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Low impedance plasma Description: This invention relates to
magnetron sputtering and in particular, but without limitation, to
magnetron sputtering using a low-impedance plasma. Embodiments

Wb tasujpgsition may involve the use of low impedance AC dpg)eydingidsioo
magnetron sputtering plasma discharges with or without rotating targets,

10 the use of such devices and control during non-reactive and reactive
processes, with or without feedback plasma process control, and non-AC
sputtering applications such as RF, DC and DC pulsed. There is an area
of the industrial vacuum copfing andiealiprakigchnology that 15 is
currently based on sputtering of substrates that can not be biased, such
as glass or plastic components. Some of the current coatings of interest
ard8&pBRHEA by Dual Magnetron Sputtering (DMS) in order to avoid the
"disappearing anode" effect. For example in the BOC Group Inc.'s
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plasma ewces cont muous ernat ctrical polarlty so that while
"m'téh@bst%fﬁ@éﬂeﬁféﬁéﬁkéﬁ?rt'ﬂiéééw&'@'ﬁ%ﬁﬁ?@qﬁ{&%ﬁ‘lﬁﬁfa@) the other one is

biased positively (becoming an anode) and vice versa. The typical voltage

nt variations is a eofAIIer at e C
o R erT ot e TAEs SR IR I (Rt N dual
cyhr(fﬂm-ma;rwmmntwma 9mmmwsﬁamﬁasmmwrsm&@tﬁé@ahﬁ@ targets,
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anode surface can become a clean conductive surfac n} n¥. h
or WS LR AP AR ST BT e LS aL R e S 3P Ak atens Sl

as FIQtBryents e maiedy. rotating around the central cylindrical axis, which
encourages a relatively low impedance path for electrons travelling

through the plasma. Durin g
There is an area of the industrial vacuum coating and treatment technology that

is currently based on sputtering of substrates that can not be biased, such as glass or
plastic components. Some of the current coatings of interest are deposited by Dual
Magnetron Sputtering (DMS) in order to avoid the “disappearing anode” effect.

For example, in the BOC Group Inc.'s application No: WO 96/34124, DMS two
magnetron spuftering sources (plasma devices) continuously alternate electrical
polarity so that while one is biased negatively (becoming a sputtering cathode) the
other one is biased positively (becoming an anode) and vice versa. The typical voitage
and current variations is a type of Alternating Current (AC) mode. This process
operation is described as Dual Magnetron Sputtering in AC (DMS-AC) operation or
simply DMS. In this way, since the same source goes through a cycle of sputtering
before becoming an anode, the anode surface can become a clean conductive

surface.

In many of the current applications, the target has a cylindrical geometry. The
target is generally rotating around the central cylindrical axis, which encourages a

relatively low impedance path for electrons travelling through the plasma. During



2 DMS-AC operation the stability of the discharge has many influences.
Normally DMS is used in infine continuous production where the substrate
is coated as it passes through the plasma/deposition region. The AC
power supply would need to respond 2n order to maintain the process set
points. If the plasma suddenly disappears then a fast re-ignition is
necessary or the moving substrate would be susceptible to defective
coating conditions. In order for that re-ignition to occur the plasma ignition
DMS-#apasasive Hesstabliity sfiitedistbargK hesvnasp lofleerseaudeopliydiditis used in inline
_conditions that allow the discharge to be main%ained argéj rei r}iﬁed. ald o
contindQusePEIRM AR W fSoRy BHRSENCBIN DAY S8V S i Bl gPos"
regiorf BLRNGE REIVREPOIN R NG RAUIEAR s SistPRCR R tWRRMEHIC 18O Breas 288 HBRits. If the
substrates to be coated or treated; minimum gas pressure required for the
plasmeositiligrandisepipaisdheope fasiordgriteh risapénsgpanhagitetiodidld suRstigis would be
One of the effects of AC og,eratio ondD S {ﬁ tthag_th(?. trﬂr{gsgort %Le lasma ianition
suscepiibis i LefreilR SRAINY (O8CNSTFe S RFEAiSE IOmidEToN that coutd benent - 9
impedAROTREESS - 1B RPN SKSIEMSsdh@dHdI ARt BRI GSRhaUAI ORaiSaliow the
very diffuse and most of the electrons are not being directed towards the
dischargsitodie arrinteinedahitieigniatt Geoeiady thet Wesiddmetidnaitaiace 8N RAYCRART more of
reate micro-arcing whjch, _can be responsible for defects in coatin
e ol R R e Rl o s P s bt supsutes o
be co6RR IRNAIRNIINEISRMeSEpREIRNERIVEEE e BiathsaadiRgifrioangéhgions; and
ion flux which affects the coating properties. The present invention
maxineplorgelis figd gfsasfimmetric magnetron sputtering, in which the
magnetic fields of each individual device are constructed in a asymmetric
way, constituting an asymmetric magnetic array, providing a change of
direction of plasma flux with respect to a standard magnetron device.
Olyjeets dfetkéicptestACinpantiondnclvidds itmgrbeigntperbpieriatibenahdiween the two
performance of DMS, for example by presenting a low plasma impedanc

) e .
sourchh CRBI OB AL R BT RSPt o B ARSI 1 e
preselNBIQYRANE IRAjSARRR SeffesdivanessibibrRMSaRRyci-atannRMAgthe main

electrons towards an effective electrically clean anode and/or enhancing
clean cosdinghpiopevtibs;osidelthesestaingaantiops. This parcordiiegriorerdieity which can be
aspect of the invention there 'itS provided a rrgﬁegnetror{_spl{tteripﬁs between the two
fesP°5%E'8ré‘ih§eé%?fr?p’ﬂs?ﬁa‘.'“&@usi’ S LR E ARy S A Anged (o create a
sourcB3agnetic dieddoithsovieiRiy-pfiad ukuakrige hwihi chdargelrtde@ste ion flux which
partially surrounds the magnetic array and acts as a cathode; an anode;
affectstbeorogtithpmeagitiesic array being arranged, in use, to create an
asymmetric plasma distribution with respect to the normal angle of
incidence to a substrate; and means for enhancing the magnetic field to
produce a relatively low impedance path for electrons flowing from the
cathededsetiienanaida. exploitt dssibie adwaptagesdowgngtfooraptitering, in which the
invention include: the ability to use stronggar magnetic fields; as the

magngfigsfitkitgiteasinpudiRle RV IRVET 5BIRY T8 (B BravidmE Hig W FRIR NG an
asym%@ﬁ@%ﬂﬂ%@%ﬂr&i{%}gﬂﬁglg'E}gaﬁgétépéﬁ'g@% '%B%g%%pﬁﬁh@%é% a standard
single magnetron’sputtering with magnetically guided active or passive -
magnaf@ddevice. The means for enhancing the magnetic field may also
comprise a magnetic array arranged to create a magnetic field in the
vicinity of a second tubular target. Power means may be connected
to the target and anode, which power means is capable of creating and
MBRIRE RSB FREHIESINGIBALerBlReE Ve ddeafibhentafgebriviied of DMS,
power means may be capable of creating and maintaining a plasma _
for exaowpipiyintpsaeiiesiallperieed irneiancasisRerd B GRAGITER RS BGtRIgargRigansport in
o nAr%%g({%he! Ppotw(lanr] mea tseiiso rc}:icsné}%%cted to each target. Both targets may
e Connacted to & commor power means. The power means, where
provided, may apply an alternating current, direct current, pulsed current,
radio frequency and/or HIPIMS to one or both targets. The power means,
where provided, may be connected to both targets and the polarity
alternated such that each target alternates between being an anode and a
cathode.



The means for enhancing may comprise one of the magnetic arrays being
an asymmetric magnetic array. The arrangement of the asymmetric
magnet arrays can produce a non- 5uniform/distorted magnetic field
distribution comprising one or more: %) zones of relatively high
impedance, which can act as plasma traps thereby confining some of the
plasma responsible for sputtering against the target surface; and 102)
zones of relatively low impedance, which can act as a low impedance
effectipatiayay, the DMS eotenaticharhaahdiing l@ettomsr dnvefulsfronefiectyatitsdeicaly clean
the anode. = By providing a magnetic field gistripution comprising
anode A04EL FHRISNGERFIRGIRSR %?aﬁ&\??o%% gatide, the overall magnetic
field can be such as to enhance 15the sputtering effect and/or to
encourage electrons to flow relatively uninhibited from the cathode, via the
substrate surface, to the anode. Known magnetron sputtering
appereting &z T osprentibsikeniom g TRvigedisBaRPstRLeree apparatus

compr!g\rllv_:irg «-:? %?rr]r?t% %tg Wnéch%Frg?g g}%%tégﬁw%oisc%@c\—!igerqaé;ge%czﬁeww\’tﬂe vicinity of a

ma%]ne ron sput erln% apparatus, the electrons must pass through a zone

tubulahiviRewhigl atielyahighsipaesgnasrddaiyane i eeficasent anventioascanathode; an
provide, for the same/comparable materials and process conditions, an

anodee e EinAEOREIANE @ iPRFEAMERIBR IR iBYR aFESD I RREP TP aPiasm2
distribllft?o %rﬂ@é‘g@%ﬁ%%%%%gf‘%%%?fﬁéfdénce to ZQQb@(rﬁ@?&@WéQH&QHH%nhancing the

array may comprise one or more magnets mounted on a mounting plate,
magn@ByENetpyolutb e magneyibliekbbeingacttidued doyransylomegdramdhe cittiode to the
group comprising: the position of the magnets being located
anodegsymmetrically about an axis of the magnetic array; the magnets being of
unequal sizes or strengths; 30the presence of ferromagnetic or
non-ferromagnetic materials which break the

Possible advantages flowing from the invention include: the ability to use stronger magnetic
fields; as the plasma ignition impedance is lower, being able to provide a high ion flux density
operation; and providing a stable, low impedance discharge for single magnetron sputtering with

magnetically guided active or passive anode.

