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BACKGROUND . OF THE | NVENTI ON PCT/ USO01/ 24103 The present i nvent gn rel ates
to the faPriRgs36on of sem conductor-based 0 devices. Mrecpaserawzarly, the
present invention relates to inproved techniques for controlling
the-pressure in plasnma processing chanbers. In the fabrication of :
sem conduct or - based devi ces {gagmnT A ﬁ@ ircuits, or flat panel

di spl ays) layers of-materia W@%y—gg deposi ted onto and etched
froma substrate surface (eg , the sem conductor wafer or the glass panel)
As is well known in thaVAFER AREACPRESSURE CONTROEosi ted | ayer(s) may be
acconplished by avariety of techniques, including plasma-enhanced etching.
* I npl asma- enhanced et chi ng, the actual etching of the substrate takes pl ace
~inside a plasma processing . chanber. During etching, a plasma.is formed
froma suitable etchant BAGKGRGEND § FEIB&NM ~ the substrate that are
“unprotected by the mask, IeaV| ng behi nd- t he desired pattern: Among

~different types of plasma.-etching systens,. those utilizing confinenment
~rings have provdieptese .mvaghmyr@amfaﬁh@fabmatmof@mmongmm‘nasa@n ‘and/ or for

formng theg .ever shri nki at ures .he bs r.ate X a of such a

~ system may%‘ﬁ\ﬁl ?SOIMEIBW’%‘ E‘gﬁ%ﬁfe {ns) YF@ETO?J %&e}‘b M‘s 1, which

i's i ncor poeahiastiny iHeSHLHR ey la&ﬁéﬁ}d&essﬁigtdh%g&st he use of confinement rings
results in a .signi f i-cant i npr ovenent . the perfor mance of pI asm '

processing systens, - \ur‘rent -iLnpl enent: at ions:canbe inproved.. . par ti-cul ar;,
it is realized imted e 2e 'cmmebmddemeam,msegmedm : inanessure

dgglm(::[(sallof{ﬁg%%}@ ".aﬁgaggﬁgceﬁm E -s%gtel%én%?%%éacu | tef’%‘h?‘cﬁgéfl on, FIG

conf i nemeNigski H9HskaR saBadd(RY., mm&a&&vm@m&@ﬁ panely. tﬂéi&vpélﬁsna
processi ng chanber 100; there is shown a chuck 104, representlng t he

wor kpi ece fpoesin te %t‘@fﬁt@ﬂﬁﬂfﬁiﬁr@&P@ﬂI@ﬁaY@(SbGWthe@nmp!mhﬁdagyet chi ng.
Chuck 104 na&yb%m%ques’&tcﬁ&ngplan% SHI Iec%ch%%mﬁpr] CB e, e.g.,

el ect rost af'fe
etchmg, the actial etching of the substrate takes place inside a plasma processing

chamber. During etching, a plasma is formed from a suitable etchant source gasto
-etch arcas of the substrate that are unprotected by the mask, leaving behind: the desired
patte:fm

Among different types: of plasma etchmg systems those utlhzmg confinement
rings have proven to be highly suitable for efficient production and/or for forming the
ever shrinking features on the substrate. An example of such a system may be found

in comﬁmnly assigned U.S. Patent No. 5,534,751, which is incorporated by reference.

herein. Although the use of confinement rings results in a significant improvement in
~ the performance of plasma processing systems, current implementations can be

improved. In particular, it is realized that improvements can be made in the way in

which pressure is conitrolled in a plasma processing system.

- To facilitate discussion, FIG. 1 depicts an exemplary plasma processing
chamber 100, including confinement rings 102 as they are cwrrently implemented. |
Within plasma processing chamber 100, there is shown a chuck 104, representing the

' workpiece holder on which a substrate 106 is positioned during etching, Chuck 104
may be ﬁnpleﬁlepted by any suitable chuclﬁng technique, e.g., electrostatic,
1



1 2 6 JAN 2005 WD 0211-5236 PCT/ USO1/ 24103 mechani cal clanpi dgd AR or
the like. During etching, RF power supply 110 may source RF power having a
frequencyw®e2/153r exanpl e, about 2 MHz to about 27 MHz, PCo/usovek03104.
Above substrate 106, there is disposed a reactor top 112, whi ch supports an

upper el ectrod 12 th an RF pRdy. 126, . An tchant urce 120
bl i o5 GuRce cHinkatnd Vap b ot Bisdken ME RieHice, REGOVEDSR LU

el ectrode %&ﬁcm %rek'ﬁﬁ'\ﬁn% gﬁnt: § of, 5 Kb genab(ﬂ@wmzeo R IpMeRA
sustain the plasma.” The lasia are vehted to a regi on outsi de of

the confi nemmdluckrlﬁgsAb@ﬂe sld:saatedﬂﬁ,ath&e ipdisposdP 2 reaCGormapnl 12, whichgned, U. S.

Pat ent Nunber 6,019, 060 ntrtled mB sed 10_Arrangene For
Posi ti onr ng SERROLIS 7B FEREr ‘WQQG 14 Wity Weéé‘%’éyi@a &Sﬁg@tg%?‘ﬁq c H

Lenz, | SSUCHaFEBBLY o 1A g?o"a&%@%raaﬁ%&eﬁthﬁ FIEH e hRAUER! e

_ pressure drop I'nerment rings 1s approxi mate roportronal'
~to the exprgdsiagbelicdid elxcitathe etchpnt gdsecr ep}asmyancamkuztaﬁﬂheplmrndr Fhances
bet ween confinenent rings, -as shown in FIG 1. Lenz provrded -a single

noveabl e cofRf #ihppsmg mq%é%alwmwl%%ﬁ@e ezﬂﬁmre gsrilgdo amy

adj usting th ﬁmﬂk@% ' betmeen t he confinenment rrngs 102 by nmoving the

si ngl e novable ¢ I iéfent ring, as taught by Lenz, a pressure control
~range of 17 to:30 W nmay- be obtai ned. -W+th _a pressure control. above 30%the

pl asma may becomdnﬁﬁoﬂiﬂaﬁui@edyb’&Parehmﬁmb@ﬂs,@l@mﬂoetnuﬁem“Cdﬁﬁ-Basms By
~control | ing the pressure drop.-across- the_confrnegent rrngs the pressure

within the mﬁlnmeﬁﬁﬁpsmpwge It is

:‘rrﬁtejlrrgnz 4 ngs ﬁéﬁ%&f%@%ﬁ@%&ﬁw %‘\%ﬂiﬁ ' OrﬂéQOI ng and

. ot her obj ecippessivd drdp BGeBtEOERENdinkht rirpe iPapppedMately proportional to the
expression 1/1 (& +y* + 2%), whete %, y; and z ave the distances between confinement

rings, as shown in FIG. 1. Lenz provided a single moveable confinement nng anda
15  stationary confinement ring. By adjusting the distances between the confinement
rings 102 by moving the single movable confinement ring, as taught by Lenz, a
. pressure control range of 17 to 30 % may be obtained. With a pressure control above
30% the plasma may become unconfined due to the large gap between the rings. By
controlling the pressure drop across the confinement nngs the pressure within the

20 confinement rmgs the wafer atea, may be controlled

It is desirable to provide an increased control of pressure- across the

confinement rings.

