;e3e[nj:662TFABWO 02/ 15236 PCT/ US01/ 24103 PATENT APPLI CATI ON WAFER AREA
PRESSURE CONTROL The present invention relates to the fabrication of P
sem condygh@sndaged devices. More particularly, the presep&T;U@yﬁ%]t“;son / @,\}
relates to inproved techniques for controlling the pressure in asma s 7
processi ng chanbers. In the fabrication of sem conductor-based deV| ces o
{e.qg., integrated circuits, or_flat panel_ di SE| ays) layers of material may
alternately be deposited onto E substrate surface (e.g.,
t he sem conductor wafer or the gI ass panel). As is well known in the art,

t he etching of the depos ﬁ%ﬁm bihed by a variety of
. techni ques, including pl g*slma enhancedﬁﬁ%c in n plasma- enhanced et ching,

the actual etching of the substrate takes place inside a plas
chanber. During etching, a plasma is formed froma suitable emﬂmmmmmmg
gas to etch areas of the BAGKGRDYNDOF THE NVENTIEN ed by the LT o
| eavi ng behind the desired pattern. Anong different types of pl asma 8t chi ng
systens, those utilizing confinenent rings have proven to be highly
sui tabl e for effiThicprdsemiRPdifioh PElaREY 188 fAicatiH & seehiddiRueébaselr i nki ng
features on the substrate. An exanple of such a system may be found in
commonl y assievinesd Mos. paﬁmlléatty, s présesRnyaBion rvlhtee o nnprpme,cgiegunqme@ dotpy
ref erence herelrl Ah@ h the1 use of confine rings results in a
si gni fi cant SPREFHOS HiSRICTHre R @ aﬁ‘é‘?%‘?“r‘?ﬁ“ﬁ%‘:hé’fn asrra processing systens,
current inplenentations can be inproved. In particular, it is realized that
i mprovenents can Iﬂﬁwﬁ&%duenbh&rﬂi@anduetow%@éa d%fb‘éﬂbf% h&g@&éﬁ Eigdulitghri N A
pl asma processing system To facilitate di scussion 1G 1 dep icts an
exenpl ary plmmcbdxsplas@dwrszcbfanﬁanalm alienmtalyibcngepmned nmmnd eichedys 102 as
they are curren [ Ie d. Wthi.n asna ssm t here
is shown a éT‘ﬂE‘?:RS%'Z?E %es ,gt,lth%sqnﬂgo%p "’0@? d%malgbgﬁlswe]
substrate 1 aned 3,1}5%43 enent ed by
any suitabl g&c UC'EI ngédt echn?%gé,)ﬂg.eg;@hﬁg Qgésjtq%%l C, BBt f?éhgtzl/ §236 PCT/ U
S01 /2-t 103 arewldméchaiqued, anohidigg plasmaranhanoed ¢tbleing i Istepla@na-ani@nwcbhi ng, RF

power supply 110 may source, RF ovver havi frequency of, for exanple,
about 2 M-z ofduing,isacual giohingof }@waai‘bwﬂe%ﬂ%ng BaPrame PIOSSSgere i s

di sposed a rd R th an
RF power sup%ﬁﬁb%éﬁlﬂ%ﬁ]&%%@ q%ggqgour cgﬁﬁggﬁgﬁéﬁt?@*gﬂgﬁ%oﬂ regi on
Wi thin the oflfdregrofilie subsi@gste kAP are Tinprateudel byethe aiaskdeaviid behiyd the dosissd t 0
excite the etchant gas to a plasma and to sustain the plasna. The gas and
pl asma are \R8HE®d to a regi on outside of the confinement rings 102 to an
exhaust port 122. Commonly assigned, U. S. Patent Nunber 6,019,060 entitled
"Cam Based 10 Arr et ma
Processi ng Chanbej%%gﬁgﬂﬁfmgﬁh)p%ﬁg%@h I ssueggg,db%éry Sf%nggﬁlécefﬂr%é%%grat ed

by ref er enceiriggthigié plokard tot Bechighle seitabée ﬁnreﬁicmtpﬂmlmﬂm amﬁén ﬁoefmmingrthelgs is
approxi mately proportional to the expression 1/(x2 + where x, v,
and z are t fvepshsinkinedeatyros padhe %’bﬁ‘ﬁtﬁeﬁﬁﬁﬁ‘ampﬁg’if Su%'l%a @ﬁ&ﬁﬂﬁmaﬁbﬁﬁl‘}n‘ll Lenz

Vi ng. By ac BePis T EoEd ER8 PaGER, s Ar i RindhbnRR R XoBRL "o

noving the Sigtéh eAmmwagﬂ mecﬁeéléﬂmmaheﬁﬂm@s reafltd imgéigmﬁyalixelmpmvarnpmtaﬁsur e
control range of 17 to 30 % may be obtained. Wth a_pressure control above

30% t he pl asthepedgmpaeoatplaseapioressingtems curent implanegioe cobh t he
rings. By conty ‘9‘|E“ﬁ‘eri‘28t higlﬁg.r ﬁtsl rﬁ'ﬁz%{ 28: A6 ﬁ\?e%\‘ﬁg?s ca%%%fﬂlé‘cf"eniﬁ@ﬁeb&/w‘%s the

pressure wi t'f ngs, area, nm

control |l ed. Which predgit idunrotled RrOMhdiea prdcéssimpegsied. cont rol of pressure
across the confinenent rings.

