;e3elrsppq, r(Trr6sTrs 17 the outer edge and centerline thereof over the
outer area of the sputtering surface; the resultant magnetic fields bei ng
such that plasma is confined predomnantly Ryapiacehi&rﬁ‘Sl”Mnf \?:U
when the target is uneroded and 5 progressively changing to at are
such that plasma predom nant confined bysthe second and third magnetl c
tunnel s after the target has eroded, so that the plasnma produces a target

erosion rate that at the ce n t hap at the inn and outer
areas when the tar éé?%ug Lﬁtcig‘eo (ijc%'ﬁtﬁ Pvﬁhﬂt%?lf}eéﬁaeap?*e Fessi vel y
changes to a target erosion rate that is Iess 10 at the centerline than at
the inner and out erSPtEHBISYIMTARR: t ar get er odes. 20 6. The apparat us

of claim4 wherein the nagnet assenbly further conprises: a plurality of

ci rcul ar magnet itberesygtantmagngiic fleldsbeingsupbithaichlasma is coefingd Hereley t he
conical sputtering target, each ring having a circunference, a dianmeter and
a common ceiredamirantly Byhthelffrbt ihagnetidtudinebivhbhehe targetisdiidrededahdr of the

target, the nmagnetic rings each having a first and a second nmagnetic pole

and a p@l aryByiessRElCERAMEIng € HE188 tﬁét%reqtt@ﬁ th |88adttddpRimaTgi cul ar to
t he circunference of the ring, e plurali magnetic rings i ncluding an

| nner TRANGl bl by, 18 Dl R @etcltaﬁ@@%ﬁggmg (gt B Srchigr e

so that the plasma produces a target erosion rate that is greater at the

centerline than at the inner and outer areas when the target is uneroded and
that continuously and progressively changes to a target erosion rate that is less

10 -at the centerline than at the inner and outer areas as the target erodes.
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t hereof and an internedi ate nmagnetic ring having the outer-central pole
form.ng the first pole thereof and the inner-central pole formng the

second pol e thereof, the dianeter of the inn dt |ng bel ng | ess
t han that of thelnterrredlate magnetic ring V\fmchls g&'@ nmet er
of the outer magnetic ring. 21 7. Theygapparatus of clai m4 where t he

magnet assenbly further conprises: a plurality of circular magnetic rings
arranged in a cone behind and parallel to, the conical sputtering target,
each ring having a circunference, a 5 dianeter and a common central axis
through the center of the cone and t he center of t he target t he magnetic
rings each ®avi njhe ragn < Fathedegpracrebljapearaius of glaimd axi s
extendi ng between the poles thereof and perpendlcular to t he circunference
of the ringwhetein the magaetassgmblydurtbemenmprisésags bei ng further oriented:
lo parallel to the cone for the inner magnetic ring with the first pole

thereof closer tgpllalitpofeirthiar nmidyhetiedipgd pringedlnesine hetiad) sdto the
cone for the internedi ate magnetic ring vvlth t he second pol e t her eof cl oser

to the axi n%ér‘éﬁé]l tbhﬁte(édrﬁ&all%‘b'uﬁehqgté@ P@rﬁ)ﬁlgﬁbeﬁ@n% mif@ren3g, gone for

t he outer gnetic ring wth of coser to the axis

than the 11 daindtdl Sod B%Fhan cenfd &.JA}%@R% BLier BF il BB dadfig e 0 the

magnet asse

center of the target, the magnetic rings each having a first and a second
magnetic pole and a polar axis extending between the poles thereof and
perpendicular to the circumference of the ring, the plurality of magnetic rings

10  including an inner magnetic ring having the inner pole forming the first pole
thereof, an outer magnetic ring having the outer pole forming the second pole
thereof and an intermediate magnetic ring having the outer-central pole forming
the first pole thereof and the inner-central pole forming the second pole thereof,
the diameter of the inner magnetic ring being less than that of the intermediate

15 magnetic ring which is less than the diameter of the outer magnetic ring.



