METHOD FOR OPERATING A PULSED ARC SOURCE Technical field The invention relates to a
method for operating an arc source, as claimed in the precharacterizing clauses of claims 1, 8 and 9,
and to an arc source as claimed in the precharacterizing clauses of claims 34, 43 and 45. 10 Prior Art
The pulsing of arc sources has already been known for a relatively long time from the Prior art, for
example WO 02/070776 describes in a very general form the 15 pulsing of spark sources in order to
deposit various superhard layers including TiSIN. WO 03/057939 describes a spark source in which
the spark is ignited via alﬁ%’%é iER—%o g‘%ﬁﬁﬁ’@/ %nﬁ’%s[ﬁg S?J%Fk RYEEa a pulsed high-current
supply, In this case, the spark is operated discontinuously. Initial materials are metallically conductive
cathodes, congugtive; alloysand, 4n addition, carbon, and/or semiconductors which can be vaporized.
The arc source 05 described here is, however, difficult to manufacture and expensive to operate,
particularly for cathode materials which are difficult to Process, because of the highly complex
Geometry of thé targetisody: 30 UTE6:36%, 663 destriiés an afc source withra cathodercomposed of
electrically conductive material, whighds operated ip.a-pulsed or modilated-pulsesform, with peak
currents of up lo as%l%A\Sa d W%h gﬂbgs current of, for gxqmgleg%gg A This source %%WG!US difficult to
manufacture and €xpensive to operate as a result of its design with-a maynetic tunnel and an anode
which s completely siift6tinded b§he tathode 1225 The depdsition of elettrically idSulated layers by
means of cathodic spark vapor deposition is already known, for example US 5,518, 597, describes the
Productipn. of speh layers using a reactive process. In 5 this case, the surfaces to be coated are
arranged outside an optical link to the active target surface, which in this case is used synonymously
with the vapor-deposition surface of the cathode. After pumping out, the process pressure is set using
inert gas. During¢heniM oating Precesss theroxygensds irtfodeeed i thenimmediate vicinity of the
' surface to he coated,;tohe Pregise onply:at aratesuch thatit is, consumed during. the operation, and a
stable pressure can_be maintained, This, coincides with th_éﬂknown view from other documents 15 from
the prior art as'Welf. that %’e7i§troaﬁ§tff6fn16’1€ﬁ1e redctive gas ' theNiciilty of the’ Stibsthaté is important
to reducehe oxidatiovwofife Brgettand 1o Stabilizé thespark dischafferAsian additionsd measure in
order to avoid precessratesruptions sesulting, from-an updgsirable build-up of insulating layers on the
anode, the anode is preferably kept at a. temperature of approximately 1200C in US 5,518 597, and
must be manufactured from expensive, that is to say costly, refractory metal.

WO 03/05793¢ describes a spark sgscurce in which the
spark iz ignited via a pulsed high-voltazge supply, and
20 the spark is Zed wvia & pulsed high-current supplv. In
this «case, the spark 1&g operated discontinuously
mirial materials arvre metallically conductive cathodes,
conductive allovs and, in  acdition, carhon, and/ozr
semiconductors which can be wvaporized. The arc source
z25 described hare 1s, howsver, difficult to manufacturs
and expensive o operate, particularly for cathods
materials which are difficuls ©o process, because of
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25 All of these methods have the common feature that special measures must be taken when using
reactive gases which react chuickly with the material or materials being vaporized forming an
insulating layer, 30 in order on the one hand not to contaminate the active or of the anode, while on
the the formation of undesirable to the heating ofﬁthg anode and metering of the reactive gas in of the
surface to be coated that measures such as these include In this case, particular care must be taken
to ensure that the surface of the target is metallically bare, or that its conductivity corresponds at least
to that of a semicBndHERr e Positive temperature Gratients of & senficond@etorsiin the area of the
arc spot admittedhrresults incsufficiently gaod-éonductivity inepdertoialiow e sparetachurn, but the
increased tendeRgy-associated with.this of thesspark to;burn ceptinuously:normally leads to greater
splatter formation than in 10 the case of metallically conductive I%r(91§I ‘sﬁg)rfg\cﬁgsf.w A range of options
relating to this ‘are’ af&o known from'ihie prior aft” For example as tentionet! ‘above, the sBurces can be
arranged butsidé ife optieal corimectirgjiinetocthe targetsurfaces aitHough thissrasticatyl 15 restricts
the yield of target pateriakand-theicoating rate. Magnetie figlds:can be:applied additiopally on their
own, ‘chiding oniv. the ionized vapor component étg the surfaces 1o be coated, whilg electrically neutral
droplets are trapped ‘qn‘Implﬁ"gemgn? surfaces. xa’h}ﬁ”gs“ 4 olf?hlg are cUrvéa“magneCfR: filters,
magnetic lensésSRG thie-fike. AUFIFHEF way to-reBuce Splatierin to- bAefly iFerrast thécurrent supply,
with the sparks:being25:restruck cfor exampie eentrolled-hy means of;adaserbean; at adifferent point
in each case opdhie agfive faigeLauriace This mefhnd s used in patipylarJa the fleld of, gathodic

d for

spark deposition of carbon, although it is also used alloys composed of metal. 30

immediate vicinity ¢f the surrade o be coated, o be

precise only at
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the operaticon, and a s5table pressure can be maintained.

This coincides wirth the known view from other documents

15 from the priocr art as well, that the introduction of
the reactive gas in the vicinity of the substrate is
important to reduce the oxidation of the target and to
stabilize the spark discharge. As an additional maasure
in order te aveld process Interruptions resulting from

24 an undesirables build-up of insulating lavers on  the
znode, the ancds is prefsrably kept at a ceamperature of
avproximately 1200°C in U 5,518 337, and must be
manufactursd Ifrcm expensive, that 1s to say costly,
refractory metal

25

30 in order on the one hand not

other hand avoiding the {formation
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All of these measures, as well as the combinations of those measures that are likewise known, have
the common feature of considerable additional technical complexity and/or a major reduction in the
coating rate. However, 35 if an insulating coating is formed on the target surface, then it has not vet
been possible to achieve a stable process, even with the measures mentioned above. -4 -
Description of the invention One object of the presént invention is therefore to Provide a method by
means of which it is also possible 5 to produce insulating layers using conventional arc sources,
without any coripléx' additiBRal méssures; antt in stabite Process onditichs. This bfeet B achieved by
a method as ctaimedtins O=claitas &, 3:and Q=witlkk an=arc seurceas. ¢lammeéd in claims 34,43 and 45.

Further inventive.embediments are deseriped jn.the dependent claims, which ¢an be used individually
or can be combined together, where this is .tggtlniggﬂy gvrgr}tvhxv‘pilg.w 15 Sugrisingly, it has been possible
to show that a° SEAbIE Arcprocess can‘be ARhieved by & Siftitanedis appiication of a difect current on
which a pulsedzalferpating tors in the area ©f the arc spot admittedly

results in sufficiently good conductivity in order to

aliow the spark o burn, but the increased tendency

associated with this of the spark to burn continuously

normally leads to greater splatter formation than in
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10 the cagse of metall target surfaces. A

range of options relating to this are also known From

or example &s mentioned above, the

sources can be arranged outside the optical connecting
a

sthough this drastically

15 restricrs the viel

droplets are trapped on impingsment surfaces. Examples

20 of this asre curved magnetic filters, magnetic lenzgeg

A further way to reduce splatter i1is to Dbriefly

interrupt the current supply, with the sparks being
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liled by means of & laser
beam, at a different point in sach case on the active
target surface. This method is used in particulasr in
the field of cathodic spark deposition of carbon,

glthough it 1s also used for zlloys composed of metal .

30
211 of these meagures, a5 well as the combinations of
these measures that are likewilse known, have the common
feature of considerable additional technical complexity
and/or a meior reduction In the coating rate. Howsver,
35 if an insulating coating is formed on the target

surface, then 1t has not vet been possible to achisve a

stable procass, even with the measures mentioned above.



is current is superimposed, even if at least partially covered by an insulating coating. By way of
example, it has been possible to operate an aluminum target for several hours in a pure oxygen 25
atmosphere without any further additional measures. During this process, a rise was observed in the
voltage on the target, but this rise stabilized within minutes and did not lead to interruption or to
instability of the arc process. The aluminum oxide layer which is 30 deposited during this process on a
substrate positioned directly in front of the tar%et,exhibited a completely unexpected considerable
reduction in thESEFELS FARR &luselby adiatg dtoplets, in comparison to a metallic aluminum layer
deposited in the same 35 conditions. Similar results were also achieved by

One obiject of the present invention i1s thersfore t©

provide a method by means of which it is also pessible

5 to produce insulating layers using conveantional arc
sources, without any complax additional measuress, and
in stable process condiltions.

