WO 00/ 00992 .

PCT/ US99/ 14077 FOCUS RI NG ARRANGEMENT FOR SUBSTANTI ALLY
ELI M NATI NG WO 00/00992 UNCONFI NED PLASVA | N A PLASVA PROCERGIIY§/RHI\VBER
5 BACKGROUND OF THE | NVENTI ON The

- present inventiaoq ,
products. “gwssd et nproved
techni ques for con A IN A VA PROCESST SHRMHEFIE €SSi Ng
chanber. - P asha- ""o proce %

manuf act ure of sem conductor-based 10 products (such as integrated
circuits or flat panel displays) is well known. Cenerally speaking,

pl asma- enhanced processes involve the processing of a substrate (e.g., a

gl ass pané8l or a sem corBACKGROWMNIXQOF Tk INVFINILGN pr ocessi ng chanber.
Wthin the plasm processing chanber, a plasma may be ignited out of
appropriate etchant or deposition source gases to respectively etch or
deposit a |ayer ofhepuesant tvension rolatesdo theqpamufpeturenf sempisendpetprebased products.

To facilitat | ' ' - ' c L bk Ve

processi ng %gm%%ﬁg‘%%{]’ ﬂi%%%é%%é@%‘%ﬁﬁgtoa@@%@%%%%e%fbggﬁggﬁ%ﬁ@ang
chanmber of t [forniasips i 4 pipsntagrboessing chamberpl oyed to etch a substrate.
Referring nowto Fig. 1, there is shown a chuck 104, representing t he

kpi hol d whi trate 106 i i L i hing.
Chuck 104 may be 1heSEE qtapn st intelsits i nd oA sfHCe SR
e.g., el gt r Qédiisqsuchas hpsptated circsilsdihri@nel Aplays) aowel knowh, Geseraliyepealddy; i Ng

etching, chuck 104 is typically supplied with RF power having a
frequency of ,plaspra-eahenepd Brocessss involve theprocgssingnf sybstrajpife.g-4A 135S prael e r

supply 110. 14, 5 .ymmn%%s' Wedsth
frequenci es, %%cond%%eﬁﬁxé%@a pfoﬁg-ﬁi'ﬁg ilrm litggneous l'y duﬁa%a etc ﬁ?:%l%%xber,
Above subst r atashi¥mayt tedgmited suthfepprspriitectchantdr deposition $aupce gakes dhrespectivalyred

of a 25 condyctive eri uch as al umin nfinement rings 102 may be
coupled in aq?#&gdlepomq%t]ayerg}maen on the aceoﬂpegﬁ)strate. g y

ac

uf

t he man royc e cond

15 To facilitate discussion, Fig. 1 depicts a capacitively-coupled plasma processing
chamber 100, representing an exemplary plasma processing chamber of the types typically
employed to efch a substrate. Referring now to Fig. 1, there is shown a chuck 104, representing
the workpiece holder on which a substrate 106 is positioned during etching. Chuck 104 may be
implemented by any suitable chucking technique, e.g., electrostatic, mechanical, clamping,

20  vacuum, or the like, During etching, chuck 104 is typically supplied with RF power having a
frequency of, for example, about 2 MHz to about 27 MHz, by an RF power supply 110. In
some systems, chuck 104 may be supplied with dual frequencies, e.g., 2MHz and 27MHz
simultaneously during etching.

Above substrate 106, there is disposed a reactor top 112, which is formed of a
25 conductive material such as aluminum. Confinement rings 102 may be coupled in a fixed
manner to reactor top 102 or may be coupled to cam-based plungers (not shown in Fig. 1) that
allow confinement rings 102 to be raised and lowered without moving reactor top 112, Further
details pertaining to the cam-based arrangement may be found in a co-pending U.S. patent
application entitled "Cam-based Arrangement for Positioning Confinement Rings in a Plasma
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may vary significantly at the edge of substrate 106. Accordingly, a focus ring is typically -
20 provided to improve process uniformity across the entire substrate surface. With reference to
Fig. 1, chuck 104 is shown disposed within a focus ring 108, which is typically formed of a

suitable dielectric material such as ceramic, quartz, or plastic.

The equipotential field lines that are set up during plasma etching may be seen more
clearly in Fig. 2. In Fig. 2, the presence of focus ring 108 allow the equipotential field lines to
25  bedisposed substantially uniformly over the entire surface of the substrate, thereby allowing
etching to proceed in a uniform manner across the substrate. As seen by Fig. 2, however, some
of the equipotential field lines also extend into the region 160 outside of focus ring 108. The
presence of the equipotential field lines in region 160 may cause any charged particles that leak
past the confinement rings to accelerate in a direction perpendicular to the equipotential field

30 lines toward the chamber walls. This acceleration and the subsequent collision between the
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. SUMMARY OF THE | NVENTI ON
WO 00/00992 ! PCT/US99/14077

SUMMARY OF THE INVENTION

The invention relates, in one embodiment, to a focus ring assembly configured to
substantially encircle a chuck of a plasma processing chamber. The focus ring assembly
includes an annular dielectric body; and an electrically conductive shield surrounding the
annular dielecfric body. The electrically conductive shield is configured to be electrically
grounded within the plasma processing chamber and includes a tube-shaped portion being
disposed outside of the annular dielectric body and surrounding at least part of the annular
dielectric body. The electrically conductive shield further includes an inwardly-protruding
flange portion being in electrical contact. with the tube-shaped portion. The flange portion

forms a plane that intersects the tube-shaped portion. The flange portion is embedded within
the annular dielectric body.

In another embodiment, the invention relates to a plasma processing chamber configured
to process a substrate. The plasma processing system includes a chuck configured to support
the substrate during plasma processing. There is further included a focus ring assembly -
substantially encircling the chuck. The focus ring assembly includes an annular dielectric body
and an electrically conductive shield surrounding the annular dielectric body. The electrically .
conductive shield is configured to be electrically grounded within the plasma processing
chamber. The electrically conductive shield includes a tube-shaped portion being disposed
outside of the annular dielectric body and surrounding at least part of the annular dielectric
body. The electrically conductive shield further includes an inwardly-protruding flange portion
being in electrical contact with the tube-shaped portion. The flange portion forms a plane that

intersects the tube-shaped portion. The flange portion is embedded within the annular dielectric
body.

