WO 02/ 072913 PCT/ US02/ 07461 VARI ABLE EFFI Cl ENCY FARADAY SHI ELD BACKGROUND
OF THE | NVENTI ON [ 0001] The present invention relates generally to the
field of woactriseaal shielding. More particularly, the presamsoz/omuenti on
relates to a Faraday shield for use with a plasma chanber. [0002] Faraday
shi el ds have been used in plasma chanbers to reduce capacitive RF
coupling, which can result in ion erosion of chanber surfaces. A broad
range of chanber rrateri aI S is suscepti.ble to this ion erosi on problem
ceram c, quartz, SiN, I as The: Far shield is placed
bet ween RF ant enna coiI EFﬁﬁg@égJ‘rﬁ%’MM nber and reduces
t he anobunt of ion erosion of the chanber that is caused by RF electric
field induced ion bonbardment. The shield rmay be either grounded or
floati ng [0003] A gr oundRACKGROUNIE OFTHEENVANTIOM side of making it
very difficult to strike a,  plasm dls1 har n th cha because
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reduci ng ion er t he cha oating s esig as the
advant agehthber. it  does not int erfere undul y wth striking a plasnma.
Unfortunately, the floating shield is not very effective at preventing ion

er osi of0002] t hd?acdthmsbwelds[}ﬁ@@‘éle]enlﬁeécbmr}ﬂmd@aﬁib@rs td redyide tapduitive R&E y coupl ed
pl asma etch reactor inplenmenting a grounded Far aday shield 40 according to
the priocodpling ¥high GFEFIH R IOHP SO BheHRBTOCh B T4555. v bERHh TEEE RICAATIOCT

sur roundegbya1a/y 4.8cEbIeMS 1Qlch |

sem conductoravva ereéyﬁlﬁs esupporot eeé&go@ﬁ@fhﬁc@& 1%}3&% onglgaBlaété%sf al 16.
An i nductetos elhedirirddagrshistthia pld2ed betweem B Fantenng coilseandubspldematotthiamehtanber 10

and conne t to .a radi fre wer ner.at or ugh an
irrpedanc§ ggmnﬂgeﬁgpaﬁw %tnﬁﬁ{Séﬂ OF%%Fe Frfhﬁpécf“llﬁédi’ﬁg%b The
chanber \wadchre ﬁ»&dulﬁm@é@z@nmo&ﬁba%@nénhaeTﬁ@&}ﬁ@lﬁ%@%é eifhbLoroGRIFRIAT Eahg. an
electrically insulating material, typically quartz or ceramc, so as to
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gas is introdu Into the 10 throu ction ports

vacuum ppigsmarbschargeomttie dmberdicesuse heduchmthe capbbitive caupdiegialsededivasber

pressure. thevgagonzl{u%EZ%Jd‘? IEIQT{egt‘rSlg %JePd sz%rength However the grounded shield is effective
for reducing ion erosion of the chamber. A floating shield design has the advantage that it
does not interfere unduly with striking a plasma. Unfortunately, the floating shield is not

very effective at preventing ion erosion of the chamber.

[0004] Referring to Fig. 1, an inductively coupled plasma etch reactor implementing a
grounded Faraday shield 40 according to the prior art is illustrated. This reactor has a
vacuum chamber 10 surrounded by an inductive coil 12. A workpiece 14, usually a
semiconductor wafer, is supported inside the chamber 10 on a pedestal 16. An inductive
coil antenna 12 is wound around the outside of the chamber 10 and connected to a radio
frequency (RF) power generator 18 through an impedance matching network 20 to provide
RF power into the chamber. The chamber walls 30 in proximity to the antenna coil are
composed of an electrically insulating material, typically quartz or ceramic, so as to
minimize attenuation of the RF power coupled into the chamber 10. Etchant gas is
introduced into the chamber 10 through gas injection ports 26. A vacuum pump (not

shown) evacuates the chamber 10 to a desired chamber pressure.



[ 0005] The chanber dome 30 functions as an RF aperture. The Faraday shield
40 is effective at reducing process induced sputtering of the chanber done
30. The Papaday291zhield 40 is connected to ground potenti &CTarsd2/d =61t hus,

fully grounded. [0006] Referring to Fig. 2, an inductively coupled plasma
etch reactor inplementing a floating Faraday shield 40" according to the
prior art is illustrated. The floating (or "isolated") Faraday shield 40
is a known alternative to the fully grounded enbodinent of Fig. 1. This
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[0007] Thesetips atqedting frdtad aydustd §luttsriddof RO chirEbkt GO meB0A Lk Faradapaci ti ve
coupling between the antenna coils of inductively coupled plasma (ICP)

sour ces amirld AR isceonnagiedip srppakpaientimhandyis his, fpkly gweredess are of a fi xed
efficiency design however. [0008] Thus, what is needed is a Faraday shield
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will not create the ar. t enuat.i o f a fully.ground onfiguration.
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"voltage distribution electrode" (or VDE). However, because of significant
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invention is to provide a Faraday shield having a variable shielding

ef fi ci enayjasnjan Gl pristarishisidrerre abpbred fficiehey ¢asiamdivtvevatlvention is to

control the rate of transition of a Faraday shield between fully
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[0009] According to prior art nomenclature, the Faraday shield structures used in
conjunction with a processing chamber have been referred to as a “voltage distribution
electrode” (or VDE). However, because of significant structural distinctions, it may not
be appropriate to use this older terminology for describing at least some embodiments

according to the present invention.

SUMMARY OF THE INVENTION
[0010] One aspect of the present invention is reduction of the intensity of damaging ion-
bombardment for certain semiconductor processing chamber surfaces, without affecting

plasma striking capability.

[0011] Another aspect of the present invention is to provide a Faraday shield having a

variable shielding efficiency.

[0012] Yet another aspect of the present invention is to control the rate of transition of a

Faraday shield between fully ungrounded and fully grounded states.



Faraday shield of a plasnma reactor between a fully ungrounded state and a
fully grounded state so as to naintain stable plasma conditions in the
transiti owelozpedidd. [0014] A further aspect of the presemCTiUsOZOMbDN IS to
control the time rate of change of the change in shielding efficiency of a
Faraday shield at a predeterm ned rate. [0015] An additional aspect of the
present invention is to control the tinme rate of change of change of
shielding efficiency of a Faraday shield of a plasma reactor condi tioned

upon (ﬁﬂ% es%{tﬁ Ozfn eg Q%op gsen at: hleesg 1qu(~:9‘[1(=)€1{c 1fs|t8 'cgrﬂ&}i tfgeglta;e &gt?ainglgﬁ [ 0.016]
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[0017] Sone of the above aspects are enbodi ed by a shield that provides

el ect ri chdte saps lemepipginattable plasma sprdidensiie thefeapsitipral Rgsiod] d i ncl udes a
substrate, a common node disposed on the substrate, and plural shield
seg me 034k pao‘é@rd}@aﬂﬁpeﬁrdrfh@p@sgﬁ onvigatiomiydo c@érqi ghedtmpwedf dranghet the
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provides electrical shie at a variable efficiency. The shie d
|nclude§u@x§ﬁbbmﬁ@h@gaaﬂ@uﬁwﬂgeﬂhmﬁ@yaﬁ@mﬁs@@ngh the substrate, and plura
shiel d segnents spaced apart from one another and being di sposed on the
subst fG{16] Th@lcslhﬁralspbcabﬁﬂne ipnestnidesenpbursab psevide hessiabMheffieiency Eaednyof t he

pl ural es is.connected between the.common node and a respective one
bt " e i it Rl G E R RS Honed S SRR the sw tch comnects 1ts
respectlve one of the plural shield sqgnents to the commuon node. The

cont r §1017ht erfoseefithe pRRYSSBEcHT B AEPodipd Buip shiskhgidtrpriges ¢lectieahmon node to
ground ps@ife@(ﬂ% v A8 1AL RESL MRS elc?ﬁ’igfﬁg&da s@sfr&t%' 0&91%83915&9 to each of

the plura es and generating command signals to selectively close
t he pl urdasposesd dzrctlhe sulstisieg angpphira chivld sepmente fparné apart fromeoneandihtd oxds

precedent . 019 of t S enbodi e a plasm
Peact or HnAseHos eltsrupiate, oDl A Srerbrokarhrdshachs. sametufebel or
arti cl esthe Phaeal RIvASHR i§ E3leOied bBSIHA &R Bmmoh node and a respective one of the

plural shield segments, so that closure of the switch connects its respective one of the

plural shield segments to the common node.

