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CHEMICAL MECHANICAL PLANARIZATION PROCESS CONTROL
UTILIZING IN-SITU CONDITIONING PROCESS Cross-Reference to
Related Application 5 This application claims the benefit of US Provisional
Application No. 60/539,163, filed January 26, 2004. Technical Field The
PreSEEMIEALTC MEQ@IES NI CAETIEA NERIZATI(NPROAKSS (CYINT ROL.
10 more parti¢Uidiy ZING NrSITISCONTHITIONING PRAYCIOSSlitioning
process for controlling the planarization process and providing endpoint
derectixefdBankgooReiaraf Applicaiintion The electronics industry continues to

rely uporadyaleas i SEMISRPIURIRY FBBRVIAGIMIRG eehaplegy to realize

higher-functioning devices while improving their reliability and cost. For many
aﬁgﬁrﬁégti]&%s?’t%Jﬁ‘?ﬁWf&@t&?Q"of such devices is complex, and maintaining
cost-effective manufacturing processes while concurrently maintaining or

in}pr vingl Q,r.oguct quality is difficult to accomplish. As the requirements for
ecnnic le . ..
device performance and cost become more demanding, realizing a
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upon the silicon starting wafer. The use of multiple layers results in problems
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performance. Indeed, one of the most crucial processing steps today is

r @?Mﬁg%@;ﬁggﬁg)mr 25 surface to the wafer between the formation of

each layer, as well as '('I)Ianarizing/polishing" the final wafer structure before
it is diced TR SEPAFAIBI M FOHENES. EiaheRRa i beRAtisP IS tia0aA E¥Fing this
planarizationgpeobessg sineeazshgglficani amoignteofctinenhaa thimonay thas

be nirivest in trgnsformin the.wafegﬁ from nifor sHi&on slab into
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erforma st become more . realizing a succe anutacturin
topa po ISP]Ing aﬁ?e, Wﬁ a Separate orlﬁer usecrto present the silicon vgafer

"facedebmbagainst théirotating

Indeed, as the level of circuit integration increases, more layers are required to be
formed upon the silicon starting wafer. The use of multiple layers results in problems
associated with surface non-planarity, impacting both yield and chip performance.
Indeed, one of the most crucial processing steps today is related to restoring a planar
surface to the wafer between the formation of each layer, as well as
“planarizing/polishing” the final wafer structure before it is diced into separate
components. Extreme care must be taken during this planarization process, since a
significant amount of time and money has been invested in transforming the wafer from a
uniform silicon slab into a complicated electronic circuit by the time the final
planarization process is performed.

Within the past decade or so, a process known as chemical mechanical
planarization (CMP) has evolved as a preferred technique for planarizing a wafer
surface. CMP involves the use of a polishing pad affixed to a polishing table, with a
separate holder used to present the silicon wafer “face down” against the rotating

polishing pad. A polishing slurry containing both abrading particulates and chemical
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35 polishing pad. A polishing slurry containing both abrading particulates and
chemical 1 additives is dispensed onto the surface of the polishing pad and
used to carefully remove irregularities from the wafer surface. The abrading
particulates provide for the "mechanical” aspect of the planarization process,
winit#tisjpe tifdcs phreadi oaloate Hives carttha petstongglattivé L dixidl ize: o g taimtive

n f?égl'l?arﬂ f’emﬂ}%@ﬁ‘% i3 rE%Ffa afen surags: Wa*ﬁf‘fé‘uéu&@@%v{éég& lgyer of the
wafer is, for example, a dielectric material, S&assmm droxide or another
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ofitbe WRECANRAEASCRRAMBI A EiSTussechithth abhalavwmetatedy PWhen
becomi ore prevalent), the chemical additive may.comprise hydroge
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CMP process is the chan%_es that occur to the polishin% pad over time. That
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process. 15 This deposited debris, in combination with polishing heat effects,
causes tHEHEEAITENSA Y HBE SIVE RTStEd 8 e g wWaarsREVenly (often
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restore the polishi ad surface t state suitable for continued palishing.
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Polighing.SyclssdoRniBasibitiskif., by conditioning the polishing pad 25
currently with, or during, a wafer polishing cycle). In a typical prior art "in-situ"

pad conditfbhTAG HBEEsST aPA%EEFSHtasiva RAECIREIBR TS BE S SRTR
anegurttbé pathcmatedalotisidrggiad suid sppliedHodha ) siviape dipusiculates

cregt . efjti r allowinaghe.pelishin 59, | e
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conditioning may be performed “ex-situ” (i.e., by conditioning the polishing pad
between wafer polishing cycles), or “in-situ” (i.e., by conditioning the polishing pad
currently with, or during, a wafer polishing cycle). In a typical prior art “in-situ” pad
conditioning process, a fixed abrasive that functions to remove a small amount of pad
material and debris is applied to the pad surface, thus creating new asperities for
allowing the polishing slurry to flow freely. The removed pad material and debris
thereafter combine with the slurry flow stream from the polishing process and are carried
away from the pad and the wafer being polished by normal slurry transport mechanics.
Ultimately, these materials are flushed at the end of the polishing cycle with rinse water,
and collected in the central drain of the polisher.