In yet another embodiment, the invention relates to a method for forming a focus ring
assembly of a plasma processing chamber. The focus ring assembly is configured to
substantially encircle a chuck of the plasma processing chamber. The method includes
providing an annular dielectric body and surrounding the annular dielectric body with an
electrically conductive shield, whiéh includes surrounding at least part of the anﬁular dielectric
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The invention relates, in one enbodinment, to a focus ring assenbly
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chanber. The fWO®Mhg assenbly i ncl udes an annul ar diRGTBEPYIL7 body;

and an electrlcally conduct ve,shiel d. surround nnul ar
diel ectric bRy Witipdu ?‘1 Roriqnpf ?'Gﬁlﬁﬁﬁcf‘ h‘f“ﬁ}’ﬁg’i‘fé‘] st ARRRFdpeTeR
el ectrical I yis gigp %%m@%?m%ﬁxmw did&uﬁlwmmrs&e&ﬁamgmmamdm bod

i ncl udes a tube- gﬁaped portion being osed outsi de of the annul ar
di el ectric bwilly araddctscaib'@gmﬂlch‘t} shield lgdseles s@be diste ap inwasdpproimuding flange
diel ectric bo ?{gﬁe eelle&nce‘&lpf gg gduxtl&e%ﬁgiﬁ%uﬂfth@ Q}'uﬁlllagfl e%{n@%ﬁh‘ nﬁle"ﬂﬁﬁ'd n

i nwar dl y- pr oP ectrical” contact

the tube-sh aﬁx@d‘mﬂﬁg flarpe porkion is mregmcmbmm with the tubdshaped partiona The flivee

i ntersects the tube-shaped portion shfgg ortion is enbedded wi thin
the annul ar Boriprforms g B@ﬁ?m*m“¥%“3ﬁW“le' Hmﬁﬂ%ther enbodi ment, the
invention relates to a plasma processi ng chanber configured to

process a substr afgese H&ﬂrﬁmcwfmmﬂ%ﬁmmawm@mmwm

configured to support the substrate during plasma processing. There
is further i belowdetheaetieddesoriptign afthemyenfion and in cgmmqﬁahwtmeﬁowps cling
the chuck. The focus ring assenbly includes an annul ar dielectric body
and an el ect §?Iy conductive shield surrounding the annular dielectric
body. The electrically 20 conductive shield is configured to be

electrically grounded within the plasnma processing chanber. The
electrically conductive shield includes a tube-shaped portion being

di sposed outside of the annular dielectric body and surroundi ng at
| east part of the annular dielectric body. The electrically

conductive shield further includes an inwardly-protruding flange portion
being in electrical contact with the tube-shaped portion. The flange
portion forns a plane that 25 intersects the tube-shaped portion. The
flange portion is enbedded within the annular dielectric body.

In yet another enbodinment, the invention relates to a nethod for formng a
focus ring assenbly of a plasma processing chanber. The focus ring
assenbly is configured to 30 substantially encircle a chuck of the plasm
processi ng chanber. The net hod i ncl udes provi di ng an annul ar

di el ectric body and surrounding the annular dielectric body with an
electrically conductive shield, which includes surrounding at |east part of
the annul ar dielectric 4



body with a tube-shaped portion of the electrically conductive_shield. The
t ube- shaped pﬁ,r toi /ﬁ@9 I s di sposed outside of the annular dielectric body.
The surroundi PAE %nnul ar dielectric body ~ with an el eREFPAM4077
conductive shield includes enbeddi ng an i nwardly-protrudi ng flange

portion of the electrical lgpy CRIPA ORI THEWE MNyinGBe annul ar diel ectric
body. The inwardly- 5 protruding 1Tangée portron 15 11 electrical contact

wi th the tube-shaped portion. The fl ange portion forns a plane that
i ntersects the tube-shaped portion. These and ot her features
of the present invention will be described in nore detail bel ow in the

19?5 3Ir |e§fj descri PiyeQeseit ihvhitiod 1 illstAba BYay O x2b1e Mk 'n3 ywwg,yhoftlirr]neita{igﬁ, lix? wng
the figures of the accompanying drawings, which are not drawn to scale to simplify the

S illustration and in which like reference numerals refer to similar elements.
Fig. 1 illustrates a typical capacitively coupled plasma processing chamber.

Fig. 2 illustrates the equipotential field lines that may be formed in the plasma

processing chamber of Fig. 1 during plasma processing,

Fig. 3 illustrates, in accordance with one embodiment of the present invention, the
10  inventive focus ring assembly, including a grounded electrically conductive shield having both
a tube-shaped portion and an inwardly-protruding flange portion.

Fig. 4 illustrates the field lines that may be formed when the inwardly-protruding flange
portion of the grounded electrically conductive shield is omitted.



5 BRI EF DESCRI PTI ON OF THE DRAW NGS
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typi cal capacitivel¥y

The present invention will now be described in detail with reference to a few
preferred embodiments thereof as illustrated in the accompanying drawings. Inthe
5  following deseription, numerous specific details are set forth in order to provide a thorough
understanding of the present invention. It will be apparent, however, to one skilled in the
art, that the present invention may be practiced without some or all of these specific details.
In other instances, well known process steps and/or structures have not been described in

detail in order to not unnecessarily obscure the present invention.

10 Tn accordance with one aspect of the present invention, process control is substantially
improved by reducing or eliminating the unconfined plasma (i.., the unwanted plasma that is
inadvertently ignited and/or sustained outside of the focus ring). As the term is employed
herein, the region outside of the focus ring refers to annular region of the plasma processing
chamber which is external to the column of space whose outer periphery is defined by the

15 circumference of the focus ring. The plasma is preferably confined within this column of space.
Outside of the focus ring, the electric field is preferably reduced to the point where plasma can
no longer be sustained. By eliminating the unconfined plasma, the amount of power absorbed
by the etching plasma that is disposed above the substrate may be more consistent from
substrate to substrate, thereby rendering the etch repeatable. The elimination of the unconfined

20  plasma also helps reduce the corrosion or break down of components disposed in the region

outside of the focus ring (e.g., door seals).

