Process for applying in particular optical coatings The invention
relates to a process and an apparatus for applying a coating as
clainmed in claiml and claim9, 5 respectively. A range of vacuum
coating processes are used to produce optical coatings, for exanple
for antireflection and mirror coatingsl- optical filters and other

treatnments 1Q of substrate surfaces. The vacuum coatjng pr.ocesses
carried out EF°gefgchom @ 9 i PRF&EICPRRE oBFISAL RN Eposi ti on
(VD), chem cal vapor deposition (CVD) and sputtering (physical vapor

deposition - D) i r itiQn, _tir C i ng
material is §§¥téavéﬁaE@épgg%%gggﬂypﬁggﬁgx%%gaa%ga?%rQEPQ%+%£§r%ﬁ?
beam bonbar d®RLYiTHe ametoabiag iaf t Heaimgsoriphakain Herardnagbdyes®.on a
cool er supfagespkctheesybstrate which is to be coated, where it forns
a 20 layer. However, deposits are also fornmed on other surfaces of
t he vacuum chanber which are accessible to the vapor phase. Unlike in
t he case of physingal otaperudepesitimn RHqEsceesses, usadt he Wufiduce

process a soldi ;cQAPARSHRL il ChedS eRbhbab! Y dn Qn&’fﬂé’f’le@ﬁ% | $hd
deposited on the surface of" the substrate as a result of a chem cal
reaction. Th@iFFecor@Atisdst orcrtHiceli Sfilders HipotkehalF pytaers

desired poopesit | e6bsOr£e Stsurifagde¥aporhephaseudnl Woadingndprodessared
condi ti ons, fc%rrr%g]”pduec W thya \%%fuhEhedcr{a‘gr%%g/%’h&%r&e“erineesr depps) ted
as a solid |ayer. e specific type of the process Ts

pl asma- enhand@®cevBerpsithrs UYP) anchenipphsHares gepesbiirn abfeid t he

substrate surfrRcepherbeis@atl sl s e wbokrhaegss compenentm)wi thin the
vapor which is introduced are brought into a chemcally reactive

state in the plasma, so that they are capable of undergoing a
cheni cal 1beaduirdngi nvepervi depotytdbnt hefsubist rate sllf aze, connlt iy
leads to a sqiddiayen byidididd #R vaporizelN®y HdBP YL & 1 AGaisr
used to describe renoval of ] .
or electron beam bombardment. The material in the vapor
phase then condenses on a cooler surface of the
substrate which is to be ccated, where it forms a
20 layer. However, deposits are also formed on other
surfaces of the vacuum chamber which are accessible to

the vapor phase.

Unlike in the «case of physical wvapor deposition

25 processes, in the CVD process a solid component which
is initially in a vapor phase 1is deposited on the
surface of the substrate as a result of a chemical
reaction. The precondition for this is for a compound
having the desired properties to exist in a vapor phase

30 which under defined conditions, for example with a
defined reaction partner, is deposited as a solid
layer. One specific type of the CVD process is plasma-
enhanced CVD. In this wvariant, a plasma is generated
above the substrate surface to be coated. Some of the

35 components within the wvapor which i1s introduced are
brought into a chemically reactive state in the plasma,
so that they are capable of undergoing a chemical
reaction in the vicinity of +the substrate surface,
which leads to a solid layer buillding up.



material by ion bonmbardnment, during which extrenely small particles
of a bonbarded solid-state target are 5 detached (sputtered) and - if
appropriate after reaction with sputtering gases present in the
vacuum chanber - condense on a front surface, located directly
~opposite the target, of a substrate, redutting in the formation of a
solid layer. Sputtering is a 10 predom nantly physical coating
process with a directional characteristic caused by the ion

bonbar dment , FHe Whkef cszmﬂmlins; Cag I @edouto Olalle)échclbéegi@rrbﬁrawﬂi &h

