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PHYSI CAL VAPOR DEPOSI TI ON Thi s i nvention tel at e’ fo t he*t Ol zed" Physi cal
- Vapor Deposition (IPVD) and, nore particularly, to nethods (ﬂgq“)epmz atus by
whi ch coating material is suppl ied and ionized to inprove t
directionality of the coating material onto the substrates. Background or

the Invention: 5 lonized physical vapor deposition is a pro lm
particular utility in filling and I'ining high aspect ratio mmm”mm,mﬁ
silicon wafers. In ionized physical vapor deposition (IPVD) for ,.deposition
of thin coatings on sem conductor wafers, materials to be d
sputtered or otherw se vaporized froma source and then a smmmm@mw Uﬂ'
fraction of the vaporized material is converted to positive ions
reaching the wafer to be coated. Thisttonization is acconpli she§®B° by a
hi gh- densi ty pI asrra Whl ch is generat ed in a process gas in a vacuum
chanber . M8 PARARE S réiRe ' QBIDEPOSHUGN i ng RF ener gy
t hrough an RF powered excitation coil |nto the vacuum of the processing
chanber. The pihisimaerdion geizies it e Ipmzeddiiveeal IVapedDénpesitior ¢ idrendemmesen t he
source and the wafer. Then el ectronagnetic forces are applied to the
posi ti ve Aagiguladf t¢oathpérgantherpeiagds bysiiidh castingymaiensl isi sygplied segipnize@ tdi as on
the wafer. Such a negative bias may 15 either arise with the wafer
el ect ri caMPipve bgidaeceenally of BaseHBMaiehd N wPYrelassf the wafer in a plasm
or by the application of an RF voltage to the wafer. The bias causes ions
of coati t tigeicel erated toward the wafer so that an i ncreased
fraction of the coating material deposits onto the wafer at ang
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being a significant part e axi al ent of the dielectric wall

oper at i onnetvABuUEPbflthd &o&@@ﬁ%tﬁaﬁﬂef MAEpRsHA BPdsherthedREcdR¥Eict N Hiégin a
sui tabl e mat chi ng system e dielectric window all ows the energy fromthe

coil to bgetwesmhesbutddtend hBvahariRe eletdiragnetic RF Rk afttapbitd €8k boditivemsndi r ect

contact with the plasma. The window is protected fromnetal coating

mat eri al  depesmigitsiabyuchas By spdlyRe EEBdatiad bissitnadedater! BpéHCddgytive Brag®thy Of

nmetal, which are capable of passing ') 0 RF nagnetic fields into the

i ntléri or eEgr a3e @ith hb @afzhaledaelly issldtdd®y praganainthi igmelsiprocFitteiwarer bfa piestmal ont o

the dielectric window that would tend to form conducting paths for

ci rcul at i ngbydbe ampiitasiogefrearRit otladeyto theeséer. MEG s caudels ddnd of coSirgtmasertat ent s ar e

undesi rabl e because they |lead to ohm c heating and to reduction of the

magnet i c beuaptdengiedfowptdaberaaiexs thattanintreeped frpctidr o ithet doetingonatariat depbsis pl asna.

The purpose of this excitation energy is to generate high-density plasma in

the 1 ~ i wtlerthieoraferatnrgtes epprotreatelhaoriveirto thewafed Ubisialewsalepesiiapbi mejaloserses

pl asma densities to be reduced and process result to deteriorate. In such

| PVD syst eveer toppgeaphw inciuding firp deapxantpiasow d10ies tead dignthed ipndhe welgesuraghi ch i s

charged negatively with resRect to the plasma, usually by neans of a DC

powdr supPrayidimpigedd egvgege Pkt %PQ@WQ@F‘SQB‘M“aﬁ%ﬁUCW?@FWn desi gn

i ncorporating a nmagnetic circuit or other nmagnet 20 structure which

confines a pl aﬁﬁﬁta@ﬁéﬁtet‘héropa%eﬁ@ﬂ ”fecﬁss'gfitﬂ&tc’tf gteupfﬂjettr?éptcatcg@te deshatier i al

arrives at a wafer supported on a wafer ort or table_to which RF bias

is typically 3P AeaBlPaegn Nes- 9{?‘84%'—7550\?5/ SRR ORG4 Ak Be AR Fdt work. A

sonmewhat different geonetry enpl oys a plasma generated by a coil placed

internal to the vacuum chanmber Such a system does not require dielectric

chanber walls nor special 25 shields to protect the dielectric walls. Such .
F"”sy:s'r.e.n:.t Is.described by Barnes et al. in US patent 5,178,739, expressly ¥

Heor porated by reference herein. Systenms with coils outside of the chanber-
as weII ‘as the system d| scl osed |n the Bar nes et aI patent |nvoI ve the use .. —
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f WD'99/57746 -3 PCTIUS99/ 10087 p 5 NOV 2u02 \Wiet her a coupling el enent
,such as ar ¢ by/g54¢0r ovi ded i nside or outside of a vacuum ch?@ﬁfsg /10087
di rensi ons of the system have been constrai ned by the need ndaé ﬁg,geg‘”gte
source to substrate separation to alloyw for the installatio fth F
energy coupling elenents between the solrce and the substrate. Adequate

di anet er nust so be available around the wafer for 5 installation of
coi1s or ot nel ABRERY SrenbireroRe Yy Rt PRl s SrefReShoh waesy
sour ce 0 SUbghdly R Bl biindRalf\Bapesd cldiodh bVpSRAGE I dfiPyGPUP! | NG

element, it is diffcult to achieve adequate uniformty o epositiron with
such systens. idrfed biea Mslb@ittmaddriat &t QvinabamaaklicaSelédiuiyadnldihg FiI QY Gispbaid or Mty
there is a loss of plasna density in the central region of the chanber and
t he per cent ageutsidethe ditlednt wiridow brel ammext and gonveritir withlthel chamisstvdte the aflasaxtent n
practice, the 10 entire systemnust fit within a constrained radius. As a
resul t, & her e ottheco peiogrvianiicanbpasief terexialedent of theodieleatriy vealli & apgratiers thetchie
proximty of the RF coils to netal surfaces, which nay necessitate extra
cool i ng, whi cf $NGEREZERE 2SRRIV BF iPAYET 41ieHap ASHIRDLS BRICTIsTYSteRmn I haudslesldc pover .
An | PVD apparatus wth the coil in the chanber has the additignal .

di sadvant age tWWaPW%%gséndi §rg)ggf°én BF &% (tao ’bcfgﬁdgmtﬁlmﬁscﬂﬁm%ﬁ&m g?laqinﬂgleé:f"é)re

consi st of tagget i ; A i .
sputtered fr orfr'11a ?hdgg%tgrggaewtﬁ/b{@h%%%\slﬂé, H(}g\ﬁ@?dc@? %Eﬁtée&éggrgﬁfrﬁgegéoagg 'ﬁ%erf)' aced

in the vacuumgehandedy ah Sramgaatator stidids! thsialytormed biseehl, Wdich bRicBpbRQ) paagingf t he

coils, there is danger that the coils will be penetrated by uneven erosion
or by atli ng, REanegheiig ficldsissthé interig rdgea kf tind chiinber] \while ptegerttihg deppsitienaf matal ch i s
hi ghly undesirable and will likely result in a |ong period of cleaning and

requal i ficati @ntodife dipjectippgndsm tharweylth tepentsy form eandustiod pafhg ton citsglating eurrente
chanber al so couples 20 capaciti velﬁ/‘ to the gl asma, |leading to inefficient

use of the ex@PIERTON FSRBrEEHTdeS HEBPUR Hedegable bpFRYSs By lRatide gymic
S o Y18 YA Bl LA, LIRS SBe MR RN RGBT rod e oG8 ¢ ©f

t he above consi I'0NS ana pro remains a ne

efficiently couplifg GRChHEHosk B Mis LRRatdR BREqCOY dnSraltBli@ldedbiny fiibA i@ PI @SB
in | PVD processing systens, and to do so without interfering with the

opt i mum3li nensiterasregibn dite chdtbah el redubiibn dfcoppiing edusedizsmai dehatids tpbaeburgd a coi |
or other coupling elenent into the vacuum chanber. Summary of the

i nvention: Onendbjoexst rasaitsdé deatdriorafer esent i nvention is to provide an | PVD

met hod and an | PVD apparatus in which the placenent of the coil or otner

coupl i ng el enent d&esusidPVIAgyaamse Matedd fSeéar exaRPIRy SBYHEFad, TR 2 tFeetcWaiphisr of
th i t Anot h bj ti f th t WO 991 57746
PCT/ U506/ 1008 P08 NS0 at 3" Fareny e REPGRT oot Bt BoT R & CRUPYETPPE Rt and
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the principle resent 1 nhvention, aratus I's prov W th

a ring-mhaped sHirE@nis cofihad & PEmFRE tHefdrgedt RF sifaY fle RBg ViRRRdterdahAtives
i ncludes atons or m nute

at a waizr supponed on a wafer support or table to which RF bias is typically applied by means

of an RF power supply and matching network.
A somewnat different geometry employs a plasma generated by a coil placed internal
1o the vacuum chamber. Such 2 system does not require diglectric chamber walls nor special
25 shieids to protect the dielectric walls. Such a system is described by Barnes et al. in US patent
5,178,739, expressly incorporated by reference herein. Systems with coils outside of the
chamber as well as the system disclosed in the Bames et al. patent invoive the use of inductive
coils or other coupling elements, either inside or external to the vacuum, that are physically

positionad and occupy space between the planes of the sputtering target and the wafer.



