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sem conductor fabrication and, nore particularly, to apparatus and net hods
for controlling the plasma behavior inside of plasma etching chanbers. 10
I n sem conductor manufacturing processeés, etching processes, insulation
film formation, and diffusion processes are repeatedly carried out. As is
wel |l known to those skilled in the art, there are two types of etching
processes: WRPARATUY AND METHODS F@R A VICELY @QONTROIILINGIRF
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apparatus shown in Figure 1A, ETCEHNGOYSEEM s first led into chamber 20
through a gas lead-in port (not shown). H gh frequency power is then
applied froma power supply (not shown) to coil 17. Sem conductor wafer 11
is nmounted on chuck 19 provided inside chanber 20. Coil 17 is held on the
upperS portion of the chanber by spacers 13, which are forned of an 20
insulating material. In operation, high frequency (RF) current passing
through coil 17 induces BACKIGROUNDEUNEHECINMENEION i Nt 0 chanber 20, and
the el ectromagnetic current acts on the reactant gas to generate a plasna.
The pl asma coﬁhaprﬁsemawe@dgn rejgesganerallydo sahisondugtarfigbricaten eed, magact i on of

the p05|t|ve ative ions,is . u 0 e enm con ar wa 11 itself

an i nBYF&YS H apﬁqratﬁga?%?]ﬁ%‘& %Ef’rtcﬂ%tr%gf‘%& q%f%%% H‘ts Orﬁg process,
COI| 17 ﬁggﬁ]h%{%hgﬁchgmij&@ctl on t hat corresponds to that of the primary coil
of a transforner |l e the plasma in chanber 20 carries out a function

t hat 1&or r espohuseniicortduator ofantifastusio g pratassgs, camllling)promeesn rankfion fign.  The

ti duct ted t he et di ded haust
por € 16, MRRBHOBEH G GHETBr et s BOEHERY RBUEIUpedt HVTLRMIGt B ParS (. g.
pl at i numyi38d [khBaR1 HBle ANEYVd @ged bk@dhing PRCERAS tw @R idMi Rt drgendimt ed may

be a nonvol atile substance WD 01/ 75930 /US01/ 10183
Dry etching is typically implemented by using an inductively coupled plasma etching

apparatus such as shown in Figure 1A.

15 In the inductively coupled plasma etching apparatus shown in Figure 1A, a
reactant gas is first led into chamber 20 through a gas lead-in port (not shown). High
frequency power is then applied from a power supply (not shown) to coil 17.
Semiconductor wafer 11 is mounted on chuck 19 provided inside chamber 20. Coil 17
is held on the upper portion of the chamber by spacers 13, which are formed of an

20  insulating material. In operation, high frequency (RF) current passing through coil 17
induces an electromégnetic current into chamber 20, and the electromagnetic current acts
on the reactant gas to generate a plasma.

The plasma contains various types of radicals and the chemical reaction of the
positive/negative ions is used to etch semiconductor wafer 11 itself or an insulation film

25  formed on the wafer. During the etching process, coil 17 carries out a function that
corresponds to that of the primary coil of a transformer while the plasma in chamber 20
carries out a function that corresponds to that of the secondary coil of the transformer.
The reaction product generated by the etching process is discarded via exhaust port 15.

When etching one of the recently developed device materials (e.g., platinum,

30 ruthenium, and the like), the reaction product generated may be a nonvolatile substance



-2 (e.g., Ru). In sonme cases, the reaction product may adhere to surface
10a of TCP w ndow 10. If the reaction product is conductive, then the film
of reactivmoprmduct on surface 10a may el ectrically shi epdrUR@/10183

el ectromagnetic current in the chanber. Consequently, the plasna does not
strike well after several wafers are etched and the 5 etching process nust
be discontinued. In an effort to avoid2this problem a nethod for
sputtering the reaction product adhered to surface 10a of TCP wi ndow 10 by
using the plasma has been devel oped. In the |nduct|vely coupl ed pl asna

et chi ng &ppaRabus I8 pesnp cases. theipaetiqnprofeshaayradhers ¢o Sléff’éétlpéﬁg REtic current
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standlng wave in 1S TS |c because

it causesurfite memleuacﬁﬁbaaydhﬁME elecigmagnetibeutr@nci tmrthpméuct to becone
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havi ng an "x" i eefforntd n@nccaﬁsepxbbmn tameetioaad flor qxiteﬁdg thenfeactidngrpdhge. The
boxes having a "" therein indicate that the coil extends out of the page.
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Figure 1B, some portions of surface 10a of TCP window 10 are subjected to excess
sputtering and other portions of the surface are subjected to excess deposition. Excess
sputtering occurs in the regions where a relatively large amount of energy is added to the
20  ions in the plasma because the amplitude of the acceleration voltage due to the standing
wave at the location is high. As shown in the graph in the lower part of Figure 1C, the
amplitude of standing wave 24 is high at points 24a and 24b, which correspond to ends
17a and 17b, respectively, of coil 17, as shown in the upper part of Figure 1C. Excess
deposition occurs in the regions where oniy a relatively small amount of energy is added
25  to the ions in the plasma because the amplitude of the standing wave is low. As shown in
the graph in the lower part of Figure 1C, the amplitude of standing wave 24 is low in the
region proximate to point 22, which is the node of the standing wave.
Nonuniform deposition and sputtering on the TCP window is undesirable for a

number of reasons. Excessive deposition is undesirable because, as discussed above, the



-3 presence of an electrically conductive filmon the surface of the TCP

w ndow can electrically shield the electromagnetic current in the chanber
and t her abgodi®abl e the etching process. In addition, exPersswel0dssposition
often causes particle problens (particles flake off on the wafer) and,
consequently, increases the frequency wth which 5 the chanber nust be
subjected to dry and wet cl eanings. Fr-equent cleaning of the chanber is
particul arly undesirabl e because it sacrifices the tool's available up tine
and thereby reduces throughput. Excessive sputtering is undesirable
because ptesercgef abelebuicdiiependyaivectalos en thesvifase offthe BePvdRdowsdow, which is
typi cal |y, made . of, . rt or -alumna. Such erosion not gnly shortens the
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reproducibi it of the process,.conditions.. |n vi f,the f goi ng, there
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prevent s cpaiSdraipdratul hepOsdebiratle Bécabei€ bidrifiabd the CUIBURbilMRe 1 Hfilel and
products on the surface of the TCP wi ndow w t hout causi ng excess erosion of

the TCP theirshyorducstNvawRnpar Fiqessi ToPNTteang Bruadenipblehesausadhe ioRe present
inventio ovi des an i nduct.i I I . . i t t hat
uni f or m §°§‘§%‘\§|“’§H§?ag‘;‘y"alf‘soe "tl%ﬁstéé’r;‘/§iﬁ‘>sﬁeﬁﬁﬁg‘%ﬁﬁ’agﬁh@il%gy@@hg?‘i’:“fzﬁi"? @8%?? auswal |

of the chanlgfind Sutiieedsidnit PhBsdlBrtbss e N ftiateast.thd TCPNEndsWERLt alkh t he
invention, a first type of inductively coupled plasma etching apparatus is
pr ovi@ed gerrates partieles. iwhaehcanseptastingse Hensaler a1 ingodyss apaniediChemisdes a
chanmber and.a.w ndow for ing.a ni P P i ndow
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chanber . pfycogtalvirbhbi.is phiti€llarlpahdesaabla bbassliaYeadhtepdbr rérodicsinged above
and spaced apart fromthe wndow A coil is disposed above and spaced

apart fr ofthepeogess egndgiase. The coil is conductively connected to the
netal plate at_a co cition.locat] IS, : 1 ogur rate a
peak-t o- peak tIr\I/SIIe'Fv aéggg%%nor?%?)éljl%‘reﬁfee{% Pspnﬂ ']életggtf?ljhazltlﬁg%ﬂvglglﬁ%gplﬁeg&)gaggg sputtering
of the i erRameSpphaas el ptdvenEuBstintRO3EpoRGDA UBBIELHOAIBBconductive reaction

products on the surface of the TCP window without causing excess erosion of the TCP

window.

SUMMARY OF THE INVENTION

Broadly speaking, the present invention provides an inductively coupled plasma
20  etching apparatus that uniformly adds energy to the ions in the plasma in the vicinity of a
wall of the chamber in which the plasma is generated.
In one aspect of the invention, a first type of inductively coupled plasma etching
apparatus is provided. This inductively coupled plasma etching apparatus includes a
chamber and a window for sealing a top opening of the chamber. The window has an
25  inner surface that is exposed to an internal region of the chamber. A metal plate, which
acts as a Faraday shield, is disposed above and spaced apart from the window. A coil is
disposed above and spaced apart from the metal plate. The coil is conductively connected
to the metal plate at a connection location that is configured to generate a peak-to-peak

voltage on the metal plate that optimally reduces sputtering of the inner surface of the



-4 wi ndow while substantially sinultaneously preventing deposition of etch
byproducts on the inner surface of the window. In one enbodi nent, the

i nducti vavg ovo9pd ed pl asma et chi ng apparatus further i ncbPaoD@solzioessi | i nput
termnal for receiving RF power and a coil output termnal. Inthis 5
enbodi ment, the connection |ocation is defined between the coil input
termnal and the coil output term nal .-4kn one enbodi nent, the connection

| ocation is nore proxinate to the <coil output termnal than to the coi
input termnal. In one enbodinment, the inductively coupled plasma etching
appar at usvifidaw wéile suhstandeldly simuREngpaskyrpaeenting depostiongif etahi yprosieiaenk
coupl ed between the @F enerator and the coil input termnal, and a

vari abl e "@gﬁﬁg??ﬁ?t@%WBF@H“betmeen ground and the coil output terninal.

