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(54) Title: METHODS AND APPARATUS FOR DETERMINING AN ETCH ENDPOINT IN A PLASMA PROCESSING SYSTEM

(57) Abstract

Methods and apparatus for ascertaining the end of an etch process while etching through a target layer on a substrate in a plasma
processing system which employs an electrostatic chuck. The end of the etch process is ascertained by monitoring the electric potential of
the substrate to detect a pattern indicative of the end of the etch process. By the way of example, changes to this potential may be observed
by monitoring the current flowing to the pole of the electrostatic chuck. Upon ascertaining the pattem indicative of the end of the etch
process, for example by monitoring the current signal, a control signal is produced to terminate the etch. If a bias compensation power
supply is provided to keep the currents flowing to the poles of the electrostatic chuck substantially equal but opposite in sign throughout the

etch, the compensation voltage output by the bias compensation power supply may be monitored for the aforementioned pattern indicative
of the end of the etch process in order to terminate the etch. _
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target layer is etched through. This termination of the etch is typlcally referred to as the etch

"endpoint.”

To determine when to terminate an etch, many techniques have been employed in
20  theart. By way of example, the etch may be terminated upon the expiration of a predefined
period of time. The predefined period of time may be empirically determined in advance by
etching a few sample substrates prior to the production run. However, there is no allowance

made for substrate-to-substrate variations as there is no feedback control.

More commonly, the end of an etch process may be dynamically ascertained by
25  monitoring the optical emission of the plasma. When the target layer is etched through, the
optical emission of the plasma may change due to the reduced concentration of the etch

byproducts, the increased concentration of the etchants, the increased concentration of the
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ascertained for endpointing purposes.

To facilitate discussion, Fig. 1 illustrates a typical endpointing arrangement wherein
the self-induced bias on the wafer is monitored to determine when the target layer is etched
20  through for the purpose of endpointing the etch. As shown in Fig. 1, a wafer 102 is shown
disposed on an electrode 104, which is typically made of a metallic material. Electrode 104,
which functions as a chuck in this example, is energized by an RF power source 106
through a capacitor 108. During etching, the self-induced bias on wafer 102 is detected at a
node 110 through a monitoring circuit 112. Monitoring circuit 112 include a low pass filter
25 114, which blocks the RF component of the signal and allows only the DC component to
pass through. Since the self-induced bias on the wafer tends to be in the hundreds of volts,
the signal that is passed through low pass filter 114 is typically stepped down through a
voltage divider circuit to allow the monitoring electronics (not shown to simplify the
discussion) to monitor the change in the self-induced bias on wafer 102. This information
30  pertaining to changes in the self-induced bias on the wafer allows the endpointing

electronics to determine when the etch should be terminated.
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DC conductivity between the plasma and the electrode is decreased (e.g., due to the
presence of a dielectric layer underlying the target layer to be etched). Furthermore, the
monitoring technique of Fig. 1 is typically ineffective when electrostatic chucks are
employed. This is because electrostatic chucks typically employ a dielectric layer between
the conductive chuck body and the substrate. The presence of this dielectric layer interferes
with the current path between the plasma and the chuck, rendering it very difficult to
accurately determine the self-induced bias on the wafer at node 110. Furthermore, the
relationship between the voltage detected at node 110 and the self-induced bias on wafer
102 is not linear. By way of example, the resistance of the electrostatic chuck depends, in
part, on the voltage existing on the chuck. Accordingly even if a signal can be detected at
node 110, it is difficult to correlate the signal detected with the self-induced bias on the

substrate for endpointing purposes.

In view of the foregoing, there are desired improved techniques for detecting the end

of a plasma etch process for endpointing purposes.
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PCT/ US99/ 2 ld¥@mentioned pattern indicative of the end of the etch process in order to terminate the

etch. In yet another embodiment, the differential of the currents supplied to the poles of the
15  electrostatic chuck is monitored for the aforementioned pattern indicative of the end of the

etch process in order to terminate the etch.

In yet another embodiment, the electrostatic power supply includes a bias
compensation power supply, which monitors currents supplied to the electrostatic chuck
poles and outputs a compensation voltage responsive thereto. The compensation voltage is

20  then input into the chuck power supply in order to keep the currents supplied to the poles
substantially equal but opposite in sign throughout the etch. In this embodiment, the
compensation voltage is monitored for the aforementioned pattern indicative of the end of

the etch process in order to terminate the etch.

These and other advantages of the present invention will become apparent upon

25  reading the following detailed descriptions and studying the various drawings.
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Is illustrate of exanple, and not by way of limtation, I n
the figures of the acconpanying drawi ngs and in which |ike reference
nunerals refer to 5 simJlar_elenments ang,n ich: _ Fig 1
illustrates a typical endpcPFEiad: pien of the YEawings o sel f-induced bi as
on the wafer is nonitored to determ ne when the target |ayer is
etched t hrough for the purpose of endpointing the etch.

Fig. 2is asinplified illustration of a conpensation arrangenent for

keepi ng the 10 currents supplied to the chuck pol es substantially equal

i n magni t ude but TRPPRSdr Mvefitiont Bllastrated by wiy6f ekbiblePardic? 5 ¥ay of limitation,
Fig. 3 illustrates a typical conpensation voltage as the etch progresses
t hrough t hein the figures pfjthe aceprapanying drawings and in veiigh like tefarencemamesals refer to

accordapce W t.h_gne enbodi t,of the present invention, a 15 sinplified
arrange ntSLW)lPI%ﬁ%e?tgﬁpﬁb{@ﬁghbonpensation vol tage for the purpose of

endpoi nting the etch.
Fig. 1 illustrates a typical endpointing arrangement wherein the self-induced bias on

the wafer is monitored to determine when the target layer is etched through for the purpose
of endpointing the etch.

Fig. 2 is a simplified illustration of a compensation arrangement for keeping the
10 currents supplied to the chuck poles substantially equal in magnitude but opposite in sign as

the etch progresses.

Fig. 3 illustrates a typical compensation voltage as the etch pmgresses through the
target layer.

Fig. 4 illustrates, in accordance with one embodiment of the present invention, a
15  simplified arrangement for monitoring the compensation volitage for the purpose of

endpointing the etch.
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to the increased current asma and the

substrate as the etch features (such as vias or trenches) are etched down

to a stlBp | ayer . titappseciated by thelimentwosbérbinghattaathe ¢ich progressesitiougi a tanget

plasma its eia;er?armed ]:?agt?gﬂa% y aassthé Pa?ge:[t ?ary re 1Is eltc?%g rt}ugtszghettoctﬁee gnderlayer, the electric
potential of the substrate changes. The change in the substrate potential is particularly
pronounced at the end of the etch. While not wishing to be bound by theory, it is believed
that, as the target layer is etched through, the capacitive and resistive coupling between the

15 substrate and the plasma changes. As one possible explanation, the self-induced bias on the

substrate may change due to the increased current leakage between the plasma and the
substrate as the etch features (such as vias or trenches) are etched down to a stop layer. Itis
also possible that the properties of the plasma itself are changed as the target layer is etched
through. This change brings about a change in the plasma impedance, which in turn

20  changes the self-induced bias on the substrate.

When an electrostatic chuck is employed in the plasma processing system, direct
measurement of the substrate electric potential is difficult, because the dielectric layer of the
ESC introduces a large resistance between the substrate and the electrical measurement

circuitry. The present invention overcomes these difficulties.

25 It is appreciated by the inventors herein that changes in the substrate electric
potential cause variations in the current flowing from the ESC power supply to the poles of
the electrostatic chuck. In one of the embodiments of the present invention, the currents

flowing to the poles of the electrostatic chuck are monitored. In this manner, the change of
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20 It is discovered by the inventors that the compensation voltage changes as the etch
progresses and typically changes dramatically as the target layer is cleared, i.e., etched
through. In accordance with one embodiment of the present invention, information
regarding end of the etch process may be obtained by monitoring the compensation voltage

in order to endpoint the etch.

