| NTERNAL FARADAY SHI ELD HAVI NG DI STRI BUTED CHEVRON PATTERNS AND CORRELATED
PCSI TI ONI NG RELATI VE TO EXTERNAL | NNER AND OQUTER TCP CO L | NVENTORS: John
Drewery, Wbabizusbosng, and Al ex Paterson FIELD OF THE | NYENTISEN2/0B43801] The
present invention relates generally to sem conductor fabrication, and nore
particularly, to an apparatus containing a Faraday shield for maintaining
the condition of a wi ndow of an inductively coupled plasnma etching

appar at us. INGERNARIFAMADNY SHRLBAHAVRG DISTRIBSRBICHIVIEGTPATTHRRS OF

ZS”T”Saﬁfe?’F\W%ﬂﬁﬁﬁﬂﬁ%@@g@ﬁﬁﬁﬁi%ﬁ@@ﬁ@@ﬁﬂxmem‘aw ofkk' of °"

et ching processes: wet etching an QR (MLchi ng. One type of dry etchl ng is
pl asma et ching performed using an |nduct|vely coupl ed plasna et ching
apparatus. [0003] | asma ntai ns ri.oys of radicals, as well as
posi tive and negati VIEWEI\&)THES S%W«tﬁrgwg% gﬁ?llnﬁ@ﬁ%’ta%%%ex&)ﬁmlsﬂ% various radicals,
positive ions, and negative ions are used to etch features, surfaces and
mat er i al sFHELDOFFHE BYVENHON; ng the etching process, a chanber coi | perforns a
function E@@i]oﬁlguﬁr]gsteﬂt ‘i&@ﬁa&lf refaters)r e'ﬁ@r'aﬁ (i(l?n bl ncﬁ’lcgof %513?{59[[0%9 and VMIBI\!: e the

pl asma pertorns uncti on anal ogous at o secondary’ colil 1n the
t r ansf or npdarticularly, to an apparatus containing a Faraday shield for malntalnlng the condition of a

window of an inductively coupled plasma etching apparatus.

Description of the Related Art

[0002] In semiconductor manufacturing, etching processes are commonly and repeatedly
carried out. As is well known to those skilled in the art, there are two types of etching
processes: wet etching and dry etching. One type of dry etching is plasma etching performed
using an inductively coupled plasma etching apparatus.

[0003] A plasma contains various types of radicals, as well as positive and negative ions. The
chemical reactions of the various radicals, positive ions, and negative ions are used to etch
features, surfaces and materials of a wafer. During the etching process, a chamber coil
performs a function analogous to that of a primary coil in a transformer, while the plasma
performs a function analogous to that of a secondary coil in the transformer.

[0004] The reaction products generated by the etching process may be volatile or non-
volatile. The volatile reaction products are discarded along with used reactant gas through the
gas exhaust port. The non-volatile reaction products, however, typically remain in the etching
chamber. The non-volatile reaction products may adhere to the chamber walls and a dielectric
window. Adherence of non-volatile reaction products to the window may interfere with the
etching process. Excessive deposition may result in particles flaking off the window onto the
wafer, thus interfering with the etching process. Excessive deposition, therefore, requires
more frequent cleaning of the chamber walls and the window which adversely affects wafer
throughput. Additionally, if the window becomes coated with etch byproducts, the ability of
the chamber transmit sufficient magnetic flux to the plasma becomes diminished, which in
turn reduces the ability to control the directionality of etch operations, which are critical when

processing high aspect ratio profile features.
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[ 0004] The reaction products generated by the etching process may be

vol atile or nonvolatile. The volatile reaction products are discarded al ong
wi t h usedwoeart@asdsigas through the gas exhaust port. Thecmas2weloaisdt e
reacti on products, however, typically remain in the etching chanber. The
non-vol atil e reaction products nmay adhere to the chanber walls and a
dielectric wi ndow. Adherence of non-volatile reaction products to the

Wi ndow magoo0sitie kfeerd tw fbRgdilE tekchhngedopaepparabx aRISBIInRs depasictihon my
result in particles flaking off the window onto the wafer, thus interfering
with the BOE Shrophene dictectrieywigday v shiffepaigiainingnthe taBite fo Hansmitedlfidieds nor e
frequent . i wal | s and the w ndow whi ch adversely

af fects m%#%?glqlﬂggugch%{%ﬁo &Egglgﬁ'onal ly, if the wi ndow becones coated with
etch byproducts, the ability of the chanmber transmt sufficient magnetic
flux to the plasma becones di m nished, which in turn reduces the ability to
control the directionality of etc%m&fﬂ%&ons, whi ch are critical when
processi ng high aspect ratio profife teatures. 1 [0005] In view of the

f or egoi ng[00061emisclossd & an @pphritey usadinadddeipat i oRiudonaibneds aholaygs irged i Ng a
process chanber's dielectric window, while maintaining the ability to
transmt $greR diidgt the spayfactyer platgddonductar deviees. tHie appanals dSlindurya [ 0006]

Di scl osed ~ N etghi ' u ~ and

| ayers fo?ﬂr%glggl?ﬁg‘?tgg{n@& uﬁ% ﬁ;‘%?f ﬁ{éﬁl&r%anﬁéa@? %@@?ﬁ%&ﬁge%@%ﬁg%%gé&ﬁ? ces. The
appar at ussubstraketoiba edhdaly canediandre RFipoweddnd lgroahd: hidivdecire wiaddwolocaedl. in Tihe

apparatus incl udes. a uck for s rting a strate to be etched,

connect i of®t @o%gc%,épﬂeéﬁgnlgﬁr ﬂﬂ%‘?‘gﬁfﬁﬂ‘gﬁ“@éWEmLﬁﬁ?ﬂ%‘W qvecta% _ 8e$tHC an upper
roof sect {BRAI NS GHBERhANE: GafBdiia fiRAYENEY. (RF) coil disposed over
the dielectric window Further disposed wthin the chanber is a Faraday

shi el d. [ [B007]PlBmasprecepinge eswibay lehagbermalhbaraidag shivtderwmidl dFacddapvshi el ds

wi th define roove confiqurations are, provided. ] n one exanple he
Chamber | Mg e e PR LR b gty e SRR b
d! el ect ri &cM&iHﬁ@WuEﬁﬁt&%ﬂ&iddikl@ctﬁc @RIOROEInh@dob o ﬁ&ﬁ p%hﬁl)ﬁbﬁrthe ﬂﬁﬁib_@r,t he
dielectric window is disposed over the electrostatic chuck. Al so included

i s a Farawhge b dildctds spmiowdisidirppyd ayer hhelegkiestae chuckndAliefinchidldd et ween t he
el ectrost ﬁér!acﬁly(:sﬂi"ejfékdis%gged?ir@s? ed(%f%lee SafbS:, WAL (ge Wed l-)r%e e'l;la[flg gl@é’tﬁ) tgficelchqlcf( npl udes
an inner zone’having an inner radius range, a m afe Zone” havi ng a mddle

radi us rangahe dible@dt @indé®NThdBMhdYg shiBldahileTks BrRGhétSofiaingRg aMigkeratline i nner
zone is adjacent to the m ddle zone, and the m ddl e zone bei ng adjacent to
t he out er ™agnhe, Middietnas hyydty HinHdlle REUER8Ea3n QHFTt08e haVing 1) PYPT QLS of

radi al sl ( e I rof t | 0 e 1.6dl and the
out er zon%?@eé ‘@ee{:eoerfl%q@%% Qg?et Ea%?ﬂtstpg?és ( e gﬁ{ééﬁnl Elg I?]ﬁ?lguzgﬂg g%ﬁ% t he

out er zonadjacando éhetobier gbng.eturdfer dedinhing|thesiFandday §HB)ld esxt famdsietg radial clogHAY he

m ddl e zone and outer_ zone. In this configuration, the first, second and
third _rad?’%i?n%g’lgdlﬂfgug%%e HNGTL98e dher Bidls 2P g?f{)‘gﬁa‘“?fr?@n?ﬁ&rsﬁﬁ’é S%tr?? &d&li n a
repeati ngsl_@@}(%ﬁéx’fbn@fng %ﬂr@ﬁ%fﬂ d%_ly the ofter ANE afgd a[ﬂgﬁp%lb off ﬁdiﬁm&tb@f) &%Hﬂlg%gent o a

Faraday shie for i AstalTati'on inside of a chanber is provided.

Far aday sthireighl thesmuldiei 2veel aid outerazooe.r duthay cqpliguraticat thedirstr scchadyimigthiad cent er
hole. radial slots are arranged radially around the Faraday shield in a repeating pattern of slots A,

C,B, and C.

[0008] In another embodiment, a Faraday shield for installation inside of a chamber is

provided. The Faraday shield is defined from a circular plate structure having a center hole.

The circular plate structure includes an inner zone having an inner radius range, a middle

zone having a middle radius range, an outer zone having an outer radius range, where the

inner zone is adjacent to the middle zone, and the middle zone is adjacent to the outer zone.

Further defining the Faraday shield is a first set of radial slots (A) extending through the inner
2
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The circular plate structure includes an inner zone having an inner radius
range, a mddl e zone having a mddle radius range, an outer zone having an
out er radvo0r2mlges] where the inner zone is adjacent toPrPChasaeidabss3zone,
and the mddle zone is adjacent to the outer zone. Further defining the
Faraday shield is a first set of radial slots (A) extending through the
inner 2 zone, the mddle zone, and the outer zone, a second set of radial
sl ots (C) zenx!@ediidige 10ne,audheanley zédaea QidbRY sezoMedialags @) leRicidins@tough radi al
slots (B) extending through the m ddl e zone and outer zone, wherein the
first, seedhiheanyr iHerandadhirhiet of gdial sdote(B exigpdivgithrongh diemidde snsdnd he

Far aday shi i : i.n tier , , each
one-of 1 e Spt i PRE M o BR SR PR S08 ot rbiech BB broudiile ST
one enbodiFaeday shitlden Feepediay paieredfdloisA,dl, $paskd Andxadmme of the tlbe AdiBel ectric
mﬁndOM/to@Rvaegﬁ,or substantially reduce deposits on the surface of the
diel ectri i HAGwnet FORH; GCENbPa9¥ent , the Faraday shield is defined with a

pl uralityphoradh@mslaRhict, tRaGRIGPH dIGNRAoL Bk a8 Wik IR#d Gihiow The
radi al slots ‘are distributed around the Faraday shield, such that in one

enbodi nento, preenee sbotntizipheduardepads onde. suifhee dfhediclsitot wrmows lartles def i ned

in the radial, confjguratio wherein ane sjot. ( xtends across all three
onen: (1 afufanfnahe iy St d S FisflafiEy PRl St el S BwEL only

al ong theﬁ@ﬂ%&%e&@ﬂﬂnmﬁﬂdn&@&hﬂ%@@zﬁyd@@@u@d&bm&ﬁheFQ@&w%ﬁkﬁmﬁﬁhQMﬁOSS t he
outer and m ddle zones. This pattern will then repeat radlalf¥ around t he

Far aday sHicap gmbeflanent thige dotyanesaradegneda Thethrg, slatzongs @egefined iptherqdial, A C B,
etc. [001Q] ~The.cheyr ot re figur o.th dir. | i ne of
T e N Lt A

Far aday shillewell BnshersRaal) thdiexiehdlogtaldng thw duckdwone| dndSbituwed bhenaisidgBst ood
that the chevron slot geonetry is only one exanple, and other geonetric
sl ot conf ihguaxiniomeosa s ogiss ardimiddiegondsd dbis paiterp wal @pn regeqt padgally dppandf  si ght

fromthe puld..plASI®. 8k Podiidf S EIEgt ré C AW . AlThegchev pdesign is
advant ageous ?n)?%e fadlaﬁgg%onetry*é%téd%e—%gﬂgﬁg éﬁpérlgbé¥%§—ﬁéture. I n
principleg¢tcthe netal walls of the chevron can get very thin, and they are

limted opl chani cal strength and thernal considerations. Qther prior
desi gns dﬂmi@?ﬁﬁénﬁww&@ 5t £V 8 it ol SRt FER A REgIE em | ess
useful i nfR clcReHartkialk ﬁyﬁéﬂ%trate[ @RLH kMR8 BIRCHITRRE theldfchRNAR@Wy. Spi el d i's

optim zed to operate with the geonetric configuration of the RF coil. For

i nst ance, shohld bREndroitdodithed theicke vipdnasda demndtiyis @y oo edraple hadrbiber gaometover t he

dielectric wndow .is corrﬁkﬁ%ed to the ri.butiao s A B, and
e

, dis f tEe ko

C “and ol 96 6P b S Po B FpkConnifel! S S S Bufronu B aPb RS e ¢t
di recti ongred B thbidkl@FRAMAMERNT Thd enedRh dsifeASQRNARIgBoRAR SIRIAdAS gdohidiy t hr ough
the shield, some slots will be under the coil.

because of its interlocking nature. In principle, the metal walls of the chevron can get very

thin, and they are limited only by mechanical strength and thermal considerations. Other

prior designs do not interlock but have a minimum spacing, which makes them less useful in

a radial layout.

