| MPROVED SPUTTER TARGET UTI LI ZATI ON BACKGROUND OF THE
I NVENTI ON [ 0001] This application clains the benefit
W@R00o&R13pr ovi si onal patent application seri al POWCH2006/000690
60/ 749,789 fil ed Decenmber 13, 2005, the contents of
whi ch are incorporated herein by reference in their
entirety. Field of the Invention [0002] The invention
relates to inproved target utilization in plasm
sputtering dMRRRYEPSRYTRERGTARGET: VBHIZATION
particularly, it relates to inproved, nore uniform
utilization of the sputtering source material (i.e.
the sputter 't aBAEKGROBND O& TIHEJNYENIHOPNr oporti on of
that source material can be utilized to coat
substrates. Description of Related Art [0003] Sputter

[oo®Qat i ngTHH ra@pﬁéai@naﬂeﬁm%riﬁévaeﬁ@n%m syprok/rsudvha'l Mﬁﬂeﬁﬂhppllca’uon
an ener gy di sch ar&p@l s used to excite th

Ser'aét’\g}r@%?"f%?m filed Degambes 18, 2005 dhe cortentsrofvdich arg lg@grporated
here??‘ fefgr@\ggﬁlthé{p@ntﬁ rgetl c plasma is directed

accel erate toward the surface of a sputter target
by application of a nagnetic field. The sputter target

typically is provided.in,t formof a rectangul ar
siab or sheet or plat E'eldl'ﬂﬂt%ﬁllﬁ F%onbar ds t he

[OOGE]Y f aceTid invbatidraredbs td Mvsroee@ erget l!ithl@htlcﬁwnfpﬂﬁ@néléﬁuttermg or
| i berati ngﬂt arget material. The |iberated target

sputiasEiching oparaonsnMeke Rarisylariyait spleies 40 dnBroved: moreswifprm
UTIIIZ@.ﬁOﬁr%F e %Hut%'nﬁéfsbﬁrc@rm%ﬁéfs tﬁeﬁt@gmbﬁ%@t r é'tsB‘tIf\érthdl"greater

coating o ar get nraterl €
proppriwneefdhaksauren material cam berudifized tedcaad sabstratgsiet r on

sputtering, due to the use of a magnetic field to

support the plasma di scharge. [0004] To generate the

plasma fromthe groDedesptidreofgRslatediat as argon, a
thode | applgbed with a negative voltglgﬁ in a vacuum

[00Q¢HamberS g gPRATBIUS AR &NGIN grnSIAly (Rnadweipglcgpparatus, an
energl %ﬁlchafﬁé’lsﬁ%@d% axcifPd@torhBict anayer® ghs, @Q%@bﬁ CHAGHHR an

I'S mai ntai ned ﬂ% an inert gas such as~ar
ionized,gagrqr RigsMae e@ﬂ@@tlwmasm@eraﬁéecb@gégleratﬁd)dnward the

surf%égkgfgef %&;{e?\?\%rlgghﬂy{ abﬂﬂlc%iﬁ&ﬁ ot S‘i’négﬁét‘fc%elda afl%‘§p T farget typically

s assi gned 't assi ghee
is prpvidsd in thegprm odi rect,anglhier slabtdresheeiamrgdatel el ;ﬁlasma bombards

tne QLT 5, L R 6 g R 5B rteral. The
liberated target material then can be deposited onto a substrate, such as metal or
plastic or glass, to provide a thin-film coating of the target material on the substrate.
This process is also sometimes referred to as magnetron sputtering, due to the use of a
magnetic field to support the plasma discharge.

[0004] To generate the plasma from the ground-state gas, such as argon, a
cathode is applied with a negative voltage in a vacuum chamber; a separate electrode
or the vacuum chamber itself may serve as anode. This way a plasma discharge is
maintained by an inert gas such as argon or a mixture of inert gases with reactive
gases. In one construction, e.g. illustrated in U.S. Patent No. 5,399,253, which is
assigned to the assignee of the present application, the sputter target itself is provided
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sputter target surface. Al so shown in the '253 patent,
the magnetic field used to direct the plasma is or can
wheoogesssat ed by a series of nmagnets | ocated brOi/mH2606800690
sputter target (cathode), facing a rear surface of the
target opposite the surface where the plasma wl|l
bonmbard the target. [0005] To pronote nore uniform
erosion of the target, |ongitudinally-extending
as thegapteade. This ¥susss %neoplg%maus efficiently peneraifsl isunediately albove the
b ra {
sputlef Gty te; SR Hish B FleCasd pRlont fE MHGRELE AR Ed to direct
the plasua s orgpamegngenerafeddhyda sedeeoihagnetsliadatetbehintiitiee sputter

target; {that is, in d|r ion that er iC r
targgt Jefiadoloffng.f tedsiouiage o au@rockapposta PEitzce wheit the
plasiia sl 9smbarithealiyedl ment for doing this. In t hat

patent, a pair or pairs of oppositely- or| ent ed

%&)eferrln to their polar orlentatlgﬁ) )
[000% ngi t k@ Pramaje Blare HAifaEN gEgsieheithe @ﬁgtlgng;w@hnally-extendmg

magﬁé@ﬁﬂﬁ%ﬁ et thiléltd Yn& Fbﬂhag net%% 'ga ng@fj caf ‘B%trﬁgved laterally or

I n an outer per manent
othemdse rotarle@lﬁmmagwm lengitudinal axgs émarden taashiit n’%ﬁtlilmmmagnetlc fields

tr 4 4 D0 B 1 e, B OBl s

of the ltarget €Tl 1288 |patent idiezlosgs Drgad rabbdimichtfor doity ifs. dh that patent,
hese, nagnet s thnth? uter rman net franme

2 pale 97, BBLS PLORROSICNTRTIATYER, (6IeTHIRG [ DEH S PHAION) AbG o

Iongimﬁﬁﬁl'-éktéﬁcﬁﬁ@ Pefmanti fhagriBRI AR diSpdded éiﬁistaﬁ‘ha l)h €oplanar with

opposi'te surface of the sputter target, whi turn
and |geaiedoidthinran euigtimesmanpniasaeneldraae dpe@nOt n@we These

magﬁé’lrs‘c \ﬁ/g\% Se%%r{aﬁ 'aaalfé’c%h ‘Ba?ﬁ%'i ool'Fle I&rgg?%g% o?'tﬂetﬁa? Iiare rotatable

at'er e "nmag ne as Vi
abouitheif fespective Iolhng;tummal iamas oAstdeecmbedsm&noﬂeadetbm rltx;hedzs3 patent,

tne ryin &f e haiens Bitnie PlisrthsrineRg adstaraing chises ateral

sh.ftuaﬁ@meicormypoﬁdhgmnamcf mbagnéEIds ClunhBE Mayna@tt fickl) at the
eir rotation has little effect on the nagnetic

oppasiig syace ot e spitfer iaggetn whidhdp Moarodtuf@@au@@ yniorgplasma
bomBE@AENt bf 2% s ﬁr@é‘c':e iﬂqge % el dFéQ&dFPgnetl c fields

adj acent the [ongitudi nal regions of the target
are relatively stagnant conpared to those |ocated in

[00G6he cerButdhis latgiab sNigina efdhe sragnetic fipidhasswiteally no effect on the
Yy
pors o L Ao R SO o8 STRGRERe B ) g i i
because the lmgngﬁudinaihjl eﬁaddmggmgmtsafnmtienechalgme dcs not extend the full
thrhd Vb, LS s btati i ic fields i
length of arget, so theirrotation has little effect on the magnetic fields in the end
regions. Moreover, because the outer magnet frame does not move, the magnetic
fields adjacent the longitudinal end regions of the target are relatively stagnant
compared to those located in the central region of the target, which shift laterally based
on rotation of the magnets as already explained. The result is that plasma
bombardment in the longitudinal end regions of the target is relatively focused

compared to in the central region, located between the end regions. Consequently,



conpared to in the central region, |ocated between the

end regions. Consequently,there tends to be relatively
wale@p/oefiagused erosion in the end regions, CcoOnMPEr/€H2606/000690

the relatively nore uniformerosion in the central

region of the target. [0007] The sputter target in a

sputterl ng operation is typically repl aced as soon as

fore it is conpletely erodedﬁ% penetrat ed) at
ther%tﬁ;ﬂde@m r@latlvgw@eﬁefope&%d prasion inghe eﬂ@é‘%@@'ﬁﬁ &osyrased to the

relat%g}‘ﬁmﬁré Unﬁcﬂﬁ} ?r%gloh‘?ﬁ'tﬁwéent}’%gé@gﬁ g?tﬁéatg rcfields

consequen ["asnma nment ths are
stagnant, the entire target plate usually is replaced
[0007ng befha spuitey sargat inrpsputiesingeomesationdgitypicallyueplaced as soon as

or R ¥ o FELAATEFRby TR DT 8 o Ratos BebAEd vy
moré focussd eebsu@eomwg irt ihe @ridariegidns, whpteaihednagretiy fieidaigny

SO th t de nin the end regi ons does n
consgaHeniy R R BRIcRe hohaiRs AT OnaN TBEniiTe larget plate

usuéll?rlg eéplaéét ueng fbbw?é @F&.&@ﬁohﬁﬁe c%marw en voemf fakift

are q_aelsreatlve I cker 1n he end regl ons
replaqemﬁntn hrgesdhisitaat a sgosantial amounkof spu’e@r roursefmatgsabin the

ero BRI eGP 0 Rttt coep i

in thpreopaegiona dobs hbepemitatathe Bggetn Aleteativaly, aatepeisestacyet plate

Strugl iR peH PRI VG I FIGSLRBIR mirdetue! Iiran diaend

regidrs thBA &% tHedddritral RRfiorR Mehis M} the fnofd fRus&S Bldsforl i the end
wasted materjial - this tine’in the end regions.

regiosde wémramﬁiatml%g dhipker target imieae segions. #gdaugieater proportion
of th%)%,{:eﬂgrﬁggeﬁl&f)ﬂa te¥iaPBsh b8 %S@Z‘)%c%geo{h télgfet g@ﬁ@@én be employed for

i ncr eased.
a loriger peded obfimer diaveaver.dhis ﬁep-mvﬁdwsirmtﬂre also es undesnrable For one

. CQn i . sputterin tus est
thing; ARST LIPS iy B SaotBEah B i ie™d LRI efgotner
disativarithge i tHah endrefadturiveg gmraﬂargenue testychria thal theesffort for target
tar get, Nevert hel ess, this point often determ nes the

exchanggs iAsreasdt her ef ore the maxi mumtarget utilization
of the entire target. [0009] Consequently, there is a

[OOOB?ed | NAG Wﬂl@éépﬁr@mﬁféh\/b)dmo%@ro?okﬂihér?rémlﬁh% n, Wepé%nventlonal
end regions of a sputter targ not ust

to
Sputﬁﬁ@gcﬁﬂﬂar%ws F%ﬁ&ﬂgeét: epld af Pf@él%\@nﬂé@!t@ﬁ@laﬂvely little
I h
of thBAEHE ridhértal sBLkYe frolHPtalg érteﬂegggﬁgegé R R Bhieh determines
the lifeiiyhe ﬁmdtthemfcure teamiaxintre target ummahom bhthewasiting target.
conventi onal equi pnent.

