WO 2006/ 034598 PCT/ CH2005/ 000441 - 1 Method for nanufacturing nmagnetron
coat ed substy at etron sputter source. ,Th [ nt i nvention
relates to a{qﬁE?ﬁgg?%ﬁ%ﬁnuf acturing nagnetrBﬁTégﬁfgas?ég%ﬁat es and a
magnetron source. 5 Definitions The structure of a magnetron source is
schematically illustrated in Fig. 1. It has a target 3 with a sputter
surface 3s, fromwhich target material "i$ ~sputtered off and reactively or
not reactively deposited on the substrate 4. On 10 the reverse side 3R of
the target a magnet arrangenent 5 is provided. It has at |east one pair of
ci r cunf er ent Mathadefgn mangifactering Magnettoy boatet isuhstrates iand nodgnetraaver se si de
3R of the taggqter MAVEe. SUrfaces of inverse magnetic polarity. The nmagnetic

| oops 7a and /b respectively are each form ng closed | oops, wherein
“"closed" absglutely also,.i nc| udes nma nﬁé , that are arranged at a di stance
15 from one LHOPTREFNtIYENfifgIates gy ’B%P ﬁéwvﬁaetur'%ﬁ@gg@ ¢atet| osed

| oops of thsubstgteetahaa magryonfsbelcd. H at the sputter surface 3s of the
target 3. Wth regard to the generation of the circunferenti al

tunnel - shaped magnetron magnet field both magnetic | oops 7a and 7b forma
pair of interacting magnetic |oop pair |ab. The nmagnetron magnet field H
i's, as shownDefimtiansi cal |y, 20 crossed by an electric field E generated
bet ween an anode and the target 3 interconnected as the cathode. Due to

the magnet r oThewtgieire bf & hthghemarilsduree iskrsrhaticallf iledtebtd intfig kmown el ectron
trap effect OCCUrS i%tt.re ar%\a of _the tunne| - shaged rra%netron magnet field
H, which at 737 @Rt St Wilhea Srutten suface s Mg which argetmalgedlds t y and an

i ncreased spgutterededtf &t readiively'd? $idt teattiuely depobitecPdrte @LbRRaté BEORBONEL I ON

magnet fi el a circu rential erosion trench in the sputter surface 3S
thgt i nélpeaggg r?wr%ﬁ%gw{}heﬁﬂgeq %@ﬁg%%t@gaag?rgwt@sgfm)foq?g. t58eration. we

call a cl osedt [é230pne® paifrebERLmfdrEntid BlagMétic 16657 antr], Ghich, 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 fnagnetron
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 3s 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
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PCT/ CH2005/ 000441 2 target, a magnetic |oop. According to Fig. 1 two of
such magnetic | oops 7a and 7b are present. Two such adjacent magnetic
| oops forma pair of magnetic | oops accolding to 7ab of Fig. 1, if they
generate a circunferential |oop of the tunnel-shaped magnetron 5 nagnet
field H Thetr@geiaghstRMpTRBECr@InG 8FigONIWA 6F sRBR nfignBY IBofd 7.CaHH erentii al
magneti c | oops plus separately positioned additional magnets for forni ng
t he magnet rofr HBHRIEMi el d | oops. The electric field E between the anode
(not shown) and the target cathode can be generated using DC, pul sed DC,
super i nposedTRCsachiadiaent maghéticalsopsfoup atmritdiemdgngtic ibopaczoming tarflge. As 10

ment i oned befqre, cpatl e roed with the one or the
several tar géfﬁflﬁr;f ‘é‘lﬁ'rfe%g%?l[a%\?@%? {@ﬁﬁ?%@ﬂ%@%&fﬁﬁ%ﬁﬁ\pﬁfﬂwa&eﬁ g}ia(gp?g 3 gas
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target, be i
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.



by. cyclic linear novenents or rotational novenents or pendul um novenents.
Wth that th tr gnet field His nove | on tpe sputter surface,
in order to%BgﬁgggfgggFggerably no S|gn|f|caRFT?5§§ﬁ°é 890841t renches. 25
We call a magnetron source a single-circuit source, if it has only one pair
of rmagnetic |oops. W call a magnetron source a two or nulti circuit
source, if the nmagnet arrangement has—two~or nore pairs of magnetic | oops.
It is to be observed that two pairs of magnetic | oops can definitely be
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The present invention now presunes a nethod for generating magnetron coated
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substrates t&sidafed 4ch¥s@kk 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 eXampIe, described in
25 US 5188 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.



20 usihg the same target in the peri od of tinme under consideration.
Rot ating singl eggpszw t _nmagnetron sources wth neander shaped
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field of magnetron sputtering. Adjustable single-circuit magnetron sources
for the optimzation of the distribution of the sputter rate over the
coating tinme are, for exanple, described4in 25 US 5 188 717. Static
two-circuit magnetron sources are, for exanple, known from WO 98/ 03696 or
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the engine pcnwenaatédadsr tyntBe ehgine pbasdanEadthewtiter haBdleaditta of the
nmagnetron ma flelfg]%St atic two-ci ;,?IHit magnetron sources, as descri bed

in WD 98/ 036 r"'"@é’ [geanefon magiPbeife di sadvantage that static erosion
profiles are inpressed into the 15 sputter surface. As initially

ment i oned, i $tatietyeicud spagnetioh gources] @atdesdripedin YO DBOBERGONIS §99Ft eri ng of
the target t r and t hus
al so the Iayégl ? E%&%géiﬁgﬁgwggf ?tgﬁégr‘ﬁ@{oh ?éf"%h%r g’ﬁ%gg%er{&at hge a

mechani M i sspuggusurtage ofss ipitialicinghtioneghit bacamesdspeciaheevadint dtateith primarily

of the 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 3z, 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.