In accordance with one embodiment of the present invention, there is provided a focus
ring assembly, including a grounded conductive shield which is configured to concentrate the
equipotential field lines in the focus ring body. The grounded conductive shield preferably

25  includes two portions: a tube-shaped portion which surrounds at least a part of the dielectric
focus ring body and an inwardly-protruding flange portion which is embedded within the
dielectric focus ring body itself. It is believed that this configuration substantially reduces the
density of equipotential field lines in the region outside of the focus ring. By substantially
reducing the density of equipotential field lines in the near-vacuum region outside of the focus

30 ring, the amount of energy acquired by any charged particle that leaks into this area is
7
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reference to the figures that follow. Fig. 3 illustrates a relevant portion of the plasma processing

5  chamber of Fig. 1, including a focus ring assembly 300. As shown in Fig, 3, focus ring
assembly 300 includes an annular dielectric body 302 (including both portions 302(a) and
302(b)), which encircles chuck 104 when viewed from above. Annular dielectric body 302 may
be formed of a suitable dielectric material such as quartz, alumina, silicon nitride, or a plastic

material such as Teflon™, polyimid, polyetheretherketone (PEEK), polyamid, polyimidamid,
10 VESPEL™ or the like.

- As will be discussed later herein, annular dielectric body 302 may also be a composite

structure that may include two or more different portions, each of which may be formed of a
different dielectric material,

Focus ring assembly 300 also includes an electrically conductlve shield 304, which
15 compnscs a tube-shaped portion 304(a) and an inwardly-protruding portion 304(b), which is in
electrical contact with tube-shaped portion 304(a). As seen in Fig. 3, tube-shaped portion
304(a) substantially surrounds and shields the lower portion of annular dielectric body 302
while inwardly-protruding portion 304(b) is embedded within annular dielectric body 302 itself.
It is believed that the presence of inwardly-protruding portion 304(b), which is grounded during
20  operation, substantially reduces the density of the equipotential field lines in the upper portion

of annular region 306, i.e., the region outside of the focus ring.

‘While not wishing to be bound by theory, it is believed that inwardly-protruding portion
304(b) forces the equipotential lines to curve sharply away from region 306 in order to stay in
between high voltage chuck 104 and the ground potential, which is present on electrically
25  conductive shield 304 during operation. If inwardly-protruding portion 304(b) were absent
from the electrically conductive shield, it is believed that some of the equipotential field lines
may extend into region 306, particularly into the upper portion of region 306, to energize ions in

region 306 and possibly ignite new plasma or sustain plasma already existing therein.

With reference to Fig. 4, for example, the electrically conductive shield is shown having

30  only a tube-shaped portion (i.e., without an inwardly-protruding portion). In Fig. 4, some of the
8
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t he 15  region 306 may, in any case, need to remain unobstructed to serve as part of the exhaust path

D)

through which the etch byproducts may be pumped away. Accordingly, the use of the
inwardly-protruding flange portion (as is done in the embodiment of Fig. 3) to force the
equipotential field lines to curve sharply away from region 306 advantageously reduces and/or
eliminates unconfined plasma formation without the disadvantages associated with extending

20  the tube-shaped portion into the upper portion of region 306 (which may block the substrate
transport path or the exhaust path) or without the disadvantages assocjated with filling region
306 (which interferes with the exhaust operation).

Although inwardly-protruding flange portion 304(b) is shown forming a 90° angle with
the longitudinal axis of tube-shaped portion 304(2) of the electrically conductive shield in Fig.
25 3, the exact angle at which these two portions intersect is not critical. Likewise, even though
inwardly-protruding flange portion 304(b) is shown connected to the upper edge of tube-shaped
portion 304(a), it is contemplated that this connection may be made lower or higher relative to
the upper edge of tube-shaped portion 304(a). Also, the exact depth of penetration of inwardly-
protruding flange portion 304(b) into the body of the focus ring may also vary from system to
30 system. Itis of course preferable that the inwardly-protruding flange portion 304(b) protrudes

sufficiently into the body of the focus ring to bend a sufficient number of equipotential field
9
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surrounds at Ia@aasé{géézpart of the dielectric ' focus ri ﬁ?’%@c@‘gﬁd an
| nwar dl y- pr gids Wi of! rBRER 306 4dd | %téc&iéf'éﬁth% id fidn b Ssustici

di el ectric focus ir?i ﬁg Igéc}dy i tselr?ﬁllcim#s bel ileve q?ﬁg‘tl%%‘]igg’&é%onﬁ“gﬂtiﬁ‘%%ﬂiyon
subst ant i al loy lees] gechghatpaconfined plasaaimog beignisefandinr ewstdiwdd. fi el d 1ines in
the region outside of the focus ring. By substantially reduci ng the

density of equip ' ' ] o - \/ regi.on _out si de of

the focus 30 r'i&trl\(gi,%dtaﬂg’ %‘#‘r@d tlh%gﬁ@rﬁéwgf ﬂ%c‘%ﬁg% %%'a%yéﬁgr@ l%ﬂ’ﬁ?’&é%e%ﬁlgf icle

that | eaks fomned with subarsbapei portion 304(a) in Fig. 3, such is not absolutely necessary. For

7 ubst anti al.l educed, thereby essentially elimnating the

bossi bi | § ¢y R Bor Gt gL ARl Protd e S e et $04) may bo s separatelyne

features anhney aBétAGSY cBhduche FlERIRA s ih @léﬁt}ﬁ&&l%rg_&&%vi%%lféﬁéh&feﬁ gpﬂgﬁ@%&@?d
ow. Fig. i1lustr

W th reference to the figures that fo V es a
rel evant poftd gaungk Assuch ypretedingiflagge mortions304(H) avouldfalsoisgrve its purposeledi ng

a focus rin lﬁﬁm : : 3 ' ' ri ssenbl.
300 i ncl udege an ann%ﬁﬁé}gJ Q%Pei eé?ﬁ%%%@ﬁ?g’éﬁ%‘?‘ﬁéﬁ (l?,ln | ngsog%\t H"?Bﬁ?ﬁ%é’iﬁsm?(}‘g( a)
and 3 €hiz{ deipn cainotbe formed adés swstaireld. 104 when vi ewed from above.

