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entitled "I MPROVED PLASMA PROCESSI NG SYSTEMS AND METHODS THEREFOR'.
(Attorney Docket No.: LAMLP122/P0527) Application No.: 09/470,236 entitled
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Docket No. : LAMLPI 23/ P0557) GASDESPRIBHTION SONTROLA39, 675 entitled :
"TEMPERATURE CONTROL SYSTEM FOR PLASMA PROCESSI NG APPARATUS"; (Attorney
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PRODUCING UNIFORM PROCESS RATES”, (Attorney Docket No.: LAM1P125/P0560)
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BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to fabrication of semiconductor integrated cireuits and,

more particularly, to improved plasma processing systems for enhancing etch processes.

25 Description of the Related Art

In the fabrication of semiconductor-based devices, e.g., Integrated circuits or flat
panel displays, layers of materials may alternately be deposited onto and etched from a |
substrate surface. During ﬁe fabrication process, various layers of material, e.g.,
borophosphosilicate glass (BPSG), polysilicon, metal, etc., are deposited on the substrate.

30 The deposited layers may be patterned with known techniques, e.g., a photoresist process.
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30 The deposited layers may be patterned with known techni ques, e:@f,ﬁfﬂ 2004
phot or esi st process. 7 APR 2004 Thereafter, portions of the deposited

| ayers can be etched away to formvarious features, e.g., interconnect

lines, vial, trenches, and etc. The process of etching nmay be acconpli shed
by a variety of known techni ques, including plasma-enhanced etching. In

pl asma- enhanced etching, the actual etching typically takes place inside a
pl asma prlbersiirngorchsndifshe deposiial llayérkl eardigsételed apay teformonribinefesubrs) ¢.at e

waf er surface pr.opri ate m (e.g., a photoresist mask) is typically
provi ded. ‘ﬁ??ﬂ“?ﬂ%fgu8§$P§P%1 gf@ n the pl asna proce55|ng chanber, a

| th med f t t chant Th
Dl aomn | 5 used™F SRBECTP FONE ALY SEETPUNE! bhAr BT CRPLAP DY KFBVRRSK, t er ey

foi m ng tRgudiesplagda-palidneédetcifg ! mlﬁam&ﬂfmcda%&hrfgn&xechﬁmﬁﬁ@%hﬁ%ga idaRt er S
10 are etched away . to forminterconnect |ines, vias, trenches, an

f eat u¥ es tAkFRE! aa%%@eﬁ%ﬁ%rmoasens ARATcEC b8 $um thaessd rpeﬁeape@m{bﬁtratf he
desi red %arf&%;faées 2P B REHe miSk geag;{ 4 ug)ﬁo?%gmgl'ﬁasyge &manﬁjp&w&edd SR e @

sinplified plasma proceSS|ng appar brication of
sem cond ueb&ﬁnatm@“edmdbs/pbsaa pfbluessmgmbbmbered plbas mathqar ﬁmes@ frop sapghde at us 100

i ncl udes @sna pr o eSS|n)?,ﬁhe er .102 gﬂ% static ﬁ%uck 15
(ESC) 105 ECRE &8 s HePlagpadp Ugd g Gish Aps l) unpriefist bY o
(i.e.. subskedd Serdbyroniging Yy deséd paternl @ 1Y hia6&, ﬂfrubﬂib%f"&%ﬁ@iteé@a@efss
etched by an appropriate etchant source gas that is released into the wafer

proctdsi i eRkasYay 1o Jormmisiereanapd dnes yinscleenghes, andhothes featpisas Ebe denositigh a
h h b | d b
other ochd Hiling PG A B 5GRD Al BUEGRAIARIREAAR 00 P PeoCh Y

vacuum pl ate 110 20 maintains a sealed contact wwth walls 112 of the wafer
processi ng chaieblacilit@2dis@ssibs, E’IIG41[dnm'visekesitnpiiﬁetdh:éammnmqiihga@akatﬂﬂw e
coupled to. freque 0 ource.{not shown) and used to

ot Pk (GRS P B S s e B S S be 1o iy DO Bl B S e R o

t hrough tdpgarateeweo neameaagiasﬂiaer&dam dHathbes1 02! mlrx?;male%krwaﬁ%mwer ed

durlng the etch processes using power suppl not shown). A punp 116
o]

is alSo i(RSCaded The dnslyl %ectess fm@eé@ée ga%e@paﬁﬁa yakse 606 (i é@!\?ﬁ?taée)f t om t he
pl asma prﬂﬁlﬂ%%ﬁﬁ?gaﬁ&?%@ surbee oM AWaD, ﬁ)é&'&’ Elendd % a@phﬁ; g:?

skilled in the art, 1n the case of etch process paraneters
within thas maaﬁnalcpsedcmshmgafehpMemmgrchmhbghmy Tooetchait lseldcdi gasrmmbt ain

hi gh tol eranc sult ition, sna excitatio

Chanber. cBRaE GRaehr ShruReaddto HAPGRaR prbbehatouts gt mel th Pudfived
Si nce t hepyedtht rhaiheﬁ@«ﬁg SuchaR dhrb8Shd1ESHg aSRAFURRIRIUGA ﬁrareba@ QsbudaMhisR 110
performance) is highly sensitive to such process paraneters, accurate

cont Rl tMainGts § ssaled contagrvitioedlly Hawf ithegwafmoprogassing ehashbas dPat Goils hidt
etchin t I tch
char act et POy EEE o BEAckdy Biud | (e Yol RE O 1diE bl BE LRApIRTSAG fef
profil e, shoen) Aot wsed es smka(lgmtba mplarshﬁgffcﬁﬁ e pdnsmmrw:ssmg\tmmdd 4a8 geltaa’xed

et ching process ev, re.sjgnificance y way  Qf . ex

the.f oat LB eB TS RERrernt Moy Lithoct § BLiASoNGy B bR Rt oA S he Fiehhag
becone i nelERSENBInG SWOF Eogéﬁ( subfly! (hotlsHo®h Th bliRp 466 1786 shaaldd t%%ré@ kg
conventional plasna processing Systens wth conventional nethods. Thus,
even 26| ghpreress gates ahd dscouspredustd figm Hrelamsa procassing cehniber 102 Hwoughtd dist of
nmodem i nt ated circuits. In view of foregoing, there is a need for

i nproved plasma processing systens that provide better control over the
et chi ng procesas istiown by those skilled in the art, in the case of etch processes, a number of

parameters within the plasma processing chamber are tightly controlled to maintain high
tolerance etch results. Gas composition, plasma excitation, and chamber conditions are process.
30  parameters that effect etch results. Since the etch tolerance (and resulting semiconductor-based

device performance) is highly sensitive to such process parameters, accurate control thereof is
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SUMVARY OF THE | I WEI ~I TI Ol~I Broadly speaking, the invention pertaihspAfp 2004
i nproved techniques for etch processing in a plasnma processing system In
accordance with one aspect, the present invention can be utilized to .
enhance control of the etching process by a plasma processing systemthat 1
s includes a plasma processing chanber. The plasma processi ng chanber is

connected to.a s flow system The gas flow system can be enployed to
control r?%ére?'ngg:&@hgfelﬁ’ﬁ?é% thetehing erqsessaradpiodsaiadily gonhelivian achieve
mul ti pl gesifiblid @EEMarhkQEALLONS,. ver,. q.t fl Qw_syst em enabl es the
control over the ampu nfr?srtl\%%ﬁgrfe%%&ﬁ% ’gﬁhv%?fp ﬁgay’oeft&grggé’/retté:ﬁé’é‘g@& Thto the
pl.asma Pplaseessi ingnedeaninesrated cithatsiconeoiling thecachitie pioapdsie ghiged EverMBRS OUS
ways, i pcl udi a_syste appar at us, chi ne,. or net hod. Several )
erbod nuirLitaR% 1Sy Rl iRl SR WPl itcsl B inteasen prctbtsias s i
systsem siaagt radiedonenhcredsitghemo V@i dudino G tHd8Sired fé)dltlﬂ"égﬁsiﬂ% Q&F@g{iggal
chanber used to process a substrate; and a gas flow system couple 0 the
pl asma B PEIGSESIBS AYHsRs With gonygatiotabmethods.e Fhewp evertightéd awtrol of thp etchiigs

into atplRastis hicdFefhtbL t i,ons of the plasma processing chanber. As
exanpl e8, at | east t%ﬁé{l%@?éﬁ regl lghegraé%dr:cub%%el ected froma top central

region, an u ; ipheral .reqgi on d.a | ower _peripheral region. As a

pl gsmﬁ proceggﬁ%ﬁggg i mgarliibetr%bsra %ﬁ@gﬁlm‘?‘%ﬁwlgﬂw RF}H%ﬁ’{’géﬁsgtPfﬁéﬂiﬁdes: a
subst anproavideybentzt oorithalohyt thy BldBEipfoceyd. i ndri cal pl asma processi ng chamber
within which a ;o0 plasma is both ignited and sustained for the processing,

t hejgpl asma processi ng chanber havi ng no separate plasnma generation
chanber, the plasma processing chanber having an upper end and a | ower end;

a coupling w ndow di sposed sma processi ng
chanber; an RF antenna arragbw LS AT ¢ I | ane defined by the
substrate wh rate is..di sposed within .the plas rocessi ng
chanber for ? EoeédgyB‘?%g@é’siﬁﬁé’?ve%o‘é?%&'?sgtﬂé@‘ﬁ@vegF?"gﬂﬂéﬁ%ﬁ? egﬁhéﬁﬁ%‘f‘éﬂnﬁbove

the pl aivea iasma pehdeysihdey st Sin'aEstdaridaSvit] Gl dsBERANE brRb A RSB tal 8%.”9
configured so as_to result in a radial variation in the static magnetic

field tBpdFsdy cahancesort ofthestiehing prosesibyg Masarmocéssingisgstemghatn pr oxi mat e
t heRF di t . lied to t
ol €3t r o SLRBE pURES Fbeck SR ey e Blashe RlokBivitsSs TRy 1Sonneed B aessect

pr ocessflny systefnorTie pasdionosSteth@nseBiplacd o Bolfol 1t RRWES oSSR iﬁ:&ﬁép' ed to
t he el ectro%&l@gt .arrangenent, the do power supply having a controller to

vary a SYHRE ehasitgt tq wyliple; diffegent desations: rMareoverhtheetay flomasygieny t he
radi al  yaAhOBordtbltdd il I pLhin the bl asm

processi ng_chanbertaf n tgr htg@ ?@g?lghv%ﬁﬁgﬁgﬁﬁﬁeﬁ%ﬁ%%ﬁgle?ﬁf%i‘ﬁ&?rtg?/glaﬁ'i‘i‘é

pr ocessprogessiigf dwanittey. acr oss the substrate; and a gas fl ow system coupl ed
to the plasma processing chanber, the gas flow systemcontrolling flowi 5

of j.nput gas-into at. | east 1t different regions of the plasnma processing
chair?ber. As a pIas OIE)F%Eﬁﬁﬁ“%%‘f’é‘rﬂ%@%r%és@?lﬁél% a5 @sysieEL e, one

enbodi nesiar&lis, IR hiMY 6PHEABd] 86 b0 R L nal. mretric
pl asma processi ng chanber w tﬁieJn mﬁlgﬁ%ﬁ&%@ﬁg& |in§7€ %?rﬁé:edq?nﬁcp%sgdi)ﬁg’xv'
sustained for the processing, the plasnma processing chanmber having no

separ at e pl agwa ijases proceningtspsttrer onetdmbadimamef fredaeasiondndbédabe pladmahavi ng
an uppe nd.and a .l ower end: a couplin i ndow di sposed at an upper end of
the pla Wge%}n&cg"?gfbﬁb U AR BEseess gy mé?r%@Wﬁ&”‘é PyryEiErougledpe dearlagove a
Pl ane_dpidcbsihelthailersTRGksoR W LdifroRRSY bRIBul SasthRRTEG: i N n L he

pl asma processing chanmber for the processing; an electromagnet arrangenent
di s¥ios edifipen cegiors of theplasof prasessing dhambeii bt exatrples, e leabtantor diffegnet

ar rangepes i nfi,gured so as.to.result in a radjal variation in the
25 stat f%%%gﬁ}étg ?ésggftg msﬂ?“é’ﬁ@?%@ﬁ%ﬁ‘?‘bﬁﬂl%@‘ffRﬁl"‘PF‘\?rﬁ! TR PR AP WiTocessi ng
chanber pediptebet régighon proxi mate the RF antenna when at | east one direct
current is supplied to the el ectromagnet arrangement, the radial variation
bei ng. ef  ect i@ didsrid bitelssRipAGaSn! ABuRLEBEEIch: BRI {1 fHRRLLAL & @ do
power supply coupled to the~el ectronagnet arrangenent, e’ do poﬁ)eal" supply
havi ng substamtieldy heimutieallyasyyuretmagiintitickd pifsmiapeodtsihg alsdmissravidiin @glicicalr r ent ,
30 there ch ing the radial variation in the magnetic field topol ogy
within P E’%“.‘SP ag% ‘g?li)egﬂgis'ﬁﬁalﬂ%ﬁﬁg}e RIACCSHRS-tag Pieflp PecesRitechambeant enna to
i nprove the processing uniformty across the substrate: and a gas flow
system coupl ed to the plasnma processifg 7 APR 2004 chanber, wherein the
gas flow systemcontrols the input gas is released into a first and a
second region within the plasma processing chanber, the first region being
a top central region within the plasnma processi ng chanber and the second
region being a peripheral region of the plasma processing chanber. 5 This