25 To facilitate discussion, Fig. 2 is a simplified illustration of a compensation
arrangement for keeping the currents supplied to the chuck poles substantially equal but
opposite in sign as the etch progresses. It should be kept in mind, however, that while the
compensation arrangement of the exemplary embodiment functions to keep the currents
supplied to the chuck poles substantially equal but opposite in sign, the concepts disclosed

30  herein also apply equally to compensation arrangements that keep the currents flowing to

7
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opposite i ' t ' '

ovover . t RARUE 27 (T 16k B0£Hlag R ent iy TRE M Bl Wb ary
enbodi ment ekamplej target tayek2@prepiesentsia siindrsdioxide-contining lager such aha depedd®VD

pol es substagnti.ally equal Qut o ' in sign, t congepts di sclosed 30
Por of il  SHRBHIFS) VERRIHoPySiT ) R (oI ARG ISSoAl RBROT GRS ary ass

\C/\g (r)g/na; 5‘;('1):8’6?”91 dnBther example, target layer 204 may represent a low dielectric constant (low-k 7

PCT/ US99/ 2 @&ddtric) layer. In yetengtherosxasphes tangtilasier 204irepresents agnetal layer or

| ativel hangi L f th h hout
crch) . ThePANEIERT (el pF Eadorediihe dichetty Piiitavenfiim or GlSAUTERY kel any
conpensat i gid &l dybistantifor Whé s ik GndeiBe &géek ke300 rl%d\/%&ltagér%&adrmlﬁ% hbgs i n

t
the art given this di scl osure. ] . reference to
. Fig. 45 t heayipdude, for dxemple; one epmorzgondectiye (metatijcr dopedypelysiligen) ddyers

i ncl udes t rget laver .to.be etched. a IS _1epr in a sinplified

manner by PSR Kokl B et cyyBelel Bl B3E BB laloE ply By Wapbect

.. under | ayer irhinediatly bdlbWaarg@iayet204 ah€&may be formedWIsiof 8kAmple, silicbarieide] ayer

" 204 may represent_any |ayer to be etched through. In one _ exanpl e,
target | ay8taniva siligidecerfitaniugm @mdemerenloﬁpbvéwg%?maqemeﬁ@t# e SUPROTERE as a

doped CVD : \ € LIl an) SR c
. cheni cal Vg%(%naé éﬁ‘g‘g ?Pﬁg{nSovlgﬁoegéhseg, B @)'céfnlxﬂg, a WhteF wggs(pg.l‘lé. "Rt 9{&*}2@3 gfd
20 discussion in the present example, substrate 207 does not include the layers and/or device
structures which may be present on its surface, which are instead represented by the
aforementioned layers 202, 204, and 206. In some cases, the underlayer film or films 206

may be absent, and the target layer 204 is disposed directly on the substrate 207.

In the example of Fig. 2 a Johnsen-Rahbek chuck is employed although the
25  invention is believed to work with any type of electrostatic chuck such as monopole ESC
chucks, multipole ESC chucks of any configuration, or the like. The construction of a
Johnsen-Rahbek chuck is well known in the art and will not be discussed in detail here for
brevity's sake. Further, although the chuck poles are of a concentric configuration in the
example of Fig. 2, the poles of the electrostatic chuck may assume any configuration and/or
30  geometry (e.g., inter-digitated). For the concentric Johnsen Rahbek chuck of the example of
Fig. 2, an outer pole 208 and an inner pole 210 are embedded in a slightly conductive layer

212, which may be formed of, for example, a ceramic material that is lightly doped for
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| ayer. In'an%g%/l%@rrp target |ayer 204 may repfesent a | ovpEfasansisC
constant (| ow di eI ectric) Iayer I n yet another exarrpl e, target

| ayer 204 represents a netal |ayer pol ysilicon ed or undgfed)

to be et cheeonduatidry. aA@Rqulqc#P@ 214, Miisc}?@tsilﬁ?&?eq bedowy GBE}&HSF uctive lgyen 2

| ayers and/ gr,_ str ure or
fiims 206 15 typ'c?’}@y‘topﬁﬁ‘?ﬂfa;p I%E?g%dlgétgha %ﬁ%ﬂplcl)%yﬁor e c nduct \E’ {)/lgﬁ?neéfgl) I C
or doped poh yapacit6I8. ITRyfactiditate chuckmgmh/e@ble@rméeﬁuclamo@dcmpwmm | ayers.
By way of exarrpl e, an etch stop layer may be di sposed i medi ately
bel ow tar ge® eq:té@ﬁéaﬂcmweamamlﬁa %e formed of, for exanple, silicon nitride,
titaniumsilicide, or titaniumnitride materl al . Substrate 207 represents
the supgorting Rbr du wyzqaa §& Diaiigehes 2EX YL, A
waf er orB gl ass pglneg os@%&{uﬁgbgakre g? }lscuss?or%ﬁl n ts‘hﬁepq)%r esent

exanpl e, suigiplies the N7 chm:kmgrumﬂtagesctb mbepdltseOﬂ @xyek 22Gnldow passcfilterseto 230 and
structures ch rra resent i,ts re instead

repr esent ed arfﬂ%te osed e“é{?%’r%]r%s[mg@ﬁgélfb éF]secgﬁﬁat’%g‘H"k RRACLRBPY| 32240 e
cases, the hmgﬂ er 5P 234 {0 P01 M08 and 210 W&QZ@%@% soRREIREF B
target |ayer 4&?%&%{& spo@ﬁ di reo(r:st% 'y on atnhe sSbst rate =0 fib wer

In the exan@l&afroin Homgr s@ply 222:r@mmmmahnngmmus@émpdagéaremmpbdgmsm 25

B

- the like. TY®) foaneifor e QireRfs iR these legs. Johnsen- Rahbek chuck |s weII known
~in the art and will not be discussed |n detail here for brevity's

. sake. Further, although the chuck poles are of a concentric configuration
i in the exﬁmhcéc@rremrgom@rctrﬁétsaéﬂe@daﬁéwl@ impleraented byca simpik nay

" assune any on
t he concent]%lgfé 39#@&1

-
...

%rﬂ{(t% g% txal%ﬁ%@ﬁéé’ac @ﬁsgac}% fly 6€ a&:lgﬂbxh&g%d For

exa

outer pole aﬁ&nﬁﬂdﬂﬂ&utr&ﬁteﬂovﬁﬁg  ¢hchh oﬂpelléeZGX’rh&ﬁﬁHﬁ Tl'n: (mt]alts gﬁédrsent monitor
conductive |ay 212, which may be forqpe 8 exanple, a_ceramc
mat eri af t hgfcqng 234 amd 236 278 frnyt fn3p a comparator mrcuxt 38, whlch may represent, for

8 18Q dfrd et Gmp) t C t 238 outputs a control
PCT/ Us99/ 215380 dife 2 Son) ifier circuit, Compargtor ciroult 238 pytputs a contiol signal | \sed

bel ow sl i gh240/foc omtmdlung/zevdrmpkrblaﬂ&mpensaﬁon posver yuppinl43: Bias nmutpexfsaaon
metallic materi al S, cou Jedto an RE power suppl 6.+ hrou a
capaci t or Zﬁ%”erﬁﬂplﬁégﬁ# %R‘l'tﬁﬁswf’ﬁegﬂb?@émg“ gﬁ‘ﬁ@é& 2'%‘5 ogypgt ebbit ed
to an co; e%z{tfoﬂ?g%f Euﬂf:g)é‘ﬂs‘ifz a1§ grgspiayea 4@ bias ma§1 power sup;\aAEZQﬁ 6 Rédpahé C

chuck power supply 2 i nclu n “power supply
20 currents flowing to poles 208 and 210 substantially equal in magmtude and opposite in sign.

The arrangement of Fig. 2, including the bias compensation arrangement in electrostatic

chuck power supply 222, is well known in the art.

