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sputtering a wafer. In a conventional capacitive plasma processing system, upper and
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lower electrodes, e.g., large area parallel plates, are provided in a pressure-controlled
process chamber with the electrodes facing each other.

In this plasma processing system, the electrode located at the top or upper portion of
the chamber, is connected to ground potential, and a high-frequency voltage is applied
to the electrode at the bottom or lower portion of the chamber. The lower electrode
also serves as a pedestal. A process gas is converted into plasma by the electrical
discharge between the upper and lower electrodes.

Strong electric field regions are produced between the electrodes and the plasma.
These strong electric field regions are referred to as plasma sheaths. The strong
electrical field regions accelerate the electrons and ions from the electrodes to the
plasma and vice-versa.

Electrons and ions in the plasma are attracted to a semiconductor wafer residing on
the pedestal by the force of an electric field. The ions react with the surface of the
semiconductor.

In a conventional plasma processing apparatus, a high-frequency voltage is applied to
the lower electrode by a capacitor, and as a result a high-frequency voltage is also
applied to the wafer located on the pedestal. This configuration generates a sub-
stantially negative DC voltage potential on the pedestal and the wafer. The negative
DC voltage potentials are commonly referred to as DC bias potentials.

During the half cycle when the high-frequency voltage is positive, negatively



In a conventional plasma processing apparatus, a high-frequency voltage is
applied to the lower electrode by a capacitor, and as a result a
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and is located beneath HER 128. ESC base plate 120 is located beneath ESC 118 and
ceramic coupling ring 126.

Impedance matching circuit 116 receives driving signals from 2 MHz RF generator
110, 27 MHz RF generator 112 and 60 MHz RF generator 114 and provides an ap-
propriate RF signal 124 to ESC base plate 120. Impedance matching circuit 116 is
configured such that its impedance is the complex conjugate of the impedance of wafer

processing chamber 122, thus minimizing reflected energy and enabling maximum RF
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by 2 Mz RF generator 110, 27 MHz RF generator 112 and 60 MHz RF generator
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Another conventional method for estimating the wafer potential is by providing
electrodes located about the periphery of the ESC, which are in contact with the wafer.
The electrodes are commonly constructed of silicon carbide probes. Unfortunately, the
use of these electrodes produces contaminants within the process chamber, as the
electrodes are erroded by the plasma. This contamination negatively impacts the ef-
fectiveness of the plasma by reducing the plasma etch rate. Additionally, the electrodes
are consumable and must frequently be replaced requiring significant time, effort and
cost.
FIG. 2 illustrates an example of a conventional wafer processing system 200. Wafer
processing system 200 contains several common elements wafer processing system
100 of FIG. 1. However, probe 132 andelectrical conductor 134 of wafer processing

system 100 are replaced with a probe 202 and an electrical conductor 204 in wafer
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FIG 2, an upper end of a probe 202 contacting the underside of wafer 102
t hrough awoavioz1®06 provi ded t hrough ESC base pl ate 120CTHSD10/0873d HER
128. Lower end of probe 202 connects #0 el ectrical conductor 204.
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is in contact WbAukd@yRloR$EMional methods for measuring the wafer potential are in-
accurate, have short lifetimes, are prone to errors and require significant effort for
maintenance and configuration. What is needed is a method for measuring the wafer
potential that is accurate, has a prolonged lifetime, is not prone to errors and does not

require a significant amount of effort for maintenance and configuration.

BRIEF SUMMARY

It is an object of the present invention to provide an apparatus for measuring the
wafer potential located in a plasma processing system that is accurate, provides a
sustained lifetime, is not prone to errors and provides for ease of maintenance and con-
figuration.

An aspect of the present invention includes a device for use in a wafer processing
chamber having a plasma forming volume and a hot edge ring. The hot edge ring has a

first surface and a second surface. The first surface is in contact with the plasma
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in contact wwth the plasma form ng volune. The device includes a detector
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can detect a paraneter of the hot edg® ring and can provide a detected
signal based on the detected paraneter. Additional objects, advantages and
novel features of the inventiaon set forth r n th descrl tion
wht o 1 or 1t owsomthe Pmsa B e Rt s i o B che b bR Fo PR TR ar
upon exami naflihonewice tmhldbmh Heta togoparabteyo Gmtdce thersechnidysufpeecefi th@h@:fedghe