. o oy




| O Furthernore, the present invention provides the flexibly to vary ApR 2004
distribution of neutral conponents. The distribution of neutral conponents
can be adjusted for different etch processes, as well as during different
stage of the sanme etching process. O her aspects and advantages of the
invention wll become apparent fromthe follow ng detail ed description,
taken in conjunction with the acconpanying drawings t 5 illustrating, by
way of esawipgep stiueatpplasoa geressatofn dﬂambienwlmﬁlm préfebdnhy OEGERN B ifNaOF THE
DRAW NGS The e?laesg % i nvention lel We adl I% under st oqd by the follow ng
det ai | ed "§BE BIPYTH CBG ) HEEPS N R h s pRsed e B HBRAAGT dieRiASTAs, wher ei n

like ref q’:ali”(ﬁ:l&@eeng‘luﬂﬁfb&l $n RESAr b rrdfgdrhdif dBbsea bbdvala (RARMRALSI bAML 1 N

whi ch: FIS]B 1 illustrates a plasma processing systemsuitable for etching a
subst r at 1P§ERlE When the ﬂg’@?%f‘?é%dlépﬁﬁaﬁé‘ﬁﬁmpﬂ‘é@@é@iﬁﬁ@°§$§lg@hﬁinheﬁ foritheg a gas

fl ow systefhetdind ah lcERNA { v

Fig. 3 illustr ?es § pl aggnr%\A %&oceggﬁﬂgg@;g{e\#\v}gﬁ%mu%eweﬁﬁgyggh\‘elsg\?\%trsa%mem |
in 25 acdenrdegitrmaghetarrangaohent beingednfreured s astth eesplt ésenddidl vuemidnan thdhi g. 4

illustrat ocessing.system.includi.ng a gas. fl ow systemin
accor danc gd%\?\n %ka? rﬁé‘ﬁ\)({) Flgy 3h |1.h§eﬁ?snbaf prp ?FéSlBg & T b ﬁ‘?gl%hpm’““?m%PR
2004 Fi g.th&RF Iahmﬁma’\&hﬁSataeapi asdHreRt OGEmS IsROpskatie theielelrdfiaBkt ArdREARI C

arrangene}‘l;lt i,h conjunction with a gas fl ow systemin accordance wth a
part i cul 4f¢ BABbUITHALRR beine cHecthrede @ FFW@??W%UIHEEIFM PEDSTHSCRsaeONdOF  THE
| NVENT! OjoRl Suppfy@ilbledtlo BRelicttBhab et HBRRYRMA: PRI AN <Al HENRRAS Tor
etch processing I'n a plasna procesSing sy tem e i nventloh ena

i mpr oved covieliasiio varpp niagndedd oithoft lpast oesdirgasaseni, nhevelsy ¢Hangimg tps @dRSSI Ng

chanber. r.eat ntrol. r etch processing, can be achieved
GRS A o R PR S R S AR ARl R i e e
10 snal | giroxithiae thoxeainaap idpe9e Hﬁ%ﬁﬁcésﬁng ﬁﬂi‘ﬂ&%ﬂl@rhcb@s ﬁ‘x@fsﬁgstn%teo @n@aggsessed
substrate and t hus ?reater manuf act uri ng yi el Enbodi ment s of

aspect of Whe'SIRy ERPicdii dieepleimacprosessin ehanbani tﬂlﬁgﬁseﬂfé’f gyt contrileg flows,
oneyer . JERARR gRldhld RSkl W ErBEh lohs bPACl B BRIECIA Sl |t N et | ed

description g| erein with res e ures or “expl anat ory

pur poses as t V. ondth imte nts. In
one enbodi rren[}% A(ﬁa_%nrx]a ﬁ@aésgﬂégiés‘%ﬁggrsgg"?é%nﬁ iEly ﬁ%ﬁkr ?R?eeéndlé dﬁ?‘ﬁ%n"gﬁ‘

processi ngvatﬂnanh&:ﬁudes atiubsthr il azithehillyasndih O pR&HA c@é@ﬁ@?ﬁﬂﬁmbér wmnect ed .
to a gas flows stem. The gas flow systemcan be e ed to control the

rel ease d?'hlﬁl%@B A isPotih ignped anhsysiasedJer th E)PEQ‘FSW erp na RIeRFsiBg r ecei ved
and del i vgrsd anmber .

I n accor dancee%ﬂhﬁgopaﬁr{iﬂg%\rﬁérﬁﬁe ﬁglgflﬁne%%bl%g 5‘3% ﬁ%? %9%@1]%?\? g%elglé}b t wo
or mdfe dguwsingun|upper eofl apdhe lgas dnlpacaypding mitdovt dhepqsd:ch&rm @pmsufmlge

chanber 8 out | et .can ive as to a diff nt des i on
Cehin HEREh B8%OHE i R oKt WEhna 5 atedt gftooie 260t ARBnG Fd By

rel eased tgasybsgatg wheh ke dubsivite atdspdbed WRhig A pl dﬁ@ce@ﬁhﬁ%ﬁ&ﬁb@%oﬁ fe gas
flow system I.n this nmanner, both the position and the anount of 35 the gas-

that is dé’P?%Fl&cFmeﬂﬁceowel%|aa%%élée@p%gb@mhmanmnﬁnbéba:@imsubstraé@ The
abi ity te adidisha S%tn@erp@g%ame% ggg@m 109Lsu 835 o LRAN VaPiali& 10111 gaped into

the plasma proces etter process con
25 static magnetic ﬁeld strength. and topology within the plasma processing chamber in the

region proximate the RF antenna when at least one direct current is supplied to the
electromagnet arrangement, the radial variation being effective to affect processing
uniformity across the sﬁbstrate; a dc power supply coupled to the electromagnet arrangement,
the dc power supply having a controller to vary a magnitude of the at least one direct current,
30 thereby changing the radial variation in the magnetic field topology within the plasma
processing chamber in the region proximate the antenna to improve the processing

uniformity across the substrate; and a gas flow system coupled to the plasma processing

4



I n sem conductor fabrication, features may be formed on a sem condu@t abp 2004
waf er or substrate. More particularly, successive |ayers of various ’
materials may be deposited on the 30 seni conductor wafer or substrate.
Thereafter, portions of selected deposited |ayers are etched away to form

i nterconnect lines, trenches, and other features. To facilitate 7 APR
2004 under standi hg of the present invention, FIG 2 illustrates a plasna
processi streinthg ges Frigtene eonfiol sthoe mpue giroid irefeased adto talfesti andant i on.
The pl as b Lhel udes, a pl rocessi ng chamher 20z
navi ng o e e R Bl a R P B e BloP e o PRS0 206, A
waf er ( siesinritie) tRpiasmsa ploacssitigahathbe @lakd $e0sh@deforCtigka HESRerd 06bibhsi de
t he pl as(%]ﬁhé)r%cegsi ng chaq%g_‘rb 202. The ESC 206 can also be referred to as a
bot t om el ect Fode- PRAFS ¥ 58 %bnnect ed to a Radi o Frequency (RF) powered
source (not s mé&' The surface of the wafer 206 is etched by an '
appropri ate pl3SHY PR bastumsras advantages. Yamang etherdhings dbie presenttiinentibas ma
pr ocessi grasoiaham@2 .can b j - . S of.a mxture
of gases@The manner iﬁnﬁqﬁgﬁpgﬁeﬁ% asr(r)gl!’ %Fb@e‘@"s‘?{h@g é’s%bl%tglggtg%nsoﬁtgerel eased
i nto t hengyfrakeRmpaneeies & Additora tivepre@BRinventiincendadilized mogain dRk@tdntel ow. A

vacuum p, Lnt.ai-ns sealed contact with wal]ls 214 of the wafer

processi él‘%} @hegelfnél efr;% E%% .w’%(?lu avﬂ%‘%ﬂ’ﬂ%&%&%ﬁh%@%ﬁ% nrameters phthey o

coupl ed dtch provesd] @gf pREsEOQNR e RAIRE, ST WM Yaad used to
a_plasma fromthe plasnma processing source gas |5 rel eased

strike g:gr}]l&te) ] 1 )
i nt 60 t heFPIgERrep s PERSENg veniignipeevidsahe feniblyita oary2he distritaitzm diypiteall | y RF

power ed duiRgdndhenatshs esses, using an RE power. supply.fnot shown). A
by 218 e T R e oM B o RSBl S itocut
f r om t heprpteassmapwelt s Gy djﬁarebemé’eaﬁtﬁélgamwé}clﬁngg%cegsZO- The plasna
processi ng system 200 i ncludes a gas flow system 221 to control the 20

delivery of thO®hephspssia afd GRERIBIOSANIHR Qﬂﬁ%ﬁ b oy rpeessing
chanber r§02. . The gas flow _systgm_221 pr o?i es Let toereagght%?lgﬁo orgr el easi ng
gas i nsiigHoving dstailsdeleprintion shkan iolcanibactic@0gith Hemegampdrying dpshrem 22. 1

i ncludes f troll.er, 222. .The s.flow controller 222 receives
sourlgée Slggﬁga?%% lépgggggﬁ%aﬁ?%}c‘(lﬁeo?n% %S%ﬁWﬁﬁﬂo%n inlet 224. The source
gas can be a single gas or a m xture of gases. The gas flow controller 272
al so 25 includes outlets 226 and 228 that supply the source gas to

different |locations of the plasma processing chanber 202 in a controlled
fashi on. The gas outl e&&l’éﬁ&%@&ma&ngﬂﬁ&&mm& the plasnma

processing chanber 202 in _a nmanner that source gas is delivered to
di fferent regl theresentingentionewill besteadijyr wrlessiodgycihe filarwing 2etaByd desyripfion

exanpl e,; j | ] & in Fiqg. .2 .the outlet, 226 can be configured to 30
suppl y s%%?'rclfélh %@@‘t@ §1det ‘J’OCSOIBE%W% drf“gﬁ’igﬁ’nwbﬁr?lﬂi% R reﬂ"ﬁé‘ﬁﬁ‘%ﬂ’%‘i“é%‘?ﬁg

chanber 12@&truangaltelgneditd, hed inddBicgan be configured to supply source gas to
an upper peripheral region of the plasm 7 | APR 204 processing chanber

202. Typi cal I'pip, 1 DRstraRs ﬁﬁ%ﬁlﬁbr&gﬂﬁg‘s\k’gﬁ%@@tﬁ el fhr 9&?@%@ aldiBsd er 204, and

t he upper peripheral region i1s at t near vacuum'pl ate 212.