sputter rate distribution on the target and over the course of its
lifetime. Thi.s IS 22 often solved in such way ch gro s of magnets of the
magnet arrang@ngPP64P345ABved laterally, i.e. PQFO6HE2PPR ngéﬁée side of the
target 3R, as known for instance from WD 02/47110. The di sadvant age of
this is that another drive has to be superposed over the rotating system
with the pairs of magnetic |oops, for whbch the power supply has to be
realised, e.g. via electrical collector rings. Balance 25 errors are
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known nethod 5 or. .magnetron sources that use the respective approaches can

be avoi ded. W¢{39etizghgngeddn pidegto Sterﬁg‘er@tlﬁ%fda@fd'ﬁtﬂ%“tpﬁr tially mentioned
type is characterised by the fact that the distance of a part of the
magnet arrar{genedueaﬁzaioinntolﬁmlsmemosleesyltdéurtrfermbree‘rdrmtr@e‘actit!satcahkeagml in order
to set ¢ 0 0 t hod
results urt réfm?rﬁee&?éﬁetg '%554’#%55 ggé &)e}éi%& (grﬂt?ét@? t?ﬂem?magnet
arr angenent nesultsnlvedthMgnDhmerseutterﬁfest wjehe)ﬁmnuﬁruae@ertagnétmrsmagmm ts in

a distri butr p‘{r Bt‘tgr Ffac?éffeCt of the tunnel -shaped magnetron nagnet
field al ong t Sur ace A further good real i zation of the nethod

according to éﬂ(e i nventl on is, circunferenti al netic

|l oop is charfyBtitheraendiesfization ‘Pfﬁh§ "P%EQH’ ?%Cofqingatocthﬁﬁlj’ént'ﬁ” isnibat 3 garg ﬁg?t er

intensity i rcidch@ferémal Alaghdtr 6608 ShiryedimaBRhcd. iTplistes@tsIf BRhaRIMAd h t he

| oo
P 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
Io'ops, 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  If the 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



A .further good realisation exists in the fact that the distance of a whole

magnetic | oo ' I f necessary in conbination with the change of a
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realisation is created, if necessary in conbination with the _
af orenmentioned realisations, by changing the distance of a pair of magnetic
| oops, especially indicated, if the nagnétron source is a tw or
multi-circuit source. In that case the correspondi ng di stances can al so be
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rotated al ongart bfithe heugketsarrdngement, ahdier bypdetpdasmigdnd disRnEOsMEERPMS, | ayer
t hi ckness distribution during the coating time up to the target life tine

is to be achieved, then a good WO 2006/ 034598 PCT/ CH2005/ 000441 - 6
realisation is created by increasing - with increasing coating tinme - the
di st ance 2of 8 allkg aforgmartijenethipabzatians Hirgfarthermoravaigobd ideado bsmtcr&eo tBe
target edge ¢duar suthut'doRSiant. Ralihd JERINGH y
dec?easi ng thpg d? st gl?\&ce gtf ntt ﬁe f‘trﬁtgﬁté??d gart . k%alshatgﬁqleé%gthg?%rg Ent I oned
real i zat i onsCanptant- oypeqid thepdischargritage between ke @podshand the targetr toout put

constant. A dodigdhes W@QQarggﬁPaldesan‘d t&ﬁa%ijhsﬁhé Eg{atn@é oPHE R a%re}afgrﬁ%}%plﬁ?pt

constant - to record the discharge voltage between an anod he target,
to conpar e ¢ &iut Rf hecampatisopalutheamare ibisadjomsgoadidealtosdivide thedargehe part
as a funoti amoGbnes Bedifi&eM thatefialt RRd ¢EPER r%%i}pn%’lrfé %ME@Pﬂﬁer'rgteE%r fleSO @

good idea to divide the target 10 into zones o frerent materralsand to
set the rel dVPERAIRIFS BY therpiorspentienedragustment of the distarcemat erial s by the

af orenenti oned adj ustnent of the distance. A nmagnetron source according to
t he i nvent i dhmhageetentsaugetacodrtiingdo theunveatiorshus Ry Mih adpifsRakfagd sngenment

al ong the rey ' rget facin fromthe utter surface.
Win r egar d & 5oget 2 fahert 3ok HeBlortE S AP Branirathe Bya AEPHET that 15
the di st ancépottersugace. Vith regard tathise thecaforangetioret task i$ Seivdrasjths fadt aeg of the
target k8§ the distance of a part of the magnet arrangement to the back surface of the target is

adjustable by means of a controlled lift drive.

Itis 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  Itis 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 controlled
drive. Another good concept is to provide an outer pair of magneétic loops and an inner
pair of magnetic loops at the source and with regard to the back surface of the target,



adj ustabl e by nmeans of a controlled lift drive. It is a good concept of the
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with the controlled lift drive. Another good idea for the concept of the
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magneti c | oops and~an 1 nn air o gnetic loops at the soufce and with
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7 and to degkgRcbs thedfHer AR iCdeddiReBUUFiRg Pk cb@fRSinRECentrical Iy with
respect to an axis of rotation and to operatively connect it with a
rotation driye agting.on the axis. of .rotatiqgn. . It is apnother good idea, to
provi de a co'ﬂ?rreaﬁ?rtﬁg nysatRn 1S £XQlRINER I Wf?a{ﬁrg?téfjl% Mgang © ﬁ)ﬁmpl‘?ﬁq t he magnet
arrangenment andwigrathe aideéftfiguesposi ti oned further towards the edge of the 5
target than ﬂgot hgr part of the magnet arrangenent - is increased and/or by
which the di'StE7C&%of the ot her part is decreased during the coating tine.
Hereafter the invention is explained in greater detail by neans of exanples
and wit R0 hefigiep of figdiageam vhaperspe@ine view ofiafirstembodimantrd el a
perspective view of a fifidl £LERAMHGTEHe iRlertiBR andBIRMHREF6WEHY Lo the
invention and a magnetron source ~according the invention respectively,