To facilitate discussion, FIG. 1 depicts an exemplary plasma processing
chamber 100, including confinement rings 102 as they are currently 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 implemented by any suitable chucking technique, e.g., electrostatic,

| [VARCVENA
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SUMVARY OF THE | NVENTI ON 25 To achi eve the foregoi ng and ot her objects and
I n accordance with the purpose of the present invention, a plasna

processi Rgo@deyi3e. A vacuum chanber wi th an exhaust port parivshi/ 03
connection with the vacuum chanber and a gas source in fluid connection
with the vacuum chanber is provided. Wthin the vacuum chanber a 30

confi nenent meshapal dampmgyvatumy, ovthe liker Baripg etsking RE powensupglyeldOanayt han
40%is placed. 2__WO 02/1S231. PCT/ USQ1/2-4.1Q03 The d other features of
Che. prebent  ToHERY BV TV ige SaBEPPHclcr A irAe Wotes Miperoort2 fEa" °°
detail ed desgrd,ptit fi4, OhbdvaGubshieed e e difdobRN #AGbE © Mbtfniche fol I owi ng
figures. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention is

i | lustrated dwppoayamfippex alepirade 24dvitioan R porvgr ofpplyi 176t ain etohant gad dvardei gur es
of the acco nyi ng drawi ngs and in which Jike reference nunerals refer to
simlar el entHt & %F%%ﬁs\/?h?é?ﬁmfl:}"ém\i\tﬂ? @IH%’@EW%%‘PSS&O% eyprer elicitgre ar t

pl asma processj " ' °n§ﬁ3§ﬂ' | I

processi ng c@%&ﬁgﬁggﬁéieﬁé%ttgé gﬁg%é%%%ﬁi%%t 0 ({:tﬁ\eéhlﬁ\?{l\{\r/lce)[&% S%ﬁEETIE 3is
an enl arged gdseindplasmact©saiabiota regionbulside of tf donfinementrringg 162¢b ater t i cal
restriction ring of FIG 2 FIG 4 is an enlarged view of a cross-section of
t he adj ust abPdaBEPertiedent 15 ri ng and vertical restriction ring when the
adj ustabl e confinement ring is lowered to its |lowest position. FIG 5 is a

ust abl e cont i _ st posi ti
ambodi ment of -t neChRURRTY SREER 1) SR AGA MR EOTON0 R ORI (ot on

of the qonfi AgaREdmdnt Far Pékikici@eComthevht Ringh In ARkdngd PdedsingdClambet’'G. 5.
FIG 7 is an enlarged view of a cross-section of the adjustabl e confinenent

ring and out by EvieH: Leas, issued Fetrnaryr, 2000gingpmmeratedbbyrgfershesipreght that theenent
o o oo ik SploPV BB P B Bl e ooy AR 0" ©

expression 1/(x> +y* + 2%), where x, y, and z are the distances between confinement

rings, as shown in FIG. 1. Lenz provided a single moveable confinement ring and a
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 rings the pressure within the

20  confinement rings, the wafer area, 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 with the purpose
of the present invention, a plasma processing device. A vacuum chamber with an
exhaust port in fluid connection with the vacuum chamber and a gas source in fluid
connection with the vacuum chamber is provided. Within the vacuum chamber a

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

placed.



25 enbodi nent of the invention. 3 WD 02/15231 PCT/USOL/2.1103 FIG 9 is
an enl arged view of a cross-section of the confinenent rings of FIG 8.
FIG 10 spgwsi9g, exanpl e of the confinement ring arrangenpatudhesGo

di stance is maxi m zed. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
The present invention will now be described in detail with reference to a
few preferred entbkiseend sthehfeamods cdshd present ingremttbni willt beedeacilmedpnmyareg

drawi ngs. 10_In the follow ng descri.ption, .nunerous, specjfic details are
set forth i riskibesloyén Hm%@déewamaﬂtha PRIGPERL RS W OBFme N mtgélé%t

i nvention. | | parent, however, to one skilled in the art, that
t he present #%I}é%v%%%%r%y be practiced without sonme 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 15
unnecessarily obscure the present invention. To facilitate discussion, FIG

