Stripping process for hard carbon coatings The present invention relates to a process for removing
carbon layers or carbon coatings, particularly ta-C layers from the substrate surfaces of tools and
parts. The process enables a simplified and industrially suitable processing of such substrates in large
guantities, with the 5 process able to be performed in the same vacuum chamber in which the
de-coated substrate can be re-coated. The processiaccording to the present invention serves
especially for commercial stripping of ta-C layers from costly tools and parts for the purpose of
re-coating. The process is.especially advantageously applicable fbr substrates with surfaces displaying
sharp ed%t&pgﬂg%’rr%‘?%fgﬁ %%‘éﬁévﬁl?gg. “f3EB&ling and de-coating surfaces It is within the state of
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textured Ry faragied aiRralan ofdhe, DIRFESR PAMAMRIES1AP] Candhus 3ndisplay gxiremely low
friction a@gﬁ{vﬁ%rsu?face of the substrate without leading 1o damage to the substrate surface or alteration
of the substrate geometry. In the process, re-coating and reuse of the coated tool or part should
20 be possible, which aids in reducing the cost, and contributes to a better utilization of natural
resources.

Carbon coatings
Carbon coatings in the context of the present invention are defined as follows:

Carbon coatings are thin lavers consisting predominantly of the chemical element carbon.

25 Among these are plasma polymer coatings, amorphous diamond-tike coatings (DLC), CVD
diamond coatings and graphite coatings. Coatings of carbon allow many surface functions to be
realized, principally in the realm of tribology or in applications in the whole realm of wear
protection, for example in cutting. stamping and forming t0ois, or the protection of component
parts,

30 Graphite coatings are carbon layers with a maximum resistance 1o friction. If the sp” orbitals of
atoms overlap, they can form stable covalent bonds which display a tetrahedral structure. These
form the foundation structure of the diamond crystal. They can conventionally be created by
special gaseous phase chemical deposition processes. The result is micro- or nanocrystalline
layers, which can be textured by targeted alteration of the process parameters. and can thus

35 display extremely low friction and wear.



Amorphous or X-ray a‘i"norphous carbon coatings, known as diamond-like carbon coatings or DLC
coatings, according to VDI 2840 are delineated as follows: Hydrogen-free amorphous carbon
coatings, a-C, consist predominantly of sp2 hybridized bonds, and are therefore designated as
graphite-like carbon coatings. 5 Tetrahedral hydrogen-free amorphous carbon coatings, ta-C, are
completely amorphous, that is, they have no discerhible crystalline structure. These coatings consist
predominantly of sp3 hybridized bonds, so that they equate to diamond coatings Metal-containing
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The ta-C coatings have hardnesses up to 83 GPa. and are therefore clearty above the diamond-

20 like carbon coatings conventionally deposited with plasma based CVD with hydrogen contents
up to 30 at%, primarily with respect 1o coating hardness and temperature stability. The fraction
of tetrahedral diamond-like bonds in ta-C coatings {of up to 83%; is the determining factor for
the particularly great hardness of these coatings.

Ta-C coatings can be produced by various processes. Preferable. however, are laser pulse

25  deposition processes (see for example the Report on Research in Technical Institutes, Bericht
tiber Forschung an Fachhochscinden, issued in 2006 by the German Bundesministerium fiir
Bildung und Forschung, pp. 21-22), and cathode ray vaporization processes (see for example
US6331332, EP0632301, US20070187229 and EPU666335).

Possible application areas for ta-C coatings are parts and machine components in automaking,

30 toolmaking and machines manufacture which require a super-hard surface coating {source:
Bericht Gber Forschung an Fachhochschulen issued in 2006 by the German Bundesministerium
fir Bildung und Forschung. pp. 21-22). In the area of tools coatings, 1a-C coatings find
application especially for cutting tools for Al and Al alloys, for Cu and for noble metals.
Promising applications potential also exists for forming and stamping tools.

35  Despite the very interesting properties of ta-C coatings, they have to date only become
established i small market segments. A problem in the application of ta-C coatings is their



3 inadequate adhesion to certain materials (for example on various types of steel and above all for
greater ta-C coating thicknesses, as > 1 m traceable to their very high coating surface tension.
Additionally, the synthesis of these ta-C coatings at low substrate temperatures (Ts) typically takes
place below 150C. in order to achieve its characteristically great hardness. This means that 5the often
used heat treatment and etching processes often used as pretreatment for better coating adhesion
must be dispensed with or greatly shortened, as these would lead to higher substrate temperatures.
For this reason, metal ion etchin .éMIE) is used for improvement of the coating adhesion of ta-C
coatingsl.'ﬁe/f?e&“tcélfdltgnae EHY s CR PR BT SRR AR R Bt b @ atd Si§Aaas ©Bsrrhftled 10with
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bedms ocancaldocieudddorithatepial separatiomgas disclosed in DE19831914. Combined processes
can also be used for removal of corrosion resistant protective coatings and 30polymer residues of
substrate&te ¢f ¥emidonductor plates), as disclosed for example in CN101308764. The stripping
process }’\hereigt deisqribed combines an etching process with a wet chemical process, whereby the
coated sUBSTFRE (¥ AFSP RSB TH AV ALHORT CRABE CUard A BloligHt it Rstapoia ehhwber to
remove TRE"CSrFESITR SIS ploteeiivacarting s andiinnfly FeriAsethed theavassamiehamber to be
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20 chemical processes for de-coating, which however (as mentioned above) require the presence of

a metallic intermediate layer between the substrate and the coating.

Mechanical processes are often used also as swipping processes. In JP2003200350 for example is
presented an example of a mechanical process for the stripping of hard carbon coating systems,
This method involves a jet process using a solid material. The jet particles are a fine-grained

25  abrasive powder (e.g. fine aluminurm oxide or fine diamond powder). with air as a carrier
medium. The hard carbon coating is removed by the impact of the abrasive jet material on the
coated substrate.

Laser beams can also be used for material separation, as disclosed in DE19831914.

Combined processes can also be used for removal of corrosion resistant protective coatings and

30 polymer residues of substrates (e.g. semiconductor plates), as disclosed for example in
CN101308764. The stripping process therein described combines an etching process with a wet
chemical process, whereby the coated substrate is first etiched in 2 vacuum chamber, and then
brought into a stripping chamber to remove the corrosion resistant protective coating, and {inaliv
returned to the vacuum chamber 1o be etched a second time.