Annul ar dielectric body 302 nay be formed of a suitable dielectric

mat eri al,,such as ar. alum.na,. sLblj.can.nitrjde, .or pl.gsti c . .

mat er | a:msuch as?&jég'!%ﬁfbgfhﬁqeduﬁﬁ'VP Mg) 3o %P@ﬂ@?@&"@ﬁ’@ apupg djelectric

pol yami d, pobds ofithkafotih rink) By spiBiEhE ibekhed pétdon B44(a) (which is groufifed Wulihg b€
di scussed |l ater herein, annular dielectric body 302 may al so be a conposite
structure t ABRTALARY) as 136 PWRYLrem Bighvoliage shupkrl04 peppssibley arring scrossdhshgapbetwreen h
may be for ' ' i ' . .. .Focus
ring assenbnlﬁ%tﬁ) Oﬁgf%eoc}ﬁuﬁ]g%({cfgéﬁlgﬁr e fgég? (rflh{?a 711;!/?1%% %gdsaiéit?n\%l l%ﬁ‘ll%ﬁmcfe%dvéf}mh
which 15  edvaptagenuslyprolotgs-thehlifp ofithp docuis ting 804 e highivaitage chuck.

i nwar dl y-protrudi ng portion 304(b), which is in el ectrical contact

w th tule-shaped ' ] ' - shaped port.j on
304(a) gﬁbst antia ;TD ﬁéhrag%ﬁg@lgﬁ *'S ?g{%%l%tﬁ%g?dg%g?%&g%p?%sg&oafwgﬁﬂﬂ%ear

di el ectric swebpur80shich includesttivb @r mowatifféryatponions: dWith referehdeas Fig03,(fhy exatple,

embedded wi tthr}ls peﬁ%@mngllt ?sr shgwl)vxel Ibg %;[erﬂrecset?c%%}‘ bg’tg %rslt tat?neullgr dielectric portion 302(a) and

second annular dielectric portion 302(b). First annular dielectric portion'302(a) may be formed
of, for example, a ceramic material to maximize resistance to the etching effects of the plasma
20  and to provide structural rigidity and stability with changing temperature. It is contemplated,
however, that first annular dielectric portion 302(a) may be formed of any suitable dielectric
material such as quartz, alumina, silicon nitride, or a plastic material such as polyimid,
polyetheretherketone (PEEK), polyamid, polyimidamid, VESPEL™ or the like.

Second annular dielectric portion 302(b) may be formed of, for example, a plastic
25 material such as Teflon™, which is closer in dielectric constant to vacuum than the dielectric
material of first annular dielectric portion 302(a). It is contemplated, however, that first annular
dielectric portion 302(a) may also be formed of any suitable dielectric matetial such as quartz,
alumina, silicon nitride, or a plastic material such as polyimid, polyetheretherketone (PEEK),
polyamid, polyimidamid, VESPEL™ or the like. In any case, the use of a dielectric material

30 that has a dielectric constant close to the dielectric constant of vacuum for second annular

10



It is believed that the presence of inwardly-protruding portion 304(b),

whi ch is grounded during 20 operatton, substantially reduces the density
of the equi pot HPPUIHi el d Iines in the upper portion BT/ 9t
regi on 306, the.re i de ,of the focu e s . VWi | e
not wi shi ng tdb‘?%"g’ %&)ﬁg % geouply reduges e IW@% {’?ﬁtg"%?@f’vfﬂ‘got rudi ng
portion t.forces the equipotential lines to curve sharply away
fromregion 306 1n order to stay in bet ween hi gh voltage chuck 104

and the ground potenti al ich is present on .electric condu ive
shiel d 304 duringh Bﬁg\ba‘ﬁ%#ﬂ ectyiqal § EN‘;F?S?Z&%rg ‘ﬁ %‘ﬂ )
absent i fopiibd a&ﬁateﬁmh ggmgﬁemaﬁ& b&%taahmd@lm hstadnﬁ\ll%!:du?d/ that

some of the equipotential fiel i nes may extend into reglon
particul arl y tietwesn tube-shansd poytion B04{x) and second amulandclectrc nqmlg?iﬂzéb |(¢m§o,|fnr

ext'st 1 ng ¢ horgrp mamtachitle e Srd iR Hincadd B RpRehEiRinme
el ectrical |y sanddedinygaps Byalshgiasnatdtalaving\a diectit conaitlt voge tb Mamlmad

ortion (i.e., without an inwardl rof rudi ng por 4, sone _of
P he ¢ constant of vacuum for second ar){nurl)ar d}electnc pgompon 362(%) theé'Jxeld lmw are more equally 4

lines are showp..g¥ir bmhmfcfanésbﬁetw&%bm e;faa@enfaﬁ 3913@'@3 J;égﬁ,er%ﬁﬁapse of

this, there i otentially sufficient tric sity In this
regi on t 010 gnsetendzanoiilar dislecttiapantien392(Mwehicheleblps reducgélentmaal stress and prolong the Not e

that it is disa tageous to extend the tube-shaped portion upward beyond
the 5 upper %&X%@%&Wé“&ﬁﬁﬁ% Wbl ectric body of focus ring 302 since
t he presence of a physical structure, such as an extended tube-shaped
conductive shiel d,By mnhiﬂgﬁwmaﬁﬁlamﬁﬂédtﬁh’boﬂf/htmiwmoﬂﬁﬁpmateponﬁmﬁ ﬂﬁpﬁiﬂedding
substrate transport and/or roduct exhaust. Wil e ssi bl e t hat
some ar r gipEsrdlyrPrAEA %‘ﬁbmrﬁ%‘?%g’%%ﬂig‘ew é’%g H%H!’?'ﬁeg"e
shi el d out 0fB§vW§ ¥B¥kaiBle, such emsedaﬁgrn%y%etamafpﬁs}{ea s1rx§ﬂi5eb)aiil§9rﬁﬂg(1ﬂ@inwardly-

conpl exi ty and” expenses i nvolved therewi th woul d have béen 10 undesi rabl e.