[0011] In one embodiment, the Faraday shield is optimized to operate with the geometric

configuration of the RF coil. For instance, the RF coil that is placed exterior to the chamber

and over the dielectric window, is correlated to the distribution of the slots A, B, and C, and

also correlated to the three zones that are defined along the radial direction. In this

embodiment, to get a reasonable passage of flux through the shield, some slots will be under

the coil.

SUBSTITUTE SHEET (RULE 26)



3 [0012] In still another enbodi nent, the Faraday shield, being placed in
the correlated relationship to the zones of the Faraday shield, is also
coupl ed twotarmgesei rcuitry. [0013] Wthout a Faraday slrcelu$2@pios4sszed as
defined herein, deposits that result fromthe etching materials and etch
chem stries would nore readily adhere to the inner surface of the
dielectric wi ndow, which eventually inpacts the capability of the RF coils
to i npar t [(9uZ]fIh cdtiEininot e e@YodimentC CHet Pahdal oshkld)| e&@@eplhdeatini the gonenad ed

wi thin the chanber. Such inpacts can include reductions in ion energy in
the pl asmislatipeshipde thsfenes Al ﬁhaaaraqiwblﬁldrlé|alse>€0qplfﬁ (QWASE EYCUitBhd ot her process
reduci ng to so
much depogmtﬁpﬁnﬁﬁ% Egﬁd %ﬂﬁégpmﬁ& o&?ofﬁ&%ﬁﬁ%ﬁqﬁ%&%gdgﬁ%g% ﬁ%&ﬁﬂé
electricahtMngmmﬂnﬁsambﬂde@mmmﬁ&s&@smumﬁynhmMJﬁmw@ﬁoﬂmameasuﬁgéyfmeevent

t he coupl of magnetic fiel fron1 he e COI| to th | asma.
This | eadgle]gfinéwa%gﬁfc‘f’l?lﬁthe"eﬂtugfyd ﬁ%ﬁpﬁ scoﬁ?‘ ﬁofl?lparh?\’gf ‘g%nt ual Iy

an |nab|lhky tﬁmh&ﬂ&&aoﬁﬂphﬁﬁyﬁﬁt%@ &kﬁ&ﬁawmfﬁﬁ&ﬁﬁﬁHB&ESuéiEﬂﬁtha§0”E
reductions in process performance woul d be acceptable in past chanber

conf i gur ainclodsredediensdn iianeenergy ghthé plasthz agduetensinzedalvagtrat ohion dersdy.taod denmand

t ht t ol th feat
S50 shet HRrRES Rl PR Hin bR SRARE R GRR: BrehIpe st o ¢
f eat ur es. nL@PA4bsiE#Sthe fdﬁ:?ektﬂfcewﬁﬂ&ﬁ%f BRNMLIAME, 4 Q6 RRERAIOCIIR VOV

nanonet er process nodes and beyond, it is no Ionger acceptable to
exper i encecpariisf(es then baild w)daurisineht praetthereanpngovlemagriche ficldy fromethe

| mpact i ng%);[cﬂ!ﬂ? o1 ?151 U thf p?asgnlé' Tﬁl@ hse {geanlteguc}/ml{ %Pﬂlﬁ ﬁ%tdegsnt e[?ro ndgrlt{ %Eﬁ&hi gh

t hr oughpu orn1eq ean o ions. | EF

DESCRI PTI &hntGk1yTddbn DRAVONGS e a{nQﬁﬂqﬁveﬂI@mﬁ n\faﬁhdrﬁhﬂl;e ilogethheime Wduftiohur t her
advant ages thereof, may best be understood by reference to the follow ng
descri pt i BnPTegERE Aerfamanshj A Poaccptatie fih aasaeééﬁaﬁa /YA 'rS@faH‘Pfﬁwlihﬁ g¥ive [©016]

Fi gure 1Ayl Yshialia eéh%s Rlnfifi t&H&ﬁa%ﬁ%b%gt r%ﬁ)é? Eo‘?e?}ldéhé i &%gc R %ffor?&aﬁ&' ng

operations, 1n accordance wth one enbo I nvention.
[0017] Fi GummedsBratd Witls fea@teesszeashtinifing/is e, reaudtegniztiandl tb pich ezpnyds@rﬂsp@g t he

i nner coi l d outer coil, in accordance with one enbodi nent of the present
|nvent|onm‘?g@ S Figure 2 illustrates a three-dimensional view of chanber,

in accor dapef Mub el SADRITRO Ko Afcrlde (PIHRSIEN nahOHERH prBfss nodes and
beyond, it is no longer acceptable to experience drifts in etch equipment performance over
time. Further impacting this issue, is the complementary fabrication demands for high

throughput, and less time to perform equipment clean operations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The invention, together with further advantages thereof, may best be understood by
reference to the following description taken in conjunction with the accompanying drawings.
[0016] Figure 1A illustrates a plasma processing system utilized for etching operations, in
accordance with one embodiment of the present invention.

[0017] Figure 1B illustrates a top view, schematically representing the inner coil and outer
coil, in accordance with one embodiment of the present invention.

[0018] Figure 2 illustrates a three-dimensional view of chamber, in accordance with one
embodiment of the present invention.

[0019] Figure 3 illustrates a bottom view of Faraday shield, in accordance with one

embodiment of the present invention.
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[0019] Figure 3 illustrates a bottomview of Faraday shield, in accordance
wi th one enbodi nent of the present invention. 4 [0020] Figure 4 illustrates
a cut secwvoemwifssishe Faraday shiel d, exposing the chevr eaTalsea1g/084831 he
Faraday shield, in accordance with one enbodi nrent of the present invention.
[0021] Figure 5 illustrates another enbodi nent of the present invention in
a three-dinensional illustration. [0022] Figure 6 illustrates a

Cross- secfiog0iaiigusd &Wheirattd et QDS bf hie Chiad4y shfeld, Bgposing e dEaBiEbLs of N
accordance wth one enbodi nent of the present invention. [0023] Figure 7

i 11 ust r at &8 Faradiyrsgicllenareasding il g ciedipheier §ic@eset invA#ioBoi | and the slots
A, B, andyfgp1ii I ' o] i e i ntion.

[ 0024] Fi S’%Q %ﬁﬁﬁé@?gf&gss%&?%p&%@v@ 0 ({fﬁie%dé} Estewg%v?flitgoﬁ g’% U El\ée%Far aday
shi el d sl dinensioml dHognridkance wi t h one enbodi nent of the present invention.

[ 0025] Fi Aillustrates the path of image current ynder the inner
coil, in g’@éﬁrpg%lﬁ%@ﬂﬁdﬁtf%esd‘ﬁéosé'ﬁ%BE@r&ﬁW Oéfﬁett‘g@‘%?sé%t%t(’f H’ﬁ\}%‘ﬁf FIBACT 0026]
Fi gure 9B Joldighhtad @S o nBs@MRhGf 8 p?es&f?'[ﬁvtaﬁ{bnpf current going around
rat her than through slot B, 1 n accordance wth one enbodi ment of the

present i [0023tHigme 7 illustrates a more detailed view of the underside of the coil and the slots A,
B, and C, in accordance with one embodiment of the present invention.
[0024] Figure 8 illustrates a top view of the distribution of the Faraday shield slots, in
accordance with one embodiment of the present invention.
[0025] Figure 9A illustrates the path of image current under the inner coil, in accordance with
one embodiment of the present invention.
[0026] Figure 9B illustrates an example of a portion of current going around rather than
through slot B, in accordance with one embodiment of the present invention.
[0027] Figures 10A and 10B illustrate a three-dimensional view of the upper liner 118, of
chamber 102, in accordance with one embodiment of the present invention.
[0028] Figures 11A-B illustrate a three-dimensional view of the Faraday shield, in
accordance with one embodiment of the present invention.
[0029] Figure 11C illustrates a top view of the Faraday shield, in accordance with one
embodiment of the present invention.
[0030] Figure 11D illustrates another embodiment where the Faraday shield is disposed
proximate or completely in contact with the dielectric window.
[0031] Figures 12 and 13 illustrate baseline ion density profile plots.
[0032] Figures 14 and 15 illustrate the results from utilizing an internal Faraday shield, within
the process chamber 102, in accordance with one embodiment of the present invention.
[0033] Figures 16 and 17 illustrate a comparison between an embodiment where the Faraday
shield is installed within the chamber and when Faraday shield is not installed within the
chamber, in accordance with one embodiment of the present invention.

[0034] Figures 18A-C show the experimental results on dielectric window.
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[0027] Figures 10A and 10B illustrate a three-di nensional view of the upper
liner 118, of chanmber 102, in accordance wth one enbodi nent of the present
i nvent i orwo[20022@%93fFi gures 11A-B illustrate a three-di nersirasadi2wsssar of the
Faraday shield, in accordance with one enbodi nrent of the present invention.
[0029] Figure 11C illustrates a top view of the Faraday shield, in

accordance with one enbodi nent of the present invention. [0030] Figure 11D

i 11 ustrat g93siesher serhadoBeitusuateer@nditien dfaaadayshih ledhe prodéssipgs ed
proxi mate or conpletely in contact with the dielectric wi ndow [0031]

Fi gur es 1@%}@%1@@1%@&1%& b plamimmrichingdleyahd inyizpent A6, B1agioslant0032]

Figures 1 hinleHsduft Beski18n vk I ts fromutilizing an internal Faraday
shi el d, WI%% e‘ihﬁ)o [ reocess pg%sanbne‘re i n accordance with one enbodi nent

of the pr esent |nvent|on [ 0033] Fi gur es 16 and 17 illustrate a conparison
bet ween ap odi wh the Faraday shield is installed within the
chanber aP@%mﬁm]ﬂﬁéﬁi eld is not installed within the chanber, in
accordance with one enbodi mrent of the present invention. [0034] Figures

18A- C show the experinental results on dielectric window 5
[0036] Disclosed is an apparatus used in etching semiconductor substrates and layers formed

thereon during the manufacture of semiconductor devices. The apparatus is defined by a
chamber in which etching is performed. A Faraday shield is disposed within the chamber,
and is configured with a three zone slot configuration that is correlated to the placement of a
TCP coil disposed over a dielectric window of the chamber. In the following description,
numerous specific details are set forth in order to provide a thorough understanding of the
present invention. However, it will be apparent to one skilled in the art that the present
invention may be practiced without some of these specific details. In other instances, well
known process operations and implementation details have not been described in detail in
order to avoid unnecessarily obscuring the invention.

[0037] In an inductively coupled plasma etch module comprising a planar window and a
generally planar excitation coil, adapted for etching metals that resist dry etching, a slotted
shield is disposed inside the process module, between the insulating vacuum barrier window
and the process space. This shield comprises a metal, preferably copper or aluminum. The
shield preferably contains multiple radial slots that penetrate the thickness of the shield.
Preferably, the slots provide that there is no line of sight through the shield, and are optimized
to capture non-volatile material that originates from the process space by such material
adhering to the inner walls of the slots. Furthermore the number and physical dimensions of
the slots are optimized to provide maximum penetration of alternating magnetic fields
generated by the excitation coils through the shield, simultaneously with good thermal
uniformity of the shield, the ability to control the temperature rise in the shield, and
mechanical rigidity. The shield is preferably coated on all facets facing the process space
with a rough coating or applied texture, to improve adhesion of deposited material.

