SPUTTERI NG DEVI CE FOR MANUFACTURI NG THIN FI LMS FI ELD

OF I NVENTI ON [ 0001] The invention relates to a device
woaoosmamzbact uring thin filnms through a nmet hodpaf/CH2005/000165

sputtering having two facing targets in a cathode and

positioning a substrate i.n a plane essentially

parallel to the planes of the facing targets.

S TRRORGPENGEFOR M IR G NS ms

substrate arranged in a vacuumvessel filled with
sputter gas are known to work on two basic principles:
In the first principle the plasma is confined by

FIEL svENTRIN ines forma tunnel over the surface of
each target. This tunnel fornms a closed | oop on the

surface. . The accel erating electric Ljields a
(opALPEh Gl a3 Eied e p AR S5 il g method
the sputtering surfaces of each target. Presently,
of sputeritienlep viregjive fagipg taraets dt @ catbodomdposiioaingsn sibskate firpa plane
surface of the target to be sputtered, especially for
essentizily @atatiel foahe plages dfithé freirpaa@ad. princi pl e the nmagnetic
field is perpendicular to the sputtering surfaces of
each target. The plasma is confined in the space
between the targets by the nmagnetic field. The

' i t hode dark space are directed
BAcmgéﬁggﬁgﬁéérgbgﬁéﬁbﬂ%@ggﬁgtering surfaces of each
target and thus parallel to the magnetic field. The
[089&12 Bpiter oS HH1sp EPR NS L OBF AT WYY Brackeandacwipsfrate arranged
principle. [0003] U S. Pat. No. 4,407,894 describes a
in a vapethodsset Ged imitt) spottdrtpas sedaodmpo iwoek phewb dasippodeipiengIn the
a cobalt chromumalloy layer. The nmagnetic field is

first pSEAISIE A LM af¥a REOTBRENDy FRGRGCKi liRed XorMAWBARY 0¢& the surface of
The electric fields are generated by either a DC or RF

each tﬁ&g{s "This tunnel forms a closed loop on the target surface. The accelerating electric
fields at the cathode dark space are directed perpendicular to the sputtering surfaces of each
target. Presently moving magnet systems are commonly used to scan the surface of the target
to be spuftered, especially for circular targets. In the second principle the magnetic field is
perpendicular to the sputtering surfaces of each target. The plasma is confined in the space
between the targets by the magnetic field. The electric fields at the cathode dark space are
directed perpendicular to the sputtering surfaces of each target and thus parallel to the
magnetic field. The present invention operates according to the second principle.

[0003] U.S. Pat. No. 4,407,894 describes a method according to the second principle for
producing a cobalt chromium alloy layer. The magnetic field is generated by permanent
magnets or a DC powered coil. The electric fields are generated by either a DC or RF power
source connected to the target (cathode) and shields (anode).

[0004] In U.S. Pat. No. 5,000,834 the preparation of alloyed films of different
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source connected to the target (cathode) and shields

(anode). [0004] In U S Pat. No. 5,000,834 the
wonepavabon of alloyed filns of different PCT/CH2005/000165

BESTATI GUNGSKOPI Econposition is clainmed. The two

targets are made of materials different from each

other. Each target is connected to a separate variable

compdtiti® is r?ge bt hé% &Rl E lﬁ’i%{de %?Hla@@laﬁodlfféféln{ £6m each other.

I ndepe of each” ot The filmconposition on

th bst t t h
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confinenent and thus the target erosion depend on

contradied dndgppndently hbeashertedrt Yhe filmisempagitier o8 the sibgirgfe adisesnt to the

the targets. A disadvantage of this device is that a

plasms trégingisasbshearpige nieopsyveragpidd © the argetallht péastrargafinement and
surfaces is difficult to achieve especially for

thus tl%{af%{‘t Elomggkgﬁ:orfﬁgpgﬂh%gﬁgﬁggg&é@&% fﬁﬁgﬁéﬁcaﬂe?d between the
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especially for non-rotating substrates. In addjtion,

target gunfass isotisiqutt te epliess espeeially forpermrneakipagneitand nonmagnetic
alloyed filns are deposited using targets of different

target medteridlal Whilk GR0Fhcdthebit oPthie.subliratedoB€ae el shasccrepivasedures
i on beam generator conprising a plurality of opposing

radlatfo%rcﬁﬁfa e aﬁ@ﬂéa%lﬁg Pakidrel GRS (Eﬁﬁﬁﬁtﬁ;nelg dﬁﬁcﬁ@%ﬂ dcidveg

he targets Ioni zed particles are extracted
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Pat. No. 5,753,089 describes a sputter coating station

expeciegnit allaysd bilims aredlepositssusing torsatsef diféerentpaateriale | s

pl aced between the targets during the deposition

[(005¢ €5S.. PahtN . elaéd0, Biled sstritids en dppbsedgdreraet @n@isig a plurality of

cl ear opening through which a substrate nounting
opposing targets. Ionized particles are generated by sputtering the targets. The ionized
particles are extracted through small holes in at least one target and form a film on a substrate
behind the target.

