ELECTRICAL AND OPTICAL SYSTEM AND METHODS FOR MONITORING EROSION OF |
SELECTROSTATIC CHUCK EDGE BEAD MATERIALS CLAIM OF PRIORITY This application
claims pl‘lorl}VQO ¥ed ﬁppllcatlon Serial No. 12/126,625, filed on May 23, %Hgsex(}ﬁ%%ﬁ“mcorporated
herein by reference in 10its entirety. TECHNICAL FIELD The present invention relates generally to
the field of process equipment used in the semiconductor, data storage, flat panel display, as well as
allied or 150ther industries. More particularly, the present invention relates to a system and method to
monitor erosion of electrostaticFhGER Bﬂ@ébeﬁﬂ%ﬁfmusﬁﬁSEEMsMased process tools.
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fabricated on a single integrated CIrCUIt chip doubles every two years. Today's IC fabrication facilities
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10 its entirety.

TECHNICAL FIELD
The present invention relates generally to the field of process equipment
used in the semiconductor, data storage, flat panel display, as well as allied or
15 other industries. More particularly, the present invention relates to a system and
method to monitor erosion of electrostatic chuck edge bead materials used in

plasma-based process tools,

BACKGROUND

20 Semiconductor device geometries (i.e., integrated circuit design rules)
have decreased dramatically in size since integrated circuit (IC) devices were
first introduced several decades ago. ICs have generally followed “Moore’s

-~ Law,” which means that the number of devices fabricated on a single integrated

circuit chip doubles every two years. Today’s IC fabrication facilities are

25 routinely producing 65 nm (0.065 um) feature size devices, and future fabs will
soon be producing devices having even smaller feature sizes.

As IC design rules shrink, an increasing trend in semiconductor
manufacturing is utilizing single-wafer processing for a variety of fabrication
steps, including plasma etching and deposition chambers. Single-wafer reactors

30 must be designed to unobtrusively secure the wafer (or other substrate-type)
during processing, while controlling both temperature and temperature
uniformity across the wafer.

Mechanical wafer clamps which engage a portion of front surfaces of the
wafer where processing is to be performed potentially create process uniformity

35 problems by interfering with gas flow, altering plasma distribution, and acting as
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during processing, while controlling both temperature and temperature unifoimity across the wafer.
Mechanical wafer clamps which engage a portion of front surfaces of the wafer where processing is to
be perfatinegjg&f)é]ﬁﬂé PEreate process uniformity 35problems by interferﬁ%T(M%O&%g“ i, altering
plasma distribution, and acting as a heat sink. If improperly designed, mechanical wafer clamps may
also produce partichtatesiwith repuited costanmidatiorhadithhe weite c asmpethas atberghalslems. An

electrostatic chuck (8} UseRiAn SlecaAlL RAteNtial fo. Dol 2, walsy 0 place,dufing processing,
anlga? a nbyh onl

thus avoiding the problems of mec Sclamping aving contact wit the back side of the

wafer. Electrostatic chuck® @perastaty hethciRS eppissitiyeitraresaliometraisisthald and the chuck

thereby resulting .48 alesiesiatic AR etnes gLt g s sHBSIERIE. A degree of
attraction is dependent,on_ an amount of charge induced as well as a rate at which the charge

dissipates dud to SEFRREDE MTRELoTIbRAGL B S PIsieiitlsiof s watsauEbesiesfitrol the
electrostatic forcecancksnpyrae applieetios oy sangUiiereobA PEALSEIRE S¥CtRe larexample, just after a

substrate is transferred to the.chuck. Alternatively, voltage biasing may be a py]ed continuously
e R R A

throughout a processﬁnﬁrgfl% EFOrinS 5%%%5,%%%&%%1 BGT8 f)lasma can provide a

means of eIectricatbmm@cﬂqhgoei%a@raermi:rialdaf:m_EﬁCoarad wmtﬁentsyi‘sthmnge\/ﬁlﬂx;ﬂucedierence to Fig. 1,
a portion of an exgmplary pHgL ARG SIS b nRydse SuanediaRt AN base 101, &

heater bond layer 103, a heater 105, a heater a ceramic bond layer 109. The ESC
structure 108is cY[Sbagrwiasingds Inmie Yep oidrdias andieatid dhsrelrstig J@ierfo0E08d heater 105,

heater plate 107, @pd esapnic Ronsh|gves 8-S B P RIGSISCL EQBR, for example, just after 2
substrate is transferred to the chuck. Alternatively, voltage biasing may be
applied continuously throughout a processing cycle. For instance, using the
conduction properties of plasma can provide a means of electrical connection to

15  one terminal of a ESC and wafer system.
With reference to Fig. 1, a portion of an exemplary prior art ESC
structure 100 includes an anodized aluminum base 101, a heater bond layer 103,
a heater 105, a heater plate 107, and a ceramic bond layer 109. The ESC
structure 100 is capped with a ceramic top piece 111. The heater bond layer

20 103, heater 105, heater plate 107, and ceramic bond layer 109 are protected from
direct contact with a surrounding plasma environment and caustic chemicals by
an edge bonding seal 113.

The heater bond layer 103 is typically comprised of a silicone layer
impregnated with silica (e.g., amorphous SiOy). The heater 105 is frequently

25  comprised of metallic resistance elements encapsuiated in a polyimide while the
heater plate 107 is typically fabricated from aluminum. A ceramic-filled (e.g.,
alumina (AL, O3)) silicone material is commonly employed for the ceramic bond
layer 109. The ceramic top piece 111 is commonly fabricated from alumina.