To direct the r: t r.Jocations of the plasma .processing
chanber 202, £ égﬁ lgssng‘rfgé Sr%%sesger%e%%ﬁ%%sge %‘gu‘%ﬁ%aﬁf’? ﬁ?‘i’@yﬁtFWéE

mechani savsordine whivaecgbsdigan dfehspRint Bfehiord.Ne top central region where
an opening in the vacuum-plate 212 is provided. The source gas is thus
suppl i ed fronFigh®ilRews®©S a HBSmME PRIk i ey 226 and then
t hrough t he opgni ng and t%us i(ri?to ﬁl[lege%’%gﬁg&%?oces%aits%vgﬁgﬁﬁ202. The

i nt Pdduciremange wilearshercambygdiment of the pogsprtinpentiopher al regi on of the pl asma
processi ng chanber 202 is nore conplicated. The plasma processi ng system
200 i ncl udes Higr# ips23@s & ipbsmi prqpessingsstem wchdingeegasthay vatemim pl ate 212
and the ggg [ surfﬂ?ace of the ]\g\@l.l S 2]f4 of the, plasma processing chanber
202. TypiEaipgce Wit yopnother pmpadipient al dheprseanpissisntio ring 230 and t he
vacuum pl ate 212, as well as fromthe upper surface of the walls 214 and
the ring 230. A gas channel housing 231 is provided integral with or
coupled to the ring 230. The gas channel housing 23l forns a gas channel
232 that extends around the periphery of the plasma 15 processi ng chanber
202. By way of exanple, in one particular enbodi ment, 16 openings

5




(e.g., holes) are configured at an equal distance from each ot her= 71 APR 2004
addition, a series of holes 234 are provided in the ring 230. These hol es
234 are provided substantially equidi stant about the periphery of the ring
230 and provi de openi ngs between the gas channel 232 and the upper,

internal areas of the plasma processing chanber 202. The outl et Z28
supplies 20 source gas to the gas channel 232 which in turn feeds source
gas through aFig.sfillthmtdsal pasn23focdsking yens BRI SQIEE 8@ niepi & t he

pl asma processi ng .chanber 202 about the periphery (or walls) of the plasm
processi r‘famé‘ﬂ%ﬂ%’g’i’“&?i‘) gas %&7" TEETR D LA, Witha %%C‘Héfretmltqglﬂa?m@ﬁﬁ@di ment, 16
openi ngs pr&ef-invdn@bes are configured at an equal distance from each other
In addition to delivering gas to different regions within the plasm
processi ng 25 chanber, the gas flow system 221 can al so control the anount
(i.e., quantity or flowrate) of the gas that is delivered to different

regions. To elaborate, Wer9ASEDH WSCHEAONSE AT RR/ENFHoNC detezm ne thé_
anount of gas supplied fo"‘r"ﬂ%"r@gﬂm—rﬂm—&%a pa essi ng

chanmber. I n ongissAPQRABRkAind emg,?é,, I can_control the

fl ow of source 1gas t hr0 g?ghalga{g)h teﬁgﬁfé)\édt P%Itirgdoljﬂé%g’%szn%??f .prcﬁflss\ll\%ymc?f

exanpl e, PrgmAGrocehmng sistem. vBhaingention 3oatdeimpengd sohtha tovissinfeeiei ¥estobass t he

gas flow .10l 222 can be di.rected by one of the outlets (e.g., outlet
226) to §8%@'?55‘§ a zggsfn&ﬁm%%?‘{‘%gff%bef e%‘ré?ﬁf‘r‘%& %%J@focronfrﬂleo‘%?féfl P{RSERRRE &N
source gas achibvddevigith &ieesiniy rhéte apl hfte PiHokiBhiSs (e sizRMLd i 2Pdett O

anot her rgjgl%)qq. Thus, the gas flow 7 APR 200 control nmechani sm¢an be

adj ust ed s dhe dnyaneipn alsa frade o rgdyetign i defegis o plogersed sifbsigates and i f er ent

regi ons. g?_éh?erfnlxa%’fa%ﬁﬂﬁlg?)ié]@{ 222 can be inplemented by a variety of known
mechani sims, e.g., a systemof valves, to control the anobunt of gas that is

delivered by gagh t,, K 1e flow controller. . 222 is typically
controlled by a cg%ﬁ%&fgﬂlgnag?&g%&ggvfﬁé% ar%%ﬁi’%é%‘}?ﬁﬁ%‘f”’f@";ﬂ E‘Eﬂc\‘ié% by the
i nl et 22&Figsah-Shéawaviextthirse skitled asths aitvall reudity ppediond shay teoqdeiirgd t oget her
(e.qg., pre-m’xedé. Ag%er natf'évelé/, i nput _gases _can be supplied separatel -.
i s two ofSHOIPHOR BIYSR RPN WitR FeSPetiQ diasefieuresds for swplapHemarareasepgsihe and t hen

rel egsed idGenflonbxtbitlshePbndiBSsel thited diehdal 1 processing chanber 202 by the
outlets 226, 228. Typically, the inlet 224 receives a pre-m xed, m xture of

gases with a | . at.l Qf_exanple,. a
m xture of a 18 ﬁglt(')ér %gg%g%ﬁzgéﬁg%g%&f%%@% Srggéﬂtnﬁ}éatg%ﬂ? ceéa é%sn@aq{ng‘fels%ﬁﬂi n the
pl asma prbasbsiingisclhsmtb dihe 0B maipeodeldng dawbeointcondcrd (@2 3as 6w sifiah. f | ow
rate ratiﬁl of hhe quorocsrbon gg‘i to the oxygen gas is 2_: 1. The gas flow
syst em 22/"C&3H B SYFRPICE PR GTPIPYELIa qPafrol the r %ﬁ%og%ewm@ﬁ@}asmae., with
the sanme prbceptif@éntrl.l Bput s BHcbéiPtCaddUefldoNsy e %39909:' sﬁét@]% 1AL essi ng
chanber 202. Alternatively, the gas flow system 15 22l can control the flow
r at e2¢ at iPdpsETa REResssing shamber.hi acgpifegesyith  pasticulart embodimers, iapet gasippl i ed t o

di fferents.; 1 ] I ssiln ha r.,1t should be noted
that t natel FEe bOR bbbl bR AR B R B R T Bl oiopha PSFstasm 221 can
rel ease ahgaberniBathipss dlet canateliesr gas e differepbdesived tagidh Wihkh théplhaei ved by
the gas flow system 22] . % V\Ey of exanple, if a mxture of a fluorocarbon
gas and FXYGSHEDERT Inyaddition. ths velumeqf thegeleased gas.iebrthe pwdnate of thexgas,
(Oxygen) ca b BERLUEHy B dold AolATstmOth BUSIEMRL Hoth fheBoliiBh B laBfbuh Al
ratio may be output by the gas outlets. For exanple, one gas outlet can

rel edse ¢hsgastthal is dejiveredtintorthe plasmod priocgsing chaslarivempe corttmlled ( Gky giiti)y, towhi | e

t he ot her, . re es gas- W th-a flowrate ratio of 2,

(f1 uoroc a8 Egﬁshg 'ﬁ{;%ﬁﬁn i‘%dx%?r%"}l%a‘ﬁ&a%ﬁ‘a’r iSreiaseq P?% ﬁ&ﬂ?ﬁ“ﬁ‘é”ﬁ‘f?aﬁ?% ERrBRPef hat
gas fl owpraiidesfat bater patedlconrdle adj usted so the one gas outlet delivers
only 25 a particular gas as opposed to another gas or a m xture of gases.

In semiconductor fabrication, features may be formed on a semiconductor wafer or

substrate. More particularly, successive layers of various materials may be deposited on the
30 semiconductor wafer or substrate. Thereafter, portions of selected deposited layers are

etched away to form interconnect lines, trenches, and other features. To facilitate

6



Thus. the gas'flow system 221 allows input gases to be rel eased to & APR 2004
desired region in a plasma processing chanber 202. Additionally, volune, '
e.g., flowrate, of gases that are released into that region can be

adjusted by the gas flow system 221. Further, the gas fl ow system 221
provides the ability to adjust the relative flowrate ratios.of different
gases that, 30 are re|l eased into _a plasm processi ng chanber. Furthernore,

t he anodﬁid,ers%am%;pfd ¢ PEFHL IENH PO IET 2 fhsstralean nlasmibairpeassieg systera 200 in

parti cul ko desc0Ritls 8Re BEH i j: of the 9 7 APR 204
processin ée.g., et ch prggggéénghéﬂ%§g%%§eg$9@§§ﬁ%ﬁ§§e$ﬁgSﬁﬂ§“¥¥QM/system
221 can getdesfeplpsmanprasesifarhambet 26hkavinms easirngpgasmeehaaiiat, val ug for one

t f -.chi dth dj ust. .t.he, fl te f th |
o o sorce e BHE LG BRGIE Ak MRk Aot Bisksrbon e sfestoprbdek
Al t hougHEBI0Y 208 irisideltst PRIsRS prétRsSRsEREnIRAS8S. *?ﬁ{: RSCSIHBRIH GHo 18 r8refrOPto

peripheral region as well as an upper peripheral region, In genera source
gas can 35& bR $ledirads thatican pr sonnticteide 8 Madicobryiany (RF) piwerad ghas@ot
processidpgwphanber. As an exanple, source gas could be supplied to a | ower
peri pheral region.. Such source gas can be supplied into the plasm
processi ng chanber through holes in the walls of the plasma processing

chanber. As theawofaheof xambtre06gastchahbpen sptRpbriRe pladma phRWRing @D
around tge ) bst&g%e i€ oo near t he edges of the wafer 504. By way of
exanpl e, 5% (I ISTsirred ighithe Rlaspia pregessiag ghasyber 82 £8he sBcogasican be asthgls of
t he jpvaf 3P4 mikhBe oBoePi Sy B £ | raeessing system 300
sui t abl g_éagor énell i ve{r)tsg and 'Fﬁeelsrgase E)?%%BE’?E @3‘2";@{"%?%?“% S?gﬁ£5€¥fsﬁﬁgF%?8
regi on dBtoibe plasma poyasssine chapiter 202 fssdjsomsseidrin 2oradetat $aloe Awbdnangkher

nbodi . 1h t i tiop. . T I i t 00
Cnet ude 2 Bt PIEET HonlaBi 5 olls 24 S B Reerarorsnys ertghe 208 Cake pl asma
Pr 0cessiang prbvitabon 2R3 sesudipthts DE HeASHRPILE RIS ﬂg?%gégggf)i ,ﬁ&%& gémEé' g.2.

In this particul ar enbodi nent, the gas Tl ow control es outl et
302 t hat{"Qishprneand vssdde sike (ignite) aplaspa front thaplasegipsocesfing fwirgd gsna

i d_an.outlet 3 20 ¥
oy ® o aeRaitd i the Ben AU BRif neline? I T g BRI womali Ry 1° °
cont r ol | peavetabdiring tht Btchgeldek 8 usiag AWRH pdifer 30HAY Pt sh@wﬁﬁ%ggﬁ?g.'lggﬁd in

the art, if, dlgsired nore than two gas outlets can be utiliz iver
gas to Flipdprluded @rdranth%p@ﬁfeSSrg@gasmd geseolisipraduets fitoms the plasomgssdesging hanber .

Fig. 4 id §Exrf(5f§1r<§hgﬂaas Jc't% system 400 suitable for controlling the 25
delivery of gas intoa p(? asma ‘processi ng chanber in accordance w th anot her

enbodi ment  of Thehplagmepeitssing\wetema00 iddledesaseds M SpsanemM BRQLhAG] tdes a gas
fl og/%conqteﬁol | er 402‘. The gas_ flow controll er 402 can recel ve source gas

t hr 6high EHVeY Of Almpiasaa B essingsoyrngrassesgasha plasma processisigebambsr 23s Theow

troll ' ' f ...As sh .in Fig.
oo 28 B PE PSP REATReR B bt be RS e e o o o

sui t abl ehhmbeS0M eThevgasylonf sygaesn 2D inchiidés £paNMlow eahtEdRer 052, t ke PASIRAR
pr ocessi ngggﬁ%r%gr in a controlled fashion. By way of exanple, the gas
) I 1-

outlets % TEHAVISOUES b EO 4 $45£8pPY dnelsbpvy) Geezh@n inlet 224, The

source gas can be a single gas or a mixture of gases. The gas flow controller 222 also
25 includes outlets 226 and 228 that supply the source gas to different locations of the plasma

processing chamber 202 in a controlled fashion.

