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UNF FORM LOW PARTI CLE DEPOSI TION  BACKGROUND OF THE I} NYARNSHERT HABI BEERHN
the I nvention This invention relates generally to ptemiacgh vapof
deposition (PVD) of thin filnms of materials froma t 2|
wor kpi ece or substrate such as in the manufacture of integrated electronic
circuits. Mre particularly, the invention relates to nethods for PARENGVI Ng
the uniformty of target erosion and efficient utilizatmeRocktAMAs43EYVD/DV
material in PVD processes, while reducing redepositi GPEt MBI PEPELSNS: he
target. Background of the Related Art Physi cal vapor deposition

(PVD) or Zputteri ng isp?igm)ﬁﬁpgmmﬂwmﬁﬂéﬂmnuf acture O}‘
integrated circuits. | [ ing material is
bonbar ded by ions acce rlgt m%@g%¢gl%§@£QQEMj ect target materi al
fromthe target which is then deposited onto a substrate. The target and
the substrate to be coated are generally placed in a vacuum chanber which
i § evaBM@W@@H@M’EIOg pressure of |ess than about 10
mlliTorr. Typically, a heavy inert gas such as argon is supplied to the
vacuum chanber and a punpi ng system nmai ntains the desired gas pressure in
t he chpihesf the Idvétigh scharge plasma is created in the | ow pressure argon,
at least partially ionizing the gas, by supplying a high negative DC, _ AC or
RF pot ent i alhisénvgniien nelstrs generpily: tol physical yapos dgpasition{BVEY) ofthin flgsiof materiattber
wal I s and an anode (tvpically the bstr . JJhe_glow di arge. plasma is
Cr eat e Bom 1 oieet 0o ot inieed O uBMREG Bh din  Barh sl o GRS B BB,
sigpar atpechits! Mord bﬁﬁ@\hﬂg&, fieciasedionFe s ko mRMas for iMpRVIE the Aalfdmify dTasrgbhe
plasma itself is a good conductor, the plasma remains _at essentially a
const amosionand efficiepbutilivation of farget matspalin PVD preesprsgwhile radpcing sedspositiomofie.
Thi s prgl%ilu es_an el egtric field at the target that is substantially

particles on the target. _

f
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Background of the Related Art

15 Physical vapor deposition (PVD) or sputtering is a known technique used in the manufacture
of integrated circuits. In PVD, a target of a desired coating material is bombarded by ions
accelerated thereto to dislodge and eject ﬁrget material from the target which is then deposited onto
a substrate. The target and the substrate to be coated are generally placed in a vacuum chamber
which is evacuated to and maintained at a pressure of less than about 10 milliTorr. Typically, a

20 heavy inert gas such as argon is supplied to the vacuum chamber and a pumping system maintains
the desired gas pressure in the chamber. A glow discharge plasma is created in the low pressure
argon, at least partially ionizing the gas, by supplying a high negative DC, AC or RF potentialto a
cathode (typically the target) and grounding the chamber walls and an anode (typically the substrate).
The glow discharge plasma is created in the space between the cathode and the anode, and is

25 generaily separated from the electrodes by a dark space or plasma sheath. Since the plasma itself
is a good conductor, the plasma remains at essentially a constant posiﬁve potential with respect to

the negatively biased cathode. This produces an electric field at the target that is substantially
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2 per pendi cul ar-to the exposed surface of the target. Thus,
positive ions fromthe plasnma are accel erated across [& . T o]
t-he exposed surface of the target following traj ectori@@_.s%%gmgﬁ
per pendi cul ar to the exposed front surface of the tanget r d-IACiEHg i n
sputtering of the target. I n planar magnetron sputtering, the
density of ion bonbardnent at the target surface is enhanced b pro%’%ﬁﬂ%‘g a
magnetic field in the plasma sheath adjacent the targegx;ﬁpgﬁkﬁémﬁ and
e

defl ect electrons near the target. Permanent nagnets or ect r omag i sal ©
| ocat ed behind the target, or on the backing plate onto which the target is

nmount edperpendiculatuethe exposeel surfabe @lf the sargétl eThisp pbiitives ivrisafeémothetglesnhabget -
Pl asma el eét ro({1s Sﬁsi ral ,al ong these magnetic field |ines and i ncrease the
¥4 gero

el ect r oFfCRIEHE theedazk speheqnto thenexnoped: sutnee) of thectargnt fallowing,trajectories

contri béﬂb‘%&n@i&ll}?ﬂ%g' | ag.],r é’,@@'&pﬂ len), | el | eads 1.0

I ncreased target Ir!%dgr metg'gﬁ%n gpu @?#%eﬁﬁﬁg@g#ggﬁm%%gﬁﬁgfm es
of the taegghets creating a pattern of target erosion. Typically, a
raéetrack pajtern is forned in the target between the poles of the nagnets
wh

re the ta A HASRETOP Putering the demsisk of ian Yombardmepicatthe targetsurface is

magnet ' . t sed to cqntrol d
i tor t ALaBAABTERta e d\apRRE KO Rind il A o ficon? e i b Y Egpand
eroded defleet ei¢otrohynear tié targpt. FeimiRnEmadRe o? tledttdmagnbB afdTocatéd BuMidtDhe ta.r%et,
redeposi tion or back sputter.i ng@cgrgpartlcl es onto the target. BacksputTered

parti cl @on ke hacking platsentp whipk etismotinted; do prodndeamagnetistfieldhparabel to the

deposi t f r.td e, Lkn additi.o uni f ot m er osi on
oaves SRR it PSR Sice Bl hirkt dte tReCinaeil Folf Bet e vbges the
ba0veeneletteorp dérsity i theseaegions MIhe lisdr¥ased @Reon density confributes tb%iﬁo?x% jdat
repl acepent of the target occur before the target is eroded down to t é

backi nglogizatien thessiregionsehich legds tojincreaseditargstibornbardentand sputteting efithertarget he

backi ng [ ' [ h the workpi ece woul d seriously

cont am lr)lai e lﬁ?&é&r@@%&%%ﬁgﬁp%° thFOPIO target is typically

repl aced bef Dysicillys a rivesadk fagtermis Riimbd i the thdet béided &eg{bﬁ oPﬁ:E‘%Hh?n' x&d@&get
ereby Pe wasted,

materi al unused. Since ex(g;nsi ve target materials woul
it woul thepureelezedes pose rapidly.nBiysically sotatinganseff-axia magoetantangementendhe backing

aG50SS Lfife ?&Eéﬁﬁgy 1Y Hée% tg %or?t%ll acr)ﬁeaﬂ'er the pattern of target erosion. The other areas of the
target are eroded more slowly, and may not be eroded at all, thereby allowing redeposition or back
sputtering of particles onto the target. Backsputtered particles tend to loosely adhere to the target
surface on which they are deposited and tend to flake off over time. In addition, nonuniform erosion

leaves a substantial portion of the target unused even when the areas between the poles have been
20 completely eroded.

