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UNI FORM PROCESSI NG RATES BACKGROUND OF THE | NVENTION 5 The present .

i nventi owe ed@teesssgeneral |y to apparatus and met hods f oporRkaRSHSi208 ,
-substrates, -including sem conductor substrates for use in IC fabrication or
gl ass panel s for use in.fl anel di spl ay_applications. Mre particularly,
“the present invention MET&Q—:@ % &33@%9&&@%9 syst ens 't hat
“are capable of 10 processi ”Q}ﬁﬂhﬁwtﬁo IRGR Y pplegree of processing
~uni formty across the substrate surface. asima processing systems have
been around for sonme tine. Over the years, . plasma processing systens :
utilizing inductively coupl ources. electron cyclotron resonance
-(ECR). sources, capacitive ﬁ?@@méﬁgﬂﬁw ENZl@Npeen 15 i-ntroduced
‘and enplsoyed to various degrees to process various items such as ' '
. sem conductor substrates and gllass panels. During processing, nultiple
deposi tion and/ orTharrhsentinkersion relatss gyyrirally foyappanik ayé chethads ifyg - deposi ti on,

grace phner SRR LA RE SRR BRE Sl ”fs@@sﬁr%reéiufheéﬁi(ﬁt%?cit‘i@g? Fous -
~fornms of si lgle®pands Foraeindl0 ik dispialyiap a'ﬁbﬁsf | X8re C)f"”ﬁ‘ije g}gljggerit' ke may

be forned on the surface of the su stra e. Conver sel y,
- enpl oyed t o INEigR r¢lytes (o impreyed plrsmemiredessing a&rﬁqmsetﬂetfarneabahre&&"s on. the

P i e I B e R

met hod - of plsmfm processing uses an inductive source to generate t he

"plasma; FIG .| iillustrates a prior art inductive plasma, processing reactor
200 that is used Pﬂ@rnar;ira&@@n@gﬁeeeqmgbe& AU BAE R sbRO UL G eRhiRS nﬁ%
processr ng reactor includes a chanber 2 wth an antenna or cst' ive

coi | 210 di Blssmedregsssies eystemsertlél@mrgundmnmdawoﬁnlad pfﬁyqnacsaﬁrlcgs, emntremna 210 is

operatively, radio_30.frequency source 214.
Furt hernore, §°§“‘3§’§%SB %n%‘igﬁéf Sourcg%rcﬁg%flwet%uwef rf‘é‘gi tb\% ‘lff's EY?B S the
chamben5 202idttaicedsaralr snapigyed té@ﬁnd@d@@ﬁde@&) ;ﬁ@@&@%&n&ﬁqf%sﬁ@ﬁgé' al s, 8-,
t he. et chant source gases, into the rf-induced plasnma region 204 betvveen

2004/ 01045 7585¢¢P spbsrateggnd glass panels.

Dur_ing processing, multlple deposxtlon and/or etching steps are tyﬁicaily
employed. During deposition, materials are deposited onto a substrate surface (such
as the surface of a glass panel or a wafer) For example, deposited layers such as

- 20 - various forms of silicon, silicon dioxide, silicon nltnd_e, metals and the like may be
formed on the surface of the substrate. Conversely, etching .may be employed to
selectively remove materials from predefined areas on the substrate surface. For

- example, etched fcatures such as vias, contacts, or trenches may be formed in the

layers of the substrate. -

25 One particular method of plasma processing uses an inductive source to
generate the plasma. FIG. 1 illustrates a pﬁor art inductive plasma pr'oceséing reactor
200 that is used for plasma processing. A typical inductive plasma processing reactor
includes a chamber 202 with an antenna or inductive coil 210 disposed above a
dielectric window 212. Typically, antenna 210 is operatively coupled to a first radio.

30 frequency (rf) power source 214. Furthenﬁore, a gas port 215 1s provided within the
walls 208 of the chamber 202 that is arranged for releasing gaseous source materials,

€.g., the etchant source gases, into the rf-induced plasma region 204 between



“dielectric window 212 and a substrate 206. Substrate 206 is introduced int o

~chanber 202 and di sposed on a chuck 216, which generally acts as an
~electrode _and is operatively coupled-to a second rf In

“order - t o ¥PEAHAIYSp| asma, a process gas is input into cﬁgﬁgéV&ﬁggméérough 5.
. gas port215. Power is then supplied to inductive coil 210 using first rf

‘power sourc edxe&ihmc wihdows 2pp landd suHstml&@OéySmhutrpieﬁ)Glminu'oﬂha:dahmmlmmbaﬂ 2

t hrough the ri c ,w ndow an. rf net ic field and concomtant
large elect rf dé*‘%qugd ?‘hﬁlﬁlé'gﬁzzjlfz’nﬁ'ﬁ‘&g géﬁeé?rllbé? a0 eerradedpd 1y ¢ 1 el d

accel erates VR Louptale h sefon@lrBESw A NourcBRegeNt i nsi de t he chanber;
I nduci ng a cﬁ%?%l at’i nodl currgr?t |nn rtﬁe ch aunlger and the 10 circulating

“electrons col li depmi kb kRe.. 985 HB{IE(&H@ esQ a&?%ﬁ"tgﬁ(g?lzaﬁéggior ggasm;

collisions resultin ORI Zati on and i I on _
204. As-bs m@slporﬂmawri'omlr ishﬁexﬁmtpphédlﬁ) m&mitwalcogaso [mhgﬁuﬂteﬁpmertdn&rqar ocess
gas when su ected to @Qese stro el ec ri c flelzgitl os&&\?ectrons -and

" l'eave behin b‘bsTllq Sep chf&FEféH"P Esml% § charalagy| 202 thyge &iglectRgr ged
1 ons, negati yeliwory r&ﬂ%gk ﬁﬁ%ﬁéﬁ&sﬁe@’d@nd‘&iﬁzéﬁhaﬂq SrelRleBfid ffid iinfaa/ or

atoms) are contained. 1 nsi l'asma 204. As SOOM as the creation rate of
- free el ect r omsidexhanbks 200eThe élerstsc fialdscc¢lbmtesths sraall prmbarof eleatrohe

application and cl ai- t.he .el ect romagnetic. fi-el-d ted by -
R RLCE e b B Mo e PR D S S ANt CHo S aeh dbGr awi ngs
the el g5t r ORGMneGIdctBheSoIIAY wRR RRAas HbIBRIG! FHithCprob 8 g8l eplidsemagnetic
- fields generated by 20 the rf inductive antenna is generdlly an if

el ect r omagnetdllisibisesiit Briowizativn uiddsitiatiomef hdischargs orendas 4 Als lga@ll

| ecul d d d L f the )
ool oS A lfe B ARERaukd B 1cBRedbf GE LRI Wl 5 0T (N

presence of {thighBdtiiatifldgRse BlRLIesHd] afl lRhve BBindSpiRaiveBl @ :&es dA§£USI on’
(i.e., the random novement of nol ecul es inside the 25 cha er). Thus '

“layer of neuresul, p@plél@fﬂe@he@e@ lonsragetivgly ghasgerbeleetrns gnd nalytrqlﬁpri awlqcyies be

oot rode  2eAtiof HehRY eonPi i Bhcinf Bhns0” SRR HEIK crdBR BT o

where they, frée eleafdiismawedmthyirtlbssrramtmlplasmagmses. activate the etching -
reaction. One problemthat has been encountered w th inductive plasm

systens, such 30pashe bpflicafién ARNEIRAE CheAthRBOmaBASIREM g¥ddrhted bPRA rf N t he
etch performance across the substrate, non-uni formetch rate. That

i s, one ar ealhdictivgantanhs is 4t ié etj‘étr@némﬂﬁédiﬁ?@lﬁ\h@l@htm {herdrawingndicher ar ea.
As a res u.I t, eleétr rﬁag?lxttxé EQEL Xlagla]iaf)éag % be Li’gtlg Y é[gétr&ntﬂa%ngtlc fields generated by

20  therfinductive antenna is generally an rf electromagnetic field.

Once the plasma has been formed, neutral gas molecules inside the plasma
tend to be directed towards the surface of the substrate. By way of example, oncof - |
the mechanism oont_ribuﬁng to the presence of the neutrals gas molecules at the |
substrate may be diffusion (i.e., the random movement of molecules inside the
25 chamber). Thus, a layer of neutral species (e.g., neutral gas molecules) may typically
be found along the surface of substrate 206.  Correspondingly, when bottom electrode
216 is powered, ions tend to accelerate towards the substrate where they, in ‘

combination with neutral species, activate the etching reaction.

One problem that has been encountered with inductive plasma systems, such
30  as the one mentioned above, has been variations in the etch performance across the
substrate, e.g., a non-uniform etch rate. That is, one area of the substrate gets etched

differently than another area. As a result, it is extremely difficult to control the



- WD 2004/ 010457 PCT/ US2003/ 022206 paraneters associated with a work piece,
e.g., critical dinensions, aspect ratios, and the like inthe case of . -

i nt egrat Lremiis. Additionally, a non-uniformetch ry Wip=\ d-to
_device fgﬁébwéﬁléﬁﬂtshe sem conductor circuit, which typi%‘% /'W%/%Jr%gat es -

~into “higher costs for the manufacturer. Moreover, there al'so exist ot h.er"'.

i ssues of cpaemeterSasocitedsvithhewoskgriedd, e gt, ctitical tdemensions, gupedtirhtins, and

m cro-1| oadipg,,.selectivity,. and the Ljk ln recent years,-it has 'bee'nﬂ‘, :
found that Birdigdefisestn ol iuGated Afvmer i buely. hendSiBpisth e Pesul ¢ of

variations jdidkhactamMareiangd demidGidRskr theuis WiigtpRhiy RonsiftPnid ate,
i.e., a plasma that has regions - wth greater or |eSser anounts :of reactive
speci es (e. hishepassis fovdleynaivdacgedr. | Mnepvevtticrealpotxistidirngsucoofoonbonnd by .
“theory, it is,10 believed that the variations j.n plasma densjty.are created -
by oy riot ¢ pist il ol e fty okt Ble, RibSiPaditie SR ERns ATt tiEe i e -
“plasma region. |f the magnetic field i t he pl asma, region iis -asymetric,

it stands to rea FFCF‘Pfé’teg‘ish’élhéﬁ l?wfawﬂ abﬂ}erfg?ff’r @fth?ﬁéonf‘{‘i'éfﬂf,‘@&%/?él ectric
field wll ' rEquledtdati hes LR | ®0j.Zat i icni,ticati on of - .
t he plasma \%% ?ﬁ%gggg%%lri'c,ahgﬁéﬁ Jg?l%a}%llg%%i@%ﬂrsi ? h%g%ltgggr“a&%gtﬁgﬁéy wll be-
15 encount eswdtratthie. cxplaphe thahhasmegiopd ovithigreater ar Iéssgnaneuhts of rgesivgned t o
reduce asynmetri ¢ power. goupling. The tenna 210 inc] udes t pairs of.
Concent 1 ¢ Presies e npentidy Shiaioooh Whllsrenishage BE bRt Bubetimer e
t he antignnap&|eLeR Mat tiRVAriGAGRAA peAmANEnsiR} ar%féﬁ{bdrb;yag cthRGRR B €

T 207p

- connected. However, the requirenment of providing if ower feeds neans -
that the anfoandan Swrmegnetie apdelpesoir figldsan ithet fladnharegipmef theenagivénfieldin t he-

absence of ff power feeds, at the.jif f uenci es pical |.y used.ip, plasna
ot ocessi ng, PeTERHR ke S HorlSaborads TFE0H fu It Ryrbalte 8RB of e
rat her’ thanindgscedpelbdtiip G61dCONIRNE MMt 280 tHeb R the RehidatioR nd Bifididn@Ts I N .
-the current strength_around the antenna. fesulting in azinuthal

" asymet ri esthelasme vdliseasymmetiig, @ng yemations giefephaser dessitx wélbant enna -

confi gygati uﬂ%Ye‘?ll been proposed in order to inprove the symetry of the
el ectronmagnetic T1eld in the plasma region-and therefore the plasma ‘

uniformty. U S Lpatent .ng. 5 7 80 - (. | and. et al .) describes a .'ant.'enna_
with a particul APe gmnle a@??‘tf‘c%ﬁ)rsimg’& l_gHg{gPBe ﬁsjfeﬁlﬁﬂf_"}avef?é‘bcg_aﬁmm‘rﬁ&& ons of
relatively pogdeoupheh. Tiaiterhid 216 Mcl@¥st@o pirt bAHOERAL plhnkt fferdhf eCts. A
nunber of approaches use 30 nultiple actively powered antennae. U.S. patent

no. 5,401, 380 asarqormiilex @pssvey strgrdwrewhese the aptenna elepenigarattmoactedenrdidi ng a
first spir ' ' ‘ \ _ p ' hi-ng
networ k an gété&g 1(:31]([: 5%%5) t“%g ?%gf tageoﬁ%f];é((r/t\n&[' h];:III’}lw? ﬂeg’ Il1h¥ f %@Yrg fg’ie{.‘é, &i%ﬂﬁg%@e% to

20 power feeds means that the antenna cannot be perfectly azimuthally symmetric. Even

in the absence of rf power feeds, at the rf frequencies typically used in plasma
processing, the antenna elements behave more like a transmission line, rather than as
a lumped comporient, and so there tend to be variations in the current suength around

- the antenna resulting in azimuthal asymmetries in the magnetic field pattern generated

25 ~ Other antenna configurations have been proposéd in order to improve the
symmetry of the electromagnetic field in the plasma region and therefore the plasma
uniformity. U.S. patent no. 5,729,280 (Holland et al.) describes an antenna with a
particular spiral structure so as to try and average out regidns of relatively higher and
lower current owing to transmission line effects. A number of approaches use

30 multiple actively powered antennae. U.S. patent no. 5,401,350 (Patrick, et al.) | .
describes a coil configuration including a first spiral coil attached to a first rf supply |

by a first matching network and a second spiral coil, within the first coil, connected to



3 WO 20041010457 PCT/ US2003/ 022206 a second rf supply by a second mmat chi ng s

“network: U. S patent no. 5,731,565 (Gates) describes a coiled anterina -
- connected to a supﬁl Yy, i n whi ch a central coiled part of the. antenna can -

-~ be sel ectW0ePY Y ihect ed into the antenna. Even if the ASTARAYSEROH be

- made to generate a perfectly symetric 5 el ectromagnetic field departures

~from perf ecta secgitt rfGupplyltara aybidwiaichiag neworet U)S. phtent e SPT0GBSIGAGSsphanber
.or -any of the elenments in the processing chanber -would . introduce .

Casymet ri es 461958 aqoiled antanag canpecte PRy GBIk 3 Pl spiledmart afithepl e
‘any m.sali felgles é?ﬁlatzér?gk éét&l@a‘&ﬁ’xhe&é’%ﬁ%aﬁ@m@e chuck. 216, .wor kpi ece 206,
ow r

. chanber housing, wn ant enna 2 d introduce sone asynmetry

into 10 the pl asnﬁvgﬁ%6§5|tg parts o%m%toﬁfﬁ nuf ag[tggtilg?ﬁlé&olverances will

..al'so nean that sone e SStemw I not
be perfeSt! yelestontagneselibM; depars fiof peffett reptit eRb@aveytindkican hfens/ftff

-t hi ckness of the wal |l s of the plasma _chanber could. affect t élmretry of
“the rf fiel dhaprocawsing chambesenap-afithyelpmentym the pracessing ehamber wpu d at the

pl.asma regi }"’Bﬂg re15.1s
- correctly aloilﬂgrﬁ&}%eQIE ﬁ}*‘%@{lfgﬁgﬁgl\?}}', ?Jgkn(sé Rr!?\éetsﬁggﬁ'%{"? ] eéa'gPrl but ion’
“-bet ween thm@lmsﬂg@mmemm minﬂﬁgal@mmadybﬁ&lewnﬂacm Qforkpieca®ok pi ece,
.non-uni formtie pl asma, pr cessi ng o{l the%[\ggrkpl ece will arise,

" Therefore, i 5%‘&‘180{8 qu% Hoanpairnge 21 varlddplpdicegome agyrametry into
el ect rof@gn%é glaﬁrh%?o& &R Woﬁﬁﬁwﬁﬂﬁﬁaﬂﬁn th1eaficdd Wil a4 rhéadﬂh 'y be

si gni fi cant non=uniformty Int asma pr ceSS|ng over
surface, ‘andomear tize petsfafahe pvlasyammccasmgeyﬂun rvuﬂagm bt perfédtb'l cgilmlulmdallybut ion ..

in the plasna chamber, will not ar ant erfe | m etching of a
arer Ty TR Eor gl PR R iR e o e Wil S0baPRER A0S and
- apparatuses chhfber dHih'ld)é{ﬁfétQ tﬁé‘@nuﬁétf-ﬁéﬂ'fhéﬂff&id ARE SRS eﬁéraﬁ eéildﬁf ace of.
t he substrate. As rocesses nove toward snaller siz e: .1m si zes

“are current I@Veﬂeffthﬁ rré eld apt@gdmmaﬂonyarpb%mﬁéﬁapﬂmla\wmrﬂtﬁc |1ﬁthe mafer

TR B 2 o Sushih bk Bt it thartSoub B e B AP b P TV eR aspect

~ of the invenhé pllasmﬁ lBenic@atifz REiv A6 dhe¥rfagd G work piece, non-uniformities i in

§ M

- plasma processing of the workplece will arise.