The gas outlets 226 and 228 can be connected to the plasma processing chamber 202
in a manner that source gas is delivered to different regions inside the plasma processing
chamber 202. By way of example, as illustrated in Fig. 2, the outlet 226 can be configured to

30 supply source gas to a top central region within the plasma processing chamber 202. and the

outlet 228 can be configured to supply source gas to an upper peripheral region of the plasma



- 7 APR 2004 into three different regions, e.g., a top central r eégi ort\PRariFG4
upper peripheral region, and a |ower peri pheral regi on of the plasnma ‘
processi ng chanber 202 in a controlled fashion. In addition, the gas flow
system 4p2 is configured to provide the ability to adjust the anount of gas
that is delivered to different regions by gas outlets 408, 410, and 412. 5

As shown in Fig . L WO _gas inlets (404 and 406) can be utilized to receive
source gd¥ O‘Efﬁ%ﬁ’g ?}?“H:é’lr £ r Bepieadly dihe o eepralregion moditpptly albovsuhe wafer 208, 410,

and 412. aE@QHhlﬂfpeﬂﬁe%ﬂh@}aﬁe%l&QQaﬁHgw%ﬁ@%F@Igbafg%g)gr funf o {ef%e?r ent gas or a

di fferent conbination of gases. It should be e val ues for gas
flow rates anc{fir@agelh@w LAl ¢ Leas nt o ion can
be different thar%rthogeS va %esﬁtlﬁtﬁrbaf’r?eléérag%%ﬁedg@ r%Céssmrgr?%rt“s 404 and-
406. I n 1208, tb@mersnwrdmsmm@agﬂosrzozmanslyxhzemhaﬁﬁeqmammetes‘ht bauredgdsicky t o
deterpmn ] ow rates for release of gas |nto di.ff erent
r egi 0%15 %e%ﬂg%gltgzﬁngogr%%’ggzgﬁgh%’ AR ALPPEREE 1 RF ‘@Fu‘&%é’??b‘?% 2 meovitesly rate
for rel edBe smtxrcg @ss isnh@ sapistiddefgin® theGatreb gaskiontreN a2 tidteH tHéWuflé‘tt@tSfa%
rel ease o to a different region. In addition, the flow rates for

e fEove

rel ease e CnraIngrangihhus ipto theplassed myReessag chranker 203r The intiednctione
flow rat eyfahe ¥akcebab BEHOBFpdr Pefiftfefl 400. It
shoul d al so fi)e notged t hat ﬁ%lr?}ﬁ%u 1Y§£Od§flﬁ ltgvg\ﬁ%&%t%%%!n%\ghc%]ﬁ L%H&r gd to

rel ease gasre CntnehcdttxeeThea:jamprotdmsg dx}:efzm P innladesssrAtg 230 tleis pidddedgas has

be relea t t.h n_at any. ar.ticular ti dyring the etch
proczés S'%y %/\?glytgee%é%ﬁ ‘attﬁéﬁ ?%o&‘/e tBPG Y ‘?)‘%toifgte gzéﬁr??ﬁ@ig?ﬁﬁﬂ etely shut
of f duri ngoeesgiag tharbear0POTRsicdR, & Hghtabahs Po0RES SetwdiPiHe lrR 130 Mashd Nto a
regi on can be Ipalffgr"]t ted or rgaurred at a later tinme durin 0 the etch

process, HHYEd as Wl a3 Bomdhe wppsesuréage obthe sablp Ridan ﬁtedll’ltgr?éoplf\am
processi rﬂ}aﬁmmn Q?ﬂrcﬂndéﬁﬁht@érﬁl i Hpgdﬁgﬁ'dﬁgﬁte.r%sﬂ@ﬁgﬁ)e %3,( g]b%el the

source gases can be supplied by a“gas ring 6r openin
hol es t hahouging 2BLifdrmsiargas chveink 5238fthd1 ex phésareurgirthe patphegy @maa‘pagmaoz It

shoul,d al so be nated t in plasma processing s stens having a gas 25
d|str?but@guxﬁp%g%“€¥fgﬁﬁ geﬂ&ﬁg?ﬁgggged%ﬂn%ﬁrﬁgt §@#€G"??Eﬁﬂ&ﬂﬁﬁmgérn of
hol es pr opiglgidsyark henﬁ%a?ed :Reaﬁegﬁur A&8aned frBﬂWaEth@th&Ol{fl%ﬁdﬁ%ﬁ Ay 8notkd hi n
t he pl asnm processing anber 2 urrngﬁt e etching process, the source

gases ar e2314r?éhp@9(t§ﬁef1é‘HmFém@tzﬁpkEh%erbp&Q 4 arpipeovidadisubssamstallytguidistet 204 i s

etched bysdofiemphassm !ﬁg& | sounce ai n a
m xt ure o? F%h horocar f(‘)tRQ{aiﬁ B&géeg&“}%%a\?ﬁf' a?&ﬁ ﬁ?i%
gases, 30thetbpsr, igased amamoﬁhs plaﬁrhmprdcéssirig&hmh’&&fm2p ThE 06841208 GhFIHE 102
Thesrrg_got her gases are t éggg@ed vvrth t he source gases but can be

separat e. SHEF &8% F &as 18 e fegds gopree gas Appugtpelh ofah dales g3 be
p 8

I d
rel eased ihBieBy §d}©l)ﬁh§§d¥ﬁcepéa§%§ %té]ﬂa&&%&‘:& 12% 5 éﬁ'rg} V&bt f(}%l p{éhhhlérﬁ'@(% heor

a deposition precursor. it will be underst ose S
art) the Wﬁ%ﬁfthérl?lq@ﬁgﬂ mecepweg:thaa‘@dr el eB}nwamefrexamptct hemnasmmcaﬂﬂry ar r anged

rocessin t he on IS a cabl -
Br ocessi ntgn% a ?‘E% ngg. Veo(r?éseﬁ%?: %“i‘ﬂ“&&%ﬁ aﬁ%%ﬂ‘&ﬁa@hﬂgﬁﬁ't ively
coupl ed paral | at es rou i ndu el y coupl ed RF sources
sucﬁ as Ir.rel i co Ir%ad lélpﬂé%?g}vgggg,g%sc}?gl g‘tgrl%lﬁé’f‘ rr‘ré’repg"ﬁﬂﬁl 8°S5F188 . ( TCP) .
TCP_pbasnzhapibes; essdasdl sz%eﬂezzqrcan argalctnﬁtm theldnQinl- @1, BREARY P OGRRRY G | on
of Frernont, Californija. her exanpl es of suitable processing chanbers

i ncl ude ateigatibakis delvrﬁr%ilstﬁéhﬁemté@gverrspé“)o elaborpie darpgas dlopy system 22 Dcesrchgr ce

(DPS), an
fabricati gsr?a U?H& errr% %hggeqmgrl!g‘{](g{ %3%/’ c%fso\sacpongcﬁlgaﬁe%gl?rbméﬁggﬁ aeestglﬁgse
skill ed i ehantber. almtonb(amyadrmehetﬂtmas lont doatrolier €02 thecatrohinedldw oLestetBY Way -

of :.: i tant etching process paraneter 1s the

di stri but%‘hu%feaﬁt%fs‘ﬁ% ﬂ@gg ¥ Y 8’&%%@?@ th%trl?ﬁé?tal vebures abor at e,

as | soknoydurddat Bt ?sr&eexﬂdaeﬁrrfﬁe ﬂsqw&nﬁgilér% ?Q‘Qﬁbé Hf?&ste t§f0tﬁé Blufig wi th
both charged and neutral conponents. is we nown, ar ged

c ;)rrﬁonent 8. goulet 2369 §¢ tﬁtﬁer%mjl wegethe;rengamgﬁlﬁwsqf t?: gamr;lfwohmxﬁ dgﬁ/src:efcbgat t he
etchin ces onen al sg, effec chi
proc esg p&% b dﬁrec{ga% etcf'tu & Y E]thg? 5448 tﬁ;’ég%%g?@gerﬁﬁ%}o? eiE‘t‘s G44S ?‘%@!

substrat e mafer other neutral conponegts may stick to the walls of the
processi ng chanber etc. Thus, control “over the distribution of the 20
neutral plasm conponent is also desirable since it could significantly

i nprove the etching process. In addition, it would be very desirable to
provi de for plasna processing systens and methods that are capabl e of
enhanci ng control over the distribution of both the neutral and charged
conponents. As is appreciated by those skilled in the art the abrlrty to

o o b



Furthernore, it is also desirable to gain better conuol over the-7 APR 2004
distribution of plasma without having to limt certain etch processing '
paranmeters. To el aborate, certain paraneters can effect the distribution of
pl asma conponents. These paraneters include power profile, pressure at

whi ch the processing chanber operates, product specifications and sticking
30 coefficients of various material that make up the wafer substrate.

Al t hougFoairel FEpInisancass bepdiustrd sodhg ontels sarcdelivee difefar tvelhning ofpes @  nor e

of thesg; , 7. APR 2004 djsadvant ageous to attenpt
to gai n%bje???g{ﬁ%%%%? T c;qh teoﬂ\%r&ght%ﬁarljézﬁa&}’tei%‘ﬁ% e“bei%la@'naa"ﬁ?t? ﬁﬁqvﬂg t hese
par anet ereshaBymagye.of spstanpf ealves, 1o donngl fHBRnBALEHT @sShdt hdelRefedusadch 0 form
t he “’aferésv‘ﬁ)lr'ltd e, hi g}hl undesiraple. Fig. 5 illustrates, in accordance
with yett?2RorHel Ehtodls corollfel 47 is Sricallyppstrelleshby &centylsigmal Prtocessi ng
system 500 that .is capabl e of .providing better control over the

di stti bution 138 ga gli‘ﬁfsachedYﬁﬂl Retthe feef 224 mp0 e atrsixtuTh of gdsastat meocessi ng
system i UIG ; - Yo RE:304E enent 502 and an..

oDl Aty e e B Yo P B ARO R b e P

ant enna Separaialyere two S0Mosnstpaprdnlem grivdd athafew TeRtolRD222r fdshanridisposed
above a la%’?&ﬁg chess*n@ chanber 506. A wafer 500 10 is disposed on a
chuck 5f0% hEIGa°t B% PioLHRASMA PECEISHRE RIbsEL0bsthe autlais 2265228 i n co

Appl i Cﬁttii on No. 091439,661 (Att. Dkt. No. LAM PI 22),

pendi ng U. S. .Pat ent )
filed concur refiGAYHBE &lFt 424 raerivesanre-mesed. NPROVESS EisESVIh RPRATESHI NEs

SYSTEMS fiRNB aEEHE) T,}gﬁﬁgF : ! ced application;), other
positions arae alﬂgg%gosm 6;ﬁfﬂ(g’ Eéj Eéﬁg%%egélfnaaﬂlggrrrgéfﬁg%nn%%ta%@@fyﬁ‘mjaﬁfﬁ%)er magnet
~ ar r angersgvrce gasican fowRin tieiplasma mocessigedlenibeb 002 vk b 0w aLBlIadHeuaR RF

power s ly. 512 whi suppl y RF antenna arrangenent 502 with RF

ener gy Elgé\ilf%g‘jw %a%? r@&ﬁé’ﬁ@?ﬁ%r‘? A3 &0 B oxpesn 8% in2 Mg Theogasdlaw sBevHz. | n
t hi s parpi ¢uth BE @,ﬁp@gédr{%rgd- : g i-ncl udes..t
concentric _magngt_i c coils, lg%kltqﬁ@%f a%. ?ﬁ!xggé’?%"%@ cu?;:r%%'?li go?Nurﬁlgcl ‘ﬁgoﬂﬁ
opposi t éyiiplsdesasinns oUbp plasmagneessing cragther?0?2. SAkeinaticdhp\he 5460 dydtoma

| abl &, Cugr ent Ly 514, which i figured t
var ¥t he2 e Eonel A Bog R Rl oRaNS proch R o oy Finisips STvPPe o he

el ect r ontéffierelit 16@ition) idfhe YRR\ HBISGhe Sidnfegenent 504. It shoul d be noted
that other arrangenents are also possible for plasma processing system 500.

