WO 2006/034598 PCT/CH2005/000441 - 1 Method for manufacturing magnetron coateql substrates
and magnetron sputter source. The present invention relates to a method for manufacturing
magnetron coated substrates and a magnetron source. 5 Definitions The structure of a magngtron
source is schem@cal9 WRS03EED® Fig. 1. It has a target 3 witha/sputies sugaca 39, from which
target material is sputtered off and reactively or not reactively deposited on the substrate_ 4. On 10 the
reverse side 3R of the target a magnet arrangement 5 is provided. It has at least one pair of
circumferential magnetic loops 7a and 7b, which, facing.the reverse side 3R.of the target, have_
surfaces of inverse magnetic polarity. The magnetic loops 7, and 7b respectively are each forming
closed loops, wherein "closed" absolutely also includes magnets, that are arranged at a distance 15
from one anotheMetheshipampywasiuringmesaanstnon gontrdtewistateinaps rabtrestragnetron magnet
field H at the spuiritter&siere® of the target 3. With regard to the generation of t_he m_rcumfer_entlal
tunnel-shaped magnetron magnet field both magnetic loops 7a and 7b form a pair of interacting

magnetic_loop paifdheschemansiRiERaeEHE i5 Asshaunehemalisall, 20, crpssed by an

electric field E generated between an anode and the target 3 intercon a8 At ode_. Due to
the magnetron mAGRERRIGTY ATHARCINEEALRRIA E, the known electron trap effect occurs in the
area of the tunnel- shaped magnetron magnet field H, which at that point leads to an increased
plasma denéity and an increased sputter effect. The result is, in the area of 25 the magngtron magnet
field, a circumferbefiaigsasion trench in the sputter surface 3s that increases in depth with the
increased duration of the

The structure of a magnetron source is schematically illustrated in Fig. 1. It
has a target 3 with a sputter surface 3¢, from which target material is
sputtered off and reactively or not reactively deposited on the substrate 4. On

10 the reverse side 3y of the target a magnet arrangement 5 is provided. It has
at least one pair of circumferential magnetic loops 7, and 7y, which, facing the
reverse side 3y of the target, have surfaces of inverse magnetic polarity. The
magnetic loops 7, and 7, respectively are each forming closed loops, wherein
“closed" absolutely also includes magnets, that are arranged at a distance

15  from one another, as long as by both magnetic loops generate closed loops
of the magnetron magnet field H at the sputter surface 3; of the target 3. With
regard to the generation of the circumferential tunnel-shaped magnetron
magnet field both magnetic loops 7, and 7, form a pair of interacting magnetic
loop pair 7,,. The magnetron magnet field H is, as shown schematically,

20 crossed by an electric field E generated between an anode and the target 3
interconnected as the cathode. Due to the magnetron magnet field H and the
electric field E, the known electron trap effect occurs in the area of the tunnel-
shaped magnetron magnet field H, which at that point leads to an increased
plasma density and an increased sputter effect. The result is, in the area of

25  the magnetron magnet field, a circumferential erosion trench in the sputter
surface 3g that increases in depth with the increased duration of the
operation. We call a closed loop of magnets of whatever shape, which

presents one of the two magnetic polarities to the reverse side 3 of the



operation. We call a closed loop of magnets of whatever shape, which presents one of the two
magnetic polarities to the reverse side 3R of the WO 2006/034598 PCT/CH2005/000441 2 target, a
magnetic loop. According to Fig. | two of such magnetic loops 7, and 7b are present. Two such

adjacent magnetitdo2p9 éofaB4 pag of magnetic loops accordipgty ¢ab oefs/gob.dhthey generate a
circumferential loop of the tunnel-shaped magnetron 5 magnet field H. The magnet arrangement 5
can contain one or more circumferential magnetic loops plus separately positioned additional magnets
for forming the magnetron magnet field loops. The electric-field E betvyeen the anode (not shown)
and the target cathode can be generated using DC, pulsed DC, superimposed DC and AC as well as

AC Up (o the highafigsiughegrangtods AdBaREADeskpala JheeRatiog-BiRGeSRmALRE performed

with the one or th,e several target materials, or after their reaction with a reactivé gas admitted into
the process space BERESS The sputter surface 35 and the substrate 4. On one and the same target 3
with areas of diffgrent materials, several materials can be sputtered into the process space

simultaneously, difSCEYFoPLBSHRG BRARIC18oRSTBhanal LT eranatigponstaraariingriocess space. In

order to extend theHife tirﬁ@et/@ewﬁegeb&ﬁ@dﬂ@’@dﬁaewéb&)ﬁ_mgt%rnhmesy@@gqﬂggﬁﬁ%ﬁtteredhoff
material per tim%%' ite the forming of the erosion trench or trenches
and thus the5 coati_ng%{g %Eﬁmgoﬁ%ﬁg?ﬁgﬁg?gg 8%”tﬁ8”5u'85%'ﬂ§t8&[*b°é? time unit) it is known

and common to STFYRYGECRE R BRGNS sPpRniagePesRtabigeBiEnnS] ardifioainiegisstthieone or the
several providedfpaiiaiaagneiiaiaopaghenadhe seysrsa sise 9fithe rwosthedh M cydlislinear
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trenches. superimposed DC and AC as well as AC up to the high frequency range. As
10 mentioned before, the coating process may be performed with the one or the

several target materials, or after their reaction with a reactive gas admitted into

the process space between the sputter surface 3. and the substrate 4. On one

and the same target 3 with areas of different materials, several materials can be

sputtered into the process space simultaneously, directly for coating or after

15  reaction with a reactive gas within the process space.

In order to extend the life time of the target 3 and/or to keep the sputter rate
(@amount of sputtered off material per time unit), for example, constant despite the
forming of the erosion trench or trenches and thus the coating rate (amount of
material deposited on the substrate 4 per time unit) it is known and common to
20 move at least parts of the magnet arrangement 5, and in particular the one or the
several provided pairs of magnetic loops along the reverse side of the target, be it
by cyclic linear movements or rotational movements or pendulum movements.
With that the magnetron magnet field H is moved along the sputter surface, in

order to generate preferably no significant local erosion trenches.

25  We call a magnetron source a single-circuit source, if it has only one pair of
magnetic loops. We call a magnetron source a two or multi circuit source, if the
magnet arrangement has two or more pairs of magnetic loops. It is to be observed
that two pairs of magnetic loops can definitely be formed using three magnetic
loops.



25 We call a magnetron source a single-circuit source, if it has only one pair of magnetic loops. We
call a magnetron source a two or multi circuit source, if the magnet a_rrangement has. two or more
pairs of magnetic loops. It is to be observed that two pairs of magnetic loops can qleﬂmtgly be formed
using three magnadic2loopg 0\84% 2806/034598 PCT/CH2005/05@4_41;&'@@@9@%4@@ntlon now
presumes a method for generating magnetron coated substrates, in whlch - along the reverse s_,lde of
the target facing away from the substrate - a magnet arrangement is provided, by means of which at
least one closed loop of a tunnel-shaped magnetic fieldiis-generated along the _sputter surface of the
5 target. Especially in the use of large surface targets, the achigvement a.nd‘ma!nte'nance qf a desired
layer thickness dmewge@nmemieawIa;e@ngo%@tx%mpg@ﬁéﬁatmgﬁ%%%& % dgtotiously
problematic. With r gar to this one of the ﬁ{ipblems is that due o target erosion the coa ing
Su%yr% ?c,"?.@’.hﬂ{i]éf FlRY%REHGYSFSe0 R Adhrs@sriiadifstmmeniiathietilisation

circumstances are
period respectivedylestitate targetgtetchrang ¢hestifestimeviafeain W@?ﬁgaﬁﬁgﬁﬁsre
coated, the menm iC Wil = ' the | ime of the in . -
possibly only have a smga)lflujrf%gﬁw ﬁeeéjéﬁfas%rr}fg tlt%gf %@e%t%%ﬁ%%{sgsé c%l?gt?ﬁ)b foh |s!t%?1lé‘]fé‘§ﬁe_8_ f&%ss the
entire life tin%e oftﬁ{g‘?target, as if only one individual substrate 15 would be coated, a _slgnlflcant _
change is often observed in the distribution of the layer thickness. Definit_ion We o_leflne as the coating
time a period of thARSHRIEIEHisi¢her alibragstaiase ivvgaie tbethchiavgetemdependensradribe sfumber of

individual substrate®shat MpCONRARR URRbIRSSAME ﬁa&%ﬁ@&xﬁ??&@ﬁiﬂﬁrﬂﬁé%ﬁwf&ﬁ
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due to target erosion the coating circumstances are dynamic, i.e. that they change in
10 the course of the lifetime and the utilisation period respectively of the target. If
during the life time of an observed target a lot of substrates are coated, the
mentioned dynamic will - depending on the coating time of the individual substrates
- possibly only have a small effect, whereas, if the layer thickness distribution is
considered across the entire life time of the target, as if only one individual substrate
15 would be coated, a significant change is often observed in the distribution of the
layer thickness.

Definition

We define as the coating time a period of time under consideration up to the lifetime
of the target, independent of the number of individual substrates that are coated
20 using the same target in the period of time under consideration.