The means for enhancing the magnetic field may also comprise a magnetic array arranged to

create a magnetic field in the vicinity of a second tubular target.

Power means may be connected to the target and anode, which power means is capable of
creating and maintaining a plasma comprising material removed from the target, which power means
may be capable of creating and maintaining @ plasma comprising material removed from the target is
connected to both targets. A separate power means is connected to each target. Both targets may be
connected to a common power means. The power means, where provided, may apply an alternating
current, direct current, pulsed current, radio frequency and/or HIPIMS to one or both targets. The
power means, where provided, may be connected to both targets and the polarity alternated such that

each target alternates between being an anode and a cathode.
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WO 2009/022184PCT/GB2008/050709 symmetry of the interaction
between two or more of the magnets; and the asymmetric shape of the
mounting plate. The asymmetric magnetic array may comprise a

I et and a pair of outer magnets located on opposite sides of
ﬁ%%%%@gg{l part from, the central magnet. The asymmetrichﬁ’ﬁﬁqgvomog
comprise a central row of magnets and a pair of rows of magnets located
on opposite sides of, and spaced'*'apart from, the central magnet row.
10The mounting plate may comprise a ferromagnetic plate and/or other

ferrgragralic ¢ONPOARBISy may cORPRICAE FSYR MO RGNS BEIRY an

asyrrnn%)(eprgggnuc% igngfgnetic field distribution comprising one or more plasma
traps adap’?i%aE o Eorifthe a portion of the 15plasma against the surface of

the target, At least one plasma trap may be located immediately

adjggrnbableashene sagRetisfiRldthanighRrdiALpPS iRrRRe8dce a non-

_{gﬁetwe_en a pair of magnetic field channels. ~ The or each tubular target
unifoI/YRIOBRA SAAENEYS Y QST CRIRLSRE LR YA Can be in any

direction, continuous or intermittent and/or reversible. Any of the magnetic

me%ﬁ‘e@%\( F@Mﬁ%&ﬁ "ﬂr’rb%%‘ance ,Tmﬁ'@AaégﬁaaIEﬁgg rprl a”h%@ e[hereby

arranged to sputter clean the surface of the target. The tubular target may
be EORTMHID RN RotahabR BESMA sespontibieidansn fisiing ausiast the target
condintaeashhmoved into the vicinity of the magnetic field channel to

gg%%%g@&%@gg%&e nogg /v(\:fﬁitc oggnsgg A% !gyvolmpedance pathway,

or an electron channeil, for electron transfer from the cathode to the anode.

By providing a magnetic field distribution comprising zones of relatively high
and relatively low impedance, the overall magnetic field can be such as to enhance
the sputtering effect and/or to encourage electrons to flow relatively uninhibited from

the cathode, via the substrate surface, to the anode.

Known magnetron sputtering apparatuses do not provide such a magnetic field
distribution, since no low-impedance pathway for the electrons is provided. In a
known magnetron sputtering apparatus, the electrons must pass through a zone
having a relatively high impedance. However, the present invention can provide, for
the same/comparable materials and process conditions, an electron channel having
an impedance between 5% and 50% lower than a known magnetron sputtering

apparatus.

The or each asymmetric array may comprise one or more magnets mounted on
a mounting plate, asymmetry in the magnetic field being achieved by any one or more
of the group comprising: the position of the magnets being located asymmetrically
about an axis of the magnetic array; the magnets being of unequail sizes or strengths;
the presence of ferromagnetic or non-ferromagnetic materials which break the
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Means may be provided for providing a controlled atmosphere in the

vicinity of the target and substrate, which controlled atmosphere may

comprise a partial vacuum. The controlled atmosphere may comprise

{95;%)0 SSAES of less than 1 mbar, and/or an inert gas (e.g. 5gon ), and/or

a react9 IVé gas (e.g. hydrocarbon, organometallic, metal inor§&A{EB2008/050709

complex, oxygen, nitrogen and/or water vapour). An anode cover may be

provided. The magnetic arrays nray be: substantially the same and are

arranged 10 asymmetrically about a major axis of the dual magnetron
symBRbREBNGERMiSaciiHasemictaicoR R of Y MAgiHEA bha eyt RmiRtric

axis_of the dual m Q%Eetron sputtering device; are different and are

Sha%‘?r%‘é’&d@éﬂ%’ﬁq %\Ily about a major axis of the dual magnetron
sputtering device; and/or substantially the same and are arranged

Syr‘ﬁﬂéeé@&ﬁ“%éﬁ@%%%ﬂ%ﬁé? ﬁBU‘@oﬁ%&@%M@PrﬁQHH@('QS@E‘ﬁSﬁ -of

Is Means for electrically biasing the substrate with respect to the
outefy iHEERR P EREIN A ERPOREB el D bralfti R E6adar Atk 48 m &FappiY 2!
ma@atrecmé:wgﬁﬂtnamucah&mmng eumﬁﬂseaamdﬁ&di cowrennanphatsaghd a pair of

rows guenCXePsa%chet SR (r)% Fe %%%%2 - Ce é&%&ﬁ}%‘s IHSnQ r ﬁ\%cgﬁntral

magne C array 1S non-or gonal to trate.
magaRigAttron sputterlng appargtus may comprise part of vacuum d_eposmon
system, a glass coatlng equipment system, a web coating deposition

Syﬁiﬁén -'ﬁno ntm qg’% as aegct o th?légventli%m? rOVId m aé? %gn%:rqglor other
sputtéring process carrie ut el g an apparatu feskibed hierein.

ferrom;micess*rmmewmr magnetron sputtering a plastlc, glass, ceramic,
metal or semiconductor substrate. WO

2009/022184PCT/G82008/050709
he or each asymmetric magnetic array may produce a magnetic field

distribution comprising one or more plasma traps adapted to confine a portion of the

plasma against the surface of the target.

At least one plasima frap may be located immediately adjacent at least one
magnetic field channel, and/or be interposed between a pair of magnetic field

channels.

The or each tubular target may be rotatable, e.g. about its longitudinal axis.

Rotation can be in any direction, continuous or intermittent and/or reversible.
Any of the magnetic means may be moveable in use.

The plasma trap or traps may be arranged to spuiter clean the surface of the
target. The tubuiar target may be continuously rotatable so that a sputter-cleaned
portion thereof is continuously moved into the vicinity of the magnetic field channel to
provide an ideal conditioned anode/cathode surface.
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According to a fourth aspect of the present invention a very low
impedance AC dual cylindrical magnetron sputtering plasma device is
provided. 5The invention could use rotating or static targets. Magnetic

ould also be static or movable. Magnetic array movement could
g{é?@eﬁ?ﬁgé%‘y direction with simple or comr?lex combiXationg%?ﬁﬁ§3%’05“7°9
reciprocated or oscillatory nature. Magnetic array movement could also be
of a scanning nature. 10This inv&ntion may also relate to the use of such
devices and control during non-reactive and reactive processes, with or

Witmgﬁ@c Ak Eﬂ@ﬁ'ﬁf@ﬁ&%&ﬁ&ﬁ@%@oﬂﬁ&gﬂ\%ﬁt&?mﬁ@Ereiﬁéeﬁidimity of

non AC sputtering applications such as RE, DC, DC pulsed power,

the EEE B EARGF A, EHTA S O T S Ban BT S e B vaouu.
HIPIMS HighiRbalerosppatsaMaguarsiseSiptataringy wechhisg yhen dinghar,

and%rplé’ﬁa”iWel’ltS%faQIaW SQHE®S- and/bhePresealiveaiiofrgaygidcarbon,

provide magnetic field plasma channelling mainly, but not exclusivel
a3l PR RIS COTRISL RANGRT dF b LR BE VTR
position with respect to the substrate. 20 In the present invention the

asymrgr(]a(t)rfsc?: %%%p&ﬁﬁgﬁéagﬁmg be designed and operated in a dual

cylindrical ta using AC power between the two individual
sources the impedance of the discharge can be lowered significantly with

respest i9-arsdaedand goniiayraions Wseaihgidistencatesgentd the arranged
substrate canp be reduced and the plasma densit 2
oo EYREE) AR AT (Ep QLS A LBl P I SRRy e iffrent
andFueteranges whemgidcally ebotstatendies way M WRicNahBalesFeRsSAMteling

deviRdided Rirdhedields weuld-aiera heyrrecBBhREHaddewarisd yaidual

clean highly conductive surface, unlike in st ndﬁlrd DMS whneJegpee arranaed
magiieloBn SR IR SRV AL aifiSR PRAH h AL tHE hcPlasda "
syrrimpedalcerant dessjplasrisatthefiterhmat rédarthetieine dgdcrigher

plasma confinement of the present invention helps to reduce and/or can

prevent contamination of the coating by other elements from the
de;%%?ﬁ@nfor electrically biasing the substrate with respect to the target and/or

ground may optionally be provided, which means may apply a direct curreni, an

alternating current, a pulsed current and a radio frequency bias, to the substrate.