[0006] U.S. Pat. No. 5,753,089 describes a sputter coating station for a double-sided
coating where the substrate is placed between the targets during the deposition process. At
least one of the opposed targets has a clear opening through which a substrate mounting
arrangement can move a substrate between the targets.

[0007] Prior Art devices operating in accordance with the second principle generate the
magnetic field by permanent magnets located on the back portion of the targets or by DC
powered coils having a diameter larger than the diameter of the target. The permanent

magnets and coils are usually located outside the vacuum. One object of the present

invention is to guide the magnetic field to the back portion of the targets using yokes made of



arrangenment can nove a substrate between the targets.

[0007] Prior Art devices operating in accordance with
woheosgecnnd princi pl e generate the magnetic fi eCd/dAm005/000165

per manent magnets | ocated on the back portion of the

targets or by DC powered <®+ls having a dianeter

| arger than the dianeter of the target. The permanent

high s%@ﬂﬁh%n%%@h%@foh%nﬁé&ly SRk bioWoARlRELHRHE SiblBschBRtion sources to

vacuum | ect of present Invention IS to

be re- }? u de g}%ﬁgfgg%lkgl% JPH&&%OT&? gtﬁthg gﬂ)‘? § Ie%gm%I tthe permanent

rragnetl zation materials. This allows the magneti c
magnqts ef epiheanereaosisioned bettveen the teyaeisdn pis oF 1 vasaHMGndrBg the
| osing the functionality of the device. For exanple,
magndtiveflipecamaosshitherbgikaiostiar ofthe kargetn. Adtemativély,dfipekmanent magnets
between the targets in air or in vacuum and thus the

are no%ﬂ%%h'e@es%r%‘ ¥n TR bdck P %ﬁlclﬁ{kﬁ theeksdi04 biRRaicak BE positioned there

ernat1 vel y, er mahent nmagnets aré no

| on cessa f _the.tar
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deposition of the substrate with sputtered material is
hole ipthestprgebclose totbhsubstigee in the target close to the
substrate. [0008] Another advantage of the present
[00D8¢ Aniother bévanket ofittid resentineaticmiathatwdiiletcooventional magnetron
sputtering of magnetic targets according to the first

sputte?ﬁ e Hp eticsta@etsfdcgéijd{n f18khdBRNEHAGpIERS &i‘fﬁéﬂ@fo? Bfgnetic
ctionality of the present I nvention is not limted

t hi ckne abl
materpige uisoRity aF o5 pstRar magvichi 30 BIRERE) (I AR
i nvention is that rrultl | ayered filns can be pr epar ed
permaghilitp afimagnadis teRehe power rati os between the targets
during the deposition process. BRI EF SUWARY OF THE
[OOOPEISTILIGNSt another advantage of the present invention is that multilayered films can

be prepared by modulation of the power ratios between the targets during the deposition

process.

BRIEF SUMMARY OF THE INVENTION

[0010] In accordance with one aspect of the present invention a sputter cathode is
provided comprising a plurality of opposing targets, a plasma region located between the
plurality of opposing targets, a magnetic field generating source adjacent the opposing targets,
said field extending over a major part of the plasma region essentially perpendicular to the
surface of the opposing targets where a substrate is positioned adjacent to the plasma region
and where at least one target includes an opening such that deposition of a film on the
substrate is not impeded by the target and where the vertical planes of the opposing targets

and the vertical plane of the substrate are substantially parallel. Said source may be positioned



[0010] In accordance with one aspect of the present

i nvention a sputter cathode is provided conprising a
wohosabixy of opposing targets, a plasma regi ORCT@EROIEGH0165

between the plurality of opposing targets, a magnetic

field generating source addacent the opposing targets,

said field extending over a major part of the plasna

around] 8 RRInRISIHthatdioRAEBHHA @gtugaq}tg Bg%(zlte{s Ry JulR the

opp05| ng targets where a substr i oned

the Ias re n and where at |east one
magn%ﬁ%@&"‘?ﬂ‘@ &8%30 tﬁ% %uoh that deposition of a
filmon the substrate i S not eded by the target: and
[¥Hd 1 &n ageerdaagee Withlyepangthes agrfect %h@ preseitigvensipg etspuliargtation is
the vertical plane of the substrate are substantially
providedreahlpeisingSafidt saivecendspyittbrecafagie twiznebeth ahfirst el second sputter
perinmeter of the cathode and conprise a plurality of
o fﬂ?tt@tfg gts?ig R e e S R
anot s ent invent.i.on S
of op PR iteeR ¥ Fbgnthscietd affsriaiang R porprech o BBLBR ghe catode,
sputter cathode where both the first and second
whereg$ IRastepneciatgsbinsludag mg@@engtggﬁugh hat dgpasttionpfasiilayon a substrate is
targets, a plasm region |ocated between the plurality
not ingledepbpthenargtedamglevisere thervepival plané bfihd agkastraatiring and the vertical
source positioned around the the cathode, where at
plane b?ﬁx%tsuﬁé’tﬁaté %%ﬁBsthrﬁ&W?&%ll@ln openi ng such that
deposition of a Imon a substrate i s not inpeded by
the target and V\,here the vertical plane of the at
| east one ring and the vertical plane of the substrate
are subst ant| al IFy &Qr all el . BRI EF DESCRI PTI ON OF THE
BRIEFDES B FIEERRAWENGSschemat i ¢ cross section
of a mni rrum confl guration of a cathode according to
[@}ie] FIGERME bis,a dchemetid ¢rasstkenisomaf oainimuentontgggratios of a cathode
[GQ 3] FIGURE 2is a schematic of an alternative

accor@AP RHHEBNen@bA if 6ABLAGISS Sdrm@Rent magnets.