Rotating single-circuit magnetron sources with heart or meander shaped magnetic
loop structures cover the largest part of the applications in the field of magnetron
sputtering. Adjustable single-circuit magnetron sources for the optimization of the
distribution of the sputter rate over the coating time are, for example, described in

25 US 5 188 717. Static two-circuit magnetron sources are, for example, known from
WO 98/03696 or US 5 997 697. Two-circuit magnetron sources with switching
mechanism for switching from sputtering by one of the pairs of magnetic loops to
sputtering at a second are described in WO 01/63643.



sputtering. Adjustable single-circuit magnetron sources for the optimization of the distr_ibution Qf th_e
sputter rate over the coating time are, for example, described in 25 US 5 188 717. Static t.WO-_CII’CUIt
magnetron sources are, for example, known from WO 98/03696 or US 5 997 697. Two-circuit
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magnetic loops to sputtering at a second are described in WO 01/53643. WO 2006/034598

PCT/CH2005/000441 4 Because of the limited coverage of large target surfaces, e.g. of 1200 cm’, it
is often very difficult to achieve a desired uniform distribution of the sputter ratg as well as of.the
coating rate and eventually of the layer thickness on the substrate over the period of the coating

process by meaﬂ@éﬁai@@%ﬂﬂwéim%%&%%%éd@%@’ﬂ%%%%?&‘{ %@%a'éoévt\/%%tﬂﬁé%'ﬁ%% < mzeg“der or heart

cm, kIS
shaped structures of the pair of magnetic loOps are often‘employe , howevg}, A large target

surfaces have th&Hi8AGMAtHG R RISy L ARG SHE e sVl igifvitppsihteecsputier wwid@mreas of the

targets insufficientsll Aaofdme rawtiting mmmwgmagwaetﬂﬁq%%nt%ﬁi@#%lbﬂrt‘h@g@ﬁ%@f inﬁ';er?;ed
speeds, like the r ' ystem, lead, to high eddy-curren osses. On the one d,
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the magnetron mAGHBE il ateae He-Eiritit inasn stramdoLpe dsasssieper satduidAdABH3696 or US

5997 697, havedhie sfisa@vantAgsoatstuin eipiofel AR aHR IDPLPSSRfhiPLo g 15 sputter
surface. As initialéyJ enti%nedﬂijt bfcgmeg esg%%%% eewdent that with increasing sputtering of the
AR ARy S s WA RS KR de Y A BRKe SvsERtibe iy Pk ABss

target the sputter rate € : ting™ ] 0 he| .
distribution on théslibéaaese Theftfertargetnéthiiitmtis Naquinedaol pfmn@m@;rwlﬁkagﬁak&f _ eli the
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This is 20 %en solved in such way that groups of magnets of the magnet arrangement ar
? system, lead to high eddy-current losses. On the one hand, these have to be
compensated for by the engine power and on the other hand lead to a

weakening of the magnetron magnet field.

Static two-circuit magnetron sources, as described in WO 98/03696 or US 5 997
897, have the disadvantage that static erosion profiles are impressed into the

15  sputter surface. As initially mentioned, it becomes especially evident that with
increasing sputtering of the target the sputter rate changes as well as the coating
rate and thus also the layer thickness distribution on the substrate. Therefore a
mechanism is required on principle, which enables the adjustment primarily of the
sputter rate distribution on the target and over the course of its lifetime. This is

20 often solved in such way that groups of magnets of the magnet arrangement are
moved laterally, i.e. along the reverse side of the target 3g, as known for instance
from WO 02/47110. The disadvantage of this is that another drive has to be
superposed over the rotating system with the pairs of magnetic loops, for which
the power supply has to be realised, e.g. via electrical collector rings. Balance

25  errors are created by the moving of the aforementioned groups of magnets, which
have to be compensated for by appropriate measurements. Rotating two-circuit
magnetron sources with a switching mechanism for the selective activation of the
one or the other pairs of magnetic loops, as described in WO 01/63643, result in a
high load for the electromechanical drives.



moved laterally, i.e. along the reverse side of the target 3R, as known for instance_from WO 02{47110.
The disadvantage of this is that another drive has to be superposed over the.rotatlng.system with the
pairs of magnetic loops, for which the power supply has to be realised, e.g. via electrical collector

rings. Balance 2%errpoajcoaeatsl by the moving of the aforespentianeslody pyes #4 magnets, which
have to be compensated for by appropriate measurements. Rotating two-circuit magnetron sources
with a switching mechanism for the selective activation of the one or the other pairs of magnetic loops,
as described in WO 01/63643, result in a high load fer the-electromechanical drives. WO
2006/034598 PCT/CH2005/000441 1t is a task of this invention to propose a method of the initially

mentioned type and ASRENGHOMAMGE LESRERACIORBRIGRAT AR DR SsRFgively the sputter
rate distribution alon% thg%?s}[iutter surface can be adjusted in situ during the sputter o\r/f)era ion - the
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method results fRAEPEHO T SRYIFRS fhat ﬂf’&t@?l@&@@éﬁ\ﬂﬁomﬂ@ aRAgpReR idaTyoifitmt is moved
along the reverseegiaiel o thie targetctrvs orsulinialig dskturianobdhe spuekrliestofihe

tunnel-shaped tron magnet field along the sputter surface..A further .ood regllzation of t.he
method accordmggt({)ﬁﬂgg%?@rgt%%cﬁp maa?%ﬂp%tr%gf a@”@h%f@ﬂgﬁﬁ??ﬁgﬁﬁb%@I%ﬁﬁ%ecﬂgﬁgj’éd in
distance. This re8§itsiged isiageest therds psatdnémspntsityrm¢ntistnbatiohthe magnetron magnet field

co-generated with the loop. A further good realisation exists in the fact that the distance of a w_hole
magnetic loop ifdreoted)ifatocessthiy metuodbisatisriutite the ehangeref radpaihoiithasnagnetic

10 part of the magnet arrangement is moved along the reverse side of the target. This
results in a distribution of the sputter effect of the tunnel-shaped magnetron magnet
field along the sputter surface.

A further good realization of the method according to the invention is, that a part of a
circumferential magnetic loop is changed in distance. This results in a change of the

15 sputter intensity in the area of the magnetron magnet field co-generated with the
loop.

A further good realisation exists in the fact that the distance of a whole magnetic loop
is changed, if necessary in combination with the change of a part of the magnetic

loop concerned and another one.

20 Afurther good realisation is created, if necessary in combination with the
aforementioned realisations, by changing the distance of a pair of magnetic
loops, especially indicated, if the magnetron source is a two or multi-circuit
source. In that case the corresponding distances can also be changed at more

than one of the pairs of magnetic loops.

25  Ifthe adjustment according to the invention of the aforementioned distance is to be
realized for magnetron sources, for which the magnet arrangement is rotated along
the back surface of the target and if a homogenous layer thickness distribution

during the coating time up to the target life time is to be achieved, then a good



loop concerned and another one. 20 A further good realisation is creatgd, if necessary in combinat?olrll
with the aforementioned realisations, by changing the distance of a pair of magnetic loops, especially
indicated, if the magnetron source is a two or multi-circuit source. In that case the corresponding

distances can alsédbe oloamtEsiaatggore than one of the pairs %@Wigg%g% &? 4' the adjustment

[ i [ i i [ lized for magnetron sources, for
according to the invention of the aforementioned distance is to be rea :
which thg magnet arrangement is rotated along the back surface of_the_targ_et and if a homogenous
layer thickness distribution during the coating time up tg;the tz_irget life tlme.IS to bg achleyeq, then a
good WO 2006/034598 PCT/CH2005/000441 o _ realisation is created by mcreasmﬁ - g/wth |tnc(rjeasmg
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voltage betweeng}anode and the target, to compare it with a target value and to adjust the distance

i [ iti d idea to divide
tion of the result of the comparison. Furthermore it is also a goo
e tarot ] 6 mtone relationship of the sputter rates of the two
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target facing awaprhimantheo sgsitarss daeRa AR GRS, ;n%ﬁéa%egﬂgwggae%é?%@ﬁ Solvea by
hat 15 t i f a part of the magnet arrangement to the back surface cf the target is
the fact tha an%%t&%%iﬂw & }%BGFEV& W anato adjust the distance of the part as a function of
adjustable by means of a controllec’litt drive:
the result of the comparison. Furthermore it is also 3 good idea to divide the target
10 into zones of different materials and to set the relationship of the sputter rates of the

two materials by the aforementioned adjustment of the distance.

A magnetron source according to the invention has a target with a sputter surface and
a magnet arrangement along the reverse side of the target facing away from the
sputter surface. With regard to this, the aforementioned task is solved by the fact that

15 the distance of a part of the magnet arrangement to the back surface of the target is
adjustable by means of a controlied lift drive.

It is a good concept of the magnetron source according to the invention, that at least
one part of the magnet arrangement is operatively connected with a movement drive,
by means of which the part is moved along the back surface of the target.

20 ltis another good concept, which can easily be combined with the aforementioned
one, if a part of a magnetic loop is operatively connected with the controlled lift drive.
Another good idea for the concept of the magnetron source according to the
invention, if necessary in combination with the aforementioned one, is, to adjust a
whole magnetic loop using the aforementioned controlied lift drive. This concept as

25  well can be combined with the aforementioned one, if necessary, just like the other
good concept, to operatively connect a pair of magnetic loops with the controlied
drive. Another good concept is to provide an outer pair of magnetic loops and an inner
pair of magnetic loops at the source and with regard to the back surface of the target,



It is a good concept of the magnetron source according to the invention, that at least one part of the
magnet arrangement is operatively connected with a movement drive. by means of which the part is
moved along the back surface of the target. 20 It is another good concept, which can easily be
combined with thaaf@reoentieasd sone, if a part of a magneticﬂgqg&gwgt}\bnd)b ggqnected with the
controlled lift drive. Another good idea for the concept of the magnetron source according to the
invention, if necessary in combination with the aforementioned one, is, to adjust a whole magnetic
loop using the aforementioned controlled lift drive. This goncept as 25 well can be combined with the
aforementioned one, if necessary, just like the other good concept, to operatively connect a pair of
magnetic loops withyt rive. g IS to provide an oyter pair of magnetic
loops and an inr\ll\éllfﬂj gﬁdgfg@a(étr?gtaig ‘Ig\g%g?‘ gﬁ%&%rgg;b?gg%%% %v?‘éﬁgga}r/ﬂé the %%%&%é)ﬁgég 8Tthe
target, WO 2006[6’?3%‘835%@%(75}669Mﬁmﬁ Wit 33 akirgriEygeastingren dherrxisaifsaationps
eccentrically with respect to an axis of rotation and to operatively connect it with a rotation drive acting
on the axis of rot$tidANqNerHnothislegolsciauiserd ppptidlety erarsiobyhinbahs distenichdha ehigtance of

a part of the mageétamangerasahgseat 112l PRSKaRS BB RBAEIIE RISl GeD target
than another. par rrangement - is increased and/or by which the distance of the other
part is decre%seét%%%?r?ﬁﬁeg @gﬁaq{%ﬁga{lrr?ﬁﬁenpg ISt e TITENRI 18 BiRaRea PR Rt istdn Dy
means of exampféstaisg fithermihaidrsrtiiggrsseTresdwingiha 0dsiingneediagram of a perspective
view of a first embodiment of the method according to the invention and a magnetron source
according the invefiRsites dprttiastijorig sxplairtteimpentediaginby of casidendgunmre the
arrangement shawi Wit ifle 28 of figures.