This object is achieved by a mathod as claimed in
10 claims 1, B and 9 with an arc source asg claimed in
claims 34, 43 and 45. Further inventive embodiments are
described in ths dependent c¢laims, which can be used
individually or can be combined together, where this is
technically worthwhile.
15
Surprisingly, it has Dbeen possible to show that a
stable arc process can pe achieved by a simultaneous
application of & direct current on which a pulsed
current or alternating current is superimposed, even if
20  the target surface 15 at least partially covered by ar
nsulating ceating.
By way of example, it has been possible o operats an
aluminum target for several hours in & pure oXygen
2%  atmosphere without any Ifurther additional measures.
During this process, a rise was observed in the voltage
orn the target, bub this rise stabilized within minutes
and did not lead to interrupticn or to instabllity of
the arc process. The aluminum oxide layer which is
30 aepogited during this process on a subsirate positioned

directly in front of the target exhibited a completel:

unexpected considerable reduction in the surface flaws
caused v adhering droplets, In  comparison  to o &
metallic aluminum lavyer depozited in the Sames
35 conditions. Similar results were also achieved Dby

operating chromium or titanium targets, and metallic

targets compesed of these materials with a high =zilicon

content, even above 50%, in a pure oxvgen or pure
nitrogen atmogphere. In all cases, the target could be



operating chromium or titanium targets, and metallic targets composed of these materials with a high
silicon content, even above 50%, in a pure oxygen or pure nitrogen atmosphere. In all cases, the
target could be - 5 - restruck without any problems in a reactive-gas atmosphere, after a. complete
insulating coating had been formed on the surface, even following process interruptions and could he
operated with reduced 5 droplet formation. In thi$ pulséd mode, operation in a pure reactive-gas
atmosphere and with the coating of the target surface by the reactive gas or its reaction with the target
surface, led toximpreved-layeriguahtf with:reducét fopfatformiation.210 | eofiparisofi4d operation of
the targets withew-aninsulating: eeating, 4t was:feund-that the prepartign of the reactive-gas should be
chosen to be at least sufficiently high that the soyrce voltage increases by. 15 at least in%, but

jaje)

preferably by at Teast f)%w%ln comparison to operation without an insulating coating. The Tise in. the
source voltage-isfandamentaly dependerit on'tHe rédttivegasandthe targst matetiaFGsed. The
higher thesinsulatiqin eharactetistics nf ther20woempavndcrcompoundspreduced-fram the target
material and the.teactive.gas on the farget.suaface, the Greater the difference jn the, source voltage

normally beco“mes, even If it is not directly possible to produce a direct mathematical relationship in
this case owingfo 25 Atimercis sitface=8petific ahdthaterial-secifit reaction” patternSand
constraints, Inthisicasésthe folioving gasesare suitables by waycofekahipleasreactiverGases:

oxygen, nitrogen 30 acetyleng, methane, stanes-such-as tetramethylsilane, trimethylaluminum,
diboranelgr, in principle, all gases containing oxygen, nitrogen, silicon, boron or carbon.

I comparison to operation of the targets without an

insulating coating, 1t was Ifound that the proportiom of
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The rise in the source voltage is  fTundamentally
dependent on the reactive gas and the target material
used. The higher the insulation characteristics of the
20 compound or compounds produced from the targef material
and the reactive gas on the terget suiface, the greater

25 NUMerous surface-specific and marerial-specific

In this case, the Iollowing gases zre sultable, by way
of  ewample, as reactive gases oxvgern, nitrogen

30 acetviens, methane, silanes such as tetr

&
trimethyvlaluminum, diboranse or, in orinciple, all gases

containing oxygen, nitrogen, silicon, boron or carbon.
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inert gas, for example to be more than 70% and
particular more than 920%. However, as mentioned zbove,

processes can alsc advantagesously bs carried out in a



This method is particularly suitable for processes with high reactive gas flows, in which the proportion
of the reactive gas is chosen to be greater than that of the inert gas, for example to be more than 70%
and in Particular more than 90%. However, as mentioned above, Processes can also advantageously
be carried outin a 6 pure atmosphere, that is to say an atmosphere containing 100% reactive Gas_ In
principle, in this case, the target material may be 5 any material which corms corresponding insulating
coatings, for example composed of oxide, nitride, boridee silicide, carbide or a mixture of the
compounds nigiitioned. Wit '2bEVE mentiolied eas8s orithe stiffdce ¢Fa target OpBrated as described
above. Howevern;, the 10:fgllowing materialstarepasticularly suitable for producing hard layers, barrier
layers and decorative layers: transition metals from the 1Vth, 11th, 111th group in the periodic table or
aluminum, boron, carbon Oﬁsilicon, or an alloy or comgguqﬁd of the 15 abovementioned materials, such
as Ti_41, CrAl TIKICPSTi81 Fast NBSH ErsiaWe. However, this méthod can aldo e Used for simpler
vapor depositioryof puresmatetials withfigh Arieltiry poiits steh @stungsten,tanhtekirm I ¥iobium and
molybdenum 20Jn pider to reduce splaiter iurther-partieularly when 2 target is,operated, in an
atmosphere containing oxygen, it may be advantageous as disclosed in US 6,602,390 for the target
material to he composed of & 25 sirglé rystaliographic phase. A further advaritage from the
simultaneousTwpeFatie :6f aiv aFéiscuted Hith direetTdnent 8fd With'd'pulseg face of

= target operatad as described above. However, the
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following materials are ©particularly suitable for
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layers: transition metals from the IVth, Voh, VIich

or silicon, or an alloy  or compound of the

-
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abovenentioned materials, such as Tizal, Cral, TirlCr,
Ti81, Tas8i, NRS8i, Crs5i, WC. However, this method c

also be used for simpler vapor deg
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materials with hicgh melting points such as tungsten

tantalum, niobium and molvyvbdenum

I order to reduce splatter further, particularly when
4 in an atmosphere containing

oxygen, it may be advantageous as disclosed in US

6,602,380 for the target material to be composed of a
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L further advantage from the simultansous operation of
an arc source with a direct current and with a pulsed
current or alternating current is obtained when coating
30 temperature-sensitive workpieces, such as hardened
steel, precipitation alioys on a bronze and a brass

hase, aluminum-magnesium allovs, plastics and others.

When one O more arc sources are operated with direct
current in the vicinity of the holding current, which

(ot
1

ig the smallest current at which stable operation of an

elactrically conductive arge source is

with a simple DC power supply, the temperature load on
1

the workpieces to b

iy

coatad 1s admittedls

o

coating rate ig &t the same Cime unsatis:

-+



current or alternating current is obtained when coating 30 temperature-sensitive workpieces, such as
hardened steel, Precipitation alloys on a bronze and a brass base, aluminum-magnesium alloys,
plastics and others. When one or more arc sources are operated with direct current in the vicinity of
the holding current, which 35 is the smallest currmenI7 at which stable operation of an electrically
conductive arc source is still Possible with a simple DC power supply, the temperature load on the
workpieces to be coated is admittedly low, but the coating rate is at the same time unsatisfactory for
industrial applicatiBRs “Fhe valte ot thé  hofdiny curférit or e hbldirty powéfis i this tdSe dependent
on the target materiat, toncthe nature ©f therarcrsoutce asd the operatioreofthé dischaege; for example

whether- ; this.jg opgrated.in,avaguumwith or withputthe addjtion of inett or reactive.gases_
Adequate conductivity to ensure stable gperation at low currents is provided, for example, by

metallically bat& SurfieSBid By cothpounds Such RS W TiN of EriN CFapfitd 8 10'Silicon targets in
this case formra:limit case, gircesorethe one handtheiresnduictivity isTadmiticeiystill adeguate for
them to be vapersdeposited by means:-6f:a. DG arc, buten the-other:hand they.exhibit.a severe
tendency for am%%arg C'QQ p,eib_urngm Igcgnlyly&tﬁq*ugs Iﬂeﬁagi_ngml%tggl?mlggmaﬁfluac;uatgquscanydréevgge droplet
formation for which reason, for example, graphite tercets are nowadays preferably operated in a
pulsed form. If; in E8Htrasted solifte isHpEFated irthelidifity 20%F avDEHicidifg cimréitand a pulsed
current is supefirapased efdbat:thessame-time, dt has suahrisingly heen foundita be-possibip not only
to considgrably ingrease the 1ate butglsa fp;keen the tempeyature loadJow in comparison to DC
coating at a on the one hand thelr conductlivity is admittedly still

adeguate for them to be vapor-deposited by means of

5K

DC arc, but on the other hand they exhibitc a2 severe

tendency for a spark to bhs burnt locally, thug leading
152 to plasma fluctuations and severe droplet formation for
wWhlch  reason, for aexample, graphite targets are

rf, in contrast, a source is oparate

20 of a DT helding current and 2z pulged current is
superimposed on 1t at  the same time, it as
surprisingly been found to be possibls not only o
considerably increass the rate but alsc to keep the

temperature load low in comparison to DC coating at a

3
(3

comparable rate. Th

1y

DC component iz in this case

O

advantageously set to bestween 100 and 300%, preferably
hetwesn 100 and 200%, of the hcolding o

holding power.
20 Tnn the case of the sources as described in more detail

corresponds To

35 operated without process gas, but preferasbly with a

=

process gas wnich contalns only reactive gas, only

inert gas or a mixture of reactive gas and inert gas.



R comparable rate. The DC component is in this case advantageously set to between 1.00 and 300%,
preferably between 100 and 200%, of the holding current, or of the holding power. 90 in the case of
the sources as described in more detail below, a percentage of the holding current such as this
corresponds to a DC component of the current flr'"A7 in a range between 90 and 90 A, preferably

~ between 30 and 60 A. In this case, in Principle, the‘arc source may be 35 operated without process
gas, but preferably with a process gas which contains only reactive gas, only inert gas or a mixture of
reactive gas ahd ineft'gds. -BSFn this Basel in-pringiple; all édrductivedrd senticondtictive materials
may be used asthetargetdnaterial jout Preferablyrthoseias mentianedabave: 5 ln:dhiscase, the
various current components,gan e applied. apd araducerina koown mangey, For example, the
direct-current component can be produced by a direct-current generator, and the pulsed- or
alternating-current component can be produced by a 10 pulsed- or alternating-current generator, with
the two géneratorsiieing connected eitherrinr-parailel onin-series betweerthe:are saurge=and at least.