The asymmetric axis of the or each magnetic array is non-orthogonal to the

surface of the substrate.

The magnetron sputtering apparatus may comprise part of vacuum deposition

system, a glass coating equipment system, a web coating deposition system.

A second aspect of the invention provides a magnetron sputtering process
carried out using an apparatus as described herein. The process may be for
magnetron sputtering a plastic, glass, ceramic, metal or semiconductor substrate.

A third aspect of the invention provides a coating formed by, or a treatment

resulting from, the process or apparatus as described herein.
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surroundings. In addition, the plasma interaction with substrate could be
controlled in order to control specific coating deposition requirements, e.g.
ion bombardment per deposited atom. 5The present invention can also

se of these devices in both reactive and non-reactive
ﬁ@%&%ﬁg%ﬁ for example, deposition of SiOx from Si targeygggfmoos/osowg
sputtering in Ar and 02 atmosphere. In reactive sputtering, the higher
plasma density of the invention ¢an provide enhanced reactivity of the
plasma species resulting in a more stable, dense coating. 10 The
present invention may also relate to the speed of rotation of the cylindrical

targ\et frgm z8ra static) to a%fr%tational stpeed whether it js const%nt
CeOr In% 0.2 10U eC e prese mnvention I’:l Velé’ (%W Imfhe afice AC
complex-orvariable. e présentinvention may also relate to the usé’o
duaitey§acieaicesdngienapritsdies disferenevionds Mewidedgnetic plasma
confinement of the present invention may improve properties in operation

maodes, stabi_lité/ and coating quality by selectivel channelling the ion flux
reldtive BGRRCESAIY YRA SRS B@?ﬁ&l@ﬁ%é‘&ﬁﬁ‘?&f&@ﬁ EEPH R50De
statourrents/aippelliaggaiic tieagoatveyanteturd elsvdatstrayetirgibrouin theple
B ERAIBBRETERNGNEENTLA0 ALK CS: RepUIg ItV N ThagAlng
o quaﬁ%?d%magﬂ% resent’invent%n, by gl%%?ﬁg% E)Fasrrna chgrgei, Cegrr]ay
MOVRARREYEAME 8 P%%fr%éﬁ%’ﬁ%ﬂ@n‘ﬁiéf?and final quality. The present
invention may relate to unbalanced and/or balanced magnetic 25arrays.
The,magnetic polarit ouldgI the same or site hetween, adjacent .
ol R S S ST o B GRG0 5 Co Tl turing
non-reactive and reactive processes, with or without feedback plasma process control.
This invention also relates to non AC sputtering applications such as RF, DC, DC
pulsed power, compiex power wave forms or high infensity pulsed power, such as
HIPIMS (High Power Impulse Magnetron Sputtering) technology for single or plurality

of plasma sources.

The present inveniion may also provide magnetic field plasma channelling
mainly, but not exclusively, across two plasma devices. This channel of plasma could

be varied in position with respect to the substrate.

In the present invention the asymmetric magnetic arrays may be designed and
operated in a dual cylindrical target. When using AC power between the two individual
sources the impedance of the discharge can be lowered significantly with respectto a
standard configuration. Also the distance target to the substrate can be reduced and
the plasma density and source efficiency improved with respect to a standard DMS
operation. Furthermore when the targets rotale the way in which the electrons are
guided by the fields would mean that they are channelled towards a very clean highly
conductive surface, unlike in standard DMS where the electrons find those clean
areas difficult to reach, hence the increased impedance and less plasma confinement.
Furthermore, the higher plasma confinement of the present invention helps to reduce

and/or can prevent contamination of the coating by other elements from the deposition



The present invention may also relate to arrays with circular or linear
oscillatory motion or a combination. The present invention may also
relate to simple or multiple race tracks on a single cathode. The

Weseaidmgption may also relate to single sources used witf a; NS00
active anode. The anode effect may be enhanced by magnetic guiding.

The anode 10 may or may not be sputtered. The anode could be of

hidden or non-hidden construction. The anode could be independently

biased from ground potential. The present invention may also relate to
sunsuibstrges thaddiay, thepysnt betdliagpe. With subiherpresenibiaventioned in

903y r%l t magnetron sput ering applicati n_such as wethb lass
R L R T e o G
depgeiediBédby way of example only with reference to 20the following

figures in which: Figure 1 is a schematic cross-section of a prior art

dual, cylindrical magnetron sputtering device; Figyre 2 is a schematic

i R ol Ak EHgIrS s o AsNton ooty
reagtiggirend; non-aigeifec3én drenmemtatidadiayranp ishalepapiiqroweSitbd d@ndSi
targBISCHPR MARSIRY TR Kie AP agneIRRiRU e B HeY G Al e RRiner
plasma density of the invention can provide enhanced reactivity of the plasma species

resulting in a more stable, dense coating.

The present invention may also relate to the speed of rotation of the cylindrical
target, from zero (static) to any rotational speed whether it is constant, complex or

variable.

The present invention may also relate to the use of these devices in power
modes different o AC. The magnetic plasma confinement of the present invention
may improve properties in operation modes, stability and coating quality by selectively
channelling the ion flux relative to the coating flux and also by preventing damage due
to parasitic currents appearing on the coating or return currents travelling through the
coating. These phenomena can produce non-uniformity and ceating quality damage.
The present invention, by guiding the plasma charge, can improve the coating product

operation and final quality.

The present invention may relate to unbalanced and/or balanced magnetic

arrays.

The magnetic polarity could be the same or opposite between adjacent sources

and devices.

The present invention may also relate to arrays tilted or in an angle with respect

to the substrate movement different from parallel or perpendicular.
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WO 2009/022184PCT/G82008/050709 - | 0- Figure 5 is a schematic
cross-section of a dual cylindrical magnetron sputtering device according
to the invention; 5Figure 6 is a schematic diagram showing the magnetic

ielshdaonsignode and electron transfer for the dual cylindricgkq}e%%)tgﬁgmog
of Figure 5; Figure 7 is a schematic diagram showing a magnetic field

for the dual magnetron sputtering device of Figure 5; 10 Figure 8 is a
schematic cross- section of a first'variant of the asymmetric dual
cylindrical magnetron of Figure ISFigure 9 is a cross-section of the
magnetic field second variant of the asymmetric dual cylindrical

J}Tgﬂﬁlé’%ﬁ%?ﬂ%%ﬁﬁ%“a?f e e e B DR S
m lgn or a comapination.

The present invention may also relate to simple or muitiple race tracks on a

single cathode.

The present invention may also relate to single sources used with a passive or
active anode. The anode effect may be enhanced by magnetic guiding. The anode
may or may not be sputtered. The anode could be of hidden or non-hidden
construction. The anode could be independently biased from ground potential.

The present invention may also relate to substrates that may or may not be

biased.

The present invention may relate to any magnetron sputtering application such
as web, glass, display, decorative and batch coaters.

The invention will be further described by way of exampie only with reference to

the following figures in which:

Figure 1 is a schematic cross-section of a prior art dual cylindrical magnetron

sputtering device;

Figure 2 is a schematic diagram showing the magnetic field for the dual

cylindrical magnetron of Figure 1;

Figure 3 is a schematic diagram showing a power mode and electron transfer

for the dual magnetron sputtering device of Figure 2;

Figure 4 is a series of schematic cross-sections of known magnetic arrays;
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Figure 11 is a schematic cross-section of a fourth variant of the

asymmetric dual cylindrical magnetron of Figure 5 comprising a single
cathode instead of a dual cathode; 25Figure 12 is a schematic
wossheaeify of a fifth variant of the asymmetric dual cylindrigal;aranns/aso709
magnetron of Figure 5 comprising a single cathode instead of a dual
cathode; Figure 13 is a schematic magnetic field line distribution
diagram for an 30asymmetric single cylindrical cathode according to the
invention with guided plasma to anode. WO
2009/022184PCT/GB2008/050709 In Figure 1, a magnetron

SPURRIIRg SlIRVice A 00 SompESesa s allyBlaa b hals Al dButtering

arranged to move Imearléé);neath a pair of cylindrical targets 2a, 2b.
deHCRASERHERS L BY5 VGBS a magnet array, which forms a magnetic field
in the 5 vicinity of the targets 2a, 2b and substrate 3. Each magnet array

' . ly pl t t ' '
G A G TR AR one

elegfrifetiprgifelns el dyaberirarisebnasneErRrel EWWE fhe appropriate

selection of magnet types, polarities, strengths and/or geometries. 10

The dt t d i - t
witt RAIF o R AT ST b AP E ot WgnS: TREyA oy haticars due!

