METHOD FOR OPERATI NG A PULSED ARC EVAPORATI ON SOURCE
AND VACUUM PROCESS SYSTEM COWPRI SI NG SAI D PULSED ARC
EVAPORATI ON' SOURCE The invention relates to a vacuum
process installation for the surface treatnent of
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1 oxygen as the reactive gas. The re-coating of the
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2 ends in an interruption of the spark discharge.
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Fig. 1 schematically an illustration of an are
evaporator coating installation, such as corresponds
to prior art, 6 Fig. 2 a configuration according to
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pressure and gas composition m the treatment chamber.



substrate voltage or a bias voltage on the

wor kpi eces. The bias power supply (4) can be a DC
an AC or a bipolar or unipolar pulse substrate power
supply. Via a process gas inlet (11) an inert or a
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provided, as is shown in Figure 2. Both are
evaporator sources (5, 20) are each operated wth
one DC power supply (13) and (13') such that the DC
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The first and preferred application field of this
invention is that of cathodic spark evaporation with
two pul sed arc evaporator sources (5, 20) as is
depicted in Figure 2. For these applications the

I npedances are at intervals-of approximately 0.01 E
to 1 E It should here be noted that the inpedances
of the sources between which "dual pulsing"” takes
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A further preferred variant of the present invention comprises that as the second electrode
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4. The dual pul sed operation of two cathodic spark
sources, which are opposite one another, immerses
the substrate region into dense plasma and i ncreases
the reactivity in this region, also that of the
~reactive gas. This is also reflected in the increase
of the substrate current. 5. In reactive processes in
oxygen at nosphere still higher electron em ssion
values can be attained in pul sed operation, and it
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be combined with the advantages of the arc evaporator technique and this can be done
even in reactive processes, in particular in the deposition of dielectric layers or gradient-

and alloy layers.

In this case the impedances are also very different. They are between said arc evaporator
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3. Discharge of the substrates in the deposition of
insulating layers 4. Realization of high substrate
tenperatures is possible A further variant of the
invention is shown in Figure 5, wherein the second

el ectrode is here inplenented as sputter target on a
sputter source (18). This sputter source (18) is

i npl enented as nmagnetron sputter source and is in
conventional manner fed with a DC power supply (17).
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prev@ht@ dﬁ’:‘pméohldﬂaﬁ‘ thepatdrasrgel dveatvidehtgiomode i s of

e espeC|aIIy for reactive processes for the
Add%é’ﬁgf;&}d?glgﬁgegﬁrl nsul ating | ayers, since not only for

1.t hélighlp edempdpatcoss vaodgveseiop g@utteegm@jogm@hom tggef prrisoning
2. UhersputdehvitoBEREaN Bythlé\ﬁsﬂﬁtepfafb%gs%%hr%%lﬁﬁ%er CRBirbE

realized. For exanple IS possible work with
coMEiSHiff reactive gas flow and the difficulties
entailed in the regulation are avoided. If the two

In &%lll’leeg E@pl@ﬁxlgntgﬂ1§fzo&stﬁed1 ggﬁﬁﬁltﬁee%e%{;ﬁﬁd e hp %rﬂn feﬂfented as a

strat S to

evamaﬁ@n cs@éhlé & 2arhiclpisevisitt of aﬂﬁ@ YOYRSEOARPG g™ deNiee, as 1S

depiSiRH il Bigutedd. R4 alﬂ%é@f e}ﬂﬂlﬁiﬁed @lﬂﬂ leﬂsvoltégeddr& tRetakrge is operated
ocess

T O L TR N —

crucHilgt2), wieeichdry bdryss s spedd, abd yitbthetdegatspwptegn tpridewmest of an
opp(SsJi]tlé Hgha I%LQE@ {19) e\nyﬁSl% L&e sexqgg]a? Jath%ﬁe Fihe Borb QBRJkerarc dlscharge

erren ati o e invention e second E%&
OW[QI raEaT aronserdrated e bihg cP b e r Wb amfathe 21?)61 ?th
whei’e‘in ﬁer@ ah bvfbratioh ayernl R aRiaporiasi Ghe ﬁﬁ‘d&dq&,weaSuplﬂy (16)
o oS a o B B S P B s o e
secopdwectredeppf e €2dporatinhicoleibdg 32, inordsot atianghpdesareql bigh

decreORPRGEEELd Orthid oY RRAIBHERR to reduce splatters in the case of materials

difficult to vaporize.

It is understood that the crucible of a normal electron beam evaporator can also be
utilized as the second electrode for the pulsed power supply.