The edge bonding seal 113 may be comprised of, for example, epoxy,

30  silicone, or polyimide based polymers. The edge bonding seal 113 protects the
heater 105, the heater plate 107, and the heater 103 and ceramic 109 bonding
layers from plasma erosion. However, the edge bonding seal 113, as noted
above, is exposed to the plasma and erosion from both chemical reactions and

ion bombardment can occur. In addition to the erosion effects, damage caused
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direct contact with a surrounding plasma environment and caustic chemicals by an edge bonr?linlg seal
113. Th ater bond layer 103 is typically comprised of a silicone layer impregnated with silica
(e.g., amorp ouzsog)ljéfafﬂe r):eater 105 is frequently 25 comprised of met&fit/ %Pﬁ’é‘ﬁ‘é‘éﬁlements
encapsulated in a polyimide while the heater plate 107 is typically fabricated from aluminum. A
ceramic-filled (e.gbydhgmimau@hl20 Bycsilicens dwenjmltisrcma}mmrdyuemmlpy?@dtﬁmﬁbmmﬁﬁamip bond
ayer 109. The cefapc B Bisge. 1, s sommaply abricalgd.ram alumna. The gdge ponding seal
113 may be compriséd of, for example, epoxy, 3 S|I1|cone, or po?ylm%gsbaée polymers. The edge
bonding seal 113 §¥éi®Ees! Meoperates oS 2 thislh ey ol samnFtusesd the heater 103 and ceramic 109

bonding layers from plagmanerogien: Heweyebrihsmedaehonding.seal Liat fed above, is exposed
to the plasma and erosion from both chemical reactions and ion bombardment can occur. In addition

to the erosion effSCRS YRR CHALE daRIPEA HSISIRiRY S5%F5 CR ARGCSfltamERation fhay be caused
by fast temperatuties tampsins giftesancesur sigtestaliceafficipnishhiiEimatexnansienasince the ESC

: : (frt t exposure of bond lines to
structure 100 op g%{&% é)v?[l range of tem%:l ratures Furé%%f’e Irec

a wide
plasma can result in partic eeéf\é%lé)ﬁeér%ﬁon, B avitg's STEf Pd&ice yields.

Erosion of the bohehfimessipredepits and reiedyechest rakidiishnceniminibénepaatstal tiwiate part lifetime.
Therefore, an indm;%iﬁg%gggnism is needed to limit maximum edge bead erosion depths and
minimize wafer yield impacts and decrease total tool operating costs. 10 SUMMARY In an
exemplary dfbodiment, a device to monitor wear of an electrostatic chuck for use in a plasma
environment is digglggach e device comprises an edge bonding seal configured to be mounted to an
edge bead of the electrostatic 15chuck. The edge bonding seal includes an optical monitoring layer

comprised of a first matSr &} ESHRBEFE TP iR is paEascda pReIE Brieanef aptieaiiPRSisitored and an
edge bonding layeuchibfiguyeth o lainieispaisedntidens febyvert MiRice comprises an

edge bonding seal configured to be mounted to an edge bead of the electrostatic

15 chuck. The edge bonding seal includes an optical monitoring layer comprised of
a first material configured to emit a species capable of being optically monitored
and an edge bonding layer configured to be interspersed at least between the
monitoring layer and the plasma environment. The edge bonding layer is
comprised of a second material susceptible to erosion due to reaction with the

20 plasma environment and configured to expose the monitoring layer to the plasma
environment upon sufficient exposure to the plasma environment.

In another exemplary embodiment, a device to monitor wear of an
electrostatic chuck for use in a plasma environment is disclosed. The device
comprises an edge bonding seal configured to be mounted to an edge bead of the

25  electrostatic chuck. The edge bonding seal includes an electrical monitoring
layer comprised of a first material configured to change in resistivity based upon
exposure to the plasma environment and an edge bonding layer configured to be
interspersed at least between the monitoring layer and the plasma environment.
The edge bonding layer is comprised of an electrically non-conductive material

30 susceptible to erosion due to reaction with the plasma environment and
configured to expose the monitoring layer to the plasma environment upon
sufficient exposure to the plasma environment.

In another exemplary embodiment, a device to monitor wear of an

electrostatic chuck for use in a plasma environment is disclosed. The device

3



monitoring layer and the plasma environment. The edge bonding layer is comprised of a second
material susceptible to erosion due to reaction with the 20 plasma environment and confi?ured to

expose the it rﬁ%‘%ﬁ?ﬁ'ﬁ/er to the plasma environment upon sufficient e%%yﬁlr%‘{‘ﬁ?ﬁ?éﬂﬁ asma

environment. In another exemplary embodiment, a device to monitor wear of an electrostatic chuck for

use in a plasma envinataent isigideloded s¢ileddijoecortyisrauabdadga birdiegi sgaheonfigured to

be mounted to ar!e%% 8SP§Iachglflépe SGGAQCUB(?}I%PC Clgulclﬂﬁc-ll-l eSefg:j %I’g Og%lnglseeal includes an

electrical monitoring layer comprised of Afirst ma?ér?a?conﬁgured G 'change n Fesistivity based upon
exposure to the ptasipased viferfireemaierthbevrlige dsodihan eyerresisfivity ddstal bpdnterspersed at least

between the moniayiag-act2th e BRsRRAVIRNSH: e das hanring dayer is comprised of an

electrically non-conductive material 30susceptible to erosion due to reaction with the plasma

environment and YSHAYHBERE B PoIBIRemBRIERA seRiyErths i idesAR soiPoRfmt upon sufficient

exposure to the plasmaLAYiRAMER. iM-ARSarLXeMMaRyembrdinaniriadeyisele monitor wear of
an electrostatic chuck for use in a %Iagsma en\&i}[rggggent is disclosed. The device, comprises an edge

bonding seal corfiguTed D B et a6 dAYPOEReMEsHbt At he edge bonding
seal includes a mumiarinigdayencoeptisedepfibléitstamaienialeantigictra withangasmeesistivity based
upon exposure to the plasma environment.and to emit a species capaple of being Soptically
monitored. The ee dlgf %?6%“3?}16‘1 s%%(ﬁﬁ rgr(} fﬁcﬁx e Eaﬁr? g&g‘%?%%%fﬁ efa%glrle ﬁﬁrélgred to be
interspersedt |castioamsé b swidishor ngplesyes tmidieipdaptas amarierirariment. The edge bonding

