint of the renoval process for renoving an

oxi de | ayer (non-opaque |ayer) over &7copper |ayer (opaque |ayer).
Simlarly, an endpoint for renoving an oxide | ayer (non- opaque |ayer) over

anot her{7epn- Apaguel Redek&l (d A¥Siibe [ ]deWtibie of ahé DuSadabARiGli&halieht is the
enbodi nents of the invention have been descri bed above relating to
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| evel of granularity of the process. Fewer individual data points such as
_about 28Dosgithd gestragran Tak data pegdsicaniilsodrarafarnedity as apidiel.i onal wavel engt hs can

" al so be used such as nore than about 520 data points. [78] As discussed

" herein [88b dihifhethenboscahbsdimksts is eand ot shildd banmdasnad thansindtiidn ghy . A
25 first scale.is the wavel engths included in the spectrum of the broad
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[81] Any of the operations described herein that form part of the invention are useful
machine operations. The invention also relates to a device or 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.




~_conpute

enbodi nent, if the nunber of data points is 512 and the broadband spectrum
is fromabout 300 to about 720 nm then the first data point correagonds to
a wavel ength of approxinmately 298.6 i 5 nmand the 512 data2%§ER@ o
corresponds to wavel ength approximately 719.3 nm The nunber and
distribution of the data points across the broadband spectrumis determ ned
by the particular manufacturer of the optical detector. Typically, the
data points are evenly distributed adBoss the spectrum The data points
can also be referred to as a pixel. [80] Wth the above enbodi nents in
m nd, i [83%holil wilbbe tadkdrsippoctidibdtthdt e iiAstRIpBIIbIGNrdPPesentdd bk wperadivho ws
conput er -i npl enent ed gperations, i nvolving data stored_ in conputer %ﬁzkgns.
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mani pul ations perfornmed are often referred to in terms, such as producing,
i den‘f i f§iPred n amsonfeefar wpmbHgtiont of compatar sepdablg Mednyy- of the operati ons
described herein that formpart of the invention are useful machine

oper at i [8d4§. Ahboughythet foragorigsinverdioat ks theenaledaritied enconmndapp forapurposep of
perforn1$% t hese erations, The apparatus may be specjially. constructed
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. I'n particular, various general-purpose machi hes may be used with
“conput eto bepecpgidared asrillodterive andactorestaint e, whil fthet ineedtemchinog® tedimiter todhei t
may_  be nore convenient to construyct a nore specialized apparatus to
per tor mkine plagberst dpe may; ingioditied | WiiHE the, seapei B Ml obbCanmdiedd as
conput efy.+.eadabl e code on a conputer readable nedium The conputer
readabl e nediumis any data storage device that can store data that can 25
be t her 8aht Brcidiged 5ad by a conputer system Exanples of the conputer
readabl e nmedi uminclude hard drives, network attached storage (NAS)
read-only nenory, random access nenory, CD-ROVs, CD-Rs, CD RW, magnetic
tapes, and other optical and non-optical data storage devices. The
conput er readabl e nmedi um can al so be distributed over a network coupl ed
conput er systens so that the conmputer readable code is stored and executed
ina 30 distributed fashion. 28 SEP 2006




18 [83] It wll be further appreciated that the instructions represented by
the operations in Figures 4A, 4B and 12 are not required to be perforned
in the order illustrated, and that all the processing repre@%ﬁ@gao%@ t he
operations may not be necessary to practice the invention. Further, the
processes described in Figures 4A, 4B and 12 can al so be inplenented in
software 5 stored in any one of or cohbinations of conputer readable

medi um [84] Although the foregoing invention has been described in sone
detail for purposes of clarity of understanding, it will be apparent that
certain dﬁ@ﬁg@g and nodifications may be practiced within the scope of the
appended cl ai ns. Accordingly, the present enbodi nents are to be considered
as illustrative and not restrictive, and the invention is not to be limted
to the 10.det ai hietl@dferdeh@eits fn ediipbiniBirid}en cHegiiédl atbchnidal polishihgiredess, and
equi val ents of  the appended <clains. What is clained is: 28 SEP 2006 19
CLAI M5 FOouRN§E®ERod for detecting an endpoint during a chem cal nechanica
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refl ected spectrumlight;a corresponding to a first plurality of spectra of

light reflected fromthe_first illum nated portion, of t syrface of the
wafer; 10 ill uni FP&FHVH@%ﬁ%@ﬁ%Fe SRECITHM 43fa QORESRACngda 2 rSttHi'émGHf‘gr with

second beam of br %?E’ct&ad‘f‘iig!h{ Bbeted B6R1 Mk Rigst ANRRMGRE pBﬁi‘oh%‘ﬂlfé%u?ﬁé‘&&F um
data corresponding to a second plurality of spectra of light reflected

fromthe second il ltherivateried portion of the surface of the wafer; 15

nor m&iloi zing the 1liurm31i[1at{negfal S%%él%j posrggr? a:'[)tr fhe’ sgﬁéc% 'of the wafer with second beam of

broad band light;

receiving a second reflected spectrum data corresponding to a second plurality of
spectra of light reflected from the second illuminated portion of the surface
of the wafer;