Fig. 2b furthernore a @gcaffirthihefinventoreespe@ielynt o t he arrangement shown in
Fig. 2a,

(@ =4

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 furthernore a diagramof two variations of the mignet

arrangenents_ e rrangenent accor di i or the
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that of Figure 2a a further enbodinment of the invention, 20 Fig. 4 in a

vi ew anal ogous to that of Figure 2b, a further enbodi ment of the invention
inadiagram Fig. 5in a presentati on"afarogous to that of Figure 4, a
further enbodi nent of the invention, W 2006/ 034598 PCT/ CH2005/ 000441 8
Fig. 6 furtheign®re in farthémsReiri preBestatdrogtiicgdus té that offiglregurang 5 and 5

respectively a further_ enbodi nent of the inventjon, Fig. 7 furthernore in a
presentation anal ogousretsBeét?'Heol'f' aQE’E’Eﬁrcﬁ dt"befﬁPg{E‘Fé Ve”hg'?’o 6 yet anot her
enbodi ment of the invention, 5 Fig. 8 in a presentati on anal ogous to that

of Figures 4Figo7 7 a f uritheimoreriiyheiesentatieipanaloopng éorthat acasrdinghiachigures
arrangenents as describgfg %%%nmpgm%di%‘ﬁt Bﬂtﬂé‘?rﬁ/éntfon‘?‘”d 3 are realized,

Fig. 9 furthernore in the ntioned presentation a fturther enbodi nent of

the inventio 0O Fig..10 in diagrama form qf_reali ign, of a sputter
sour ce agcorapn to tA& qrﬁwﬁ?qogrg%a@gﬂ% thath(ﬂ:&f"?%hé’ra}ﬁgﬁ"ﬂ%ﬁr accor di ng
to the enbodi ment variagnetic adp drrahgemedt, ohinthichldiramge®entéi RvdestritedTagnet
arrangenment enpl oyed accordin h inyention, 15 Fig. 12 the graph (a) of
an erosion profile at%'@??%%%ﬁ'&eﬁ%tfrsﬁg oM 3ta}§%reai'ﬁéangenent according to
Figure 10, for a concentric pair of magnetic |oops and an eccentric one,
~and the graphig(d) for fanhermaceinthe metieraderrsentatisn prtherrmbedimentafgnet i ¢
| oops wi t hout 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,



adj ustiment of the magnetic lift; 20 Fig. 13 layer thickness distribution

graphs (a, b)_fo Ltier ly set lifts, Fig. i i n erosion
profile on a“é.%%ﬁ?é{’gaggé shaped target for &é%égﬁéi%@%&é@ﬂ)‘ﬁf an erosion
profile to be ained for, Fig. 15 in a presentation anal ogous to that of
Figure 10, an arrangenent according to the invention in an enbodi nent in
principal according 25 to Figure 7, WD 2006/ 034598 PCT/ CH2005/ 000441 9
Fig. 16 the standardi zed | ayer thickness distribution on a substrate with

sputter outpkiy. 6 par agmetseindafdized ldyerittiickheds dBtridllich &t gBabstiatedWith unct i on

bl ock chart of an enmbodinent for the electrical guidance of the nmagnetron
source according to thtPWel AYBHLASHAAREE" 18 for exanple, sinplified in a
top view, the nmagnet arrangenent at a single-circuit nmagnetron source
accordi ng t oFigh¥ i nveniniaohagreing sigral flow/fungtien biogk chanteaf andimtiodinbentifemn

resulting from the mofgloechcarOeaREor BRAEMNdNSN s8u/EE Qb 18 thel Unct i on

of the distance 10 adjustnent.” Figure ustrates a firs odi ment of
the method accordi ng tBV@MHiENi nvention and the nmagnetron source according
to the invention respectively in schemati sed perspective view, Fig. 2b,

al so schenatkigetg il | Ust exangde,tsiraplificdén & topvied, thdmagbetarfanggaentrdt a

illustrated in Fig. 2a, th b te side ubstrate not shown) target
|3 hgz ;asgut!tgr Isgrfa%'éng%l?'};céfﬁﬁalépgﬁéﬂﬁo%éﬁa@c?%% e OypY Mate, a reverse

side 3 R. 1n the area of the back surface 3 Rthere is a magnet
arrangenent B9 hich thelayventhickngss distsbutionrresulingfmmathegmagnathe Fi gures 2

one, closed |oop of a érkﬁ?ﬁﬁlnénﬁmgﬁnod‘%gﬂ%gaﬁ{ii ﬁ)n?tédﬂ &hd Qisgaﬁle teer

surface 3, the magnetron magnet fi quite iar to an
expert. i gures 2 shovpdiuss®Rfon single-circuit . nagnetron source. For
this the magnet arrangenent 5 has a first, mainly closed

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, also 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 r 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 7b, 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 maghetic 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



ci.rcunferential magnetic |oop 7a as well as a second 7b, which is | ocated
i nside the aqne men%i oned first. At |east one_of netic | oops

7a,7b is at TRa50060924R%8 great est ext ent posg?'B(%H%QQé\?Qﬁggéﬁ by neans of

per mmnent magnets 9, for 25 instance according to the Figures 2, the outer
magnetic | oop 7a. One magnetic polarity - for instance N - of the

af orement i oned, for exanple, outer magnétdic loop 7a is |located opposite
the back surface of the target 3R In any case, the second nmagnetic |oop

7b is | ocat eshcoppa ghet.d;hﬂerh@q& ifsthhacs. A)J.stefa&u}@ereaerﬁoﬁﬁgwnz& hhd he VWO
2006/ 034598 PCT/ CH2005/ 00044 - netic polarity, for instance