The advantages are:
L. Dual operation increases the ionization in thermal evaporators
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cruci ble (22), which here serves as anode, and with
the negative pole to the filanent of an opposite

pl asma source (9), which here serves as cathode. The
| ow-vol tage are di scharge can in known manner be
concentrated with the coils (10, 10") onto the

cruci ble (22), wherein here an evaporation materi al
nelts and vaporizes. The pul sed power supply (16) is
agai n i nterconnected between the el ectrode (5') of

th Qirf1€ cEHBRA A Fih ST &% ér’é@loﬁﬂgl 5&%(11 &Q@aporatmn

" electrode,, of the evapor |on cr blet%r tg Prder
3.t oMare affertivadecoamosiEign AR ?FCHH%‘@} %’Fa? figzhin thhlow
ThivsltappEiieageso hel ps to reduce splatters in the
4. Ca 1119%’[10%??1:&' I aelle?c 09 chﬁlfrén%g(%ftthé ?pa}(lé‘%ﬁ)béﬁon J[rotr ahdther thermal
€ Crucible o ectron
beawn@vﬁpnrator can also be wutilized as the second -

5. el %wﬁgﬁﬂéﬂﬁmwﬁl tRYLSRAcRAWTThSMBRIsY. The advant ages
are: . Dual operation increases the ionization in

thernal evaporators 12 2. Sinple conbination of
in ofdbewrnhinewdpdvattageouaprdesaplopditics syhe Riffevap posatbion

ixnpl%ﬁleﬁ{?{l& ﬁ)ﬁﬁlg Slf ¥ %’ﬁ%ﬁ{f&{%aﬁ ed%@o@@ ﬂle%ge& g&%%uﬁleyt( f@

tage arc di sc

muSUPthdzféQfﬁférﬁw@(fﬂlﬂﬁlsg Hn Binlor B BUREHIOR th PIpFES %f&&kd«be

capaBlai®eikiopBrafedlat ARG ALy WARHARIN thewApefratl 10MHHto S0 kYlz.
high flexibility in the conduction of the process. In

order to attain said advant ageous process properties
Ihmnmﬂﬁhemdﬁmh@Demnommhgﬁmhemommph%ﬁ@n@ﬁﬁ&@ﬁﬂé@kmﬁkmﬁOfﬂw
pulsEJ] gg%\%tgl&)@ofdtﬁéfé%lgg g%ﬁ? M2 L NG Pyleed, apsoéé\ﬁf as also the
ferent Conditjons.
traﬂ'@rs ﬁégeér

Bt sB) greé Vit bihopiersr atleds sloRsA e than 2.0
V/n@tﬁ@cﬁbfeﬁ o@tr the egnitp pﬁ@bﬂ df b edgd agisemnc hepitoold, sowever,

be a{ lg%st gzli,]nfg% %gg %J? \}7'1213 to 05‘9 %shgﬁléferab & l%a%t ﬂlh_?%range of 0.1

1 ons, ere
Vingtaitrt sms abdl énfectg@asélnoqpenﬁfrcmh@erqé@nsféés Withat frag nb ARYET

pref&gblplafsoluﬁatg' 1048, qgﬂt%ﬁd&l?l/o()& that tHelelige &Bﬁe(ﬁa@‘aﬁ afffect d8ring

e ralil.ln e
operal% flspenng)oné DT SPRAES ang%}@? %54% ﬁ?@éme fr é}f@g?%eﬁfed
impédaace G.(Be coffmsortiswettings andess subleisebsenin @k dpgram axoging
to thnxee ﬁdﬂ% 1o p SHaindth b@%y %ré&(ﬁ;gﬁ%n afboﬁée%%(m 1n REuAL 7, for t4 to

e e G T LS 0 o s, o
adedgéo@ﬁdbet fibsiatially@asbwéver, apaH- @maﬁl#récoa@awd; E@also be 3 0
o 5 DR 0 NGNS REEL LY o,
for eafufnplet vadiablerigne shifts of the pulse gap W1dths the spemfic introduction of
energy into a plasma and its stabilization can be adjusted. During operation of the pulsed
power supply between two electrodes of different impedance, as described above, it can
under certain conditions be of advantage if the pulse durations are kept small in order to

limit the current rise and the pulsed power supply is operated in gapped mode.