[0038] The shield may be galvanically connected to earth, isolated, or powered using a

suitable AC or DC power source. If isolated or powered, the shield may comprise a

6
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[0035] Figures 19 A and 19B, illustrate a condition of Faraday shield after
t he processi ng operations perforned during the alum num etching descri bed
in figuresob8R/M@s93itn accordance with one enbodi ment of Prhe/Use@3BB4837

i nvention. DETAI LD DESCRI PTION [0036] Disclosed is an apparatus used in
etching sem conduct or substrates and |ayers forned thereon during the

manuf acture of sem conductor devices. The apparatus is defined by a chanber
in which einatitng, slstddepdrasnmadunidl fanadagulfihg ebocting Hitsposad widkidad t he
chanber, and is configured with a three zone sl ot configuration that is
corr el at egfeqied] H@ﬂ@g&g drspdugingportiop tegsher camppisae af By spica dvgh 28¥¢ld ¢ wi ndow
of the ch : .0 j.n escrLpty - us L fi ails are
set fort hﬂlggec({))?lgllelér% %ngﬁlgieo%/érpgeéiea&trﬁo%o@gﬁ Sﬁ%eng ‘gﬁfﬁ%%n%“%? e%'e %}g)géent

i nvent i onembdaliveanerthe Faraday Ishieldensaplpdméthin tho clambersdsi defimd Hereid Beopamized hat t he
pr esent invg\gﬁyon may be Er acticed w thout some of these ,s&,eci fic details.

In ot her [% canangiag etel ApRsalng c SEHOBHEPIHIORHYC, Hgh ARRYC Wéﬁf“éfufl%n

detai | s havgnN@liReeu &6 ¢ RAGhd JF rHBhAH besisBye il ARes@¥RIEnUMIECRFSari |y
obscuring the invention. [0037] Tn an inductively coupled pllasma etch

modul e codprdesi Inghiacpifigmanonihedowdgndicdl igernendddlapd pl veahlanoniegoeddttablooh coi |,
adapted for etchi ﬁ{g rrEt al s t%ﬁt resist dry etching, a slotted shield is
di sposed fRETHE PHZEABRSLHEYUI e, between the insul ating vacuum barri er

Wi ndow anghoB91eA IR, mESthe SHAGRve cipifneIl BleH r&REARIh 8RDIBmARKG has tRE &ided ably
copper or alumnum The shield preferably contains nmultiple radial slots

t hat penetdvantagethe thhPlasorrerosengal is prsluendjaaql qubseruentyy the plyctromtemparasers opr ovi de
that therg i [ sight. L hr ou e ie imzed t
ﬁle_@asi%% ls ﬁguc%{l Tlglb ,[Cﬁgl%n% g(g t;thgI é{l;esglaf I%%’mb?h%%n%{cgaé 9Bt pﬁi‘srﬁg

0
capture non-volatile materia origin rocess‘space by

such mat epioadssiagl et wilgbdnefitsbi cichaglicadht shat Stbessik ptesentli-uritdoer nore t he
nunber and physi cal di nmensions of the slots are optimzed to provide

e rum pEORRTYEneidovienstt U e s116H Vel the clmBPERAn B s o WinBiF LYol
exci Lat | o, e bbOEQHEHo LA 8kl i 51 bARPBHED Y- VL RIG0AS, hiRL Ml

uniformty e shie ity to control the tenperature rise in
t he shi el &, AanduneonBatine ab23b2'He2d IngbTeThg Geid, alwdl¢-S, drMdheRably coedped on al |

et SR S BRI BR RSO e o
gal vani cafppy 1CORREH! 119) €A1k keed 80! @IQHIc WndRPWRASEH! HF MPodictuiThabl e AC

B
or DC power source. FE? i sol ated or powered, the shield rmay conprise a 6
conduct i nprocest onttedtopbmed wrth pouitablediry plasma ¢leautradesnig kstpr the surfage ofhthe

prevents ynintended el ectrical . rtin t.he conductin ortion to other
Ponponent S CErfad S Ef plasiei f Biiande a0 SET R PR wlkas ot o
parts or paybimEoR MNACIEdvdilable ifa SbRel By WY (nclulihe @TE NETHO 0GB OBINE std.tgla@(sfar aday
shield installed within the chanber as defined herein is optinized for

hi ghl y defa#tlitheyineerish Fapalyistialdi come gappndeduifoalingipewictsd as saqainedein okder
applicati l%r}ﬁee-tﬁrgéelggﬁ"ee tching device features in the nmaking of

magnet o-r esi Stive random access nenory (MRAM devices. In this

conf i gur afiodn, Figthe 1 karnasays splehd preegmoundean vangkdifer wellihg egpdtiogyried to
bl ock capacitive coupling during operation. . ,

accordance with one embodiment oI the present invention. The system includes a chamber

102 that includes a chuck 104, a dielectric window 106, and a Faraday shield 108. The chuck

104 can be an electrostatic chuck for supporting the substrate when present. Also shown is an

edge ring 116 that surrounds chuck 104, and has an upper surface that is approximately planar

with a top surface of a wafer, when present over chuck 104. Chamber 102 also includes a

lower liner 110 that is coupled to an upper liner 118. The upper liner 118 is configured to

support the Faraday shield 108. In one embodiment, the upper liner 118 is coupled to ground
and therefore provides ground to the Faraday shield 108. A space 107 is provided between the

7
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[ 0039] Also, since the capacitive coupling has been reduced to the plasnma,
this has the added advantage that the Plasma potential is reduced and
subsequenwbyotdiassliect ron tenperature of the plasma is preduseal2/034333
"Cooling" of the plasma may be beneficial for plasma processing, as it wll
benefit soft etch applications where Si recess is presently at issue.

[ 0040] The design of the Faraday shield internal to the chanber can be used
in an i ndeﬁﬁda‘ye;hyzldCmSDJtrﬁCkh@ldMﬁmr\eﬁiGd\@ﬂ% OAEtRnTee effaralh e shitldel08RE, 11,

Pt Mh, PdCo, CoFeB, CoFe, NiFe" W Ag, Cu, M, TaSn, Ge2Sb2Te2 , | nSbTe
Ag- Ge- S, @Uﬂ?emSQaPWWﬁﬁ”ﬁﬂomWhe concept can be extended to materials |ike
Ni Ox, SrT V, r r ) Sr Bi Ta)
03 to keegﬁ%ﬂgpgl%1%@?ﬁ?%%§?§E%§%3F£gﬁﬁg?9§hCaggzé%f&§J%Mﬁ¥héQ§H%géss can
be conbingﬂwumﬂmIbmsMpkqﬁmemdBnghaemﬁ mhémntmapaesscmmbamm@utmmwsurface of
the shield clean and contr ol asna g % . The ntern Far ada g@eld
coul d be UEKEHS WG CAHYCLGRECS }aﬁéHaPC Fatoupled W?qnat ?BF@ﬁneéatéﬁé nt day
fab (i ncl wdi ndoddidlade oPIRAketubRf that 833ESIe AGA M4, U hR imkennRhifar aday
shield can be grounded, floating or powered as required in order to neet
process nmelides ﬂe&mmyme@umek&AoKmﬂﬂeﬁMathhagpmdsmnhgkm@e@éﬂmgweyeten1
utilized for .etc pe at| i n accordance odlnen of the
b esent i Aoei: A8 EakoMine pludSSENE RSl SRR RaE R A fiokr o chuck
104, a di Eﬂtlﬂgmév@aféiﬂomm\@hel@ﬁek aAdtan ak@bapidyidshi lithudDfot sildie, pldpKard 04 can
be an el ectrostatic chuck for supporting the substrate when present. Al so
shown is emnesiRyeothegpambe 1WA enable vaumscoatiol i 1gupvalai gaseass lasmrqqlp@er
surface t t of when
resent ol an AiARBYERHAENE R aRh BA9s Mol | SERdULIPECAR RPNl TNaT
coupl ed tmpaeempmmﬁwﬂUSQQmmaéfby6Hy®fupa&maMbﬂ&ﬂhngmkﬁdammﬁegMﬂEd to support
t he Farada shield 108. In one enbodi nent, the upper liner 118 is coupled
to groundORAH the@pagsoineons eabpeimenty i hadadgnioHbres secsensy Tahmspiozorp il A space
107 is pr t hi &l c w ndow
106, As- shop “pRe- EEFRGhD Sl TR Mo P, IO RO Sh PP o

zones. [ 0842[, &Hurilllbe exddioainn mr@d@taﬂ%e@@n@h@ﬁm&daﬁﬁﬁeldm hfecably 1hr&uddef| ned

fromone or re ene tors ti enerators ar rovi ded, dlfferent
frequenci &&! Lﬁ“ﬁ Hlaéélﬁldég%d\}%’p $100&S farhipeg 18R éléftgéqnl RfIPESAS A b as
mat ch 162n&§iﬁ&ﬂ@'@ﬂ @@%M@?ﬁm%ﬂﬁsEﬁﬁgﬁﬁﬁﬁéﬁﬂ%@mQQQm%&dmﬁ &OﬂgﬂQh'M@ plate

of the assenbly that defines the chuck 104." The chuck 104 al So incl udes
eIectrosta@mwmegen@nddeﬁwubmehabmm@nﬂanmhmmkwng suell agletcliog Kiyrmgooding he

waf er . adI afilte 4 and . cl anp. power suppl rovi ded. O her
cont 1ol _serbior gptrt by GG S Js i FOBARMERCRTBR oSl X 65 e
provi ded. difletthewarkioWOr06SNRWNE opERTaRS TRE GicleQNOQGidRG 108 i§ pRfcehBRBiraldd2 to
enabl e vacuum control and renoval of 9aseous byproducts fromthe chanber

duri ng opbpatthoHakrdyy st LT bie e serasgll’ Ass rsedeebosipolhe, Faradey Bhielddi&y ishi el d in
one enbod 9 t he grounded chanber
wal | . [00%%$m%%ﬂ%v%%g§ﬂ8?ﬁngm%ﬁﬁ%gégx£%a%?%&%%%&%ﬁgh into three sections.
The i nner [(041erhsi Traraday Ghibid€has | 0t &Y, reliog tmtddlnleanz)azne stMelrhelamd) deigves!| ot s
A-B, and the outer zone will include slots be explained in
nore det aPIOCeeRERE Infh Ehe papcag Hing of tmesh%m‘:@!f é@?aﬁ}dﬁltiORelyUaeer %rolzm&r ality
Of 1 2 al yhiOhs chinglo G/ AL diadik. BN SFiclABRRAS the dhiy AohoVRAY
pattern. note ove e ron ern i's configured to prevent a

di rect I|mewmbisgthkm'ﬂhqx@nm;qgﬁmngcmabep@aﬂaim)mthmh&&bpnmmmﬂsng

pl asma processing, ch as etchin provi ding the chevron pattern, the
Far aday sfi¥® %‘]wdecqgfﬁh e PhIR diipcet! oSY5‘>ré’6‘ éBEmgt Hlée%%tWPf ReoBIng s PTPGEesey|ical ect ri ¢
wi ndow 10f 1@ eAdpeinP BAEA A Oﬁlasnﬁhé‘en@ fb%@shfehféntw R Ah sl GndaSurBh &R AP Y
separated fromthe Faraday shield a space 107, as noted above. The
Far aday sbhihel metmoaurwtsngjowpawe:d abwhewn, htee dhaudiy di9add hmacch:nmlsmn@pl@t ates as