. Therefore, irrespective of improvements in.the symmetry of the
electromagnetic field génerated by the antenna, there will still likely be significant
.20 nbn-uﬁifoxmity in the piasma processing over the wafer surféce; and even a perfectly
symmetric ,eléct—romagnetic field distribution in the plasma char’nEer will not guarantee

perfectly uniform etching of a’i_ wafer.

In view of the foregoing, there are desired improved methods ahd'apparatuses
for improving the un_iformity of processing at the surface of the substrate. As
25 pfocesses r.nove toward smaller sizes, e.g., 0.1pm sizes are currently required,
- proportionally precise improvements in the uniformity of the etch rate are still

desirable.

30 : _ SUMMARY OF THE INVENTION



~arrangenent. for .generating an rf field distribution in a plasm processing
~apparatus. The arrangenent includes an rf inductive antenna to which an rf
power Suph YooGARRe connected to supply an rf current perARRARALSE first
:rf field. The rf field can extend 5 into a plasma generating region. A
passive antenna i s inducti vgﬁg cougqlﬁé}dj'to the rf inductive antenna. The -
_passive antenna iS°CYAMEHRIR SEAPEGEpdhG vt thsruisroYided an antima second rf
~field. nmodifigs, ' : ' kBt a8 2 Linchd i.strjibution in
the bl asrm Sragpieht foF o ot ¢ RUE Dk Bkioh I8 aplashBresthih abibEl Ny
apparatus. Atlomdinggmient inclidestdnef indsptivet anddnnt hewhithentrt power WPpB dad be

‘provi ded an antenna. 10 Arrangenent for .generatj: an rf_field di stributi,lon
’gtfa pl asna'?Qé‘&F%ﬁ fonsuzgp@[aé_lsrﬁgurr_egp&%egngag a F‘é‘gﬁgd-TWBeg}ﬁedﬁﬁéF@ﬁﬁnfi ncl udes

. an rf ingluctjniea BIALRARBEnAMtthet e PBS S Aifissi PO LRBRA is H&Sw@ie?j%ké/ 1@:’1’%0%99?5 iOS : o

inductively coupled to the rf Tnductive antenna and I's ~ configured t
" gener at e an wnfudgtivelagiephd.chhewassive antentrds cantfigiredifosdentiate 4 savond rtfiddr f fiel d

di stributi A devi [ ' f oL -MDVi t i t ; “al't
the radial s e g BReRE PR PR yeR Bl RRg o aPuiRuR e o o
further aspgslhsmf chditber R¢RAbisARe pRBERingMottitfBHhe phllchtl bfarathdlPr OVi ng

- pllasma processing uniform tm n a plasma processing-device. An antenna -
“arrangenent ' generA¢e@sdiag to 2 furfher eppastaf theymvemsion; theredie pravidesl msantenmrocessi ng
~devi ce, y@and __J an rfoinduct nna _connected.to.an rf power

suppl y %(g suﬁ?ﬁ g&gg&??la% e{:altfp Egﬁ?ttfg%&ggﬂrgebﬁlé e a‘gﬁ Pllg?'g‘f‘ ¢80 e Blra@?gendi ng

into the pl gaotesgtpdevite.MDhe fgingdmaitdnclud@amst iHduedNMiahng ARf hGaseee to
generate a second rf field. The pethod conprises the steps of inductively
coupl i ng t helfsA8a; Jhe pagswsRateapesipdictively soupled teothg af mduetiverméennp andiivv e

~antenna i's FL ] - ' t if e first rf
Ferd such PRLpb %S RSt APuARR AT b Fldfel BB B AT e v ce
i ncreases 't histéButporo ck deviogisypmovidedor ynoving the passive ansinig tdislvdrals radgor di ng
to a fuyther, . aspect ‘?I{ ta.e cp entian there.is provided a nethod for tuning
“the rf Fel flisip RHeh ot flﬁ’? é’ﬁt_rﬁ ightenna for use in a plasma processing
device. = The rf fA@&ofiidh&id ﬁma&@g&fofiﬁb%n%mﬁﬁ&lgz{}g?s Cﬁévﬁﬁgg%[ng@tgﬁgfqrﬁ

| east one passive antenna is provided, inductiv oup
ant enna. Thempfdweag plesma processsgi unefoamitye Mmaplad@a procedsing devidee| An ditsinid but i on

L e et gl e S0 O 0fSL ECT LSRtpY 02220 B DS T O
may best be includes an if inductive an,tenna_ connected to an rf power supply.to supply an if _ E
20 . current to generate a first rf ficld extending into the plasma generating regionanda
~ passive antenna conﬁgured_to generate a second 1f field. The method comprises the
steps of inductively coupling the passive antenna and the rf inductive antenna. The
passive anterna is positioned to cause the second rf field to modify the first rf field
“such that the rf field distribution in the plasma processing device increases the
25 brocessin'g uniformity'o.f' the processing device.
| Accbrding to a further aspect of the invention there is provided a method for
tuning the rf field distribution of an rf antenna for use in a plasma processing device.
The rf field distribution of the rf antenna is determined. At least one passive antenna
is provided, inductively coupled to the rf antenna.” The effect of the passive antenna

30  on the rf field distribution is then determined.

711



“understood by reference to the fol |l owing description taken in conjunction. - -
~with the -5 acconpanying draw ngs in which: Figure 1 shows a schemat i c
" cross-sectional drawing of a plasma  processing device includi n&?%a pri

Cart rf i N8Rt enna; Figure 2 shows a schematic cr §&d/%88

draw ng of a'plasma . processing device simlar to that of figure 1 and

including an antenna 10 gmggmgm@mgtmhmgsent i nvention;
"Figure 3 shows a schematic circuit diagramillustrating. the current path

for the.rf inductive antenna; Figure 4 shows a schematic pl an vi ew of the-

ant enna arrange gHLE u 5.sho cont tot -
illustrating tthg#? 1%Ifmton {éé tll*?gl;'wgléﬁﬁ{t}% ;Wﬁg;‘;s fegy‘ﬁﬁ%g tgg in.the
el ect ronagneﬁndérsfwcﬁi@ﬂf@éﬂcbb@the&ﬁﬂowﬂg@dé@p@oﬁw 1Rc6rjBAGINh vpﬂtli){he -
~illustrating the inproved etch rate uniformty resulting fromthe”antenna.

arrangen®nt a950WRARNANE figwings I Whirh: 4; . Figure’ 7 shows a schenatic cross

secti-onal di agram of " tgﬁ%}" qt&%%as%ﬁerﬂﬁt a&g&r&g&gqﬁ d%\&rﬁ? ﬁla-g‘ﬁg 4 and the

effect of the passive ennae on t ~magnhetic ,
i nstance -in the rﬁ)rocgssingdeﬁbgmcaﬁh@apmrhrsﬂfoﬂulexaﬂmtenﬂter nat e shapes of '

t he passive antenna of the arrangerrent Figure. 9 shows a schematic cross
sectional di agram of ahBeRHFoHOMNESCh %atwfcr?%?éeaﬂﬂnéh*ﬂf&wamg%gm% for

altering the radlabcd'sagaicﬂe& LiffliaPlo fBPor BhEC | ARABRNRIAE ol hitbtha?l LN

ptasma region; Figure 1 ows a schemati C perspective Wi agram of an .
~enbodi nEht of trmrmgbmmtacanﬂmggeﬂtanresmtiwdnm a shi el ding passive

antenna; Figure 11 sho emat | e ective di am.of a further 30

enbodi ment of - the ant eﬁ\f%gea?rﬁ%ﬁﬁ’éé‘ﬁﬁﬁ?‘q?% @H}tﬁéagaargﬂ?@trm% bﬁafé‘&q}%f’a N

antenna; 6 WD ZOOMQM&Z]K&QQMQB/ 022206 Figures 12A, 12B and 12C .

respectlvely show schematic cross sectional drawings of the rf antenna and

symetric nmagnetic fi efleurpdtmmasahqut@tmmtvwwagmm mrtelinaearthnga:ntmdf and
Wit h a passive anttlgeur}na shi el d;

15 “Figure 5 shows a contour plot illusﬁating the effect on etch rate
| umformlty of asymmetnes in the electromagnetic field dlstnbunon '
Figure 6 shows a contour plot illustrating the 1mproved etchrate
uniformity resulting from the antenna arran gement shown in ﬁgures 2 and 4;
Figure 7 shows a schematic cross sectional diagrarn of the ant_enna
20 arrangement of figures 2 and 4 and the effect of the passive antennae onthe -
| magnetic field pattern at an instance in the rf cycle; o
Figures 8A to] show example alternate shapes of the pa's.sive antenna
of the arrangement; l '
Figure 9 shows a schematic cross sectional diagram of an embodiment
25 * of the antenna arrangement for altering the fadial distribution of the
electromagnetic ficld at the plasma region;
Figure 10 shows a schematic perspective diagram of an emhodiment of
the antenna arrangement including a shielding passive antenna;
Figure 11 shows a schematic perspective diagram of a further -
30 embodiment of the antenna arrangement including a shielding passive

anfenna;



* Figure 13 shows a perspective view of the antenna arrangenent shown -5 in
figure 12C illustrating the effect of the. passive antenna; Figure 14 shows
a sche‘rra&vi C Eers%?cti ve view of an alternate enbodi ment of .a ga'ssi ve’

_antenna; "B PWYNY shows a schematic perspective view of CHUPHO#ARF0 ,

~alternate enbodinent of a passive antenna; 10 Fi-gure 16 shows a schenatic

- perspective view of aFygires 124, NeB aliti@Ovasecti e slibwisdHenalic 2rd3a s&itiéRal -
antenna; Figure 17 shows_ a.schematic_ perspective view of a yet further

alternate - enmbodfFAEARSH tE@'{fé@&Wé and, pEpwstricnagmedc igldabaei asyarmpoEica |

.schematic cross sgethi i, NG, Qf; -l -gGessi ng- device simlar:

to that of fi gurzd% %t%lﬂg%%’%@ﬁﬁ’#g}&% Ha SNt a nodified

‘ant enna arrangenent afgmreihshdves 4 perspcasenew ifmwmﬁém:arﬁhgam&tkﬁoﬁﬂom' a
flow chart illustratin n.rf electropagnetic field distributi-on'tuning -

- met hod dccor di ng“‘c’gg?‘ﬁgzgr‘@'?é‘?ﬂ‘ng%ff%%gﬁfethﬁﬁéﬁsw apleglifies '20A, B & C show

schematic drawi ngs of FeRRCEPLAYs PARERBE perdfclile &R difehiiss rating the
~sources of symetric and non-symetric rf  fields. In‘the.-Figures, like --
ref erence nuner abmbedifrent oz paskive @otepument s and el enents. 25 DETAILED
DESCRI PTI ON OF THE | NYENTI The present invent.ion relates to nethods and
apparatus for. increast B§™ E‘I’r\%{f’é‘ésséjw CANG BYRSC Y%E‘F&%fa pralfesite i n a

pl asma processi ng‘ng@mhfegt@fa[gﬁgik,eanﬁhg@re 1 shows a prior art plasma
processi nhg device as di scussed above. The device includes an. inductive rf
~ant ennd0210 connect edFiggrald showsowshematppsrspeativhvipwafiades figthea alomatee of .
rf current to themg({;ﬁ.?nnpl of I n sivrr%he terns, the rf antenna generates an rf
el.ectromagnetic Tie d gl s_? rai%alifli% tepua, pl asma processing region in the -
processi ng . charber 28@uwhi Téhowg dchemandpasisicaidGied dfladBiPurgflf ali -
2004/:010457 PCT/ USZOO_S%OZ-ZZOG There is an !ir"t?gcvol tage o the if gﬁ%ﬁgﬁna and
an rf current incmbhedimeniefianassive THENAE vol t age varies atong the | ength of

(e an e L, | ol 4840 AR s haMuighllpld g1 e o
15 - plasma processing devicg similar to that of ﬁguré 2 and including a further
o embodiment of a modified antenna arfahgement according to the present
:invention; ' - | |
Figure 19 shows a flow chart illustrating an ff_ eIéctromagnetic field
_ distribution tuning method according to the .present invention; and _
20 Figures 20A, B & C show schematic drawings of cohceptual parts of
' an rf antenna illustrating the sources of symmetric and non-syminetric rf

fields.

In the Figures, like reference numerals refer to like components and elements.

25 ‘ - DETAILED DESCRIPTION OF THE INVENTION
The present inveﬂtion- relates to methods and apparatus for increasing
processing uniformity across a workpiece in a plasma processing device or tdol. a
Figure 1 shows a prior art plasma processing device as discussed above. The device
includes an inductive rf antenna 210 connected to an rf power supply Vﬂu’C_h pr-ovide’s
_30 a source of rf current to the antenna. In simple terms, the rf antenna generates an tf
electromagnetic field distribution in a plasma processing region in the processing

chamber 202 which ignites and sustains a plasma 204.



vol tage difference can typically be of order several thousand volts. Both
“the if 5 voltage on the if antenna and the rf current in the rf antenna can
~affect the plasma.. The rf voltage on the rf antenna di rect_lsy q%roduces an

- electric WP %15{ he plasma. The coupling to the pl as®&TgfS2¢

on the antenna is typically .referred to as capacitive coupling. The rf
~current in-the rfThétaNRRrfROREKCRSHBRS dntennBBANES HCculdeRl # théirftafRnBA. 2R
whi ch induces an if electric field in the plasma. :The 10 coupling.to the
pl asma of "t hé vpitagaivarieariang thlength of Hicantranp end Wilmmtyo}tegeecﬁffwnt«mas

{roucti e, ORGP ol KELEs AIETPURBARPLRL AT GRIHGE) the B 10, o0

the term " r fvolfaige Wifftersderdah typieatly baidfbrder sdvesd thidiambwilex Bokthc ¢t es
otherwi se, be used to refer to an rf electromagnetic field distribution
having ah i nl@er 98 the rfentenpyaed the i gisrent ithe o 2ntenpg parakieey theplasma.
electric) part. 1, VLY éﬁg%ié r TDLLE - bawer coupl ed
to the plasma fngir’lr??ﬁghg t‘gél{r%?f)%tl nduct 1 eﬁﬁgﬂ%%g%ﬁgeﬁ%@gﬁgggg@é?han the
armount. of poplesma oTlipd eslipling tdsthepﬁﬂsamnﬁtlmnfwhhagbamhéhiﬁwma:i@mﬁji&m. Even for
~an inductive rf antenna, the effect  of capacitive.coupling can be '
“inportant. Trﬁéerﬁﬁég AR CRRcitecPuRlEg. hherherenhucthe if.f/@t?glad’é‘eﬂzﬂ‘?ﬁw Hnd t hen
sust ai ned by, het HUEE HE pFOMB WHG infhR9 an 2eib e fibidiRHA r -al ong
the |l ength ol%l %ﬁg rf a‘nttenﬁa, the‘lcalgaci t‘im\'l/e c_oup(I:iln_g lf rt%ﬁgﬁrfééa%ﬁnna to
the pl E&nma opaplieg td the plasinfafod theaf cpaentsn tfe of heenmt ie iypacalljhrefewad t@gs on i n

itive . i € ' i.sj bl tt t hat. can, - t ched
"to the. botnOHRS FPUEE R T g hgrset b bR iAFEF Sratseaine whi o
sputter nmat efabaditiée SpIRE bW e aRfeni LA S Shand RFIcSARAGE ke rf

coupling is strongest Sone plasnma processing systens have used Faraday
shi el ds to riedddstuthsiont agHouniésy hecasufsict gicates atherwisachd used tedar@an of t he

pl asma. Such,a Farad l.el.d.ds.a. large.flat. nmetal disc, havi a

Dl oty ori@aRiRlle gk dbich ne e IR bRl e melha rATARER L ve

ant ennaisnd diF@diﬁﬁé(i.jcCeMtﬂﬂidWm.lf the Faraday shield is at an rf potenti al
30 of zero volts, then there will be no capacitive coupling to the plasna.

| f the Faraday stAremdnductive plasmaispwicenthe smowr of ppwebtaiptaddp theplasma he

capacitive L t | YRR Sokfar Eggl
- provided in Far élléé;%tésrﬁ}ae galtl%ﬁ/g?gl\l}yeﬂr#lg'l? P&%{&?P{e&ﬁt@g el rfg)lfpﬁ‘gg%%é‘s[??/ the if

ant enna. whito thenslasra by ither cdpactitd cmiplinfleEverdioe th weluctupifiangnnd tMQ:ffect :
2004/ 010457 PCT/ US2003/ 022206 . of . the rf__antenna and pl.asma. Even in the
absence of e?rffa’&%‘bté‘fﬁ'ctq“? ng B'i‘f’plPel Wg),ortlaﬂte The plasma 1s 1mt1at¢d by the capacitive

20 coupling and then sustained by the inductive coupling. Also, as the rf voltage varies

along the length of the rf antenna, the capacitive coupling from the antenna to the
plasma varies from different parts of the antenna. The vanation in capacitive
coup'liﬁg can be seen in visible patterns that can be etched into the bottom surface of
the dielg:ctric window by plasma ions which sputter material from the window at
25 regions where the capacitive coupling is strongest.
Some plasma processing systems have used Faraday shields to reduce the

capacitive coupling of an inductive antenna to the plasma. Such a Faraday shield is a
large flat metal disc, having a plurality of radial slots, and which is located between
the inductive antenna and dielectric window. If the Faraday shield is at. an rf potential