2 is a schematic view of i e « I ncluding a

adj ust abPe confi nenent rlﬁﬁg&;@S@h@?ﬁﬁ* &%ﬁ?ﬁwvﬁg&%al restriction ring
203 according to one enbodi nent of the invention. The inner vertical
restriction ring i s ifRARaAt ] | asma
processi ng 20 cha%?éi%ﬂéﬁgﬁgﬁggﬁlee eﬁ%é@fﬁ?ﬁpgﬁﬁlﬁlﬁ% i‘%]déﬁ)efgt ring
202. 1 n the Eméatidi, dathedipusesditheacosmpmyad drewalgs end onwhichidateferenge i s
defined as a confjnepent .ring that may. be algj usted or noved in au axial
direction (u‘b“IB?ral§69ﬁ5t%ﬁ]miﬂﬁ’gelﬁlnﬁ‘lltééﬂ%‘“p‘f'%‘ﬁ ssing process to adjustably
control the wafer area pressure. A controller 2S2 connected to the
confinement ring I i i ing 202
during 25 the pl agfrzr?ei 1%%8%&?&%%ﬁ%ggégsgﬁmlﬁrﬁ%?%ggn%i roceis)glir'ng chanber
200, there is shown a chuck 204, representing the workpi ece holder on which
a substrgte 206 i BlGh@sisisomanhtiduiew gf plastha popcesSingathadbdr aegording topienent ed
by any suitabl e chucking technique, e.g., electrostatic, mechanical
cl anpi ng, va@’@b?ﬁ}m@m@fge!f}vﬁ@t}o%n et chant gas source 220 and an exhaust
port 222 are connected to the processing chanber 200. 4 WD |12/1S23G
PCT/ USO1/ 2. 1103 ry Al } i Lhded above
and i 11 ust 7 ated i R o e Rl £t R Ol e e g e
chanber, but verticalatstddtiomridgef Gaki ty. Such pl asma generation equi pnent may
be capacitive as illustrated in FIG 1 or inductive, or may be another type

of plasma generati device, 5 Dyring etching, t et.ch as. _source 220
suppl i es a gas toFgE-rAeJéiaBr?nWﬁﬁlivﬁe‘Y ﬂgaﬁﬁ’ﬁﬁ'ﬁwgﬂ’éﬂ?ﬁ\ﬁiaﬂﬁls%%’. g)pﬁgergggt is
vented tg a (gl | 88riQord thB SFRRGDIE BRI ent Aind T BWIRLSH iROr ¢
222. Thel%pr eglggrag&]iv%%%ég%rrl&e}gﬂa ‘gﬂﬁegsﬁgstratce 506 (wanrl) is det érm’ ned
by the rate tdwdstpositibicti on of the etchant gas fromthe etchant gas source
220 into the area above the substrate 206 within the confinenent ring 202,

the rate of 10 flow of. gas, t hrough the exhaust port 222 outsj.de of the
confinenent ring J49. 5 isRpchematis wew BIWGQT%E?SE‘%&PHéeE?ﬁ?PF R&HR ring

202. The pregsiihg ef B&n?eﬁlEBPﬁletil}f\%nﬁ&ﬂfi nenment ring 202 is dependent on the
fl ow of gas past the confinenent ring 202.

\J

FIG. 6 is an enlarged view of a cross-section of the confinement ring 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 confinement 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.



FIG 3 is an enlarged view of a cross-section of the confinenment ring 202
and vertical restriction ring 203 of FIG 2. The flow of gas past the
confi nemggd obhé9 202 15 has a first conponent 302, which penseRehyeen the
confinement ring 202 and the bottom 228 of the process chanber, and a
second conponent 304, which flows between the confinenment ring 202 and the
vertical restrictFEn%isag cpbgged miew df & craseecchion néthe confinget iingsrefIG: | ng
202 and the phottom 228 of the process chanber is indicated as "x". The
di stance between the confinenent ring 202 and the vertical 20 restriction
ring 203 is indicated by "y", which in this enbodi nent is substantially
constant. The preFRUI® shoRB aAekafple ol theC@RfihdIRER Ming akRAfodrier@ RBER)d Mat el y
proportional to the expression 1/(x2 + y2). Wen tﬁe adj ust abl e confi nenent
ring 202 is distanesistmagimézedpositi on, the di stance between the confinenent
- ring 202 and the bottom 228 "x" is maxi numand 1/(x2 + y2) is therefore at
its niniﬁﬂnl so that the 25 pressure drop across the confinenent ring is at
its minifum In such a configuration the first conponent 302 rmay be 95% of
the gas flow and the second conponent 304 nmay be 5% of the gas flow FIG 4
is an enl arged VDETAOLER DESCRIPIEON ONTHE FREFERR EBIRUBO BN TS™ENt 1inNng
202 and vertical restriction ring 203 when the adjustable confinenent ring
202 is 30 lowered to its | owest position. Again, the pressure drop across
the confinenment ring is approximately proportional to the expression 1/(x2
+ y2). \Wen the adjustable 5 WO U2/ 1231 PCT/L1S01/2~103 confinement ring