. SUMMARY OF THE INVENTION
25 |

To achieve the foregoing and other objects and in accordance W1th the purpose
of the present invention, a plasma processing device. A vacunm chamber with an
exhaust port in finid connection with the vacuam chamber and a gas source in fluid
connection with the vacuum chamber is provided. Within the vacunm chamber a

30  confinement device for providing wafer area pressure control greater than 40% is
placed. —



of the present invention, a plasma processing device. A vachnﬁcMNt?@%with
an exhaust port in fluid connection with the vacuum chanber and a gas
source | WXP2(P6 connection with the vacuum chamber is pPOVUSRHZ4IW thin t he
vacuum chanber a 30 confinenment device for providing wafer area pressure

(I:DggtCrRIO :DTIg roslat(;r TEE%N@ f@%@%ﬁ&l&%ﬁﬁ&?ﬁ?\%@ F!l on'l s‘y&ﬁg ﬂeﬁ%ﬁ%ﬁ Iy\I/Eva of

exanpl e; andetaitbelow Wale @étaildll dekériptioh 9f theSaVeRkiBh bhd it e¥fuiktien Withake har t
pl asma, processing chanber. PCT/US01/24103 These and other features of the

present i nvé&lovang figiies.be described in nore detail belowin the detailed
description of the invention and in conjunction with the follow ng
* figures. limtation, in the figures of the acconmpanying drawi ngs and in
which like reference FIG 2 is a schematic view of plasma processing
. chanber according to one: enbodinent of -the invention. FIG 3 is an"
*.enl arged view of a crosmpmmmme@mmwmﬂmg and verti cal
- restriction ring of FIG 2 FIG 4 is an enlarged view of a cross-section of
t he adj ustabl e confinenent 15 rin and vertlcal restriction ring when the
- adj ust abl e confi ﬂ'éﬁﬂrﬂsenﬁmgenhpglﬂlgﬂm t‘m})@ﬁbﬁwﬂfﬁ G 5is

& schemati c,.Vi. r S d '
errbodl ment: &m{%ﬁg @%ﬁﬁﬁg‘gﬁg @@H}%@&}Q@Rﬁﬁ%@ﬁ\%@% ss section
“of the conf hﬁﬂgﬁ[grefdrwg@ﬂgx@mtsaaam/ﬁmchcal restriction r| _ng of FIG 5. -
FIG 7 is an‘enlarged view of: a cross-section of the adjustable confinement-
ring and out. er- vertical restriction.ri ng ‘when -t he.'adj ust abl e .conf.i nenent '

g i |oweredFIfé1:@s@m§wwloefwnormgias@awcass§eﬂ~@mbﬁb vi ew of

10 . FIG. 2isa schemattc view of plasma processing chamber accordmg to one
embodiment of the invention.

FIG. 31 is an enlarged view of a cross-section of the conﬁnement ring and
vertical restriction ring of FIG. 2

FIG. 4 is an enlarged view of a cross-section of the adjustable confinement
15  ring and vertical restriction ring when the adjustable confinement ring is lowered to its

lowest position.

FIG. 5 is a schematic view of plasina processing chamber according to a

 second embodiment of the invention.
_ FIG. 6 is an enlarged view of a cross-section of the confinement riﬁg and outer
20 vertical restriction ring of FIG. 5.
FIG. 7 is an enlarged view of a cross-section of the adjustable confinement
. ring and outer vertical restriction ring when the adjustable confinernent ring is
| lowered to its lowest position.

FIG. 8 is a schematic view of plasma processing chamber according to a third

25 embodiment of the invention.



25 enbodi nent of the invention.. 3 WO 02/15236 2 6 JAN 2005 QS%ThﬁE%é 4103
FIG 9 is an enlarged view of a cross-section of the confine
FIG 8. WIO@213536 shows an exanple of the confinement ri nBCHUSGVeIseNt mhere
a distance is maxim zed. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
- The present inve scribed.in detail mnth r.ef er eto'a
few preferred engi%@n%%eqaﬁ%reo%gg ?IP*FSLJSSBPP%R ?ri ‘#fﬁ
drawi ngs. 18,In the foll ow ng description, numerous specific detalls are
set forth in order to provide a thorough understanding of the present
invention. It wi.ll be apparent, however, to one skilled in the art, that
the present i nveBIG.okf shays pe examaple pEthe confincuesmt ring amangsment whemfa t hese
specific deﬁg&%&elln otﬁer i nstances, well known process steps and/or
structures haven Sescrlbed in detail in order to not 15
unnecessarily obscure the present invention. To facilitate discussion, FIG
-2 is a gchematic view of plasma processing chamber 200, including a :
-adj ustabl e confi.nement ring 202 and a fixed inner vertical. } restriction
ring 203 according to one enbodinent. of the invention,  The inner vertical
restriction ri i@@Lﬁpiﬂ¥¥3UBWH3 N OFFEE PRERRRRER BNMBODIRENTS he pl asma
~ processing 20 chamber 200 and a free end adjacent to thée confinement ring
202, In the specification: and cl.ains. an. adj ust-abl-e. conflnenent ring is
defined as a. confinement ring. that may : be adj ust ed .or. nmoved i n.an axi al -
. .direction (up.or down). during-a plasna processing. process to -adjustably -
. control the vvaf eﬁhapmemmmmlpnmbédéﬁchﬁédﬂﬁ%tﬁpﬁﬁﬁeéﬁ&né@mat he

finement _ring.202 allows th ustm—:»nt of the conf'i nenment "ring 202
@i ng 25 t ¥ B‘%%’Wé é@%@ﬁ@ the yrcempanyprg dewingsy chamber
200, theye me%%gdggmsﬁeﬂﬁme&mﬁ&%a&&éﬁ&&%ﬁ% §elg! der on

whi ch a substrat
- 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 :instanées, well known
process steps and/or structures have not been described in detail in order to not

15  unnecessarily obscure the present invention.