I nvention. T | lized and
att ai ned by E@g@&;@&&@lﬁ@%&gﬁgg Q'ﬁlctfgf %imgﬁb%%fngg{l ?%%%ﬁ“??%m arly
poi nt ed out ﬁtet?‘ﬁé sighplhidiection BicwSlcCBRIPERNGINMVARY OF THE DRAW NGS
Theaccorrpanyl ts, pfyagrrgay and rost reruaesed thaingerfionguersed fordly i peft t he

spe- fi ficatijQme dekdtrir?ﬁbﬁ&&ﬁlﬁﬂtﬂ)llémrﬂﬁh@ﬁ }S%@mﬂéd&{ga Brehht%l tl%s%ssﬁﬂied in

i nvention an e er Crj ption rve 0 exp ai

princi pl es oghet Ewmnaﬂﬁmpﬁe?feﬁwaﬂm&w hﬁ@ma DY pPigsticesy '}é%e an exanpl e
of a convent |1mtloﬂﬂfmrobjﬁc&mﬁa&dm@t§gesbem 1E\l'e§itloﬁ malylbﬂﬁéilﬁb@SncaﬂtﬁlM by

exanple of a conventlonal, vaf ?Ees“’n SR Strﬁ%ar\%'( f)i%m%d L 1S %at es an
exanpl e of a wa ef processing s e I accor gance an aspec of the
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Theaccompanying drawings, which are incorporated in and form a part of the spe-

cification, illustrate an exemplary embodiment of the present invention and, together
with the description, serve to explain the principles of the invention. In the drawings:

FIG. 1 illustrates an example of a conventional wafer processing system;

FIG. 2 illustrates another example of a conventional wafer processing system;

FIG. 3 illustrates an example of a wafer processing system in accordance with an
aspect of the present invention;

FIG. 4 is a cross-sectional view of a portion of FIG. 3;

FIG. 5 is a graph comparing plasma potential measured by a probe with wafer
potential measured by a wired wafer;

FIG. 6 is a graph comparing plasma potential as measured by a probe with the
potential of a wafer as measured using an HER in accordance with an aspect of the
present invention;

FIG. 7 illustrates an example embodiment of a signal detector in accordance with an
aspect of the present invention;

FIG. 8 illustrates another example embodiment of a signal detector in accordance
with an aspect of the present invention;

FIG. 9 illustrates another example embodiment of a signal detector in accordance
with an aspect of the present invention; and

FIGs. 10A and 10B illustrate another example embodiment of a signal detector in ac-

cordance with an aspect of the present invention.

DETAILED DESCRIPTIO

In accordance with an aspect of the present invention, an HER is used as a plasma
sheath voltage transducer to monitor wafer potential in a wafer processing system. Ac-
cordingly, in accordance with an aspect of the present invention, voltage probe is not

exposed to the plasma as with conventional systems discussed above with reference to
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el ectrical si Qﬁ@lblﬁ%tehﬁall%ﬁ\{é Q&flﬁ f%lmrﬁéto%%&@&és%o&@ﬁn%r@&sé endPpoint

represent ation of th otenti al
detection and etection of 51gn1flcant process events. DC bias potential 306 is

transmitted to processor 304. Processor 304 monitors DC bias potential 306 to verify
the proper processing of wafer 102 and to monitor for error conditions within wafer
processing chamber 122. Processor 304 enables a user to monitor the operation of
wafer processing chamber 122 and determine if an error condition has occurred.

A cutout 302 is provided in order to detail an embodiment of the present invention
located within the cutout area, and will be described below with reference to FIG. 4.

FIG. 4 is a cross-sectional view ofcutout 302 as illustrated in FIG. 3. HER 128 has a
bottom surface 404 and a slanted surface 408. Ceramic coupling ring 314 has a top
surface 406. Bottom surface 404 of HER 128 rests on top surface 406 of ceramic
coupling ring 314. Slanted surface 408 is located on the inner diameter of HER 128
and is exposed to plasma during wafer processing. Wafer 102 is disposed upon ESC
118 and resides close to slanted surface 408 of HER 128. Slanted surface 408 of HER
128 is provided in order to aid in positioning wafer 102 and also for beneficial shaping
of plasma 108 near the edge of wafer 102.