202 is at its lo L1 . Lstance between .t he,copfi nepent ring
B L Do o1 sl ShYhigh Wi P SRREGrREB E R WiuSRRERRFIEL! 1 19,
nmexi num so fdveprefdirdingtodithéntsiheReofad MuStrdtE@incBe hédd Ving ldfvihgs. at 1ts
maxi mum In such a configuration the first conponent 302" nay be 90% of the

gas fl| oWOandIn the folloveng ddscriptipamamergBspeaific BetailOars gét fortk igemlef toow. The
change in the pressure across the copfinenent. ri ng as the adjustable

conf Pnenent  PINEI0f5EE Aot Al bretreniuoitn TatiBEmaRe F & 2 and
FIG 3, to thewbwaslonbaRillel fthedft, HAPHE pheler liferfion nPayMaQthetiBOF6 t hus
provi di ng 90% waf er area pressure controf. FIG 5 is a“schematic view of

pl asma pr ocewdthagt sohwndreit]l Foldgse speificidatajlsa Id Othedjnssineds, wel dnéwmenent ri ng
502 and a fixed outer vertical restrictjon rin 03 .,acgording to a second
enbodi nent oPTYCHE Sitterl?\?élﬁ PHFrucHyEs ﬁ?")‘?é’él’%?ﬁ“é{ﬁsvg}‘ai"&g?ta é‘éf”?die’g ik ring 503
has a fipsed gREL-EQBARTH L thd {16schPR: of the plasma processing chanber
500 and a free ecn§ aﬁf&acent toﬂ}t%epcgﬁfﬁl?or?énent ring 502. A controller 552

connected to the confinenment ring 502 allows the adjustnent of the
confinenent ring T6 fadilitathdisougsioheFIpl 2 snaschematis sienpiiplasomgmocediingi n pl asna

horkp: ecehoP BERDSA0PeH R e sl bedn e g A2 naa ter s deditng,
Chuck 504 ”a)‘esﬁ'?ctiiomn%%@ta%br@ﬁg%Xll@&hﬁ&{?}n@ntcctﬂﬁééﬁ)]@i&&ﬁecﬁfZl:lﬂegf vertidal

el ectrostatic, nmechanical clanpi'ng, vacuum or t t chant gas
source 520 anstrantionxingums afiaed ehd 2oaneeteddo tectbp @12 of tHeglgsagrecissing 20

hanb 00. & | i t, h d i bed, ah d
1 Tust r dled phpmiee204 53 6k 800 paismiGurhe BOTIHSRLSNA 3 oo e PG AR er
| ust r & _ | b
capac tve s PP afadidint prFRyRhRIT QERRE A ERUhBRTRle FRAE e o

pl asma gener at adjnstdé v awved in an axial direction (up or down) during a plasma processing

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  the plasma 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 like. An etchant

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

4



. the confine

~ confinengnt ring R02 has a f|

During etching, the etchant gas source 520 supplies a gas to a region
within the 25 confinenent ring 502. The gas is vented to a region outside
of the cogpbigpgsmpt ring 502 to the exhaust port 522. The preasuvigisn the
area above the substrate 506 (wafer) is determined by the rate of

i ntroduction of the etchant gas fromthe etchant gas source 520 into the
area above tQthesplosna gerer8(d aguipmieant,sheh axﬂeswﬂmd@gover andglisgmted indIGal e of

fl ow of gas throu ort 522 .0u e, .of cofln i ng

505, and s nels Ao prautsF o e Blsshe BlbtssiiesnBghes A et At SuGh eocur e

drop across r%lﬁﬁn&@éﬂekd@i%ﬁ%ﬂ&pfﬂeﬁﬂmﬁgge baz)agi%%ﬁgﬁlﬁktré’c@d M‘Pld |1Q)‘£Vnﬁfuc€i€‘§ past
rrng 502 > PCT/USQOL/ 2. ~1U3 FI G 'S an

enl arged vi ewmiybemodm{maxﬂpmmfgenéretmodﬁvnmnent ring 502 and out er

vertical restriction ring 503 of FIG 5. The flow of gas past the

rst conp onent 6 ch flows betvve he
confi nengnt ring Blim%\atﬂhlf‘lﬁ BSFP%O%%@“S‘FG unB%%:@S@sé%am%qnw

second conpopgpheH8dn @h 1 sveRRIMG S &ﬁﬂ&b?gﬁ% tpde and
the outer verti calﬁ rel.g}/gr\zl cti or?%rﬁglng 50% Eeél%?gtance et Weennli%1 §

confi nement 209 anGRhaustpott 22hoThopressife infth¢ mea pboeahs sublsaratb 206 (wafer)di cat ed
as "x". The distance between the confinepent ring % and the outer

vertical restsidetermiggdbyibe @@oﬁlgtrw}mpe%pg@eggphmgt 'gas R ihe elehan; g8s soHIERIi nent
I s substanti Qiq Mt SRB SR Mhove! %sgt;{nﬁ?e%ﬁ vgl'itﬁﬂtl’?ecéo ? rgg}ﬁ rﬁ%’%"{}@@?&% ofing is

10 approxi mately proportiona e expression en the

adj ust alibe cflowiofigaethioughnie &dustportt220 tontsidegifeld candidieineniring 202, didthance
bet ween the confinenent ring 502 and the bottom 528 "x" is maxi mum and
1/ (x2 + y2) Pressurediopgerosyiheiconfingmaniiing 203 Thewpressyee diopssivsethgr op acr oss

component " e a8 52 s LindHBl i The MG ik PeE B MRISR Bk 200 02

may be 5% of the gas flow FIG 7 is an enI arged view of a cross-section of

the adj ustabl e copfG.regantenlaigd vEdRobdetossécetion 8f thi ¢8hfinedsdnt 1A 20D aid ng 503
when the adjustable confinenment ring 502 is lowered to its | owest p05|t|on