As target layer 204 is etched through, the compensation voltage at node 250 changes
as the compensation circuit attempts to keep the currents flowing to poles 208 and 210
25  substantially equal. It is appreciated by the inventors herein that the information contained
in the compeﬁsation voltage, which is found either in control signal 240 or at node 250 at
the output of bias compensation power supply 242, includes information pertaining the
progress of the etch and particularly pertaining when the end of the etch occurs. This is
because, as explained earlier, the electric potential of the substrate 207 changes as the etch
30  progresses, and causes the currents flowing to each of the poles 208 and 210 to change.

These changes are detected by current monitor circuits 234 and 236 to produce a control

9



supplies the 0% I ng voltages to the poles of chuck 220. Lo
filters to 23‘86an 636 232 are interposed between poles 208 %ﬁes%éngsr?d

o pot 6o sobeRR Bk oREH et A et e o e o SeRn e ot B4 o
0 pol es sr om
power suppl ¥hdgiob @6 Bfasmggvtwﬁ;bqggtvrﬁu d ﬁ%c??tﬂe as}éen?éﬁ?»ﬁ%lgé§ gl():‘l[% g§§ il

series 10 w t'h the current ween t pol es of
chuck and EZ pubstantialipequal. 222 to nonitor the currents in these
| egs. Each of current nonitor circuits 234 and 236 may be

I mpl enented by a

Si e fesistive arr enent, and the paotential
~di fference acrosglégghumsmﬁé:"mﬁ%&%agﬂ easr&‘eo"é‘?b?rﬁﬁ’f?ésegﬁlg°l§$ﬁ?‘ént

fl owi ng5t o @egh laer. Pt BSinP I, AitktehlBbgink th Mﬂéﬂsaiioafvoﬁége&gg%so@oﬁétﬁé (re%g

circuits 234 and 236 are input into a comparator circui , C

. represent, Prgeress, the corapenspiian veitage changest Alhoughthe shiange isiillestiatedGo FigBatyor
- Ci it 238 : ' | . 240 f trolli I abl
bi s companiiieiiitite BafiBehistbn YRR, e compemifion v g may Bange ofhet Sy

. potential of the substrate

242 changessuchgs dedrpasing, @s fieeadh/rofressed vt 6thbr subgtfaes. X the ¢RA cRIAtOML tRfetbi as
conpensation power supply 242 is enployed to bias main power supply 224 to
keep the 208Yere# sigaticant ¢hangsin the corppansatigevaliaae miypicallysabsenviedl Ajthoughathe i n
magni t ygle _ ' ' ' ra 2nt. of L Fig. .2 .incluyding
The bi 20 con AeREh & Sadtbdly o siep upblf ey B Wb bt o sty n B &
supply 222,the sndwf thelerdvmay alsé beeviténced (in other etch processds) Byad Sfdkp HeW@Ward04 i S
et ched thrgﬁi h, the conpensatjon voltage at node 250 changes as the
conpensat i P SPIKE OF £ Sudgsndip i the signal drrespeptaveof the exartshapeofibees 208 and
210 25  subsdrpidiRh! lihe b€ i tsuherein
that the i anrI%at | on V)(%n a@hte%fthe hﬁlc(wﬁpﬁatgh@st%ﬁgé%ég@feg{r%@g%é%gy which is
found ei t heavidencesbbt a cleady diseéribidchmngain the demp&aativn voltage. Thd§pedificput of

- bi {i ly 242, .includ i nf ti t ai ni th
pr ogr e55. of eisleEs i Shag ob econiReataion seltsan vt hrune e slbradsmarie et ch

occurs. ThiaScdrained b perﬁ%ﬁ%és‘%mg?e%tﬁi&@ loftisB@ le‘?\?{féﬂs.eg'geljegﬁer,e{h@%(friiﬁﬁn%n q

! hanges as the etch progresses,

causes t he C¥gpitymmay ba insirueied to look fordhie aseertgintdecha@@@risticist2pe it thechange.

T o BB bt i slphal thd S o BRELER for Chlfaliney pidposes” 23 1

WO 00/ 19520

PCT/ US99/ 21336  Fig. 4 illustrates, inadcoribfice with ohe embydifeasoftthepreaa iektisd, gnal to

. bias ensat.i ower supply 242,
: HP sunphf?eg a?rangement%r r)zllomtonng the compensation voltage for the purpose of

endpointing the etch. In Fig. 4, the voltage at node 250 is input into endpoint monitoring
circuitry 402, which outputs an endpoint signal 404 when the characteristic change
indicative of the end of the etch process is ascertained. Monitoring circuitry 402 may
represent, for example, programmable digital circuitry that has been programmed to analyze
25  the input compensation voltage signal and to output a control signal 404 for endpointing the
etch process. In one example, monitoring circuitry 402 represents a general purpose digital
computer (e.g., a microcomputer) or a digital signal processor that has been programmed to
analyze the digitized compensation voltage signal for changes indicative of the end of the

etch process.

30 In accordance with another embodiment of the present invention, it is also possible

to monitor control signal 240 itself for changes characteristic of the end of the etch for
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whose job it J¢.§bRoddhas mai n power supply 224 to keep the curreptpuSdepisig
to pol es 208 ang 210 substantially equal. Fig. 3

~illustrates a typical conpensation voltage as the etch progresses through
. the 5  endpginting ppeposesit Inmeeardarge with Yes anether eyakfidiraens;of thapreseaninvertion,
. voltage pl og. 300, th t . 0 1.0, &qﬁ
- changes. Al e&ﬁg‘ ad) ogﬁéﬁlgegp%ssth?lﬁebvsef ?‘Eﬂ%&ﬁﬁﬁmﬁg&b&’ g?%?érﬁ{)le, &ogﬁéﬁ €
i ncreasi ng ewpie E alurént nvsHifod Gicuifs/284 apdRB6)sft changeoint thg eurrany(sythange i n
ot her ways, such as decreasing,_as . the etbch progresses jn other

subst r at es. indicativeoftheend of theptahysogess. g This latter embogigegt is partgulasiyrysefsh for

change ign t ggg)msﬂdﬁoq@mﬁ?%&gﬁg%%ggxﬁgggl‘ y observed. Al though the 10

~end of the e I's evidence rd slope in the vicinity of
region 304 in Fig. 3, the end of the etch may al so be evidenced (in
ot her etch procebszsprdapceawith anqthetembodiment of the presshbimyentions ghekdifference in

sudden dip in the. si . lL.rrespective qof the exact, shape of the . . |
conpensat i oﬂumtsctgﬁ%‘%gﬁiﬁ poje Iieigﬁé“aﬂ’ i ?’H@_r%‘{]’(‘,‘ﬂug‘f‘}@stfy tF‘ﬁgu’E?ﬂi MANIORAL Siret | o
. typically 248 even fMhdgH&HE: %o@ve?k@p?‘%i‘tﬁi scerni bl e change in the

conpensati on voltage. The specific characteristic shape of the
conpensati on voltage Eéot at the tinme the etch ends may be

ascertai ned by pAstar bt appreciated &om the feregring.ampnyembadiments phiedavention takhe

Char actBy | stvaniegs pE g fdhalih R eipdiataE Rl P B 30pmS Fol HERERE 4 01

of the et chaskcertaifingReHeRithd)ehdeftROSEE occurs in order to terminatEtl@ et¢h. i InladShdiAdceS |
in accordance with one enbodi nent of the present invention, a 20

sinplified warneschanges indhe custentssupplipdita shapripeelisthe plsetrostaticaluck are employed

pur pose of . lnt { . ' Tt I - e 250
IS input in Ooas%er%rg@%{% %M{PE%SF% @ge’?&p?’ﬂ"mgg’l“&%ﬁ'f‘ﬁ“@%%ﬁl"\%h#‘gg&é’g‘{“&rt © an
endpoi nt si gipbintiag tethaigut bE thelprésent iavértioncloes Amgequire directly Ribnétotihy theGtlft he
end- of . the etch process I1s ascertained. Mnitoring circuitry 402 maxr

represént, ingucedbignnidhe shsats thrapgiuthgielpcirade (aswasideps in the caseof Figd

programred AQ : | 9°°‘ﬁ$ : B | and to

out put a co}r\l'troi ﬁé%ﬁxgﬁéﬂ@@%&dr@sﬁ%ﬁﬁﬂfﬁg tea% cmékts?gﬁlgﬁhg?%cess. I n one
exanpl e, nominconduetjve diedactric yet@isposadr beswednsthe wadrand thethady of ¢hedihgtk.al
conputer (e.g., a mcroconputer) or a digital signal processor that has
been programmed analyze the digitized nsatiap, volt si, gnal
for changes indi ltgg??tvgxe&fchrﬁtg rﬁanwu?rhgpw}men the eg"?"ﬁgf)fscﬁf’éggl.e evgf)ﬁqgere’ a