magbetroa spiftariagisefisyofrhetyeld, which axis is perpendicular to the
substrate surface 3. Furthermore, the magnet arrays are arranged
symmetrically about a major axis of symmetry 12, 15which is also

perpdtlR Bk S e PGS OBfie substrate 3. A typical (magnet) array
comypiities of a finginhrisantiadhe agnetreincodumbgnistyribad mmegnedied b Figure
outer magnetic rows of magnets 6a and 6. Axis 11 is generally
perpendicular to substrate movement and/or position 3. Substrate 3
receives coating material which is being sputtered from cylindrical targets

2 (Zeiihy ethgy in r@actve @loRonirapstivegrete. kD treatelicaailbbeahe
used lasma treater_in which Ebsl}]rgtg 3 receives a plasma
R A e S € ating,
Figure 10 is a cross-section of the magnetic field third variant of the asymmetric

dual cylindrical magnetron of Figure 5;

Figure 11 is a schematic cross-section of a fourth variant of the asymmetric
dual cylindrical magnetron of Figure 5 comprising a single cathode instead of a dual

cathode;

Figure 12 is a schematic cross-section of a fifth variant of the asymmetric dual
cylindrical magnetron of Figure 5 comprising a singie cathode instead of a dual

cathode;

Figure 13 is a schematic magnetic field line distribution diagram for an
asymmetric single cylindrical cathode according to the invention with guided plasma to

anode.
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Figure 2 shows, schematically, the magnetic field distribution using field
lines 25 103 at points along which the magnetic field strength is of a
particular value. The magnetron sputtering device 100 comprises a
AT %@90]29 having a planar base plate 104 upwardly from which side
walls 1(56 e%t{]and. An opening 108 is provided in two of the ST LR ol o e
through which the substrate 3 can be fed. Upper edges 110 of the side
walls 106 terminate in t-section ffanges 112 to which a planar upper wall
114 is 30sealingly affixed.The base wall 104, side walls 106 and upper
wall 114 are all WO 2009/022184PCT/GB2008/050709 -12-
ferromagnetic and thus, provide path fqr the netic field, as is shown b
sotfel Rt feft TRELHRS SBLF W B il ComPrise, & SpSrete B9
substipieoBtéitbfr snaatgedop rokers ke hnbaneathes pasoivivhdBpal igsts 22,
ob. 128588800 HSEAI0LNas NSFHRSIFAIE dhich 16458 BNAVEhETMIEI iHthe

~ chamber™02 is a generally I-section internal wall 120 comprisinga .
viiryBih FallPVEREEER phan SRR R PRERBr L2 F 2 IR Yol P HSER 2
genwalillpwﬁaarl%antgmdingttbromjcanqnagrigm 5ngfewtinuhe8i_maersi@esnfand
streggquglhc?éj%é/v >%%‘.“ﬂe@%&@’iﬂ%&%&ﬁéﬂﬁmw&%Q@{S%‘fﬂe%ﬂ%t forms

[ to, and spaced apart from, upper surface of the substrate 3.
can|ReERivEcHe Ry MaicnIBnTiae sRerUerh8assdgRs. Aaidicpy sikangths
andibedgadindfieal magnetrons are placed in a low pressure atmosphere 7.

The main plasma

Xar
S

The magnet arrays and targets are arranged in a spaced-apart manner with
their longitudinal axes parallel. Each magnet array is symmetrical about a minor axis
of symmetry 11, which axis is perpendicular to the substrate surface 3. Furthermore,
the magnet arrays are arranged symmetrically about a major axis of symmetry 12,

which is also perpendicular to the plane of the substrate 3.

A typical (magnet) array comprises of a mainly central magnet row of magnets
5 surrounded by outer magnetic rows of magnets 6a and 6. Axis 11 is generally
perpendicular to substrate movement and/or position 3. Substrate 3 receives coating
material which is being sputtered from cylindrical targets 2 (2a-2b) either in reactive or
non-reactive mode. Also the device could be used as a plasma treater in which

substrate 3 receives a plasma treatment but not necessarily depositing coating.

Figure 2 shows, schematically, the magnetic field distribution using field lines
103 at points along which the magnetic field strength is of a particular value. The
magnetron spuitering device 100 comprises a housing 102 having a planar base plate
104 upwardly from which side walls 106 extend. An opening 108 is provided in two of
the side walls 108 through which the substrate 3 can be fed. Upper edges 110 of the
side walls 106 terminate in t-section flanges 112 to which a planar tupper wall 114 is
sealingly affixed. The base wall 104, side walls 106 and upper wall 114 are all
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IS zones 8a near each target 2 are responsible for the magnetron
sputtering effect. Typically the substrate to be treated travels continuously
in an in-line process which enables it to be exposed to a plasma flux area

%iﬁﬁﬁe exposure to the plasma flux could damage OrP%[lIr%Bzoos 1050709
properties. In typical situations, such as when substrate 3 is' glass ora

plastic web, non uniformity and substrate damage would limit the
maximum 20 operating power of the device. The arrangement of the
device produces anomalous plasma regions such as 9e which typically

ferrEpsainbrie MahiipsdaReehal i the magautie Feld, aslestrdynaitheme of the

. magnetrqn sputterjng apparatus 100 of Figure 2 and shows,

f"‘“’@bﬁ%%ﬁ?crbﬁ&gn‘ﬁw'ﬂ%@?ay"gaeﬁltss 2a, 2b are connected to an alternating
25current power supply 128. The electrical polarities of targets 2a and 2b

thesgforg BURLRA%ES suppBiES WEBdiBB a2 1BLAPBILSHEA' timewtich

the cycle, is mainly biased negatively 18, the target 2b would be biased
brushegilE,£20 affakR 1&g QbiReHa LT Electrons 20 which travel

towards the anodic surface on target 211 Due to the magnetic field

for@$§2%38£’ﬁ@@%§§§§ﬁ%5%PWistgeggﬂ?é}%Wﬁs%QtYMW REM4Bualt 120

200¢ 008/050709 -13- directed mainly towards specific
compiitine e dieratieericataiaran side Wahearipe Magiran Pluarl tajged

bas@4RANELIaLH aytReEREREFem PaRMA Haht 2Hylds idedlcmwiitianye of the

.. anodjc surfaces need to be dean. in order to recei rre this
S0 PGl TR Bl b Bt BT ool XS Bl B anc
spaRéa apriididm Stppeofufacserohthe aabaiidtieAess of this situation. When the

rotation is not as described in this figure then arcing on target materials
would _occur which would induce defeﬁis ?(opn%o%ian surfaces 3

FiglH U8 e e m AL RS R MRl RRT & Y I B
cylicdsesiarreirafcerdrplacmbinetsiSipfessiked sinesphews of bateein plasma
zong?%%emegr @%‘Eﬂa@?&ﬁ 9 Be responsible for the magnetron sputtering effect.
Typically the substrate to be treated travels continuously in an in-ine process which
enables it to be exposed to a plasma flux area 9a. Excessive exposure to the plasma
flux could damage or alter properties. in typical situations, such as when substrate 3 is
glass or a plastic web, non uniformity and substrate damage would limit the maximum
operating power of the device. The arrangement of the device produces anomalous

plasma regions such as 9e which typically result in a high impedance barrier.

Figure 3 is a close-up of the magnetron sputtering apparatus 100 of Figure 2
and shows, schematically, how the targets 2a, 2b are connected to an alternating
current power supply 128. The electrical polatities of targets 2a and 2b therefore

alternate.

In Figure 3, while target 2a, at a particular time of the cycle, is mainly biased
negatively 18, the target 2b would be biased positively 19. In this way source 2a emits
electrons 20 which travel towards the anodic surface on target 2b. Due to the

magnetic field forming a shield for the current to cross, the electrons 20 will be
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being affixed to the surface of a generally planar support 4. Figures
4a and 4b are known symmetric magnetic arrays in which a central
magnet 5 is approximately centred on a minor axis of symmetry 11. The

%%Jg%%g&gnets 6a and 6b are also of such a nature, geo_rpg,}%gzrag 050709

position that are fundamentally the same about the same minor axis o
symmetry 11. Generally, althou%h not exclusively, magnets are mounted

on a ferromagnetic plate 4 which’could vary in material and geometry.

Figures 4c, 4d, 4e, 4f and 4g depict different configurations of asymmetric
direat&dymainpnoRseRMgisc Ry rayfdbesnopb aXiedd sifacdengean sxiseal the

symmetry. Asymmetry could be achi different mean BSI ideal
ma %T\Erﬁa 1'?133310%&{8 g%eﬁrafarﬁa%rﬂﬁ é%jfﬁ%v%ntre SITJCh as inﬁé'g%?e '4cna'n?iF_J1
conjiitpifurnadjc AvyaneRtpeduerPascisin RreagirderevsUlkeIe HERleFog this

reawﬁsiﬁ{egs@stgsiagﬁaamﬁﬁpa%ﬁtm|q?]awma%md§y¢mﬁ?dmgredgﬁmmb.
other side 6a, Asymmetry, such as showp in. Fig e cou achieve
Stai, ST o DAoL d BT S e R el 2
destizemhterpbsetidoetwiben thisiognoraltsraet materaisagioeid ®ceuy. Widgirevyld
indeiiaRasss g@mﬁ%%wger magnet 6 and the substrate 4 (e.g. Figure

4e). Asymmetry could even be achieved, such as in Figure 4f, with a
fundamentally
Figure 4 depicts, schematically, various known magnet arrays. In each case, a

row of central magnets 5 is flanked by two rows of outer magnets 6, all magnets 5, 6

being affixed to the surface of a generally planar support 4.