- [0013] FIGURE 2-is a schematic of -an-alternative embodiment of a-coating station
comprising two cathodes.

[0014] FIGURE 3a is an illustration of the resulting orientation of the magnetic flux
density in a coating station consisting of two cathodes with unidirectional orientated
magnetization vectors of the permanent magnets.

[0015] FIGURE 3b is an illustration of the resulting orientation of the magnetic flux
density in a coating station consisting of two cathodes with anti-parallel orientated
magnetization vectors of the permanent magnets.

[0016] FIGURE 4 represents the effect of the magnetic field delivered by the permanent
magnets on the magnetic flux density for an embodiment according to Fig. 3b

[0017] FIGURE 5 is an illustration of the current voltage characteristics of glow



conprising two cathodes. [0014] FIGURE 3a is an

illustration of the resulting orientation of the
worgs@ixnf |l ux density in a coating station cORSTAIH20@5/000165

of two cathodes with unidirectional orientated

magneti zation vectors of t{fie permanent magnets. [0015]

FIGURE 3b is an illustration of the resulting

dischﬁ%ésqgﬁi?etdi iRhObath iR 1ORGIMRLNE afdbHpredgtedty in a coating
statron consisting of two cathodes with anti-paralle
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magnetic field delivered by the permanent magnets on
substreigaading pel( mnt + dspeadnen thy argnn piessErfARg; ORhe ratiocefrthe pgwer

to Fig. 3b [0017] FIGURE 5 is an illustration of the
appliedus tlenhaiviant agthectuailaey wegest | cs of gl owdi schar ges

ignited in the cathode for different argon pressures.

[(yj(ﬁ@} BIGHREVRE aggr%}?fh N AYIRMIRRAMING of RWillWickness distribution

eposition rat iron - neasured at a substrate

r adi of, 2 - depends on,the argon pressure and on
by chyrgine the BgreialGfthc, aie o s by CH BB Rr PR IRG | e
auxiliary target. [0019] FIGURE 7 is a %raph showi n
(98] KEGY ﬂﬁlﬁ&r@xewheteﬁ@m Prafites o pmavaulyy; main; tyget (H%ron»
by changing the potential of the ring anode and by
resultimigefrogn sgpttehiag avithoihe ping aaodecheifd@P Hjourd GURE]@ting potential.
illustrates the erosion profiles of an annular main
target of iron, resulting fromsputtering with the
ring anode being on ground or at floating potential.
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nquﬁ3FR§&Sing a main 12a and an auxiliary 12b target

[0021] FIGURE 1 shows a cathode 10 comprising a main 12a and an auxiliary 12b target
that are arranged face to face in a vacuum vessel. The target surfaces can be either planar and
parallel to each other or may have a conical shape. Further, the area of the each targets 12a,
12b, given by their inner and/or outer diameter, may be different. Each target 12a, 12b is
connected to a separate DC, pulsed DC or RF power source. The main target 12a includes an
opening 14 that may contain a center anode 16. The center anode 16 may be grounded,
biased or left floating. The auxiliary target also includes an opening 18 to allow a sputter
material, described further below, to pass to a substrate 20. At least one of the targets 12a,
12b may be manufactured of a magnetic material and as such the target will carry and
homogenize the magnetic flux by acting as an extended yoke 24 or a pole piece. The targets
can be made from any material known in the art such as iron. It should be noted that the

shape of the targets 12a, 12b of the present invention can be any shape known in the art such

as round, annular, angular, longitudinal, frame, etc. A plasma region 22 is located between



that are arranged face to face in a vacuum vessel. The

target surfaces can be either planar and parallel to
weacads/oirzer or may have a coni cal shape. Furt hecT/(H2605/000165

area of the each targets 12a, 12b, given by their

i nner and/or outer dianmetef+~ may be different. Each

target 12a, 12b is connected to a separate DC, pul sed

the md2r194 aktraRONRY 1501:E8s. The main target 12a includes an

opening 14 that nay contain a center anode 16. The

anpd 6 b rounded, biased or .
(R3] T ARSI o RRYs Py BEChRR e SRS of bl hat generate a
opening 18 to allow a sputter material, described
magnetigriiohd r Thremagiets ¢ qoils 261t arangpd ity erecoragore Aingh amwand dhee
of the targets 12a, 12b may be manufactured of a
perimdreigstahe cath®decl( @ld rndn dite Sdek potthm (tay Géd ofthe targets nyt facing each
and honogeni ze the magnetic flux by acting as an

other) %E 5 tsY19% €1 7+ F?ﬁ't_h@f, ﬁ’l%nﬁn&‘ cﬁ&'ﬁetﬁ;r Benk %g?g ?salgf"g%r Bfin the outer

romany nateri a own In the art su 1 ron.