[0018] Others of the above aspects are embodied by a shielding system that provides
electrical shielding at a variable efficiency. The shield includes a substrate, a common
node disposed on the substrate, and plural shield segments spaced apart from one another
and being disposed on the substrate. The shield also includes plural switches, wherein
each of the plural switches is connected between the common node and a respective one of
the plural shield segments, so that closure of the switch connects its respective one of the
plural shield segments to the common node. The control interface includes a ground
circuit connecting the common node to ground potential, and an incremental command
circuit connected to each of the plural switches and generating command signals to
selectively close the plural switches based upon occurrence of one or more conditions

precedent.

[0019] Certain of the above aspects are embodied by a plasma reactor which is useful in

applying energized plasma to semiconductor articles. The plasma reactor includes a

-3-



WO 02/ 072913 PCT/ US02/ 07461 reactor body (where at |east a portion of the
reactor body is fornmed of a dielectric material), an RF antenna di sposed
adj acent wbe2nemes or body, an RF mat chi ng network connectred/iso2/oaelr RF
antenna to couple energy to the RF antenna, and a shield having variable
shiel ding efficiency, disposed between the RF antenna and the reactor body.
A sem conductor article disposed in the reactor body is processed by

pl asma that is energized by the RF antenna. [0020] Sone of the above

aspects gl %%gﬂgrgﬁ lg?sg‘ihgﬁg)nqu tl?é‘xie%tgf.b 2y S}%P}Eﬂ%ﬁ io?bq.}e?&tridmt hod

i ncl udes prov aving a varila Ing efficiency, setting
t he shi etadériag), ed RFainenay daposedradjucentthosmheter batydan REmeatelih@hétyoilncr easi ng

the shielding ,efficiency of the shield, [0 Sone of th bave aspects
are al spcewa@rléﬁatf@ﬁ?éa%wota °BFPIECRHEN I 4 @ﬂ%ﬁ&d@t%@@? BRERE. Thi s
met hod i %ﬂéﬂﬂ@%iaﬁfﬁ%: ég_ﬂci&ﬁt%,f ARPdLAMIHFLR ket lgﬁnd ﬁldach@@araabocgf ch chanber

and setting the shiélding efficiency of a shie to a mninmmvalue. A

pl asma i sewicondictabotinle tisposed i twrdanterdrodsis protessedapyoiplasiea thal isledengiyed
effici en% fenghe shield is then increased fromthe mninmumvalue to a
maxi mum VEIRFERY PHEPH  Anot her way of enmbodying some of the above aspects is

a nethod of retrofitting a variable effjciency electrical shield .to a
seni col828k or SEPEOLLhe RXFBIECS S 1 W%&OQP & isqlﬁ*ﬁajs eldipg hod

i ncl udes ol 181 : L& : LG [ o alling the
shield bg{% vt\gdé1I nlﬂ%lﬁgeﬁprrgglgis@bicﬁlﬁ%fg?ﬁg%g%%{%%JI@RI%{Iéalgﬁ%nerﬁg&gdggSeittrlllilé;tr%% acing the
shi el d t shizldmpeffsiencoaitarminimnmt ahes tmbincsmeotiy inireasing the sleellingi ency of

t he shi el gf .%302 l Abs?d according to the various enbodi ments of the present
i nvent i ofHGFRSY PAINE sB°Id- r ansition between ful Iy ungrounded and ful Iy

grounded states is controllable so as to ntain stable. plasma conditions
in thewpgi]nsi SOBIRAT trerhoye asiesRre HF%GIHB%QC?%%F&&E}{O teFFi“ &% nme rate of

change ofse,REndif!Hid18 @fﬁifs ilﬁétﬁ&f:%ciuﬁescﬁgéiﬁgJcﬂe%@m?éon@uc%%ﬁé?cﬁ&l@ hih Bedmhbat e

once plasnma strike is achieved, or is ‘made conditional to successful
mat chi ng e&h dhambaraadisotting tixhshe¢ldingeffidienyy oBRsEHPIIDESERINATINGINVDE. HE DRAW NGS

Sppar ent AN BAPOl iy S i dtsy bt 15 aoRLTRe FrBHy BB ¢
t he acconp@ey ifeeaté@mbMghd hiMhRSa value to a maximum value.
[0022] Another way of embodying some of the above aspects is a method of retrofitting a
variable efficiency electrical shield to a semiconductor process chamber surrounded by an
RF antenna. This method includes providing a variable efficiency electrical shield,
installing the shield between the process chamber and the RF antenna, and interfacing the

shield to a process controller to establish control of the efficiency of the shield.

[0023] Also according to the various embodiments of the present invention, the rate of
transition between fully ungrounded and fully grounded states is controllable so as to
maintain stable plasma conditions in the transitional period. With this novel approach, the
time rate of change of the shielding efficiency is controlled at a predetermined rate once
plasma strike is achieved, or is made conditional to successful matching at the previous

shield setting.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024] Additional objects and advantages of the present invention will be apparent in the

' following detailed description read in conjunction with the accompanying drawing figures.



-4 WD 02/ 072913 PCT/ US02/ 07461 [0025] Fig. 1 illustrates a cross sectional
schematic view of a plasma reactor according to the prior art, having a
fully growoded’P®as aday shield. [0026] Fig. 2 illustrates @Carusszomecti onal
schematic view of a plasma reactor according to the prior art, having an
ungrounded Faraday shield. [0027] Fig. 3 illustrates plan view of a

vari abl e efficiency Faraday shield according to an enbodi ment of the
present invention, situated between an RF antenna and a doned of a plasm
c harrbel[oqugOZ%%Fr_ Diustiatkd 4 BD6S cBSnA SERLRRE Gicw 6f A8hahh reab@PaQlordnfy ti 0N
of a variable efficiency Faraday shield according to the enbodi nent of
Fig. 3. [bopgjr &, daviBgialfhilgroandsl Reradayshiekkct i onal detail view of a

vari abl e efficiency Faraday shield according to the enbodi nent of Fig. 3,
si t uat §a026] t h Figshidlustrites ¥ aososestibizal dolimnetiofviewaofd plasraa edaatobatcordiR)R0] Fi g.
6 illustrates a schematic view of _a sinplified variable efficiency Faraday
shi el d actg?)PH?I}'?dT’ Vl&ﬁaﬁluflﬁrtoﬁﬁil%{%igﬁ@m of the present invention.

[ 0031] Fi 3]) 7 illustrates a schematic view of a variable efficiency Faraday
r

shi el d[¥¢br diffig 3 tystariet Plan viavt ef neareblermbburiryitarasiey shisldnceering tPvent i on.
[0032] Fi &nbo?ithéﬂt%ﬂl{e Q&nﬁn%ﬁﬁ%?%ik&tyd &%%nba% (}&@Bﬁt&% Carldld dHl 3y, Faraday
Ing t er a 0|metoafnthep

shi el d accor 0 Yyet anot ternate e n resent
i nvent i omplagn@20@3@mbEi.g. 9 illustrates a perspective view of a variable
efficiency Faraday shield according to still another alternate enbodi nent

of t he[q@epentFig.nvigntiraes a p&OFtlivEtgail Hw dftalsdrfied 6Sa Parfu®ld dffibidhcyvi ew of a
processing chanber with a flat top. [0035] Fig. 11 illustrates an expl oded

vi ew of dayagday shicld aseerdinedadle sabedimpnictfifag.d- according to a further
alternate enbodi nent of the present invention. [0036] Fig. 12 illustrates a
met hod [R9%kt cHilag Blusteatbcorgstsastional dpiell eieacelts viriagle effigiencycidsadiiyment  of

h ' ion...[0037]. Fig. .43 ill hod of. i '
Si ! of ng 4 FREERRAS oot BPRP AT Bo b S ot Bl B 8 %u el o S PR coent

i nvent i o pladma chamber.