one anode or graund. 45 Angther gpfion s to produce the direct-current and pulsed:cyrrent

components by means of pulsed- or alternating-current aenerators which are likewise switched and
are operated ih ‘& supermiposet’and SynchroRized$oim. EdrthemforeaRd A&, it¥ alsd 20 possible
to produce theldirecticurrent ant pulsed:=ctreent components byaneans gfiud siagle current generator,
which is clocked on.the secendary.af:primatyx25.A-procedure sueh as.this s of pagticulay interest for
industrial @ppligg;ign% yvhgg , fo exqﬂr}ggl?eﬁ, r\évo.[iﬁ%i%%s \ivhié:gﬂai_[wensf_ublect to garti%llar requirements with
regard to wear resistance a beﬁ(‘plec'e“s'vghd‘se‘é:ur?é’ees“a‘fé“iﬁte%ded to-haveSinGulating or
decorative 30 ¢hBRICIENSiES, AEed Y0 beoesHted 2layér-éxamplesiforwhieh methods such as these are
particularly suiableare aduminumoxide, atumipgmnitidenaluminu@z=+ one anode or
oxynitride,chrg{ngj\%{%%xide,chromiumnitride, chromiumoxynitride,aluminumchromiumoxide, 35
alumirdmchromiumnitride,aluminumchrominm-oxvnitride,
aluminumehromiumoxvcarbonitride,siliconoxide, siliconnitride siliconoxynitride, siliconaluminumoxide,
siliconaluminumnitridersiliconalumindimoxynitridepduce  the direct-current and
pulsed-current components by means of pulsed- or
alternaring-current generators which ars likewise
switched and are operated in a superimposed and
synchronized form. Furthermore arnd finally, it is also

20 possible to produce the direct-current and pulsed-

current components by means of a single current
generator, which 1s clocked on the secondarv or
DY IMATY

2% A procesdure such as this 13 of narticular interest for
industrial applications when, for example, workpleces

Lo particular reguirements with
regard to wear resistance and workpiesces whose surfaces
are intended to have insulating or decorative

30 characteristics, need to be coated. Laver examples for
which metheds such as these are particularly suitable
are aluminumoxide, aluminumniteride, aluminurm-
oxynitride, chromiumoxide, chromivmni tride,

chromiumosynitrids, aluminumchromiumoxide,
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,,,,, umnitrid aluminumchromium-oxynitrid
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aluninumchromiumosvecarbonitride, siliconoxide

s

siliconnitride siliconcxynitride, giliconaluminumoxide,



titaniumsiliconnitrdde,titaniumsilibonoKTnitride, -9 tantalumsiliconnitride,tantalumoxide,
tantalumoxvnitride,tungsteneiliconnitride, niohiumsiliconnitride,titaniumcarbide, tengstencarbide,
tungsticoncarbide or an alloy or compound of the abovementioned material The matementioned may
be deposited as a single layer or as a sequence of two or more layers with varying elementary
composition, stoichipmetrv and 10 crystalIograpﬁicgalignment, in which case the layer thickness the
individual layer element can he adjusted as reauired between a few nanometers and several
micrometers. frradditiomsds thogerskillebda the art may be aware, metaflie ‘ot riitfiglic athesion layers
or matching layers-sompesed of diffesent compounds which;fer-example; allow argraded transition
from substrate},1 imc?‘é%r-&al. SQJ ﬂ%g@gﬁgjgg%gq th_e layer material can, f%rj_‘mglﬁcglfgpgedrepog ted
before the s mentioned above. Known adhesion 20 layers axe, for example, Cr, Ti, CrN or miN.
Matching layeFs BEESTsted i example HRESSDE: aPtised eart advantdyestisly be réquired., is
synchronized to-the-eurtent gereraton of the=source=d materials.

®

The materials mentiloned may be deposited as a gingl

layver or as a seguence oI two or more layers with

varying elenentary compesition, gtoichiometry and
10 crystallographic alignment, in which case the laver
thickness of the individual layver slement can be
adijusted &z reguired bestween a few nanometers and

the art may be awarse, netallic or nitridic adhesion
15 lavers or matching layers composed  of  different

i
or example, allow a graded transition
from the substrate material of the workpiece to the

layer material can, for example, also be deposited

pefore the lavers mentioned bove. Xnown adhesion
20 lavers are, for example, Cr, Ti, Cr¥ or TiN. Metching

lavers are lictad In example 1

In addition, 1n methods such as these, a I, a pulsed

or an altrernating-current bias can advantageougly be

[
n
I
8,
e}
-
j-de
i1y
j 7
&
3
{2

is synchronized to the

pulsed or alternating-current generator of the source.

In this case, changes in the laysr composition, and
therefore two-layer or multiple-layver systems with a
30 graded or steppsd profile, as reguired, of the layer
composition can be depositad in a known manner by an
alternating addition of at least one inert gas and at

least one reactive gasg, or by an alternating addicdi
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In this case, changes in the layer composition, and therefore two-layer or multiple-layer systems with a
30 graded or stepped Profile, as required, of the layer composition can be deposited in a known
manner by an alternating addition of at least one inert gas and at least one reactive gas, or by an
alternating addition of at least two reactive gases, 1a|£) right angles to the workp ace surface. A plurality
Of sources with an identical or different target material can be used for this purpose. - 10 -- A method
as described above can be used in a similarly advantageous manner for operating an arc source when
a source is uskdt6 Bt weFkpiste durfates SRICESinThid dade “hesutfacé is“clated tord considerably
5 lesser extend svith-droplets thamsisrthe caserwithy metallic target surfaces:undhiswase a HC, a pulsed
or an alternatipg-current hias s also applied to the warkpieces, although thisds geperally considerably
higher than the bias applied during coating. For 10 example, substrate voltages between -50 and
-2000 V, prefdrably betiden -205°and 21566°% car AlS %5 -£2r1 this Chse” T ordérto hcrease the
etching efosiohe ansetchimgrgas.can additionalhy be istroduced, contaihing thesfeltowingtcomponents by
way of example, helium, 15.argon, exvoten,oxygerdnitregen, hydrogen,haloagn{farexample
chlorine, fluorine, Qromiqeﬁ:ﬁ,ﬁ!gding ,ora cpmﬂgﬁoqﬂnqp.opéairyng halé) erl.mlgaa:{l of thﬁeomgt‘b_gds
mentioned above, The Coatitg rate 26 and thé energy introducéd into the workpiece can be adapted or
regulated by settifgrthecsdlse vAdiR: thesturrémtisulse, the FRaghifudevof theretiént palse or by the
duty ratio, or by;ageMPinatien of-these parameters’ A hutheroptian is te-inerease theBE 25 source
current, though, fon example, his s Dot.yety Sulablefot inslemperatuig processes. orkoieoes

that are”suitablé for'a coating or etching method such as this include, in particular tool and 30

components CORTICSE-OREtesIS YRt e onstrittibRMetalsEucK astoppér & lead brohzes, brass and
special alloys sdekl as atiminume=magnesiimalieyschard metals-ceramicanateiials, suchias
 boronitride, in particular CEN, cermet gompounds and corresbonding warkplaces 75-which have been

Lol [ snh A

at least partially provided ‘with diamond or ceramic surfaces. ,
the following components by way of example, helium,

15 argon, crypton, oxvgen, nitrogen, hyvdrogen, halogen,
(for example chlorine, flucrine, bromine, lcdine), or a

compound containing halogen.

In a1l of the methods mentioned above, the coating rate
nd  the energy introduced into the workpiece can be
adapted or regulated by setting the pulse width, the
current pulse, the magnitude of the current pulse or by
the uty  ratio, or by a combination of these

parameters. A further option 1is to i1ncrease the DC

o
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gource current, although, for example, this is not ver

suitable for low-temperature Drocessss.

Workpieces that are suitable for a coating or etching

mavhod such as this include, in particular tool and

L0
=

compeonents composed of steels and congtfuction metals
such as copper and lead Dbronzes, brass and special
alloys such as aluminum-magnesium alloys, hard metals,
ceramic materials such as boronivride, in particular
CBN, cermet conpounds and corresponding workpieces
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3iamond or ceramic surfaces.



A further field of application for methods such as these is coating of workpieces composed of silicon or
other semiconductive materials. It has been found that coating in the described pulse mode is also
suitable for insulating substrates for which no DC substrate bias or DC-Pulsed substrate bias at
relatively low or medium frequencies is worthwhile, 10 Summarized in the form of key words, a method
as described above can be used to achieve the"follr&wihg further advantageous effects: 1. A stable
process for producing insulating layers by means of spark vapor deposition without any
splatterbeingférmédprevéntingthfdGgh Soxidation/reacticiitof tHe layB. 2 ey the ikt time, it is
-Possible to weHewith a:compietelyccontaminatedispask targetoReadtivity, enithatisto sail-the reactive
component available for.example oxygen when depesiting aluminumoxide, can be increased by
working in the completely contaminated mode or in a pure reactive gas atmosphere, thus achieving
greater laver growth. 25 3. Neither local or pressure-stage in separation of the target and reaction
area nor éomplex $eparatiomof Splattér &hd fonizing vaporis retuired=4,Sparkdguidaricescan ps ss
carried out withgut-any 30additional. magnetic field-assistance - The amaunt.and-size of the splatter is
reduced even with a contaminated target. J.Madulated pulsed xqper%tior] g]gge§ jt possible to work
with higher cuffents” thtfs IE5diRg & greatér 35ioRization white the thelval oad 6 the"@rget remains
the same, or igever kediced: 7.Carbonrant:semitoht aclornvatedalscanya aport deposited,
.effectively without any splatter, without restriking and complex spark guidances

10 Summarized in the form of key words, a method as

1. E stable process for producing insulating layvers
15 by means of spark vapor deposition without any
aplatter being formed preventing rhrough-

B
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§

atmosphere, thus achileving grsater laver growth,

25 3 Heither local or pressure-cfage 1in separation £
the target and reactlion arsa  nor complax
separation of splatter and idonizing wvapor is
reguirad

4 Spark guidance can De carried out without anyv

30 additional magnetic field assistance.

[l

The amcount and size of the sgsplatter 1s reduced

even with a contaminated target.

. Modulated pulsed operation makes i1t possible to

work with higher currents, thus leading to greater

35 ionization while the thermal lcoad on the target
remains the sams, or 1s even reducsd.