[0009] Consequently, there is a need in the art to provide more uniform erosion
from the end regions of a sputter target, and not just to the central region located
between the end regions. Preferably, erosion (namely the depth of erosion) will be
achieved both in the end regions and the central region at more nearly the same rate
than using conventional equipment.

SUMMARY OF THE INVENTION



SUMVARY OF THE | NVENTI ONJ 001 O] A sputtering apparatus
i ncl udes a magneti c assenbly over which a sputter

WO 200ge681Bavi ng a central region and two end r ePCDAE2006/000690
| ocated at either end of said central region is to be
di sposed during operation. The magnetic assenbly is
effective to generate a nagnetic field above the

get. The nmagnetic assenbly has an outer nagnet
[OO‘fQ ane g%ﬁp@@wmgq@oearef@ﬁﬂmc‘émd%a@ Aagngtie agsrmelytoverwhich a sputter

targﬁgﬁgfq%%?ﬁﬁelfré@m ar ﬁkvg%?n@ r% foﬁ% k?&ﬁe& Efé’nﬂ‘f’er end of said central
regldmlsato@e dwpcmedrchmnglaperatfont ﬁrmecmagneﬂlc asspnedly effectlve to
msn f r ond ma .et'c d nenber
gendthech BGERYe iR ptkavi the B8eR iR MeGRERS aeardily bASan Gluter
maghbﬁréma@rroThem@Iar @éntfmmhepaﬁawgém@me fTHeSOLﬁélf Rabh&tSrame
enerate a nonstatic nodulation in the nagneticC

mclqdﬁé ?léﬁtaﬁse\ﬁ@canfi ilongitudinally exignHiag reagnetisdateral ghempers located on
elthér%fdeeéf thb %Qﬁtr%ﬂ mégﬁ%ﬂtt ér‘?édacié%ém L hafidst ﬁh(?‘ ggéoricﬁ §¢&R§end
ar ge Su ace

ter t et havi ng
membiess Idmtedaatc@nd deﬁmmgagppnsntadohgliudmal ands sktherfcame. The first

end ed at either end of
magh 8 eifpesiS Coailledp uny St Enrtisialicrmafyblin Bunt fiagnetic
fieldtabbget fEsY IbAGIUdiIAI reﬁdtregﬂn ®f m@@ﬁeﬂ oward the target
surface via the rragnetlc field erein the plasrra

ereb ards a erod he target suyrface,
oofJ50T ah AgukaGragtid ibSkies tecasde OF mesiking & B target
haviﬁ? 8itaryePbufiace it 68s aTehirace tgdn*@*f&ﬁ’ﬁét 4hdl8BEAHY 1Bndiftflittal end

erosi on of the target in first end region

regiangdpedied apritier enboiRheTeaialargPACIeraRlings Magetic fisidabove the
targ%tnéuzfng(e),gélilﬁég:rt{lﬁb%"Y}I%mg tIRahE Ga éar %ésé \g’%gﬁl{ maggeﬁcpfleld

as u tering a
whet&m merpla{sma]tﬁerebygzonﬂ)ards and eumrsstbe target $wrfame, ahd ngpdulating
ne ,2-

t | Ll
the e o Booi s el tebRutifang et SeAtR) ey wigoning 2
focugpparadidisof thattageeineb firdtldnditregiopdhérofi 9. 1 [0014]
Fig. 3is a plan view showing a laterally-slidable

carriage for a magnetic end assenbly as descri bed

herein, coup'@ﬁné@o@s@gmrbr@@wﬁ@@mmﬂ@é hat al so

rotates magnetic bar a centra rmgnetl c
arrangenment. [0015] Fi g? 3a is a perspective view )
[0013]) ust rkigi hge @IP@’HY'GW Reaagnaticrassemblyaceorgiog fo gn embodiment

ofaEP&genrt 5@3{5»3@3 %srm |e;3 plan view, of the

[0013] Fig. 2 is a cross-section taken along line 2-2 in Fig. 1, showing not only
the magnetic assembly but also other components of the sputtering apparatus that are
not illustrated in Fig. 1.

[0014] Fig. 3 is a plan view showing a laterally-slidable carriage for a magnetic
end assembly as described herein, coupled to a common drive mechanism that also
rotates magnetic bars of a central magnetic arrangement.

[0015] Fig. 3a is a perspective view illustrating the drive mechanism of Fig. 3.



above a target 20, in response to a nodul ated magnetic
field according to an enbodi nent of the invention.

WO 0@1/§81B3 g. 5 shows an experinent that denonsPCEHCHE006/000690
the effect on a plasma field in the end region of a
target based on a nodul ated end-regi on nmagnetic field,
conpared to a conventional static end-region magnetic
field where the plasma field in that region remins

[0016hbst arfiig-ot sows atsirulafion in gjarryigw, osiheiigntaiiostafw plasma field

abo BT RAGCRL 1P e o8 E 3 N BAEH el fetadchdfidToalne
embedichent gt e inegntioni c field is substantially static
(Fi g 6b) and the other eroded according to an

ere the end-r nma etlcfle
00 Go! atdg 3 BRGNS ah BrofBehEapfeBsiEies e, St cia plasma field
in thé "eﬁé?e@@ﬁbf Qﬂar?e@' Baséd en a&h@@mat@amﬁ*elgrorpmabnétw fleld compared
ulation in a ma%netlc field accord

produci n
toa ﬁ@“@ml@n%@mtfﬁeend -ERgien magnetieliddd whergthg plapma field i int %at region
rem%ﬁé&%ﬁgﬂ, E}{ygfatﬁ:REFERRED EVBODI I\/ENTS [ 0020] As used

erern, the

magnet' and 'nmagnetic nenber’
i ncl ude both conventional permanent magnets as known
[0018) t he Figs. 6aaandvehb shaw aagomiparisen of iswarasiorcpiofitestaf dwatargets,

ono R EB o RS bR B AT 8 FRIRGD Fpfonstc f
is substantialy stafic ¢rid. 6lv)i Bno theaothenemdbd @cabrdineett daroempodiment where

0021] Erosiaon the |lo end regions of the
the %ﬁﬁe@L}“ mﬁgﬁ%tfcg'é]d dH%?eé}@?ﬂ%@'sm and overal |

target utilization inproved, through nodul ation of the

[0oo1R@gnet ikigf7 sheles é@chéﬁﬁn@@fds}s%cﬁ@%i@@fdf a!ncma@t%inaghenc coil for
t he end regions of the tar Thi s nodul ati on can

prodyeing & maduiition e 6?%9@1989 Jf'ﬁ cordiRg tohan pg@ogﬁgergqusp,@bed
herefrif 9et either a series of permanent nagnets having a
t1 me-dependent notion, or an el ectromagnet whose power
can be varied with tine to generate a field of
vari abl e strength. In a further al ternative,

combi n Elf:@é

used. [%gg—gﬂiﬁ%q msnt es'gqu!qg?dégﬁ NTS
[0020ds ofAg ueedlerein, mlaae tmmnmagaqhamd fmagmat@rmembpr’ am’émble both

wi t.h manent net (ar se es.of nmagnets hat, .
com¥aliond oRIDRRET Dl 7 KBl I 8 VBR A Ry el known or
conveertiondl dtraiude of devibe thaligeffedtive @ gbherataagtignetic pole and
corresponding magnetic field; for example a field coil or a conventional electromagnet.

[0021] Erosion in the longitudinal end regions of the sputter target is made more
uniform, and overall target utilization improved, through modulation of the magnetic
fields (or the portion thereof) located in the end regions of the target. This modulation
can be achieved by providing adjacent the end regions of the target either a series of
permanent magnets having a time-dependent motion, or an electromagnet whose
power can be varied with time to generate a field of variable strength. In a further
alternative, a combination of these two methodologies could be used.



These novabl e magnets in the end regions of the target
are effective to nodul ate the magnetic field in the

wo evgiotsids nal end regi ons of the target, and tPEr/eHow#06/000690
the plasma paths in the end regions, where the
novenent or rotation of the |ongitudinally-extending
magnetic bars in the conventional apparatus have
little effect. Following is a descriptjion of

[0022Lenp! 4R jNeAEbAIMAN dSECited ey eiie ddsahinRAuer aemqment
magﬁéﬂran]le %Pé’)r’%ﬂébeﬁl vitth ¥ g%WEQif\gﬁ’l wv\gblcséi‘ﬁ%dg ftﬂ%\t can be

a spu teri apparatu a Cross SeCtI
moved ierafly telatuet todhe taygep par perpsndinular tolhatlomg axisef the target.