11 ol oo At eaar AR 308 R B a8 e MR g Vol e

of the chaa@er CI)2Eachaddlitfel Ralidfihed ot (RE FaRA[NRA BBPAE 8difiguedim 2ksip be

di sposed through the Faraday shield 108 near the central region, where the
whol e i s provided. The probing appara%us can be provided to probe process
parameters associated with the plasnma “processi ng system during operation.
Probi ng processes can include endpoint detection, plasma density
measurenents, ion density neasurenents, and other netric probing
operations. As shown, the Faraday shield has a central zone that includes
slots A a mddle region thagyga¢lAessHter Rutehe)and an outer region that
includes slots A-C-B. Each of the slots defined in the Faraday shield 108

are configured in a radial



8 pattern that emanate fromthe center of the circular shaped Faraday
shield 108. The circul ar shape of the Faraday shield 108 is defined due to
t he geonewoyonfi4sestiypi cal wafer, which is usually circulPar/uséei2ios4see! |
known, wafers typically are provided in various sizes, such as 200 nm 300
mm 450 mm etc. [0045] Additionally, other shapes are possible for square
type substrates or snaller substrates, depending on the etching operations

per f or medpatetohthit dﬁhﬁzﬁbﬁbmhﬂ@cenke@ of e cpegirahied FenbgdherNt08. Thecikataday
shield 108 wl| be p ded as a circular type shield, that will resenble

the circufhgpe gﬁqtaﬁéaraqlaya?hﬂfipm%at; defiss demnieube é‘?"mﬁﬂﬁ’ of a &\pisa} wafee Whﬂcmaa]
Di sposed &%&Yﬁﬁkt}gr %ﬁé@é&hﬁ%%ﬁe&%gaﬁy Eula {gl ne@blgsrs\f%eglfée&{ x990y As

not ed above I'el'ectric w ndow can oma quartz type
mat er i al . m@X, Befr mohi, €¥0aomrdétc materials are al so possi bl e, so Iong as they are

capabl e o t andi n conditl ns. of a sem conduct or chi ng chanber.
Typical Iy 00%&%&%‘“%8@%& apg argpasF T i%%@@ﬁ?‘ﬂhsg%tesr(&ﬁ@?ﬁfﬁ 'gjé n about
50 Cel si U§ep@ﬁlﬂngat89uthe Je?‘;‘ﬁmge&p%kéﬁ%ns E&?orﬁl%%{hﬁ{ Yhambdt 112 dﬁp%dg&féﬂ%@e
etching process operation and specific recipe. The chanber w il also

oper at e atmb@louenn tho hidiaddyoshseld 0§ el rbam)gmcbﬂ apet ewwelar glpouhicld, thaTenll (Ml and

about 100 m Tgn h _.not nber 102 is typically coupled
to facili {ef%%qvﬂéﬁ“%%% ]ﬁlc S‘EfPlé%{’\refn?tSro‘?ﬁ CISPOSE A abr i cation facility.
Faciliti eﬂ)ﬂﬂ(ﬂ@lb{%@edpc{bumh@Harﬁthh@«tshlequ@[% dehPHEREASS WitlloFADE SAs MRAGIBHe,
tenperature control, and environnental particle control. (50047 These

faciliti e&leadi@e%mjmr@@\vt Wocerantsedelined fropha rupivs tyak eeriah Qher digleejeie
fab
abri cat | %ﬁte@g IaJe alis%tpopéqﬁ oqg' :isythea/bog QP ]OQ%VHHE n?g Y %Jlld‘fat%

transfer er t enak 8 T I ans Seni con Qor waf er s

into and euticopflucedraadigiy LOZnhesi MopitHp) @Edmb%t!;t opmztte Q. ele[v@@é&]amﬁiﬁﬁthﬂemw ng
with referencetoflagure 1A, the TCP coil is shown to include an inner coil

(10) 122, TaAAL BEWeRRt ?utéeiqefswwd amr IQQ%ISWPT%WP%M@ walk depenchen ¢ r anged
over the +%El%%é§§; of#’reﬂgﬂ\ﬁ’n&' %%mf Wi’écﬁﬁ Tl?e Jh%ﬁl&%clbb \(Xﬁ'fl Yis® Io?éiiﬁg apya%ﬁulﬁ he

Faraday shie n one e the positioning o e I nner coil
122 and t tendoiohein thoihngt2€X beswepeabbiti bad Mygrradilusiné cibtwa 10O m el'cat enT)o t he
| ocati on the zones in the raday shi el d 108. For exa out er
zones of gL%OUEEP%toFQS}W%’rﬁg@WFY ggls\ml all%éo%@st?g%ﬂlit‘ﬁf W;l}efblé‘%t ‘h‘iddﬂ ?GB%I ow t he

outer coilpmléPa Mrichidd REHLC %&huéghﬁclﬁd%nﬁﬁm&ﬁg |tha%-%?ovﬁi‘e Frb&ssl r%ge@&%‘ I is

posi tioned substantial 'y over the middl e zone of Faraday s 108,
wi t h par t vabunpvenpegure norrof,lhad errvrremmfzmiuearoﬂet:MOFar aday shield 108. 9

[0047] These facilities are coupled to chamber 102, when installed in the target fabrication
facility. Additionally, chamber 102 may be coupled to a transfer chamber that will enable
robotics to transfer semiconductor wafers into and out of chamber 102 using typical
automation.

[0048] Continuing with reference to figure 1A, the TCP coil is shown to include an inner coil
(IC) 122, and an outer coil (OC) 120. The TCP coil is placed and arranged over the dielectric
window 106, which is respectively placed over the Faraday shield 108. In one embodiment,
the positioning of the inner coil 122 and the outer coil 120 is specifically adjusted to correlate
to the location of the zones in the Faraday shield 108. For example, the outer zones of the
Faraday shield 108 will be substantially positioned below the outer coils 120, of the TCP coil.
The inner coil 122 of the TCP coil is positioned substantially over the middle zone of the

Faraday shield 108, with partial overlap into the inner zone of the Faraday shield 108.
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[ 0049] The correl ation between the placenent of the TCP coil inner
structure and outer structure is strategically defined relative to the
radi al zowexomf14843¢ Far aday shield 108, so as to achi eveca/usaoningsbet ween
the Verde Shield 108 structure and a control tuning circuitry unit 124. By
tuning the placenent, and power delivered to the TCP coil, relative to the
zones in the Faraday shield 108, it is possible to reduce the deposition of

par ti cul af0eg9]0met @rithtorekRsRdths ldeadent of thh€CFPavadayer Skidhd ah@Butewd t hi n
chanber 102. [0050] In_one enmbodinment, the TCP coil is coupled to the
control t SRICHE ie praegiqelly defimad (gltie o theradigeonesgi Hediaradmsshicd! {(fesq dtder coi |

120, and %Ee@éﬁﬁ%ﬁ% Bebfeen e FEOMnicfiN®s Qh &R GRd cdiftdl Rfﬂhl%rlcérgﬁgfluhlf coupl ed

to node 1 n turn connects to varl abl e capacltor ari abl e
capaci t or 1243Byiteninli thp phechndne tane poweraidiveielitio aled A doil, beftve @0 donnestinng to

mat ch conponents 12 nd RF nerators 126. The jinner | oop of the outer
coil 120 F&T&Wégleg‘dl%tgdt%a%ﬁ’i%? redygf; Bpdpssiteeioa tlﬁulétéb%{@iotﬂ%frexﬁ%ﬂég
CapaCitOra%%&6#&&#&%%@9ﬁ@@1Mﬁ%ﬂmﬂ%ﬁﬂﬂﬂrﬁﬁg node 142. The inner coil 122
has its outer |oops connected to node 140, which then connects to variable

capaci t or [0030]. In pe©&nfodiremi, sl ECR aplae coupted 18 theicsntod tpingditbatrwé2hwhiolde 140
and node 144. The inner l.oop of .inper Jo of inner coil, 122 is. pled to
mode. 145 ks DBt i b8 Wus? il IRC bnd 258 N4 DS Pl e Tredi i By ouna.
Contr ol tuﬂ&ﬂ&qﬁﬁ66ﬁQ&MNn&%ﬁ46hﬂﬁ@T@&@n%ﬂﬁﬁhﬁﬁ)Qﬂﬁﬁgb&m&uﬁnagVQEMM@VIab'e
capacitors 134 and 136 to tune the pOMBFﬂfFOVIded to the inner and outer

coi | s wheerpplige &3 ipdisposeheetween addey 4oune L4, haereranicpiingtingraghsvapaistied t hr ee
zones. [09R2] ik, géﬁ?a{%?b ; 'T‘Eé‘{nn 108 GORE LAk duning, & r&%{dﬁ%%&ethz', S
Rer t'o ﬁr e power o

configured to tun Coi ovi de nor e 1hner’coil 122
ver sus t hehieht@mhe@oiolcagaditor 1B (@paiber32enkagicddatyeentdicing ant ficdk 142 mhag
circuitry 124 is configured to tune the TCP coil ;to provide |ess power to

t he i nner 8¢5 40il1123 hgg it Gulet jpgpsoernBectedop node ¢d0, whichnBemennnesthodishae , t he
power pro&bgggwgﬁLthe inner coil and the outer coil will be to provide an
even distrrbution of power and/or control the ion density in a radial

di st ri but [0081]owaiablt kepasiulvd 84 atceugled ketweenabér 140vineé noder Idd £hite)innek toopef anot her

enbodi nent, the tuni ng of. power. hetwee he oyter coil .and the inner coi
will be aH‘P%Fsl?(é’oOfB%&% lb{‘?ztlh%o“ﬁleg&%@? Héﬁé\&ds %qugle?j@rlpfﬁ}r’é@fﬁgorthﬁtﬁét
et chi ng b%&ﬂ&n@%ﬁﬂ@@ﬂﬁﬁd@ﬂnﬁ%ﬁuﬁﬁ@k%@ﬂﬂyQE@&m%@&%%nQH&R%@%QmQMﬁBg%FUCk 104.

[0053] In one inplementation, a circuit having two vari able capacCitors is
conf i gur ewartable lsepagidtjru $Heahd 436 ontand babdwertpoovaltet tethe inmepmd deteecards vdidn r at i o of

UL 5 NS T g P g P 5 ©n °an e 0.1 to
[0052] In one embodiment, the control tuning circuitry 124 is configured to tune the TCP coil
to provide more power to the inner coil 122 versus the outer coil 120. In another embodiment,
the control tuning circuitry 124 is configured to tune the TCP coil to provide less power to the
inner coil 122 versus the outer coil 120. In another embodiment, the power provided to the
inner coil and the outer coil will be to provide an even distribution of power and/or control the
ion density in a radial distribution over the substrate (i.e., wafer, when present). In yet
another embodiment, the tuning of power between the outer coil and the inner coil will be
adjusted based on the processing parameters defined for that etching being performed on the
semiconductor wafer disposed over chuck 104.