[0030] Fig. 6 illustrates a schematic view of a simplified variable efficiency Faraday

shield according to an alternate embodiment of the present invention.

[0031] Fig. 7 illustrates a schematic view of a variable efficiency Faraday shield according

to another alternate embodiment of the present invention.

[0032] Fig. 8 illustrates a schematic view of a variable efficiency Faraday shield according

to yet another alternate embodiment of the present invention.

[0033] Fig. 9 illustrates a perspective view of a variable efficiency Faraday shield

according to still another alternate embodiment of the present invention.
[0034] Fig. 10 illustrates a sectional view of a processing chamber with a flat top.

[0035] Fig. 11 illustrates an exploded view of a variable efficiency Faraday shield

according to a further alternate embodiment of the present invention.

[0036] Fig. 12 illustrates a method of etching a semiconductor article according to an

embodiment of the present invention.

[0037]  Fig. 13 illustrates a method of increasing shielding efficiency according to one

alternate embodiment of the present invention.



WD 02/ 072913 PCT/ US02/ 07461 [0038] Fig. 14 illustrates a method of

i ncreasing shielding efficiency according to another alternate enbodi nent
of the prweent7iomyenti on. DETAI LED DESCRI PTI ON OF THE | NVENTIUSM/)R6B9] An
ungrounded passive voltage distribution electrode (VDE) is commonly

i nterposed between the excitation antenna coils and the RF donme in an etch
chanber. This VDE is an exanple of an application-specific ungrounded
Faraday shield. [0040] As discussed above, a grounded shield is nore

ef f ect t [ j i on

ot enre D T A B P S e

pot enti aIaltdnrrhfeeanﬂ:rmdendef\ﬂErpred&atmutﬂtlornf the plasnma and the inner surface
of the RF aperture. By reducing the plasnma potential in this |location, the
sputter erosion rat eDmAMEMEMFMMTHEWENMWre is
significantl y reduced. [0041] Unfortunatel rounded shi el d desi gn has

t he do&ﬁﬁé?he J¥1 PRI PRSTYE Voltpgs@strigptien %lmtf%ierwmé IxeRIABeRlY and can
cause  NonkRSdAgg il bRiAAh 26k @R SRR L il &l Loh OhibRiceral e
nom nal ran e of the tuning network his'is I nci pa reason

nor e ef f &ADE veammexampitedt adepphcativaspoafic bagnumdmdtﬁamllaasladld nto prior art

pl asma chanber designs. [0042] The present invention obtains the
functi@oad] ty Afdifetdedtabevd)agiaundde shialdds toes efmcauadﬁdumnhmg et shield
configurations, wthout an abrupt change between the two. [0043] A shield
accor di n§apSIEE conplEH hekweendhe ?ﬁfétaﬁ% %ﬁﬁtm%erwé fita S1mber Rlesma@BA bet ween t he
RF ant en

aper tur o geiare ATREhE BEls HBHAL R TR P e B el 11
i nventi omhmmexasucﬁacm@fcthe Rﬂe@egmre dydedamgibe ptidmd pbmlaalrinehieidcatibmgha: hanber

wi t hout the need.for extensive, mnech al RE re . Accqrding to a
preferr eép%%ﬁmsi@rfﬁt%’?tﬂi%‘éer%?’é%%m Oﬁ@m’@awe 1%151%1? ‘gPyarﬁ gt us is
constructed that has a Faraday shield design which js _divided intg

nuner ol¥94thdeféHed lmatelqmaegr@m%é Khdasiandas ghedevawide of arkang Riasgraotinge

pot enti al; t he
i gL g 8,520 t%?ﬁﬁ%éﬂgﬁ%ﬁ@%%{@ SN At
controll @dtsukaooftt]mﬂmmlhel rangy dfithe achidgmeagworkn dédk is ttlneammcupab measmcwhy ftt a rate

at which exi Shj ”R, ggl n netvvo%k can tracﬁ and nmai nt
more elfective gr esign has not been incorporated into prior art p asma chamber

designs.

[0042] The present invention obtains the functionality of both the ungrounded and the

grounded prior art shield configurations, without an abrupt change between the two.

[0043] A shield according to an embodiment of the present invention is situated between
the RF antennae of an Inductively Coupled Plasma (ICP) source and the RF aperture of an
inductively coupled semiconductor processing chamber. The invention has a compact
design, and can be added to a pre-existing chamber without the need for extensive
mechanical or RF redesign. According to a preferred embodiment of the present
invention, a shield apparatus is constructed that has a Faraday shield design which is
divided into numerous independent "pie slice" segments, each switchable to ground

potential.

[0044] According to one aspect of the present invention, the rate at which the shield
segments are grounded can be precisely controlled, so that the ungrounded-to-grounded
transition occurs at a rate at which existing RF matching nétwork can track and maintain

optimal power coupling into the plasma. Another aspect of the present invention is that
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optimal power coupling into the plasma. Another aspect of the present
invention is that -6 WO 02/072913 PCT/ US02/ 07461 the Faraday shield

appar at usworelotxdes structure. for shielding of critical caoarruso2/enel
switching elenents to allow the Faraday shield to operate reliably in an RF
hot environnent. [0045] A very useful aspect of the present invention is
that the rate of increase of the shielding efficiency is an adjustable
paranmeter. Thus, the rate of change of shield efficiency is adaptable so

as to ma QF&@& af éh?)éli@?%ﬁ@%tﬁé‘gkiﬁlﬁéé‘&rdcﬁﬁg fsBle1din b%ﬁ Q%fdi%l arghanber .

[ 0046] Re errin , an view o a var I ci ency Faraday
shi el d 3GW¥itchmgeiahangs toallaw thmﬁmddmhﬁel@to opeeatprambhtinianRéttiaton i s
illustrated. The Far aday shield 300 is situated between an RF antenna 312
and a dofBVBYHIEHL a pl asma chanber . [0047] The Faraday shield 300 is

di vided into nunmerous_i ndependent "pie slice" shaped segnents_ 320. Each of

t he shiV9Adl sedh¥atyLsehihaspsctafitheamaisnbinygntigngs Hept Hsiatsiof apcregsg ofthe

correspo S respective
shield s%gigeqﬁgﬂg%géh gﬂsoan éﬁlio\g %m&;ag%}?%él?tﬁglﬁe%%?ﬁééf eggﬁ%ﬁ erenti al
segnent 3fficieBgdaadmtafie sa drseto svatdhcthalfinlte matcht theing mated fr 3@venplanta vel y

adj ust abl ther than being a passive device wth a single transfer

char actercﬁiuf“s [0048] The individual shield segnments 320 and the
circunferential segnment 350 are , forped u5|%%ﬁf | exi bl e circuit technol ogy,

and t hB004Ql t ciisfgrrmgdo Higi Scoplep sieverie Yarishiccdhicigaey 1%&@%%6@@@ mount ed
directly o Eﬂl% t6 'aﬁ%g;?sgglérget%li bftjh E nen?ﬁ‘éeg‘gg 1'il'd§[¥&f&? acﬁg%@fhed

circuit on the“crrcu re erab tured to
i ncor por 306 is gituataaichetivedneameRiR a;ntérmatslsrmndna)dotﬂeaiBOmﬂa\pla:*maa:hhmbér. degree of RF
noi se isolation to the control electronics 360 that drive the swtching

el ect r @O4CE 34ﬁ1e&ruﬂada9 shieRl 3001t 0RIdediigdalumdra@Uhddpend@smt "git shic" shapd
preferred that the shield segnents 320 and the circunferential segment 350

share a CBEREHS ﬁ%xﬁﬁqheofé%wléﬁwvm is Refiehablnty grenmd; pptengial ya 2
perspecti éﬁegﬁgﬁg SWiW 32D, M’ hoihoosfele%ﬁﬁll%@rn%@tﬁés fs % ﬁ'vgaﬁ Far aday

shiel d 30 to t ment o I st rate Accor di ng
to this segtbetdlmrlb a gscairﬁed)hrmﬁgmeanﬂ&ihleeirguqunﬁdial signeat 35mtm&ause of

i mul t aneo I ot a
5! eu gw%cha%ﬁlt tlde ghelelﬁ BSO Es actlvely adjustable rather than being a passive device

with a single transfer characteristic.