The{ERBFANS cAFRRE g Ry8'ebible s Br P B Gt e
maghbatetisla at thetlbrgitlifial end treg:@ﬁé oﬂﬂlertafg@t Iar@ theréfb@ the plasma
surface 22 that will be bonbarde pl.asma du

pathg yrihgrendregigpsi wgpq%,thetm%vegﬁgnttq; rrotla\ép@ g? thfdop@tudmally egxtendmg
magﬁ%t%’b?f@qn e éd?ﬁ/eﬁﬁorpa?%ﬁgﬁfa)tué ﬁé‘vecﬁﬁlﬁ affect! ol C]Bﬁ/ﬁg i&td dcription
the pla

sma di scharge that excites the groun
of arj epeﬂmplgafsembo@mﬂwethplmsmt iSeetiosonf i guration is
assuned in the present enbodi nent, though that is not

0054 Y ABRALEI B DB ARG EAPITI LA

apparaiwisi rrig.[2 shievs32 crasstsectiohal ivipve bba spltterByy appdiratus incorporating

the oo SaambioI 0 Bl iahot o ARy Rt Eio- B mAduRis Ssssibly 101s

to bd 1B64RY dgbhe@@%dé&eaTmmeS@lItﬁe@ kdrgét 2@flistiveds thé surface 22 that
presse gal nst the cooling plate 32 by means

will hedpeimbgrded yha al aﬁﬁ%dlgmwra@o'hnﬁymcaib!nﬂmpm@r tar get 10 is
provf&@@ et‘éZ(BPg@p \A/E‘Eﬁ)t’tﬁé ca{ d%q‘QP é atn‘@tH‘e' ) a‘ﬁﬁéc'ﬁa?qe that excites

In t at’ the sane
the g‘roumd,-smlr@ﬁcgﬁ@ tamodtmqmlama §¢uch leanfiguratien isphssuaiddyin the

s AR STAAE OIS B33 PRy ARBEeA b GARGESh b poove

mentionet figrrestoé eathbde astémblydndaties hdousingrgo, a,cootingplate 32 with
i nd the c ol |a%naate

. [ | ' fo1 0
ool ehaRes GBcarihnd {Right 20 c TR seli geeembivs Vacuum
chanhbérus, 'f@\*é?@nﬁp]‘e Bil %aﬁs%ﬂtlbﬂte'ﬁ'aﬁie idolali®PAtnd 2@, The sputiering

ma netlc assenb ¥ i ncl udes an outer magnet frame

targes 28 is Pressgdagaing mjrmhng péate SRtvaneargpica h@ldrrtmfg@ﬁ@ﬂﬁ with
screwéd 4%%'%1 3 korfﬁﬁclf el hﬁe’f dnt? %ﬂamP% g&?‘ﬂgn 4s fnZted with a shield
tunnel - é

e magnetic
50, which ingthist ¢mbodmie|nhgt i}hbaw\aﬂmaridrnnm’metmogetams pldoes so that it

form ring-1li ectr r S bov e-exposed
perigh B gy Shufhebl e Atifiode AESdrtit b fosd pildinfach  THE BRERE
configaeeaion| for lstarscep saordardctadias @ rgutartyl® Wabfe B1@ tafget, for example,
is of a typical size of 145 x 450 mm. Behind the cooling plate 32 is placed the magnetic

assembly 10, which is illustrated in plan view in Fig. 1.

[0024] The magnetic assembly 10 includes an outer magnet frame 12 encircling
or surrounding a central magnet arrangement 14 as will be further described, to produce
a tunnel-like magnetic field or fields 15 that go(es) through the cooling plate 32 and the
target 20, thus forming a ring-like electron trap(s) above the exposed target surface 22.



ferromagnetic material in order to close the backside

magnetic field flow To produce a plasnma discharge, a
Woe@ainssis3 vol tage is applied to the cat hode borRgT/8E2@6/000690

the target 20, respectively, in relation to the anode

50. (Alternatively, the cathode can be operated with

an AC power supply within the range of several 100 Hz

to kHz of mddle or high frequency. Conbinations or
On the, backesigde s eagnelicassemblysHuisquevided wilhsbpelepiats 68)of

ferroﬁ%@ﬁé’]uc H?a‘?er’ﬁﬁl']ﬁ Blglfer '?@EIB@% ig';lf tfzgr]réghcaﬁeeié ﬂé\?].b % produce a

udes a pa ["ongl I'ng an
plasrop giischaegey apegative vokagesid apphedr&gmeteatmdmtd badye30 or the target 20,

respbihELE R B Gnbad BAF DilaniGned e §5inaas o3 B3 ongpated

with a@mp@wbvsmmmmnl tR8Y&the ofl devefal TBBMz 03z 6ﬂﬂ|ddlé it high
magnet in a pair, ? magnet 14a, is oriented so that

frequqngy I\G‘th"}?&P@S PROvRS W@f AGaad BG peurcas gea algo possible).
when the second magnet in the pair, e.g. magnet 14b,

002‘5? Sr | efHeSsbn®@l ri2Rhet éﬁaﬂ‘ﬁlén‘iéhtﬂql &eﬁééﬁggrgégwgalr of

fromthe tardget 20 and
Ionglltu:tmalw extending and oppesiishcpplaneriented biao magnets thehaierrotatable

about ﬂfezrel%%k%& \)ﬁqgr% E}bﬁhzﬂ %L(g? glﬁagyégifaéeghhvg %@%@?g to Figs. 2 and
3a. ly ramfosmeiy pomrmreatddfei is negdrit gl;qatrtbé af]stmagnet &n@paerélg magnet
net.j c..arrangenent can have one
142, i GTe0 5a dhaiils NG BORIRGRR-LmHerE) owend Tag targBicath whepdhe
secofil |nﬁég{ﬂe@ u’PfHer |§au0% Wé?gﬁ'lét gLy, i8rdriRcRCsd Al RS NorthhRle faces
magne cen nmag netic arrangenent 14 are

dOWfMﬁ"Qt awaréfr@m theatﬁrqqh 80t Jﬁﬁbls hegnegnetsridelansl 14b inanpajeare
arrarﬁj@s’d&éﬁf&é@rﬁé@%ﬁﬂhéﬂ@ tdpb aﬁ%%ﬁgﬁ]errﬁ%] %f(al ﬁﬂatég%l? éﬁﬁ_mon poles

ned a fur
(North, @EBnu2bEarevaiways facmgmnpqsrbe direchidmes; acnmsbyheleémrre motational
in4ts ent ttlee ect

range pIhisflte] oepaic A GEmen: dikeR hineal SuppangSdua and

14b adrehévar §eFig. 2soiEit 6an ﬁa\veen@mpwﬁéms ofe@bpthélyQﬂi%hwd lgnets.
rotatiaon) of the magnets in the central netic

The G1aBRAIS AN Caniraln gL AyraREeEIonb &4 &7 relaRlh 5q fhat fhe tunnel
magn@r-Xidldd $5can MShitdd Iafé%lh}éﬁlgi Ss‘p%gf to4Re ‘?ét‘g@FQJ%eeas explained

In addition to rotatab ternative

abovar pad jeiveihes detail in PabNg. @M 298, twmcrusnm@rpora&@dmenem by

referﬁa%éﬁgﬁfﬁ@ﬂﬁgﬁg l-tirémfi%g §§$ h%@% é tl@ fe@ exriEHpelf @agﬂet c!lr‘ieeld in the

longihainal @ndtragioas é theaiaeyst, amgsela&eadyl ekelainedn Sihet apdratiora
(rotahcp@)eqﬁhe dis echsgﬂn[pﬁ ggﬁﬁ@lj{u‘g%{eg&{angg“&h}%ﬁ :1 g] rllsl, géeady described in
detaip rrﬁﬁ'n@f‘zwpatent and will not be further described here. In addition to rotatable
magnets 14a,14b, alternative arrangements can be employed in the central magnetic
arrangement 14 to achieve the lateral shift in the magnetic field mentioned above. For
example, non-rotatable permanent magnets can be translated in a lateral direction, back
and forth, with similar effect, although the rotatable configuration is preferred.

[0026] Referring again to Fig. 1, the outer magnetic frame 12 includes first and
second longitudinally extending magnetic lateral members 16 and 17, located on either



[0026] Referring again to Fig. 1, the outer nmagnetic

frame 12 includes first and second |ongitudinally
w@zi0ee8183) magnetic |ateral nenbers 16 and 17, PCDCHR@E/000690

on eitherside of the central magnetic arrangenent 14.

The outer magnetic frame 12 also includes first and

second magnetic end nenbers 18 and 19 |ocated at the

opposite Iongl tudi nal ends of the frame 12. Toget her,
side(of éherytieal Maangtie AERNGeBh tH-nER® BHiST THAGNBTIC fregexhdl also

mclt?r%g 1R a{n %‘ecé@l&‘ ﬁq]-%trg \ré[ﬁg E@eerﬁg%?t@ﬁﬁcﬁ]é Yorg:%g%deétcthg%ﬁ)gos:te

Iongrmdrbelrends&fdimtra@ma‘rze 'E@ge:tladaﬂ teb hagaeticelatdralyarat end members 16,

17, %ﬂ@qﬁ ? g glﬁﬁ t e gﬁghrgﬁ gs%o%téqﬁlg{te%%ﬁcltgfss tl%ehe Egntral magnetic
arrar‘v?gér(!;ér’ﬂI 14”Hg’i€h1a@néf ¢ and piEberd 48l 19 hid $-84lldibecause they

ct on gnetic field. The nmagnetic end nmenbers
are lpgated tad@mﬂ@vameetamﬁt&oeuawytsl rﬁsmctweé@mglwdm endregions
whefH 5G& tr&H“o ﬂtr%r gthYc éujr’ 4I ﬁhsﬁ &ﬁ’e oﬂTBo DHELSh the
op era 1 on, era novene

magmetraﬁelds Thﬁfmagnem arul memﬂberse1&19rrammmvabre prefetataly in at least a

h i nal .end ' f
aterB ARt 6 1546 B R ne iroa pig . 1o PudsgHod e e
movbht%np@tthe@ndtrhémbbﬁéswwrs éﬁ@tﬁ@ﬁ@ptocﬁ!éefaamﬁdaﬁtrohihthe
this_manner, the Iasrra bonbardnment is no

magngtic, iield akrye gtealongstwn@leﬁnd regiong of mﬁjt%@t.?&q %ove surface 22), o
theré$8aHEH th}é dr;a% BF’tHe"bIQ 'éttb?l tﬁ% eﬂﬁét éd}{écté I?]ﬁ?istqﬂénner, the

I'S nNore uni srea ISt
plasmat koralpardment tSrﬂC( @egeht)ocuaed aleng radmedg)aﬂmm ihe erwlregibns.