30 of zero volts, then there will be no capacitive coupling to the plasma. If the Faraday
shield is at a uniform non-zero rf potential, then the capacitive coupling to the plasma
will be uniform. Radial slots are provided in Faraday shields to prevent rf currents

being induced by the rf antenna which would otherwise block the inductive coupling

923206 o) t age
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“field distribution in the chamber will still have 'sone rf el ectric part as
a result of the rf magnetic part; Fi gure 2 shows a .schematic cross

sect i onakv@i@%%pf a plasma processing 5 device |ikeptpakssbows
Cfi gure 1 but including an enbodi ment of an antenna arrangenent accordl ng -

to. present .invention. The antenna arrangenent includes "inductive rf
-~ ant enna 210offix¢ rf ahtensa alphpissmze Bwenemfiee. dbaéncand aspcadtivassiplmgateenna -

. 222. Fi gure sch CII’ ram.llustrati ng the current - |
path for th e@%&%@’?? ﬁis 'é)é??‘éeg’% chichapfargrippithe af agr am

“illustrati nglatgh@t,clparpom ti on| ng of t he passive antennae reI ative to the
I'nductive anténna. Fi 8ure 2 shows the cross section along |ine -AA of
~figure 4: The i ndigieshaws eashenmio crosspectional daagmmsfaplqsperpr@rmsmngm of

| 1§ J 226 _.of | t .
S o 2 HENRE VBTN e RBS R kAR BB Rr 8% el 208 o

~an outer | Oaﬁa@gﬁx@d’mac@ir@xﬂgtﬁ prédddt inkentidie Tlié’@ﬁerﬁ@'afrax@ée%ibn@ﬁﬁﬁfd‘e§es an-
dinner |loop antenna el ement 232 and an outer |o ant enna el enent 234. The

~upper and IHWé‘PﬂH‘aﬁranéqﬂ@a@é%é@ﬂ ﬁr%p%wman@na@a @ and wﬁvrgi p@aiye @rteanali ng
- substanti al by, PRIARNGLEI AL LoheBud QF: bl ARSRlEAERR N Rrent Thgmwa'

axis.is co- |nea an aX|so Ssta ycy Grees § - of the"
‘pllasma’  chaidueetive &ﬁbtina%iﬁ fighte E@ltd‘ﬂvs&ﬂstchﬂiﬁ&tuﬁbl@ﬂﬁ[ﬁgrdns ilneeetiny the -
~approxinately.3/8" &g 9cm). .square crQss ‘sectiagn silver plated copper. The
i nductitPe aRPERAHNGSE thepasiresniemanlaivedp theisdueiernaicany. BreureysiBorg and

~an outer di ﬁﬁ%ﬁss@étlﬁpﬂﬁ%llﬁ@ml’}ffﬁ £49.-4 cm. The -antenna elenents are

nounted on-a-circul ar ormcro s section- support 236 nade of PTFE,
avai | abl e under {The induatiee arderena PdDIcomprisésc flisympperqnir 224 dfie@rcaldppneinaS are -

sufficient to revent -arci bet we ant enna el errents The support
"serves-to . NS¢ é‘ﬁF‘é‘?ﬁfQ 0&%&@%?@‘5 PE ar(f’é‘?‘-’r“é‘éf emenist i The UppeR Ras

posi tion anémﬁbﬁ&sfaﬁhﬁﬁarti&)p RGNS ek&hezm&m&éﬁ%@e@éﬁwust 2%t ed | ,-n

repel | ed apart under magnetic forces during 'operat
- figurel3, tThbe lowaspair aoceoprisesansinarioen et eleheit 232 neé agndter 139 t 0

d I h h t th nt fl ws In the sane sense
B i ok SHREG AR sRHS bt Wl ¥ Bl i BAch SAALHEE pr ov, dod

at the freezengaeming bltRtARaRY Pétp kil 1y 168 plah€ of fhe RENRRA SERPLAtAL4

~supplies rf current to the antenna during operation. As the inductive
antenna i s SOnifceriepar yithas axis qf@ubqtaxg@ubf@ah@d;ml wnmetry of the plasma

chamber itself 202
20 Bach antenna element is made of approx1mately 3/8” (0.9cm) square cross
section silver plated copper: The inductive antenna has an inner diameter of
approxzmately 6” (14.5cm) and an outer dxamcter of approx1mately 8” (19 4cm). The
- antenna elements are mounted on a circular, cruciform cross sectmn suppon 236 -
' made of PTF E, ava;]able under the trade name Teflon. The dimensions of the support
25 are snfﬁcnent to prevent arcing between the antenna elements. The support serves to
hold the antenna elementé in the correct relative spatial position and also helps to
prevent the antenna elements from being repelled apart under magnetic forces during
operation. | | ‘
As illustrated in figure 3, the antenna elements are connected at their free ends
30 to provide a sihgie current path such that the current flows in the same sense within
the plane of the antenna. rf current feeds 238 and 240 are provided at the free ends of
the antenna 210 by which the rf power supply 214 supplies rf current to the antenna _

during operation. - As the inductive antenna is connected to the rf power source such



WO 20047 010457 PCTUUS2003/ 022206 that rf currents flowin the antenna it' . -

_can be considered an active antenna. The if current feeds are a source of
~azi nut hal §3236n_“ge in the predomnantly symetric elect rorgazgnet ic field
pattern tWRZPMHEO%4Ht enna will ‘generate: In general, not YU Gt %nnae
.are desi gned to be azinmuthally symetric The detai I s of the construction of
5 the rf i ndtmat rﬁmlrantsdimanﬁh@araemapt efdiv edsidereg kR atire dgémial Thart). S. '
patent "applicatio seri-al -no. 101033 807, filed on Decenber 18, 2001,
entitled " weﬁmtra} Ffls Appasourerof apRuthal SETEMAEY Bhthe predomipanilysyramatec by

W | coxson et ke [ y .

ref erence. elglztlr ?R/%%%hggﬂli S no{nq ?e,ngﬁé Elﬂe%e‘%’ lrgerg%g#p Ig%g{l&g{’l? {)atﬁla&s hown in
_the figures. anttnathee desigmrtiitobe a:amuﬂmllpsymtnetmﬂ Tt&ldegnlanfthefconstdmlbn\oé

ant enna onf gur.a For le alternative rf.inductive antennae can.
have a sPngl & "rdB‘FFY‘bﬁ”Eerg'ﬁ%ﬁ cRiEScRied In greatrs detall if S patent mpdicalen 1 al s

or wound to bérm 88, 11635807, %R RAD&eMBE! §33*2@0ﬁ entifled %Eﬁoﬁlah@ﬁ'ﬁgﬁﬂapﬁ
enbodi ments of ‘the rf antenna, an .air gap between adjacent ‘coi he -
spi ral .can bEonRredutiog ﬁ}k@f@entPrfmesﬂ Ryedh by Wedenxsan tisal pthetdoateatstafiwhich 45 As -

shown in figur i ve antenna 222 is mounted on a support 400.

2 d
The support ijﬁgﬁlf HF?&’&’@B;&%%' e?‘?ﬁegﬁ?z which is journaled in a support body

404 which is pi vahakdwniionRredliRitedtoxp BRirplt 0intdRE sREWh HPMRIFRAAR. |

~ chanber. The arm -has a handle 408 at a first .end and the passive antenna -
i s attadfled BRe yeniehesn heactiogthusiag porindictivesntenna qwﬁgmaum aler \
orientation Qf & t ed Ovmt t .to the

i nductive an%a##] gaﬁﬁﬁgﬁ‘ésrsfﬁ\% an?aen%eﬁlgg%én% %tarsén T % ﬂﬂ f%ﬁ ahe .

axis of the. aemnrsptvaﬁmmaz spikdtibr Whendasilie opfthé hkﬁfa%élﬁifah@dustpﬁ@:eslmpmt
body 404 can be rotated 414.. The P05|t|on of ejther or each passive
antenna may B& h altemagiye embodimgnisef thedf patginay é’élalflgél? betasesnypiliacent peilpeksi ve

_antennae may th@%gfrﬁl%ﬁlb%tu‘égi tolReEhPhlving el el pdfrs 8 @%w&eﬁﬁaor' ented in

~t hr ee-di nensi on respect to t f-ante racti ce, each of
~the passbve antenAaethn heﬁghremz Mcht,q:amtv@arﬁmcm& mﬁlbunmeﬁlmnasapgimectl ng

t he passive ato a tt_of the roocessing device. A - support
for the seco eﬁ%%ﬁwgoﬁﬁﬁgﬁﬁam%a%w?éﬁ%% CBd?JqUFF@ @%‘PP@FQWX@Q_The
supports Canwﬁi%h‘{ﬁ{)iv@taﬂlytrﬁéunwa%ypé)ﬁipbbﬁ'1’057%'366 %ﬁ't% Jhg&ﬂb&.h?hpﬁ lve

ant ennae, retain assive antennae in a preferred position and also to
pr event nagnlmsiad‘la‘ndlﬁ:‘w #t e dst30d and thegasdres mgmaueammedlma& othet enchat i vel vy,

e e R e

20 - with respect to the inductive antenna. The passive antenna can be translated 410

along the axis of the arm, rotated 412 about the axis of the arm, and the support body |

404 can be rotated 414. The position of either or each passive antenna in.ay be altered

in any way as required. For example, the passive antennae may be transiated, rotated,
tilted or otherwise oriented in three-dimensions with respect to the rf antenna.

25 In practice, each of the passive antennae ié held in place by a support
structure connecting the passive antenna to a part of the plasma processing dévice. A
support for the second passive antenna is not shown for the sake of clarity. rThe
supports can serve to alter the position and orientation of the passive antennae, retain -
the paséive antennae in a preferred position and also to prevént magnetic forces from

30 - moving the passive antennée. Alternatively, the passi{re antennae can be placed on
| ancillary parts of the plasma chamber, such as a window temperature controlling

device, which provides a support for the antenna.

10



2 devi.cé; whi ch provi des a support for. the antenna. 10 WO 72004/'010457:--
PCT/ US2003/ 022206 Figure 4 shows a schematic plan view.of .the antenna -
arr a\ng’er@ tzoRI/oﬁ)E'se/' present -invention. The first passi \‘/@ﬁ_ﬂ'&ﬁ@g@i ?&Ojandl

_the second passive antenna 222 .each has a "D shape and i's made froman’
~approximately 1" (2.4cm wi de band of silver plated copper. The passive

antennae can be K ékhawya etheutatic plah vievcofttie antenap Srangementdf thbut A

e g e S DR L PR L RS T

0' clock, thgachiReaND’ BRMpEiava i@ﬁh&@ﬂ&ﬁ%ﬁ%pgﬁxma&i1@%2%%5vﬁ&b@é}ﬂtﬂfar
position corresponding to approximately o' cl otk and outside the -
_ periphery ofiltehplateshenppey el apassivaantdinee cerebomddpakaiyalectricallyrandegiogs

i tioped at | ition ¢ i ng to 10. ximtely 7
D0t 19820l AUPHLAGAOSLL S0 S BRSOl AR T ETY

passi ve ant emdag ta @aplathd HRRG IS hdbina\at alRneenhl EecdHoait a8 YD bagsciofnd he _
i nductive antenna,_ and within a plane substantially parallel to the plane _
of 't he i ndugicPid passtverastennpidg? igpasiioned ¥ea mpvlacpesitiopectaspondipgitost r uct ure”
of the ante Lr.a i . 1a_arrangenent will
now bo_desorzgriife T Mbei and G QBELEPEAREY of BR AIAIE BB HREEY 1
the sake of sezbad pasgiveamtonb 120 is pasitieaeliattan ahgiilar pdsitioradigidspondiigs acenent
about. the central axis 245 of 't he pl asrra_,?lr ocessing device as- Il lustrated
by I'i nd0250apmioniiale 7.4 cleglgppdawihia tesperiy

as a functi Siid : e er phocessed. using a
i or art prisvs “AERhL B0 polhed EndLINARE T orr MiEES FIRTRSRARCC 1E T
The top cenaeenmf atderithinat plane substaotiddly gacalicht the pldnt ofi tief indineivRantahenna -
.feed, and the cepter of the .pl ot_t%orres onds to thg. central axis 245 of
the pl asma procebayng dgenbed thegniigiationand sipichue phtheaatcans pEangemibat e in

units of ANgsthaNFioR 8F i diifa aASn &Rl DRIIBRSN be H&%ris&&b«iﬂngaﬁiéu?art he hi ghest |
in a sector toward the bottomleft of the plot and the |owest in a sector
towar d1fhe tedgremdeghifigufestiné, @Bl Pl Bor the-kake of clatityr ‘ezinsithalgisaged tet refar tet ch

rate across th fer. Alsq t etch.rate is..different in different e |
v ect s one sl AR PArerpCboul fieBaRih A% 45 Bt 1€ Pl EATne e Fet ry in
the etch raﬂﬁswedbymﬁem@(m{ﬁg.}?eq_ mean etch rate over the surface of the
wafer is 29.9nmmn, with a standard deviation of 1.Onmimn and a.range of

3.5nm mi n. 30 Fibignee Bshgysmscentewspla 260 pf tie epchoratst asthfanetianhofmpsisioas a
function of mpe?ﬂet Ju?ﬁcc of a wafer procéésed using a prior art plasma procéséi_ng device
| 20 . similar to that shown in Figﬁre 1. The top center of the plot.co_rrespdn'ds to the
position of the RF antenna feec'i,' and the center of the plot corresponds to the central
 axis 245 of the plasma processing device. The contour labels indicate the etch rate fn
units of Angstroms per minute. -As can be seen, the etch rate is the highest in a sector
_ toward the bottom Iéft of the plot and the lowest in a sector toward the top right of the |
25  plot, Hence, there is a gradient in etch rate across the wafer. Also the etch rate is
different in different dire.ctions around the wafer, therefore there is an azimuthal
asymmetry in the etch rate over the wafer. The -meém etch rate over the surface of the
wafer is 29.9nm/min, with a standard deviation of 1.0nm/min and a range of
3.5nm/min. |
30 Figure 6 shows a contour plot 270 of the etch rate as a function of position
over the surfac¢ of a wafer processed using the same process as that used in the
- process corresponding to figure 260, but using a plasma processing device having the

antenna arrangement as shown in figures 2 and 4. The top center of the plot |

i1

el dhe mgprelivesptensp. Bethkech rate



~over the surface of a wafer processed using the same process as that used -
‘in.the process corresponding to figure 260, but using a plasma.processing

.. device having the . _antenna arrangenment as shown in fi'gures 2 and 4. The top .
~center ofWPrfg“*mlaiﬂit WD 2004/ 010457 PCT/ US2003/ 022206 ROVFEIPHEREYSt 0 t he ‘
position of the RF antenna feed, and the.center of the plot corresponds to .~
“the central eutic3parths tolthd gusitionas e BF actemsd fad, dal ieecenidtofaRplour | abel s
~indicate the etch rate . in units of Angstrons per mnute, ‘As can be seen,
the etch ratUTesRoRdsdo thegtsadal 35 25ftheplagrapprogessig devioe. Bhe ¢amioys| ot and -
the lowest i Lok ' ) Jaht ﬂéﬂﬁ pl ' ef.. the
- mean etch ra!t?ﬁe)éltsj\?/I‘([:a‘dri E@%gés%%@%gngpﬂ i ﬁg&%évaﬁgg[rs p:%g .efn#?tr%arrl]!,;p\glﬁlﬁbﬁgi S.