As illustrated in the figure, a signal detector 400 resides in a space 402 within ESC
base plate 312 and ceramic coupling ring 314. A hole 402 extends from space 402 to
hole 410 located in top surface 406 of ceramic coupling ring 314. Signal detector 400
is in electrical contact with HER 128 through hole 410 and produces electrical signal

308. Accordingly, HER 128 serves as a probe to measure wafer potential.



DC bias potential 306 is useful for plasma tool process nonitoring, process
end point detection and detection of significant process events. DC bias
pot ent i alwBQ61/ei1tepansm tted to processor 304. ProcessoPCI0B200005378% s DC

bi as potential 306 to verify the prop@r processing of wafer 102 and to
nonitor for error conditions within wafer processing chanber 122. Processor
304 enabl es a TuRekpdcdofihd HER 128 0p&rélid 0Mmakuieal£¢r [itatiabisibeg e&bﬁiﬂ@ﬂr 122
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top surface 406 of cer mc co g]érln etector 400 is in
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pot enti al %11/ 021160P 010/ 053735 7 The aspect of ‘using HER 128
as a probe td sure wafer potential is best explained by: first show ng
that the pl asra gppheitli tk xasineaige @dsdoynds) priobens2BPy-asislis measuked vodlagt ed t o
e e e o ORI, 88 LAY B Bty BHIRLED: pbRR BY (ALSEUPY Hgul N2l
rel ated to tBO2pVhaesens ag@slefrdtlnr@l S(Hs:on'emdew tbwafqmp@ty@t@l@@ measidred hgn

experi ment al Ly erdifyi ng that HER 128 may be used as a probe to neasure the
waf er potential. Returning to FIG 2, it een determ ned that the

pl asma pot ent i I4grafechia areph 9. B?tée@ehrwéé)%aéldﬂaﬂ@éﬂw SPpis ey tigikhe waf er
potenti al as Byeabod &d shiila behdvest oFabaed lind=562 arkl daSheal 19, ﬁ@@de@@ﬁﬁ@dd ng

| asnma pot en |aI as _nea waf er potenti
easured by e BirTERLA R aP alrRR R S b 20 M R deaPRh e doufPe g
waf er, a prole wafsr pbtacted. i n contact with the top or upper surface of a

f For bot ,
Tl tered o rongh e inteRlRBoDcokigfig) plfhs ?ﬁﬁa‘ﬁ%ﬁ&&%é%%@’%?wéﬁé%nal :
cont ai ned onlpgtentid qﬁ@vaf%n K03 ge measyed psips 28t1ﬁeﬂ0§@réa<110§ With a1 gpeqtiof the
seconds), wher&as ihf@ynaxi s is neasured vol tage (in volts). A dotted line

502 corresponds to t | asma potenti al measur ed by pr.obe 202, ereas a
dashed Iine 53& gﬁ%ﬂhl@gp‘%ﬁ dSX B e %%%Pn%ml?ﬁr?aéﬁh% aﬁiga%ﬁlﬁ@wr%v g8 r ed
waf er . (in volts). A dotted line 602 corresponds to the plasma potential as measured by probe

202, whereas a dashed line 604 corresponds to the potential of wafer 102 as measured
using HER 128 in accordance with an aspect of the present invention.

As illustrated in graph 600, dotted line 602 and dashed line 604 are very similar.
Based on the similarity of dotted line 602 and dashed line 604, it is determined the
measurement of the potential of wafer 102 by HER 128 accurately represents the
plasma potential as measured by probe 202.

As discussed above with reference to FIG. 5, the measurement of the plasma
potential by probe 202 is an accurate representation of the wafer potential. Further, as
discussed above with reference to FIG. 6, the measurement of the potential of wafer
102 by HER 128 is an accurate representation of the plasma potential as measured by

probe 202. Therefore, the measurement of the potential of wafer 102 by HER 128 is an



As illustrated in graph 500, dotted Iine 502 and dashed |ine 504 are very
simlar. Based on the simlar behavior of dotted Iine 502 and dashed |ine
504, it iwodetienmoned t he nmeasurenent of the plasnma pot @eorita2o1ys3psobe 202
is an accurate representation of the #afer potential. FIG 6 is a graph

