WO 03/ 023814 PCT/ US02/ 28403 FLAT MAGNETRON BACKGROUND OF THE | NVENTION 5
Field of the Invention This invention relates to apparatus for, and nethods
of , deposwbDin@23set eri als on a substrate. Mre parti cul ar IPgT/tSam284nyent i on
relates to apparatus for, and nethods of, sputtering atonms froma target
for a deposition of the sputtered atons on a substrate. The invention
provides for a sputtering of a considerably greater percentage of the
material fromthe target 10 thgpATMAGNEPRAONALt US Of the prior art.
BACKGROUND OF PREFERRED EMBCODI MENTS OF THE I NVENTION Integrated circuit
chips are fornmed froma plurality of layers. Sone of the |layers may 15 be
electrically insulating and of her e | rically conductive.
Each of the layers may beI@%@H@gfﬁbgéﬁﬁiFg%ﬁaRgﬂﬁ tron to deposit atons
of a preselected material on a substrate. The preselected material may be
obtained froma target formed fromthe preselected material, the target
bei ngs diEglds€thd Iavéntvavi ty. 20 El ectrical and nagnetic fields are provided
in the cavity. Electrons in the cavity respond to the conbination of the
el ectrical andisiRyeritangelaies te)apratnsoler 28d msthads b depesiing matspals og s
i ntroduced .int he Vit Y, 4Lh i r - with a
sut 1 ci anpEier Yo RERK oF yaan rtaRs BoRihi 361 5y hubof ol ShpRhiph
sput t er eforaé 58 PELRIBT d@@g@iﬁ&ﬁbmﬂe §futered WRsihd & £subdfraten TAE @Bkenfich pr ovi de
an optimumefficiency in the sputtering of atons fromthe target, the
nmagnet i @révidss for aeputtshinglofia esnsaderabl grsaighperaentagesd themateaplovem thectatggt get i n
substantjally the sane direction as the disposition of the target in the
nagngﬁiéh?}@ﬂh?aﬁ%ﬁ@“%ﬁggﬁﬁﬁoQﬁ%urred in the magnetrons of the prior art.
As a result, only about thirty-five percent (35% of the WO 03/023814
PCT/ US02/ 28403 2

BACKGROUND OF PREFERRED EMBODIMENTS OF THE INVENTION

Integrated circuit chips are formed from a plurality of layers. Some of the layers may
15 be electrically insulating and other layers may be electrically conductive. Each of the layers
may be formed by providing a magnetron to deposit atoms of a preselected material on a
substrate. The preselected material may be obtained from a target formed from the preselected

material, the target being disposed in a cavity.

20 Electrical and magnetic fields are provided in the cavity. Electrons in the cavity
respond to the combination of the electrical and magnetic fields to ionize molecules of an inert
gas introduced into the cavity. The gas ions are attracted to the target with a sufficient energy
to sputter atoms from the surface of the target. The sputtered atoms become deposited on the
substrate.

25

In order to provide an optimum efficiency in the sputtering of atoms from the target,
the magnetic flux lines should extend through and also just above the target in substantially the
same direction as the disposition of the target in the magnetic field. This has not occurred in

the magnetrons of the prior art. As a result, only about thirty-five percent (35%) of the



materi al has been sputtered fromthe targets in magnetrons of the prior

art. Targets are expensive. The sputtering fromthe targets of the prior
art of appowgioomiely only thirty-five percent (35% of tireTrnsomed4ed in the
targets represents a significant cost Eg an 5 organi zation which is using
the targets to deposit layers of materi‘al on a substrate. Furthernore, it
is time-consum ng, and therefore costly, to set up a magnetron to deposit a
| ayer ofmitBlifiadbedn’piltéted Bofthe Bgets BiUhdghe@omt ofahspiisidrat e. |t woul d
accordingly be desirable to provide a magnetron in which substantially al
of the material in a target is sputtered on the surface of a substrate. 10
BRI EF DESCRI RTI ON OF A PREFERRED ODI. VE THE. | NVENTI An electric
field is pr oﬁaﬂ“é‘ﬁs {5 CAPESISt I%E?EF@E{XEB% %rgg{%ggﬁg%{ﬁog 83805?1%3'53@5?’5@? e??'avi ng
a flat diufm-hwﬁemé}url(@@iaf&ftﬁe friafdridl inShO Pyt PR Preddntfa SRAMRANTOSUS bl €
such that the 'magnetic 15 flux Iines are in a second direction

subst antargdrizatipe mhicidis esing thet tergetseo fleposit lajierssaftimaerial Phex substat@t st ruct ur e

may be formed fram pernmanent magnets extending radially in a horizont al
direct | gﬁl,“hFF’k‘_gestlﬁﬁ t%"o‘ﬁ%“inﬁpgag%ﬁewéléﬁe?orﬁﬁ%t#yr eﬁﬁ@ﬁé‘f%_?%fb‘?netorﬁjﬁl’%“t;ﬁ eces
ext endi ri%re\‘%ﬂrfa 'lai¥ mfz{]t et 862 %ﬁ%ébf@sﬁﬂg’ﬁtepflt Wofd QQJdr&iﬁﬁlg%el(ﬁésiﬂibWSEd
per manent” magnets. he hol zont a per manent magnets and t verti cal
magnet i zadtide Maldsfictelaf invehich subktantialy allnef theungetial i aduippois eputiened dretheel | so
that its flat disposition is in the sane direction as the magnetic flux
li nes. w~orfaeanfasusstraiey i nert gas flow through the well. Electrons in the
well..nove in a third direction substantially perpendicular to the first
and L%cond directions. The electrons ionize gas nolecules. The ions are
attract e(BREEF DESCROSIION O R PREFERRUIFEMBODINEEND GRTHCENVENTION
target. The sputtered atons becone deposited on a substrate. Reflectors in
the well near the radially outer magnetizable walls of the magnet
structure, and al so i.n, one ephodi nent,.near the radially inner neti zabl e
vl 1 of i he Mugrate SekR prraledin a e g e i i Riofast R S gnet
St g(r?; Ureft dibPEsifis. | & M4Phtd @A frBGdBNBYE nPloRetGRALGH Qi¥h that ietthsbntfc 9-

15 ' flux lines are in a second direction substantially perpendicular to the first direction. The

magnet structure may be formed from permanent magnets extending radially in a horizontal
direction, like the spokes in a wheel, and from magnetizable pole pieces extending vertically
from the opposite ends of the horizontally disposed permanent magnets. The horizontal
permanent magnets and the vertical magnetizable walls define a well.
20
The target is disposed in the well so that its flat disposition is in the same direction as
the magnetic flux lines. Molecules of an inert gas flow through the well. Electrons in the well
move in a third direction substantially perpendicular to the first and second directions. The
electrons ionize gas molecules. The ions are attracted to the target and sputter atoms from the
25 surface of the target. The sputtered atoms become deposited on a substrate. Reflectors in the
well near the radially outer magnetizable walls of the magnet structure, and also in one
embodiment near the radially inner magnetizable walls of the magnet structure, prevent
electrons from striking the magnet structure. The reflector(s) and the anode are cooled by a

fluid (e.g. water).