S particles of the coating material to a processing space within a vacuum

. chanber. At M&,&g&ter of the ring-shaped source is provi dedpeer@g%yaicdeoglg

el ement for redctively coupling RF energy into the chanber to é)ro
hi gh density reactively coupled plasma in the processing spa

coating material passing through the pro8essing space. The ions of coatl ng
material drift, whether under the influence of electrostatic or

el ectromagnetic fiel WESHF pEFRINGPIEEEN BishaP 8 ol 19 BroveRstsidetce optpide #@ veRatber |

at the opposite t he ces ce from T hose i
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substrate for e I rd
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h percentage of the coa arrives on
the substrate aﬁheasegt@émwsmsém&OAaela@a@a&%&Lraﬁ&t alémraﬁméblgﬁfo%n@fht Safet 1e1 Y
fining the bottons and sides of, or filling, small and high aspect ratio 15
features @& theirfstiiétes ef alis brhehes ctosling alefentb.NASa pmf resulied trenipsbisesturdefio t he
invention, a coating material source) preferably a sputtering target, is
provi ded with a scsrate spadingedveny the mesdho @low spapt fic &g upling elementi it isviificltivio
Behi nd the wi ndow, outside the vacuum of the chanber, is |ocated a plasm
source which i neFliseadac RISy iepaEinn W“bﬁﬁqhéifs‘@lb% Jf the E%Siﬂt of thhehambergs
connected to the ou%J)ut of an RF urce. The. coupling el enent is

configured to C(S?PQ’F O PP HHPRMY {Piﬁfﬁg%/? @é? v Paéﬁ@rdjw“%db FF@Wa TegR phige
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mat eri al sour ce.i Réutifyy #isBE &bhhe ptdAithitAEIRY R ¢tiis Bfimdid) Qurﬁl‘:&'SﬁﬁlEh B RRbdsRite

i ncl udes an annul ar sputtering target which surrounds a central ceramc
wi ndow | n cert aientrjecefirgr with insrirsel amgingssing il rsodaction lcests areitvizeidepiveerf | at  or
nearly flat A magnetron nmagna assenbly is positioned behind the target to
produce a pl asma confﬁ“ﬂﬁ\ﬁbaﬁﬁﬂaﬁ%‘t"ﬁ‘@“@‘éﬂH‘eéhﬁélbe‘tﬁ?é*h?aﬁiﬁ@ﬂa‘ﬂ’ﬁ?dé@'éagalﬂla}'thiﬂn

t he shape of an anpnul ar on the surface of thg@%ul ar tar
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The coupling elenment is preferably a coil p05|t|onng behind and cldse to
the back 5 out siteteeofidwif BRnétfatek BeurdianlefBioh by ahdng Mausiig d rbguicerE dliquepesi ng
of an annul ar sputtering target. RF energy of, for exanple, 13.56 MHZ is
applied to the dus systo, gRich eigaly indghraierssd wif likethesultiivelopg perisdlotdegringsama. m
t he chanber between the target and the substrate. A nain sputtering plasm
that is trapped reqtglficaionef thecpygens Futhermemy Ak exdationegh Bt tee stambgealsypeupies of
the targef sputters coati ng materjal fromjthe tar%e‘é%and into the region of

t he processing ﬁ&%“’%\‘:&fﬂ e‘ﬁasﬁ‘ﬁ F?ﬂ-ﬁ"gl'ﬁ inefiricat Uk EYCUBIoRRAYEr fRfeietng
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positive ions ofr? ngrra B3 ot’ae
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sputtering material fromthe region e secondary plasma and Toward and
onto the surfacesRfentylRusint ko ing thadehse ddathgamedraSording pRend @NPeD aRBERAGNI Ng
bei ng perpendicular to the substrate so that they can enter trenches and 9
5 hol es on the wgétems smbsd dasewithout drdeteriddneithltod dpiimamafimdnisieseofiicd enmamaardand
trenches. Wth apparatus structure according to the invention, the

processi P chanireeierizinwitioudhiaring sicairrs gthersoppioy tlersens jrta thaivRcypaeiamgebet ween

t he coating material source and the substrate to provide both good

i oni zati on of s;ﬁé&ﬂm&—@ﬁéﬁg&g’—‘as wel | as good unifornity of be position
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and does so whilg ﬁtﬁ&ﬁ%ﬁlﬁﬂe tggmdst Qhac%&lw S éo%xm; Ql%xhght'dghstngteadp und

above. These anc?B ectives an vantages o resent 1n entl on
will be more reagl {abnRBPef RO Enanioe B i @rdcBidng tgset/%{hedo el dr BleipiieRf

t he draw ngs. 25 B%lefgf)escrlptlon of%the Dr\g\?m%s Fig. 1%?5 a PRt
cross-sectional diagramof one type of |?VD apparatus of the prior art Fig.
2 is a cross-sectional diagram simlar to Fig. 1, illustrating a general
type of | PVD



apparatus proposed by the assignees of the present invention. Wb 99/ 5p46

PCT/ US991,1 0 5 NOV 2002 Fig. 3 is a cross-secti 0sSgrsiodfdb@?
simlar toQ'g‘Séglsy%l | lustrating an | PVD apparat us accordi ng tg;;gﬂ@
preferred enbodi nent of the present invention. Fig. 4 is a di YriA0

perspective view of the cathode and el e¢trode assenbly of Fig. 3. 5 Fig. 5
is a cross-sectional viewillustrating an alternative cathode and el ectrode
assenbly to t hiayenfianistetproxieesmpi efipent pI\RfEdYRTAstAdiRgd apparityg forthe peffrmaged s a
cross-sectional VI ew, simlar to Fig. 5 illustrating a further alternative
cat hode el ect r 8@ %ssenbl y. Fig. 7 is a cross-sectional view, simlar to

Fig. 5 illustrating, &3%%%%!&&51&%%&1 ﬁre?e‘?l{lmg N 1391.}9\?15]? pa%ﬁsr Od&:aa g%&q‘ol Y-

Fig. 8 is a cross-secC |ng still

further alter ”?w. Vﬁaﬁe’?ﬂtﬁ&‘é@oﬁgﬂnﬁhﬁﬁﬁ& %‘E’Sro&lﬁ:ﬁ@ Ebé%r tht SheluGed %or@s or mmut=

cross-sectional view, simlar to Fig luStrating a stil

al ternatisve caphste obthélcotiROhaiendao a&s&aﬁﬂngyspacb&nﬁ?ﬁb%duaﬂ cmlﬂtth@ébn&fr t he
invention: An 1onized physical vapor deposition apparatus 10 of the prior
art is illustr eftesrindisaapea sovedziisqadvidgd & coupling elément foheaetppip cadplry RFCeriergylintdles a
seal ed vacuum chanber 11 in which is supported a substrate such as a

seni conduct or Vhgfobrmbey of pipduge B Biak 49N5Y. readtiescauniesrhiasmarib the ploressingispageded by

a chanber wall 13 which is tygwgal IL?/ gllndrlcal in shape and normally 20
formed from an'%FeEqa"ingﬂt?r?'pé qegyst H@Feéf'”gaﬁ*?a”%?‘ﬁt"a? Pi&erting m@‘PEﬁ'lH

ial. Th 2
vt o1 suppor t thengrrnl b7 BhroRSly BeciobebrERRry S HBOP SR S B 1 he
chamber gl | 1§utﬁ¥até AL BLAES alfRe odfgsnE gy &iﬁ@?@@ésﬁgﬁ%t Q%Q%Mﬁe doll2e SHRRLT at e

support 14 is a sputtering target on a targéet holder
or backi ng pl ajfs Ikt aiilé Glinid & cSEHCEBEACE 3h [the L \WN catimaRY RbE dhel8ubaiate for

el ectrical insulator 18 in seating 25 rel ati onshi p with the chanber wall
13. The target edonpis ertoaier a sithihfield@ny eet2ckidralied BB@am@ithg BibsPate 8o Gat Bode
power supply 19, which is illustrated as a DC source, which applies a
negati ve el ect percsrtagedf thatcpaiing matetiah arivespp the E8bstrBe lat anilesmermiahiodinst subétrate,
outside of the chanber 11 is typically provided a magnetron nmagnet package
(not shown) whitherety GicrsefctyPly Ui the BRYPPRRACHEghE: ‘Pré_‘“‘f‘ﬁi SMa! BrAdronaseeS AP ace
of the t getc%E)G Wth? conflnc?%n .0 plasma close to the surface of the
WO 99/ 57746 P 5%5 V~002target 16. Positive ions of
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main plasna are attrac to the sur

di sl odge or Sp%.stﬁ-fmg‘ faeyxt tidWtoicRE SVith 2Xk6ntRl Qﬁ‘ﬁm@lﬁ%rﬁ“hh?klgéé@é HieB&fid wﬁab&s of
the coating material of which the target 16 is nade rmal ly, structure

(not shown) i s Behiny trdadndow, bigdet the gaurhof e thainBer, &rloctatnapiased sonrte whindol | ng
fluid for the cooling of the target 16. The | PVD apparatus 10 has a coil 20
i nternal to thdncldesaneupingelraent pefdmrblysceh whithds sanbestedde the loatbd of aniRF enesbyt he

target 16, The coil 20 is coupled through a suitable matching network 21 to

the outpgR of AR THR ARIPIASSIEMED! 1S qanAgUFS) tp °°2'9"’(R5‘Fj?fP@é '”RFct'é?% EBs7oY siPBlache
ithin th nb 11 to.f | t hi

iy pose of (i SOBLRATESY S LGN PR AR e eI P D AT ve

ions of the mat ahil fn%lthe rgt%n éfﬁle%%L%n%nrﬁ e gaagltbq'natnnal source and the subsfrate, such

as a semiconductor wafer, on a substrate support at the oppoesite end of the chamber from the

coafing material source.