For exanpl e, 1n&REE bCndite T, (hot al 0 be oriented
around the outer peri%hergﬁf)%aﬁgep g%t‘%}hoéc}%seﬁ%g@%%@érg?sigwcf;&tfm bed
in the 28i ereraleate 2FanppkincahatonrieTfremithg gt mixnae tan gerRavedby g BlRWE
processisn%es Le 500 or otzqer. rrag{l\etip% rrangenents as described in the
ref erencé %@li %t Voho! Campls, i mixtursiof ¢ llugrpsathon ges madhoxyees vdtsa Bowt r ol .
Mor g0 parrite eaticst V.5 (2ia06arBd) o | fbRQSn) it he | Lo Al AN ffects the
di stribution of Ch(gll‘ ged corrrgonoentms%on)ﬁr ovff(ﬁgﬁg?ﬁe&%%rﬂ%?ﬁ%@rb e pl asma
di st ri buffesant flew xase eatiponax bt owpwrbytthe gl msles. dFartexidapld, ofic 45 dutledcanhances
control et.chin [ OCEeS Unfqgrtunately, unlike the charged

conpone rll-@g%retg% g %tnaeﬁ? 7d F‘%J%fﬂo%ﬁiﬁl“é’f?faﬁmﬁj G Igd’ﬁ&f’ BN Yle theplbatgasouliagnet i ¢
fields. rdlgases gadRith AARAY A%e fakib W8P (AEGEcdrBodyi f y 16 can
be used in con%' unction wt hatlhe‘ ma(tgnetfé adrir anlgg)r%%rgg%f.éo létﬁ'gzttss g}ﬂ?w

syst em PE&ngeiond thatigps Aew rats rtiasvanialsorbr ediosted sotheanergat batletidetivé®shiyon of

neutyq al : This ing turn allo far further enhancenent of
confgr ol aﬁ%&@ﬁ%?%%é@&%@ Oswog'ﬁrﬁwr&m&%ﬁﬁgg?seﬁas fl ow system 516 can be
utilized to dlehlivt«ﬁr ag to diff reﬂt regi ons of the plasma processing
chanber, e.g.’™n ﬁgg‘? ﬁ?\véﬁtﬁ‘ﬁ@ﬁé? AUS P CEaspElY bkirelsaseddpadesired tegwnphasna
pr ocessi j : it fl system 516
aflastyShidfesS@ PRV 10D tu:%al]},rllgjﬂgg%,teﬁ%gloﬁ D& %?S(gf':scag}évatt St i

is configured to provide the abﬂ([ﬂtly to a anourit

del i ver agleasgdantpdhatiregibmcanr syadstedhuthe ghhitowsestah 20he Feaserd, tevgas Yiiaem 51 6
with a ggr%tj'zg ar rggﬁq@rmgrl such. as tthse described, in the referenced

appl i cat’ on, <€arf pr & BRI AGHET the gelayr Hoyw 3¢ ratips of differgmtcaesesdhat ¢ j s
bel bevedrd fdasetl 56 b Blisind BretessifHiTaflbe FRARERLS, (8RnREE LHRELES Rlvar vi ng
the tine e.gé, mean time that input gases spent 1 n the plasna processing
chanber flrvapbgastthet is fehveras tg 2, partater régien ¢andie modifitd faskferspeptiastyof thet
zones". Hot zones as used herein, refer to the regions where I nput gases
are excited. By way of exanple, input gases can be excited in 15 regions

that are near the top surfaces of the9plasna processi ng chanber. By
provi di ng the




ability to vary the location and the anount of gas that is deli vered APRtmé
processing chanber, it is possible to adjust the tine that neut r al
conponents spend in the plasm processing chanber and/or in the hot zones.
By way of exanple, the nean tine that is spend in the processing chanber is
typically longer for a gas particles that are released into upper regions
20 of the plasma processing chanber. In conparison, the nean tine that is
spend i n RPESPROESs SiHpretrspbe)r By way pf exniple, slhmga;seﬂnwfmtem PpAscah Bettthe S

rel eased gt Rudsol 8 EmQ? dptce%ﬂicﬁ?éastt?gnéavﬁgﬁ)rpr Ogtgg%fﬂﬁ% &85 nggpﬁgfmgﬁ anber .

l'ikely that the ga evacuat ed

Thi s i nvehen ashushths ﬂwmetediastlads\}aMaqge&ss:ﬁ@gaMJtﬁ:rgta@ngdqﬁeﬁth&te dffige ph@sent
i nventi or}:té; opo1r rat es to enhance control over the distribution of neutral
and/ or pl ASne orrponents to provide better control over the etching

process. Anot Vi at nore control over the etch process can
be achi eved w@h’t?ﬂ&l ﬁ%v?ﬂSJSFB‘CF SPURCE BRSES REIGE ITPPlisd tapiapapesipherakyegion

pressur e,asmalies aR bpdriperiplRial re {64, iAROKA! 398 ! esent
i nvention_ can pr ov?%eptgh% fleri'%bl 1| {éy to f/aryeaéc}ll str?ébﬁltpﬁaggla%)flgﬁg t al

and/ or plalsmntdesasenenithinagiasa reeeshing ehahb30 Asrocasspls, scasceygat bowdd belur i ng

appr oot atel b Rk dEIPRED FSh, SRR B ke s RO P o be
utilized nr@f:ef:‘mgm:fambar ﬂlecbqghdn‘olcﬂnm ﬁe@ﬂeﬁmmamﬁoa@m@ahaﬁ&@ Ad a
i ntergconnect and et Furl%ﬁla as will be understood by those skilled

in the arf® 'hgaﬂlrp!aeg éft C%n SHPRIBH 1@ alovsraseip apuad thesubdriwu S eHinew et h a

vari ety oidgpadfichOnhfar 204, CBiyRehy/ tcﬁ’%ﬁﬁ&hﬁl‘éeﬁmﬁ%\ﬂc@ga@éﬁlbe g&%ﬁ&@? e ESC
pl anari zati on, photoresist stripping, chanber clFeaning, etc gh only

a few entPd§insarihecdges phiepraferéi®d. i nvent i on have been descri bed |n det ail,
it should be understood that the present invention may be enbodi ed i n many
ot her speci f i"¢'ig-Grdepiot 2 Simplifiedplasma pecéssomny syblemsiD0rshitabde f@ geperphnd he

i nventio [Ecel D) esent , exanpl es ar be cq ered as

illustr a{} Fl\?%&zonj gaSF%E]?? &QP Rfélph%{ﬁﬁ’ng grﬂ;? "ip§“£'€F %o’?g‘%"’oe limted
to the deiceérisnce Wﬁlrhnbﬂﬂ’eﬁblﬂbodfihh’énﬁmh m;ﬁweﬁt%xy\ﬂ tike Pldshi pR6R, f the
appended cl ai ns. 7 APR 2004 CLAI What is clained is 1. A plasm

processi rYSEPsiR rﬁwl%@ﬁ 8 2p% Hewaypemas 40 eents) thealelivenof gad 'uoghe plasma
processing chamber 202 as did the plasma processing chamber 200 of Fig.2. In this
particular embodiment, the gas flow controlier 222 includes outlet 302 that supplies source
gas into a top central region of the plasma processing chamber 202 and an outlel 304 that

20 supplies source gas to a lower peripheral region of the plasma processing chamber 202 in a

controlled fashion.

In addition, as will be apparent to those skilled in the art, if desired, more than two
. gas outlets can be utilized to deliver gas to a variety of different regions inside the plasma
processing chamber. Fig. 4 illustrates a gas flow system 400 suitable for controlling the
25 delivery of gas into a plasma processing chamber in accordance with another embodiment of
the present invention. T?}f:"ggg.ﬂow system 400 includes a gas flow controller 402. The gas
flow controller 402 can receive source gas through inlets 404 and 406. The source gas that is
received by gas flow controller 402 can be a single gas or a mixture of gases. As shown in
Fig. 4, the gas flow system 400 includes gas outlets 408, 410, and 412 which are suitable for
30 . delivery of gas into different regions of the plasma processing chamber in a controiled

fashion. By way of example, the gas outlets 408, 410, and 412 can be utilized to supply gas

10




a plasma processing chanber used to process a substrate; and a gas .| ow
system coupl ed to said plasna processi ng chanber, said gas flow sy t AR 2004
controlling flow of input gas into at |east two different regions of said

pl asma processi ng chanber, wherein the at |east two different regions

I nclude at | east one peripheral region of the plasma processing chanber. 2.

A pl asnma ; [ ystemas recited in claim, wherein the at |east two
differ entl%gg%%§£@%%%| r%%@‘%a “t%f PBAFPEA IrRIgR-GIR UPREF REAIPIBTREFeLiEY. PRhe faaver

region. 3eriiphlasgmnpf veessingpeyeisan darbeci i d AnthAldhan el eliide 2t
least two different regions include a top central region and a Iower o™
per i pher a1¢ $8diBhHsysEm Ogvsa%wéigmc%@@sq thy ebidity tesadjuest iteathdunt of sk is

wher ei n tdaBveatd tRdiSterdn Mol slRr L ORNS, I,NCl a top central region, a
| ower peri pheral regir on, g%né bg’ﬁgtﬁ‘ﬁ{el%géggﬁ“plﬁe%‘f egion. 5. A plasm

- processing sysfiephern ineldigt 4dwiorgae irdéetsn(404 aHderos)h Bad ieutaitzel F@&Eei%@mﬁ'bé %&f ent

regi ons igglk -.al F-region near the substrate. 6. A plasma procesSing
system astﬁldﬁ g%(?eﬁlg ﬁdﬁx\gffg‘?rﬁﬁfgm‘?}ég?ﬁ Wlsts A0S A0, grd ¢ &2 s iBagh of gasametsidudes

a chuck and4ofied wasive wbifelbh 5 6nh AIRALARSHIAELUAGE BadeOUGY o Bf QI NCAT

edges of the'""suggraée, and wherein the input gas is-release reough t he

chuck. 1&ndersog sfor gasdfloys ratespandbe ges flgwaystratinsahatrapcicleded mtch ai m 1,

wher ei n s@igh & unt_or volyne of the input gas into
the at 1 euih e BBl AU ER M8 s B BE Bl Feosi g to? st anariglr Ins. A
pl asta prdeessidsgtieyss dowesysieactEstolides i Abi; td\ﬁ'ﬁér’?ﬂiﬂeﬁﬁdﬂ}j{&% %St em
controlsﬂvaowr te%f the input gas into the at least two ditferent regions
of said PrAJHES g‘?fofé 4% NgB%e malR9eicrent regiops ofstha phasme eseiessing pisingberaBy eci t ed

in clai mwhy ofBRdrp | ' es.at 10 Jleast first and second
‘gases, and wher ei nle’stgigaﬂohr&%vkg %32%%d%gﬁkg%p1§trloa°ﬁtrF§loﬁSWE P%figisef@ltgi % | ow

rate of fHefatrelranat gas o adifferamaegiongdaeaditiohaht ABwAktes $aSEIchifdlaf f er ent
regi ons ?Jo%ﬁ‘é'g §| Sas'irla r.ocessi n%#%hanber. 10. A plasma -processing System
as recited PR & € reg1ens gea b diftersnithan the flovpratcatsuhiolytheyess emetaivadher
conprsi sesy ¢ I} dy4RnY 400. ' I t . sai.d, pl asga_processi ng
chanber, )z;nc?@v%erei n%sai dm% ngvﬁéslg‘gtaig%bgglﬁﬁgo aéaghnim%ggaﬁ‘ﬁﬁ@tw 1% he

i nput  gaSonfipused g rglsasedgaisiinterthree ragionst iy ddey notiRREYRAD; b thAfHs 1g@Be L0 a

peripher f’élearsgcgf-n?@al?];)f aaaeirggiglll @ arg%r particular time during the etch process. By way
example, the flow to gas outlet 408 can be completely shut off during a particular point in the
etch process. The ﬂow of gas into a region can be initiated or resumed at a later time during
20 the etch process, and so forth.

The source gases can by supplied into tﬁe plasma processing chamber 202 by a
variety of mechanisms. By way of example, the source gases can be supplied by a gas ring
or openings such as ports or holes that are built into walls of the plasma processing
chamber 102. It should also be noted that in plasma processing systems having a gas

25 distribution plate (GDP), source gases can be delivered from a pattern of holes provided in
the GDP. Regardless of how the source gas arrives within the plasma processing chamber
202 during the etching process, the source gases are then excited to strike a plasma. The |
surface of the wafer 204 is etched by the plasma. In one implementation, the source gases

. contain a mixture of a fluorocarbon and oxygen gases. In addition to such sourcé gases,

30 other gases can also flow in the plasma processing chamber 102. These other gases are

typically mixed with the source gases but can be separate. For ethple, other gases, such as

11




processing chanber. 20 I | . A plasnma processing system as recited—ﬁnA@paQﬁu
10, wherein said gas delivery ring is provided on an upper portion of the

pl asma processi ng chanber, thereby the gas delivery ring supplying the

i nput gas to an upper peripheral region of said plasma processing chanber.