I n accor dangsichhdudtiod RiyBiedisibPBérwRey thefchhitles ReRBR Bodl AHE Bl tifpet laberl Thel SO
possi bl e to nmonitor control signal 240 itself for changes

char ac2@r i soresenes of the nepepndactivealieleattic fayer, either as part of the electrostatic chuck or

10

within the substrate, would presumably have caused the prior art endpointing circuitry of
Fig. 1 to fail to accurately provide an endpoint signal since the prior art technique depends
on the direct measurement of the self-induced bias on the substrate through the electrode for
endpointing purposes. Additionally, one of ordinary skills in the art would have assumed
25  that the presence of a dielectric layer on the surface of the electrode and/or under the target
layer would block the electrical path, rendering the direct monitoring of the self-induced
bias on the substrate impossible and/or very difficult. Since the present invention does not
rely on direct contact between the substrate and the electrode, the presence of a such a
dielectric layer does not prevent the ascertaining of the end of the etch in the present

30 invention.
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WO 00/ 19520 00719520 o . PCT/US99/21336
PCT/ US99/ 213 é) endpoi nting purposes. In accordance with yet

anot her enbodi ment of the present invention, .the currents through
the | egs thensellvisalsosgbservedithat therieventivg endngintiagdeghnique pphighlyrsepsitivhand is

tputs of L1 i r.CUi '
o Do (2 PO TR b ko e AR 1 HRAURSR okl 1
latter enbogiingalsmal favtion Gor ertentagspéfithe fapget layer expobetiosthevbiching plashmal

enpl oy conpensation circuitry. . ) I n accordance w th anot her
enbodi ment 1&€ sensitivifyeanpearsitg insrrapoid 2 CORdICHive jayeh SR 3 gonductive metal grdgped

t hrough th | by ot n | I ng
ciroure  poRRliGal S Rtect ByBRR it belph iiClates Bfel (s s WA

As can be apgiegahaisditivitgof theepré@negohmigue isamh thadthelemdbof the efchtpbecessment i on
take 10 advant age of exjsting sjgnals in, the el ﬁCt ostatic chuck power
suppl y for beR&cesiainsg sueni there is a dielggiaic layer Aispesedivrer the 888/ 19Tt he etch

occurs in q;q]ﬁﬁ t ' he Wolal ;

changes in't eé%%é}?’eﬁégeglg%%ﬁﬁﬂd%%{a h%éﬂgg?grsl hg%hta ﬁgé teqee0 tu? %lsetng?g’l?@?é tl}.ll%k

ar e enpl oy pihsma, the inventiva sechniqae alsd herlet icdespectgy efsbe ttohars addor additiee gas
purposes. Unlike prior art techniques, the endpoi nting techni que of
t he présentd &fti on does not require directly nonitoring the self- 15

i nduced bias of the substrate through the el ectrode (as was done in the
case of Fig. 1) .While this inf&ftRinHa8 Bkh desbrfbeldqf Bt b seVREH Hrefieé dhbdldiments,

el ectrostatic chucks, which has a nonconductive dielectric |ayer

di sposed béhereans althrations, permwidtionseatsbetpivalentswhich dadk within the scope of this | n

fact, the accurate determ.pation o n_the.et en i sible.even if
there 1o atvention sl prdRtedt mA e chii B RIS R bRbdhEabes | | .
body and t hetheatBtfatd Fotesitial, Wisick Gan inR@SRI Ubtaindd by Iookiap @O Rtk is\Rals at
dielectric layer, either as part of the electrostatic chuck or

wi t hi 13t he vau@ystroints in the sygepr dbusnathquahdthe erdpoins dataran Se psertained by
endpoi nt | ngno%tf)ﬁisfé {}feych?.{x%es in the cuﬁjegr(i)Jﬂqhﬁrll%?d &18 gglgﬁsg gi"{lﬁtﬁd clﬂfcﬁ;(hlgﬁgan

endpoi nt signa nce prior ar echnique on I rect

][reas urene nt'eﬂtgt the @ hargde in thd 4obdraby %ﬁemial)t tmlexl'esarb thEﬁW?ySI ;kfaawjiﬁng Inlckis l@l}llﬁﬁ"afeOde
or endpaqi nting purposes. Additional]y,. one ordinary skills in
the art woBPEnHEESeedpemt data vhenzn EtSﬁ%CI}S’F’éé%‘H&‘é‘VB‘i By #iag|oé example, agrepe on

the surfacgp I é{pﬂg f%ﬁ-‘{at 1

bl ock the e ectctrolagg tggt{)éﬁg{rﬁgﬁgg{f%{g t e&rdslfo ?x%cz[?ﬁ ni teopr ?cﬁgonot%l@%ﬁ;emm%g

sel f - 2Aducbelemployed tdumassuontht: Isebsnategtatatial dingetly shrolighomn themtchy end/ thdipkébecul t .
Since the present .inventi does not.. . rely on direct contact between
t he subst r%ﬁm bean zgci?qrc;ggr}gq ppdicative of, the e&%ﬁ termnaypnfor en§p01nt:mge| ectric
| ayer doespmpbsedf event the ascertaining of the end of the etch in the
present 30 i nventi on.

As another example, the leakage flow rate of coolant gas from the edges of the ESC
chuck may be monitored during the etch, as an indirect measure of the substrate electric
25  potential. This flow rate is dependent upon the clamping force of the ESC, which is, in turn,
dependent upon the potential difference(s) between the ESC and the substrate. As the etch
proceeds, detectable changes in the flow rate may arise due to changes in the substrate
potential. In one embodiment, the leakage flow rate may be monitored in conjunction with
or as part of a pressure control arrangement which supplies the coolant gas to the interface
30 between the substrate and the ESC. The flow rate signal may be analyzed for changes

indicative of the etch termination, for endpointing purposes.
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11 : - WD 00/ 19520

. . US99/21336
PCT/ US99/ 213300 0019520 It is also observed that the i nves flu\%
endpoi nting technique is highly sensitive and is capabl e of

accurately provi th figt, givinahistdiscipsiref oneraf ordmaryskillsinghe art vl repdify besognize s
having a small fractjon (or percentage) of the.target l.ayer .exposed,to the
ctohi gl adikshanges in the tRsB Rorenial {paahpibdh SR R ver BHCR R R BE e e
layer, e.g. prdte by ewitttRé kfwid@RSihparted by BIRS MistlobiEe the RieBfifi QAT the

| ayer, is dispose el ow the target Iq¥er to be etched. As alluded to,
earlier, theossibiskignalsayd bfcatitns ipraspesific plhamaipirressing sygtem thatmay he moniorst

the etch process na . ascertai ped .even,if..t el i iC
| ayer d ilg_s poiRAFCERB ¥het ‘H@ng%f‘rlﬁg’?e T‘g’_ﬁg?t.e PoPenﬁ'al is wel] _rv‘flﬂlé"lr;| ﬁrr{g_rSIec% l_&so?r? g% B!
endpoi nt i NgwgResladhed praeR8ME eqiptivit. t Rshdidd kik6 be bieddhat ¢ers ateQRany alfelimtive
pl asma, the inventive techni que al so works irrespective of the etchant
and/ or addi waysofjasplernentingshp mejhods and apparatuses of the preggnt @vention. ihis dearefore