Conb8958535b nd P G585 st B JERGIAF st o, e

resulflis that thearateibié@slonadepithy a’nmamd r’egmsﬁg catisgRietoragpsoach that in
nor. e corr?pl ete er [

the GRRAY 0T ierT G Isardsl CR 8 ulligse [cd o IaPogReriogof g, This s

a subStahfifl RNENTGE! BEGaUsBSt FerfrfiBthére ONTYIER! é’rB&rbﬁ'(hye) of the target in
greater total proportion of the target material can be

the gantiab oion, akesatsuriege @rgais fapareatar tiaain thg end regions. As a
resuﬁ“%%hﬁ%%ﬁhal&%ggﬂe E}@ ﬂr@&@r’tr@t\ 0 \éetggétt n‘?éterrgleca'ﬁ%'ﬁérjvgsted

be a
andubhﬁeelrfbrspmterfmabmgaalubstrateans t he exact structure of
which is not critical. For exanple, they nmay be

(00 B TSRl AGLRefP e YREleEH0 nidnbRR.A Gl 19 Ban be
achibead by dny eamvemtionalgaratithbleChearss) the exduob dtroetate bbwhichua not
crtiigh o FEiaampiSaned a e aedped e AR AN TR drve (rotate) the
rotasyl &gty 18a=hdedb)Bucigs trodgts 8 tdtA bRl and gear arrangement. One
such embodiment is shown in Figs. 3 and 3a. In that embodiment, the magnetic end
member 18 is provided on a carriage 45 that is slidably carried on one or a series of
laterally-extending tracks 46. In this embodiment, the movement of the carriage is
linked to the drive mechanism 100 for the rotating magnets 14a and 14b. As seen in
the figures, each rotary magnet 14a,14b is linked to a respective magnet drive gear
102a,102b. The magnet drive gears 102a,102b are operatively engaged with a transfer
gear 103, which in turn is operatively engaged with a drive gear 104. The drive gear



| ateral | y-extending tracks 46. In this enbodi nent, the
nmovenent of the carriage is linked to the drive
wore@haes1sin 100 for the rotati ng magnets 14a aneC/EHE2006900690

seen in the figures, each rotary magnet 14a, 14b is
linked to a respective magnet drive gear 102a, 102b.
The magnet drive gears 102a, 102b are operatively
engaged with a transfer gear 103, which in turn is

104 isfiaked tove dyive npabadismi, sbick ad @ d/re/eg'eator 00gervoHd (shawre

i,s l.Ioked to r.ive :
scheffiaiaiio P EbpyR e tal B ARG a5 155 uPia fhgepprism
rotat@@tr%o&i\%ﬁgeﬁrqu trgéangﬁm i tafdrobates dwe trivesfdr goar 103, which in

mechani smrotates the drive gea

04, tha ear 104 in
turn rofates the Aagset grarg A Qggﬂ@pbg@&;hellﬂgstrqmﬁ &qoﬁlmg?tn both magnet
gearée ﬁgggﬁ%h?\ﬁll E%?E‘?ﬁ 1§ &8dme %@tl%%lcﬂ Wnllttféeth'd ddlp%%ftébﬁgctnon as

magnet gears 102b w |
the tramstdregena®3.di recti on, which will be the opposite

direction as the transfer gear 103. [0028] The

00 ey B ARG s ARG ol B0 ot

The tootih bam w&hamiatsbnw ef tegtt witbfwHidrethertestbfaf they Uansfleoeear 103 are

re conpl enent n SQ as .t hat
complgmeniay phea iR ook doaolaifs thaghrpRiag s faused o
shdeqatetrélﬁj &l welracts 46R€Fiéféfrin@§brfé'ﬂy% Fig. Roit i @esirablé that the rotating
desirable that the rotating direction of the magnets

direction of e magnels 14iaranchidlebe altemrigdogkyyise and counterclockwise, so
that ﬁﬁ@&%ih%ﬁ%@e&&? *Efﬁoénnﬂﬁ)bfe}r ROLESH R)etY\%rcoﬁﬁrESn f)%Fe'% of the

he "‘comon poles o
frambrraa@ema(megmt(cﬁa’@rmtmembatse‘r&andréﬁbfacmglbe dargetl20. (E.g. in Fig.

facing the t n_FEi
2, thisiprats meane B e sheui ot ed'alipne & thel R Phaqes face
eacH\6thbhtdwdr@shd esrerine hof edgppdraisy.dOtHewisen trey {unnel-ike fields 15

he appar at us O herwi se, the tunnel-like fields 15
mayr%/'ni%rqﬂtﬁ%%aﬁ%f@de@r destroyed. [0029] In other

words, the drive nechanismis operated so that the

[oomg net sinlfRerhidrda! BeldPivatrRsciriniseh lsaéﬁérdtedrs&ﬁaﬂﬂietrﬁagnets
di'rections, to avoi d the case where they are orient

142 dbipbIEaRAEH B I ABDARIS SIFRCHARS, JoRUPIchias SEFBNRRTG ey are
oner‘ﬁ“ﬁ& Iétni p& &Qﬁrﬁ cﬁ{: Corﬁkghétr lﬁ%tlpﬁﬁP #ditidnsRipARSh e p5I§§ bfthe frame

Ing t I's manner of operation,
mambts (dsranda*gye fading\ihd tabget @ saatording ka thés manseaef qparatlon the

cars ALTSH b1 B ANE T 9Bl ERRRA St s o

magfefs 144 e4bvatd rokfed &ua diesttdirestiordeThert meajairuagmwtllrtm caused to
slidg El Oaﬂ)té@aﬁ!g B%ggél’?endlﬁgctx%pl%s g ?ﬁe{gshe%sd'? 4a, Jf 4b a‘r?leIr Fotét%qrt\ adsecond
direction, opposite the first direction. [t will therefore be appreciated that the lateral
displacement of the carriage 45 (and therefore of magnetic end member 18) will have
the same frequency as the lateral shifting (or scanning movement) of the magnetic field
in the central region of the target 20, which oscillates in opposite lateral directions
governed by the rotation of the magnets 14a,14b in alternating directions. It should be
noted, however, that in certain circumstances it may be desirable to completely rotate

the magnets 14a,14b so they are oriented as described above in order to temporarily



direction, opposite the first direction. It wll

therefore be appreciated that the |ateral displacenent
wo@tooriesisar ri age 45 (and therefore of nmagneti cPE€NAGH2006/000690

menber 18) will have the sane frequency as the | ateral

shifting (or scanning novenent) of the magnetic field

in the central region of the target 20, which

oscillates in opposite |ateral directions qoverned
disruph the sinael vagestia fipddshietintenragt ordisruphthgl Alasmat iStgh complete

rotatmnrrfi%/ ‘08% oééub@'&ﬂnﬁe@?a@é‘nﬁg’thg?(Wtﬁ%% 1 wgber‘a‘?ively engaged

currBt ances desira
with dtmwamifet gearolt(l@t bed:etuserm@héd)\ae rirbtatiohomay tartublp farce the carriage

beyaP RSP SF 088 iRl ok ine ke i Apgordingly, means
may ialEhé iHluded t6 'téth@n‘arﬂMs&ﬁg”aﬂéﬁhe TR &P 1ok Bofn thﬁ transfer gear

rotati on nay be inpossible or undesirable with
103; feexarprie; ’[11@5336@)@%45 nayybespryke@ in a4QWered PositigRsieihat the

tranﬁglaéeé'rol%S iDOILT %e %@égge&’\f\ﬁtb thé Mth b8P1§%y¥\ial‘%&gt fgfcheswed to

he carrra perm ssi b
resueet reoradal opgationt the m:atmet 4 chkrs bd Gals@«t indo dih rogkeyatiomabpasition with

the 155 D ok kElen %t EPRPRgaded 103 *Tor examp e,

the carriage 45 may be parked in a | owered position,

[0030) t hatOhd wdcraﬂitwgetm(yleas aidhicf 200 rhendea mem@ebbmbodnment
w th the toé\h bar 105. Wien it is desire

the Ghsias 45 (RILIBSRAGnAlE dnst Peaber 18 hds s IpoiPL18P it §xtending in
a latéfal QH@&QHH@B%n RO&IVEIt8 "Bhé“tatrgettil? ahaqs Ba@s%’d té%cﬁiﬁﬁa Afd%nd a

transfer gear 103 re-engage One typi cal
middig, pgsition witha ampitude, ob® nFp0 r¢scllt§1tw@rrmlntws eg.6,7,8,

10 ﬁmﬁdﬁgeg %Qt bg rnrnlna ?a??%g%ﬁgé é&mﬁgglment the

" ménbé as a ent nglna
oscnllai@wrarhpl(tudeitsfﬁele{bte@ ba$e1110m al mcemage)ot 1Ihle taigeyeidiBOe.g., 4, 5, 6,