Al so, suchS anprettudingifiahge poadion nntw@esmcebﬁwmsﬂrﬁéwmwﬂm@@@(abm act
W th t he b uct C d
that it may arelEEmmedBoant iR 10 orBie 3 ascobbnadinitt BordEe BBl G5 B

annular dielectric body around the electrically conductive shield in order to embed the

(-

inwardly-protruding flange portion into the annular dielectric body. Further, if adjustments
need to be made to the position of the annular dielectric body relative to the chuck (in order to

20 calibrate a system, for example), the use of a multi-portion annular diclectric body also helps
simplify the adjustment. By way of example, adjustment may be made simply by raising or
lowering first annular dielectric portion 302(2) without disturbing the rest of the focus ring
arrangement,

‘While this invention has been described in terms of several preferred embodiments,

25 there are alterations, permutations, and equivalents which fall within the scope of this invention.
By way of example, although the plasma processing system employed to illustrate the invention
utilizes confinement rings, those confinement rings are not absolutely required. Although the
presence of the confinement rings helps in reducing the amount of charged ions leaked outside
of the region immediately above the substrate, the use of the inventive focus ring arrangement,

30  which includes a conductive ground shield having an inwardly-protruding flange, also

advantageously reduces unconfined plasma formation and/or sustenance even when
11



aportion or all of region 306 with a dielectric material sinply for :the
pur pose of nig#n&ﬁégg or elimnating the near-vacuumregi on in which
pl asma may be ¥ “ At least a portion of 15 region 306 TOSpRALAaTTy

case, need r [, . t r ri .of . the haust pat h

t hrough whi %%@%%Mpﬁggét&gﬁ%?% rrPl(E?ll{/tﬁ %EM 8?1%%%%3;\/\%?/ _ely'&:@ggﬁé ?ﬁm?lgﬁ?émﬁse
of the chaintbepis émplayedhereid ito facilitaedjecupsion ofale fraferred eriodemén, it i€

enbodi ment of Fi fﬂié?“ﬁ force the equi potential field lines to curve
sharply ama?’?‘?’é‘ﬁ? bife Sryentiygforve 58 asembly may glse be benefisial to etch pragesses nat es
unconfined pLashRd ' 'mﬁggg 4§h%%§@g : ' .t h

ext endi ng 28& t he %ﬁ@mgg? port ir?)n into t hg%’ggﬁgg???@ﬁgﬁs@& on 306
(whi ch nly brooesking lsystemgy ECRehaged systems,tMARE souirce-hasadisystems, land tve hike)s tIt shotld) or
wi t hout the_di v jated.wth filling regi.on 06 (which
interferes ng? ﬁggﬂgpégﬁtgug ?n% 3”3“ r%?ﬁlgtrll‘fe. ways of mmpléittentinig h'eﬂ’etﬂﬁ’gﬁ Q?fig appa‘gat“ses

i nwar dl y- pr of the gtesgnt irlventim. (i thiefstord @térded that thb Mowingl app&dedci@Mser | angl e
W th t he | ongitudinal axis oftube-shaped portion 304(a) of the

el ect ri cal | PteiBictrd @ inpliding allisych glteratigns, peymutations, pad equiyelentng fadl withimie e
these two pgL:ii 1 i scritical. Likew se, even though
inmardly-pr%@%tﬁ?ﬁgh$%§ng %%???@%&%84(b) i's shown connected to the upper
edge of tube-shaped portion 304(a), it is contenplated that this
connection may be nmade | ower or higher relative to t he upper edge of
t ube- shaped portion 304(a). Also, the exact depth of penetration of

i nwar dl y- protrudi ng flange portion 304(b) into the body of the focus
ring my also vary fromsystemto 30 system It is of course preferable
that the inwardly-protruding flange portion 304(b) protrudes

sufficiently into the body of the focus ring to bend a sufficient nunber of
equi potential field 9
lines away fromregion 306 and reduce the electric field density in this
region to a sufficiently | ow | evel such that unconfined plasma cannot
be ignited and/or sustai ned. Addi tional ly, although

i nwar dl y-protrudi ng flange portion 304(b) is shown integrally f or med
wi th tube-shaped portion 304(a) in Fig. 3, such is not absolutely
necessary. For 5 exanple, it is contenplated that inwardly-protruding

fl ange portion 304(b) may be a separately formed electrically
conductive piece that is in electrical contact with tube-shaped portion
304(a) ~and ground. As such, inwardly-protruding flange portion 304(b)

woul d al so serve its purpose of

12



bending the equipotential field Iines sharply away fromregion 306 so that

unconfined plasma in this region cannot be formed and/or sustai ned.

10 | N'WRi0H00982 { ybe- shaped portion 304(a) is shown (ﬂcé'wg%’d”""
outside of the annular dielectric body of the focus ring. By spacing
t he tube-shaped portion 304 (a) (which is grounded duri oper ati on)
as far away from high voltage chuck 104 as possible, arcin ap
bet ween t he high voltage chuck and the inner 'surfamﬁ g & R Wﬁ
ring is substantially mnimzed, whichCLAIMS advant ageo

life of the focus ring and/or the high voltage chuck. 15 I n one

opti onal enbodi nent, annul ar dielectric body 302 nay represent a conposite
structure, which includes two or nore different portions. Wth reference to
Fig. 3, for exanplagfocus ring asickibly 6&ﬁ§1ﬁ&f‘ﬁ&hbst&hﬂb@@r@é’aéﬁiﬁl(8fﬂﬁﬁﬂfae of both
first annular dielectric portion 302(a) and second annul ar dielectric
portion 3cﬁ2(mroceﬁmasqha@hﬁumm§m§1 ectric portion 302(a) may be formed