Agai n, the pmggalrr@stmtw ring W3 fe. Zohhe Aewnehgay pastthe sonbpmet fng @

Cont i nernt PR TR ERC) Qv ivenhE Sl “Sté‘%dmﬁ%n the

confi nement bbﬁtﬁn@@@oﬂﬂx@p&&&s@@hﬁ%@i aﬁﬁasécond%oﬂipsnemsommaﬁ flgRs + y2) is

therefore at its maxi mum so that the pressure drop across the confinenent
ring is at |b@wmthmmnﬁnmn@m@maoamdttgmemcabwsm@on ting 0% oblpodisiances02 may

be 90% of th nd the s 6 0% of. the gas
frow. The chisigees fechafiinein 357 g 68 TREPGLs ot dRlessR alRbeRis g as t he
adj ust abl e Cﬂmcsa%ra%n&”rTﬁ&dﬁ%cmeém%aﬁfﬁmmeahﬁﬁg 2028hd th@Fertiddl Shown in
FIG 5 and FIG 6, to the |owest position, as shown in FIG 7, is about

100% t R@s prestnodipngmgao%lmﬂmatedrbgéﬁ)rv@ludumdhxsmht)dhnentms gubstantégityodi ment ,
t he confinenent ri n,? 502 has,a | eadi I’ll.% H’éﬁ'i‘ nﬁ .0on.a I 704 _t hat extends
around t he ofienstant Fhepresyye dion 2gross i SRRREMS Engbszapp anP‘rglry| y the 30
outer verti Cﬁ%ﬂoybﬁ%ﬁl t%tthc?@x réé@%nﬁ?@zh@g aWh@ﬁﬁier!ﬂ Rege Mn&ﬁexﬁﬂﬂ 20308

t hat ext ends ound the I nner surface of t he outer verti cal restrlctlon
ring 503. Ths zdntshtgﬁmstﬁmeﬂmﬂheﬂis&nbehﬁwnglﬁmg:eﬁﬁﬂ@ﬂqnt?1@5ZG%andthene t he

di stance "y’ bgt(taotrg\%sg “ ’bfs rr71axim\1/11\?1 a% /1}(5 :-)f-(yz)Pls {wref%ye :}L 1t/s%mm%x(1)um, so that the

25  pressure drop across the confinement ring is at its minimum. In such a configuration

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 a 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*+y*). When the adjustable
5



. 852 may conprise three smal'l er controllers

confinement ring 502 and the vertical restriction ring 503. Such |eading
edges 702, 706 may be used to provide a nore uniform and precise distance
bet ween &g ospké nenent ring 502 and the vertical restri c{,bp/gqs‘g]i,ﬂgoﬁo&
Such |ips and | eadi ng edges nmay be used in the previous enbodinent. 5 FIG
8 is a schematic view of plasma processi ng chanber 800, including three
adj ust abl e confiheneers ming 202 desat 816 2owest positiom dhe distantdheatweantbe donferemenf t he

i nvention. A caoptroller 8S2 nected to eac f, the.three adjustable

cont 1 nemont Tieg Be s pelion 203 56 iR Ao OF ey it Berkur dekb

confi nement 44 i L . tfoller
a3t OF At fhePPeskile drd S%Q%ﬁﬁer g&%ﬂﬁe@gﬁﬁgﬁs& >‘?ie rnﬁﬁﬁc O'.n?fol Cor

control s a sucigheoignitativathefirst corgparent 362 mylydel Migef the ghy Aidw end theat

controls_all three confinenent rings. thin plasma processi ng chanber 800,
. there is® shoffPd C@mpeﬁelﬁéﬁfl maéf&eéé)g‘fmf 'X\va gﬁ%QOWFfElBF%@e%F@éWSéW%i ch a

substrate 8 | Lkl L Helall Y, I ment ed by
any suitabl ?ﬁ%ﬁé}%ﬁﬁgﬁ#%ﬁﬂf@gé ﬂ%. %B&MQF%%%H%E@ g?t?rgfk irr%(ﬁ?gﬁlﬁjggﬂhgl anpi ng,
vacuum or thighdst pitiohnasishoeindh F0G. 2asd BIgH 3¢ & tHe (vesstpesiticny hasistwrpmr t 822
are connected to the processing chamber 800. O her plasnma generation

equi pment , SUEh44is abel S0V danspEexiding 8% Weigs ereapegsuracentel | | i s al so

provi ded to the plasnma processi ng chanber, but is not shown for clarity.