25 Preferably, the apparatus of the presant invention includes an annuiar sputtering targst
which surrounds a central ceramic window. In certain preferred embodiments, this annuiar
cathode is fiat or nearly flal. A magnetron magnst assembly is positioned behind the target to
produce a plasma confining magnatic fizld over the target, preferably in the shape of an annular

tunnel on the surface of the annuiar targat surrounding the central opening at its centar. The



target 16 as it passes through the region of the chanber 11 between the
,target 16 apgsbResgubstrate 12 on the support 14. A bias enargyusyousoe 23
which is typically an RF source, is coupled through a matchi &g n E’V\ﬂﬁ(
to the support 14 and the wafer 12 to ggnerate a negative bi F@

the wafer 12. in such an I PVD system 107 "the location of the target 16

relative to th bst r at S &onstrain d. due tg. t rese f

Col | 20'i nt he REER BenuRaERe 1e5E Haes PRERRG ehavh AR of PIS S valogy

result of the o [ 20
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tack of erxibq$?&y in positioning the target 16 reIat|ve to the substrate
12. Further, cooling within the coil 20 is 20 typically required, which

af fect s engi neer i ng TAedoypling cilkei=hiof pe@adbly 2ddil posiihBdreshifoavwel closéhe thediakk 20 of
t he apparatus 10 is in the chanber 11 and consequently is capabl e of being
eroded bydt he putEaauriathe thediclectiOwibdoarabhe centraiapeningoffao enmdkr sputieting tergate
target grade material as that of which the target 16 is formed. Further,
cool i ng of sucHFenesy Pl fthX?rsp'iaﬁ%aﬁﬁnWé?ers a@u%atpghewl @ueretalaattghr?gn%wr@mtwr ough

he hol | h b th I

formed. Flg. 2 PHiREales %&@wéﬂﬁsiérpﬁgn%w Rt ré@g‘gst}ﬁawﬁahsea
whi ch b d | dnec
| oS S 81 o e L e
turn supported cla¥tt£%at§£l%h\rthé’t§rlget3éna meqt@teash &rtmrtaes.ﬁgtédm@ac%té by?t%n by

i nsul ators 15. The “chanber IS provided Wwth part of Tts curved outer

WD 99/ 577@6 Pﬁdﬁﬁ&%ﬁa&@ﬁ?pt&nﬁ M@éa&@@anﬁeﬂlmmlot thd fatePBINEstrigped of dldcBbRaL i C
material or window 33. In the chanber 31 opposite the substrate support 14
i's a sputteri ngorrepogitite i of theticating materiauA hemtivarbiaa vbizeng taphiEddes waler dretaki ng
plate 17 which is schematically shown as nounted on an el ectrical insulator
18 in sealing rePatEipidsl Wiod 2ivectsies RERBYRERNS ohepufterdig matesal ftoa'rtjefegpe of e

electrically connected to the output of cathpde power sup 19, which is
i |lustrated as 5°TEaY PRSP 58‘5 IErds (0P, HATER® Sp PISi RESTE %éé‘atfi‘%/éngles of

el ectrical POt epldeale di8okhfe LALYSEeABuoRL Datlect ALGS) cdCm Lol ot e

chanber 31 is typl cal rragne ron naghet

which foygs a mo?eé%ﬁtﬁerw%pptda&atmge@attncbéﬂoetgfteéfs%rnotebsnmnt%e of the t target
16 which confines a main plasma close to the surface of the target 16.

Positive ions of prog@ssphittiugafictule)aBicfdtiglty the ir§etion Whe profesbing citdiabedh pbd 1 (
formin this main plasma 10 and are attracted to the surface of the target
16 where they sfiatrisenedts ponide bptimuarsgaing béween tesoatingl mateha sowssesnt theantstraik es  of
the coating material of which the target 16 is nade. A helical electrically
conducti ng coi | to8%vipebat appbiaeRpien i SutRied Speciagia welbzsrgoed YRfRTHR CRIEPAFIiPN on
concentric with the chanber 31, with the axial extent of the COI| 35 being
a significant pBFYalEF the aX| aI extent of the dielectric wall

I n
operatiogy the ool | 33 daeRARLALS Bibd W RO crhec UL Yy 2 SphoHgh

mat chi ng syst em 21. ner T PO

35 to be 'ndUCtﬂr&%Lang(i:ﬂHﬁHﬂﬁgo%%Q Ltrﬂ/ocam%%d%aa %Whﬁ'ﬁd@r@&ﬁlh%ﬂgdﬁnbﬁtego'l

35 fromdirect contact wt e plasma. he wi ndow 33 1's protected rom
metal coating natRFth AlthsitialoRf®shotd. omthe target 16 by an arrangenent of
one or nore shields 36, typically formed of metal, which are capabl e of
passi hng RF nmagneti ¢ Thesd ais otharbigiedives and Hoeantapss dfthglpmaermhvetnhnm withizerhee reddily
whil e 20 preventing nost such deposition of nmetal onto the dielectric

wi ndow 33. The appprentdronythesfpliowing getaligd ggserintipn dithe drawinasd in el ectrical ly
separ at eggectl ons around the circunference of the chanber 31 or have at

| east on€° axi al—@-ﬁﬁﬂﬂ%mwaterrupt circunferential current paths

around t he chanber 3] that woul ctri c sh e the coil
36 fromthe plasm vﬁ'@ﬁl’hatrh%'shﬁﬁh%g‘f’°'§'l’° °FA p?%“'!'ghgla '% %lﬂ% P Bt he coi

36 into the chanber pr.oduc e _C t hat
a substantial porti on® &f'sﬁtmssﬁa'tusgnralgaé gre p%?‘taologi‘gnﬁrjgusw%th tg%ﬁ%%ﬁypré%ﬁ@ses
t hrough the ch %EE& ed. A negative bras is
applied to theaésw%%tugé E&Léb from ggu‘&%é iz%“t“ﬁéméﬁ‘gh mat chi ng network 24

to electrostaticaliy attract and steer positive ions of sputtering materi al
fromthe plasma onto the substrate 12 in a direction nearly perpendicul ar
to the substrate i2. The bits WO 99157746 _g_ PCTI US99/ 10087 a 5 Nov 2002
energy source 23 enploys RF energy or other formof electrical energy that
is effective to cause a potential to develop on the substrate that is
sufficiently negative relative to the potential of the plasma to attract
positive ions of sputtered material fromthe plasma toward the substrate 12
so that they preferably |np|nge upon the substrate 12 at or nearly at right
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waf er support or holder 14. This opening 45 is sealed by a source

’ arrangegfgg%q;“cat hode and el ectrode assenbly 50 The suppeftiusdshdoss
preferably adjustably spaced relative to a target so that the target to
substrate spacing can be adjusted during the fife of the tgpgd¥ 202 nai ntain
desired uniformty. 20 Wiere such an®adjustabl e support is provided, a seal
inthe formof a netal bellows (not shown), for exanple, may be provided
bet ween the suppdBt3 B2 HRRE-SeHenahdpprampsigiar trfdg.ch dypimtingsan I1PYR apppstiveet ry  of

t he chanber 41, particul arIX the |l ocation of the side walls of the chanber
wal | 41 wi t?Fc?rég‘g@c‘i“etpﬁFfeﬂ?g eadspenLof JRaPresiltdVERioBs f ect on the uniformty of

he d ition, iclarl || .42 i I il fer, d
accorarngl y, 1 het Bebi P57 eR B i 18 sePodfiBentiot prbmfy T

consi dered hﬁ elation to other paraneters of the process to optim ze
deposition ufRitTormty. As showmn In Fig. 3, the assenbly SO includes a

gener gl Iy annul ag;st 8riget crad-oXMabsh vieWinReeiha tah Ukemi n Lvely by a
cat hode power sup';%l y l52,crvvhisch i sv'pre‘f eratg?y i ne"En @eﬁ%@rgn&g de'??'ﬂ’éé’ a DC or

pul sed DC pouehni$ RAt Yiustfied e IPYD dpphd@s bigigsof an RF supply connected to
W~ 99157746 PCT/ US99] 1008T 0 5 NOV 5002 -10the target 51 through a

sui t abl e mat chi ngigneit webks-sERn2 vigw, sillatth Figl e ilitshe@R ihther 2ferbail datbobed by