[0053] In one implementation, a circuit having two variable capacitors is configured to be
adjusted automatically to achieve a predetermined ratio of currents in the two coils. The ratio,

in this implementation can be 0.1 to 1.5. In another implementation, the currents are about

10
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equal. In still another enbodinment, the ratio is zero, such that only the
outer coil is set in operation. [0054] It should be appreciated that by
provi di ngve 201miakd3e TCP coil over a partitioned Faradaypshiusk@208837t he
chanber 102 can provide nore flexibility for controlling ion density versus
TCP power, and radial ion density profiles, depending on the processing
operations being perforned. Additionally, by controlling the power to the
TCP coi |l eghRt v eill ghotheeeduiaseni,hd fado kareasaychshatednt) théButei doiliis spassi bl e to
control and prevent a desired anmount of deposition onto the inner surface
of the Faf¥&¥¥shield 108, during processing. For instance, certain

processin | 1 L en 0S r > hi
oot ducs LOBT FAARTE Mkt @ Bal B SFRRRLY | TRAAORITE] Qv Pl 1o
chanber 1B&adalyrhigldcls chsemmbtihi)2canproeilde mond figkitdlity deri dontyollliRdion denshe

adjusted to influence |l ess sputtering or deposjtion upon the exposed

surf aces &?Ts‘ﬁéﬁfgdwe§mnglf%ﬂ1%0@? dT“@’@Sgljog[eﬁ @E@ld@ﬁt%‘dp TRECSSIRR PCHIYAEi t or s
134 and iﬁ@h@%ﬁmﬁﬂﬂﬁ%ﬁ&h&ﬁﬂQw>Qb&ﬁﬁ%&%ﬂ&p&ﬂﬂ%fﬁhﬁ@@%oﬂﬁ@ﬁﬂ@ﬁiﬁ@n&&sthe

el ectroni cs panel of chanber fOZ. The el ectronics panel can be coupled to
net wor ki ngn thyEarathrg shibldtlO&iil ik pospibledt eosipeaidfirevepiraokeissl anguntad tepeeision hat

depend on th rocessi ng .operations. iyed.during .s ific cycles. The

el bct ron €0 debians cumardr BF B SoRiE T Rl By R Bk e fart 5% or ned i n
chanber 1Pwcesdfg WBbrhtiA§ WiANELAPKo UBRsiS RRGE fofnRet & BEsnPfestcRBaGhbOhs 134 and
136. [0056] Figure 1B illustrates a top view, schematically representing

t he i nnercxppsed sprfaceamdl teutapdag ghield Pe8, withingthe shaabre dOdi Inhsush sassprolbeli ment  of
the present  inv Lon. T 0SSr i i 1 gur . represents the
Cenone o DYERLL RN R T B3GR N OV B AR BROERET 5.

wi || incl egesedruifiaest Fantldy shieldrod. i nner coil 2, an outer coil 1 and an
outer coil 2. The connections between the coil ends are illustrated

rel ative [09531Ha ner embadingens o Gewritps {He arbrf ove canteqlled (vt pipeessing  as
shown in fi j I i j i how t he
circul ar aﬁﬁgﬁﬁ%%éggggfg{%%H%#%ﬁkéggﬁig%&?ﬁg&ﬁgégpw§%§9§g¥g%ﬁgé%€géof t he
TCP coi | uiupled z@detivorklgagdrans th@2willi aperaecpedineecessitdhrootiees emdo deliendentt  of t he
present invention. It shoul d Eg %@precéateg that ot her types of coi

conf i gur atlf FRECSSING opealqn dgsired fuging speldq Hickst erpirrBoncsRaRe £aR BIEIOTe0i | t hat

provi des gndenMe leYdfhoSEpeHEbM SorfofiRd AtGMbGOIh, Ay RN 2 thitfotRSspRtifer  t han
flat coil distributions. Depending on the configuration associated wth the
geonet ry eftinghel CAgRItowsilB4 andN8bspeci fic zones in the Faraday shield 108 can
be adj ust 5 Figure 2 illustrates a three-dinensi vi ew of
chanper 169561 Heus I fbas §ich, oo BRBHEHRE RPS P ER L RE AT IERAEhL | on. As
shown, chaiBetoill PR, W hécotdagdeUkignh bREeBid@hens WPRIRYN predBdinvalidR. TIRf &bésed to as
a chuck or a bottomel ectrode. The focus ring when 16 is also illustrated
in figureseptiongshoyal in fagre 1Beeproseats ebic sprusefvng éh fthieneave it figirpd A1 29 ophat
enables r | ~0f. J r. ts . . Adurin ration, as
1 ust r at S PRoRr R YA B B P ot D PG 2t S sBRT B %
provi ded howdraoier ThOornectioairveeh e dojl RGO lISstehuxliralgi @ e (R tcirdmiry usi ng a
variety of pugﬁ.confi urations which are well known in the art. [0058] The
t hr ee- di nR¥dehia the saaiiolp cirpaty hirBeshovgan dpwe 19y Thesillgragen inHégvsi Hewal | s of
t he | ower Liner I 1 : raly Lt ~ : fl ow of
pl asma by‘pvrgg §E?%ﬂgﬁ¥$%998%§%gﬁﬂgﬁga%%??gh2@%Fﬁ%éﬁﬁgﬁﬂF%§“3%§9§?§?§a over

t he surf athe 6P ¢dileutdiabab tor damberFL2] meaccorlines twitht @d eindodilmentgdiplae ptesener 118
that has a tapered structure., The liner 118, js preferably connected to
ground, aglV?fgwehIa%ngmpre@aﬁgﬁw s BEE s FpRistreing &F poeily & ' or
supporti nﬂos%ibf% t& ﬁﬁ@dﬁd’lnﬁﬁ@i(ﬁﬂaﬁcoﬂgﬁat!p@oﬁdeﬁ lh Qe rtﬁ'ﬂe%@rh&ﬁi%h&lnﬂ okifr E&Ptyﬁ@per
liner 118. The tight relationship is preferably established by O-rings that
ensur e pr gperaothee dtan dht bet digehutione epesldryonsthe edrdigh@gomadodidiel wipper | i ner

118, while still providing. for electrical nduct i 0 ovj.de ground to
the' Far adty St B RgCrAG 1R snst Bt B e SRR el B Rl
(preferably a quartz window) is provided over the Faraday shield 108.

[ 0059] The three-di nmensional view of figure 2 also illustrates the

pl acenment of the outer coil 120 and t £ i nner coil 122. Electrical
connections are al so shown nade to the inner and outer coils, which allow
for interconnection to the control tuning circuitry 124. The control
circuitry 124 can include the RF generators 126 and match conponents 128,
or these conponents can be excluded fromthe control tuning circuitry 124.
The configuration of the tunispgs§iture dlipef@uLeejel i ned using separate
circuitry and/or software that is intertfaced to controlling systens of
chanber 102.



[0060] Figure 3 illustrates a bottomview of Faraday shield 108, which is
exposed to the inner region of chanber 102, in accordance with one

enbodi nenwoab1zag3pr esent i nvention. Figure 4 illustrat@esTaseuR/034861 i on of
t he Faraday shield 108, exposing the Chevron slots 109 of the Faraday
shield 108. As shown, the Faraday shield 108 includes several zones of
radial slots. The radial slots are defined by Chevron grooves and, the
zones ar e[(d5HtHigbeL dthstiatedreidin@kiondlividd] & chanittr 002, &f adcedheBsvitfont he
Faraday shield 108, As noted above, a correlation is defined 12 between

t he pl acefBbrditnt pile prsprak ingentiopeAFRPRpaaabir dP 3 wilbiacludshe prisT fupRet and
outer coi kg Gfso GORARLL 02enlekchNouohBedBAET TROFBUHEL WBOH 15 1Ofus he TCP
coil are intertfaced to control tuning circurtry 1 t hat enabl es control of
ener gy delliumencddint figutch, shaeibes atperfefafed qglasmhecodiehresdrigt ¢H thgt apbleat | ons
with precision. In one enbodinment, the inner zone slots are referred to as
slots 108&,moffﬂé’f Prﬁ%fﬁﬁ yposHEs pyitle charmberding opgratign, 48 USR] bydlow lingsig t he
outer zoneslQlsud fotf @l &fale@d cdRe@Ddnd AeSprdPB&t (P ChddBerLd0d B i Gl and A a

rel ati onship exi sts between the pl acerren}t) of the outer coil 120 and the

i nner coi bypi®¢ts dedirgtdperationy usihga vénegye! pomp somigutahens Famchdiasywelhkrehwad 1d.08.

[ 0061] Fi ﬁl‘%ﬁ 5 illustrates another enbodi nent of the present invention in
a three-d sional illustration. As shown, the placenent of the outer TCP

coi | s and[posgierhe ThEe-8RichSoml QicGUTR! afaflet M2LNG iQKiGIs ARNKIewhilEoMheldl e
zone, and the inner zone. In the outer zone, slots A-B-C are present, while

in the nileeelipgrd) wiidigclpder alugalipr elsdeit [0 alty Bl liows ploplasum ipeodpetesent i n
the inner;zone, efﬁon', lwlhtfé &ﬁf‘&%ﬁnm@% AR SECHRe katadl §f31tt11§ kg0 fagphpt all

| ocati ons“Under the- duter coirl. S areat's dérined as an area tnhat

provi des pasgddes figy ugeetigy 1fi8 ubat penenaerd sbycdibeTigolider tih&tis ipfef@atilpl ed to
the RF generator, and associ ated matchi ng ci rcuitr%. As shown, slot C

ext ends  bespdefdedtiAgroppgitnls chteies (@2 Eppirdingskl S Revidsoie siruchirgler fUppiiphe out er
coil can - ' i - a , Of 28% t hr ough
fhe. rogi ot ATaR R Hos Bl Pk e by R e A R e et e
hi ghest hprefezabiyt @labfidhad b§ Oerings hiet emoer pro@ir lcomadtion beseem the [HABE2] shkdlgur e 6

illustrat a cross-sectjonal. view of the topnpbst section of the inner
chanber 165 S hee 4 G- vdntl%st@lrpéwéw%&f HBHTCA ORI e SIiAC ERVRh | on.
This illugt thetrafays Bove beafanaday, sk %E%ct%i@%viﬁ%w 1" Ep?&er%l?‘érﬁﬁreti’at terns

109, discussed above. The Faraday shi el 08 is separated from
di el ect ri windbwiopolied byer thedierddyGiiield W8one enbodi nent, the space di stance

can be be about .0. 3. and out ,1.5. Pr ef er abl t he ac.

St ance. TUSEE AT RiiAe! (84T REe2isS By R Rt B SEE 3

repr esent et fn@ftheAfne® 6N I ERBABN @bndeltidhns hiS aRH RMSThAY (@thd MheMMRdWRIeer . AS
chanbers can vary fromsmaller to | arger chanbers, the distances, and

par amret er eollsrwvshaalgwifar intgrcenngpliin te dicicorirapuningeheuptry blse hlel sogiresireey si ze and
geonetry - r LN r 0 igyre 7 il trates a
nore det aﬁ%%‘%?%%gﬁe th englﬁl ésglszfa gggﬁ?&ﬁ %gm %nlgﬁt%%g Ogﬁlg%tcﬁ)gl pg+e§€ésca , B, and

C, in accps éanded Woihhoamuenheidi o024 e pingigeation sTMBNtun@@ .cirsmrg hown,
slot Ais a slot that defines a Chevron groove in the Faraday shield 108
t hat ext efidsPudeltngd usihg sepasde circuitry and/or software that is interfaced to Controlling

systems of chamber 102.