These show:

10 Fig. 2a a diagram of a perspective view of a first embodiment of the
method according to the invention and a magnetron source
according the invention respectively,

Fig. 2b furthermore a diagram of a side view onto the arrangement
shown in Fig. 2a,

15 Fig. 2¢ furthermore a diagram of two variations of the magnet
arrangements, e.g. on an arrangement according to Figure 2a, for
the formation of the magnetron field,

Fig. 3 in a presentation analogous to that of Figure 2a a further
embodiment of the invention,

20  Fig. 4 in a view analogous to that of Figure 2b, a further embodiment of
the invention in a diagram,

Fig. 5 in a presentation analogous to that of Figure 4, a further

embodiment of the invention,



15 Fig. 2c furthermore a diagram of two variations of the magnet arrangements, e.g. on an _
arrangement according to Figure 2a, for the formation of the magnetron flgld, F!g. 3 ina presentation
analogous to that of Figure 2a a further embodiment of the invention, 20 Flg: 4 in a view a_nalogous to
that of Figure 2bwofuzthes gotorsiment of the invention in a dipgtanadzig o8 iy Paagentation
analogous to that of Figure 4, a further embodiment of the invention, WO 2006/0345_98
PCT/CH2005/000441 - 8 Fig. 6 furthermore in a presentation analogous to that of Figures 4 and 5
respectively a further embodiment of the invention, Fig. § furthermore in a presentqtion analogogs to
that according to Figures 4 to 6 yet another embodiment of the invention, 5 Fig. 8 in a presentation

analogous to thakf Fggures 4 foxf & 6Hbs: 700G 13ARALANASME PO ICR-anangements as

described by means of the figures 2 and 3 are realized, Fig. 9 ermore In mentione
presentationya further embod?rﬁ%?ﬁe&“ﬁ'é mlEHisErBodigert thitasiiayraten form of realization of a
sputter source according to the invention, conceptualised in principal according to the meodlmgnt
variation of FigurE'®; Fig. 11 a WiGIE0'6r 8 MBHENFHARFovenpEsrsl gy pacsitne fhiguinvention,
15 Fig. 12 the graph (a) of an eras®pepraitenat arsiseulmetargehenthghtaangement according to
Figure 10, for a concentric pair of magnetic loops and an eccentric one, and the graph (b) for an

5 Fig. 8 in a presentation analogous to that of Figures 4 to 7 a further
magnetic loop arrangement, on which arrangements as described

by means of the figures 2 and 3 are realized,

Fig. 9 furthermore in the mentioned presentation a further embodiment of

the invention,

10  Fig. 10 in a diagram a form of realization of a sputter source according to
the invention, conceptualised in principal according to the

embodiment variation of Figure 9,

Fig. 11 a top view of a magnet arrangement employed according the
invention,
15 Fig. 12 the graph (a) of an erosion profile at a circular target on the

arrangement according to Figure 10, for a concentric pair of
magnetic loops and an eccentric one, and the graph (b) for an
eccentric arrangement of both pairs of magnetic loops without

adjustment of the magnetic lift;
20  Fig. 13 layer thickness distribution graphs (a,b) for differently set lifts,

Fig. 14 in a diagram an erosion profile on a circular disc shaped target for

the discussion of an erosion profile to be aimed for,

Fig. 15 in a presentation analogous to that of Figure 10, an arrangement
according to the invention in an embodiment in principal according
25 to Figure 7,



eccentric arrangement of both pairs of magnetic loops without adjustmen_t of th_e magnetic lift; _20 Fig.
13 layer thickness distribution graphs (a, b) for differently set lifts, Fig. 14 in a dlagram an erosion
profile on a circular disc shaped target for the discussion of an erosion profile to be aimed for, Fig. 15

in a presentationvamategrasoe 4Batgof Figure 10, an arrangemestt19¢e9sding £ g vention in an
embodiment in principal according 25 to Figure 7, WO 2006/034598 PCT/CH2005/000441 Fig. 16 the

standardized layer thickness distribution on a substrate with sputter output as parameter, Fig. 17 in a
diagram a signal flow/function block chart of an embediment for the e_Iectrll(.:aI gwdance _of the
magnetron source according to the 5 invention, Fig. 18 for example, simplified in a top view, the

magnet arrangemenia! a singjes Gishil-RAGRAAN SALREACIRIFING{n e aveaion. Fig: 19 the layer

thickness distribution resulting from the magnet "arrangement according to Figure _ nction of the
distance 10 adjustment. FigurdPo4 Sl QsRHEESPRrMGRb0diment of the method according to the
invention and thE,ma}gnetron source according to the invention respectively in schematised

perspective view' fig' 2b, also'3EHURKALLE SiFhalArud inetisiadisncbathe’ a8 anbedmertifollustrated

in Fig. 2a. On the substrate sidee(sifstiedeguaisteven)iangetfehas acthedtassidingaciiand, facing
away from the substrate, a revg(se side 3 R In the area of the back surface 3 R there is a magnet
arrangement 5, which generates at least one, according to the Figures 2 one, closed loop of a tunnel-

: , : ioh i "
shaped magnen%%(.el H on thf)isgutter F,urface”%ééhe g}%ﬁnetrontﬁgargnet field H, 20 which is quite

] Xample, sim { View, agnet arrangement at a
familiar to an expeft. Figures 2 show A commen smgrie-u culf 9 9

single-circuit magnetron source according to the invention,

Fig. 19 the layer thickness distribution resulting from the magnet
arrangement according to Figure 18 in function of the distance
10 adjustment.

Figure 2a illustrates a first embodiment of the method according to the invention and
the magnetron source according to the invention respectively in schematised
perspective view; Fig. 2b, aiso schematised, illustrates the side view of the

15  arrangement illustrated in Fig. 2a. On the substrate side (substrate not shown) target
3 has a sputter surface 3 and, facing away from the substrate, a reverse side 3.
In the area of the back surface 3 there is a magnet arrangement 5, which
generates at least one, according to the Figures 2 one, closed loop of a tunnel-
shaped magnetic field H on the sputter surface 3,, the magnetron magnet field H,

20 which is quite familiar to an expert. Figures 2 show a common single-circuit
magnetron source. For this the magnet arrangement 5 has a first, mainly closed
circumferential magnetic loop 7a as well as a second 70, which is located inside the
one mentioned first. At least one of the two magnetic loops 7a,7b is at least to the
greatest extent possible constructed by means of permanent magnets 9, for

25 instance according to the Figures 2, the outer magnetic loop 7a. One magnetic
polarity - for instance N - of the aforementioned, for example, outer magnetic loop 7a
is located opposite the back surface of the target 3R. In any case, the second
magnetic loop 7b is located opposite the back surface of the target 3R with the



magnetron source. For this the magnet arrangement 5 has a first, mainly closeql circu_mferential
magnetic loop 7a as well as a second 7b, which is located inside the one mentioned first. At least one
of the two magnetic loops 7a7b is at least to the greatest extent possible constructed by means of

permanent magnets 2ofws 253ayarce according to the Figuressgingpiesmagpgtic loop 7a. One
magnetic polarity - for instance N - of the aforementioned, for example, outer magnetic loop 7a is

' d magnetic loop 7b is
located opposite the back surface of the target 3R. Ir_l any case, the secon
located opposite the back surface of the target 3R withithe WO 2006/934598 PCT/CIH2905/000441 -
10 second magnetic polarity, for instance S. As is easily seen from Fig. 2c, the realization of the pair

f magnetic loo wm ukfa f the. tar et_ R_a ircumferential zone of
?he onge magnetlli)(;s"e |oE alg(;:?/ IS cré%ﬁﬁf@vgf@ \llfvclt% gééagrg t%lgﬁ{% S—%r'? ﬁ%rl%l 'St gﬁtbiae
g'es

circumferential sECORAZO BieRaisetBRansinprsipiiatish ot aikngthpdasipenmacznt inagnets 9
are provided on trogetldBpscioruthesidiathahisdani g avardrandpefaghksgaes of hgitawet 3R, this

i Te ion,1.0. ly t re.in each case, if necessary section by section,
'Vsieivé‘ér;‘iom%g?heﬁ’?ni%%n?ﬁc ?%%gsg, ;’%‘ﬁ?ﬁﬁﬁ?ﬁrﬁéﬁfsc el e e BB S Yor
Vs

example the’ outSrENENS R RIRYsEQEHIPAGIREFCASS AR N OrfaghetstB @ isamlo Wdedon bbthe target 3R -

on the other loopoepg, ﬂnetmrma@neat?t@,fé&wﬁ@rm@syl bwm_f@rf%gegegﬁgééoﬁi%g\;%yﬁg r?‘\l/'%?rg%giepig
7, the constellati rding to Fig. 2c.can alternate, just as, .In view of the ' ,
the arrangemen%ﬁ@é@%&%@n er%gan% sﬂ‘lf’j1 @@g%fr%g GHE ﬂ@ﬁﬂ%‘ ??ﬁ?vﬁéﬂ?&?&?ﬁf}’gf%fagg N
according to the ¥h$56HANCYIEWSBRlOMPIEdINsTattd fees, therdistamtendbrg)0da Harbéhbmie

[ ¥s 7t ' face of the
the magnetic loeps of the1papsris ERaRBRAKIGREFRRR LN Lashent, the hack surfac .
target ??R % means of a dri\?{sm ontro}l9 d at a control input S14. In Fig. %%),eglg Fgenotes the distance

of the magnetic pacﬁ@%ﬂr?a%aecofst% BGRE egﬁé@i%t IB&)‘ #4 the other loop, e.g. the inner one 7b, is
formed by a ferromagnetic yoke 12.

Viewed along the pair 7, the constellations according to Fig. 2¢ can alternate, just as,

in view of the realisation with yoke 12, the arrangement of the permanent magnets.