“conpar abl e t etch ree prihe highedt ipn setardpwbt thedeftofths piondad the lowsst af 4 avtaf
S 0.5nmMmp . and a nge af. 1.8nm'min.i.e. the uniformty of the etch rate
has been>doulPeE BdoR gatALREEIPh Fipwetadhe mean Figh gaigiover VA thioen
~decreased.  JhRE &f A farh/Mein S Ridh idofnpaRdtiol e pAGE c8ds! &Fl%fﬁez{'étaﬁaf he
present invention has a 10 greater uniformty and azi nut hal symmetry than
that of the geviasionarfi0.5Soni/mhoand avange nf) 1 Bombmeirboarttic byifomn@oy of thaetthcdter -i's

. believed t t he ' t di fying the rf Ifiel-d distribution i R
“The ol asrm dimaeat AREPRLETRLHe Tt Bctcn 1 i nble s Boshdseroted the it
field distripydrépe e cidhaaRhAsRBhORREERdRGgeh 8108 the HORIND fivediRilipl avoul d

'be inportant if the rf"antenna and wafer are not co 15 axially aligned. In
this cad@, nereatar eifornuly and arenutha symmetry thancthet ofithe prignart.on . produced by

the rf anten | Qpg oul.d | ikely be siqnificant varjiations.in th
eton ng rate over Npisuh ARl Yy Robld B bent, TRER G SO b RaR R od 1o
modi fy the difterinae tbdilfyfrigrthda fiedd disiribiuiion ithe PlaagiigcabAThL Fegic¥d | ndeed may J

actuall'y reduce the symretry of the rf antenna rf field di'stribution- ,
Wi t hi n. t he  ppgisas thpaapuithal simmety of theaf figld distapetioneinithe plasme generatingof t he

processing r OVAES ¢ f , Ve N | £ field -

di stributi onl-%gﬁlnbﬁorﬁl{cégg%ci%s&mgﬂéﬁﬁ&}ag? }e{fﬂé ﬁ%'?l{eegéhg‘g d I%%\t/“ére e ¢ Cgat'e, “and
vice velSa, owaly dlipgpedalethissaasd, aoenatfer ow gymnsdivthe af fckietigtiibwtionr 0ss ,
section of the. rf _nt"ﬁn- 210, i-rs%l 220 ng_ second, 222 passi ve ant ennae,
pl asma generBPHgIPIGIOH 226303 alenghere “W@i‘_ lfﬂﬁge Figpticaptvagtiopy inftheyyr e 4.
Figure 7 al ?&clﬁh‘%%@ bi& thdwhRPLGLRRYThE PadshRlanfdadBNGE GschtEhiddify the
~distribution of the antenna arrangenent. At the i1ll ustrateg [ nstan%e I n the
rf cycle, thdfielddistibnaen withintthe plafmachambea, arsl indeedrmagadthdlyredinte thand si de

I T ME e e NN

20  actually increase the uniformity of the processing rate over the wafer surface, by

generating an 1f field distribution which increases the etch rate at areas of low etch
rate, and vice versa, over the wafer surface.
) Figure 7 shows a schematic cross section of the rf antenna 2 10, first 220 and
 second 222 passive antennae, plasma generating region 252 and wafer 206 along line
25 AA’ of figure 4. Figure 7 also shows the instantaneous current and magnetic field
'7 distribution of _the antenna arrangement. At 'the illustrated instance in the rf cycle, the
of current in thé rf antenna is entering the right hand side of the rf antenna (passing
into the page) and exiting the left hand side of the f antenna (passing out of the page).
This current results in the magnetic field pattern shown in solid lines. -
30 The first passive antenna 220 links magnetic flux of the rf antenna magnetic
- field and, according to Lenz’s law, a current is induced in the passive antenna which
generates a passive antenna magnetic field, shown in dashed lines, opposite in sense

to the rf antenna magnetic field within the passive antenna. Hence the net magnetic
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»This current results in the magnetic field pattern shown in solid |ines. 30 C
The first passive antenna 220 |inks magnetic flux of the rf antenna S
magnetic ‘field and, according.to Lenz's law, a current is induced in the-

_passive. YR WHR1UET ch generates a passive antenna magn&CTE/SR8082206 hown in
~dashed lines, opposite in sense to the rf antenna nmagnetic field within

_the passi Ve fM 6nahe HRAGE s arkBHRS] icucd? HRi20RAAH1045
- PCT/ US2003/ 022206 field: ove?ﬁt he area of et ﬁ% ‘passive an I%lennag{"lsmveeduced

I'n. this exarppleana W%gtﬂdmaydmeﬂmmgimtm b Gk df mugnrbendgnetiBeldane

'dlrectlona na_ma i n regions outsid ea of-._
the passi veﬁa%{kg?\dr’?é} ug%i& gta rﬁahﬁeeﬁasﬂﬁaﬁ%@?%a 11 té‘la%'hﬁﬁf; IpRency "hﬁ?]té‘d'@@ﬁa{; o
practice, asndrbsscaBlepiadlicedhs tRMmAIGES o hePAb PO sntbmaOhiots Refbect 5 '
< conductor, the magnetic field within the passive antenna i's not perfectly

‘cancel | U owenducterethermagnetie ficldhwitisin the passive m@nam@@nhwrmw canceled outhe

A tic f h '
ol o ol ot (N8R bhAN Okl S PSR MRSl PRl o6 i

‘the processithgpashiaahatenandithinehe Htpha fvRdgadahakby 8lsé SRinghgdae f fidldshoul d -
" be understood that since the nagnetic field fromthe ff antenna is an rf

10 magnetic disteibujion; withigthepropessing shamber sad oxgr e plasmagsaerping waicanna i's :
-al'so an rf ogegnehbaidHealndersddd tﬁﬁ%&@gt&qﬁ?@\éﬁaﬂicﬁﬁm (REF gg{ ?Llaﬁg— 2's =

‘_magnetlc flux of the rf antenna magneti accor
[ aw, ~a dur r emgnetic ﬂcidutimhagmemm&m@smmed by theqpussive 2ident 1§hls@eﬂef ates a
passi ve ant enna gnetic field, shown in dashed 15 lines, opposite in
sense to t h&4&e té%{]gﬁna magnetic field within the passive antenna. Hence

‘the net megneti ¢ rhicabthi\leild a0 1sbhﬁlkeg§a§n¥&ﬁ£sz8ﬂﬂ@rf@é@quced L

.practice; as the material of the passive ante I's not a per
conduct or ,. thgnetraGeldiand, dcceidingotlenzs lave, qxamnvenadnnwmmthespamﬁe perfectly

I'led oyf t t 220 hat th
et o ff)éw&n%%hf%ﬁwkﬁ ool B PatiE BIRR SIS ahae ¥ FshRhe Far
antennasi S Niaed)oppbsiteen shike & G rERATIAMEadnREC iffetd Whifl théjba%h% th%h:gi; Wi thin

the chamber _and over the pl asnma generat i ng regi on 252. As shown figure
6,  the net &lenggtheaet ﬂ@@@wﬁ%g‘zﬁf\t@ area efha@assive mtemensedecadndnuni formity

B Y I N
reduced usi rgghétic fld S\htlﬁn dRtpaRiacantdia lpﬂ&spevﬁctljiﬂérﬁeﬂ'&?odmi‘hbﬁfﬂa’&%ﬂ to
- Increase t h s%mtprasswe él%énrgahEZOalg IthrlzltJ %hgarLagsn%Tﬁeig at the pOSI:tlon of the passive
20 antenna outside the RF antenna is reduced thereby also changing the rf field
distribution within the chamber and -over the plasma generating region 252. As shown
by figure 6, the net effect of the two passive antennae is to increase thé uniformity of
the etch rate over the wafer surface. | ' | :
| As discﬁssed abové there may be a number of contributing factors to process
25 non-uniformity which can be reduced using the passive antennae. The passive
antennae may be used to increase the symmetry (e.g’.' the azirnuthal symmetry) of the
- rf field distribution in the plasma generating region. The passive antennae may be
used to modify the rf field distribution in the processing chamber so as to reduce any
inherent asymmetries in the rf antenna or the plasfna processing device. Also the
30 passive antennae may be used to reduce the symmetry of the rf antenna rf field
distribution, if that results in a more uniform processing rate, e.g., because the wafer

~and rf antenna are misaligned. Also the passive antennae can be used to modify the rf

field distribution within the plasma chamber to counteract any effects of elements of
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~rf field distribution in the plasm generating region. The passive-antennae ‘.
may be ‘used to nodify the rf field distribution in the processing chanber
~so as to reduce any . inherent asymmetries in the rf antenna or the plasm
processi MYOFMWUESTA so the 30 -passive antennae may be FSEIRBYERIe the

symetry-of the rf antenna if field -distribution, if that results in-a

‘mor'e. uni f or MiRRRRSIrIgestAL Sharfb@ on theclaksanddnsriyaéig distablion! s gnna are
msaligned. A'so the passive antennae can be-used to nodify the rf field

di stri buti onimprore therunefoniiy abplesmabwcessingonss diedwferany ef fects of -

“elenments of 13 i US e pl LRracessi ng
chanmber on the ey\gét% ir}%ﬁn%gr%géﬁ %S ﬁg{mﬁ&%?@{a? ufa ?%’r?fl a‘g%eél%&%gﬁ el?]’l@\e/éh} he

CJuni formty ofhept agemnatswliassd the xSk fhstewd Magneds fRDVIhd pas§iveures 2, 4 -
~and 7 the passive antennae are_inductively coupled to -the rf.anténna by = -
1i nki ng £he ®ItERnagMOMeE TGquirs Hielr D RRyefalPRlys i pralterprtivie sadiodiment, a9Reennae
do not requije hE HQWE, m Al alter LV £ mhadi. nx a one - -
or all “of thBel??)igg@Pég antog‘%}[l%éa%an e?l%%egéggl elétlr?%gllcgc H/‘gé '_ﬁ%&ﬁtag% E\l/'vi,th the
rf -antenna. Hbowearpevenahemtht lptenhircaraphsineanteans: pamdy induedd ¥ doaentasildnl y
induced if cyrrents wl | | ow and t powered rf. currents. The passive

ant ennae  woulgwied aaf m‘a?fﬁ‘iafocafre{lﬁe%éa INeARfeRgRe wauld Q‘F?‘mé;‘ﬂeéﬁﬁg@ 10

“Hence the presgeioiagy a9 ticaPamemy des a way of fine tuning of trimmng the
~rf. electromagnetic field distribution within a plasm processing device by.
using &Ppropri at Beyeepha peederd mov eatiap prbvides asvayerfdme ¢éwming ot gimmmidigf the tthe rf

field distribution so,. as,tp . i.ncrease the . processin niformty for a :
water. 1n 11 grerareeRic SR AP SRR P e e B bERE vy of 15
| Pl ement i ngagpieprRAdy ipYR e @BAEHABeIPissive Whichn AR SRl Gn S BUID Alsuftfuribass Or s, - )
i.ncl udi ng the shape, si.ze and nature-of the nodification to the if field
di ‘st ri but i onasteancrease dlsprogespag vatfermisn riapyadenor act i cal matters such as the -

space avail abl e w_thj : processing device.in which the passive
“-antenna can be pﬂé‘clé%{.?o%:ﬂge albgléegig%ﬁs&g ﬁf%ﬁ%’ﬁ%‘é‘%ﬁ’(@%“%’%‘é”ﬁﬁsa°‘?e| ative to the .

- rf antepfa vinhplemb@indifie passp@taatennas/hidht willl deperDoros hembét dfhctoffs, t he passive
antenna relative to the rf antenna. Fi gures 8A-J show exanple alternative
enbodi nent s Beluding the shangesizamndqingure of Hie pedificanonde theh fickbdistrihation thact ure

o 1S ASaL AR e, BRGNS B\ H BEP
antenna f | uxplsmkpebcbgsirighievipads whichatht passave ahtegha e ib’plecah AMlie location of
| | the passive antenna relative to the rf antenna will also be a factor, as‘.will‘ the
200 orientation of the passive antenna relative to the rf antenna. o
Figures 8A-J show example alternative embodiments of the pas:sive antenna. |
The passive antenna has thé st_mctute of an electrically conducting loop providing a
low resistance current path so that a reasonable strength magnetic field will be B
~ induced by the RF antenna flux linked by the passive antenna. Figures 8A-G show
25 perspectivé views of alternative passive antenna shapes. The passive antenna can
have a cufved shape, such as a circuiar shape, a segmental shape, a crescent shape, an
oval or ellipsoidal shape. The passive antenna can also have a substantially polygonal
shape, such as a square or triangular shape, and can be a regular or irregular polygon.
The antenna can ha.ve an irregular shape, bei-ng made up of linear and curved sections
30 oracombination of both. The passive antennae of figures 8A to G have a
substantially flat planar shape. -Thé passive antennae of figure 8H has a less planar,
‘saddle’ shape and the passive antenna of figure 81 also has non-fiat planar shape. In

a further embodiment as illustrated by figure 83, the passive antenna can be a more 3-
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* 25 perspective views of alternative passive antenna shapes. The passive
“‘antenna can have a curved shape, such as a circul ar shape, a segnental . :
shape, ‘a.crescent shape, an oval or ellipsoidal shape. The passive antenna .

can- al so WAV S Bst anti al |y pol ygonal shape, such angTgﬁg Q206 -
triangul ar shape, and can be.a regular or irregular polygon. The antenna

- can have an difife@gth#boSNaRA as R&bREre/BpHEoUR) oblatel SpREAId, ?Ma&%bﬂééicﬁeﬁﬁé;ons .
30 or a conbi-nat.ion of both, The passive antennae:of figures 8A to G have a

‘subst ant i al | 3pdfiyigher gumherofsilghodiesn dhe hedies eanteregiaroigfregilguansd @ has a

"1 ess planar, -3 ﬂ.pg ‘ ssive; ' f figure 81 al so has "
. 'non-flat pl a%aé’?%gﬂiégé‘?ﬁ gB?g .ur‘{e%ragag%\ég?%e%?&gﬁ;ﬂ%ﬂr ustrated by figure
'8J; the passive afigarerfeshown ahalternativesendbodlrentOf 22Qhtdha 4brangement 300 of
~'PCT/ US2003/ 022206 di nensi onal de(}/ such as a _spheres spheroid, oblate
~spheroi &  prigf Rfssepmenten), ThaBE indushve antepnar2 1Rinbroadiyrthe paree soltples. The
“bodi es-.can - | QL ir I 10..C. al .0 ‘ .can
have: an apertiy Sra PRt T aBlon Bael ere INBVRI TP ARE B0
- enbadi nent  che fére @ﬁﬂ@wphyrhmchm@ﬁmmla&ﬂ@opﬁeraﬁdWhﬁ:hﬁf egard donedlyi . The
- RF inductive, antenna 21,8 IS broadly the sane as that ﬁ&scri‘bed previously.
“Inthis arrdhgEh ffenng., Lhe:p3sstvi Agly mOYREd qn ASUBRPE /Y SO #pt the pPasHion or m -~ -
~of -a circul ajf thapddsRE adehllont BleREnEARRE48 B Y1 fhd prbO&_In saxhally
~of the RFant_.enirs:‘gl;.S The pass(i)r\eéea'nt%nna 'S nmount d&(g}lapgbguppggfglgsgﬁéo t hat
~ the posiQi orbe dhfingdde passive antenna along the central axis 245 of the _
pl-asma processing.devi ce can . -10 be changed. The support:-includes an arm _
502 whi-ch passe_sglfl}‘?rSBB%W I&ﬁaﬂlgﬁ_seﬁmg@wgmﬂgﬂﬁﬁﬁwo SR %S0 that the
arm can sl i geppdrOBely04%nd 46 thah thd 4 cafRdOflohd Bxidnh3. RoGrPediiidhEar6 and
- a second end of the arm has radially extending nounti ng_ el enents 508 by
“whi ch the pdwsphendlatehend 2sT0nd endiof the pon hevradislly syispding mdiéing5 nount i ng

el enents can . j WM. I I A he,, suppor an be . :
“non-el ectri c%é 3&%@%@(}5{;’@@%3%% %:%%%%%%%%%&%&eggog Sﬁ@?m{'o enerate any
~furtherls subséaning2lenthecinibe ErovidedWethi 2irhitedldyReieive tTHeSMppdrh €arBbPPOT t |
-mai ntai ns the passive antenna co-axial with the inductive antenna and the
handl e 506 &rnahectiacadysprducting pad cadfes eoniguied se panefdo Eererpisany ifarthest ¢ he
passi ve ant’ ' . LS. . ”w el | ' Wl f the
magnetic fi gpgﬁaglgir?g?%%tgg%Bg}éigﬁeetgcﬁe]%rg}%é%ﬂgmg? gfﬁés%?g’gnéﬁ%a?négiﬁ'gﬁ?\es aﬁﬁ%’g in
the rf cycl entenhiice-hriabwith dretinduciveiabtehnomd tht haddlas@slof ihesupppascdnis:

antenna |inks nm net{lc flux of . the t{nf ant enna magnetic field and, according
“to operated to change the position of the passive antenna along the axis 245.

20 ‘The magnetic field lines of the magnetic field generat'ed by the RF antenna are

shown for an instance in the rf cycle with'the cufrent distribution illustrated. The
- passive antenna links magnetic flux of the rf antenna magnetic field ahd, according to

Lenz’s law, a current is induced in the passive antenna 280 which gehérates a -
magnetic field (partially shown in broken lines} opposing the rf antenné field within

25 the area of the passive antenna. Hence the magnetic field strength in the plasma
region 252 toward the center is decreased. However, as shown in figure 9, the passive
antenna magnetic field acts to increase the niagnetic field outside the passive antenna.
Therefore the magnetic field strength in the plasma region 252 around the peﬁphéry is
increased. Hence, locating the circular passive antenna co-axial with the circular RF

30 antenna modifies the radial distribution of the rf field distribution within the plasma
chamber and in the plasma generating region 252. Hence the radial rf field

distribution can be altered within the plasma generating chamber so as to tune the
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Lenz's law, a current is induced in the passive antenna 280 which generates ---
‘a ma’gnet ic field (partially shown in broken-lines). opposing the rf antenna
field within 25 the area of the passive antenna. Hence the netic field
strength YRAHOWdsna  region 252 toward the center is Pd%'(ip%?g%‘&? 22080wever

.as shown.in figure 9, the passive antenna magnetic field acts to .increase

‘the magnet i cuhgriid fld & GHRintiReIhE PERIMPraRt 8RN Aevice 108 18 With diff&cpBINet i C
field strength-in the plasma region 252 around the periphery is increased.