[0048] The individual shield segments 320 and the circumferential segment 350 are
formed using flexible circuit technology, and the switching 340 and control electronics
360 are surface mounted directly to the circumferential segment 350 structure. The
grounded circuit on the circumferential segment 350 is preferably structured to incorporate
grounded elements (not shown) that provide a high degree of RF noise isolation to the
control electronics 360 that drive the switching electronics 340 and to the control signal
input lines. It is also preferred that the shield segments 320 and the circumferential

segment 350 share a common flexible substrate.

[0049] Referring to Fig. 4, a perspective detail view of a portion of the variable efficiency
Faraday shield 300 according to the embodiment of Fig. 3 is illustrated. According to this
embodiment, sets of segments are grouped, or activated simultaneously, to reduce the total
number of addressable shielding levels to a manageable number. This embodiment has
five groupings 321, 322, 323, 324, 325 of electrode segments 320 so as to give selectable
shielding at six levels, i.e., 0, 20, 40, 60, 80 and 100% of the maximum value. The



nunber of addressable shielding |levels to a manageabl e nunber. This

enbodi nent has five groupings 321, 322, 323, 324, 325 of el ectrode

segnent s ¥P02Am9a% to give sel ectable shielding at six | ecaltsp2/i74e1, O,

20, 40, 60, 80 and 100% of the maxi num value. The -7 WD 02/072913

PCT/ US02/ 07461 nenbers of each grouped set 321, 322, 323, 324, 325 of
co-activated segnents are radially distributed so that they formeight (in
t hi s enbodi ment) platoons 327 that consist of one segnent from each set

321, 3229383 08241 H85ed 0B 39498 doost0, A AUNELRRLrGRDRGI TNt L he

switch 3 correspo to ea every single seghent is

i ndependadially datibuesisalthat they fohateighti(ih tlsh embddisepiaiitoSRMB27itkaticonkegiendent | y
swi tchable. This provides for ch finer resolution of shield efficiently
vari ati o?foélﬁaeé’ﬁlﬂ%@éfe&eatc é@%%@a%éﬂat%m flexibility. On the other
hand, this maxim zes the conplexity of addressing the swtches 340. [0051]
| nt er (YMECt | disording to Bratammtgebodiments (icsuriick 40 eorresppeding tiach aed ement s

350 £ n cRALSHIL SR 200500l LAELERIel, ByPLARLRI L gpLAcHD

Shown in
thi s vi esjndep&dbily dnitchableo Mhls froaides for afuch HimeFassldayn shiledld efficeentie
t hi nned portions, 356 of the .circunferential, segnent 350. The thinned
portions a@ls%%?ltswra_ ucga&pﬁraﬁflmufryowat@mileﬂ%h% i%lb@e_soéhecrilil%da #igj ngl e _
Far aday shtiglisls adnditaty &;ﬁdﬁl%séiﬁfﬁilals@/itfslﬁ? ggarber lids and domes having

a range of diverse sizes and shapes. The i nned portions 356 need only be

w de gh i iNes. : i | i ne 354
i AGTRRE0 L hrdaifbcrole 388 XaaBLtkeh WNERRREhDS SLARles L RRB Ryt 1Y, ¢
360 ar e @embdredtiatig ang afd aodlectbd anetingty irtéridotngecbnaeétued70; Mt inteffBeest ype  of
driver chil% S basedpﬁn é)‘he type of device that is used to enbody the
swi t chest© thegystepyrontielles @PLdhe¥ndp g KiG¥en for switches 340, a suitable

choice for the driver «circuits 360 is a Decoded PIN Driver sold under the

desi gH¥S2bn Asomipiabipatugg of theFaradpnsicld predhe thagrad nastions3Seof &t , Nashua,
NH 03060,; : L t i . i etall view of a
vari abl ecug I %lé%ﬁl? gé%%nggg?/ ?gﬁhg?gé??)@mgé g%?%ﬁﬁg&etagﬂ?tjﬁ%ﬁ@ 0c |ena1191§t of Fig.
3 is il |shepesutthat.a sThgle FaradahashisticehfibudOdniis usecablevior sttt @ds midtdonteespect to
vari ous hardware of da pl asma chapber. The. shiel d, .

having a range of diverse sizes and shapes. The thinned portions 356 need only be wide

enough to bear the grounding lines and the signal lines 352, 354 running between all the

driver circuits 360.

[0053] The driver circuits 360 are exemplified as five channel multiplexed driver chips.
The type of driver chip is based on the type of device that is used to embody the switches
340. When PIN diodes are chosen for switches 340, a suitable choice for the driver
circuits 360 is a Decoded PIN Driver sold under the designation “DS Series” by
Impellimax of 375 West Hollis Street, Nashua, NH 03060.

[0054] Referring to Fig. 5, a cross sectional detail view of a variable efficiency Faraday
shield 300 according to the embodiment of Fig. 3 is illustrated. The Faraday shield 300 is
shown situated with respect to various hardware of a plasma chamber. The shield
segments 320 of the Faraday shield 300 are disposed between the antenna coil 312 and the
dome 330.

[0055] A clamp ring 532 engages the dome 330 circumferentially. A TEFLON™ ring
534 rests on the clamp ring 532 and the edge of the dome 330 to hold the flexible Faraday

shield 300 in place about its circumference. The interfacing connector 370 is coupled via
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segnents 320 of the Faraday shield 300 are di sposed between the antenna
coil 312 and the done 330. [0055] A clanp ring 532 engages the done 330

ci rcunf erwotozabdoys A TEFLONTM ring 534 rests on the cl ampcmiusg2/&821 and t he
edge of the done 330 to hold the flexible Faraday shield 300 in place
about its circunference. The interfacing connector 370 is coupled via -8 WO
02/ 072913 PCT/US02/ 07461 a flat flexible interface cable 375, which waps
under and around the TEFLONTM ring 534 and connects to the circuitry of

the Far aday i) 8,300, 9O 316, 3BEGhaRnd BBl BRCTEEEONNEh0834 S tha

each segnen I connect to the groundedcircuit on
t he ci r andtenentsitakhesdgnitnytof IbdFdrndayushield3éim t ch  340. The switch 340 may
be enbodied as a switchable PIN diode, and may alternately be enbodi ed as

an equiose] entOterp&e of fiapheseit ihh@sRnIMHLCHRE séhient 326 6NtheahickIBdMyisdr i ver
circuitry 360. When the switches 340 are enbodi ed as_PI N di odes, the driver
ci r cui t conmgsed tp shegraunded girguih omthe @rcypdergntia) sgengpt 350 fropugh a %8ty ring to
Fig. 6 s . ) A i L
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i |1 ustrandddiedBhan efiiivdegrizyicof Eaclsofiijbe spliehes Hlriadairdldéydried0 i s nade

{ne. oni eiatiog B SBahs venres dnpatdirodtrage P Rilbhnibe deercis iy Bling

potenti %prek&%§bpm%%d%%§e§mgﬁ_| d structure is enployed, a plasma are is
struck when the  Faraday shield 610 is swtched to its floating state. Then

the s 6 LS det E gﬁ@;@ | : stabl e

pl as n@o EZE bégerfé%gg gcgﬁags g’eags.&fnggggﬁeﬁo(fg rs"ﬁ% rtal\?la?fglﬁire%&?rétg %ﬁ{:peﬁg%d%?hi S

shi el d chizld GLO Ecodingto auiattemai estiddahactodfthe presehivibvanionds ilhetrpgedsma stri ke
vs. do et dile .of the prior arf. That i s because it _.is _ possjble,

al bei t 'hﬁfq%@_amcw P SE’@IFePl@@cfpﬁﬂd!aVé]%l?ldt@};ﬁﬁmarflw%lﬁ%%ebw%@#ﬁg e

shiel d it &%WQ&&%%&'eﬁ%llbg&e%hﬁlcﬁtotb‘% s@leéti&le'lyccﬁﬁ@&'t@&'%ﬂoﬁt ate. \Wen

t he shi elgris swtched from a floating state to a grounded state, this

subst antdissbhyectdddiape grauhé petestizlr i cal i npedance seen at the RF antenna (not
shown in this view. The RF match network (not shown in this view nust
adapt [0§88L k| yWaewihidshicdd sthetau ddenplopeat) gelismaianpedancewhen fircdaestay power

shield 610 is switched to its floating state. Then the switch 620 is closed to ground the
Faraday shield 610 once a stable plasma has been established.