I'n one enbodi MRPle erhb&imBAY el iH@ICYivel %Bh?éd ?ia@zﬁﬁ%tcﬂlr@ﬂﬁﬁﬂraﬁﬁﬁ@ftﬁérus_ further
includes an oscillation circuit coupled to the netal plate. The oscillation

circuit iimcludsentceidlinpublesméml foraeceiving BEglowes aprbaRoil ovtpayerromat. Ha thist al

pl ate.may be adjusted. |n. one enbo?ine t he .osci.l.lation .circuit includes
B vart abPeoedBicel e SmedlioR fea@R TRl aents e SR pBY PRufHia e peak
vol tage abiPBGipat RARKRNI T8 dAeiefbodinien@NR &fine@MMAdEd@Atis moReprokiue td el y
coupl ed plasma etching apparatus further includes a voltage divider circuit

coupl ed roil phgunterminabthan to thEigeil yaput tegaingl-vingme egibodiment; e swhickvdly abl e so

that the peak:t,0- peak voltage be adj usted. In one di nent, the
vort age. GROTLYimPEEfint Ahftifs Fiher fuchiek AL RE ech ol FARRUMRE, . L0° o
to contr akwdie chfidd Bedwbartie RH deagfitcilad therobllifputiidiadindDarieevaases the
peak-to-peak voltage as capacitance of the variabl e capacitor increases. In

one &drbodipasiier coupkedibainrenigveung and i el Pt iermBralhi ng apparat us i ncl udes a

chanmber lid that is copfiguped to have t pl ate and
the coil. Theli]n 8?1%%%? lﬁnlelg[’ %}}n‘%%u?ﬁ?' 58\?@%%@%?%%@@“%%8&@% {%l’ropeni ng

and cl osiftQudef ah bscigdirmkeicud cBupledVoaRe hidtad plkd SEiE geBiatibABirciibg chanber |id
pl aces the netal plate proximate to the window 25 in preparation for

oper at i ofontrallabléspibat thesprakttograls eltaga e g walal plasepanbe edpecdsInafguct i vel y
coupl ed E}nﬁécrﬁ?nen?ﬂr?ehé %ﬁla%BH%rré&P&eiu%es“{ﬁér%a%?edca géllosr u&:ﬂg%ﬂ%&? Y@liteg pUP! ed
C 1udes a Cha eraR a W ndow OrJ

pl asma et’CHrng appar at us 1 nc sealing a top
openifg ebnttd1ehCprarhgheakl iltapt ALY altAgmaric pbinaeln SivtHeaembbbiatent,shexposed to

an internal region of the chanber. A netal plate, which 30 acts as a
Faraday #&ndustively Feupdedsplayaaictahiag apparatus patheringpules a vplspge Huidgs (s, A coi
s coupled to the metal plate. The voltage divider circuit is controllable so that the peak-to-
peak voltage may be adjusted. In one embodiment, the voltage divider circuit includes a
variable capacitor that can be adjusted to control the peak-to-peak voltage along a plot that
20  decreases the peak-to-peak voltage as capacitance of the variable capacitor increases.

In one embodiment, the inductively coupled plasma etching apparatus includes a
chamber lid that is configured to have attached thereto the metal plate and the coil. The
chamber lid may be attached by hinges that enable opening and closing of the chamber lid.
When in a closed position, the chamber lid places the metal plate proximate to the window

25  in preparation for operation.

In another aspect of the invention, a second type of inductively coupled plasma
etching apparatus is provided. This inductively coupled plasma etching apparatus includes
a chamber and a window for sealing a top opening of the chamber. The window has an

inner surface that is exposed to an internal region of the chamber. A metal plate, which

30 acts as a Faraday shield, is disposed above and spaced apart from the window. A coil is



WO 01/ 75930 PCT/ USOL/ 10183 -5 di sposed above and spaced apart fromthe
netal plate. The apparatus also includes a controller for externally

appl yi ng veo pezie3d o- peak voltage to the netal plate. The cpar/usdlwiss3
includes an oscillation circuit, a matching circuit, an RF generator, and a
f eedback control for nonitoring the applied peak-to-peak voltage. 5 In one
enbodi nent, the externally applied peak-to-peak voltage is adjustable so

as to reduce sputtering of the inner surface of the wi ndow while

substantially simultaneously preventing deposition of etch byproducts on
t he i nnefisposetlabevednd spacedgipad diom the mestel Patbodherspraratuhalse mglides ¢el y
coupl ed pl as tchin pparat us further, incl il i t 1.na
For 't ecerviRgPREr o o SARPL AT pl bR yue 1ORR foiiuet TRELRAGHILNT

t he i ndugicluerb ¥n 6SUIPAtRA dilcais EBmeichifk ket c@ipRATRE déhefdidr BRd a ferabattesnaol RF
generator, a match circuit network coupled between the RF generator and the
coi | i npfAr memtosingahe apphigd geakatorpegk ¥okagsaci t or coupl ed bet ween ground and

o the wi ndow bR EbEere e BREI W IE penic BDCATkdlae®  FhdtablERET V) 0

coupl ed pd @S@BuRtsphitdithedT Y heiSsurfacd oOBs wandobbwaliesistantiny t hat i s
configured to have attached thereto the netal plate and the coil. The

chanber Bimpligagousty pieventing depppitifinpfeich byprodugisiomehe naar siyfagaaf Breosi ng of
the chanber, |id. \Wen i i 1 ' th
e a6 onf ooy ShERFHCRRS LRk G elomRE ol uphages Lhe

an open pRfides kol i@t GBRAMAETorlréddiih@REDowehend®téil ombat lerraiwaly Throaen t he

wi ndow for visual inspection of the wi ndow and servicing 20 of the
chanbr . empodigest damiedudtively spapled pbasHsretehiphenpatus fyeheripelydesomn RE fir st
met hod f . Z] ' ' [ : t chi ng
appar at ube1egB SR AU A PRSI R ol R BelaEl Ble o ERUR B L AR TP 1

suppl i edterdingl HAAW vasiadlk cagdoror éaupkditepreeapenindgndfthd &l eltpatiermindhe wi ndow
has an outer surface and an inner surface that is 25 exposed to an inner
regi on of theltprgmgmabodimentoihe mefalglafe scappegied todheuvintay BndielecHit al  plate
is place r - . 1 t.e 1l
pos t | ondersy 4h e BbeinBlt R5RRVERTRE B RENTE! Bpafhfcdes o,
surf age ofanithee lidithalas\configaredmehate ftagheal thereanthd wedtal\pddty andtreoiledheo a

connection location on the coil. The connection |ocation_ is between an
i nput  t eFhAmRRAr lidhaaysbe ataekssk byt kipassihat eanbieiopenipg preh¢lpsing of the chamber

lid. When in a closed position, the chamber lid places the metal plate proximate to the

window in preparation for operation. When in an open position, the chamber lid places

the metal plate away from the window for visual inspection of the window and servicing
20  of the chamber.

In accordance with yet another aspect of the invention, a first method for
optimizing operation of an inductively coupled plasma etching apparatus is provided. In
this method, a chamber for etching a wafer is supplied. A window is attached to a top
opening of the chamber. The window has an outer surface and an inner surface that is

25  exposed to an inner region of the chamber. A coil is placed over the window and a metal
plate is placed over the outer surface of the window. The metal plate is positioned in a
spaced apart relationship between the coil and the outer surface of the window. The
metal plate is conductively connected to a connection location on the coil. The
connection location is between an input terminal and an output terminal and is optimally

30 selected so as to produce substantially uniform incident ion energy proximate to the inner



30 selected so as to produce substantially uniformincident ion energy
proxi mate to the inner WO 01/ 75930 PCT/USOL/ 10183 -6 surface of the

wi ndow. Weostdsd antially uniformincident ion energy is poniUBguress to
reduce sputtering of the inner surface of the w ndow while substantially
si mul t aneously preventing deposition of etch byproducts on the inner
surface of the window In accordance weth a still further aspect of the

i nvention, a second nethod for 5 optim zing operation of an inductively
coupl ed plasnma etching apparatus is provided. In this nmethod, a chanber

f or et chiyripca ohhfeerindews dippisikstantiallwimidewm insidgntige kaergy ¢s eonfiggreddpeni ng of

eposed LE AP PERE AT Pons L kenhbrOT Ry Blah BB he i now

and a nmepaventiigieosifoPbPGER bPNBAUd e Bdtifier SWFiRWE tRf wirdewnm ndow. The
netal plate is positioned in a 10 spaced apart relationship between the

coil and the butasprdsped with astill fwghasaspgeief the inventiom la|seepndanrthedigseak

I i S,. | i ed , .l . '
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The  subgtiaffeihall] ¥ chimbed FdPetdhin e Wafek BsuppREAIYA mendown{s dutacied tha topduce
sputtering of the inner surface of the w ndow while substantially

si nul t anepemrgoiphegkambaig The pordaw bas agfousar sirfacs andandangssyrfags thafds i nner
surface of the w ndow. _Th r et h . I ntion
provi de FORREF oI B 4R ’8@8@%?%‘?%?\%?2%?‘35 ptl%gaggératbgﬁ ﬁgéoiigmrrae{rﬁégs of

the presgnite is PrRBd bt thbiter sulrface f @Y diddwieTkiepesl platis pbsigbseliniacal |y
conductive reaction products, e.g., on the inner surface of the

RuQC, _
uppet0 wabpacedapprt relpgpnstii p Befween thecod padsherouter surfageefutbe Wikday-28 coupl ed

pl asma et chi system Thi s | Nncreas r [ 2hing of
recently C%‘g{/oerﬂlg 8 Bé%t {ca?egleia]é e Oﬁgéee](rg iagﬁze%%g&}g? @E%E@H%es C %Stst e&@@%@gﬁgﬁgi chi ng
oper at i opni@@asincideht ibA¥gerkP phsishepP e ihrerchgade dfhike Waldosv. ofhet he chanber
after only a few wafers have been processed. In addition, the apparatus

and et hedkstetiallhenifpresiapidentior angran isA08B8guTgR 19 tHES/SRYEVBHOT DBIATEr i ng of
the. ' nnerux%a%r fo?ﬁl% »%f dé\b%yhli'f%psﬁgstml]alll (sﬁmgt neJ&F e()&ﬁ}‘}{) &R os%§01f p&gﬂmer In
an |nduct9|ver couplne plrasnma etc ng sysat em IS I NCreases %e

r epr psluc bPprodiicts 64 tHehend@agaeSofendiddo@ns by avoi ding the generation of
particles and the introduction of unwanted chem cal species into the
process envi r SRerapraratps andsmeBogeof the aresers devenHar PravideBegeing gener al

descri pt ia(?%n&%gs.tlbl%stfn%tibqw tﬂgapparatus and methods of the present invention uniformly
prevent the deposition of electrically conductive reaction products, e.g., RuO,, on the
inner surface of the upper wall (e.g., TCP window) of a chamber in an inductively
20  coupled plasma etching system. This increases throughput in the plasma etching of
recently developed device materials, e.g., Ru, because the plasma etching operation does
not have to be stopped to clean the walls of the chamber after only a few wafers have
been processed. In addition, the apparatus and methods of the present invention also
uniformly prevent sputtering of the inner surface of the upper wall (e.g., TCP window) of
25  achamber in an inductively coupled plasma etching system. This increases the
reproducibility of the process conditions by avoiding the generation of particles and the
introduction of unwanted chemical species into the process environment.
It is to be understood that the foregoing general description and the following
detailed description are exemplary and explanatory only and are not restrictive of the