1
S. As is eastPiFalinyf the gay ?f’639%09@%73#%%?“2‘8?9%?{‘9& e PRek ﬁ‘é(farce(?ff theagneti ¢
| oops mc?ab i ftaayléchtaharrc?mEsﬁmat Ielile Grerh tl@PoIbh@ is &raéttgefgs&}an%sl-l
circunferential zon e.on e ol ari reated as well as -
with regard Vﬁ'%‘ rteﬁF@etoq'%fﬁ iaﬂérisb% %rO%Eﬁfﬁ%?'ff ”E‘?rf"%t ﬁ??%ﬁosta%é‘?ﬁ?“?one of
t he second Erna@gmebbhntyoFarrthts}purﬁme ﬂehhénﬂﬁmgﬁets@érﬁmﬁwﬂedmgmhs 9 are
provi ded on both oe? he sid

surface of tRF% 8P Qéﬁthag [5ifacipg a\gay %@'F‘rtg?réﬁ?@ﬁr%%%8}11\%&?@8{3%&'5 3K
Al ter gat :al y fehemegrt'etle cbmneeamhl 1@ Asternatdly theeesrs o yaaﬁﬁsg eONned¥ss S GkLh
i { t , t t esent on
of the Toop ey FEITE IS IoRORE maBelR BoRS, AT AR L agnat BE PR Ry 1y
10 faci ng t hmelndthe lsops, for exarhple e d@terg@te, 3R thecseccbr’managrimc pbl@ﬂg e.g. the
7 f t 12. Vi d th
e 8 nararhg e R Sl R S e WS o gt B TaR R de! 8PS Ly

of the real |fglaim€id)bvwfarlron}aglnetldmket1lﬂe arrangenent of the permanent nagnets.
According to the figures 2, in particular Fig. 2b, and according to the

enbodi ment Me@é@ﬁi@h@me'daﬂsﬁ fr%tc%qst@ﬁ‘ét%ns E%r&h&fcﬁﬂﬁezwn(éhkrr%fte qudpast 7bl

of one of the magnetic _|oops of pair i s chanhged under control wth
respect to t"ﬂé‘eb’aﬁfﬁh%[ﬂaf'%'@”(‘ﬁ‘ﬁthtyﬁée 1€dhgéfra3wrb§nt@é Pefmagen magsetsq

controlled at a control input S14. In Fig. 2b, da denotes the distance of
t he magnet i AAgeotdingstorthafigured 2t ih@adicelan&igneb,i andl a:mprd'ﬁ'@ tofthi@embdiwml@ack
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loops of the pair 7 is changed under control with respect to the back surface of the
target 3g by means of a drive 14 controlled at a control input Sy4. In Fig. 2b, d,
denotes the distance of the magnetic pole surface of the one mag'netic loop 7a
from the back surface of the target 3g, the distance dy that of the second

20 magnetic loop 7b and dy the controlled adjustable distance of the part 7y, 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

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



| east one of the both |oops, e.g. at the inner one. The effect of the
magnet r on n fi formed by the pair 7ab,is_changed under control.
O course, i 8i §b°86§%35§855i bl e change the dFSFéﬁEEO%ZﬁO?ﬁélconsi dered
magnetic loop - of both parts relatively to each other and both parts with
reference to the back surface of 25 the target 3R in a controlled manner,
i.e. for instance and in view of Fig. 2alto lift part 7b and to

si mul t aneously | ower the renmining part of the nagnetic |oop under

consi der at i osurfdcadtHexatget Sre dhanbed WitReE, &dridled MistaRed EndtgesBpiHat i ¢ | 00ps
7ab, the distances of the magnetic pole surfaces with reference to the back

VO 2006/ 0345989B9F/'898005/ 000441 - 11 surface of the target are changed
in time by controlled distance changes at the magnetic [oops. As shown in
Fig. 2a, it fsshewindiams & s, forgaanpledagood ideaa i asedtion undder

consi der at i ogpridepftichforiRahé pdidP t LE Lo z nge equally
or 5 unequally Ionglopar tdsg{q 75,, a?gaft bp@mrﬁﬂd&g?g;rog%cgo %ﬁgﬁga%@'@nce of the
back sur faceunesuatihleng Raget7.3 R0 Wit referenestd thel distamse of therback euriaaee

direction eqsahé Yar§ét 3RUAGAAMkbYed rﬂFnriné?; ih'?t‘(éegaﬁ-ﬁe gf.récﬁg{}!egﬂ'a@%’al Iy or
unequal ly. In a representation anal ogous to that o Id. 2a, Fig. 3 shows
anot her goodUNeayBibt chipvesse difrrctipn eavallyon uneaually.ear |y evi dent, the di stance
da(t) between the 10 whole pole surface and the target at one of the

magnet i c | 00psa repregentalien andlegousag trait bLFih 02y FiA3 shews @hothBr §dtel pai r 7ab

usi ng the dr}j j contr.ol | ed manner ith regar Ime and thus in

turn the ef f%ﬁ?o%éebﬂoé%%ﬁﬁéqtpghgﬁglaarﬁyaﬁ\ﬂ%eﬂwctk? pgfa%ce aa(b??giwqﬂ‘cfﬁﬁeen

geger gt éd. Hehnale polesurfateant tedargesatahelodtie rF.égrLdtie losipe) @g.ﬂﬁébﬁférc | oops 7a

and 7b can, | y in.a contr nner; in the same 15

di rection eqﬁéﬁaﬁ'??‘?@a{ahg é;egr@%h? P@&Ff’iabHs'%&liFﬁﬁ"Fg? N A CP'N@'FQW( ve

i nverse di rwitht iegarddquiaid andahusiimetqunethé gffect loé thertbir-sragedanagietic figidt o Fi g. 3

agai n shows j - Cl i tron, sopurce. Fig. 4 sh a further good

epodi mont. f 1T Gek Boh betrbie NS, (B ne SRERS Dt of inS WROR rRagrishc |
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
7ab, Tnc 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  inthis 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 75, 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