directly face t.he iarg particular_the front S ce 0
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being very brittle, mhlch 20 nmeans that they are 0O limted
suitability, FECECEprELD f SPULpPFitht Béﬁe%PﬁleéEPFc Jé’ub‘é*%‘? al’@suif't h
di fferent necdtamieal ardhdensbhevnab properinefycd,n Jpartiedublareanly
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coat i ngs 1@and/ pFe Gt id{a@tDK00f pha¥ersl ar ec@ﬁm;ed 2 otiegl Negheni cah

and t her mal %res s a d haye to satl % g ﬂa s |n %erns of t he
optical quality: 30 & Fgﬁﬁég t he2WeThani
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reduced adhesion and RESS b&yr@e/@lry tPaé@etllléyg5§gé£ akmg pBfkichayers
flaking off spectacle | enses, for ‘exanple, may to vision being

i npai red whenRedriang FHéfQSesﬁch%%l%%PStﬁ§t§olve thls problem it is
known tolseal plastic surfaces by neans of what are known as hard

[agq??rs by wWels ClS¥ERntRLREES 285189 FPod & 480 R b ehsble
to apply layers of inorganic materials, which often
have ceramic properties. However, inorganic layers have
the drawback of generally being very brittle, which

20 means that they are of only limited suitability, for
example, for application to plastic substrates with
different mechanical and/or thermal properties, in
particular an elasticity and expansion coefficient
which are different from those of the inorganic layer,

25 This plays a role in particular for plastic spectacle
lenses or watch faces, where antireflection coatings
and/or scratchproof layers are exposed to high
mechanical and thermal stresses and have to satisfy
high demands in terms of the optical quality. Major

30 differences in the mechanical and/or thermal properties
of the substrate and functional layer lead to reduced
adhesion and possibly even to the layers flaking off.
Layers flaking off spectacle lenses, for example, may
lead to wvision being impaired when wearing the

35 spectacles.

To solve this problem, it is known to seal plastic
surfaces by means of what are known as hard lacquers by
wet-chemical processes, so as to harden them. After the



surface has been conditioned in this way, a further optical |ayer or
a layer systemis then applied to the hard | acquer |ayer, for exanple
by one of the vacuum coating processes nentioned above. However,
these hard 5 | acquer coating operations are very technically conpl ex,
produce only a low yield of optically-p2&rfect hard | acquer |ayers and
have a relatively |ow resistance to abrasion and weathering conpared
to the inorgatixfacsyeras apgened B irdaRedofin aEititn ¢dati my forther
processes, SugdtiafaloNid@rOloria Nided aysten Ferthehmappiiadt wo- shage
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cont ami nat ed ¥§FHHB®Suncontrol l ed way. This occurs at |east because
the procass conditions are selected in such a way that the reactive
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25  oxide, oxXynitride or nitride layer. Preferred

application areas for this process include film
coatings, window and mirror coatings and coatings for
decorative surfaces and exterior cladding applications.

30 A disadvantage which has emerged with plasma-enhanced
CVD processes is that not only the desired surfaces of
a substrate but alsc other surfaces in the vacuum
chamber, in particular including rear sides of the
substrates, are coated or contaminated in an
35 uncentrolled way. This occurs at least because the
process conditions are selected in such a way that the
reactive gas reacts chemically at the surfaces.
Accordingly, time-consuming and expensive cleaning work

has to be carried out on the vacuum chamber during the



15 The obj ect of the present invention is to provide a process and an
apparatus for producing coatings which allow a [ayer with defined
mechani cal properties to be applied to a front surface of a substrate
with little 20 contam nati on of a vacuum chanber. This object is
achi eved by a process and an apparatus %ot applying a coating as
claimed in claim1 and claim9,re pectlvela/.qli%r cuI ar| prefe red 25

embodi ment s & WESHPPHEF 455 Sthe EhdeHtot d fiRs
accordi ng to tere | mient | ahfends t Hheappatarad aqu@hdnng afo tthe end
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surface of a'30 subStrate. The transition yer is intended to match