=, 12. A plasma processing systemas recited in claim1, wherein said

pl asma processi ng chanber includes at |east an inner wall, and the gas fl ow

syst em céwpor, sey beatlchsedsitoaireplgmsa prot@bing QhariiRe QDY i @riehe aidiRtin, G2% t hat
is to be delivered into said plasnma processi ng chanber; 17 7 APR 2004 at

| east fi PEROSHIOR REE5HG gas outlets that are each capable of delivering the
i nput gas to the plasma processi system and wherein at |east a portion

of the input gagt ‘ggfa}aee‘i‘q‘@é'ﬁt@&sbtydg%‘?éz F%é’h‘é’eﬁF‘o‘é‘éér_S"leﬁ‘gfmcIﬁ%)f’rb%PfaV'il%Fd_slaiad o
first andumeeTbugdsueitly firsged BroclssRlpRBHRbAS OFESSRPIS R i BnSy f£ci ted in
claim12, wherein the at |east a portion of the input gas iIs re?eased into

a secdond2PRIFEbIS to prRsessingsthambers Ghit el veg ceeren v the nlasmi threughoapwditveln t he

pl asma p | e . hs.rel eased i.nt.o the
Pirot s CoPaASFhRRIAIREREe aRE, bRk AECAAT of Mlfa KF RS TR uRl o
processi hglisy ssemtars, anddiansibrmer hpledplbma (FEPE TTPtPienatprd@eshg ayspens i on of

t he input_gas..i el eased int second ion, the first region being an
upper Be? iy Véi}l%ﬁsle ?@Bﬁg Eﬁa“g‘tﬁ%‘ﬁfﬁﬂgn ?{%gmﬁﬂbp F‘Pa'oéthﬁﬁ%“&lll%{gﬁﬁ
processi B@itdapioesssingRBarh s ifdRide 28 a%ukhiad plhsnd SueRTAS) T MR e ge&a@d

region is delivered by the second gas outlet. IS 15.° A plasma processing
syst Bim agowee (RRR), ppfl & digplering maget &RM)-he at | east a portion of the input
gas is released into a second region, the second region being a | ower

peri pheral r edisomtadiatthesheckgronad fatrizatiomer moddrh imégritbe cipluits dBnHRE &8Si Ng
chanber, ﬁg& t he inputﬁgas that is released into the second region is

del i ver e@"bYFrEnEose gl gdbe iia gain bettsr sentrohoprabneiching peseisnBysya efn as

Loch o Chathpl Bbophesut b 958 RO NCLPARSEL AR MY

i s del i vetasthaipnasssihecipindsnaTpelobast| ags Ehawibar thbyrt gassmaprecesfing he fir st

and ¥ Cor(]:gncgﬁgnsoa% Lgs%csziatea%ith both charged and neutral components. As is well known, the
charged components, e.g., positive and negative gas ions, significantly effect the etching
process. The neutral components can also effect the etching process, e.g., some of the
neutral gas components may react with the substrate wafer, other neutral components may
stick to the walls of the processing chamber, etc. Thus, control over the distribution of the

20  neutral plasma component is also ciesirable since it could significantly improve the etching

process. In addition, it would be very desirable to provide for plasma processing systems and
methods that are capable of enhancing control over thé distribution of both the neutral and
charged components. As is appreciated by those skilled in the art, the ability to control the
distribution of both the neutral and charged components would significantly improve the

25  etching process.

Furthermore, it is also desirable to gain better control over the distribution of plasma
without having to limit certain etch processing parameters. To elaborate, certain parameters
can effect the distribution of plasma components. These parameters include power profile,
pressure at which the processing chamber operates, product specifications and sticking

30 coefficients of various material that make up the wafer substrate.- Although distribution of

plasma components can be effected by one or more of these parameters, it would be

12




- chanber. 24.

17. A plasma processing systemas recited in claim 16, wherein the 7g£Rf Kl
control signal determnes the flowrate of delivery of gas by each of the
first and second gas outlets into the. plasna processi ng chanber. 18 -7
APR 2004 18. A plasma processing systemas recited in claim16, wherein the
i nput gas includes at least first and second gases, and wherein said flow

control si j ndent determnes relatijve, flow rate of the at | east
first anﬂfsg‘ie’%%ﬁ*&@%%@ﬁf% %‘X’t i gfiﬁelf SOl oK e fifsErtatien o8 glasme boflimising

pl asma pthesesaamgtechaipety ol Sxanfplp) iaf Mo RROGRS LI YL BT t PR REGRSLNT @
subst rats:v, %@%n% a gubst antially cylindrical plasma processing
chanber WH Angdesitabiens is both ignited and sustained for said
processi ng, said_plasma processing chanber having no separate plasna
generation chatfherllusieics, ip agserdagneorids ¥¢irgotbhrmerblerdimant afghapresgpetveansn,and
a | ower : :] j | SpPOs at_an. upper. end of said plasm
processi ﬁgggtﬁgﬁp%%é&%%%ﬁgnggt@(gﬁh%gm& P%ﬂﬁg Hf“db‘f) éﬁorﬁ%\%er&gbl ane

def i ned @ytrivatidn stibsthmetgalvinedhs@ed coupsicnat eHelaAhBRISEDsWh kB Sabd

pl asma p{HO@ %sidn§f ch rrbﬁg_,for sai d processing; an el ectronagnet arrangenent
di sposed above i Pﬁ?fé{ frMAT BB ant 03 9pd an sxempleni ubpef segngnagnet

ar r angenifingefieAOS 110 Nk itBUEEEH 10 o ABi ol i adi al.,variation in the
static magnegtbi c field topol 09}:3 \?\nialtsll%”i ?1) Ig}glﬁlgg%faaagrﬁgg%n?%%gs $i%Rd UBRITEER 1 t he
regi on piEigREcat i are BRovandspomd wheve aplabmapiocenmpha@bbr S08.F & RWaférS500

su i ed.t i d el ect ne rrangenent, .said radial variation bein
ef 1I‘O gl():t ive d?%)%g%c?oenc%c ?C%gg@gflﬁée @ﬁipﬁﬁﬁ"rﬁﬂfﬁe&%?%g@w&%-ub%ﬁ@ia‘tlé?,sechindf@- gower
suppl y cpandirgdU1so PehdAgplaGHHR MRINS36665 R ﬂf.%?go??kﬁl(fﬁ zﬁg‘ﬁgéd Sufpl y

_having a controller to vary a magni tude o t Teast 0On irec
cur r ent , SRR karewih.rgdsatided RAPROVED PRASHM PROCHESEINGYRTSTEMS 8D

t opol ogyp stk i rocessi.ng chanber in said region proximte
sai d antheA\r;Er—lIta %Sm%@26§WBﬁeéeéeg?raﬁcegﬁﬁ’?]é‘iaﬁf’g’% albepRasidensEraalset r at e;

and a gamshibberos Rt uRkEgEhd SO0 En iR haBhAGRATEdg & FoAber . said gas
fl ow system c§gtrol ling flow of input gas into at least two different

regi'ons of saldl 2picasRATHIEEEEsESisshewheeyplethtoraniRF piecratippBasl?, tvkth

differe i i i pher.al .regi.on of t{he plasm

pr ocesei s IR R Ao il ecoRe S0 BRI e et P ePestn th enem o 1o

wher ei n abost ¥ MHase abow SINIHEY &nthid RHANS &mh&%t%ﬁﬁpnﬁgﬂétrﬂwgéﬁ&ﬁ” and
an upper.peri pheral i 19 7 APR 2004 21. A plasma processi g system

D r egi on. 7 A
as recit lf’ﬁl“BF%'i“fﬂ Cfgl,%el%,mgpagﬁettq@llg{bqtbagwhich@auy D@ rendnts sgingrpsini ncl ude

atopc Site 8B&HBRs & ripheral, .rggion. 5 22. A pl
pr ocessi(?dr%plbsyest em as rggﬁqe n{% %lgren&fgt, S%I\?(H%f’ Mth ‘f%’@leétm @gg@x@%rect
di f Per erftunredi(BA3 powet supplyas 140 pvhichnis kahfigie@i @Rar@thk QYRMiAE kiDEF &leckiggi ON,
and an u rdﬁ;e]ri Bher I requegn. 23.. A plasma processing systemas recited
in clai m'18° AR isuPHiegvie Sirstlestiosmsnetspy(s) obupnep aragnet arasigementof  t he
i nput  gas4i, It shdultBb@hotb@ Bt othWP a L6l | -1 Of |.d_pl asma .processing
A pl asmaoprocegsi ng s fgﬁgmggaggaﬁ%cﬁ%ﬁ% f;?%g‘ag{"r%]pﬁcfes%ﬁ%rei n

sai d f| oWsEys¥m oekampke, fiagneticdtuekes atriigenapyn@atiovil alyhsodte drRagld t wo
differen& regjons. of salild g}%sm? ?ﬂrocessi_ng | S chanber )

round’ihe outer penipnery of the plasma processing chamber, as described in the referenced
25  application.

The magnetic arrangement of the plasma processing system 500, or other magnetic
arrangements as described in the referenced appfication, can significantly enhance etching
process control. More particularly, among other things, the magnetic arrangement effects the
distribution of charged components to provide more control over the plasma distribution.

30 More control over the plasma distribution in turn enhances control over the etching process.

Unfortunately, unlike the charged components, the neutral components do not significantly

respond to magnetic fields.
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. . . . _ -1 APR 2004
25. A plasma processing systemas recited in claim19, wherein the input

gas includes at least first and second gases, and wherein said fl ow system
i ndependently controls relative flowrate of the at |east first 20 and
second gases into the at |east two different regions of said plasm
processi ng chanber. 26. A plasma processing systemas recited in claim19,

wher ei n sai d, plas rocessin stem further conprises a gas delivery ring
that is coup‘?*sg%ﬁ‘t“g%%‘gi“hﬁﬁ1 53&1%53%&%’&% 1 sramsaised Hnepromncjipe painthgai d 1 ow

syst emmapictiobaalmiLit Sof. Vo) $ITLoN syl b Pukn GAKI01 RPbAVERSndlelcbNEEY

ring. thereby supplying the input gas to_a peripheral region of said plasm
proces sﬂ"ﬁbt%@ rﬁléﬁ%gm!onz@gneutralwwwem Bhig i tur ajiews fs Suntler spbiremmeat
recited, ' 'nBiaj s.delivery ring i rovi ded..on. an upper
port i og)f(% H?ﬁgbg‘}%g ﬁ%lv\%rgéeggés& ng%c%%r)r{bagllptle’tgﬂseﬁgﬁﬁygw%d§§aﬂbf' A O ng
suppl yidegvertgs itnpifferga sediansan theppiasmPpidcgRBizadhaf®el, 07 9h aSahSarth&sR as ,
processj n .cga er. 28, t@ p{ asma processing systemas recited in claim19,
wher ei r‘ff“‘*é%?b& PTHSTTEPTSF L8 Blafga PHACRHERE Pty 4 showvnl indig. 2aniniaddigionwtiel | and
t he gassat klew ] ' i : 3 4.0l r |, Wl t he

I nput Zggs_ thas?ryt?gp?o@%g&?ﬂ[i%ﬁmﬁtioﬁghggi of %ng ?fﬁ%ﬁl%&ﬁ%g@*ﬁ%ﬂ%ﬁﬁ%é@?%m | east
first aetiveredgnepearaisulurdgioms Thimthearse of dehpas dloabdyetenf 5 ewith @maghetibe i nput

gas to l.asma processi.ng.syste an erein at |east a portion of -
the i np?liﬁ(%“%%%’ﬁé“%éis ‘5%%@%“{"839%@3&*@5%6%Pﬂ@&@%gaﬁz REGYIS CVPRANEi d fi r st
ana semnﬁo]giﬂh@ath?}@esszg. A plasma processing systemas recited in claim
28, wherein the at [east a portion of t 5 the input gas is released into a

second regi qfis Yelievdd thatdidBght cﬁ‘ﬂeﬂgalaco}rg)gg&ﬁﬁgﬂe éf?&llté)d.'b \éwagryh%q% thle

pl asma processi ng chanber, and the I nput s relea o1 he _
first rueg e imeatdihe taethpbygastesplent intthe plasman praessimdchafbel asdrer peocessi ng
systemas_recited in c¢laim 28% wherein . the at |east a portion of 20 the

i nput d%e’iesg"rrg?aé‘atér@a%fagf"(?ubg ELHEE NedPbFpnesh et z0aes asifed hexsanAgfente upper

per i phah@tegicagivitierd il SAded QUBLGIRN By WALST BRhlp1Oinfud Bk 2808 BLOLASS' NY
chanmber, and the input gas that . ~
15 regions that are near the top surfaces of the plasma processing chamber. By providing the
ability to vary the location and the amount of gas that is delivered to the processing chamber,
it is possible to adjust the time that neutral components spend in the plasma processing
chamber and/or in the hot zones. By way of example, the mean time that is spend in the
processing chamber is typically longer for a gas particles that are released into upper regions
20 of the plasma processing chamber. In comparison, the mean time that is spend in the

processing chamber is typically shorter for a gas that is released into a lower portion of the

plasma processing since it is more likely that the gas would be quickly evacuated from the

processing chamber.