According to the figures 2, in particular Fig. 2b, and according to the embodiment

15  example illustrated here, the distance dy, (t) of a part 7, of one of the magnetic
loops of the pair 7 is changed under control with respect to the back surface of the
target 3 by means of a drive 14 controlled at a control input S44. In Fig. 2b, d,
denotes the distance of the magnetic pole surface of the one magnetic loop 7a
from the back surface of the target 3z, the distance d, that of the second

20 magnetic loop 7b and d,, the controlled adjustable distance of the part 7, on at
least one of the both loops, e.g. at the inner one. The effect of the magnetron
magnet field H formed by the pair 7, is changed under control. Of course, it is
quite possible change the distance - at the considered magnetic loop - of both
parts relatively to each other and both parts with reference to the back surface of

25  thetarget 3g in a controlled manner, i.e. for instance and in view of Fig. 2a, to lift
part 7b and to simultaneously lower the remaining part of the magnetic loop
under consideration. Important is, that, viewed along the pair of magnetic loops

72, the distances of the magnetic pole surfaces with reference to the back



from the back surface of the target 3R, the distance db that of the second 2 C magnetic loop 7b and
d,1 the controlled adjustable distance of the part 7b;. on at least one of the both loops, e.g. at the
inner one. The effect of the magnetron magnet field H formed by the pair 7ab is changed under
control. Of course, it is quite possible change the distance - at the considered magnetic loop - of both
parts relatively to Wack BfHof GRASRRN parts with reference to thBIRHKRERPREE @P 9% 4Re target 3R in a
controlled manner, i.e. for instance and in view of Fig. 2a, to lift part 7b and to simultaneously lower
the remaining part of the magnetic loop under consideration. Important is, that, viewed along the pair
of magnetic loops 7ab, the distances of the magnetic pdlé surfaces with reference to the back WO
2006/034598 PCT/CH2005/000441 - 11 surface of the target are changed in time by controlled
distance changessatthes nidignédigdbapschesghdwntiméigy 2anitabedatigranepidaagesoat itlea - in a
section under considera Lotg%ggng the pair 7ab at both magnetic loops - to change equally or 5
unequally long parts, 7al, 7b1, with reference to the distance of the back surface of the target 3R in a

controlled manner, én Hb%qmg %lr?cqplrs] egH ieurée @leYdé)J Srl]lrgavg&goﬁ]r&%lgp equally or

unequally. In arepresentatlona alogous tot of Fig. a Fig ows another good embodiment of
the invention. As @easigeseiifeng/ane ta%%a%éadat%@wvééﬁ%%lop@wgéfm@esaﬂ%é/ &Ad the target

at one of the magnatiglanpry pate pUter Magnesieleapetoisheadionibe Srind Bassingrthe drive 14 in
a controlled manner with re to t|me a hus in turn the effect fthe tunnel-shaped magnetic field
H that had been g% tgﬁ;}%&%@ mt8 Htgoqe start?]ac%nse(r)‘flﬂoﬂ? sPthe W egféo%g%%f?’c Foops 7a and 7b
can, if necessary, beegesily, a?t:tmtnrml@@ digactier ¢othdysameddudinection equally, in the same direction
unequally, in the respective inverse direction equally or unequally.

in a representation analogous to that of Fig. 2a, Fig. 3 shows another good

embodiment of the invention. As clearly evident, the distance d,(t) between the
10  whole pole surface and the target at one of the magnetic loops, e.g. the outer
magnetic loop 7, is set on the pair 75, using the drive 14 in a controlied manner
with regard to time and thus in turn the effect of the tunnel-shaped magnetic field
H that had been generated. Here, too, the distances of both of the whole magnetic
loops 7a and 7b can, if necessary, be set in a controlled manner; in the same
15  direction equally, in the same direction unequally, in the respective inverse

direction equally or unequally.

The embodiment according to Fig. 3 again shows a single-circuit magnetron

source.

Fig. 4 shows a further good embodiment of the invention - in a view analogous to
20  the presentation of Fig. 2b. It has, in a general way, an uneven number - as
shown here three - magnetic loops 7, to 7., which together form two pairs of loops
Tan, 7uc Of the magnet arrangement 5. The polarity of the magnetic loop 7b in the
middle is inverse to that of the two adjacent ones. These form the two
circumferential loops of the tunnel-shaped magnetron magnet field H,, H, shown
25 in this example of an embodiment. Analogous to the embodiments of Fig. 2, in the
embodiment according to Fig. 4 the distance dy(t) of at least of one part 7, of the
magnetic loop 7b in the middle is changed by means of a controlled drive (not
shown), whereas the part or the remaining parts of the magnetic loop 7b that is



The embodiment according to Fig. 3 again shows a single-circuit magnetron source. Fig. 4 shows a
further good embodiment of the invention - in a view analogous to 20 the presentation of Fig. 2b. It
has, in a general way, an uneven number - as shown here three - magnetic loops 7a to 7,, which

together form twavpaiz0¥l60pa 5Ba&b, 7bo of the magnet arrangemeatd.o by pelglty, of the magnetic
loop 7b in the middle is inverse to that of the two adjacent ones. These form the two circumferential
loops of the tunnel-shaped magnetron magnet field H1, HZ shown 25 in this example of an
embodiment, Analogous to the embodiments of Fig.2, iretthe embodiment according to Fig. 4 the
distance dbkt) of at least of one part 7b1 of the magnetic loop 7b in the middle is changed by means

of a controlled driveigiebresmimlonhes Rasttae-PRhokiiiemNINg RS 1Bg/Dagpetic loop 7b that

is WO 2006/03455%8 ECCQ&:HHRQ%gg?ﬁl 12 under consideration are Kept at a constant distance

with respect to the Hacﬁ surface 5t the target 3. Fig. 5 shows, in a presentation analogous to Fig.

4, a further good em oqilrypent,- analogous to that shown in Fig. 3 - in which the whole central magnetic
d

loop 7, as 5 showd by A il hRIFSERBIPMAERALSP 4 BRI PdHTB e ahsWAp YN fespect to

the back surface BRIogdve tatget $hawhem FigpCeeiinghababedinigote Eatrd anshRetaldly POAR
magnetron magngidigids, H ’r]gl H2eperied Ry sregif justing the distance db(t) and db,(t)
respectively. Accordinq%/o %ﬁtz em bodﬁgmentgilccopgi ﬁg%occéag%g¥§§ #ig/%gnv%’te%s? yn;dv ﬁﬁ&%?éé%dable, a
part 7a, of the oufeFREGREGETE6P ¥R ¥ e {@@%\Pmeans of a (not shown) controlled drive with

respect to the drive's distance da,(t), whereas the remaining part of the magnetic loop 7a is kept at a

constant distancd 58t RIStRRAINSRRETISINE. thFtise 4ikedBe sl eetibodigrentoactaatietfitdsie), 7, the
distance do(t) of #nel H, are affected by specifically adjusting the distance dp(t) and dys(t) respectively.

According to the embodiment according to Fig. 6, as is now easily
10 understandable, a part 7,1 of the outer magnetic loop 7a is moved by means of a
(not shown) controlled drive with respect to the drive's distance da1(t), whereas the

remaining part of the magnetic loop 7a is kept at a constant distance, just as the
loops 7b,7c.

In the likewise good embodiment according to Fig. 7, the distance da(t) of the
15 whole outer magnetic ioop 7a is changed by means of a controlled drive (not
shown) and relatively to the back surface of the target 3R.

The embodiments according to figures 4 to 7 are two-circuit magnetron sources.
By providing appropriately controlied drives, all individual embodiments described
by means of the figures 2 to 7 may be employed at a magnetron source in

20 combination if necessary.

Whereas the adjacent magnetron magnet fields H are adjusted in mutual
dependency by the distance adjustment in the embodiments according to
the figures 4 to 7, i.e. at two-circuit magnetron sources, namely that,
generally speaking, upon weakening of the one field the other is

25 strengthened and vice versa, this is less pronounced in the case of the
good embodiments illustrated in the following. In the likewise good

embodiment according to Fig. 8, four - generally an even number -



15 whole outer magnetic loop 7a is changed by means of a controlled drive (not shown) ano_l rel_atively
to the back surface of the target 3 R. The embodiments according to figur_es 4t07 are two-circuit _
magnetron sources. By providing appropriately controlled drives, all individual embodiments described

by means of the figur2g Qa0BrEgte employed at a magnetrcnfcmggdrog_g)@@ﬁmmlon if
necessary. Whereas the adjacent magnetron magnet fields H are adjusted in mutual depenplency by
the distance adjustment in the embodiments according to the figures 4to 7, i.e. at two-circuit
magnetron sources, namely that, generally speaking, apor-weakening of the one fle_ld the o_ther is 25
strengthened and vice versa, this is less pronounced in the case of the good embodiments illustrated

in theTollowing, e ke 9podmmaHEBIUASEERSNGIRED 3.PA -9seraly on even number
PCT/CH2005/000441 - 13 magnetic loops lying withij ,
Tatc 70, Fron taherhst 08 '5?%%@(885?55‘8 RSARGAHBE AR thereto, two

7ato 7d. From the mnermos?uo%n&?gtrmggpreﬁ _ _ :
successive magrigicSiasgssive Brandticdhnss areteaftrmvotyef inphi fofmagolsipaops, as illustrated

in Fig. 8 by 7ab, deehayhitha fewRs 222 MAGRRLPH rpsq@gg%tyﬂyald,ﬁl\ﬁﬂﬂﬁgrm%oectively. At both pairs
lab, 7cd, the. embodiments descr"%%ji by means_of the flgu?tés 5'and 3 can each be re_alized, at one of
the pairs or at bo%?%&gﬁ%wgl%ﬂ% ] gvér{n % HarRaPegOEy eAtdstimaEe dfthéeintintion and as

shown in Fig. 9, ¢rehdidtamgots dizsi(tyifchow nnsensadr dfddapsesateatigaip dzigh Bghat of the inner one
7-d 10 -can be setAeardingo dhinyentiop by means il aspntolled drive (ot shown). Itis also

[ ' [ fiC loops with
possible and a good idea, to design the distance of both provided pairs of magnetic loop
appropriate drivelffaPEIRentRidhedmeatiashansiiaa shanner, Eiaddoteiflistaesse distances

deq(t) of @ whole pair of loops - according to Fig. 9 that of the inner one 7 cd

10 -can be set according to the invention by means of a controlled drive (not
shown). It is also possible and a good idea, to design the distance of both
provided pairs of magnetic loops with appropriate drives that can be
adjusted in a controlled manner, and to adjust these distances
unidirectionally equally, unidirectionally unequally, in opposite directions

15 equally orin opposite directions unequally, if necessary in any specific
combination.