To facilitate discussion, FIG. 2 is a schematic view of plasma processing
chamber 200, including a adjustable confinement ring 202 and a fixed inner vertical
restriction ring 203 according to one embc;diment of the invention. The inmer vertical

restriction ring has a fixed end, connected to the top 212 of the plasma processing

20  chamber 200 and a free end ad_] acent to the confinement ring 202. In the specification
and claims an adjustable conﬁnement rmg is deﬁned as a confinement ring that may
be ad_]zl&édsr moved in an axial direction (up or down) dunng a plasma pfocesmng
process to adjustably control the wafer area pressure. A controller 252 connected to
the confinement ring 202 allows the adjustment of the confinement ring 202 during

25  theplasma processing process. Within plasma processing chamber 200, there is
shown a chuck 204, representing the workpiece holder on which a substrate 206 is
positioned during etching. Chuck 204 may be implemented by any suitable chucking

- technique, e.g., electrostatic, mechanical clamping, vacuum, or the Iike.- An etchant

gas source 220 and an exhaust port 222 are connected to the processing chamber 200.

4



positioned during etching. Chuck 204 may be inplenented by a yss;@g%h@
chucking technique, e.qg., electrostatic, nmechanical clanpi ng, V or

t he |i kewoA/istséhant gas source 220 and an exhaust portPQPPS@EE1e0ONNect ed
to the processing chanber 200. 4 2 B JAN 2005 WD 62/15236 PCT/US01/ 24103

nFd L %m%?ﬁ%ﬁé RSB ATioH S RSB0 LV OB I T hot

shown for cig @FQ h b &I a ve as
i1 lustrat ed S I?F%Xl m@#gucttl\%g&gﬁgtc may be tﬁ%@%g@%ﬂﬁ%’ %?@pl@g?rlra
gener ati on plashs genefation eimigmeniiiybe cdpheitied adillobirgedinFi@. ¢ er 2kictivgpl i es a
gas to a region within the _confinenent rlng 202. The gas is vented to a

- Tegion out sprdeasobean%heewrorﬁewgﬁme@m €0 an: exhaust portt 222.

The. pressure in the area above the substrate 206 (wafer). is deternined by

the ratg of intr tgl'ﬁ fi E@Qj f Rﬁmf - SQUrce
220 |nt§ the are BEH%%V g’e thh?ﬂg %gﬁow %ﬁon? emn?‘?ﬁﬁg 202,
the rate Ofconﬂmhbmgfzwa%fgé@ﬁgi&nﬁeﬂm £xdpiotsdutside bf fid 2onfitepiederiaf t he
- confinenment ri ng 202,... and ‘the. pressure.drop across the confinenment rin

202. The priXigra w@m@bm%sﬁmemmmabQVﬁgheo@swea%é‘ﬁe@f)t on ? he

o o SRR G5 o o e SRR b O °

.. 203 of FI GmmMefa{ree%@teﬁaeumatezobenmmenoﬂnﬁémémmumz thé ritaefa fl rst
component 302, which: flows. between the. confr nerrent I ng- 202 and t he bottom

"---_228 of 0he. ﬁpe@égwbrmehw@mstmgé’é%ﬁ """ oment 02 peshihe

B e b RSP 0 T e 8,20 ™
process chagdhifinement firf) 2k Gepehlenton thd How Gf ShApetHebiBRdndnp Eng 201 nement
ring 202 and the vertical 20 restriction ring 203 is indicated by y".

which in this enbodi nent is substantially constant. The pressure drop
across the conf i F&Hais ap mlgrgeévmbo%&rrﬁeeep jon of s spnfinsmant Fing 22 and

expressi on '% }ngﬂ) tcﬂ%[ ' Q&J% its
hi ghest posﬁ’%rEl gt}o& nge bée vveen t Je‘ggg%gélerrent%?ﬁl %gr%gﬁt he

bot t om1328 hashﬁet congorient 3020 whidhfbws BeByednthé beifafeaieat dig ﬂﬂ$aﬂﬂ thenmum so
that the 25 pressure drop acrqgss_the onfr@grrent r|n is at. its mnimm In

such a conf Pgitem 2%t themeogess anbshaadha sec fomyne% 85owlgeh Hawsgas 11 ow
and the s eCB&Qve&?ﬁB%ﬁﬁﬁetﬁ% ring 202 and the vertical restriction ring 203. The distance

between the conﬁnement ring 202 and the bottom 228 of the process chamber is
md:lcated as “x” The dtstanoe between the confinement ring 202 and the vertical
20 restriction rmg 203 1is mdmated by “y”, which in this embochment is substantta]ly

p-
.-

O  constant. The pressure drop across the conﬁnement ring is approximately
proporhonal to the expression 1/(:* + ¥°). When the ad;ustable conﬁnement ring 202
is at its highest position, the distance between the confinement ring 202 and the
bottom 228 “X” is maximurm and 1@ + ) is therefore at its minimum, so that the

25  pressure drop across the confinement ring is at ifs minimum. nsucha cdnﬁguration
the first component 302 may be 95% of the gas flow and the second component 304
may be 5% of the gas flow.

FIG. 4 is an enlarged view of 2 cross-section of the adjustable confinement
ring 202 and vertical restriction ring 203 when the adjustable confinement ring 202 is
30  lowered to its lowest position. Again, the pressure drop across the confinement ring is

approximately proportional to the expression 1/(x* +v"). When the adjustable
5



maybe 5% of the gas f low FIG 4 is an enlarged view ofczta geransapmgcti on of
t he adj ustabl e confinement ring 202 and vertical restriction ring 203 when
t he adj ustad¥is23sonfi nement ring 202 is 30 | owered to itsPpPCOMSSE24a%5ition.
Agai n, the pressure drop across the confi nerrent ring is approxi mat el y

D08 WO 827‘ RS e 13 Ao S RORE B e FYoo b vPal e CPRURREs L
po?'t'on %?gﬁ%ﬁd‘%?bgﬂﬁ@g? 4R o %ﬂﬁﬁ O%HE@}(XM Gs ARRF3RG: he bottom 228