[0060] Figure 3 illustrates a bottom view of Faraday shield 108, which is exposed to the inner
region of chamber 102, in accordance with one embodiment of the present invention. Figure 4
illustrates a cut section of the Faraday shield 108, exposing the Chevron slots 109 of the
Faraday shield 108. As shown, the Faraday shield 108 includes several zones of radial slots.
The radial slots are defined by Chevron grooves and, the zones are distributed between inner,

middle, and outer regions of the Faraday shield 108. As noted above, a correlation is defined

12
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13 mddle, and outer zones of the Faraday shield 108. Slot Bis a slot
that defines a Chevron groove in the Faraday shield 108 that extends across
t he out erwpaney/14893d t he m ddl e zone. Slot Cis a slot tirat/usasiza3E8EVvron
groove in the Faraday shield 108 that extends across only the outer zone.
In a preferred enbodi nent, the distribution of slots A, B, and C are
configured to a specific pattern. The specific pattern, in one enbodi nent
is A C B, bdoweeh the Bacef@entdf GeBokss o AWEFBaday shie®t108, dn@Q@4dneFa@uwier Soilslof ust r at es
a top viewof the distribution of the Faraday shield slots, in accordance
with one €1BbEN HEnTuwliert e igeeaiheutersedhef dis. TR cahagrintetpred t el shiel d
i s dividegd inpt : I r 14 L $hC it center
ol e of ¢ HnsRelll 32 S0P SR Wl RaFeng nBEER 1 BRRES o Bt O O
108a and tdsaedutcking zpoetidn®8eith pbrecisios. Erbied enrenlimert, hike iimrerzozorlets .08a wi | |
include 25 slots. The mddle zone 108b w || include slots, and that

out er zon@f%@g&) gisfors #Oﬁﬁltﬁfd%ldélééo@ls Sgire e {on Sﬁ?ﬁcﬂgg‘?’ apghibe SPsE NGy e

pref erabl y dafd Redcl b & LA, RIhbRI T hihat 12l B%lﬂﬁahﬁliﬁ"bﬁﬁs BetRBInt@En of A C
B, C ACB C ACBC ACHB, etc. [0065] Figure 9Aillustrates the path
of i mage placenent ofuthd@ntet bal I Hhaerd doiitner coil 42% oeladaede thd thieeomeeseetbibeli ment  of
t he presegtainv§n@iﬁg. As shown, the Faraday shield 108 will have the outer
coi | 120 Sy Clddid:r coil 122, disposed above the Faraday shield. As

not ed, thpobnNEesur@ny iMidtrRts GRbthe Whbddihar difsPesgesecabduenddaeidieleet ri c

wi ndow 106, such that the coils are outside of chanber 102 and the Faraday
shi el d 10¢messigngbillydratioe Avdpperthe@remandf 8k pasedCr eoilshad pperclé FsioHy

envi ronnent,, t b | a ri t chi per.atian, shown,
t he innergéé%%aégiﬁﬁg%gﬁﬂﬂﬁﬁ’&Pé%éﬁgfgﬁ;5?%%9QP§H%§53%H§(ﬁﬁfF&ﬁn%Wﬁﬁe slots
A and B, amlCt4abpresdti,ewhikofehovhliddld Amkudas H-Blage presel, adddnl§.slolh@ are

approxi mate positioning of the inner and outer coils 122 and 120 are shown
in figureP@E gheinngbzang AhBlupigds theqpeprea sngreHsdhie’Yoaedl! loettipnr e oB

illustrat : i I h t han
through i e e SR EnE Gln AR BUER) B uEWed B o Ra g T Bl g
Ohm ¢ | osgasraeddyitigpeodvthangs ¢dupled kaithe Rdhgherabt, and hssoriattdmatchingcirauaiyl . [ 0066]

The spacing for the slots therefore provides. advantages_over prior designs
(hat fon® 0 dhsmnet e SHENE HesOpy Secanit VB M BiBEY PO AT e kBB atiBnt . ¢ ne

l'arge spagdingn 8t s&h 16 IRkSfidstan Bﬁénearéai Jfetdtel hah 25D erbiPRIR: CHOA Bftfer W | | go
around the end of the slot, not through tthe slot which1s what is desired

t o maxi m the immay p@t St A extends beyond gwiregion Thee thedughestvioukantd lundiom theat i ng of
the shield and.less heating of the plasnma. By adding slots A that rapidly
di verge 14PN ¥ Pent er of the shield outwards, the slot count is

I ncr eased[gpp2]tiN@IrS b AlktrAds & &ssBectibil SiewddMthel t st ©ietist @ihe @hertchentfer sl ots in
the outer zone. In this way, a balance is made between the desire to

transmt MEgieicc@ddnee with eng ¢rebodingahel, the prasgat ingmgon. dhiselbustryisinjsienss b t he
shield, apgd, BY h&kt {BhaPhe SO RISHLERS 199, MWLl L e Rl AN P oduct s.

108 is separated from the dielectric window 106 by space 107. In one embodiment, the space

distance can be between about 0.3 mm and about 1.5 mm. Preferably, the space distance is

about 0.5 mm. As used herein, the preferable distance is represented for an etching chamber

that is processing a 300 mm wafer. As chambers can vary from smaller to larger chambers,

the distances, and parameters provided in this application will vary depending on the size and

geometry of the substrate being processed.

[0063] Figure 7 illustrates a more detailed view of the underside of the coil 108 and the slots

A, B, and C, in accordance with one embodiment of the present invention. As shown, slot A

is a slot that defines a Chevron groove in the Faraday shield 108 that extends across the inner,

13
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[0067] Figure 10A and 10B illustrate a three-dinensional view of the upper
liner 118, of chanmber 102. As shown, the upper liner 118 will have a

t apered pwofnizi4ssnd the top isometric view will provi deca/ushakins{ser
securing the Faraday shield 108, when assenbl ed to chanber 102. The bottom
isometric view of top liner 118 will connect to the |Iower |iner 110, as
shown in figure 1A and figure 2. [0068] Figure 11A illustrates a top view
of the Famad&y ashb@ét,od@8f thoFasersHrRcHIWSbhBAne seiritadidemet aahetibe present
invention. The top_view of the Far ada(){ shield 108 represents the side

faci ng t h&oeniddhe Foedagrshicklatisehat eendsaranss fiesuimszaer apd Buapdde 2982, Fi gure
11B shows .Sl i : 04, as
shown i 1 Proaroh T Bk ECREFE ST fedarlf S AR AR SRR O,
exposed t thebhter pnades picfigred asbsliaenm, thd digributidnof sigs &t Bhindg® apeméipirods.
Figures 11A and_ 11B, clearly_illustrate the three zones of th ar aday
Shiel o antl A WEIRGRHAT SonPRYE B Tore HECUPEHLS &f CalheCrdr balyCalh el o 108.
Also illuptgated @ the slots that are defined in a Chevron pattern, thus
preventing the Tine of sight to the dielectric wi ndow 106, for bl ocking
process pHI064Idigme ésillasidtehyaptopduct of dher disigbeitonhifnge dprdat soeld .slof0G69]

Figure 11C illustrates one.enbodinent of. the Faraday shigeld 108, . ..n

e or danc B WPHEGHE RO HER of ™ Hepy nidien Thvinve o Faffed SFHCUE:  at i on
shows t hediFRERHRY (& ek, TAS itV kdhd 1R isERUE QB gy RAMEHolt @F IRty ei n.
Also illustrated are exengl ar%/ di rensions for the Faraday shield 108, so

t hat the thiglé Top ndddihzone 03bHebetvedndles inpes zopernl@3nantios: s zore 19Be clkede f or
process p i tes. ri chi. rati . Agaj e .Si 7|

P Do A e B S0 AR BB R ST

par ti cul aglbty, dnil @kt bertbfe MIZEBAISInONGe MEGRES AR Yiok® ibode, IROsIoBMma@tcdsrably hat i's
bei ng processed in_an etclgliégegvoperati on. If the wafer is either reduced in

size or i fdmedadadiplpatiry magivaihd patign ghd. eHb @i Asadd dnsAdf: Bokanber 102

will likew seg;be adjusted for the varying in size of the substrate. Figure
11C il lustirates anot her enbodi nent where the Faraday shield 108" is
di sposed 006X ligtred dillusoagl th @ityofiimageantram tinddr the itdeecdl, & aecdrddnce witndow 106.

In contrast with the embodi nent of figure 11 the F y .shield 15 108
i s mai nt aPHed™ m}fn%%faggp?ffﬁ??t HREROBN i SBP W tthy arﬁcgﬁ.sﬁ%g%gﬂ%{ﬁ@a ¢can vary
bet ween agutcod 13) B @0 ehndRQH1 23 HPRARF RIS ﬁa[rﬁﬁ&rghiblﬁ. R€hold O 1Rt 0.5 mMm

[ 0070] In one enbodi nent, the Faraday shield is nade out of stainless
st eel . Foandeswgrplods wilhée Empesddybshithd diclestripadedopui OtofsudObatstbe caids &t ai nl ess

steel (i.e. .on f th ol | owi.ng SS. ials: 30 0 , 304, 4L,
Soatn, oy GeBimbtSod Sefb e PRI R Jugi i St U Soe 1 one
enbodi menthe pdagssinb @hvioBSEntSiuiRhs thahdk pdsiiNin@ing ah Stchias spotatod AWshdwmi tric
acid for inproved corrosion resistance. The Faraday shield can be rmade out

of Hast al theynnemrrae pall aefayncduse slot Ac thn nhiédlgraane vall incide FiotsghpadhB, and thahi s

embodi e n%utertzpﬁe Jlllt 1%51{1 olfsa {éalg,%édﬁﬂfﬁé %pir Xinfats: éo%gioﬂllin% Iaf tL'e il flpa(ndl%%&:% er
corrosi on performance. € Far’aday” shi can be coated Wi th one ot the
f ol | owi ngcaiBtiepiaall 920 YRABowad Bgurd iON, dlnne pe mideiher Outdrh endmmidalel 2hef
construction). In another enbodinent, a plurality of circular grooves is

machi ned Figeis 9BrHBusyigies ghrecappleh p REEPN Shiuslerf S0 aFy ¢ Fghes (a8 e shhance
th f . or i N i . 0.1
m and. 100 nuol BehBmARTS I floyhity B QoC ARSI D SR s BfaRE HEPT O

grooves cHux fpactreibnéren thk ikmmcaind | O (i ndependent of the nmaterial of
construct| A plurali of radjal grooves can be nmachined jnto the
ur T ace. ol OB 1 actis et i B hGo R B S G e e Ew FUOS PR 468 ar ea 1 or
adhesi on. ¢{F.PAVE heGAReRE BEMWESR. Bn dneMbBMAedOnBTR M Ffidnt BRI 0 1 mMm

and 5 mm deep (i ndependent of the material of construction). The Faraday
shi el d sumbaclé&eRathatathe bragb etmee wib garcbudd thenindra thenddtesot thiough the efoer r ed
enbodi nent .. circul ar. machi ning.l a ttern is achieved on the surface. The
Far aday. sk i G Riearal Bl Sl dsh S oo o el oSt ai neg
usi ng beapkahh@st hd Ghi€ll RACRAKIGM AfthdTBh®Ia. aby RIinB QRS A Ui k@itly dibverg@n

al ternate enbodi nent, the Faraday shield is in contact with the dielectric
w ndow, and the area around the chevr D is grooved. The groove can be 0.5 -
5 mm deep, and 0.5 - 5 nmwi de. In one enbodinent, the dielectric windowis
made of quartz or other dielectric materials. [0071] Figure 12 illustrates
a baseline ion density profile plot, utilized to test the performance of a
pl asma density within a process chanber, when no Faraday shield is
installed. In this experimengygshfriassieerRRL density profiles were
obt ai ned usi ng a process chanber manufactured by Lam Research Corporation,
t he assignee of the present application. The process chanber was a 2300

o o o B N o - N A NS ——



Modi fyi ng the TCCT enabl es changing of the lateral plasma density
distribution via independently biasing of the inner and outer coils of the
TCP coi | .wbani1zxsespl e, the higher the value of TCCT, noreTmsaar/0331irect ed
toward the center segnent of the TCP coil. Typical operational ranges are
between 0.1 and about 1.5. However, in order to inpart good control via
TCCT settings, it is inperative that the dielectric w ndow renain

subst ant i abihyhecdea@nodihe sti€ll obyvaik Qe sibScouitie incRased @R shet yarpeid Bswaep and
TCCT ion densrnﬁtée profile collected is illustrated in figure 12 and figure

13. Furt ha'd thene stags pff they Ciikels ip Eherytereenewhieihis WYashﬂan@ﬁrmadeﬁe%@ ®dntrol | ed
t at | f.

T4 and 150Rr (rERH Rt ST e Hhe RO 1n BBRWRIE olind IMIE ! T T
108, mnthmmwmhmcﬁﬂmamﬂsumhanmﬂvHmﬁﬁmlﬂmmmdgmmdamce wth one enbodrnent of

t he prese nvention. As noted aboye, the Faraday shield |1 include
r adi al B)E’éhrFég}Fhé&g H‘P%é@dﬁ‘@“&‘?é‘t teﬁrﬁltm@ﬁlo%f’éth'f@é%ﬁfs YR PP E}FT \{\11% @l e, and
outer Zon@rﬁmbélnftl)zt&@sh%%ﬁerﬁe &¥per hRF i & fgdvd Qta%é}é‘d bﬁl%edﬁﬁ’ﬂ{e t@ﬁ ishhctf@l | s that
are tuned to maintalin the proper power distribution and flux to ignite and
mai nt ai n opwiwrdlprévate aj@nh“rfolyseprrmrgrtheeEaradas selhigvi)3, whea dsgemiblcddn chammigow f or
the TCP i mum of . about . 50 ntnr of about 300
scom at a5 SaChPBRaRng e o8 fust 1 8 b ChERD s Db e Lok TR wher o
TCP was sgifigdfe [ dHdTigheem of about 400 Wand argon of about 200 sccnm 50 sccm
SF6, and a pressure of about 9 nT. This test confr%uratron confirmed that
havi ng thﬂ)ﬁﬂﬁ@ﬁa%1@hﬂéﬁ@“@08wpnﬁwavﬂ@@Fﬂﬁﬁﬂﬁhwkhe)me@@§§M@haWhémedrd not
significa l a T s stil
obser ved. QIPIL(}&%%I!HSP %‘g tgl(le éﬂ—:@ ] %H}%Pd?ﬁ% é%ew%%hal%:@a anélg ?0? %g ese S tﬁ? 15%

reduct i onsmmfaplhlgsﬁmmel@cns n@@/omSmbebsleQ Viglibn \ah@ mblel €n El@r@ela},ozs rﬁlgirel 11D8 was
installed inside the c us, the introduction of the Faraday shield