WO 03/023814 PCT/ US02/ 28403 3 The resultant magnetron sputters as nuch as
65% of the material fromthe target on the substrate in contrast to a
sputt eri mMyomB/oasps oxi mately 35% of the material fromthe Pargsoy283n3
substrates in the prior art. 5 BRI EF DESCRI PTION OF THE DRAW NG Fi gure 1
schematically illustrates a portion of magnetron of the prior art for
produci ng a magnetic field which is used in conbination with an electri cal
field (not Shm@r}ésultfaﬁtrm%aiéﬁbﬁ EhuI@rsHs OiEehiak 85YAof!tAE ARteraPfrom tRERABS bh & Of
the atons on a surface of a substrate; 10 Figure 2 schematicall

i |1 ust r substratmnintdostrasttmya egutering bf appeoxpmatsty 3% of the mgsertial drannthe targetsonf r om a
surface of a target for a deposition of the atons on a surface of a

subst r atS¥ Suaﬁsdﬁﬁﬁ@qrénan el evational view schematically showing a portion
of a target which is included in the magnetron shown in Figure 2 and which
is provided with its original shape before any sputtering of atons from
the ssurface of the tar EEDESCRIRTION ORTHE BRAWING vi ew schematically
illustrating the portion of the target shown in Figure 3 after the maxi mum
anount of atons has been sputtered fromthe surface of the target by the
prior art maghetraon sh L. Fi i i view of a
target whi chq;iq%ur 823 ?n%ﬂ;ai& gﬁggérdésgaéo lgggﬁéﬁ}aggéﬁg%ﬁng%ﬁeﬁﬁgn%gonsti tuting
this i nvgedicaid; a mBgifetio Wekl Which isuss@ it ¢oditithationevittoin eleqifitdlifeil @bt $Hoevn) ar get
shown in Figure 5 and is taken substantially on the line 6-6 of Figure 5;
Fi gur e 7or sputediagatoms dtony # taxges iferi 4 deposiion pithe stoowren ssurfage pia sibshizfeshows

t he rtion qf. the target.after the X1 mum ano of material, has been
sput tered f rg'jr’rg‘_frﬁg_sflé%%tca%ﬂtuﬁ%at_esp@é)ﬁ%r P_E‘lgneéf%lo iMOroa({ ﬁﬁ@%ﬂﬂ%t ron
consti t Uil RIrbiN SsulAYESE fathet % aldeBotitRonSofitBe Ao RemButfcedvabienal view
showi ng the target and an anode and an electrical field (in broken |ines)

produced bet Rigure Blieameledeionnldview schiearagedllyi showireg ppatien o€al targatiwddéhment  of

the magnetron constituting this inventiqon and shown d n. El ures 5-7;
included in the magnetron shown 1n Figure 2 and which is provided with 1t original shape

before any sputtering of atoms from the surface of the target;

15 Figure 4 is an elevational view schematically illustrating the portion of the target
shown in Figure 3 after the maximum amount of atoms has been sputtered from the surface of
the target by the prior art magnetron shown in Figure 2;

Figure 5 is a perspective view of a target which is used in a preferred embodiment of a
magnetron constituting this invention;

20 Figure 6 is a sectional view of a portion of the target shown in Figure 5 and is taken
substantially on the line 6-6 of Figure 5;

Figure 7 is a sectional view similar to that shown in Figure 6 and shows the portion of
the target after the maximum amount of material has been sputtered from the target by the
preferred embodiment of the magnetron constituting this invention;

25 Figure 8 is a schematic elevational view showing the target and an anode and an
electrical field (in broken lines) produced between the anode and the target in the preferred
embodiment of the magnetron constituting this invention and shown in Figures 5-7;

Figure 9 is a schematic elevational view of the anode, the target and a magnet structure

in which the target is disposed in the preferred embodiment of the invention;



Figure 9 is a schematic el evational view of the anode, the target and a
magnet structure in which the target is disposed in the preferred

enbodi nerwOaB/oeised i nvention; WO 03/023814 PCT/ US02/ 28403 PATRisguesa03d0 is a
schematic elevational viewsimlar to that shown in Figure 9 and shows
magnetic flux lines in a magnetic field produced by a magnet structure
included in a preferred enbodinent of the nagnetron constituting this

i nvention; Firgie 101s & Schematic sleeaiondlevisy eimnitir t6 that stReieh Fgurt Otand hehown i n
Figure 10 and a 5 support for the nagnet structure;, Figure 12 is a

schemat imagretiy ﬂux bine inyj m%gr@h@ﬁ@lndgvrqdvéefhbm aagnetstrugiuepincladed nirepraisgedt
structure ,and f er_sho ors for preventing charged particles
from reddH rﬁé’tfnﬁs{@ w&??%‘éfﬁ’r‘@gﬁ%m&&a‘f onal |y showing el ements for
cooling the 6111 127¢a ?é}@percﬁ{fé e&mme xﬁsgaeakta&u%@mmlmgumb%efa

i ntroduci ng gas rml ecules into a wel ined by the magnet 10 structure;

Fi gur® I1s8ppst forpler mpget stmetweew shovm ng in additional detail the cooling

system for o of the reflectors, and.for, the target apd the angde shovvnin
S ure 19 DETAIEERIDEERTSH eIV ROTA AL ERHIS e ot AR TS and foe magh

| NVENT! Iy B4 flrthdrs ?Mx@r@ ectdls %o %‘ré{}éhhﬁg %%ﬁ%aﬁuﬂes[}%h'r 'E!hﬁl tl?e prior

art enbodi ment, genera [Cat ed 'at 10, gnetron o prior
art. Th anang‘rleosrmnire eniﬂ)mtﬂlmmly $hbwing kledhentsdot aoiap theldhoduaed the mﬂeatdmt erial
to be sputtered on a surface 14 of a substrate 16. Integrated circuits 20
are provindaioshoving thepath Pﬁtr%ros!scwg%féwgwlwgt%weléé@ﬁnﬁé hydhemagest
mateﬁ]%alg ét eg titanium copper or silicon) fromdifferent targets such
as t TrEES 12 A plurality of magnets 18, 20 and 22 are disposed in a

spaced rel at iQpsBi1B i§ #p&BFectidd Pletvehowh@ ih Additi6Rd) de@il AHS cdotind by it ororleo t he
target 12. The magnets 18, 20 and 22 may 25 respectively have north, south

and nor tdf thoteBectprs a@drﬁ@ntgﬂmta&ﬁmlmmhpwmonfmmt b3.get 12. Thus, £1 ux
lines 24 (shown in broken |ines) extend between the nmagnets 18 and 20 and
fl ux

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE
15 INVENTION

Figure 1 illustrates on a simplified basis a portion of a prior art embodiment, generally
indicated at 10, of a magnetron of the prior art. The prior art embodiment 10 includes a target
12 made from a material to be sputtered on a surface 14 of a substrate 16. Integrated circuits
20 are provided on the substrate 16 by depositing successive layers of materials (e.g., titanium,

copper or silicon) from different targets such as the target 12.

A plurality of magnets 18, 20 and 22 are disposed in a spaced relationship to one
another and in a contiguous relationship to the target 12. The magnets 18, 20 and 22 may
25 respectively have north, south and north poles in contiguous relationship to the target 12.
Thus, flux lines 24 (shown in broken lines) extend between the magnets 18 and 20 and flux
lines 26 (shown in broken lines) extend between the magnets 20 and 22. The flux lines 24 and
26 intersect the target 12 in a direction having a major component perpendicular to the target

12. The components of the flux lines perpendicular to the target are not active in facilitating



lines 26 (shown in broken lines) extend between the magnets 20 and 22. The
flux lines 24 and 26 intersect the target 12 in a direction having a major
conponentwpesfpzasdi cul ar to the target 12. The conponent sPefi/ushm2d4biix | i nes
perpendi cular to the target are not acg%ge in facilitating WD 03/ 023814

PCT/ US02/ 28403 5 the sputtering of at fromthe target 12 since they are
in the sanme direction as an electrical field (not shown). The conponent of

the fl uxhé ipiRRriRgd oPabmk iRkn the tirh&@ 12aiMe thel Aréintthasdrhy @irédtionfadGinl dldctidang t he
deposition of sputtered atons fromthe target 12 on the substrate 16. 5

Fi gure Zidld (no$ shawngs The component of the fluk disess24aprseliad to theiiargetnerare agiganal | y
i ndi cat ma on,of t i or t nmagnetron
30 may | ﬁ‘i‘fﬁ[ﬁ‘&@g g’edﬁp?mg‘?n 8%*’6&?@‘1 a@?s;t?ﬁiﬁ) @fqeﬂ%f’ﬁ? %@1‘358{;%&0 fr o?n a

grounded shield 35. Each of the targets 32 and 34 may be provided with a
sui tabl e configuration such as a hollow frusto-coni cal configuration. The
target 32 maipeedolestelaoelasimplieibasis anbtbesimipidimss, gérerllyhindicaedat 34
and may be di sposed 10 on the s axis as the t et. 34.. The, t et 32 may
be pr OV|3cﬁ)eﬂP PENEATog ok ediriar A ﬁgepﬂaw W@gnﬁ%ng?@l%%mclﬁﬁs atpa&rﬁfaggeé% and

cur ave Gear TR B FPLEE ik JROGTcIR B ERRRTAGhh Pl °

made fr Gpredpeewitiaedititiecsndignesion sy asiahollowtfeuste paricdl ednﬁ)gilrithﬁ def ace
35a of the substrate 36. 15 An anode 39 is disposed in a space

rel ati ortglmpqcﬁ?c ®may hemozg @e&ebespacw torthe glneld 3P than the tagat3r apd w.b@rdsﬁppﬁﬁdw th
the 32 and 34 it roduced bet t he .ano 9 .and
the 10 38 Be il Syne Rrfd S g e RSP By Bt 2tEru G kg R

bet ween thhaer HNOMR tardBtsBNhnl B i 1EshfdeFror i BéteAR WHiBHs30 b UERBRSRH Ce