i nner and outer dark space rings 53,54 and preferably al so by nagnetic

fi el ds geneelettede ysemblpagnet r on nmagnet assenbly 59 as schematically shown
in the region 55. Cooling of the target 51 is achieved by the use of

i nternal water chignhiepsrogyresctiogdl yigw) similar yid. Hrittestrating andtier altegnativedathedeext er nal
cool i,ng system (not shown), which are conventional. The target 51 is

el ectPi cal | gnd eleptragerFs¢PRin gr ounded surfaces by the insul ators 56,5 . The
annul ar target 5%% hgs an _inner gpeni n%.S in which is mounted an RF pl asma
excitation systef98 s aHESSHERENR VIEY; § Pﬁrgﬂ/&sﬁ'grdnﬁaf’@f HE g5 2ksaed in a
nunber of ways. I L.enbodi ment is that illustrated in Fig. 3 and
Fig. 4. Thec%tl%éjg%g%@“c@%g%{sgﬁm@yst em 60 includes 10 a plane dielectric

wi ndow 61 which a EOQ of. t : o . Si de of
t he wi ndow 81 thgfg' %Zs % é;gfsgsgalta hﬂggglgzlﬁp%gﬁign?gét'?gngcaggr%?g@{] év]?ﬁltfrﬁaf?he vacuum
of the chanbgkoddbniBietiRdot Beempposi te side or outer face of the wi ndow 61 is
in contact with a nom nally atnospheric environnment. Near the outer face of
t he Wdndow bDetailedsDexrriotior ¢fdhd loventiond ES5 which preferably extends in a
direction parallel to the window and may be planar or substantially planar.
One 1 ~ suitabl eAsdgbnizeESphysical Fapor @rpesiibe apnareits teotihe tpaidr & isUligirapdt ent
4,948,458 granted to Ogle or mU. S. patent 5,669,975 granted to Ashtiani,
bot h expr es drgrammetsalydt Bigc Thy aprardiseifdeciudes 3ealed wprupm ehdmieettiilowhish de of
the wwndow E1 is a plualit shields 68, 67, which serve as physical

f )
shields to [rPRYtedied %‘gf‘ BF @ SHTREBM=tor Wkt gvion BIRERSSING- o Ah%YackYTit t er ed
t al t t.1 terial i .al . I F d ield
Chat. all ow Sirmepad s SRl B R SBrobilyb Baflf Sac B el <55 At “cort s
| nt ogphe chaphel rlen JQ%C&IVF%B%V@Q&* Ln%srtgmm seuﬁnpg{;ﬁ&éx. FH3bANES apart

and close to the 1nside sufface of the dielectri¢ w ndow E1. The shields
66,67 are pe@kprealdlupobbral tigfbeafdla SEstrixe ol L8 slprdal1k Ywhih Ligeshed By biaNd

mai ntai ned in good thermal contact with, the dark space shield 53, which is
pref erabl y wattesaiiciosutatd frofittiechamatier welt 48, by owgatars 15 ah the ofiantbaet 1xhpehteaiss 6E, 07
may be electrically fleeting, at least with respect to RF energy on the
coi | E5. | nsybssatpserdpert féi$ azputieritmiaosk® whighemotrited e tegetdpidgoebaskiot ed by
conduction from_the edges, either to the dark space shield 53 which is

wat er - cool ed@teol. WRED thgisNeRRlERYY SBAD 2eedtediop 20| ajeciirdl inswetehif AreRipier mal | y

conduygti ve supporting.ring E8 t | d allow coqgling aof, the shiel.ds 60,6
r white el e&equ?‘g%s&fpl i%ﬂ‘gg%‘ rvl"ﬁp?%e.y%ﬂFrg?tgg '56%,“%'78(?' F%rﬁﬁegﬁdeméf?rc’ﬁtpg‘pc}éce
shield 53, Lf ' . 'y ; b chni ar nts of
Shi ol dscanci5EHE3e Pate sErelfle, SHERIYGARL) BOsGReoalod o ARGRARGRRET < P
itil' =~ | shatiddl potential tddhStahieMs 2 88nd theltakgB: 18 P&kshiei dPihe cilartBer 140! fySigsy | S
supplied by the power supply 22 through matching network 21 to the \
excitation eeiileddmagreebminagnespaticaye (res sigpwnofhidhiameatpaisng gappihg magietlc cert ai n
connections so as to mnimze undesirabl e capacities coupling to the

shi el ds 66, 64d eweetnd ewiars tfdut thrast 16 Bhicheanéines afnaigdesgR Blosoto Msruiizmiof thér ocess
gases are supplied to raise the pressure in the chanber to about 1 5 to 40
mlorr. A high-density plasma can then be ignited in the chanber. DC or RF
power is supplied to the sputtering target 51, which is eroded by ion
bonmbardnent fromthe main plasma. The nmaterial sputtered fromthe target by
the main plasma is ionized as it passes through the high density plasna
supported by the inductively coupled energy fromthe coil 65. This ionized

. . o, . e oy Y Y



excitation system 60a is provided that includes a well or chanber recess 70
.| ocat ed inwa%/kﬁ'é?r opening 58 at the center of the annul arpciai®6hoge:. The
recess 70 is bounded by a wall 71 of quartz or other suitable dielectric
mat eri al, behi nd which, outside of the vacuum of the chambel % N0¥ndk2l5
concentric with the window 71, is wound/a helical coil 75. Suitable Faraday
shields 76,77 are positioned adjacent the wi ndow 71, which also function as
physi cal shi el &59atd6.pPesitweiont peraspwing 835 IYEICHM 2P Afithip therehareisb st thatdemimi | e
all ow ng the passage of RF enpe romthe coil .75 into the volune of the
wel | 70 from V\m'i:"ﬂgi‘ plagipg are ﬁﬁ?ﬁ&&{'?“ﬁﬁBﬁ@%ﬁﬁ?t 1% WEerB&H&@ggdigﬁgrsgﬁﬁéfé?m The
shields 76,77 I LC i i . 1.$Sl.on functions
S ar 1o 1 ol HetEl AR el g e R0 el BB | 2
and may incl Ud‘?néfd@.aNHFrﬁ'a?ly,%H&ﬁJr@&otJﬂi@@rg isCHrS\ide@ Ak t‘a%eé—ll\o%er P3ab 28 kmunicating
applications serial nos. 08l 844,757) 081837,551 and 08l 844, 756, which are
i'ncor por & ed byosliag auie ie teleedtieg ofthe tirgaper ati on, the hellcat coil 75 is
energi zed with high frequency RF energy and hi gh-density plasma is
generated in the redghelP\bfapparetusidl Has Z Qoikd0tintérmal tolties wemouwrniphaobertth éetvbember 41.
The high density plasma streans into the main process area of the chanber
41 where i oni z&tbsiateonoldns e andine taeat 16 sTheel 2@ Iscqupisd thrayah @ Rdtable mgtshing 1
occurs. Alternativel s illustrated in Fig. 6, the apparatus 40 is
provided with é’eb‘ff’&%#a‘%&‘i“fpaf‘?féﬂ ERELAIOr @ Theasiol2p a‘?upgngﬁ@er@yg%mg@e of
Fig. 5, but hayi L. 7. ept.er. of the target 51 surrounded by
Witk S %hb"s’g% %%’Rggg?ﬁan‘g‘@“g’b‘l’e Enghndf 1 S BURaR6 GEs Sl y 82

a cylindrical quartz wa W e auxrliar
| ed th a e . i
mount ed L 1oraes 87hedle dnbfly B lorPosiiols @t Rt Een AR iR lE s 6

Pl _" T/t 3S99/ 10Q&det 62as it fasbesNMughOiLregion Bthd cHamB&rar satweeh indhafodt 36 R4 the 3,
which is nade of the sanme material as the annular target 51. A nagnetron

assenbly (not shostrale 1Zomthesupparbl4y Adbias\dneigyl sduedeiza dwiidhes typicajetin BS soufdd, B
auxiliary target 83 is energized by an auxiliary DC power supply 84. The
pur pose of thi §°P%l$fb@f°ust3ai’%atﬁhwgﬁ%*ﬁrk;ﬂ’*éﬁ thecraPrRAtol4and dipr VaSRIEIR te genesaie of
sputtering material in order to praqvide nore uniformb5 deposition of the
sputtering mat EP3ve 8iFs PHENBLARMRTUA™E Yher e appropriate. The main annul ar