layer is comprised of am%%mgﬁgﬁleﬂﬂﬁ'W%U&Hﬂﬁem?{erﬂ@h%ﬁ%ﬁ%@t%ﬁ1}%&951%9&% to reaction with

the plasma environment and configured to expose the monitoring layer to the plasma 10environment
upon sufficient eXFSSAHETH tHesgrshTadciiaiFrBRgtatic chuck is disclosed. The method

comprises placing an edge bonding seal containing an optical monitoring layer
in proximity to the edge bead, measuring a baseline level of volatile species
15 present near the electrostatic chuck using an optical system, using the optical
system to detect volatile species emitted from the optical monitoring layer, and
continuing to detect emitted volatile species to evaluate a level of erosion of the
optical monitoring layer.
In another exemplary embodiment, a method to monitor plasma-induced
20  erosion near an edge bead of an electrostatic chuck is disclosed. The method
comprises placing an edge bonding seal containing an electrical monitoring layer
in proximity to the edge bead, measuring a baseline level of electrical resistance
of the electrical monitoring layer, and continuing to measure differences in

resistance to evaluate level of erosion of the electrical monitoring layer.

25
BRIEF DESCRIPTION OF THE DRAWINGS
The appended drawings merely illustrate exemplary embodiments of the
present invention and must not be considered as limiting its scope.
Fig. 1 1is a cross-sectional view of a portion of a prior art electrostatic
30 chuck.

Fig. 2 1is a cross-sectional view of an electrostatic chuck having an edge
bonding seal incorporating an indicator mechanism in accord with an exemplary

embodiment of the present invention.



In another exemplary embodiment, a method to monitor plasma-induced erosion near an edge bead of
an electrostatic chuck is disclosed. The method comprises placing an edge bonding seal containing an
optical moni‘f%(?iﬁ%ﬂ?évéﬁ?'n proximity to the edge bead, measuring a basel%%Tl/é@t%?%f(%féﬁle species
15present near the electrostatic chuck using an optical system, using the optical system to detect
volatile species emitted Figm3tireaapticadariamitbring laf/ar cdutr-caatinuingktddetecnenigited volatile

o5 o oval . oroc, . o |
SPecies 1o eva “%Sﬁfg’gérﬁaﬁﬁg%g%gﬂ%%%@%%?é2 DURHAG, IRYEL. R AnaiRaLExemplary

embodiment, a met . uced 20 erosion near an edge bead of an electrostatic
chuck is disclose@xThilarietHiw ormpriddBomsrsery @yediga-bonding seal containing an electrical

monitoring layer in proxigity 49sthe.edaehead) W%@%Ql@c%%ﬂ@%ﬂﬁ&'@@ﬂg%ﬂ&?éé esistance of
the electrical monitoring layer, and continuing to measure differences in resistance to evaluate level of

erosion of the eletAEHEATHIBFATRIEEE F5iRtineer BederRiPrORCOE THEPRMINGS  The

appended drawingzmeief\etivstatentxe mplaasenipodimmants of the present invention and must not be
considered as limiting its scope. Fig. 1 is a cross-sectional view of a portion of a prior art electrostatic

30chuck. Fig. 2 is a cross-sectional view of an electrostatic chuck having an edge bonding seal
incorporating an IRBIEAIGrEReDRSORIFRI&NS0rd with an exemplary embodiment of the present

invention. Fig. 3 is a crossisrctingliiRaola.sactasiate. ek hadaansies hagging seal
incorporating an indicator mechanism in accord with another exemplary embodiment of the present
invention. 10  an edge bonding seal within an ESC is eroded, thus protecting the heater and

other bonding layers. The various embodiments disclose a monitoring belt or

layer in the edge bead of an ESC with either an independent erosion indicator or

an indicator combined with various optical and electrical monitoring

instrumentation. When the monitoring layer is exposed to plasma, it reacts with

15  the plasma species producing volatile chemicals which can be detected by, for
example, an optical emission spectroscopy (OES) system.

' In other embodiments, a change in the monitoring layer may be detected
by a simple reflectivity or optical scattering system. Designs for these and
related optical measurement systems are known in the art,

20 Alternatively, since the plasma erosion reaction changes a measured
electrical resistance of the conducting layer, the resistance of the monitoring
layer may be measured. In yet another alternative embodiment, current from
plasma to ground is monitored through a conducting or semiconducting
circumferential layer and a base of the ESC.

25 With reference to Fig. 2, a portion of an exemplary ESC structure 200
includes an edge bonding layer 201 and an optical monitoring layer 203. The
edge bonding layer 201 and optical monitoring layer 203 may be used with
any standard ESC structure, thus replacing the edge bonding seal 113 (Fig. 1).

The optical monitoring layer 203 is placed in the edge bead of the

30 exemplary ESC structure 200 and sandwiched by bonding materials in the
edge bonding layer 201. Relative and absolute radial positioning, as shown in
Fig. 2, is determined according to bonding layer design and materials
properties. Such design criteria are known to one of skill in the art for a given

set of materials.
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Fig. 4 is a cross-sectional view of an electrostatic chuck having an edge 5 bonding seal incorporating

an indicator&gg%&qismép accord with yet another exemplary embodiment of theJJresent invention.
DETAILED BHON Various embodiments discussed below disclo8& XEEHL 4 thonitor when