It is important that replacement of the target occur before the target is eroded down to the
backing plate on which the target is attached. Particles sputtered from the backing plate material
which reach the workpiece would seriously contaminate or destroy the workpiece. Consequently,
a target is typically replaced before the target has been fully utilized leaving expensive target

25 material unused. ‘Since expensive target materials would thereby be wasted, lt would be desirable

if other means to assure uniform target erosion across the surface could be employed.
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U.S. Patent Nos. 5,320,728 and 5,242,566, which are g@jgnnd to the
assi gnee of the present invention, teach the design TWSHEE'DHASFBE&E to
enhance target erosion uniformty. Qher techniques siich asgthacepe of
masks or bl ocking nedia placed over the target have b

redeposition of material onto the target. Al nagnetron targets thgésg
general |y have areas of re-deposition on the target surf

target material becom ng ionized either during or aftgfp,ﬁmmkelgmggﬂné%s
bei ng deposited onto the target surface between the sputtering gr aerRME42

formed by the high negative potential applied thereto. Msking surfaces do
not prevent WgpRment Nos. 5320,228end (5,242,564, which arclagsigned to the assignderd tha preseot
and are not. wel | d. to ecel ve S uttered t ar get terial...Accordipgly,
Shen’ baEREhehx tpeiithrdisnet f § 18, Faffe; aresh erosion Nrifortei, Othdr

mat er i %chtlmfé& shih 4088 ﬁtyopﬂtaatseomoéléﬁf‘g e Yddod BYerfiB tirk v blerited to

contam nate the chanb herefore, there remains a need for a
t ar get psmmtredam;klmmﬁ maﬁengl mte tltmmget cAllmmbtmn afgets; howeversgenefallyhaget

eri al ich. redu es t kellho that back sputtered material. will
Gebosi (53R oF FelopamoR ohihg WEE B (93 10| Lsa el bECoing iyt el daing
| nvent i thd' tt formid
vapor eggesﬂstnll%er?%}?t&g%hg?ﬁﬁ&t ar glg? coﬁgrl ses an angﬁ&gﬁ reg%%%nprl si ng
a sput thyr the|highratgativalpotentiahapysietirthéretoe gMasking smmesj doinoh preventhdepasitioh af
regi on lar region is de of a sputtera terlaJ and ha an
exposedoagﬂﬁw&wﬁ p@mes.qutés B EHacs LS B L BU(SR 1 Fereivg Sputred targ

f rust oogy 8h bhAGhRfbrFmBEALIGE béit 4 Al
t he sa?‘rg g‘g%t fs‘ecg% terl a e annul ar regflaon cent?ﬁél’ regi on |s

pl@vi deendsvb ldosely adkprede thessurfaee and tumt flake omdndtcamnnmialtqﬂxplchmberor convex,
nost preferably substantially frust oconi cal , d’ecel ve depositi.qn
material or DMERORuREE samaint amead fontetagish: soirce and sputtering systemm which casbles

efficient use of target material and which reduces the likelihood that back sputtered material will .

deposit on the target and become a particle source.

15 Summary of the Invention
The present invention provides a target for a physical vapor deposition system. The target
comprises an annular region comprising a sputterable material and a central region disposed within
the annular region. The annular region is made of a sputterable material and has an exposed surface
that is concave and preferably substantially frustoconical. The central region is preferably comprised
20 of aluminum or the same sputterable material as the annular region. The central region is provided
with an exposed surface that is substantially planar or convex, most preferably substantially
frustoconical, to receive deposition material or backsputtered material thereon.
The invention also provides a sputter chamber comprising an enclosure, a workpiece support
member disposed in the enclosure to form an anode, and a sputter target having an exposed surface
25 facing the workpiece support member within the enclosure to form a cathode. The exposed surface

of the sputter target is provided with a central region and a concave annular region, as described
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The invention al so provides a sputter chanber conpristng an enclosure, a

wor kpi ece support nenber disposed in the enclosure tw& % mafede—and a
sputter target having an exposed surface facing th %éi iei'mssuﬁﬁﬂh

menber within the enclosure to forma cathode. The ose %MOEQCQ ol the
sputter target is provided with a central region and a concave annut

regi on, as described above.  Brief Descriptjon.ofATER

Dr awi ngs In order to provide a nore detailed g’,ﬁiﬂqug. MbS19%ss3u8 €

manner in which the above recited features, advantages and obj ectappmfissbhe
present invention are attained, a nore particular description of the

i nventdheme. briefly sumuarized above, may be had by reference to the
enbodi nents thereof which are illustrated in the appended drawings. It is
. to be noted, however, that the appended drawings illustrate only typical

enbodinﬁatpeaiim'nsoﬂﬂgmﬁ% and are therefore not to be considered
limting of its scope, for the invention may admt to other equally
effective chssderte proyide a more detailed understaridingofdthomsnnee it whichlthe stewe aécited
sputte .!lﬂﬂ rat us hayin target .structure in accordance with the
p?esen{ | nvgﬁﬂ%{&%ﬁes and 0%‘?&&??8{%%&2“5 1gven Pagesa-t"?'@&&’i omare Rﬁr@)‘}lgfdegnptxpn
sputt%ﬂmemaagtmﬂymmeaas&regmhﬁbeﬁadﬁiféf&% Qo kife SAGREALRE thefhdr”

the present invention; and igure 3 I's a schemati c cross-sectional
vi ew owhightage ildustratedrindbe shpenided dravengs. sktris tnibe motedf howewet, thhtthe sppéndeded
therefgom . tail Descri,ption of.ihe Preferred Enbodi nent .. _The
pr esen@rgmgg H!W%ﬁﬁéé’&ﬁgvaﬁwmmﬁ vgaionand arethereforenat to,be eansidgreds or m
er 0Si Omafif offsis6pe Wr te idveAdr Rty Aima oBbaintiatd ©

r educi ng par_ticlsgs.%enerr ation cau%gjc’i by nﬁﬁ%ﬁé@%ﬁ@e@%g@%ﬂ%on. e target
R8s an annuFigure dds ercrossaecticnall view efa tsputtesing mpparhins having idtatget s@idti! in

regi on_confi qur to receive direct deposition and backscatter deposition.
The an??ﬁ?%mﬁgeeb’ﬁgﬂlequﬁ@v?a?ﬂbt provi des an exposed surface that is

general |y CPiaaVPis atibsslstctiynal RERREY sputRihg Bgafithyhaving a second target structure

in accordance with the present invention; and

Figure 3 is a schematic cross-sectional view of a target surface showing the distribution of
15 particles sputtered therefrom.