mechani cal prté}?erptroéiél%ﬂof“héfs%"s%?%]t @Jteéﬂei%@hanl cal properties of
| ayers or 5l ayer systens which are to be applied above the transition

| ayer. This produgs gamatididistyddetyeend he jgmbesbal 3.85uLbe »

substrate
certain localization on surfaces to be coated, by

generating a high-density plasma zone 1immediately in
front of the surface to be coated, and by targeted
10 passage of reactive gases and monomers on to the
surface to be coated. However, this process is
technically complex and does not sufficiently prevent
contamination of the wvacuum chamber and uncontrolled
coating of the rear side of the substrates.
15
The object of the present invention is to provide a
process and an apparatus for producing coatings which
allow a layer with defined mechanical properties to be
applied to a front surface of a substrate with little
20 contaminaticon of a wvacuum chamber.

This object is achieved by a process and an apparatus

for applying a coating as <c¢laimed in c¢laim 1 and

claim 9, respectively. Particularly preferred
25 embodiments are described in the dependent claims.

The process according to the invention and the
apparatus according to the invention are used to apply
an optical transition layer to a front surface of a
30 substrate. The transition layer is intended to match
mechanical properties of the substrate to mechanical
properties of layers or layer systems which are to be
applied above the transition layer. This produces
compatibility between the materials of the substrate
35 and the layers above it in terms of their elasticity,
hardness and thermal properties. Sputtering forms the
basic prccess for the application of the transition
layer. Sputtering offers the advantage of quiékly
building up the layer in combination with an excellent



35 and the layers above it in terms of their elasticity, hardnéss and
thermal properties. Sputtering fornms the basic process for the
application of the transition layer. Sputtering offers the advantage
of quickly building up the layer in conbination with an excellent -
5 - directional characteristic, with-4e vesult that contam nation of
the vacuum chanber is substantially prevented. During the sputtering
oper ati on usédrsgtianap tKeatrprahsrisohcd ayEithpr &bgr sdresudtter ddfa’s
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precursors, Vwidh are the atvaportiglaskhyém tiheeald scsuwrhateantberhg s

set in sugh amRRAGEH tHAladde depasithdn Bhckeachi QmiRiPduaks andd or
precursors w.thout a sinultanequs sputtering operation, i.e. part of
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deposi ted in S§PPEFGaP y &REChtOPeabtCIPFYBal RYESEI UBFYRINPIHF t he
regi on |yingwipposict ea t Rémbhtgetous nspattecimar oparaheoh s ont. esurds|aces

of the 25 Su%trrtafo%sitﬂeh%fvfb ip‘-i:o@é%@,' §3S s%%@.ftéﬂiﬂéiiﬁnp%vérhf‘ed or
surroundi ng surfaces in the yvacuum nb and_t he rear d f the
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sputtering operation the desorption is impeded and/or
adsorption promoted on the regions which lie opposite

20 the target, in particular the surfaces which are to be
coated. In this way, reaction products and/or
precursors are deposited in a targeted way and at least
virtually exclusively in the region lying opposite the
target, in particular on the front surfaces of the

25 substrates; there is much 1less contamination of the
surrounding surfaces in the vacuum chamber and the rear
side of the substrate.

If appropriate, further coatings can be applied by

30 sputtering in the vacuum chamber without transferring
the substrate. By way of example, it is possible to
apply the transition layer and then an 8Si oxide/Si
nitride layer system for antireflection coating on
spectacle lenses or watch faces in a single operation

35 wusing the same target, for example an Si target. 2
process of this type for applying protective and
antireflection layers is described, for example, in
EP-A-1275751.