38. This voltage difference between the anode 39 and the targets 32 and 34
pr oduc edayen oslasotfa¢ec offa &ubsirata'Bﬁ» sFal eaamplecdnle tdrgets 32 end §4 mayeahasletirammns t o

be produced i the cavity 37 d de d th gets 32 and
3. " Wagiabe whsn i Sopperiiusts b Bpavionle Sees 2t e Al A 1o
produce a magnetic field in a substantiall y per pendi cul ar rel ationship to
the electrical field between the anode 36 and the targets 32 and 34. 25
Mol etsl es of Anarodend igdispssed in aspaacdyeintianship tut the tirgetB4aprefdrabdPin mt o t he
cavity 37 where
y coaxial relationship with the targets 32 and 34. A cavity 37 is produced between the anode 39
and the targets 32 and 34. A positive voltage difference may be produced between the anode
39 and the targets 32 and 34 as from a voltage source 38. This voltage difference between the
anode 39 and the targets 32 and 34 produces an electrical field. This electrical field causes
20 electrons to be produced in the cavity 37 defined by the anode 36 and the targets 32 and 34.
Magnets 40 may be disposed relative to the targets 32 and 34 to produce a magnetic field in a
substantially perpendicular relationship to the electrical field between the anode 36 and the

targets 32 and 34.

25 Molecules of an inert gas such as argon are introduced as at 42 into the cavity 37 where
the electric and magnetic fields are provided. These molecules are ionized by electrons in the
cavity 37. The ionization of the argon molecules is facilitated because the electrons travel in a
spiral path in the cavity as a result of the transverse relationship between the magnetic and

electrical fields, thereby increasing the tendency of the electrons to strike and ionize gas



the electric and nmagnetic fields are provided. These nol ecul es are ionized
by electrons in the cavity 37. The ionization of the argon nolecules is
facilitatwo obezwuse the el ectrons travel in a spiral patlirCrrusphizs4eavity as
aresult of the transverse rel ationship. between the magnetic and

el ectrical fields, thereby increasing the tendency of the electrons to
strike and ionize gas WO 03/023814 PCT/ US02/ 28403 6 nol ecul es. The

posi ti vanélefge fTIRHBEIRvE iché R aigdn ithacelita iipahed 32and 344nasuse atbnes 8heNs to
be sputtered fromthe surfaces of the targets. These atons nobve to the
exposed spuitérad Eos3he siirfacheof thekasgetat Bhede atoms mesedahakrxposid surfaem3 Jarifshe
surface. i |1, be seen schenati.cal at 44 in Figure 2, magnetic fl ux
l'i nes m)g\‘}gsﬁer%ﬂﬁweﬁ@ne 8?‘5‘3?@0% %ﬂ’d’%%?t in Figure 2. The nagnetic fl ux
lines 44 are transverse to a surface 32a of the target 32 and to a surface
34a of the target 34. The surfaces 32a and 34a are the surfaces from which
the afons i n Adweill e sgen schdthatically3u 44 ireFigpret 2, enagetid fux hegestmavesthmugke the

rel ati onship hetween the flux lines 44 and the surfaces 32a gnd 34a_ limts
the rat d2tgets\iKi3aA ¢ i liguEon T}%@aﬁ?ﬂ@"g‘l‘%&‘ﬂ% 5% t‘iaﬁéveéqeé&arsl'}%éceé@& of the rate

Geposi {18502 P83 shART SALRNT pREPTE THAEOR YD Ra? IR, EPfipdioh "

t r ansvengfich teatdniahhtakgend 3Barid et Aespurteredf the nmaterial which can be
sputtered fromthe surface 32a of the target 32 and fromthe surface 34a of
the target 34. 15 Figure 3 indicates a portion of the target 32 on a
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targ n the prior ariount s of

the mat afrhidd the Pt hiewieh tHeQy@Rehs £ ptdiRicéE6 PRk Sledgom ¥hdifte tade ABAMER the
thirty-five 20 percent (35%. This is considerably | ess than optimal since

it woul dirgymn ipnespertabitems drospthe sefaces B2aad Hialforodepoitioman éhe sutfa¢e Inofgheh of
the targets 32 4. Since the targets 32 and 34 are costly, th ost of
depos, 1 B AE SR ay ot GATove rGipPR B vt oL e i ¥8ens
signifi Q:@ﬁ”bla ¥%ﬁtf%?egde@??ﬁ%e Sl OSSO e ta]éé%?gi AP the §irk: c@g%’gf thg% et 34.

s of the 4 b

successi ve on targets 32 and econes consi derably 1 ncréased
because only a

Figure 3 indicates a portion of the target 32 on a schematic basis. The amount of the
material sputtered from each of the targets is indicated at 48 in Figure 4. In the prior art, the
amounts of the material sputtered from each of the targets 32 and 34 is about thirty-five

20 percent (35%). This is considerably less than optimal since it would be preferable to sputter

almost all of the material from each of the targets 32 and 34.

Since the targets 32 and 34 are costly, the cost of depositing successive layers on the
surface 35a of the substrate 36 is significantly increased. Furthermore, the time for setting up
25 successive ones of the targets 32 and 34 becomes considerably increased because only a

relatively small amount 48 of material is sputtered from each of the targets.

A magnetron generally indicated at 50 (Figures 9 and 12) constitutes a preferred

embodiment of the invention. The magnetron 50 provides a distinctive improvement over the



relatively small anount 48 of material is sputtered fromeach of the
targets. A nmagnetron generally indicated at 50 (Figures 9 and 12)

consti t utwe caopsef erred enbodi ment of the invention. ThePcagrser/esand 50
provi des a distinctive inprovenent over_the WO 03/023814 PCT/ US02/ 28403 7
prior art because it includes a target 52 (Figures 5-7) having a flat

di sposition and because it provides a magnetic field with magnetic fl ux

l'ines 54r{drhfWeautOit iNdhideR aQaE D aFﬁgu@esfd ?} havilgsP s didpoBitibh AW BEah&is t ar get

and al so just above the target in direction corresponding to the flat
di sposi tirovides a mhgnetiafight witlThiagnétic fhmﬂmégéﬁllgsreblé)daﬁds@ ¢xtersiiharfaes t he
rate at

tt df the t t d d it d
on 5 surdishesiten SreRgLing [Bpdand 3R s hatieahe Bigel iyt RrETg PETCPRBLERGURE o
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per cent ( IS 1S rmst do e anount of the material which is
sput t ®r exlom§ arenputieed ﬁmgehe ﬂa?.gelt alnd:axg ldeposilted)bn 2} Iserfqnel 56r(Fegutre 9)uf of substratdre
targets 32 and 34 in Figure 2 i art. 10 The_nmagnetron 50

i ncl udes>%a Hvgtemigge, (tg%ﬁepww theﬁmteaﬁléau%ﬁre%ﬁomﬁhﬁag&ﬁt 8249 on thegrdes R ¢ he
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provi dedrowh tHe targepl 2 ﬁngagmre 1tdfehermtgart a0l feongtheundets 3R and Balin F@uﬁﬁi b6thet 0 a
positive voltage such as approximately sixty volts (60V). 15 The anode 62
may be raEaftr om a suitable material such as copper. The target 52 is
spaCfQ fromthe anode 62 . The target 52 and the anode 62 define a cavity.
The rget 52 is made froma material which is sputtered by the magnetron

50 on a surfagenasheRbn ij‘ﬁlcﬁi&ﬁh@ﬁs‘?n enéFE'l‘?y fn@fcﬁ%ﬁ a530 [HiFlgth% NiPWhied W th
a suitable potential such as 20 m nus Tive hundred volts (-500V.), which is

negat i vehe edmpaneststin thelpeefeotd angbochmemmf thaimatentBid. are disposedr dbeses2mpayernite

A e T o5 e Wl e e
configur i C.