10an edge bonding seal within an ESC is eroded, thus protecting the heater and other bonding layers.
The various embodimenté#giselssly avhenkodrtebelyaoEyerdingheatdipgpedtcofdmr ESC with either

an independent eYosloRNGYERIA10s BRSSPI BRI HaHRNRAPGRY 309 elgctrical

monitoring instrumentation. When the monitoring layer is exposed to plasm reacts with 15the
plasma species pPSHIEATASRRTEIIRShs At Tsar icamnsat datetberip et oxanesigcan optical

emission spectrostapys(@E)aystent, Wintheh o dimants R.thARgS niBgiHRAItgring layer may be
[ ns for these and related optical

detected by a simple reflectivity or optical scattering system. Desi
measuremen sys’?é‘%satgfaggﬁg\%%clﬁ Eté‘ﬁ?eéoéﬁé%ﬁﬁﬂéﬁﬁs gﬁc‘?ﬁ%ﬁé’ﬁﬁ%ﬁ EBEISH reaction
changes a measut8€ slertiicalbresisianckedfithex caddbetinglayesathefeesigiance of the monitoring

layer may be meagylied, Igogggg_gmg (}@ter tive embodiment, current from plasma to ground is
monitored through a congducting or ser%lﬁt oﬁgﬁlc?titr?a?bircumferential layer and a base of the ESC.

25With reference to Figlpa apgeidio s siaeex emptdipBs Chs ruwtiine 29 Gundlisdes’ & edge bonding
layer 201 and an @I&@%Qﬁ&?ﬁ@%@%?%@?%&%ﬁ%@@ﬂi@%ﬂ@roc%?r%%so%i&%c%{nomto”ng
edge

layer 203 may be used with any standard ESC structure, thus replacing the onding seal 113

(Fig. 1). The bptiCRISR AlBmAlFHsyes 2 BatsAate dhm apliceldgetioanniare 303 xeripigy ESC structure
200 and sandwichedibly bensing wraterialsdshihe: @408 hendipeiaver 2k Relative,and absolute radial

positioning, as shown mnlélg.%héssdet mined according to bonding layer desgn and materials

properties. Such design criteria are RHSWRTEBifE BT CRAFAIRO SHTfor AV55aE R &8RS materials.

intensity signatures distinct from other signals produced by process species in
the plasma. Therefore, the specific element in the optical monitoring layer
15 203 either does not exist in the input gases, hardware parts, or wafer films.
Alternatively, the element is in a low enough concentration in the gases, parts,
or films to provide a reasonable monitoring result when emitted from the
optical monitoring layer 203.
Some possible elements that may be used for monitoring of the optical

20 monitoring layer 203 include, for example, phosphorus (P) and sulfur (S).
Phosphorus-containing species produce strong emission signatures at 214 nm
and 253 nm as well as at other wavelengths monitored by an in-chamber OES
system. Sulfur produces sirong emission signatures with bands tightly
centered at 364 nm, 374 nm, and 384 nm.

25 In a specific exemplary embodiment, the optical monitoring layer 203
is formed from of polymeric or elastomeric materials containing P or S. These
particular materials, among others, have good mechanical properties in terms
of modulus of elasticity, coefficient of thermal expansion, and bonding
strength. Some appropriate phosphorus containing polymers may be

30  polyphosphazenes including, for example, poly(dichlorophosphazene) and
poly(bis(phenoxy)phosphazene) . These polymers are soluble in common
organic solvents and can easily be made into films that may be applied as a

sandwiched monitoring belt.



Functionally, when an outer layer of bonding materials in the edge bonding layer 2(_)1 is eroded by_
plasma, the gptical monitoring layer 203 will be directly exposed to tlhe plasma environment and either
optical or elevc‘:%r)iczzg?)él@srlsg?s, as noted above, will be altered. These S|gnalsprﬂg§]%7§(f?{8‘h“i§6?ed to
5indicate ESC replacement times. In some cases, the edge bead (_)f a remove_d ESC may then be
refurbished to extend th&ekimrgapeartolifetinies turtieediieingeosttivt ewsmepsripESEhe tool. In a

specific exemplary Rt i e AURKRG NGAVTAe APUGal MaRiorg, ayer 203 makes use

of optical emission or changes in other 10optical characteristics. In this case,t € opticgl monitoring
layer 203 containd®¥fkéitic BlsiRsendingrarerdanapiecnd foyaptptlanrniforntd aysacies or

compounds The specifithsResiasalisRMIBRHAGS, RAsSHIR MY ShaPath And tensityssignatures distinct
from other si nalsb rqduced by‘é\g{rocess species in the plasma. Therefore, the specitic element in the

optical monitoring I&eP4 836% bitRer YoBehatl dasemnresthplibgseme aldiphre parts, or wafer films.

Alternatively, the dléenenivid jntadpwsnewsgibedonasadrafioiffsiciengastss pastsded filsys to pro}gtllle a
reasonable monitgyj t when emitted from the. optical monitoring layer 203. Some possible
elements that ma)g{ %Qe&ésgj)gé F moni %I%llrcma 5 %%%fﬁ:aglri%urﬁgﬁ?g??naﬁ%g%g 5% VFn%IIlSde, fo_r example,
phosphorus (P) alg!stfuiyghePhesplsanspednizinivg.spediesptbducestrptigatmission signatures at

214 nm and 253 yasiglasaetieray el s mealarad- ea e hamber OES system. Sulfur

produces strgng emission signatures with bands tightly centered at 364 nm, 374 rim, and 384_nm. 25In
a specific ex@mplElRPERHAHRAKAIRRE o Bt MM SSiRIrRTY rayBdiogsd fo fagisaseirpraneiyslymeric or

elastomeric matesigis QM #NNG Peor@inTiesRoRbtiGdRMARERS aMang Aess. have good
mechanical prop?rtie%.iin ter%gﬁg%f modulus of elasticity, coefficient of thermal expansion, and bonding
p

SBTOPHaS PROSPIEHIL  BomAify g Hiia! fhijppRarea of the optical

strength. Some approp
monitoring layer 307 thus provides a larger signal-to-noise ratio in this

configuration as compared with the optical monitoring layer 203 (Fig. 2).