30 invention, as claimed.



detail ed description are exenplary and explanatory only and are not
restrictive of the 30 invention, as clainmed. WO 01/ 75930 PCT/USOLl/ 10183

-7 BRI EF vDESCRI9BIIT ON OF THE DRAW NGS The acconpanyi ng dr ar€Tvgsoi/wig3ch are
incorporated in and constitute part of this specification, illustrate
exenpl ary enbodi nents of the invention and together with the description
serve to explain the principles of the7tnvention. 5 Figure 1Ais a
sinplified schematic cross-section showing a prior art inductively coupled
pl asma etching apparatus. Figure 1B is a sinplified schematic di agramt hat

illustrates the inher BRIEDDESCRIBTIONOBDTHERRAMINGS i on and sputtering on

the TCP window in the inductively coupled plasna etching apparatus shown

in Figure | A TiaQaEdo&Lyaﬁyiiagdiasvia%gmmh drb afcofjoened tnhed\Rstbtetfagt gfoi | in the
|

i nductively coupled plasna etching ap(gar atus shown in Figure I A as a
f unct i onthis speeificatiem g ustrati egemplapy\emnbodimenisi e iaversionandtogethar 94 sect i on

showi ng gn jnductivel coupl ed pl as hi ng _apparatus in accordance with
one errboﬂ]erd?ﬁ?np llontsﬁré’gﬁ? S@gﬁp%hei ﬁvécr\@q?%%tﬁigwg%cﬁfe 2Bis a sinplified
schemati ¢ cr oggns@ A iPRsibphifiel kénesdatiachss s&kioRlsREWg %ﬁmraecti on in an

anc

i nductively coupled plasma etching apparatus in accor e wth one
enmbodi mefndugfivelyheouplsdeplasnametclingapear®@s.i s a sinplified schematic

cross-section_that illustrates the uniform W ndow sputt.ering obtai ned by
an inducti vel F‘%%%_ &P 8W§h§§é$l?maﬁ§ déﬂ%aﬂ g}\’ﬁtﬂﬂﬁsgategéeéﬁl&%‘? ance with one
embodi meRbnfifotRRy bMheep&itioFArdipattSingSorfihe XM WiRGwAA tP@ALER]YI ew of a
netal plate, whi c% acts as a Faraday shield, and the conponents for

hol di ng téupledbplasmpetahiagiappgsatue shawn mddgwiddice with one enbodi ment of the
present invention. FEigure i S_.an e de [.Specti v i coil and
g(g gy 1(]2": 5592}1%?81? H—&? fkhowsctﬁg lVO ondthF &hit t%% 1ncﬁlc%{ge§ﬁ’8§l§%9c%

t he tonponent §'§5% e IYri N prace | n-accor h one

enbodi ”E?Iasﬁhﬁ efc'ﬂﬁlgﬂfpgﬁl@ﬁis sh&WE M Figre 1 Augalfithclon 6f iblefigthi fi ed schematic
di agram t hat shows the apparatus and the connection |ocations used in

tests conduct EtRure24és @simplified sehespatic wegssiseti@nisbowiarg apHndystively
coupled plasma etching apparatus in accordance with one embodiment of the present
invention.

15 Figure 2B is a simplified schematic cross-section that illustrates the plasma
generation in an inductively coupled plasma etching apparatus in accordance with one
embodiment of the invention.

Figure 2C is a simplified schematic cross-section that illustrates the uniform
window sputtering obtained by an inductively coupled plasma etching apparatus in

20  accordance with one embodiment of the invention.

Figure 3 is an exploded perspective view of a metal plate, which acts as a
Faraday shield, and the components for holding the metal plate in place in accordance
with one embodiment of the present invention.
Figure 4 is an exploded perspective view of a coil and the components for
25  holding the coil in place in accordance with one embodiment of the present invention.
Figure 5 is a simplified schematic diagram that shows the apparatus and the
connection locations used in tests conducted to determine the optimal location at which

to connect the Faraday shield plate to the coil for ruthenium (Ru) etching.



to connect the Faraday shield plate to the coil for ruthenium (Ru) etching.
WO 01/ 75930 PCT/ USOL/ 10183 -8 Figures 6A, 6B, and 6C are graphs show ng

t he neaswedi1/349Bv as a function of TCP power for the Farasayustiwiss pl ate,
the coil termnal input, and the coil termi nal output, respectively, for
each of connection locations A, B, and C shown in Figure 5. Figure 7Ais a
sinplified schematic diagram of an inddetively coupled plasma 5 etching
apparatus including an oscillation circuit to externally control the VPP of
the Faraday shield plate in accordance with one enbodi nent of the present
i nvention. Fi &igueesz,iaB, angpgpmc grphs shesire tipmeasurgd Myrsta fgpctm ofar i abl e
capacito i tJ I: i . a i .appar at us
honn i n Trgayesr I ing Pkl g6 4 gl el B RIPUE Goll b= 2

i nduct i veliput eespbailepl, &srsach dc@inedtiondoedpipas At Bs andClshiown gn Rigued 5.age
divider circuit to_externally control the VPP of the _Faraday shield plate
i n accor dance Figué 7 Anbe pigpplidice sehrematic digeram of ap B@éﬁ‘t“’%ﬁ?)@%ﬁl?d\;ﬂ?s‘m gure 8B
is agra : [ : ' ito sition for
the. i R prRasnYiEn gt Bk Ry Blo KA ER, fort PR 1 b P85 °Fi gur e
9A i s a Farmdhy shield ptab anmtoclankeagitiaonoé¢mbodimaaiusftthe/pleyent inyeheoh.pl asma 15
et ching apparatus in. which the Faraday shield plate is driven by a
different fredidueyBine smpbdradahes Yi.@ha farctigh gt kareblntBasifRiPOsEP t he
present | o] PR | j a function of |ow
frequencl{/&éﬁggg\ag}vef%wpﬁgﬁ ?érr]ﬁ u%%t?bgﬁgpaté%g%T@g% \;I)Yflgs{glgeg? chi ng appar at us
shown i n Fi guFigudfSARs guineplifiddisshemnagicaldgrarhaf as imalweti tahe couptidbplasma et ch rate
as a function of the 20 nunber of wafers processeﬂ in a _conyventional

i ndud? i vElngaRpiatys irceding avehagsglividpirarcait §Q drmalin coMErl ks Vel eoupl ed

| ' ' : ' t - led t
Phe coi | TAdapsAARHAL Hoaco bl Gl SARMEnTRUE G oPUE e IEM P ER N o
THE | NVENTI ONFigwe8Blis £geaph ltieat yh@nb gl iasre firstioh of hariableveaphcicor pasition now be

described in detail 25 wth reference to the acconpanying draw ngs.
Fi gures 19t theindpelivhlgeqQrpiedoplagmasiching aPH?éat“éWd‘ﬂB?ﬁ%“%iSAt he Invention"

section. Fi Quigg, 26 hSs & sihdiel sk eI Gf &f ARBcHRE) LApISPWAY an
i nductively %pﬁé %?gsrgﬂgt ghlfél’;:% app{a\gr?%t us 1In agcor%an e th one
enbodls mertchifg dpheragus éis ehich the Faraday shield plate is driven by a different frequency in

accordance with yet another embodiment of the present invention.
Figure 9B is a graph that shows V_ as a function of low frequency RF power for
the inductively coupled plasma etching apparatus shown in Figure 9A.
Figure 10 is a graph that shows the ruthenium etch rate as a function of the
20  number of wafers processed in a conventional inductively coupled plasma etching
apparatus and an inductively coupled plasma etching apparatus having a Faraday shield

plate that is coupled to the coil in accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Several exemplary embodiments of the invention will now be described in detail
25  with reference to the accompanying drawings. Figures 1A-1C are discussed above in
the “Background of the Invention” section.
Figure 2A is a simplified schematic cross-section showing an inductively
coupled plasma etching apparatus in accordance with one embodiment of the present
invention. As shown in Figure 2A, semiconductor wafer 11 is mounted on chuck 19

30  disposed in chamber 100, which is defined by walls of a housing, proximate to a lower



invention. As shown in Figure 2A, sem conductor wafer 11 is nounted on
chuck 19 30 disposed in chanber 100, which is defined by walls of a

housi ng, wook7isaie to a | ower WO 01/ 75930 PCT/ USOL/ 10183 pedusaldoissf t he
housing. Coil 117 is supported on TCP wi ndow 10 of chanber 100 by spacers
13, which may be fornmed of an insulating material. TCP wi ndow 10 is
preferably nmade of quartz; however, otHer materials such as alumna (Al 20,
silicon nitride (Si 3N) aI um num nitri de (AIN), silicon carbide (SiC), and
silicon (Si) also may 5 used. The imary role of TCP window 10 is to
provi de ¥ hehovsiae. Q?llclﬂgﬁbwppoﬁ%on TR Potiedewddf seambert@®8 B ndow 10 is

separ al oL b ATIGER i Wt 8t RN male DA PRMANPNS 2 | nehes and

about 8 e pre era en about i nches and about 5
i nches. bfefe:rplﬂlyaahadamf qaaltzeaotavav&r qasr matefigld sudht s ablmimb€ALOOQOsiliborough  a gas

| ead-in port (not shown) h frequency power from a power supply (not 10
shown) §ma§epf S1d)» @B“‘EBPIIH nitil%e (A, piligpn ¢arbide &3y %r‘ﬂp‘}h"(?@r(ﬁ@ﬁ‘hjsp ééi ng

thro d. Fhe prifilie fSie QPTéb%BB&V‘iE RE égo\%ié L &Ry & A BBMbEP0. and

the e ectrorragnetl C current acts on't ctant gas to generate a pl asna.
The pl asi60.chndreientbodan¢UBCP wiedovol0 issdparated fmndwhfee 1¢ bgra disthnaeabatt | on of

the positive/negative jons is used to etch sem conductor fer 11 itself
or an i nSUeAYVEEHOPH %ﬁ“ch%s q:ngrai@ﬁt %Wcé‘ﬁea%mg’fe pr fb@bf{tﬁ’éeré {fg process,

coi I 117;£REJ LRSabBHL 5 ﬁnv\’&é&n Ghio EE‘raﬁ Gy ERAR %QQEQ@d fn?o Ellfh‘?ﬁbe?flO@) lﬂ‘?roﬁ’%H gar y

coil of a transforner e plasma 1 n Chanber carries o
functl onatghalead-on pmpmusllsow@ tHigh fm@umhyepewelcﬁmﬂara)po&@rlsupp‘ly {ve transformer.