This invention has numerous advantages. One advantage is that the present invention
25 operates to enhance control over the distribution of neutral and/or plasma components to
provide better control over the etching process. Another advantage is that more control over
the etch process can be achieved without ha\?ing to limit certain other parameters, e.g.,
pressure, power profile, etc. Yet another advantage is that the present invention can provide
the flexibility to vary distribution of neutral and/or plasma components for different etch

30 processes, as well as during different stages of the same etching process.
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is released into the second region is delivered by the second gas- guipet 2004
31. A plasma processing systemas recited in.claim28, wherein the at | east
a portion of 25 the input gas is released into a second region, the second
region being a | ower peripheral region that surrounds the inner wall of the
pl asma processi ng chanber, and the input gas that is released into the
second region |s. delivered by the second gas outlet. 21 7 APR 2004 32. A
pl asma proces<irhg e éﬁéﬁ?l‘éga%échYtté%ﬁeiShﬂtﬂdan phe2at, thatpressinhiny bietiqgasn bk ow

syst em r egigiz¥e&® Rrd@Svak; Retaly) i f.or er.mning the anpupt or

vol ume of_the input ggsl%%at itgagéeﬁn?ﬂ\?gggég a|S%t0 3%? ts’e“%fnatt i mﬁfﬁ%‘ésé?‘gﬁtc-
chanber BYr@8% As Biébofindargosd by thoaae skiled antdie gasthe ptdseitSnv@Bion AaPLias BR

processi S cited in claim32, wherein the gas flow contro

si gnal d@tgee‘% éﬁgj;ﬂnt%ﬁ%ﬁ %’Il%v?/ VP&‘F@ %grPaHéﬁ‘H?%f é‘%%&ﬁ EHHUAYSy SR Bl dareastenest and
second gaknatitdinsphdatbrsisherippias @hapbecasaiing shanber. 10 34. A pl asna
processing systemas recited in claim32, wherein the input gas includes at
| east first andi®agkodlydaBaSsmBYBEmWS LEIHR adef: i sianal ..
independgntly,deternines relative flom1raﬁ%a%gt%kgﬁgﬁqﬁgég%c %%%?xﬁdﬂ
second g&s®Y; it gheyld he understead that the piesentingentionagayosembodied RhSethRer

pr ocessi : . - Dl as [ocessing systemas recited in claim
19, wher g?en%;kﬁ??%'% wlélggﬁéetpmaﬁ H& t??r{'el?}é%pl?teﬁi SBWge ér/fg‘i’ fyenten. gweteteredhen near
the substpresem.cx3fipledapd wYERoRSIAERE 3b NMsEHSH LMD FARISH 4 16l ﬁfv%t?o%’i
mherﬁ;n t he Igsma roceaglng_zo system incl udes a chuck anJ fhe 1east two
di f f &r enf} @31@' Huitg taily gjyen hereiy, bt mabe mddidied sVithimthesubist sfahe. and
wherein Eﬁﬁmﬁ&@Hﬁh€§5 is released through the chuck. 37. A plasm
processing systemfor processing a substrate, conprising: 25 a

" substantially cylindrical plasm processing chanber within which a plasna
is both ignited and sustai ned for said processing, said plasma processing
chanmber havi ng no separate plasma generation chanber, said plasm ‘
processi ng chanber having an upper end and a | ower end; a coupling w ndow
di sposed at an upper end of said plasnma processing chanber.
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22 7 APR 200 an RF antenna arrangenent di sposed above a pl ane deV|%9@ ?mn
sai d substrate when said substrate is disposed within said plasna '
processi ng chanber for said processing; an el ectromagnet arrangenent

di sposed above said pl ane defined by said substrate, said el ectronagnet
arrangenment being configured so as to result in a radial variation in the
static magnetic field topol ogy wi t firABMS d pl asma processing chanber in the
region proxi mate said RF antenna when at | east one direct current is
supplied to said el ectromagnet arrangenent, said radial variation being

ef f ect i veWhat mfclaamed pr ocessing uniformty across said substrate; a do power
supply coupled to said el ectromagnet arrangenent, said do power supply
having a controller to vary a magnitude of said at | east one direct
current, {her eh)@l&ﬂ?a%bé@mﬁ@'sﬂstérﬁ@aﬁi 4&Hd ﬁ:%)bé&gin%@ s%ah%fagﬂ&ﬁgl c field
topology Wi t hin said pl asma™ processi g cha I gald regli on proxi mate

sai d ant enna t aplaspa pueessaigthpmberssi ngpucedsarsubitiatgandss sai d substrat e;
and a gas flow em cou sai asma_processi ng cha er t he gas
flow system co?‘ntggsoh?\’vr%’ﬂ?ﬁecqug egégé;a‘glfﬁfl%?m@%m&s@ﬁﬁ%% 8t % ni ng a
pl asma i ngyatemn EortlintNBow of @fR0dad RE AN am BiffeRént eégamf%faqﬁmeng
chanber, the first region being a top central region within the plasna
proceSS|n@méﬁ§WBé$aﬁﬁaﬁﬂﬁﬁmﬁedgh@tk@@lﬁﬁlééﬁﬂgﬁaﬁﬁmppewh@emi&ﬁe?amereglon
within th [, h 8 The pl asma processi ng system as
recited |ﬁr@1 % %glr?ge Iaﬁpﬁg%ngssnfgl y$t em further controls the

rel ease of |nput gas associ ated mnth fornlng a plasma into a third region
wi thin the plasma processing chanber, the third region belng a | owner

peri pher af r egftoMawid Iﬁl’%eﬁsﬁ‘@ W%’i‘r&s geaicdoia; At Josst prasma
processi gy ek st two
different r eg@g@l ncllrl&lgd gt B?tgfgg%é%%%l per |F§, e?%@hgeaglg%]h&?ocat ed at a
side surface of sai d plasna processi ng chanber and at | east one top region

| ocated a p_.surface of said plasma pr.oc SSIn chamber a|d eri pheral

regi on be# ng I c@f‘%‘aﬁ SIBEEHE ngeriﬁ?d‘s Jfﬁﬂ?ﬁ nfg g‘ﬂTeHEIBItg%ﬁE E’g%m ng

chanber t fi#Rrentddidnd Wedlu®Niop ces@d] fedtb SiPa fbrw%?g ﬁa[l 9@6@ er. 7 APR
C

2004 40. The plasma processing systen1as recite alm 1 mhereln sai d
pl asma processing chanber includes a top region Iocated on the top surface
of said plas ocessing chanmber and eri her o) on a

sur f ace s%rrouﬁ lﬁ%n%ﬁgm%gpﬁbﬂ@%VIS?r§%i 1$|§E %§%§1ﬂﬁ§?§ﬁﬁ %, and
wher ei n sgiffdrend pigior@asclide Atcpishfifl @3on Sl idval peripiralus Sioh Oarft &huppet
substrate in sa?ﬁﬁplasna processi ng %%anber ggl% at %ést t wo éﬁﬁferent
regi ons i PREIPGEIAhEESHAN. | east one peri pheral region and at | east one top
regi on of said plasma processi ng chanber, said peripheral region of said
pl asma processi ng chanmber not including any points of said top region of
said pl asfma prAcgsshnprocbsirgesysteaiad rgited fih @iisy 5t wherei@nie ias lagt ato | east
one gas inlet for recelv ng said input gas that is to be delivered into
sai d pl asHECHPHEEES Arf! BCT EgePTLRear %§§Pb5ft‘|'aff‘st and second gas outlets
that are each capable of delivering said input gas to said plasna
processi ng system at |least a portion of said input gas being delivered to
sai d pl asém procpeshagrotessingrsysicm slai wicifddr 1 chaioh ﬂeozdradeinuﬂhbemlssmzll A

pl asma processin S r C|ted claim erein sal as IS

i xed bef%fPaeS&&%gV%éﬂe%ﬁTB%@ﬁ SR b8 1L BB Gabrs diculed st

pl asma pr@gg@gkagx§¥§5pr@gmhg@|hﬁﬂ in claim4l wherein said |nput gas i's
formed by a m xture of gases bef ore being received by said gas inlet. 43. A
pl asma pr ocessVhgrckyibe Bipubgasrietdleased thnoug %dhwdmmkwhereln said input gas is
formed by a m xture of gases after being received by said gas inlet. 44. A
pl asma processing systemas recited in claim1l wherein said gas fl ow system
conprises a gas flow controller disposed between a gas source and a
plurality of outputs, the gas source supplying said input gas, the
plurality of outputs releasing said source gas into said plasma process
chanber, a first output being configured to release said source gas into
sai d peripheral region of said plasnma process chanber, a second out put
being configured to rel ease said source gas into said top region of said

pl asma process chanber, said gas flow controller being configured to

control the delivery of said source gﬁ% into said plasm process chanber,
said gas flow controller having a controller inlet arranged to receive said
source gas fromsaid gas source, and a plurality of controller outlets
arranged to deliver said source gas to different |ocations within said

pl asma process chanber, a first controller outlet being 24 - 7 APR 2004
conflgured to dellver sald source gas to sald flrst output a second

..... o v o



45. A gas flow systemfor distributing gases within a plasma pr oc?ssAFR CUu
chanber suitable for processing a substrate, the gas flow system? APR 2004
conprising: a gas source capable of supplying an input gas; a plurality of
outputs for releasing an output gas formed by a m xture of gases into said
pl asma process chanber, a first output being configured to rel ease said
ouf put ng mtdg ?n i nner region of said plasma process chanber, a second
out put being coR Sﬁ@rFE‘BFetS%ingéj’féeaEéS Eaited mlymlgdsirmnsmda]wowsmm cagiodn of
sai d proGassmneha o) I to a.cent ortion
of said subst ratgmgﬁg Ogg}%ngﬂetﬁ%% ugtg%?coﬂh l%lg{tr es(ngﬁan%gic’&ls ﬁﬁsadm)@?mgortl on
of said Supsyiagebamapat. a gas fl ow control | er d| sposed bet ween sai d gas
source and said plurality of outputs, said gas flow controller being
configured to control the delivery of said output gas into said plasma
process chanber, said gas flow controller having an inlet arranged to
receive Said implismgasodcssng St g@ﬁ:eﬁé&fn@amﬁﬂ%&r&b Ezhé'ﬂowsﬁ%npé&l i
arranged o del éﬁgr sai d out put agas to different locations w’thin sai
pl asma p Rt 2as g be ableestdwo Wiffergntgegiphyelssill plasmiepiovessirgai d
out put gaﬁaﬁlgelaal d first output, a second outlet being configured to
deliver said output gas to said second output, said gas flow controller
adj usting the amount of said output gas that is delivered to said first and
second outputs so as to provide better process control. 25
ACS AF. E. A. AF. Av" A, AK A AK<, A) . Ak<. A<. AKY. A| K. A|
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a3 12. A plasma processing system as recited in claim 1, wherein said plasma processing

chamber includes at least an inner wall, and the gas flow system comprises:

at least one gas inlet for receiving the input gas that is to be delivered into

said plasma processing chamber;
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13. A plasma processing system as recited in claim 12, wherein the at least a portion of

the input gas is released into a second region, the first region being a top central region

within the plasma processing chamber, and the input gas that is released into the first region

is delivered by the first gas outlet.