35 EP2180499 discloses an apparatus to perform the process. The stripping process therein
disclosed is based upon a low voltage plasma discharge with discharge voltages of 230V to



35EP2180499 discloses an apparatus to perform the process. The stripping process therein disclosed
is based upon a low voltage plasma discharge with discharge voltages of 250V to 4 1000V, with the
low voltage plasma discharge being produced using a low frequency generator with a pulse frequency
in the range of 20 to 60 kHz. In EP0510340 was disclosed a hydrogen plasma process for removal of
material in a vacuum chamber from substrate surfatces, for example of tools or semiconductors which
were 5subsequently to be coated in a vacuum process. However, the removal of material from
surface5| 051 40 |sI|nt nded on I the cleaning of the surfaces of substrates, with only very
thin Iayeré1 Vﬁg] Phic nesg\és"S "%ﬁ i‘g%%% cﬁﬁmﬂ% Mo GELR @W%H&%‘i‘eg{ﬁ?ﬁ@%?’ EEST T
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authors ﬁegﬁ%%qt(p&l%ma V. Itag%%/ ye&of up }o 55V. In US6902774 was dISC| sed a plasma process
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Difficulties For successful application of a wet chemical process for the stripping of ta-C coatings, as
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the ta-C coating and the substrate. As already stated, however, for a satisfactory bondmw of ta-C

coatings with for example a soft steel substrate. optimized MIE pretreatments are performed,

which result in no metallic interface or one too thin to be able to empley such a process.

Additionally such chemical processes require an infrastructure differing from the coating, and
25 entail hugh costs for environmentally friendly disposal of chemical residues.

The application of mechanical processes, like the above deseribed jet process for stripping of
hard carbon coating systems, 1s ofien used {or the stripping of diamond and diamond ~like
coatings. However. mechanica! processes are not so suitable or effective when substrates with
sharp edges and/or complex geometries are to be de-coated, because through this type of

30 treatment there arise undesired deformations of the cutting angle (in the case of cutting or
stamping tools} or of the overall geometry of the substrate, Additonally. by such treatment there
frequently arise undesirable surface tensions in the coated substrate. Furthermore, the investment
ior the necessary substrate holder system may be great. if the stripping of substrates with
complex geometries is involved. In extreme cases, each substrate would have to be positioned.

35 held, and perhaps even moved in a particular way, in order for an optimal distribution of the
forces impinging on the surface of the substrate.



35held, and perhaps even moved in a particular way, in order for an optimal distribution of the forces
impinging on the surface of the substrate. 5 Consequently, in the view of the inventor, it is
advantageous for plasma based processes to come into question for the stripping of ta-C coati In the
plasma based process for substrate-protecting removal of hard coatings from a substrate according to
EP2180499 (mentioned above), the substrate to besstripped is placed on a substrate 5holder in a
vacuum chamber between two plate antennas, the vacuum chamber is charged with a reactive gas, in
gaseouscform capable of carr |n tgff carbon, with the two ant and,in spme cases the substrate

holder car(Fillna pulsed-voltage, suﬁlﬁ‘éﬁ]@r A5\ rgﬁﬁgﬁ% y %rn% 1187, BBV 56" XO0BVAP20 to 60
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sengitivel sulastiates A 3tripped mttempéaratuiesiaf 10RO Gxygenbvas usedasi the keaective gas.
Hydrogenrcontaining ks comtifgswere weroaved by.adofkoihbipelan andmipalasexeited plasmas
(pulsed direcleprrent Rlasma diseharggsh Mt AischareruRiagss1RhRA0:200V,aRd excitation

frequencies of 30-40 kHz. The de- -coating times were dependent on the coating thickness and the
pulse mdthelatidnrDiaBTona EEatihgs weieremave difolexaampledyhaic BEefta W pigtlamescited plasma
with a disghaegenveltage of:800Yandianexcitation fraauansynebAQkHzThe descpatingfime was 14 to
20 npurs,umweaalaa meesa%ne@{»@#ﬁm%&?m&m% dg&&ﬁ&?@ﬁ%@%ﬁﬁtﬁ&Qul%mﬁaed'ate'y

thereaftgy, he furth aned with a.gons ressure o dr qpasma e hydrogen-argon
plasma) % 5? der o re oven ISCO ratlé)nnts %ff{ e subst Lomiogﬁgv%r%% ebgrﬂ D gﬁtfe aﬁnge&r)l%"ngor
c spdé‘é?

S w1 N S md el on, Sug as%l
commer&ial StHpping of th-Creoa rom parts and toofs
Additionally in EP2180499 examples are given in which DLC and diamond coatings of

mmpour}d% {f., U HC CT\) dnd mzlcwcn oxides (e.g. N>O.,

20 tlemperature sensitive substrates are stripped at temperatures of 100-250"C. Oxygen was used as
the reactive gas. Hydrogen-containing DLC coatings were removed by aid of both bipolar and
unipolar excited plasmas (pulsed direct current piasma discharges) with discharge voltages of
500-900V and excitation frequencies of 30-40 kHz. The de-coating times were dependent on the
coating thickness and the pulse modulation. Diamond coatings were removed for example by aid

25 of a unipolar excited plasma with a discharge voltage of 800V and an excitation frequency of 40
kHz. The de-coating time was 14 to 20 hours. It was also mentioned in EP2180499 that the de-
coated substrate could immedrately thereafier be further cleaned with a constant pressure of a
hydrogen plasma {e.¢. a hydrogen-argon plasma) in order to remove discolorations of the
substrate following the stripping treatment.

30 For commercial stiipping of ta-C coatings from parts and tools, the process described in
EP2180499 has primarily the following disadvantages:

* [Low frequency generators which must supply high power levels in a plasma and have the
capability of unipolar and/or bipolar operation are significantly more costly than simple
DC generators. The tendency toward interference of low frequency generators is higher,
35 especially when plasma operation 1s 1o be performed for widely varving loading of the
svstem, and no additional adaptations are undertaken.



EP2180499 has primarily the following disadvantages: Low frequency generators which must supply
high power levels in a plasma and have the capability of unipolar and/or bipolar operation are
significantly more costly than simple DC generators. The tendency toward interference of low
frequency generators is higher, 35especially when plasma operation is to be performed for widely
varying loading of the system, and no additional adaptations are undertaken. 6 The required antenna
system for the generation of plasma for the stripping frequently cannot be integrated propitiously and
without problems into conventional coating equipment, and can thus in some circumstances entail the
use of this ProcedsT A e ARIRYY TR SSRret AR aRRA R (PATBT Y B e HERRITITE produces
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30 'Fask specification

The present invention is based on the task to create improvements over the state of the art by
means of an industrial process for the stripping of carbon coatings, particularly CVD (chemical
vapor deposition) or PVD (physical vapor deposition} -deposited carbon coatings. The process is
especially mtended to enable and industrially feasible process for the stripping of ta-C coatings
35 from any type of substrate. The process is intended further to enable the rapid processing of
substrates in large quantities. it is preferable for the process according to the invention to take
ptace in the same vacuum chamber in which the substrate to be de-coated will subsequently be
re-coated. The process presented according to the invention should advantageously serve for
commercial stripping of ta-C coatings from costly wols and parts which may for example include