15 normalizing the first reflected spectrum data;
normalizing the second reflected spectrum data; and
determining an endpoint based on a difference between the normalized first

spectrum data and the normalized second spectrum data.

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

25
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.

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

30  substantially removing the corresponding intensity values.




normal i zi ng the second reflected spectrum data; and determ ning an endpoi nt
based on a difference between the nornalized first spectrumdata and the
normal i zed second spectrumdata. 20 2. The nethod of clai m 128 YBREBPG t he
first spectrumdata includes an intensity level corresponding to each of a
plurality of wavel engths in the corresponding first spectra. 3. The nethod
of claim2, wherein the plurality of wavel engths in the correspondi ng

first spectra includes a range of about 300 rimto about 720 nm 25 4. The
met hod of claim3, wherein the plurality of wavelengths in the )

cor r esporfdi ng Theimethodsgfecdaimss, wheteain ssbsiantialy eelmvir@a)%mcmzmon@nabﬁwﬂszo

i ndi vi du Lt SieD. The nethod of claiml renLn ner i zlhng the
rrst spocliis MBS Modinvina  PudBy Bn G ot Pos OB Gy SOUTIGRER o ng

i ntensi t yuvlaihdethe swuf tKRRteA0iBOvalddd o eadhheroFttiasluafitycd faravefengihh & egjudil. to
substantial ly rennving the corresponding intensity values Includes

modi fyi ngetand;the gpg pf theparare of e inisasityores pf eack opr of Bieiplyraldly akavel engt hs
such %hat\%at\)éﬁengﬁﬁg‘ist%‘ﬁaftﬂto%@?i ty val ues of each one of the plurality of
to

wavel engt hs 1 s”equa zero and the sum of the square of the intensity
val ues of each one of the plurality of 5 wavelengths is equal to one. 7.

The neth of ¢laim1l erej n determ ni ng the epdpoint based. on the
di f ferencl b%@%ﬁ%frﬁhw@%ﬂ #Ptfgfmgr@etgf Prefﬂaoaﬁ_ﬂﬂasma tﬁ%@?ﬁmnﬁa i zed
second S%ﬁ&éeﬁ%&ﬁ&rﬁmiik&ﬂiﬂéf’ﬁﬁcﬂﬁh%ﬁ@dﬁﬂ{ﬂ% @?rﬁﬂﬁ‘l@@ﬁseb&cﬁﬁb@c’rﬁfrﬁﬁ%t' ons of

intensity for at least a portion of the plurality of wavel engths in the
first spéeustindesalsttrminingeclomge spde preportons B entensitl der abficast apartidn ofhker ei n,

det erm ni_pg _t.he .change in.the proportio of intensity for at |least a
portilgln é?l&?hgoglc“ifrvn@ii@s&t%ﬁé\%%ls ?f&aﬁlgﬁi esteﬁ@({f]ﬁp% 4spectra and the

second spectra includes: 15 converting the nornalized first spectrum data
into a first vector; _converting the normalized second spectrumdata into a

second vékt or ; Thegngthed ek glaim % wheseinsflstermining the chargerin ilag propestions eind t he
second VQﬁtteﬂﬁiy for at least a portion of the plurality of wavelengths in the first spectra and the

second spectra includes:
15 converting the normalized first spectrum data into a first vector;
converting the normalized second spectrum data into a second vector;
calculating a distance between the first vector and the second vector;
determining if the distance between the first and second vectors is greater than or
equal to a threshold distance; and
20 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.