S mnlrru Is t re at ~maxi num . so that the

pressure dr opxmennss thiteharedsureairep herbss e confienichSringisiaitemakimomudn a
configuration_the first conponent 302 may be 90% of the gas flqQw and the

second conpewhratcoe@auﬁaﬁ%@ ¢ fsycenmppnem c3 égasfb%%%vﬁ@wcaaaﬂgeasnﬁth

| g;gisﬁmafge%ﬁﬁ E‘Eﬁg?%lo 1:3551 t| efd%%ﬁﬁ%_éag?lo ﬁ%%:{tﬂgﬂrg&@%”t ring 2.0'_2_

f)

as s [0 the

| onest poammmﬁmﬂe@ éﬁitﬁéacijustaIﬂE" 'u&ﬁ%mgmﬁgmwtmg 90%
waf er area pressure.cont: r‘oI__ FLG. 5 is:a schematic vi ew:of -pl-asma_

.' processing- i’ﬁi@ﬂSleaS". winin HG- 3 ud B1GH, [&%t@ﬂ@‘@e&ipﬁﬂh@m@éﬁhmmﬁg 502 and
‘a fixed outé rtlca rlcti nr 5Q3 accordln a second = -
.enbodi nent, g%q/e pfﬂgﬁmgﬁdﬁgﬁéﬁvgﬁﬁs%rglc ‘& Striction ring 503

- has -a fi-xed. end connected to the top.51.-2 of the plasna processing chamber

1500 and a free eByG i aGEHnde vﬁéﬁ@oﬁ%ﬁ&hﬁlﬁﬁﬁ&sﬂ bl BB ORS00 e Bridini ler 552
- connect ed t o the-confinenent ring .50 |.ows 't he adj ust ment. of tt

- confi ndfent ati]llﬁgb & Sonifrm Zﬂtmiip Qe SEiEos -Ieﬁglcﬁbnues§03Wt hin

Farher Shg 504 t 'th
e D oC G kg R SR BR A, TEBE Ry R oS 23 i
Chuck 504 n?éétrhﬂlohmgm Rheslfibed. @wcosmeatapdo&he %Lﬂ&ldfmdﬁmﬂ!é@essm@ g.,

el ectrostatic, nmechanical clanping, vacuum _or the Iike.
chamber 500 and 2 free end ad]acent to-the confinement 1111g 502. A controller 552
. connected 1o _the .c_on-ﬁnement ring 5 02 allows the ad_]ustment of the confinement ring

15 502 during the plasma processing process. Within plasma processing chamber 500,

(

there is shown a chuck 504, representing the workpiece holder on which a substrate
506 is posmoned during eiching. Chuck 504 may be mplemented by any suitable
chucking techmque e.g., elecl:rostatlc mechanical clampmg, vacuim, or the like. An
etchant gas source 520 and an exhaust port‘ 522 are connected to the processing

20  chamber 500 Other plasma: generation equipment, such as described above and
ﬂlustratcd in FIG. 1,is also prowded to the plasma processmo chamber, but is not

shown for clatity. Such plasma generatlon eqmpment may be capacltwe asillustrated

in FIG 1or mduchve, or may be another type of plasma generaﬁon device.

During etching, the etchant gas source 520 supplies a gas to a region within the
25  confinement ring 502. The gas is vented to a region outside of the confinement ring
502 to the exhaust port 522. The pressure in the area above the substrate 506 (wafer)
is determined by the rate of introduction of the etchant gas from the etchant gas source
520 into the area above the substrate 506 within the confinement ring 502, the rate of
flow of gas through the exhaust port 522 ouiside of the confinement ring 502, and the
30  pressure drop across the confinement xing 502. The pressure drop across the

confinement ring 502 is dependent on the flow of gas past the confinement ring 502.



etchant gas source 520 and an exhaust port 522 are connect?2@ tUdN P#5
processi ng 20 chanber 500. O her plasna generation equi pnment; such as
descri beWOB&&6and illustrated in FIG 1, is al so provP§E@0y241e pl asma
processing chanber, but is not shown for clarity. Such plasma generatlon

equi pnent nmaybe qqgagué bty En1@Gedl Widwpsf ﬁr@&-sebﬁbgétcﬁle &oz?i[um ¢ CH&H]

be anot her type of plasma generation devi ant

gas source Sagersigepisial resirintigasing 503 of EYF.dn 'Ihetﬂumofﬁ&paﬂ&h@&ﬂﬁn@ﬁ%ﬁﬂﬁn i ng
502. The gas ve%&d to a re on outside of the confinenent ring 502 to

t he exhaust %’g CORPORFH afWMC flows bgiwesn Hnsealippraent xingi5031a8d 306

. (wafer) is 59h ant gas from
" 1 he etchant %z%ﬁfs?urce @@%&%ch%sﬁga%drgggcgg&lo& eeﬁé%(i)tp ctfheé]% Wi t hin
“the conffnemntreenmthgctﬁﬂxemﬂhmﬂgﬁm ﬁﬁdthébﬁb&i'ﬁémgﬁ&eﬁﬂéﬁaﬁgﬁgtm epgaaust port
- 522 outside gof e. ‘confi enent ~ring. 502;- and.the ressure- drop across .

' the confine RHve %@Qﬁ%ﬁ%b@mﬁﬂgoﬁﬁnfpr pesscimibieny 502
i s dependen |

2005 WO ozlf‘%-':--;ﬁl-’: '%t“’téglf@%gﬁf-he.mnt i?ﬁg@c}l‘g%‘eéﬁtz E

cross- sectii mtiﬁ‘aihb@wﬁ@ﬂhh@%@ﬁ’dmﬂieﬁ&d% %clpﬂttﬁise&‘rﬂfo @i estriction
ring 503 of FI.G h_e_flow of gas pastgz?fhe conf1 nerrenthirdling sr502 has a

- first comporfe? teonoiiine ingiimg 502 and the.
bot t:om- 8 d a s ppone 04, _Whl ch- flows :
. bet ween’ %%B}c’?ﬁnﬁég‘ri’?gﬁrﬁ %hig T % %’é i_-,tﬂ?é‘g P¥Eion ring -
©503.- The dlcaﬁﬁmﬂaghmlgﬁqtsqﬁ dsf i . THe Mkt 0.2 1Rk %}g‘zs of
e process chanber 1S indicat. ed%s "x": . The f sk et weenEl

s f i nement HAZ9250d theteptione 528 158} is mnmumamdﬂé(x? *lyﬁllsmerﬁbr@tﬂGB i s :

dicated b t hi bst ant.i al | tant. Th
b eseur 6 dré%né%%\é\%tﬁﬁt the piH e R Sor iR i o GpBRBSAr RS AR BERES dRal o
t he expr essisach 4 tdnfipumticdlihe WL BotPEnadboB ?b@QS?‘H&?@%ﬁ%&ﬂme 502 is

at its highest position, the distance between the co
15 7 second component 604 may be 5% of the gas flow.