'Hence, |.ocat ?fijnt% 8-SeiaFgam A chlesisey e antenna co axial with the circular RF

30 antenna nodi f Iﬁ&fﬁt}]‘gﬁ d'iﬂgétaj Dpagéléf% %rl;t awn ter g f%‘i‘%%‘lsﬁ?i?g‘Pg‘lhséé‘fbm I.On ;

wi thin the plasm anber Hence

. the radi al * réledtioshapmerid ﬁélﬂllbtﬁelpb&nmnbﬁuﬁgi‘égﬁ(ﬁd Mishdvihd eheadsiv@lioo L
generatipg chanb r so as to tune the IS WO 2004/ 0104-57 PCT/ US2003/ 082206_

magnet i ¢ i eblong BespRItREE PRevipchansgs the Hdisd fisyitwaionc Madng theasdive o
di ff ] '
e ene | PRt o R RO RRIn [ B AR EnRERS] U°,

t he. pl asma gmrf@uai 9mllkd@ngmtheA{mmmﬁmf agendreflpathai ¥ dinked and Enlahl@dslg t he
“central axis e ’ e rf field distributiaon., Novj ng t he passwe

coi | away fr??ﬁ'l‘cteﬁ c. ‘?“tﬁ ‘t‘n eRssive aptgnpaHeld do fherrd fiskkdistrbutionwi thibwar d
~as shown ingf b%lf‘ergl\/ld%ﬁé HERARHR o RIRURL p%%mﬁfreémltl 99@%5%&%%&5?& s

I'inked and will also reduce the contribution he” passi ve enna.fi-el d _
- to the 19 fiwilchlsh danpgdiheiRInflux tinkage, titevill Hacase. thwmtamgebhmepaﬂm ve coil .-

toward the plasmar |on 2?“&@ S|bt|on 284% &% ahso cha e the RFE

f1 ux I|nkagepasﬁu'?aﬂllv|e & %r Tehyiner g Beeliee plihppassye (Pén%mtenna:
and chanber, ﬁé]@gﬁqﬁyrﬂﬁ@ﬂ‘ﬁaﬁbﬂgod he effect of the passive antenna’ field on‘_;)
the rf f|eId distribution. In an alternative enbodi nent, the passive '
antenna 286 is oJﬂgp@&emlﬂé‘f@ﬁnb@mnhﬁmlwwm&lheuﬁiﬁeﬂhe BFna so as -

to change th tion of the 15 el ec field at the -~
~pl asma regi o%ternﬁgt 'ﬂh&tnd(%: ﬁ%cﬂtfloﬁteﬁa RfE i%ﬁléa"lgg hﬁerf@naﬁ?ﬁﬁmﬁf‘}“@ﬂ gt@ t he
- ant ennalfrr %ﬁgﬁmﬁ@nﬂ&fﬁélﬂ al e plaBidalregiont Alioesh PéirdulardNhBRAR BUBbwAT 2
spiral antenpna or a hem spherical spiral antenna. .In other enbodi nents, the

“passive antiigwEe® dhﬁ%@%@&%ﬁn%mmwdlgfemmtmmfnfnnm@m agad - may
~or may not Q@u‘é]%terﬁﬁ%?a%@%%%hﬁrgcatl g@n{l aﬂt%% %%thér%ﬂ‘}b%% 'ﬁég‘fmhg R#S v%gl 2}2?; |

shown in figure 9, novin stve an enna along
" means that idntdnga sarbisd bnaued hbty-comaall)amtathe 1€ aneomneanid mﬁy bheayof bethd
distributi Onsaltng alt'la[:;esasnl?éj rlffalntee(rjma Fl%rthg Ie;cgn%lg ggnbgzhnﬁerrlltt Sl?orln?n ?nnfdlgure 9, moving
20 - the passive antenna along the rf anténna axis means that it is substantlally the radial
component of the rf field distribution that is modified. For different rf antenna and
passive antenna geometries and different relative movement of the passiﬁe antenna
and rf antenna, other components of the rf field distribution will be modified to a
- greater or lesser extent, as required in order to increase fine tune the processing or
25 increase the uniformity of the processing.
Figure 10 shows a schematic perspective drawing of a further embodiment
320 of the antenna arrangement of the invention. In this embodiment, the nassive
antenna 330 is provided in the form of a shield which encloses the rf antenna 210 and
extends along most of the length of the rf antenna, apart from the rf feed part of the rf
30 antenna. In an alternative embodiment, the passive antenna also encloses the rf feed
part of the rf antenna. This can be beneficial if the rf feed part of the antenna is a

major source of the asymmetry in the rf antenna rf field. The passive antenna 330 has

a substantially annular shape. The passive antenna is made from an appropriately
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- passi ve ant enna, geometries and different relative noverment of . the passive

~antenna and rf antenna, other conponents of the if field distribution witl
be nodi f ¢ o a._greater or |esser extent, as required._in. Qr 210 S

_incr easehﬁ?%loté&?ﬁﬁﬁaept he processing or 25 increase the uﬁF&&%ﬁ&g{?“&?Gthej
processing. Figure 10 shows a schematic perspective drawing of a.further .-
enbodi nent sBagdsheetiod sdvarotaied coppan gbtieatt oof gapnin the pessivieantenha shehild

nbodi ment , ' t 330 i qvided in the formof a shield
wnion enol obE ST HaE X ER NG B ire et o L dbsd Bt h of
the rf ant enitidle ePitd fenfth wouldeorhplefeBebnan tf Mhgridie fleld éﬁh@ﬁﬁt&%@md n-an .

alternative enbodi ment, the passive ‘antenna also encloses the rf feed part
_of the rf afllewing theri magnetic fisldfeneschap e plasmpgeneratingaagipar As wiill bee o

antennad s a,. Rj.qr - ' stry.in the rf. antenna rf field. The =
passive Sant g’rﬁ%‘gﬂ% gdn' %%g{c? ge@ﬁ lg’gtagn ?ﬁ? éalﬁt Y 'Sa?ﬁmﬂaé phapg 9f he pfﬁﬂvep%fg??‘\?e‘s antenna -

I's made fronhesanapprthsliapt of yhekaghe)i2 GO/ 10:£0 45 theRGddnBe G0RY RA2ROF shaped
sheet of silver plated copper. At.|east one gap in the passive antenna -

“should be AREURYEQUIdeagaicinthaahsence ofau% poympsiresnd he perfacenthesed the rf

antenna al o L e b, ¢ de St ; cont ai,n f magnetic
field of thggsasﬁ‘{’“‘?ﬁ’ﬁ%“?’gaﬁ%m‘,éﬁ’%‘?ﬁE%“*%‘E‘e"“?@ gﬁgﬁ@?@%%ﬁ.@?{%ﬁ%ﬁh ‘to the
pl asma generaenmyficldgiThe emAedindnk 3D@ obthe ppstveaderina showalefingdetiaiid bel ow,
‘the cro'l s-secti neil. shacﬁ of the passive Ent'enna- is the same:as _the shape
of the HagnBEPeicHTép BrovidiRe makIal 6 R aRAB ] OTG B We FRARMEWES i theafi onna
woul d gener gh@nadfitlaSviBRS Eﬁ%nmajﬁtg%f f’e?;ﬁ[ﬂeﬁngt e{ ig@? Rgéﬁ ggn I§x'rH i g%etocﬁfllowﬁ't%c

passive antenna is such that it Is paral esired”symetric part's.
of/the rf Ritastevmafpaghdtic field oshbodi nent 320 of the passive antenna shown

in figure 10 is 10 beneficial ip. providin XJ .. screeni ng of sone of the -
asymmetries in t he®Prs nﬂ?’l’ﬁ'ﬁﬁ?.ﬁsﬂaﬁﬁaﬁ%ﬁfaﬁﬁféyé -Wé‘?ﬁ?‘?gb@?%ﬂ?f ng a
feed positi gt saffdc@o0@p phdivdl dnfifinkh R ateBbe AR HREMAL fd Wiklod, out . The

- passive antenna 330 al so_acts as a Faraday shield to an extent. The part of
t he surlfacersrvidasa syhsiantiadly annelanBarhdayashicld brd vasuncstthe capfachive enwalingnd

wi-ndow 15 p.Qvi. antd.al Ly annul.ar Far aday,, shi el d and..reduces the
‘capacitive é%ﬁ?ﬁ?ﬁgﬁgﬁgﬁﬁe&e&dﬁt &P mﬁgag}?ﬁfﬁﬁgﬁeﬁés%b SAERE Y Rough there
Wwill still bempormpatintirffeld dsmanRntwiaiin tiepladms Eifintbes), Fuow UL itRO Wi thin

the plasma chanber). However, the shielding passive antenna 33’0 is
configured Seldigrasiveaatemmad3Ois conligugedizosts tomadibrthp yf figld distribwgionrhy

undesired agyRld ite uﬂﬁéﬁédfagﬁm&% bl lﬁ%&ﬂ thie Irﬂilf‘\étﬂe ﬁleib;_(:lgr_zzgrrlt%a?s
20. conventional Faraday shields are configured so as to pass the inductive pért ofthe if.
field without modifying it.

Figure 11 shows a schematic perspective drawing of a further embodiment |
340 of the antenna arrangement of the invention. In this embodiment, the passive
antenna 350 is provfded in the form of a shield which encloses the rf antenna 210
25  abouta part diametric to the feed part.of the rf antenna. The passive antenna is made
of an appropriately formed sheet of silvér plated copper. The passive antenma again
has a cross sectional shape which is parallel to the magnetic field lines of the
symmetric parts of the rf antenna field so as to shield out the asymmetric parts. As
the feed part of the rf antenna is considered to be a major source of the -aS).fmmetry of
30 = the rf antenna magnetic field pattern, the passive shielding antenna can be located at a
~ position about the rf antenna diamctrically opposite the feed part.
. The principle of operation of the shielding aspect of the passive antenna will

now be described with reference to figures 12A-C and 13. Figures 12A to 12C show
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- 20 éonVentlonaI Faraday shields'are ébnfigured so-as to bass'the i nduct.i ve
“part of - the rf. field without nmodifying it. Figure 11 shows a schematic

. perspective. dr awi n'? of a further enbodinent 340 of t He ant enna arrangemant -
- of the i WRMHEHHTn this enbodi ment, the passive ant eRAF/USBE3032286 ovi ded
~in'the formof a shield which encloses the rf antenna 210 25 about .a part

~di anetric teréfigefwndl @@Kwﬁngéfof&wfant&fhﬁzﬁm[ﬁ Figthe 1PASHhOWSE adMRbffibR nade
of -an appropr| ately forned sheet of silver plated copper. The passive: :

- ant enna agailtie }adit gn insapse ebhe lPé:rﬁldesﬁaﬁtﬁ mﬁﬁe@ﬂlw $ysupeirig REcantennat he

‘magnet.i-c fi pﬁg‘r ten fleld so as
‘to shield o?t‘g‘t‘#eeﬁ?zsyh%m("?ﬁ"‘??%ﬁ“% tdlk% ékparf{ta%g%tﬁl(gg T4%htenna is
~consi dered tasyﬂnmemcnﬁfmﬁxteﬂm;merhm‘h:Il&eeasﬁ'fﬂméséa‘tmgfthéﬂsy&rhﬁeth% paftiofna

- magnetic field pattern, the passive shielding antenna can be |ocated at a

posi ti o abé:tﬁdPWTP#‘a%h?e@ﬁﬁﬁewahﬁP?rf%ﬁF@ mismshewnimEiguse i Aa Figurahe
- principl e ofjjep, o\?\fst 1(9{1111&@9%%'3% e%hggéﬂﬁgﬁgéﬂ%fsmtng%&039%@_&1\6%1%5@% a will

‘now be descrl be re nce to figures I 'gures to 12C
'show - 17 WOtROS¥NBEGHHT REEHATR0D BABSR2 The surfas of drgibgvainteiavs paatlefl  t he

_RF.antenna 210. Fiqure magnetjc.field |ihe 342 at an instance
"of the RF cy ‘Bltlé‘3 ms&?wﬁ%@mﬁ%ﬁ?m%gfefchcﬁ#a%ﬁwarwaﬁwnﬁxa@méha@heshom a
“magnetic fi a_{;tllne 344 at an instance of the RF cycle for an - asymetric -

~RF antenna, 'in which a'lobe 346 representing the asymretric part of the 5
field: plaJtter n hasli\tre)énaladﬂ@ldmmﬁmeﬁddnmémtlolﬁa wdﬁ@i’aﬁ&ﬁxerdeshnpmedmntlslagure

12A.. Figure._ 12C sha a. S | passi ve ant the s

cross secti 88311’03?&:} v\g’saglsﬁaﬁail E@% ? BTREC gﬁtf%lﬁﬂgn ?@1 @%paa‘f Wemﬁ%‘ét
- surface of wﬁerpa&ﬁtmsr 368 8 MPsynEm AL HelEline 142. tmh%%ﬁxela%ténhsls&'rfédene 344 )
of ‘the magnetic field at every position except the |'obe part. 10 Every

part of theinpgalelite the smmetric finld, iton¥l beat allgﬁze&jmailﬁétaj@c@npmswtl nt 0 a

conponent L met r fie and _
conponent }[Nﬁ hﬁels&ptgfgp%%cnﬁﬁgejd %%%gtta '?%% es?Wtarsluﬁtla?? Ié(?erII °r1*é“y342 As the
‘passi veisant gefiendicufagcompondns AAilRIskeled i0fipie 1SYMMHidsitioniI68ldh the passive! be
-atall places parallel to.the conponent _parallel to the.symmetric field and

at all pl ac@§teBP%§E?1Pe‘§e%41?‘¥I§é'@nm9Pﬁ%ﬂW‘ﬂloa%iﬁh%tode%ﬁédﬂwuﬂdme eoHfrsaent .
As illustratgtdehisAl 19%%&%% AitefL PHid ?erﬁ %@e% a,c}ﬂaéngﬁc Pl@ﬁl M0 AT LR he .

_-per pendi cul ar conponent accordin enz's uce 8 8t tace

- current 370 perpendlieujaassipencant Hane, thMplasﬂilvegamﬁmBGG n&luﬁﬁ%?'fcb@plés ®itH 372 to.

cancel ' -he the magnetic field of the rf antenna and surface currents are induced which cancel the

20 aon-syminetri'c parf o_f the rf ar_ltemja field at everywhere on -thé surface of the passive
antenna. Hence the symmetry of the rf antenna rﬁleld is increased- thércby increasing
the symmetry of the electromagnetic field in the plasma generating region.

_ Flgures 14 to 17 show alternate embodiments of the shwldmg inductively

coupled passwe antenna, The passwe antenna 380 shown in figure 14 is in the form-

25 - of a substaritially circular, annular plate, inade of silver plated copper having a first
gap 381 and a second gap 383. The width of the arinular part of the plate is less than
the radius of the inner diameter of the annular plate. Using two gaps increases the
efficacy of the Farday shielding aspéct of the passive antenna. Two gaps reduces the
potential difference between adjacent ends of the annular shield, compared to the case |

30 ofasingle gap. More than two gaps can be used. The shape of the passive antenna is
configured so as to modify the inductive part of the rf field distribution by allowing

surface currents to be induced to remove unwanted asymmetric parts of the rf antenna

field. In use such a shielding antenna would be located concentric with and above or
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perpendlcular conponent Hence, the passive antenna’ 360 inductivel y- couples-

wth the magnetic field of the rf antenna and surface currents are induced.

whi ch cargghodfige® non-symetric part -of the rf’ antenn@,CerL@ngS%tzz 06 -
_everywhere on the surface of the passive . antenna. Hence the symmetry of

"the if antenna field is increased thereby increasing. the syrmetry of t he
el ect r omagnétalew fheRY anisnnd cl'hsl passine ﬂa’raamillrrgowégnwﬁaraﬁaxgslnddn@ offecp 17

~show altern £ of t he ctiv coup| ed passive - -
~antenna. Thgkgas@\%ggp g%‘{aeai %lﬁ}h?ﬁﬁw qﬁ? nﬁaﬁl‘ig‘aﬁmﬁh Lﬁcﬂaﬂﬁ“"?S of a
~-subst anti al | ant@inaGuh @ﬁleldaﬁﬂtﬂo@é asYhith&ric U&ﬂﬁoﬁnts%ﬂtﬂm%éhﬁﬁnﬁgﬁaﬁr having

~a first  gap 381 and.a second gap 383. The -width of the annul ar”part of the
‘plate is | estield parpendiplar tadts @ﬁe tAghqugh eppesiringsepsrfichlly bimiknteibar - pl at e.