a plurality of circular magnetic rings arranged in a cone behind, and
parallel to, the conical sputtering target, each ring having a
circunference, a 5 dianmeter and a conmon centiReplaeament Bheeigh 1tghgycexszer of
the cone and the center of the target, the magnetic rings each having a
first and a second naegnetic pole and a pglar axis extending between the

pol es thereof and perpendi cuI ar to the circunference of the ring; and a
yoke of nagpeti A . 1.4t etically

i nter connegz?l ngG?Lé %C%%ﬁ'ﬁaﬁ%l&?ﬁﬁt he first
pol e of the out er net| [ 24 10. The apparatus of claim1l wherein
t he magnet ¥ Fsr@ffbm%’ ﬁgf‘ﬁ%"f'sﬁﬁ‘ﬂh Wwiher comprisesi ity of circular magnetic
rings arranged in a cone behind, and parallel to, the conical sputtering
target, each rirgyphualitngf siredlar meceetiadags armsnged ik agongrhehind 8reon cent r al
axi s through the center of the cone and the center of the target, the
magnet i ¢ ripayall@dohtheacanical sptittesng tardeth eaeb ving hm/g@aicircpmﬁereanel, a pol ar
axi s extendi ng between the poles thereof and perpendicular to the

ci rcunf gr enfigmetertdil & icBehmom eeiralrBli¢ throadh IRISEtEE of thedSoridnditheng an
i nner magnetic ring, an outer magnetic ring and an internediate 10 magnetic

ring, the g @Fth@ftartrdéﬁ th@’?ﬁé%ﬁ@gﬂﬁeds ed H\anﬁﬁ%ﬁglrétea%‘d é@%?oﬁtﬂat of the

i ntermedi ate magnet | c g which i an t I amet er e outer
magnetic ri nggnetlc pae and a polar axis extending between the poles thereof and

perpendicular to the circumference of the ring;
the polar axes of the magnetic rings being further oriented:
10 parallel to the cone for the inner magnetic ring with the first pole
thereof closer to the axis than the second pole thereof,
parallel to the cone for the intermediate magnetic ring with the
second pole thereof closer to the axis than the first pole thereof, and
perpendicular to the cone for the outer magnetic ring with the

15 second pole thereof closer to the axis than the first pole thereof.



11. The apparatus of claim1 wherein the magnet assenbly further conprises:
a plurality of circular magnetic rings arranggd in a cone behind, and
parallel to, the conical sputtering target @ﬂ‘aCElrmgnhspya@g {i\B U
circunference, a 5 diameter and a common central axis through't étcgﬁ'per of
the cone and the center of the target, the magnetic rings each having a
first and a second naegnetic pole and a polar axis extending between the

pol es therepf a C 0 the rce of the ring, the polar
axes of thgé)nagggrﬁo‘é%% ENg TOrCher or T en S|02|C|qlg1‘?he cone for
t he inner netl wthtr@flrst olethereof closer to the axis than
t he second ¥ r@”’! @@ nepassamRly FurtherOMRNiRes: or the internedi ate magnetic
ring with the second pole thereof closer to the axis than the first pole

t hereof, and perpphdaldyichcircdar magnetie rings arapgedtira aangrahindranty with t he
15 second pol e thereof closer to the axis than the first pole thereof.

26 12. The pgrpleladpthecdonidalispuiteriig target, elaeh mingrievirg a eiroumnférentbea
conprises: a plurality of circular magnetic rings arranged in a cone

behi nd, sandyiaietér #1d & @onirién eeRiraRAxiS Btblgh tHcéREPBF theCHe andithdravi ng a
Ci rcurnc erence, a s dianeter and a common central axis through the center of

the _cone arkdilieof(RBEHaeR!inb Miad ffiSings Sfcr R amgb b AP segbngaving o

first and a secon t|c po etween the

I h f d h rrf f , d a
ok of magnasfads ble Bai}”q‘fe fl<8 et PR R HRER RIS Bolts thbot gMngnot i cal 1y

i nterconnecting the second pole of the inner gnetl c ring wwth the
perpéndicular to the circumference of the ring; an

a yoke of magnetically permeable material behind the cone and
10  magnetically interconnecting the second pole of the inner magnetic ring with the

first pole of the outer magnetic ring.



first pole of the outer magnetic ring. 27 13. A magnetron sputtering
cat hode assenbly conprising: a frusto-conical _sputtering target having an
interior conical sputtering surface, a ci rcuLBﬁPhﬁemene%éet.a g r Hl

outer edge and a circul ar erosion centerline between the inr'1e|J aHg o@er
edges thereof, and 5 a frusto-conical nggnet assenbly situated behind, and
parallel to, the sputtering target, the nagnet assenbly having: an inner