7. Carbon and semiconductor materials can bhe vapor-

deposited, effectively without any splatter,

without restriking and complex spark guidance.



8. More uniform removal of conductive, seniconductive and non-conductive target surfaces. 9. Finer
splitting of the spark, that is to say a large number of small arc spots running anickiv 5over the surface.
10. Greater ionization is achieved by using high-current pulses and by the increase in the substrate
current associated with this. 11. The process control for reactive spark vapor 10 deposition is

~ independent of the target coating by insulating 6r demiconductive layers. This allows reactive gases to
be mixed, and allows the use of ramps for reactive processes, with this being advantageous not only
for the intermédiate Myérbutalseion thefurttionallayet E2 CAR Tiforeas& irrthieprocesssstability and a
broader process windemi. 13.rFhe-use of kaewn electrical poyversupplies which permit a wide range of
specifications for the 20 current and voltage (versatile economic combinations possible, for example a
low-cost DC Djo'vver s'u:b%r)fforgég*bLaETg %aé’)gb _.jgfwe i"rci?/g"r%ién é%s%”res 't'ﬁat%tJﬁge plagma’is not
interrupted and thus st feréiERG Tongér afy 25 neéd for Fépédted BFHPHEdicTeSHKIY by means of
the comptex techniquertequited fet:this purpose. 15. The method can be combined with additional
plasma sources; in this context, reference should;he made;in pasticular tq,additional excitation by

means of a low-voltage arc operated at the same time, thus resulting’in an additional increase in the
reactivity in the case of Tavet depb&iticion tid*Subskrite. 38 Apprdached 16 imptemerftation of the
invention - 13 - reactvésparktcoatmy:process: Akminurtbxide hasiieen deposited on various
workpieces in-this way,using apdadustrial.caating installationof the RCS %ggomgggglsers
Compan,(y{j for example as de§grigeq in EP 1186 g81 in figures 3 to 6 and column 7, line 38 to column
9, line 25°0f the descPiptioH. o tHe Basis BF e exarmple Jestried i detail i fhe foffowing text. In
addition to the actualictiting progessrfurther: 1 proeess Steps whicts relaté icsthe pliorand
subsequent treatment ©f the substrates wilkalse be. deseribeg-briefly; when necessary. Many of these
- steps, such as the cleaning of the substrates, which is carried out differently, depending on the material
and the prior ramps Iox Teacoive PI 25525, Wil CILE 2Ig
advantageous not only Ior the intermediate laver

15 but zlso for the functional laver
12 An increase in the process stabllity and a broader

electrical power supplies which
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20 Current and voltage (versarile SCOnOMmMLC
compinations possible, for sxample a low-cost DO

powar supply for the basic load).
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The invention ansurss  that the plasma is  not

interrupted and thus that there is no longsr any
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for repeated or periodic restriking by mesan
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curces; in this context, reference should be made
30 in particular to additiconal excitation by means o
a low-voltage arc operated at the same time, thus
resulting in an additional increase in  the
reactivity in the case o0f layver depcsition on the

subgtrate,
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pproaches to implementation of the invention

The following tewt describes a typical procsdure for a

coating method according to  the invention with a



15 treatment, as known to those skilled in the art, can vary widely, while some can also be omitted,
shortened, lengthened or combined in some other way in certain circumstances. 20 Example 1 Once
the workpieces have been inserted into holders which can be rotated two or three times and are
provided for this purpose, and the holders have been 25 introduced into the vacuum treatment
installation, the treatment chamber is pumped out 6 a pressure of approximately 10-4 mbar. In order
to set the process 30 arc (EVE) plasma, assisted struck between a cathode shutter and having a hot
temperature, & foW-voitage by fadidtfon edting “was chambel Separadd By a*as cofirfdtted
workpieces in@rrargohhydragery atmospherery 35-Tke-fatlowing hieating.parametens;were set in this
case: Discharge;d.\\A150 A Anien flaw50;scom, Hydrogen flow3Q0 sceay Pracess pressyrel.4x10-2

mbar - -
the Baizers Company, Ifor sxample as described in EPR

5 186 681 in figures 23 to 6 and columm 7, line 18 to
column 9, line 25 of the description, on the basis of

the example described in detail in the following text.

In addition to the actual coating process, further
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relate to the prior and subseguentc

treatment of tfhe substrates will alsc bhe describad

the cleaning of the substrates, which is carried out

differently depending on the material and the prior

o
U1
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treatment, as kanown to those skilled in the art, can

O
ry
(b

vary widely, wnhnile some can als cemitted, shortened,
lengthened or combined in some other way in certain

Clircumstances.
20 Example 1

Cnce the workpisces have besn inserted into holders

which can be rotated two or three tines and are

provided for this purpose, and the holders have been

25 introduced into the wvacuum freatment installation, the
o

treatment chamber 1Is pumped out ©6 a pressurs

In order to set the process temperature, & low-voltaoce
30 arc (WWB) plasma, assisted by radiation heating, was
struck Dbetween & cathode chamber, separated by

a
shutter and having & hot cathode, and the anocdically

35 The following heating paramebters werse set in this case
Discharge: LVA 150 A
Argon flow 50 sccom

Bvcrogen flow 300 scom



Substrate temperatureapprox. 500C Process time45 min 5 Those skilled in the art will he familiar to
the alternatives to this. The substrates were in this case Preferably connected as an anode for the
low-voltage arc, and were preferably additionally pulsed on a unioolar or bipolar basis. 10 The etching
is started as the next -process s'r,3. For this purpgse, the low-voltage arc is struck between the
filament and the auxiliary anode. In this case as well, DC supply, a pulsed DC supply or an MF or RF
supply 15 operating with alternating current can be connected between workpieces and ground.
However, the workpiece§tefetably had 3 hégative bias voltagéapplied¥oithem. The following etching
parameters were set in thisheases tArgoarfiow :Rracess pressure PDischatger’'VA Substrate
temperature 25Process fime.. 50.seem. 2.4x10-3 mbar 150 A apppex, 500C Ir-Ln In order to ensure the
stability of the low-voltage arc discharge during the production of insulating layers, either a hot
conductive auxiliary anode is used, or a 30 pulsed high-current supply is connected between the
auxiliary anodéane easthi iorall ofithe LiV&-assistedprocessstepsamiliar  to  the
alternatives to this. The substrates were in this case

preferably connected as an ancde for the low-voliage
arc, and were preferably additiocnally pulsed on a
unipolar or bipolar basis. |

10

=

The etching is started as the next process step. For
this purpogse, the low-voltage arc is struck bhetween tThe
filament and the auxiliary anode. In this case as well,
DC supply, a pulsed DC supply or an MF or RF supply
15 operating with alternating current can bhe connected

between workpleces and ground. Howsaver, the workpleces

applied to them.
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preferably had a negative bi

The following etching paramselers were set in this case:

20
argon flow 20 scom
Process pressure 2.4%107° mbar
Digcharge: LVA 150 A
Substrate temperature approx. 500°C
25 Process Cime 30 min
In ogrder to ansure the stability of the low-veltags arc
digcharge during the production of insulating lavers,
either a hot conductive auxiliary ancde is ussad, or a
30 pulsed high-current supply 1s connected batwesen the
auxiliary anode and earth, for all of the LvVi-assisted
Drocess steps
In corder to increass the adhegion strength, Crl¥ laver
35 with the thickness of approximatsaly 300 nanometers i1s

applied by spark wvapor deposition, and can be assisted,
if reguired, by additional ilonization by the plasma of

the low-voliage arc as wsll.



In thiscase,thefollowingintermediate-layer parameters were set: Argon flow80 seem 5Nitrogen flow200
scorn Process pressure8x10-3 mbar DC source current Cr140 A Substrate biasfrom -100V to -4hV
bipolar 36 is negative and 4 cis 10positive bias Substrate temperatureapprox. 50000 Process timel0
min 15 For the transfer to the actuai functional Iay,lex, lasting for approximately 5 minutes, the aluminum
arc sources have DC source current of 60 A applied to them, with the positive pole of the DC source
being connected to the anode ring and around. In addition, unipolar DC 20 pulses are superimposed
from a secondZparaftetEonné@ed electri€sl powet-stiptiit:avhich’is BpBfited AE56 KMEXIn the present
example, a symmetrcal:dutyeatio eamprising 10 4s pulses and 10as pauses was used, with currents
of up to 150 A being generated in the 25 pulses. This was followed by introduction of the oxygen at
300 sccm, to be precise Iasigg the parameters listed in the table. Once aluminum targets have been
started up and the 30°6¥ygeh fiot has been set, the souréé clirrent at the Cr target is reduced to zero
in approximately 10imihutesdasy means of a ramp, and tHe mitrogen flow is reduced at the same time.
The argon flow is then reduced-to-zerq,-35 The substrates, are,goated with the actual functional layer in
pare reactive gas (irljj;his case bxxggrprSijincgralumingmgxiﬁje results in insulating lavers, either a

S e WL

pulsed or an AC bias‘éugpcﬁﬁi/rig%sea.

Substrate bias from -100V te -40V bipolarx
36 us negative and 4 us
i0 pogitive bias
Substrate temperature approx. 500°C
Procass time 10 min

15 For the transfer to the actual functional laver
lasting for approximately 5 minutes, the zaluminum arc
sources have DC source current of 60 A applied to them,
with the positive pele of the DO source being connected

to the anode ring and ground. In additlion, unipolar DC

20 pulses are superimposed Irom &  second, parailel -
connected electricael powsr supply, which is operzted at
50 kHz. In the present example, a svmmetrical duty
ratic comprising 10 ugs pulses and 1L0us pauses was used,
with currents of up te 150 A being generated in the
25 pulse This was followed by introduction of the oxygen

g -
at 200 scom, to be precise using the parameters listed

Once aluminum targets have been started up and the
20 oxvgen flow has been set, the source current at the Cr
target 1s reduced to zerce in approximately 10 minutes
by means of a ramp, and the nitrogen flow is reduced at

the same time. The argon flow is then reduced Lo zero.