FIG. 7 is an enlarged view o_f'a cross-section of the adjustable confmement
ring 502 and outer vertical restriction ring 503 when the adjustable confinement ring
502 is lowered to its lowest position. Again, the pressure drop across the confinement
ting is approximately proportional to the expressien 1/(x + y%). When the adjustable
' 20 confinement ring 502 is at its lowest ﬁosit’ion, the distance between the confinement
ring 502 and the bottom 528 “x” is minimum and 1/ + y?) is therefore at its

f'“‘?‘?;

maximum, so that the pressure drop across the confinement ring is at its maximum. Tn
such a configuration the first component 602 may be 90% of the gas flow and the
second componeit 604 may be 10% of the gés' flow. The change in the pressure drop

25  across the confinement ring as the adjuistable confinement ring 502 goes from the
highest position, as shown in FIG. 5 and FIG. 6, to the lowest position, as shown in
FIG. 7, is about 100%, thus providing 100% wafer area pressu:ré control.

In this embodiment, the confinement ring 502 has a leading edge 702 on a lip
704 that extends around the outer surface of the confinement ring 502. Similarly the
30  outer vertical restriction ring 503 has a leading edge 706 on a lip 708 that extends
around the inmer surface of the outer vertical restriction ring 503. The distance

between the leading edges 702, 706 determine the distance “y” between the
7



~the confi nenent

ring 502 and the bottom 528 "1" is naximum and 1/(x2 +Y 2) i32 & hbkN28i% at
its mninmum so that the pressure drop across the confinenent ring.is at
its mni MM2/15@36such a configuration the first conponent r6OAISOEY4IIDE 95% Of
the gas flow and the 15 second conponent 604 maybe 5% of the gas flow.

FIG 7 i f t st ahl f t
i ng 502" andO BRI ERY PO BV BN RN FIoRgTeORSwAe (SRR M &
conf i nement 7p5 fg bé%?dh &ﬁﬁ&&o&@uﬁf&m‘aﬁﬁﬁ?@cﬁ%ﬁt&&%e Al the

pressure drop ac oss nement ring rs approximtely proportional to
t he expresscmmﬁﬂeb(enﬂnng&@anﬁheﬁerhbﬂreaﬂmmﬁigéozoS@dmhpsmmaleidmg ng 502 is
at its lowest position, the distance_between the confinenent .ring 502 and
t he bottom @Sm@ﬂeslmﬁmthﬁmeamswb dimenti2y s therefore at its

maxi mum , - so that. the pressure dr-op across the confinenment ring is at |ts )

- maxi mu In suc f i of the
gas flg:;jv and themge%ig% b%#ﬁ%{gne%gggémééhggﬁ%%ﬂmﬂ “he gasm?ﬁlc’%%g{ -
! ’. tabls s:unﬁwﬁhempnﬁgs s02r m;rdaﬁ@to@thfxdeﬁimﬂmndnt ofitha snvehtion.
lenent: ring.502 goes. fromthe hi ghest™ p03|t|on as shown

in FIG 5 a‘.-- : ,:,_;_.QTBS__%@@W@WE@XOfﬁB%W‘i’WJ lesmﬁnemﬁn es802, is about
100% t hus RIS ﬁﬂrengj Dot Uf . nﬁfaésﬁb%ﬂtr? éﬁ%,e- di ment ,

HUZ ::j;_ ~Feadrng edge 75 ; tend_s
“around the pticessinpprboss '!Jﬁe fheroter g2 aapdt _"ﬂris@%@@. _'r%bh@dﬂasﬁﬁ&e%
. outer vert|cal—-~:-r-'est-:r.-,l.-;ct| onring 503 has ‘a | eadi.ng edge: 706 on-a:lip 708 .
~ that exdfendsa cqnielien peair E@r%@@_,___.___._.._.,_;‘m@nmﬁrmglplmecpcmollmt|on

?aﬁgg ;Bﬁogév\een pbShols inb sl dﬁt% e the

confi nenent tidréfy: sﬁ@ﬁn&%ﬂu&ﬁ@@ﬁp&&éﬁﬁnﬁtﬁéiﬂhﬂﬁm fhoIdeﬂGn B&h Mbh'ité adi ng
edges 702, 706 maybe used’to provide a nore uniform and precise distance

bet ween t he 808 Exrashiwmed durmaicing Qh@kt&%wbq@mlem%ﬂmwmtpmng 503.

s Sehemaioeielibiolt e BRI Rtchibicd Ry MREERORC TS, wie
:’iﬁjv Eﬁi ;stlglne erhfntyasefired smd%%xhamcpmemaﬁe@omécmdrtd tlyreedsspt of the

‘l

chamber 800. Other plasma generation equipment, such as described above and
iltustrated in FIG. 1, is also provided to the plasma processing chamber, but is not
shown for clarity. Such plasma generation equipment may be capacitive as illustrated
in FIG. 1 or inductive, or may be another type of plasma generatxon device.

20 Durmg etchmg, the etchant gas source 820 supphes a gas to 2 region within the
confinement rings 802 near the top 812 of the processm_gr chamber 800. The gasis
vented to a region qutside of the confinement rings 802 to the exhaust port 822. The

pressure in the area above the s_l;bstzfate_. 806_.(wai_‘er) is determined by the rate of
introduction of the etchant gas from the etchant gas source 820 into the area above the
25 subs&ate 806 within the confinement rings 802, the rate of flow of gas through the
exhaust port 822 outside of the confinement ring 802, and the pressure drop across the
confinement rings 802. The pressure drop across the confinement rings 802 is

dependent on the flow of gas past the confinement rings 802.