The task is accomplished by means of a process for reactive stripping of carbon coatings for the
substrates on which the said carbon coatings have been deposited, particularly for ta-C coatings on
surfaces of parts and tools, whereby the substrate to be stripped is placed on a substrate holder in a
vacuum chamber, the vacuum chamber is supplied with at least one reactive gas supporting the
removal of carbon, and a low voltage plasma discharge is produced in the vacuum chamber 10to
excite the reactive gas, and thus to support the chemical reaction or reactions necessary for the
stripping of the coa c}&sub C{ﬁate herein: L The low volta% plasma discharge is a low voltage direct
current algd""scsh ’ré Har {%ﬁrl% | By A HECHEYE Vg O WA dIRTURT 8 LSOV At BRASrably a
maximurf - 80\2TB% FREIdupetshsiracly by ﬁé’%‘@ﬁﬁb@ﬁi% B&%a@a@&@gﬁhﬁ%y érelusively
with electPori®uifieh de torhieil (oW s bxdtudeaay. spodringivordaith ions with energies below
the sputter threshold, i.e. below 20 eV:. 3. In order to remove at least a portion of the carbon coating
from the-SEEHRlsh Hﬁﬁﬁr‘l’fa e task |aast one step of the reactive stripping, preferably in the last step
of the re t|v trlp is used which includes nitrogen as the reactive gas, pr erably
consgistln?%%lar ﬁl oﬁlrge t| e RIrogen. ‘f\f/ crﬁ(”i;h Orfrﬁ?él}ﬁgé{rﬂ Ve L’ea“g(\}/relzr(i ?%tﬁnﬁ{) [e{/{elscthe
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to accompkshiectnomicalcleaning throcessesomwhiergivmais A reledayersaitivasthickeaess measuring
only abogipPinnmmustbadenmevestdastipr&R0510340), but also enable economical 30processes for
stripping of carbon layers or carbon coatings, which fundamentally display a significantly greater
thickness than TBeriow wpltaez Bakkim dincheldition e iwentofshaverdetermifiechiagd nitrogen is
surprisingly venheeagtivgswith tatSsang-isconsequenilivary welbsvitegdfordieastive stipping,of ta-C
coatings. The igyeptors likewise were able to determine that by the reaction of nitrogen with ta-C, no
undgsired 3sbyprodelz-femain.an e ubisiate: apdhie uadestiad feaction. sl gﬁn with the
substrate 8 occ[hj %(ng)t ra}}](ﬁr dIha altnthe most dqq%&e 1o%}cur an enerlc men the substr trate surface
with nitrogen, a vanta rare- coa g Of the’ stbstrate st ace1 3e1enioVarst carbon
layers or carbon c%\?at %pm}irrtl h?émg IEViSIeP F"{J/ carbon layers which include essentially only
carbon bonds |§”p<8§§ﬂ5 fe" é@é’é’f‘o‘?h&‘l’btﬂw%(’i‘ﬁ\?’é‘rﬂfdﬁedy"fﬁ@*%&%ﬁﬁo@f Hitroesi Hrdrbe dxyhen with
carbon, in whickaHeRitesten arecaxygeiPpas.isrekenbly by thidarisssbaiohe veltaige direetcurrent arc
diséharge, whereyy thestohwhioltage! ditectiougentaie: discharge o peefisabithchighsétedtror flaw or
discharge currentiftypicétlibetween 20A and |1 000A), but with a low discharge voltage (typically
between 20V and Soy).

Description of the invention

The invention involves the excitation of a reactive gas. particularly nitrogen, in a low voltage
direct current arc discharge, with high electron flows (between 20A and 1000A). but with fow
25 discharge voltage (between 20V and 80V,

The mventors have determined that despite their low discharge voltage (up 1o a maximum of
120V, but typically up to about 80V}, low voltage direct current arc discharges are suitable not
merely to accomplish economical cleaning processes, wherein as a rule layers with a thickness
measuring only about 10 nm must be removed (as in EPOS510340). but also enable economical

36 processes for stripping of carbon lavers or carbon coatings. which fundamentally display a
significantly greater thickness than 10 nm, up to = 0.1um.

In addition. the inventors have determined that nitrogen is surprisingly very reactive with ta-C,
and is consequently very well suited for reactive stripping of 1a-C coatings. The inventors
Jikewise were able to deterrmine that by the reaction of nitrogen with ta-C. no undesired

35 byproducts remain on the substrate, and no undesired reaction of nitrogen with the substrate



The reactive de-coating according to the present invention can be cad out in one step or a 10number
of steps. Below are described preferred realizations of the present invention, through which is avoided
any sputtering (removal of material by ion impact) which could damage costly substrates with sharp
edges and/or complex geometries. Process variant A: 15According to process variant A. the substrate
is connected in the low voltage direct current arc digcharge as an anode. Process variant A is
represented schematically in figure 1. The low voltage direct current arc discharge (not represented) is
supplied bX lasma so uree I onS|st| of a heated filament 2 connected as the cathode in the low
voltage ittt curren: grct: Qi<ERaT rrém’éﬁg 18 Biaded T A HERERE gﬁ %Sruﬁtg yHhécted'through a small
open|ng%ﬁ%iﬁéﬂ?‘ﬂéﬁ%@ﬁrﬁai’ﬁ’%Waﬁb‘i@‘?ﬁ'ﬁg i H]Sﬁ’f@ﬁéﬂtfoqi‘hfé‘%cuum chamber 6, with the
filament hamber qleg;trlcgﬁ{ msulated f rom the yacuum. a% el {Iﬁ t chamber 3 is
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25represépied D icaging tbahevael tatdiive ot spnallispentagrher Highes jovessiiraisddeveloped in
the filamamteohamder Batgardnuthevwaicugimetliambgr 6, dndishichgheusuhstratéctol hecstripped fnot
shown) implaceehin thesibstfatedialnlerd Oollhe reactivieygasisdet intostaesyaguum chamber 6 directly
through a valve or flow regulator (neither shown). Because the substrate in process A is connected as
an anodéhthessubsidateoguiniasesule S0bbmpardediwith glectrohs swhichdve cause wfithein low mass
prexent sputteriondsidizerefore in the discharge region and directly on the substrate surface they excite
the reactive gas (here essentially nitrogen gas). Apparently there occurs a dissociation/excitation of
molecul&<HitFoged s absthitdiimsg epaliwhichio fahsibaehpthucknhoretheaitive st fow tepgeatatures than
moleculapwitroge rciosrtby thersaldsults ampactionisiththie thi@: layersthndithedosmatiosh abtransient
35bonds:hetwermecachan«ang aiieagen, which are either sufficiently stable to be pumped through the
vacuum system, or are deposited on the (cooler) locations within the vacuum apparatus. 9 The
dischargb@wseras of grocess A can be simply determined from the size of the substrate surfaces to

be stripped, because the current and thus the current density at the substrate can be adjusted by the
diréet cu’?r‘éﬁt‘ﬁ8%é‘?é’(@cgﬁ“fﬁ@@ﬁéa&ﬁlﬁBMTWQ%tﬁﬁémﬂtwtﬁlﬁt aNovalEF i TR pBFAtUFE-sensitive
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chambery, anchttibiSudtett 2Lisundichtedha digitres1n Tie: ther Ritlegerineactivecgasrcanaise:be added
other gagesisipithecone casade anselesate.the Jaaginnuprmanly fosveny hickcaatingdayers, or at the
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25 represented), leading to the fact that due to the small opening 4 a higher pressure is developed in
the filament chamber 3 than in the vacuum chamber 6, in which the substrate 1o be stripped (not
shownj is placed in the substrate holder 10. The reactive gas is let into the vacuum chamber 6
directly through a valve or flow regulator (neither shown),