35 using the same target, for exanple an Si target. A process of this
type for applying protective and antireflection layers is described,
for exanple, in EP-A-1275751. - 6 - The apparatus according to the
invention and the process according to the invention therefore
produce a high-quality coating, in partécular even for optica
conponents, using a time-saving and cost-saving .5 production, process.
Unl i ke the prifGr &PPArhPE j aCHfdPhurtd y WfeniiByPRpiBResdnd pthe
rat her a conlprvateisgn aefcopiysgcab shsot tevengivht bharpfarwuncsilice a
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of the appar Eﬁﬂdﬁiu@@:@.@hdbﬂcéé)slhﬁliim&rﬁﬂeog:ﬂb@: deserithes belgye with
15 reference to Hhe éFénM ngs,_in mhichein e%gil and 5%§§ﬂ%é'
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products are dpeerReLateds Figand showsea del@khibhlvstrat -on-0fyd he
substrate shown in Fi 1 with atransition |ayer, and an

antireflecti dﬁ"’loﬁi’é’lragiirgflerﬂfapﬁ?‘?‘%’al%[bo%ofiF?t 5dRd F1g. TEaRAbheey
pl an vi ew0of layeapparatus according to the invention with two
substrates and a target in a vacuum chanber. 30
Particularly preferred embodiments of the process
according to the invention and of the apparatus
according to the invention are described below with
15 reference to the drawings, in which in detail and

purely diagrammatically:

Fig. 1 shows a side view of a cross section through a
coated substrate with a transition layer in
20 which reaction products are incorporated;

Fig. 2 shows a detail illustration of the substrate
shown in Fig. 1 with a transition layer and an
antireflection layer system applied above 1t;

25 and

Fig. 3 shows a plan view of an apparatus according to
the invention with two substrates and a target
in a vacuum chamber.

30

Fig. 1 shows a substrate 10 with a coating which has

been produced using the process according to the

invention or by means of the apparatus according to the

invention. A transition layer 12 (also referred to as a

35 hard layer), in which reaction products 14 formed from
precursors are incorporated, has been produced directly
above the substrate 10. The reaction products 14 are
used to match the mechanical and thermal properties of
the substrate 10 to the mechanical and thermal



Fig. 1 shows a Substrate 10 with a coating which has been produced
using the process according to the invention or by nmeans of the
apparatus according to the invention. Atransition layer 12 (al so
referred to as a 35 hard layer), in which reaction products 14 forned
from precursors are incorporated, has-béen produced directly above
the substrate 10. The reaction products 14 are used to match the
mechani cal an@reprftiss pphpert peSisetieetiqbstavee spstomt hg above

mechani cal angt{ heRi@l ensures fHLOpetid esusdt@teanto rief IeaedHaen chaygr

system 16 aboye it...This_ensur that the _subsira 10,1 s .
rechant cal 1y Som i uiERt Rl Mve, sHERRhG 18, Ly dpsggased
el asticity anelasiereifty e andpr dnedefareni hgrodvache mtghamgi t iodn thger

12 prevents thgagenerd | yiygty bidttheevbResgaphe | ek raysyemyiy
from becom ng det ached., Therefore, the tran |t|oHéIay r perforng a
bri dgi ng funchT b Hot wekIPAdR 1Cub Savate TYRRE (1S | hFEF s PEComLTs.

10 The transidenachayer Th2rabood, | shehdwansitEog. lgydraspeeformappki ed

to a substratg, 40./mde sLnat Bhatd G LicSWhaindad | psandii el
fashion, pre onT NGnt y conprises 3i and 1's approximately nm
thick. The layer system 16