Detailed Description of the Preferred Embodiment
The present invention generally provides a target structure that allows uniform erosion and
efficient utilization of a sputterable material, while reducing particle generation caused by
20 backscatter deposition. The target has an annular region comprised of sputterable material and a
central region configured to receive direct deposition and backscatter deposition. The annular region
of the target provides an exposed surface that is generally concave, but is preferably substantially
frustoconical. The central region of the target is configiired so that any material deposited thereon |
firmly adheres to the surface. Preferably, the central region provides an exposed surface having a

25 configuration that is either substantially planar or convex, but is most preferably substantially
frustoconical.
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frustoconical . The central. region of the target is configured so that any
material deposited thereon firmy adheres to the s rfmgeSHE@Fre &ﬁgbﬁ t he
r_l t

central region provides an exposed surface having a S
ei ther substantially planar or convex, but is nost : ially
frustoconi cal .

PATENT
REPLACEMENT SHEET Atty. Docket AM-1642/PVD/DV
04APR1998 J I n one aspect of the mverﬁxb,@sem.hh}egmmbmusand

central regions are both sputterable material, preferably a singl&ppmies
sputterabl e nmenber. Sputtering of the annular region, preferably enhanced
by a magnet hoonesspestbf the mennondehe aonularianddientral iregionsoare bbthpsanttcre le material,

trajectories, but resul |nt osi.tion, of a.unif.ormfi nt. 0
wor kpi Bregerabiy @ single spyy g@ﬁ'@? thBFmE%trF@PE’cP gr}hgn ar
or conye g;muﬁsﬁ\%@s o, ﬂx‘ér f htaowmcasmsuedx{ ef:ﬁmaevaoeajwemesofbup%smtg P hd rOM

t he annu regi on, an backscatter deposition. I n anot her
aspect degosition of aupiforofilm bhto aaworkpisce. Thgiceniral eeglonrisrgehepdllyanot gmttmdahd bas

B n B oF Spmy ot e spihated i Rery Al CoTPeHiRG. o SAFarIEH BOR (B Apayar

Sur f ac feph ) FdrRdt thah Had Y& dditfoact deposition of particles from t he
annul ar reg:}%n ratlizler t han tgpackscatter deposition. In one enbodinent, the
central reg Imanatber[aspmt olette hwennd)adiel region is formed of a‘Epettspblenmmmgand
apparat us of resent inv nt| 0 p| at es t he_posjtjonj ng
weaf 1 3 grom o Rerbly dadk AR, o Fﬂee# Bhe o
expose g.mcé RnfiElrod B dod iRl difodtiRfis fﬁomat
materi a on ?’ece The sputter| ng surface of dég(t)ar get | sposed

al0 | eashe am\ﬂara-bgmn,cﬂatheq tienybackscattandepasition. eln, onecemlimhmmtethmntrslu'egmnas of
the workpiece. This oblique sputtering surface is positioned to provide a
hi gh d@F&‘F@S’JWaP%k&E&P% eri al travel ing in trajectories which are

per pendi cul J}EF %Bﬂu@ t

collimation ev \@f) eposi ?l\éﬂgtrr\& yer ﬁgﬁﬁéﬁﬁ%%ﬁ%ﬁt pre é??’ahomgg()f
t he baaspatet mgbt inregicoum chainbet) ¢hénabeitering nhdierial fipat abatposed sputteringurfacé ,
will be relatively uniformand cgntinuoys over the workpiece field and

wi t hi n of herfasgetand,depesiting.yportion e thapmmateri) on advprkpiecs. Jkhersputt

h { e aiReCts, dibfostd'af IO Pty Bybbetl o a0 8 bPEniRF Sutily %‘e o
upper mogdrkpiedd. Aids obliGue epiteringisaeice is positioned tofprgidea highdensity oftfgetagdterddlal
view of a sputtering, apparatus having a sputtering. targobt of the present

i nvent itewelingipdeaiastaries which arqperpendi tq@t woskpiese vitheublbe pepessitynf iea)
wor kpi So4mRAReeR e oSSR korfon 8 SRR, clebask A5d Bl kions
menber ,ofthi€ holes irftheamdpsinidst strfadeCtherdef) a6l be redativelyowififorf ardiohtifti®@ over the
20 workpiece field and within each feature formed in the uppermost surface of the workpiece.
Furthermore, the thickness of the film layer formed on the base and wall of the feature will be
substantially equal in each of the features in the uppermost surface of the workpiece.

Figure 1 is a cross-sectional view of a sputtering apparatus having a sputtering target of the
present invention disposed therein. The target 10 provides an oblique sputtering surface 12
25 positioned in a conventional vacuum chamber 14, wherein a workpiece 16 is received in the chamber

14 and positioned on a support member, such as a pedestal 18, for depositing a layer of sputtered



material on the top surface 20 of the workpi ece 16. *%ege-de&&-al—-;&_
I nel udes a generally planar surface 22 for receiving tTH wHEERD HASBEEH
thereon, so that the top surface 20 of the workpiece|l6 |SRERLAGEBIIy
parallel to the planar surface 21 of the pedestal 18.7 The materiat—t r
may, if desired, be fornmed over one or nore dielectric, netal or ot

| ayers previously forned on the workpi ece 16, and nmay fMy_IDogglm_,&Qp
dielectric or other layer to forma via, |ine or cont @ghessMail No. EMOSIORIG53US
conventional vacuum chanber 14 generally includes a chanber encl osPwieRl |
24, having at |east one gas inlet 26 and an exhaust outlet 28 connected to

an exhamaterighomthertop swlﬁanmm of the wedkpigried6e Thepedestal J8dncludgs alsene@leml |y
di sposed t hrgqugh the.lo nd of _the chanper 14, a et 10 |
v b carmpr b soreliing e woBarced fgron, Rt in tithes 2Fef Bk ot

el ect i gbialy bamlatts@aéﬂm{&kmm 'o?ﬁiérp%d&ﬁﬂ I8, Z'fhé)rl’xal%ﬂal' 1a§étlnaéy, imeaﬁéﬂa% 30