t he reaction praqduct ate the hi n rocess, is volatile, then
thi 510 eattagn i priiace cois P b G énieney AREC ol bRs8e tgtebtal pi ot o
217, wWhi ¢y Bl SesdH e@ecﬁ%ﬁﬁ ﬁéﬁcséﬁ'rt%hfjin ch§m9é101‘00d§rgi e LeEImERetic bhrten@nd
chanber 100. For ease of reference, netal plate 217 is als® referred to
her ei n asct§ bhéhe eantad &ys ©hdeabritgd pliaemd. 1 n one enbodi ment, netal plate 217
is positioned_in aced, apart rel atiopshi t ween, coi | 117 .and TCP
wi ndow 10 andT| }lg PE‘&‘E‘EP%‘P\‘PW&I" QO‘EéVB?SICgIm‘{]WIS g'ﬁgt MCATSa7HORRL Bhi ckness
of metal ,plig f)&]@ e?g%}? fvd BnPi]sed ?(pcl:t&‘h Q&ﬁ]\é@ﬁdhcﬁp%tferzlq 1f§\sl¥%r§ﬁ‘%sﬁ%'éﬁ filg Mm and

nor e prePera et ween about 50 m and about nm In one enbodinent,
met al5 pl airfneabﬁ thawatar.t Puchg destdingpootss,lcofl lrtﬂ\cattma mata Gunchof that

Sl)gict Ir Bﬁg%}%rgspﬁlé&gg?}%ast 0 teaplrlng)alr)(fi1 E:gll % Z trgl?sfgrgrllelr w ]13 tﬁé plgs aruendc ta(r:"nrbré]r T(%j
carries out a function that corresponds to that of the secondary coil of the transformer. If
the reaction product generated by the etching process is volatile, then this reaction
product is discarded via exhaust port 15.

20 Metal plate 217, which acts as a Faraday shield, is provided between coil 117
and chamber 100. For ease of reference, metal plate 217 is also referred to herein as “the
Faraday shield plate.” In one embodiment, metal plate 217 is positioned in a spaced
apart relationship between coil 117 and TCP window 10 and is substantially parallel to
the TCP window. The thickness of metal plate 217 is preferably between about 20 um

25  and about 10 mm, and more preferably between about 50 um and about 5 mm. In one
embodiment, metal plate 217 has a thickness of about 1.5 mm. Connector 207
electrically connects metal plate 217 to coil 117 at a predetermined position of the coil
and functions to ensure that the in-plane RF voltage applied to metal plate 217 is
uniform. Because the in-plane RF voltage applied to metal plate 217 is uniform, energy

30  is uniformly added to the plasma in the vicinity of TCP window 10. As a result of this



and functions to ensure that the in-plane RF voltage applied to netal plate
217 is wuniform Because the in-plane RF voltage applied to netal plate 217
is unifowgoenm®sgy 30 is unifornly added to the plasma i nPChESwi/WiIssi ty of
TCP wi ndow 10. As a result of this WO 01/75930 PCT/USOL/ 10183 - 10 uniform
energy distribution, the deposition and sputtering of the reaction product
occurs uniformy so that undesirabl e-®ccunul ati on of the reaction product
on TCP wi ndow 10 does not occur or is substantially elimnated. In one
enbodi ment, connector 207 electrically connects tal plate 217 to coil 5
117 at aupéA™ $6FEYsYstriRgton dasydrpositigppng MUP%Q%EIECQF PP RERIHCE ISl i ed on
the netal . I i : iigns in the
pl asma angm?()etrhglé@&g%%%ﬁuﬁg)?%bQ%é%%?ﬁgp e&glgé%%t?i \(gjléag\a]rlf@ ace of a
wal | of tbe mobhasduebr Rfsubhientiallydtiatinated.y coupl ed pl asma etching apparatus to
prevent deposition of the reaction 7Droduct t hereon. I n one_enbodjnment, the

i nduct i vel y cBupneeanbadiresny. ean@rstag2@odiestasally cpangets metptplaisadly FRil ol asma
et ching r . i i el i : m.Regear ch

Cor po§r]at ?gﬁﬁoﬁaﬁogﬁg)%ttﬁﬁég??@or ny’ é;?éag#aﬁb% e%e#gg@: lgra gélgc? ?rt%s uniformy
bormbar d phae. Bacuiformilylepying A eorofetahplaiBCR Tnions owtht plgsmaveabccdiepoed ti on of
the reaction product thereon. In _an alter i i connector 207

ative %nb di pent
el ectri cand ‘}/“lfQE@HhE@PEarﬁélﬂanaCBP@tsédetSb‘rfécec‘_?i‘nr?d‘t‘j?:li/{%?t éfﬁ%‘ﬁ rn‘_& th om an
| npedanceg, {1ad Gy Q&tp'i’é%f‘plﬁs‘?n& ghin%gﬁﬁths to%r%?ﬁe;ﬁ)%tfl?ﬂ%f@l% fehédpirate the

uni form w ndow ‘sputtering obtal y an 1 nductively coupl ed plasna
et chi ng pprEac@aheson. Nnae@ntdirenty thé imioeti ehpoaliptesiplasma ¢thking iapparais on.  As
shown_ in Figure 2B. the application of an. appropriate VPP t%f[ﬁstal pl at e

217 19 hr inigFCR SAPRETplase etgling APRARIS VA SEMEW TRl BYIaRIEPTAR ¢ he
opt i mum E,Qﬁ"ﬁés&’%g)%@?f@rﬁ%n%rﬁrérﬁb'ﬁt?‘éal%ﬂﬁé%ﬁd &ea&@a?faeeﬁ BROBGEdrmIf | el ds

t
wi t hi n chanber t are unitormacross the surface of netal plate 217.
These unbbmbandnikgveeuim sideedudfacé of the TCH wisidoe ta prevefitateposigbeof thomagnet i ¢

current in chanmber 100, and this inductjve current ac on the,reactant gas
to gener HAEUQN Podusidherentt Jnap tﬁ@amﬁ%ﬂeﬁ)?ﬁ@%?mﬁf@ gahﬁ]ie?t&calyacr oss the

surface ?%ne{{égl% ?ﬁs&%rﬂ\}mﬁ% gbgggndut:lg')? elﬂeﬁdiﬁy 8 a{ﬁ%ﬂeaﬁc@@ﬂémﬁiﬁ@ Bok fAhe bombar d

surface w 10 25 also 1S uniform as shown in Figure 2C.
Fi gut® 3coisk an expl oded perspective view of the netal plate, which acts as
2 Figures 2B and 2C illustrate the uniform window sputtering obtained by an
inductively coupled plasma etching apparatus in accordance with one embodiment of the
invention. As shown in Figure 2B, the application of an appropriate V  to metal plate 217
through connector 207, which may be connected to coil 117 at the optimum location for a
20  particular process, generates magnetic fields within chamber 100 that are uniform across
the surface of metal plate 217. These uniform magnetic fields in turn induce a uniform
electromagnetic current in chamber 100, and this inductive current acts on the reactant gas
to generate a plasma. Because the inductive current is uniform across the surface of metal
plate 217, the energy of the incident ions that bombard surface 10a of TCP window 10
25  also is uniform, as shown in Figure 2C.
Figure 3 is an exploded perspective view of the metal plate, which acts as a
Faraday shield, and the components for holding the metal plate in place in accordance

with one embodiment of the invention. As shown in Figure 3, metal plate 217 is secured

to the underside of attachment frame 201, which is provided with attachment spacers 13



Faraday shield, and the conponents for holding the netal plate in place in
accordance wth one enbodi nent of the invention. As shown in Figure 3,
netal pl at@oR13830 s secured to the underside of attachmenpctwammeo2€3l, which
is provided with attachnent spacers 13 WD 01/ 75930 PCT/USCOL/ 10183 -11 on a
top side thereof, by screws 205. Attachnent frame 201, attachnent spacers
13, and screws 205 nay be formed of ahy suitable insulating material.

Quter ring 211, inner ring 213, and center di sk 215 are secured to
attachnent franme 201 by screws 219 ch, may be forned of any sui tabl e

i nsul at i A 2keR h¢ Hereos, Q&ﬁ%ﬁwsﬂ%g Asz&afhmpwrféam g agachmegh spagetstldy an sk 215
retain t tion of the inductively
coupl ed (lergg%g@g % bws@edgfgbg l%ilaﬁle 19%13%@9%{191 radial slots 221 is
fornmed in net ﬂut@lr@tg@l?hﬁneﬁmg 213, ahdtent AlskeXiseanelsdcnmdsv attschinyent 0 t he

sections of cqil 117 (see Figure 4) to interrupt an internal uced power
gener at effapy zoélbééfliel‘”é 248 vhish mawmfpm ﬁ@“%ﬁunﬁl%}nsbllaﬁ?%“?ieﬁa?M| chis a

dugt | t al
condugt opy, IRy zﬁ,nﬁ&ﬁ@a{%séé?d Q&gafa%ems%ﬁamtﬁeg ﬁg%@&nefgmmﬁg%gn met a

pl ate 217 caus€s col igures 2A a 100
(see, e. dusindoppuiteonA)thd mdbﬁi\elﬁmmpladqﬂzhsyn@dncmhpqmarams. hAcphnalnuymf ng

reference tqQ Figure 3, connectqr 207 ele i connects netal | ate 217
and coi | rafiat Stoé%%ﬂléf%anedliP@‘Eﬁ“’é@&Z%z%dR%%‘als%?)% %]e?"a{Fn EEnsyerselyde fiée used
to make éc'ﬁbﬁsz‘g@&ﬁgﬁtﬂ Jem)?&ﬁnémiap%n SREAN lﬁ&was?bweg éfehﬁéd ate 217

t o connector and t ot her t Screw connecti ng 117 to

connect oele2ié.cuFregpLfe@m ﬂomngamn expl phied? ¥e whiphds b enduicen ffltnstllaeemsdry and the

conmponents for halding the coil in ace i n accor a wi t h_one epbodi nent
of tH: i heasHes %Jﬁcmszxgurreﬁ&mmgnorm@w e‘asz laftqaaaq%ﬁeﬂt 17 (st é@flgéeﬁ%ffb

attaChm‘v‘Qﬁd d)oélﬁecrhﬁm%ér AI0R s, 0¥, @ue%t)‘(v?ﬁé‘elgah@zhgpéh?é&ed217 and coil 117.