Figures 4a and 4b are known symmetric magnetic arrays in which a central
magnet 5 is approximately centred on a minor axi¢ of symmetry 11. The outer
magnets 6a and 6b are also of such a nature, geometry and position that are
fundamentally the same about the same minor axis of symmetry 11. Generally,
although not exclusively, magnets are mounted on a ferromagnetic plate 4 which

could vary in material and geometry.

Figures 4c, 4d, 4e, 4f and 4g depict different configurations of asymmetric
arrays. In an asymmetric array, the minor axis 11 is no longer an axis of symmetry.
Asymmetry could be achieved by different means such as having the position of
central magnet 5 off-centre such as in Figure 4c and in Figure 4g. Asymmetry, such as
shown in Figure 4d could be achieved by different size magnets 6¢ on the outer
magnetic row compared to the other side 6a. Asymmetry, such as shown in Figure 4e
could be achieved by the introduction of ferromagnetic and/or non-ferromagnetic
materials 10a interposed between the central 5 and outer magnets 6 (e.g. Figure 4f)
or interposed between the outer magnet 6 and the substrate 4 (e.g. Figure 4e).
Asymmetry could even be achieved, such as in Figure 4f, with a fundamentally
symmetric magnet arrangement but by introducing some ferromagnetic elements 10b

which break the symmetry of the interaction between the central magnet 5 and one or



30 symmetric magnet arrangement but by introducing some ferromagnetic
elements 10b which break the symmetry of the interaction between the
central magnet 5 and one or WO 2009/022184PCT/GB2008/050709 -14-
uter magnetic rows 6a and 6b. Also, as in Figure 4 )

gg%,%ﬁ’%e r%%}éuld be achieved by a different geometrical deﬁgﬁ?ﬁpm@emamw
ferromagnetic support plate 4b. Asymmetric arrays could be achieved,
although not exclusively, by any*tombination of the above. 5 Figure 5
is similar to Figure 1 and identical reference numerals are used to identify

botndpticalLieriHEgRdi ReweBRaAY BIIrAWH)GS. if FeytiEeIenes PRIMBLBINE be
arra %%mentgshown in Figure 1[?and that o Flgure 5is that in FI% r
neti

e 5, th
achigyegnBYic? a5t S9E ARG HIRE IS Helise RITRBIPRR L PRSI RS .
Asymmaiis afrsysmnethid mdifepadiaitboutierstgpoigtate sy afieeemmbination of
the SRagpetic array each comprise a chamfered edge 130 and the central
magnet 5 of each magnetic array is mounted off-centre with respect to the
outer magnets 6a, 6b. It will be noted that the chamfered edge 130 is on
therpppoSite sitleilaf therriner wasd ldentheloftetoeatraimeagsetrd. iee to

e YRS U RS LIS RIAD o

2. Figure 6 is similar to

arrapggiiens s shiika rreferaRcbaiehEla e feitde B [derimpidbateagnetic

arrai@f HRSHKY e 8 rPaI VR sa wings akiker differeneedeetmesistbesymmetry. In
t,arranq ment sh wp in Fjlgu;e 6C§nd that t?g I;irgéjre g,ﬁ&% tgseema néati > red

par ’g‘r"rJ%/s a?eSHB?gf %%ﬁﬁwetﬁcaqaa oUEHHIRGF AKie¥ 1T ThEMAIN effecteo

edgprididing theyeanestrimagaghbtid aactyronaiictaE tiay) st el plimestiowith

resp%ﬁ% diskrisdavhencompareshlothaifileddites 423 PERigakasRARdR 130 is

pecifically, rather than the field lines 103 are, overgll, rotatesd wards the
[

on thegBPesHE 1i9e\RhIBR FIBAR&HRat IS ORI aPIRP Osin Jfe Magnetic
arraysagaetiovesvay, spnectidhetfiaiekliresti(Ba majendiietifeamitheisrmyaeticof
AL [ fg_ctively, forms a "field channel” 132 and a barrier 23 which
Symguidfﬁé%@oe?gs along a low impedance path from the cathode to the
anode. In Figure 6, while target 2a is mainly biased negatively 18, the
targglAbavruithiipbiasegpesiively kikricthisefeayrnseuncendaknits used to

idenﬁ#?qggn ?cglof\é\émﬁgstr%v%gZrespective drawings. The difference between the
arrangement shown in Figure 6 and that of Figure 3 is that the magnetic arrays are not
symmetrical about minor axis 11. The main effects of providing asymmeiric magnetic
arrays is that the magnetic field lines 103 are distorted when compared to the filed
lines 103 of Figures 2 and 3. Specifically, rather than the field lines 103 are, overall,
rotated towards the major axis 12, which means that instead of looping around a
single magnetic array, some of the field lines 103a extend between the magnetic
arrays. This, effectively, forms a “field channel’ 132 and a barrier 23 which guide

electrons along a low impedance path from the cathode to the anode.

In Figure 8, while target 2a is mainly biased negatively 18, the target 2b would
be biased positively 19. In this way source 2a emits electrons 20 which travel 22
towards the anodic surface on target 2b. Due to the magnetic field channel forming

the electrons 20 will be easily directed mainly towards specific surfaces of 24a and
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30towards the anodic surface on target 2b. Due to the magnetic field
channel forming the electrons 20 will be easily directed mainly towards
specific surfaces of 24a and WO 2009/022184PCT/GB2008/050709 24c.
\'I{( e, ma nﬁgic field forms a barrier 23 which limits the escape of electrons
D8 e Ehannel. All these surfaces would be near the m}éﬁygﬁg)@smsmw
plasma trap which is an ideal conditioned anodic surface as it gets
sputtered clean during the sputfé?“lng cycle. This asymmetric array
enables rotation 21a, 21b of targets 2a and 2b in any direction 5without
240@?%6%_99‘&@6%‘7&[!%%%@% s '2%: Wtﬁﬂbﬁﬁﬁaﬁﬁe esfi]ﬁa_ﬁr aFrwemw_ utside
shown in Figure 7 is substantia|ly the same as that shown [ n
the GRBE L R AHTRESOF SRS SeplLe DN Bl e an
ideaytionitita edaaelirosistare pritain spldterpregsanedsting i spstieringecycle.
ThidAD-RIASMAH L7 ANeRIED ReRlreeihiargstor tpgeenaibiadathe any direction

_sputtering effect are not symmetric with respect to the individual
witheulAERrIRg diarreatingd?r aRRI iR O PRSI YRE substrate to be treated 3

travels continuously in an in-line process which enables it to be exposed

0 arR!eaaFPa%S%%%ﬁ?%h%%xvﬁmghjﬁrghﬁﬁg‘gﬂﬁaéﬁ%m&%%a%ﬁet%@hwéﬁ&mﬁ in
versa. Is nt own In

e case shov Figure 8, which is similar to the
Figeseafhaditmcreaonetivgliedsinge Afidofalines e SlapadnafsicyrispWidhe
cyli AR AfsReRPERAENALE ihe pdanpretshesibrispted. Gameralinpasma

major axis of symmetry. 12 between targets j ' :
2N G AN RS e St 5 O Bl G AR LR R RR Bpfuic
withFigape® feHbanintbidua sneysiteasy (RniBaORRGHERIE ARt fhe substrate
W e ATt e e
exPREb R B PR A B SR R el e 8L 2T A vioe

vergear each target 2a and 2b responsible for the sputtering effect are not
symmetric with respect to the minor axis 11 of each individual magnetron.
Typically the substrate to be treated 3 travels c.?ntinu%huslg in an in-line

probiedRanEAER SHAWR Nt FIHES S BT (& SIUEME X ST 6l Srpied
Figined8, inierantomasesuhstiates Inrgrediograeyelflbiascal awgnes-oftimgonal o

the bq%bargngt%w OB FOY tra&eﬁe@ﬂ? ‘Eﬁ’éf%ﬂﬂ AlmRdg Reeds1a i dlveen
£fom ?arge a‘to target 2b an
targets 2a and 2b is the same axis of symmetry as for arrays 1a and 1b, although not

necessarily.