10
The transition layer 12 which is shown in Fig. 1, has
been applied to a substrate 10 made from plastic and is
surrounded 1in sandwich fashion, predominantly comprises
510, and is approximately 500 nm thick. The
15 antireflection layer system 16 above this transition
layer 12, which 1s illustrated in detail in Fig. 2, is
approximately 214 nm thick and comprises an
approximately 33 nm  thick SiNy layer 16a, an
approximately 22 nm thick SiO; layer 16b, a further,
20 approximately 66 nm thick SiNy layer 1léc and a further,
approximately 94 nm thick 8i0O, layer 16d. Since the
same target material silicon and the sputtering gases
oxygen and nitrogen were used during the production of
the transition layer 12 and the layer system 16, the
25 layers 12, 1l1l6a, 1l6b, 16c, 1leéd have been deposited in
succession in a single operation without the substrate
10 having to be moved. The process used to apply the
antireflection coating is described, for example, in
the above-referenced EP-A-1275751. In addition to the
30 coating of a plastic substrate 10 as shown here, it is
alsc possible for other substrate materials, for
exanple glass, metals or ceramic materials, to be
coated in this manner. Furthermore, a defined
concentration gradient of reaction products 14 can be
35 produced in the transition layer 12 during the coating
operation by varying the precursor concentration, in
order to further optimize the compatibility between
substrate 10 and layer system 16.



15 antireflection [ayer system 16 above this transition |ayer 12,
which is illustrated in detail in Fig. 2, is approximately 214 nm
thick and conprises an approximately 33 nmthick SiNy |ayer 16a, an
approximately 22 nmthick SiOx |ayer 16b, a further, 20 approxinmately
66 nmthick SiNy layer 16¢c and a furthe®,-approxi mately 94 nmthick
SiOx layer 16d. Since the sane target material silicon and the
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provides a purely diagrammatic illustration of a plan view of the

apparatus according to the invention. In the interior of a vacuum
chanber 18 f dthedeinppdainys embhdinent ell s uadsd atses 30, Stthéatgent
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In the vicinity of the target surface 22, a plasma
which contains ions of the sputtering gases is produced
in a sputtering gas, in this embodiment argon and

25 oxygen, intrcduced into the vacuum chamber 18 through a
sputtering gas inlet 26. In an electromagnetic field,
the ions are accelerated toward the target surface 22.
When the ions strike the target surface 22, (81i) atoms
are removed from the target 24. Depending on the

30 conservation of momentum, the atoms which have been
removed move substantially perpendicularly away from
the target surface 22 on to the front surface 20 of the
substrate 10 and thereby produce a directional
dependency in the coating process during sputtering. On

35 their way, they are oxidized by the oxygen, in the
present case to form Si0; and are then deposited on or
above the front surface 20 of the substrate 10.



20 target 24 and operated in pulsed node. In the vicinity of the
target surface 22, a plasma which contains ions of the sputtering
gases is produced in a sputtering gas, in this enbodi nrent argon and
25 oxygen, introduced into the vacuum chanber 18 through a sputtering
gas inlet 26. In an electronmagnetic field, the ions are accel erated
toward the target surface 22. \Wen the Pons strike the target surface

22, (Si t . f th t 24. De dj th 0
22, (S1) ooy LS eTmed oI I LR 24, DopEEL N el 8
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the front surfg@ce;3@ ofzd hgrsuRsikatsndOpangdutier eb¥1BE0GICE R4 an
di recti onal dels)endenc% in the coating process during sputtering. On
OYhES® at

35 their way, oxi di zed by the oxygen, in the present case to
form Si 02 ;and are then deposited on or above the front surface 20 of

the substrateqld. procrsoldl 8HMLRECRCLALIHE BRULLELSNG40a5nBReL 26
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20 corresponding to 0.3 liters/h [s.t.p.], which leads to
a partial pressure of the precursors in the vacuum
chamber 18 of 1.5-102% Pa. At such a low partial
pressure or such a low concentration of precursors, it
is virtually exclusively the front surfaces 20 of the
25 substrates 10, 1lying directly opposite the target
surface 22, which are ccated with incorporation of the
reaction products 14. The low concentration of
precursors also means that if ion bombardment is
absent, for example if the plasma is missing on account
30 of the gas discharge being switched off, the magnetron
not operating and/or a lack of sputtering gases,
adsorption and desorption processes are in equilibrium
throughout the entire wvacuum chamber 18, and there can
be no incorporation or effective deposition in the
35 sense of contamination with precurscrs or the reaction

products 14 thereof.