. t oyl e not th t he.sh of the targets 12

aiametgs oF (i Gof BE gt T it e SRREEteshsy T S kvt tioned such
the art such as round, annular, angular, |ongitudinal,

that the vgrfical pleee ofAhp riggthisrnegitioned betivgen theateetrabplene ehithgdargets 12a,
mai n 12a and auxiliary 12b targets. [0022] The cat hode

12b arddthé wathti@ral axes|of destappetnagizb amihe tingoaredddntisalla difeation. As a
generate a nmagnetic field. The magnets or coils 26 are

result,t%%ée ﬁfggﬁé?izhﬁm%‘lethé’ geﬂ’a[n%n{ hBGRtLI O PErA IR ProRRE idf&tﬁ&faé %Eis of the

it hode 10 and not on the back portion (the si

. of the targets not. facin ch other) of the targets
rings. b porlipoy AT ERRT ink i 2P Shn B deosGin oho R i ep be
Is larger thanthe outer dianmeter of the both the main_ |
groundez biggefl emeft fogiing. dhg width afdheympgnet Tings o1 ¢rjls 2 mcasured ina
positioned such that the vertical plane of the ring(s)
plane essepimiytpacabletitoths vaegsis ishwalleds ), dabthpt ansispthet tidckness” of the
targets 12a, 12b and the rotational axes of the
coil2dargets 12a, 12b and the rings are identical in
direction. As a result, the magneti zation of the

[@2?@5& Q%th@%eﬁl%hgpcdn?pr%%g farluhtﬁ)ll‘e gfookets Iﬁ Maddet otf irr(lja%%letic material

that are arranged to guide the magnetic field to the back portion of main 12a and auxiliary 12b

targets. The magnetic flux generated by the permanent magnets or the coils 26 passes the
yokes 24, the main target 12a, through a plasma region 22, passes the auxiliary target 12b and
is guided back to the permanent magnets or coils 26 by the yoke 24. The portion of yoke 24a
closest to the substrate 20 can be designed in such a way to obtain a specific radial
configuration of the magnetic stray field outside the cathode 10. The yokes can be made from
any material known in the art such as iron. A portion of the yoke 24 can be used as an
electrode and can be grounded, biased or left floating.

[0024] A shield 28 may be added to separate both the yoke 24 and magnets or coils 26

from the targets 12a, 12b to thereby protect the yoke 24 and the magnets or coils 26 from



rings. A portion of the magnet rings or coils 26 can

be used as an el ectrode and can be grounded, biased or
woOebds/bixnat i ng. The wi dth of the magnet rings 8CTEH20E/000165

26, nmeasured in a plane essentially parallel to the

targets is called rmag, i47ether words, the

"t hi ckness" of the coil 26. [0023] The cat hodeirO

being Ei%t{dsﬁ@c[ AP %Ee i %&e@s YR lf,@ﬁlo%%fl}ﬁéj &nidk M%E: e(fl]é’lded,

erial that a ged to guide the magnetic f

back 12a and auxiliary 12b
lnamﬁgggagﬁg g@“ﬁﬁ &%ﬁaégﬁéwg?%d by the pernmanent
nets or the 00|Is 26 _passes the yokes 24, the main
(40P} be pahsratera0dagleced B bebio opRERA KEIOES Bubint e of the
auxiliary target 12b and is guided back to the
openiel $THNgNdubsiga 20 sawbe gmiuhded) bidsyd dhleftyftaeing41In dpeeation, the
portion of yoke 24a closest to the substrate 20 can be

target IR 996 el PuBbieh vih V%g&@r RAREALSugh §§’§ﬁbfa1'e‘:ga§ &¢Hnas argon,

configuration of the ghetic stray fireld outside the
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24 can be used as an el ectrode and can be grounded,
directqs} thsighdhe ppaning | Hhy thegnagngbefipldand ienpsited @nthg subsirate 20 to

added to separate both the yoke 24 and magnets or
therebg doins a 2idin ffiimor the stistget29). Ims, the bpering hisedfia quitablecize where
the yoke 24 and the magnets or coils 26 fronbeing

deposﬁr%amﬁeeﬁbgm g il A& 1§1Bé’<§etdeffy' A8 t:REQAEB S tﬁiswﬂddﬁﬁelﬁfthe
the shield 28 can be groundéd, biased or left floating

d
Wi ll .act .as anode. [0025] The
mﬂmu%ﬁ%@f?ﬁ?% gﬁnpgeﬁﬁ%ggﬁaigFg@gﬁt to a plasma regi on 22
and_in front of the opening 18. The substrate 20 can

[Q986b FUGHBER shemesacltspativg emppdimenhef the prespirnysugan comprising

the targets 12a, 12b are sputtered with a sputter
a first @4 end sdcoad ¢ bb asthaden cHedirgaasndiseemdalOpanathodey ot g same as the

etc. Material particles are generated as a result of
cathode® GREGEES dH39e BROGHS Rotedepdabed. In this embodiment the first 10a and

~second 10b cathodes face-each other such that the openings-18 of the auxiliary targets 12b are

adjacent to each other. The substrate 20 is placed between the cathodes 10a, 10b in front of
the openings 18 and adjacent to the plasma regions 22 of each cathode 10a, 10b as shown in
FIGURE 2. In this embodiment, during the sputtering process the substrate 20 is coated on
both sides with a thin film.