The four s of cross-shapéd~coiT nounting 20 te 305 are fixed by
support s pr i n§Viocmitingmg3eftremone taidigate %comwstoBQW tlectriebldy cortnieets ndtalpe of

coil 117. As_shown in Figure 4, . coil_ 117 has_.three turns il 117 nust
have at Plaagt7 deotlld (geﬁu? Zof H’é‘?%%‘%a%& ﬁ%mmam“sfaw 3%5?0 8 of

turns as .y ﬂhﬁ gﬁg&gﬁs Jlnronts%tﬁ%}ew%nheam At 1593960 @&%etok 007

connection wt cription of Figure 3, connect or 207 25 electrically
connétt s amkthalothmr atetal 2dréwt conoaiting Tdid .11A%0 sdromactor 210'F| gure 4, a U—shaped

2???6[} gggpggﬂédrg 2 ?s é:noéxlplodeg ?)Earlsggctl%le %ge%v ofo t}sle c01? and tjﬁe com%ggents I’ plate
holding the coil in place in accordance with one embodiment of the invention. As
shown in Figure 4, attachment frame 201 and attachment spacers 13 are provided
between metal plate 217 and coil 117. The four ends of cross-shaped coil mounting

20  plate 305 are fixed by support spring housings 301 and metal screws 303 to retain the
shape of coil 117. As shown in Figure 4, coil 117 has three turns. Coil 117 must have at
least one turn, but otherwise may have any suitable number of turns as may be needed
for the application.

As discussed above in connection with the description of Figure 3, connector 207

25  electrically connects metal plate 217 to coil 117. As shown in Figure 4, a U-shaped
spacer 309 positions coil mounting plate 305, coil 117, and metal plate 217. U-shaped
spacer 309 is connected to coil 117 by metal screw 307. One metal screw 209 -
electrically connects connector 207 to coil 117 through U-shaped spacer 309 and another
metal screw 209 electrically connects connector 207 to metal plate 217 (see Figure 3).

30  As shown in Figure 4, coil 117 is configured so that both the coil input terminal 117a



spacer 309 is connected to coil 117 by netal screw 307. One netal screw 209
electrically connects connector 207 to coil 117 through U shaped spacer 309
and anot iveo o1/mo8@l screw 209 el ectrically connects connecPOT/URAI710183 net al
plate 217 (see Figure 3). 30 As shown in Figure 4, coil 117 is configured
so that both the coil input termnal 117a WD 01/ 75930 PCT/USOLl/ 10183 -12
and the coil output termnal 117b are-Fi-tuated proxinate to the center of
the coil 117. In particular, coil 117 includes coil end 117a-1 and coil

output termnal 117b. Coil extenS| on l1l17a-2 connects coil end 117a-1 to

coi | ext enbihssod pytppt eamabi I tuare sitvatetrroiinate torige genterdfthe pilit 1t dani nal
117 5
hae’ S Bl SR SRS 6 P SO iy igh, B> poparent o

from thaktesdionnl 7am Edrgheete céil efid $1Tauhtd ilsexedmSion eintl 1i13a-3@ coespdasy t o
have both the coil input term nal and coil outPut termnal situated
proxi mat él7ap4t feil det éﬁm’éﬁa] héa st thepiher epgl g{gail extension kh7aph. il Wé‘éjb%cherratl c

di agram R
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in Figure 5, RF(generator 400, match circuit network 402, and VI probe 412a
are couplesainabandeni] oytpg iermiglpityated proximele te diecenterof thgcphi 2 capaC| t or
401, which is e ut put
Cerminal 11767 Brest e YypHgdicncRbOB ke Al SRRy EbdgyCaldmg ! P

Far aday sdsmﬁb@brplloaﬁtmnsm maeqmé eshducted @ detdrinindthe oprinat toanti@Dat vetticH

|l ocations A, B, and C and VPP was neasured for each of these connection

| ocat® onsonpectthe Faraﬁ%mlelfi@ﬂf}w Fpathe gaiy forapigeriym (RfB‘QJFE?Btngt AR M 17b with
Vi b f 217
wns s LS 18 ferthl 4od, SRRREANE hfow o K488 Al VAol Rl ard THhBleaRbALE

412cI Vi C(gt oipetcsiteﬁﬂlﬁxal 1147h21fcoﬂrldl741/3ﬁatae eamapaci(li whlchps ghmsded)(ahduéi’llng a
netal probe and a net copper Iaese t delect 20
mat er i al probeg12b b’i?I%‘PPHlFeéO C‘Fl %P@gg@ﬂnalglé Qﬁﬁo‘g%'g ’3“’@?%%%“%% n[:;I tC he
neasyredp¥ie7leafsl@ {h'é%f'dcﬁg sRik1dh te, W V\?%JruE grto B&i #17 Bi/ %rﬁlcgng??Qﬂ | i nput

t erm nal and coi fput term na respectively, each of
connégt i toeati@sal iRydA; ardl Vands Geahoedidreadh cg“uheseﬁonﬁa:nshdmatmms atlepgur e 6A,
for connection |ocation A (near the o VPP of 217

decr ease@PEStegpﬁﬁ‘H Hzandcpil &é*%%éﬁ%ﬁﬁ%%ﬂ@ Nérpé%l%eégﬁ£ nect i on

locat i 0n§es§ed’i’1@gly. In Y& t181f1, \ﬁgB%etal plate 217 was measured for each of connection
locations A, B, and C with VI probe 412c. VI probes 412a, 412b, and 412c are capacitive
probes including a metal probe and a metal, e.g., copper, plate separated by a dielectric
20  material, e.g., polyimide.

Figures 6A, 6B, and 6C are graphs showing the measured V pasa function of TCP
power for metal plate 217, coil input terminal 117a, and coil output terminal 117b,
respectively, for each of connection locations A, B, and C shown in Figure 5. As shown in
Figure 6A, for connection location A (near the output), V_ of metal plate 217 decreases

25  significantly as the TCP power increases. For connection locations B and C, V_ of metal
plate 217 increases slightly as the TCP power increases. As shown in Figure 6B, for each
of connection locations A, B, and C, Vpp at coil input terminal 117a increases significantly
as the TCP power increases. As shown in Figure 6C, for connection location A, V__ at coil

output terminal 117b decreases slightly as the TCP power increases. For connection



pl ate 217 increases slightly as the TCP power increases. As shown in Figure

6B, for each of connection |ocations A B, and C, VPP at coil input
term nal WA @H739BCr eases significantly as the TCP power iPCT/@86¢®183As shown
in Figure 6C, for connection |location A, VPP at coil output termnal 1 17b

decreases slightly as the TCP power increases. For connection WO 01/ 75930
PCT/ US01/ 10183 -13 locations B and C;13VPP at coil output termnal 117b

i ncreases significantly as the TCP power increases. Referring back to

Fi gure 6A, connection | ocation A yielded a VPP of 676 volts at 800 watts
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certain setting on t ate (e.g., connection

| ocat i onjhefforegaingitese msatts:herﬁﬁhsa'atephmyonn@hobdaooapbm Bals smpcnot teconatatonst eps.
Further, because the etching chanber inpedance varies for different etch
st eps, Rlﬂcﬁh?ﬂsn@a{‘%csatl sfy the various inpedances can be difficult. For

an etch reci pgpt kg, ghy éélg?ﬁtéf?é Ire%erﬁtlﬁv*kn%ﬁE)sswe@aﬁ&d'fefiém 1d4gb eBlich

process can be optimze ng just the right connectl on point to
substfant realfgey whetd thi: Rt peakleppeikt vcdlragc)ﬁndrmbckﬁ maghiog cah be gpamizzddpnidew. By

}[Aﬁgt O&h?gﬁaprcr&;cgqtgggg qué)Ses %{y[g[t aﬁé)?eglp%?mow%vgre?n% ud% mtﬂtlgle etc?m?gr stgﬁsm lar to

e.g., the breakthrough step, the bulk etch steps, and the over etch step, in which the RF
power, pressure, and gas compositions can be substantially different. Consequently, a
certain setting of V_ on the Faraday shield plate (e.g., connection location) for a given etch

20  step may not be optimal in other etch steps. Further, because the etching chamber
impedance varies for different etch steps, RF tuning to satisfy the various impedances can
be difficult. For an etch recipe that includes multiple etch steps, each individual etch
process can be optimized by selecting just the right connection point to substantially
eliminate deposition of materials on the quartz window. By way of example, such

25  optimization can be reached in a manner similar to that which yielded the selection of
connection location B, as described above with reference to Figure 5. In that example, the
points A, B, and C were selected to be about 25 mm from the coil output terminal, about
80 mm from the coil output terminal, and about 140 mm from the coil output terminal,

respectively. Of course, it will be apparent to those skilled in the art that these locations



connection |location B, as described above with reference to Figure 5. In
that exanple, the points A, B, and C were selected to be about 25 mm from
the coi | voopwsd ermi nal, about 80 mmfromthe coil outpecT/USIIMONSS , and
about 140 mmfromthe coil output termnal, respectively. O course, it
wi ||l be apparent to those skilled in the art that these |ocations WO

01/ 75930 PCT/ US01/ 10183 -14 can and w4l change dependi ng on the recipe
used to etch a given material and the conbination of matchi ng network

el enent settings. Figure 7Ais a sinplified schematic diagr of an
i nduct i veanandorbl angn deprading pp Fherf@maﬁﬁa%dal?& %lan%,‘t’%’inﬁij“éﬁ NGB | 1 at i on

circuit E&n%ﬁtﬁérﬂ@f*&%g@ﬂghémorﬁQl%m\éﬁpse?tin he 5 Faraday shield plate in

accordance with one e iment of the présent invention. As shown in
Fi gure 7A, RFFpaneTAtiox sid(plifiad dchentatib degranof ammtlum\lelﬁcmpécrd@lamq)l ed to

coil i nput. term nal 311-‘ of coll 117, Vari abl e amt&e 01f which is
gr ounded?tCRES EBRHREE iR dingin OKHYeR Cirepipioaeralie At et al plate

(2) ;—ZI : ?af?%?ﬁ%ﬁ ?@eﬂ? ?la@é)fn acé&rﬁal?dg(ivﬁlp%néé?ﬁl%cﬂmm)%f %ég%reé@ﬂ’t fehgdd Ngs an

I ncluding vari abl e capacitor 10 i nduct or 409.
Var i abl estesypaini Ri guure 408 R¥rgtnertud00 and @Bitcdirarcgit aarwehekl 40\atelcouhled to coil

configuration, Pof te 217 c be.cantrol l.ed.b ustin
Che posi mpuheamiEh bl Taps ot b YaRudh utacior {le vGicbitt ERRRET it Sofed o ps "
shown i n¢ki Qll!&Pﬁt tZﬁvunﬁlhﬁ7wam7/Pﬁetﬂ?% 184 céﬂ?ec%rtgeml‘il‘pﬁh@b Figure