Such pl asna gener@gH Qn i . e Il HS: in FIG 1
or inductive, or lﬁgiy96se§gérglg&hqgg(r%e%f@%n%qﬁ%@%&ééﬁ%@tﬁréhﬂ, é{;’/]iﬁé@g %0 Duri ng
et chi ng10 t headisedbiionfiasmemuinges 820 d IUPelliotter Fe@ias] feqridtidegh®sO3n t hi n t he
confinement rings 802 near the top 812 of the processing chanber 800. The

gas i s vent excerding to ageemdsmprbodiracns of thednventipnndhe fiked pygevatcelt o t he

exhaust port .2.: T re | [ o\ rate 806 .(waf er)

s et er hi nedfictionafs BERB frcobol MopRlshA £ BRGo 72 Eie PR RE

etchant gas @@mbees@24hd Ifr& dndadpices taBRventileéndh migBon! A eon¥efers3hi n the

confinement rings 802, the rate of flow of gas t hrough the exhaust port 822
©

out si de of tdeanesed forfbereonfinement BepS02allpwstibe pdiugmenieofthe pordinemest tigg:
confinepgent fj.,ngs. 802. -The pressure dro 0ss the confinegent ripgs 802
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8. The pressure drop across the confinenent rings is approxi mately
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all three confinenent rings 802 are independently adjustable, the

confi negént chandper 802 Qthgr plesmogaciraonteqaipment such ashdesctitetlahoesand, y, z, or

may be maxjm zed, w he remai ning dj stances mnjm zed, F|G. 10 sho an
L L
maxi m zed an i 1,04, m [ : he
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y2 + z2), i sinfBIG oz adluctive, bamapbe ansthéraypadfdasnizadentiationdédies.ences bet ween
these two extrenes in pressure drop provide a 40% wafer area pressure 10

control. In other_enbodipents with nultiple_ _confinenent rings, mopre
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restriction $02,therextaustqobt 522k présaws id theranga dbevethedpbstinte S0Gaiwdfaast one
of the confipenent rings is adij tabl.e. Al enbodi nents_may_ provi

j.us de
confi nenent Hdelrgied bydheratepidatroguction pEthe siabanl gag from thg cfohant gas gourge ¢
The advant age,: MTpyelolel ' j j n‘%,sﬁt(bi [ ing is
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provi des i nproved WAP control. 25 The advantage of the enbodinment with the
outer vertical restriction ring is that 6




. a significant change in control characteristics.

it may provide the best WAP control. In addition, since the vertical
restriction ring is further fromthe wafer area, the vertical restriction
ring provuygqs486s contam nation. However, this enbodi menpc-pxRESHSA | ar ger
surface area to the plasma increasing the surface that needs to be cl eaned.
Bot h embodi ments using a vertical restriction ring in 30 addition to

provi di ng i npr oved Gnpiscsaniasged vpw of peenssdectionrafte confipementaingt508land9 WO

/ 1S236 P 2 .ad t f i di t hree adj.ustabl e
Cont i mement vPipeoica ke denfEYRLANE 8" TRE Y Cls hatk Firehngent aine
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substitute equival ents.as.fall w.thin the true spirit and scope of the
present inve Fﬁ’tlﬁﬁf.rei ctio %)é(}:ﬁ@é‘yjflgat gﬁ'l\lé» in ghig prppdignentis 1. A pl asna
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Cxhaust ot b e B S et Mg S aurco i n

fluid cofhecappoximatély prapovitonatito thé exgressioralitka- yésznmiaﬁmcg@k@am&e for
providing wafer_ area pregsure control greater than 40% 10 2. The plasma
processi ng d&orEnementripg 502 st ity highgstpositiontthe distanetbetwoen thesnefimentbnti ce

i ses: a I<hyh | C4dAoQR sl | Wt hin e vacuum chanber: and an
ggjmtj;lt bee cgﬁr?g isﬁl)%%éﬁé\%ﬂeﬁ%trt\%{nvé%gh:}n l% ﬂ%m‘\f/\% % ane i@’éﬁ%gj 15 qegre&reﬁ’ég pl asma
processi ng denihintum,a® thatché messufe @lopiablods thelehMhdmdnbAny & 4t 6 Minfu@sh KLt i on

ring has a first end connected to the plasma processing device and a second
end, which i §u¢h 4 sandigurption e Sst eomponenid)(2onant be 5% lé thedjas Sowisnd the

| _ o be sdouphd e
Clai m 2 oana Fo Gopdis BOERRR PRSP B A s onnectod to the

adj ust abl e confinenment ring for adjusting the confinenent ring during
pl asma processi NgFIG. 7 Rempnkesed WEW € & 81036 sédtidfl € the adjustable confinement

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
ring is approximately proportional to the expression 1/(x? + v%). When the adjustable
20  confinement ring 502 is at its lowest position, the distance between the confinement
ring 502 and the bottom 528 “x” is minimum and 1/(x* + y) is therefore at its
maximun, so that the pressure drop across the confinement ring is at its maximum. In
such a configuration the first component 602 may be 90% of the gas flow and the
second component 604 may be 10% of the gas flow. The change in the pressure drop
25  across the confinement ring as the adjustable 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 pressure 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 inner surface of the outer vertical restriction ring 503. The distance