pole of a fjyst polarity,and an outer,pole of a ,second polari.ty,producing a
first magneftq'c t gl I or mea '!': ¥ st magin Q-Q-pé@t—ugﬁfé:iﬂi?ﬁb bet ween
the inner and outer poles, an inner-central pole of the second polarity and
an outer-cé’H'i“P"&Ing'tﬂ aenekwemﬂx?u'mﬁraﬁqmwlsa%duci ng a reverse magnetic
field opposing the first magnetic field on the centerline of the target
such that the resplurality of cliguler magaetic risgs amanged én aecomedradting, grice| ds
flattens on the centerline as the sputtering surface erodes into the
target) 15 gdralleltocthepsundcalsguttédng terget, eaoh riag havirgy acirdusifergnee sgcond
magneti c tunnel formed of second nmagnetic field |ines extending between the

inner ard idiafetérdid 8lcoRthes cBRfSIEs tHISudh tid cemenst ihe doHed ed beneat h
the sputtering surface when the target is uneroded, and which energe over

I ' t ' f ] t th
2 i mner - edinteofhEalel, 18 REMEIAE Gt PE PR EARRERSSLaNE, 20T, o °
I dth ter- tral I Iy t hi tic t | f d of
ot £ hon ReGN oS8T oL B0 S SESGPRuR SR BBl o Lo 7o ©
pol es beneath the first magnetic tunnel and beneath the sputtering surface
when t he t &ejeendisulanée heearcumigrensecef thaginge the alurality of magnetic rings

including an inner magnetic ring, an outer magnetic ring and an intermediate
10  magnetic ring, the diameter of the inner magnetic ring being less than that of the
intermediate magnetic ring which is less than the diameter of the outer magnetic

ring.



2s an annul ar outer area of the sputtering surface predom nantly between
the outer edge and centerline thereof as the target erodes; whereby the

relative contributions of the magnetic tunnel Beplasement Shaat: Q%ﬁﬁgp%
pl asma produces a target erosion rate that is greater at the centerlTrme
than at the inner and outer areas when tjge target is uneroded and that

continuously and progressively changes to a target erosion rate that is

Ieregzegt the1fentﬁé ne th| an at ||t he lnper, and OHtIearl areas C)afscletliﬁqe,ltarget
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the polar axes of the magnetic rings being further oriented:
10 parallel to the cone for the inner magnetic ring with the first pole
thereof closer to the axis than the second pole thereof,
parallel to the cone for the intermediate magnetic ring with the
second pole thereof closer to the axis than the first pole thereof, and

perpendicular to the cone for the outer magnetic ring with the

15 second pole thereof closer to the axis than the first pole thereof.
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wherein the magnet assembly further comprises:

mbhyapparatus of claim 1

a plurality of circular magnetic rings arranged in a cone behind, and

parallel to, the conical sputtering target, each ring having a circumference, a
5 diameter and a common central axis through the center of the cone and the

center of the target, the magnetic rings each having a first and a second
magnetic pole and a polar axis extending between the poles thereof and
perpendicular to the circumference of the ring; and

a yoke of magnetically permeable material behind the cone and

10  magnetically interconnecting the second pole of the inner magnetic ring with the

first pole of the outer magnetic ring.
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surface, a circular inner edge, a circular outer edge and a circular erosion
centerline between the inner and outer edges thereof, and
5 a frusto-conical magnet assembly situated behind, and parallel to, the
sputtering target, the magnet assembly having:
an inner pole of a first polarity and an outer pole of a second
polarity producing a first magnetic tunnel formed of a first magnetic field
extending between the inner and outer poles,

10 an inner-central pole of the second polarity and an outer-central
pole of the first polarity producing a reverse magnetic field opposing the first
magnetic field on the centerline of the target such that the resulting flux of the
first and reverse magnetic fields flattens on the centerline as the sputtering
surface erodes into the target,

15 the inner pole and the inner-central pole producing a second
magnetic tunnel formed of second magnetic field lines extending between the
inner and inner-central poles beneath the first magnetic tunnel and beneath
the sputtering surface when the target is uneroded, and which emerge over
an annular inner area of the sputtering surface predominantly between the

20 inner edge and centerline thereof as the target erodes, and

the outer pole and the outer-central pole producing a third
magnetic tunnel formed of third magnetic field lines extending between the
outer and outer-central poles beneath the first magnetic tunnel and beneath

the sputtering surface when the target is uneroded, and which emerge over
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Ent r yWor dDegnfired pfasma pHsfue6)d target/ d102i3A Y43 at is greater at the centerline
5 than at the inner and outer areas when the target is uneroded and that

continuously and progressively changes to a target erosion rate that is less at

the centerline than at the inner and outer areas as the target erodes.