7, 8,33? qﬁ gﬂ c%#g?e % Bl§e %?h%hlﬁ.%fat%riou o&@gg}\ a ig%. go&ii)t .hoenlatera|
shdu@ﬁidvé#@ﬂﬁof lﬁe%amé@ie 45 (dhd eHB mérbet 48) ib&ynédfrondls irtfequency

are possible. I n one enbodi ment

and diactimeni hedeipralshit @edanng) eidhe sraaneds dlisalp af the surface of
the tgﬁg’e? 2Bt g-gﬁNé(fer % prefedRld éilﬂp]g&ﬂmeﬁ IQihe dflve ﬁrgcﬁﬁ%@g‘l ‘]300 is

ercent etc. ustrat
Conf(glureﬁso thatﬁaﬁ caninge HEt(endmembeti 18y mmvesiatatallyfin smchronous

courﬁ%é@g@%@ ﬁgﬁ%ﬁgédflr&ﬂfengﬁ 'Btﬂ? MHH gﬂgﬁn {o the lateral

shiftingqacanirhay nmg/etrifgt)rmg'feamagnéilceﬁdgs 15 ogrtar tHee:desﬁmf mm)rﬁbf the
t tar.get . ver, | preferread empodl nent, the .
taragilt, THiE Gha PSP eo Y esrplhy By Bl apdd Hera apienugear i
betwen(tRE trafEiEPgearl f03 amy i todiretha 106 illistFaad [ Fig8US and 3a, as will
count er - movenent (sanme frequency but opposite

be agpresiated Ry these ef ardinaprskilbingthe aﬂatTéV%SynChVOHOUS counter-
movement mode of operation for the carriage 45 is shown in Figs. 4 and 5. Fig. 4

shows a simulation, in plan view, of the orientation of plasma above the target 20 in
response to a modulated magnetic field based on the synchronous counter-movement
operation of the carriage 45 (magnetic end member 18) and the magnets 14a,14b of the
central magnet arrangement 14 underneath the target 20. As can be seen in Fig. 44, in
this simulation the end portion of the plasma loop (located in the longitudinal end region

10



shifting (scanning novenent) of the magnetic fields 15

over the central region of the target 20. This can be
wa@long/ 068163 exanpl e, by interposing an additi oneCT/CHREEH00690

gear in between the transfer gear 103 and the tooth

bar 105 illustrated in Figs. 3 and 3a, as will be

appreci ated by those of ordinary skill in the art.

Thi s synchronous count ermovenent node of operation for
of theriargeBris phiffed downwasd bwineifigure yhenihe parregeFisyshawn in phantom)

isin vihrg' Iti%'rgﬁagv% ?abr 8 gﬁ@gé,%‘f”thé’ga%gggr% gﬁg%@ﬁt’re‘ﬂ'bomon of

asim ove In respo
the pmma meisrshgtwt upwdrdén thebfipee, inmesgunseytothe eotaticnal position of

e N o
modbl&@e@ﬁrﬂzdgﬁsn@@i}@@ﬁor%rét@ﬁéi §§rﬂ@tfrehﬂ1el=l8)¢ Qa[cﬁ@ﬂin'ib {d®e synchronous

t ar get can pe seen 1 n

courﬁempaement mnede g @ppwrpn&eswbadgébw%dﬁg %tﬂpsi(rat@a dhegystem at
a mésrﬁlelfg Rl dérP 'éa?ﬁ%d@% ﬁﬂcét%g'cgﬂﬂm %ﬁq %EBQ% }nd@e ts,14a,14b have

ownwar € carri
beer{ eliated haifwalydowvard thes appoatejmvenm@ ol thaaoin Figyl 4. i big. 4¢c

.. to the figure; atte ama i e ecentra or
ilustigtet fie opSRSIE a5 ffans Fithar vibrbnthiife BiMage 48 i b8 nagnets
142186 rawéﬁem@dwﬂwémwdsné @ktr@m&s talcmg tﬁéntpléﬁom ﬁﬁiv%ment

14a, 14b. Thus, the end and central portions of

resufingdipa INGpURWarchauil Phtheend Pasfigrb st th@ nja$reeﬂqqn1@bcaae the target
20, 4itfa BBWRWAFE SR the Eeiezl gbﬁféntd? tﬁ (nchr onous

counter-novenent node o peration cri bed above.
Fig. 4b illustrates the systemat a m)rrent when t he

[003Hr r i addg45 shews pbatogiaphsriaken pithermlasma distiikutiong Werisg a
coméél%’hv%{égpglﬂﬁgnfat el &%rﬁ&‘?ﬁgzﬁ&% {h‘@aé(f@c‘%@ﬁ\%dh%‘?hb ti)le magnetic field

orien rom

accdrblingso aatessbddimenppiahetieventior. The rexﬁegmeat charredhhe plasma
tri.age 45 a nets 14a,14b are ori e

. h ] h
field} o iaidn B Seonsd 18,407 SHERTaTR SR Mg gd Bpde of operation

disclFBEE ABRdin, WilPtHat bagemgavelyrbrﬁﬂoammm abthel denftal Fe’g%rﬁa%e target
portion of the pl asma | 00p above the target 20,

20 bBged Bl erLleTaoEen B e raragp@t.sﬂ Agell 4% $mﬁhrq>w counter-

%m&ﬁ‘f’ fe ot

mov%ﬁ%fiﬂ) utalﬂg?]gs uring (R:%E‘%ﬁ at ve e é;rSang%vl‘@rgﬁ F]cnlatory

rotatimoiitbe meagnets hea d#b @dnnedwmrrmmavemgnt dfeendamaatbies 18) is shown

. .field.ac [ | B of The

in thi S AERRS it g TBREL AT jonfi imfiet, PfRSs RBrel

synmcsmummtertrhevanemgmma mmrﬁoernplmwammplamﬂ@ scénmng over
rein, V\/Ithth%t based s

the GO BB SRca L2, RaTiculary 3t HedghGhiel end Tegiogarnose conventionally
(as GRAFIaRG Youlét |ﬁiatgeémbqauas?ﬁﬂérﬁangfgeh%uv%&rgﬁaﬁt 14a,

Synchr onous “count er novenen

[0032] It is to be appreciated that the embodiment of the drive mechanism 100
described above and illustrated in Figs. 3 and 3a is not limiting; the particular structure
of the drive mechanism is not critical to the invention, and numerous alternative gearing
configurations or alternative drive mechanism structures could be employed to achieve
the desired oscillation of the magnetic end member 18 and rotation of the magnets
14a,14b. It is well within the purview of a person of ordinary skill in the art to implement
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operation is shown in the upper inmages of Figs. 5a-c,
whereas oscillatory rotation of the magnets 14a, 14b
wa@b@imeg1s t h no novenent of end nmenber 18) i s BODEH2006/000690

the | ower imges. Conparing the upper and | ower images

in these figures, synchronous counter-novenent results

in nore conplete |ateral plasma scanning over the

target 20 surface 22, particularly in the |ongitudina
sucheottier diiyeomeahanisms chaseﬂpndh@blemaodg ok a partiquiartapplicaliosy (desired

osc B3 BT o U518 R0 o 878

shoLﬂld a@aMaan@m 49abo\esbs ubedl aﬁb@‘sen aﬁdrdnma\ryskman ¢tk an will be
3.and 3a is not limtin rtlcu

able o Agiaraie GpPToRESIaMArAT RIS iﬂ'f(%%mdé‘” | GeATS Peairlex tg achieve the
desuFégzﬁ(?éd?é@ Bf b&MatBRIrRAHBH SIS & d 'é(l%hgl%@ibblég as gear

|gurat|ons or a ternatlve |ve nmechani sm
diansten taaii size@nd taothepitaiptanairaadily opiinaizeditye person&d ordinary

st B el ol BBRERBNfiofic e i n T he purvi ow

of a person of ordinary skill in the art to
[0033tp! enETtiesiocdgaind drscdssnmwﬁbcrbwa& trslabarabolsaillatiohef the magnets

. .. demands, of r cat (desir . .

in thg et ) Tid Bt Rl B Pl AMrERPE R todpe first magnetio

end h’ferﬁbértfaerHé\nem wmh%ébppréctdu@d trzh thel shrae @pplies equally to the
chani sm as above be used, a persqn of ordi nar

Iater.ahowléatlamof i mageetsyn dhe epmt@rlmgﬁwdm EBg reGpR, 1 namely to the
secé?ﬁ{]rﬂﬁgﬁ&féeﬁooﬁemr 4 gd'li"é gHﬁifar ARG mécﬂaﬁléﬁﬁ 0d & provided at both

e the desired degree of oscillation, rotation
endeotthe rotary magnpisel4a 14ih then thevirebandssepond rdagmeiiceend members

1o 0 58S Gl R RS B h B
coupimg&b ithee adjatentrdrivieGidd)anidm. Memveig, ifl asirive shechanisnh is

proviRs RRINEANG E1S RENETAguRetSd 4oidDy e asHBHTeL Bt O gears may
be urséa @@ﬁﬁk fh% 6|di>%sfté hﬁgrféﬁg %ﬁ&'n@erﬁﬁ& T®0E dive df@dl@ﬁﬁs”m 100.

preci ated that the sane ag plies equally
Altetrtatlvalu, o@a ef I@@th@&éhe megnetic end m@@bﬁi@ﬂ tand 19 mgy be

mde#gﬂaec‘ﬁt!ygaétl?d&% t érj;gdrpﬁ!iré\em? fd?ﬁg Hi%ﬂ1E hit gﬁvé%eﬁﬁ&?y thagnets

net ar driv
14a,]1@b fosaghievel abeillation lobtte mmdqn‘enod andaraplitudmgtiddspendent
4a, 14b, then t nd sec

actubfif Breding s Habd gt st ale dndi S 35 e RE A Znti B Gontratsr or
micRBordller) cteraled oeaisetino ensiiveqropat frotichoy @hd rmnase of tree

adj acent drive nechani sn& Al ternativel %r ? )
osciigistiel e end maBbeEAE 810 5415 SHHB Y Fe HRERrARGHEgo- or
courtgRmidtemdnBemtR bt HsclibiReRaticH o staiPhagnets 14a,14b if

desired.