and the enclosure wall I's preferably grounded, so that a negative
v oI t ag efonagd o'eermp 19r Ziare dletmuid; metalog othed yers ptevmts\wefoqu)on the viprkpitce Lo,

o] 3048 e ABESLE et LA R B g o oo
' nduct ively ?Hé’%ﬁ%nﬁbﬁa‘i%cmﬁhtcﬁﬁﬂﬁéﬂ Y@h&heréll@%&lﬁd&eé climber @nBb&HE Wall 24,

i nvention may be used In a chanber -havihg a Shield suspended wthin the
chanber havingt lefstopesgas inlet26amd an pxhaustzitiet/ 28 donacteditd aﬂnezdxausthmp:pr(nutgshpm)

e T ot r B WOPRBISTR REFRAFypat el 2 Ry disposed tron s lewer P4t e s My,

be sput §&f 10N YRIcHIRF écRivel at thieu F&Ha%?%el&an?oemw CPhé Yargdtafp fd
o GRR 1073 el B0 ughet

t hrough a conmuni ¢ ng wth a slit valve (not shown)
i A0t he dacﬂicdlyrlsolamd idonPthe emiobme)wlaﬂ 24 |b9dn\msluhtmg ntamhcha@mmd the4ntlpsure madbo t
arm bl g‘ge or. o B,er woy kpi ece hand]in devi (pnot, s cel ved

on the &bispesiera d, spthas pasgatiyeivBlipsedray, GEEWPH %n W&tgﬁw rﬁp@ct

subst r aj s gﬁgﬂhg I
cl anp r| ng uspen‘?ﬂglgcq on- tﬁlé%gh?\g geﬁr%tq{ehleﬁgg%tc%m 0 e pe%gsta S

cl ose t coih i coupdal to anpewerpsupiplyo (ot shoen) ol psdvide anymdmlvbly couplediphasmhr ee
or nore,vertic bores (not shown), .each of which allows a_ vertically

sl i dabl éY tepative ;sh%gargﬂe@feﬂlﬁrmsw inycation may hedissd dn a chamber having, 3. pligld

38&? gg‘%dlpace ?ﬁe pg%m{1 rm&fm%pper §| b@#@he%?hﬁ%?%@%ﬁg%m

perhaps a collimator) may is suspended over the pedestal when the pedestal is retracted

—

downwardly in the chamber.
Before material layer can be sputtered onto the workpiece 16, the workpiece 16 is typically
passed through a load lock (not shown) communicating with a slit valve (not shown) in the enclosure
20 wall 24, and positioned within the chamber 14 by a robot arm, blade or other workpiece handling
device (not shown) to be received on the support pedestal. In preparation for receiving a workpiece,
the substrate support pedestal is lowered by a drive mechanism well below the clamp ring suspended
on the shield so that the bottom of the pedestal is close to a pin positioning platform. The pedestal
typically includes three or more vertical bores (not shown), each of which allows a vertically slidable
25 pin to pass therethrough. When the pedestal is in the lowered position just described, the upper tip
of each pin protrudes above the upper surface of the pedestal. The upper tips of the pins define a
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pl ane parallel to the upper surface of the pedestalr A_canventi onal
robot armtypically carries the substrate into the thﬁﬁr‘ﬁélEE'&rhmsmgg}\ps t he
substrate above the upper tips of the pins. Alift rrechdi&l%t_mcggves he pin
platformupwardly, to place the upper tips of the prns agarmst—tfe
undersi de of the substrate and additionally lift the substrate of the r obot
bl ade (not shown). The robot bl ade then retracts fromthe C rmﬁ“ ﬁg;"; he

lift mechani smraises the pedestal above the tips of srﬁzcl e E §7ggggu

pl aci ng the substrate onto the top surface of the pedesta APPMIfSa2 | T t
mechani sm continues to raise the pedestal until the substrate IS an
appr opplanearillel tartheupped sufice dfaligpddestal. t hat the fil m deposition process

can begi n. Wen an annul ar clanp, ring is t he, substrate contacts the

i nner por t i dhCveptienal ammﬁﬂwarse%é@tsrtﬁjr%% e #roand plages the
ortio cl e
i armet SRR i”é@éa%ﬂﬁtﬁﬁs sk it (PR plcchibided evh Pl ol RO . 15

t ypi calplacephe hpperempsr dsf the griss sguizlistahe Andppsidé bfithel substhae gad addihcnilt}ehﬁ&ﬁelu m
chanmber 14 thrgough t as inlet 26 at a s Iect ed flow rate regul ated a
mess f |seb§b@t9rﬂ¢@r3reh°tb)@ 5 69RtShawp) | 7;11632 edhensretracts fipmcthg ghambes, qqslthhe

|t o o B aliiieh TER6 e bRl oS BEHbEol ik ink Mol ek e Bk Bkl En® e

sput t enopiunrface afitheqiellestalpar ti cl es of tar get mat eri al fromthe target 14. The

power supply 32, used faor brasrng urposes may be any type of power supply
as desired, YF 9ryamiem qautisues sacthe pedestal) uptd rF& mtslqareﬁmpnate

Tenbor %%%%‘h%% S8 b 45 o P b, ool of i S

t 80 i nés ased) theubdirste @bnthdtethe e portion bf the dnrularlanfpaiifyradting oﬁlm&ﬁﬁt&hedﬁrﬁﬁ
34. The face 34 has mnimal_ surface area, but is necessary to avoid having

a poi ntPogton h’th inRer diameterof the elamaringtis slightly smalier thenithe digmetes of theisubsteate.

Vol t age. sput PatersBbSa Bibossi s Pifcily 3Bl 4 lciths MMERR: [fdel
supportmmnamuﬂﬁchhhbmmhgnﬂecgasnﬂétzsheamm ﬁwwegﬁlﬂedﬁ & hadéfiewd
t he V\Dé)&g_l ece 16 be sufficient to ensure that particles sputtered fromthe

t ar get pHere Aopovess supply 32 epplies\shnegstive soltags\te|the, gergqtbm withirgspest to the
th3NSVelRfoshid &Jﬁ? 2436 %9 Yo Exc 1t%(‘1he ggs 1'?1 oa pﬁgmg Is%ateo rtohshﬁ'or\{lm e %ia%t%% b%gibard the

target surface 12 and sputter atoms and other particles of target material from the target 14.The

power supply 32 used for biasing purposes may be any type of power supply as desired, including