Because the subsirate in process A is connected as an anode, the substrate surfaces are

30 bombarded with electrons. which because of their low mass prevent sputtering. Therefore in the
discharge region and directly on the substrate surface thev excite the reactive gas (here
essentially nitrogen gas). Apparently there oceurs a dissociation/excitation of molecular nitrogen
10 atomie nitrogen, which is familiarly much more reactive at low temperatures than molecular
nitrogen. Thereby there results a reaction with the ta-C layer. and the formation of transient

35 bonds between carbon and nitrogen. which are either sufficiently stable to be pumped through
the vacuum system, or are deposited on the {cooler) locations within the vacuum apparatus.



15surface exposed by the de-coating. Process variant B: In another process variant B, schematically
represented in figure 2, the low voltage direct current arc discharge is directed to a ground as the
anode, and the substrate merely immersed in the plasma, so that during the stripping process it is at
floating potential. This has the consequence 20that the substrate becomes slightly negatively charged.
However, the substrate voltage remains below' the sputter threshold voltage, at less than 20V. In this
process as weII sputtering is prevented. Process variant C: A final process variant C is schematically
represe Cp fl}gure 3. In this 1g;lrrangement the low' 25voltage direct current arc discharge is directed

to an addibgAAr SIeeTodE TSR R LHaMEAP, ti?oﬂ@’[ﬁ%ﬂ“?%ﬂﬁﬁ%&é’“ﬁ'ﬂ‘@ Héeitbh ofthiy fsiper anode
15 is adv“éﬂfﬁ‘?f@é(‘)%Efy%iﬂ?i?f%lﬁ’é“@%%ﬁﬁté”b@ﬁflg’&ﬁéﬁ% ToPExahffestivtielee rbrloferavdruum
chamberditaedbstiatdiscste araineandlottiry PoteniialddiidralaimeasinivaitiaftBaino splitter occurs,
because!theriegativerchizargeubf theesubstrate: isftho bw!farthasputterdpreeess (rbweyeruby means of
an aglditionahseuicea2Gh30thewsubstiatelcan besuppliedavithya neuatbeIchange showd itibecome

necessary aftefusiippingatodurthansputianeieh dhe sukstate; Advamagss:indhg use of a direct current
low voltage arc discharge according to an arrangement as illustrated in figures 1 to 3 and described in

process Variantsu genCemcomparisonito hesplditénplasmaedisehiargad asdesarihedfermxample in
EP218048Q)iare ainfallons: 354, Theidiseharge eurrent:can ae sekhish cpevghithat fonamy gas flow,
sufficientgasds digsariatedariexeiied a.camy,Apl e chemical mactian for stipping /fta-C on the 10
sub@trat%&m,f@@@? %ﬁm@gm@é199%%'91%1(:“495%9\{%%%9&(1ktof% e (e dianarge, autient, he flux
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15 surface exposed by the de-coating,
Process variant B:

In another process variant B. schematically represented in figure 2. the low voltage direct current
arc discharge is directed to a ground as the anode, and the substrate merely immersed in the
plasma, so that during the stripping process it is at floating potential. This has the consequence

20 that the substrate becomes slightly negatively charged. However. the substrate voltage remains
below the sputter threshold voltage. at less than 20V. In this process as well. sputtering is
prevented.

Process variant C:

A final process variant C is schematically represented in figure 3. In this arrangement. the low

25 voltage direct current arc discharge is directed to an additional electrode 15 in the chamber.
constituting an anode. The position of this helper anode 135 is advantageously within the substrate
configuration, for example in the center of the vacuum chamber. The substrates are again at
floating potential, and again, as in variant B, no sputter occurs, because the negative charge of
the substrate s too low for the sputter process. However. by means of an additional source 20,

30 the substrate can be supplied with a negative charge should it become necessary after stripping to
further sputter etch the substrate.

Advantages in the use of a direct current low voltage arc discharge according to an arrangement
as illustrated in figures | to 3 and described in process variants A to C in comparison to a sputter
plasma discharge {(as described for example in EP2180499) are as follows:

35 I. The discharge current can be set high enough that for any gas flow, sufficient gas is
dissociated or excited to carry out the chemical reaction for stripping of ta-C on the



Below will be presented several examples of de-coating processes. Reference will be made (except as
otherwise expressly stated) solely to process variant A with the switch 11 open, 10although the gas
mixtures apply equally well for the other variants, at the most involving adaptation of the duration of
stripping. It is also clear to the expert that the increase in the discharge current and the associated
increase in the electron density will affect the stripping duration, as long as sufficient reactive gas is
available for activation. Within a pressure range up to about 5 Pa, the greater the arc current and the
reater the gas flow, the greater will be the 15stripping rate. Quite generally it also applies that at
ﬁigher substraf%jli’éﬁ%(é?ﬁ? &S e ﬁ"l‘[‘fEEngFaR%S\?\’/m‘be Wff@’&%e‘(‘].a%%’l?ﬁ&% Higcti¥&&d in detail in
the examples, BFERE BkpEH easiarathatHendra e elltbapstsaiacenn be adiBfseded to greater thermal
load than oRe dfKSSestebrspaRimitlingosetshatie swripsingsiatachnbelaffeotets mtable | are
presented a nurhisebof sombinatiomscforpossitiengas foswkichpivill inmpaitcbe 20distussed further in
examples belownating. Jas flowssindicatetbasexamplesdniabletiie gasfiowmindicated as examples
in table 1 and the:examplasaivandhelpw s atrippieg.of sarkom coatings &ankepdapied as required
(for example ta&in%_w;\t%@gcgﬁmu%r%&g%@ewm&%' SHTAGcSA0,Re HC0RIG D e GRAUNGL figkness,

the substrate material and geometry, and type of carbon bonding). Mdreover, it is to be noted that the
inventiomsiscmotlimitegrtocdheseexamplesphut?Brllows therdmaplementations not presented here.
Table I: Rroecgss:Gamevariantierddive@udi#00ely to process variant A with the switch 11 open,
10 although the gas mixtures apply equally well for the other variants, at the most involving
adaptation of the duration of stripping. It is also clear 1o the expert that the increase in the
discharge current and the associated increase in the electron density will affect the stripping
duration, as long as sufficient reactive gas is available for activation. Within a pressure range up
to about 5 Pa, the greater the arc current and the greater the gas flow, the greater will be the
15 stapping rate. Quite generally it also applies that at higher substrate temperatures the siripping
rate will be increased. It will not be discussed in detail in the exampies, but the expert is aware
that a hard metal substrate can be subjected 1o greater thermal load than one of HSS steel or
aluminum, whereby the stnpping rate can be affected.