[0034] The magnetic end members 18 and 19 can be provided as permanent
magnets disposed in a carriage 45, as shown schematically in Fig. 3. The magnetic
induction of these magnets desirably is in the range of those magnets used in the
magnetic lateral members 16 and 17 disposed adjacent the long edges of the target 20.
Also the polarity of the magnets in the lateral members 16 and 17 and the end members
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be used to |ink the opposite magnetic end nenber 19 to
the drive nmechani sm 100. Alternatively, one or both of
wo b@7meggaet i ¢ end nmenbers 18 and 19 may be PCT/CH2006/000690
i ndependent|y actuated, apart fromthe drive mechani sm
that drives the rotary magnets 14a, 14b, to achi eve
oscillation of the desired period and anplitude. If
i ndependent actuati on neans are used, then suitable
18 anddQxare dhe hame. #n achpser seitivg: thig nnegneifon configuration generates a

magffpfic i BYeEis Talost BF afoedSa: P ol Ba g HoBaRE BRfon in temms o

magnetibsirengt and tuidber )of m@@ﬁet% ihhiey carrrage ylﬁolelnn trosiBtdrabmembers
ount e[ - noverrent) Wi th r to_ 0s a

16 2P 118, 5UBIEC, KeENADIES P REUMEELOA hased 9k 11 PRYGHIAE gpplication or

targétQﬂ§l‘é}lal BReBigRRsidhseoe., n}é%lé&@dlﬁ tR@Pelfn skilled in the

provi ded as per manent nagnets sposed in a carriage
art. 45, as shown schematically in Fig. 3. The magnetic
i nduction of these magnets desirably is in the range

th
1008F) | N9 APRIRAERUARS ot e BIS| 16 BIG BhadFRElfhe
longitedigaitergiregitins of thectepgdt20 ¢an lodé maved rmgacj’d@ed rin adirection
perelfisBifie T G1ihg s aFeiBa7 ol A S ERTR e eyl Ssdiation
discesyeli gpovet ||K§UCQW iRideRl astRgtivel dfahé calidgeiis tbBe achleved in
of about 0 G O course, the specific desig

phasewila eTaUALORRLARRI A0S P& Hig TaGHRIS GRED (InGHaGRETEBOR Hrive
mech&§isfP{d0, %S?e?n difte@nt g&&hﬁaﬁé}ﬁfééﬁh SHRERE %o%gj (ﬁlﬁl’ed to

are su JeCt t o changes or Optl m zati on ase
trangfasna irgiation otiigldeass albout@ longituginalraxise(el galtrangfaregear 103) into

t
oo RSB e PO s B 8 S o 6 B Wty
geaxmy nniealga’((lsm ﬁiﬁlcthcn@ m?dg gntﬂmrarea’tdn shown). omgmhul;h\:ermdagestdmture of
e targe ved, or osci ed in
the Rpigh R sTeuto S it b oy Crby TR Ae U ERG andiger
lmplémhf%ﬂl@n@é well withinafldigunaswidd atﬁé@sérﬁbﬁérﬂlnaﬁf 8kill ||rﬁfHe0éH without
di scussed above. If such l|ongitudinal oscillation of

undyehexReiMeTIgoNs is to be achieved in phase with the
rotational oscillations of the magnets 14a, 14b using

[00%5] C O MDA EHRAKRIYRBGIRE |5tBTal Qﬁd/o‘i' ‘@@ITGHI"IE%&“&UBH ovements of

transm ssion structure woul ere urred to transform
the magngticoencdhmentergyéd psd deoany athes ng)ver,rtﬁnh ésucaﬁssalpeg @.circular or

curvﬁnh@grs&ecﬁlag(ﬁﬂl 8&&%& l:gﬁ'nBH f Hfg 2Ln(§érgﬂé Lo%{cdgﬁgmal end regions

€ axis
of thpltarget 20ys also contemplated to produce an improvement over the conventional,

stationary magnets in these regions. This is because conventionally the magnets in
these regions are stationary. Therefore, the magnetic field (and consequently the
plasma field) above the longitudinal end regions of the target is stagnant, meaning that
the path of erosion of the target surface is stagnant. This produces highly-focused
erosion of the target, forcing replacement of the target 20 earlier than would be
warranted based on erosion of the vast majority of its surface area (central region).
Therefore, any movement in the longitudinal end regions that will produce a modulation
in the magnetic and plasma fields above the target will have the effect of widening the
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geari ng nechanism which is known in the art (not
shown). Again, the exact structure of the power
WO e@n®6Es3 dri ve mechanismis not critical to tP€r/CH2006/000690
invention, and its inplementation is well within the
purview of a person of ordinary skill in the art
W t hout undue experinentation. [0036] Alternatively to
pure | ateral and/or | onfgl t udi na

focug,gLeIOBRNIIB A3 ARY EFEN0 heﬁweeh%@ﬁeefeéor@rﬁadmﬁ% ugeful
hfetnrﬁ@dvmbe I?@)‘al%@%ﬂ@%@ﬁ@ed(ﬁ&%@ |§6né‘bﬁ&%gg’?;€rgﬁ8g%&ﬂewng this,

curvil Il near or i agonal path or co
any mbésleynonu ntithe figids mdh@iqngmtudulal endiregigyisoofdhe targbeshould produce

an imioFhebn: ST phrhade R bR FERr BB Bhse vemions: Bosive

movmg nduges, raagsm cohtbiratiohskt cayske Hnvaghétsralidbd Meroduced to
nets In hese re%‘lé)%ns are_stat| onary. Ther ef or e,

give a e%wéf\aanehceﬂeéd Hiadions dhg&tiecycahbe seaR mathe. simglation
(Fig. Ql?o}‘t% b3® dcRngh Fiflis) Whl%%@%ﬁeﬁe gfasﬁ{éescfaﬂrcﬂ/‘éhtﬂestarget 20

nant, meani ng t hat rosion of t
basedem'gfdéte pesdni clesign wheig paama Bhnedywatediueves both the central and end

regiogif 46 6% Bo T Re8R, BB bt el ol fngre rasmas

scanned beast ¥e dmaadre@ioneasrﬂy and inétati in thesdndrepion. tAs ndtedtabove,
surf ace a E)centr r.egi.on). Tc{1erefore, an% novenent

the intppquetion 9 {i¢;modylatio é@ﬁ{ﬁﬁn egiong sAreafis g &rogion over a

Iarge'f”é?é& f'htth@ 'én'drfebiﬁﬁs ”?E%Qiéc‘?eé’é& tRé Wefdsﬁirpée;ﬁﬁ %}éSt ihBe

have the effect of w dening thefocus of
longlml@ndu rﬁgipﬁe, toaiebydagreasing the tasgetastijedtiaro, therefore
extending its useful lifetine. Wile |ateral

cill k ' I
00| PCBRIRTRSeR A0 YRo vy BERRL TR & gt tilzton
of the ongvenjl@nahde@gmcatbgd@nmom is typicabargand S8da 38 % toddde 45%,

crea@&é 'E%H%ﬁgfee@gg@rﬁﬁgag#@% 99 g&ﬁ%g‘arﬁﬁ@g‘%‘?ﬁ‘a‘ﬁ%ég gf quet material.

yoke or conbinati ons of a yoke and nmagnets coul d be
[0038iht r odUrigs] Baeb ghowe aacammnsonfof theegaesion profilled for a location at the

centr%ﬁ?eg;ligrﬂgd%?lff ir-%}garg g %tg’gérﬁg ﬁ%ﬁﬁgﬁp@n%ﬂg 53@%3{ gggrget 20,

basetlish mbagiEng ﬂ@m@gﬁétld ﬂ'tﬁd ﬁmﬂ'@%n&@gm% dééchb@d hereln versus
resent desj ere plasnma i s nodul ated over bot

stag AN malNalR Aol R PR S CUATS A s GRTYERIQsby Eio. BRdlysypres a

deptiitdtilé Ug‘ngent ﬁf‘@ésnﬁr? rﬁfF g’”gé RuBlrRE debis ?ﬂ(ﬁf‘@ ﬁamg the

over the regli o IS static I'n
convealienah degignn Jtr@dah@be@veqrﬁbeMeepestwowon pointsratheténd regions

I r ver
and 8 er Bohds RIS wREH FI0LRE R whikBuBh e T
desclibingl areideal deptidegtich Hodrosiontgrefiles were made for respective targets
using a modulated end-region magnetic field as described herein (Fig. 6a) as well as a

conventional stagnant end-region magnetic field (Fig. 6b) to generate the data in these
figures. The results for the conventional configuration (6b) show that end-region
erosion is far deeper than the center-region erosion, limiting the target lifetime. In
contrast, the end-region erosion of the modulated-field end-region configuration is only
slightly deeper than the central region erosion, thereby increasing the target lifetime and
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| ongi tudi nal end regions, thereby increasing the
target utilization. [0037] According to sputter tests,
W b@7io6848ht i on can increase the target utili zaP@€DOHRI06/000690
t he conventional design cathode, which is typica
around 30 to 35% to 40 to 45% creating exceptiona
addi tional val ue by eI|n1nat|ng substanti al waste of

tar?et material . [0038] Figs. 6a-b show a conparison
the tangef wilizatign As the @ndlr@@Om%areaomlb@ata% amall poriéorcefiihe dotal target

areafe ﬁ\%rpé‘ mif& ke fea@@)n ’Eﬂéqo@aj 6%@{ bﬁl&aﬂbnwg‘ue\l éi’{@l‘eg%%h give a

regrons o bas on no
largentayerage dofrf theltdtal targéteJtmlatlmwe@‘l theentire wegatidOb dBbdaese rthle static

magh el B RS s ERPARE sliedqt ol e febnatssang Heletrs o

magn@timam f@e@fn@ﬁanged;%ﬁidgjmy amnsbdujl&tiortB mtkddm;teaam-%rasmn in the
profil e usi ngrt e conventional desig The ratio
t

cent@éf%@hl&m affeeiedlst TherRJasmn Ppeneities and im’%l"émﬁ filaydenpsition
pmpgﬁ@stcgﬁ ﬁﬂhﬁalﬁgghpgﬁeq?l (?;He{“ i abl e indicator for the

arget utilrzation "1 describing an ideal
depth ratio. The erosion profiles were made for
[0039% s pectMagnatierfiptd modulatign diseuesechabeyects beey described primarily

paseiPH\hd pehipforindFRgH AT el atfing e Bpdidinat end

reglc(ncmfghe Gdrpet 20. gAhelmatmely Hmwé!ﬂea, a sinilag etfett @uicbe rddvhed by the
for the, c confi gurati

h
mochigien uf theTaguRsHEchR il et omadneu Brodikdiort ko & magnetic fild

fromGeEBiedituaRd] iARhe aRsd Qf‘theﬂéﬁ'glﬁjtﬂ?ﬁl ERE ré@éﬂ@bf ﬂhbftﬁkjei? Fig. 7
In contrast, the end-region erosion nodul™at ed-

showsea ghgraaticspa@ionatew frgny heiside theough thesnidgha axis gbeygaly a coil.
The bEﬁ\BgF HFcﬁﬁMhpﬁm'lgs fa%%éiﬂﬁ&?? aﬂa To i Bf sdfﬂ?&r?&a;@ '?1{9% be