SPUCLer] g target 4%, gf B0 bl LOE RS RIYL BO RIS,

. [+
provi ded T n a nunber 8Y rve'con uratroms as'’s

in Fig. 7, the &atGfedalie Blleiiiahde R nd RESBPINN BORcS bR tHergbislhE1HEOr M
of a flat annular target 51 a between appropriately confi gureg I nner and
outer dark spacgshb.ehslsdikGaesull dane tivdt toubstaEisgacing heddb@tolaffndstitneldil 85, 1
further alternative cathode and el ectrode assenbly 50b is provided in the
formof a cyl i noiferoéty of depgsiionSbip. the subSirage 1BDis campramishe duamiotadackadf fissdbilityaithode
and el ectrode assenbly 50c includes a target 51 c in the formof a

truncat ed cone.po¥ieningethe dargsh b seiativeiqias supsiate 2.y Fethar Iseclingyithin the gpif 2&is a
desired %ﬂ ance between ionization and optinmumutilization of the target

mat eri al <Y The JERRt fequied Wuah af3cty,engineging andproduglion E3sig#ldLoNSU@RYROWED Euse
terial to b jtted 1 ~ f th teri t t. 51 b .d th

i ghest densi ¢ yor o dpaeie T fa SRtk o SPesri S Py ERHE  DTBHISRE ] on

of the Sp““er%‘;tﬂ%éHai'The | bOmbARR n?jsﬁ e mS P e QLR tegget‘( bhedhatbBPL that

arriving at the’wafer. An advantage o ocating the pl excitation
system at an ORRWnRE thdtzkde®16 BMbad.OFurfier, 3BdIHY & subtih @81t 200k pRVIBET usually by

ri ng-shaped source is that dinensional constraints inposed by the 26 need
to i nterpose helrcwating wetdr snhraghdiEnbatiow dkdriyr (@statiowh) anthaxute dehive s cbheo gent er
of tire %Euttering source and the center of the wafer are elimnated. A
further vant dgfmefs that benefits arise fromthe use of the annul ar target
or ring-like source,_which enhances filmuniformty at a greater target to
waf er separation t hdfgi%flueriesaad 3V prraafus 2P waigh hag aahambg 326@?‘1:‘&?"0”1’!4 by

bility t hi if ity at . at t t t bstrate dist

al'l ovs mor e oppoFEE Yo o WO SabPaR GYIEiE: 241 85 PEPE aUFoAR Wnen
1 ovs more , o PeEPE

prior ot suo ae o5 ARy YRS yAE et Bl SO e IR kBB R, )

region of the SAMKGS W 3PbEWRMENS. TRIGRABE 3100 BlideiRMiiRk 6Bl ES bilr at
this region. In such a case, heating of This central region often was

necessary to ensure good adhesion of this material and to prevent fl aking
of f of the deposited material, which would increase particul ate

contam nation of the WD 99157746 PC T/US99/10087 - 13 - 0 5 NOV 2002
chanber. in enbodi nents of the present invention, the central opening of
the ring-shaped source is used as a |l ocation for equipnent used to excite a
hi gh density plasma and so beconmes a useful part of the systemrather than

b -, = . a e r




vacuum chanber, making it practical to fit the source to existing nodul es.

Those ski.lled:| e art will appreciate that the inplenentadOpsgsfiofsie
" present inv‘gﬁﬂb’g’nﬁgo herein can be varied, and that the invention {s

described in preferred enbodi nents. Accordingly, additions dh8 NOV 2002

nodi fications can be made w t hout depar8i-ng fromthe principles and

I ntentions of the invention. Q5- 0 o~= . -, s (e e
a1t ar waldz i othdeleciric metedd! eranghdiog 33.. In the chamber 31 opposifethe-substrate . .
R T T T y s e+ e e ww.. .. .. Q5 NOv 2002 1.
An i oni zed physiuprert 16 dpasputiesipd raet thawhiphpla maunied ehanigtest ider ar hagtsoaiplateHanber
havi ng a chanber waft surroundi n% a vacuum processi ng space inside of the
chanber; a ri ng?NATREACBHIGIK SO 28 MawYsd op 20 PIRClEcRh ISP IS it ealingy§'aHensBiP| al
fromwhich electrically co i ye ting material i supplied to the
processi ng spac‘@?‘ "‘[eﬁéa%ehﬁ%mgz'g%’(g r%egﬁéﬁ%%le \rﬂ? ﬁﬂ‘“ﬁ’g%detﬁﬁfﬁuggﬁéﬁgmegﬁ‘ﬁerat

| east ones sur f aggy] 1 GATRMISGAL 21 0 o Buddd BCUBRLLI Thih BGASS) AaRRAGE A

substrate support inside of the chamber opposite e processing space from
the ring shapedpof@aw@%eﬁ@@mmmh@mem?bi15!, BUdidechr v charfbieP B £ BltfdicalArBfRY | n
the central opening of the ring shaped source; an RF energy source outside
of the chanber ;amageidn nexhes pabeage {not shewa)lwaith éormaal plasreantrapiping neligrdtie Gkl ioGer

wi ndow and connected to the RF energy 15 source to inductively couple

ener gy through thhsuregerndthetamsti6iwhico canfines e iminthlasma gosede hesnridoediite targst ys.
coupled plasma in the processing space that is sufficiently dense to ionize
el ectrical |y cofRIt&PPEf RergESngGahi(PiEaly 2[ponaWifinie sheBRs ! hdorri im s idasmaour ce
t hr ough e processi space; and hield structure jnsjde of the w ndow
bet ween me Wi n@gﬁefﬁ%dF‘ﬁt@%BFH%aé%%f%ﬁ}r%%éécj‘gr}erett eé{s‘ﬁﬁfteéh?r%{hagd%‘?t F\%atE’Bﬁ?'ngur ed
to reduce capacii,] o' & A to permt an

ef fective sybst‘gltr'ftrlgrg ! yHP%%%'%gﬁggﬁ%ﬁ?%gw%%m%gg@%@lrég{)m?%gm the coil into
the processing spacex giishi &gl Sinddditgeod BE iShhotdibuttioe hRGhdidcfic WinBslP¥s £dqom

electrically conductive coating material fromthe processing space. 2. The
appar at us of cl entsnfic vt théehambe 30 wits ind gxial extent of the coil 25 being a significant part of the
axial extent of the dielectric wall 33. In operation, the coil 35 is energized from RF power
15 supply 22 tnrough matching system 21. The dielectric window 33 aliows energy from the coil 35
to be inductively coupled into tne chamber 31 while isolaing the coil 35 from direct contact with
the plasma. The window 33 is protected from metal coating material sputtered from the
target 16 by an amangement of one or more shields 386, typically formed of metal, which are
capable of passing RF magnetic fields into the interior region of the chamber 31, whiie
20 preventing most such deposition of metal onto the dielectric window 33. The shield or
shields 36 are eitner formed in electrically separate sections around the circumference of the
chamber 31 or have at ieast one axial slit or gap 37 to interrupt circumferential current paths
around the chamber 31 that would electricaliy shield or decouple the coil 35 from the plasma
within the chamber 31, The R* energy coupled by the coil 35 into the chamber 31 produces 2
25 dense plasma in the chamber 31 so that a substantial portion of the materia! sputtered from the
target 16 passes tnrough the chamber 31 will become positively ionized.
A negative bias is applied to the substrate 12 from RF source 23 through matching

network 24 to electrostatically atiract and steer positive ions of sputtering material from the

plasma onto the substrate 12 in 2 direction nearly perpendicular to the substrate 12. The bias



a bias power supply connected to the substrate support so as to produce a

, potential qp %9/2‘/5 Substrate on the support that is sufficienidpyydegaishve
rel ative to TR pfasma to direct positive ions of electri calrdag %anti ve

coating material fromthe processing space toward the subst OV A c

c~e o~ (~rimi i~ i~ e B < ' WD 991 57746

PCT/ US99/ 10087 O 5 Nov 2002 -1~ 3. The apparatus of claim 1l wherein: the

ri ng- shaped soeneigy spuied 23capioystRM aagrgy or@Her Ml plgpticabeneraythahiy etieshvpde came

el ectrically conductive coating nateri aving a .sputteri ng surface in

Enlissaie

. al _h .
conmuni cati on aPRENtERAgVReR RdheHPSIRIE Nahs i Bl o fiRetent]l ihs
connected to the target to.suppl ' tterl
surface that i E‘aﬁnuﬁa{? ?@F% R?ﬁwe 'erfgeog?prﬂfte(?e% rﬁ%n%%g}%e\lﬁelgsriﬂng\{@g@% %bsfr Fltgqgf%sna
to sputter material ’ ' r - [
processi ng spa@é{. tﬁ?ly. 5 ’%jﬁ'gb'gg’g’é’? g%@%ﬂﬁgﬁg}é&&?? L’%%ﬂ’é%q@gﬁgﬁ'g‘ﬁéstfﬁgg ghaﬂta Ebe
nagnet r o MagneerBE Bidbfhgltheccobitg @fthe Bitofns Benidh ashére ratib &ERRLs Altfefbltige {0
confine a sputtering plasnma in close proximty to the sputtering surface of
the target. 10Ths bidhpoteftipbonabeus:bsifatec 2adhould nottberseinigh dshe atraighesibstorg®me ce
I ncludes at |east one fiat annular sputtering target having a sputtering
surface |ying aypraxateaeraiestnat aredigp leasugh torribstantially pinbton pthemlise apagedht @iinst 0 a
substrate on the support 6. The apparatus of claim 1l wherein: 15 the
ri ng- shaped so@FBedevires bRikgdormed prothe pubsite 83| i ndri cal sputtering target

on the support - 7. AL P e LRy AT TPt 2 R o co

| ncludes @t 1 eqRLuBN% flstIEnGaL!C AnePYS LELIAG SRk Yhdin 23R LT 1 N

surface tacing a substrate on the support an ang eto e surface of the
substrate. 20 o nkbeoydURahist Wal 28f THelcRirBeda MOSHRAL with B Q2@ |p@rﬁ;§iﬁdn§§lst\é4n'lgow I's
a generally planar wndow lying within the central opening of theé
ri ng- shaped sougregicusting of hectambér 41 So ighowabaina B isystdoh for foatling aridl unBbdintplvarers
behi nd and substantially parallel to the w ndow.