8A is a si fied schematic diagramof an inductively coupled plasma 15
et chi ng sipq:idrlmkuﬁm \Mlulchldﬁﬁmgpsanmd;lilaw dromtdecrluahng cariable oammtmmmnyl control

t he VPP of the shield dance her enbodi ment
of b pIESET 49 ittt copaior dls i induets P8 SRSyl NBRAIE 400 and

mat ch i EGi]durdifehWRE K/ 4&%&5&1&@@9'7% Bec&mdued by RYfusti mh%hméﬁzm@f coi |
117. Vari abl®e capacitdt 401, which is grounded, is couple coi |l output
term nal valrlabl’d)capﬁmtmllof thb]o%cxllmrammmtatfbs shbwniig Fepme @B+ thd rmaxlmoml V117 via
vol tage 20 divider circuit 416, which includes coupling capacitor 4l16a and
vari abl eOCHFRRGRArmPBIS POt ol plate 217 is connected to vol tage divider

circuit 416 spghd RGs QQHﬁhlfl@Qs&féHﬁlﬁbﬁpdrgraIﬁ%ﬁ% induetePPSRPpIBiINgen coil 117
and the netal plate and variable capacitor 416b is di'sposed between the

net al5 pl ettkingngdpgros mgluditig hveltigs dooadri cirgniatd oviernalhecorppl gfe Vipohthe pl ate
287, 2 BaBRT s R ShAT T S SR SR RS A o
proporti gRadn hFikhe sl RiFdRnE@tdr@00fand match circuit network 402 are coupled to coil
input terminal 117a of coil 117. Variable capacitor 401, which is grounded, is coupled to
coil output terminal 117b of coil 117. Metal plate 217 is connected to coil 117 via voltage
20  divider circuit 416, which includes coupling capacitor 416a and variable capacitor 416b.
Metal plate 217 is connected to voltage divider circuit 416 such that coupling capacitor
416a is disposed between coil 117 and the metal plate and variable capacitor 416b is
disposed between the metal plate and ground. With this configuration, the V_ of metal
plate 217 can be controlled by adjusting the position of the variable capacitor of the
25  voltage divider circuit. As shown in Figure 8B, V_ is proportional to the divide ratio of
the voltage divider circuit.
On one hand, the configurations for externally controlling the V_ of the Faraday
shield plate shown in Figures 7A and 8A are desirable because they are simple and

inexpensive. On the other hand, these configurations may affect TCP matching. In this



the voltage divider circuit. On one hand, the configurations for externally
controlling the VPP of the Faraday shield plate shown in Figures 7A and 8A
are desi vabbe7d9ecause they are sinple and inexpensive. QactT/hsoiotonsr hand,

t hese configurations may affect TCP matching. In this WO 01/ 75930

PCT/ USOL/ 10183 -15 regard, the configuration shown in Figure 7A affects
TCP matching to a | esser extent than -doees the configuration shown in
Figure 8A. Figure 9A is a sinplified schematic diagram of an inductively
coupl ed plasma etching apparatus in_which the Faraday shield plate is

i ndependeagetdy therqopl gungiromshvr iadagure 76 affestulaR patchingctosrlgwacextontihan et

anot her enbodi ment of. th sent _isowention. As shown in Figure 9A RF
gener at ogoelfgge LR i Sg?‘%gr} F&hreetg\)\%r k 402 are coupled to coil input

term nal 117aFiure9Alis ddifpli¥iad seHeheatic dpgedrh of afthilluctivel Clouptedyslasmmded, s
coupled to coil output termnal 117b of coil 117. Metal plate 217 is

coupl ed etshingreapaptus in whighdhg Kapdayshield plageds irdepensisnidp drivemya diffaretiay
shield driver 0_]i entd all - i i ng of
appi 1 5a BedfEned FpareBRhh bcahofhef Rbiclellof BE SR B BRudE. BTG 12,

fly adj ugf PG A, REGHeaMS 400andwsdtclogiduirletpeki400 menampWidith euil itependence
on the natphin? circuitry of coil 117. This is true because_no connection
i s made BemipebhITawf coddili’” Yaaablgsapasttar 4, sthéch is graynded ieepipidtogcftodi nent .
As shown j i gur ' i } NEr i . b circuit
452, o 180 Bu PR, R0 IR HRY, MER B, S HEbudlel B TR AR 80

var i abl eatcapaedtionrpofth @62 RFageneshado drid&B84 50a 8 dsseitial fyeedhinaoKer thagenabled. | n

operation, RF power from RF generator 458, which is grounded, s plied to
met al0 pl Bogitoring offapplicgEperdalerperk voltages Abgifferenh TGP POMGE seilings, aé‘ﬂdlﬁ‘ftﬁgﬁ KHz to

about 50 I e f - (N to just
pol ow 13Tt p s 83FcHE HeHATbYibh Rricigfe L LARGRTadld ol © 112
13. 56 MHmahéid disduitpnofadotlcldi7t Thishis cloe becausonptathettbomis nzdde oeoween 27, act s

to "ground” the netal plate froma 13.56 MHz point of _view S&@ted
di f f er enf9ijand the metalpdata s thiscxemplary embediment- t As srave BdtsvRES AeEdRYpt i on

[T, Iy ED BOUEEEAPLunin B Ak ok & BT DML RTSH il 400, The VPP
conpgs i soitludel mdaotoe#seambyariBR caphditer 455 R gamerdidri 458¢ amp [, ifewiback loop
adjustnegéé can be
In operation, RF power from RF generator 458, which is grounded, is applied to
metal plate 217. The RF power is preferably in a range from about 50 KHz to about 50
MHz, and more preferably in a range from about 100 KHz to just below 13.56 MHz. In
20  one embodiment, the RF power is about 2 MHz. The 13.56 MHz oscillation circuit, which
is coupled to metal plate 217, acts to “ground” the metal plate from a 13.56 MHz point of
view. Stated differently, the 13.56 MHz oscillation circuit shuts out the interruption from
the RF power applied to metal plate 217 by RF generator 400.
The V,, feedback 460 is preferably provided back to RF generator 458 for
25  comparison with an external V_ value. Based on this comparison, adjustments can be
made to RF generator 458 so that the most optimal V__ level can be applied to the Faraday
shield plate. In a preferred embodiment, the monitoring of the applied V can be
controlled by way of a computer control station. The computer control station can provide

a user with statistical operational data by way of a text display, a graphical user interface

30 (GUI), or printouts. Based on this statistical data, the operator can make further



made to RF generator 458 so that the nost optimal VPP | evel can be applied
to the Faraday shield plate. In a preferred enbodi nent, the nonitoring of
t he appl ivedoVP@3can be controlled by way of a conputer cpar/usdl/®isstion.
The conputer control station can provide a user with statistical
operational data by way of a text display, a graphical user interface 30
(GUT), or printouts. Based on this statfi-stical data, the operator can nake
further WD 01/ 75930 PCT/USOL/ 10183 -16 adjustnents so as to achieve the
nost optimal performance and thus elimnate the osition of byproduct s
on the i AdiBstERETBES tnaghicyedhemogoptims perkermsn 6@3&%‘8 seipningiediew i nner
surface. i PP of met al
pl at e 21 éc%gﬁfog ow’gﬁliord 0 %eg'ﬂ{)ﬁnﬁﬁ'}&é,& %‘S\L%lﬁ%uﬁﬁ %ﬁe% ]ggﬁ?)f(’)/mer appl i ed
to the rrezﬁlaiomeméra{L@facd\SAédegllynwEhghﬁ’ en8iguravBf of Exguaaa&@,sthas/ t dfendtalwv
frequency RF power increases. Therefore, in this exenplary enbodl ment ,

there . sph&f— Helecantbs cravyelles by adissting Hisdew frauctyyi RE P?\der&ﬂpileq torthe paegalr ¢ 10
is a pr ocessggl gﬁe bHEt benﬁ&ggsgg | é%\;?ﬁ% ue%c%ﬁ'?ﬁ;d cdsBe nunber

of wa er convemti ona n uctl ve upl'e asrra et chi ng
appar at uThasfbre, i) tlﬁﬁlexa’mtﬂmtylewﬂioxdlrﬁ@w,phad iphaaeml tethaha mgxecpqmmamm havi ng a
Faraday shield plate that is coupled to the coil in accordance with the
present PORERGHNL17As shown in Figure 10, in a conventional inductively

coupl ed pl as ”ﬁrg%&(ggb ﬂgaf %9@?@@{ Hdws Erk L NER | E%H‘rzﬁ& Gha rﬁﬂ{cﬁon defleqRSRRr DY

about 50% afte ave been processe I'n contrast, 1 n an
i nduct i vef yafeesupbedsql 1amne¢m1ronaignammam{tamap]ha\plasglaatdﬁmgmasdu anidd

coupled to the coil 15 jn accordance with the p resg ventiqgn,  the
rut hEhi uff BYdEA Yeiy 60‘5’#@&?1351‘%“9%%PEP%%W%M‘B%%%FW %@fge piade Bigbist ant i al | y

the same.gs,dde thdkdil Ala %r‘c\ig'ncre%lﬁ] thg?ﬂa%ent ngngl%ﬁ aday 3\%% fiouR B5,6n Qf the

pr esent FAvent ion provi des a epro uci bl'e rut enium étch rate. The
present conwentiorahiralustvedy mummbplasmdztbhidg hpparaiosltth@tdthamﬁglrantchrrwer surface

of a wall defining a_chanber ich asnma | enerat ed in an
i nduct i v@?%eaé%'b‘f %@“ﬁﬁé‘?@ger é%p \é(f‘ R Weg’ﬁ%h r&?‘i?ée CPHV%“ﬁﬂtaﬂod, a netal

plate | simfONAPEhBRLIRIA bk abPhalERl %Qﬁﬁﬁahghstﬁéﬁ% 6¥ td REXofpOVer

and the p asma gen suc t the rret pl at e does not
cont bxt irhecomiahce Whiie thegtredenpina¢riohathe authbninal dt¢hyracf afteptl &0 wsifars ba¥eor med
and i nnect ed

e o e T SRS B, 1S CELL BN 28] Sl CRlL Y pprect
in the i pARCI HEh%sGR WRleRBoPp R MR & hidh P producible ruthenium etch rate.
The present invention also provides a method for controlling an inner surface of a
wall defining a chamber in which a plasma is generated in an inductively coupled plasma
20  etching apparatus. In this method, a metal plate is provided between a coil for receiving
high frequency (RF) power and the plasma generated in the chamber such that the metal
plate does not contact the coil. The metal plate has a plurality of metal slits formed therein
that extend transversely to the coil and is electrically connected to the coil, as described
above. A plasma etching operation is conducted in the inductively coupled plasma etching
25  apparatus. During the plasma etching operation, the deposition of a reaction product on an
inner surface of a wall positioned between the metal plate and the plasma and the
sputtering of the reaction product from the inner surface of the wall are substantially
uniform so that an amount of the reaction product sufficient to disable the plasma etching

operation does not accumulate on the inner surface of the wall. In one embodiment, the