[0059] Under certain circumstances, this shield configuration provides a satisfactory
solution to the plasma strike vs. dome etch dilemma of the prior art. That is because it is
possible, albeit difficult for some geometries, to maintain the plasma when the shield is
switched from a floating state to a fully grounded state. When the shield is switched from
a floating state to a grounded state, this substantially changes the electrical impedance
seen at the RF antenna (not shown in this view). The RF match network (not shown in
this view) must adapt quickly enough to the sudden change in impedance to prevent power
transfer efficiency dropping too much. This embodiment is not preferred in some
circumstances, though, because potential instability in power transfer may tend to

destabilize and extinguish the plasma.

[0060] Referring to Fig. 7, a schematic view of a variable efficiency Faraday shield 710
according to another alternate embodiment of the present invention is illustrated. The
efficiency of a single plate Faraday shield 710 is made variable by coupling the shield 710

to ground via a variable impedance element 720. The variable impedance element 720



transfer efficiency dropping too nuch. This enbodinent is not preferred in
sone circunstances, though, because potential instability in power
transfer wayoeyddto destabilize and extingui sh the plasmeT/J0D6@p1
Referring to Fig. 7, a schematic view of a variable efficiency Faraday
shield 710 according to another alternate enbodi ment of the present
invention is illustrated. The efficiency of a single plate Faraday shield
710 is nade variable by coupling the shield 710 to ground via a variable
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way domntﬁg“gfagwﬁ&ogﬂo:ggghg@hxﬁkﬁgplt) [0061] When the shield structure
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enbodi mengg Wﬂﬂ%ﬂttﬁ% @fn@@ﬁ%ﬁgle sﬁlané@fbla&%s@atHhQHeds'c ﬂrg}gEdénQe (I%ﬁ& zok the

enbodi nent ~ of one or nore | npedance el enents substituted in

pl ace of &fmallswﬁucmmrﬁa@ltu{iﬁ)ow] Referring to Fig. 8, a schematic view of
a variable efficiency Faraday shield 810 according to yet another

al t er n@062fe mb ddiphemintaiontofie Faradsp sticldrvatinedwittsan inipedincatsedcetukhe

efficiency of. a l.tipl| e, segment day shiel d, 810 is de vari bIe by
permtti écﬁﬂwgé%%?&’%‘?lmle eV SH FG% eigtiing corigpratigy gimi GOtI@ES e f| oat

and sel eghivbalniert Q¢ Pld. ﬂgwﬁﬁ'}éné)ér lﬁbﬂel &)edﬁrﬂ@ cRhcttduE YRS éé@oftg 4, 816,
818 to ground via an i npedance el emren having an |npe ance or a

di rect cewitelesi3#9. 830. Switching for selectlve connection of the shield
segnents to either the inpedance elenent or directly to ground is effected
by taj9663) dr iRegerriap teBig 8, Bstiem8d@viewhs at vanidelmetiidistey Fatadawsiicld®40, 842
are controllgd bg : . o

according to yet another alternate embodiment of the present invention is illustrated. The

efficiency of a multiple segment Faraday shield 810 is made variable by permitting any or

all of the shield segments 812, 814, 816, 818 to float, and selectively coupling any or all of

the shield segments 812, 814, 816, 818 to ground via an impedance element 820 (having

an impedance Z) or a direct connection 830. Switching for selective connection of the

shield segments to either the impedance element or directly to ground is effected by

tandem driver circuits 840, 842. The tandem driver circuits 840, 842 are controlled by

control lines 850 to select which shield segments 812, 814, 816, 818 are to float, which are

to connect to ground via the impedance element, and which are to connect to ground

directly. Any connection combination is possible utilizing the circuit configuration

illustrated, thus enabling choice of a myriad of possible shielding efficiencies. The

number of shield segments shown is merely illustrative and is not intended to be limiting.

[0064] Referring to Fig. 9, a perspective view of a variable efficiency Faraday shield 910
according to an alternate embodiment of the present invention is illustrated. The shield
910 has plural segments 920 that are disposed across the top of a flat top chamber 930.
The segments 920 are selectably switchable from floating state to ground state by driver
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control lines 850 to select which shield segnents 812, 814, 816, 818 are to
float, which are to connect to ground via the inpedance el enment, and which
are to cowpaei729e3 ground directly. Any connection conbi n®Cirarsoz/g74ppssi bl e

utilizing the circuit configuration illustrated, thus enabling choice of a
nyriad of possible shielding efficiencies. The nunber of shield segnents
shown is nerely illustrative and is not intended to be imting. [0064]

Referring to Fig. 9, a perspective view of a variable efficiency Faraday

shield 91 C Lhng . to.an al ternate enbodi ment of .the present. inwention
o 11 T ustrgeRES AR daRiGiho] pf BT En LR oM ka5t BRERFR aonRC o o
across t lambgsOlordo khiald doafigehashenvidgadiafymmagment s 920 are sel ectably
switchable fromfloating state to ground state by driver -10 WO 02/072913

PCT/ USQR68)7 46 R efEriring Y Fhe. 980a s@enal HRA bCAlbOR R chABbHT1936 RithiaWRMg on i s
certainly not limted to donmed chanbers, nor to shield configurations
havi ng r agillistraipdmat vayiableadi@gincRdiaaday sligeldd 0RP ¢s disised abaystthaotialecvicew of a

processi ng. er, 1010 with a.flat to i s 411 ust i vari abl e

Bt 71 e enafielARCTA pibdndt B i 86 piB8 101P aberrePihat G p BRPBFRIELY, ¢ 4
1012. A piepimniass basrgbdd b tid B araas 1040 4ispbasdaboaé tie vhBa8le bfickaicy
processed. The plasma is energi zed by the ant enna 1040 di sposed above

the vari digradagshieki 3@y Faraday shield 1020. [0066] Also illustrated via a
bl ock diagram portion of Fig. 10 is how the variable efficiency Faraday
shi el d[0060D | Alseilbgirated did ablocladiegyiaml phiron ef/Bigehd 10O thEiveriaié el d 1020 is

d | i f 1050. t hat i d di d
i onal . gt Rl spicl! BiR0aF et 1S oA SR T RO e ARG AT
recei ved if éaeatdd td #E6RIR MitatfadzANBB Rt fiovides lorok@dhg ahiRop@@E@ngkgnal s are

i ssued based on conditions precedent, such as the pass;ge of time or an
i ndi cat i onwitshenin the shgldc28\prespnfyplledheppmmandgighals meeivpdiramianches in the

hield 1 : i
oround cifasapisfoififg GEQTADSE, Phe bNfallt Sbbld ARIALEREAMEEAOLY o
vari abl e pedcktaitesncl abdreqehasags bt tind ol A thdicadon bdamBFingateh byiit RBmaadH er nat e
enbodi nent of tu.%é resent '.nt\{gg lon is illustrated. A _ shield according to

h
thi's embddnTRekt ASdEC FehepiEie el 028 grfesipesda ogments pehe shid 104076 ed - on
top of ongnaReIdhSh orbiifi SRRAMAEE | ayers of conductive shield segnents 1110,

[0067] Referring to Fig. 11, an exploded view of a variable efficiency Faraday shield 1100
according to a further alternate embodiment of the present invention is illustrated. A
shield according to this embodiment has multiple shield segments 1110, 1130, 1150
layered on top of one another, the separate layers of conductive shield segments 1110,
1130, 1150 being isolated from one another by non-conductive layers 1120, 1140. Each of
the shield segments 1110, 1130, 1150 is independently, selectably connectable to ground,
either directly or via an impedance element. In practice the shield segments 1110, 1130,
1150 and the non-conductive layers 1120, 1140 are sandwiched together rather than being
spaced apart as shown in this exploded view. Circuitry for selectably connecting the
shield segments to ground is not shown, but is preferably implemented as described
elsewhere in this description, in regard to other embodiments. When the lowest shield
efficiency is desired, all of the shield segments 1110, 1130, 1150 are disconnected so that
they float.