The di f g, eg?&ﬁd d%éég‘%tﬁl (o%ﬁt%)ftgglﬁ)ggglv% 3?{/\@5%@1811 EapPskibifR 1y %§8bits feRAUSes an

el ectri cal
15 The anode 62 may be made from a suitable material such as copper.

The target 52 is spaced from the anode 62 . The target 52 and the anode 62 define a

cavity. The target 52 is made from a material which is sputtered by the magnetron 50 on a

surface 57 of the substrate 58. The target 52 may be provided with a suitable potential such as
20 minus five hundred volts (-500V.), which is negative relative to the voltage on the anode 62.

The target 52 may be provided with a cylindrical configuration such as a disc-like

configuration having an opening 64 (Figure 5) at the center of the disc. The difference in the

voltages on the anode 62 and the target 52 causes an electrical field 66 to be produced between

the anode and the target. The electrical field 66 is indicated schematically in broken lines in
25 Figure 8. As will be seen, the electrical field 66 is substantially perpendicular to the planar

surfaces at the top and bottom of the target.

A magnet structure generally indicated at 68 in Figure 9 is displaced from the target 52
and is displaced on a support 69 (Figure 11) having a horizontal support surface. The magnet



the anode and the target. The electrical field 66 is indicated
schematically in broken lines in 25 Figure 8. As will be seen, the

el ectri cawofoBobas166 i s substantially perpendi cul ar to thePplrarsaz/2848urf aces
at the top and bottomof the target. A jragnet structure generally indicated
at 68 in Figure 9 is displaced fromthe®target 52 and is displaced on a
support 69 (Figure 11) having a horizontal support surface. The magnet WO

03/ 0238 1sfyBlertd 6650184 l%@ﬂﬁ;%?]dea wWith 46UitabR BB trivaAY pétentidl YIHOR Eroiddh The Stighap! e

el ectrical potential such as ground. The magnet structure is provided with
an annulstmcimonisipgemided with amannuilar iconfiguoaten ang With ant opehingciéhat éhe aghter néthe
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ragnet s. SoRSE A Btnkned? BElen Gl ke st o G Ablofochs BRESSA AEMTREAY | 76
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magnet i Zwivizentply disposed esnmentan&gm& The suppprt 68 and s wovandly gxtendiag pﬁlee

i 74 76 i . 72. 15
Paondd i ieaenn o 28 SelieCv e & Cigcero o Bt HFgn s MERILY digossidpdbSietho o
pi eces &4y sgﬁb%d hahidRRHab e SR RAsEe thaBRe I eRd t_h@?t@&é%&t&aﬁ% p%ed%item 7dpwar dl 'y

di sposed pole pieces 76 and across the spaces in the we et ween the

upwar dl yandi7ép ossewdil el apprecatds thepobrmlecss 74 Asd 76vatel mignetamlbyi the pergnament10, t he
magnetic flux lines 54 are flat and substantially horizontal. The flat and
subst antMagnels Kori zontal magnetic flux lines 54 are concentrated in and
near the target 20 52. This causes a force to be produced on the el ectrons
inthe well 78 at right angles to the direction of the flux |ines 54.

15 The magnetic flux lines 54 (Figure 10) flow through the upwardly disposed pole pieces
74, the horizontally disposed permanent magnets 72 and the upwardly disposed pole pieces 76
and across the spaces in the well 78 between the upwardly disposed pole pieces 74 and 76. As
will be seen in Figure 10, the magnetic flux lines 54 are flat and substantially horizontal. The
flat and substantially horizontal magnetic flux lines 54 are concentrated in and near the target

20 52. This causes a force to be produced on the electrons in the well 78 at right angles to the

direction of the flux lines 54.

The electrons move in a direction substantially perpendicular to the electrical field 66
and the magnetic flux lines 54. This direction is horizontal and substantially perpendicular to
25 the plane of the paper. The electrons may follow a helical path in moving in this direction.
This helical path enhances the probability that the electrons will strike and ionize molecules of
an inert gas such as argon in the well 78. The argon molecules pass into the housing 60
through a conduit 80 (Figure 9) and move through the space between the anode 62 and the
vertically disposed pole pieces 74 and 76 of the magnet structure 68 for exit from the housing



The el ectrons nove in a direction substantially perpendicular to the
electrical field 66 and the magnetic flux lines 54. This direction is

hori zont avoana2B8ubst antial |y perpendicular to 25 the pl ameTafSor/tsaopaper .
The el ectrons may follow a helical path in noving in this direction. This
hel i cal path enhances the probability't%at the electrons will strike and
ionize nolecules of an inert gas such as argon in the well 78. The argon
mol ecul gg) pass into the housing 60 through a conduit 80 (Figure 9) and
nove through the space between the anode 62 and the vertically disposed
pol e pieces 74 and 76 of the magnet structure 68 for exit fromthe housing
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advant ages. One advantage is that approxi mately sixty- five percent (65%

of the material in the target 52 is sputtered fromthe target. This is in

contrast to the sputt.eri of only.approximately thirty-five percent 5%
of " HE® ar ger Tt S ielioh of flegrneS i Er i o 4gs e abms At ar 4 e fheREn I
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qui te expensive. Another advantage of the magnetron 50 is that the rate of
sput t er i fivg prraeas(6584) of theanatsuial fim de tafget $ikis sputtpeed HEmdneltadgepoShisiisng t he

sputtered atons on the surface 57 of the substrate 5 j.s enhanced. Thjs
al so resgnirast o tesppiering of qukyi apRrasmataly ﬂﬂ’é‘@r‘é‘f"l R‘?“felnhés V?)rPé dhefar gehmﬁ“i’?ga]ls ame
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the flux nes rou near rg
15 target 52 are quite expensive.

Another advantage of the magnetron 50 is that the rate of sputtering atoms from the
surfacé of the target 52 and depositing the sputtered atoms on the surface 57 of the substrate 58
is enhanced. This also results from the production of the magnetic flux lines 54 in the same
20 direction as the disposition of the target 52 and from the passage of the flux lines through and

near the target.

A reflector 82 (Figures 9 and 12) is disposed within the well 78 in close proximity to
the upwardly extending pole pieces 74 of the magnet structure 68 and is preferably provided
25 with a negative potential approximating the negative potential of the target 52. The reflector
82 preferably extends vertically to a position at or above the top of the pole pieces 74. The
reflector 82 prevents electrons from reaching the upwardly extending pole pieces 74. Itis
undesirable for electrons to reach the upwardly extending pole pieces 74 because the

deposition of the electrons on the pole pieces may affect the ground potential on the pole



A reflector 82 (Figures 9 and 12) is disposed within the well 78 in close
proximty to the upwardly extendi ng pole pieces 74 of the magnet structure
68 and i swpriabzasabl y provided 25 with a negative potenti CTAp/284DITAL I NQ
the negative potential of the target 5% The reflector 82 preferably
extends vertically to a position at or Qbove the top of the pole pieces 74.
The reflector 82 prevents electrons fromreaching the upwardly extending

pol e pi §f&es ZAd mhi afféct th Y8 elid Bldpefties ofiRGhdpRBSstiutui€6gh the upwardly
extending pol e pieces 74 because the deposition of the electrons on the

pol e pieces may affect the ground potential on the pole WO 03/ 023814

PCT/ US02/ 28403 ces and may .affect the na rties..of

magnet st ruct‘df egtg?'i&% farsé’g’lﬂd’Fg‘Qg ifﬁfﬁ%fs%oxtﬁ@giﬁ?%{hedlﬁ aip‘ﬁyﬁ’ftS%dén P%‘ﬁl mty
to the yp R 96 ¥t H?{%ﬂb%@ﬂ} 68 R REBRm (& Qe fIfctiHRY Rt Uil pHIEp lﬁ&st 0
perform'the sane I ons re ative to the pole pieces 5 as the reflector