20 the presentation of Fig. 2b. It has, in a general way, an uneven nunber
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magnetic loop 7b in the mddle is inverse to that of the two adjacent
ones. These formthe two circunferential_ | oops of the tunnel-shaped
magnetron magnet field Hl, H2 shown 25 % this exanpl e of an enbodi nent.
Anal ogous to the enbodinents of Fig. 2, in the enbodinent according to
Fig. 4 the dusdenrorsiddrbiidn arefkept atlccasmistant dieta@ceaith redpectad thdBackmagnet i c
|l oop 7b in the m%§ bstch ged by neans of a controlled drive (not
shown) , \Aher%%(:? %ﬁ % ‘a9 he remai ning parts of the magnetic |loop 7b
that is WO 2006/ 034598 PCT/ CH2005/ 000441 - 12 wunder consideration are
kept at a cohigt aabows. 41 amesseniation paalperus tp §ig. Hea hather gged embedidrnbf t he

target 3. Fi Qﬁalggo%g%"ﬁwat‘sﬁbv@n R %em.ﬁwm tﬁawhe@%trgﬂngg&uc/ﬂoop@ fagr ther
good enbodi nent anal ogous to that shown in . t Re whol e

central rag nehows Yodit). 7S C%?s!‘geg by W&ﬁ/ﬂﬁ‘sﬁfla&ﬁ(“m”edld@% H@PA@B@WW'WB@HB&% a

control |l ed dioithe baEOSurfalReWR) of\thd fardstspect to the back surface 3R of the
target 3. Wen proceedl ng according to Fig. 4 and 5, mainly both magnetron

i Srance db(1eRIRARTEY pERaf et of oS JE) bbihuchefith HadsBE R

accordi ng t oari Id; a@, afbstedwrspacuﬁarwy agjustihguithe elistarardiglh) and dys(f)aespectvelpf t he
outer magnetic loop 7a is noved by neans of a (not shown) controlled drive

wi th reSpeCtAédbr&F@tdjt‘hb‘é%b‘bd%é{t%B&ﬁdﬂ?t& b, 6455 8B dallfy 1 MRl ning part of

the magnetic | oo als at a consfant "di stance, just as the |oops
7b, 7c. |1r9 th@qerssewa@ée @d@ﬂ Ten®fdhe puter MAgEBCIPAR) 72 & mPved by means afidst ance

da(t) of the(noﬂ-&:d()ﬂ‘f?|c€nt%!lb§rdrl{?@ﬁ'ﬂﬁ?ésﬁe&tqeﬂ1e7<ﬁ|vl=.'§ df's}fh?‘f&% L DYvHBERsthef a
controlled drive (not shown) and rel_ativel ack surface of the

target 3 R TPARINUIGHBT AERE Magpets @Pﬁjat'%k%t@h?é@”ﬁa"ﬂt&'sﬁa’&eeluﬁ/\i‘ﬁ@ﬁrCU|t
nmagnet ron sogssEeb,7¢.By providing appropriately controlled drives, all
i ndi vi dual enbodi ments descri bed

In the likewise good embodiment according to Fig. 7, the distance d,(t) of the
15  whole outer magnetic loop 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 controlled 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 -



by. neans of the figures 2 to 7 may be enployed at a magnetron source in 20

conbi nati on Wher eas the adjacen t fields H
are adjustedh% E§§§Z§34¥88pendency by the dis%% gggéégé?ﬁgggfln t he

enbodi ments according to the figures 4 to 7, i.e. at two-circuit magnetron
sources, nanely that, generally speakln%gS upon weakeni ng of the one field
the other is 25 strengthened and vice vérsd, this is |ess pronounced in the
case of the good enbodinents illustrated in the following. In the |ikew se

good enbodi maghetazdsaysdying withinfong .an8thef @nerprowweé@d ’Vd’ Rgmeven nunber WO
2006/ 034598 PCT/ CH2005/ 0004,(41 - %?P neti.c d ¥| %FWI thin one
anot her are 'BPYUCIEY, CUAMPg MASNeHE [agPy gresﬁ'H%P epdigilagletfrost magneti ¢

| oop, progretsms“mgcmmeeﬂabr@ubaropkbmrﬁch invdivil is trecfeafing @f apginet i ¢ | oops are

I il d
T Fi g6 byoTee bRt Pa B Aer FonvREGRD T el d. HL and f2
respect i \bel ymaguetivotnhagnet fiedd, mmnerespMWelgrmdidxtmwtssnge?s&t‘n'ebed by neans
of the f'gur&ﬁbﬁ %Bﬁtﬁ%egér%e%@'?né)a rfﬁ%lftgu?e %an%gﬁ fﬂ%r{]t?g pairs or at

bot h. Addition OWever, Tn a of the invention
and as showrreahzeléh gt or, ofttieepalissirzah beth. elddimr)allmfhowewb:oirea fuedher of | oops -

according to t. et according to
the inventioh J:olg%mntgogﬁlrﬁé’arﬁ %eé@%{\ﬁ fr{ddé%{j%owﬁq? %gtg tﬁ%&s%%cg is al so

possi bl e anoﬂc&(t)gxﬁethOdj%aalr ofdorws@nondm tdiFig. Srtbat of thebionér oqer?ea/i ded pairs of
magnet i g ol 00 t N a

cogt r ol ﬁed rr%%ﬁ\gre Sl%t @R%@hgtl t‘éﬁb%@% an@‘;ﬁs&%gﬁﬁ’%‘l rect | onal ly equally,
uni di r ect i oriiomp). dhlé@@@l no;smierandmmdtuéeantcp desigrothe diBaraguafiboth or i n
opposite dir ' c conbination.
B e S i

provi ded nacftiustedinraeaidioted wannarhanchie am@hmese dIStﬁJipS$ aside fromthe

di stance adj y34ifGfnally 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 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 7, 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 3g.