In Figure 9, the minor axes 11 of asymmetric magnetic arrays of the illustrated
example form a right angle with the substrate 3. Magnetic field lines 103 define the
plasma zones. Typically, the cylindrical magnetrons are placed in a low pressure
atmosphere 7. The main plasma zones 8b near each target 2a and 2h responsible for
the sputtering effect are not symmetric with respect to the minor axis 11 of each
individual magnetron. Typically the substrate to be treated 3 travels continuously in an
in-line process which enables it to be exposed to a plasma flux area Sa. Plasma in Sa
interacts with substrate 3 providing a self-bias and degree of ion bombardment on
substrate 3. The current in AC mode needs to travel from target 2a to target 2b and
vice versa. The electrons in the present configuration would be guided by adjacent
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vice versa. The electrons in the present configuration would be guided by
adjacent -16- field lines in region 9c¢ which is still a low impedance path.
In contrast to the current state of the art, in the present design of this
example, an anomalous plasma region of high impedance such as 9e of
MGRPRIBE not exist. 5In Figure 10, the minor axis 11 of a&yH k050709
magnetic arrays of the present example forms a non-right angle to the
substrate 3. Individual magneticiafrrays in the present example are the
same as those in Figure 9, but are angled with respect to the substrate.
Ma netic field li defl asm zones 9ina n
el Ry R Tt e LI BB i et g 1 e
stammmsmteiﬁimesemmsnpmsmmszemm REA SR THEJua SEATRgin of

higheRRREiRie tarihesspuBerina-efest &g aalggmmetric with respect to the

minor axis 11 of each individual magnetron. Typically, the substrate 3 to
be treated travels continuously in an in-line process being which enables it
to He Eigosethidre prasonatax Aroh Slynleticaniaghetiaraadl phidracuesent

exaf@w SHRItaIE 3rRAgHIdng 8 Eﬂf':@'@éb%ﬂgtgeﬂrﬁﬁlﬁﬁl% F)@gﬂ@lﬁ%?%]fs% the

ubstrate 3. Variation in the angle between arrays provides a different

pregepeXAnRIBIRGIRE SATARSIRASS MR HENRR U GifBaRdYIRLSSPRI to the

suﬂ%ﬂﬁl@al‘ﬂé@ﬂ@tm field NriEigueEs Yafiesha arembromesdbs thesiaiildomanner.
lasma channel for the rrent.bet r

YRR TR et flacs 17 BE PSR Bt EMaRy 7~ e

mammiagmaezammwmqmmtt%@%ﬁbdaﬁpfaas@ﬂq)faéme%&tﬁﬁ@a@ﬁed

are%&'ﬁ?ﬁﬁﬂéﬁ@@ﬁ@l%‘é&ﬂﬂt@%r%mgﬁm degreeser hﬁmrhﬁfﬂmeﬁn@fron
the conleguratlon depicted in F?%ju{ﬁe 9,.there is no :fmoma ouis asm

YR in P IR RIS A A1EE BB SRS B BHOY I LA I o PGS b
whiEtgereabibsiotwsbenaiffesedtiooafijasatoiiof amm@het?dﬁlﬁﬁlﬁjtfemfg area 9b
int?RPArgHIS M@&feoﬁd'ﬂ%\}%:%e ANVERERLY Wbe@@pﬂﬁﬁﬁ}%@ﬁm%nt on

magnetron located in a spaced-apart relationship t li de
subﬁﬁéteyﬁnuﬁeaﬁ'%a@ﬁ@%aﬂgé%&%ﬁféesmraxﬁaﬁw%gfg S RERLrIReV 3o

biaSWhsiiaieigde eadteendewhitiermovisybaion itheboralartmemand
impinges a plasma zone 9b.

In Figure 9, plasma area 9b would be the main Jow impedance plasma channel
for the AC current between targets 2a and 2b. A change in angle would provide
optimisation of the ion bombardment during the deposition for different types of
coatings or plasma treatment as different materials would require different degrees of
bombardment. In the configuration depicted in Figure 9, there is no anomalous plasma

region of high impedance 9e, such as in the prior art example of Figure 2.

Figure 11 shows an different configuration of a magnetron sputtering apparatus
100 according to the invention, which comprises a cylindrical magnetron located in a
spaced-apart relationship to an auxiliary anode 13. The cylindrical magnetron and the
auxiliary anode 13 are located above a substrate to be coated 3, which moves below

the magnetron and impinges a plasma zone 9b.
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WO 2009/022184PCT/GB2008/050709 -1 7- The cylindrical

magnetron comprises an magnetic array comprising a generally planar,

ferromagnetic support plate 4. The magnetic array is rendered asymmetric

g{ cor@)rlsmg one chamfered edge 130 and a central magnet row 5 that
Wit tespect to the midline of the outer magnet rowsPSa/GB20pH{R50709

magnetic array sits inside, and is surrounded by, a tubular target 2, which

is arranged to rotate about its lohgitudinal axis as indicated by arrow 21

The auxiliary anode 13 comprises a box- section metal tube 136 that is

elegigically 'Yrmm?msqngmd%%%é%r iR lﬁﬂgﬁ&aﬂeﬁ%ﬁa(géﬁ@rauy

earth) to”10 attract €lectrons during the sputtering process. The metal
plapghrsyragnstingeRPaRmiaiaIf- plEifaMASHeR AMHE rRBHRRASIKIEEHIRPY
commm lowerchiarfiee @ atagntscl4ng afftetdavinaindeiiets thaugffeticwith
res&gflzq Inii { %arlcl)néegfj ﬁ{eﬂ}ﬁ@a 91 ;rtgll%tﬂ%glsaéaa %‘ﬁ‘o'en?é éﬂg 5&1? sits

ure € system comprises asymmetrlc magnetlc array 1w

msmm%mm@rgpuﬁ%ﬁu% & tabylar Jadgrt d phishis el negibie dptate meout its

lon§EeaRAl ixieationdiasgsl Byiamaaidly acting as cathode and it is mainly
negatively biased 16. It is not intended to sputter the auxiliary anode 13 of
the present invention although in some instances that could also be

desiizblauAifiade B iemiEnopusisee\a bRasesetiono Mgk ritseddd that is
eie&ﬂf %‘ﬁc&ﬂ%@eé&&@ﬁ@;ﬁﬁﬂ@etﬁﬂww e%e%alsz%gwdsérm) to

plasma electrons towards the anode 13. \Anwda%%ils en

attfaﬂfhalﬁfeg&rb%y AHERE S, U IR REoeRES 1 &Ren] nguizPu"dS a

gerdatipetisrae das dvagpetit ecemtivgdoiatewithio tiesadueel 3ednstractiegnet

14 ¥ SARL BEHRR SHBRISIRSFRYALRAHERFIMATRENS ReARS the FUUALR Beld,

single or plurality of magnetic devices. Magnetic means 14 could be of a
as f FAMIRBEIHDosition, strength and orientation. Interactions between
the different magnetic means would allow region 9b to define an

apqrogrlal}'%lqt?r %ﬁ I‘w%gthc%%éat &s a@@% ﬂ'x%tﬁ couq f'r’cdgﬂ‘%{fqt which

bias vol ge along ode e a single -

wogdecopblp|apalitor oot Harpglodedys dounppaadmRdRtensERiifferllR Present
invé\{ﬁ@ﬁ ehydd @@s?rﬂbmeéismﬁeég%%mwﬁ@;msaéalkor@@m@ymmed 16. It

o S RS TS A R s S BR A
some instances that could also be desirable. Anode 13 is mainly positively biased 15
with respect fo the target 2. Anode 13 could also be at ground potential. Region 9b
guides the plasma electrons towards the anode 13. Guidance is enabled andfor
enhanced by interaction of magnetic array 1 with magnetic means 14. Magnetic
means 14 could be embedded within the anode 13 construction or could be in 2
complete separate areas. Magnetic means 14 could be a single or pluraiity of
magnetic devices. Magnetic means 14 could be of a variable nature, in position,
strength and orientation. Interactions between the different magnetic means would
allow region 9b to define an appropriate interaction with substrate 3. Anode 13 could
have different bias voltage along the length of cathode 2. Anode 13 could be a single
one or a plurality of them. Anode 13 could be segmented so different areas could be
biased differently, in which case tailored uniformity deposition and plasma density
discharge along the cathode target 2 could be achieved.
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The embodiment of the invention depicted in Figure 12 is similar to that
depicted Figure 11, except that in Figure 12, elements 17 which constitute
an anode cover are provided. The anode cover 17 effectively hides the
anode 13 from s deposition and/or contamination which could deteriorate
e R4t properties of the anode 13. The system comprRS$&E/ @Bps/050709
asymmetric magnetic array 1 which would enable sputtering of target 2

due to plasma trap region 8b. In'the present invention, target 2 is mainly
acting as cathode and it is mainly negatively biased 16. It is not intended

to sputter the auxiliary anode 13, although in some instances that could
also 10 be desirable. Anode 13 is mainl)l/g%ositively biased 15 with respect

to thBsapglesineroaiathe A HHif fRitkiRmhIREGIHS ol gificeidige to that
depRigsiagiectronsdeyaris ineranoede 4 3 i6migence isracrabied ot em anode

enhanced hy interaction of magnetic array. 1 with eticm 1
o B B oo TR A o L ol aarige 42 fom
depeRitemardjeridedtamiiagiey Bicoisasid detroerad theplestdqalpipnseirmetthe

anoBath 313 stikpainiansthddedllys the siwdancegypanetireanatién would
could be e,mbeflded w%hsg‘l the anode ]13 construcgﬁnlgrtﬁgulp g)gn'%nmzvenﬁon
enaBli ARENE LS ST AR b 018, DRI T4 bt W G '

be asingle or
targeluBaliynedinhagoiiy devistimae agueiiidsnieainly négdivelbbiasedvafialilés not