Up to now - in the embodiments according to the figures 2 to 9, the provided magnet
arrangements with the magnetic loops, aside from the distance adjustment
according to the invention, were considered to be stationary with respect to the back

20 surface of the target 3R. In all embodiments it is a good concept - in addition to the
realization of the distance adjustment according to the invention - to move at least
parts of the magnet arrangement 5 along the back surface of the target 3R by
means of a corresponding (not shown) drive. Thus it is a good concept, to move the
pair 74, cyclically along the back surface of the target 3R according to Fig. 2a, as

25 illustrated schematically by the movement trajectory B,,. The same is true for the
embodiment according Fig. 3. Thereby it may also be a good concept to move - for
the single-circuit magnetron sources according to Fig. 2 and 3 under consideration -
the both magnetic loops forming the pair relatively to one another on different
movement trajectories along the back surface 3.



unidirectionally equally, unidirectionally unequally, in opposite directions 15 equally or in opposite
directions unequally, if necessary in any specific combination. Up to now - in the embodiments
according to the figures 2 to 9, the provided magnet arrangements with the magnetic loops, aside
from the distanc&dj28théet3a&@Bding to the invention, were mongiclered to/le sigiipnary with respect
to the back 2 0 surface of the target 3R. In all embodiments it is a good concept - in addition to the
realization of the distance adjustment according to the invention - to move at least parts of the magnet
arrangement 5 along the back surface of the target 3R by means of a corresponding (not shown)
drive. Thus it is a good concept, to move the pair 7ab cyclically along the back surface of the target

3R according to Figic2ahasraboliusratastsehamaticalhybethe mevemenhaispan Rap .The same is
true for the emboqmen;&q{:ordi%%@ 3. Therepyaiqtgg%also be a good concept to move - for the

Sgrelt md URGEEBIRLiGeRgtieN CaRES BB Inagnetic

single-circuit magnetron sources accor |?1Lé”f8 V%.
loops forming the gE#ftelatively to one another on different movement trajectories along the back
surface 3R. WO 2006/034598 PCT/CH2005/000441 - 14 For the embodiment according to the

figures 4 to 7, i.e. im theiaglfaioprofide dwmgiretint oopg reivatyssloreawi b ragnelie laop triplet, good
concepts result from moving of all provided magnetic loops equally along the back surface 3R 5

moving the éentralmagniectieage it fegprat o i liH R SiRc RN MAGRELIE 1P JHRYI0g one or

both of the outermos .Innermost magnetic loops of the triplet equally or unequally with respect to
o)

the central magnetic loop of the triplet. 10 In the embodiments according to the figures 8 and 9

respectively it is .
e moving one or both of the outermost and innermost magnetic loops of the

triplet equally or unequally with respect to the central magnetic loop of the
triplet.

10 In the embodiments according to the figures 8 and 9 respectively it is

a good concept

e to move all provided pairs of magnetic loops equally along the back
surface of the target 3, or

* to move one pair of magnetic loops relatively to the other.

15 Depending on the choice of concept, to either form the magnetron magnet field
by the magnetic loops or to move the magnetron magnet field along the sputter
surface 3, of the target 3, the mentioned movement possibilities are employed in
combination and corresponding controlled drives are provided. '

The magnetic loops introduced by means of the Figure 2 to 9 can be arranged
20 circumferentially in a circular, oval, elliptical or even approximately rectangular

manner, viewed in a top view of the sputter surface 3;, or can be heart or kidney
or meander shaped.

Fig. 10 shows a diagram of a good realization of a source 20 according to the
invention, principally according to Fig. 9. It has a target 23 with a sputter surface 23
25 and a back surface 23g. The outer pair of magnetic loops 74, according to Fig. 9 is



a good concept to move all provided pairs of magnetic loops equally along the back surface of th_e
target 3R, or to move one pair of magnetic loops relatively to the qther. 15 Depending on the choice of
concept, to either form the magnetron magnet field by the magnetic loops or to move the magnetron

magnet field alongahe speiters gedace 35 of the target 3, t_he n@@.&ig)@@& 35%’?81%‘& Egssi_bilities are
employed in combination and corresponding controlled drives are provided. The magnetic loops

introduced by means of the Figure 2 to 9 can be arranged 20 circumfgrentially in a circular, oval,
elliptical or even approximately rectangular manner,-~viewed in. a top view of the spu.tter_surface 3, or
can be heart or kidney or meander shaped. Fig. 10 shows a diagram of a good realization of a source

20 according to ey AR BSIRERIER AR il 52 L1BS AIRBELE3 it & sputer surface
235 25 and a back surface 23R The outer pair of magnetic [oops 7ab according to Fig. is WO
2006/034598 PCT) iﬁ%@%&&t&‘f‘%'&@H%%%M%W%Iﬁ%ib&e%wﬁ@?ﬁgsma afésromagiietio yoke 10.

By means of a rotdgiorndriveriztherdyidlasiBjedaaheoiatiealy, tb@g@@ﬁqgr%pmgfiﬁﬁrﬁpégf:@ht into

[ dt j tion drive 29 with respect to the only.
cehemateally Tl ot B A oo s G el Whour
example around RS IRABS GMUA &R RMRiBeRiith Brts AxisdicbtasiercaipbidBhevitmeresupport 35

has a back panele38 nfadeatbrfesromegnetic snpteressacig M taiged 23 aadsyprorts the magnetic
m t@giﬁ)air 7Q[d. With_respect to the axis of rotation A25 the pair of

lrﬁgg?]e?t.i,c IEZ)node %fggﬂ%ﬁggﬁggé?ﬁégﬁﬁ homidd St .?,Irg%.tu gr%u?;ﬁBﬁpﬁﬁt,Sfbe\Nrﬂ%@@agctI'@Bﬁi?‘cof magnetic
loops 7cd is moufied atthiSThisgetinspern3Be eetentricAly vetpeeseititatisemtrisatbrotation A35. By
means of a schepmtiealyagnetic loops 7, is concentrically mounted at the outer support 25,

10 whereas the pair of magnetic loops 7.4 is mounted at the inner support 33
eccentrically with respect to the axis of rotation Ag;. By means of a schematically
illustrated controllable lift drive 37 the inner support 35 is adjusted with respect to the
distance dc,(t) to the back surface 23z of the target 23. The rotation speeds »35 and
©25 and rotation directions respectively of the outer and inner support 25, 35 can

15 be chosen to be equal or different. A good concept results, however, if, as illustrated
in the top view of the magnet arrangement in Fig. 11, the pair of magnetic loops 7,
is realized at the outer support 25 eccentrically and, as shown, e.g. circular, and if the
pair of magnetic loops 7 at the inner support 35 rotating around the axis Ass is
realized likewise eccentrically. In Fig. 12 the progression (a) at a circular target 23

20 with diameter 400 mm shows the erosion profile for a concentric arrangement of one
of the two pairs of magnetic loops, according to Fig. 10, for example, of the outer
one 74, and for the eccentric arrangement of the other pair of magnetic loops,
according to Fig. 10 of the pair 7.4. The course (b) shows the erosion profile if both,
inner and outer pairs 7,, and 7., according to Fig. 11 are realized eccentrically with

25  respect to the coinciding rotation axes Ass, Ass. It turns out that in the arrangement
according to Fig. 11 no significantly diminished eroded area occurs in the
intermediate area between the inner pair of magnetic loops 7.4 and the outer one 7 ab-
Through the optimized eccentricity of the pairs of magnetic loops under
consideration, an optimal erosions profile overlap can be achieved. In a design

30 according to Fig. 11 it is inevitable that the rotation drives 27 and 29 according to Fig.



illustrated controllable lift drive 37 the inner support 35 is adjusted with respect to the_ dist_ancc_a d,d(t) to
the back surface 23R of the target 23. The rotation speeds (1)35 and 0)25 and rotat_lon directions
respectively of the outer and inner support 25, 35 can 15 be chosen to be equal or different. A good

concept results, oveeo 6f,esdiggrated in the top view of th@g@g@% agangeweat in Fig. 11,_theI
pair of magnetic loops 7a, is realized at the outer support 25 eccentrlcally and, as shown, e.g. circular,
and if the pair of magnetic loops 7cd at the inner support 35 rotating around th_e axis A35 is realized
likewise eccentrically. In Fig. 12 the progression (a) at a gircular target 23 2Q with dlametgr 400 mm
shows the erosion profile for a concentric arrangement of one of the two pairs of magnetic loops,

according to Fig. i aferexamselat eém@re%ngﬁr?p@@s?@(? ﬁ?ééﬂ? &% S?b i%ﬁ{éﬁ‘?sgﬁeé?gpﬁf the other

ir of magnetic lpops, _according to Fig. 10 of the pair 7c e course (D) shows't 05BN profile if
Eggﬁ,o innegr and 6%?& Bgi%%ﬁ%ngﬁlﬁe%?%%ra'i}‘?gﬂﬂ&qﬁi@r.%E%Féerééﬁﬂéé etwmdiitaligenth(25 respect
to the coinciding Potitiorpexesifaes eAdSort dnenspattethadtiberanee ragieacsodinge Fig. 11 no

ignifi ly diminj - in.; i ediate area between the inner pair of .
maanetc 100pe 78 A e e e e o RS R R ER) B RO PAR o magneti

loops under “con{iaet RIS Ph RiiRIostsdiizrtion SR s ertipieas bie atchievied. dntaedesigh 30
according to Fig.slifices tnatvidatslerilietrthesrpsatipnedrives 27 and 29 according to Fig. WO
2006/034598 PCT/CH2005/000441 - 16 10 are operated at same rotational speeds. By means of the

lift, which is set byh@%y@ﬁw&ﬁé@sad%lﬂﬂmlﬁ‘ddmg@@&\ﬁﬂq&ﬁfé?emrﬂP%J(?? 898’?9%8@@“& istance

; i i istributi realised, as is to be shown, and
i i optimal dLa AT ) kRS et oo ECBiPHE AchiBy &4 O 4o BusheleoMe frget
utilization can beAdBaMmRietdh & rerasipmettiseofdrgetuariacesibainiceast HRitorRpagpegsible. The
layer thickness WWiQM%&\S?&*rY&Wa%@?Q&i&%ﬁ@@\?ﬁugr&%rrr%gegﬁg\s/?y athin layer and

vice versa. A double eccentric arrangement according to Fig. 11 was used for the

magnet arrangement. The result according to progression (a), for which the copper

layer is significantly thinner within the central area of the substrate than in the

peripheral area, the lift of the inner pair 7.4 was set corresponding to the distance

15 du(t) according to Fig. 10, which equals the distance d, of the outer pair 7,,. Then the

distance dey(t) (inner pair of loops!) was reduced by 0.5 mm, which led to an

increase of the sputter rate in the central area of the target and thus to an increase

of the coating rate on the substrate, with the result of a significantly improved layer

thickness distribution on the substrate in accordance with the progression (b) of
20  Fig. 13.