has been descriped in ternms.of several .pref e i S .here
are alterat ilrﬁﬁé‘},%gﬁ}éqiztfﬁ g’t“log’ﬁ%g, apggﬁeﬁp@gﬁogﬁﬁé&%ﬁté@?@?\g@mﬁ 4l jush Heera{s“g%pe
of this  permitiWR! drequivaldRnay fall within the tile@pifi @Ad béupe of ke eskapi Nt dat a
can be derived fromthe changes in the substrate potential, which

can i n Our nidyentdén.ai ned by | ooking at various signals at 15 various
points in the system Thus, although the endpoint data can be ascertai ned
by nonitoring the changes in the current(s) flowng to the pole(s)
of the ESC chuck (which refl ect the changes in the substrate
potential), there are other ways of obtaining this substrate
potenti al - based endpoi nt data when an ESC chuck is involved. By way of
exanpl e, a probe whi ch contacts the backside of the substrate or
sone appropriate place on the substrate nay 20 be enpl oyed to neasure the
substrate potential directly throughout the etch, and the probe

signal may be anal yzed for changes indicative of the etch termnation for
endpoi nting pur poses. As anot her exanple, the

| eakage flow rate of coolant gas fromthe edges of the ESC chuck may
be monitored during the etch, as an indirect measure of the substrate
electric 25 potential. This flow rate is dependent upon the clanping
force of the ESC, which is, in turn, dependent upon the potenti al

di fference(s) between the ESC and the substrate. As the etch

proceeds, detectable changes in the flowrate nay ari se due to changes in

t he substrate -




potential . In one enbodi nent, the |eakage flow rate may be rmn'gé%ﬁgwhg%

E conj unction W’t%“m or as part of a pressure control arran

é supplies the coolant gas to the interface 30 bet ween the substrate and

{ the ESC. The flow rate signal may be anal yzed for changes i ndi cative
, of the etch termnation, for endpoi nt CdgAdMSses.

12 WO 00/ 19520

PCT/ US99/ 21336 In fact, given this disclosure, one of
ordinary s Rqtds clgimedisart will readily recognize that changes in the
substrate potential inpact other signals at various points in the plasma
processi ng system Wth the know edge inparted by this disclosure, the
identification of the possi bl e signals and |locations in a specific
plasma prodessi g endpbiting Iaahngm)enbﬁ:rmmmmn énd of ahetchgmrecdsaiwhilt Bthing
changes in the substrate potential is well within the skills, of one
fam|iar throughyg targes layeran pekstiatriing @Qfmam@q:ﬂssmg BYSESTR AOIPRISE: be not ed

that there are nany alternative ways of inplenenting the nmethods and
appar at uses of taﬂ%le@ﬁ@s‘tﬁi?@ Hudl 84 ih Q9 firdttooleSarldiedeed i i nt ended t hat
the foll ow ng appended c a?rlrls g‘ lh telrrpltPOt ed asel ncl;ﬁodl ng all such
alterations, per mut ati ons, and equi valents as fall within the true

spirit and scope fust RG @opypestpmy coupled tp said firstpale and said second pole for supplying

chucking voltages to said first pole and said second pole;

a first current monitoring circuit coupled between said first pole and said first DC
10 power supply for monitoring a first current supplied to said first pole, said first current

monitoring circuit outputting a first signal indicative of said first current;

a second current monitoﬁng circuit coupled between said second pole and said first
DC power supply for monitoring a second current supplied to said second pole, said second

current monitoring circuit outputting a second signal indicative of said second current;

15 a differential amplifier arrangement coupled to said first current monitoring circuit
and said second current monitoring circuit, said differential amplifier arrangement receives

said first signal and said second signal as input and outputs a control signal;

a variable DC power supply coupled to said differential amplifier arrangement for
receiving said control signal, said variable DC power supply being configured to output a
20  compensation voltage for biasing said first DC power supply responsive to said control

signal; and

an endpoint monitoring circuit coupled to said variable DC power supply, said
endpoint monitoring circuit receives as an input said compensation voltage and includes
circuitry for analyzing said compensation voltage for a pattern characteristic of said end of
25  said etch process, said endpoint monitoring circuit further including circuitry for outputting
an endpoint signal indicative of said end of said etch process upon ascertaining said pattern

in said compensation voltage.
I
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2. The endpointing arrangement of claim 1 wherein said compensation voltage biases
said first DC power supply to maintain said first current and said second current

substantially constant during said etch process.

3. A method for ascertaining an end of an etch process while etching through a target
layer on a substrate in a plasma processing system, said plasma processing system including
an electrostatic chuck having a first pole, a first DC power supply coupled to said first pole
for supplying a chucking voltage to said first pole, a first current monitoring circuit coupled
between said first pole and said first DC power supply for monitoring a first current
supplied to said first pole, said first current monitoring circuit outputting a first signal
indicative of said first current, and a variable DC power supply configured to output a
compensation voltage for biasing said first DC power supply responsive to said first signal,
thereby causing said chucking voltage to vary responsive to said compensation voltage, said

method comprising:

coupling an endpoint monitoring circuit to said variable DC power supply, said
endpoint monitoring circuit having an endpoint monitoring input and an endpoint

monitoring output;
receiving at said endpoint monitoring input said compensation voltage;

analyzing, using said endpoint monitoring circuit, said compensation voltage for a

pattern characteristic of said end of said etch process; and

outputting at said endpoint monitoring output an endpoint signal indicative of said

end of said etch process upon ascertaining said pattern in said compensation voltage.

4. The method of claim 3 wherein said electrostatic chuck includes a second pole
coupled to said first DC power supply, said plasma processing system includes a second

current monitoring circuit coupled between said second pole and said first DC power supply

15
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1. An endpoi nting arrangenent for ascertaining an end of an SS
whi | e etchi nﬁom’ 957'% through a target layer on a substrate in 58%&]3995&9@
processi ng system conpri sing: an electrostatic chuck

havi ng a f ifé:shogiedrihgastcondaarend sypplied to said second pole whermnfshrcbctoniife‘nsmmr

supply coupled to said fjrst oIe and sai d second oIe fqQr
chucki ng vd P’f‘%ﬁj&“ﬁ‘ﬁ by aig yariatle Do pewer1ypaly; 13 resB ch°8" said s 51g"‘% and a

a first cug a sai d
first o poond sHBdl SRphil, Sld &“b"ér%&%n. Bl Fcmich ;&éﬁ“ﬁcﬁ?‘% bR SRANAE
said first md)d:anves;ﬁsaidfsecmmﬂ carrentgent nmonitoring circuit outputting a
first signal indicative of said first current; a second
current. nonitoring circuit coupled between sai d second pol e and said first
DC pomé% supply for nonitoring a second current supplied to said second
pol e, said second current nonitoring circuit outputting a second

si gnal indiscati The eletSi 6f GG vherein i plasth® processing systemdinbluliésd Gifferential
anplifier arrangement coupled to said first current npnitoring circuit

and sai d saephficvarangementaouplsdite gaid firss amentmratoangp@@ehwhsm@mpnd| er
arr ange”‘e”%m{reen‘%% Sitdrin g circuit, SRl hifrbretal STk ﬁ?&géﬁx'eﬂt racéif) d[%’g?‘%g@

i nput and SUL UL A COR st gnal, vari a

suppl y couphdshid secoad digibl ésenpntanabumla donarol sifme ng s naném DC supply to
recei ving said control signal, said variahle DC 5\/\er supply being
confi g@r edcweé@fiﬁempamz@wn VOBW%ﬁtbb’éﬁd\YBW% Qmwwaeplmgo yaqyd first DC

power Squi‘ééﬁ%l?s?&%%oﬁ?séu?ﬁﬁ% ol sgﬂdsecond Ogn%lg”a' and

an endpoi nt nrtoring circul to sai ari abl e DC power supply,

sai d endpoi nt noni toring CIFCUIt receives as an input said
conpensation vol tage and i ncl udes circuitry for analyzing said
conpensati on voltage for a pattern characteristic of said end of 25 sai d
etch procegs, s orin yit .f Iudl circuitry
For ot put Bi ng’ Thé Al Wbt it el a6 b hocol AT sfaelei

et ch procebgsdigearidi€ DO ﬁd%r%ﬁpﬁl?lt&nﬁfﬁtilﬁ G4id first currehtandahid sfé@éﬁliediﬁr%ht 0”

. vol t aqe
- substantially constant during said etch process.