In table I are presented a number of combinations for possible gas flows which will in part be
20 discussed further in examples below. The gas flows indicated as examples in table | The gas
flows indicated as examples in table 1 and the examples given bejow for stripping of carbon
coatings can be adapted as required (for example taking into account the size of the total surface
to be de-coated, the coating thickness, the substrate material and geometry, and type of carbon
bonding). Moreover, it is to be noted that the invention is not limited to these examples, but
25  allows other implementations not presented here.

Table 1: Process gas variants

- Process Ar N O - Hs - Total pressure
fscem} [scem] [seem] | [scem] (107 mbar]
1 60 24

2 100 3.2

3 it C 200 6.8

4 60 L 400 12

5 60 800 24

6 60 100 100 i6

7 60 100 200 6

8 60 100 400 14

9 60 200 400 17

14 6l 1G0 100 E 6.8
P &0 160 200 6




14 60 300 100 14 60 100 100 400 IS 60 200 .!400 17 Processes 1 and 2 in table | show by way of
example the pressure values in the de-coating chamber when the direct current low voltage arc
discharge is initiated, before the introduction of a reactive gas into the de-coating chamber, at a
discharge current of 150A and an argon flow of 560 seem (process I) or 100 secm (process 2).

11
12 60 100 400 .
13 60 300 160 i2
14 60 100 100 400 7
15 60 200 400 17

Processes 1 and 2 in table | show by way of example the pressure values in the de-coating

chamber when the direct current low voltage arc discharge is initiated, before the introduction of

a reactive gas into the de-coating chamber, at a discharge current of 150A and an argon flow of
5 60 scem (process 1) or 100 scem {process 2).

Examplie | (example of implementation according to the invention):

A discharge current of 150A was established with an argon flow of 60 scem. Subsequently 200
scem Ny was introduced into the vacuum chamber as reactive gas leading to a total pressure of
.68 Pa in the vacuum chamber (corresponding to process 3 in table 1). After four hours, a ta-C

10 coating with a iayer thickness of 2 um was completely removed from a hard metal forming tool.
With this example, it could be confirmed that despite their high component of tetrahedral
diamond-like bonds, ta-C layers could be rapidly removed from the tool surface according to the
present invention with a de-coating rate of about 0.5 um/hr. The de-coating occurred at a
substrate temperature of 500°C.

15 Example 2 {example of implementation according to the invention):

For exactly the same process parameters, but for a different substrate temperature of 280°C, a
fpum thick ta-C layer was removed from a steel stamp for aluminum forming in five hours,
corresponding to a stripping rate of 0.2 um/hr. This demonstrates the influence of the substrate
temperature on the stripping rate.

20 Example 3 (example of implementation according to the invention):

For the stnipping of a ta-C coating with a layer thickness of 5 um. the stripping process according
to the mvention was conducted in two steps, and for each step a nitrogen-containing gas mixture
was used. The direct current low voltage arc discharge was operated with a discharge current of
150A | and an argon flow of 60 scem. Subsequently. for the first step, a mixed gas of 300 scem
25 Ny and 100 scem O» was introduced into the stripping chamber for 60 minutes (corresponding to
process 13 intable 1). Finally, for the second step, (before the 1a-C layer was completely
removed) a gas mixture of 100 secem N and 400 scem Ha (corresponding to process § in table 1)
were introduced into the vacuum chamber for 30 minutes, 1o prevent the substrate surface
exposed by the de-coating from being oxidized. After steps 1 and 2, that is, after 1.5 hours, the
30 substrates were fully de-coated. and no undesirable residues remained on the substrate surface.

Example 4:



Example 1 (example of implementation according to the invention): A discharge current of 150A was
established with an argon flow of 60 seem. Subsequently 200 seem IN, was introduced into the
vacuum chamber as reactive gas leading to a total pressure of 0.68 Pa in the vacuum chamber
(corresponding to process 3 in table I). After four hours, a ta-C 10coating with a layer thickness of 2
um was completely removed from a hard metal foriding tool. With this example, it could be confirmed
that despite their high component of tetrahedral diamond-like bonds, ta-C layers could be rapidly
remove fro(g:n t grt%g!{al{r&al& }?cgglqgérgg % dt 1€ r%%%pt [ veQ on Wlth {g?:»e -coatin Xﬁq alte oé%bout 0.5
um/hr. coating occurre Al d substrate eH1 erature of - e‘fr’nmlé Example“d
.mp|eméﬁféﬁ§ BB t‘édih@fr&éfwﬁaﬂae %Pﬁ&é&ﬁp% @&rﬁ@ P(S’é%gé)ﬁ%fh‘?ﬁélf&%aﬁm"for a
different@austraie tehipEragre BT 28o1d 2 tirctirick tdlenmyehilsramoved fromeas ster stamp for
aluminurrfgemiisgpirn fieourss soirespaNdirvgsty & stippingddiccal Viguwthm adhis dbamonstrates the
influencevoh theosutastrate genfperatlif@on:the Stripping:raterRDExadmple3: (exdmple @himplementation
according s ihe: invention)icharihe:stripping ebada-Ghonting with atlayerhigknessAt5uwm, the
stripping, RIAGESS AREBFINY 1R the invention was condusted.inwe stens. Rndh foreach siapra
mtrogenm@t@(xamg&gsmxm mﬁwﬁleeﬂmmsqd&%ﬁtﬁuﬁn%!8\@4&&!@9&@{& disgharge.yyas operated
with a dlﬁcf& gg current %)\;l dfi%d | an ar 8§ on\axgno“g uef'% csulftl)han%u»e%% {q] r the first step, a

mixed gas § of 300 seem seem 02'Wwas introduced into & Stripping, chamber for 60

mingtes (eArespRding 1aRraress 43 indahle dk Gioally, forihe seeond step.(before. theriaC layer
was Comm%%g‘amg%@s% %%%&%%Q% %&%@ %Q é%oa?%% urg é?%%%sgﬁ%ng'“gx {0 process