15 Industries using phosphorus-containing films or sulfur-containing
gases for etching processes may expect difficulty identifying specific emission
signatures related solely to edge bead erosion. However, several methods may
be used to circumvent the additional presence of monitoring elements other
than in the edge bead. For example, chronologically measuring and

20 comparing wafer-to-wafer differences in emission signatures, measuring
emission during both process and clean (when a wafer is not present in the
process chamber), and using an array of tracer materials where at least one is
not present in the process chamber except in the ESC edge monitoring layer.
Moreover, forming the monitoring layer from conducting materials offers either

25  analternative or a supplemental monitoring procedure to optical measurements.

In Fig. 4, a portion of an alternative exemplary ESC structure 400
includes an edge bonding layer 401 and an electrical monitoring layer 403. In
this embodiment, the edge bonding layer 401 is either electrically non-
conductive or has low electrical conductivity. The electrical monitoring layer

30 403 forms an open circle, and its electrical resistance is measured by, for
example, an ohmmeter 405. A skilled artisan will recognize that the ohmmeter
405 may be replaced by a Kelvin sensing device, a four-point probe, or other
type of device known in the art for measuring a change in resistance or

conductivity.



30 polyphosphazenes including, for example, poly(dichloropho_sphazene) and _ ;
poly(bis(phenox phos byhazene) . These polymers are soluble in common organic solvents an can
easily be m%%%?}glffﬁ%'that may be applied as a sandwiched monitormé’%ﬁ'ﬂszﬁ(@fg‘ffﬁﬁ now to Fig.
3, a portion of an alternative exemplary ESC structure 300 includes an edge bonding I_aye_r 301, an
edge bonding spacer Iay*eﬂ@@@palnﬁmﬂgmbﬁudﬁgjwéﬂlﬁ&eax@@&@n@hmapﬁgal monltolrlng Iagger 307.
The edge bondingfayes30T, 2098 RRGING. #RARR, lAVer 303.Ad edge Sbonding cover layer 305 may
all be comprised %? the s}ggnea‘r%n%??ﬁ. Alternativglgl/, they mag/) eg%h %%%Fmaéfg g%dlfferent materials
provided they medetHiEHrissistanfschizhroeleaiigad epnitatinaders iéhtepiesfipiaeredsove and that they

further may be propetly bendess 0Re decARotheuiRERRlitALIQRLeHRGIBYRE 307 1R £9. 3 may be

fabricated, for example, with P or S 10elements as noted above, and may be placed as indicated to
increase an amotiht of VSTAHS Peciil EUIAORIRG aperctls b*rE&Q%?‘FPiHeﬁ?&éﬁ?i fe$tBincrease
feasibility of OESeletietiani ibhi Insgennientialitulass aleaafithmpptical apesitesing layer 307 thus
provides a Iargertgir%rg(ail-bto-noise ratio in this configuration as compared with the optical monitoring

. €CcOmes oper.
layer 203 (Fig. 2). p
In a specific exemplary embodiment, conducting materials used to

fabricate the electrical monitoring layer 403 are plasma sensitive and reactive

10 with the plasma species. Resulting reaction products with the plasma gas species
are therefore volatile. Such conducting materials include, for example, silicon
(81), silicon carbide (SiC), silicon nitride (SisNy), various boron-containing
materials (e.g., boron nitride (both hexagonal, h-BN, and cubic, C-BN)), as well
as other elemental and compound semiconductor-containing materials. These

15 materials can be fabricated in various thicknesses, one example being from 1
micron to 20 microns. The materials may be applied to edge bonding layer 401
by methods known in the art including, for example, chemical vapor deposition
(CVD), physical vapor deposition (PVD), and other common film deposition and
formation techniques. The edge bonding layer 401 may be comprised of, for

20 example, various polymers sandwiching the electrical monitoring layer 403. For
example, materials such as silicone, epoxy, and polyimide are all plasma-tolerant
and may be appropriate for different plasma processing environments.

Conducting films can also be formed from conducting polymers that

reduce potential problems with cracking from thermal expansion. These

25  materials, usually composed of aromatic rings, include, but are not limited to,
polyacetylene, polyparaphenylene, polypyrrole, polyaniline,
polyperinaphthalene, and poly(phenylenesuldephenyleneamine) (PPSA).

In a further exemplary embodiment (not shown), an alternative electrical

monitoring approach uses a sandwiched conductive layer similar to that of Fig.

30 4 in the edge bead material stack. Thé conductive layer is electrically
contacting the ESC baseplate (as an example, the base piate is formed from
aluminum). Direct current conducted from the plasma through the base plate (at

a controlled voltage relative to plasma or ground) may be monitored over time.



15Industries using phosphorus-containing films or sulfur-containing gases for etching processes may
expect difficwyzi(()jﬂ%plt‘i‘%i_r})g specific emission signatures related solely to edge bead erosion. However,
several methodS may 2 used to circumvent the additional presence of mo gﬁﬁ%ﬁ'gi}é‘?ﬁ%ts other than
in the edge bead. For example, chronologically measuring and 20comparing wafer-to-wafer
differences in emiSsioeiypiat descimeastirhgngasissiootdoting lbpts prodedsiantckesdrg (when a wafer

is not present in the; REACESS GRAUBAG.1ARChHSING dR.@/ray of tracer materials where at least one is not
picant in the process chamber except in the ESC edge monitoring layer. Moreover, forming the

monitoring layer from corGuSaRHRteNHIR sfersriiadabona i tharfrignes 6p spetifislemental monitoring

procedure to optiealbaasrtemeRts. It wiiFigwhva hrticraaf:ap aligirativeexemplary ESC structure