It is especially advantageous if the pulsed power .supply is laid out such that pulsed
operation up to 500 A at a voltage of 1000 V is possible, wherein the pulse-pause ratio
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operation, depending on the correspondi ng magni tude
of the | oading or the connected i npedance or the
correspondi ng settings and as such is shown in the

di agram according to Figure 7. The pulse widths in
bi pol ar presentation are, as shown in Figure 7, for
t4 to tl and t8 to t5 advantageously 31 cbs, wherein
the pauses t5 to t4 and t9 to t8 can advantageously
be substantially 0, however, under certain

(dutPERE AT QRS be ¢ARN 8 QoRfictPn a682din¥IRRA mhl€bdidaped for

pauses are > O, is operation is referred as
the 1§speP ahiF PV AGH SURY. SRURBPE i S Sl of fsise volige
it is pefkdbdy Bécetdasy puhsiee gapthaipdishdpeve sspBg (F6) ¢s capable of

Fntr [ 0 [ a plasma and its-
hmﬁ%Pa%??¥§§{§§H>%§h§%§5§§fbgF§d_ Duri ng operation of

the pul sed power supply between two el ectrodes of

Tn the if(gfo%sfiﬁg" bx dniQABO 66 pRSerfb@aeFlidaden ab@y nvehtiors asit is
unager

certain_condjtions be.of advanta if.the.
SRy SRRV AFEF RURL SHLPT SPRE Badh Top et preus i ose
suppbwiflseistopeiasd tatveeenreo pathedid sppoieyapstpiph yourecsd peiOat Bithis
' ikily fof ' AvanageeHand highke
°P“%%F§§§£3oﬁggggﬁ%%ﬁybfggﬁgﬁﬁi%ﬁ%ﬁéﬁch t hat pulsedgh
reacyjbr itthopiatiy 46 agoved- at a vol tage of 1000 V is
possi bl e, wherein the pul se-pause ratio 13 (duty
B cgcle) nmust herein be taken into consideration
xag %&rdingly or must be adapted for the |aid-out
Desqpsisn bf @ typmakproogss straiesespipl fhe prysetiorn ofovh AlHer-@ dgpst-
sl ope of the pulse voltage, it is preferably
necessary tQ ensure that the pul sed power suppl 6),
In thedollogragp éVPé‘fa? SHARAS N G SOt g‘ba {68“6’668%‘3%3%{0
prock&ds testrihdsi utiliirghtee frebdnd wivagticex dmpddgon toghé coaging process
referr appl.i.cat.i on:. of ' ' . it doSari
provt, T SRR DPROLARR R, S Ry aho t defbriped
whidbrrelatsi tg thegweparferypuidsebserrgh s Hse of thsprsiais) ﬁ%sof these
step®REFAEBEd bﬁidﬁgﬁﬂ u{n&e} cﬁﬁﬁiﬁ Qﬂmcﬁti&{%_&bb&e emgm«s B¢ baiited,
sour ces , n this.. operating node process
ﬂm%%%é?ﬁk?ég?%ﬁC%h%a@%é@%@dﬁggEﬁ%, splatter reduction
- In adind step gleerubstragactré wustomanily subgecpddats met elreaniend klcaning, which,
; : R8S sequence
e o ey e Tl R EE e
followi ng a typical sequence of a substrate treatnent
1. | NPRph@asy biReSRAS (slaMiat, atg) ofhhoamssates(noheags khewn to the
utiLhz'n t%g present invention. In addition to the
persgl s ﬂgmgF% &ss proper, in which the invention is
realized, other process steps will also be described
2. Wh 'Pﬂ&ir%%@@tﬁ;s{rﬁeg f RE KPRERLANIRANE: SUNRBFH4E Bhd introduction
~ processing of the substrates. Al of these steps
nto 4hq GRBF BAE v ar i ati ons, under certain conditions sone
can al so be omtted,

3. Pumping the coating chamber to a pressure of approximately 10-4 mbar by means
of a pump system known to the person skilled in the art (forepumps/diffusion pump,
forepumps/turbomulecular pump, final pressure approximately 10-7 mbar achievable)
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shortened or |engthened or be conbined differently.
In a first step the substrates are customarily
subjected to wet chem cal cleaning, which, depending
on the material and prior history, is carried out
differently. 1. Preparatory processing (cleaning,
etc.) of the substrates (nethods known to the person
skilled in the art. 2. Placing the substrates into
the hol ders provided for this purpose and

4. 1NBL Lé Qﬂ)strétg %tltegﬁne%f-’&{def‘ gaoiﬂﬁtvﬁm a BoatiR Bieh Bt f8on-
coatin nplﬂressure of ﬁ@ |natel 10-4

hydiggsey pl WWéﬁgthe APaY BT K %mpfé’f son
pret@kinldhechniba chited it with orecpliopmg pafafnesron punp,

f orepunps/ turbonul ecul ar punp, final pressure

approxi mately 10-7 nbar achlevableé,14 4. Starting
Plasphef s dystelage apr discheegervaiit anprrepatolyc Ol disehaeas currtnt, up to