[0027] The strength and homogeneity of the magnetic field between the targets 12a, 12b
can be varied by several methods such as, using permanent magnet(s) of different remanence,
or using magnet rings of different radial dimension (rmag) as shown in FIGURE 4, or by
varying the current through the coils, or by changing the permeability of the magnetic

materials for the yokes, or by realizing different yoke geometries by varying the inner or outer

diameter as well as thickness of the yoke. For example, the strength and direction of the



di rected through the opening 18 by the magnetic field

and deposited on the substrate 20 to thereby forma
wOhbes/0bid2on on t he substrate 20. Thus, the openPa@y/CH2005800165

of a suitable size where deposition of the substrate

20 is not inpeded by the t&rget 12b. In this

enbodi nent the substrate 20 is coated on one side wth

magné}m ﬁE(]j@ cdrl bdtobPRE%Y aFh R EnSRNENRbAhd FERAIANME Further, the

I ment of the present Invention conprls g a first

d 10b ca The .fi ds
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above and will not be repeated. In this enbodi nent the
betwepn fhettarpels ans thuseen b WiBhiodmprygdhe thigkaewsaanrmiy ofthe deposited
that the openingsi8 of the auxiliary targets 12b are
films.adj acent to each other. The substrate 20 is placed
betvveen t he cat hodes 10a, 10b in front of the openings
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plasmﬁ |dé111 e shessn in W%E Jetlhemegulatiog of e plasmadenséy ﬁyables the
several nethods such as, using pernmanent nagnet(s) of
contradiof fherreditl ¢erestan prufde of)ﬂaewargetg asrplgvet it HIGHROB.
different radial dinmension (rmag) as shown in Fl GURE

[00029? it tRY ta\f%r Y 1 9 10D 8rCMbdELREm Qb mAtBRals Phd Bitio %f tHMarget
ch angl ng the permeablllty of the nmagnetic materials

areas %se\g?}L Ehé Late oﬁltgg yo of %elﬁ)ife& !tongacfjl ta{r %the gcgté)t chan%e the
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compeitiihgtin ocAagdepesited dilmn Fasferrebmatsrat ag 19 g@}eaalc%m ngglimited to,

nodi fied by a radial thickness change of the yoke
ferronpdgattic meterihseAddingaitnegpnedsiyged beditieca edegs tatheamwble sputter gas
generated by the magnets influences the plasm

(argort RRPLAIE AR widetuBeNintliende AMOBS caRFodiiiS Rk tBsetSEM, 12b are

to |rrprove the thickness uniformty of the deposited

made from-the same material-the ratio of the power-applied to each target can-be used to
control thickness uniformity. The power ratio can also be used to minimize the erosion of the
auxiliary target, thus the auxiliary target can be much smaller than the main target but both
targets will have the same lifetime. As a result, the thickness of the auxiliary target 12 can be
significantly reduced as compared to the main target 12a.

[0030] The magnetic stray field of the yoke portions 24a closest to the substrate 20
influence the textural, structural, and magnetic properties of the growing film. The magnetic
field near the substrate 20 determines the electron bombardment to the substrate 20 and the
preferred orientation of the deposited magnetic films. For example, in the second
embodiment where two cathodes 10a, 10b are used for a symmetric double-sided coating of

one substrate 20 the configuration of the resulting magnetic field depends on the direction of



films. [0028] Further, the thickness uniformty of the

deposited filns can be controlled by adjusting the
woabemwirabs of the ring anode, the center anodeCDCH20E/000165

yoke, thus nodul ating the plasna density as shown in

FI GURE 7. The nodul ati on o -t he pl asma density enabl es

the control of the radial erosion profile of the

the m@%?%{%g%ct%p gg@g ip?rrﬂn@gﬁﬁggneti 9823) &g{ft gﬂi R BEBS the

are rom di rent nmateri rati o

f the target areas .as well.as . the rati f the power
magndzafivs jeqS el far-ganalnn B s Baehic R ulieRe the texture of
conposition ratio of a deposited film Preferred
the grewingrfilal. I\éagaeﬁimﬁglé@@mpperﬁmpemmdiwlm tpdle substrate 20 surface also
ferromagnetic materials. Adding nitrogen, oxygen or
result9inn@l inGlegdvd Rt trbn bbbardeddne ApUiéslt, 1heSubaragoRl is heated and a
krypton, etc.) will further influence the film

bias pGRARASIHIT Riftd vl fof Qﬁo&tﬁ{ggﬁ.ﬁ)t HEN s él}%%ﬁh%“ll 85 gt he

same materiarthe ratio e power -applied to each

target can be used to.control thigckness uniformty. .
magnéiraloyEor 413 4 geirai 800 By bk dadel SR Humbenetio feld
. erosion of the auxiliary target, thus the auxiliary
influenepsdls textuie pethmgedwisadiline The magngtisdiold rompenegés paspandicular to

both targets will have the sane lifetine. As a result,

the subdteaté D0 atervandl @hetfezauxThd elestrondhgeiuide damy the field lines in
significantly reduced as conpared to the nain target