400 includes5an edge b(i%%;n@ I%er 40g1§nd an electrical monitoring layer 403. In this embodiment,
the edge boriding TAYaF AL 1EE08F BSOS HorRomadeierde mIhRidsRectiedr Bnductivity. The
electrical monitorihg Heyee3§108-iat s Hhemeisele iandtisnele st atlidsigiansseigieaeasured by, for
example, an ohnmg%r 405. A skilled artisan will recognize that the ohmmete. 405 may be replaced by
a Kelvin sensing device, a four-point probe, or other type of device known in the art for measuring a
change in resistance orfeosdaRINGparticulxsiwdmenicdesnobitenngizyef 408 iskbipesed to plasma,

the conducting miakeials coniaed eleIeasL il HIANESRSSIES, ANdhile sleghieal resistance o

the electrical monitoring layer 403 typically increases quickly because of the decrease of dimension in

the electricaPmotEHG RS BN/ hese e Wie Beieia) dFfolm GHARIMAFE PHOD ISR because of the

plasma reaction arubieninhembaidmsalsaiie slsisalcisitnhiaswasafissively formed becomes
' énlgodiment, c%%gucting materials used to fabricate the electrical

open. In a spec i%exem lar, ;
jﬁ ¥ AT v a4 Rahiie TerRmiate Pl srrthelaisgiisdsulting reaction

monitoring layer 2 ar%rtﬁ F’n‘”&y
products with therpleismmgas gipéicies any tharefctmvalatibpeatiah eonsishplhspatenials include, for

example, silicon (Si -§' 'icqln- ide (SIC), silicon nitride (Si3N4), various boron-containing materials
(e.g., boron nitritfe . (l)t% ﬁe&g%%%%ﬁhi ?\ﬁpgrlﬁact:lﬁ i%:(,) -é%ﬁfoa%%lvceﬁkgg 0 Igéhreelemental and
compound semiceméreadictunndnsty inpuerinlscthese tSemplarialsidande fbitioated in various

ihicknesses, onaueAQAIE BAEOJON LEALIR 20 AIGROE e RiErals may be applied o cdge
a0

bonding layer 401 by methods known in the art including, for example, chemical vapor deposition
(CVD), physical vapor 88pBitibaBimyismdetecestmnomems tRystibhemdprmation

disclosed herein, that the edge band monitor embodiments may be used in an
analog as well as a binary (i.e., go/no-go gauge) form. For example, as the
20 monitoring layer wears, resistance increases and may be monitored. The ESC
structure may be reworked only after the resistance approaches a given level.
Similar schemes may be employed on embodiments utilizing optical monitoring
while watching for, for example, changes in reflectivity. Further, although the
optical and electrical monitoring embodiments are shown separately, they may
25  be combined as well to operate in a variety of different etch and deposition
environments. |
Moreover, the term semiconductor should be construed throughout the
description to include data storage, flat panel display, as well as allied or other
industries. These and various other embodiments are all within a scope of the
30  present invention. The specification and drawings are, accordingly, to be

regarded in an illustrative rather than a restrictive sense.



formation techniques. The edge bonding layer 401 may be comprised of, for 20example, various
polymers sandwiching the electrical monitoring layer 403. For example, materials such as silicone,
epoxy, and polyimide are all plasma-tolerant and may be appropriate for different plasn&prde@ssing
environme%ia ” CCf‘oncflzLécltSi‘r1g films can also be formed from conducting polymers that reduce
potential problems with cracking from thelinal expansion. These 25materials, usually composed of
aromatic rings, include, but are not limited to, polyacetylene, polyparaphenylene, polypyrrole,
polyaniline, polyperinaphthalene. and poly(phenylenesuidephenyleneamine) (PPSA). In a further
exemplaryiémboﬁrrﬁigr‘ﬁc@r({% g}?g\i/\llﬁs,“é%ra}%g?ﬂa%g\/cergfg% ﬁccgflrc?l](oﬁ)l &?ﬁénaapglr yach uses a sandwiched
conductiveckyierrsirpiitrthe deaiasf Figp80ihin the edge bead material stack. The conductive layer is

electrically contac}}pgdg%e?lgﬁg%ggﬁpé%eﬁ asan ﬁéﬁ?ﬂ%‘gﬂt@g (pgf?% %Ig%ae;%g{ et ed from aluminum).

Direct current conducted from asma throug ase plate (ata con evoltage relative to
plasma or giestivdiatiagivekmbsitsledbovdirtineal Tsdudorpiuctedichitectouorent thyanges as protective

layers erods s ncseasind ISisiACe ndne SCISe Meniang aXer ., Tig prsgent invention i

described above with reference to specific embodiments thereof. owever, be evident to a
skilled artisapnifRiedanous ribaiteatiarzptind emastiess deanbdermadeitheredo without departing from the

broader spirit ancqane B A BIESENLIMRAON BHIGHNNINING APRERARA Glalgc,For example

particular embodiments describe a number of material types and layers employed. ed artisan will
recognize tRERHNEDE fktedarsthadlaonayersauyas teriettahdnhiosd atsoheihe commfecforfexemplary

purposes onlyinhardardaallusicaie tieevslinate of the edog hapd mgaﬁgre&%%@gﬁé'xn@ skilled

artisan will further recognize that the techniques and methods described herein may be applied to any
sort of strutOFEEBISS iR ha i prsrealkringneraidal tbavismasnt Itnengpplitation to an

electrostatig fiwek: @k HiRuke 36 MICONAHEIQR IRFsHMIS purely used as an exemplar to aid one of skill in
the

2. The device of claim 1 further comprising an optical monitoring device arranged to

detect the emitted species from the optical monitoring layer.

3. The device of claim 1 wherein the first material is configured to emit volatile

chemicals when exposed to the plasma environment.

4. The device of claim 3 wherein the volatile chemicals may be detected by an

optical emission spectroscopy system.

5. The device of claim 1 wherein the first material is at least partially comprised of a

phosphorus-containing molecule.