integagﬁr %o UhBESTURR <3HKRAAF AR OF e BiRRRN HRRRE GRS DRVERRBSUI also

Ifferent magnetic means would allow region 9b to define an appropriate

be GREFaBIfor Y%t SUBBINP IS AYRIDBERR B MIBRFRRS o B GiHSlen o

couflifiesent paiemiadhatizaRogen sangddck3tanchBonmdc daade tcowards?the
ould b itivel tively bi ' r

o e e O gt ey

withhraaeaesie difeavent poRariansoh et s gmarteidiBag YRR BabthoPail for

plagiathedetd anguaneiebagh ke hiasb Ve liag siefi@aHenceve lolv icpeidahes path
. variable, Fjnal igure 13 shows the magnetic field li 0

s SRR ale 15 SYPee DR Gt 10 e e
withisyhenaetrite rhageettudiiay ¢neaith Dioln@ eralietspinnainlg ereargdfaonetic

me&HE 9 Rlarie HamsRo bRl Bieigaar! daveBE on AiHalio ehatssmaibhild

acting as cathode and it is mainlé ne ativeI{. t:ﬁi({e;ajed. Ef no intst’a g%jete% the
be QA araRke A& RBHECDs PR, AN AR o M SHRGUIS RSO
diff ANt 20891622 HBHPE WA RPL OSSO 9b to define an appropriate interaction
with substrate 3. Anode cover 17 could also be biased at a different potential than
cathode 2, anode 13 and ground. Anode cover 17 could be positively or negatively
biased with respect to ground or could also be biased to the same ground potential.
Anode cover 17 could be biased at different potentials in different segments along the
length of the cathode 2 and anode 13. The bias voltage of anode cover 17 could be

variable,

Finally, Figure 13 shows the magnetic field lines 103 of the arrangement of Figure 12
in greater detail. The system comprises an asymmetric magnetic array 1 which would
enable sputtering of target 2 due to plasma trap region 8b. In the present invention
target 2 is mainly acting as cathode and it is mainly negatively biased. it is not

intended to sputter the auxiliary anode 13 of the present invention aithough in some



- | 9- instances that could also be desirable. Anode 13 is mainly positively
biased with respect to the target 2, or could be at ground potential. Region
9b guides the plasma electrons towards the anode 13. Guidance is

enabled and or enhanced by interaction of magnetic array 1 with magnetic
WENLPA2Bhsign of anode cover 17 would be 5 such that S&tH$8R008/050709
plasma electrons guided through zone 9b is not blocked; hence a low
impedance path is still maintaingé. Ideally the guidance magnetic means

14 could be embedded within the anode 13 construction or could be in 2

instSRRNN e FRRRIAs e eRs - Marnalic MearsbYisauidile BosiNgidObiased with

plurality of magnetic devices. Magnetic means 14 could be of a variabl
resiegtia I 0Stb, SRl STRAEASE - IRt bidkrali flesme
elecliif@rctivaagnetcamezns3vcuid altewsregaedatal defamd avceg projmiataction
' flon with,syhst n oyer :Qul '
o B e At aauerid be
suchotlifet pathdstintag et RlegHeneIPHREsEIM pHETTEape R FatiPskeduignee a
EowaJﬁQ(];;?%fk&é%%iﬁ%%’fiﬂﬂﬁl@?f?ﬂﬂ@@%@@ﬁ@hhémﬁﬁwmah?xam]Hémlbi%eduld
at different pgtentjals_in different 15 segments along tr
oo HTREIES W Ar NG L0 VA O o el £ DO Ceprate
aregariMblnetic meagsalrhsouldbenaginglrorr ShuEkH ) mpaarHedeviiepridagetic
meQRE 94 MARIMBINGHIG alkaKh ITARARE. IhCieaiadh Maeneiik fighd intatation.
vicinity of a tubular target which tar%ceet at least é)fitrtl cI}é‘rsurrourrl#?? th% fine an
InterRsdABRHCSHYEF MG 418 80BN "SR BHR ALY BT REJRERE
appRoiiaheing arcny edihinsuissty dteCBe dteode asyatnétdoypiabmaldistribatidrat a
aiff VIR SSRRELIARNR RORBALanAle HdNEIISASSIOASURRIALEAM 17 could be

positively or negatively biased with respect to ground or could also be biased to same
ground potential. Anode cover 17 could be biased at different potentials in different
segments along the length of the cathode 2 and anode 13. The bias voltage of the

anode cover 17 could be variable.



means for enhancing the magnetic field to produce a relatively low

impedance path for electrons flowing from the cathode to the anode. 2. A

magnetron sputtering apparatus as claimed in claim 1, wherein the means

for enhancing the magnetic field also,gomprises a magnetic array

arranged to create a magnetic field in the vicinity of a second tubular

target. 3. A magnetron sputtering %ﬁ)é)l%rsatus as claimed in claim 1 or

claim 2, further comprising power means connected to the target and

anode, which power means is capable of creating and maintaining a
1 PRI EIHR P AR HE RUORE3m the target. 4. A magnetron

sputtering apparatus as claimed in claim 3 when dependent on claim 2,

WRBPEIh MY MEPIRISREALA SHBRO%T (G S5 2MPIRSIRERHAG YKk, of @ tbular
target SR U0 NBLSTAL 1RMQR KaMHDHABRIRL SiEpaRs skedtoNatndadgets.

5. A magnetron sputtering apparatus as claimed in claim 4, wherein a

s%ar%g power means is connected to each target. 21 6. A magnetron

sput?erlng' apparatus as claimed in claim 4, wherein both targets are
conpected to a common power means., 7. A magnetron sputtering .. ...
te or GEER TRLSLS ARt Ry S L e 9 B e S o Faesipigbuton it
respe@RPliRSBAAllaRpRtING SHERRtcdirsseHseAtdpulsed current, radio

frequency and/or HIPIMS to one or both targets. 8. A magnetron

SRHUSING ARRAAIHS 8% Gigiedd iaanOhaalRs 3 teidivaipesiniedan¥¥epath for

means is connected to both targets and the polarity is alternated such that
electraadirtdnrg staltberatbsdodttiemnbédng an anode and a cathode. 9. A

magnetron sputtering apparatus as claimed in any preceding claim,

wherein the means for enhancing comprises one of the magnetic arrays

being an asymmetric magnetic array. 10. A magnetron sputtering
2. apparajhsras shatread iappEind aybeies theameachiasymmetriezar yr enhancing

comprises one or more magnets mounted on a mounting plate,

the magsatimfiels\AIPerRMPHRFRITIRIBHR ERY ATRRARSIDS Sl BIEISTIRINHE vicity

ofas &%QH&%@P%?JQQ: the position of the magnets being located
asymmetrically about an axis of the magnetic array; the magnets being of
unequal sizes or strengths; the presence of ferromagnetic or
non-ferromagnetic materials which break the symmetry of the interaction
befueen e Sh ot e madnels; and (he &Sy MEIAC,SRARE ObMiicing pover
3 momﬂ)ﬁﬁ?& f)cfgt%[?uﬁefngarﬁ%rﬁeu Fon %p'ut ering apparatus as tlaimed in erising ©
mean$ AR VD BTE tar R E AT RGNS LB BADARH enasFRYCEPEIIS 8Sche 6Bt ERld maintaining
magnet and a pair of outer magnets located on opposite sides of, and
a plasgSeraseREgag el ifeeneeeftfER THAg rget

4. A magnetron sputtering apparatus as claimed in claim 3 when dependent on claim 2, wherein
a power means capable of creating and maintaining a plasma comprising material removed from the

target is connected to both targets.

5. A magnetron sputtering apparatus as claimed in claim 4, wherein a separate power means is

connected to each target.



22 12. A magnetron sputtering apparatus as claimed in claim 11, wherein
the asymmetric array comprises a central row of magnets and a pair of
rows of magnets located on opposite sides of, and spaced apart from, the
central magnet row. 13. A magnetrop{sputtering apparatus as claimed in
claim 11 or claim 12, wherein the mounting plate comprises a :
6. fefrorAgrpvencpidtEheneRratrerT clRbrRA gheltitcbmperisreth lafges are connected
@%netgorérsrgg%%ring apparatus as claimed in any of claims 9 to 13,
wherein the or aach asymmetric magnetic array produces a magnetic field
distribution comprising a plasma trap adapted to confine a portion of the
plasma against the surface of the target. 15. A magnetron sputtering
apparatus as claimed in claim 14, wherein the or each asymmetric

T mAdRRINCEPPaSPHIEETR GRS BIUP ity I PRdsth ATt I CAIBIA Mhiyfretfdfiein the power

meanSBHSIRERM ARPAUAY B AR HAMELLIR-CIRITLARq WRRIGIR-a Feslang HaRraiPvs to
trap is located immediately adjacent at least one magnetic field channel.

one orlbbtiNamy@gmetron sputtering apparatus as claimed in claim 16 comprising a
plasma trap interposed between a pair of magnetic field channels. 18. A
magnetron sputtering apparatus as claimed in any preceding claim,
wherein the or each tubular target is rotatable. 19. A magnetron

8.  SRUHRGASBRRAIBEIRASIHAMALN MMAI ecafing i WereiNee the power

each tubular target is rotatable about its longitudinal axis. 23
means is connected to both targeis and the polarity is alternated such that each target alternates

toac

between being an anode and a cathode.