25 apparatus. During the plasma etching operation, the deposition of a
reacti on product on an inner surface of a wall positioned between the
net al pl avt@oam¥3d he pl asna and the sputtering of the rear¢T/oRpOotBuct from
the inner surface of the wall are substantially wuniformso that an anmount
of the reaction product sufficient to disable the plasma etching operation
does not accunul ate on the inner surfade of the wall. In one enbodi nent,
the WO 01/ 75930 PCT/ USOL/ 10183 -17 wall positioned between the netal plate
and the plasma is an upper wall of the chanber, e.g., a TCP wi ndow. The
present Wall@asitioped batwpesr thp meal pkde arc the @kasma s gpupner MalPf direthambsh of an

i nductively GRYP asma etching apparatus. In these nethods, a chanber
for etch?%@aa 5“&%?@* is supplied. A windowis attached to a top opening
of the chanberhe phgeniimdation Asthanpowides ntdda¢er apliehiging iopeiatios uf dmce t hat
is exposed to an inner region of the chanber. A coil Is placed over the

wi ndow aidugtivey euplgdaplasmasetphipg appasaiay. knHbessupethodss g ehapaleer dor tehing2 ndow:

The gt abvtaﬁe'é"f‘sg sﬁi\p@rﬁe&?oﬁiv&im&@g 4tﬁcﬁed%8%§§ﬁo§eﬁl?ﬁa%o{ tﬁ%@ﬂrg&?h?ﬁe gﬁ?&o‘@@e“ t he

coil "and surface o e W n cordance w Irst 10
opti m zahasam dRérhratiacd vl aEhadr spHfadeahatss expoReticath inferaegiondedici on | ocati on
on the coil. The connection |location is between an input term nal and an

out put t elrambeal Azedl is placesheyanihy yindawaad adnetdl plate ioplasedrrsethey&rant i al |y
H crm . ) N ; f b 2 oy
LT or . WORRESF I PRASRETN pREAEBR sk Bnd 5 4 BRBK SR 8oy e i o

sput t eri bgweén thaeoilnne thesautéraaacy oftthewimdotlo inwbtdreare bathanfitsal |y 15
si mul t aneous|y preventi ng deposition of etch byproducts on the inner
surf He eptimiationymgHed: the mesa piateiiscoanssiadioa corpestign denatian Pathesitihet hod, a

gfgggg'e' #fle DERCAQT REAon ¥ BbkRBRad FupBPRIN it A &m&t@&a&mml%s j§0 as to

y unitrormi nci Ion energy oXi mate to the inner

surface optirhley ssldeteMo AAgaprodutdiibstabsilBnini forinyineidérft domenergiC prd@ithate on
energy is configured to reduce sputtering of the inner surface of the
wi ndow 2t tainner syifrce shtheavingow; Fhe sehseatially upfeeineidspt 9B §BYEY ion of etch

DD S LI R By ) JRUEREEP LD o
pl asia etiatultagecuklyrprewmtihy deigsitlonpd dtctidbypaeluor toarnthainsel eirface opthat i num
rut henium and the |ike) that generate nonvolatile, electrically conductive
r eact i onwindow. In accordance with a seCond optimization method, a controlled pea -to-gleak
voltage is applied to the metal plate so as to produce substantially uniform incident ion
energy proximate to the inner surface of the window. Again, the substantially uniform
incident ion energy is configured to reduce sputtering of the inner surface of the window
20  while substantially simultaneously preventing deposition of etch byproducts on the inner
surface of the window.
The inductively coupled plasma etching apparatus of the present invention is well
suited for plasma etching of recently developed device materials (e.g., platinum,
ruthenium, and the like) that generate nonvolatile, electrically conductive reaction
25  products (e.g., RuO,). It will be apparent to those skilled in the art that the inductively
coupled plasma etching apparatus of the present invention also may be used to plasma etch
standard materials such as metal and polysilicon. In the plasma etching of metal and
polysilicon, V__ is adjusted to realize uniform and minimum deposition. In this manner,

the mean wafer between clean (MWBC) and the lifetime of the TCP window may be

30 improved.



25 products (e.g., Ru02). It wll be apparent to those skilled in the art
that the inductively coupled plasma etching apparatus of the present

i nventi ow@abswsmy be used to plasma etch standard mat er Pal/@seum®nssas net al
and polysilicon. In the plasma etching of metal and polysilicon, V,1, is
adjusted to realize uniformand m ni numdeposition. In this manner, the
mean waf er between clean (MABC) and thé-lifetinme of the TCP wi ndow may be
30 inproved. WO 01/75930 PCT/US01/10183 -18 It will be apparent to those
skilled in the art that the precise control of VIP and the resulting

bal ance of split¥ilhesgpassat t&é‘fw&sh”éﬁ inthe Rdhatdhe Rerigs GPHFd of dednByhe he
h
ST R I B R TTE BC

advant ages |'ens assoc particles

and cont agparatd o1 methods &f the piesdne 110«@ﬁﬁdiroj)ro@h§e muefer sl dthar@dvimeages ch si dewal |
deposition comng fromthe plasma and the TCP wi ndow), etch selectivity
control, ‘rﬁh@llgéhé&q%ﬁo%?f:wobk?ﬁ}s@éﬁ%tate@e‘b%PW‘SWS am%cqm@mea% e sel ective

etch pyp ﬁi'ﬂs%on%? édn%lh %hﬁée&l"flgﬁdg\??ﬂﬁ%sg%n cgghﬁ%fryﬁj ' the lagrlﬂgta

mat erl aI avi ng c talrn st Icrents an uttering vyi ePds can be
capt ur edtherTCh@indbGh, swchstdertivivy camcrlpdndesbtehuvgctclpbpmbdm dbimnsmr fIactleae of the

TCP window is maintained at. 10 a rel at| veIFv) const ant te\ZE ure
summary, Caspef &erl%fé’é(ﬁtetthh)’QFﬂquéﬂie[BPﬁVP'é}églséﬁ“ fdora by, Binipec Upl asrra

etching gppan ﬁth‘é%l %rbgrt Riheds ﬁéfﬁ@i@hﬂs Thé %é\&geh'ﬁ%*?é?&*sr @a‘h'H&r&a rédon the

i nductively coupl e asnma e I ng appara I nventi oh has been
descri be@CReviedow ite ccbr&rdfmcthfn gsproeidet] thepruefaes oftic GidFodindewtis maittiieed at
enbodi ments of the invention will be apparent to those 15 skilled in the
art 4 onf edpibveleronstaBhtesiPetaiyespeci fi cati on and practice of the invention.

For exanpl e, frﬂﬁ?rﬁlﬂ&[‘?’t %@%ré&[‘:nt"m{/&llﬁoﬁ ?ovllz(?ers%q%{du%h'v@lggoﬁ’él@& BlabBaconnected to

the coil may varre romthe exenplary | ocations shown and descri bed
her ei n t exchipng iapparatus angharethiods! fcaropehnbng)rlmmﬁanofmé amntnkudulvaw@lpéfmj
preferred features descri be above I d .be ocp i der.ed exe | ar W th

t he scopBlagma ekbingpapiaiusn The imgniues haﬁ e‘bgest"ﬁ e‘&dﬁéeﬁH’édP &%t and
their eqwequJreﬂ%%od%@n{ts.' Sttfel BinBESH mefits of ¥ H&é&%%%@u%@"qpb’é@&{ bR - 19

15  skilled in the art from consideration of the specification and practice of the invention.
For example, the location at which the Faraday shield plate is connected to the coil may
be varied from the exemplary locations shown and described herein to optimize a
particular etch process. The embodiments and preferred features described above
should be considered exemplary, with the scope of the invention being defined by the
20  appended claims and their equivalents.

What is claimed is:



CLAIMS 1. An inductively coupled plasma etching apparatus, conprising: a
chanber; a wi ndow for sealing a top opening of the chanber, the w ndow
havi ng awoOnnem3o surface that is exposed to an internal regr/osRoicfoigshe
chanber; a netal plate di sposed above and spaced apart fromthe w ndow, and
a coil disposed above the netal plate, the coil being spaced part fromthe
metal plate, and the coil being condubtively connected to the netal plate
at a connection location that is configured to generate a peak-to-peak
voltage on the netal plate that optimally reduces sputtering of the inner
surface of the wi ndow while substantially sinultaneously preventing
deposition of etch byproducts on the inner surface of the window 2. An

i nductively coupl ed pl asma et chi ng Mt us as recited in claiml,

wherein the coil f§h€h§rtco risFE: a co%ﬁ.iqfutrg%rninaL.fqr recei ving RF
power; and a coi l IB &P ORI p%alsiglac? HEPPE o tatY o Bei ng defi ned
bet ween the ceiharhbgut termnal and the coil output termnal. 3. An

i nductively coupled plasma etching apparatus as recited in claim 2,

wherei n the camiedaw & seduwtd ton opening pkthp chunbeit Getvandew hewng apinnsut

termnal _thanto.the coil input . termnal. .4 . An inductively coupled plasma
et chi ng B} aa??élfau?és %‘go?eggtptagd&?ﬁnaae%o%%?he (fhlﬁlp} &r conprising: an RF

generator; a Feed) plité idpbseBRbWRS dnd sphcdmBhE froéd the wihdsieiaMar k bei ng coupl ed
between the RF generator and the coil input termnal; and a variable

capaci t or coupreid dispesedahoyr bamertalmipte e el beingiepnged pat fromehe mstal on
| nduct i VefaYe Gy @le%gil%le%?}r:%nﬁ tc(f'r\ueln %ogﬁ)eoc%cﬁ%) Yite Satal gﬁ’lket zﬁq c'oHné:clti%“\ r113-:|Jc1ti n
R an oscitlatl 12 oth P a?e, t he

further €onprising. an ncrrcult coup e neta
osci | | at tHanisGohfigiired hﬁ%&ﬁ@rat@@@éeﬂ@ﬂ&[ﬁbk Qoltapelonrthd et @jdus that HRimABK- t 0- peak

voltage on the netal plate. WD 01/ 75930 PCT/USQ1/10183 -20
reduces sputtering of the inner surface of the window while substantially simultaneously
preventing deposition of etch byproducts on the inner surface of the window.