When (not shown in Fig.13) the lift dy(t) was reduced by a further 0.5 mm, the result
was an extremely uniform layer thickness distribution on the substrate, due to the
fact that the sputter rate during the last coating phase was increased again in the
centre of the target, thus further increasing the central area of the substrate of the

25 resulting layer thickness, plus further reduced surface resistant of the copper layer
in the central area of the substrate in accordance with Fig. 13.

Fig. 13 shows, how by controliing the time of the distance at parts of the magnet
arrangement generating the magnetic field on the one hand, the progression of the

sputter rate and thus of the coating rate and thus the layer thickness distribution on



view of Fig. 10 of the distance dcd(t), is shown in Fig. 13 on a circular substrate with a diam_eter of 300
mm by means of the surface resistance of an on-sputtered 10 copper layer. Agcordlngly a high
resistance value corresponds to a thin layer and vice versa. A double eccentric arrangement

according to Fig. #d wasneyerkios ke magnet arrangement. T%@p&ﬁf@gg% tpaRrogression (a),

for which the copper layer is significantly thinner within the cent_ral area of Fhe substrate than in the_
peripheral area, the lift of the inner pair 7od was set corresponding to the_ distance 15 d,_d(t) acc_ordlng
to Fig. 10, which equals the distance da of the outer pairfalb. Then the dlstance d d(t) (inner pair of
loops!) was reduced by 0.5 mm, which led to an increase of the sputter rate in the central area of the

target and thus t ' : i strate,.with the result of a sjgnificantly
improved layer fh o oL o the B e e B Pecheinit of 20
Fig. 13. When (nSISHdRATRIB eI tdsincsemtyaissisdiidctheyiachetaenolmaent the result was an

extremely uniforrmbgresttbickpettsr dinirinies ont iheusfstaled e dodhr farddhabihesspatter rate

during the last cogtingRhas sed again in the centre of the target, thus further increasing
the central area cﬁ‘ﬂ gﬁgtsubsgg\gﬁ)ofﬁﬁ?g'é resulting layer thickness, plus further reduced surface

istant of the c layer in the central area of the substrate in accordance with Fig. 13. Fig_. 13
:?fgjv:, how by cgﬁﬁgﬁﬁﬁgﬁ'ed% eé‘dg‘%%%‘falé 9%%?é‘%t§bsi?f%}’8 Q)Hﬁ’a@ﬁ@t@?ﬂ%ﬁ@%’?ﬁéﬁ‘f‘g@iﬁ‘érﬁtlng C‘:he
magnetic field ont‘?H:é%ﬁ@.Wﬁhdwlt:hécpmgr@%nmﬁmwnspuﬂtmnm ammi/xt},t!@coémeg:&ﬁmwbr; rz ;n
thus the layer thuqkne&s@n@wmgl%heﬂé%@o%@%/p%gfﬁﬂﬁé%99& HoMaddned, S8l

[ [ [ ' [ . In order to obtain the
e o st fuamer e a
the supplied electritabeisohamsogopiteeasckepteongidifierently conceived magnetron sources

10 according to the invention and distributions to be achieved: For the time being, the
erosion profile to be targeted for optimized layer thickness distribution on a
circular disc shaped target on the substrate shall be discussed on the basis of Fig.
14. Without precise distance control, the arrangement according to Fig. 10 and
the magnet arrangement according to Fig. 11 result in an erosion rate ER that is

15 higher at the outer area, which is rather desirable for the edge effect correction.
However, in this outer area the formation of a significant erosion trench results in
an increasingly high sputter rate, so that over a period of time the relative erosion
intensity has to be reduced in the outer area of the target. This is necessary, in
order to achieve a homogeneous layer thickness distribution on the substrate over

20  time. The reduction of the erosion intensity in the outer area is to be considered in
relation to the erosion intensity in the central area of the target. Therefore, either
the erosion intensity in the outer area of the target can be reduced or the erosion
intensity in the central area of the target can be increased. In the explanations

concerning Fig. 13 the latter method was described.

25 Thus - with view on Fig. 14 - the relative sputter intensity and sputter rate
respectively in the outer area of the target has to be reduced from a higher value
ER1 at the start to a lower value ER2 at the end of the coating period. The value
of the distance reduction at d.4(t) the inner support and the distance increase at

the outer support respectively can be roughly estimated in advance as follows:



5 For the time-dependent control of the distance dcd(t) in the arrangement accor_ding to I_:ig. 1Q with
two eccentric pairs of magnetic loop lab and 7cd according to Fig. 11,_ the.followmg cqn5|derat|ons can
be helpful, if the most homogeneous layer thickness distribution possible is to be achieved on the

substrate; for an gxperbitéy ywl 9pgn up analogous ideas con%@iy}g}pjféggp% Bgr;éie_ived magnetron
sources 10 according to the invention and distributions to be achieved: For the time being, the erosion

profile to be targeted for optimized layer thickness distribution on a cirqular disc shaped target on the
substrate shall be discussed on the basis of Fig. 14.-Wjthout precise dl_stance (_:ontrol, the .
arrangement according to Fig. 10 and the magnet arrangement according to Fig. 11 result in an

sion rate ER that | nighern atithe Wch is rather desjrable for the edge effect
g(r)?rection. Howei%rtﬁirewlﬁhis outgg}g%ae?gg%raﬁng '[IO%%E?S?’HEC%% ré}l"oesiglrllt?rrear’i@”?@gﬁlt; in an
increasingly high SPERErTEREN MsacHRt & fatisachetingiver tepingdtiorosion ivdnait files to be
reduced in the outereaf@asabikiae tﬂégébtﬂ%@d&@ﬁﬁﬁé&ﬁrﬁz’ed?i@{ﬁﬁeg;ﬁ]@ﬂ@yﬁté Qﬂ?&%ﬁ;ﬁgﬁfgﬂer
hickness distribugi ubst ver 20 time. The reduction of the erosion inte
;rea is to be conﬁggégg”?r}% 8%8%?0%%1%3%@63 c?scir{cl)vneMte'rﬁgﬁflolrrgﬁ%ecgﬁﬂgl'%ré% &riﬁeetfﬁrge_t. Therefore,
either the erosioRTRRGANRPIN diftemines iardeieminetaiget edmive higharestaridhaleptisianhéntensity in

the central area efdgie dpsger eanthedtcieased dpiheaxRIANRIANRCISEIINOFig. 13 g latter

method was descfibed.. 25 Thys - with view on Fig. 14 - the relative sputter intensity and sputter rate
respectively in th?—:-£ (Eéjfaeﬂrvgr)é%eo?%ﬁ\él%graé?ﬁ'ﬁget(y%g RRFCRH/HIM dUnihihe siRe E9Riing the start to a

lower value ER2 hthé @riddistanescoataaspeofite. dlliersakmrosshe distaneededtistiomat ded(t) the

inner support andép-distanersingieessoabie @ t‘?rrﬁHPrQQEter&%RF -Vgﬁﬁeé:ﬁ‘?o % c[Jugq ly estimated in

r
urin .
advance aﬁ ollows: WO 2006/034598 PCT/CH2005/00044 ort me béin e erosion

depth diffefence RANALHhe'B iRk AhrififbsbRNge can be performed only at the outer support
or only at the inner support or in combination at the inner and outer support in

opposite directions.

The lift change over time that is to be controlled, must be performed with high
precision and depends on the targeted erosion profile progression throughout the

15 coating time, the target material, the target thickness, the specified requirements
for the substrate with respect to the layer thickness distribution as well as the
sputter rate. In order to monitor and control the controlied distances, one or
several direct or indirect distance measurements are performed in-situ. Fig. 10
shows a diagram of a sensor arrangement 40 for this. As the outer support is not

20 lift-adjusted in this embodiment, the arrangement measures the currently set
distance between the outer support 25 and the inner support 35 and thus the
progression and the current value respectively of deq(t). The sensor arrangement
40 can, for example, work on the basis of the principle of triangulation
measurements, can be designed as a capacitive or optical sensor, as mechanical

25 sensor etc. With regard to this, it is a good idea to employ a contact-free
measuring sensor arrangement, so that the magnet arrangement does not have
to be electrically insulated against the target, and thus that the distances between
the pole surfaces of the magnet arrangement and the back surface of the target
can be chosen and set respectively at a minimum as well.