200 Reah LA 8Re LubsBiteR 8 Pheferilifl cOMRDECR lad Sithie Gor BRAbR&DItage
plasma treatnent. Wthout limtation, this

?é%%%atnent can be carried out with the fO||OMAng
Augmﬁﬂ@néﬂeﬂm1 Pl asma of a | owvoltage arc discharge

tely 100 A discharge current, up to
}ﬁd%%%ﬂﬂﬁ&@%@%&ﬂﬁ 0 A the substrates are prefﬁfagiﬁ
Sub@@mwgrama@%}é@ép%%ﬂwhwgh BlRsa heatige: pagially through

radigtlonaRaide. Argon flow 50 sccm Hydrogen flow 300 sccm
p Substrg e. tenperature 500 EC (partially through

TGP E4ting, partially through radiation heating L
Durifg tioe step & suppli5 préfarablyrilagd bhiveses sustratesansipgrouidsor another
refeRh & {ﬁf @Rl Wrﬂh%lﬁgh PRIWESAS 'éQ?BJ ﬁie‘%ﬁlp@ﬁ Q\/iﬂlrl@@ MptcREably .

anot reference nti al i ch
POSIEYHSHF PQ%Se@éHmB@aﬁg’E@ga‘ TRiot EEDC (pr ef er abI y

p05|t|ve) or DC pul sed (unlpolar bi polar) or as IF

E?:En}g%s st%{::c{]asntgﬁ zeléyftgﬁt?cregsl sq%) SF&J}ELS I@%ﬁ ttléép’l'é)?ﬂ%?%gé&@ 5

0pelb‘@ti\hebwen He ﬁmmamf@mi thprrxilisey ﬁl&’fé? | M?@ Pakse &C. AF pRRF
Wi @ndded Hej[:w&:ﬁ stRbstrafid RRA duﬁd GRIMNE Gl hiogRETerably acted

b trat trat
T B A e - oo
appliddeo ph ssibgrazsd ThE suiRffics uppie @statgiogipdlarty qr.d':lmqigé/ i Ehe
typlé‘ah Stk g}gchﬁsg‘ﬁt gﬁagrééégﬁah?&% durhﬁléﬁ Yppltes can be

perated unipo ol arl
Argon fiow 60 sccm P 'P y

Discharge current low-voltage arc 150 A

Substrate temperature 500 EC (partially through plasma heating, partially through
radiation heating)

Process time 30 min

In order to ensure the stability of the low-voltage arc discharge during the production of
insulating layers, the work is either carried out witha hot, conductive auxiliary anode or a

pulsed high-power supply is interconnected between auxiliary anode and ground.

6. Start of coating with the intermediate layer (approximately 15 min)
CrN intermediate layer 300 nm by means of spark evaporation (source current 140 A, N;
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typi cal, however not exclusive, process paraneters
during this step are: Argon flow 60 sccm Di scharge
current |lowvoltage are 150 A Substrate tenperature
500 EC (partially through plasma heating, partially
through radiation heating) Process tinme 30 mn In
order to ensure the stability of the | owvoltage are
di scharge during the production of insulating
| ayers, the work is either carried out witha hot,
1206 QRELI Glith b8 odd# i dsoRL Y0 Ohegtivgul Begbshiveh- pover
sugﬁ%y |sk|nF§rcqgne§te q tme% aux&llary anode and
The gp &@&eB%WIWI&f%}W% §1&%i nter medi at e
Up toahie poifiaihp mediodeiobdvys thst afipmior @t kb isme¢lkacred diyak amplgye Figure
1. 300 nm by neans of spark evaporation (source current
140 A, N, 15 1200 sccm wth bipolar bias of -180 V
(36 (Ds negative, 4 (Ds positive). The coating can
7.t akearpitiag & the fiihcanshl M yteh Qipbroxomatviglstage are. Up to
this point the nethod follows that of prior art as is
reflected by exanple in Figure 1. 7. Transition to
In thetimn$ition to tht Binctiené ay caprppahamitressp 15 amney fom {H¥ scom
dow% rtt??%ﬂé&éﬁﬁ@%ﬁ}?%@@g%ﬁl%?% Eﬁ&%lenﬂﬁﬂ@ﬁx%%@ ﬂ@f\f drheo scem is
[ [ sccm wn to :
switghag TR R SPRBGVSERHOBAt (S aBELGHBATY § SipigRgpysly increased
to 260 AWTBE AB sk sekaic is sutsequeatigswinched ShendDUssopxpatgd ata -

f i i |
I 50 o158 40§ AR 5l gl
subsseipadly ey 9 480is¢@hed on and al so operated at a