82 prdviadelse feflectdnd? probidepioe despolelpieddse/4r dihk eeflantor 84 ppefefablyaistondest @nds t o

a height at or above the height of the u vvardl extendin e pieces 76.
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cooling systemgenerally indicated at 86 in Figure 13. The system 86
i ncludes an input nozzle 88 for providing water at a vertical |evel

cor r espondi ngrheppflessaras? éll@/ 84 ar etpﬁ@ferabb\ﬁépﬁ‘df Thp soeliegditheeflegtar 321@91/ be

cond t 90 nds fro 0zzl e an.a

pass e ntviget B & SootRERYtenh eeh Ry il af fistis s e di B R dlges
magnet s a714nput-5|8§11@'8‘ %r%oﬁ&%@%?éﬁ@y a QBGILAIGERS céﬂ?&géﬁﬁﬁl@ﬁpp’?@xmﬁ&w xhaat el y
hal f of the water flows around 15 the passageway in a clockwse

di rect i dewel aﬁthenai'getaiZedﬁ\ramwmmndmt a0 enanqwtpwaodiwmomaﬁlm nozrde 8®tolear hal f

of the water flows in _a counterclockw se directio as indicated at 98
the out FORUagPRsEgCWay 82 atrpregpthg ton eflp\es%éfo%ar\m%&&ﬂeww T éfb

conc | 48 By LS 0 By AB T AR 2
84. P9 the passageway 92 in a clockwise direction, as indicated at 94, to an output conduit 96 and the
other half of the water flows in a counterclockwise direction, as indicated at 98, to the output
conduit 96. The water then flows downwardly in the output conduit 96 to an output nozzle
100. A system, generally indicated at 102 (Figure 12), corresponding to the system 86 is
provided for the reflector 84.
20
The anode 62 may have a T-shape with a crown portion 62a and a stem portion 62b
(Figure 12) extending integrally from the crown portion into the space defined within the
vertical portion 76 of the magnet structure 68. The stem portion 62b extends into a cooling
block 104 which may be made from a suitable material such as copper. The block 104 may be

25 cooled as by a flow of water as at 106 to cool the anode 62.

Figure 16 is an elevational view, partially in section, showing a preferred modification,
generally indicated at 200, of the preferred embodiment shown in Figures 1-15. The preferred

modification 200 includes the permanent magnets 72 which extend into an undercut portion



The anode 62 may have a T-shape with a crown portion 62a and a stem portion
62b (Figure 12) extending integrally fromthe crown portion into the space
defi ned vwOhBM2a8lhe vertical portion 76 of the nagnet str®crurse2/8803 The
stem portion 62b extends into a cooling bl ock 104 which may be nade froma
suitable material such as copper. The ock 104 maybe 25 cooled as by a
flow of water as at 106 to cool the anode 62. Figure 16 is an el evational
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as steelpt pacAiRtdddt e pol e pieces correspondlng to the pole pieces 74. In
this way, the magnetic field produced by the permanent magnets 72 is
extendled to enhance the strength of the magnetic field. 5 A hol I ow

i nsul ator 208 is _disposed withi.n th I eeve an a 210 is
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as at 214 to cool the anode 21Q. Figure 17 is an elevatjonal view pa
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220, , of tgi%gl??eagﬁyﬁn $f\w5t9 s%EEIZF{oc lfﬂg%édfc’fl;()' on 220, the pernanent

nagné 0 An" URIEreh I on t he permanent nagnets 74
to 15 enhance the length of the magnetic field. A preferred enbodi nent may
include only the reflector 84 which extends upwardly at a position
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not be e permanent magnets 72 extend into an undercut portion 222 of the permanent magnets 74 to

15 enhance the length of the magnetic field. A preferred embodiment may include only the
reflector 84 which extends upwardly at a position radially within, but close to, the magnetic
pole pieces 74. The preferred embodiment may not include the reflector 82 at the inner end of
the magnet structure 68. A reflector at the inner end of the magnet structure 68 may not be
needed because electrons are reflected by the intense magnetic field (magnetic mirror effect) at

20 the inner pole piece 76.

Although this invention has been disclosed and illustrated with reference to particular
preferred embodiments, the principles involved are susceptible for use in numerous other
embodiments which will be apparent to persons of ordinary skill in the art. The invention is,

25 therefore, to be limited only as indicated by the scope of the appended claims.



needed because el ectrons are reflected by the intense magnetic field
(magnetic mrror effect) at 20 the inner pole piece 76. Al though this

i nvent i orwbag/obsen di scl osed and illustrated with referen®eTtusopzsuds cul ar
preferred enbodi nents, the principles Hgvolved are susceptible for use in
nuner ous ot her enbodi nents which will ‘be apparent to persons of ordinary
skill in the art. The invention is, 25 therefore, to be limted only as

i ndi cat e HAT INE€LAVBD ¥: t he appended cl aims. WO 03/ 023814 PCT/ US02/ 28403
12 WHAT IS CLAIMED I'S: 1. Apparatus for providing sputtered atons for
deposition on a substrate, including 5 a target, an anode having a
positive potential, relative to.fhe tential on.the.target to roduce an
el ectri cal fie]el d LfERRAEEYS ﬁéﬁgrqvﬁf‘%Tﬁlgtﬁ{f tah’énsaﬁf)ﬂ%pqsﬁm& iarsé'i’StEﬂtgecti on, and
a magnet structurgugigpesed relative to the anode and the target for
producing a magnetic freld in a second direction substantially

per pehdi cul ar to tdwarget,rst direction, 10 the target being disposed in a
direction correspondi ng substantially to the  direction. of the nagnetic
field 2. Apparat (79 2380 3AVINEA PSS ROFRYIA TEIAHiE Foute ppﬁ‘@tlﬂ&@ﬁg? (eS8 Rt ur e
defi nes [ Al ' I E ifY.d4 a third
directi nogﬁ\égﬁglntl aflﬁ"@@%?%t&/g%}l%&%&(@@%{%ﬁ??é‘g%‘l&i%ﬁ@%iggbﬁﬂ directions
and wher ei n nol ecu rasgref staretire disposgd selati e tonhe awde aad thettargtifor p@diding hor
ionization by the electrons in the cavity and for novenment of the ions to
the tar g@@gntegc §pldtin aseeond hireetiaprpubsiantiadly peeneadigplat tocthe frsgdireqtivn, noverment of
the pputtered atong, {0, BEing URBHLEA S a dfibeiibn SRBHAYS BBsiifanf 5 43 11 claim

direction of the magnetic field.

2. Apparatus as set forth in claim 1 wherein
the magnet structure defines a cavity and wherein
15 electrons move in the cavity in a third direction substantially perpendicular to
the first and second directions and wherein
molecules of an inert gas are introduced into the cavity for ionization by the
electrons in the cavity and for movement of the ions to the target to sputter atoms from the

surface of the target for movement of the sputtered atoms to the substrate.

20
3. Apparatus as set forth in claim 2 wherein
the magnet structure cooperates with the anode and the target in defining the
cavity.
25 4. Apparatus as set forth in claim 3 wherein

a reflector is disposed in the cavity in a spaced relationship to the magnet

structure for preventing the electrons from escaping from the cavity.



t he magnet structure cooperates with the anode and the target in defining
the cavity. 25 4. Apparatus as set forth in claim3 wherein a reflector is
di sposed wp oBlesstavity in a spaced relationship to the ma@oEtusoyLs4oxt ure
for preventing the electrons from escaﬁ)%ng fromthe cavity. WO 03/023814
PCT/ US02/ 28403 13 5. Apparatus as set forth in claim1, including, a

refl ector disposed in the cavity relative to the magnet structure, and
having a potenti Appafinad dswet forthtilelai@l Sintiudingpf the target, for reflecting
el ectrons to prevent the electrons fromreaching the magnet structure. 5
6. Apparatus as setreflenterdisposed iithe cavityisele@yertotthemagipt strueiureyand haying a

cooper at e i th the ode, a the target | ef i ni the cayvity, and
Wherel n Hoteetnt giatist 1o B gpiepRE of e o Tl it S e Fb i isiens
Struct Urffom Alehilg Shefmaghlt RAIERLI @l relative to the potential of the target,
for preventing electrons fromescaping fromthe cavity. 7. Apparatus for

provi®ling sputtered atons for deposition on a substrate, including, 15 a

target, an anode djsplaced fr the target and defining a cavity with the
target and c& opetRPRIANY &RisE O?thénflé%égwi‘?{e‘&efi ne an electrical field

bet ween the targe Srdiades ' ' ' AR el
structure di sposegh%?%rﬁ?ve to 'fcﬁb éﬁgi‘gﬁgrrt]hcf ét%hgg%dr%gitarg%q%ra%@?cé 20
magnet i cabity@sl wherki@r ce in a second direction substantially perpendicul ar

to the first direction, the target being disposed relative to the nmagnet
structure to proviadefl¢cser ig Hisposed in the cavity relative to the magnet structure, and has a

10 potential relative to the potential of the target, for preventing electrons from escaping from the

cavity.