erosion trench is measured at the end of a given coating time, e.g. the target life time. This ta_kes _
place at predetermined fixed distances of the outer and the inner suppqrts 25 and 35 respgctlvely, in
accordance with Fig. 10. Once the 5 erosion depth difference is determined, e.g. a 7 mm higher

erosion depth in he 2doe aosa gbihe target, then the sputter i@t@@y@g@d@g%%rﬂrfa o_f the target is
relatively reduced by a relative lift change of 7 mm during the same coating time, i.e. a distance

increase of the outer support 35 by 7 mm and a distance decrease of the inner support 25 by 7 mm
respectively is aimed for during the 10 coating time. In this,-the lift chapge can be performed only at
the outer support or only at the inner support or in combination at the inner and outer support in

ite directi el rti [ I must.be performed, with h_igh
orecision and dep el ot e R A e e BN A B time. the
target material, tfe@YGRY SRR le Histdhubneer PesrARMNave fareiodwhémaelivith respect to the

layer thickness distrisediemtas fuekastbie sputieraategehareesdeomnmmyites ﬁ}!@d @gﬁfé)lﬁfgérc':(?ntrfged
Chows & dimgramy ol Bt S A S T TR e Rt o

shows a diagram of a sensor arrangement € outer supp ?ﬁt-adjusted in this

embodiment, the"3&HYe iR AUIRE RIS IRE NG fRsRy’ seendReaniter hetwlesonthe taudet @vepport 25 and

the inner support-@arndaizesdhe nireges ssians ansl gL a8k ¥ABISIE SREeUVRLaf #00(t). The sensor

i inciple of triangulation measurements,
o B i e B e L D Gl B SPRokRrl 10 (o

can be designed as a capacitive or optical sensor, '
is a good idea to#HyBIeY archstacbsieae mengdringrosadoreainangerentssoithatdhe/snaignet _
arrangement does not have to be electrically insulated against the target, and thus that the distances
between the pol&igutfacésaoprereniatipretaataggenterhatnd te. Hackssiuiface Rhdhantaogt can be

chosen and et respRatMeR, FRcMIRBIAGRP WElsponds to that shown in Fig. 7. This, too,
shows a two-circuit magnetron source. Only the outer magnetic loop 7, is adjusted
in distance with respect to the two magnetic loops 7, and 7.located on the inside.
The outer magnetic loop 7, is mounted fixedly with respect to the source casing
31. The inner pair of magnetic loops 7, is, mounted on a rotation-driven support
15 35,, eccentrically with respect to the axis of rotation Assa. On the basis of the
explanations concerning Fig. 10, the simplified illustrated embodiment according to

Fig. 15 is easily understandable for an expert.

Fig. 16 shows - with the sputter output as parameter - the normalised layer
thickness distribution on the substrate and as coating time over the lifetime of the
20 target. The distance of the outer pair of magnetic loops 7, according to Fig. 10 is
1 mm larger than the distance of the inner pair of magnetic loops 7.4. The
progression (a) was measured for a sputter rate of 32 kW, (b) for 28 kW,
progression (c) for 24 kW, (d) for 16 kW and finally progression (e) for 20 kW.

This shows a strong dependency of the resulting layer thickness distribution on the
25 set sputter output. From this it follows, that it is a good concept to keep the sputter

output with respect to the reverse side of the target constant, when performing the

time-controlled adjustment, in accordance with the invention, of the distance of at

least one part of the magnet arrangement generating the magnetron field.



WO 2006/034598 PCT/CH2005/000441 - 19 On principle, the procedure according to the _invention
makes it possible to adjust a desired sputter rate distribution progression.over a pgriod of tlme_. If
consequently, for example with an arrangement according to Fig. 10, the inner pair of magnetic loops
7,ais guided alowg aXostaAopt Besa made of a first 5 materialp&rg@ggbg@y@ég@g@et loops 7ab on
the other hand along a target area made of a second material, and if the target consists of two zones
made of different materials, the relative coating rate of the both materials as well can be aquusted on
the substrate using the procedure in accordance with the invention. Fig. .15 - in a pr.esentatlon
analogous to that of Fig. 10 - shows a diagram of an 10 embodiment, which in principal corresponds to

that sh in Figs ; AP - ly: er ma_lgn_etic loop 7a
s adjusted in dgig;@gﬁ;;ﬁ;; s T R i (e meide. The
[

outer magnetic 100p P2 dHE SRitter g distinE b ardb e saer)- Bapenirnfsner pair of
magnetic loops AW, iwtthedisolmrotatviaglitearsapponitbid@easpgntigally with respect to the

2xis of olation A%faa(ah hechasis Al exaBRURRS SRR IR .40, (hg applfied Tustrated

embodiment acc din&hto Fig. 15 is easily understandable for an expert. ows - with the

sputter outpUt as para %@F§Wgt¥lﬁfﬁl%ﬂi§8dqa9@rt@ﬁi&@%@i&ﬁﬁﬁ%@ﬁ@ﬁ% TRastsstrate and as
coating time overehediiegmaluef, thec@tpargetviine disjanceed tie) evlRpaitehanagnetic loops 7ab

. ) : ; ; : . he
according to Fig ; I . distance of the inner pair of magnetic loops 7.d. T
progression (a) v?/gégt@gé%%%%dgﬁ a{“%?l%tt r%gtésg?%?wfb?%err Iﬁ\ﬁ,”ﬁﬁ%{j&gmsgc)hfor 24 EW
[ ' [ the resulting

(d) for 16 kW and final ression (e) for 20 kW. i%us shows a strong depen ency o
layer thickness c%étr%g}l%@r{l%%\etﬁgn g(aiél%%m?@tt SRk SRARESE AHEARE o &t e itia good concept
to keep the sput@fc\dlipraneitioncpece e thaniywersesidecbyhbdameta efstantt beaiperforming the

10 of magnetic loops, that causes the highest sputter intensity on the target.

Commonly it is recorded in advance - with the sputter output as parameter - how
the distance adjustment according to the invention should be conducted over time,
in order to achieve the desired layer thickness distribution on the substrate within
the coating time. The characteristic graphs obtained in that way are stored in

15 tables. The distance adjustment is then - in dependence from the sputter output -
controlled according to the stored graphs. The regulation of the discharge voltage

Ug is then carried out by adjusting the respective distance, if necessary as working
point regulation.

Fig. 17 - by means of a diagram of a signal flow / function block - shows a possible
20 concept for the electrical guidance of the magnetron source according to the
invention. The magnetron source 42 has a control input S4, for the distance
adjusted over time in accordance with the invention of at least one part of the
magnet arrangement generating the magnetron magnet field. The source is
electrically supplied with the adjustable, constant output P by the generator 44. The
25  electrical output P that is set for the operation of the target under consideration, is
fed to a table storage device 46, that stores the time-distance functions d(t,P) that
had been determined in advanced as being required for each of the different output
settings. From the beginning of the sputter coating with the considered target, a

timekeeper 48 controls the read-out of the distance value corresponding to the



time-controlled adjustment, in accordance with the invention, of the distance of at least one part of the
magnet arrangement generating the magnetron field. WO 2006/034598 PCT/CH2005/000441 - 20
Furthermore, an unequivocal dependency exists between the discharge voltage UE and the current
sputter rate distribution t. Experience shows, that the discharge voltage decreases with

het
increasing target utwea%g ,%e@é%%@%f the increasing erosion in B 6GEf 2084 80P 4&44rget. 5 Thus

the possibility arises, to record the discharge voltage as a measured regulating value, to compare it
with a target value and to keep it constant in a controlling sense by tracking the distance of the oqter
pair of magnetic loops. As a result, the principal statemen% Is that the discharge voltage for a multi
circuit magnetron source is mainly determined by the sputter effect of the pair 1 C of magnetic loops,

that causes the higteStSPieer drsity O e rirgetioEamARig #as Teedrsede disianeevalih the
sputter output as paieametﬁfthbmi&atéheeoﬁstafma@di@mmh@%@@’db’tﬁgtps@gﬁd@ym'% %J&@gi%be
conducted over time,_in arder to achieve the desired layer thickn istribution on the substrate
within the coating t%n?égqghgé@ér%r%é{%?éﬁgrger)éaprng{%bqginhfd&%sfﬁéﬁfjgy Z{)ré tgﬁ;?é& HF?% ?ﬁ%l%@.nﬁe
distance adjustmenttdRERITIAYBEHIRNESRDEE TR dsueertoliglit Thivnosiied catioetirigtd the

stored graphs. The reguladion afithe tischarasvelagse Qédﬁé@?é%ﬂéﬁ%@yﬁé’%ég%%g&%%
respective distance, if neFeﬁsar%U%s worklng po%\t ref‘?eulatlon.t g 17 - by means of a diagram of a
signal flow / functiorf BISak 2 SERDS SPORBTLVER 2 SHRY RS Hdeb sthad ¥rianedera Magnetron
source according toa¢repaiaaniteoruThe. mla@mm.iméthﬂrzmzeh&snaiem%mmjt&w%lfdiffﬁ?erdiétance
adjusted over time iR geGR AR £ ém@%%ﬂtaélﬁ%%%%é ghthe t%%ﬂSI J‘%%%’%gp%fﬂe“t

enerating the magnetron magnet field. The source is electrically supplied wit adjustable,
gonstant gutput P g?‘fﬁ@@%ﬂ@%ﬁtlﬂpmﬁé’rﬂé‘s the working point is n¥amtaf%ed at the stipulated value
10 from table 46 by regulating the discharge voltage.

Fig. 18 shows the magnet arrangement 5 on a single-circuit magnetron source,
with meander shaped magnetic loops 7, and 7,. Both magnetic loops 7, and 75,
I.e. the pair 7ab, rotate around axis A. Fig. 19 shows the resulting layer thickness
distributions for a substrate with a diameter of 300 mm, if, according to

15 progression (a), the distance of the loop 7, from the back surface of the target is
2 mm larger than the distance of the outer magnetic circuit 7, and if it is reduced
step-by-step by 2 mm in accordance with the progressions (b), (c), (d). From this
is can be seen that even for a single-circuit source or for proceeding in
accordance with the invention at a single-circuit source respectively - as shown

20 by means of Figures 2 and particularly 3 - it is possible to control the current
sputter rate and therefore - for a coating time under consideration up to the
lifetime of the target - the setting and maintenance respectively of a desired
layer thickness distribution on the substrate can be ensured, in particular a

homogeneous, i.e. uniform distribution.