Only during sputtering and therefore while the
transition layer 12 is ©being built wup 1is this
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20 prevent undesired dep051ts of precursors or reactlon

products 14, in particular including on the rear sides
34 of the substrates 10. Uncontrolled coating of the
rear side would lead to partially unsatisfactory
bonding strengths on the rear sides 34, so that

25 subsequent application of further layers or layer
systems to the defective rear side coating overall
results in coatings of inadequate guality.

The method according to the invention for operating the
30 above-described apparatus initially also requires the
preparation work required for known vacuum coating
processes, 1.e. mainly cleaning of the vacuum chamber
18, conditioning/cleaning of the substrate surfaces,
securing/orienting of substrate 10 and target 24,
35 closing of the wvacuum chamber 18 and its subsequent
evacuation. Then, the coating according to the
invention is effected by applying the transition layer
12 to the front surface 20 of the substrate 10, with
inclusion of the reaction products 14, in order to
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without ion bombardment of the target surface 22. BAs

soon as the transition layer 12 is completed, it is

possible to apply the layer system 16 without the need

15 for complex and expensive transfer of the substrate 10,

A number of load tests have been carried out on
substrates 10 which have been coated with a transition
layer 12 using the process according to the invention

20 and then provided with an antireflection layer system
16. For these tests, a transition layer 12 was in each
case applied to an object A using the following process
parameters:

25 ¢ incoming gas flow rates: 25 sccm of argon,
15 sccm of oxygen, 5 sccm of HMDSO, resulting
in an HMDSO partial pressure of 1.5-107% Ppa;

* pulsed DC sputtering with an electric power of
30 1.5 kW and a pulse frequency of 90 kHz, with
the plasma‘on time during the pulses amounting

to 6 ms;

* Si target 24;
35
¢ time for applying the transition layer 12
300 ms, resulting in a thickness of the
transition layer 12 of 430 nm;



| ayer 12 using the process according to the invention 20 and then
provided with an antireflection |ayer system 16. For these tests, a
transition layer 12 was in each case applied to an object A using the
foll owi ng process paraneters: 25 incom ng gas flow rates: 25 sccm of
argon, 15 sccm of oxygen, 5 sccm of HMDBO- resulting in an HVDSO
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object B were then subjected to a rapid aging test, in

which loading typical of two years of normal use was

simulated by 10 days of rapid aging. For this purpose,

15 in a test c¢hamber, the objects were switched at
4-hourly intervals from

1. a temperature of 55°C and an atmospheric
humidity of 95% to
20
2. a temperature of 50°C without atmospheric
humidity but with irradiation with UVB light of
an intensity of 0.83 W/m%/nm.

25 It was possible to determine removal of materials from
the coatings by a visual inspection by means of a
standardized adhesive tape test (ASTM D 3359: Standard
Test Methods for Measuring Adhesion by Tape Tests), in
which adhesive tapes were stuck over the damaged

30 regions and then pulled off. In these tests, 1t was
concluded that the objects A provided with a transition
layer 12 in accordance with the invention did not have
any additional damage or removal of layer elements. By
contrast, approximately 30% of the coatings of the

35 reference object B had become detached, and the
remaining coating revealed further crack formations.
This demonstrated the function and advantageous action
of the process according te the invention involving the

application of a transition layer 12.
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-14- Patent Clains. 1. A process for applying optical coatings to a,
front surface of a substrate |located in a vacuum chanber by 5 neans
of a sputtering operation which-includes an ion-enhanced atom zati on
of a target, and conprising depositing a transition |ayer on the
front surface, which serves in partiqy%ﬁr to match nmechani ca
properties of the substrate to the nmechanical properties 10 of the
| ayers or |ayer systens to be later applied to it, and including
i ntroduci ng iBatanrt aPRinghase one or nore precursors whose reaction
products, in the state in which they are incorporated in the
Itransitilgn_lfly.er Al bescde feRchppiFi %@E&@é.’/ai@mqfn_gtaheotaaﬂﬁ&ﬂﬂ ptn f
ayer, in vasuym a r g it o
t he transitigﬁrF§§% gfmﬁtﬁE?%ché%ceﬁ%%ggigg %f tgﬁhﬁrg%%ﬁggfggfn t he