25 9. CMP process tool comprising:
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

30 through the platen slot and the pad slot for a plurality of shots;




determining if the distance between the first and second vectors is greater
than or equal to a threshold distance; and 20 identifying a change in the
proportions of intensity for at |east a portion of the plur&}PEEZ896

wavel engths in the first spectra and the second spectra, if the distance
between the first and second vectors is greater than or equal to the
threshol d di stance. 25 9. CMP process 2bol conprising: 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 chem cal
mechani cal pol i sin epficpk detenter; fonrepeiving rofhented gpgefrums datacerresponding thi nat i ng a
portion of a surfac

slot for a plurali tpﬁlrgl];tyg’ﬁé\?,a%%%ggﬁntrzrgggcqe‘%%g%ﬂﬁ%{&ﬁ]né%itg&d%%{e}g tgft% g?d

receiving refl ect eduFRRcfildweRt foreaét 65the pRirdlBy bpstdts; pl ural i ty of
spectrunms of light reflected fromthe illum nated portion_of the surface

of the wafer forlogidhr errmalgingpadirstiretisetesspasinmdats egqrespenstingigrafipishphig a
first .reflected WA fi . ic f
nor el 31 ng_ o selBRor HnERe B XL SRARACADuthn b Bihiing 20 1 03 © "

shot; and | ogi c forseg@dahot andig an endpoi nt based on a difference between

the normal i zed {i rst spectrumdata and the nor,rgfl i zeg secog{% S eﬁtr m
data. 10 10. Thelogssorvtermipingiamendreipidrasedion dditiergice betgecybedeHR#izsg t he

endpoi nt based on tfﬁlgSgg@%ﬁaﬁggﬁdﬁ%tﬁﬁ@[ﬁg%iehge&gﬁgﬁééﬁﬁpdgtéf st spectrum

data and the normalized second spectrum data Includes logic for
determ ning a change in the proportions of intensity for at |east a
portion af, th | urality, of wavel engths.in the first spectra,and t second
Cpectfa. 10s' 1 THesiBunt Fiafin o et e doein s BRI F Ry B WiBRge. | n
the propdifféense betwednrth@ﬂ%ﬁﬂizé@ﬁrs@%péc&ﬁﬁltdaﬁ arthé fdtnplizédh@cphdiéRbindn of
wavel engths in the first spectra and the second spectra includes:

data includes logic for determining 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.

15 11.  The system of claim 10, wherein, determining the change in the proportions of
intensity for at least a portion of the plurality of wavelengths in the first spectra and the
second spectra includes:

logic for converting the normalized first spectrum data into a first vector;
logic for converting the normalized second spectrum data into a second vector;

20 logic for calculating a distance between the first vector and the second vector;

logic for determining if the distance between the first and second vectors is
greater than or equal to a threshold distance; and

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

25 the distance between the first and second vectors is greater than or equal to

the threshold distance.

12. A system of detecting an endpoint comprising:
a broad band light source for illuminating a portion of a surface of a wafer

30 through a platen slot and a pad slot for a plurality of shots;




| ogic for converting the normalized first spectrumdata into a first

vector; logic for converting the normalized second spectrumdata into a
second vector; 20 logic for calculating a distance between Th8EP2Pde
vector and the second vector; logic for determning if the distance
between the first and second vectors is greater than or equal to a

t hreshol d di stance; and logic for idenekfying a change in the proportions
of intensity for at least a portion of the plurality of wavel engths in the
first spectra and the second spectra, if 25 the distance between the first
and second vect otsopticabdeseater for texpiving welecitd spectruthalatapogssmsindingitetance. 12.

A system of detectinp n endpoi nt i $Nng;.a 0 band, | i ght rce for
illumnating a portqllgfﬁﬁtgfo(%gpgcgﬁlﬁpgcog?@ ¥ ﬁﬁ%?%ﬁmm%eﬁ ro‘ﬁ%‘ﬁd BO%P%P iﬁl%sl ot
and a pad slot for sarfiddiifahé wifepForsdach 6f thd Pluphily 30 Hots;22 an opti cal
detector for receiving reflected spectrumdata corresponding to_a

plurality of spelogiufrsnermalizipga firatrefeatedspestom deta corespanding b st ¥obn of

t he urface of ity. o : ic for

nor rra?i zing a fi ygc %Lﬁ%%{lfgglggag%g ﬁrr%hg‘gcf %L%%@%s&égan%f%% §In§| tff'}igr st shot;
5 logic for nornmal isetoig shosandnd refl ected spectrum data corresponding to a

second shot; and, | ogjc for determ ning an endpqint based on _a difference
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15 14.  The system of claim 13, wherein, determining the change in the proportions of
intensity for at least a portion of the plurality of wavelengths in the first spectra and the
second spectra includes:

logic for converting the normalized first spectrum data into a first vector;
logic for converting the normalized second spectrum data into a second vector;
20 ' logic for calculating a distance between the first vector and the second vector;
logic for determining if the distance between the first and second vectors is
greater than or equal to a threshold distance; and
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
25 the distance between the first and second vectors is greater than or equal to

the threshold distance.

15.  The system of claim 12, wherein the first spectrum data includes an intensity level
corresponding to cach of a plurality of wavelengths in the corresponding first spectra.

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

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