“Using twe g _ §d f the ard hJ el dj ect: of

‘the pas\g’?ve anvélﬁ%glgﬁﬁﬁgda Elel u@%’g}(’? fenng §f¥' t‘l“\g%'tsé??g%ﬂ%? Sveen

. adj acent end:s:nﬁgultcﬂeoammﬂ)radu&m @irnt pﬁﬁﬁﬂé\eﬁgk@rﬁ&&&@ﬁ@ 188e MduRed N0l €

gap. Mre than te/vo gaps can be used. The shape of the passive antenna is
g

configured db 8% SWPW“%@“‘"W&G%FW@"%&W paits afitbe pirantanak dictil. Sor i bution
by al I owi ng co'ﬁ%gtafpar‘i f%%l?j&rﬁﬁuﬂeaq ? aﬁl?té}ﬁ&%ggﬁé Hﬂ‘gﬁ? erPﬁéta?,s% Te

“parts of the rf -antenna use be )
“|l ocat ed con(fmidundlamgd:m and above or f 18 V\D 2004/010457 PCT/ US2003/ 022206
" bel ow t RF ant 5 assive antenng wi I | provide no Faraday shiel ding
ef f ect en not g'érﬁc} é‘g ‘E’EaP%Ség'ie a&%ﬁéﬁ??“l‘i‘@f‘?@é‘?ﬁ aynptar ghresrpidedand

plasma. Thi Sretﬁﬁﬁgﬁilﬂﬁrouéﬁﬁt? R Gald St Bb tgl Cul.ﬁla anfela(?ﬁ(ﬁlcﬁ%fggfgge &¢ tﬁ\? fﬁiﬂ?&ﬁ%”t s of

~the RF antenna magnetiCc ‘field perpen rtwits sur
~appearing s disdd fiowi the bidesand bedow 1 Acatrﬁeddmmghm gobladr (Fsliapedyn a-bss&dedtwﬁ he-

‘passi ve antenn can,be disti.n ed as being, configured so as to

- produce a c&PP@na? e[‘ﬁeg’lqs&ﬁl’w&ng aggp%@}’}ge‘ﬁtﬂée thagpe af Th% CHHCRR its
surface so aﬁagx@u@ﬁsmqiau@mtthmﬂ@%é&%y'ftsiﬂﬁﬁcw@u&aliﬁo%eQ{antdﬁg g{afv caphenna ,
freld.-In contrast, a Faraday shield is confi-guréd speci f y to pass -
th~inddct wEoded inghe P@?@Vﬁﬁntem%lodnw@mwadamhﬁkgug Berﬁﬁnsahowsomepasm ve
ant enna 382 h annul.ar hr ee rect ang | ar trough so -
as ‘to shiel ghgbu : }%Jtésjsemt}%\g/\%gltﬁl RaRdue fmtvré"a cﬁﬂr‘?cg %Ta"tlﬁﬂerr‘?’ ﬁf‘é)mﬁﬁ field
fromthe si cesl,ansh well ora side muwahd 410818} or 28y Gombida@én ThefdbEPORD bHMBHHSS
~section could also be used, as appropriate and depending in.the shape of
the RF antergﬁﬁsasrféﬁﬁ%ﬁrpﬁnqtif&rdh?)%ﬂﬁl@moﬁ hat it is necessary to match. Al so,
DU e Lnan, one AERR BShd: PR Afkchdlie MtRARRAY 388 BF LMk TPTOVE 88

,Faraday shi el di ng or mance
- 20~ arrangement. In this embodiment, the rf inductive antenna 386 is shown as a simple

r-’—
=

—

- wire loop having an of feed point 388. In the absence of the 1f feed and any other
azimuthal symmetry introducing means, the wire loop would have a poloidal
_magnetic ﬁéld pattern. The passtve antenna 390 is provided in tﬁc form of six metal,
curved cylinder-like sections, each enclosing a _sgction‘ of the rf antenna. The sections
25 each havea fespective radially extending metai limb 391 by which they are connected
at a central hub 392. This improves the Faraday shielding effect of the passive
antenna 390. Each of the sections has appro)cimately the same length and the spacing
between sections is approximately the same. Hence, each section and gap extends
over an angle of approximately 30°, and the sections are equi-angularly regularly
30 spaced about the if antenna. In this way the passive antenna is made to be as
azimuthally symmetric as possible, thereby helping to reduce introduction of any
azimuthal asymmetries by the passive antenna. Also, providing the passive antenna

along substantially the whole of the length of the RF antenna helps to reduce large .
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enbodlnents of the shleldlng passi ve. antenna can incl ude an |nner mall

outer wall, a top wall a side . wall of the shield, or any conbi natlon

~ thereof, W|th as many gaps as are appropriate for- the application. Figure

- 16 shovvs wofweshers7al t er nati ve enmbodi ment 384 of the antRETeszB5/022206 :
“arrangenent. .In this enbodi ment, the rf inductive antenna 386 i s shown as a

sinmple wire_] hayi t
feed and anyscgﬁ aéztfli%u {&ééﬂané@ﬁ%c*ﬁS&Q?ﬁ&? lgs\jﬁ\/{arnesgg\ﬁo
woul-d -have adigfabiohddlthe pﬂ!agmah«tlps foi indrelasp alid @serall ﬂimuﬂahmﬁﬁbﬁﬁma 390 is

‘provided in the formof s &rﬁo “curved cylinder-1like sectlons each
.enclosing a Blé%'tlﬁ‘ gselbr The, “r?ca siipaing ph fresgelionsianuptbs perietie o

- respective r gﬂa@%ﬁbﬁw&) dBb k! cbﬂne?a%gexfﬁéﬁ&ef%defaexu (ﬁ‘tﬁaneCt ed "

'_ at -a central | nproves the Faraday s ng e ect of the -
passi ve Sant anerma3edd. Badter,ch andithersaad:tqdunmtIﬁWSe tr;a;yl’ua)annmltleiumbehef sane

| ength -and the.s aci bet ween. ons i s, oxi npt el a Hence,
each sect i onS&H Hgl?ﬁté‘r?ﬂ%“o“o &}‘?"a"rﬁfpe’sg&e‘&btm% ?{'ﬁ‘/’é‘?‘{} ?:6‘?) ca'i‘ﬂi’ the
secti ons ar eoptgyfee@ngul arly regul arly 30 spaced about the rf antenna: In

- this way the passive antenna is made to be as azimuthally symetric as
possible, t her ebyEmh ofi thgsmone@lﬂbesmdﬂmgdlmv@mtemnaa}%@ toseinmekieat acts

as metries SSIVe ant en rovi di the a i ve antenna .
ST ang. Subet afna BRI YibF BegRer ety B R e see e s PRERLE o
reduce har geeffcbPol¥Re20R4diA QterinaRledtiddS 200 8¢ R3O by SRRInG (ASYBBRIdti®Rl i N the

azimuthal . symmretry in the plasma region, while snmall scale diffusion of
the pl asma hdiapeot Gejedeesefdhe enis b perhaseptionthasamealas ﬂwmﬁnegw Gtldilings opl asna ...

itself The fjn ectio G )
azi nuthal |y 121 ?&t{éﬁ‘?ﬂ‘% rgg&ehcﬁgidl}g?‘g& lé%‘%’n t%haé f@%o{{? % er Sgﬁé"ﬂ 6'5,‘at ion
of the 5 ant&Blaﬁsefneedftlﬁlﬂaﬁd‘l&"antmﬂlaaﬂﬁi Hempls) s atemt, s&ﬂﬂi&lé@hgﬂi&xcan odd-
nunber of sections such that a section, rather than a

. di anet ri cal |t}eé&fdeealrﬁwamenteaeetm@ﬁabﬁﬁnce ﬂ%thpéewldlﬁaawema?e%“@emeons of
. the shigkdin ’haxin?t t ion on .
the mgggt | CQPQQ@? Piﬁlz(aitelﬂi ?ﬁ% g%{ g‘%ﬁiggggﬂlgﬁla@gi’m‘%h)%megﬁltcgiragﬁ]gﬁﬁgé ef f ect
of the shi el dofithgwaretioomef zsmnlnaéﬁ& 'tEhmelbee Iﬁm:tlﬂl:ﬂd)lhg effadtiofghd dhieldingss
sectional shape of the ed 0 e en f each section the sa t he
Tmgneti o 1 GRETIATESI o BE reot UL Tt RO oR T GRS e 84 o
gap regions belweend b5l€3§@6f th@@éctioﬂs cﬁ&ﬁaﬁ@s%eﬁqﬁs Réipd f&?sn@&ﬁﬁkﬁé%ﬁ@ftﬁﬂna
For exanple, the natural, symmetric nmagnetic

between the siueldmg sections and the gaps in the passive antenna.

20 Although the cross section of the passive antenna sections m figure 16 is
shown as the same along the length of each section, it ¢can be approp'ria'tc for the cross
sectional shape of the pass_ilve antenna to vary along its length along the rf anfenna.
However, making the cross sectional shape of the edges of the ends of the passive

~ antenna the same as the magnetic field lines that the rf antenna magnetic field would

25  have in the absence of the passive antenna, can help to reduce the perturbing effect of

the passive antenna on the rf field distribution.

| Figure 17 shows the simplest embodiment of the shielding passive antenna
392. In this embodiment, the passive antenna is provided in the form of a
substantiaily planar, rectangular sheet of silver plated copper. The sheet provides a

30  surface current path 394, so that when the sheet is located adjacent the rf antenma, it
can inductivcly.couple to the rf antenna field, and a canceling field will be generated

to reduce an asymmetric part of the rf antenna field and modify the rf field
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“field for the circular rf antenna, in the absence aof the shiel ding:antenna
390, would be 15 a poloidal field having a circular cross sectionin'the '
pl-ane per L ar, tothe wire of the wire loop rf ant . S

. Ther ef or e\?ﬁpﬁ%ﬁdgg%?ur bi ng effect- of the shielding anterﬁ%ﬁ’?%ﬁ%ﬁécan be
reduced by meking the cross sectional shape of the edge 387, of .each end =
part 389 of diswibasioniimtie pasnaudhambert insuchlhivay hetpimcteasesite prdtedshigg transition - -
bet ween the shi.el di ng sections and the gaps in the passive antenna. 20 | :
Al'though t he"¥f¥T%ecti on of the passive antenna sections in figure 16 is -
shown as the saneFgheNs §ikvd £REEHAN r6RRcAGRE VR of dplEdha céﬁ?ﬂr opriate -
for the cross sectional shape of the passive antenna to vary al oﬁg its

~I'engt h al ongapmaeatys SEhsimilanto thiehewe in figerki2nand Ieving asaddigetal onal shape of

"the edgeg of .t nds, of the ive antenna the same as .the maghetic

fieldTi Res ?%%florﬁ%%% ?"W,@ﬁﬁm;ﬁ%ﬁ%&?m@wmav@"@ vidles 4 It OUIsence

of the passiMecuitcdilsa4 2688 sbind iﬁﬁ-&@@lﬂﬁ%&@ﬁ&%ﬁ&éﬁn@é%ﬁ%&%@@h of ~ the
0

passive antenna on the if field distribution. Figure 17 shov e sinplest:
embodi nent  othamhsr.sRaeh efillig cprnesteddo amaaasuppbpof PE elduiricad plvoeti 580Nt , t he.

assive ant i [ LD ormof. a..substantially. planar,
Iro-rect angul ar e\gﬁggtﬁ%@{eg;él@ggugﬁgﬁggao&l&ﬁggpq &t SheR 'Oﬁ’rp8§‘it%g‘g¢c§°§%msur face
current pat headB4oils Plastmatprodesding Aspasdd@e300i Hsd iacatiesa adpaGR Buckdie rf - '
antenna, it can inductively couple to the if antenna field, and a -
cancel i h§ f i BTRSGHIER 172- ygh%r‘ﬁ‘ilé s aplurpiy Af Permaneny magnats exiphly eriafted he r f
antenna fielg, j: fflel 20.:\\O: 4/ 010457 PCTJUS2003/ 022206
di stri but | or o ERLED S‘f‘%"éﬂﬁ%@ﬁ%@é%ﬁ@%ﬁ%ﬁ% %Jr.airﬁ? pasAgheleEet pe
processi ng . domngempittiy corffigumedto fBowtionpermameaDB innei©isldSAGEN Rapk tvd ew of

a pl asma progessin aratus, 500 simlar to that shown in figure 2, and
havi ng an adﬁ?ﬁ%ﬂ%ﬁ“@&%&%{ﬂ%ﬁ@?)’ Spmathg ik i206 mhilprfemulteeondiagnet

‘arrangenment dhaicalaidfs a dedy sl lg% Ty ' _ . second i nner
~circular_coil 5136 c%zrilcgr?t'ri cto thgﬁ%daag#&a%ac%g%%r ﬁeégggn%gﬁ)l%g; connect ed
to a val? ablaragggpent helpsheresiuee plasmalospovthe WHlMS thdipladms ppgkssasy a DC
current 'to each,coil and L,ch flows in opposite directions in . each coil.
R pr o COERREL i oP Smiidu st AR Bt ISR s abiite: vk Biircy gwo

arrangement peAdanciingBnéttakpidnst aveHerahdib mefndiShiR G RESER X al 1y
oriented around the periphery of the plasma processing chanber. “The

magnet i ¢ buck@ind the ehaipharéns., INs Scbinf ictsur dtbwayep by denl aupdeneimsps PGy

magnetic fi QJaF&'; Mkﬁﬂlé(ﬁ)etﬂg s;geb;fﬁc design of each piasma processing system.
20 The electromagnetic coil arrangement is configured to provide a DC magnetic
| field having a controllable radial variation within the plasma processing cha:ﬁbe‘r in
the region proximate the window 212. The radial variation in the DC mégneiic field
is made by varying at least one of the DC currents flowing in at least one of the coils.
_ The radial variation in the DC magnetic field is effective to affect the processing
25 uniformity across the wafer 206. The DC magnetic field can be constant br can be
allowed to vary slowly with time, if required to match variations in processiﬁg. The
electromagnetic arrangement, magnetic bucket arrangement and other embbdimerits
thereof are described in greater detail in U.S. patent no. 6,341,574, issuéd on January
29, 2002, entitled “Plasma Processing System”, by Bailey, III et al., the contents of
30 which are hereby incorporated by reference.
The DC magnetic field distribution provided by the coil arrangement and
bucket arrangement, together or separately, helps to prevent lateral diffusion of the

plasma species and so helps to both confine the plasma and also collimate the plasma
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pl asma current density gradient avvay fromthe- wafer. 206 while

" si.mul taneously  maintaining a very smal |l nmagnetic field at- the wafer 206. .
- The magnetic bucket 15 arrangenent hel ps to reduce plas the wali . -
“of the p|‘759|?r3046'ﬂ%48éss| ng chgn‘oer In one enbodi ment, ﬁgTﬂgsg&s%&%%gucket
arrangement. includes thirty two pernmanent magnet cusps that. have their
~radi al rragnegpemb i sornsftaehlpinse telrerangidrgwant dienhidrharfataringhe flesegee o\, S,
N, S etc.). However. the actual nunber of cusps may vary--according.to the

specific desThﬁlp%ﬁe@aéaﬁerﬂ @ésﬁ%? ‘Hf‘-@é‘@gé‘?nﬁ@ t%‘j‘/’é%"é?ﬁw?éed\iﬁ%%?%ﬁﬁb%t | c

‘coi |l ~arran eﬂm}g C _
. colnt roll ablge ra g?né\%g@{lgartg on %ER%%Q}SL%%SQ%%%@%?@%E&;SIﬁhsgthgk?%ngéghI n the
region. proxi ﬁalﬁénetﬂsetomtmdahe fla@na Feeics athhalwa\fmsmfammalsmnilbmcdﬁﬁgmﬁt ic .

field is made: b i ng dat | east ne of .t rrents f in at.
Least ond of e elghe blaSie oy gl OUSs B PR RIS R RE ROt e Te0) 4 | o
effective to, AhdR Gl tlieh@af@! s%ﬁéé'ﬁﬁbr@féré’tﬂb Eﬁ”éc?f‘o&%t fﬁgf&ﬂﬁy‘@f E150 '206.  The

‘DC magnetic ?le | d can be constant or can vary-slowy with o
time, if reqsdymgettios mhcplmadmmnllm@amsﬁ ithvgwa haurfagk by tthomegfeti c

arrangerrent et| e t and oth hereof are
~ descri bed in? g ’83“ ﬁpm" eﬁ%g%"gﬁﬁe% rQpagac §ﬁ’fa'¥FngF§gi‘érolk8n January -
.29, 2002, enaﬁ&{bﬁﬁm@b@%ﬁﬁsﬁr&%ﬁﬁImm&éstb@rﬂsmgqne Badstv@antdnhhe,et al ., the
-'contents of 30 which 'are hereby i ncorporated by reference: The 'DC magnetic

fiel d dil8tri stymnegirips wnthe plasipy distribution cambe Eadyest Ruchdhal the henedits of using _
t t fo
e OP e eI el ORRE LSk mp TR PR bR el g

col I'i mat e t heanHeagalized :dithdtx a@ﬁﬁkmwauda@mﬂdw&ag ﬂﬁm&y spRake effectdn as )
" to enhance their transport toward the wafer surface. In the absence of the -

DC field, |athewaferntihe atennyanpmesntis lugennhen b Gmagaslisdiel ﬁ%‘}fﬁmet r | es
in the plas

e’ B ogn ol el 1 oBol B B hhieRlea a6y FRARR R vl

‘surfacetbn alasgerrmllmntlwbt:ngagmncﬁnldsaretprbémt of the plasnm, . any :
non-uni formties jn the ﬁl asma dj stri bailfon vml e nore . evi gent at the -

waf er surface. ThEWM gaetheridew ppitn tie Bbsece of e T‘%‘Farﬁﬂeﬁleﬁf"o Mptng

asymetries Lifed BEHRISE E’i?agﬂbt% ﬁél@é’tlét%lﬁl%srﬁ@@lﬂé&fe%%ﬁ;sﬁrh@anv’iﬁéﬁﬁscstﬂéf ace by
the use of° a DC magnetic tield provid DC el ectromagnet's -

arr angenment Billﬁ)mntytdfatchmmﬂle mfamgefmtﬂt'@zzdmﬂon@f taterabdiéueion byytheisi ng
t he pa55|ve enna o

reduced, suc 1}'\%\@5 lﬁé_l giéﬁ%%/qnf a{) hedgn;pﬁod’ %nﬂjo rmity ofd tlhe p[asr?lle{tchgs%d% r}hbe

20 . passive antenna is more usefully propagated to the wafer surface to provide umfo_rm

etching. Hence, the use of a constant or slowly time varying DC magnetic fields
| prov1ded by the permanent bucket magnets and/or electromagnet arrangement -
enhances the effect of the passive antennae on the umforrmty of etchmg that can be
achieved.
25 . Figure 19 shows a flow chart 600 illustrating a method for tuning the rf fi eld
distribution that is provided in a piasma chamber. In general terms, at the beginning
- of the method 610, the first step is to determine 620 the rf field distribution that
results from the rf antenna. In a second step, a passive antenna is added 630 to the rf
antenna and inductively coupled to the rf antennﬁ. Then in step 640, the altered rf
30 field distribution aﬁsing as a result of the interaction between the passive anténna and
the rf antenna i1s determined. If the resulting rf field distribution 1s determined 650 by
a criterion to.rcsult in an increased processing uniformity, then the method can

terminate at step 600.
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* the DC magnetic :f_i'el d to increase the transport of.'.' pl asma Speci es to the :
‘waf er surface can be realized w thout significantly reducing the etching .
uni form apri, effect on .:~ 'the wafer of the rf a gpetries.
“is lar ge%@?lm%oﬁ% DC magnetic fields are present, the gze:ﬁ}eﬂ??l}og??om o
elimnating the asymretries using passive antennae can be 15 |arger when
. the DC magnetic #liamepiivalyeiffhepassive antcon wristeained abstep 65D eithérmottoe absence
~of the plas jes.collimting..effect.of the DC.magneti.c fields, -~ - -
Tateral pl adny R HorSsstprop oS iR 5 GRS g AP RRERIPS "HPRE i ng on

the waf er - suof @aReet BReitdrReItich 9 a OfarkcRing kb 695 hipdsdi@Narndah@n bPGdMRgNet i ¢
‘fields nmeans_that:the inproved-uniformty of the plasnma caused by the 20.