) X .ne
vacuum chambaE2Bei Qé BoFBUFREF T SEERS SLThrTEE ™, HAELPAES deBotTti on of
reaction prod@Eascehd/ BFoPrE@Ear8or 8T wi #hobRr i mARANEONRTEPAS eri ng
oper ati on 20 deposifpstanti didapspcich udeger ara ttizt , fdomt ngurfiace,
sputtering op@ishi ORervekeaGhi OrpatQdUCiS aBd/ OmaBRERCURRBRhSnAELL
deposited vi %&eg!gwiﬂfamhgem&}aweté ral medhbAcs P bher-substrate
whi ch |1 6% OBROSLLE e, Lardel, 22 o ac He B 96095288 Shal Ied id
claim1l, erein he,gne or nof pré%ursors used are ser c%ed'ﬁrom
the group conrdis®RAg iBrIPotIFettZaiNELIRY ditBcar BBRSE BRYSHomRe afF
conmpounds, omMPERCBT¢EURHPrE0HPOEM dRach iR IANEER nelB (o M hR ok
and/ or m xt umedchhatteyf . ate Theoppomesd g ctbe nedanaicied nildyer
wherein the QRQePr th®medH=06HL5 Abropeseiles N6t HBR transition layer,
hexamet ysenads Lﬂé%&ﬁ%&beﬁ’%%%x Add e BLESSY thd Bepb&iyacuum
chanber is 3 fs;eFt& t_% a ra{__%?e Jom 1.1 :ﬁé Eﬁ tooode5§§£%o§a.f4t The
process as clofi F8§ FARRPAFHI™L, 1MT&r eMATENES BT RE 2§ bt ¢S y
transparent FFGCBBRPTT sks fheasPreap cmbey, beligg selected in such
a manner that the deposition of reaction products‘and/or
precursors without a simultaneous sputtering operation
20 is substantially precluded, and that, during the
sputtering operation, reaction products and/or
Precursors are deposited.'virtually' exclusively on the
front surface of the substrate which lies opposite the
target.
25
2. The process as claimed in claim 1, wherein the one
or more precursors used are selected from the group
consisting of polymerizable hydrocarbons, organometal
compounds, organosilicon compounds, organofluorine
30 Compounds and/or mixtures thereof.

3. The process as claimed in claim 1, wherein the one

or more precursors used include hexamethylenedisiloxane

(HMDS0) , whose partial pressure in the vacuum chamber is
35 set to a range from 1.102 Pa to 0.5.10°* Pa.

4. The process as claimed in claim 1, wherein the
substrate is optically transparent and comprises plastic
or glass.



5.The process as clained in claim1, wherein a further layer or  a
further layer systemis deposited upon the transition [ayer by neans
of sputtering and/or 5 anot her coating process. G The process as
claimed in claim5, wherein the further layer or |ayer system
conprises an antireflection |layer or antireflection |ayer system 10
7. The process as clainmed in claim 1, %herein Sputtering gases are

i ntroduced into the vacuum chanber for the sputtering operation. 15
B. The process as claimed in claim7, wherein the sputtering gases

compr i se 0xygen ategéo ALEOI cealraréw BLOSES,AS: ¢l Agdibn £l ai m
| | C r ses 111 ¢gOoNn An
abparat us f ort EAPF Ysﬁt °thé fb&gﬂiﬂsg JFYEF A Yo ¢ SR AeEPRi %Oh

evacuabl e vadip®m ('é a ﬁl’%ﬂ%&f Feensr choRtE iRy 189t BPEGET and
at | east dnea$@b53reﬂqahumgapnnyp68|ng but spaced apart arrangenment 25
wi thin the chanber, neans for bonbarding the target with ions, and a