9. A magnetron sputtering apparatus as claimed in any preceding claim, wherein the means for

enhancing comprises one of the magnetic arrays being an asymmetric magnetic array.

10. A magnetron sputtering apparatus as claimed in claim 9, wherein the or each asymmetric
array comprises one or more magnets mounted on a mounting plate, asymmetry in the magnetic field
being achieved by any one or more of the group comprising: the position of the magnets being located
asymmetrically about an axis of the magnetic array; the magnets being of unequal sizes or strengths;
the presence of ferromagnetic or non-ferromagnetic materials which break the symmetry of the

interaction between two or more of the magnets; and the asymmetric shape of the mounting plate.

11. A magnetron sputtering apparatus as claimed in claim 10, wherein the asymmetric magnetic
array comprises a central magnet and a pair of outer magnets located on opposite sides of, and

spaced-apart from, the central magnet.



20. A magnetron sputtering apparatus as claimed in claim 19, wherein the
rotation can be in any direction, continuous or intermittent and/or
reversible. 21. A magnetron sputtering apparatus as claimed in any
preceding claim, wherein any of the magnetic arrays and/or the means for
enhancing is moveable in use. 22. A magnetron sputtering apparatus as

12.  claimmedngtram\spiteidin efpdrtaud lasviainesd thecplasiia wWisgady thepssarenetric array
arranged to sputter clean the surface of the target. 23. A magnetron

COMPriSSSAEFRAY A A PATIERS BIANhEFRT AHPE? CINAEEYS epded whareRpiRgides of and
spaceﬂ%gﬁ%%l{gﬁgiéeﬁggl;t'ﬂ,}%%\xptatable so that a sputter-cleaned portion

thereof is continuously moved into the vicinity of the magnetic field
channel to provide an electrically conductive anode/cathode surface. 24.
A magnetron sputtering apparatus as claimed in any preceding claim

further comprising a substrate and means for providing a contralled. .
15, o RO N G ARG R Gt ) SOLCUAE LT i e mountng

plate RMPEREDS RRBAEIHLG AT APURES Birelaih atflaghbRy ebmBanepantrolled
atmosphere comprises a partial vacuum. 26. A magnetron sputtering
apparatus as claimed in claim 25, wherein the controlled atmosphere
14. A magnetron sputtering apparatus as claimed in any of claims 9 to 13, wherein the or each

asymmetric magnetic array produces a magnetic field distribution comprising a plasma trap adapted

to confing a portion of the plasma against the surface of the target.

15. A magnetron sputtering apparatus as claimed in claim 14, wherein the or each asymmetric

magnetic array produces a plurality of plasma traps.

16. A magnetron sputtering apparatus as claimed in claim 15, wherein at least one plasma trap is

focated immediately adjacent at least one magnetic field channel.

17. A magnetron sputtering apparatus as claimed in claim 16 comprising a plasma trap

interposed between a pair of magnetic field channels.

18. A magnefron sputtering apparatus as claimed in any preceding claim, wherein the or each

tubuiar target is rotatable.

19. A magnetron sputtering apparatus as claimed in any preceding claim, wherein the or each

tubular target is rotatable about its longitudinal axis.



comprises total pressure of less than 1 mbar. 27. A magnetron sputtering
apparatus as claimed in claim 25 or claim 26, wherein the controlled
atmosphere comprises an inert gas. 24 28. A magnetron sputtering
apparatus as claimed in claim 27, whggein the inert gas comprises argon.
29. A magnetron sputtering apparatus as claimed in claim 25 or claim 26,
20.  wHeTEINEYeaRIIGNEs 2RITEPhEFCBEPRPITSESIR AdavihpEsdle BiRtian can be in any
drectf PSRN0, S IELNABARALAL P05 glaimed in claim 29, wherein the
reactive gas comprises any one or more of the group comprising:
hydrocarbon, organometallic, metal inorganic complex, oxygen, nitrogen
and water vapour. 31A magnetron sputtering apparatus as claimed in any
preceding claim further comprising an anode cover. 32. A magnetron
21 s@ﬁéﬁ%gt*gﬁpﬂé{ﬁ(g‘aé"@éfﬁ%ﬁ?ﬁ SRMre Be B PEsatingyHarainvipeein any of the
magnBIBARSICANBY harResHORIAR A RS SAMEBRdAlSarranged
asymmetrically about a major axis of the dual magnetron sputtering
device. 33. A magnetron sputtering apparatus as claimed in any of claims
1 to 31, wherein the magnetic arrays are different and are arranged
symmetrically about a major axis of the dual magnetron sputtering device.
2 R B e e v R DR S peoa
trap oM{RPEAIFethieaRgeg RetisuBsraAtrdifisentrans aigarranged
asymmetrically about a major axis of the dual magnetron sputtering

device.

23. A magnetron sputtering apparatus as claimed in any of claims 17 to 21, wherein the tubular
target is continuously rotatable so that a sputter-cleaned portion thereof is continuously moved into

the vicinity of the magnetic field channetl to provide an electrically conductive anode/cathode surface.

24, A magnetron sputtering apparatus as claimed in any preceding claim further comprising a

substrate and means for providing a controlled atmosphere in the vicinity of the target and substrate.

25. A magnetron sputtering apparatus as claimed in claim 24, wherein the controlled atmosphere

comprises a partial vacuum.

26. A magnetron sputtering apparatus as claimed in claim 25, wherein the controlled atmosphere

comprises total pressure of less than 1 mbar.

27. A magnetron sputtering apparatus as claimed in claim 25 or claim 26, wherein the controlled

atmosphere comprises an inert gas.



25 35. A magnetron sputtering apparatus as claimed in any of claims 1 to
31, wherein the magnetic arrays are substantially the same and are
arranged symmetrically about a major axis of the dual magnetron
sputtering device. 36. A magnetron gputtering apparatus as claimed in
any preceding claim, further comprising a substrate and means for
28. elaaircabydiaputypihe spizsttatcawithinespactitintli tatgetianicéongtgandomprises
37. A magnetron sputtering apparatus as claimed in claim 36, wherein the
argo:means for electrically biasing applies any one or more of the group
comprising a direct current, an alternating current, a pulsed current and a
radio frequency bias, to the substrate. 38. A magnetron sputtering
apparatus as claimed in any preceding claim wherein the asymmetric axis
29.  ofAiwapnatiporsprtiginstrreralid e olioah sydal & ticalifaarbpipia the controlled
substrate. .39. A mat%netron sputtering apparatus as claimed in any
atmos B e G BE A rgg?nperig?r?g part of vacuum deposition system, a glass
coating equipment system, a web coating deposition system. 40. A
magnetron sputtering process carried out using an apparatus according to
any preceding claim 41. A process for magnetron sputtering a plastic,

30, gIALEEEAnRP YRR BPRIEAHE GRARTSC S BEIFAR AU RN Citlifmogs comPrises
any oAZ 4 GRRINg I%@Po%é%oﬁbﬁs“&@%&iﬁ%”}tmgaﬁ%témﬁ RhEF SoRfanic complex,

apparatus of any preceding
oxygen, nitrogen and water vapour.

31 A magnetron sputtering apparatus as claimed in any preceding claim further comprising an

anode cover.

32. A magnetron sputtering apparatus as claimed in any preceding claim, wherein the magnetic
arrays are substantially the same and are arranged asymmetrically about a major axis of the dual

magnetron sputtering device.

33. A magnetron sputtering apparatus as claimed in any of claims 1 to 31, wherein the magnetic
arrays are different and are arranged symmetrically about a major axis of the dual magnetron

sputtering device.

34. A magnetron sputtering apparatus as claimed in any of claims 1 to 31, wherein the magnetic
arrays are different and are amanged asymmetrically about a major axis of the dual magnetron

sputtering device.



25
35, A magnetron sputtering apparatus as claimed in any of claims 1 to 31, wherein the magnetic
arrays are substantially the same and are arranged symmetrically about a major axis of the dual

magnetron sputtering device.

36. A magnetron sputtering apparatus as claimed in any preceding claim, further comprising a

substrate and means for electrically biasing the substrate with respect to the target andfor ground.

37. A magnetron sputiering apparatus as claimed in claim 36, wherein the means for electrically
biasing applies any one or more of the group comprising a direct current, an alternating current, a

pulsed current and a radio frequency bias, to the substrate.

38. A magnetron sputtering apparatus as claimed in any preceding claim wherein the asymmetric

axis of the or each magnetic array is non-orthogonal to the surface of the substrate.

39. A magnetfron sputtering apparatus as claimed in any preceding claim comprising part of

vacuum deposition system, a glass coating equipment system, a web coating deposition system.

40, A magnetron sputtering process carried out using an apparatus according fo any preceding
claim.
41. A process for magnetron sputtering a plastic, glass, ceramic, metal or semiconductor

substrate according to claim 40.

42. A coating formed by, or a treatment resulting from, the process or apparatus of any preceding

claim.