2. An inductively coupled plasma etching apparatus as recited in claim 1,
wherein the coil further comprises:

a coil input terminal for receiving RF power; and

a coil output terminal, the connection location being defined between the coil input
terminal and the coil output terminal.

3. An inductively coupled plasma etching apparatus as recited in claim 2,
wherein the connection location is more proximate to the coil output terminal than to the
coil input terminal.

4. An inductively coupled plasma etching apparatus as recited in claim 2,
further comprising:

an RF generator;

a match circuit network, the match circuit network being coupled between the RF
generator and the coil input terminal; and

a variable capacitor coupled between ground and the coil output terminal.

5. An inductively coupled plasma etching apparatus as recited in claim 1,
further comprising:

an oscillation circuit coupled to the metal plate, the oscillation circuit being

controllable to further adjust the peak-to-peak voltage on the metal plate.



6. An inductively coupled plasma etching apparatus as recited in claimb5,
wherein the oscillation circuit includes a variable capacitor that can be
adj ust ed wooooso ol the peak-to-peak voltage al ong a har prOMUSOIPOISRt . 7. An
i nductively coupl ed plasma etching apparatus as recited in claim1,

further conprising: a voltage divider circuit coupled to the netal plate,
the voltage divider circuit being conirollable to further adjust the
peak-to-peak voltage on the netal plate. 8. An inductively coupled plasm
etching apparatus as recited in claim?7, wherein the voltage divider

i ncl udes a vabi abl &ndaguctivelyrcounlgel plasmalgiching appawestas rediedinFlapma,

peak-to- Rf%g%inv&le}o‘ggﬁ%t%noagzuﬂgﬁél%es%%h?lg?%iri a%ﬁgrsthgggang)%a%#s?eﬁiﬁg ? ¥q! tage

as capacitance 0 e variabl e capacl crease ively
coupl ed plegmart@pedk VigtagPpidh Ak hSrméni¢ peint.ed in claim 1, wherein the
chanmber further 1ncludes: a chanber |lid, the chanber Iid being. configured
to have attacfed tAarisdustively Geepled plasmaetchygpppr@tusas|reciteddn elqider i d
bei ng at t QFQHR%ﬁgﬁ ges that enabl e opening and closing of the chanber
lid. 10. An 1 nductively coupled plasma etching apparatus as recited in
claim9, whea&bhagehdtvidbedthmit doupled fo the theds @thtpabé voloageplividaitchie baingal
plate proximate to the w ndow in preparation for OEE%ation. 11. An

i nduct i vepriraighlsite furfies adiystehe peakglozispk v altags ondh a chanber; a

wi ndow for sealing,a. ' i LRg an inner
surface that ?S ex€%§é§R¥§Q§Rkﬁﬁ$g%H§F£Fg%?g%%@Papﬁgwgﬁgﬁggﬁ?ﬁghzétaI pl ate
di sposed whbewetha vadltsgeadi edenipaludes 4 oaridblecaphdithothat aarcbe hdjdstsprsmutrabihee t he
netal plate, the coil being spaced part fromthe netal plate; and a

cont r ol | epakrigrpeak veltags Algneapploy ihagdesraganthe Beakaarpegbvplrge 4 Gapacdanstodl

0 2L, U LTyl 0 an oscll! aon clrcult, a mtehing,

appl i ed peak- bo- peal iMdbdtiagl. coifled pladma 2@ hREGTdppaaiusifd 183tedi@dlaim 1,
wherein the chamber further includes:

a chamber lid, the chamber lid being configured to have attached thereto the metal
plate and the coil, the chamber lid being attached by hinges that enable opening and
closing of the chamber lid.

10.  An inductively coupled plasma etching apparatus as recited in claim 9,
wherein the chamber lid in a closed position places the metal plate proximate to the
window in preparation for operation.

11.  Aninductively coupled plasma etching apparatus, comprising:

a chamber; |

a window for sealing a top opening of the chamber, the window having an inner
surface that is exposed to an internal region of the chamber;

a metal plate disposed above and spaced apart from the window;

a coil disposed above the metal plate, the coil being spaced part from the metal
plate; and

a controller for externally applying a peak-to-peak voltage to the metal plate, the
controller including an oscillation circuit, a matching circuit, an RF generator, and a

feedback control for monitoring the applied peak-to-peak voltage.



12. An inductively coupled plasma etching apparatus as recited in claim 11,
wherein the externally applied peak-to-peak voltage is adjustable so as to
reduce spuoberissg of the inner surface of the wi ndow whi PeT/dtnstozsst i al |y
si mul t aneously preventing deposition of etch byproducts on the inner
surface of the window. 13. An inductively coupled plasm etching apparatus
as recited in claim12, wherein the c¥irl further conprises: a coil input
termnal for receiving RF power; and a coil output termnal. 14. An

i nductively coupl ed plasma etchin pparatus as recited . in.claim13,
further conpril3i ngAndﬂd‘Nﬁvﬁlé{r?QPangtpﬁ‘sﬁlaﬁﬁfﬁ‘H}g PPAAMSAS et ﬁ’l’(?la{rﬂé%ﬂatch
circuit i : M Id.o1 Nput
Fer i nal B e R Y PR 28 b e b PP B Ry

out put t ef fiei@ler sirfaceAfi thendindbwwalile substphteadlysinslmeet sty pregeatpigar at us as

recited in claim13, wherein the netal_ plate is connected to the w ndow by
di el ect r Aepaspiopaf §ich byprogicts og i inpen wr@gﬁf;ftﬁawm% et chi ng apparatus as

recited in clggm 1hy inYReLel ok dgrﬁﬁﬁ%fchf&é;a&)ﬁﬁfatdsrﬁg|ré@ﬁ§:in &lafRagber lid,

the chanber |id being configured t ave att ed thereto the netal plate
and t he esdktein thheoi fiaxize compdsdsei ng attached by hinges that enabl e opening
and closing of the chanbeL lid. 17. An inductively coupled plasma etching
appar atus as P&Ei iyt feEmEa f%rﬁ@}VIHQBgrpé’l‘Vﬁr’taﬁg chanber lid in a closed
position placegs. g gpge%ingj_at e proximate to the w ndow in preparation for
operation. 18. An inductively coupled plasma etching apparatus as recited
in claim 16, Ll&her dnnnduveivelyaowbpled lpladmiarichimgoypparapssistreaited ph ales 18he net al
plate away fromthe window for visual inspection of the w ndow and
servi ci \rllvg-‘rg’lerf‘llfép%%%ber . 19. A nethod for optimzing operation of an
i nductively couRiednplgsm etching apparatus, conprising: supplying a
chanber for etching a wafer; W 01/ 75930 PCT/ USO1/ 10183
a match circuit network, the match circuit network being coupled between the RF
generator and the coil input terminal; and
a variable capacitor coupled between ground and the coil output terminal.
15.  Aninductively coupled plasma etching apparatus as recited in claim 13,
wherein the metal plate is connected to the window by dielectric spacers.
16.  Aninductively coupled plasma etching apparatus as recited in claim 11,
wherein the chamber further includes:
a chamber lid, the chamber lid being configured to have attached thereto the metal
plate and the coil, the chamber lid being attached by hinges that enable opening and
closing of the chamber lid.
17. An inductively coupled plasma etching apparatus as recited in claim 16,
wherein the chamber lid in a closed position places the metal plate proximate to the
window in preparation for operation.
18.  Aninductively coupled plasma etching apparatus as recited in claim 16,
wherein the chamber lid in an open position places the metal plate away from the window
for visual inspection of the window and servicing of the chamber.
19. A method for optimizing operation of an inductively coupled plasma
etching apparatus, comprising:

supplying a chamber for etching a wafer;



-22 attaching a window to a top opening of the chanber, the w ndow havi ng
an outer surface and an inner surface that is exposed to an inner region
of the chvarbersopl acing a coil over the w ndow, placing aparpwabl/plsst e over
the outer surface of the window, the netal plate being positioned in a
spaced apart relationship between the coil and the outer surface of the

w ndow;, connecting the netal plate to-&-connection |ocation on the coil

t he connection |ocation being between an input term nal and an out put
term nal and belng optimally selected so as to produce substantially

uni f or m i nci datchingrp windpyyo ﬁrt@&pm@ ¢fghe phamberdhe windavwabavigg an BEei ndow,
t he subs ed to reduce
sputteri %‘gf%?%[‘ én ﬁﬁn?feér{{rggﬁ% ce o%’ e}%go\?l\ngnd%yr%%ﬁdqn% tfsf%’gﬁd[ anti al | y

si mul t aneousl placpgaveiltdvegthdegagew; on of etch byproducts on the inner
surface of the wi ndow 20. A nethod for optim zing operatiaon of an

i nductively céﬁﬁméérﬁﬂ@§ﬁﬁeOéPHHFﬁawéﬁ§3W89ﬁ§W‘ﬂﬁa% i e mptal Pl bsinag a
chanber [ of the
chamber , PR o o R B e A b hat i s
exposed tvndww;i nner region of the chanber; placing a coil over the w ndow,

pl aci ng a netal plate over the outer surface of the window, the netal plate
bei ng positi 6oMAECtng the skl dlpta R connestian lorrsion onphe GRibihg FRANERHAN and t he

outer su I eak

I
voltage (%gﬁﬁé&%é%gﬁwe%gggﬂlgt§§g¥%p8#%£Qﬂl t%ﬁ%&%ﬁﬁb?gﬁ g%%%?%o m i nci dent
i on ener galededsd d¥abd @rddncé hebstantielly Slufdrﬁn601déntt1hxeetv\airglyipw,x1mhth$o thebsteanti al | y
uni formincident iaon energ y being configured to reduce sp utteé g.of the

i nner  supYriace obtheradw rifle WRsANHally %@?rghwléipwog ERTIBY RABE N gtﬁﬁwent i ng
deposi ti Qof spuftkGile BYME A LETRR of iR WiRBEY wiifels36&aRTallly REmik M0y

preventing deposition of etch byproducts on the inner surface of the window.

20. A method for optimizing operation of an inductively coupled plasma
etching apparatus, comprising:

supplying a chamber for etching a wafer;

attaching a window to a top opening of the chamber, the window having an outer
surface and an inner surface that is exposed to an inner region of the chamber;

placing a coil over the window;

placing a metal plate over the outer surface of the window, the metal plate being
positioned in a spaced apart relationship between the coil and the outer surface of the
window; and

applying a controlled peak-to-peak voltage to the metal plate so as to produce
substantially uniform incident ion energy proximate to the inner surface of the window,
the substantially uniform incident ion energy being configured to reduce sputtering of the
inner surface of the window while substantially simultaneously preventing deposition of

etch byproducts on the inner surface of the window.