8 in table 1) wer§|ntro uced into meeﬂ%/ cuum chamber f mdwe &nggu(t}e o) re\{%g sg strate surface
e-coating from being oxidized: Atter step d 2Vthat s o ra

expose
30subst?§l‘é§w SFETOMY %‘Eﬁt%a"% ﬁ’h@ﬁﬁd&l%ﬁ“ﬁ&%ﬁ%@ ré‘?ﬁéﬂﬁ@@%ﬂ‘fh@*s‘ﬁ%%trate surface
ExampldW0durg BRHSeRpHEEe S mRE te Saitte dIsRarge ErPErt dHd WoTRiIFRPEAS8 W Aevin
example"8 g spradeotdiriepto precessajarant gt 9 Swilkh) Maeper)cbit tithubslyaoxygen as the
reactive lgddsiHardresptali milingheuttersssauldiberdércoatediAdongwittstherangah iwidgkirg gas), the
oxygen respansibladen thestipping protess Wasriniroduses divegctlydnitie Maceiuan ichamber 5 with
a constaqiiexyaen dav: atdPdseam:. I he: Qxixasn jateducrd wasLxGiadoy.thrpRsmaKiseharge in a

way SUCMQR&&RGIQ%%%H reanlat it thewsarban. Al the s andihe gasequs praduets of stripping
(m%tly cQ gg & car ed Qut, tp ouLg)h thte vacuum pump system. Under these conditions, ta-C

coatings with ?—:%sees}%% itm couTJ e completely removed from hard metal milling cutters with
dlameteagfng% mt&%ﬁ&a%mﬁtwl&ﬁ@&wy&m&h@% iloweuer,the treatment in oxygen plasma led
to slight oxidation of the substrate surface. These thin oxidation Iayers had to be removed in a second
step by aidiotia sprittenefching pracessx bnhe seeong Steputhatirech cerantlow.vakagaare-
discharge wascanducted briweer theilamentanddelpananede;againiatiasanstantdiacharge

current %J@Q&u@:’&?’e &R Bydragen was-pyr QQH%%?QH&EQl*E%&@C&%JsSHf’i‘mQE{o(M%iS%%XQB“ flow
ergﬂslnat(]gp%bxw%g constant gas flow 150f 250 sccm. In addition, a negative bias voltage of 200V (-DC)

was applied to the $ubstrate holder (corresponding to the process configuration according to process
variant G figure Swith &hﬁ%tt%@ closed). Thexidation jayaraimeres:in this nay.gompletely
remove%@%@efnggg%%ﬁbm&é i §Qe m&%écp&ﬁﬁ%w@% %%Aﬂtgh&&&ogg%%s@% I gecordance

with the |nv§n1t|on IS the ion strate oceurring m the se}%;ond ste and the
vers remain G ‘L{: %u rate sur L(ﬁv afv al’lta“CP l dlg[) oen S1CNing 18 no }
20concomitan Spu terln e su strat? xam ex ementation accordln 0 ﬁemlon).
necwsazv m,h 1n § 1e e-coating of costly s ximta@ mth har;') edges and/or compl ex

30 geometries is favorably to be avoided.
Example 6 (example of implementation according to the invention):

The siripping can alse be carried out in accordance with the invention, especially for great
coating thicknesses, in a number of steps, in which in the first step of stripping. primarily oxygen
15 used as the reactive gas, but the flow of oxygen i1s terminated early enough. that is, before the

35  ta-C coating is completely removed, and then for the second step a mixture of nitrogen and
hydrogen gas is used as the reactive gas for complete removal of the carbon coatung. In this way,
oxidation of the substrate surfaces exposed by the stripping is prevented.



With the same configuration as in example 4 (in step 1), but with nitrogen as the reactive gas, taC
coatings with a thickness of 2 um werecompletely removed without difficulty from hard metal milling
cutters with diameters of 12 mm within about 4 hours, corresponding to a stripping rate 25of about 0,5
um/hr. Despite the longer stripping times in the de-coating of ta-C layers using nitrogen instead of
oxygen as the reactive gas, the use of nitrogen can®e seen as advantageous, because no thin oxide
layers remain on the substrate surfaces. A disadvantageous hydrogen etching is no longer necessary,
which in the dq-)c ating of costl ?yb§trates with sharp edges and/or complex 30geometries is
favorablé t5'Be hv&d‘é%‘. '3%%‘%%“(”&5‘?‘8&%‘6?{%@% ntatig'SREording to the invention): The
SuiPPng RAN-Biae G Bkinaceptianse I IR renlion SaRrelalon 1or Aleatqeaing
thicknesscs, i 4 nUmoSL of sieps, I which 1 the fit stcp ofsHiobing, primarfy oG Loed as the
reactive gas. but the HOw of oxygenis terhinated 8aHy SR8UIGAT TRATS s tHESELY € 06ling is
completéfy rémsTel, BhiFthby-re e SERoKY sl Bttt BF srHEE S SR BYdroydh §as is used as
the feactivEGaS O E6iplete vEnsevarof the shr Bt sobiing: hetins way i pxidatomsiadhe substrate
surfacesexposed oy e stippinerisupreventedacd.Ekaheple 2(edampledbinmplementationiaccording
to the nverygn) bhiymscordadee )withathe: imdentionf thesstifppingachihickei-caraanieodtings«an be
conductedsiaml mapper sinitarstel that of example&dndthate Mmia Histstap.oh thestipRPatinally,
predominantly, @ygengasisised astheleactivegasfangmoyrl ofafirstiart phihe gatirg carbon
layey (with the.anxygendovmheing erminated garly enough. that is, before the ta-C coating is

completely removed from any part of the substrate surface, and the surface de-coated by the reaction
with oxygencbegins tooxidiza.imasegend stapafihe strippiageadnixturedonsxamplsialfivdrogen

gas and fitigsn RaRirHeed-farameyalof a second art of the entire carbon coating, and finally, in a
third step. predominantly nitrogen is used for removal of the entire carbon coating, that is, tocompleting

the stripping-0fthessanibenicoatingokitaceordanganith the-mvantier-amalhebibedecealingn
processesraskitingfranncamkinations et thedmplemsatation-@@mRries given, Hisals pgssible using
the;grocess aenrding dadheinventionito de:caat various syRstiater.wih diffeting coating thigknesses
na S'”QL%Q?J&Q’q‘év%eaﬁe?%(!Qn_EE}FJH&L%E%E’eﬁéXQ%939&%%&9?”;e15§a%ﬁt"?"”'”9 gas is used as the
reactive gas, and must be computeé how longt iS Tirst step Should continue, so that oxidation of
de-coateg sk Bstrate suifagesds prevented. Withihe.aig of the de-ceating Prosess,asearding to the

present jayention it i3 alse.passinle, E%%%%%@&%%gg% gi%% ngq%bzé%{a&%'né?gn%'edn?ss_s%%&b%” also

other nop etallic %I ments 3 ch.as hygr_ogl%n HIP, boron (B), silicon and germanium (Ge). 20In the
. }%ﬁ}ﬂeng - hororn &3 szhﬁoﬁ. 'Sy and ger 1a_11|1.1111( ef. . ’
following, the ‘preserit inventioh will be summarized: The present invention relates to a process for

reagiive ﬁrtmpmg(ﬁtiﬁ@.r%@¥8{§i&%igr§ul?§%§tsﬁm1marized:

The present invention relates to a process for reactive stripping of carbon layers from a substrate.
particularly for the reactive removal of ta-C coatings from the surface of parts and tools. in
which the substrate to be de-coated i1s placed on a subsirate holder in a vacuum chamber, the
vacuum chamber 1s charged with at least one reactive gas supporting the removal of carbon in