of , for exanple, l.pi © MBxin ze resistance to the etching
effects of the pl asrra ‘g%]d?elémch;&?pr%w de structural rigidity and stability
wi t h changi ng t enperkticaly donductiveshidldsumloanding said annu]arfﬂ)ﬂlmhmbodylﬁid first

annul ar dleletrLc ortion 3 of any sujtab ectric
material suc h‘s’i P?’%i““}a"ie&ﬁ’ﬁ’g‘ﬁ)em& g’f“%’ﬂf’dﬁ? {;re?clﬂ’éma grﬁ“‘b‘i g piqs

such as pol yi groébssin chamb@pka&&b&mﬂb%ﬂae&mem@ﬁ%ﬁﬁidmgooI yam d,

pol yi m dam d, VESP [ertr] or the |1k Second annul ar

dielectritOportion 302@@}berﬁh§£’6690$19nh@@8 disposedutsideanfpaie aunylap Higleciric body and
t | h T , | t tant t
mat eri al suc Wg_s .@*ﬁ{%{i‘%ﬂ?{ﬂﬂh"fm"%&“@?‘.“%&gﬁ? I};;%@ el ectric constant to

vacuum than t annul ar dielectric
portion 302(a). It is aniivwendiy-ptoadding Quvepeportioh beihg f detricalmomactrwith said tube-

dielectric portiagn 302( al so pe forned of an SUIt e dielectric
material suchFEAREIRQ a}d Hg&e °Ham3§r§%ne§ﬁ t i °¥SFF 5 gt B‘L&éhaBF ion, said
material suc hBhﬁ‘ e@pé&&imlﬁsmﬁhﬂtap&eleétﬁgﬁé@y pol yani d,

pol yi m dam d, SBEL[err] or the like. In any case, the use of a dielectric
material 39 that has a dielectric constant close to the dielectric

f . . -
Tt O VBE e theiR BB Ate B B, wheren eid lane npersects eid wbe spaped

stress W t hi npdrtién itQa uppdriedigr of said tube-shaped portion, said upper edge of said tube-shaped

portion being positioned in between an upper surface of said annular dielectric body and a lower
surface of said annular dielectric body.

20
3. The focus ring assembly of claim 1 wherein said plane forms a 90° angle with a

longitudinal axis of said tube-shaped portion.

4, The focus ring assembly of claim 1 wherein said annular dielectric body is formed of a
25 first annular portion and a second annular portion adjacent said first annular portion, at least a

portion of said second annular portion being surrounded by said tube-shaped portion of said

electrically conductive shield, said first annular portion is formed of a first dielectric material,

said second annular portion is formed of a second dielectric material different from said first

dielectric material. '
30
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arrangenent . To el aborer

"m" | tress may_ be created
if second annul ar dielectric portion ; ﬁ,"]”mi Iﬂormed of a materi al

having a hi g"VAP¥O®R:ric constant, and there i a |l vadSIHS§%HT

bet ween t uhe-shape oLtion 4 .and second. annul ar._.di el ect.ric_portion
302(b) " (dud 1 o, ool ing i o el iR e BR BBt maletel i A e o
the field ldienefricwatistsht3aidsestnd didleirREohdtant B a second deMricdastT IR to BY
using a material having a dielectric constant close to the dielectric

const ant ofielestis senstat of vacuwm thansaid first gjelsctricicpnstanbor t i on 302(b), the field
| ines are nore equally spread throughout the thickness between

t ube- shaped portion 304(a) and the inner wall of 10 second annul ar

di el ect 6i c 6por t Thafog@xirng) assenttily bf daitnfswhereln sad 6fsbdielectria matarinkis seramit. pr ol ong
t he useful life of the focus ring arrangenent. By
formng the annular dielectric body in two or nore separate portions, the
enbedding 7.  Thé fochsgtsyenililp bf sl Owhéréin 84d Beebhd &iBlettBd tialeriblit Tefidie™.

annul ar dielectric body 1s also sinplified. By way of exanple, such
enbeddi ng may be acconplished sinply by inserting the inwardly- 15

protrudi ng ¢ | an ]E’éﬂrft' s f a dielectric
portion 3028( a) gﬁ aﬂrg&%%‘i%%gﬁl gﬁnﬁﬁgﬁﬁ%ﬁ }é&?{é‘ %&iagh%s?ra%ef on gb) of Fig.
3. Accd@di ngl y, aichudksonfiguretioaspsrmrtysaiiGulsstrhie ditineg plasma pracessihgyandli el ectri c

body around the c}al ectrically can ugt've shiel d i rder.to enbed the

v dl y- pr o 1 U8RI TPE AGETHS SEPATP ST EE 2 Pk LB TSSO

Further, ifin@digst ments need to be nmade to the position of the

annul ar dielectric body relative to the chuck (in order to 20 calibrate a

system for exanpl e) an apulagdislegirichodyiiand - porti on annul ar diel ectric body

al so hel ps Si j . i JERY wy@ly . | USt t may

be made sinply by rﬂ%lg%&l%@ﬁcagd&ﬁ# owegdlsr‘]l?S |rsgt58£iin%}ljl g?&lgk%ﬁqg(b: f%;g&]

por t i ori5302{exjrically bondtictivieshielditieing comfiguraito betletttieally@ramded within said plasma

arrangenent . . .. Wi.le this jnventj.o as been described in
terns of s&f%?gﬁﬁm%mwrﬁﬂdﬁlﬁﬁﬂﬁ?%ﬂ?@?{‘ “’Hf@&& e alterations,

- -pernutations, and equi val glg-shdped Portion beind dikfiosed difsidsTiRAd Ahndld}dfelectric

i nvention. By way of exanple, although the plasma processing system
enpl oyed t oy puds pg@t lpastieast of spid annular diplecirichody.@8éf i nerent ri ngs,

those confinement rings agg;m, dlf?ﬁ% Bhe hinek S8iioh Beine A i .
presence of the confinenent E@In S hg*‘psgi ng?'gdumﬁng %ﬁle armun%&lgh?tvgﬁ%rged

i ons | ek edsail tubs-shaped portion saidh Sangegiorion forming aplaejthatlimtersectsspidtulesshapdde, t he
use of the jinventi. focus. ri.ng arra ment, 30 whi.ch i.ncludes a

conducti ve %ﬂf%‘tﬁna“‘iﬁf“@ea”ﬁ? ibﬁg’gﬁﬂl F‘ﬂ‘@g?vbmwsﬁé@f’?ﬂﬁﬁ 4\%%“2‘%’5& al so

advant ageousl y reduces unconfined plasnma formati on and/ or sustenance even
when

11
9. The plasma processing chamber of claim 8 wherein said plane intersects said tube-
shaped portion at an upper edge of said tube-shaped portion, said upper edge of said tube-
25  shaped portion being positioned in between an upper surface of said annular dielectric body and

a lower surface of said annular dielectric body.