DC, pulsed DC, AC, RF and combinations thereof.
The target 10 of the present invention is configured with a sputterable member 11 having a
20 generally concave sputtering surface 12, which terminates inwardly of the chamber wall 24 in a
generally circular face 34. The face 34 has minimal surface area, but is necessary to avoid having
a point at the inner end of the target. The face 34 is spaced from the workpiece 16 by a distance
sufficient to prevent arcing between the high voltage sputtering surface 12 of the target 10 and the
grounded workpiece support member 18. It is preferred that the space between the face 34 and the
25 workpiece 16 be sufficient to ensure that particles sputtered from the target surface 12 near the face,
which are traveling substantially transverse to the workpiece 16, do not deposit on the workpiece 16,
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bht I nstead pass over the workpiece 16 and deposit_on the chanber walls 24
or on thanber shields 35. Furthernore, the outer gdgfs3Meet H ftering
surface 12 extends a short distance radially out vvea_ird %eﬁ%ﬁ%—éj‘esgﬁle 38 of

t he workpi ece 16 received on the support nenber 18... . v tacgkt 10 of
the present invention defines an annul ar region 42 di sposed SUbStz?iﬁ{ééﬂ] ly
symmetrically about a reference line 40 that is perpengd] ehkahmiigs DV

wor kpi ece 16 and passes through the approxi mate centEpresMail icEMEsIdopssare 16.
The annul ar region 42 conprises the sputtering surface 12 that pARRM/I§eS

deposition of a filmonto the workpiece 16 that is nore uniformthan

t ypi chut insteadpasgener theawprkpioes 14 and dapesit ag thechambgravalls 2Aarion ghamhen ields
tteri i i , _ .
- angtc ereptdRE ind BueF ofyd 14,54 BE MPEEng SHARATD it} 4Rt sl iy 19

havi ngutwaéd b&londitksedge 38 chtke wotkipiutdil6wicaived on tiesuppork fiehtber $8r f ace 20. The
rel ati onshi aﬁbet ween the angle and the workpiece is described in nore

det ai | blel d0e farget mféhenteézntdnwn&gaée@l;es an annular mai@nﬁarcﬁmosq@s‘&;@sﬁdbri nes
e d L ;

of or SRmefRRL oot o SRR ine 20 o M¥erftuB T wltificod 16 Bt oot Sorouen 4

fﬁg ; ﬁa{pﬁmﬂﬁ&eb@m&ﬁﬁﬁdﬁoﬁﬂp{&s 16.0FHeQEhilarGegioh 4@66&1§1€ée§&e%§h&érﬁ‘§%ﬁrfa&@m

ar region that have transverse trajectories. The exposed surface
46 may2thet pm&dgeaéapmoa of adilmcatp tbsmkpmﬁsﬁstmwmm wiifymethem Fypicsh fibms t he
backi n at.e 48, t.ernatiwvel ap_ex d surfa a e .nr.ovided by
o spuppuhe for irm e BleoR Th bRl R B R (PP b S G g1
the s kﬁ&s@ﬁ&f&@ﬁyiiﬁnﬂﬁ? Qfi langlel oY o RLYdrllc B Be WorkpisceMubthes 2@ th dpRittet Particlede
i oni zi ng enhancing effect of a mangetron 50 to the annul ar region 42

Ihe t Arviog trajectorics] that sreipemengionlar tothewerkpisoe surfane20. STherrslationshipdadtweentget s,
b th tral. [ 4 i d f 6, 4 hat .i di d
oo abelsand b pisne & debarbedin Bre Eonl bl PR elencs s B anosi {1 on | o
lless |ikel yrhb@argballoanie debigbd a @dnfraPregioh 44 aRpédea ulstmBAGKHmahitAEalHOMBEI the ON

which is formed when scattered particles cone into contact with a surface.
Fur t haeferenes linev). SThefcentraladgion 44 comprises an exposed surfacs 46, 463 thet sefves dbtegeivet

R e e
P9INAN Gl ifirfab @k nitly MioRidell by! £ ERhARI hedB, Bossibly Bikiing b Portidl 6f @ea! Y

by providing a magnetron ‘appar at ts
backing plate 48. Alternatively, an exposed surface 46a may be provided by a sputterable member

11 that extends over the central region 44. Although the surface 46a is potentially sputterable, it is

preferred to limit the ionizing enhancing effect of a mangetron 50 to the annular region 42.
The target 10 produces less particulate contaminants than typical targets, because the central
20 region 44 provides a surface 46, 46a that is disposed to receive direct deposition of sputtered
particles. Direct deposition is less likely to flake or fall off a surface than is backscatter deposition
which is formed when scattered particles come into contact with a surface. Furthermore, the surface
46, 46a in the central region is preferably not sputtered in order to avoid disturbing the deposits
formed thereon.
25 The throughput of workpieces 16 through the chamber 14 can be increased by enhancing the
rate at which the target surface 12 is sputtered, preferably by providing a magnetron apparatus 50
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to forman electron trapping nmagnetic field adjacent to the sputtering
surface 12 of the target. The el ectron trappi ng magngqtyige fqrekq ;. pduce
a high flux of electrons traveling parallel to the If%ﬁ?%ﬁ&&%ﬁf?%@ilZ
of the target, and thus create a |l arge quantity of i drs .h rdnent of
the target. The magnetron 50 generally includes a plurality_ of
magnets 52, each of which are connected to a rotating uBtc%:rtggl_l TENTot e
54, and each of which includes a north pole and a so%ﬁ%g&mo_ NG 19768s st NO
plate 54 is connected to a drive shaft 56 extendi ng through a seahmfinész
beari ng connection 58. A rotary drive apparatus, such as an electric notor

(not stedom) an ﬁscmlr}:appmgtmamﬁc ﬁeld@jwhaﬁtlb tlﬁaaslputteqingf)sxjrfhee nzbﬁﬂiectargef. l'ntee

> The. ; PP | . :
baral | By SR HpEnedtaed B Hodss & e i pb ket Fraime puralel o e
pat NS imkiiAtel9 saideA DI R thiglf il iths BioRR 1R OHEm iR ok g&gﬁﬁ%@%ﬁg&gﬂ@ gon

for sputtering. The design and use of nagn ns 1I's descri en in
U S. Pargsht No. 4, 668,338 which is incorporated herein by reference.

R e S e A R
aper t UfoRSrofaliftg csABAlat R atE Y, 2R chlf aﬁ@gemin&m&Ts sidrfhdofe @{d %%S‘%‘éér ; e

16. Uniformty is providéd because a substantial porti‘on

deposi totating plateghisiconnsctedto adrivi shafiostepitending throngh tusedled bearing cohnéctipasgj on
of the,target.directly abgve that, location on the workpiece._ .