according to the invention, were considered to be stationary with respect

Concopt -1 aGRPPPORSA B Bho  ronl | zation of TREGROOREEOGAHhst ment

according to the invention - to nove at |east parts of the nagnet
arrangenment 5 along the back surface of the target 3R by neans of a
correspondi ng (not shown) drive. Thus 14 s a good concept, to nove the
pair 7ab cyclically along the back surface of the target 3R according to
Fig. 2a, as 2$o‘rtHetmuscaﬁmdmt?gd:rgmagitc:alelﬂgurbzatae, irﬁa\'tﬂﬁelﬁéarl]ﬁzétajgﬁfﬂaory Babl.
The sane is true for. the .enbodiment according Fig. 3. Thereby it may al so
be a good cond&PCP4t %%%etr-onfsc?f"metvﬂ&] rg?q{bqtlg_lo&%rtgﬂgtt IR AUCPBY €V ces
according to Fogpp 2 and 3 under consideration - the both magnetic | oops
formng the pair relatively to one another on different novenent

trajectories 3l pRging I&?alpﬁﬁlﬁd&!‘ﬁwfaéfﬁicfrcﬁﬁgs\égugl&gag&%%ﬁgg%cf%gggoﬂlgoo‘“u

14 For the enbodi nent accordi ng figu

realization of a .tw?h-ci rcu"t maeﬂn tron source with maajgeti c loop triplet,

good conCept s *r BOUNE the; 5l madnetg lasp Withirespestite dath tha gliasent Maghplc equal |y

al ong the back wuypd;ace 3R. 5 noving the central magnetic |oop with respect
to both the adjacent magnetic |oops; noving one or both of the outernost

and i nner nost efic | t ri ] ual Ly or,. ynequally with
respect to thén@gg'ﬁ %gﬁer?ggﬁ@toﬂh é(}'g%mi)ofs‘l $+1°gﬁm$rﬁl’°%k @%_gn tﬁq??f)%t(ﬁéh%nbodi ment s
accor di ng to t higipfet gavally o8 uneqlially with pespecieltlye cantiasmagnejicdobprafitbept to
nove all provi dﬁglepai rs of magnetic | oops equally along the back surface
of the target 3R, or to nobve one pair of magnetic |oops relatively to the

ot her. 1% Dep?mii]i nq?%bon_the choi ce of concept, to either formthe magnetron
magnet fiel d hieEMPOMRENES aecordngte tog figuses,$ard O respealyiebtitisn nagnet field
al ong the sputgod concept

» to move all provided pairs of magnetic loops equally along the back

surface of the target 3y, 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 7., according to Fig. 9 is



surface 3s of the target 3, the nentioned novenent possibilities are

enpl oyed in o | nd correspondi ng co ri re provided.
The nagnetiJmﬁdggégfﬁéggﬁﬁced by neans of thepé#gé%%g%gfgggiégn be arranged

20 circunferentially in a circular, oval, elliptical or even approximately

rectangul ar manner, viewed in a 'top vgg)w of the sputter surface 3s, or
can be heart or kidney or neander shaped. Fig. 10 shows a diagram of a
good realization of a source 20 according to the invention, principally
accordi ng t ombuged 8n ahtoutsaSuppdra2 et aXdrrombgnaticyplé tterBysmedascef £23s 25 and

a back surface 23R.. The outer i f etic | oops | ab,accordin o Fig.
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is realized at the outer support 25 eccentrically and, as shown, e.g. circular, and if the
pair of magnetic loops 7.4 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 arrangemeni 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 75, and 7.4, according to Fig. 11 are realized eccentrically with

25  respect to the coinciding rotation axes A5, Ajs. 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.
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 inevitabie that the rotation drives 27 and 29 according to Fig.
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the dist ancengrgase oft tne spu %e?rra trhez:grl?t'ral-gpe%noftthheetarget 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 d.y(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 controlling 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
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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:
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di fference i e.g. a 7 mm higher erosion depth in the edge
area of the ré%&%&€w%ﬁen the sputter intensity in the outer area of the
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same coati ng qlirfh@an gverdims thatis iqbeg eRAfraliads mypt ?enlée'fﬂ‘]’tnéﬁ’ winhighrt 35 by 7

nm and a di sp@a@i@n adraqregaﬁ& &fthbh@rgéﬂéﬂ%rrosﬁ?dl'p&@ﬂb p?o‘fgr@s‘éuo?u thiugieaRee i vely is
ai rred faqr_ durin coati f1 change can be
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conbi nat i on fat tHelsbstnate withrrdspaigt ©rthés Wypothickhéss distribution as well as the '

sputter rate. In order to monitor and control the controlled 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 éupport 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 d(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.
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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.
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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 S, , 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
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the beginning o oatl e consi der ed target, a
ti mekeeper 48 controls the read-out of the distance value corresponding to
the WO 2006/ 084Boghausthentagnst apmgament 5 on a singje-eifpuit smgnetien sauee. f r om t he

t abl e st or aggitiPeasdr ¢Ra eEhﬁadrl%ﬁé‘ioBSQ?adérﬁitﬂnﬁﬁhYr?égH@\i? Ibépiﬁtanlaﬁbt he
di stance control input 7 atothe nagnetron sourcé. Via the posi'tion
sensor 40 - 'GeHerRAIL@P. fotate atowng axis Ao g A8 shews thesgsutting layep thicknaes accur at e

adherence  tdisttif\Riof!fdr @¥ub¥trate With aSflardbet 80D RN RRcSRMgte! | ed. Thi's
position control circuit is 5 not shown in Fig. 17. Furthernore, the

di schar ge vdireggesien (2); the gistance &y thesoem7» f5em the backisudaeaef thetasaetdsl with a
stipul ated tamgelargbr #eihathe diskdick a0te dbtdlmafnefic 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,



canpar at or circuit 50. The result of the conparison is applied as control

di ff ' I h S42 _of th 42
a2 requiator 89 3AR8A8%RERR o5 11 on uni ¢ 54, FRRLCERG0RdPRPAF R0 nt ia |

mai ntai ned at the stipulated value 10 fromtable 46 by regulating the

di scharge voltage. Fig. 18 shows the magnet arrangenent 5 on a
single-circuit magnetron source, Wt Eamer shaped magnetic |oops 7a and
7b. Both nagnetic |loops 7a and 7b, i.e. the pair 7ab, rotate around axis