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



5. The plasma processing device, as recited in any of clains 2 to 4,
wherein the vertical restriction ring is on the outside of the confinenent
ring. 11 ywo\Wh341523G PCT/USO 1 /2.1103 6. The plasma prpepgsingieeVi ce,
as recited in any of clains 2 to 5, wherein the free end of the verti cal
restriction ring has a lip. 5 7. The plasma processing device, as recited
in any of cla@nfiperBertaing,50&and diaverticl mstrfqtlnemgt5084 Sgclhhsdlag quigﬁs 792, The

pl asma processi ng devi t ed f 2 d 7,
wherein the ﬁ@r‘f‘%&%ﬁ u%ﬁézfe Pro¥ EC{GS"I%?F%H@& ghd SWQ‘CSF ??Lési?%lée B?t“feﬁ%th@o m("j1 |n nenent
ring. 10 9. &%ﬁn&haﬁ%gwwfaﬁa EAQY F&Bictidf rin S8 e@ubtﬂhé’s’(}%hd%a&ﬁg’i" ms 2 to

8, further conprising chuck w thin the vacuum chamber hol ding a
substrate widdgesimapbe uswiinrthepravioes embddid®nt. The pl asma processi ng devi ce,
as recited in airy of claim1l1, wherein the confinenent device conprises: a

- first adjpustable fi.ne ring wifhin the vacuum cha r, d second
adj ustabPe confi ﬁtls?gﬁlj’%ﬂf F\'?‘W ?}Hga%Wﬁﬁ‘?Sé]ﬁ'ﬁr‘?g]%‘?lger%%ﬂ“ﬂagﬁ’@%ﬁ ®dsma
processi ng dﬁ[f%s%ge@omn% lehtighds308] RLfid toa%ﬁ@%ﬁbﬁ&?ﬁ%htéft‘ﬂguﬁreﬁf%ﬁm'|er

connected to i rst adj ustabl e confinement ring and the second

adj ust abl e cArbhineliae 852 comg:ptedhe emhmftthmthmrudmtdbdﬁ canfinednbmt rings 802 ust t he

first adjustable confinenent_ring an second adj ust ahl e confi nenent
ring during floxethe 94]6@6’?@? Hghs WI?WJ‘}‘)?“’Q}E Tﬁ’l"é@é@s‘i“?f@ S@g\ﬂuegg H@S’qﬂs’?a The

plasma pr OCgﬁ%h&%&Qiﬁédnc% . T oﬁ&bﬁé‘r‘ksﬁnﬂ%nﬁqs& b 0BmARr 286kl dswﬂéfét her

conpri sing Frn asnma processing devi ce

recited1pn céahRinbBer dtdﬁ&bﬂerfbohﬁelsfaf'siﬂgdb aﬁlfmemfsnmmﬁa dinglg large cumirolemabl e )
14. The plasma processing device, as recited in claim13, wherein the

control | er i thatenmivelstalithres copBingmgnt aings nWilthenplatma progessing champen $03 503
PCT/ USUL/ 2~ 1@‘%}‘6 13 sl&ovwngcgﬁ?c% gOQr reg%gér{tﬂll ltﬁ@%aﬁ%ﬁe%% rl?gf@?%ﬁ) %?c?l%rs%bm&g" n a

pl asma proce conptising: gas source to a

waf er area rg@l RiposiBofke @iritgl dichir. mmoﬁmwmﬁmbmﬁ/saname in the
waf er area region; confining the plasma within a vertical restriction ring;

and adj ust i nghuskingriédhnisvene.£ Elagirestitiscmaehanisabelampingeyaeusm, phibe Jiket Agal

restrict
¢ 1|50n etchant gas source 820 and an exhaust port 822 are connected to the processing

chamber 800. Other plasma generation equipment, such as described above and
illustrated 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 generation device.

20 During etching, the etchant gas source 820 supplies a gas to a region within the
confinement rings 802 near the top 812 of the processing chamber 800. The gas is
vented to a region outside of the confinement rings 802 to the exhaust port 822. The
pressure in the area above the substrate 806 (wafer) is determined by the rate of
introduction of the etchant gas from the etchant gas source 820 into the area above the

25 substrate 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 is 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/(w2 +x2+ yz + zz), where w, X, y, and z are the distances between

8



ring. 10 16. A nmethod for controlling wafer area pressure within a plasm
processi ng device, conprising: providing an etchant gas source to a wafer
area regiwhoyeRpserating a plasma fromthe etchant gas soupegukiy/idie waf er
area region; confining the plasma within at |east two confinenent rings;
and 15 adjusting at |least two of the at |east two confinenent rings during
the plasma poofegsemgings as shavpl iadiE. Hribdbisskaypltevise = woap i eagsesa vacuum
chanber; an exhaus Q’Qﬁ ,din fluid connection with the vacuum chanber: 20 a
!

gas source |1r4(WI"UKd+ 2cte ibs 8 TORRMUE, & hichdnawimiges thsdressaredirep.cowes Abnent

ooy D AL TR o S AR 0 S BRm BRE

t he vacuum Qﬁm&ové’(ﬁsoltﬁat o fhePdiBandRE RE RS by rﬂ%&ﬁamﬁﬁzdd&ﬁﬂt}iﬂfé | n
claim17, wherein the vertical restriction ring has a first end connected