radial Hﬁ@ctic[rpm%pggfﬂfg%gﬂﬁfait&ﬂﬁt A8¥ Bés‘uﬁ! e BEatid¥CortRhEne b}{ %lgctron

portions 24 osest to the substrate 20 Influence
xtu

t al, structural,.and magnpetic, properties, of the. .
vombyyffieh spriicdi Al g oPPAlre el iU il mapeisgtion
determ nes the el ectron bonbardnent to the substrate
vectorg gngdditione magmpte field conibewverlaid by 6fDE mewaedoils dde coil can be
magnetic films. For exanple, in the second enbodi nent
larger ey the substrartdnd diksplatks, of O aad subssatk I00dre prefyrabBtparallel. In this
doubl e- si ded coati ng of
example the axial component of the magnetic field will guide electrons to the substrate 20
that will in turn-heat the substrate resulting in a build up of a bias potential for a floating
substrate.

[0031] The present invention was tested in the pressure range between 2 10" mbar and
6+10™ mbar in argon. Stable glow discharges can be ignited within this pressure range as
shown in the current voltage characteristics in FIGURE 5. The deposition rate for iron is
between 2.5 nm/kW/s and 4.5 nm/kW/s for a distance of 50 mm between main target 12a and
substrate 20. This deposition rate is normalized to the power applied to the main target 12a.
With a constant power level Py applied to the main target 12a a decrease of the power Py
applied to the auxiliary target 12b results in a decreased deposition rate as shown in FIGURE

6. Further, the deposition rate will reach its maximum if the power applied to the main 12a

and auxiliary 12b targets is equal. For a constant power applied to one target the glow



one substrate 20 the configuration of the resulting

magnetic field depends on the direction ofthe
worgs@bizat i on vector of the pernmanent nagnet sP@®/CHA805/000165

shown in FIGURE 3a the nagnetization vectors are

uni di rectional and thus thée-magnetic field influences

the texture of the growing film Magnetic field

dischagge;gﬁp?g% tigaly Rk S b9 dé@fgglg&g:&gg%ﬁ 1323 {347 A58in
20
threshd eGR4 kPR B ETGURES. FSreesing los S e PesBe el ncroqse

shown in FI GURE 3b the nagnetization vectors are o
deposigieniratp arherd @ Fonstant distance bétweemthesathoderpadh suhsirafe 20He maintained.
magnetic field influences the texture of the grow ng
[JoBRWhiketheagRatibie hdsi ekal deefipedeithsefetsnpe fulh preff@redtebodiment,
the substrate 20 are small or nearly zero. The

it will B SRHERMB g;kgh&%isﬂﬁféd?ﬁ E&t JariBhd! %a{ngsma{? b ﬂﬁd@ bind

I rection sur pass t st rat e resul

. the heatin Si r ard
cquivalGifp g e d oA ?qte?%%?%s%s oy TeraBne "ﬁﬂ%{her%m of the
the nmagnetization vectors an addltlonal magnetic field
inventgem Ibaddifien) mpdy mpdificaidnsoney ksimeds o adppea putirulgngitugton or
| arger than the substrate and the planes of coil and
materialiasthé aachid@s af e pivehao@blitiomalephitial . frdnm tHehdsseneibsgobe thereof.
the axial conmponent of the magnetic field will guide
ThereﬁJﬁg G 59REnddd thi¥ens F{R@Bﬁ&ﬁ fot4 lfnlﬁ?etd ithd }f)érm:l!tlalp&ﬁﬁ&ﬁment
€ substrate resulting I1n a up o bi as
. fox a f oa substrate
aiscloff2t S Bror i RonteRRLAREGE ayinE bkl Betion. P i the invention
__between 2 10 4 nbar and 6-10 2 nbar in argon. Stable
will inglusly adfi esehnsiments dalingwithigrihe seppgiof merﬁm)ﬁmgedpﬂ@%u re
range as shown i'n the current voltage characteristics
in FIGURE 5. The deposition rate for iron is between
2.5 nmkWs and 4.5 nmikWs for a distance of 50 mm
between main target 12a and substrate 20. This
deposition rate is normalized to the power applied to
the main target 12a.



Wth a constant power level Pnt applied to the main
target 12a a decrease of the power Pat applied to the
waunnosiowey target 12b results in a decreased depo&iH2063000165
rate as shown in FIGURE 6. Further, the deposition
rate will reach its maxi mim-i f the power applied to
the main 12a and auxiliary 12b targets is equal. For a
WHATI9 s a0hmewer applied to one target the gl owdi scharge
Wi IT vanish if the power applied to the opposing
tilrget f al %s bel ow a certain threshold value. As shown
i b EI GORBUEST Ghads SOMPISBe ar gon pressure will
i ncrease_deposition rate where a constant distance
bet weef Pl of RppRSInEErastibst rat e 20 i s nai nt ai ned.
[0032] While the invention has been described with
r ef er eaphasing regipn dfcatedddtvesenahk plerdlity of opyosinghigrgets;
understood by those skilled in the art that various