Fi gur %0 Ve apparalils, $uch,as an eleciicnotor (Mot shayym)yis coppisd 4o the deiye ishaft 56 to

S €CONdpd3iil Ftatiéd SEthe bn BGE5¢\broli | LG8 1indd"€
structﬂre of the tar gierl?agg Fg ;I‘lﬁ% r to ?%g{?blg%pfgg%%ﬁ%%&ggﬁgémg]

dQcept partiled ta the targei dacegabout vhivheletfongidia trapped s gsiral pathfieThes elettronedslide 44
The convex surface 46 nmay_ be provided by a variety of

s genetal | convex. .may [ .
s hapedWHE ﬁf%’w,mf% rely ioniping the srgen fee sputtering.| Thedesignandaise glimagnetrans is
pref er igal L £, :F : frust oconi cal
sur f acg&%be?lsgyegtﬁgn%eg [?gwg%géh?ﬁ?’@v\%sf pl ecg\fl %éﬁ ch%ﬂ§x§%e§ rhce g%?b% Fefﬁ%&ﬁ’ve
direct dep®he arinnlar spitiering sutfiee 42 ob thettarpeti10@natiesdepositioress AR Bavihg afiform
Furt hernmqre, the g&&] e at_which _particles deEosi t onto the surface 46 of
tar get "bg@c‘weﬁ?’éda o deppsits indiolgstor pperturmvnop showmthat may bp formed in the
g???s' QR£RB Af HadHkbiedS 16.C DRt By & prbviakd Q&g.gset?&tbsttzﬂﬁal%%{é&n% & Material 2 !
deposited at each location on the workpiece is contributed by that portion of the target directly above
that location on the workpiece.

Figure 2 is a cross-sectional view of a sputtering apparatus having a second target structure

60 in accordance with the present invention. The structure of the target 60 is similar to that of target

20 10 in Figure 1, except that the exposed surfaces 46, 46a disposed in the central region 44 is generally

convex. The convex surface 46 may be provided by a variety of shaped members, such as a dome

or other curvilinear shape, but is most preferably a frustoconical surface as shown in Figure 2. The

frustoconical surface 46 is extended towards the workpiece 16 to.intercept or receive direct

deposition, which adheres better than backscatter deposition. Furthermore, the angle at which

25 particles deposit onto the surface 46 of target 60 is greater than with target 10, thereby providing
better adhesion and further decreasing the likelihood that the particles will fall off.

10
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10 Al t hough-the preferred target profites have been descri bed
herein.in terns of frustoconical profiles, other spgtterihg—surface
profiles are specifically contenplated by the invenf Tk, SHIET H&&rﬁEEN t he
target may be substantially conical or substantiallly fruREGtACERal wifth the
sputtering surface being bowed slightly. Likew se, The target CUU| 1oy rave a
truncated spherical profile, a bow shaped profile or %e&c@“fm

curvilinear profile selected to provide a uniformde Ribresd Nl R Bmgrg—m@ggu

wor kpi ece for a given target material. The target may even have apkN/ads2
profile and be di sposed parallel to, or at an angle with, the substrate.
Figure 3 i ﬁlﬁmygh]&xmmrrcd trsget peefilenhave b&mdcsglﬁbddimrsnm teoas P fro$totdmical

t but Lon 62 of d.t her.ef Th
i 507 mettieS Y Shling shisice b RER 4 sl Gafelmidid iR mvdtonobos |
poi nt eR8mple, tHeaarges MaY bé tubistantiaNy 865641 ¥k gm&ﬁamyﬁu&bé&ﬁéammﬂe eﬁuh

traj ectorles emanating fromall points on the tdarget surface 12. act

di st r isifecedieingbosved slightly. FIulgtmee,shﬁs tarype@uld hevqa)umawmmhmnd profitd, al’aom]lm
3 | th di d hel | ] |
2 uhle ot or 8ok 4 Bin TS PGP brofie &1chiea o phidc s utferhderoribon ot

t he dilgyer bl tHe vrkPivké Bora xﬁafgwnia&rﬁlgqheté ¢t Sty &ﬁﬂ& ! f
t he fuigfefdl stri blljctpl on gatégern whi ch is defi nged by ré?gfﬁfeﬁg %%ta%{g}’ﬁ 62

by 18@[@psqdpa§¢uﬂmmomteanmgiewbethbusmuate (as indicated by arrow 66). The
di stribut t. be de 6 wh th

or obabi || e if R Agmal eresEreESiional viep i e bEPF e fredhi {'vmgt%e
Sput t elistAButiol 62.6€ parficRks ¢ Pﬁ@er&@ﬂ%éﬁ@rﬁ Thd B.sﬁlxbaééﬁ 62 wfgufagcg&ie%tf‘%ﬁé/ a&

as the trajectories illustrated by vectors A, 'S propor onal
1Q® t hanaterial spusterdsifrom @rpoirti 39 of thertargi(l s tbptdsmthtmeaif itherdistvitnttion dfft@jectories
more pl asma

on. OTBAIE To7B ALiRHEE PP e Gueef SUGoR 320 ihe faact m@pugq‘s’z WDy i Figure s
an at QBecifie & ah%hﬁﬁhuﬁ%xt ttfun® bS8 1TPbRhtanld ORetd] GrinBifds Hid

surface 12. The particles sputtere om the targe rave
t he sphelavewilh gpply té targets matle frenr otherapatetiais.i es and deposit on any surface

t hey conta i ncludin he upper surface 20 of the morkplece 16. The
trajectori gltsﬂ CoFrasfrgects °g§ltr é’g 'éF pion peftanéy shown imnFigureydt isnenlyr i aL

ESr  exapmabénati o kTt %%W@Wsddeﬁb B borttng ¥ ol By 8051 &

particles wth trajectories s
around the reference line 64 (as mdlcated by arrow 66). The distribution pattern 62 may be defined

by an envelope 68, wherein the probability of a target particle traveling from a point 70 on the

sputtering surface 12 of the target 11 with a particular trajectory (such as the trajectories illustrated

by vectors A, B, C and C’) is proportional to the distance between that point 70 and the location
20 where the trajectory passes through the envelope 68.

e

As one or more plasma ions bombard the sputtering surface 12 of the target 11, they will free
an atom, or a larger particle, of target material from the sputtering surface 12. The particles sputtered
from the target tend to travel from the sputtering surface in linear trajectories and deposit on any
surface they contact, including the upper surface 20 of the workpiece 16. The trajectories of the