25 With view on the embodiment according to Fig. 10, realized according to Fig. 11, it
was furthermore established that this configuration of a two-circuit magnetron
source results in a reduction of the eddy current losses, when compared with the
single-circuit source according to Fig. 18, which makes it possible to reduce the

necessary drive output for the respective rotation drive by about 20%. In addition,



2 5 electrical output P that is set for the operation of the target under consideration, is fed to a table
storage device 46, that stores the time-distance functions d(t,P) that had been determined in
advanced as being required for each of the different output settings. From the beginning of the sputter
coating with the comsigoey teegsb® timekeeper 48 controls the-teasked thg giskance value
corresponding to the WO 2006/034598 PCT/CH2005/000441 21 current coating time from the table
storage device 46. The required distance value is set by the distance control input S42 at the
magnetron source. Via the position sensor 40 - deserilped, for example, on the basis of Fig. 10 - the
accurate adherence to the currently required distance can be controlled. This position control circuit is

5 not shown in Figiel-& dheiEnesmens) &Bﬁé’rﬁ%&P@JQ@@&E@Q&H&%@%W&EE d ﬁ]se%'%t @b%[? byglue and

compared with a s ulated target discharge voltage UsoLL at a”comparator circ he result of
the comparison i&° %ﬂ%@%%ng ﬂfFB’f‘%i‘ﬂ%‘?@h@Bdﬁb%@ M%&jdﬁﬁ@%ﬁ@ﬂ%ﬁé%@f ifisut S42 of the
source 42 via a régtlatant? cfreimosupegposititationitorhpdhestéhe working point is maintained at the
stipulated value 10 from table 46 by regulating the discharge voltage, Fig. 18 shows the magnet
arrangement 5 on a single-circuit magnetron source, with meander shaped magnetic loops 7, and 7b.
Both magnetic loops 7, and 7b, i.e. the pair 7ab, rotate around axis A. Fig. 19 shows the resulting
layer thickness distributions for a substrate with a diameter of 300 mm, if, according to 15 progression
(a), the distance of the loop 7b from the back surface of the targetis 2 mm larger than the distance of
the outer magnetic circuit 7a and if it is reduced step-by-step by 2 mm in accordance with the
progressions (b), (c), (d). From this is can be seen that even for a single-circuit source or for
proceeding in accordance with the invention at a single-circuit source respectively - as shown 20 by
means of Figures 2 and particularly 3 - it is possible to control the current sputter rate and therefore -
for a coating time under consideration up to the



lifetime of the target - the setting and maintenance respectively of a desired layer thickness
distribution on the substrate can be ensured, in particular a homogeneous. i.e. uniform distribution. 25
With view on the embodiment according to Fig. 10, realized according to Fig. 11, it Wasd%gtﬁmp e
established that this configuration of a two-circuit magnetron source results in a reduction of t dy
current losses, when compared with the single-circuit source according to Fig. 18, which makes it
possible to reduce the necessary drive output for the Te3pective rotation drive by about 20%. In
addition, WO 2006/034598 PCT/CH2005/000441 - 22 the reduction of eddy currents reduces the
resulting stray field inttge%aerimeter of the rotating magnet arrangement and thus lowers the potential
anc

danger of the i%%ﬁr lBjiégy'l‘,urrounding installation components. LLOYC) WISE - 23 Patent Claims:

L. P. method for manwfaciuingmagnetiamcoated substiates comprising:, providing in a vacuum

recipient a ma%netron,so,urcg 5 comprising a stationarytarget arrangement with a sputter sirface and
with a backside;OBPoI{/]r(ﬁﬁﬁ%long the backside of said target arrangement a magnet arrangement
generating along said_sputter surface at least one closed loop of tunnel 10 shaped magnetron

magnetic field eccentR&ally SOt an™afis FeBHHicRE RA<Hd backsiga Hytaeads &f @ loop of
magnets &f said magretarrargiement; previdiog axsubsiiaée eppasitedeantd distant from

Sputter surface and with a backside;

* providing along the backside of said target
arrangement a magnet arrangement generating along said
sputter surface at least one closed loop of tunnel-

10 shaped magnetron magnetic field eccentrically about an
axis perpendicular to said backside, by means of a

loop of magnets of said magnet arrangement;

e providing a substrate opposite to and distant from

said sputter surface;
15 * rotating said closed loop about said axis;:

¢ varying a distance of at least a part of said magnet
arrangement to said backside, thereby increasing with
an increasing coating time said distance of at least a
part of said loop of magnets which is closer to an
20 edge of sald target arrangement relative to other
parts of said magnet arrangement more remote from said

edge of said target arrangement.

2. The method of claim 1, wherein varying said distance

comprises varying said distance of said loop of magnets.

25 3. The method of claim 1, further comprising generating a

further closed loop of tunnel-shaped magnetron magnetic
fields.



said sputter surface; 15 rotating said closed loop about said axis; varying a distance of at least a part
of said magnet arrangement to said backside, thereby increasing with an increasing coating time said
distance of at least a part of said loop of magnets which is closer to an 20 edge of said target
arrangement relative to other parts of said magnet arrangement more remote from itV BdYSbf said
target arrangement. 2. The method of claim 1, wherein varying said distance comprises varying said
distance of said loop of magnets. 25 3. The methodofélaim 1, further comprising generating a further
closed loop of tunnel-shaped magnetron magnetic fields. LLOYD WISE; -24 4. The method of claim

3, comprising generatingsaich furthar clased.logp qgﬁgr}q-gbgee%g}gggggn magne ic field
r

eccentrically a ou;:% further axis pgrpendicular to said backsidé a otatlngns%ﬂd‘s urther closed loop
about 5 said further Sixis 5 “FITE methdd BF clarR2S WhEhEiR 28ideas afd Saidrdemisdriaxis are the

same axes. 6. Fvelaiethorkafclains 31 pormpasinggeneratingrsaid: further¢lased loep-of tynnel-shaped

magnetron magnetic, 1 }jgld ns of a loop of magnets of said magnet arrangement, said
varying cgmprising var)%ng éacl%v |st§ng§ 1:oafta"frlleqas?aalparf&frﬁﬁ? furfhe? ?&?p 6Pr?ﬁgﬁé’l%¥lt

said further axis.

5. The method of claim 4, wherein said axis and said

further axis are the same axes,

€. The method of claim 3, coemprising generating said
further closed loop of tunnel~shaped magnetron magnetic

10 field by means of a loop of magnets of said magnet
arrangement, said varying comprising varying said distance

cf at least a part of said further loop of magnets.

7. The method of claim 1, further comprising monitoring a

discharge voltage of said magnetron souxce, comparing said
15 discharge voltage monitored with a desired value for said

discharge voltage and performing said varying in dependency

of a result of said comparing.

8. A method for manufacturing magnetron coated substrates
comprising providing in a vacuum recipient a magnetron

20  source comprising a statlionary target arrangement with at
least two zones of different target materials and with a

Sputter surface and with a backside;

* providing along said backside of sald target
arrangement a magnet arrangement generating along
25 said sputter surface at least one closed loop of
tunnel-shaped magnetron magnetic field eccentrically

about an axis perpendicular to said backside;



7. The method of claim 1, further comprising monitoring a discharge voltage of said magnetron
source, comparing said 15 discharge voltage monitored with a desired value for said discharge
voltage and performing said varying in dependency of a result of said comparing. 8. A method for
manufacturing magnetron coated substrates comprising providing in a vacuum recléi@ﬁpé[\fﬁr&?&gnetron
20 source comprising a stationary target arrangement wi E‘ at least two zones of different target
materials and with a sputter surface and with a backsidé; a providing along said backside of said
target arrangement a magnet arrangement generating along 25 said sputter surface at least one

closed loop of tun eI-[?pcp@ netrqn netic field eccentrically about an axis perpendicular to
said backside; LLgY W‘Isgdr?zggg p%o%&gsg%%rgﬁgst?ﬁg%%ﬁggitét fo 361&1 d%lta?rﬁaf’flotm %é’l@ sputter
surface; rotating said tfsediB8s a®butsdidasss: controlling a ratio of said different materials 5
deposited on said substrate by varying a distance of at least a part of said magnet arrangement to
said backside; spltterCoafing$afPdihstrete s A aragnelron tsaurtd caripising a stationary target

10 arrangement with a sputter surface and a backside, a magnet arrangement along said backside of
SmdtwgetawangéhmﬁﬁntrOILlng a ratio of said different materials

5 deposited on said substrate by varying a distance of
at least a part of said magnet arrangement to said
backside;

® sputter coating said substrate.

9. A magnetron source comprising a stationary target

10  arrangement with a sputter surface and a backside, a magnet
arrangement along said backside of said target arrangement,
said magnet arrangement comprising a loop of magnets
eccentrically about an axis perpendicular to said backside,
a drive rctating said loop of magnets about said axis and a

15 further drive for varying a distance of at least a part of
said magnet arrangement to said backside and further
comprising a control unit, the ocutput thereof being
operatively connected to a control input of said further
drive, said control unit controlling said further drive in

20 such a way that the distance of at least a part of said
magnet arrangement which is located closer to an edge of
said target arrangement than other parts of said magnet
arrangement is increased over sputtering time, relative to

sald distance of other parts of said magnet arrangement.

25 10. A magnetron source comprising a stationary target
arrangement with at least two zones of different target
materials and with a sputter surface and a backside, a

magnet arrangement along said backside of said target



said magnet arrangement comprising a loop of magnets eccentrically about an axis perpendicular to
said backside, a drive rotating said loop of magnets about said axis and a 15 further drive for varying
a distance of at least a part of said magnet arrangement to said backside and further | me[%@fg a
control unit, the output thereof being operatively connected to a control input of said further drive,
said control unit controlling said further drive in 20 such a way that the distance of at least a part of
said magnet arrangement which is located closer to_a%eo_lge of said target arrangement than other
parts of said magnet arrangement is increased over sputtering time, relative to said distance of other
parts of said magnet arrangement. 25 10. A magnetron source comprising a stationary target
arrangement \#iti R RERERWO zGrasiofwiffarcht target geaterials anthwithsa sputteriststaceand a
backside, a mﬂgﬂeéaéra@g%@ke%@l@&'glsﬁ'da%%'%ﬁa%%t?S tﬁale]r@é%ﬂ@'fc@%g”é”gemem
rica

said magnet grran ement comprising a Ioop of magnets eccen y about an axis perpendicular to
said backside” 2driveTotatthg Satd foop o maghets HBobPSiid s ama 8 Tarthdrdivesor Yarying a
distance of at #seisé Sanpard of saldhﬁagmetzarmngemem:t@saﬂ@ hackside andefustheg compiising a

control urjt opgratively gon ntro|- |nput of s dfurtherd and controlling a ratio of said
different materla?:tdeposne nasuqt;% re(:% yrc?or}ﬁroﬂlng said fuF furﬁ\léfkd%’ q‘s de”ant

further comprising a control unit operatlvely connected to
a control input of said further drive and controlling a
ratio of said different materials deposited on a substrate

by controlling said further drive.