changeg nf%ﬁetﬁeﬁaﬁ%gn&%{%&&?oﬁﬁfoﬁem ab&it bk 8 gets,

for elenments thereof w thout departing fromthe scope
|

said ﬁg%l qt%;geg)éﬁr{]g\éoev%% iggl{]aj%r Led

n _addjtj,on, many .nod i ons
et i RgiPB s iRl S PesTiiter to the
the teachings of the invention w thout departing from
surface jgf theoppasinafargd®pe t hereof . Therefore, it is intended
that the invention not be [imted to the particul ar
enbodi wheteinla suisoards assitibreddgicemtd ¢hecpnimaydgidred f or
carrying out this invention, but that the invention

will i gokisieadblst @@%ﬁ%@eﬁﬁﬁbg&ﬁwﬁ%’sﬁdﬁ' tHatl RBoSIHEOPES a film
of the appended clai ns. WHAT | S CLAI IS 1.

sput.ter. cat hode ising: a plurality of opposing
Onthet%kgaéat% 18 “SEBP%%%é%%%? 1?5’?1gelg’ocat ed between the plurality

of opposing targets; a magnetic field generating.

sour ce WHesin therveicaliplanest thiheprasinedrigstsiad dea eertieadplane of the

field extending over a nmajor part of the the plasm
substrategiresubstaaiaity paralielper pendi cul ar to the surface of the

opposi ng targets;
2. -~ The sputter cathode-of claimr 1, wherein the magnetic field generation-source
comprises at least one ring of a magnetic field generating source positioned around the
perimeter of the cathode; and,

a plurality of yokes to thereby guide the magnetic field to the back portion of

the targets where the back portion is the side of each target not facing each other.

3. The sputter cathode of claims 1 or 2, wherein the magnetic field generating

source is one of a permanent magnet or a coil.

4, The sputter cathode of claims 1 to 3 further comprising:

a shield separating the yokes and coil from the plurality of targets, wherein the



wherein a substrate is positioned adjacent to the
pl asma region; wherein at | east one target includes an
wopessioage2guch t hat deposition of a filmon thePCT/CH2005/000165

substrate is not inpeded by the target, wherein the

vertical planes of the opf@sing targets and the

vertical plane of the substrate are substantially
Smeldgggﬁ%%w@,aﬂd, The sputter cathodeOf claim!l wherein

t he gnetic field generation-source conprises at

| east one ring.,of a.magnetic fi.eld generating source

posi 11 BREHeLIBIRgoRHE IR haper g Freondiiete.  and, a

plurality of yokes to thereby guide the nagnetic field

to the back portion of the targets where the back

portion is the side of each target not facing each

ofher . The spiteer sgthddest daitdz@de 49fwhetein the filloothickness uniformity and

wherein the magnetic field generating source is one of

erosiogfo? HMOLME SRgets apL ir@lu@ﬁ&eld-byﬂad%u-ggﬁﬁgﬁgmcﬁiﬁfdﬁa?af SRAS the yokes,

claims Ito 3 further conprrs
separati.ng t yokes and coil fromthe plurality of
Cmﬁm?%@g%?%?ngﬁ%ggin theshield is a ring anode; and, a
center anode positioned in an opening in a second
target. 5. The sputter cathode of clains 2 to 4,
wherein the filmthickness uniformty and erosion of

t Be pl Thalchthydodt daingdtte Safuethenddmygrisirgoh Hisst poljversdourtg connected
the potential of one of the yokes, center anode or

to one' dPp8siRB ¥Eet did a BB&MFRRISoREe ERleBRd 1o b Qecdnll YpbAER target,
conprising a first power source connected to one

where§P B TRhob Rl SE oA 308 uF y RSV bR RRE 6 SOIRSRE Sk

adjusting the second power source, or adjusting both the first and second power sources.

7. The sputter cathode of claims 1 to 6, wherein the film composition can be

varied by adjusting the area of the opposing targets.

8. The sputter cathode of claims 6 or 7, wherein the film thickness uniformity can
be varied by one of adjusting the first power source, adjusting the second power source, or

adjusting both the first and second power sources.

9. The sputter cathode of claims 1 to 8, wherein the plurality of targets are one of

circular, annular, angular, longitudinally extended or framed shaped.

10.  The sputter cathode of claims 1 to 9, wherein the plurality of targets are made

of the same material.



wherein the filmconposition can be varied by one of

adjusting the first power source, adjusting the second
WOQwsroosngr ce, or adjusting both the first andPeeEm005/000165

power sources. 7. The sputter cathode of clainms 1 to

6, wherein the filmconpoedBti on can be varied by

adj usting the area of the opposing targets. 8. The

sputter cathode of clains 6 or 7, wherein the film

t hi ckness uniformty can be varied by one of adjusting

t first wer source, .adj,usti ng the.second power
b ce Thb RS breBP R RSIE o Mgtelhyid PLORENE ke are made
sources. 9. The sputter cathode of clainms 1 to 8,
from different materialspl ural ity of targets are one of circular
annul ar, angul ar, longitudinally extended or franed
shaped. 10. The sputter cathode of clains 1 to 9,
wherein the plurality of targets are nade of the sane