35 The substrates are coated with the actuzl functional
layer in pure reactive gas (in this case oxvgen). Sinc

e
aluminumexide results in insulating lavers, either a

pulsed or an AC bias supply 1s used.



- 16 - The major functional layer parameters were in this case set as follows: Oxygen flow300 scorn
Process pressure9x10-3 mbar DC source: Al60 A Pulsed current source: Al 150 A, 50 kHz, 10 us
pulse/10 is pause Substrate biasremains at -40 V DC pulsed or AC (50-350 kHz in each case)
Substrate temperatureapprox. 500C Process time60 to 120 min, .15individual experiments at 360 min
The coating process can also be carried out simultaiheeusly using a low-voltage arc that has been 20
struck. This results in greater reactivity. Furthermore, the simultaneous use of the low-voltage arc
during the coating precess alse hasdthe advantagethattheRC component ot thessowseeas can be
reduced furth%re%epaegld;p& on JJI%Q magnitude of the LVA current.

Oxvgen flow 300 sccom
5 Process pressure _ 9%107" mbar
DC source: Al 650 &

FPulsed current source: Al 1580 A, 50 ki=z,

10 ps pulse/10 us pause

Substrate bias remains at -40 V
10 DC pulsed or aC

case)
Substrate temparature approx. 500°C
Process tims 60 o 120 min,
15 indiv

The coating Drocess Can B2LEO ol carried out

simultansously using & low-voltage arc that has been
20 struck. This results in greater rezctivity

furchermore, the simultaneous use of the low-voltage

arc during the ccating process alsc has the advantage
that the DC component of the sources can be reduced

further depending on the magnitude of the LVA current.
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he coating processs carried out in this wav is stable

Qverad with a unimn,

emooth oxide laver. The spark propagates more smoothly

than in the case of cperation without an additional
i

pulsed signal, and

; urces from Balzers TREaD ith a ¢ et diamster
Arc sources from Balzers Company with a target diamste

of 160 mm and a thickness of & mm, and

MAZ 6 magnet cystem, were used as arc sources for th
35  adhesion layer in the same way as for the functional
layer 'n principle, however, any known source can be

usad for a process such asz this, provided that an

appropriate electrical power supply unit is connected.



25 The coating process carried out in this way is stable over several hours. The target is covered with
a thin, smooth oxide layer. The spark propagates more smoothly than in the case of operation without
an additional Pulsed signal, and is split into a plurality of smaller 30 sparks. The amount of splatter is
considerably reduced. Arc sources from Beaters Company with a target diameter of 160 mm and a
thickness of 6 mm, and with a standard MAC 6-mdgnet system, were used as arc sources for the 35
adhesion layer in the same way as for the functional layer. In principle, however, any known source
can be used for-a pregess sueh ag this,.cprevided thatan appropriaie electrigal power supply unit is
connected. - ;L}The d§§%r:{'bgd pggqe§§g% me prgfef["regrvgw_[gign sinq_eothis %yojds %gging%n;
reaufrements for the pulsed electrical power supply’ A DC supply produces the minimuim current or
holding currerft ¥6ictheisparks PaitEs thé peilsed high-cukfent Siipply is usedt-avsid spiatter. Further
examples for therdeposition-parameters:of furictionahlayers arer described #mere detail in Table 10 1.
Essentially the same, cleaning, heating and.etching steps,were carried.ou first of all, and.an
intermediate layer composed of CrN or TiN was deposited in a corresponding manner to example 1.
The functionaF P #fe-8&tails in the table. A purely metallic layer was deposited in examples 2 and

Further examples for the deposition parameters of
functional layers ars described in more detail in Tabl

fao)
o

10 1. Essentizally the same cleaning, heating and etching

steps were carried out first of &11, and  an
intermediate layer composed of CrN or TilN was deposited

in a corresponding manner to example 1. The functional

layers composed of aluminumoxids, aluminumnitride,
15 chromiumoxide, chromiumnitride, titaniumoxide and
titaniumnitride were then produced, in accordance with
the details in the table
E purely metallic layver wag depogited in examples 2 and
24 £ in order to compare the influsnce of the source
voltage by the covering with an insulating coating. In
this case, it was found that coating with highly-
insulating oxidic lavers results in particular in a
major rise in the DC component of the source voltage.
2 In this «¢ase, the relative voltage rise even for

relatively small additions of reactive gas containing
e

£
example between approximately 10 and a maximum of 30%.
S

oA

but the originzl lowsr voltage state

(U]

bare source ig, howsver, never reached again.

The preferred freguency range Ifor operation of the arc

source ig between 2 anad 50 kHz. If reguired, however,



20 8 in order to compare the influence of the source voltage by the covering with an insulating coating.
In this case, it was found that coating with highly-insulating oxidic layers results in particular in a major
rise in the DC component of the source voltage. 25 in this case, the relative voltage rise even for
relatively small additions of reactive gas containing oxygen is between approximately 20 and 50% of
the value of the metallically bare source operated:ii pure inert gas. Even the use of nitrogen results in
a rise in the 30 source voltage, although its values are lower, for example between approximately 10
and a maximymof 301 lnall cases; the,simultaneous application ef a pulsed yoltage admittedly leads
to a minor red&c.tjgn inthe DCtsogrcg voltage ionrcorlpa[_@o%toﬁpﬁ%rql}/mp(‘:.%erationi 35 but the original
lower voltage State of 4 metaflically Bare source'is, JOWeVer, never reached again. - 18 the source
can also be olj8rated:at |6WeF: fréqueticieS oW atsut 0B RHZ o 8t high fréduené&iBs up to 1 MHz.
At even lowerfrequencies, the operationdarthe deposition-of insidating:tayens-hecames=unstable,
while 5 at higher freauencies the generator costs rise to an extre gvel. if.additional matching layers
are desirable or ng"éé{%h%%Fy, %hlfeenqt%%?g can bé%%pli?é%‘%ﬁgt%éégofrg]%AC?N 10 or othier adhesion lavers
or between tHe"adHa%on f&j/er and the functional layer. Examples of this which may be advantageous
in addition to those already mentioned as well for the deposition of oxidic covering lavers, are
oxycarhides of fitanivum and chremium, aswell as the 15 oxynitrides, oxysilicides,.oxysilicon nitrides,
and siliconitrides of aluminum, chromium, titanium, tantalum, niobium and zirconium. Despite the
excellent adhBSibREtfength bf Bhe<iciPand 20 matching ayers prodieed By meknsof cathodic spark
vapor deposition, this€an af§eebe achiéwed;as is kndven e thoselskilledlie theart, ey means of other
coating technjgyes.such-as,CliD RECVD, sputtering.gF by.vaper depasition: by, meaps;of low-voltage
arks from an Z%QDQchaII connected.crucible. In thigéas% in l?;ipcigle, agy#combiﬁatigg of various
techniques is PoSeibIE But Prasia-assisted processes. which ensirechigh lontzation, &t preferred
because of theshettef adhasion #rit ean becachicvedin this weayv 80Bref degerptionf the drawings
The inventiondaill berexplained in maredetaihin b€ chromiun, as well as the

15 oxynitrides, oxvsilicides, oxysilicon nitrides, and
siliconitrides of sluminuam, chromium, titanium,

rantalum, niobium and zirconium.

coating technicues such as CVD, PRECOVD, sputtering or by

vapor deposition by means of low-voltage arks from an
25  anodically connected crucible. In this case, in
principle, any combilnation of wvarious techniques iz
possible, but plasma-assisted processes, which ensure
high ionization, are preferred because of the better
adhesion that can be achieved in this way.
30
Brief description of the drawings
The Iinvention will be explainsed in mors detail in the
following tesxt with  reference to figures whiich
35  illustrate only various exemplary embodiments, and in
which

Figure 1 shows a vacuum treatment installation with an

arc source



following text with reference to figures which 35 illustrate only various exemplary embodiments, and in
which: Figure 1 shows a vacuum treatment installation with an arc source - 19 - Fiaure 2 shows a
parallel-connected DC and pulsed current supply Figure 3 shows target surfaces  Fiaure 4. shows
two parallel-connected pulsed-current 5supplies Figure 5 shows a multi-anode arrangement Figure 6
shows electrical power supplies connected in serie$ - Figure 7 shows electrical power supplies
connected 10with a short circuit Figure 8 shows a secondary-clocked electrical power supply Figure 9
shows a primaryrclogked electrigal pewessupply=15 Fbevactwm treatmentdnstallationl-illustrated in
Figure 1 shows, comparati\é?%k%qlgrraﬂg%mvent known from the prior art for operating an arc source
with a DC power supply 13. The mstaﬁaﬂo“_n‘l is equipped with 20 a pump stand 2 to create the
vacuum, substiate Holders 3o Hold ahd¥hake elettiical contact with the workbieces, which are not
illustrated in any:mote detailthere, aswell as:adids:turrentrsupphyd, for appling ase=called substrate
voltage tg the 25 Workpiec%@gilgger may be DC or AC or a bipolar or unipolar substrate voltage
supply. Inert gas or reactive gas can be introduced via a process gas inlet 11, in order to control the
process presSurd-iid the gas-¢mpodition i tHE tr&atfient cHEMber. 30 The components of the arc
source itself atecatargét 5 withvascooling plateal2 located behing it} an ignitiorefingest 7iand an anode 6
which comprises the target; A;switch 14 can be used to select between floating

Figure 7 shows electrical power supplies connected

16 with a short circult
Figure 8 shows a secondarv-~clocked elesctrical power
supply

Tigure 9 shows a primarv-clocked electrical power

Jam)
A

e vacuum breatment ingstallation 1 illustrated in
Figure 1 shows, comparatively, an arrangesment known
from the prior art for operating an arc source with

a
nC power supply 13. The installation 1 is eqguipped with

|
&Y

pump stand 2 to create the vacuum, substrate holders
3 to hold and meke electrical contact with the
workpieces, which are mneot illustrated in any mwmore
detall hers, ag well as a bilas-current supplyvy 4, for
so-caliled substrate voltage to The

=
25  workpieces. The latter may be DC or AC or & bipolar

H

o
unipolar substrate wvolitage supply. ITnert gas e
=

reactive gas can be introduced via a process gas inl

ot

11, in order to control the process pressure and the

gas compesition in the treatment chamber.