current of 200 A. The nitrogen flow is now sw tched
of . and the .o en flowis subsequently run up to
8. 406b§%%¥WR%ﬁmé%g%?ﬂﬂ}%$¥h the functional |ayer The
- The bipptiririused bighedwei gippiio(is). as sipplyin(Figke 24s ngwdaieniimto
i v en W QAN it AbRE 0D RIBK BB with
OP?E%%fﬁggé?ﬂ%ﬁﬁ . I% t esdggg?ﬁﬁgdﬁpﬁgcegé,(%ﬁrk,gbokWH :
posiy aeianegiitve tine men Yalweeoighe atat PLawrraxsRatiiyal Aral tePwie
dura:tjibﬁs e B4R B foa ﬂﬁ@%ﬁﬁ&h@k&ﬂ 5@‘;}1}6.11@@311@'6 pollte rangei The peak
urations are ea ar, i ti
vatag B Bl R TS O bR a2 DS RO ek B W ot
- pulse fierme rithetdaif ool of I Girprolk Broushtin Basdcybyweark sathprgand peak
vaiud SPRRGD: R s R RLArb:f Yhidk not¥Hll 880 IRRo-HNEd HbTti{r2IcaneR of
of DC current through the Partlcular spar k cat hode
the spark Cﬁ@lgge since otherwise the spark 1s extinguished.

During the first 10 minutes of the coating the bias is ramped from -180 V to -60 V. The
typical coating rates for doubly rotating substrates are between 3 ®m/hr and 6 ®m/hr.

The coating of the substrates with the functional layer proper thus takes place in pure
reactive gas (in this example oxygen). The most important process parameters are once
- again summarized:

Oxvgen flow 300 sccm

Substrate temperature S00EC

DC source current 200 A, for the Al as well as also for the Cr source.
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val ue of the bipolarly pulsed current nust not fal
bel ow t he so-call ed holding current of the spark
cat hode since otherwi se the spark is extinguished.
During the first 10 mnutes of the coating the bias
is ranped from-180 Vto -60 V. The typical coating
rates for doubly rotating substrates are between 3
cbm hr and 6 cbmhr. The coating of the substrates
with the functional |ayer proper thus takes place in

The Biﬂof‘arly&ﬁ?s@& DCEc@REt &dt@eénrm X diRldes Bacyeiiencl Vg 26 Ml
ortant rOCGS%ﬁg §§IS are once agaln

Pmc§ PEEGPTo 8" sccm Substrate
tenperature 500EC DC source current 200 A, for the Al

As aﬁé?dy%zltf% eaéoﬁgn% 83%\ aﬁs%%al@?ﬁ&%ﬁrﬁﬁtane%ﬁlygxbﬁh ki Q)Blﬁ%ﬁ!)ﬁ/ of the

curren et ween has a.
1ow~rvpléw@rrc yingius oxse aylpriher ppcseass 6f the awstivity 18 ppmaRivraghisy ¢ in
the ﬁcﬁm}l@f B GiRtrads ’Bllxer mdyaxsebaft e oftﬁaemwattagegar@ anirg) the

I ou era
o 8855 0L TR 0 DS RS 0 Lo
redutére Wethbighei 4y ciugensythivean by ﬁmﬂqr @d@@fh n the vicinity

of the substrates. The si mJItane_ous use of t he

| ow-vol tage arc during the coatin dition,
The gpalws PrReERPEAEA R t\%‘gf“’aﬁfﬁ%ﬂ g ih‘“éfﬁ ?ﬂ%spark tatget
is covertt Qe eCtﬁﬁl dagotlt eddchger. Whidis Ides;:lahle aad else dpreentdition for a

largelg Iﬁ}ga T dee an ané #fﬁl{)l@%‘i’oceg uﬁ"i%%ov % b%gc‘ff}hésr}gmﬁfe?tﬁﬁﬁ mcrease of

st abl e "over severa

the Vpﬂi@gfszpah«sméﬁv tgeget as ‘gasabsﬂeafh@adwetswadm the PsoPEBIER P@tﬁmd e

appﬂcgﬁgl{cﬂ“@bggm§ desirabl e and al so a precondition for
- largely splatter-free and stable process. The

cover| ng becones manifest in an increase of the
" In thedbliagiag ahret fatiep apflich@myetargteswal bakiol ialwheddiowever, only

t g jjon
the SFRREARTRL BB BRPEE AR BR. wi Rl
appl i cation exanpl es WI Il be cited in which, however,
onIy the deposition of the interface and the
- up&hl onal layer will be discussed. Exanple 2: Wile
PX2PR%he above exanpl e the production of an Al-Cr-O
Whilediy dlie abmse desmle thegroduntiovhdioan Alsht-Q laxeo wepdeskribal fewkich