precursor inlgt fegea %&éwgag m%qﬁ&@r%neﬁa%n@ntmém& ofnone or

nore precurs t I d
cl ai mplo V\hguérlthgfﬁe ’Fr at e has é’;'%r on?§ %ﬁ) \ﬁ’l c% %agleésﬂat hlen
target, and \ﬂ’l’&l&aﬂl"'ﬁ‘ﬁe‘o&’l %F?ﬁ?\’éeo%éf’ﬁé’éﬁlte}?élf’?o Y%FVBE%mand t he

target i sletween 50 mm and 150 nm 35 12. The process as clainmed in
claim 3, wherein The perédeds praessuileinedt hin vaclaim chlanbehergiset to
appr oxi mat el yeplitBeddnd f2des w38 introduced into the vacuum chamber

for the sputtering operation.

15 8. The process asg claimed in claim 7, wherein the
sputtering gases comprise oxygen and/or nitrogen.

= The process ag c¢laimed in c¢laim 1, wherein the
material of the target comprises silicon.
20
10. An apparatus for carrying out the process of claim
1, comprising an evacuable vacuum chamber having
provision for mounting a target and at least one
substrate in an opposing but spaced apart arrangement
25 within the chamber, means for bombarding the target with
ions, and a precursor inlet for admitting a
predetermined concentration of one or more precursors
intc the chawber.

30 11. The apparatus as claimed in claim 10, wherein the
substrate has a front surface which faces the target,
and wherein the distance between the front surface and
the target is between 50 mm and 150 mm.

35 12. The process as claimed in claim 3, wherein the
partial pressure in the wvacuum chamber is set to

approximately 1.5.107° Pa.

13. A process £for applying an optical coating to a



front surface of a substrate, conprising the steps of depositing a
transition layer virtually exclusively on the front surface of the
substrate by neans of a sputtering operation which includes the ion
bonmbardnent 5 of a target in a vacuum chanber which al so encl oses the
substrate, then depositing a | ayer or éayer system upon t he
transition layer to forman outer optT coating, wherein the step
of depositing a transition |layer includes the introduction of one or
MOr € precur S@&snt N sartfcd appr aplasetiadeq tda;e.pyagu@gn £ia ndesp s T h
form reacti onepLo Uﬁ& antmf?s fianshblep Layelal %&cisgy@eltlp @

| east substan |aI sur%gg ne%ha calugng/ ry rmal grtjes of
t he outer opt oa i ng Thdse, 61° t Re LubstT a g WY é Jarti al
pressure of tsﬁé‘tb?%’c"tﬁ s?ﬁ?aﬁqlnw‘?’rfé" VRCHUAER hetb etCh ed at

a | evel wher @ifnat herdepobt ta ofacukn phadgrs whschmilahanclpeagt tisn

product s woulstibber#issenitieal Idgppeicingled layvehoot lagrexbaysaednepdn of

the target. %@sel%raﬁsftﬁrpmra%c lf3iriedn i Bu€dAi $pthizaiWiekeiny,t he

step of depo gna erg t8§ gyerda?,gglgmr?upg_n Epgngl RS ti%ll ayer
e

conprises a secon terin erat n_comduct e vacuum
chamber WI t howft Hﬁ??n & HBLE ﬁ§$ olo@ne or more precursors 1h

vapor phase into the vacuum chawber which form reaction
products in the transition layer which serve to at least
substantially wmatch the mechanical and/or thermal
properties of the outer optical coating to those of the
substrate, with the partial pressure of the precurscrs

15 in the vacuum chamber being selected at a level wherein
the deposit of the precursors and their reaction
products would be essentially precluded without ion
bombardment of the target.

20 14. The process as claimed in claim 13, wherein the
step of depositing a layer or layer system upon the
transition layer comprises a second sputtering operation
conducted in the vacuum chamber without wmoving the
substrate.

25