During a conventional CMP process, the removal rate of the surface material will

change as a function of various factors including, but not limited to, applied pressure,
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30 away from the pad and the wafer being polished by normal slurry transport
mechanics. Ultimately, these materials are flushed at the end of the polishing
cycle with rinse water, and collected in the central drain of the polisher.
During a conventional CMP process, the removal rate of the surface material
wibhtatioanigeeas, @l dunatiost ofe\ratichis g‘am@ystémiadmg: dfubepdllsmiigdl oy,
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the planarization process. In partlcular a first station may be used to perform
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perform a "finer" planarization step, perhaps including some means of
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matecialt1as heamiie Mmede hp@tbpnatéhm)ﬁtaﬂnmmyebmusaﬁl assachuffing”
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ovehahlpﬁé@é@swfnﬁe ﬁﬁﬁbﬁf)ﬂ?ﬂ%@t?ﬁ@lﬁalc@ M iffepaiatebotigninbedtigtions
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le, a first statlon ma}{)é’\rs sed to removeé%lﬂe overburgen
fi

or exa
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and wafer will affect each of these stations, it remains difficult

polishi
t&%%ﬂ%@%éﬁhleé‘fff&ém@néﬁﬂiﬁéﬁdtH@’tﬁféﬂﬁrfi’aﬁ‘a‘hﬁﬁ%68’§§Si‘ﬁfhny type of
multi-steSiad Papivocessr phordnemmasyodhthiewlinv éntiomishie viaridisspodedsgof

G PR HERGAIRALESSRH Sulbe RIERFOLINVERHOMAIER, accurately and

efficiently control the planarization process in any type of multi-step CMP process.

Summary of the Invention

The various needs of the prior art are addressed by the present invention, which
relates to a conditioning process for CMP wafer polishing that utilizes a portion of the
debris or effluent removed during conditioning to control the various steps in the
planarization operation (including, but not limited to, endpoint detection).

In accordance with the present invention, a CMP system includes an abrasive
conditioning disk with an apertured/open structure that is used to dislodge debris from
the polishing pad surface and evacuate the dislodged debris through the apertured surface

by applying a vacuum force through the conditioning disk. The debris, as it is being
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relates to a conditioning process for CMP wafer polishing that utilizes a
portion of the debris or effluent removed during conditioning to control the
various steps in the 30 planarization operation (including, but not limited to,
endpoint detection). In accordance with the present invention, a CMP system
irmhmlﬁsdaﬂr@bha?,imhﬁfmdﬁ'mﬁng tiskiwrit p e apestigret opadi soriautiekthat
';as&fﬁg%g‘ 3& ladg nda%Qr’ "IN ﬁ?ﬁ‘t&rﬁﬁ‘d uit feuﬁ‘é}%?‘é}%‘ﬂé‘i& fe
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hereinafter as "effluent") is then directed into an analyzer that can determine

tHEVBPRSTS rﬁ%ﬁ%‘r‘?&‘i&%‘é"é‘éﬁf‘?ﬁ‘&ﬁ"@ BHIER TR L BrofSEREY BiPiLe
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'n£8£mﬁtﬂ9@pﬁéﬂ%tf89&@&‘§ o the polishing slurry delivery apparatus, the

polisher mechanical controller and/or the conditioning system, where it is
used to IbesAtGe PrdALPatioh Bidees L iPFcB’il?élqﬁéi‘Hﬂ%@“t?f‘éslﬁT@fﬁf’atlon
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g ki Bt A P i

sg&nﬁm&aﬁc rmmbeiec;i pharvamiz atigmiprecessdadid mlmmdm@m PYErocedsr
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accordance with the present invention. 20 In another instance, the

infOPHALER ACFSEAREER RS PIRaYiZAEIP brocess may be used to determine
the endpeiaiwfidh@agplanarizatitnmprocess! bselftdtbe pamiph@pwhencsyseq wdth

R {o MEm RO IIREPHOHGRRESHA %oﬂﬁpﬁs%ﬂ”%toe’}' fiflygnt will

rapidly decrease upon onset of the "endpoint’ y monitoring J the
Cé‘ﬁﬁjewlth copper CMP, the concentration of copper ions in the conditioning effluent will

rapidly decrease upon onset of the “endpoint”. Thus, by monitoring the copper
concentration (or conductivity of the effluent), the planarization process may be stopped
when the predetermined “endpoint concentration” or other appropriate parameter is
obtained.