25  particles are predictable for a given target material. For example, an aluminum or aluminum alloy

target 11 may sputter particles with trajectories symmetrically distributed over 360° about a

11
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reference |ine 64 extending through the source |ocation 70 and
perpendi cular to the sputtering surface 12 and at § : | g t ween
approximately O fromthe reference line 66 (as shoxwﬁH@%Eéngﬁygtan
angle as great as 90[err] (as shown by Vector A). wey : P af e
alum numtarget particles will travel in paths ranging from25 to 551[Egrr]
fromthe reference line 66. The 25[err] to 55[err] rang chkef %ﬁvan 3
particle trajectories is centered around a peak in t@gprﬁgﬁiﬂrﬂoggmsg%sgﬁgch
is typically |ocated at approximately 40 fromthe reference |ine ApriAss
shown by Vector C). The probability that a particle will travel in any

tr aj eclefdrsndedintt 64/ exteRdih$ ¢hr¥esH @ie source lapationXd0n@idepearpendicutart tocthaspatteringe
cosine of the angle between that trajectory and the Vector C wherein the

t ar get susfaee 12:and atay angle mngmg hetweer; aparoximately | Siem the reference ling 86 (as-swowms r om

the V . £ i g t |

Thor ef 3 Setft BYWHRERAEYp pitat ol s iblen 1 VeoBR A, FoerbE REAEBE e lifiplin
consi dpfgtpaticlecwill travel in paths/rangihg fiofi23°aoi550 fionr thecefershcaline 66.aThaesMionum
target is located parallel to the workpiece 16 nost, of the _target . .

mat eri &t E9ge 0 rseet?qrrm% gajegtogies lwqqtera\i aroupd @ peak in the disfributign whichiisi ch

are ofl.i | é g i ks t ' i form
or sy AT A0, ARicSRinaRty 1 WA e sfrlel ink &g sHoRERTVEBPE). e 101
shown) plobssitity that & pertichRpeilliraavel 5hahy Gajed@drptelitive tothe Wttt € ikGappidxémately
configuration of the t argets 10, 60 of the present invention substantially
ni t i gapwportiopdldo fiecasine abthe apgleetwaey thay tajestonpand the Viegtos G, wheeein thedargete
target 11 I+ . U Ekpi ece
16 (asPERERRS ot il Gt Bobitfiy, WYl ARTE S Voo ClniErd iR
dipst r i BE0Y REabvut tHeavference line6. { TldréfbieDihy dishibution of the Beied fiatetal trajectories may
perpendi cular to the workpiece 16, and the portion of the target materi al
travel bagonsideredgomioglel y fromthe sputtering surface 12 is directed either
to the adjacent side wall. 24.0f. the,chanber 14 or th urface ,46 of. _the
cont ral - reqf e snsfing Surtecg € Spignarauimipintrrart s Roalef epekfiefls 0 BouiesBas ng
traj eciidsy oPfeb@Rdet niaYeriallispiittdrd! Fofithe arget RilE B tia®elinplinStedjectofeslwhich ardre
target 11 is preferably disposed at an angle [err] with respect to the

pl anar obliquede theovorkpiees surfage, and will tend ¢o depositino: asymmeigicdilmi layarsien
I ' | . to t I t th bability in.th
e 1 o et e e iR ol (e o) SERSLRLBE Raerialt SE RS B
a rel atyjorglisee! 18! The Bt Putdtion OF tHeUrgeths 100V thd/prdskrit iention subsntislR Mitigaiey
this phenomenon, by arranging the sputtering surface 12 of the target 11 askew, or oblique, to the

-uppermost surface 20 of the workpiece 16 (as shown in Figures 1 and 2), such that a portion of the
non-uniform distribution 62 travels in a trajectory which is substantially perpendicular to the
20 workpiece 16, and the portion of the target material traveling most obliquely from the sputtering
surface 12 is directed either to the adjacent side wall 24 of the chamber 14 or to the surface 46 of the
central region 44. In the case of an aluminum target having the sputtering trajectory probability
distribution 62, the sputtering surface 12 of the target 11 is preferably disposed at an angle o with
respect to the planar deposition receiving surface 20 of the workpiece 16, wherein the angle o is

25 equal to the angle between the peak probability in the distribution 62 (as shown by Vector C) and

areference line 64. Therefore, a relatively large quantity of target material traveling in a trajectory

12
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per pendi cul ar to the workpiece 16 will be depositedj ' -

surface 20. By tilting the surface 12 of the 3;5'513555'5 'k:\%aﬁﬁfél 11
with respect to the top-nost, deposition receiving gurfacREPA@GER t he |
wor'kpi ece 16, one of the Vectors C of peak distribution probabiTriy nay be
posi tioned substantially perpendicular to the surface of the workppgfgq16,
and the Vector C, representing the peak trajectory of spaibbd&aRSisisasbov
trani verse to the upper surface of the target 11, is BdpiadMyil PaEMbsiebssius t he
surface of the workpiece 16. Therefore, the tilted surface of theARFMige 11
directs a portion of the otherw se transversely traveling target materi al

f1ux tperpprdieuiantodhe watkpicogo|vllibe depesited on & fonkpiere arfage 20nor ti on of the

ot herwi se t I r el ' | Mol P
per pend cul B9 P R ipide SR bohBL L aRRLIL E Bl 5 U S Pbdsiion
por t i ofeceivingisarfacs RO thewotificte 16 R diel Viktore Ciof péaltatiétribitidn probability may
transl ation of the nost transverse trajectories to nore transverse

t r aj ecPePpEsoned subistagtipldy perpeadiculer tnithesyriga of thegyerkniere 1&randdhe Meeton Base
£ 8t m areerSs NS peat saiectory B pRHES oBEhrnbfer fo Syl hBRESE b PIOT

al | regeahisparhlléln® the sldficRCsT tAé wotlGfecsdl 60 ETIRidfbiep theRtilted sitface 6f téthrgBO11 i N
pat hs which are nearly perpendicular to the workpi ece surface and which

al so cdireets gaegtionofiths stherwise sransvensely Havaligs target matenial fhixiarhe chamber wale

descr i SterE pinfeabe Sy aBSa ¥ rabel B oSS, bl SR MRl MR o
i N CORfajeBticoneaily perpérndituliras i womkhRE¢. aflfe enharidem@ht ¢f the Perpadivdlgyr girfiort he
peak in the sputtered particle distribution is not perpendicular to the

Ganar of theftarget partieln &raegtagiss,. coincident with iy transietien phthe grashjansyerse trajsciories o
the preferred enbodinent of t I nyentd on, ot.her and furt her
ot TRRIOES STRVRSe Rpatariat, pis® hETe Aline i bRl vt o Afapp it besh and
basi ¢ Sg@veragber eof, and the scope thereof is determned by the clains

whi ch fol | ow
REPL ACENVENT BsHmtanding the tilted surface of the target to form an annular region generally concentric

with the workpiece surface 20, all regions of the workpiece 16 receive deposition particies traveling

3

15 in paths which are nearly perpendicular to the workpiece surface and which also correspond to a path
traveling through the peak probability of the distribution. It should be noted that although the
invention has been described herein in terms of an aluminum target, the invention may be used in
conjunction with other target materials, such as titanium, wherein the peak in the sputtered parﬁcle
distribution is not perpendicular to the planar surface of the target.