A. Fig. 19 stmewedidien bﬁédﬂytddﬁ‘énis&}ééucéshhe&l@%@ﬁﬁg stidySidld BUke PEFEr ofdhe
substrate with a dianeter of gn&] accordlnqﬁto 15 progression (a),

t he di stanceméﬁt'ngt'?@qnﬁbﬁraﬂgef'}eaw up igwers fierpgtentigt danger ptihget is 2 nm

| arger than gibrstingé ans@rdlindinBenaltation BB@peidnts.circuit 7a and if it is
reduced  step-by-step by 2 nmin accordance with the progressions (b), (c),
(d). Fromthis is can be seen that even for a single-circuit source or for
proceedi ng in accordance with the invention at a single-circuit source
respectively - as shown 20 by neans of Figures 2 and particularly 3 - it
is possible to control the current sputter rate and therefore - for a
coating tinme under consideration up to the Ilifetinme of the target - the
setting and mai nt enance respectively of a desired |ayer thickness
distribution on the substrate can be ensured, in particular a honbgeneous,
i.e. uniformdistribution. 25 Wth view on the enbodi nent according to Fig.
10, realized according to Fig. 11, it was furthernore established that
this configuration of a two-circuit magnetron source results in a
reduction of the eddy current |osses, when conpared 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, WO 2006/ 034598 PCT/ CH2005/ 000441 22 the reduction
of eddy currents reduces the resulting stray field in the perineter of the
rotati ng nmagnet arrangenent and thus | owers the potential danger of the

di sturbance of surrounding installation conmponents. WO 2006/ 034598

PCT/ CH2005/ 000441



- .23 Patent Clains: 1. Method for manufacturing nagnetron coated
substrates, J i net arrangenent is I e target and
onits reveregg %@W‘Pgﬁgﬁg away fromthe sub%ﬁg@g?a%i/%ﬁﬁifarrangenent
at | east one closed | oop of a tunnel-shaped 5 magnetron nagnet field is
generated along the sputter surface of the target, characterized by the
fact that for setting the sputter raté di’stTibution the distance of a part
of the magnet arrangenent is changed vis-a-vis the reverse side of the
target. 2. Method according to Claim1, characterized by the fact that at

| east one paPatenb€laime: nagnet arrangenent is noved al ong the reverse side
of the target. 10 3. Method according to one of the Clains 1 or 2,

characterized by Mbol dsrtmariufedturingladgnetrbn ebstedBgbtiates, Irowiich 5 ntdymeged i n
di stance. 4 ccordi t he O ai char actt%rei zed by
LD,

. _Met hod p%tohoge of Clains 1 to 3,
the fact thaf2NIFESGE §PFRES BPNGESHIPLRY HllfiBYS™e f'8%%°i”§ WGy
Met hod accorsl.ibl?.gaﬂ‘eg)?pweicbfarrbh?erﬁéraialt’r&aét clir(e dose@h@dpra]@ftaetuhﬁa&hbyed_ _Eedf act 15
that the _distance of a LI . of magneti ops _I.s change . t ho
accor di ng tom89|réer(9f"f'?ﬁ§%§'%1lp &g?e?%eéﬁﬁegﬁ}eg%qugﬂ yg%cgyg{kﬁgarrgg t that with
an i ncreasi nchacaci¢nzed byithmefachibatiios settimgthefspatteraate digtribdtionning distance of a
arrangenent, i i.s closer to the target .edge {han another_part of the
mgnet . ar r LR maeber ek eh BirRared vEE ko Pl e of PR oBl per
part is 20 decreased. 7. Method according to one of the Clainms 1 to 6,
characteri zedl by Mefgod gesordingto Claine1 cdharacteriged by hedact hap gt least ane rafe sour ce

i's kept consgafd ma net'@%@%@ﬁﬁ@ﬁ@v@@akﬂg‘tf’rféere%rségﬁiegfﬂﬂers‘i%kgéet.t.o 7,

characterized by the fact 'that at a spuiter rate that | pt constant the

di schar voltage,is recorded, and i 2006/ 034598 PCT/ CH2005/000441 - 24
conpar eg%wit a ﬁﬂ?@@? ag.aqr&gg fnerg ﬂépg\ﬁ?émai & nﬁ@r?‘ge%ﬁ?ﬂ%’ttgﬁf?cﬁ
dependence ohatdpart bleend magietit o pdd epariged dmdistance.

4. Method according to one of the Claims 1 to 3, characterized by the fact that

the distance of a complete magnetic loop is changed.

5. Method according to one of the Claims 1 to 4, characterized by the fact

15 that the distance of a pair of magnetic loops is changed.

6. Method according to one of the Claims 1 to 5, characterized by the fact
that with an increasing coating time the distance of a part of the magnet
arrangement, which is closer to the target edge than another part of the magnet
arrangement, is increased and/or that the distance of the other part is

20 decrease_d.

7. Method according to one of the Claims 1 to 6, characterized by the fact that

the electrical power supplied to the source is kept constant.