7. The method of claim 4 wherein said endpoint monitoring circuit includes a general

purpose microcomputer.

20 8. The method of claim 4 wherein said electrostatic chuck represents a Johnsen-Rahbek
chuck.
9. The method of claim 4 wherein said substrate includes a conductive layer underlying
said target layer.
25
16
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WO 00/ 19520 we. |
o PCT/US99/21336
PCT/ US99/ 2133 0 00719520 2. The endpointing arrangenent of cl g'{ m

wherein said .co nsation yol{age biases . sai;d first power supply
o mmi nt ai h 1051 o F1EGthon oF Him A eheEsin goid sulbste apingsh a diefecic lajer underlying
substanti al lsyidGaRpst APy during sai d etch process. 5 3. A

nmet hod for ascertalning an end of an etch process while etching through a

t ar get | ayer on a substrate in a plasma processing system said

pl asma processi ng system i ncl udi ng an electrostatic chuck having a
first pole, a first DC power supply coupled to said first pole for

suppl yi ng a jghucks 10 id.fir | fir curren nitoring
circuit cou [% fi ed kl'ib%%é’tgéé \;\ggglﬁmé giﬁﬂ{e&ll{l I@%la ?)aggée} 1§'ne 4 %sp 5% sgﬁt% 25 {°°B<5‘%?38n§%'r
supply fSor rontaining lagerasdid sabstaty fufthér includes a dislepiric @ghet Qnés’tl'y@h% daibtarg®! e,

said first gurrent nonitoring circuit outputting a first signa
i ndi cative A®aid first current, and a variable DC power supply configured

to output a conpensati on voltage for biasing satd first DC power
supply responsive to said first signal, t her eby causing said
chucking voltage to vary responsive to said conpensation voltage, said 15
nmet hod conpri si ng: coupling an endpoint nonitoring circuit

to sai d varildbl e The mushed ofelaip 4 wheminlsaid target layerreprasentsabow didlexyric corstant
havi ng an endpoi nt Ni t OLi i nput and,an. endpoint , . ., . honitoring
out put; | &ye, said substrate iy ik ey & difobthic N TREleTiRE BRiF FATBCHIRSE Sai d

conpensation voltage; 20 anal yzi ng, using said endpoi nt

noni torlidbng circuit, said conpensation voltage for a pattern

characteristic of said end of said etch process; and

out putting ?g sai d endpoi nt nonitoring output an endpoi nt signal indicative
- e

of said | SdpQinting arangepieat K3 aseeginingangndafan stehaapepsp ahile etching
sai d conpengabidi %0lek MJEr on a substrate in a plasma processing system, comprising:

an electrostatic chuck having a first pole;

a first DC power supply coupled to said first pole for supplying a chucking voltage
15  to said first pole;

a first current monitoring circuit coupled between said first pole and said first DC
power supply for monitoring a first current supplied to said first pole, said first current

monitoring circuit outputting a first signal indicative of said first current;

a variable DC power supply configured to output a compensation voltage for biasing
20  said first DC power supply responsive to said first signal, thereby causing said chucking

voltage to vary responsive to said compensation voltage;

an endpoint monitoring circuit coupled to said variable DC power supply, said
endpoint monitoring circuit receives as an input said compensation voltage and includes
circuitry for analyzing said compensation voltage for a pattern characteristic of said end of

25  said etch process, said endpoint monitoring circuit further including circuitry for outputting
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25 4. T%%{Q%I of claim3 wherein said electrostatic ch?ﬁlgg%qgj%s

a second pole coupled to said first DC power supply, sai

processing systemincludes a second current nonitoring circuit

coupl ed bet #eenipoiit digpakindigativd of saisbenslaifaidi atel prOCEsp upen axenining said pattern

15 in said con¥¥2n98{ 9\%?19 e

PCT/ US99/ 21338 or nitoring a second current supplied to said
second pol e, wherein said conpensation vol t age out put by said

vari abl e DC power supply is responsive to both said first signal and a
second signal output by said second current nonitoring circuit, said second
signal bein | ndi cative of said second current 5. . 5.

The met hod B ¢l E“?ﬁ'ldﬂ%%ﬁngiaﬁag%ﬁ"&% Péglﬁﬂ" 33 8@@&? sajd slestresieticelugl ingluges a

di fferepti adecond pole coWpItd {d Gifd ffst g@gﬁd@tsu@ﬁy,@aﬁfgerfggoﬁlﬁh? M%H}eﬁyﬁ{r&g;

monitoring circuit and sald secon ren nitoring curt, said

di fferent i sfomprises:fi er arrangenent receives said first signal and
sai d second signal as input and outputs a control signal to said variable

DC supply to 10 se_sai d_conpensat.j on |.t age output b ai d vari.abl e
DC power supply %%ecv'gr yHren mothﬁg%Slﬁ%‘fl{/‘éo ge%?\ﬁeegaﬁa SIEF?‘E%’@F gRehsaid, fest
sai d secondD€ipgRet supply for monitorifig a secohd@uifeht \Ppldd lsaidBedontd l@,isEid%{:&dDC

first signal and said second signal is egl_oyed o by sai'd vari able
power suppl|SHEERt RANATENS CIRCHIt @UinUtting & sacord sighaldndicatived seiddecandronment] 5

et hoa o et e paAapHi e 1 Rds SRR R bl RF povres suphly inassposive

gener al to both said first signal and said second signal.

15.  The endpointing arrangement of claim 14 wherein said compensation voltage output
by said variable DC power supply is configured to keep said first current and said second

15 current substantially equal but opposite in sign.

16.  The endpointing arrangement of claim 14 wherein said compensation voltage output
by said variable DC power supply is configured to keep said first current and said second
current substantially constant throughout said etching irrespective whether magnitudes of

20  said first current and said second current are equal.

17.  The endpointing arrangement of claim 14 further comprising a differential amplifier
arrangement coupled to said first current monitoring circuit and said second current
monitoring circuit, said differential amplifier arrangement receives said first signal and said
25  second signal as input and outputs a control signal to said variable DC supply to cause said
compensation voltage output by said variable DC power supply to vary responsive to both

said first signal and said second signal.
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pur pose m-croco 20 8. The nethod of claim4 whe

el ectrostatlc‘,’v‘aﬁ&:ﬂ?? epresents a Johnsen- Rahbek chuck. IE&IBS%IQSG
The nethod of claim4 wherein said substrate includes a conductive | ayer
under | yi ng said target |ayer. 25

16 WO 00/ 19520

PCT/ US99/ 21 t hod

6 f .clai m.4 wher.ei id ..
! substrate iHtl ud&te ?%oé?tg’(,gtaﬁaeg?'ﬁ% f}ﬁ%}?w}%&&l‘ i el oélitl rgoﬁgmmﬁc&’)’er.
11, The nﬁgmggs Qéetféralﬂ%smﬁﬁb&nﬁﬁbﬁ target |layer represents a silicon

di oxi de- containing layer, said substrate further includes a
dielectric Iayer underlying said target | ayer

5 19.  The endpointing arrangement of claim 14 wherein said electrostatic chuck represents

a Johnsen-Rahbek chuck.

20.  The endpointing arrangement of claim 14 wherein said substrate includes a

conductive layer underlying said target layer.
10

21.  The endpointing arrangement of claim 14 wherein said substrate includes a dielectric

layer underlying said target layer.