20 While the foregoing is directed to the preferred embodiment of the present invention, other
and further embodiments of the invention may be devised without departing from the basic scope
thereof, and the scope thereof is determined by the claims which follow.

13

This Sheet Has Been Replaced

RN




What I's dained Is: 1. A target for a physical vaper—deposition system
conpri si ng: an annul'ar region conprising a s )JHf%SHEEEHmtBFEﬁ ; and

a central regi on____d__i____sp(_)_s_e_d wi thin_the annul ar region{ . 2REPpRCE@rget [of
claiml1, wherein Lon has an exposed surTace theat—-s—cdncave.
3. The target of Imlli i I| the central region has an expose@dagigs ace
that i s concave. f claim2, wherein theatydocke AM-1GaERNDAIDV has
an exposed surface “that is substantiall y f r ust oconi caFxpress Mpil NEEMOS18706BUS of
claim4, wherein the central region has an exposed surface that | &*8¢Héave.
6. The target of claim4, wherein the exposed surface of the central region
IS sUbMBEL%\QMt oconi cal . 7. The target of claiml1, wherein the
central region is a sputterable material. 8. The target of claim7,
wherein the central region is substantially planar. 9. The target of

cl &i m 71. Az\hege&faralﬂgsicekmpatdcpogiﬁonsjrsmnmnmsmged surface that is convex.
10, The target of claim9, wherein the fent ral g| on is substantially

frést oconi czAn annular region comprising a sputterable matenal
3 a central region disposed within the annular region.
1 2. The target of claim 1, wherein the annular region has an exposed surface that is concave.
1 3. The target of claim 2, wherein the central regioh has an exposed surface that is concave.

4. The target of claim 2, wherein the annular region has an exposed surface that is substantially
2 frustoconical.

1 5. The target of claim 4, wherein the central region has an exposed surface that is concave.

6. The target of claim 4, wherein the exposed surface of the central region is substantially
2 frustoconical.

1 7. The target of claim 1, wherein the central region is a sputterable material.
1 8. The target of claim 7, wherein the central region is substantially planar.
1 9. The target of claim 7, wherein the central region has an exposed surface that is convex.

1 10. The target of claim 9, wherein the central region is substantially frustoconical.

14
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11. The target of clainTl, wherein the central regiéa-is the sane .

sputterable material as the annular region.  12. THEHISBHEET HAS Bg@l 1,
Target of ol aim 15 I i"”‘iil"ﬁﬁfgu? et abl e menter—saoieblin bl at o
get of c , m] “ﬂ - .

14. The target of cl he non-sputterable menber is g qg
electrically grounded. °© 15. Whe®tdrget of claim1l, whehSotketAMIADHND)
region conprises a substantially planar portion of aElpashMaitdo.BEMas1070653U86.
The target of claim 15, wherein the exposed annul ar surface is APPM/1642
substantially frustoconical, 17.. The target of claim 1, wherein the
cent r dit- 18§ taseet of plaim d ewhereindhe peptralysgiop éﬁfg%?a“%f PYERRNg materal as fheanonlar he
ntrgl.:portion has an exposed surface that is convex and substantially
frustoc%nl'cal : 18. A sputter chanber conpri sing: an encl osure;
a wor kpi ece support nenber disposed in the enclosure to form an anode;
a sputter _target having an exposed surface faging the workpi ece support
nenberlZni kbgitareetf cl%wcﬁaéhﬂ@n#&p GepHAL ISEIOn CoMBprases @RepsPRtteralle membesq surf ace
of the sputter target has a central region and a concave annul ar region.
19. The sputter chanber of claim 18, wherein the target is attached to a

bhcki ri@. piTheearget of claim 12, wherein the non-sputterable member is a backing plate.

[

14. The target of claim 12, wherein the non-sputterable member is electrically grounded.

1 15. The target of claim 1, wherein the central region comprises a substantially planar portion of a
2 backing plate.

1 16. The target of claim 15, wherein the exposed annular surface is substantially frustoconical.

17. The target of claim 1, wherein the central region comprises a central portion of a backing plate,
2 wherein the central portion has an exposed surface that is convex and substantially frustoconical.

18. A sputter chamber comprising:

an enclosure;

a workpiece support member disposed in the enclosure to form an anode;

a sputter target having an exposed surface facing the workpiece support member within the
enclosure to form a cathode, wherein the exposed surface of the sputter target has a central region

and a concave annular region.

A R W N

1 19.  The sputter chamber of claim 18, wherein the target is attached to a backing plate.

15
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15 _ 20. The sputter -chanber -of cl aim 19, . ~-CONPILising an
i nsul ati ve menber for | i §g! ati ng the backilHiS SHBERHASBHERoet -
21. The sputter cham mmlﬂrm m”mﬂ wherein the cpntralRppegppy | S

22.¢ [8 crar ;

substantially flat. e S[su r chanber of e

h
central region is contoured. 23. The sputter chanber of clai mpl@enr
wherein the backing plate forns the central region of M_Q,ogkar,@et“mv&gv
The sputter chanber of claim 23, wherein the concavebEgrsMaiNo. EMQS10706538S
substantially frustoconical and the central region is convex. ABPM/164The

sputter chamber of claim?24, wherein the central, region is_substantjally
flr ust @9oni &he sputter chamber of claim 19, further comprising an insulative member for electrically

2 isolating the backing plate and target.
1 21.  The sputter chamber of claim 18, wherein the central region is substantially flat.
1 22.  The sputter chamber of claim 18, wherein the central region is contoured.

1 23.  The sputter chamber of claim 18, wherein the backing plate forms the central region of the
2 .target. '

1 24.  The sputter chamber of claim 23, wherein the concave annular region is substantially

2 frustoconical and the central region is convex.

i 25.  The sputter chamber of claim 24, wherein the central region is substantially frustoconical.

16
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