The components of the a a
with a cooling plate 12 located bhehind it, an ignition

finger 7 and an anode & which comprises the target. A
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al power supply 13, and operation with &

3

defined zero or ground potential.
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35 operation of the anode and of the positive pole of the electrical power supply 13, and operation with
a defined zero or ground potential. - 20 - Further optional features of the vacuum treatment installation
1 are an additional plasma source 9, in this case a source for producing LVA with a hot cathode, with
an inert gas inlet 8, an auxiliary anode 5 10, and a further electrical power supply, which will not be
described in any more detail here, for operating-theflow-voltage arc between the plasma source 9 and
the auxiliary anode 10, and, if required, coils 17 for magnetic focusing of the low-voltage arc plasma.
10 Figure 2 shows an-arc spurcerwhichsis operated with twerparalel-connected electrical power
supplies, spegifically.a DG power supply 13" and & pulsed high-current supply. 18, in order to
superimpose a unipolar 15 or bipolar pulse sihal on the directcurrent. TT]IS” circuitry ‘allows stable
operation of a“féagtive &park Vapstepaiition ProcBsseVvén fof indtlating'tavers for witich, over the
course of time; dhe interiorofihe instaltation 1 the duxiliary anode 18 antthe 20 suhsifaie holders 3
are filled with sybstrates with-an insulating Jayer; lf, for comparatiye purposes, a.arget-5,composed of

Pure aluminum is operated in an atmosphere containing 25, argon and oxygen, just with a DC power
supply. 13 as3Abwhin EfqUre L ProcesShEtabiifies Aiti-GocurEven after justaTed mindtes, leading
to process terntinatiornwith athigh oxygebrfowe bmthelprogesss mecaatingawill besprdduced as shown in
Figure 3a on the.30 target S, with Jarge)islandsiwitha:sizeof several millimetersand egmposed of
insulating material _The 1%er$ de Qsit%d gg;hiwgi@iQ%eaé%rfages W#I[I bce very rough and will not
provide complet&iRsutation” Sitice this gbviotsly does Rot Rdguit i contititidts reaction 35 of the large
amountlof metallic splatter. If, in contrast, a target 5 is operated containing oxygen in. conditions
which same, with-a.method:aeeerding z=21 source which is operated with two

paraliel-connectead electrical Towar supplies,

specifically a DC power supply 137 and a pulsed high-

current supply 18, in order to superimpose a unipolar

or bipolar pulsge signal on the direct current. Thisgs
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circuitry allows stable operation of a reactive spark
vapor deposition process even for in

which, over the course of time, tfhe intericr of the
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30 target 5, with large islands with a size of gseveral
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illimeters and composed of insulating meterial. The

rough and will not provide complete insulation, since

4

in a continuous reactlion
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a
35 ot  ti large amount of metsllic splatter. If, 1

.
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contrast, a target 5 1g operated in an atmospher

(I

contalning oxygen in conditions which are cotherwise th

same, with a method according to the invention as i

3

Figure 2, an aluminum oxide surface which provides



insulation but is completely uniform will be formed, as shown in Figure Ib. The process can be carried
out over a period of hours, can be interrupted, and can be resuMed with a target that has been
contaminated in 5 this way. At the same time, this leads to a considerable reduction in the splatter on
the worksiece surface. Further options and arrangements for pulse-modulated 10 operation of an arc
source will be described in the following text. Fiaurei4 shows two DC power supplies 18' and 18"
connected in parallel, which are pulsed in a Preferred synchronized form. By way of example, this
arrangement hassa nuniher ofadvaatagesiwhen-operatedfin:nipdlar forsm. For-examples when
operated with e same pylse widths the tme bgtween two.pulses, can be;chosgndo fevery short, thus
making it possible to set a correspondingly high duty ratio and a very short cycle duration. The
capability assBcidtéd with this of ﬁr‘ﬁ"‘i’t?ﬁ@*the%ﬁ“érg?%uﬁﬁ?ﬁ%?ﬁﬂ%%?for éxampléalsé’s appropriate
for this specificdargetmaterial, makes:t pessibieto-vehreffectively aveoid permanent birning of the
spark, and solytter. formation is,further;countgragcted. 25:However,;even wheq.operated in a =bipolar
form with the different pulse widths and different frequencies or the same freauencies, such operation
allows the indﬁﬁ@usa]f%é)&% %sgg%lﬁéjs%?pé&icﬁ%yﬁéﬁ%‘ﬁﬁ%hé’féfo 30"4lfdWs vty good control
of the coatingsatet #irPrinciple, pulsed DC power supplies can also be enlaced by better
alternating-current supplies. However, in this case, It is more difficult, for example, to achieve signals
of a specific foim and with 35 a specific edge gradient. At the same time, as is shown.in Figure 5, the
concept of twd %ﬁ%ﬁi@cljal pod%efroslg%pli‘“é%%g Gl%*‘ %%?tleczﬁarfrff ad\'“/gﬁtagv”?élg?ﬁ%sﬁ/ gi%%ls\iv g bﬁjgality of
anodes@0, 20362 Obe fositibhied o ackievs afbetter distiiButionoTiRé plasia irfthe coating
chamber. Thisallows:theselectrons ta-berguided betterthusvraking it pessible to-increase the plasma

density and th?erea%%tyﬁf S the process, Figure 6.ghows.an ae!&%%&%mg%hi%ﬁj%%g by two
" series-connected electrical power supplies 19, 19“, at least one of which'is a‘puJ[ ed or AC supply.

This 10 arranGerRerit SHonwethé Yate bomtroF fiff the afe: sotifcé i bé ad apteBiparticulatiyeasily.

arrangement has a number of advantages when operated in

unipolar form. For example, when operated with the same
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pulse width, the time betwesn two pulses can be chosen
to be wvery short, thus making it possible to set a
correspondingly high duty ratio and a very short covole
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duration. The capability asscociated with this of
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limiting the energy supply per pulsese, for example, also
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s appropriate for this specific targst materisl, makes
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However, even when opserated in & unipolar form with the
different pulse widths and different frequencies or the
same frequencies, such operation allows the individual
cycle phases to be set particularly well, and therefore
30 allows wvery good contrel of the coating rate. In
principle, pulsed DC  power supplies can zalsc be

replaced Dby  better alternating-current
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The further exemplary embodiments relate to the electrical power supplies in which the pulsed current
15 or the direct-current component is produced by means of switched-mode power supply technology.
In the case of electrical power supplies such as these, the ripple, which is otherwise undesirable, of
the resulting DC signal can be amplified in such a way that a signal 20 which complies with the
reauirements described above is Produced at the Qutput of the electrical power supply. For example,
as is illustrated schematically in Figure 7, a secondary-clocked electrical power supply can in this case
be used as a step-ypLonverer 21 ar, asis 25 dllustrated in:Figure-8 -anglectiicalpower, supply which
4s, likewise secgpgagy-clgckedkcran becusme{"dm.iaks a st%qédlgov%nwconvg{teg 21'. In.contrast, Figure 9 shows
a primary-clocked &léctrical powst supply 22 f6¢ producing the desired sigial. Of all of the supplies
using switched:hoder power-supply teehAsidgy dinsey . thus msipphyillustrated si-Figére 8 is that
which can be implementeg-with:the leasttechniealns 23 7 Lishaf referencesymbels 1Vaggum
treatment,gnsta_llﬁaéionrzP%rgg stand 3Substrate holder 4Bias-current supply 5Target 6Anode 7Ignition
finger 10 8Inertf'gas}%nl%% )

Figure 6 shows an arc source which 1s fed by two
series-connected electrical power suppliss 18, 19U+,
at least one of which is a pulsed or AC supply. This

10  arrangement alliows the rate control for the arc source

The  further exemplary embodiments relate to the

electrical powser suppliss in which the pulsed current

1%  or the direct-current component 1s produced by means of

20 which complies with
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For example, as is illustrazted schematically in Filgure

7, a secondary-clocked electrical power supply can in
this case be used as a step-up converter Z1 or, as 1is
25  illustrated in Figure B, an electrical power supply
which i1g likewisge secondary-clocked can bhe uzed ag a
step-down converter 21° In contrast, Figure 9 shows a
primary-clocked elactrical Dower supply 22 for
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9plasma source Auxiliary anode Process gas inlet 12Cooling plate 15 13,13'DC electrical power
supply 14Switch 17Magnet coils 18,181,18"Pulsed-current supply 19,191,19"Electrical power supply
2020,20'Anode 21Step-up converter 21'Step-down converter 22Primary-clocked electrical power
supply - 24 - PATENT CLAIMS A method for operating an arc source, in which an electrical spark
discharge is ignited or operated 5 on a surface of aztarget, with the spark discharge being fed at the
same time with a direct current and with a pulsed or alternating current, characterized in that the

surface of the targetys atdgastpartially-gevered by an insulating

Vacuum breatment installation
Pump stand

Substrate holder

= L b

lag-current supply

e}
',J

Tgnition finger

10 naert gas inlet

Woow o~ oy W

}_I

[
T R T = N ST SR S S
[ BN B » S N L &)

E.W)