. to the pfas mnlpnm@sﬁan@ps@@mrméeénﬁ%lgéhwaremnmmﬂhe cenfinemeatriegid and
whi ch is adj acent t t abl e confi.n WO | 15236
pCT Usoa/ - aemert ke BRdRTER 5 o BRRm P oS miBimidgt At R o

claims 17 angeskire drbip h&%és 166 BPrfirhiedt AnGBW 02! Whicfis SROaRTaey ﬁl‘épbﬂﬁnal

adj ustabl e confi nerrent for adjusting the confinenent ring during

pl asma procdssh/(m\g 4 X tvéa + B aﬁmnpnw@(bslthaﬂgbﬁcn&nlbehtedah@@he differapless ma
proce53|ng evi ce, . as rec of , cl N wherein the
Dertioal P edtervesh tBFﬁertWﬁgeXffemswntm SyeriErosten AR Al AERPEESHeng. 21,
The pl a$ga RAREESi ng device, as recited in any of clains 18-20, wherein
the 10 free end of the vertical restriction ring has a lip. 22. The plasm
processi ng device, as recited in any of claim17-21, wherein the
confinement ring llnmaha enibpdiniGitLBith Fitile asinepreotusgs, nyrelennifinements reci t ed
in any of claims 17 9,,21 nd 22 ereLn the wverticgl restriction
ring is on tq%gslrﬂ@ﬂbeeu ‘f’hf‘ée%]ﬁ?qtﬁ‘@?@ﬁgn 1ee nmarmaagxﬁag rocessi ng

devi ce, as rgerhadyif1 1B Oro?hl@dgﬁﬁﬁgmérﬁrgés alfelh'a}dgfaﬁ}]ecmmeﬁ ng a chuck

Wi thin the vacuum cha ng a substrate"wthin the 20 vacuum
chanber. 25.endbqalimsnta withomdaaaérg odtey vericalrestpeticni mig, mere eanfinemehionidgsr ;

15  may be used, where at least one of the confinement rings is adjustable.

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 less contamination.
However, this embodiment exposes a larger surface area to the plasma increasing 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



an exhaust port in fluid connection with the vacuum chanber; 25 a gas
source in fluid connection with the vacuum chanber; and a confi nenent

devi ce fQquoRseyigli ng wafer area pressure control, conpri spagiysay/ddhést

adj ust abl e confinenment ring within the vacuum chanber; and a second

adj ustabl e confinenment ring within the vacuum chanber. 30 26. The plasma
processi ng devi célheaslvamage afproviding dinee 2djpstabie chefinensamprings isghaithed WO
02/ 1623G PCT/ U_.S01 /2~ 103.control | gr .connected to the first adjustable
Cont § marment CORIRETESR TR i ot SR BTGRP AR ARG el oi 1 t he
control | er il r b Adirblort Hfird b be AYiaHiHicad Gab QI RREBNL ring and the
second adj usta@?e c%ér%%;ﬁnerrrenotr ri F}g dﬁr?ng pl asnma pr%gglessi ng in the plasm
processi ng ddafacteristics27. The pl asma processing device, as recited in any of
clainms 25 and 26, further conprising a third confinenent ring. 28. The
ol : . . . Laim 27 . hi 1
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1. A plasma processing device, comprising:
a vacuum chamber;
5 an exhaust port in fluid connection with the vacuum chamber;
a gas source in fluid connection with the vacuum chamber; and

a confinement device for providing wafer area pressure control greater than
40%.

10 2. The plasma processing device, as recited in claim 1, wherein the confinement

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

an adjustable confinement ring within the vacuum chamber.

15 3. The plasma processing device, as recited in claim 2, 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.

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

confinement ring during plasma processing in the plasma processing chamber.

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

vertical restriction ring is on the outside of the confinement ring.
11
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5 7. he plasma processing dev1ce as recited in any of claims 2 to 6, wherein the

confinement ring has a lip.

8. The plasma processing device, as recited in any of claims 2 to 4, 6, and 7,
wherein the vertical restriction ring is on the inside of the confinement ring.

10
0. The plasma processing device, as recited in any of claims 2 to 8, further
comprising a chuck within the vacuum chamber for holding a substrate within the

vacuum chamber.

15 10.  The plasma processing device, as recited in any of claim 1, wherein the
confinement device comprises:
a first adjustable confinement ring within the vacuum chamber; and

a second adjustable confinement ring 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 device.

25
12.  The plasma processing device, as recited in any of claims 10 and 11, further

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, as recited in claim 13, wherein the controller is

connected to the third confinement ring.
12
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10 16, A method for controlling wafer area pressure within a plasma processing
device, comprising:
providing an etchant gas source to a wafer area region;
generating a plasma from the etchant gas source in the wafer area region;
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 ring within the vacuum 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
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20.  The plasma processing device, as recited in any of claims 17 to 19, wherein the

vertical restriction ring is on the outside of the confinement ring.

21.  The plasma processing device, as recited in any of claims 18-20, wherein the

10  free end of the vertical restriction ring has a lip.

22.  The plasma 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 confinement 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 vacuum chamber.

25. A plasma processing device, comprising:
a vacuum chamber;
an exhaust port in fluid connection 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, further comprising a
14
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10  confinement ring is adjustable.
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