10.  The plasma processing chamber of claim 8 wherein said plane forms a 90° angle with a
longitudinal axis of said tube-shaped portion.

30
11.  The plasma processing chamber of claim 8 wherein said annular dielectric body is

formed of a first annular portion and a second annular portion adjacent said first annular

14



confinement rings are not provided. Further mﬁﬂiﬁgh a capacitively

coupl ed plasma processi ng chanm““\ml erein to facilitate
di scussion of tMWOYHE2rred enbodi ont enpl at e?F'W?&?"‘l"We

i nventive focus _ring assenbl Iso be" beneflglal to e 8 sses

oer for med in 2§55 & bOob BTG WL BT Bt Qs by B

coupl ed plas ”?oréon oﬁ%ﬁﬁ%?e‘é&icﬂﬂy &maﬁﬁ%smﬁé%mhmw&bmm%ﬂe&wﬁ&e based
systens, and the like). It shoul I’'so be noted that there are may

al ternative mmybcmmatﬁpnahmﬁ@aca@m@mmsfm@dmﬁmmwaterw t he
present inven nded that the follow ng appended
clains be aﬁﬁocfltﬁ& %dg&?&%&g&? %g all such alterations, permutations,
and equi vafents as faII within the true spirit and scope of the

pr esent inventzion.

The plasma processing chamber of claim 11 wherein said first dielectric material has a
first dielectric constant, said second dielectric constant has a second dielectric constant closer to

a dielectric constant of vacuum than said first dielectric constant.

10 13.  The plasma processing chamber of claim 12 wherein said first dielectric material is

ceramic.

14.  Theplasma processing chamber of claim 12 wherein said second dielectric material is
Teflon™,

15
15.  The plasma processing chamber of claim 8 further comprising a confinement ring

disposed above said focus ring assembly.

16. A method for forming a focus ring assembly of a plasma processing chamber, said focus
20 ring assembly being configured to substantially encircle a chuck of said plasma processing
chamber, comprising:
providing an annular dielectric body; and
surrounding said annular dielectric body with an electrically conductive shield,
including
25 surrounding at least patt of said annular dielectric body with a tube-shaped
portion of said electrically conductive shield, said tube-shaped portion being disposed outside
of said annular dielectric body, and
embedding an inwardly-protruding flange portion of said electrically conductive
shield within said annular dielectric body, said inwardly-protruding flange portion being in
30 electrical contact with said tube-shaped portion, said flange portion forming a plane that
intersects said tube-shaped portion.

15
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subst anti al | ng%/&;g 2/5 a chuck of aﬂlﬁ”ﬂlﬂl"ﬁ"mm lné gg;&gg;ﬁi—,:o

conpri si ng:

an annul ar di®l &t i c*boédly;* and

el ectrical ly coRfUeingg PRkl b whitrkid WAd bide 5RkdoR RO hide- sl eh S5hbL %ta%(’dy !

sai d

10

15

20

upper edge of said tube-shaped portion, said upper edge of said tube-shaped portion being
positioned in between an upper surface of said annular dielectric body and a lower surface of

said annular dielectric body.

18.  The method of claim 16 wherein said plane forms a 90° angle with a longitudinal axis of
said tube-shaped portion.

19.  The method of claim 16 wherein said annular dielectric body is formed of a first annular
portion and a second annular portion adjacent said first annular portion, at least a portion of said
second annular portion being surrounded by said tube-shaped portion of said electrically
conductive shield, said first annular portion is formed of a first dielectric material, said second -
annular portion is formed of a second dielectric material different from said first dielectric

material.

- 20, The method of claim 19 wherein said first dielectric material has a first dielectric

constant, said second dielectric constant has a second dielectric constant closer to a dielectric

: constant of vacuum than said first dielectric constant.

21. The method of claim 20 wherein said first dielectric material is ceramic.

22. The method of claim 20 wherein said second dielectric material is Teflon™,

16




electrically conductive shield being configured to be electrlg%k gynded
wi thin said pl asweo00/00992 pr ocessi ng chanber said electrically“con u | ve
shield including 10 t ddd- shaped portion being di sposed
outside of said annul ar dielectric body and surroundi ng at | east part
of said annul ar dielectric body, and an

i nwardl y-protrudi ng flange portion being in electrical contact wwth said

t ube shaped §orti on, said flange portion form ng a plane that
intersects said tube-shaped portion, said flgpge portion being
enbedded within sgid annular dielectric b 2. The focus ring
assenbly of clain\l wherein said plane in %éald t ube- shaped

portion at an uppeN edge of said tube-shape ort¥on, said upper edge of
sai d tube-shaped portion being positiohed i n"between an upper surface
of said annular dieleXric body and a | ower surface of said annul ar

dielectric body. 20 3. The focus ring assenbly of claim1 wherein
said plane forns a 90[err[ angle with a | ongi tudinal axis of said

t ube- shaped porti on. 4. The focus ring assenbly of claiml
wherein said annular dielectric body is Bor ngd of a 25 first annul ar
portion and a second annul ar st annul ar portion,

at least a portion of jsaid sk [ ion bei ng surrounded by
sai d tube-shaped portion of |said Lcbnductive shield, said
first annular portion is forjmed of [ [ c material, sai d

second annul ar portion is fg ric material different
fromsaid first Hi | .