FIG. 9 1s an enlarged view of a cross-section of the confinement rings 802 of
30  FIG. 8. The pressure drop across the confinement rings is approximately proportional

to the expression 1[‘(\7«2 +3 + ¥+ 25, where w, %, ¥, and z are the distances between

8



A controller 852 connected to each of the three adj ustabhef3 cm nggrent
rings 802 allows the adjustnment of the three adjustabl e~continenment rings
802 duri W@ ®f18236| asma processi ng process. The control | er PEEESHHBonpri se
three snmaller controllers where each snal I er controller controls a single

ﬁ%ﬂﬂkﬂiﬁﬂi oo haggehon hoPa Rt 5o oy Bhts rat 5562 b Ao loun o
osi ti onetl MPi ﬁz?,*EQE’%hWrﬂa%Wz"'g h my%?".’ﬁn% emﬁeﬁ‘%@‘%&% e

chucki ng teﬁm ddefinerterd ring€ BOT vk didepéridentlymijtmtabile,dhe cordfinpivegt rings@0Am , or
the like. An 15 etchant gas source 820 and an exhaust port 822 are

- connect ed t@ﬂfhéﬂ%?fv@éé% ptepe W%@Y,@%W%‘F, : dgyity fhe
SHET T v e R TR

prOV|de to- prasn
" Such pl asmmgﬁg%%ﬂﬁﬁbr@ﬂiélmai&zﬁﬁm dienigainaniy is weinsized.| Ash satkdhei n FI G
:,Iasna generatlon deV|ce .20 :

-1 or inductive; or. nmaybe’ another - type of_"

(I) )]

B Durlhng ethchpwgsmtdmpmmafhp gl Mg on
| X“héniDQrtsSoel?‘&ﬁﬁ?W*-””%f o ﬂ@eﬁégﬁtﬁnaé’@%ﬁ%e?tﬁtﬂtﬁ_-;;..._ ?snsi'ngﬁt .
rings 802 tge ' BresshibIro BOV I 4G99 via Pegeye the .

substrate 806" (\/\/afer)" i's deter m'ned'-b'y'f"t- e rate of |ntrbduct|on of the
_et.chantlOgasecéntmli t he et chant: .gas source.820 into the area above the .25
.substrate 806w t-hin the confi nement ' rings: 802, the rate of flow of gas

U e e BO e B Ha S R Bt a0 e
- the conf | neﬁﬁgémayﬁaﬁse@%%héﬁ at ﬁﬁﬁ@ﬂd%ﬂﬁe@ﬁnﬁﬁ@n&ﬂt@ﬂg@&egﬂﬁsﬁaﬂ t he

confinement rirngs 802 is an enlarged view of a cross-section of the
confi nerrent Prafmghlmmemtthrmfﬁh@mﬁnemmrmgemnd@% s the

fi h w2
O o e oy e SRl Rn i, G SRR (122
26 JANSZOOMQE%@%M%&%%WM&@@@SWMeH G 9. In this

exanple w = z. This causes

All embodiments may provide confinement at higher wafer area pressure
control than in the prior art.

The advantage of the embodiment with the inner vertical restriction ring is that
the plasma may be confined to a smaller area and be in contact with a smaller surface
20  area. The smaller surface area of contact means a smaller surface area needs to be

cleaned A disadvantage of the inner vertical restriction ring is that deposits on the
inner vertical restriction ring may cause contamination, since the inner vertical
restriction ring is close to the wafer processing area. This embodiment provides

improved WAP control.

25 The advantage of the embodiment with the outer vertical restriction ring is that
it may provide the best WAP control. In addition, since the vertical restriction ring is
further from the wafer area, the vertical restriction ring provides Jess contamination.
However, this embodiment exposes a larger surface area to the plasma increasi}ig the
surface that needs to be cleaned. Both embodiments using a vertical restriction ring in

30  addition to providing improved WAP control, also provide a much simpler control.

9



1/ (W2 + x2 + 9 + z2) to be a maxi rum whi ch maxi m zes theg?eﬁ@pgﬁg@rop.
Si nce aln‘? orz{i[q?f confinement rings 802 are independently adjustable, the

confi nenBm*¥if gs 802 maybe noved so that one of the di SRGHBEEN24103y, 2z, or
w may be maximzed with the re ring distances mnimzed. FIG 10 shows an

exanpl e of the fa SRS 'dqgég-gg the -di st an zis
maxi m zed- and ;Hi&sddg*i ni mozfgié. Q-EHrgé;%ﬁﬁ%ﬁl?ﬁée@ﬂngm rg%]g%éé%g he
-conf i nenentconfimgse @dndowibiextendéd Siehnaaxinbotizhent BAPRIRI eatbP 1/ (W2 + x2
+y' +z ), is mpomzed, |t has been calculated that the differences 10
control . pradkd} et pRrigReas pelprefbers mapbamsignifiga ghangeds aewirdln ot her
enbodi ment LA gpl ti pl e confinement rings, nore confinenment rings maybe
used, where at l'east two of the confinenment rings are adjustable.
~Preferably, at l|east three of thhe confinement rings are adjustable. In
ot her ®nbodi. meWhilsihisinegntion hes bevh destirbed Hefokiis 8L sdvesml pickirean ring, more
confinenment rings 15 may be used, whereat |east one of The-confinenment '
- rings is adfbedBumts, thers arg plierationsnpermuiatiops,cunil gubstituie eqwiveluts sthidhi fler
waf er area BHESHI E£...Conttol than Jn the prior art. The advantage of the
enbodi ment Wi _ ﬁ#hsgo_?n%'%?b&@l-ﬁ@é%&‘ffﬂg?b%ﬁoﬁcfl'&t@thﬁ‘?ﬁ&mhe pl asma
- maybe conf ialiegative waysfihpleni®es mefiném)dsmﬁa@pﬁﬁ%sééﬂfotﬂm@qréé&{ ler surface
- 20 area. The.smaller..surface:area.of centact Means a snaller surface area:-

needs to banveatiamnlds thegfore infended et dfe folewingrappended clahmk be amtrptetéd on ri ng

is thajydeResit.suon 4 hesinner- vertical restriction ring-nay cause - -
cont an# Gat P’(g) gdd‘gqlgr%%ﬂ %e% 4%@?35@%%9“?@@&395%% ﬁq‘-ﬁv%ﬁmﬁ és gil]o@éhliﬂo ‘the
@A er procelsinRgspiitiad sdéieof WEReid P veRti®yi des inproved. WAP control . 25
9¥e advant age of the enbodi nent” wi'th tthe outer vertical restriction ring is
that it may provide the best WAP control. In addition, since the vertical
restriction ring is further fromthe wafer area, the vertical restriction
ring provides |ess contam nation. However, this enbodi nent exposes a

| arger surface area to the plasnma increasing the surface that needs to be
cl eaned. Both enbodi nents using a vertical restriction ring in

o 55 5
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30 addition to providing i nproved WAP control, also prov2de JAMZEH si npl er
control. . WD 02/15236 2 6 JAN 2005 PCT/USQO /24103 The advant age of

provi di TYOOHIEE6 adj ust abl e confinenent rings is that thepcymltzg’é’ﬁent

wi ndow i s extended. Such an enbodi ment can withstand a greater anmount of
part wear before there may be a significant change in control