I'me and uti I'rzation
selected byeagmemen af erdimdry skil\iethe mtrbai;eqbon anancogmzdmb ptm:adals

dopdyfirdion Fp RS it RARIGHORERRR b Vifiges ™

| everage for the total target utilization of the
[00400t i r e Campaing Expddienanialesrbsion m&ermresBUQbas;@d on eladiviation of

onc-{eglion.Faoac it Hielis (gghar e fednathemalicahondalietie-pigsma

dnstrrbuhan Ba§6213|6||1 #d estillfioh'dr tRdmagHetid 86d AePsHES 18N d Rfmulation
ion is not affected. The plasma properties

al
'"USté?ﬂGd ithllguf’f wahbave eencidaskthet the rpafbsmaﬁlpélssl@alaﬂ@e of the
magﬂ@ﬁ{agpﬁﬁ%eﬁrse?dssrg@ fg%%’\béél tlohggiﬁﬂ)lggl{?gglﬁd e)épifédﬁj.t the resulting
real prasicew patierh apdargets 2. hhe pegmnitnde of tl'wgnedslaaml |swlarger@10ugh to

bS8 SABH A 5 g 251, A9 g Baprave am i

turn ewinfldetice thearbsidn lp)}attéhﬁ In a chosen configuration the magnetic field
strength on top of the target modulates around a mean value of about 200 G, the
amplitude being in the range of 100-150 G.

[0041] In addition to more uniform use of the target source material, an additional
advantage of the invention is that stepped targets are not required to improve the
utilization of the whole target because the longitudinal end regions will be eroded more
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nodul ati on of the magnetic field with el ectromagnetic
nmodul ation using a magnetic field froma coil situated

w0 nooies1ay ea of the | ongitudinal end regi ons oPCT/E2006/000690
targets. Fig. 7 shows a schenmatic section view from
the side through the mddle axis of such a coil. The
nunber of coil w ndings as well as size and form of

the soft iron core may be selected b per son of

unifesindy eRpRaredite the ﬁe'i"fl‘ﬁel regienyReaning @ @%ﬁtﬁfé&@g@ﬂl% gf the central
d
rogidl HBRBFLAN BERBRRSHI Blon Motk Bpliifat Jife RtkeSthe cost o
the reatedal cashfarlthe targetsrsigriticantly byevaintasnibg oeevem increasing the
ul ati.an _of end-regi on nmagnetic fields (Fig. 6a)

overaﬁ?q‘fg%lé&”ﬂ?hermtl cal nodel for the plasma

di stribution based on the oscillation of the nmagnetic
[0042)d nerfheriavd@tichcdrsherused fovra brbhdlbandtoﬂhrg@r dried.cofiling

ave concl uded. t hat the matg i,cal . sinmulation of

apICBHO TR G BN SR IT RDLEPERATpOdGrR thidst Sowbeyaanahst is
remvediRR thetar§btl APViY 1R E@sﬁfa) i SubSEHbd h{i@hﬁgeﬁbmefd?%xﬁﬁple flat

pattern on targets 20. magni t ude of e nodl
panelsilapéay@es%bm@} fQ)aFChﬂthéF&i glasges. Raynisendugtpeappligationssor

suﬁ%&[tﬁ&*rgﬁﬁ{] {»fa&tﬁerzlargﬁgo&%@raré %Eo%lf}ﬂ%eogé ‘@a%fﬁggﬂﬂ/enﬂon The

|'Uence The "erosi on pat
inventiorf a:q;ubatmeﬂnrt dreasnmgimgtd cathods,dn so icahed miine typepcating

r du ate ar o n _val.ue of about 200
conlot e S5 RO bBh R APl S el il 2000
[0041] In addltlonto nmore uni formuse of the target

[0043)ur ce Ihwiliess @liderstriromal thd 1o®d§@m@ﬂmm@meﬁf or iﬁleolves modula’ung
ed targets are not uire

the AR eI EDONS e S0g BIRTEY coHdodines &f e igeel Bocatee

con\fehﬁohéwghé H?Bg?@hc @B W&Qb@ﬁ%m“é’e'rélaﬁ\?el?‘sfh%%r sta r%snant Herein, at
nor euni f % conpared to the central i on,

leastong e@b@dl fgrachigying emdwéegt@mmodulatlegu ithemaenem fleld has

beer?é%éc!%eaa?]%%v%? lﬁ?{ rﬁﬁeﬁﬁfeoﬁtﬂ& %%blét?\ or e tog;gg%r?gtlcal

uces € CoS I'al” cos
soluoryhereir; argdrsorbyf ongineryskill ingtherarewitirbe alcleda sienigetdliser modes

overall.  tar fetlma O 2]..The j nventi can bhe
and 688 foy, 8l Rting s ThadBetd SR B tnd M BgERNE gf the Bilgel

Accarginlly; aetitgtss cszh@paésenmrtvahﬂoﬁ ltb Mctulkth ehe ARRNERE fiélffin the end
et source nmateri| al is renpved fromthe

regiarS NG Birgpls AT BOLIB e aebioiaiRg salohahe singlasgdististure or
appdr8fuse¥eBitles will t?’éaaﬁﬁ‘é}%htﬁ'tﬁeéé‘mﬂeosﬂl e €1 1S, to

archl tectural sses. Sem conductor applications or
urface treatnment of other |ar 8e objects are al so
10044t hi n Altheugh g inyentier has been describedenith respect to certain

preferred embodiments, it is to be understood the invention is not to be limited thereby.
Numerous modifications can be made thereto, which will be evident to a person of
ordinary skill in the art upon reading this disclosure, for example to adapt the present
teachings to a specific application, or to a particular target material, without departing
from the spirit and the scope of the invention as set forth in the appended claims.
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i nvention can be used in or as a single cathode, in so

called inline type coating applications, as well as a
w@anor/06f135 nmul ti pl e-cat hode target source. [ OOBGI/CHR2006/000690

will be evident fromthe foregoing that the invention

I nvol ves nodul ating the magnetic field above the

| ongi tudi nal end regions of the target 20, where

conventiopal ly the magnetic field was ot herw se
mﬁﬂ[ﬁﬁ%ﬁiﬁ@ﬂﬁgéﬁgtic or stagnant. Herein, at |east one

enbodi nent for achi eving end-regi on nodul ati on of the

magnetic field has been descri bed. However, having

i dbri Bputtatingrapparaibs comapridingta inagnéetioarseprkiy oivermivhich a sputter

taro ) eligl i o oG 57 A s BalaiiaLnd Fesiifs 16 be
dlspm'ﬂlﬂtﬁg@drblﬁ)memhagnéﬁcﬁéséembly bémﬁ rReffeti@ mngenyrate a

Accor di ng met hods of presen

magpg%é@g %EOVQ 53'%@"@9&%'4 maopghigassembly Bﬁwng AN Meémgnet frame
surrdURRir4 %ént?él nﬁ{&he& I%gl%ﬁgen%hﬁ safY olit@r R\%Phétnﬁrérﬁg cofh prising first

usi ng sol edy dtructure o ar at
and @QCPQE\CHOWIIU ingdly sxtending Wlagneﬂm@&rakﬂnbmrs l@cawei er eliher side of

ro o YT W R RS s s

at andefnngmbdsﬁte loryitedinabends ohsdid frantes shidrfirsiatiay h@tﬁ(ﬁ@r)(d member

ous,_nodi fications, can made t hereto,
peing BTG g Prodics HEPSIRICT gt SRmage wﬁ Bbgve said firt
longitifnalepRidegdndhisaidtaRfetosure, for exanple to adapt the
present teachings to a specific application, or to a
particular target material, w thout departing fromthe

t ] . b
D2 "1l SR AG B ARR Db R A9 88t idghek enc
menmben beigi effpctiyptr prodece emonstatio gnadul@tipmeah isamfaxsmgnhlicyfield above
. [ utter. tar avi.ng a central region
sald%gc;r}c”ag t"éﬁ@%&?&ﬁgmﬂdﬁ%ﬂ%@gﬁi gend regi ons ig to be
di sposed during operation, said magnetic assenbly
b?f)d effective to generate a magnetic field above

Ryiering apRaraiymesssding e AN Tndaaidcentra dagnetic
arraﬁWﬁ@dt SR Movallé Wﬂﬁ%gﬂe& t§ %Bﬁrcﬁltemggﬁét Jﬁ@ A8 '%mg effective

sai d outer magnet frane conprisin
to produicst & nansiatic moglaataémmm gawlagam&ttc fiedd abane smdt»entral region of
said é}pg{ ed on either side of the central nagnetic
angenment, and first and second magnetic end nenbers
| ocated at and defi ni ng opposite | ongi tudi nal ends of

fra said fi magnet i c_end nmenber bejn .
4 2%19 %Pé"ﬁreen% PBerrabiSAGRoRdng 10 e'afm&%afi.ceﬁtr%m%anaﬂc
arramﬁ@ttlc@nfprslr@ BPAY 6f §Fpckiteiy fdlar-oriented and longitudinally-extending
permanent magnets that are rotatable about their respective longitudinal axes, which

Q)

are thereby effective to cause a lateral shift in said magnetic field above said central
region of said target.