25 gaseous form, and a plasma discharge is initated in the vacuum chamber to support the
necessary chemical reaction or reactions 1o de-coat the coated substrate. and the reactive de-
coating proceeds in one step or a number of steps, wherein the plasma discharge is produced as
a low voltage direct current arc discharge, between 20 A and 1000 A, and preferably between 50
A and 300 A, with discharge voltage of at most 120 V| preferably between 20 V and 80 V.,

30 The de-coating process according to the present invention. described above, is advantageously
implemented i such a way that

s The substrate is connected as an anode for the direct current low voltage arc discharge,
and thereby the substrate surface is primarily bombarded exclusively with electrons.
which due to their low mass exclude any sputtering. or



particularly for the reactive removal of ta-C coatings from the surface of parts and tools, in which the
substrate to be de-coated is placed on a substrate holder in a vacuum chamber, the vacuum chamber
is charged with at least one reactive gas supporting the removal of carbon in 25gaseous form, and a
plasma discharge is initiated in the vacuum chamber to support the necessary chemical reaction or
reactions to de-coat the coated substrate, and the reactive de-coating proceeds in one step or a
number of steps, wherein the plasma discharge is produced as a low voltage direct current arc
discharge, between 20 A and,1 000 .A, and preferably between 50 A and 300 A, with discharge
voltage of at mo&f ié%‘fvﬂﬁﬂéféﬁﬁbﬁg?%&M% ?&Vﬁﬁd‘%ﬁlﬂﬁ"%ﬁ(ﬁge@&og‘ﬁﬁ}@ab%bdelé‘é‘%%béﬁ%jmg to
the present invEREGH HBSchib et Ry asieradiamegesualy mislbehantddon. uttrativapiat: The
substrate is cotitiestetilas an anode for the direct current low voltage arc discharge, and thereby the
substrate sufaEerighprimatily:hembarded:exchisivebhavith elegtransiovbichadugde theisdowmass

exclode any spriigengdahcldahibe;sulsiatecis inaaiedwithin b higst.cunent loynaliage arc
discharge, whegghy,the ions striking the substrate essentially possess energies below 20 eV, below

the sputter threshold, or  For the direct current low voltage arc discharge, an electrode separate from
the substraterbhelsanangd thecchambeswallis.usgdoas the aoade iand:ibe substiate.ds helgata
floating potettiakAdyantagsousivthe de- ﬁ&@tm%@n%@% AeeRring e 40, PEeRGRLRVERNQR s carried
out in sugfyia wmcw%ﬁa 9{&6&5&{%@@%}4 %@é&@ﬁ@f@ﬁﬁi@%&%@%? AL A P%{?t (pped from the

trate, durln at least one rocess, pref era url he last step of reactive
a NIToCCn-con dlI 11192 RS Iq rcauu feloag, an T ﬁ%H’O
10str|pp|n %1 rfitrogen-ton aln SIS use ctivé gas a e ro en-

contalnn‘fﬁ FHERE S %S’ﬁﬂéd (AR BN lirbb‘e??"é%n %%Pé?e“r‘é%fx‘/ &8’&%%?5‘%*%@%5"&} of only

nitrogen® Wlbf%ﬂ’/é‘rl%he de- coatlng process according to the present invention is carried out in such a
way thaM order t D Jemove. at least a ortl n of thﬁt carbon coatln% from the substrate during at least

150ne step of the reactive ot mcU’%u‘twr fe T2 SHEECTHrERaTABIY HUrRdth e it S0t Pactive

reactlve S

do-coati! dHUBIGE H%B?]‘féﬁﬁ AR IR Bl A PRB LGS Bl PHB I A ot eeritalirig
predomiRENERFI_RY &m “éfﬁﬁ’%n‘é‘r’élbﬁefé}‘&myltﬂe Fed e atesnsidisiessentiailyep onkrasgen.
Preferably-tivetfiawasfhiezoxygeioontaining ges 4s dermprstedebeiprefttrdvargondayerivas been fully
removedfedmmamndyes ofdhersdibsirate diyrabactionwittivtheaoxygdnis sasthatthecs uhstrate 2Osurface
exposedrbyreeactian Wil treioxygerdossaeiReginitaexitize sASrapageausly ihydnegengas is
introducegintenthe stivping chambenafier he flowof-ax¥aen:GRNtaIRIRG JaSHS the substrate
20 surface exposed by reaction with the oxvgen does not begin o oxidize. Advantageously.

hydrogen gas is introduced imto the stripping chamber after the flow of oxvgen-containing gas is

ternunated, so that oxygen components in the coating and residual oxygen on the substrate

surface are reduced.

The present invention also relates to a process for reactive stripping of carbon layers from a

25 substrate, particularly for the reactive removal of ta-C coatings from the surface of parts and
tools, m which the substrate to be de-coated 1s placed on a substrate holder in a vacuum chamber,
the vacuum chamber is charged with at least one reactive gas supporting the removal of carbon
in gaseous form, and a plasma discharge is initiated in the vacuum chamber to support the
necessary chemical reaction or reactions to de-coat the coated substrate, and the reactive de-

30 coatng proceeds In one step or a number of steps, whereby in order to remove at least a part of
the carbon coating to be stripped from the substrate. during at least the last step of reactive
$iripping, & nitrogen-containing gas is used as the reactive gas. and preferably the nitrogen-
contaming gas consists predominantly of nitrogen, and more preferably consists essentially of
only nitrogen.

35  The de-coating process according to the present invention it can alse be used to de-coat
substrates coated with carbon coatings which contain besides carbon also other nonmetallic
elements such as hvdrogen (Hj, boron (B}, silicon (St} and germanium (Ge)



terminated, so that oxygen components in the coating and residual oxygen on the substrate surface
are reduced. The present invention also relates to a process for reactive stripping of carbon layers
from a 25substrate, particularly for the reactive removal of ta-C coatings from the surface of parts and
tools, in which the substrate to be de-coated is placed on a substrate holder in a vacuum chamber, the
vacuum chamber is charged with at least one reactive gas supporting the removal of carbon in
gaseous form, and a plasma discharge is initiated in the vacuum chamber to support the necessary
chemica] reaction or reactions to de-coat the coated substrate, and the reactive de- 30coating
proceed’ #Eh&ESHERr a number of steps, whereby in order to remove at least a part of the carbon
coating LPNR]%S}@BP&%J{Q%_EQ? As\ubstrate, during at least the last step of reactive stripping, a
nitrogen-containing gas is used as the reactive gas, and preferably the nitrogen-containing gas
consistsypradomipantly, of, pitkegen, and more preferably consists essentially of only nitrogen. 35The
dc-coating process according to the present invention it can also be used to de-coat substrates coated
with carlronueoatihgs ashichi@antain besides carbon also other nonmetallic elements such as hydrogen
(H), boron (B), silicon (Si) and germanium (Cie). Figure Legend Figure I: Process variant A Figure 2:
Proéess variant B Figure 3: Process variant C 16 Claims 1. Process for reactive stripping of carbon
layers from a substrate, particularly for the reactive removal of ta-C coatings from the surface of parts
and tools, in which the substrate to be de-coated is placed on a substrate holder in a vacuum
chamber, the vacuum chamber is charged with at least one reactive gas supporting the stripping of
carbon in gaseous form, and a plasma discharge is initiated in the vacuum chamber to support the
necessary chemical reaction or reactions to strip the coated substrate, and the de-coating proceeds in
one step or a number of steps, unique in that the plasma discharge is produced as a low voltage direct
current arc discharge, with discharge currents between 20 A and 1000 A, preferably between 50 A and
300 10A, with discharge voltage of at most 120 V, preferably between 20 V and 80 V. 2. Process
according to claim 1, unique in that the substrate is connected as the anode for the low voltage direct
current arc discharge, and thereby the substrate surface is bombarded essentially exclusively with
electrons, which due to their low mass exclude any sputtering. 3. Process according to claim I. unique
in that the substrate is brought into the low voltage