108 wi t hi Hoas draifsef tht@zradw Stnﬁldi K08 thap Fages theohecty Hidi a8 shews irlignte iordhe st 1 |
allows fo f ! chanber,
whi | e ass?gfﬁﬁgg?ﬁ&?hgﬁgéJ%étgéﬁﬁaﬁﬁgﬁégﬁgéih%?% 8%%sﬁ%ﬁ%%% @Pg$@ctric

w ndow 10&1r1n@’bﬂt¢htrtgr oyleragjotish @ignires| 1@t aridcl \M, retbarly 1106trad denthek doyerddbet s wil |
therefore_in the operatio use ambe 2, and reduce excessive
cl ean opepﬁﬂf ﬁﬁb@fr? ﬁdﬁ@P%WﬁBHﬁhehtso@I@a% i? gﬁtﬂﬁﬂilggnA$%clude
vaf er - | esgjapid a?é B8 Blofs e e dMhealn @Cﬁe&@rﬂﬁdt@ﬁr @ids ﬁl@véhﬁﬁ%’t‘fl@ 1iRL @fss‘@at
byproducts fromthe inside surfaces of the chanmber in ween wafer

processi nty thyditledric wmdawdthdor hedsomdipnasass parigeatet dndiyproflessdupypeiokiogt s ar e
deposited on the Faraday shield 108, due to its geonetric configuration and
orientati I 8M4tive to the RF TCP coil and tuning circuit, when byproducts
eventualIumaqqugyé@ﬂ@ﬂmaaﬁx<ﬁ3emb&mmaﬁeﬂmeth@aqhhekFﬂmaﬁawaﬁhmaiQHHOS can
be made with little downtinme of the etching chanber 102. [0074] Flgures 16
and 17 i | pugsembpdiacng of Swpiipsesioinvisdipmelvs Blysteatipo dhaventhe Waede siiddd £8¥ aday
shield 10 t e [ 108 is
not i nst aﬁ% épth@e%onggoo% ﬁ&%&%ﬂ%@% ‘Ag%oclgr a{r%gg%gwﬁ %%(?@r{rl‘%&kc;E t‘SJ tﬂ? of the

present i Ratedalishivld 108, sohhd teXarmI eight tb tesdidb@nwinbay 1)@i&dn t2 tidckghtor hi gher

pl asma density and | ower ignition window is possible when the Faraday

shi el d 10BOFsS pytcylHet dring iching OReAtas. Agp. IMotEne Hlusdd fos fediadani el d
does not f eventi ng
manet o Ty 3t RERLAFTN nik Sl pERAREY ol Bt Al AR A o F Y P

t he Far aday) wmivedfet, h@E s bsng)mromgsqdlmaleetclmmgopdseatlbmdf the aralfez ris EOR2r IB@I{EOGSI te the

RF coils that provid net drive the neration
R Tl B AR e h Py BB elafiob T ik o e p DR MREN R e o
108 | st ahl gghh i, o PHAGESPHERBRE AR 110 DL chatAch o

di stribution and grooved Chevron structure, still enables for precision
controlIewhmonmdﬁmswwyﬂmd®ﬂ08es(hwowgaﬂaumaduakmmmbmhrbunm@wtWAMdh@ronalIy,

bl s ‘B‘S%ﬁt‘ré%ﬁ’d&ﬁ? ot etal @t BEDIRCerP bR Yobtont BB a Ty

figures 18A-C, the experrnental results show t hat the di el ectric w ndow
106, when protected by the Faraday shield 108 will prevent deposition of
etch byproducts, which could significantly inpact the operational
paranmeters and control of etching operations in chanber 102. As shown, the
pre-w ndow picture of the dielectric window 106 will | ook substantially
identical to the dielectric window 106 after 30 mn. of operation when
etching a substrate having alum num material. Wthout the Faraday shield
108 installed within ChaﬁberS@Q%ﬂfﬂﬂégHé%*(ﬂU1Eq% operation, the alum na
mat eri al (byproducts frometching) wl srgnrfrcantly deposit on the
surface of the drelectrrc mnndom1106 The srgnrfrcant ‘anmount of deposrtron
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18 shown in figure 1A). Figure 19B illustrates that the top surface of the
Faraday shield 108 accumul ated substantially no deposition material,
confirm nyotzhe14893y et ch byproducts directed toward paripCy/usboielosssiD8 wi |
be prevented fromreaching the dielectric window 106. [0077] Accordingly,

it has been confirned that the geonetric configuration of the slots on the
Faraday shield 108, coupled with the Chevron grooves substantially prevents
deposi ti omgols owpiindUgtassph@ F7Mvieon URecdic l06CTHel Pacti A @dh 106, bedvebinst al | ed
in chanber 102. Additionally, the placenment of the TCP coils (inner and
outer) reftbert Q&mmpandighout hoEiE. 2Klggelerbly isgestopabout Be trar aday shiel d 108

provi de cpiageiah ohYehindddNRt b idd ¥ @ ou P «PRRACKLY Hf LFpfife desi r ed
ion density groP| es W thi'n the chanber, Whi T'e preventi ng excessi ve

deposi t i oharafayehicld idmple@dudt30-cantes sthinksesxqbs.edns uf thadlogingtISenFaratsday

are con i gt U0 BHodihe gt BH e St aTflel JERS M7 paket mbove t he

Faraday shighd hQfe elB&IiREACEIERI side BayhicRNd pRULEEd G2 hitrié 8cid herefore
correlated to the zones of the Faraday shiel'd to provide the optinma

t ransf er fBmdnprovahbiokiosign whisteagn ethe dafadayxshiadd tdnebephadernat bhHadwloghdhber 102.
I n one enpodi ment. the outer .l 120 is placed bst.antial |y over the

out e zonEr B i itk Sl Vi B B RS RGeS A ¥ e
space for jstcbaBS Witk 31N for BbitdrRR@idnGefbibandcd thRFaRUASIRId Jhdeiconer wipi | 122
is placed substantially over the m ddl e zone, where fewer slots of A-B are

provi ded, omsu®f i doliavare tkpéeriahin 2080 fec02) nliyndndeptysiditrehtthe mkéerighwér coi |
122 can b fi.ned sli I er the. inner.zone A er,. [N
cont i gur at T i0he ‘RandBh R’ TN SRy SpolRENBEMDORRS 1 o

zone of thefabasfathaydas kHi€dl thcing QR Shsnlano $hiidnte daeirhes s dineioh., Indapendi ng
on the process paraneters of the etch operation, it i ossi bl e _to adj ust

the tuni ngnRApBE- 185y Be PerPas)-t mat andnf e 4@‘&%@2%5&@%%1 oM™ he i nner
surface Ogleehh?lﬁlzcﬁgtﬁfé@%et%éqeér?%\%g@an bd bét@eeﬁ@.l‘nﬁ“}f Efgdn éérg'rﬁt(itnﬁéelﬁg&eﬂt bNGe

pl acement o e outer col over the outer araday shield
and t he i maerialadicbnstr2@ioay eA phunditynoitiddiel gromes cirt bel Raghined indbd hetsindidce ohie

magnetic field around the grounded Faraday_shield 108 wil] influepce |ess
deposi t i ol ytS%ldeQﬁ%@a PR e SRR S %F%ﬁﬁ@g%ﬁg@s’&ni OV GBERY As
i [T ustrat gdwby 7 GH 88 15A0d WBde idaSeFRERT DM S Rheb thik 8RpRBdGRAGON 8D TN a

variety of ways. The Faraday shields are provided as exanpl es and should
not be comsleddroédomgudtioni. t Thegharalay baeld sefaenRRaicay bgbétepen STarel Himbiero- of

slots, slot, shapes,. and slot sjizes, in the Farad shi el ds c be. vari ed as
necessar y S Ao e} SR derhige B deltn Nk ahdh 95 ' [o081)
Whi | e t hi $hd MYRRY ki9Ad RamcORE BandRBEwBE S ind 30 Iido-Aich&eMrlifld wRixbagidrent s, it
will be agpre0|ated that those skilled in the art upon reading the

pr ecedi ngblegsiag i(inflepgrdeaine rageriab pleppbtrgtiohe el pmlfonpse eaptodingeah thez@raday i ous
alteratio dgi ' . . 1. OF n Lval en r.eof. '
o e Oy B RSy LS R AT AP SR B DRI L
al terati ome gragldichh BNGS - PeiiiUtedt AndS - Ach Ul adnevinBodiderftahé didleétit n t he
true spirit and scope of the invention.
window is made of quartz or other dielectric materials.
[0071] Figure 12 illustrates a baseline ion density profile plot, utilized to test the performance
of a plasma density within a process chamber, when no Faraday shield is installed. In this
experiment, the baseline plasma density profiles were obtained using a process chamber
manufactured by Lam Research Corporation, the assignee of the present application. The
process chamber was a 2300 Versys Kiyo 45, which was configured without the Faraday
shield 108. The test conditions included flowing Ar at 200 sccm, SF6 at about 50 sccm,

chamber pressure of 9mT, and a transformer coupled capacitive tuning (TCCT) at 1.0.
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20 What is clained is.. CLAIMS 1. A plasma processing chanber, conprising:

an electrostatic chuck for receiving a substrate; a dielectric w ndow
connect edwoaorm/t4gg1porti on of the chamber, the diel ectripcTiiseaem3a3%posed
over the electrostatic chuck; a Faraday shield disposed inside of the

chanmber and defined between the electrostatic chuck and the dielectric
w ndow, the Faraday shield includes, (a) an inner zone having an inner
radi us ramggifying the TCCT enables changing of the lateral plasma density distribution via

independently biasing of the inner and outer coils of the TCP coil. For example, the higher
the value of TCCT, more power is directed toward the center segment of the TCP coil.
Typical operational ranges are between (.1 and about 1.5. However, in order to impart good
control via TCCT settings, it is imperative that the dielectric window remain substantially
clean of etch by-products. The ion density power sweep and TCCT ion density profile
collected is illustrated in figure 12 and figure 13. Further, the testing was performed where
plasma ignition was controlled at a transformer coupled plasma (TCP) power of about 50 W.
[0072] Figures 14 and 15 illustrate the results from utilizing an internal Faraday shield 108,
within the process chamber 102, in accordance with one embodiment of the present invention.
As noted above, the Faraday shield 108 will include radial slots having three zone distribution
between the inner, middle, and outer zones, and the zones are correlated to the placement of
RF coils that are tuned to maintain the proper power distribution and flux to ignite and
maintain optimal ion density profiles. As shown, the ignition window for the TCP was a
minimum of about 500 W with Argon at a minimum of about 300 sccm at a pressure of 9 mT.
The stable plasma operational window was where TCP was set at a minimum of about 400 W
and argon of about 200 scem/50 scem SF6, and a pressure of about 9 mT. This test
configuration confirmed that having the Faraday shield 108 installed within the process
chamber did not significantly impact the plasma density, and TCCT to the ability was still
observed. In this experiment, it was shown that not more than about 15% reduction in plasma
density was observed when the Faraday shield 108 was installed inside the chamber. Thus,
the introduction of the Faraday shield 108 within a chamber 102, with its three zone radial
distribution, still allows for precision control of plasma density profiles within the chamber,
while assisting in the reduction of plasma byproducts on the dielectric window 106.
Maintaining the dielectric window 106 clean of byproducts will therefore increase the
operational use of chamber 102, and reduce excessive clean operations.