Various arrangements may be used to perform the analysis on the evacuated
conditioning effluent. For example, the conductivity of the effluent may be measured
and used as a feedback signal. The pH of the conditioning effluent may be measured and
used in an alternative arrangement. In a more sophisticated system, Raman spectroscopy
may be used to analyze the concentration of various components within the effluent. An
electrochemical cell may alternatively be used to determine the ion concentration of a
metal as it is being removed during a metal CMP process. The particular method of

effluent analysis is not of concern, as long as an understanding of certain characteristics
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concentration (or conductivity of the effluent), the planarization process may
be stopped 25 when the predetermined "endpoint concentration" or other
appropriate parameter is obtained. Various arrangements may be used to
perform the analysis on the evacuated conditioning effluent. For example,
thef cameidctittityhot dshe efflueninrhayldecshaasukeithyahe ClEPs asca teedhaalthe
Siﬁ‘g?‘lﬁm% PHof the conditioning effluent may be measured and 30 used in
an alternative arrangement. In a more sophisticated system, Raman
spectrostgpse- tas BedieBbeie wea obtip BrenE ENEIRHOH PagRsugsapparent
campeneatswthinteeAifluapidsebacirochesncaleel may-algsnatively be
u ?éngg %Ietermine the ion concentration of a metal as it is being removed
during & metal CMP process. The particular method of effluent analysis is
not of concern, as long as an understanding of certain characteristics 4 of

v%r},%y%%ﬂ%%’cm% gan be elicited and used by the CMP system to

control the planafization process. Indeed, other and further aspects of the
present R{EHESAWINHEE R BFpARsH LG MRS coursenoiha¥blBWiYgl

disewssion and by reference to the accompanying 5 drawings. Brief

Descriptj f the Drawings Referrj ow. to the drawings, where like

omorals B A e R e A R G SRR FRARR s

exeadisicpronPrgs tentonaRlbeg aleemtRiominyegspar atae dace yabikhe

apRegementdar; controlling a planarization process in accordance with the

present in\(/}e%[ion; FIG.2isa to? view of the %‘%ﬁn ement of FIG. 1; and FIG.
P

3 contains & grapRPB Y SkEH PIEREPIAARZE it

cess. 15 Detailed
Descriptidfy B Gnlailisis tgetgscd anexemplaryyp@MBzgiistgmydBsthat may be used
to perform in- situ conditioning and planarization process control in
accordance with the present invention. CMP system 10 is shown as
chiipiied s iBiiehing pad 12 that is secured to 20 a platen 13. While platen
13 is illusiGatediheretasbeiagaagUaVIAtistton® thadeestdedsed to perform in-

situ conditioning and planarization process control in accordance with the present
invention. CMP system 10 is shown as comprising a polishing pad 12 that is secured to

a platen 13. While platen 13 is illustrated here as being circular, it is to be understood
that other systems may use a linear platen, an orbital platen, or any other geometry
appropriate for performing the planarization process on a semiconductor wafer surface.

A wafer carrier (not shown) is used to secure a wafer-to-be-polished 11 “face down” onto
polishing pad 12. A polisher mechanical controller 20 is used to apply a controlled,
downward force on wafer 11 to adjust, as necessary, the pressure applied by surface 11A
of wafer 11 against surface 12A of polishing pad 12. A polishing slurry from a
dispensing arrangement 14 is dispensed onto surface 12A of polishing pad 12.

A conditioning apparatus 15 is used, in accordance with the present invention, to
evacuate debris, polishing slurry and conditioning agents (hereinafter referred to as
“conditioning process effluent”) from polishing pad surface 12A and perform an analysis
on at least a portion of the conditioning process effluent to generate a feedback signal
that is sent to at least one of dispensing arrangement 14, a polisher mechanical controller
20 and/or conditioning apparatus 15, the feedback signal used to control the planarization

process. As described in our co-pending application Ser. No. 10/447,373 filed May 29,
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that other systems may use a linear platen, an orbital platen, or any other
geometry appropriate for performing the planarization process on a
semiconductor wafer surface. A wafer carrier (not shown) is used to secure a
wafer-to-be-polished 11 "face down" onto polishing pad 12. A polisher
nmmhamitaslstgmtrml efe20risri aedetea ppriyh ditenikodickl w2thid owmiviardntorce on

[ b PAMNIE A, PECGRRAN I%EJF%%J I%lieguMSLgi‘face 11A of

r 11 against surface 12A of p Ing pad 12. A polishing slurry from a
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congiiening praceassifiienidasenciieafeedhacksignal hatismentbie at

least one of dispensing arrangement 14, a polisher mechanical controller 20
aAST BARTRBHIHG 4PPEREEESL5, the feedback signal used to control the
planariz&ednripgoceisstopyidesgriiedlinteuxcompandipPappticatipn BestriNal

10U i S HERMAY 6920f 0031310 APPSR I %Hﬁ%?ﬁh?ﬁ Q&S @

conditioning disk within conditioning apparatus 15 is formed of an abrasive
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spreaificdiyor Hugegh ehe aiteaRNPRAYARtERsdIsaonfes A ens)eg g ixed shaft
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surface ﬁlle to ssusénthed brls r moval roceskls Referrlng{%o the top view

o 16 g A p A BAYS Sy AR e LB TR YRR PRI AL Ui 5
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also |mpart|ng a predetermined downward force and rotational movement to
the GO BHMEC Bidk e R ITotE e s d IS P e PE Ay dBTEERE 52y
bothapilied endleitecior armpabeninodkoriBifainthippiginany gibiehappeoipiate
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providing rotational motion and. applying a downward force to

cOABRMBHTA P ER ORIt ARV eal e BeHIRIoARYCRIRRE AdpPErFALUEIES may be

mechanical properties of the polishing and conditioning processes.