6. The device of claim 1 wherein the first material is a polyphosphazene-containing
polymer.
7. The device of claim 1 wherein the first material is at least partially comprised of a

sulfur-containing molecule.
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art in describing various embodiments of the present invention. Further, a skilled artisan will
recognize, upon a review of the information disclOsed herein, that the edge band monit? o

. . . . \Ii;%]ﬁ)[elxp
embodiments may be used in an analog as well as a binary (i.e., go/no-go gauge) form. ample,
as the 20 monitoring layer wears, resistance increases and may be monitored. The ESC structure may
be reworked only after the resistance approaches a given level. Similar schemes may be employed on
embodimetits utilizirglopiteal fmbnitoling abitetvedickting.fotafas exafgoledahahgegciinrefieetivity.

Further, al'%gﬂlejgth the ofg)tical and (?J[%%H(iicallarsnonitorin&%mbodiments are shown separately, they may

25be combine 5@%& t%l(% PAtE I a vgrletrf}%?%weren?nettch and deposition environments.

Moreover, the tenn semiconductor should be construed throughout the description to include data
storage, flaf pa”e%ﬁésﬁ’é%easf‘évﬁ%ﬁ Allied. or tﬁ%ﬁ%&“&%ﬁ»ﬁ'%g%@% i a%é’ arioys gther embodiments
are all within a scope of t e%Opresent invention. The spem%catlon and raangs are, acco%dlngly, to
be regarded i antitabscative ratkignthan whesteitiviedente. pMOSLER Whateig claimed is: 1. A device
to monitor wear of an electrostatic chuck for use ina plasma enviromnent, the device comprising:

an edge bonding seal configured to be mounted to an edge bead of the electrostatic chuck, the edge
bonding sd) inclddifyign Epreaiteionfaririgpiagscbortpiisduiof Sofirsteriateplaboenfigured to emit a

species Ca&ﬁ@%rﬁﬁ&ﬁﬂﬁe@ﬁ@é‘%&ﬂﬂﬂl% d by non-fluorescing optical emissions from the species;
and an edge bonding layer configured to be interspersed at least between the optical monitoring

layer and the plagthadesvirsdimencahopigeedihvgnayeicBdmancstaphsed dithesecond material
susceptible i @resion deitoreaatien vt he-Rlasmasvirment and sanfig ed Lo expose the

optical monitoring layer to the plasma environment upon sufficient exposure to the plasma
environmefRMPprisxkodevice sradraim coniraverdinshrausy it Hptivay Mesomeay aepaseratianged to

detect the gmiiigghspasigsdramdthg @ptical monitoring layer.
an edge bonding layer configured to be interspersed at least between the electrical
monitoring layer and the plasma environment, the edge bonding layer being comprised of
an electrically non-conductive material susceptible to erosion due to reaction with the
plasma environment and configured to expose the electrical monitoring layer to the

plasma environment upon sufficient exposure to the plasma environment.

11. The device of claim 10 further comprising an electrical monitoring device

coupled to the electrical monitoring layer.
12, The device of claim 10 wherein the first material is a conductive polymer.

13. The device of claim 10 further comprising interspersing a portion of the edge
bonding layer between the edge bead of the electrostatic chuck and the electrical

monitoring layer.

14. The device of claim 10 wherein a combined resistance value of the electrical
monitoring layer and the electrostatic chuck is configured to change based upon exposure

to the plasma environment.
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3. The device of claim | wherein the first material is configured to emit volatile chemicals when
exposed to the plasma environment. 4. The device of claim 3 wherein the volatile chemicals may be
detected by an optica.1 emission spectroscopy system. 5. The device of claim 1 WHeséinfthe first
material is at least partially comprised of a phosphorus-containing molecule. 6. The device of claim 1
wherein the first material is a po]yphosphazene-eontaining polymer. 7. The device of claim 1 wherein

the first material i$lat deaktepsttialiy aonfprisedohpstlfpracontainingmalpgueyic8.chhgdevice of claim
1 wherein {he lirst mat r@l IS confi%ured to change jn optical reflectjvity when exposed to the plasma
ST dhsH RS

environmeit. - The devige Sl FWiEFEIR e FePh %%ﬁlﬁ’&}f’e?j%sﬁma‘i‘}ég $ehange in

an optical statiesiatsiduakure when exposed to the plasma environment. 10;A device to monitor wear
of an electrostatic chuck for use in a plasma environment, the device comprising: an edge bonding
seal configured to be mounted to an edge bead of the electrostatic chuck, the edge bonding seal
including alp electhickivmohitoringttayeeaomi priséd o aaficst matefialcerifigusediioa change in resistivity

based upoé%g%%&%% t&é%\ﬂl&sgga epl\slglonment; and an edge bonding layer configured to be
interspersed at least between the e?qe%trlca%'monitoring layer and the plasma environment, the edge

bonding layer beitgesgmpeizéd D @lebgioatlinbncondudtivematecibkstiscelpdible to erosion due to
reaction Wil {he. lASTIA SR UEeNEN A congNiesl i £xase s sleetical monitoring aver o the

v 1 ayer 1SC4 OF .
plasma environment upon sufficient exposure to the plasma environ et £27Ph&Tevice of claim 1 0

further corfiptisirécanl sletiitost diorberiag idevideizouplettdotve elqrisioal tmoritdhsigdayer. 12. The
device of %M&%@fﬁ%’iﬁi%@%ﬁrﬁt gggi@!i' o Rge) 61 ¢ Vi ..13. The device of claim 10
further comprising interspersing a Sg%%on ori%%ﬁeeedge%tgnﬁ?ﬁg%@gﬁ%%t%gé]haﬁg edge bead of the
electrostatic chuci ghacthensiaetlicedrrmoniteviied taysrintaspresdéwideast bidimaOhwherein a combined

resistance g 9h iN8yRIERIHERE plasma environment, the edge bonding layer being comprised of

an electrically non-conductive material susceptible to erosion due to reaction with the
plasma environment and configured to expose the monitoring layer to the plasma

environment upon sufficient exposure to the plasma environment.