[0073] In one embodiment, clean operations can include wafer-less auto clean (WAC), which
are configured to remove plasma byproducts from the inside surfaces of the chamber in
between wafer processing cycles. In another embodiment, even though less byproducts are
deposited on the Faraday shield 108, due to its geometric configuration and orientation

relative to the RF TCP coil and tuning circuit, when byproducts eventually accumulate, easy
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(b) a mddle zone having a mddle radius range; (c) an outer zone having an
outer radius range, the inner zone being adjacent to the mddle zone, and
t he m ddlwozomei4kssiing adj acent to the outer zone; (d) apCirnsstoiges4ssf radi al
slots (A) extending through the inner zone, the mddle zone, and the outer
zone; (e) a second set of radial slots (C) extending through only the outer
zone; and (f) a third set of radial slots (B) extending through the mddle

zone and fyla&dmeAODEL the Faraday Whieklei(3 dahebef miidet witls aRNdbwatithe tdfi thd eiciaidlg al sl ot's
are arran%ed radially around the Faraday shield in a repeating pattern of
slots A, €amBer 9dq C. 2. The plasma processing chamber as recited in claim

1, wherei tf: f.Qr P i t he
di el oct 11 VG HIE0S Bl L ARBNRY PR bl R BbboliSe FATERIRARNEL o1
t he out er shigdd [108 $s thsajaisedhioveimbchd02iand ehtn Feraddyndioald $0chy tdoadstdlloé out er

ner ool PG <BuHET A TR AP Ve AN NG 6 Prob s say AR el d.
gbiTlhe Pl agmBpRy AGE SRR ATh TioRShigHREpheRh idhsi®) AdMbRer WREEEWMdbREs | nner

possible when the Faraday shield 108 is not installed in chamber 102. However, the Faraday
shield does not cause significant B-field (magnetic field) attenuation.  Preventing magnetic
field attenuation is an important factor, when considering that the Faraday shield 108 is being
placed inside the chamber 102 opposite the RF coils that provide the magnetic flux to drive
the plasma generation within the chamber. As a result, it is confirmed that the Faraday shield
108 installed within the process chamber 102, with the defined radial distribution and grooved
Chevron structure, still enables for precision controlled ion density profiles across a radial
distribution.  Additionally, the Faraday shield 108 acts to reduce the sputtering or
accumulation of plasma byproducts onto the dielectric window 106.

[0075] As shown in figures 18A-C, the experimental results show that the dielectric window
106, when protected by the Faraday shield 108 will prevent deposition of etch byproducts,
which could significantly impact the operational parameters and control of etching operations
in chamber 102. As shown, the pre-window picture of the dielectric window 106 will look
substantially identical to the dielectric window 106 after 30 min. of operation when etching a
substrate having aluminum material. Without the Faraday shield 108 installed within
chamber 102, after 30 min. of operation, the alumina material (byproducts from etching) will
significantly deposit on the surface of the dielectric window 106. The significant amount of
deposition on the surface of the window 106 within chamber 102, when no Faraday shield
108 is installed, will require substantial downtime for cleaning operations, as well as loss of
operational control in process critical tuning regimes.

[0076] Figures 19A and 19B, illustrate the condition of Faraday shield 108 after the
processing operations performed during the aluminum etching described in figures 18A-C, in
accordance with one embodiment of the present invention. Figure 19A shows that the
surface facing the process side of the chamber received little deposition of aluminum, due to

the configuration of the slots, the placement of the TCP coils, and the tuning circuitry 124 (as
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and outer coil are connected to a tuning circuit, the turning circuit being
configured adjust magnetic flux inparted through either or both of the

out er zonwoantk/mswdl e zone of the Faraday shield. 21 WBCT/US2012/034837

2012/ 148931PCT/ US2012/ 034837 4. The pl asma processi ng chanber as recited in
claim1l1, wherein the Faraday shield is electrically grounded. 5.The plasm
processi ng chanber as recited in claim4, wherein each one of the slots A,

B, and C gendeflighedAr oiguge cieilamishapeakt ©p eovRe o6 theharjahpstiEd po®cessi ng

chanber agcc{lr%lcl;liageg dsu‘ibsrt]anct;ilalilayi rrPo Sdepz)l\!i]tieorneingteﬁieﬂ,e cgrt}ierr\lllgn%nthat any etch byproducts
directed toward parity shield 108 will be prevented from reaching the dielectric window 106.
[0077] Accordingly, it has been confirmed that the geometric configuration of the slots on the
Faraday shield 108, coupled with the Chevron grooves substantially prevents deposition of
byproducts to flow to the dielectric window 106, 1 installed in chamber 102. Additionally,
the placement of the TCP coils (inner and outer) relative to the three zones of slots in the
Faraday shield 108 provide control by the tuning circuitry 124, to properly drive the desired
ion density profiles within the chamber, while preventing excessive deposition of etch
byproducts onto the exposed surface of the Faraday shield 108.
[0078] In one embodiment, the tuning capacitors of circuit 124 are configured to produce a
current that is correlated and placed above the Faraday shield 108. The placement of the
inner and outer coils is therefore correlated to the zones of the Faraday shield to provide the
optimal transfer and tunability of magnetic flux to the plasma in the chamber 102. In one
embodiment, the outer coil 120 is placed substantially over the outer zone, which includes the
slots A-C-B, and also has the most open space for transmission of magnetic flux to the
plasma. The inner coil 122 is placed substantially over the middle zone, where fewer slots of
A-B are provided, but more than the inner zone. In one embodiment, the inner coil 122 can
be defined slightly over the inner zone A. However, in one configuration, the inner coil 122
is substantially aligned over the middle zone of the Faraday shield.
[0079] In still another embodiment, depending on the process parameters of the etch
operation, it is possible to adjust the tuning capacitors to ratios that influence less deposition
on the inner surface of the Faraday shield 108. It is believed, that due to the placement of the
outer coil 120 over the outer zone of the Faraday shield and the inner coil 122 over the middle
zone, it is possible that the magnetic field around the grounded Faraday shield 108 will
influence less deposition on the exposed surface of the Faraday shield 108.
[0080] As illustrated by Figures 1A-19B, the Faraday shield can be configured in a variety of
ways. The Faraday shields are provided as examples and should not be considered as limiting
to the present invention. The number of slots, slot shapes, and slot sizes in the Faraday shields

can be varied as necessary to accommodate different etching process requirements.
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shaped groove does not include a |line of sight between respective sides of
the Faraday shield. 7. A Faraday shield for installation inside of a
chanmber, wornprym=sey: a circul ar plate structure havi ng acrtast@r/obsse, the
circular plate structure including, (a) an inner zone having an inner
radi us range; (b) a mddle zone having a m ddl e radius range; (c) an outer
zone having an outer radius range, the inner zone being adjacent to the

m ddl e zo[0981]awhild ihs inveddbreha Moen Bsitgd adjeageot seh@alt ditboOiitcar, Z @Migbe (d) a
first set of radial slots (A extendln%>throu gh _the inner zone, the mddle
zone, and2RPERSIaggtilat ﬂl@&?n%iﬂleéé)th%a%@@ﬁ inghegpecedipg specifipaions ydyludyingndi ng
t hrough o ﬁg&@ )
extendlnga%ﬁ¥gp§%gH%%&h oui%%@¢%%d§§&?%§?wﬁﬁﬂmﬁﬁ%&QQhﬁLM&hgéégﬁg an
third radnaht&ﬁmmm1ammhanhanme@emmdmahhwnanﬂmﬁdaﬂhmdFamadam&sMﬂmdeln a

repeating pattern of slots A B, and C . , ,
P gp rmutat?ons and equivalents as fa(I:f w1tEfnn the true spirit and scope of the invention.
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(g) each one of the slots A, B, and C are defined froma chevron groove.
8. The Faraday shield of claim?7, wherein the chevron shaped groove does not
i ncl ude awDi2ne/@893si ght bet ween respective sides of thePEansdeyg/osdssel d.
9. The Faraday shield of claim7, wherein the circular plate structure is
defined fromstainless steel, hastalloy or titanium 22 WO
2012/ 148931PCT/ US2012/ 034837 10. The Faraday shield of claim?7,
wherein the circular plate structure can be passivated or coated with one
of Y203, Ce02, or TiN
What is claimed is:
CLAIMS
L. A plasma processing chamber, comprising:
an electrostatic chuck for receiving a substrate;
a dielectric window connected to a top portion of the chamber, the dielectric window
disposed over the electrostatic chuck;
a Faraday shield disposed inside of the chamber and defined between the electrostatic
chuck and the dielectric window, the Faraday shield includes,
(a) an inner zone having an inner radius range;
(b) amiddle zone having a middle radius range;
(c) an outer zone having an outer radius range, the inner zone being adjacent
to the middle zone, and the middle zone being adjacent to the outer zone;
(d) a first set of radial slots (A) extending through the inner zone, the middle
zone, and the outer zone;
(e) asecond set of radial slots (C) extending through only the outer zone; and
(f) a third set of radial slots (B) extending through the middle zone and outer
zone;

wherein the first, second and third radial slots are arranged radially around the

Faraday shield in a repeating pattern of slots A, C, B, and C.

2. The plasma processing chamber as recited in claim 1, wherein a transformer
coupled plasma (TCP) coil is disposed over the dielectric window, the TCP coil includes an
inner coil and an outer coil, the outer coil is disposed over the dielectric window such that the
outer coil is substantially over the outer zone of the Faraday shield and the inner coil is

substantially over the middle zone of the Faraday shield.

3. The plasma processing chamber as recited in claim 2, wherein the inner coil
and outer coil are connected to a tuning circuit, the turning circuit being configured adjust
magnetic flux imparted through either or both of the outer zone and middle zone of the

Faraday shield.
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11. The Faraday shield of claim7, wherein the chevron grooves can be
between 0.1 mm and 10 nm w de and between 0.1 nm and 5 nm deep. 23
WO 2012/148931 PCT/US2012/034837

4. The plasma processing chamber as recited in claim 1, wherein the Faraday

shield is electrically grounded.

5. The plasma processing chamber as recited in claim 4, wherein each one of the

slots A, B, and C are defined from a chevron shaped groove.

6. The plasma processing chamber as recited in claim 5, wherein the chevron

shaped groove does not include a line of sight between respective sides of the Faraday shield.

7. A Faraday shield for installation inside of a chamber, comprising:
a circular plate structure having a center hole, the circular plate structure including,
(a) an inner zone having an inner radius range;
(b) a middle zone having a middle radius range;
(¢) an outer zone having an outer radius range, the inner zone being adjacent
to the middle zone, and the middle zone being adjacent to the outer zone;
(d) a first set of radial slots (A) extending through the inner zone, the middle
zone, and the outer zone;
(e) a second set of radial slots (C) extending through only the outer zone; and
(f) a third set of radial slots (B) extending through the middle zone and outer
zone, the first, second and third radial slots are arranged radially around the
Faraday shield in a repeating pattern of slots A, C, B, and C;

(g) each one of the slots A, B, and C are defined from a chevron groove.

8. The Faraday shield of claim 7, wherein the chevron shaped groove does not

include a line of sight between respective sides of the Faraday shield.

0. The Faraday shield of claim 7, wherein the circular plate structure is defined

from stainless steel, hastalloy or titanium.
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10.  The Faraday shield of claim 7, wherein the circular plate structure can be

passivated or coated with one of Y203, CeO2, or TiN.

11.  The Faraday shield of claim 7, wherein the chevron grooves can be between

(0.1 mm and 10 mm wide and between (.1 mm and 5 mm deep.
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