A first hose 21 is illustrated in both FIGs. 1 and 2 as attached to a vacuum outlet
port 22 on conditioning apparatus 15, such that a vacuum force may be applied through
first hose 21 and used to pull the conditioning process effluent from polishing pad surface
12A. A second hose 23, attached to an inlet port 19 of conditioning apparatus 15 is
coupled to dispensing arrangement 14 and may be used to dispense flushing liquids,
UPW or other conditioning agents onto polishing pad surface 12A. The collected
effluent traveling through first hose 21 is then directed into an analysis unit 30, which is
used in accordance with the present invention to evaluate predetermined characteristics of
the effluent (for example, determining the concentration of one or more elements within
the conditioning process effluent). The output from analysis unit 30, in the form of an

electrical feedback signal, is then applied as an input to a control unit 32, where
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formed to cover the entire pad radius and not require the use of a motor or
the pivoting of an end effector arm to provide across-pad conditioning. As
will be discussed below, a "mechanical system" feedback signal from the
analysis unit of the present invention may 20 be applied to the various
campenentsiafeeanditioningsappacaius] spnpblisides ndgchariopdranmntodbas 20,
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dispensing arrangement 14 and may be used to dispense flushing liquids,
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22 %iﬁ 1913, MRNYRNG %Po‘?é/eeag‘{dﬁéﬁ%}@ l%f)r ?{‘Qé%n%‘r’égﬂﬁfng‘}?%‘ﬁ;%ﬂ be

roller 20. In general, feedback signal(s) from ysis of the
colefitrbisifg Ereirererattrsud eRdigbregrigpinghitid membfuaedhisdistirponse
planajizali e dveees$ oyl ARG MNEJRF to maintain a stable temperature at surface

12A. Alternatively, a control signal associated with the chemistry of the analyzed
effluent may be used by control unit 32 and dispensing arrangement 14 to control the
application of a neutralizing agent to overcome reactions associated with a prior-applied
polishing slurry.

As mentioned above, a significant aspect of the present invention is that the
concentration measurement of the conditioning process effluent may be used to perform
endpoint detection of the planarization process and actually turn “off” the planarization
process. FIG. 3 contains a graph of an exemplary planarization process where the
conductivity of the effluent was measured during a copper CMP process to perform

endpoint detection. As shown the conductivity has a first peak C (conductivity of
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more chemical parameters associated with the delivery of the polishing slurry
and/or conditioning agents to the surface of the polishing pad, and/or varying
one or more 15 mechanical parameters such as rotational velocity, pressure
applied by the conditioner or wafer, vacuum pull through the conditioning
diglprettmakedy B5@ISPleidhe dlaworaieoaddbewplipbingisiurmhéebaisacanddry
companent, such as ap. oxidizer) may be modified in response tq a control
R EP GRS Yo LTRSS oy e
adjpstatndiely SOR cenritiohoft tHY atnasive! parfticpdditbifendifrthessizeof the
20actyal paicdatenatariab.may ha chandrdy ipevasy l&%@{ﬁéaw@%@lap"ed

to conditioning apparatus 15, and/or the downforce applied by wafer
agaiRsEHEIBATRY Fad Dot hay Beraiitereldhe foPrHe ITaHAUPEBT A pRtiBE"
coaudittaning fluids may be modified in response to a signal received by
control uplt g2, QLAGEQ MANIAIN &SRS, SMBLIAIS AhAYHRGE e
Alternatively, a control signal a ociated with the c]hemlstry of the ana yzed
25 eRuEhireifeniReePpy EBhirolouRMIdY BsdUisiuas gt aNdiement 14 to
CQbil e gapiisaian lsneusialitingagen! 10i0Varaeie PECIIORReed, this
e o B PRl PR St A mentone abgue: 2
significant aspec FiHe present invention 1s that %ﬁe concentration
meaditiemegnrofetiséi coriditiodimaforoca stteffiumminrbspibieised to perform

3Q&B&Qﬁ%@@%@%ﬂa&@%ﬂ%@@&ﬁBQ&ﬂf%Fé@@ﬁ%@%%H}@Hﬁ@r{iq,ﬁfétﬁfﬁ
planarization process. FIG. 3 contains a graph of an exemplary planarization

proRER i Fec e B KU SaORY SR AR RepYis PSS FRLBSG S Tlifflg a copper
CitR qpieness:fieqpearfoimm 6éndpqint detectioniodssiowenthieraomducthdty has

a eﬁfj%%&%%&%(&ﬂ%‘?ﬁﬂé@&ﬁeol i APRERSITIAIEN: 3% 35) A6I-aRAHE Binder

seconds of wafe;gglshmi The conductivity of the effluent then drops a bit,

B FRR¥MES WSk ransiakie B aYNIAe FORIRFTSf Thp BRIl BOBIRS)