onlyWRb &pitkithrb &€ Grerd iIEBE i Bl f@l‘%v@ﬁg%r@&@§ﬁ§ 2 i1(3{11‘E‘>rahﬁnmum

pure alumnum oxi de | utilrzing 4 spark targets
oxidggspr Bféh%%s’s%ma%argeﬁsowﬂafweé%&teﬁngs hard net al
For 1hdeataigh that et BidétabRgaten (maghereybide)veereaed aasubsirates,

whic%%%ﬁtaﬁrgetzcﬁlsbeen coated in a preceding process with a 1.5 ®@m thick TiN layer.
The substrates were subjected to a pretreatment, which was substantially identical to the
above described steps 1 to 5. Before the coating with the functional layer, no special
intermediate layer was deposited, i.e. the functional layer was directly deposited on the
TiN base and steps 6 and 7 were omitted. For the deposition of the functional layer (8)

work took place with four spark targets and the following process parameters were used:

X 4 Al targets operated at 170 A DC each

X bipolar current pulses, corresponding to Figure 2, of 2 Al targets esach with
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whi ch had al ready been coated in a precedi ng process
wth a 1.5 (Dnthick TiN layer. The substrates were
subjected to a pretreatnent, which was substantially
identical to the above described steps 1 to 5.
Before the coating with the functional |ayer, no
special internediate |ayer was deposited, i.e. the
functional |layer was directly deposited on the TiN
base and steps 6 and 7 were omtted. For the

deposi t éupﬂ.lt?ﬁt Voliged 4Neb honahe pAYE kufy andWskive A8K negative
pl ace wt our s%ark targets and the foll ow ng

pr ocessPHs Bl SOy BRsed: X 4 Al targets operated
at x170 Ardde Rael30Xcdh pol ar current pul ses,
cogrespondi ng, to-Ehqure 2, of 2 Al targets each with
175%nwo§f(- etn%{/og‘f'gggggco 100 Vvat the power supply and
poXi t i vBubstrateregabOspolply Bdsagh dt-A80 8F 20 Ds each X

Argon fggws_nggqt@g,%_g(p@gﬁ@en flow 700 seem X
Substrate bias: DC ble\egbgﬁg‘sy pul sed, 100 V, 38 Ds

nedat i veuosiatedeppEpyy ubstrate tenperature;

695EC The | ayer obtained in this manner was

har .eri. i i . : .
R o g g

suBst r al-exsr thickpepsavithy doyblgrotation 9é &ic SHOSHAES b P8} i ned

at xHF1 trRe e ddBedRACKkURddtermiiden HEl 1OHFL @sReckeelhe

mcr oha}r{glness v%st determined with the Fischerscope

(mi croi HYEHFRM 6H°at F = 50 NV 20 s) and was HV =

1965 ( 2BOicrdhardnedd FaGRaernine? wilahe FiRBrsqopet r a of

the | aygr; el enphbabied shoainbhe) AoV Langs (2128002 =
wel|l as tor_grazi ng;Pél nci dence (3E). These X-ray

measur eAtht82 §Hod? ¥FPékystal line layer with possibly
smal |l contributions of anorphous al um num oxi de. The

um num,oxi de can.cl.e i i f4 . )
TS E SRR Sl S0 PR
incigmoel (8D GhesofX-syzhrasareignisoRede crajpdine 1Ber yié popwbly small
contTiBRb RS Wnbiphbieaifiifld S0&d. TRYRkmBORARKIde dal@learly be
‘idmﬁﬁgggg@%%gv&{ag&coat ed with an internediate

Example 3:
The next example relates to the production of a zirconium oxide layer. Before the
coating with the ﬁmctioﬁal layer proper, the substrates were coated with an intermediate
layer of ZrN. For this coating 4 targets were used for the work, which was operated at a
partial pressure of nitrogen of 2 Pa with 170 A each. The substrate temperature was
500EC and a substrate bias of -150 V was used, The coating time for this intermediate
layer was 6 min.
For the deposition of the functional layer (8) work also took place with four spark targets,
corresponding to Figure 2, and the following process parameters were used:

X 4 Zr targets operated at 170 A DC each

X - bipolar current pulses of 2 Zr targets each with an output voltage of 100 V

at the power supply and positive and negative pulse widths of 20 ®s each
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| ayer of ZrN. For this coating 4 targets were used
for the work, which was operated at a parti al
pressure of nitrogen of 2 Pa with 170 A each. The
substrate tenperature was 500EC and a substrate bias
of -150 V was used, The coating tine for this
internmediate |layer was 6 mn. For the deposition of
the functional |ayer (8) work also took place with
four spark targets, corresponding to Figure 2, and
the fol LwW.NRwP0GESs Parameters were used: X 4 Zr
targets oéserat eg at 170 A DC each X bipol ar current
puFses BryZnlovt {PYata each with an output vol tage of
106 V  sidibstrhe btRRVWBC Spypdypdsd, podd M, 38 dandgaagat Dse
pul se w dt_ths of 20 (Ds each 18 X Argon flow 50 sccm
X Oxyge%osf 6w, 700 sccm X Substrate bias: DC

bi gol ar Bybspateseuperatn®: $O0EE8 (Ps negative, 4 (Ps

positive X Substrate tenperature: 500EC The | ayer

obtained jn this manner-_was characteri zed using the .
“The fager SRipiAg HANSMPERET S chiget T RIQwIAy pirements:

dotibl e Lateathickmesswithéoublhstatian e§ theBuisstigRm 6O Tue

| ayer adhesi ]ﬂ?§ ' L .hed. pny kVehias

i ndent a??%%&gtrb es s?nd‘%%egé m crd g“ihgy g n%éﬁfsﬁ%akggﬁ ation

det er mi ¥W&d usi ng the Fischerscope (nicroindentation

at xF = 9 rdQr@esants dREINITsd49: X The |ayer

val ues for, the roughness re Ra.= (P F_
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Si AIN | ayer will be discussed. Before the coating
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Example 4:
In the last example the production and analysis of an SIAIN layer will be discussed.
Before the coating proper with the functional layer, the substrates were coated with an
intermediate layer of TIN. For this coating the work took place with 2 targets,
corresponding to Figure 2, which were operated at 180 A each at a partial pressure of
nitrogen of 0.8 Pa. The substrate temperature was S00EC and a substrate bias of -150 'V
.was used. The coating time for this intermediate layer was 5 min.
X 2SiAl targets with a ratio of S/Al of 70/30 were operated at 170 A DC
each -
X bipolar current pulses of the 2 SiAl targets with an output voltage of 100 V
at the power supply and positive and negative pulse widths of 20 ®@s each
X Argon flow: 50 sccm
Oxygen flow: 800 sccm
X Substrate bias: DC bipolarly pulsed, +/- 40 V, 38 ®s negative, 4 @s
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corresponding to Figure 2, which were operated at 180
A each at a partial pressure of nitrogen of 0.8 Pa.
The substrate tenperature was 500EC and a substrate
bias of -150 V was used. The coating tine for this
intermediate layer was 5 min. X 2 SiIA targets with a
ratio of Si/A of 70/30 were operated at 170 A DC
each X bipolar current pulses of the 2 SiAl targets
with an output voltage of 100 V at the power supply
and pos%éﬁﬁ@:and negative pul se wi dths of 20 (Ps each
X Argon ftlow 50 seen1x(§§¥gen flow 800 seem X

Subst r abersHrigdempseBin Sl %Gy pul sed, 40 Vv, 38 (Ps
negative, 4 (Ps 19 positive X Substrate
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be 0.82-3#@A0pRatent Cains 1. Vacuum process

installation_ for the. surface worki of rkpi eces

( 3% Wi ?'he' gyt g‘bcgﬁogt‘%af%gtgwlgg&%ﬁe OC%Pr'Tpri sing a
first electrode (5') connected to a DC power supply
(13) and with a second el ectrode (3, 18, 20) disposed
separately fromthe are evaporator source (5),
characterized in that the two electrodes (5, 3, 18,
20) are connected to a pul sed power supply (16). 2.
Installation as clainmed in claim11, characterized in
that the second
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el ectrode (20') is the cathode of a further arc
evaporator source (20) and such is also connected to
a DC power supply (13'). 3. Installation as clained
in claiml, characterized in that the second
el ectrode (18) is the cathode of a sputter source
(18), in particular of a magnetron source (18) and
such is also connected to a power supply (17), in
particular to a DC power supply. 4. Installation as
claimed in claim1, characterized in that the second
elgﬁtrode (3) is inplenented as workpi ece hol der (3)
aPYet her with the workpieces (3), forms a bias
el ectrode. 5. Installation as clained in claim1,
characterized in that the second electrode is an
evaporation crucible (22) which forns the anode of a
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one of claine 1 to 9, characterized in that the
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5. Installation as claimed in claim 1, characterized in that the second
electrode is an evaporation crucible {(22) which forms the anode of a low-voltage

arc evaporator (9, 22}.

6. Installation as claimed in claim 1, characterized in that the second
electrode is an auxiliary electrode (22), preferably the auxiliary anode (15) for the

implementation of a low-voltage arc discharge.