[0068] The bottom shield segment 1150 has narrow spoke-shaped radial members 1152 in

a configuration having radial symmetry. When it is desired to increment the efficiency of
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1130, 1150 being isolated from one another by non-conductive |ayers 1120,
1140. Each of the shield segnents 1110, 1130, 1150 is independently,

sel ect ablwoaoenmses abl e to ground, either directly or vi araa/isopedance
element. In practice the shield segments 1110, 1130, 1150 and the

non- conductive |layers 1120, 1140 are sandw ched together rather than being
spaced apart as shown in this exploded view GCrcuitry for selectably
connecting the shield segnents to ground is not shown, but is preferably

i pl ementipdsiasd 4¢66¢ bbRRdhe RIWRBVREEIChE Bofidth SeHRSA M1 B bR id dnh&eAId to ot her
enbodi nents. Wen the | owest shield efficiency is desired, all of the

shi el d segeundtwith the@emainBE segbsais 4110, Al 3¢ bindetivg. so that they float.

[ 0068] The bottom shield segnent 1150 has narrow spoke-shaped radi al

menber 006952 iThe middiershicld sepinennl IdMias gadid dnahbesy M3 ofjan ieenedidte insdttlesi r ed
to increnent the efficiency. o - 11 0 72913 PCI/USQ2/ 07461 the

shi el d 1186 °4 atmehavgweéfhal Sppetny @%&%@ﬁﬁ@é@%@ o135 mfgh bt _
connect ed (3@ pr&&ﬁb‘l%v\@ﬂ%#"throls%eof BB GyeLOIFN (Grotddife thb3fidleqhteld | oati ng.
[0069] The nmiddle Shield segnent 1130 has radial nenbers 1132 of an

i nt er medisagrentild8 6 further morensés heslaeidmg diaviemy ofdll sllicld i@t ry. The radi al
menbers 1132 of the mddle |ayer 1130 preferably overlap those of the

bot t on00A9Er IIe@pp&noshshield segraentildtid basshide pik sleeghaped rddidlinémibdrdher

i ncreases _the shieldin fficiency of the _shiel.d 1100. 70] The upper nost
shi el d se]g}r]rgﬁfai‘i tguﬁa&%nﬁaaa@gaﬁﬁaﬁmwt@h 6341%36P81P8?Féhg&%} thg112 in a

confi gur aiﬂp%daarﬁagl 118 StbradovRHAY Fholé"@f thatli@dic ARABEHSn izé%rg r}gf’,?}} he

upper nost “[ayer 10 preferabl’'y overlap those of the m ddl ottom

| ayers 11360. Gras@ingthe uppkrmyst sheeld pagarend bl Osiherehsds depieaiding ¢ffdianny pfases

t he shi el di fttjciency of he, shield 1100 to a nmaxi mum | evel . [0071]
Al t hough tg%ggelg&ig@}%ﬂ%xwm?iegeghi eld 1100 has been illustrated as having

t hree red se t.s, the shie i.s Qptionally ipplemented with only two
| ayers [4@){ nc r%@é’ggg &IWPLE&WW %%'tgﬁfl_llﬁﬁflé h& B?ﬁrb‘%’ﬂrl JtRifdias %?Yin%@lr?ﬁ t
smal | er i1nes&IRohahisCiateeR i Bpﬁ&iaﬁko%gﬁmeﬁ‘{eﬁ'vﬁﬂﬁ&ﬁy tw@iathygﬁ‘%&ﬁlcfeﬁgé al
synmmetry i's preferred (so as to prohote honogeneity of the plasm inside
t he chanisenliciiynpi witle favetor onse Giyerstepérmitemalion irmegnentilnhangss inhshisléinodi ment
are N0t | LS. Takigh RS kcR] AR o BRI SUARS el P o

plasma inside the chamber), implementations of the invention according to this

embodiment are not limited to the specific shapes (e.g., spoke-shaped, pie-slice shaped)

that have been described. The number and relative size of the radial members illustrated is

not a critical aspect of the invention. For example, the radial members 1152 of the bottom

segment 1150 may be configured having varying lengths (e.g., alternating long and short).
[0072] Process aspects of the present invention are illustrated via Figs. 12 to 14.

[0073] Referring to Fig. 12, after a workpiece (i.e., a semiconductor wafer) is placed in
the plasma chamber 1210, the system controller provides signals such that in the plasma
strike phase 1230 of a process, all shield elements are ungrounded (i.e., floating) 1220.
Immediately after plasma strike 1230, and with successful match tuning to minimal
reflected power, the shield controller begins to ground the shield segments 1240,

ultimately grounding all the segments to obtain a maximum shield efficiency.

[0074]  Referring to Fig. 13, the shield segments are grounded by increasing the total
number grounded at a predstermined rate. After making an incremental increase in the

shield efficiency 1310, no additional increment is made until a predetermined time delay
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t hat have been described. The nunber and relative size of the radial
menbers illustrated is not a critical aspect of the invention. For

exanpl e, wbeznadial nenbers 1152 of the bottom segnent 1PE@/uUsayoiael
configured having varying lengths (e.g., alternating | ong and short).

[ 0072] Process aspects of the present invention are illustrated via Figs.
12 to 14. [0073] Referring to Fig. 12, after a workpiece (i.e., a

sem conductor wafer) is placed in the plasma chanber 1210, the system
control 188 an@éés Qeéou%@ﬂqé GetStifled 580 thit tﬁ@ﬁamnaﬁﬁefﬁﬁéﬂc{y%ﬁl &?%%51230 of a
process, all shield el énents are ungrounded (i.e., floating)

| mredi at@tyldacﬂ)tlasbmra@adleétrl ke 1230, and with successful match tuning to
mninmal reflected power, the shield controller begins to ground the shield
segne[03511 24 Refertihg toBigel 4, ayradieridicngethdd for Iine:rs&g@smadmg effifienicypisa maxi mum

shleldeflmen 74] Referripg to : t he_shi el d segnents are
gr ounded Wafeﬁcr §£1F? ctqqgo ?ﬁ%?ymﬁ’iﬁ’ﬁ%?ég %ﬁ%m@ar af erupdedfegr@eiifned rat e.

AfLer TR flofiyl HhSMRALTL hiXeh BARE; 1430 PRIPHE nehflhgg?{aégn_l@;% no

addi tional 1ncr 'S made unti pr ede time

02/ 07291&anmmude@wmaacsl4zmsso, unl ess of cour se, it is determ ned 1320
that the maximumefficiency (all segnents grounded) has been reached.

[ 0075]00Ref er rA Rgradiay shigdd ediodiad acdotdngai the pRistiadn¥edrioh icdae@sl Ng shi el di ng
efficiency i.s illustrated. Sheg{bshl eld controller may increase the total

number GRAYASHHRe HDS @‘@H’é’ﬁf"@ lsats itssHdp py mphemeniagios & 182518at ch t uni ng
1430 gatifig.d 449 SEHIE? Sffén Wit accétfugs R ﬂeglﬁle_l&?&ﬁﬂs WHRefcOhgHRded 1420.

[0076] A Far aday to t resent 1 nvention is easy
to rranwmﬁbmpeomiihmemsagrrent ed shield | ends itself to an inplenentation
that is easily realized with standard manufacturing techni ques for

fl exi @OG7Ei r dnibddition td”ureéwiﬁgwearrmmlraﬂﬂer @hngeines) o eiligmabadvantagde7 7] | n
addition to reducin zh n%r cor’rP ents, an_addjtional advantage of
the predBrpreseRy BIYER 3 Rl AceS FEROBE! - WASEAR] B1-oBHVRET er and

on- chamghan&Roa By RédicRig ﬂay re[t@?f' Beridd e defthif cefanﬁe WhirRb &g es cer tai n

ceram c chanber sufi f aces. urt her nor e, e present invention reduces

the r o7sp SS?@}{P%{&Q% 8@611&9%}; L] Al &s tﬁ@'&&e fs@&&%&@h% BB diidbide has

been y exécu |on I's acconp
manner after plasma strike has been successfully executed Reduction is accomplished by

incrementally and rapidly grounding successively more elements of an optimized,
segmented, Faraday shield design, until the entire shield is grounded. The Faraday shield
has maximum shielding efficiency when entirely grounded. Alternatively, the shielding
efficiency is increased by reducing the impedance to ground for the segments, until the

segments are virtually grounded.