afiemakesthlS8:secoprison framtempolishing ftethissBoaadupgrlaihe
¢ ”edéja‘%%‘{'%ﬁ%l%%%ﬁ‘n% B ﬁ%@(it{?]%&?févéé}géca}lﬁ??tgﬁéﬁé‘gf Querbirden.coppel 5
has been removed - and that the "endpoint” of the copper planarization
prisssdsobselinieaz ey fngehegstibisad Abone, AlivTeeitiamebigrasfroding to
cantiplanib3e mavuhe spaliediia umatar el eandiianing arpasatsd 2,40
modigtt e dowgforceflg)glliiﬁl‘d bé thet ﬁfonditié)nin disk a tain% pofJishing pad
UL DR QLR EES L i o fiparne apparsius T, force
adjustment signal to control the conditioning pressure applied by the conditioning disk
against pad surface 12A. A separate control signal may be used to adjust the position of
the double-acting cylinder. Alternatively, the rotational speed of the abrasive disk and/or
the translational movement of effector arm 16 may be controlled to either increase or
decrease (as desired) the concentration of a particular component within the recovered
effluent. Another control signal, applied to platen 13, can be used to control the
rotational speed of platen 13 with respect to the wafer being polished. The mechanical
aspects of the polishing process itself (e.g., downforce of the wafer against the polishing
pad, rotational velocity of the wafer, etc.) may also be controlled via a signal applied to
polisher mechanical controller 20.
It is to be understood that these various examples of potential process control for

both the planarization process and conditioning process are exemplary only. Any
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10 particular control signal may request that the abrasive disk be removed
from the conditioning process (i.e., "zero downforce") if the measured
conductivity or concentration of an exemplary effluent component were too
high. An adjustment system attached to effector arm 16 is considered to
pravider e thesikadripnieis envebticaldertovamenif ofueffegtoie affrudif énlttueed by
Py §§5‘r9aeﬁ%‘§1}ﬁ%rb%§e£9r% LSS IHE M rlﬁe ﬁqiln%s BHR &%lk?}ﬁ%%tmﬁ‘ay
include a linear actuator in the form o a dou cting c er driven by
pressure’difapapiialthstaccyiIs RERBEABERS triangy O ssscarigmieatere

eaRbies beiBoidas el apisiparflagaadnasbshewimie he ;a{tefmlaetemuent may
essurlz d and tl?eregfte%retr {ansJate mto b| dlr%ctlf? 191% ered motion of

m ation otass1um
en e ec OI’ %a npﬁe ontro urt erreceive

adoxigetrayfbroessign élec@wmgpbﬁéﬂngqonzbetﬁertm eetxefg ttbe hnédrasigredilby

theadivatmant Sy SRS Mact BEhe CRIUFALN Bifa32MBY YsarBiPRfQkihe second
control signal transmitted to conditionin fgparatus 15, a force adjustment

SIPAEPS LD PIRS K6 it g preetld 'ﬂ%B%&}f & ¥OMeftiching disk
againstqaohsufiacpHl 4 bA sep ar dtecoomir disspgnair magubeotised itmaijust the
PRSIHER T s5NE MoMBIe BEHNG GRS AR Pt iR (eiRtaNAL SPeed of

the abrasive disk and/or 25 the translational movement of effector arm 16
miljBEZetrdiiea A5 lerine e en s drlte crasB Yo 8 eyl potential of
cancanidaiinmep@asiictlancampenantwihindhectacaaced. effledatk
Another control signal, applied to platen 13, can be used to control the
rotational speed of platen 13 with respect to the wafer being polished. The
mechanical aspects of the polishing process itself (e.g., downforce of the
wafer against the polishing 30 pad, rotational velocity of the wafer, etc.) may
also be controlled via a signal applied to polisher mechanical controller 20. It
is to be understood that these various examples of potential process control
for both the planarization process and conditioning process are exemplary
only. Any 8 number of process variations may be made by virtue of studying
the effluent collected by the conditioning process, in accordance with the
teachings of the present invention. Additionally, there are various
arrangements that may be used to implement analysis unit 30. In one case,
an arrangement for measuring the pH of the effluent may 5 be used. For
example, when performing planarization of a dielectric layer, potassium
hydroxide may be used as the chemical additive in the slurry, where the
hydroxide will
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create water as a by-product of the oxidation phase of the planarization
process. Inasmuch as the presence of excess water will affect the pH of the
effluent, a measurement of the pH can be used to determine the proper
amount of consumed 10 hydroxide so as to allow for a controlled, uniform
oxigatioms reflinbio examprgpptanasizatiohi otibeftlielecikig baysracurdihendafed.
Alternatively . th idati ntial Qf th nditioni s effl may
o A e B P e et
exapfpienipaApersasisd Within the effluent may be measured and used to
generatepnfaedinackesigealite asjnsbieMaetiMfaree arqavessyieebng
applied hy canditionin atus 15. When using the inventiye CMP control
e R L e el P S ol amalyzer
maAschechsa A sahakydisncimns®. Asiinglagtroctabivicaf aneaks érofaitietions to

digtinguishemgtatienmotinterest-lamthe JpR@iRingelemertz inthe.afiuent,

according to a predetermined reduction-oxidation potential, then quantifies

tROYEHB% PErehaal B i BTN RBHE AL AEH 'BASU BH b RadRsHThed
caligtation cdrvddrinqanicesaingsutie lptamatiz atioarjzaoioe $sdoeyibegithakO
amoyit of Meipldens MBm LGNt witlferidly. ciRase.dhenisach Aplateau

value. During a subsequent "soft landing" polishing step (designed to
rdHEV8 HTBORESH RIS TR Lsi B e RAHPA SIS AN & COmEENtalsh GF Heetal
iosrhia dihe atfdertayil e secuneadday fatdeasin inahd eFfofemagn b delvbddibe