600 conparing plasma potential as neasured by probe 202 with the potenti al
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si gnal detector n accor dance ' wi an aspect of the present invention.
In this exanplle tupbxaipte ambodimgnh sigael datector 4900ndlvdds ghhsticahcitast 709.cal

contact 700 angkdSgod a%@%%fécﬂlictamdhtﬂzt 86, 'a‘hBﬁlsE)%?ed 'ﬁﬂmﬂ%{qtfﬁéh AfhegbRGL i cal
contact 700 is disposed e 402, such uppe d of electrical
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With further reference to FIG. 3, resistor 800 impedes arcing that may result from an
impedance mismatch between impedance matching circuit 116 and wafer processing
chamber 122. Particularly during system switching, it is possible to experience
spurious impedance differentials between impedance matching circuit 116 and wafer
processing chamber 122. These periods of impedance mismatch can induce un-
desirable electrical arcing within wafer processing chamber 122. Resistor 800 reduces
the magnitude of impedance differentials between impedance matching circuit 116 and
wafer processing chamber 122.

FIG. 9 illustrates another example embodiment of signal detector 400 in accordance
with an aspect of the present invention.

In this example embodiment, signal detector 400 includes electrical contact 700,
resistor 800, electrical contact 802 and a dielectric spacer 900, all disposed within a
cavity 902. Dielectric spacer 900 is disposed adjacent to resistor 800. Dielectric spacer
900 acts as a heat sink to draw heat from resistor 800. Dielectric spacer 900 should
have a low value of dielectric constant to provide a high impedance, as compared to
resistor 800. Such a comparatively high impedance would minimize transmission of

electrical signals through dielectric spacer 900 and would maximize transmission of



In this exanpl e enbodi nent, signal detector 400 includes electrical contact
700, a resistor 800 and an el ectrical contact 802, all disposed within a
cavity 80wo0220hen2iwwer end of electrical contact 700 is eCEaBri1@/ed373s
connected to resistor 800. Resistor 800 is additionally electrically
connected to an upper end of electrical contact 802. The potential of HER
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ceram c coupling ring wher eas i I'lustratesa second st at eof
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314. In this dexanpdigns fdatdHERN2S. Si gnal det ector 400 includes a
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aFel ocrri e spdioh 188 avanre of SRl FbRE eI 12B0 AR o liePhend of
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removed, HER 128 may be lifted off of ceramic coupling ring 314. This will be
described in greater detail below with reference to FIG. 10B.

FIG. 10B illustrates the disposition of signal detector 400 during a non-operation
time period ¢ ,,,,, of wafer processing system 300. During non-operation time period ¢
nonop , Wafer processing system 300 is turned off and signal detector 400 does not detect
a signal from HER 128. HER 128 may be lifted off of ceramic coupling ring 314,
wherein bottom surface 404 of HER 128 may be separated from top surface 406 of
ceramic coupling ring 314, thus disconnecting spring-loaded contact 1000 from HER
128.

As illustrated in FIG. 10B, when HER 128 is separated from ceramic coupling ring
314,HER 128 will continued to be lifted away from ceramic coupling ring 314 such

that a space 1004 will continue to grow and spring-loaded contact 1000 will extend



FIG 10A illustrates the operation of signal detector 400 during an
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WO 2011/ 021160PCT/ 1B2010/ 053735 11 The foregoi ng description of various
preferred enbodi nents of the invention have been presented for purposes of
il lustratworroamtigescription. It is not intended to be exmaBmuNB78x to
limt the invention to the precise forins di scl osed, and obvi ously nmany

nodi fications and variations are possible in light of the above teaching.
The exenpl ary ErifofkkoREdescripsion ©8 Caridie prbOMEemIRIiRe £ OF 8 iAttidehevd bed in
order to bes? eXﬁjain Hhe @%inci lfsto. thHjnveqtioQ.anq.%ts Qaﬁtica

appl i cation U8 HENE CRRBIPEGRLIE AR 1P RIS Wi " BUE WPF 1F2e the
i nventi on i nhweastivews teeloo dienipmérsioand thel firbeiseaoros disptoskd, pudohomslyasmany e
suited to th ¢ £k : e F Sl : e of
the. i nventi on Be Py b5 RRE kP E-BHER it of e DL RDRRM hs The bREn3EARP
2011/ 021160PEMbeEPTENGY: 85dergBberboN g itse 0B en Andidescibed irordeydo best gXmaier