22.  The endpointing arrangement of claim 14 wherein said target layer represents a
15  silicon dioxide-containing layer, said substrate further includes a dielectric layer underlying

said target layer.

23.  An endpointing arrangement for ascertaining an end of an etch process while etching

through a target layer on a substrate in a plasma processing system, comprising:
20 an electrostatic chuck having a first pole;

a first DC power supply coupled to said first pole for supplying a chucking voltage

to said first pole;

a first current monitoring circuit coupled between said first pole and said first DC
power supply for monitoring a first current supplied to said first pole, said first current

25  monitoring circuit outputting a first signal indicative of said first current;

g




] 12. The method of claim4 wherein said target |ayer represents a | ow
{ dielectric coHSOYAS20 | ayer, said substrate further incluBgfU§99/21336

] dielectric layer underlying said target |ayer. 10 13. An

| endpoi nting arr asp&iEpBint hivhiBEAE Eiraiindipledto 8hld Mkt cifredt MBnISREASRUNNiE
| etching .through a target layer on a substrate in a plasha
| processi ng S\ppiakmontipsing eirenit receives as a first input saighfivst signal gad andledes icircuitry

| having a fi Y- . f . pd Y. C led to

! said first %g%“é it sald Brst is‘r%‘a%f°<':ﬁ8%'ﬁ$’r%g°h§/’§h°§§é St ald é’{%oﬁl§§ﬁd&?¢i1oﬁrgfesﬁ’o| e;

a first cursah¢ndpoint honitogng tireuii furtherinkdidpasimanry foRoatphitingtankRalioiadgmdi d

1 first Dg . g .peg%pr_suppl for monitoring a first current supplied to

{ said fi7st pdicativectisaidendaf saidietehrprocess upon agsartaising rgid-patien in seid first signed a

i first signal indicative of said first current; a variable

| DC power supply configured to output a conpensation voltage for biasing 20

| said first DC power supply responsive to said first signal, thereby causing

sai d chucking voltage to vary responsive to said conpensation

1 voltage; 24  The endpointing awangsoient ofhalaint 23 ivbgrein said electrastaticatiutiointhides a
vari abl e [ SUu v, Sad endpoi nt ni,tori.ng circuit feceives

1 as an | npl?tg e§°§‘}ﬁ§°éeo?§§‘3’b%da‘9i58‘ﬁ‘d’§f8ﬁ lpgdagwgﬁa&);m%lsa@gegdpomtm arzangement furthey,

1 anal yzi ng seipriséapensation voltage for a pattern characteristic of said

i1 end of 25 said etch process, said endpoint nmonitoring circuit further

I ncl udj circuitry for outputfin
17 149 a se‘%@d(mmgggmgnitorir?g circuit coupled between said second pole and said first

PCT/ US99/ 2153 | | Wplel i of sai.d end .of said

TR 215 ey oA S A 0 o
current monitoring circuit outputting a second signal indicative of said second current,
wherein said endpoint monitoring circuit receives as a second input said second signal, said

endpoint signal being responsive to both said first signal and said second signal.

15

25.  The endpointing arrangement of claim 23 wherein said electrostatic chuck represents

a monopolar electrostatic chuck.

26.  Anendpointing arrangement for ascertaining an end of an etch process while etching

20 through a target layer on a substrate in a plasma processing system, comprising:
an electrostatic chuck having a first pole and a second pole;

a first DC power supply coupled to said first pole and said second pole for supplying

chucking voltages to said first pole and said second pole;

a first current monitoring circuit coupled between said first pole and said first DC
25 power supply for monitoring a first current supplied to said first pole, said first current

monitoring circuit outputting a first signal indicative of said first current;

20
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I n said conpensation vol t age. 14. The endpointin epent
of claim 13 W% i d el ectrostatic chuck includes a 5 g"s@%@%&%a%

coupled to said first DC power supply, said endpointing arrangenment further

conpri ses: a second current aonitoringl citeuit eoupledthetwesni said secomdpdle and pdie dirst
bet ween sailgl second ;@3}';? and .said first ower supply for
moni t or i ng AC POREREFRALY Fur MONIGRRE AStcand cumeRt YURRlTHioBidsecand pple.sakisgcond

current nmoRHRkK | Ls lg"g;mér; iSd; | Fagh | ai d
second current, :ﬂ%ﬁéﬁ%&eﬂr@&ﬁ n sal %Sﬁ%gﬁgaggﬁgﬁﬁ%lg%?} aegdef@ gf&:\sg%én\ﬁﬁ%/ﬂggﬁd
vari abl e DC power supply is responsive to both said first signal

and sai d second asdi@qmn,tial amplifier arrangehient coufiled torsdjsofinst ¢urrena moaitgring circudf

claim erein sa conpensati on vol tage ut. . by said vari abl e
b pones s BeGY Beurh FPERE B Rtk o2 Hie Aithitival ppelifer Ao e Sercaee

15 curr enhidsfiresdigil land kaid 8606AU s S3ARAES hid bitphts Aifferential outp tsiffal  The
endpoi nting arrangenent of claim 14 wherein said conpensation ol'lt ge -
out put respopsive t both seidflrstesigyal prdwaid seeopd gighal. confi gured to keep said
first current and said second current substantially constant

t hr oughout sai d gt.chi | r | Ltudes of .20 said first
current and sai seglggﬁgt }élggn‘r%gerl?\fgc (E’il#c\gﬁé:q ugllte‘.q% Sﬁag%ﬂeﬂq‘i%phﬁ?wa@ﬁ%ﬁtnti ng
ar r angenentsaidfendpsintinbaitbriig Eitguitaeceivessis af ifpud isdil difterbatall oatpat §i§hﬁ land
arrangenent, coupled to said first current, nonitori circuit and said

second %ur Fpdes circuitryfgnanabyzing;said diéfgrqqtiagg;t_gutcﬁlgrggfq; #tRagtemeaharacteristic of
arr angenent,;Hens 'oF' ?&ifi %gilhgﬁgéfés?,tsaﬁ' éﬂgﬁtjﬁnﬁﬂﬂ ﬁ%ﬂu&&%&g Fﬁ@ﬁ%@&gﬁ%@g %lg&&%y'fgﬁ ut

and outputs a contro al t'o sal g varia
conpensat i ontputtingegeendpbint tighsl indicativearfisaidlend OEsai0efh pFodREY ¥pdrPaséériaining

responsive t.Qq both, ) .
P sa18 pattern in said differential output signal .

= (@]

15 27.  The endpointing arrangement of claim 26 wherein said electrostatic chuck represents
a Johnsen-Rahbek chuck.

28.  The endpointing arrangement of claim 26 wherein said substrate includes a

conductive layer underlying said target layer.

20

29.  The endpointing arrangement of claim 26 wherein said substrate includes a dielectric

layer underlying said target layer.

30.  Anendpointing arrangement for ascertaining an end of an etch process while etching

25 through a target layer on a substrate in a plasma processing system, comprising:

an electrostatic chuck having a first pole and a second pole;
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said first sivgnal and sai d second signal.
18 OUOIIW 00/ 19520 - PCT/US99/21336
PCT/ US99/ 21336 18. The endpoi nting arrangenent of claim 14

wherein sai d endp@irQDOBOWELSUPPY oupledith said first poléﬂﬁid&ﬁﬁé‘ee&cﬂ?ﬁ]@f&!su ZH@SE
m croconput er . The endpoi nting arrangenent of claim

) 5 19.
wher ei n sai Shuskingvoltages tp saidifirskpaleprdsaidhsesond pole; 3 Johnsen- Rahbek chuck.
20. The endpoi nting arrangenent of claim 14 wherein said substrate

i ncl udes a t : Q%‘ﬂre ' | 10
21. The endpoi ?\tﬁ fﬁngﬂg‘%adﬁgg%@%P lf’c al %W&tﬁ%mtsg?tﬁﬁ{gg%t Iééﬁ%t‘”reéf?p?y’
I ncludes a dielectric | ayer underlying said target |ayer.