POINLWNGS IRe nwanied metalnas, %%Qrg%@é?'%‘vte'}%ﬁen@%Y%Qs&rﬁoerﬂ‘ the
wafer surtace, the concentration \Bﬂf again rapi R/ fg ecrease. us, by

béfmepkbily froresiipawiserrtbieseititatgesniecebritentridtnsnibemitthe
a?@ag@h ?mgfﬂheemgmettmmtiﬂmfm a@%wag%@ésiﬁt&fmf&m '&elﬁipqi@t"
of the planarization process. An appropriate feedback signal from analysis
s T N B B T o SR e e SRR oty
sigiasdricastoppthe planarpatipnaprscdsslandriddsen thdyshamie3dfcan then be
overiRalishing-anedishing iie deneier Surres iR %Q)f halticonirQksignal

may be applied, for example, to dispensing arrangement 14, polisher .
mSEREAR e85 St 8Be o 9t lfH@%%%H%ﬁ%t%?ﬁ%ésﬁ%F-oﬂﬁ%
sémiconhtioloi gvalfein g b taipise ) Gree thapl O nedinpiesisd (staapeasnfdd gxadiziple,
a%LQB%Fqgﬂggﬁmg}%’(grg’mﬁppper) and a barrier metal (e.g., tantalum)), a

particular embodiment of the present invention can be used to
In the case where the surface layer of the semiconductor wafer contains more

than one material (such as, for example, an interconnect metal (e.g., copper) and a barrier
metal (e.g., tantalum)), a particular embodiment of the present invention can be used to
provide control and monitoring of the planarization of each of these materials. In
particular, a Raman spectrometer can be used as analysis unit 30 to ascertain the
concentration of each material in the effluent. During the planarization process, the
relative concentrations of the two metals will change as a function of time. For example,
at the beginning of the process, a large amount of copper will begin to be removed from
the wafer surface, with virtually no tantalum being present in the wafer debris. Thus, the
concentration of copper in the evacuated effluent will be relatively high, with essentially
no tantalum being detected. As the process continues, the tantalum will begin to be
exposed and the relative concentrations of copper and tantalum in the collected effluent

will change accordingly. The feedback output from the Raman spectrometer can then be

9
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25 provide control and monitoring of the planarization of each of these
materials. In particular, a Raman spectrometer can be used as analysis unit
30 to ascertain the concentration of each material in the effluent. During the
planarization process, the relative concentrations of the two metals will
chaxigey asrardlngti 60 ofdéneeatd-arma@xariplds fat tagfdedipringaftlespioness, a
la n. of I wil [ remaved f h face,
b e e b DL o
caledatrivrrmeng e thamistevatharderemuesibasmesraabealyamgredurith
essemtally o tamalliubeingwigiectagNatkeBrasessealineatriislogy,
tantalum.will b gd]n to be ex os?d %n% ghf?urelativ oncentra igﬁﬁ of c%p er
ent wi

et&. as d1scusse oVeE. Iternatiy, t1vity ot the co CCU? uent m (3]
and tantalum'Iin the ‘collected e change accordingly. The feedback

oumgastfed imdnsdR asridinedpeditragnatelngan ¢hemn ey Btusedtiycobiertiohwhit 32 to

geRRiatecantie! signalsferRarfrrmingeasian adittMens sSheh afe
adjusting the down pressure applied by the wafer against the Polishin%pad,

of CBREITLIRAEN Y RRARJTREHRE ChE TP ol dris S e eu s rtrag!
beestemevedatmadifyingdivedgokshingsirhyiftowmatelteribe ratsieatream).
a%ﬂ?iﬁ&@ﬁéﬂﬁ&@ﬁ‘ﬁ%{&%ﬁm@%}’ag’n&tgpr@ésgi%?ﬁ?@f%?@%&rf%@ﬁﬂ%tﬁ{ﬁ&{t

the conductivity of the collected effluent may be ‘'measured and used as a
feaWBAXad SIgRATIOTROAIR ARY B Y DRTIEGE TR EBIREHER Of BHRIRAEccurring
in real timai(and befgeni enteiigitheconmermasiestiganynidepath based on
caongentration. of various materials in the effluent remain relatively high (on
et el e NS e R e
reymanddBeST thes ipdstensdgistaed theo eiseighariepheetistarnatiehvaropa

masgyeaise: analsis @t therdeRis oithidinueRedpryovedsignaktenasise
ratio over therwastq?anal Sis s%/sterq)s of the pricir art Whilg, he foregoing
f

t
A& SE RSO o THEUR TSR BF) BoRF oI pati Badhacghi g ugRyeess
cofftitanimgcpnooé s effluentiraspberss déseibadniternsofarebermed! as a

erRbadinentR. LiRitRRHNersiaedthasdiate EAQ%X@FL%EHHQ%HSRM{}%mat
may be 15 made by those skilled in the art that will fall within the scope of the