13 5. The Redus |ri ng m 4 wherein sai d¥™M rst
dielectric material has a fi i 5t ant, said second s

dielectric constant has a se€ closer to a

™
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di el ectric constant of vacuumthan said first dielectric constant. 5 6.
The focus rlngwaammubly of claim5 whereirn said first di el eROIMUSIHEOTT | al
is ceramec. The focus ripgéassenbly of claim5 wherein said
second di el ectric naterlal is Tgfjon[err]. 8. A plasm
processi ng chanber configured t rocess a substrate, conprising: 10

a chuck configured to support sgt? substrate during plasma processing; and
a focus ring assenbly substanti y encircling said chuck, said focus ring
assenbly i ncl udi ng: an annul ar dielectric body;
and an eIe!*TicaJIy conductive shield surrounding said
annul ar dielectric body, said 15 electrically conductive shield being
configured to\be electrically grounded wi-thin said plasm rocessing

chanber, said slectrically conductive shield including

a tube- shaped ‘

body and surrq ndlng at ~and
an i nwardl y- pfa S b1

sai d t ube- shgped , Sald flangg portlo
intersects sand tupe-shaped petion
enbedded within sald annul ar diel ec@icA
processi ng chanber}of claim8 i

shaped portion at

erei n /Ay

hn upper edgggy 0N sAl g ’
S ed$ort/q ;

hul ar di 0 e

edge of said tube-

surface of said an ectri

annul ar di el ectric}body. (r
claim8 wherein sald planeotorns :

axis of said tube->haped porti o ./ 39
chanber of clai m 8f{wherein kai df #nng

a first annul ar po tigT andl a geongl an
annul ar i
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14 portion, at least a portion of said second annular portion
bei ng surfounded by said tube-shaped portion of said electrically
conductive shiwbdyoessi d first annular portion is fornmed of ®CriUsssi14077
dielectric material, said second annulgrgportion is formed of a second

dielectric nateri al different fromsaid first dielectric material. 5
12. The pl asna processing chanb of claimll wherein said first
dielectric material has a - f¥Pst dielectric constant, said second
dielectric constant has a second dj=el ectric constant closer to a
dielectric constant of vacuumth said first dielectric constant. 10

13. The pl asnma processing changs: of claim12 wherein said first
dielectric material is cer dwmC 14. The pl asnma processing
chanmber of chkaim 12 wherein said second dielectric materia
Teflon[err] 1 15.  The plasna proce55|ng chanber of claim8 further
Con‘pl’i Si ng a C et 1) Ul opuocu aUUVC DQIU I Opus 1 | nyg
assenbl y. 16. A nmethod for formng a focus ring assenbly of a
pl asma procesging chagber _said focus 20 ring assenbly ROl Agec-oRfingH=ae
to substanti ncircle a chuck of said plasma processing chanbel],
conpri si ng: providing an annul ar dlelectrlc body; and
surroundi ng said gnnul ar dielectric body with gn electrically conﬂuctge
of

shi el d, i ncljudi ng 25 Frsg?dlng at Ienska ar
said annul ar diel dgctric body wath a tubg; haped

gk\ : = \\\Z\\
2 ’_\"’
1P
—=
L 4/u 7

<r
~ -
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portion of said electrically conductive shield, said tube-shaped portion
bei ng di spos of said annul ar dlelectrlc bod

enbeddi ng angﬂ)@%$%+y protruding flange portion of said eIé%?ﬁ%@%VFV
conducti ve shield within said apnl ar dielectric body, said

I nwar dl y-protrudi ng fl ange pordggon being in 30 el ectrical contact with
sai d tube-shaped portion, said flange portion formng a plane that

i ntersects said tube-shaped p i on.

15 17. The nmeth of claim 16 wherein said plane intersects
sai d tube-shaped portion at a upper edge of said tube-shaped portion,
sai d upper edge of said tube-shaped portion being positioned in

bet ween an upper surface of said annul ar dielectric body and | ower
surface of said annul ar dielectric body. 5 18.1"TE§ nmet hod of
claim 16 wherfein said plane forns a 90 angle with a | ongi fudi nal axis of
sai d tube-shgped portion. 19. The nmethod of clagm 16 wherelrn said

annul ar dielgctric body is formed of a first annular 10 portion and a
second annu ' ' ' f poTtTom—at—tTast—a
portion of second annul ar portion being surrounded by said
t ube- shaped ' onductive'shield, said

first -annul ar poftion is forned [ [ ric material._. said sedond
annul ar portion ifs formed of ' terial diffgrent from
said first diele Ll The neth

) f claimp19
wherein said firgt dielec)rs ' lelectric )O

constant, said s cond di e ' (¥ | &l gnt
cl oser to a di el | Irst-dielectrfic
const ant. =
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20 2
ceram

dielectric mate

16

— GorRaeraret Nod of claim 20 wherei nsaird (first dielectrge mterial i
VERSION* 2. The met hod of cl ai rﬁbG/Merefﬁ n said iiﬁ%&ﬁ&-’*‘
. . . A Ty .‘,‘5
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PROCESSING CHAMBER
(57) Abstract

A focus ring assembly configured
to substantially encircle a chuck of a
plasma processing chamber. The focus
ring assembly includes an annular dielec-
tric body; and an electrically conductive
shield surrounding the anhular diclectric
body. The electrically conductive shield
is configured to be electrically grounded
within the plasma processing chamber
and includes a tube—shaped portion being
disposed outside of the annular dielectric
body and surrounding at least part of the
annular dielectric body, The electricaily
conductive shield further includes an in-
wardly-protruding flange portion being
in electrical contact with the tube—shaped

{54) Tile: FOCUS RING ARRANGEMENT FOR SUBSTANTIALLY ELIMINATING UNCONFINED PLASMA IN A PLASMA

portion. The flange portion forms a
plane that intersects the tube-shaped por-

tion. The flange portion is embedded
within the annular dielectric body,

*(Referred 1o in PCT Gazette No. 30/2000, Section (1)