for processing (not shown), wafer holder 14 with provision 23,24 for application of RF-generated

negative bias, a system 44 for supplying inen gases and reactive gases for use in reactive
15 sputtering applications, and a large opening 45 at the opposite end of the chamber 41 from the
wafer support or holder 14. Tnis opening 45 is sealed by a source arrangement or cathode and
electrode assembly 50.
The support 14 is preferably adjustably spaced relative to a target so that the target to
substrate spacing can be adjusted dunng tne life of the target fo maintain desired uniformity.
20 Where such an adjustable support is provided, a seal in the form of a metal beliows (not shown),
for example, may be provided between the support 14 and the wall 42 of the chamber 41. The
geometry of the chamber 41, particularly the location of the side walls of the chambsr wall 41
with respect {o the wafer edges, has an effect on the uniformity of the deposition, pariicutarly
wheare the wall 42 is close to the wafer, and accordingly, the geometry of the chamber 41 must
25 be empirically considered in relation to other parametars of the process to optimize deposition
uniformity.
As shown [n Fig. 3, the assembiy 50 includes a generally annular target 51 which, in
operation, is charged negatively by a cathode power supply 52, which is preferably in the form

of either a DC or pulsed DC power supply, or may be in the form of an RF supply connected to
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) 80?%62002 16 9. The appar atus of claim1 vvhehel n: the coil
has conduct or portions that are substantially flat and situ t5eﬂ°\bezm nd and
substantially parallel to the window, af@-the shield structure includes a
slotted sheet of electrically conductive material havi n%gsl ots 5 therein
substantial |y pbgaiops! ‘ﬁ’@’gbhé“"‘éﬂﬁﬂ‘a‘é‘l‘@rmﬁ@f’% i TORSrogen 9f e 1reRt B1 isteantralipdby
substantially parall el t he wi.nd a atus of claim1l wherein:
the dielectric WehEHL “F%garﬁsq?ﬁ? VW&S%’& "dﬁr% 9%?'? %ﬁrfaagé?e%‘l fisida gensrried byige
w ndow bei ng wi | 0

) x%ar]gngtronhrgaggngt{gsgéﬂ's%ﬁg& %gerg%}mglpeshg&\pﬁ t?i@g&%goge% #% an(’gOc?gl‘-u T

form ng a recess conmuni ocessi ng

helical coif sugraundi 9&.&&%%4 LR heAkl mrlcnertneisfaﬁot%m?wby%ﬁte&iaﬁ psi el d
structure |ncludes a cylindri'cal arrangenent of one or nore Sheets of

el ectricably codisstid exemaedoding aysteh Yot @Bdvry, whittek@i ddgventiéhal Y irhe irdet ah isnal |
frommaterial noving fromthe processing space. 15 11. The apparatus of

cl ai m 1 wher ei nelectriegly dhiolgted from grountiethslgaees by the gewueaterab6.57. cTileiandutardarbet\&il hekow

w thin the central openi ng of the ringshaped source and form ng a recess
communi cat i ng vintitner prenpE 88 BySISh i rqyaledan Rh plasmeexsiiatihasysiay &0 cl osed end;

the coil is a helical caqil surroundl the cylindrical w ndow 20 the
shield structure i ncT’lﬁ&sex%itaWIsYﬁtﬁﬂffo ybﬁl”?"&%@e@ﬁéﬁ‘ta BMDBTRAWBYS. PR BrefsRekt s

f el t |1 d f. I | | di th | d |
val | from mat er PETOSBN HorPREHor BT T BI o ToRBetee Stpton =B
j g(r:te Qgr 48P ' | SEBafk d%!e@{?.L GBS 8 wﬁ.a,rsgﬁé thilo h%ﬁﬁgeéé o?{hetfmﬁ,xace a95e?91 eﬂ‘! s ok of M he

) - - the window 81 ﬂ'xat(xs facmg the subs’crate 12 is in-contazt with the vacuum df the chambef 4% - - -
A 5 Nov 2aoz -17 5

while the opposite side or outer face of the window 61 is in contact with a nominally atmospheric

environment. Near the outer face of the window 61 is an excitaiion coil 65 which preferably
extends in a direction parali2! to the window and may be planar or substantially planar. One
15 suitable coll €5 is, for examplze, that described in U.S. patent 4,948 458 granted to Ogle orm
U.S. patent 5,669,975 granted to Ashtiani, both expressly incorporated by reference herein. On
the interior side of the window 81 s a piurality of shields 68, 67, which serve as physical shislds
to protect the dielectric window 61 from deposition of sputtered metal or other sputtered material
while also serving as Faraday shields that allow the passage of inductively coupled RF energy
20 from the coil €5 into the chamber 41. The shields 68,67 are mounted a small distance apart and
close to the inside surface of tne dielectric window 61. The shields 66,67 are preferabiy slotted
and may be electrically grounded to, and maintainad in good thermal contact with, the dark
space shield 53, which is preferably water cooled. Altematively, one or bath of the shields 66,87
may be electrically floating, at least with respect to RF enargy on the coil 85. In the preferred
25 embodiment, the shields 66,67 are cooled by conduction from the edges, either to the dark
space shield 53 which is water-cooled, or through an optional electrically insulating and
thermally conductive supporting ring 68 that would allow cooling of the shields 68,567 while
electrically insulating the shields 88,67 from the dark space shield 53, if desired. Other shieid

cooling technigues and arrangements of shields can be employed.



(49125 4B An ionized physi caf)yagH8. GepbEiti 6 appar at us conpri sing: Gl
.'vacuum chamber having a chanber wall surrounding @ vacuum-pr@cessrn,g, space
'inside of the chanber; a substrate support |on the cHanber® at’ one end‘of the
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processi ng space and toward the substrate support; an RF energy source

out si de t he sphaisas Ashisni Rifoeed dasqsraoxduppliee torbiee b e piesale ioferthaghearcbroonnect ed
to the RF energy source to inductively couple energy into the processing
space5to f otarOamfoirndl bigh-flaneily plagra pah ten Ipd igritecin the chdmebep e e peyesipaemliechat i s
sufficiently dense to ionize electrically conductive coating material from
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cont | qur ed COBER L 0% R PeSPR T ANEErS "Gatrar PRGOS P RE GHBRG9=TTom ¢ he
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energy fromt co into t'he processing space, S|ca eId
the wi ndow fig Qc.rwerla@ewamakhlemapmshl ué’ﬁ'eg@%ry'b%gem&f foeuk .nfcroﬁrmcacmv.m the
processing space; and the substrate support being equi pped to apply a

pot ent@ al t epparstud®iaf Bihe2. on t he support that is sufficiently negative
relative to the plasma to direct positive ions of electrically conductive
coating material !fustated hé&igpy @@esmbqﬁgnesrpqc@ apperatusl 4@ hvervmmtastahm&ilvmplammt

damaglngthe substrate. ~:r~r~~, - ~la.ri.~r. BJEI' tG E ".i J ~
us:oLtr. - (gxcitptian syptem 603 rsvrovuded tnat urlcludgs gwegl qr c@mber Nfceiso?O located in the lnner. —~
;me;’ oi rsl: opening 58 at the center of the anntwg\{argggg 'Fhe rec-légsewaggoun e bsy aov]:/allc7|1 o qmua]riz2
or other suitable dielectric material, behind which, outside of the vacuum of the chamber 41 and
15 concentric with the window 71, is wound a helical coil 75. Suitable Faraday shields 76,77 are
positioned adjacent the window 71, which also function as physical shields to protect the dielectric
material from deposifion while allowing the passage of RF energy from the coil 75 into the volume of
the well 70 from which it will propagate throughout the processing space. The shields 76,77 provide
the physical shielding and RF transmission functions similar to those of shields 66,67 described in
20 connection with Fig. 2 and may include features such as those disclosed in U.S. patent applications
serial nos. 08/844,757, 08/837,551 and 08/844,756, which are incorporated by reference herein. In
operation, the helical coil 75 is energized with high frequency RF energy and high-density plasma is
generated in the region of the well 70 within the vacuum of the chamber 41. The high density plasma
streams inta the main process area of the chamber 41 where ionization of material that is sputtered
25 from the target 51 occeurs.