pFESRISt VAR S Ut ke toaitsul by tdeihiGle s hal Bauestiisns
analyassttecdan ditieiting theaedasoBitieigkitledth dentroditth enplabhpuzatioe of the
pr . The. i f
e e R SR A o
agents, vacuum force, abrasive conditioning disk down force, etc. All of these
variations 20 are considered to be within the realm of one skilled in the art
and the subject matter of the
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present invention will be limited only by the scope of the claims appended
hereto. 10 What is claimed is: 1. An arrangement for providing control and
monitoring of the process of planarizing a semiconductor wafer in a chemical
mechanical planarization (CMP) system, the arrangement comprising 5
covitianifagpadparatus including an inlet port, an outlet port, and an abrasive

conditioning di rdi ing. itiqni e islodging spent
polshing. St M A e
TR Srovetitensurtac e bt i e eyetishishepikal RkeBAdRdAMG)
apparatubfitheenciudingaimacuum outlet path coupled to the outlet port
for evacating ihe. effluent rom.the viclity of the 10 polishing padian;
analysis unit, couﬁle%p?o% e vacuum outle ppa , for colfec ing ateasdt'y
pertiditiofitgalickifioe Ats pemozatent fiomnthee ot shindjsprald i s sizeoe rdlisinioga
CQREMIONIRG RPEIateR: igaNAYSIa Rl fesRvaIMALING AL dERSEOREGhe surface
component in the received portion of the effluent attributed to changes at the

wara SOFRRE BN Rh BTy oo BE GrRAE S 'UEREFIPSIHAF ol HEMOHIG the
opagotagprocess oftlignariing asemiabadiitcton Wadethe andhaypdlibhing
S'&f%ﬂﬁéixm apparatus separate from the conditioning apparatus for
dispensing at least one polishing slurry onto the surface of the polishing pad
during aR" BRYOMY Prevededde Planansimg yiserrikoREeRYsT NG et
pebisiin@f3hy eyfieliverycReappaiabid saspef pivesieribedoant o ksignalning
generated by the analysis unit.to adapt the on- going process of planarizing a
e R T A ST G SRR BB ee

sefflee Pueahagiriaefbineingssdethiserripr chifaselaivhearariing heraiyaisaunit is
a ghadliszhanalysiswnitdaeayabdating Jha chemniskiviel esaikonrieoefiisent
components and 25 generating a control signal therefrom for fine-tuning the
oﬁ‘%oing process of planarizing a semiconductor wafer. 3. An arrangement
as definedohisbiagsldriyleleimythppreanditcning dgents inclddennirappussa:s for

W@i&%%ﬁ%@*éhe%@t%ﬂe%li%ﬁ@sﬁmwfﬁ@ tha@ier aePriR Jamhihe puriakRLCkihe
CMP polishing pad.

on-going process of planarizing a semiconductor wafer, the polishing slurry delivery
apparatus responsive to the control signal generated by the analysis unit to adapt the on-
going process of planarizing a semiconductor wafer in response to the evaluated changes
at the wafer surface.

2. An arrangement as defined in claim 1 wherein the analysis unit is a chemical
analysis unit for evaluating the chemistry of one or more effluent components and
generating a control signal therefrom for fine-tuning the on-going process of planarizing
a semiconductor wafer.

3. An arrangement as defined in claim 1 wherein the conditioning agents include
ultra-pure water to flush spent polishing slurry and wafer debris from the surface of the
CMP polishing pad.

4. An arrangement as defined in claim 1 wherein the conditioning agents include
a chemical additive to neutralize chemical by-products of the planarization process.

5. An arrangement as defined in claim 1 wherein the conditioning agents include

chemical additives that function as complexing agents to react with the effluent.
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30 4. An arrangement as defined in claim 1 wherein the conditioning agents
include a chemical additive to neutralize chemical by-products of the

planarization process. 5. An arrangement as defined in claim 1 wherein the
conditioning agents include chemical additives that function as complexing
agents té.reactrwithe theeffl defitedlih Glain laxiang e the abAgsdefinedipciaim 1

Wﬁ%‘h‘%ir? sgé%u%'ﬁ?é'%? if%HﬂietaSEJi}]Q rti?.eel%1211\('3%%}1%Qn§18§§}1i§°o’£§9§ [OLMRARUINEin

| 1
the relative concentrations of various elements wi effluent an

piBYRIfHy thine oFtrétiskiha cpaisedigppthaspeashipateratatileleBtentrations.
5 chnbemadtishgement as defined in claim 1 wherein the analysis unit
generales § chemical process,contial.signal fer medifying;one ormore
paramete'rs assoct%ete Wi e chemlls ryvcv) ? é on-gol glpPoclze%s O?
plhearicahpr ecse wricopldigtariorafed §inkory cameeeemag adefineddigdiaitm 7
whergithigchanieal Jiaeeac e plasignak femihsanalysigrinit is used to

modify at least one parameter. selected from the 10 group consisting of.
polishindstPr R P8, S SRERARIGSTFR) (erRpstatlre poihng Sifgnto!