22. The endpoi afirstgumentangetoring cirtuit caupledi b anreledn said first cusregiagath forer

represents . . . . . e . —
P g x%omtonng a first current flowing to said node, said first current monitoring circuit

outputting a first signal indicative of said first current; and

an endpoint monitoring circuit coupled to said first current monitoring circuit, said
endpoint monitoring circuit receives as an input said first signal and includes circuitry for
analyzing said first signal for a pattern characteristic of said end of said etch process, said
10 endpoint monitoring circuit further including circuitry for outputting an endpoint signal

indicative of said end of said etch process upon ascertaining said pattern in said first signal .

31.  The endpointing arrangement of claim 30 wherein said first current monitoring

circuit is coupled in series between said node and ground.
15

32.  The endpointing arrangement of claim 30 further comprising a variable DC power
supply, said first current monitoring circuit is coupled in series between said variable DC

power supply and said node.

20 33.  Anendpointing arrangement for ascertaining an end of an etch process while etching

through a target layer on a substrate in a plasma processing system, comprising:
an electrostatic chuck having a first pole;

a first DC power supply coupled to said first pole for supplying a chucking voltage
to said first pole;

25 an endpoint monitoring circuit configured to receive a signal reflecting a potential of
said substrate, said endpoint monitoring circuit including circuitry configured to analyze

22 —
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15 sili-con di-oxi de-containing |ayer, said substrate further includes a
dielectric | 2YEOM¥R8r| yi ng said target |ayer. PCFAIS99121336
endpoi nting arrangenent for ascertaining an end of an etch process while
etehing said sighbiefleihg!sidiftertidl 6f saffisubsitbR3br #bslickil cRarBiEHR JFsHASHA| N0
system conprising: 20 } an electrostatic chuck having a tirst

pol e; of said etch process, sait epdpqinturenitoringl ojrcuis futhet inaduding diréuitrgforpol e f or
i supplying a_chucking volt.age . .. Lo gai.d first .pole; .. a

| FIPR Y Cue s cnitPitine o shind Bl Sen! indioseiyf of Sl ey bF Said PlsR erocess ypnerssereining o

j first DC  said sigﬁméﬂmlsﬁdfﬁ&e,ﬁﬁmit@m Sifpsiratel rst current supplied to said

C

first pole, said first current 25 nmonitoring circuit outputting a first
signal indicative of said first current;

19 5 WD 00/ 19520

PCTI US99/ 21336 an endpoint nonitoring circuit coupled to

said first gurrepe m%ogrﬂfr{g%aﬁ%{xﬁéﬂtbf(:?ﬁ%lgg wherein said%yﬁg%%atg%n%ﬁ ‘fri ng

j circuit recelves as a‘firstinp said Tl st ghal an cuitry
| for anal yzi pajemtinl df $did stubstriatpria bbthined dypairoees in cwheacaoithishidtsubstiifte.sai d end of
i said etch process, said endpoint nonitoring circuit further

{ including circuitry for outputting an endpoi nt signal 5 i ndi cative of
said end of said etch process upon ascertaining said pattern in said first
si gnal . 24. The endpointing arrangenent of claim 23 wherein
said el ectrostatic chuck includes a second pole coupled to said
first DC power supply, said endpointing arrangenent further

conpri ses:

23
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10 a second current nonitoring circuit coupled between said
second pol e M8 0049301 r st DC power supply for nonitori RgTASE¥HMY
current supplied to said second pole, said second current
nmonitoring circuit outputting a second signal indicative of said second
current, wherein said endpoint nonitoring circuit receives as a
second i nput said second signal, said endpoi nt signal being

{ responsive to both said first signal and said second signal. 15

- 25. The endpoi nting arrangenment of claim23 wherein said el ectrysatic
chuck represents a nonopol ar el ectrostatic chuck. 26.

. An endpoi nting arrangenent for ascertaining an end of an etch procese while
. etching 20 through a target |ayer on a substrate in a plasm’ ssi ng
{ system conprising: an electrostatic chuck having rst

. pole and a second pol e; a first DC power supply cOwsimed to
"said first pole and said second pole for supplying chuckiﬂElvoltages

to said first pole and said second pol e;
monitoring circuit coupled between said first
power supply for monitoring a _first current sup)

said first current nonijforTng cTrcuit out]
indicative of said first curgent;
20 WO 00/ 1952
PCT/ US99/ 21336 | a second curren
bet ween sai d second pole andgsaig first
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DC power Sl y,fio,roni toring a second current supplied to sai g 5oeond e

pole, said s current nonitoring circuit outputting

signal indicative of said second current; a differential
anplifier arrangenent coupled to said first current nonitoring circuit 5
and said second current nonitoring circuit, said differential anplifier
arrangenent receives said first signal and said second signal as

i nputs ang outﬁﬂts aéglff-rential out put si gnal responsive to both
said first an id second signal. an endpoi nt

nmoni t ori ng C|rc~|t co plafl to said differential anplifier arrangenent,

sai d eng§ rcuit receives as an input said differgQtga

out put ¢ | udes circuitry for analyzing said di fSeNgnti al
out put si'gna characteristic of said end of said etch
process, toring circuit further including circui for
out putt i al indicative of said end of said etc rpcess
upon asge i ni E~paid pattern in said differential outpu I gnal .
15 2X @g. arrangenent of claim26 wherein said o

el ectrostatic ch espnts a Johnsen- Rahbek chuck.

28. The=—ereee T rapgenent of claim 26 wherein said substrate

i ncl ude ctfve layer underlying said target |layer. 20

29. T ahgenent of claim 26 wherein said substrate

| ayer underlying said target |ayer.
genent for ascertaining.an end of an etch process
gh a target |layer on a substrate in a plasm
i sing:
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an electrostatic chuck having a first pole and a second pol e;

21 WO 00/195280 00/ 19520 - PCT/US99/21336
PCTI US99/ 21336 a first DC power supply coupled to said

. first pole and said second pole for supplying chucki ng voltages to
said first pole and said second pol e; a first current path

coupled in parallel with outputs of said first DC power supply;
a first current nonitoring circuit coupled to a node in said first current

path for 5 nonitoring a first current flowing to said node, said
first current nonitoring circuit outputting a first signa
i ndicative of said first current; and an endpoi nt

nonitoring circuit coupled to said first current nonitoring circuit, said
endpoint nonitoring circuit receives as an input sai d00irst signal and
includes circuitry for anal yzing said firs ignal for a pattern
characteristic of said end of said etch process, 4faid 10 endpoi nt
nonitoring circuit further including circuitry f out putting an endpoi nt
si gnal i ndi cative of said end of said etch process upon
ascertainin 49id pattern in said first signal. 31. The
endpoi nti ng rangenment of claim 30 wherein said first curre itoring
circuit is cogpled in series between said node and groun 15 32.
The endpointifg arrangenment of claim30 further co =sTng a variable DC
power qupply, said first cutrent monitori circuit is coupled in
series betweewr said vari aBlée ply and sai d node.
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20 33. . An endpointing arrangenent for ascertaining an end of an ch
process whi l é"@t"%g ' through a target layer on a substrgf:g’qﬁqs”é”“
pl asma processi ng system conpri sing: an electrostatic chuck
having a first pole; a first DC power supply coupled to said
first pole for supplying a chucking voltage to said first pole; 25
an endpoint nonitoring circuit configured to receive a signal reflecting a
potentlalaof = sgjd substrate, said endpoint nonitoring circuit
|nclud|ngGC|rcuu ry qanf@aured to anal yze

22 "O 00/ L9520
PCT/ US9¢ \ O%¢i gnal reflecting said potential of said
subst r af ern] chhracteristic of said end of said e
pr ocess, -a4 “1e]o] onjtoring circuit further including circuitry for
outputting an enndﬁ' igpal indicative of said end of said etch precess
upon asgertq |l signal reflecting said potential of i
substr at eg he endpoi nting arrangenent of claim3 rein
said siqna potential of said subirate I S Ol ned by
a probe ' i &2h d substrate. =
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