pj er i g} %@ém&?laﬁh§mftﬂim§ atih qqeﬁﬂﬁle%&{aﬁﬁsfi%% zrln Spuiter gas

wherein t urality of targets are made
di.fferebrlt materials. 12. The sputter cathode of clains
COmMPIPSINEA RIOP &Y her conprising a sputter gas conprising a

nobl e gas. 13. The sputter cathode of clains 1 to 12,
wherein the filmconposition can be varied by addi ng

one of nitrogen, oxygen or other elenent to the

sphut t eThegsuttet dathddecofsyhaitrisdrto ddf Whekeirothe dil@i dompbsition can be
13, wherein the sputter rate for the sputter gas can

varied ¥y M@le&fheRY nRspeRf 0:88EN 8t bt d1ftRerdtith e HRAWBS gROUr CE,
adj usting the second "power source, or adjusting both

the first and second power sources. 15. The sputter
cathode of claim2 to 14, wherein the magnetic field
out si de the . i

14 The sputter cathode of claims 1 to 13, wherein the sputter rate for the sputter

gas can be varied by one of adjusting the first power source, adjusting the second power

source, or adjusting both the first and second power sources.

15.  The sputter cathode of claim 2 to 14, wherein the magnetic field outside the
cathode is varied by adjusting the geometry of the yokes and wherein the texture, structure

and magnetic properties of the film are influenced by the magnetic field outside the cathode.

16. A sputter station comprising:
a first and second sputter cathode where both the first and second sputter
cathode include:
a plurality of opposing targets;
a plasma region located between the plurality of opposing targets;

a magnetic field generating source adjacent the opposing targets, said



cathode is varied by adjusting the geonetry of the

yokes and wherein the texture, structure and nagnetic
wonopaviizes of the filmare influenced by the Prag@ER20E5/000165

field outside the cathode. 16. A sputter station

conprising: a first and sepiond sputter cathode where

both the first and second sputter cathode include: a

. f . . N 1

feld BUHIEN b mBOPBR! Pelnk Bicdihne RIS ERERPL DML the
fi enerating source adjacent the opposing targets,

Surfa“seaﬁ%]d% &PH?S@%tt%rﬁgﬁsng over aJ maj or part of the the

plasma region essentially perpendicular to the surface
of the opposihegeinat lgestonegrastaneludas anapsningsach thatydeposition of
i ncl udes an openi ng such that deposition of a filmon

a filnPorsal istrate és h& inpedddipedtiedarhst, t he target, wherein the
pl ane of the opposing targets and the plane of the

substrate arﬁé&ﬁ%}%@ﬂ&#@&i} the Bﬁéhﬂlﬁarrgegs?andﬁﬁgP%Hé‘ bE Bl substrate

station of claim1 erern etic fre

ener.ati on urce conprises at |east one ring of a
ares@ﬁgﬂéﬁycpa,rglgq?.d generating source positioned around the

cat hode; and, a plurality of yokes to thereby guide

the magnetic field to the back portion of the targets.

18: The sputterstationO claim 16 or 17, wherein the
subist r athe spsttgrcsdtion@fethildbywhercinnde agattiafield peaanton source

cat hodes and adj acent to the plasma regions and is
compFiS& a8 ®a@bne ring of a magnetic field generating source positioned around the
cathode; and,

a plurality of yokes to thereby guide the magnetic field to the back portion of

the targets.
~+18.°  ~The-sputter station-of claim 16 or 17, wherein the substrate is positioned
between the first and second cathodes and adjacent to the plasma regions and is coated on

both sides with a thin film.

18.  The sputter station of claim 16 to 18, wherein the magnetization vectors of the

magnetic field outside the cathode are unidirectional and perpendicular to the substrate.

19.  The sputter station of claim 16 to 18, wherein the magnetization vectors of the

magnetic field outside the cathode are oppositely aligned and parallel to the substrate.

20. A method for producing thin films comprising the steps of:



both sides with a thin film 18. The sputter station
of claim16 to 18, wherein the nagnetization vectors
wohodasiwe1armagneti c field outside the cathode ar ePCT/CH2005/000165
uni directional and perpendicular to the substrate. 19.
The sputter station of claskm 16 to 18, wherein the
magneti zation vectors of the magnetic field outside
the ca ' j | :
Subst r By i SRR ERALE, e SRRENRNOF PlicRirgaegb hldfein
conprising the stepg of:providing a sputter. cathode .
least ong(4rag} 1as pR QPSHNG Rifs S@PA@%E%H@%WE%&%@ PUfRE Rt Spposing
| east one target has an opening, a plasma region
targetd, omgnetit ﬁ@ﬂ\gemrauilt&sqmlrwrwsitioyxegadj@m@ dierngthodeget s,
magnetic field generating source positioned adjacent

the capbadsiin®eshbstan dihentuhisd platta agji@gent to the
pl asma regi on; generating plasma in the plasna region;

sputteri t ' | asma t her eby
genera?%%%m#%ﬁﬁ%Qggﬁfﬁ% g%?agggggting the ionic

particles through the hole; and, _ depositi t.he. C
har t i cPRLtoHRE ot BoP A RIETTHhAeR BFRGrAifg ippic particles

directing the ionic particles through the hole; and,

depositing the particles on the substrate to form a thin film.