7. Apparatus for providing sputtered atoms for deposition on a substrate,
including,
15 a target,
an anode displaced from the target and defining a cavity with the target and co-
operating with the target to define an electrical field between the target and the anode in a first
direction, and
a magnet structure disposed relative to the anode and the target to provide
20 magnetic lines of force in a second direction substantially perpendicular to the first direction,
the target being disposed relative to the magnet structure to provide for the
passage of the magnetic lines of force through and adjacent above the target in a planar

relationship to the target.

25 8. Apparatus as set forth in claim 7, including,
the magnet structure being provided with permanent magnets having opposite
ends and with first and second pole pieces respectively extending from the opposite ends of
the permanent magnets in a direction transverse to the permanent magnets to define a well, and

the target being disposed within the well defined by the magnet structure.



passage of the magnetic lines of force through and adjacent above the
target in a planar relationship to the target. 25 8. Apparatus as set
forth in wbaBne3Bl4 i ncl udi ng, the magnet structure bei ng pPoeTiusezi28mi h

per manent magnets havi ng opposite endﬁ and with first and second pole

pi eces respectively extending fromthe 6pposi te ends of the pernmanent
magnets in a direction transverse to the permanent nagnets to define a

wel |, and the).targagg abRIS @i oPASEElalth Bhinolutifig, Wel | defined by the nmagnet
structure. WO 03/0 f 814 PCT/ US02/ 28403 14 9. Apparatus as set forth in

cl ai m 8, incl udi nghe péle ppoteofthemegnedStrudturereatgndingsn substantiellethedingti ng i n
substantjally the first direction, and the target extending within the
wel | in 4BRemART a1 |y the second direction. 5 10. Appar atus as set forth
inclaims, incl Ughé‘ﬁr &Qﬁcﬁ’ﬁﬁggrnﬁﬂﬁhé %11%&%&@%1&%&5@%%&5&9 a
cavity, and a condult or I ntroduci ng nol ecules o gas into the cavity
for i®nization of the gas nolecul es inthe cavity. 10 11. Apparatus as set
forth in cIa|m9 including, a reflectar, dj sposed within the well defined
by the magnet! stru%ﬂﬂ.*}?"é“ﬂ‘@rsetfoﬁhl%f’l@l%é infdigvenent of el ectrons fromthe
wel | (cavity). 15 ¢ i ncluding: the
anode and the magne struc ﬁeﬁﬁ@%t&ﬁ%hﬁ%&%ﬂgﬂl@a%ﬂyg%:ﬁddwt for introducing
mol ecul es of a gas dondiait fdrentestcing nidlécwé%mf&@'asﬁffoﬂfe dabigy fdjacnization@fkies in
the cavity, and a reflector disposed within the cavity in spaced

rel at i orgghmplacyles iretheicakity. and

10
11.  Apparatus as set forth in claim 9, including,
a reflector disposed within the well defined by the magnet structure for
inhibiting the movement of electrons from the well (cavity).
15 12.  Apparatus as set forth in claim 9, including:

the anode and the magnet structure defining a cavity,
a conduit for introducing molecules of a gas into the cavity for ionization of the
gas molecules in the cavity, and
a reflector disposed within the cavity in spaced relationship to the first and
20 second pole pieces of the magnet structure for inhibiting the movement of electrons from the

cavity.

13.  Apparatus as set forth in claim 9, including
the target and the reflector having a negative potential relative to a potential on
25 the anode, and
the first and first pole pieces of the magnet structure extending from the
permanent magnets of the magnet structure in a substantially perpendicular relationship to

permanent magnets of the magnet structure.



20 second pol e pieces of the magnet structure for inhibiting the novenent
of electrons fromthe cavity. 13. Apparatus as set forth in claim9,

i ncl udi ngwotva/oeasnget and the reflector having a negative poTarsn2/zd403 el ati ve
to a potential on 25 the anode, and tgg first and first pole pieces of the
magnet structure extending fromthe permanent nmagnets of the magnet
structure in a substantially perpendicular relationship to permanent
magnets of t he Mdnppsrhtud €riprevidME sPitedeBads Rz UepSiRRor’ S0 Substate14. I Nn
apparatus for providing sputtered atons for deposition on a substrate, a
magnet structure amagngt getotura bavingpemansntunagaetspydsonnesinensisand hivdng ng
first and fir pol e .pi eces which .respectively. extend fromthe opposite
ends. of TR AN Sonariyely BERud HPuting Shasite sheTRAE pORBRGH, he
per Manent, dRANE, $rah R dietich Wkive 1A perfarieAf M8ineil tRRARLa Wellhin t he wel |
defined by the magnet structure. 15. In apparatus as set forth in claim
14, the first and astependispusked withecths wel\defigedippths intagnetshmeture pol arities to
provi de nagnetic flux between the second and second pol e pieces, 10 the
target being disposed within the well in an aligned relationship with the
magneti c fl uxcext ' d and second pol e pieces of the
magnet strucH&?e.qH%@&gﬁﬁgg%%gggpﬂg‘%ﬁ&g%& forth in claim 14, pole pieces
of the nagnet str uhé fifseattbédcondigola piekestavingyoppbsifranagiaeo polaEgestbiptovidd
spokes each of which extends between the first pole pieces of the magnet

st r uct urreagngtic {lnebetssen Hig sgeand and secwsd pplermeceprmgnet structure at angul ar

it df t he angul i i ft her. one he pol
b ecb of the- magriat TGP Aite8ies AR insRUL B N QLRGBS MR ET 1
éio rr; Egl gﬁg@@ﬁc REk BeteRlihs BaeBY thR s6d0ndRAE keddAY pBR pAece® BE fhdm RSNt t h

16.  In apparatus as set forth in claim 14,
pole pieces of the magnet structure defining a plurality of permanent magnetic
15 spokes each of which extends between the first pole pieces of the magnet structure and the
second pole pieces of the magnet structure at angular positions spaced from the angular

positions of the other ones of the pole pieces of the magnet structure.

17.  In apparatus as set forth in claim 14,
20 the target being defined by a cylinder having a central opening with dimensions
for the second pole pieces of the magnet structure to extend through the central opening, and
the first and second pole pieces of the magnet structure being substantially
perpendicular to the pole pieces of the magnet structure.

25 18.  Inapparatus as set forth in claim 15,
the pole pieces of the magnet structure defining a plurality of permanent
magnetic spokes each of which extends between the first pole pieces of the magnet structure
and the second pole pieces of the magnet structure at angular positions spaced from the

angular positions of the other ones of the pole pieces,



for the second pol e pieces of the magnet structure to extend through the
central opening, and the first and second pol e pieces of the magnet

st ruct ur ewbbaisngsssubst anti al |y perpendicul ar to the pol e piregasozbsshe
magnet structure. 25 18. In apparatus gs set forth in claim115, the pole
pi eces of the nmagnet structure definind a plurality of permanent magnetic
spokes each of which extends between the first pole pieces of the magnet

structure and theps &.@gﬂ@eﬁg Id@ﬁﬂdecgfaﬁcﬂlfndémV@gmmaltdpéﬁﬁllgrxﬁtmm@ﬁguhﬁr

positions spaced from angul ar "positions of the other ones of the pole
pi eces, fWOhO3¢GRAPDIE HEES OSIR/MREHEGsIULEIE teeexteand droulethegpaeinzrad by a
cyllnder havi ng a nsions, for the s con

tral th
pi eces of the magntg‘?ePl ¢ 2 i%?&?‘%e\é\’i@? the, M3 WBp‘%‘?W% Halfyhe first
d b b |1
an seclct% Hal cglaplt(ﬁﬁ.lggo énééggomgog%tgnt tAElH € being su stantially

per pend ar tot pi eces e magnet structure. 5 19. In
apparftus for providing sputtered atoms for deposition on a substrate, a
magnet structure having pole pieces with opposite ends and having second

and second podi% pllé@l@Baré%}élfPfélXQ‘éﬁlﬁgﬁ@“t?eF@rﬁt%ms fordieppstien onpeibstratene
opposi te ends of tht%%&% &mcﬁh@ﬁ?ﬁn%?glg ﬁsercg%‘@i’tﬁ%ﬁ%ﬁjﬂe 668 1RMabfh gtsQ@onBO' e

pi eces, the first ‘and”secon gnet structure having

opposi t endRedRdipeldisibak ehdtsktend g, frdr ad davidlid) Snasf ﬁletopf)@diﬁehndmoﬁhapmdQ
the magnet structure defining an annulus and the second pole pieces of the

magnet gtigage inua rankyeisaidivection to ghermolgypiagest the fird andipecend pele pisces plethennul us

and n net exte di ng between the second and second pol e
pi eci@ ’ﬁ nF%E{ ?‘Bfﬁéa‘(i@ 1°POLINR®s. 21. I1n apparatus as set forth
inclaim19, the first and second pole pi eces of the nmagnet structure

extending fromthe pole
20.  In apparatus as set forth in claim 19,

the magnet structure defining an annulus and the second pole pieces of the
magnet structure defining an opening at the radial center of the annulus and the permanent
15 magnets extending between the second and second pole pieces in directions defining radial

spokes.