" passi ve ant &ARAY eshernddingdurthen pasgve prigiitagy anignnase o original passivet o provi de

“uni f or mg- et ghi Hay 1 henUsq: of t r.slowy tine.varying DC

_ragnet i g fi ec‘lp{(?s- i ovﬁggléé%ibfﬁgﬁ%é?ﬁ'g%%% -ag%%ﬁ%tor%eg%ré%gaim%‘? ar}{enﬂ

. el ect rromagnehn be reeoggmed, foeenanijle bylribgostiohdtit @lthirbpepasIhe/ £ aafthenae on

~the uniformty of etchig? t hat can be . achieved, 25 Figure 19 shows a flow
rgh

‘chart 600 i lhg8eYMered rhigkdidiggbutipn ltséhﬁnﬁadswgwdﬁﬂﬁpgd the igerepssuli on t hat
i ded [ D a:r by eral - he. beginni of the
S PoavE ded phdteRy SREE AR el RGSOCTAL bl Frviafe RS PERLARL ARG O 2

‘that - resul redéteommirpdhe ff feedd disndbution can beiterattd 3t epnyainpassiawerequita@nna i s
0 R0 el A AN SR G sl g e, Then
determned 1t hacHREDE b RESHIN AN AR, Bihernenba CO0LIRBR o by &
criterion tdescabed i greaterdetnbr eased processing unifornity, then the nethod
Aternaivery. o SiEBEmeRC e g Mol M AR OSHAIIST0% ¢ her ot

to result i Birbdd AHGEasIOMEIFIMCLLHHINY Tifeld Qhnefafid By @eirPEdi8ABSnIN
processing uniformty not to nmeet a criterion, then’in a branching step
. 635 a passi pessiypraienia, ©aaniganas atidg plasgB@ensraidig tegiondd dicplasos chembepassi ve

ant enna .or L Qh Lo pal, passi ant enna can, be repl aced by a
o oo pARARHRE it BE PR AGHLARIN G Re PSR R R R ™Y &
reconf i gur ethcrdass thexpacaebsing hivif6@p65 | THelttonginationbt the'r€ HBRXdistiBufidiEcan!

antenna. The new altered rf field distribution is then re-determ ned 640
and the i ncP@&&¥Bed AUt Ysngceamprye g itable ylecomegnerinifisktimeddingmeéwereps of
‘addi ng pas Sh\‘leex%ﬂﬁﬁm%cﬁﬂlqerci‘ally' available software package would be Maxwell 3d as
20 provided By Ansoﬂ 'C_oi‘p. ‘Given the shaper of the rf antenna and certain boundary
conditions the various components of the vector rf field in space around the antenna
can be calculated. The shape of the antenna can be varied and various passive
antennae can be added into the calcnlation so as to opti‘rhiz_e o obtain the most
' uniform resulting rf fields for certain restrictions, such as a minimal antenna part
25 separ_ation to prevent arcing. | _
' - As illustrated in figures ZOA, B & C, an actual 1f antenna 700, can be
conceptualized as perfectly symmetric rf antenna 710 and a perturbing part 720
representing the rf antenna feeds and cross over parts. The objective is to provide a
passive antenna which reduces the coﬁtributicm' of the perturbing part 720 to the rf
30 field distnbution while mimimizing effect of the passive antenna on the 1f field
distribution provided by the symmetric parf 710. The ideal solution would be a
passive antenna with tﬁe same shape as part 720 and with an equal and opposite phase

rf current flowing in it. However, the paésive antenna cannot occupy the same.
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|

‘re-determining the rf field distribution can be iterated as many tinmes as

are required 10 until a selected processing unifornmty netric.or threshold -

has been achi eved. Alternative exanple enbodi ments of the tuning method =
600 will WOWHEHEscrihed in greater detail. 1'n one enf&§d/HRANIORHE t uning
~net hod can be conputational and can be directed at increasing the symetry
of the rf figlWicgpgacatethephysiba fédd MalcRRP v Phrd LIASHY M@ PAt@NNA,. or

antennae, at the plasma generating region in the plasm chanber or

‘otherwi se t odisibetion ifealqulstedpdp far themowgradgi antennddons. dekiveg intoawosirthe

device so a 1 NG, ~pr.ocessi Lformty. The determinatiop of

the 11 11el o ardrr TR Re SO A eaREahada Tk 8 binrert Snb BF TRB°S T« ab

- €l ect romagnedriypabsiet dutemetel i ng sof tware.  An exanple of a comercially - .
. avai | abl ¢ sof twar ackage woul d, be. Maxwel | 3d as 20 provided by Ansoft

‘Corp.. Gven the s TSFOTTARIC PASSHIS ABERBAGLHE TRtEadused o Hbeilie vt fieldndit i ons

the various ARENsafth A ankifind i@ld o searound. t enna
can be cal cu(lﬁgﬁgd. The as #é%ée]f%%éﬁﬁ]éggﬁtt%{%%cg% %B(gcggsglr% %?ﬁyvag%sgegfs o
passi ve ant@fnd2iffeeant passaddmtbnnag apnifigeradahcedndid wavided asd the rofieldm ze to

" obtain the

st. uniformresulting tf fields for certain restrictions, such
as a m ni mal SSHHPRHENS rﬁﬁglcu%‘}sgﬁa. liagreteged PR anifrar Apanteanae | yst r at ed
in figures 2QAficBrafiofris ATivas hikdhick Ei Am : ' ﬁqfé@a cpt ual i zed as
perfectl& symmetric rf antennﬁi%gggﬂﬂlg%%}ggur bieﬁ%r%gﬁ‘%“% . representing .
the rf &hterdisiribeers oathe i fickkdistubutiperthewiskeovidingahireased proaesgngovi de a -
passi ve antennﬁ% \/\,ﬂir_c-h r.f ucgﬁ? th@ﬂ'cq?‘nt ribution of the perturbing part 720
to the rf 30"FPEPRYd&tf *B8 DR (A geﬁ?ﬁpﬁ?’fil%s@*fr‘f’ee‘a PIGPeSEME "Plssi ve . .
ant enna ‘on7tdi@fohﬁi_tﬁrEiﬁﬁ@éﬂﬁbﬂﬁ[ﬁfbéﬂd&_ihgﬁeﬁé&&hﬂﬁg rPHclitBs AN kgppart 710, ° )
The ideal solution would be a passive antenna with the sane shape as part
720 and wi t Irhamgeddosprrasidon pbestompuiniienally dénved massive drtewian gai then be: :

However, th 1S §i 'HEE‘ cannot occupy the sane 23 WO 2004/ 010457 -
PCT/ US2003/ Sﬁg%éa}{%hy |§{a};p?e§iioa_ce as the physical feed and cross over

- parts. 1Jitially Ihheothbr émbbdimesi ftthé Bisthoanhd F vl &ihrution 626 FQitdnh§
-powered rf antepna al one, taking into account the if feeds, any m ssing

segnent s andR@rhreR Adfasyye Fugmmcoplisuration ispeasered ps@aEa of  any passi ve . |
ant ennae. 5 ' ' I i M€ an are .l duced., 63 nd the rf
field dist re?-%ﬁdtafr%%ﬂ?tg%a cu aat e% déégg;i@'n&gggp%rt\% dﬁéeﬂtg? %Pfﬁ a%'etgh gla%gs%i ng

ect on pro

pad

~uniformty aspebment rf test stand and powered using a low voltage signal. The vector rf field

distribution in space around the tf antenna, in the absence of any passive antennae, is

200 measured using an rf pick-up prbbe to determine 620 the rf field distribuﬁon. A
suitable rf pick-up probe can comprise a short section of rigid coaxial conductor bent |
into a single loop and with the inner conductor shorted to the outer conductor. One or
more passive antennae are added 630 to the rf antenna and the resulfing of field

A distribution is again measured using an rf probe to determine the altered rf field

25 distribution 640. It is determined 650 if the measured rf field distribution meets a
processing unifonnity. criterion or criteria, such as a particular degree of symrhetfy,
and if not 635 then other passive antenna configurations are assembled and their rf
field distributions measured. Passive antenna numbers; positions, orientations, shapes
and other properties affecting the rf field they generate may be varied in orderto

30  provide an optimized processing uniformity. When a suitable rf antenna and passive
antenna configuration has been derived, the rf antenna and passive antenna can be

installed in a plasma etching device and their relative positions: fixed so that further
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* 650. Di_ffetent_ p-as'sive‘ ant ennae configurations can be prOVi ded and the rf o
field -distributions re-calculated 635, until a preferred passive antenna

or antengge. .. iguration is arrived at which giveés th SYI ric - .
.cal cul at gﬁ?ﬁ(}ﬁﬁﬁ%r’g 10 distribution, or the rf field di ?F%E?Oﬁé%% herwi se

-provi ding increased processing unifornmity, e.g. if it is known that there - :

“is a parti cwhessursmentsordtstingaar be cargedont or phisfrarprodegsing caige @rdshdut -
. processing device that the rf field distribution is to be changed to = -
correct’ for. ‘rfﬁ ‘conputationally derived passive antennae can then be
“realized and IrrpIIﬁrme£ua9!_emaédihﬁnm%@ﬁbc&efﬂg%%ﬂﬁw{unyg‘smgiﬁbﬁ'86'0 g T
~field distribution of an rf antenna .and rf antenna and passive dntenna-
- confi gur at i giece Pronessing éxiusgd itnhelp deterngine tterr6 felgindistribufioresl o\ wefes isnisad
“.device. Jhe rf antenna.ig.placed.in an etch chanber L or put in an rf test
stand ard pang Rk B gnd i RAEE in dp/Bes kel A oeh e o
- distri-buti ofsing a3R¥E8eAROMUhd Pi8sivé arRBiRBNAd thOpidd8ssaRSRARRY RrostYe PASSI VE
~antennae, is 20 neasured using an rf pick-up probe to determne 620 the rf
“field distrivaienismeasured and guansified, for elemple gy isasusiang tJb@ pioh rate overdhor t
section of rjgid. ' , hent.. 0 ; i_pglie L ‘and wi.th the
T hner conduéPad Rk, TRPRLE LIRS mbd g LR iiRuBR i the
~ant ennae ar platdetafider sl sohemedsuprdfenad fididishibutien il ddiettindd ty @lsdtep
distribution,_is again"nmeasured using. an rf probe to deternine the altered .
ri ti el 250405 frRASEVE GRicnDIs then added i the ff andenng 680 japd epetheraxerimisser f i el d
di'stri buti oR, mBeL Siched B SRR B QO Mo ELL L 8 L QR 8L Sl hELI B, SHCh as
a’particul ar_%%g%gg 8? é(gl)&n{ﬁrzetsétg aﬁga{t@ﬂ%{)&%g@gtchlg&h\i.ng{%@rd tfﬁagrs_olc‘\alse nt enna
confi gur at i evaferas measwedbhddegremoftdidiing over te whfer slirficeighartifids Teasur ed.
‘Passi ve ant a nunbers, posjitions, orientations, shapes . and other -~
“properties 353%%%@%%@ thr anignga plong apdhe rf ppferpaANdepassys enma or der to

30 provide gphcopiddiis%Reh MHREESE O Rk RirEbE ihe emagbﬂhﬁgasfsg@'aﬁtehﬂamt enna
~and passive antenna configuration has been derived, t rf antenna and
passi vellant grersching ubdorniitys t Bdrlesample, apgsbias anteana iti anfirstanvguta pasidon bei r
rel ative positions. fixed.so that-further = 24 WO 2004/010457 .. .

PCT/ US2003/ Bisss GEehRERY r“é‘ﬁ%%???‘ep‘i‘a} Rl A Y FEIFSRAG P BatitiR ot na
processing &aferbdhePakditslametina cdh HRAbeYeplhddddyol NifErentyRRsicABRLi0d the
processing uniformty tuning nethod 600, work™ piece processing is used to
hel p det er nPassIverA@tqrmas orthe periten orutentation ofthgafeesive antemredvabied or further k

piece and i 5. dReahesobhcsh B ARME 6B 25E3h BbchO%icn Aligh Sk dna SAT Wafid OVt

20 to determine 640 the processing unifonnify for that cgnﬁguration. The effect of the

new rf antenna and passive antenna conﬁ'guratidh- on the f field distribution and
hence processing uniformity can then be éséeséed by comparing the etching

* uniformity with that for the rf antenna alone. These steps can be'repéated 635 many
times with v._iribus 1f antenna and passive antenna configurations.

25-1 : The correction required to provide optimal uniformity can be determined from
the difference between the 1f antenna alone etching pattern and an entirely uniform
etchihg pattern. The combination of passive antennae and rf antenna sufficiently
closely matching that difference will provide the optimal untformity based on the
antenna configurations measured so far. If generic relationships are identified, such

' 30 as increases 1n passive antenna size or distance from the rf antenna having reasonably
fixed relationships to their effect on the processing rate, then reasonably accurate
estimates as to the appropriate passive antenna size and position can be made based

on the measured results. For example doubling the area enclosed by a passive

[
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"using an rf antenna and no passive antennae, and the process uniformity. =~ . .
.across the wafer is neasured and -quantified, for exanple by neasuring the

~etch rate_quer the surface of a wafer. The etch uniformty . is related to
“the rf .fie“ggcf%‘ﬁiﬁ’(gf'ﬁTbuti on within the plasma chanber and)(?%[jsio??é%%ﬂ“é of -

the if field distribution js deternmned by this-step 10, ,620. A passive.
antenna is- fdi ﬂ%ﬂ“%‘&‘&%&‘?%?ﬁ?ﬁ'& cﬂf“@ﬁ? é&ﬁéatﬁ%ﬁ‘&n‘ﬁ?éh’&t%@‘mﬂ? PUEEE  wafer
s etched udi it RURIIBINIER halaahihil 2Rl PRESE LAGNERUWHEL MR BbAAIE
processed wafer is nmeasured and degree of etching over the wafer surface
quant.i fi ed. Prasessing wifi foreuiy ovitlinwe eecephibla fangetthemthe adod hes beed thiet fof - ant enna

“and passi ve na . .processing i s.then, obtajned tq give sure of the =~
effect of t@%gfs%gl 3%£gs%fn§ﬁﬁ%p% ‘igle %h%‘i)ms%%uﬁﬁfeg?%"?& FOfT exanple, a .
passi veSant &enfoad aml find tahindRGMbAEarAOS bt @hethe HillFar dptRRL&I VI antiNa | NCT ease” -
the etch rate_ _at fhe correspondi ng angul ar position on the wafer. The
passi-ve ant é%&asé‘é’ﬁaﬂﬁéhﬂe’d@nﬁsw]aﬁ%d by. a differently shaped or sized

passive antenna, : - Fy o) . ori.entation of, the, passive,antenna ~ -
~varied or furt herTB Fuf)] E@?-R\?{eh%g&n lgtgiﬁg{éonc ﬁn%%llsafageé@%waﬁhgﬁ?%#Bﬁot her etch @ -

‘carried out pamicalarigwsefaf @it i2Gelieved it afttN@afof Qolirbes dRaaRSoRity REFOr Mty

for that copfiguration. The effect of the newrf antenna and passive

“ant enna conPYGUFRCYerth tnsourres pf propessiadonrumifermity in ethervipeidéetieal ocessi ng -

“uniforgpty 355ah sty A : iAg Aniformty wth
, t hat Frgr t he ?%‘sngr}?gﬁr‘{a al gﬁ%&@%@se sigpﬁég‘%:g’%?50§°§gpea{%#feeéé’§- - tines

Wi th vari ouef ¢ath aricessing @obompatsl be @b basine whidvegutraistdpoces2mglhe’ |

correction required to provide.optimal upiformty can be determned from ..

the differeh® ‘B’é‘tfvﬁ@ﬂﬁefﬂgefm“bﬁ _,Fﬁﬁ‘é“%tgﬁéfaéﬁma'ﬁ@dﬁﬁstvér%t%a an entirely J

uni form ,etgdﬂf{ggrd@@htt@,{tgbOmelqu‘gg'blpﬁ;oil_on of passive antennae. and rf '

antenna sufficiently closely matching that difference will provide the
~optimal uniforni Ayumbeed! b feateres afthe NaBowcmibglimeatts desribedeantsd so far. |

“generigcrel ationshi are id ified,.such 30. as increases in passive. .