7. Installation as claimed in one of the preceding claims 1 to 6,

characterized in that between the DC power supply (13) and the puised power
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12. Installation as clainmed in one of clains | to 11,
characterized in that the pulse of the pul sed power
supply (16) is set such that it is gapped. 13.
Installation as clained in one of clainms 1 to 12,
characterized in that the pulse edges of the pul sed
power supply (16) have sl opes greater than 2.0 V/ns,
that they are at least in the range of 0.02 V/ns to
2.0 Was, preferably at least in the range of 0.1
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cuun1 rocess installation
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evaporator source (5) and wth a second el ectrode
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clained in claim 14, characterized in that the second
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Met hod as clained in claim14, characterized in that
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14, Method for the surface working of workpieces (3) in a vacuum process
instaliation (1) in that with a first electrode (5") of an arc evaporator source (3) and
with a second electrode (3, 18, 20) disposed separated from the arc evaporator
source (5) a laver is deposited onto the workpiece (3), wherein the arc evaporator
source (5) is fed with a DC current, characterized in that both electrodes (5', 3,
18, 20) are operated connected to a single pulsed power supply (16).

15. Method as claimed in claim 14, characterized in that the second
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in that the DC power supply (13) and the pul sed power
supply (16) is coupled wth an electrical decoupling
filter, the filter preferably conprising at |east one
bl ocki ng di ode. 21. Method as clainmed in one of

clainms 14 to 20, characterized in that the DC power
supply (13) is operated with a base current, such

that the plasma discharge at the sources (5, 18, 20)
IS maintained substantially interruption-free, in
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20? are opera process gas in which the
reactive gas conprises oxygen and preferably is
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rangdmmke§6&Hhrabmﬁeﬁmnkkk 26. Method as clalned in
one of clainms 14 to 25, characterized in that the

pul sed power supply (16) is operated set wth
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27, characterized in that the pulsed power supply
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P e it peeraag BBy Bocd st Ipggext taly Blode
pr ef8rfabihy idplcheasition of 4 loer-vangeanfdi®hdred/ ns to 1.0
Was. 29. Method as clainmed in one of clains 14 to 28,
characterized in that nore than two el ectrodes (5
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| N$d Aak 8ol 180 pbi- ) su‘ﬁf)lqu)%ﬂﬂﬁd Iﬁﬁéi:d peRet dupPlydds) is coupled
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blocking diode.

21. Method as claimed in one of claims 14 to 20, characterized in that the
DC power supply (13) is operated with a base current, such that the plasma
discharge at the sources (5, 18, 20) is maintained substantially interruption-free, in

particular at the arc evaporator sources (5, 20}.

22, Method as claimed in one of claims 14 to 21, characterized in that the
sources (5, 18, 20) are operated with a process gas which comprises a reactive

gas.
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reactive gas, wherein only two el ectrodes are
operated wth a single pul sed power supply (16) and
the one of the two electrodes is operated as the
first electrode (5') of an are evaporator source
(5). 30. Method as clainmed in claim?29, characterized
in that the two pulsed electrodes (5, 5) are
operated as arc evaporator sources (5, 20) and at

| east one further electrode is operated as sputter
source (18). 24 -

23. Method as claimed in claim 22, characterized in that the sources (5, 18,

20} are operated with a process gas which 1s exclusively a reactive gas.

24. Method as claimed in one of claims 22 or 23, characterized in that the
sources (5, 18, 20) are operated with a process gas in which the reactive gas

comprises oxygen and preferably is substantially oxygen.

25, . Method as claimed in one of claims 14 to 24, characterized in that the
pulsed power supply (16) is operated at a frequency in the range of 1 kHz to 200
kHz.

26. Method as claimed in one of claims 14 to 25, characterized in that the
pulsed power supply (16) is operated set with a variable pulse width ratioc.

27. Method as claimed in one of claims 14 fo 26, chara.cterized in that the
pulsed power supply (16) is operated with gapped pulses.

28. Method as claimed in one of claims 14 to 27, characterized in that the
pulsed power supply (16) is operated with pulse edges which have slopes greater
than 2.0 V/ns, that they are preferably at least in the range of 0.02 V/ns to 2.0
V/ns, preferably at least in the range of 0.1 V/ns to 1.0 V/ns.

29, Method as claimed in one of claims 14 to 28, characterized in that more
than two electrodes (5, 5', 3, 18, 20) are operated in the vacuum process
installation (19} which comprises reactive gas, preferably comprises exclusively
reactive gas, wherein only two electrodes are operated with a single pulsed power
supply (16) and the one of the two electrodes is operated as the first electrode (57)

of an arc evaporator source (5).

30. Method as claimed in claim 29, characierized in that the two pulsed
electrodes (5, 5") are operated as arc evaporator sources (5, 20) and at least one.

further electrode is operated as sputter source (18).
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