21.  In apparatus as set forth in claim 19,
the first and second pole pieces of the magnet structure extending from the pole
20 pieces of the magnet structure in a direction substantially perpendicular to the pole pieces of

the magnet structure.

22.  In apparatus as set forth in claim 19,
the first pole pieces of the magnet structure defining an annulus having a first
25 diameter and the second pole pieces of the magnet structure defining a second annulus having
a second diameter less than the first diameter and having spaced positions on the second

annulus.



20 pieces of the magnet structure in a direction substantially

perpendi cul ar to the pole pieces of the magnet structure. 22. |In apparatus
as set fowOh3sjomssed aim 19, the first pole pieces of the na@goEtUssr/za403 ur e
defining an annulus having a first 25 gianeter and the second pol e pi eces
of the magnet structure defining a sec& d annul us having a second di aneter
| ess than the first diameter and havi ng spaced positions on the second
annul us. WO 08, 0238 lphpietls &S0 fa8HhXlaih2093. |1 n apparatus as set forth in
claim20, the first and second pole pieces of the nmagnet structure

ext endi ng from t hethpfirst angpesend peIf pidses ofhnBragast sueturecexisndmegdiane dieinole

substanti.al |l y.perpendj cul ar to t.he .pol i s of th net .st.ruct uyre,
and 5t Heieses pEHeghseetitbichie Y giRg iR gihaP iR adnendiclar R PolEPIEHR o s
havi ng &b infaghet sHuSIRE g4d @and the second pol e pieces of the magnet structure
bei ng di sposed in a second annulus having a second dianmeter |ess than the
first5di anet er andhbéirstgokgfi¢oesdf thy negagstiuctprsicfinorgsancmnulue hgeng adirst

annul us. .10 24. @ggarat S {sor. pro%/%di ng sputtered.atans for depos{ition on a
surface Ypmgter PEOBA PREIAYFCHE! TR R SUTUAHICL NG YEROSET ULbIENY el at i ve
to each ' : ' i § i i cal
R L i R S i s R R b S T
anode angbsitioas bakgaecémiranduiet i ng a magnetic field having lines of flux
extending in a second direction substantially perpendicular to the first
direction, the target being disposed in the second direction in the
TR, Lotk BBt o BvidiRg SfTRRAShind fof uEohbh £4i3RESGEL 1 2

cooperative relati o
substrate

including
an anode and a target disposed relative to each other and having relative
potentials for creating an electrical field in a first direction,

15 a magnet structure disposed relative to the anode and the target for creating a
magnetic field having lines of flux extending in a second direction substantially perpendicular
to the first direction,

the target being disposed in the second direction in the magnetic field,
the electrical and magnetic fields being disposed in a cooperative relationship

20 to produce a movement of electrons in a third direction substantially perpendicular to the first

and second directions, and

a conduit for passing molecules of an inert gas into the electrical and magnetic
fields to obtain an ionization of the gas molecules by the electrons and to obtain a sputtering of
atoms from the target by the ionized gas molecules for deposition of the sputtered atoms on the

25 surface of the substrate.

25.  Apparatus as set forth in claim 24, including
a reflector disposed relative to the magnetic structure to prevent electrons from

reaching the magnetic structure.



20 to produce a novenent of electrons in a third direction substantially
perpendi cular to the first and second directions, and a conduit for
passi hg rebDecwbass4 of an inert. gas into the electrical anaCwampazed4es fiel ds
to obtain an ionization of the gas nnlqgules by the electrons and to obtain
a sputtering of atoms fromthe target By the ionized gas nol ecul es for
deposition of the sputtered atons on the 25 surface of the substrate. 25.

Appar at us as met fAQppdiatidascdebfonthdd claih Ql wetiefign a r ef | ect or di sposed rel ative
to the magnetic structure to prevent electrons from reaching the nmagnetic

structure. WO 03/ 0hegitget paithgsettociyhove a negapge paisntaa aelativets aqetentioketh i n
claim24 wherein the target and the refl ector have a negative potenti al

rel ativél¥8%% ot ential on the anode. 5 27. Apparatus as set forth in
claim25 wherein a conduit is provided for noving fluid past the reflector
to cool the reflector. 28. Apparatus as set forth in claim 24 wherein the
magnes struct2ite iAppravs abest forthhin clame 25 avidraput er pol e pi eces defining a
10 plurality of spokes extendi ng_ between_the inner and outer pol ieces in
a spaced rel ati onsarﬁ%‘du‘ttbstﬂié‘d%‘ﬁ@F H@Vl%ﬂ}“aﬁ%é]?qfeﬂé‘ft%tetCBPLthSFgﬁeﬁﬁ’gpos ed
adj acent the inner and outer pole pieces of the magnet structure to
prevent electrons fromreaching the magnetic structure. 15 29. Apparatus as

set forth in 28 ai mgfarsheisaienfotthen thairged whieekin he refl ector have a negative
potential relative to a potential on_ the anode and wherein the target and
the reflector are the magnsunetig|is providedswitp innegand quéerpoleiesesdefipiggat i ve to

the e t ep%r'aﬁ{y oqnspglpe% e%&e(r)lgl%'g between the inner and outer pole pieces in a spaced relationship
to one another and wherein
reflectors are disposed adjacent the inner and outer pole pieces of the magnet

structure to prevent electrons from reaching the magnetic structure.

15 29.  Apparatus as set forth in claim 25 wherein
the target and the reflector have a negative potential relative to a potential on
the anode and wherein
the target and the reflector are at substantially the same negative potential

relative to the potential on the anode.

20
30. A method of providing sputtered atoms for deposition on a substrate including
the
steps of:
providing a target having a flat disposition,
25 providing an electrical field in the vicinity of the flat target in a first direction

substantially perpendicular to the flat target,
providing a magnetic field in the vicinity of the target in a second direction
substantially perpendicular to the first direction and in substantially the same direction as the

flat disposition of the target, and



20 30. A nethod of providing sputtered atons for deposition on a substrate
including the steps of: providing a target having a flat disposition, 25
provi di ngvar3etasctirical field in the vicinity of the flat pCcanger284m a fir st
direction substantially perpendicular to the flat target, providing a
magnetic field in the vicinity of the d rget in a second direction
substantially perpendicular to the first direction and in substantially the

sane direction as ihfigducidgBholbEBOS a da8nt8thd 6init b8 e tardBCfol ) HRAABRSS I
PCT/ US02/ 28403 19 introduci ng nolecules of a gas into the vicinity of the

t arget fthe gamoleculgsariddior efputtetiog ghatoms fimwouthe sudant dfdlre argepby thergam gpnef
atons fromthe surface of the target by the gas ions. 31. A nethod as set
forth in claim30 wherein 5 the nagnetic field is provided within a well

and wherein 4jhe tz‘%ﬁ&ﬁ{qdiaés | SRASEdaith 8D ivRetehe Well. 32. A nethod as set

forth in clai'm 30 erein electrons in the vicinity of the target are
subj ested to the ahenfaphailfiehkhid piosddeel within hOvdll siddshdreinpr ovi de for the
novenent of the electrons in a spiral path in a direction substantially
per pendi cul ar to tthetasgeétdisrosed wibinthgywelli c fields to facilitate the
ionization of the gas nolecules by the electrons. 33. A nethod as set
forth in claim30 wherein 15 lines of flux in the nagnetic field extend

linearly thropgh, ARattR)dse sadbalentlaint BewhERfrget i n substantially the sanme
direction as the flat disposition of the target. 34. A nethod of providing

sputtered atons fclectropdin the vieinty of tha Beget anesubjpetedith thg electiisal and magnetic

10 fields to provide for the movement of the electrons in a spiral path in a direction substantially
perpendicular to the electrical and magnetic fields to facilitate the ionization of the gas

molecules by the electrons.