17. The device of claim 16 further comprising an electrical monitoring device

coupled to the monitoring layer.
18. The device of claim 16 wherein the first material is a conductive polymer.

19. The device of claim 16 further comprising interspersing a portion of the edge

bonding layer between the edge bead of the electrostatic chuck and the monitoring layer.

20. The device of claim 16 wherein a combined resistance value of the monitoring
layer and the electrostatic chuck is configured to change based upon exposure to the

plasma environment.
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monitoring layer and the electrostatic chuck is configured to change based upon exposure to the
plasma environment. 15. The device of claim 10 further comprising a current measuring device
configured to measure a difference in direct current conducted from the plasma to ajpase [ptate of the
electrostatig chu deyige.10 itor wear of an electrostatic chuck for use in a plasma
environmeL%it; the e“i/]fgev%éﬁ‘r’?&r%:%%é%%&a% ondmg Sea r%:%orﬁﬁagsﬁlfé%gtéjegéc%%ﬁﬁé)‘ét?égn edge
bead of théoelsetarstaticitingoke theledgfecboadingseatdd dudindg aplasemitanngtayer seraptised of a first
material copfigied o ghapge in resistivity based upon exposure to the plasma environment and to
emit a species capable of being optically monitored; and an edge bonding layer configured to be
interspersed at least between the monitoring layer and the plasma environment, the edge bonding
iayer being sompfised hareleaticabnefconliAles MASHRLPURGARIALS IR atasion dug to reaction
with the plasma environment and configured to expose the monitoring layer to the f)‘lrasrﬁa environment
upon suffi¢fefftesobssraite thwptisnimerbp srerBatineZasire device of claim 16 further comprising an
electrical monitoring device coupled to the monitoring layer. 18. The device of claim 16 wherein the
first material is a conductive polymer. 19. The device of claim 16 further comprising interspersing a
portion of the edde BEHEh & IEYEH stlasRatielBerfbepeiendTateis edeokeat © Eauckeandsthécmonitoring
layer. 20. dHagidevicaohsied i¥yherein a combined resistance value of the monitoring layer and the
electrostatic chuck is configured to change based upon exposure to the plasma environment.

M 05 [.1. P 2L TRE'tagies eesdrndegumplaratiprsimyor iort ariiietsedng davicedantigured to
measure adliffeeigeaéadirect current conducted from the plasma to a base plate of the electrostatic
chuck. 22. The device of claim 16 further comprising an optical monitoring device arranged to detect
the emitted speciBEFBHT & bRRshitSHAYCIR a0 815 Antdtn BRcRs PhB Rt p ISR IScdl gosion near
an edge begdoiappglegtsestatic chuck, the method comprising: placing an edge bonding seal
containing an optical monitoring layer in proximity to the edge bead,; measuring a baseline level of

volatile species ptE88HPRHERH AL YIS el iR A rsspmtiadsistarhe optical

monitoring layer by non-fluorescing optical emissions from the volatile species; and
continuing to detect emitted volatile species to evaluate a level of erosion of the

optical monitoring layer.

24. A method to monitor plasma-induced erosion near an edge bead of an electrostatic

chuck, the method comprising:

placing an edge bonding seal containing an electrical monitoring layer in
proximity to the edge bead;

measuring a baseline level of electrical resistance of the electrical monitoring
layer; and

continuing to measure differences in resistance to evaluate level of erosion of the

electrical monitoring layer.

25. The method of claim 23, wherein the optical system is selected to be an optical

emission spectroscopy system.

26.  The method of claim 23, further comprising selecting a material to emit the
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using the optical system to detect volatile species emitted from the optical monitoring layer by
non-fluorescing optical emissions from the volatile species; and continuing to d%gqtﬁggitted
volatile species to evaluate a level of erosion of the optical monitoring layer. 24. A méthod to monitor
plasma-indu eg erosion near an edge bead of an electrostatic chuck the method comprising:
placing anvé)g@t Eif’osrl?ﬁﬁ%‘@s&%ec%t B4 iR B 8 ST S S RGNS IR Pr8uARy e BsBledge bead:
measuring a baseline level of electrical resistance of the electrical monitoring layer; and continuing
to measurti(jjifferg?lges inr sizt%nce evg%ate leve| of erosion of the electrical monitoring layer. 25.
The methdd of clai LTINS DhtERS) SERPTE L8 St RS BE R BRtiEaF B SSion spectroscopy
system. 263kt methitotelaimt 28 styrihgs sotopiisisgisslegingphspsierialde enmitithe M C SUP
volatiles spe?ies to be at least partially comprised of a phosphorus-containing molecule. 27,The
method of%?aY%?S, ‘further comprising selecting a material to emit the volatiles species to be at least
partially comprised of a polyphosphazenc-containing polymer. 28. The method of claim 23 further
comprising, selecting a mat rigl to.emjt the yolatiles species.to be at legst.partially. comprised of a
sulfur-con%?hingqrnqlglénc%)ll?quf .C%%%ln?ngét uét %ﬁ‘%(fgllﬁ{%%l,gfﬁe&ﬁcet%n ?n%%sﬁ%gﬁé%leeréﬁﬁt ‘A material for the
optical mowitBtihey kpgsicotetarig depsigptival liefleotvisgddfenselposedtsming plakmaeenvironment. 30.
The method of claim 23, further comprising selecting a material for the optical monitoring layer to
produce a change in an optical scattering signature when exposed to the plasma environment.

29. The method of claim 23, further comprising selecting a material for the optical

monitoring layer to change in optical reflectivity when exposed to the plasma

environment.
30.  The method of claim 23, further comprising selecting a material for the optical

monitoring layer to produce a change in an optical scattering signature when exposed to

the plasma environment.
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