characteristics. Wile this inventiegq been described in terns of
several preferred enbodinents, there are alterations,: pernutations, and,
substitute equivalents, which fall wthin the scope of this invention. It

shoul d al scWhstinelaéidedisat t here are many alternative ways of inplenenting
. the nethods and apparatuses of the present invention. it is therefore
" intended that tluge foll ow n R ended cl.ains be interpreted 10 as ‘

i ncl udi ng all ﬁaémﬁéﬁr%ﬁeﬁ e AAPEPTB%s, and substitute equival ents as
fall; within the triue spirit and scope of the present invention. 10 2 6
" JAN 20 VO 02/ 15236t NBmiliat is claimed is: . 1. A.plasma processing
~.device, conprising: vacuﬁ\%tachanber - PCT/ USOl/ 24103 a gas source in fluid
““connection wth the vacuum chanber, and than a confinement device-for =
- providifig weer: wmamtpsﬁmﬁumn&hogwﬂtﬁcvmumcm&m asma processing
- .device, as recited in claim1, wherein the confinement device conprises:

a. vertical restriction ri th| the vacuum ch 1. and an adj ustable
“confinenent rind grﬁstsﬂ}nf? E‘hﬂﬁ\t‘:f IS vac mngham Q |

aconﬁnement devme for prowdmg wafer area pressure controi greater than

’ ,40.%.
10 2..  The plasma processing device; as recited in claim 1, wherein the cofifinement
device comprises:

a vertical restriction ring within the vacuum chamber; and

an adjustable confinement rmg within the vacuum chamber.

15 3. The plasma procéssing device, as recited in claim 2, wherein the vertical

restriction ring bas a first énd conne_:t:teﬂ' to the plasma processing device and a second
end, which is a free end and which'is adjacent to the adjustable confinemént ring.

4, The plasma processing device, as recited in any of claims 2 and 3, further
20  comprising a controller conmected to the adjustable confinement ring for adjusting the

confinement ting during plasma processing in the plasma processing chamber.

5. The plasma processing device, as recited n any of claims 2 to 4, wherein the

vertical restriction ring is on the outside of the confinement Ting:
11



15 3. The plasma processing device, as recited in claim 2, Z/\BedéanQﬂﬁe
vertical restriction ring has a first-end connected to the plasm
processiW@ 6d@d¥3¢e and a second end, which is a free endPGRUSHHEB s

adj acent to the adjustable confinenent ring. 4. The plasma processing
device, as recited in any of clains 2 and 3, further 20 conprising a
controller connected to the adjustable confinenent ring for adjusting the
confi nement 65 i NgTHe plaifla PloReRMSlcORE SRl in Ay MRIARETR 1B50GRERIH e Chanber .
5. The plasma processing device, as recited in-any of claims 2 to 4,
wher ei n t hefregend ¢idhe verdieal restridtion ringdygs e §ipon t he out si de of the confi nement
ring. 11 2 6 JAN 2005 WD 02/ 1-5236 PCT/ US01/24103 6. The pl asnma processing
device, as recited in any of clains 2 to 5 wherein the free end of the

verticak regtric 9?135@' Grod s ng Ve of : ,l,,@,sm PEQBESFH B vipce, as
recited in Zn.y _o?‘[‘-hc'-a_i_ n’is]ﬁ-rqu.-ato ,debmiﬁg}aéir%cﬂt%ﬁg? onf Ez%%z@%ﬁ?%iﬁgaﬁﬁ;ajgsa lip.
‘wher ei n t hecondmgeinend ringdeasmilipt i on ring is on the inside. of the confinement
ring. S. The plasma processing device, as recited i.n any of clains 2 to
4,.6, and 7, 9. 6.0 asnmm processing device, as recited in any of clains 2
to 8, further RE P S BRARShs T s Shdidd 5@ vl d 1#&' i+Q At cuum

- chanmber fors'hol dﬁgasﬁg@?%g%%%ﬁz%dﬁ%the% 10, e%ltgéﬁg’eaf)l}i?gessi ng
duce, ~as rewhtreth the ventigalofstridtitinminlg is oh diecingide bfthe cofifincansniingevi ce _
-'co(rjrp.ri 3185: a first adjustable confinement ring wthin the vacuum chanber;
an B o R

9. 'The plasina processing device, as recited in‘#ny of clais 2 to 8, further

comprising a chuck within the vacuum chamber for hoiding a substrate within the

vacuum chamber.

15 10. Theplasma processing device; as recited In any of claim 1, wherein the

confinement device comprises:

a first aljustable confinement Ting within the vacuwn chamber: and

a second adjﬁstablc confinement nng within the vacuum chamber.

20 11.  The plasma processing device, as recited in claim 10, further comprising a
controller connected to the first adjustable confinement ring and the second adjustable
confinement ring, wherein the controller is able to adjust the first adjustable-

confinement ring and the second adjustable confinement ring during plasma
' processing in the plasma processing devics. |
25
12.  The plasma processing device, as recited in any of claims 10 and 11, fﬁrther

comprising a third confinement ring,

13. The plasma processing device, as recited in claim 12, wherein the third

30  confinement ring is adjustable.

14.  The plasma processing device, a¢ recited in claim 13, wherein the condroller is
connected to the third confinement ring.
12



a second adj ustabl e confinenent ring within the vabuuntchéh@egANEgﬁﬁl The
pl asma processing device, as recited in claim 10, further nErrsrng a
control | WO ®gAected to the first adjustable conflnenentPQT a0 he
second adjustable confinenent ring, wherein the controller |s able to
adjust the first adjustable confinenent ring and: the, second adjustable
confi nenent ring during plasma processing. in the plasma processing
device. 25 12. ThAenihad i BEAIRSSWARr QY pPBsurd withata plagk proesusinyf clainms 10
and 11, further conprising a third confinenent ring. 13. The plasma
processi ng demmgemmaﬂmngmrted in claim12, wherein the third 30

. confinement ring is. ust gbl 14. .The sma_pracessi ng device, as
“recited in clai nP¥y alﬁ“fﬁ?é%ﬁ‘fﬂ%?ﬁ@f T2 I/ ect ed to the third

confinement ring a&a&&gé&amt&q&m&%&a&éﬁe WAtk foRy
-~ control I'ing wafe area pressure within a plasm-processing device,

- conpri sing: - provieifigngthe plasiamtithis vertivalaesttiction tiwg; end ar ea regi on;’
generating a plasga from.the etchan as:source | waf e r.ea region,
confining. the p%%%%%ﬁﬁ%@%raégf’mté%f‘ﬁeﬁﬁ?‘gﬁ%&lﬁ?@m"&ﬂﬁ%ﬂ? MWting a
' confrnerrent SLpng adjacent to a free end of the vertical restriction

~ devi ce, como“r sing. providing an etchant gas source to a wafer area

. region; V\D 02/:15236 16 1.6. A nethod for controlling wafer area pressure.