Alternatively, as illustrated in Fig. 6, the apparatus 40 is provided with a plasma excitation
system 60b, similar to the system 60 of Fig. 5, but having a well 702 at the center of the target 51
surrounded by a cylindrical quarz wall 81 with a removable auxiliary cathode assembly

82 sealed at the remote end of the wall 81. On the cathode assembly 82 is mounted



the coil has conductors adjacent the w ndow that are substantially parallel
. to the wndpwipoalet he shield structure has slots therein caitingdshaoosy O

[ rrpede the capacitive coupling and to permt the effective inductive
coupling of RF energy fromthe coil mti the processing spafd& NQV. 20%he
apparatus of claim13 mherein the diefd&tric windowis a general |y planar
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communi cating with the processing space; the coil is a helical coif

sur roundifhg t helepgditiondithe shuttetat matefial phthe sibstmewheamaprdpsiaiehi el d structure

i ncludes a cylindrical arrangenment of one or nore sheets of conductive
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a closed end; the coil is a helical coil surrounding the cylindrical
w ndow, cyhndrical target 51b. In Fig. 8, a further alternative cathode and electrode assembly 50z

includes a target 51¢ in the form of & truncated cone. The selection of target geomatry can be
made to affect a desired balance between ionization and optimum utilization of th= targst
miaterial. The geomerry target 51b of Fig. 8, for example, tends to cause material to be emitted
15 from the sputtering target 51b toward the highest density region of the plasma, which leads to
efiicient ionization of the sputtered material, with less of the sputtered material then arriving at
the wafer.
An advaniage of locating the plasma excitation system at an opening in the center of
an annular target or other ring-shaped source is that dimensional constraints imposad by the
20 need to interpose helical coils concentrically around an axis between the center of the sputtering
source and the center of the wafer are eliminated. A further advantage is that benefits arise
from the use of the annular target or ring-like source, which enhances film uniformity at a greater
target to wafer separation than in the case of a fiat solid planar source. The ability to achieve
uniformity at greater targst to substrate distance aliows more opportunity for ionization of the
25 sputtered material. When ring-shaped sources have baen used with sputter coating devices of
the prior art, such davices usually required special shislding in the central region of the source
to prevent the redeposition of sputtered material at this region. In such a case, heating of this
central region often was necessary to ensure good adhesion of this matsral and to prevent

fiaking off of the deposited material, which would increase particulate coniamination of the



the shield structure includes a cylindrical arrangenent of one or nore
sheets of c&pcw,g%l ye material physically shielding the cyli b,y
" frommaterial ‘Adving fromthe processing space; and the apparatus further
conpri ses a suppl enental target situated at the closed end @p§ NOve 2mgcess.
18. An ionized physical vapor depositi-oh method conprising the steps of:
rel easing particles of the material into the processing space froma ring
of el ectrical | ywhewpriudnt erredimsals PHge pratest inwentianathe sgnie! erafing of tiadng-skareed at
one end of a processing space in a vacuum Qr ocessegﬁcharrber i nductively

coupl i ng RF enePy§e s BiFF &5 @dPIaiaf fPssiyiemem dsechiRriyete 7 Alog deply jplaga ey ﬁ@ _
space t hrough abe‘c’:"r'arﬁdov‘{zsefbl '?to?ﬁ’\?%} @g}ﬂatﬂfr u%aﬁ aelfaﬁ’ﬁh? by &Ml Yty C{Q%%nl ant' ng

material at the ce er o e ri rrca con |ve coa

material ; physigakday mbtbRl fggd}g.ﬁgmdéggr ag%tg {hqghg.g,glgy ts by el ectri cal Iy

conductive coating material wth ay shield configured to reduce
capaci tivg coupl i Ng DfrRFacvaRsde wridiig EivERuS ebociiintset i pRekMyREMoRRIRE T T i NG
substantially inductive coupling of RF energy fromthe coil into the
processi ng spactae catiddb atditbe sxxoplg glabhe ertingstructiiecan begmade mord aarhpacethyn in
coupl ed plasma in the processing space that is sufficiently dense to ionize
a substantial fthaptdr@n 2pf degrenobreadterexiomiery thtnyr oicethe/ enadificationgyionthe proress i n
the processing space; and electrically biasing a substrate at the end of
the processing ‘?ﬁ‘%‘bcﬁﬁﬁ?fs'i"?’@gt“t?@c?‘?ﬁgﬁtdﬂe %F’é%?ﬁx'é%ﬂglvdé@ﬁductl ve coating

el ative to the pl asHEotEug h Bept HEERok URURE PEITERE T A UE T RT iy eHtor
conduct i ¥g coat iy 1gh ol Alipd T A8t P AGRS i eRBEE B BPé%Fer e

at approxi mately normal angles theret
~ J .J.1.. &:cordrngly addlﬁbnﬁﬂnd,m*b‘d’ﬁuahoﬁs can bk méde wrtﬁb&%eﬁa‘ffng‘ﬁ%m%e principies and
1 11 1 D5 NOV 2002 19. The nethod of claim 18 wherein

the particle reheatmnmgftsehmmmcl udes the steps of:



pOe-fivEHERG an annul ar sputt er FHG- LB §dt- oF < éPecPrlcaIIy conductive coéﬂrh@
~materi.al -having a sputtering surface thereon, surround;ng theeqpentng isn the

a substrate support; energizing the target wth a.tanget povers supbl y' to
supply a DC potential to the sputterHQ‘rg surface that is suffg RoW 12002
negative relative to plasma to sputter material fromthe sputtering surface
of the tar h |nto the processi ng space and toward the substrate support;
and generat Y OHRENEL i c field over the sputterlng surface of the target
and surroundlquthe conductive coating

n Iec al Ly ¢
material, and CO%PPﬁ?CEFg‘Yg{C%pﬁ?C{g?QOﬁ orﬂ)?%f’ﬂ?g”s RTRI% proxinity to the
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step includgs,d g mBLEP of prOV|d|ng a COI| out si de of the chanber havi ng
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t he mnndom1fron1 posits by coating materi e effectively permtting

the substantialdiye édﬁmété/r?al g%uiﬁ’dhb@% s %r&:esgﬂgg ftﬁé)r'ﬂgtslﬂgpe(a%'ogcé Rivgt he
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5 eau ~ the RF
el ect r ode ||ﬁ¢gde§H@500|l situated at the central openlng of the target and
connected to the RF energy source to inductively couple energy into the

procegsi ng spawe chamifedwal @riuting dadidisttrlcywitdwnh etk qhasmBetiny sfhiee Migosrasai ng

space that is sufficiently dense to ionize coating material fromthe

annul ar targedrcé;n the processing space; and the apparatus further

conpri ses: :
an RF energy source outside of the chamber,;

a coil outside of the chamber adjacent the dielectric window and connected to the RF energy
source to inductively couple energy through the window and into the chamber to form an
15 inductively coupled plasma in the processing space that is sufficiently dense to ionize electrically

conductive coating material moving from the ring-shaped source through the processing space;
and
a shield structure inside of the window between the window and the processing space, the
shield being configured to reduce capacitive coupling of RF energy therethrough and to permit
20 an effective substantially inductive coupling of RF energy from the coil into the processing space

and to physically shield the dielectric window from electrically conductive coating material from

the processing space.

2. The apparatus of claim 1 further comprising:
a bias power supply connected to the substrate support so as te produce a potential on a
25 substrate on the support that is sufficiently negative relative to the plasma to direct positive ions

of electrically conductive coating material from the processing space toward the substrate.

el ectrically conductive coating material opppsitte Lheoprocessing Space from

»



a-dielectric window proxi mate the central opening of the annular target and
posi ti oned tWWOPYSI7d6 e the coil fromthe processing space, a”%’rxﬁé&bﬁbo@
structure inside of the wi ndow between the wi ndow and the processing SZ)ace
and configured to permt the effective coupling of RF energy@fsrrow tahp coil
into the processing space and to physi cé‘l5|y shield the w ndow from coati ng

material fromthe._prpcessi ace. 22. The apparatus of claim 12 wherein:
the RF el ectrode iahgﬁﬂ%pggm@g@q%'mg?”f‘%\%‘f"ed at the central opening of the

target and connected.tq. RF _ener gurce to inductively couple energy
into the processi &1% ns%%gge&? Gor6r r’ﬂ“'ﬁ%égi %dﬁ%"f Pl POUEH SPHtetngplarastral electddaly

processi ng spac@nbitie chbftindSmbibifi o _ionize coating material from
t he annul ar targgt in thg§pr%ﬂ(z:aggagﬁélgggpsugg@ggugaaﬁa'nfﬂ@m%{ﬁcﬁ?ﬁ%‘@ghef'Dﬁ"iewéthe

conprises a di edhamberi and \&itaroaWoRErQUbIRBERNS G 15 BatiL AL nj.ng.of the annul ar
target and positioned to isolate thﬂﬁoi I fr o%tt%'g'tﬁé)g@gf sa?ﬁr‘lgp%tﬁ%[‘é'é? the3
The apparat us ofputtdrag suriee takiseduficiedip eoirtally hepivd fdAnNed AULSLMe,of the
chanber opposite the dielectric w ndow fromthe process?’ng i’%g’g%“{ uuer

i nducti vel y redBPHATAM BoeRsltering setagy ofiting tergetino repesssing@pseace t hrough t he
dielectric window 24. The apparatus of claim 23 wherein the apparatus
further conprises a shield structure inside of the wi ndow between the

wi hdow and the prgcess] Ce. configured to effectively permt the
coupling of RF eng'rg@e #E%angﬁioﬁég%a:{]%”?%Fg"Wﬁ@gipr ocessing space and to

physi cal Iy shiel d;t SMohdown i t.Ln teri,al fromthe processing
space. r :.r." r. SHEHEP = p,?'rtlb:ﬂfﬁlgitarg. ~3m-g‘ﬂd,e Q- thenghamben effectivg 4o confine k~" |, ~~

~ -t.: 1= ... .sputtering plasma-n close proxi fthd sputtering srriaka of the bk - L f

f j1 e PiaTn siose proximi o tgé~s’2°“§ef§.”g"r‘ﬁ”ea“a%f6%r‘8ﬁgé‘s of claim 24
further conprising: a magnetron nmagnet assenbly behind the target outside
of the cﬂgnber effective to generate a magnetic field around the

substant 1tal 'y fl a§ Biswprastian) cisiorfweeeiand surroundi ng the central opening
of the target so as to confine a sputtering plasma in close proximty to
the sputtering sulfdBeskar=¢ peuresaingjedes a2 drastTire e paneer putdhing kddeMhdvnd 4T t her
conprising:. a nagnet r on _‘g&gnet assenbly behind the target outside of the
chanber ef f ect Vet SR YRE BPROSRERICD A Plane tiatis sybsiantiblly pezalisith s kavatriabh v
flat sputteri ng,ess%gog_ce and surroundi ng the central opening of the target
so as to confine a sputtering plasma in close proximty to the sputtering
surface of the target. 27. The nethod of claim 18 further conprising the
step of: formng an electrically conductive filmon a substrate by
directing the iors ™k aglaffislior 8ahliwmerfpduct i ve coating material thereon. , r
E1.:.. 1f ~~~8S 1,

15 the ring-shaped source inziudes at least one cviindrical sputtering target having a sputtering

surface that is generally perpendicular to 2 substrate on the support.