(R
o U T R 0 T v N -
wos a0 oHog
@ bt e o] D 1
gt M o 0O
(AR T e £ I
(o S NS TR B
O G owmow
0 or 4

o] R w0
2 e et

= O W W
n oot i
) O
o8
ko, (3]

e

£

6

=

n

£

kel

H

v

2
e
]
Uy
Bt
oo
E‘-!
3
Q
(oI eT
M

U converter

B
E._\
W
ct
B

tep-down converter

NI
ST S
ie.

rimary-clocked electrical power supply



10coating. 2. The method as claimed in claim 1, characterized in that the insulating coating is
produced by operating the source in an atmosphere containing 15reactive gas. 3. The method as
claimed in claim 2, characterized in that the insulating coating results in an increase in the DC
component of the source voltage by at 20 least 10%, preferably by at least 20%, in comparison to
operation with a surface without an insulating ceafing.-2.,The method as claimed in claim 2,
characterized in 25that the atmosphere containing reactive gas comprises at least one of the following
components, a gas containing- oxygen, nigagensikeonrfigron or carbon, in particular oxygen,
nitrogen, acetylene, methane, a silane, 30tetramethylsilane, tetramethylaluminnm, diborane. 5.The
method as claimed in claim 2. characterized in that the proportion of reactive gas is greater than that of
the inert gas, preferdblymiore than 35 70% furthermére préeferdbly iidte than. "90% 6r approximately
100%. -- 25 - the following-materials;.a ttansitionimetakfram thes\VithXth, Vith geoupHr.the periodic
table or aluminum, boron, carhan or silicon, ar an.alloy ar.compound.of the ahevementioned materials,
such as ?TiAI, CrAI,%AI%r,gﬁ%&g&@s%@réﬁw&@IEOr S

bheing fed at the same time with a direct current
and with a pulsed or alternating current,
characterized in that the surface of the target ig

at least partially covered by an insulating

10 coating.
. The method as claimed in claim 1, characterized 4in
that t+he insulating coating i1s produced by

operating the source in an atmosphere containing

15 reactive gas.

3. The mathod zs claimed in claim 2, characterized in
that the insulating coating results in an increase
in the DC component of the source wvoltage by at

20 least 10%, preferably by at least 20%, in

wilithout an
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comparison to operation with

4 The method as claimed in claim 2, characterized in
25 that the atmosphere containing reactive  gas
comprises at least one of the following

components, a gas containing - oxyvgen, nitrogen,

silicon, boron or carbon, in particular oxygen,

nitrogsn, acetylens, methane, a gilane,
30 retramethylisilane, teiramethylaluminum, diborane

5. The mathod as claimed in claim 2, characterized in
that the proportion of reactive gas 1s greate
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70%, furthermore praferably more than 90% or

L
Ly

approximately 100%.

6. The merthod zg claimed In claim 1, characterized in
r

that the rerget material comprises at least one of



7.The method as claimed in claim 6, characterized in that the insulating coating is composed of an
oxide, nitride, boride, silicide, carbide of the 10target material or of a mixture of the compounds of the
target material mentioned _ S.A method for operating an arc source, in which an electrical spark
discharge is ianited or operated on a surface of a target, with the spark discharge being fed at the
same time with a direct current and with a pulsed @falternating current, characterized in that the DC
component of the current flow is set in a range between 100% to 20300% of a holding- current,
preferably between 100:-ant-200%; 9A metheod fal aperating-amatc-seurce; 4 whickan:electrical
spark discharge is ignifed or pperafed 25,0n.a surface of 2 target, with the spark discharge being fed

at the same time with a direct current and with a pulsed or alternating current, ﬁaracterlzed in that the
DC component of th& ttfreRtflowi§ §&Fin aFahge betivedn 365t 96 30A™ preferably Between 30
and 60 A. The methedhag claited in afeof:ilaims & ok 9o characterized 4 that reactivesgas, inert gas,

or reactive gas and iRert gasds of are-added. 1%::The method as claimegin one of claims 8 or 9,
characterized in that the target material comprises at jeast one of the followina materials: a transition

metal from the IVth, 17th, Vith group - 26 - in the periodic table or aluminum, boron, carbon or silicon,
or an alloy or ¢empotih¢ ofithie:cd as claimed in claim 6, characterized in

that the insulating ceating is composed of an
oxide, nitride, boride, gilicide, carbhide of the
10 target material or of a mixture of the compounds

of the target matrerial mentio
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2. A method for operating an arc sourcs, in which an

electrical spark discharge is ignitad or operate
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&
onn a surface of a target, with the spark discharge
heing fed at the same time with z direct current

and with a 9pulsed or alternating current

characterized in that the DC component of the

current flow is set in a range betwesn 100% to

20 300% of a holding current, preferably between 100
and 200%

5. a method for operating an arc gource, in which an

electrical spark discharge is ignited or operated
25 on a surface of & target, with the spark discharge
being fed at the same tCims with a direct current
and  with a pulsed or alternating  current,

characterized in that the DC component of the

current flow 1s set 1n & range between 30 and 80
30 A, preferably between 30 and 60 2
10. The method as claimed in one of claims 8 or 9,

characterized in that reactive gas, inert gas, or

regotive
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as and inert gas 1s or ars addsd.
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The method as claimed in one of claims 8 or 9
characterized in that the rarget material
comprises at least one of the following materials:

a transition metal from the IVth, Vih, VIith group



abovementioned materials, such as THAL TiAICr, TiSi, TaSi, CrSi, WC. rT 12. The method as claimed
in one of claims 1, 8 or 9, characterized in that the target material is composed of a single
crystallographic phase. 10 13. The method as claimed in one of the preceding claims, characterized in
that the direct-current component is produced by a direct-current. generator, and the -pulsed- or
alternating-current component is produced by a putsed- or alternating- 15 current generator, with the
two Generators being connected either in parallel or in series between an arc cathode and at least one
anode or around. 14..The:pethed- as glaimed.in ene,ef claimsihtal 2, gharacterizeein-that the
direct-current compoqﬁentqqnp.the Ipulse{c}j;cur([ient cg{n;poonené are @%orgggggl y t\C/}vp pulsed- and
alternating-current g%‘hera“t”érsl\g’vﬁlf:h are *Operéjted Céﬁ”rieﬁmpoé‘ed andisyn?; ronized, With the two
generators either beify eenrectedim2sparaliéionrin Serie§ bBetiveetfan arc éathoflé and at least one
anode or ground. 15y {The-method-as claimed imope of glaims 1 to 12, characterized in that the
direct-cutrent and the 30 pulsed-current component are produced by a secondary-clocked current
generator, with the generator being connected either in parallel or in series between an arc cathode
and at least ohe-anddeeofdrotifg. 35° 15 Thd'Rféthcl &8 Elaffed infore ofclaimsCE to12,
characterized in thattherdicectctizredt archthetfaised-currentecrppon entarerproducedby a - 27 -
generator being conpggted either jn Pagallel oc in series between an arc cathode and at least one
anode or groand. 5 I7. A coating method, characterized in that an arc source as claimed in one of the
preceding claims is operated in order to deposit one or more lavers on a workpiece. 10 18. The
coatingirhethad as cldimed:irctlaiin 175 chatacterzed imthatthe layer is:composed i atleast one of
the following materials.a fransition:metal from the 1V, Viuer Vith-group-inthe Rgriodic-table and
aluminum, and their compounds 15with oxxgéenf,ﬂniwtﬁr_p@en,ﬂhc\arbon, boron or silicon_
_ component 1is wroduces oy a direct-currsnt
generator, and the pulsed- or alternating-current

component is produced by a pulsed- or alternating-
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current generatcor, with the two gensrators being
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claimed 1n one of clazims 1 o 12,

and the pulsed-current component are produced by
two pulsed- and alternating-current generators
which are operated superinposed and synchronized
with the two generators either being connected in

25 parallel or in series between an arc cathode and
at least one ancde or ground.

£

The method as claimsd in one of
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ciaims 1 to 172,
iy

characterized in that the direct-current and i
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pulsed-current component are produced v a
secondarv-clocked current generator, with the

generator being connected either in parallel or in

serlies between an arc cathode and at least one

O
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The method =zs claimed In one of claims 1 to 12,
characterized in that the direct-current and the
pulsed-currentc component are produced by 3

primary-clocked current generator, with che



19. The coating method as claimed in claim 17, characterized in that the layer is composed of at least
one of the following materials: 20aluminumoxide,aluminumnitride,aluminum-
oxyritride,chromiumoxide,chromiumnitride, chromiumoxynitride,aluminumchromiumoxide,
aluminumchromiumnitride,aluminumchromium- oxynitride,aluminumchromiumoxvcarbonitride,
25siliconoxide, siliconnitride, siliconoxvnitride, siliconaluminumoxide,siliconalaminumnitride,
siliconaluminumoxvnitride, titaniumsiliconnitride, titaniumsiliconoxynitride, tantalumsiliconnitride,

tantalumoxide, tantalpmexvnitrider-tungstens:30=siticennitridetunastensiliconearbide, - -,
niobiumsiliconnitride, titaniumcarbide, tungstendarbldn or.an alloy or, compound of the

abovementioned ma%erla“ﬂs 35%“ﬁw coa]tlng method as c%lme({m cfaim ﬁ “éharactétized in that a
DC,pulsed or an alte¥ratifg-etirréiciate is applied tothe workpiece. The coating met odclalmed in
claim 20,

5 17. & coating mnmethod, characterized in that an arc
source as claimed in one of the preceding claims
is operated in order to depesit ons or more lavers

on a workpiece.