processing chigmhiciflévdibe mvBh@sdiiRPRAR—aVYpHERIondo ARbetdg8ble oftkes t he hot
edge ring havgﬁg a first %urfaﬁgaggd a second surface, the f|rs%asurface
being in cont&¥fdHl A aftda bpjtad ARNCAEOY B) \HUS PRAOELBIRANE N FaRE Ot
bei ng i n conmaelifisitivhs de phiasina tHeopanticidarweé vomemplated. Hevinemdedhat thei ng: a
detector operale . GO0NRRN:NR2PEPRT BURL a6 Ly hhg Nt edge ring.
wher ei n sai d°dét’ et or'™'e operable o detet ap%arane er of the hot edge
ring and provide a detected signal based on the detected paraneter.
00021The device of claim1, further conprising: a coupling ring operable to
contact the second surface of the hot edge ring, said coupling ring having
cavity therein, the cavity having an opening facing the second surface of
said hot edge ring, wherein said detector is disposed within the cavity and
is arranged to contact the second surface of the hot edge ring.



00031The device of claim11, further conprising: an output portion operable
to provide an output signal based on the detected signal; and a resistor

di sposed woetzosem1wnd in series with said detector and s&cu/IB2@s37§0rti on.
00041The device of claim3, further c@nprising a heat sink disposed in
contact with said resistor. 00051The device of claim4, wherein said heat
sink conprises quartz. 00061The dev'Cilg1 laim 1, wherein said detector
conprises indium 00071The device o 1, wherein said detector

conprises appapi ng pOfA'dQﬂc@fBi‘u@eﬁPaﬂ&z@fé} RRES R bhaABE: MR g‘d Pasfh d biasing
portion is operable toofgrow de a biasin Force gai nst _ sai

cont act portlon
to keep said contact pdPITMiB8 VeHoANREEISRINE Elﬁé“)é%%ﬁalgs}l??/f%&eg“é? the hot
edge ring. 00081The de\/sluf)@cd)zindCd @lcond surtabe ried ﬁrssalrﬂacblbaﬁgnlgcmadumm the

conprises a coil sprin 1A et otential.ijn a
wa;rgr processi ng cﬁanbg?l ﬁ]?é PRYE Y ué%%%‘?%?%(ﬁsdlr@g?m@ebel%p SONEEGED i ng,
t he hot edge ring havi nbe plafing $ormeng f@omeasadt devsecmnprsiungt ace, the first
e el NG L n SOnt AS] otk e SRl ARILABY QIR of IS R EGRNT Sur Face

not bei ng in contact wt l'asma form ng vol une
conpri si ng: wherein said detector is operable to detect a parameter of the hot edge

ring and provide a detected signal based on the detected parameter.
0002] The device of claim 1, further comprising:
a coupling ring operable to contact the second surface of the hot edge
ring, said coupling ring having cavity therein, the cavity having an
opening facing the second surface of said hot edge ring,
wherein said detector is disposed within the cavity and is arranged to
contact the second surface of the hot edge ring.
0003] The device of claim 1, further comprising:
an output portion operable to provide an output signal based on the
detected signal; and
a resistor disposed between and in series with said detector and said

output portion.

0004] The device of claim 3, further comprising a heat sink disposed in
contact with said resistor.

0005] The device of claim 4, wherein said heat sink comprises quartz.

0006] The device of claim 1, wherein said detector comprises indium.

0007] The device of claim 1,

wherein said detector comprises a biasing portion and a contact portion,
and

wherein said biasing portion is operable to provide a biasing force
against said contact portion to keep said contact portion in contact with

the second surface of the hot edge ring.

0008] The device of claim 7, wherein said biasing portion comprises a coil
spring.
0009] A method of measuring wafer potential in a wafer processing chamber

having a plasma forming volume, a hot edge ring, the hot edge ring
having a first surface and a second surface, the first surface being in
contact with the plasma forming volume, the second surface not being

in contact with the plasma forming volume, said method comprising:



WO 2011/ 021160PCT/ 1B2010/ 053735 13 contacting the second surface of the hot
edge ring with a detector; detecting, with the detector, a paraneter of the
hot edge wongi/@iwvi di ng a detected signal based on thePdeiiBatI@0S3p3Y anet er ;
and neasuring wafer potential based o the detected signal.

contacting the second surface of the hot edge ring with a detector;
detecting, with the detector, a parameter of the hot edge ring;
providing a detected signal based on the detected parameter; and

measuring wafer potential based on the detected signal.