10

1. A plasma processing system as recited in claim 12. wherein the at least a portion of
the input gas is released into a second region, the first region being an upper peripheral
region that surrounds the inner wall of the plasma processing chamber, and the input gas that

is released into the second region is delivered by the second gas outlet.

15

15. A plasma processing system as recited in claim 12, wherein the at least a portion of
the input gas is released into a second region, the second region being a lower peripheral
region that surrounds the inner wall of the plasma processing chamber, and the input gas that

is released into the second region is delivered by the second gas outlet.

16. A plasma processing system as recited in claim 12. wherein the gas flow system
receives a gas flow control signal for determining the amount or volume of the input gas that

1s delivered into the plasma processing chamber by each one of the first and second gas

outlets. .

17. A plasma processing system as recited in claim 16, wherein the gas flow control
signal determines the flow rate of delivery of gas by each of the first and second gas outlets

into the plasma processing chamber.

18
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%4 0%& ( )-" 100/@8%1595;&\&?{@1%9/ @/ﬂ'lﬁidﬂ’il:allzpﬂ@nzg-gﬁ-&é\ﬁflwglgg@lﬂqoﬁhi%h a plasma

(9409 ()-(%0%! & ()-"(%0%?&'()-%0%& ()-'d

9% 0%&' () - s\ batlyygniteyl - and ZuptaticZnfignZpill~pracekgige, said plasma processing chamber
having no separate plasma generation chamber, said plasma processing chamber
having an upper end and a lower end;

a coupling window disposed at an upper end of said plasma processing
chamber.

an RF antenna arrangement disposed above a plane defined by said substrate
when said substrate is disposed within said plasma processing chamber for said
processing;

an electromagnet arrangement disposed above said plane defined by said
substrate, said electromagnet arrangement being configured so as to result in a radial
variation in the static magnetic field topology within said plasma processing chamber
in the region proximate said RF antenna when at least one direct current is supplied to
said electromagnet arrangement, said radial variation being effective to affect
processing uniformity across said substrate;

a dc power supply coupled to said electromagnet arrangement, said dc power
supply having a controller to vary a magnitude of said at least one direct current,
thereby changing said radial variation in said magnetic field topology within said
plasma processing chamber in said region proximate said antenna to improve said
processing uniformity across said substrate; and

a gas flow system coupled to said plasma processing chamber, said gas flow
system controlling flow of input gas into at least two different regions of said plasma
processing chamber, wherein the at least two different regions include at least one

peripheral region of the plasma processing chamber.

20. A plasma processing system as recited in claim 19, wherein the at least two

different regions include a top central region and an upper peripheral region.
19
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5 22. A plasma processing system as recited in claim 19, wherein the at least two different

regions include a top central region, a lower peripheral region, and an upper peripheral

region.

23. A plasma processing system as recited in claim 19. wherein said flow system controls
10 amount or volume of the input gas into the at least two different regions of said plasma

processing chamber.

24. A plasma processing system as recited in claim 19, wherein said flow system controls
flow rate of the input gas into the at least two different regions of said plasma processing

15 chamber.

25. A plasma processing system as recited in claim 19, wherein the input gas includes at

least first and second gases, and

wherein said flow system independently controls relative flow rate of the at least first

20 and second gases into the at least two different regions of said plasma processing chamber.

26. A plasma processing system as recited in claim 19, wherein said plasma processing
system further comprises a gas delivery ring that is coupled to said plasma processing

chamber, and

25 wherein said flow system controls amount or volume of the input gas to said gas
delivery ring, thereby supplying the input gas to a peripheral region of said plasma

processing chamber.

20



& ()-! %409%00& ()-1 G %A0% ()-Ptuvwayy}[<{Y: 10g c' 9%AO0%R& ()~P'APR' 2004
%1(()2%4 | gl')()-pc' 0d0%& ()-p!\c' 9%0%B3& ()- pF=940% & () - m dF=940% |
- & ()-nmyyyyyyzH| _= 10g 'y%0%[& ()- ! X9d0%J& ()- "10%& ()-*%40%& ()-
10 10 1011 10% ()-||+~{~B}~<_= 10g | |
' 8109 J& () - F°/<10%]&' ()-! yFOL0Y& () -, Y40%I& ()-!d, Y0%& ()- YOI () -
F{\— 10g,., |6*100 é-\&l@%?&' () 10J 103 10J1;
P

10%& ()~ F9cepsingys @p 65 rqc&@g/g'g{lmﬁl g@gvhem&saxd gas delivery ring is
(%10%?9&';36-()\:1&&@#&9% §p&{e} goxf'ti%;aQ) r%i En%éggu(g &%gn%é? ‘?he(réb gas/gfﬁ“xvn. y fgfggd B\ =
10g !'!, 109%& ( " 1009

| 10%&%})@% /en&uf(gasdp#n@wa ;(e)-spﬂimhtt@ldkﬂg‘sbﬂd%ﬂﬁk‘ifﬁﬁgpr()éessméf&ﬁarﬂ;%

5 28. A plasma processing system as recited in claim 19, wherein said plasma processing

chamber includes at least an inner wall, and the gas flow system comprises:

at Jeast one gas inlet for receiving the input gas that is to be flown into said plasma

processing chamber;

at least first and second gas outlets that are each capable of delivering the input gas to

10 the plasma processing system: and

wherein at least a portion of the input gas is delivered to the plasma processing

chamber via said first and second gas outlets.

29. A plasma processing system as recited in claim 28, wherein the at least a portion of
15 the input gas is released into a second region, the first region being a top central region
within the plasma prbcessing chamber, and the input gas that is released into the first region

is delivered by the first gas outlet.

30. A plasma processing system as recited in claim 28, wherein the at least a portion of
20 the input gas is released into a second region, the first region being an upper peripheral
region that surrounds the inner wall of the plasma processing chamber, and the input gas that

is released into the second region is delivered by the second gas outlet.

31. A plasma processing system as recited in claim 28, wherein the at least a portion of
25 the input gas is released into a second region, the second region being a lower peripheral
region that surrounds the inner wall of the plasma processing chamber, and the input gas that

is released into the second region is delivered by the second gas outlet.
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33, A plasma processing systém as recited in claim 32, wherein the gas flow control
signal determines the flow rate of delivery of gas by each of the first and second gas outlets

into the plasma processing chamber.

10 34, A plasma processing system as recited in claim 32, wherein the input gas includes at

least first and second gases, and

wherein said flow control signal independently determines relative flow rate of the at

least first and second gases into the at least two different regions of said plasma processing

chamber.

15

35. A plasma processing system as recited in claim 19, wherein the at least two different

regions include a lower region near the substrate,

36. A plasma processing system as recited in claim 19, wherein the plasma processing

20 system includes a chuck and the least two different regions include a lower region near edges

of the substrate, and

Whefein the input gas is released through the chuck.

37. A plasma processing system for processing a substrate, comprising:

25 a substantially cylindrical plasma processing chamber within which a plasma is both
ignited and sustained for said processing, said plasma processing chamber having no separate
plasma generation chamber, said plasma processing chamber having an upper end_and a

lower end;

a coupling window disposed at an upper end of said plasma processing chamber.

22




10 10 100<109%& ()- C910% () - BeydE~ @ 10g ~T APR 2004
| c10%&' () - #109%& ()-" 10%& () - #" 109%&" ()-#" 10%/& ()-"10%& ()-2Z] dE~ @ 10g

| (10%&' ()-\&LOYE ()-#7#100& ()-! T#10%& ()- 109%& ()-i/#109& () - ru( MPQRAE: /
10 10, ; 10%& ()-36 10%&' ()- 365" 10%& () - A3

109%&’ () - 110%&’ () - *#10%' () - RS_5uS4/  1010%&' ()-! 10%@8& ()-m 10%& ()-n
109%@2&' () - 1094ERRF)antgonas@ngement dpposczaxovs 2 plagalefioeddsy 63id sub0e@; () - v!

oo ()| P 00 Te NGl TR ot SHRepries PiRrenoe TOVRYE () A \ amry
10' g 10%&pfokeSibig10%& () -z109& () - S#109%& () - 109%& () -! k9 0%& ()-! vdEP/
HOSVOLOYME )= S0 fetombdnet artamgersint disposed dbove. said plans delined by daid® L
substrate, said electromagnet arrangement being configured so as to result in a radial
variation in the static magnetic field topology within said plasma processing chamber
in the region proximate said RF antenna when at least one direct current is supplied to
said electromagnet arrangement, said radial variation being effective to affect
processing uniformity across said substrate;
a dc power supply coupled to said electromagnet arrangement, said dc power
supply having a controller to vary a magnitude of said at least one direct current,
thereby changing said radial variation in said magnetic field topology within said
plasma processing chamber in said region proximate said antenna to improve said
processing uniformity across said substrate; and
a gas flow system coupled to said plasma processing chamber, the gas flow
system controlling the release of input gas associated with forming a plasma into a
first and a second region within the plasma processing chamber, the first region being
a top central region within the plasma processing chamber and the second region

being an upper peripheral region within the plasma processing chamber.

38.  The plasma processing system as recited in claim 37 wherein the gas flow
system further controls the release of input gas associated with forming a plasma into
a third region within the plasma processing chamber, the third region being a lower

peripheral region within the plasma processing chamber.

39.  The plasma processing system as recited in claim 19 wherein said at least two
different regions including at least one peripheral region located at a side surface of
said plasma processing chamber and at least one top region located at a top surface of
sard plasma processing chamber, said peripheral region being located closer to said
upper end of said plasma processing chamber than said lower end of said plasma

processing chamber.
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processing chamber and a peripheral region located on a surface surrounding the
periphery of said plasma processing chamber, and wherein said input gas is a source
gas suitable for use to etch said substrate in said plasma processing chamber, said at
least two different regions including at least one peripheral region and at least one top
region of said plasma processing chamber, said peripheral region of said plasma
processing chamber not including any points of said top region of said plasma
processing chamber, said gas flow system comprising at least one gas inlet for
receiving said input gas that is to be delivered into said plasma processing chamber
and at least first and second gas outlets that are each capable of delivering said input
gas to said plasma processing system, at least a portion of said input gas being

delivered to said plasma processing chamber via said first and second outlets.

41. A plasma processing system as recited in claim 1 wherein said input gas is

mixed before passing through said first and second gas outlets.

42. A plasma processing system as recited in claim 41 wherein said input gas is

formed by a mixture of gases before being received by said gas inlet.

43. A plasma processing system as recited in claim 41 wherein said input gas is

formed by a mixture of gases after being received by said gas inlet.

44, A plasma processing system as recited in claim 1 wherein said gas flow
system comprises a gas flow controller disposed between a gas source and a plurality
of outputs, the gas source supplying said input gas, the plurality of outputs releasing
sald source gas into said plasma process chamber, a first output being configured to
release said source gas into said peripheral region of said plasma process chamber, a
second output being configured to release said source gas into said top region of said
plasma process chamber, said gas flow controller being configured to control the
delivery of said source gas into said plasma process chamber, said gas flow controller
having a controller inlet arranged to receive said source gas from said gas source, and
a plurality of controller outlets arranged to deliver said source gas to different

locations within said plasma process chamber, a first controller outlet being
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45. A gas flow system for distributing gases within a plasma process chamber
suitable for processing a substrate, the gas flow system comprising:

a gas source capable of supplying an input gas;

a plurality of outputs for releasing an output gas formed by a mixture of gases
into said plasma process chamber, a first output being configured to release said
output gas into an inner region of said plasma process chamber, a second output being
configured to release said output gas into an outer region of said process chamber,
said inner region corresponding to a center portion of said substrate and said outer
region corresponding to an outer portion of said substrate; and

a gas flow controller disposed between said gas source and said plurality of
outputs, said gas flow controller being configured to control the delivery of said
output gas into said plasma process chamber, said gas flow coniroller having an inlet
arranged to receive said input gas from said gas source, and a plurality of outlets
arranged to deliver said output gas to different locations within said plasma process
chamber, a first outlet being configured to deliver said output gas to said first output,
a second outlet being configured to deliver said output gas to said second output, said
gas flow controller adjusting the amount of said output gas that is delivered to said

first and second outputs so as to provide better process control.
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