15direct current arc discharge in insulated state, so that the ions impinging on the substrate have
energies essentially under 20 eV, and therefore below the sputter threshold. 4. Process according to
claim 1, unique in that for the low voltage direct current arc discharge, an electrode differing from the
substrate holder and the chamber wall is used as the anode, and the substrate is maintained at
floating potential. 205.Process according to one of the foregoing claims, unique in that to remove at
least a portion of the carbon coating from the substrate during at least one step of the reactive
de-coating, preferably during the last step of the reactive de-coating, a gas containing nitrogen is used
as the @&%“ gas, and preferably the nitrogen-containing reactive gas used consists predominantly
of nitrogen gaseand especialiaralaraRly dhe;niltogen-containing (eactive, gas Aaused,consists
essentially eniirely ot irpaen. &/ rocess aqcording lo one of e foregeing s, knidue, In that to
remove At16ast A porton. of the Carbon COAting from the RUBAE Birifig At 18455 SHE Lidp 6fthe
reactive ’_"9885@[‘%6 PRSP dUTIRG tRE RSt Stdp o HHE TR SRRE e oy it pReferabil difing the
first StepOf i [Fesctive B Cuatiny  WiyHs shaiing sgyesrnde ¢asame reactve yaksarnd
preferabfjitHar3eexyy Briasomdining veactivenias usedrooniists predamimantiy ok ostygenrgas, and
especiallygpreferablrihehoxygent santainingnreaetiecgasysedconsistsessemtiabynentiral yOf oxygen.
Process aggordingéarciaimi{cunigue iidhak thesfioviof aygen-containing reactive gascated before the
carbon laygnis ompletelyenavrd At aoyRakt0f the,aubsisate Byithe,y eactionvith, Qxygen, so that
it is preventeghthat.any de;eqated substiats suriace. heging 10.be 35exidized by reaction with the

oxygen. 17 8.Process according to claim 7, unique in that after the flow of oxygen-containing reactive
gas is terminategsJuydeaaniigasds introdusad detn e SiPRInashambarse:that the.axyeen:
component iR the.saatingand thevndesivable residug.ehiRxygandn the shbstrate surfacg are reduced.
59.Process {RLIRACIYE HE16aRINd ot caTbon By ol oM. RPSALe. Rarlicularly for (e reactive

removal of ta-C coatings from the surface of parts and tools, iIn w e su e {Slbé'de-coated is
placed on a subsiiale halderin & vassum chambernthe.vacuumchambenhisghargedwith atleast one

reagiive gas.SURPQIING the sirRping.aficRPaRIn garsoss faim,#nd.a,Plasma disaharge, i3 initiated in

the vacuym, hamber, 9 suppertihie\necassary chamical teaclion g Jfeptions (o strp the coated
substrate, and the de-co ting proceeds In one step or a number of Stéps, unique in that in order to

remove 3t leas@gREIARLf 4N @@E@Q%I@}’l%i&r%thﬁls}?p%ﬁ@@w'@okage direct current arc
discharge, an electrode differing from the substrate holder and the chamber wall is used as the
anode, and the substrate is maintained at floating potential.

200 5, Process according to one of the foregoing claims, unique in that to remove at least a
portion of the carbon coating from the substrate during at least one step of the reactive de-
coating, preferably during the last step of the reactive de-coating, a gas containing nitrogen is
used as the reactive gas, and preferably the nitrogen-containing reactive gas used consists
predominantly of nitrogen gas, and especially preferably the nitrogen-containing reaciive gas

25  used consists essentially entirely of nitrogen.

0. Process according 1o one of the foregoing claims, unique in that to remove at least a
portion of the carbon coating from the substrate during at least one step of the reactive de-
coating. but not during the last step of the reactive de-coating, and preferably during the first step
of the reactive de-coating, a gas containing oxygen is used as the reactive gas. and preferably the
30 oxygen-contamming reactive gas used consists predominantly of oxyeen gas. and especially
preferably the oxygen-containing reactive gas used consists essentially entirely of oxvgen.

7. Process according to claim 6. unique in that the flow of oxvgen-containing reactive gas
is terminated before the carbon layer is completely removed at any part of the substrate by the
reaction with oxygen, so that it is prevented that any de-coated substrate surface begins to be

35 oxidized by reaction with the oxvgen.



at least the last step of the reactive de-coating, a gas is used which includes nitrogen as the reactive
gas. Process according to claim 9, unique in that the nitrogen-containing reactive gas used
15consists predominantly of nitrogen gas, preferably essentially entirely of nitrogen. Il. Application of a
process according to one of the foregoing claims for the stripping of substrates coated with carbon
layers, whereby the carbon layers contain in additioh to carbon other non-metallic elements,
particularly hydrogen (H), boron (B), silicon (Si) and/or germanium (Ge). 20

8. Process according to claim 7, unique in that after the flow of oxygen-containing reactive
gas is terminated, hydrogen gas 1s introduced into the stripping chamber. so that the oxygen
component in the coating and the undesirabie residue of oxveen in the substrate surface are
reduced.

5 9. Process for reactive de-coating of carbon lavers from a substrate. particularly for the
reactive removal of ta-C coatings from the surface of parts and tools, in which the substrate to be
de-coated 1s placed on a substrate holder in a vacuum chamber, the vacuum chamber is charged
with at least one reactive gas supporting the stripping of carbon in gaseous form, and a plasma
discharge 1s initiated i the vacuum chamber to support the necessary chemical reaction or

10 reactions to strip the coated substrate, and the de-coating proceeds in one step or a number of
steps, unique in that in order to remove at leas a portion of the carbon layer from the substrate, in
at least the last step of the reactive de-coating, a gas is used which includes nitrogen as the
reactive gas.

10. Process according to claim 9, unique in that the nitrogen-containing reactive gas used
15 consists predominantly of nitrogen gas, preferably essentially entirely of nitrogen.

I1. Application of a process according to one of the foregoing claims for the stripping of
substrates coated with carbon layers, whereby the carbon layers contain in addition to carbon
other non-metallic elements, particularly hvdrogen (H), boron (B}, silicon (Si} and/or germanium
(Ge).

20