c:s'rgne_htﬁnatimhn paiiicslate isim;lpalttie_dﬂmq mmtpaiimmapsbboﬂwrfmglslmrry
RIS s e A LI 5BAG %ﬁ?&%@@%@?’d&&ﬁ@sﬂu [0 CMRRytem

utilizes the control signal from the analysis unitto determine the end point of
tHEUHPOR LSS R BN PG e ROEHATEYA QORIBHARR AP ORS hiRG R BN b

meRiteging and controlling the process of planarizing a semiconductor wafer
Iha Ch.e@.'c | Q}r%%h&ﬂ!cc%%) !Peﬁaglcﬁaﬁt Ic 511 q\/lwl?lz:r%}/nsgﬁergﬂ\;ﬁe S ns1t%thogllizes the
comprising the ste%s of: a) applying an abrasive con |t|onn¥g disk t0 a
p6fiBtiM g gl fsurfshecaeriyiiguait 20 dstariaing shiom d peiri b ihedtistetitfe debris
fronmaaichs witacsiikonavasHating spent polishing slurry, wafer debris and/or
conditioning agents. (collectively, "effluent”) through a vaguum-assisted
conditiorHig BN O RSB TIPS SRSt CUMCERGR Biuen
forcanalydistof s anagoihgniginaxization proeessi@3 dYlEy aisatmthatiehsd
opg,hRiACIREISHG.Qfrthe collected effluent, said at least one characteristic

attributed to changes at the wafer surface being quanarized; )
a) applying an abrasive conditioning disk to a polishing pad surface during a

planarization operation to dislodge debris from said surface;

b) evacuating spent polishing slurry, wafer debris and/or conditioning agents
(collectively, “effluent”) through a vacuum-assisted conditioning apparatus;

c) collecting at least a portion of evacuated effluent for analysis of an on-going
planarization process;

d) evaluating at least one characteristic of the collected effluent, said at least one
characteristic attributed to changes at the wafer surface being planarized;

e) generating a control signal based on the evaluated effluent characteristic; and

f) providing the control signal as an input to a polishing apparatus to fine-tune the
on-going planarization process in response to the evaluated changes at the wafer surface.

11. The method as defined in claim 10 wherein the control signal generated in
step e) is a “chemical” control signal associated with a change in at least one chemical
aspect of the on-going process of planarizing a semiconductor wafer.

12. The method as defined in claim 11 wherein the chemical control signal is

used to control at least one planarization parameter selected from the group consisting of:
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e) generating a control signal based on the evaluated effluent characteristic;
and f) providing the control signal as an input to a polishing apparatus to
fine-tune the on-going planarization process in response to the evaluated
changes at the wafer surface. 30 11. The method as defined in claim 10
whdteimghaieoiisel signallgeherdted ismptepeyd,isodislche shieglt@aatteltkignal
assncited it a.change natisast ans.chemical, ASARSAHING an-gR/0e
p?’océcss of Spfgn%grtltz%g a soer%icér%ll}cator Wa e}.. %ZPrT%?e fcneltrﬁr das def?r'\ed in
clatptiadicoiEtenneretie e A earagrsty napisd seadi tenéemiesnit least one
planarizaBorpasamedes selaeten fiam the.geaip GoRsisting afnublnekishing
slurry flow rate; 881'%?A?Q{%L‘é”}’otc%é“%?r?;}l‘%arﬁz-ﬁo't'ﬁ?eh'g Ay concgntration,
parﬁcu até size, particulate ¢ neentration and pois ing slurry chemistry,
chemistdAofA apgihediot onditediniagralgeensonngithe ppehama radpogsplieebning
CORGILIQRING AYERLENd 3 sdhiemeiiodasAgfinad i Glait A eisia i ion

provided control signal is 5 used to detect an endpoint of the process of
pIEMR Y e S TR FOBBr e 199K method of controlling and
monitoringatipdy pelishabgravciéondonditpdivkgo pnodessesad plaiaridung ga
SeIIGRNARGISRMAST 0 ARNEISAL Meshanical planarization (CMP) system,
the method comprising the steps of: a) applying an abrasive conditioning disk
to a poliShMGPadrsurEtedihing Suo prifadeRaSRBPS R IiNditsHe
dedlisdiioeny saiffisenfaaa;da) e vaatiatin gusieesdtp ol s Hir byl ket dehsis
aggl/glrti%%nditionairrglgléagents (collectively, "effluent”) through a vacuum outlet
oat coupflégda}i)g an outlet port in the conditioning apparatus; c) collecting at
least a portiIlsBhe A teastedutiien ciyfeiatethelilfssstunarcaaplad toit ¢aufird to
vageutigiipathng) evaluating at least one characteristic of at least one
element ithili\ ttle coLIected, vacuatetd elf‘fll{?nt;tezég neratin% a ct%ntrol
signal fol HRA HANISG 8 shrocSLa B BaatiZhg A CEsIeBR IS fer based
ondiretedaivimtedeéffftienttcharacteristics; and 20 f) providing the control signal

as an inpYLIR.ARAVISRING ARAAARS ﬂgeg&mﬁgltﬁa%rg&-sggmaﬂaﬁ%g%Of

planarizing the semiconductor wafer. 1 o
semiconductor wafer based on the evaluated effluent characteristics; and

f) providing the control signal as an input to a polishing apparatus to control the

on-going process of planarizing the semiconductor wafer.
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