[0079] A variable efficiency shield offers significant advantages over fixed designs, by
offering a method of varying the capacitive component of coupling from the antenna to the
plasma, and accommodating a wide range of plasma conditions without a redesign to the

existing RF hardware.

[0080] The “pie shaped” configuration of the shield segments is not essential to the
practice of the invention, nor is the number of segments disclosed, nor are the grouping or
platoon patterns. The number and geometric configuration of the shielding segments are
preferably chosen so as to provide optimum shielding performance based on the shape of

the plasma reactor for which the shield is being tailored. The useful aspects and
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increnentally and rapidly groundi ng successively nore el ements of an

optim zed, segnented, Faraday shield design, until the entire shield is

gr ounded. wohe/oParaday shield has nmaxi num shi el di ng ef fi cipemasonhmEnt
entirely grounded. Alternatively, the shielding efficiency is increased by
reduci ng the inpedance to ground for the segnments, until the segnents are
virtually grounded. [0079] A variable efficiency shield offers significant
advant ages over fixed designs, by offering a nmethod of varying the

capaci ti i [ﬁﬂﬂﬁg and
acconnndggyﬁgggg&fg%I?%ﬁggﬂg%hggééﬁg&%%ﬁﬁpg?Ens f%ﬁ%ﬁ?%%“@ggggﬁan to the
exi st i ng pREEnraeahia@raed.anfy 028 0hafiher toifegusdtimped” configuration of the shield
segnents is not essential to the practice of the invention, nor is the
nunber [®81F egMitRtpsesdhisial atdd, had beeradescrited i@ tedmp o frefdrreddnsicddnengt t er ns.
The nunmber and geanetric cpnfigurapion of. the shielding seqnent are

pr ef er ablPWEKes BVil Ge ggricsiajsddhataarigpt medifirations pad HEPISEFRERFHIY @cHirded on

t he shap I : r i el duql.s bel tail ored.
The user o e e R B b Tse I £ e SRS P i 8s of “the
present invention nmay be extended to any geonetry to work with a plasm
reactor of any size, shape, or configuration. [0081] The present invention
has been described in terms of preferred enbodi nents, however, it wll be
appreci ated that various nodifications and i nprovenents nay be made to the
descri bed enbodi rents wi t hout departing fromthe scope of the invention.
-14 WD 02/072913 PCT/ US02/ 07461 WHAT IS CLAIMED IS: 1. A shield for
providing electrical shielding at a variable efficiency, the shield
conprising: a common node; a single unitary shield elenent; and a vari able
i npedance el ement connected between the conmmon node and the shield
segment .
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2. The shield of claim1, wherein the inpedance of the variabl e inpedance
el ement is variable. 3. The shield of claim1l, wherein the inpedance of the
vari abl e wopedzee el enent varies according to discrete PaTOS2/07461 The
shield of claim3, wherein the variabl e i npedance el enent conprises a
switch. 5. Ashield for providing electrical shielding at a variable
efficiency, the shield conprising: a common node; plural shield segnents
spaced apart from one another; and plural sw tches, each of the plural

smﬁtchesw?ﬁ&ﬂg;?ggﬂgﬁkg@:betmeen the conmon node and a respective one of
t he plural shiel'd segnments, so that closure of the switch connects its

respective one of the. plural. shield s nts to t nnmon pnode. . 6. The
shield of cla .n,ggl,mﬁﬁof H@Vlcjé%%lf??@fzﬂdg%ﬁw ) @ﬂaﬁ% egﬁ?lé{]ﬁy‘e H’;‘? Sg’re osed on
the subsiohafrRi@nd connected to each of the plural swtches to control
opening and cl osing of the switches. 7. The shield of claim5, wherein each

of the pluralacomimenssds;s indirectly connected to the common node via an

i npedance el enment,, s that, cl.osure of each switch connects its respective
one of the pﬁﬂ?gﬂégﬁ@EYSE%gbﬂ%H?g’ the common node via the inpedance

el ement. -15 ANArABIQp8dahcPelbnddrinédbd bet®eenlthe cohingditndde a6l @gBhizld Wher ei n

the plural shield segnents are arranged radially in a "pie slice"
confi gurs88Mé®: 9. The shield of claim8, wherein the cormon node extends
circunferentially about the radially-arranged plural shield segnments. 10.

A shiel ding systigrentdy oPEgh 91 Herinqhd ﬁﬁﬁ%ﬂhnc%mg%ﬁ%ﬁag?éigﬂagﬁg{céab' €

efficiency, the shieldling system conprising: S control
i nt er f acdemarinectellet o t he shi el d;

3. The shield of claim 1, wherein the impedance of the variable impedance

element varies according to discrete values.

4. The shield of claim 3, wherein the variable impedance element comprises a

switch.

5. A shield for providing electrical shielding at a variable efficiency, the shield
comprising:

a common node;

plural shield segments spaced apart from one another; and

plural switches, each of the plural switches being connected between the common
node and a respective one of the plural shield segments, so that closure of the switch

connects its respective one of the plural shield segments to the common node,

6. The shield of claim 5, further comprising:
multiplexing circuitry disposed on the substrate and connected to each of the plural

switches to control opening and closing of the switches.

7. The shield of claim 5, wherein each of the plural switches is indirectly
connected to the common node via an impedance element, so that closure of each switch
connects its respective one of the plural shield segments to the common node via the

impedance element.
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wherein the shield conprises: a cormmon node; plural shield segnents spaced
apart fromone another; and plural sw tches, each of the plural swtches
bei ng cormearetdbet ween the conmmon node and a respecti ve Pemdaisot/ot4he pl ural
shield segnents, so that closure of the switch connects its respective one
of the plural shield segnents to the common node; and wherein the control
interface conprises: a ground circuit connecting the conmmon node to ground
potential; and an incremental command circuit connected to each of the

plural switc rat i.ng, ¢ nd sianals to sel ectivel | gse the

pl ur al smﬁtcﬁgznﬁ%%%%%gﬂgg%ngb%ﬁ??%ﬂ%%g%ﬁﬂgﬁ%hﬁﬁgW8W5agﬁﬁgpgﬁ%ﬁ§l Yecedent .
11. The iahi‘pleklg’ syrdicamtioh. cl ai m 10, wherein the conditions precedent
include predetermned tine intervals. 12. The shielding systemof claim
10, wherein the conditigns, precedent include a  determ nation that an RF
mat chi ng net vﬁ)rT(hepﬁhéﬁﬁti a? Hainh Snaherel thesarmor nadrexiends cacwnireniialE na has
opti mal ﬂ)%pﬂhegﬁmgj_%n%g élt&?al@hi%ﬁf@ 13 The shiel ding systemof claim 10,
wherein the command sig a? gener at eémby the increnmental command circuit

cl ose selected ones of the plural switches so as to cause a progressively
i ncreasi ng pokQ i Ashieidingrystemufioaproyivdied degagiehictlingatizevarmhlredtiddndyp gr ound

pot ent i ath V|ia1|d11; he conmon node. -16 WD 02/072913 PCT/ US02/ 07461 14. A
pl asma re%&lfg %VS@Q§OF}Pr1§BI§Iyi ng energi zed plasnma to sem conduct or
articles, the giagmmdreactor conprising: a reactor body, at |east a portion
of the reactor body being fornmed of a dielectric material; an RF antenna
di sposed adj sc@¥irot Hiterfasa eemiectsd dg theghields mat chi ng network connected to the

RF ant enna t%ﬁe?&ﬁltﬁes‘?ﬁ‘e%gé’m{:ﬁsetshe RF antenna; and

a common node;

plural shield segments spaced apart from one another; and

plural switches, each of the plural switches being connected between the
common node and a respective one of the plural shield segments, so
that closure of the switch connects its respective one of the plural shield
segments to the common node; and

wherein the control interface comprises:

a ground circuit connecting the common node to ground potential; and

an incremental command circuit connected to each of the plural switches
and generating command signals to selectively close the plural switches

based upon occurrence of one or more conditions precedent.