5. The sputtering apparatus according to claim 3, said first magnetic end member

being operatively coupled to said movable central arrangement, so that said first
magnetic end member will move synchronously with the movable central arrangement,
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| ongi tudi nal end region of said target. 2. The
sputtering apparatus according to claim1l, said second
woragness1e3 end nmenber being effective to producRCEHCH2006/000690

nonstatic nodul ation in said nagnetic field above said

second | ongitudinal end region of said target. 3) The

sputtering apparatus according to claim1-2, said

central magnetic arrangenment being novable with
therelb@?gﬁ@@@cm@smhﬂomusenodmgﬁms bir suiet meeguieiefielg abbi/e saidieentral

rodug gonst ati c rmdul ?tl on in said magnetic

reglm,ag]%eadg (Féeﬁ‘ rggieR of Faid tReton of said target. 4. The
sputtering apparatus according to claim3, said
central magnetic arrangenent co ising a pair

offh ddietspiuftering appaiefusnaceording 1o 6 Huaalﬁlélrfﬁtyn@gdi@éﬁcﬁ'}?gmember

bemgf §[3g@ni¥$l& ec%ﬁgﬁé t§ &él&ﬂlg a%t?l rrﬂé% %8 B tléLd ﬁrjé‘.ghlragnetlc end

mem@fef lwglt o%@lldt@ acmg%rrae freqleaa;rajy atul m]EphaBe mﬁhdhem@ahom of ﬁald
field above said cen of said target. 5.  The

rotatabifuDagHals o i s o e shaPalp B onvitte sTeEfig. fiordey

prodﬂaﬁg@r‘i PhRass hodRHEBhs BESAIE MRfHALifidR] Abs/eli®deritral $6¢idn and

| e central arrangenent, so that said first
said fitgj eediregien®f gakidargeli | | nove synchronously with the
nmovabl e central arrangenent,thereby producing
synchronous nodul ati ons of said nmagnetic field above
s&r.dreesputizring egparatemaccadidgfto chimdh daddustonageticegntl member

t . Th 1.t t
anc 5035 et rtRREE B BBy RR PP B Mt afped Boumr.
movERiehtl BstwieenRiicdifilsPimabadlicend@ gephisersmdt dxetllatory thtéial shifting of
magneti c end nenber will oscillate at the sane

saldm@n%ﬁérylcbmpwers%a%@r%%whe rotation of said

rotatable magnets as they are rotated alternately in
opposite directions, thereby producing in-phase
noBluUThe spuiteriog amatatmgmrdmgfto glaimab sais fyai mageetio end member

comqﬁ%hg %ﬁg@&aﬁ%ﬂgs@&tpﬁﬂg gggg’cegﬂﬁg et @e{é?d Eﬂégﬁtlate?%uy or
longhtiidingllyrgatieito saidtargetber and sai d rotatabl e magnets

bei ng operatively coupled to achi eve synchronous
count ernovenent between said first magnetic end nenber

ang., ﬂ%éﬂ)ut&irfﬁbyadpaffeﬁﬁélbcéd”rdfn@ tBQ:Iéirfn & Jaftl pardiehEmagnet being

field above said central regi
supported on a carriage that is slidable Iaterally on at least one track.

10. The sputtering apparatus according to claim 1, said first magnetic end
member comprising an electromagnet, wherein magnetic field modulation can be

achieved by modulating the power or voltage supplied to said electromagnet.

11. The sputtering apparatus according to claims 1-10, comprising a plurality of
said magnetic assemblies, to accommodate a plurality of said targets.

12. A sputtering method comprising the steps of: providing a sputter target
having a target surface that has a central region and first and second longitudinal end
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8. The sputtering apparatus according to claiml1, said

first magnetic end nmenber conprising a pernmnent
woragnetsishat i s adapted to be noved at | east | BCBECHRIOE/000690

or longitudinally relative to said target. 9. The

sputtering apparatus according to claim$8, said

per manent magnet being supported on a carriage that is

Sl dablg laterally on at | east one track. 10. The
reg'og'édwaéﬁ R4 eliprH Qfstha@eaﬁf@hrﬁglonogemqahmga reagnetic fiekst above

s ENGEES o)y P SRRV A EF IR g o
field rasic pRsMegerodingsaid target stolacegand umhlamdgtsaldsmagnetlc field above

sl BTGB saorgh TS Lol B S o s
targetthy saidifrstesiprdgioreherdop. accormodate a plurality of
said targets. 12. A sputtering nmethod conprising the

steps of: providing a sputter target having a target

Sufé ahe déd“ brlﬁﬁm&h&?%&f}gigg 8%812{%%? Q{bqlﬁﬁgcrﬂgﬁiulatmg

| ongi tu egi ons eren
said. mmeac fle@g&lbnve meemndr@daegmmtsam fargéicuafaos dhembty

oo g o A e B St

sal d target surface, and nodul ating said magnetic

fiﬁrg_above said first end region of said target
be SHUH@F'%W%XMiﬁW%dIQth@@lﬁméﬂ 26+ dyriher eompising laterally

shiftih@ s8R mhfn S ﬁ’el& 'abé%e 841t ceREhLTR ’al ) gd te‘}% surface.

sputtering method according to
conpri sing nodul ati ng said nagnetic field above said

' i d. . th b
S TSR, RS BT B et
dispesedmwir amdageesticcas sehi \efok geﬁéfattlirilib Samubgﬂéﬁmf@elﬂ”abb@ said target
urther co

surteP Al gbricile AeShBLARY hibhBuiet Tadien hama tosnding a central
magﬁ@tretrfaﬂgeh%it Qi@ burinthgnat ﬂSheSdHrﬁﬁ%gl%t aﬂ_@ﬁﬁcond

ttering net hod according to clalns erein

Ionglwmﬁ'%ﬁ%dmgs m@ge st lderal membens lpsatadcomeithariside efdhe central
magr%ﬂ?:%?dddé@ne?g ShdRRPshY Seédr@oﬂa@ﬁé’%eeﬁc?h%rﬁ@err@ﬁ}c rrEled atand

surface magneti c as ng an out er
definingoppasite Hmm@drr@l andsof said fram ealdafrrsianggnmm endsmember bemg

T L TR AT ——

said tavgettntfags. ei t her side of the central nagnetic
arrangenent, and first and second nagnetic end nenbers
| ocated at and

16. The sputtering method according to claim 15, said first magnetic end member
comprising a permanent magnet, said method further comprising laterally oscillating
said first magnetic end member so that alternate lateral motion of said permanent
magnet induces lateral modulation of said magnetic field above said first end region of
said target surface.

17. The sputtering method according to claim 15, said first magnetic end member
comprising an electromagnet, said method further comprising modulating the power or
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defini ng opposite |ongitudinal ends of said frane,

said first magnetic end nenber being effective to
w@e@doea3zai d nodul ation in said magnetic fi el BCEHOEZ@®6/000690

said first end region of said target surface. 16. The

sputtering nmethod according to claim15, said first

magneti ¢ end member conprising a permanent magnet,

sai,d method further conprising laterally oscillating
voltaggiinputite seidglgeiramagrat soribalre magpetia fielduf fluchating intensity is

oond B o P Pl 508 mgn@?f%ﬂra%ata%i@@@ésgg.raodwanon

first end region of said target surface 17. The

Spﬁfqg{?‘” n gﬁh&ﬁ%‘éﬁ&gordl 5@9 %@%@Jg%éé Itrbgj]g)or

formiv mﬂoff AI64tABHe CEHI h\eﬂhé@fdﬂh@ﬂb@hbﬂﬁnb '%\%p%é voltage between
orvol tage input to said el ectronagnet

said ﬁa@wéﬁua@dfarbmpdﬁ lopaiggtabeyve agdispaced ppart fromysaidtangetisurface to

V. f o
geneh 4 SB8o it Slschlhe D iart HdtobT bbb sRfpihsina from
an ma:kgasdhaglstmesﬂmlhmeﬂ} 4aid cathiodetamdgssid brodey or
form ng part of a cathode, said nmethod further
conprising applying a voltage between said cat hode and

am RMThdeputieAn§ dpphrie andrding éeelamhabl1d, s &t magnetic
target surface to generate an electric arc discharge

arrangesiil beingovabie et regeer ta said P Liel magnetdmme apehbeing effective
to pro@&& dé a H@gstbﬁé‘fgnd AioRSAShidIA @?égf& R ?b&?é 844 ecglﬁﬁ%l region of

sai d ano e sputterin ppar at us accor

said ¢gargein 15- 18, said central magnetic arrangement being
novable with respect to said outer nmagnet franme and
being effective to produce a nonstatic nodul ation in

s&0d Thegpettedng nwtidodibcomdingitsl clfaﬁﬁtﬂgabald%nﬂal Phaghdtic]
20., The sgﬁgﬁerl n t hod accordin

anar i cQMRISIG:R DRI GhGPRISTE Rl RaRoE SR fanari4ginly-extending

miteht MagRBIBOSAIHGhYhBA férine?! ]
berm ongi t adi nai | I- ext eﬁdl % éggﬁﬁ{lpnigﬁtgqﬁgaéwg said longitudinally
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central rangenent, so that said
first magnetic en member will move synchronously with the movable central
arrangement, thereby producing synchronous modulations of said magnetic field above

said central region and said first end region of said target.

22. The sputtering method according to claim 14-21, wherein the magnetic field
is modulated such that a portion thereof located above said first end region of said
target surface is shifted in a first lateral direction when another portion thereof located
above said central region of said target surface is shifted in a second lateral direction,
opposite from the first lateral direction.
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