- ~wi thin.generating a plasm fromthe_et chant as__ Qurce |n the waf er .area

- regi on; 10 coAfi ni Agmethed forconmoliing wafer atge pr ADFSTRIRETESIRE ngs: and
15 adj ustin I of the at: T east -two. confr nerrent T ngs during the

@S TR progg@s"“r3 ngﬁihm&l\ép ;

prowdmg an etchant gas source to a wafer area regton,

generahng aplasma from: the etchant gas source in the wafer area regxon,
confining the plasma within at least two confinement rings; and
15 | adjusting at least two of the at least two confinement rings during the plasma

processing.

17. A plasma processing device, comprising:
a vacuum chamber;
an exhaust port in fluid connection with the vacuum chamber;

20 a gas source in fluid connection with the vacuum chamber; and '

a confinement device, wherein the confinement device comprises:
a vertical restriction ring within the vacuum chamber; and

a adjustable confinement ri;ig within the vacuam chamber.

25 18,  The plasma processing device, as recited in claim 17, wherein the vertical
restriction ring has a first end connected to the plasma processing device and a second

end, which is a free end and which is adjacent to the adjustable confinement ring.

13



17. A plasma processing device, conprising: a vacuum chanbeé awﬁq&x
port in fluid connection with the vacuum chanber; 20 a gas 0% luid

connect i WP 0213236t he vacuum chanber; and a confi nenent dePCTHSOMBAM3i n t he
confinement device conprises: a vertical restriction ri ng within the
vacuum chanber, and a adjustable confinenent ring within the vacuum
chanber. 25 18. The plasma processing device, as recited in claim17,
wherein the vertical _restriction ring has a first end connected to t he
pl asma proces h ﬁe&sﬁo%ﬁ@@dasrmédxm@w&wm e 1@nﬂmefi whi ch
i s adj acent to t justabl e Confinenment ring.” 13 WO 0211- 5236 2 6 JAN
2005 ~ PCT/ Lﬁﬁﬂyrﬁﬁgmcot&oﬂmmeﬁeﬁmmc@eﬂdﬂngonﬁmtnagfmwmmm any of :
clains 17 and 18, further c rising.a co IIer connected to the
adj ust abl e EHRPHENEHE diring PlASIHA APGEEHPHH F\B SEBPFPGTEHRA PTG duri ng
pl asma processi ng int he pl asma processi ng chanber. 5.of clains 17 to 19
- Whereinsthe - 20. The plasma processi-ng device,. as recited in any vertical- -
restriction ring is on the outside of 'the conflnenent ring. 21. The plasma
- processi ng Bevi c@hep]asmaepmt;mmgrﬂemw, asfremteélmnﬁaftﬂalma/\]ﬁoell%mh@ml@ef ree
end of the vertical- - IESII’ICtIﬁ%I’I n&%atﬁ a ldi - The pl asma processing:
‘devi ce, as V%F@é?fhi“ipogn'?gd‘?m& ﬂB confinement ring has
“a‘lip. 15 23 The pl.asma processi-ng device, as recited in any of clainms 17
© to0.19,.21, ‘and 22, -wherein the vertical restriction.ring is on the inside
- of the conf iznerreﬁhe piamgapﬁéessﬁg&lepicasme@tedonssy nfjcldams He20,ashereivitheed i n
any -of clalms 17 t0o.23, rther. . .comprising a chuck wi-thin the vacuum. =~ -

ahanmberl orﬁﬁﬁ)m?fdhﬁ"%rﬂ FpslticlionT - 20_ vacuum chanber. 25.. A

¥oasm pr ocessing device, conprising:

22.  Theplasma processing device, as recited in any of claim 17-21, wherein the
confinement ring has a lip. '

15 23.  The plasma processing device, as recited in any of claims 17 to 19, 21, and 22,

wherein the vertical restriction ring is on the inside of the confinrement ring.

24.  The plasma processing device, as recited in any of claims 17 to 23, further
comprising a chuck within the vacuum chamber for holding a substrate within the
20 vacuyum chamber. '

25. A vplasma processing device, comprising:
a vacuum chan_}ber;
an exhaust port in fluid comnection with the vacuum chamber;

25 a gas source in fluid connection with the vacuum chamber; and
a confinement device for providing wafer area pressure control, comprising:
a first adjustable confinement ring within the vacuum chamber; and

a second adjustable confinement ring within the vacuum chamber.

30 26.  The plasma processing device, as recited in claim 25, furtber comprising a
14



a vacuum chanber; an exhaust port in fluid connection with tlz%v@}mqg@gs
chanber; 25 a gas source in fluid connection with the vacuum chanber; and a
conf i nen®i®t024&36ce for provi di ng waf er area pressure contPCETUSOYBHPF i si ng:

a first adjustable confl nement ring within the vacuum chanber; and a

second adju conf i v m.ghanber . The

pl asma proc?éésngl hﬁg” %Dé’&?‘ FE@EPI %%&g\é\ﬁﬁﬁ F%l&?ggﬂgapﬁﬁgrsegﬁﬁyfa?f&e a 14
2 6 JAN ZOO&M%%@%%%ﬁ@&l&%ﬂﬂ@idﬂijﬁ@ﬂlﬂcﬁ@ﬂﬁﬁﬁ%ﬁ0 the first
adj ustabl e confinenent ring and the second adj ustable confinenent ring,
wher ei n t hecandimement ring ans the besond adjustable comfEnchieont ring djnireg plesea  conf i nenent
. ring and the second g} st abl e conf |dnement ring during plasma processing
“in the pl ash& ér;ga%?rggess§g ity pl asma processi ng device, as
recitedsin any of claims 25 and 26, further conprising a.third confinement
ring. 28. The plasnma. processi.ng device, as recited in claim27, wherein the
" third- 10 coﬁ‘?n ne’tﬁ’hmplasmagmcsssmg dﬁwic.‘&béserecmcﬁmany of clauns 25 and 26, fugther

compnsmg 2 th1rd conﬂnement ring.

| _28"-.,. : 'I'he plasma processmg dev:tce, as. reclted m cla:u:n 27, Whereln the thn'd
- 10 : conﬁnement rmg is ad]ustable |

15