11. The shielding system of claim 10, wherein the conditions precedent include

predetermined time intervals.

12. The shielding system of claim 10, wherein the conditions precedent include a
determination that an RF matching network providing power to generate and maintain a

plasma has optimal power coupling to the plasma.

13. The shielding system of claim 10, wherein the command signals generated by
the incremental command circuit close selected ones of the plural switches so as to cause a
progressively increasing portion of the plural shield segments to be connected to ground

potential via the common node.
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a shield having variable shielding efficiency, disposed between the RF
antenna and the reactor body; wherein a sem conductor article disposed in
t he reactwp obowpid3 s processed by plasma that is energi zegchysoher4RF
antenna. 15. The plasma reactor of claim 14, wherein the shield conprises:
a substrate; a common node di sposed on the substrate; plural shield
segnents spaced apart from one anot her and bei ng di sposed on the

substrate; and plural sw tches, each of the plural sw tches being connected

bet ween the cONMMRBlasRdSicRRFordsk §S Qﬁﬁ&ihﬁ%né?@i‘%e&{)h&lﬂ@t@éé&ﬁi@&nﬁb@o&a' d
segnents, so that closure of the switch  connects Its respective one of the

pl ural sHiidps thagp)awng wactor edmeprisomgion node. 16. The plasma reactor of claim
14, wherein the _portion_qf the reactqr bo bei ng. f.orne f.. i.electric
mat eri al corrparriegée%gr body, %ﬁ?a@% ARYUSH Oggr}eaf Cg%@gégg%.foﬂ%?ddﬁem%fjggﬁa react or

of cl ai mdtdrialpherein the shield conprises: a conductive plate; and a

swi tch connected_between the conductive plate and ground potential, so that
cl osure of t H& Bipatemadisnesed adisqeat Gemepgior body;pl ate to ground potenti al .

18. The pl as [ el shiel d_c [ S8SHhr a
conductive pla %l?ﬁ%{ﬁﬂ{nﬁg%ggé\%g%%ﬁ%l%%%60%3@'{3%1&t{ac?%u Sueglgl%ﬁé? er?tllwal ; and
-17 WO Gutddni2%ihd PCT/ US02/ 07461 a switch connected between the conductive

plate and the ir ance elenent, so that clgsure of the switch connects the
conducti ve plaagthg,?ggi“’én% H@lq%ﬂ’Fp%’éf‘éﬁ’é‘é cflicasnsyt dispoged betyaemithsdtiorienma andg. The
plasma rgagholor Bhdye! @i m 14, wherein the shield conprises: a conductive

pl ate; a variabl e i npedance el enent connected between the conductive plate
and ground pwhaseiniagbmiconductor article disposed in the reactor body is processed by

plasma that is energized by the RF antenna.

15. The plasma reactor of claim 14, wherein the shield comprises:

a substrate;

a common node disposed on the substrate;

plural shield segments spaced apart from one another and being disposed on the
substrate; and

plural switches, each of the plural switches being connected between the common
node and a respective one of the plural shield segments, so that closure of the switch

connects its respective one of the plural shield segments to the common node.

16. The plasma reactor of claim 14, wherein the portion of the reactor body being

formed of a dielectric material comprises a lid formed of ceramic material.

17. The plasma reactor of claim 14, wherein the shield comprises:
a conductive plate; and
a switch connected between the conductive plate and ground potential, so that

closure of the switch connects the conductive plate to ground potential.

18. The plasma reactor of claim 14, wherein the shield comprises:
a conductive plate;

an impedance element connected to ground potential; and
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20. A plasma reactor for use in applying energized plasma to sem conduct or
articles, the plasma reactor conprising: a reactor body; an RF antenna

di sposed wojoao®93 t he reactor body; an RF mat chi ng networ lpcrarsozet4ed to t he
RF antenna to couple energy to the RF antenna; and a shield having

vari abl e shielding efficiency, disposed between the RF antenna and the
reactor body; wherein a sem conductor article disposed in the reactor body
is processed by plasma that is energized by the RF antenna; wherein the

shiel d corrpr'ass%atchc%nﬁé&eﬂtge%@entﬁee&meﬂv g adll %@@ el RSt r at e;

plural shield segments spaced apart from one anot her "and bei ng di sposed on
t he subshataiesurearithpswitdl cosmedic thesondumtive piatd, M@ the impddased ¢lehes, foei ng
connect ed be V\E n. he comobn node and a respective one of the plural

shield 2 ‘?’Rﬁiﬁ UMEG  that closure of the switch connects its respective one
of the pl ural shield segnments to the common node; and wherein the plural

shiel d segnents EHedlahfadb@est dfatial 14y whereth thesBieRl dogfrisegonf i guration and
t he conmon node extends circunferentially about the radially-arranged

plural shiel ¢ ¥agpgedlatats. A met hod of shiel ding: -18 WD 02/ 072913
T us02 0745 v RERMLHENAC2oRRIGE! RBNEDGLAUREL ABLRA0L 518 10 Shide! eney:

setting the s e I Cl enc mum val ue; aIIy
i ncr easipogertine shi el di ng efficiency of the shield. 22. The net hod of
shiel ding of claim 21, wherein the shielding efficiency is incrementally
Ljereased SuRsepuEnt 19,8, RrSui ous inerementing of the shie) ding
articles, the plasma reactor comprising:
a reactor body;
an RF antenna disposed adjacent the reactor body;
an RF matching network connected to the RF antenna to couple energy to the RF
antenna; and
a shield having variable shielding efficiency, disposed between the RF antenna and
the reactor body;
wherein a semiconductor article disposed in the reactor body is processed by
plasma that is energized by the RF antenna;
wherein the shield comprises:
a substrate;
a common node disposed on the substrate;
plural shield segments spaced apart from one another and being disposed
on the substrate; and
plural switches, each of the plural switches being connected between the
common node and a respective one of the plural shield segments, so
that closure of the switch connects its respective one of the plural shield
segments to the common node; and
wherein the plural shield segments are arranged radially in a “pie slice”
configuration and the common node extends circumferentially about the radially-arranged

plural shield segments.

21. A method of shielding:
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only when an RF mat ching network has successfully optim zed power coupling
to a plasma disposed near the shield. 23. The nethod of shielding of claim
21, wher ewp eioe29shi el ding efficiency is incrementally ineceasedoabter a

pl asma stri ke has been achieved to establish a plasnma disposed near the
shield. 24. A nethod of etching a sem conductor article: placing the

sem conductor article in a plasma etch chanber setting the shielding
efficiency of a shield to a mninumvalue striking a plasna about the

sem conduct or p%\tihﬁg%shfafdmgwgygmlém&mg@ﬁac?énfﬁ'%;ci ency of the shield
fromthe mnimmvalfue to a maxi mumvalue 25. A nethod of retrofitting a
vari abl e ef fi cettingyhedhgalding eHficiaky et dmimnmm vdnd;@odduct or process chanber

surrounded by .an RF antenna:. ovi di a.variab efficiency electrical
Shierd: i nst aitrRgeRAD SRfeanE BRidTe Retdinstat Bethider ana t he. RF
antenna; interfacing the shield to a process controller to establish
control of the2efTheehdiorehicldii€osélhih 81, whelein the shielding efficiency is
incrementally increased, subsequent to a previous incrementing of the shielding efficiency,

only when an RF matching network has successfully optimized power coupling to a

plasma disposed near the shield.

23. The method of shielding of claim 21, wherein the shielding efficiency is
incrementally increased after a plasma strike has been achieved to establish a plasma

disposed near the shield.

24. A method of etching a semiconductor article:

placing the semiconductor article in a plasma etch chamber
setting the shielding efficiency of a shield to a minimum value
striking a plasma about the semiconductor article

increasing the shielding efficiency of the shield from the minimum value to a

maximum value

25. A method of retrofitting a variable efficiency electrical shield to a
semiconductor process chamber surrounded by an RF antenna:

providing a variable efficiency electrical shield;

installing the shield between the process chamber and the RF antenna;

interfacing the shield to a process controller to establish control of the efficiency of
the shield.
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