8. Method according to one of the Claims 1 to 7, characterized by the fact that
at a sputter rate that is kept constant the discharge voltage is recorded and is



9.. Method according to one of the Clains 1 to 8, characterized by t he fact

Li e’ dependeltD APLPARGASBYLlting T dot er m nEnTARHZEPa/BABAAA that the

di stance adjustnment is controlled in tinme using the functlon 10. Met hod
according to one of the Clainms 1 to 9, characterized by the fact that the
target has zones of different material’s “hd that the ratio of the sputter
rates of the materials is set by the adjustnent of the distance. 10 11.
Magnet r on souooroparet tiwithaa tadged ealuaidnk tisstuhd distanioe fscanysterd ionigpeidznce vethee
side surface facing away fromthe sputter surface, of a
magnet arraﬁeg'elrtréptt%e cgmggr;s&ne“ zeg by %/he fact that the distance to the

reverse side of the target of a part of the magnet arrangenent is
adj ust abl e by meaNMethed agcorgingite one efithej Glaims | to8. charagterizaghlynibe fam thabur ce

accordi ng t owfth ieRpbker @uhﬁutaé%.tp%rrérﬁ@l@r BiYe fuh@tlJr\aéftthé hﬁé d8pendePigiktanBe part of
t he magnet arrangerrent IS operatively connected a novenent drive, by

means of wwhi ERIRGIS d&éﬁrm'w ??H\Pé‘?j’eﬁlaaﬁéﬁacm@CF'%t@@?es%dJ%ﬁt@énﬁﬁ copteoliediyet by a
drive. 13. I\/ﬁ,gg%nguh§mﬂ,eﬁ@1_accor ding to one of the ains 11 or 12,
characterized by O the fact that a part of a magnetic loop is operatively

d h : t
C e e e PRl b B St 1 MR 00 AR PReREARA, 10 ©
magneti c IootheltergepmsamneeIo_f/dlﬁemnémtamﬂlatscnridhbatdbmtatloldf e dputter ratisiofe. 25
15. Magnetrogn1 %igggﬁgsgeq(rgglt%%ﬁ%@gﬁﬁ hé&gta%gl ms 11 to 14, characterized

by the fact 00pS i'S Operatively connect ed to the
controlled |i ft drive. WO 2006/ 034598 I?CT/ CH2005/ 000441 - 25 16.
Magnet r P solitce MegorttAnspures WHea Ergetivéthgraitarssutface. @long the FMess® er i zed by

It he fact thagig@bulifrsdf theVar@al fasing bwBREBRIthE shARPTUASR, Bf #HigRet and that at
east one

arrangement, characterized by the fact that the distance to the reverse side of

the target of a part of the magnet arrangement is adjustable by means of a

controlled lift drive.

15 12, Magnetron source according to Claim 11, characterized by the fact 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 reverse side of the target by a
drive.

13. Magnetron source according to one of the Claims 11 or 12, characterized by
20 thefactthat a part of a magnetic loop is operatively connected to the controlled lift

drive.

14. Magnetron source according to one of the Claims 11 to 13, characterized by
the fact that a complete magnetic loop is operatively connected to the controlled lift

drive.

25 15, Magnetron source according to one of the Claims 11 to 14, characterized by
the fact that a pair of magnetic loops is operatively connected to the controlled lift

drive.



of. the pairs is designed eccentrically with respect to an axis of rotation
and is connect ed operatively to a novenent dri W (g] xi s of
rotation. 5%y 2 @ﬁ 234378 sour ce accordi ng toP%Tf I’b#&F 0 ‘g‘f‘ 11 to 16,
characterized by the fact that the controlled lift drive is operatively
connected to a control, which in function of the coating tinme controls the

lift drive in such way that the di stamcé&Sf a part of the magnet
arrangenent, which is |ocated further outside on the target than another

part, is incfgasads ntsbme@eeérerngtt@ahebhtﬁednlah@nqaoqs &Hh@a&él’fh%la Wart is
10 decreased., 18 gnetron source accordlng to one of ne 11 to 17,

char act eri zdhe fRet thag ét ieastitwe pairs of agret Are groyider @ad; t@at@bgﬁ% PRFel y

connect ed t oftthepdiayis de§4 ned\@&:@ﬁﬂhbﬂw vﬁmuégpéca@cahraidm rétatismandis the d ai s
11 to 18, characterize act t conne%:t to an electrical

gener at or, #"BRC 5?89?@8@%%%/9""&@ Uﬁ?f%ﬁ‘fjsf%?)ﬁﬁf’ N\ mgnet ron source
according to one of the Cains 11 to 19, characterized by the fact that a
measur i ng art7angdviegnetioosouice asccydlmartg@negfma@-‘éalm 'drtevipderaragenzedby an

anode of t hq % tiat ?H%dco%psuédairﬂgcﬂve i Q;t?erQWdW-%on‘ﬂEct%' k& H BRAS %hl@lgm

ar r angenent oper atively connected a conparator circuit, via the
second |nputfuo¢tlowmf81¢ cpaiog fmesentrolaghellifi drivedn arheray that the dﬂﬁﬁ@C@Lﬁf@ut of

the conpar atpﬁé‘g[&&ﬁézmabn%tsar%géﬁ[ehtv%%h i€ REAEG Fthel Quéld%%ttﬁgltar?&gﬁén of the

controlled | rrve netron source according to one o Cl ai s
11 to 20, cmoamr@ﬁrtzlémqﬁgasedﬁéerftmandﬁ@rtth@tﬁfee @laﬁag@ezofdbmﬁhgt BarbE at | east
two zongg ofygdidsggent materials. 25

18. Magnetron source according to one of the Claims 11 to 17, characterized by
the fact that a lift measuring device is operatively connected to the part.

19. Magnetron source according to one of the Claims 11 to 18, characterized by
the fact that it is connected to an electrical generator, which provides a mainly
15 constant output.

20. Magnetron source according to one of the Claims 11 to 19, characterized by
the fact that a measuring arrangement for the discharge voltage is provided between
an anode of the source and the target, the output of which measuring arrangement is
operatively connected to a comparator circuit, via the second input of which a

20  presetting unit is added, while the output of the comparator circuit is operatively
connected to a control input of the controlled lift drive.

21. Magnetron source according to one of the Claims 11 to 20, characterized by

the fact that the target consists of at least two zones of different materials.

25