10 18, The coating method as claimed in  c¢laim 17,
characterized in that the i
least one of the following materials: a transition
metal from the IVeh, Vth or VIth group in the

pericdic table and zluminum, and thelr compounds

i5 with oxygen, nitrogen, carbon, boron or silicon.
19. The coating method as claimed in  claim 17,

characterized in that the layer is composaed of at
leas One of the following materials:

20 aluminumoxides, sluminumitride, alumirum-
cxynitride, chromiumoxide, chromiumnitride,
chromiumoxynitride, aluminumchromiumoxide,
aluninumchromiuvmnitride, aluminumchromium—
oxynitride, aluminumchromiumoxycarbonitride

Z25 siliconoxide, gilicommitride silicommynitride,
siliconaluminumoxide, Siliconaluminumnitzide,
siliconaluminumoxynitride, titaniumsiliconnitride,
titaniumsiliconoxynitride, tantazlumsiliconnitride,
rantalumoxide, tantalumoxynitride, cungsten-—

30 siliconmitride, tungstensiliconcarbide, niobium-~
giliconnitride, titaniumcarbids, tungstencarbide
or an alloy or compound of f£he abovementlioned
materials

35 20 The coating method &a&s claimsd in claim 17,
characterized 4in that a DT, & pulsed or an
alternating-current bias is appiied to the

workpiece,



22. The coating method as claimedclaim 17, characterized in that at least one inert gas or reactive gas
s added at a first flowe at 10 least once, and at least one further reactive gas Is then added at a
second flow rate, or vice versa, order to vary the laver composition. 23. The coating method as
claimed in claim 22, 15 characterized in that e first flow rate is reduced before, during or after setting
the second flow rate, and the second flow rate is set from a low value o a higher value, or vice versa.
20 24. The coating method as claimed in claim 22, characterized in that the addition or setting-

process is Calil’lfd outiin.the fo_ of tatamp or a-step,.in order 1o zproduce a sgbstajgtlalbldzonstant or
stepped variation in the layer composmon 25The coating method as claimed in cflim 22, characterized

in that a layer with tW*8F A&~ 455er &Rmde s d%pogrteﬁ By alternafety ﬁdféayﬁgﬁand
decreasing the first and-thersecond30flowsratez 261 The coating niethod asclairmad in¢laim 17,

characterized in that.a plurality of sources are operated-at-the samewith identical different target mater
. 27. An etching method for etching with metal ions characterized in that an arc source as claimed in

one of claims 1 to 1§%‘b‘p%?ated with DC, - 29 - pulsed or an alternating-current 'bias being applied, in
order to etch at least one workpiece. 28. The etching method as claimed in claim 27, characterized in

that a DC biag between:-50 ang--2000 Vi preferably:between r200 and~15001 Y is set on the

workpiece. characterized in that at least one inert gas or

reactive gas 1s added at a first flow rate at
10 least once, and at least ons further reactive gas
is then added at a second flow rate, or vice
versa, in order to vary the laver composition.
23 . The coating method as claimed in claim 22,
15 characterized in that the first flo
reduced before, during or after getting the
flow rate, and the second flow rat

T
low wvalue to a higher value, or vice versa.

20 24 The coating method as claimed in  claim 22,
characterized in that the addition or setting
process is carried out in the form of a remp or a
step, in ovder to produce a substantially constant
or stepped variation in the layer composition.

25

25.  The coating method asgs claimed 1in  olaim 22,
characterized in that a laver with two or more
layer elements is deposited Dby  alternately
increasing and decreasing the first and the second

30 flow rate.

26. The coating method as claimed in claim 17,
characterized in that a plurality of sources are
operated at the same time, with identical or

35 different target material
27 in etching method for etching with metal ilons

characterized in that an arc source zs claimed in

one of claims 1 to 15 15 operated with DC, a



29. The etching method as claimed in one of claims 27 10or 28, characterized in that an additional
etching gas is introduced. 30. The etching method as claimed in claim 29, characterized in that the
etching gas contains at 15least one of the following components: helium, argon, crvoton, oxygen,
nitrogen, hydrogen, halogen (for example chlorine, fluorine, bromine, iodine) or a compound containing
halogen_ 20 31. The coating or etching method as ¢laimed in one of claims 17 to 30, characterized in
that the coating rate and the energy introduced into the workpaece are set by adjusting at least one of
the following parameterss the pulse width of the eurrent pulse;:25thaimagnitude ofithe eurrent pulse,
the duty ratio. 32. The coating or etching method as.claimed_in one of claj 7.10 31, characterized
in that the 30Workpieac%1%q§)%et%bl %%a%%%r%ﬁ:on'“é%tgﬁ .hl'haetc(:/)%t%]ﬁhor%f%h%%?h%tﬁ%ﬂ%’s claimed in one
of claims 16 to 28, characterized in that the workpiece is composed essentially of silicon or some other
semiconductiyesmaterial. 34 A arczsouree havingastarget {5rand atileastoneiapposing electrode (6,
20, 20') and an electrigal.power, SUpply unit which 15 canneeted fo the darget (5)charagterized in that

the electrical power supply unit comprises at least one first pulsed hlgh-currgpt supply (18, 18" and a
further electrical power &Upply (LFEFT 5 The SFEE8GEER asélaiméd i crdim34, Eharddierized in that
the electrical power supplyunitiae ditoniatly eomprises a DC current supply (13"), which is designed at
least to maintain a 10holding current. 36. Thearcsource asclaimedinclaim34, characterized in that the

electrical power supply unit additionally comprises a current supply- _ .
ap 29 p%% agome aﬁé*%og aﬁsc£x: { in ggg of claims 27

e etching laimed
10 or 28, characterized in that an additionmal etching
gas is introduced.
30. The etching method as claimed In claim 29,

characterized in that the etching gas contains at
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least one of the following components: helium,
argon, crvpton, OXygen, nitrogen, hvdrogen,
halogen (for example chlorine, fluorine, bromine,
iodine) or a compound containing halogen.
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32, The coating or etching method as claimed in one of

claims 17 to 31, characterized in that <the

30 workpiece is a tool or a component.

33, The ceating or etching method as claimed in one of

claims 16 fo 28, characterized in that the
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15(13') which is designed at least to maintain a holding current. 37. Thearcsourceasclaimedinclaim34,
characterized in that the electrical power supply 20 unit additionally comprises a second, pulsed
high-current supply (1.8"), which can be synchronized with the first pulsed arc source such that a
holding current with a superimposed pulsed signal can be set. 25 38. The arcsource asclaimed in
claim 36, characterized in that the pulsed arc saurggs (18', 18") can be synchronized such that the
holding current has one or more holding-current pauses in 30 individual pulse pauses or in all of the

pulse pauses, in whighno voitage, is-applieddo the targetor {a,the glectrode Jnwhich case the

holding-current pauses can be set to be so short that the arc plasma is not auenched in the pauses,

39. The arcsource aSHERMEd iHeidimSF Bharacferized irt f7at caBE sét’between 7 B&feen 1 and

100 ns. the holding-cugfent pauses-and:linrparticuldrt, 1

_140.)'The=ar¢ souarce asclaimed in claim 36,

characterized in thatthe first:pulsed,high-current supplies(18,18;)and the further
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5electrical power supply (13', 18") are connected in parallel or in series. The arc source asclaimed in
claim 34, characterized in that the first pulsed high- 10 current supplies (18, 18') and the further
electrical power supply (13', 18") are connected in parallel or in series. 42. The arc source asclaimed
in claim 34, 15 characterized in that at least the first pulsed high-current supplies (18, 18') or at least
the further electrical power supply (13', 18") is connected between the target (5) and an electrode (6)
which comprises the target, or further 20electrodes (20, 20'). 43. An arc source having a target (5) and
at least one opposing electrode (6, 20, 20") and an electrical power supply unit which is connected to
the target 25 5, characterized in that the electrical powi;{ yIEQCI%/ unit is a secondary-clgcked electrical
power supply %2)1 211)?%y mearnis of Whict the si@?}al of C‘e*sé“condairy‘“-cloc?(“'e‘a*erﬁectriéal’power supply
(21, 21') is modulatedtehahgrd PEI30R6Iding @frent isproduged, with:aprfsed sigrhat or AC signal
superimposed on it. 46.-The arcseuregiasctaimed in claim#A9,  gharacterized imthatthe

secondary-clocked Shelecrical powgr supply ig o the far of & step; dgwn conyerter (24) or a step-up
converter(21). - 32 -

in parallel or in serias.

41. The arc source as claimed irn oclalm 34,

characterized in that the first pulsed high-
10 current supplies {18, 18 and the further
electrical powsr supply {13', 18"} are connected

in parallel or in series.

(i

42 The arc SOuUrce as claimed in claim 24,
13 characterized in that at least the first pulsed
high-current supplies (18, 18'} or at lsazt the
further electrical powsr supply {131, I8''y is
connected between tChe target (5} and an electirode
(63 which comprisss rhe target, or further

20 electrodes (20, 20°')

43 . An arc source having a target (5) and at least one
oppesing electrode (6, 20, 20') and an slectrical
power supply unit which is connected to the target

25 5, characterized in that the electrical power
supply unit is a secondary-clocked electrical
power supply (21, Z1')., by means o0of which the
signal of the secondarv-clocked electrical powsr
supply (21, 21" is modulated such that a DC

30 holding current is produced, with a pulsed signal
or AT signal superimposed on it.

44 . The arc source a8 claimed in clzim 472,
characterized i1 that the secondary-clocked

25 alectrical power supply is in the form of a step-~
down convertsr (Z21') or a step-up converter {215 .

45 . AT arc source having a target (5) and at least one

opposing electrode (6, 20, 20') and an electrical



Power supply unit which is connected to the target (5), characterized in that the electrical bower supply
unit is a. primary-clocked electrical power supply (22), by means of which the signal of the 5
primary-clocked electrical power supply (22) is modulated such that a DC holding current as Produced,
with a pulsed signal or AC signal superimposed on it.

- 32 o
power supply unit which is connected to the target
(5}, characterized in that the electrical powex
supply unit 1s & primarv-clocked electrical power

supply (22}, by means of which the =zignal of the

primary-clocke
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electrical powsry supply [(22) is

produced,  with

a
superimposed on it.