7. The apparatus of claim 1 wherein:

the ring-shaped source includes at least one frusto-conical sputtering target having a

sputtering surface facing a substrate on the Support at an angle to the surface of the substrate.

20 8. The apparatus of claim 1 wherein:

the dielectric window is & generally planar window lying within the central opening of the

ring-shaped source; and

the coil is a subs:antially fiat coil situated behing and supstantially paralie! to the window.



. TR I A LT 1 ~
Tl 1 < A ays As ARREREUR T VURRE R At At A

'

CILRIS

L A8S. Aly&. AN.A@A. A AN, . AFu. A3u. A u. A3ueBl ?}F'.  2-~wal gbl.X] ¢4} cal'éai’Cel c
alc a Wc alc aJc aUc AR A I

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] cd] ca] cRé]'c'éU] c’é] C.'et]'@g]ﬁw] 'q'm

'+, 0?ALYT] DO xz+

~ytoi d_ZU] ca] ca] ca] ca] c”a] ca] ca] ca]-c1a? E:a] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c
aJ ca] ca] call c &@ﬂ, a] cal
! ]$% % **1**9o+$4%§?!’. ~ s;%%%%gl%%&g]cﬂzupkf a\V]]cna] ca] ca] ca] ca] ca]ca]ca] ca

] ca] ca] ca] ca] ﬁék&%?@dn@@&t&?m&]&%\ setlsaHianhaaheal.erd salpahsalkahénl] cal ca
| 2253v3333; 4444) 5555656667797,

777<888V: : Balawdi 1mé WinablelaXk ] 1 cal cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! o<r <~<4>? AdCDVMFPFYFi
Ft FUHJ KKL MQQQHK¥RI3[@REBScture includes a slotted sheet of electrically conductive material having slots

S! SuSST} xsngb] Xmhb] X] ] ] ca] ca] caU] cal] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] cal]
ca] cag ca] capwarbwrbahl sadisiad takerleal paicaabiapstdianat are substantially paraliel to
TXTTHVWVWRWINAKYYYSZZ[ O ; [] "~ bddeeeeeef fzsnha] Vimhb] X]]¢c aUc a W]c alc

alc a WV]c taddyiedow.
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Jca f fffwfoggiijfjj*kkkU I noloooLpppppppgrtv{unid ZU caJcalcalcalc a W]c
aUc ajc aUc
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aJcal]calcalc althe coil is a helical coil surrounding the cylindrical wal of the window; an

#9028<r Rf 3Z>ESp} xsni d_ZUnha\ W ca] ca] ca'] ca] ca] ca] ca] ca]ca]ca]ca cal cal ca] ca]
ca] ca] ca] ca] cal %\éﬁl%ﬁryf@%lg%&g 8 C0ea AR e &r more sheets of elecurically

conductive material physically shielding the cylindrical wall from material moving from the

processing space.

15 11. The apparatus of claim 1 wherein:
the dielectric window is a generally cylindrical window within the central opening of the ring-
shaped source and forming a recess communicating with the processing space, the recess
having a closed end;
the coil is a helical coil surrounding the cylindrical window;

20 the shield structure includes a cylindrical arrangement of one or more sheets of electrically
conductive material physically shielding the cylindrical wail from material moving from the
processing space; and

the apparatus further comprises a sﬁpplementm target situated at the closed end of the

recess.
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target;
10 a target power supply connected to the target to supply a potential to the sputtering surface

that is sufficient to produce a sputtering plasma to sputter material from the sputtering surface of
the target into the processing space and toward the substrate support;
an RF ensrgy source outside the chamber;
an RF coil proximate the central opening and connected to the RF energy source to
15 inductively couple energy into the processing space to form an inductively coupled plasma in the
processing space that is sufficiently dense to ionize electrically conductive coating material from
the annular target in the processing space;
a Faraday shield structure inside of the window between the window and the processing
space and configured to permit the effective inductive coupling of RF energy from the coil into the
20 processing space while impeding the capacitive coupling of RF energy from the coil into the
processing space, and to physically shield the window from electrically conductive coating
material from the processing épace; and
the substrate support being equipped to apply 2 potential to a substrate on the support that
is sufficiently negative relative to the plasma to direct positive ions of electrically conductive

coating material from the processing space toward the substrate without damaging the substrate.
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14. The apparatus of claim 13 wherein:
the dielectric window is a generally planar window lying within the central opening of the
annular target; and

the coil is a flat coil situated behind and parallel to the window.

15. The apparatus of claim 13 wherein:
the shield structure includes a slotted sheet of conductive material and is electrically fioating

with respect to RF energy on the coil.

16. The apparatus of claim 13 wherein:

the dielectric window has a cylindrical side wall and a closed end, the window being within
the central opening of the annular target and forming a recess communicating with the processing
space;

the coll is a helical coil surrounding the cylindrical wall of the window; and

the shield structure includes a cylindrical arrangement of one or more sheets of conductive

material physically shielding the cylindrical wall from material moving from the processing space.
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18. An’ionized physical vapor deposition method comprising the steps of:

releasing particles of the material into the processing space from a ring of electrically conductive
coating material having a center and located at one end of a processing space in a vacuum
processing chamber;

inductively coupling RF energy from .a coil outside the chamber into the processing space through
a window in an opening in the electrically conductive coating material at the center of the ring of
electrically conductive coating material;

physically shielding the window from deposits by electrically conductive coating material with a
Faraday shield configured to reduce capacitive coupling of RF energy from the coil while effectively
permitting substantially inductive coupling of RF energy from the coil into the processing space,

with the coupled RF energy, forming an inductively coupled plasma in the processing space that
is sufficiently dense to ionize a substantial fraction of the electrically conductive coating material in
the processing space; and

electrically biasing a substrate at the end of the processing space opposite the ring of electrically
conductive coating material to produce a potential thereon that is sufficiently negative relative to the
plasma to direct positive ions of the electrically conductive coating material from the processing space

toward the substrate at approximately normal angles thereto.
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$10%& () -, xrdakack! that GRuikcentyl RKGAIMR @ ative to plasma to sputter material from the sputtering
surface of the target into the processing space and toward the substrate support; and

generating a magnetic field over the sputtering surface of the target and surrounding the

opening in the electrically conductive coating material, and confining a sputtering plasma in close

proximity to the sputtering surface of the target.

20. The method of claim 18 wherein the RF energy coupling and plasma farming steps
inciude the steps of;

the coupling step includes the step of providing a coil outside of the chamber having
conductors adjacent the window that are substantially parallel to the window; and

the shielding step includes the step of physically shielding the window from deposits by
coating material while effectively permitting the substantialty inductive coupling of RF energy from
the coil into the processing space with a Faraday shield having slots therein substantially

perpendicular to the conductors of the coil adjacent the window.
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isolate the coil from the processing space, and
a shield structure inside of the window between the window and the processing space

and configured to permit the effective coupling of RF energy from the coil into the processing

space and to physically shield the window from coating material from the processing space.

22, The apparatus of claim 12 wherein:

the RF electrode includes a coil situated at the central opening of the target and connecled
to the RF energy source to inductively couple energy into the processing space to form an
inductively coupled plasma in the processing space that is sufficiently dense to ionize coating
material from the annular target in the processing space; and

the apparatus further comprises a dielectric window proximate the central opening of the

annular target and positioned to isolate the coil from the processing space.

23. The apparatus of claim 22 wherein the coll is positioned outside of the chamber opposite
the dielectric window from the processing space to inductively reactively couple energy into the

processing space through the dielectric window.

24. The apparatus of claim 23 wherein the apparatus further comprises a shield structure
inside of the window between the window and the processing space and configured to effectively
permit the coupling of RF energy from the coil into the processing space and to physically shield

the window from coating material from the processing space.
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surface of the target.

27. The method of claim 18 further comprising the step of:

forming an electrically conductive film on a substrate by directing the ions of electrically

conductive coating material thereon.
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