33. A method as set forth in claim 30 wherein
15 lines of flux in the magnetic field extend linearly through, and also adjacent, the

target in substantially the same direction as the flat disposition of the target.

34. A method of providing sputtered atoms for deposition on a substrate including
the
20 stepsof:
providing a target having a flat disposition,
providing an electrical field in the vicinity of the flat target in a first direction
substantially perpendicular to the flat disposition of the target,
providing a magnetic field in the vicinity of the target in a second direction
25 substantially perpendicular to the first direction and in substantially the same direction as the
flat disposition of the target,
introducing molecules of a gas into the vicinity of the target for an ionization of
the gas molecules and for a sputtering of atoms from the surface of the substrate by the gas

ions wherein



20 steps of: providing a target having a flat disposition, providing an
electrical field in the vicinity of the flat target in a first direction
subst ant iabDlog/opssipendi cul ar to the flat disposition of thecrarsgygso3
providing a magnetic field in the vici Eity of the target in a second
direction 25 substantially perpendicu 9 "to the first direction and in
substantially the sane direction as the flat disposition of the target,

i ntroduci ng mol ecuhemaghetR MASisipAbAdSdRitNinGividlf 3hdobhdréie target for an
ionization of the gas nolecules and for a sputtering of atons fromthe

surface of the sultb¢ taaget iddisposed within thowsllahé wherein\O 03/ 023814

PCT/ US02/ 28403 20.the ghetic field.i royj.de thin a |1 .and erein
the target is di sp8seal{rxH tHe mrenghs fiel‘gﬁ’g‘eﬂdgé‘?eé‘ﬁﬁmpﬂ%l% anl\Qﬁp adiapentthe
magnet i el | I g j the target in
subst antCt Flféeﬁ;rll%tu ﬁ%@%ﬁ% tﬂéél]r ecet?{rc?%@%ﬂs%tqﬁcéﬂ a?‘ﬁ’léuﬁ@{)‘?g{ﬂ?ﬁg‘%%f t he target. 5

35. Asnethod of providing sputtered atons for deposition on a substrate
including the steps of. providing an electric field in a first direction,
10 provi di ng 3- rragfg@tqﬂeodrqf@rwfagiswgterqdr?é@m&forfdm@@l@&%ﬁ%tratﬁ includipgnd

di rection substaq}li ally perpendicular to the first direction to obtain a
flow of electrons Th a path substantially perpendicular to the first and
second dji&Reli ons, disposing a target in the electrical and magnetic fields
in the second direction, and 15 passing nolecules of a gas into the

el ectrical and magmevidingfanelegtrict fteld bt afirst digection,

10 providing a magnetic field having lines of flux extending in a second direction
substantially perpendicular to the first direction to obtain a flow of electrons in a path
substantially perpendicular to the first and second directions,

disposing a target in the electrical and magnetic fields in the second direction,
and

15 passing molecules of a gas into the electrical and magnetic fields to obtain an
ionization of the gas molecules and a movement of the gas ions to the target for a sputtering of

atoms from the surface of the target.

36. A method as set forth in claim 35 wherein
20 a substrate is disposed relative to the target to obtain a deposition on the

substrate of the atoms sputtered from the target.

37. A method as set forth in claim 35 wherein
the magnetic field is produced substantially in a space defining a well and
25 wherein
the target is disposed in the well and wherein

the electrical field extends into the well to the target in the first direction.



ioni zation of the gas nol ecul es and a novenent of the gas ions to the
target for a sputtering of atonms fromthe surface of the target. 36. A

nmet hod asweaB/obasnida h in claim35 wherein 20 a substrate isPdirasoyesios el ative
to the target to obtain a deposition on.the substrate of the atons
sputtered fromthe target. 37. A metho las set forth in claim35 wherein
the magnetic field is produced substantially in a space defining a well and

25 wherein t g t argeatethod 43issPREBEN E18ink BS wieldin and wherein the el ectri cal
field extends into the well to the target in the first direction. WO

03/ 023814 PCT/ USO2hee49a6f deposigan ofthespuiteredaatome bn therqubstrate ts|canvolddlewber ei n
the rate of .deposition t he sputtered at on.the substratg. is

cont r ol | 4sting gt leé‘?ﬁf’f}%?f I%{Fnsll&é’gfhe(ﬁi@t%‘?a?gg]@ ﬁnﬂtﬂ%er@?et%ﬁiﬁ” ?ﬁ%‘e éfctri cal
field a 1ebtr W Gafec1qool ecul es into the electrical and
nagnetigﬂ?%gﬁaiﬁmgmggé A netdggggg se? ?grth in claim37 wherein a
substfate is disposed relative to the target to obtain a deposition on the

substrate of the atonms sputtered fromthe target and wherein the rate of
deposi tion of3% he Apthadrasgetforhdn elaim AéWhgtsét rate is control lable by 10

s uet gt | ey g 51T BUR 5 R EDBRL Babf bt 11

rate of flow of the gas nolec S nmaghetic fields.

40. A nehbashi@bf e aiointh spott&pd el thel taagedARd vberetleposi tion on a substrate,
including the steps of: 15 providing an electrical field in a first
direction, provi dithgrae efdppesition pf b dpwtevédaioms ap shegrubstraix isernepliabigby n a
S eCOTg dz{dglfs%}llg l'east one of the intensity of the electrical field and the rate of flow of the gas

molecules into the electrical and magnetic fields.

40. A method of providing sputtered atoms for deposition on a substrate, including
the steps of:
15 providing an electrical field in a first direction,
providing a magnetic field having lines of flux extending in a second direction
substantially perpendicular to the first direction,
disposing a target in the second direction in the electrical and magnetic fields,
and
20 passing molecules of an inert gas into the electrical and magnetic fields to
obtain an ionization of the gas molecules by electrons in the electrical and magnetic fields and
to obtain a sputtering of atoms from the target by the gas ions and a disposition of the

sputtered atoms on the substrate.

25 41. A method as set forth in claim 40, including the step of:
reflecting the electrons to maintain the electrons within the electrical and

magnetic fields.



substantially perpendicular to the first direction, disposing a target in
the second direction in the electrical and magnetic fields, and 20 passing
nol ecul eswofo3amsifiert gas into the electrical and nagneti @CriEoziss4dd

obtain an ionization of the gas nol ecul.es by electrons in the electrical
and magnetic fields and to obtain a sﬁgttering of atonms fromthe target by
the gas ions and a disposition of the sputtered atons on the substrate. 25
41. A method &5 SeA nfeihddsisB hBiAtAR 41 Ralkigh ng the step of. reflecting
the electrons to naintain the electrons within the electrical and nagnetic
fields. WO 03/0238hdsterof woctinesisppvidged bydispasimgtarotiecier 15 éle magneticifigldc| ai m
41 wherein the step of reflecting is provided by disposing a reflector in
the magrB¥"¥¥8BI d and wherein the reflector is cooled. 5 43. A nethod as
set forth in clai m40-adek & ddoldde target is provided with a disc-Ilike
configuration having a central opening and wherein the magnetic field is
prodused within a well defined by inner and outer radii of 10 a magnet

structure and wherein the tarpeh,is diSﬁO ed.in the well between the inner
and outer radtd- of Amdhqgoasiset fopth in plappAdgdeein set forth in clai m43

including the ste f: j . o R A Al >ty ons
within the electr Pttl:lgFaréeﬁéi &ﬁgféiﬁ‘gt“{’ t@%f(ﬁéeﬁe%ser&%ﬁgﬁ& t15‘ﬁ‘h£@1ﬁé B cbitfa Sﬁgﬁﬁé
and wherein
the magnetic field is produced within a well defined by inner and outer radii of
10 amagnet structure and wherein

the target is disposed in the well between the inner and outer radii of the well.

44. A method as set forth in claim 43 including the step of
reflecting the electrons to maintain the electrons within the electrical and

magnetic fields.