- ant enngssi z%m&t?m%‘r‘gﬁﬁﬁ%aé"rﬁ %ﬁ?%ﬁreen? AURTUR FRHQAATAY I BB y  fi xed
rel ati onshi psigerbheictoatizas theivbild LRLBRTIY, hBlfentillPR ibPASERRNY
.accurate estinmates as to the appropriate passive antenna size -and position

can be maddopsdiaitedyn thiepepitigenpmples sawn in thEdiguessanty. e doubl ing the area

encl osed by a paggi - \ 41010457 PCT/ US2003/ 022206 . ant enna may

i ncrease the chaﬁgiéyl%r}ﬁg? %ﬁ%é g‘?%{ng%&%%ehaﬁgg%'} g‘f*‘ﬁ?‘é“ﬁ‘:“é&f“&dsgﬁﬁef%ﬁanned.
When it is pepesesofiddrtyeftuntiéietanding/it @/l Be apishréra Bt CertAN CRARE and
configuration provides processing uniformty, within an acceptable range,
t hen t t JBpdi 8%“%’@@?1"%%@“"6? within the scope of the appended claims. Therefore,

~ the described embodiments should be taken as illustrative and not rest'rictiire, and the
invention should not be limited to the details given herein but should be defined by

the following claims and there full scope of equivalents.
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wor k pi ece processing proper and the nethod ends 660. Alternatively further
5 iterations and fine tuning can be carried out using the thus far

optim zed if antenna and passive antennae configuration. Tuning the rf
field distribution using this later method is believed to be particularly
useful as it is believed that after major sources of non-uniformty have
been renoved, the sources of process(ijlﬂ% dn- uniformty in otherw se

i denti C"é\l’ha%% (leiﬁ%gsf@ ng tools vary substantially randomy fromtool to
tool. Theretore fine tuning of each processing tool on a tool by tool
basis to achieve increased processing uniformty can be carried out to

determ ne the rf antenna and passive. ante ?a Li uratiqn that is optimal
for each too ARtERNABEANSSMEPHIOT Senf 2 ‘Pl’i‘eff P‘%Hb é’ri%%%ﬁ‘%ﬁ‘?@ ting
desoy i bf‘éélcﬁﬁﬂsﬁé’a chant@NRINGS nﬁ%éé&s Eﬁﬁﬁwr%ﬁagfasﬁhfﬁ%ceﬁém@%mﬁé SO as to

provide an antenna arrangenent according to"the inventio Accordingly,
t he i nveshpmsmg:s not considered to be limted to the specific exarrpl es

shown' in the fi.gures onI Al t ho he for nventlo

doscri bed | niaEFs Afteia i) Sl e S e sl SRURANE. 1t il
be app {)@Wér supplly i€ edrrRéted W%@%ﬂf@u&%tﬁ@%bﬁérﬁ@h'ﬂﬂ%f i2)] c&%nﬁf@qﬁﬂofiﬁ@
within the scope of the appended clainms. Therefore t he descri bed

enbodi @hﬁ@agm&tulgbéglpaken as illustrative and not restrictive, and the

i nvegntion shoul d. not be mtedto t he detalls oul d be
ot thed by ERE TERisa hERS e b hare B ol e et S ik RUARBHEE. 28
CLAI M5 anthata and c@hﬂgdf&ﬂtd nerhte ﬂbc@ﬂdﬁ?ﬁ@dﬁfoﬁﬁ?ﬁ i irst i@ fehahatilge @n rf
field distribution at pl asma generating 5 region inside _a chanber wall
of a prieldsistabuionat ﬂ@rplﬁnpﬂ geapRRting seeieningtpasgs $he progessingusHoFEY plthean rf
|nduct Bﬂgﬁt] [Nalol to which an
rf po 1%0%%1%@@ 'S égnn Bet elc']da?%{gﬁﬂgﬁgﬁ%@%tﬁ%hﬁggﬁtaﬁtegﬂgg%gr ate a first
if field extwheteighe passivehatenph psivideg eneteatrically cagiuoting p4th @avpassick en
antenna, .the passi ant enna bei ng i nductively coupl ed t(% e rf inductive
ant ennatdHepd et F‘éraer{tgb&’ér‘i%gea‘%egatﬁ%]@é%ﬁd’aﬁfo thesteaontuid; F*H]ng the first rf
field such that the rf field distribution at the plasm generating region
i ncreases the processing uniformty of the processing apparatus conpared
to thatZin thke allsenceraogendre op elesn | earahinelmimg agriakality of passive antennae,

each antenna inductively coupled to the rf inductive antenna and configured to generate a

respective rf field further modifying the first rf field such that the rf field distribution at the
20  plasma generating region increases the processing uniformity of the processing apparatus

compared to that in the absence of the passive antennae.

3. The antenna arrangement of claim 1 or 2 , wherein the passive antenna extends along
at least a part of the length of the inductive antenna.

25
4. The antenna arrangement of claim 1 or 2 , wherein the passive antenna has a channel

shape which extends at least partially around a part of the inductive antenna.

5. The antenna arrangement of claim 1 or 2 , wherein the passive antenna encloses a part

30  of the inductive antenna.

6. The antenna arrangement of claim 5, wherein the passive antenna encloses the

inductive antenna along substantially all of the length of the inductive antenna.
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wherein the passive antenna provides an electrically conducting path over
which an 15 induced electrical current flows to generate at |east a part
of the second rf field. 2. The antenna arrangenent of claim1, and
including a plurality of passive antennae, each antenna inductively
coupled_to t rf inductive antenna and configured to generate a

respect i’ve rfIBeiagieang YFrangemeRifi Ao heWhsreifiithe passiveagteant Rasdesst he i f

field disdiionhtidpdiadbiahiiallalalhBg TR SRBCLAHL BhshOR! R4 IAC! AAPRS flier
processing uniformty of the procCessing apparatus conpared to that in the
absence field wheldhagsittke boateoma@he Bassifeantnheimrthe abseacgeimytimperiedtanginl or

2, wheregin the passive an na extends along at least a part of the length
of the ?@WW@%%%%%]ﬁﬁéf%dﬂ. The antenna arrangenent of claiml or 2 ,
whergin the passive antenna has a channel shape which extends at | east

partially around a part of the inductive antenna. 5. The antenna
arrangefent dihe@hgima arramge@dentifelaimnl otk vesdin the pastienademndiasgesndl part

30 of the.inductive antenna, 6..The antenna_arrangenent of claimb5, .wherein
the  pasdree it an e <o B Bes ofan Fdisaion il hRasRa ABe B S G LoSrer gl ol |
of the ki@tshbRintialg machind ihé@hat SMAGmagietié ficlBnRRhANRAfAL MY HBHL Of
claim1l or 2, wherein thq(:@f)asm ve antenna has a cross- sectional shape

subst antiryg tyhedecatiingf thhedgsiod the eitd region whthedassve andenrnal in teesabsence of He f i r st
rf ie have at the |location of the passive antenna in the absence
f %é’\y kgrpsos\é@%gg%nadns in the symmetry of the first rf field. 5 8. The

antenna arrangenent of claiml or 2, wherein the passive antenna has an end

region with an edge and the edge. of the end regi.on of the passive antenna
has a cPoss- d66eNER aragementasiamy, futhey compRsingd pluselity 94 passie apfeanae
magnet i gHEi8l fel 'agbg% j i el : i on of
t he edge o# tﬁlg plen r%lgk?%lﬁta{c})?pidﬁéelﬁggg ?%ié’%aaﬂ%e}gﬁ%agfﬁﬂ ?ﬂgrlg%ssg%ggg%%ﬂ %lhe 10
passi vetlenf anlativedantéiine. ant enna arrangenent of claim5, further conprising
a plurality of passive antennae wherein the passive antenna and plurality
of ssive antennae are angularly disposed around the rf inductive
antennajplS i@e alBfnARlLB0RR JTRNHATE Mhein H Ha§Bivd anfé18h @hf leﬂﬁit? @gsive
antenna and plurality of = passive antennae are substantially equi-angularly
di sposepassivguntennieare siehstemitioly aquieangularly disposed around the inductive antenna.

11.  The antenna arrangement of any one of the preceding claims , wherein the second rf

20 field alters the radial distribution of the rf field distribution in the plasma generating region.

12.  The antenna arrangement of claim 11, wherein the second rf field alters the azimuthal

distribution of the rf field distribution in the plasma generating region.

25 13, The antenna arrangement of any one of the preceding claims , further comprising a
support for holding the passive antenna, wherein the support is movable so that the position of

the passive antenna relative to the rf inductive antenna is adjustable.
14. The antenna arrangement of any one of claims 1 to 12 , further comprising a support

30  for holding the passive antenna, wherein the support is movable so that the orientation of the

passive antenna relative to the rf inductive antenna is adjustable.
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11. The antenna arrangenent of any one of the preceding clainms , wherein
the second rf 20 field alters the radial distribution of the rf field
distribution in the plasma generating region. 12. The antenna arrangenent
of claim1ll, wherein the second rf field alters the azimuthal distribution
of the rf field distribution in the plasma generating region. 25 13. The
ant enna 1§rraﬁa@ﬁﬁﬁpﬂ%mfﬁ1@m§ﬁ@ﬁﬁﬁwt@ﬁé op P ecrieAeclaimss furthier FRIRRTSIBD AT i si ng
a supp |, J ' rel . rt. abl e
20 thar HsG R R il R ek o RS o R i, B PRRELs deBnBB ™0,
antenna is adjustable. 14. The antenna arrangenent of any one of clains 1

to 12 , further conprising a support . 30 fo | di.ng the passive.antenna,
wher ai h lohe. SbHUTIRASSHETIN DG THIES BhE Tsid SHIRER St PaNs <GPy e
ant eana gh&hitd pifsnidntafashia rociGihb L RaB &R0 stﬁ;a?;?béé%éiﬁg h@vice’;ﬁo Prisil@e

antenna arrangenent of any ‘one of "the precedi ng alns ; further conprising
an el ect r onrgnéinduetivangemeahavihg ehlege nes sties aseD@ clagess;i ¢ field within

t he process chanber. 16.. An_antenna, arrgngement .for generating an,rf field
i Stri but i on RS inLee Pagr B Ggled e M MEguonutin 258 spiidden fo

pr ocessiggferelafiieficl@whiciomadiiis PeOa8abdisgibeeM 6Bthe GOMAN dStiition 3 tHe!

i nductive antenna having at |east one spiral antenna el enents; a passive

ant enna Pld4spguegipn.spid pastipt andenny nrpeides an ¢glepydedllyecondedtingpatineyer wiidhgur ed t o
geneg at i.el,d whi nmodi fies. the radi a L.stributi of the rf field
o o0 2 el el Co DAL deh e g bR ofthE okt B0 ingl o1

el ectri cal |y aclenidel Grimigyip@the paveve sieh 16 unkQhé mdue diktrethgioh of Gl rf Goldr ent
flows to generate at |least a part of the second rf field; and a device for

movi ng CHEIRHa|Y the plasar aenegling ig9he radi al distribution of the rf field
distribution in the plasma generating region. 17. In a plasma processing
devi ce having a process chanber with a chanber wall and an 15 antenna
arrangerignt fiioa plpeme padcessingdevide Havirlgch eHosdss charmhbarwidt a ehapltes wallgadanat i ng

regipn inside the prqocess chanber, the, antenna arrangenent conprising an
£ P hduBtiehA SngrmEnt oo smertod st f&ﬂgﬂfsﬂbn*aw a g pRASPAEsNLAtRS PR | f

cur et IRBFRLS chahbéinelahichh bl KRRl lpidhfl 3RS HReBNST 2L NG

region and a passive antenna confi gur ate a second r a
met hod fomecieg tou rigpopicasupply toosppli angf awmirdns tovgenerate afirstsT figldteRendingps of .

i 20 indyctively coupli.ng the sive. antenna and the rf inductiv nt enna;
posi t1 ot e SRAt R e A SPYESive A EHE: SEUGHFP SFRSRa So8eaaT Tyt ne
first rfiefd ghféthodehinigavink Peasida fro®kdndisitdrhiitt dodihrRingtthe siBpAsHa _
generating region increases the processing unifornmty of the processing
app#t at us comsieeely eouphing thepaskize amtsanromddhe rifindyssiye anienamt enna;
positioning the passive antenna to cause the second rf field to modify the first rf field

such that the 1f field distribution at the plasma generating region increases the processing

uniformity of the processing apparatus compared to that in the absence of the passive antenna;

and

25 applying a DC magnetic field.

18.  The method of claim 17, wherein the DC magnetic field is applied by an
electromagnet and the DC magnetic field has a radial variation which is effective to affect
plasma processing uniformity.

30
19.  The method of claim 17, wherein the DC magnetic field is applied by a permanent

magnet magnetic bucket.

29



and 25 applying a DC magnetic field. 18. The nethod of claim 17, wherein
the DC magnetic field is applied by an electronmagnet and the DC nagnetic
field has a radial variation which is effective to affect plasna

processi ng unifornity 30 19. The nmethod of claim 17, wherein the DC
nagnetl flel | ied by gnet magnetic bucket. 29 20. A
met hod Mﬁé‘ 5 ﬁ% tpping jtlg gf‘@fé@lﬁtngutl%&a B¢t gptepy §>ﬁtl%naﬁn l8¥n31se in a
pl asma ggcg de@%ed@dfh;%?sx $&%{%§bpg the steps of: (a) determining the rf
field dlstrlbu i on of rf antenna; (b) providing at | east one passive
ant enna i ndu€d)i velgteoninpigatie tiofi¢lth distribution efitte;rf aitefs) determining the
effect of the  passive,.antenna on the if fiel dlS rlbug on;. and d
iterating steps (Bﬁovaq’l’ag(‘@faﬁ?ﬂepﬁ’é’eﬁﬁteﬂ%l cigye d Qs i iAtePHE et hod
is carried oy COH&Hﬁﬁ&[@QﬁE Eﬁ'ect%@ﬂ%%aséf@@aﬂf&hﬂqgl 18& rfAidId Qﬂﬁltfﬁftloﬁlﬁt'dms 20
to 21, mhereln steps (a) and (c) are carried out by neasuring the field

di stribution(df tHeratifg siepetandiéilng an i f magnetic field sensitive device.
23. The nmethod of any one of clains 20 to 21, wherein steps (a) and (c) are
carried out by determning the effect of the rf field distribution on

pl asma piocegsié Rl off ch@mkpivdeRin the nifhodlib aRl Batcahpastionae of clai ms
20 to 23, including a further step of fixing the p05|t|on of  the passive
antenna relative to the rf antenna. 25. The method of claim 20, wherein

rep st I n 2 The
g? cl ;Be &%’Od %aHg:Bﬁe ?g%éla 2fil)toslét e E?rg%a& @aans%qr ec%%?mggr I'hg the

pas Si vemeamrﬁlgmlae fiQld dtributioa df&hétﬂdnﬁﬁnxhﬁngmﬁﬁ” mﬂgmeﬁ@ﬁaldtsbﬁslﬁ@dmidegur I ng

of the passive antenna conprises a reconfiguring step selected fromthe

group conprising: changing the passive antenna position; changing the

passi veygnt e@ﬂ@m@fﬂoﬁ@f%%%?ﬂe oFJaRE o LR RERH Hehs3Bf £ANE) Bt Ehnield

the passive antenna sha angi ng’ t e pas ant nna nateri al”. 30
determining the effect of the rf field distribution on plasma processing of a work piece.

15
24.  'The method of any one of claims 20 to 23 , including a further step of fixing the

position of the passive antenna relative to the rf antenna.

25.  The method of claim 20, wherein repeating step (b) includes adding a further passive

20  antenna.

26.  The method of claim 20, wherein repeating step (b) includes reconfiguring the passive

antenna.

25 27.  The method of claim 26, wherein the reconfiguring of the passive antenna comprises a
reconfiguring step selected from the group comprising: changing the passive antenna position;
changing the passive antenna orientation; changing the passive antenna size; changing the

passive antenna shape; and changing the passive antenna material.
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