Process for applying in particular optical coatings The invention rel ates
to a process and an apparatus for applying a coating as clainmed in claim1l
and claim9, 5 respectively. A range of vacuum coating processes are used to
produce optical coatings, for exanple fior antireflection and mrror
coatings, optical filters and other treatnents 10 of substrate surfaces. The

vacuum coat i p¥hdi i T appliyiff il tpd e fouiait! WP ewdD edod ticigEle, i nter

alia: vapor deposition (VD), chem cal vapor deposition (CVD) and sputtering

(physi cal vapor deposition - PVD). 15 During vapor deposition, first of all

a coating natres iialvedrst ot tesll atnels viapos | gedcdys neadsaaf appheates @orel ectron

beam bonbardmenlt .. The_materi.al in thf%v%ggrtiglgacsle i heln. condenses %n a cool er
e i

surface of tHP S8 rat §ORNEH i3S t 51 BE"t3a wer ?n?lof:rlr?lgl 0 | ayer.

However , Sdeposspgectareslat so fornmed on ot her surfaces of the vacuum chamnber
whi ch are accessible to the vapor phase. Unlike in the case of physical
vapor deposition 25 processes, in the CVD process a solid conponent which is
initially iMaragorobhaseuin depbiingecHrofacshessartavecdf toheroddserate as a

result of a ghemcal -beaghiyan. fhe RLeEANA tkgh focihismdsc i angompound
havi ng the desired properties to exist in a vapor phase 30 whi ch under

defined conditfiis, CPBEIBIANDIP I afHbFphed anchcPFioRr pareasrents

deposited aso@ $Qldsd daayer sudfacereci fhe typeueh tdweatGAY PpHECRSS sks
pl asma- enhanced CVD. In this_variant ahgl asma i s _generated above the
substrate sfFECEY 0°BE Jdht Bd.VaSIHE of %6351%4%9%6nt%n§\?fhia 1fhe vapor

whi ch is i ntrashicedepsei bi onghiDi) pt chencdhat cadpyr r dapbsyveishat(€vbn t he

pl asma, so t t ca e, der goi : i C eaction in the
vicinity of e sﬁ%‘ﬁ ajterl sﬁjrqf%%%?g%w?%%gﬁge%éc}%%ggggsnol ia%V[F)ayer bui | di ng up.
- 2 - The termsputtering is used to describe renoval of

15 During vapor deposition, first of all a coating
material is melted and vaporized by means of a heater
or electron beam bombardment. The»material in the vapor
phase then condenses on a cooler surface of the
substrate which is to be coated, 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 vapor 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 wunder defined conditions, for example with a
defined reaction partner, 1is 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 vapor which 1is 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 building up.



mat erial by ion bonbardnent, during which extrenely small particles of a
bonmbarded 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, |ocated di?egtly opposite the target, of a
substrate, resulting in the formation of a solid layer. Sputtering is a 10
predom nant | yphysi cal coati ngprocesswi tha directional characteristic caused
by the ion bonbardnent, in which cpoating s carried out only in regions

whi ch di rect T2 f &&F™ hEPRAFGEL NG n1partiedl &P t ReSFFLRE SRR ot he
subistr?te. hﬁa?’é\@iaabowmnbinonbdm?aaajnagtEr o?@sﬁxe@ aftei dly piesalreyelsed to
apply layers o norgani c materi al s, ich often have ceram c properties.
Fbmever,iruﬁ%ﬁ&icpﬁggéfgeﬁa§€¥tﬂe%gﬁg%ﬁggg(ﬁ51ﬁ§hﬁ%ﬁq%'gafﬁagvgff brittle,
whi ch 20 Streadstédla¢dt hdppateeadinl yard ni ted isfui t abpropyiater exfamsp e, for
appl i cation g, pl ashi GiSWPSLERLES MG N JlILicer opl Jpenanl Cahe aRdiof,d her mal
properties, 1n particular am e astrcity and e pansi on coefficient Whi ch are
different fropembese-ofonflensaoprgari ErbafesurIscthi dogkaps airsicd lin

particul ar for,pLasti enapeclafde | 8PSgs R, el f %M}%eiﬁn@h@eflection
coatings and/or scratchproof 1ayers are exposed to high nechanical and

t hermal st re5eE82BhAN hawf t o asat iS9flychi ghadeFrandsSPWE ERFHRI of itthe &ptica

qual i ty.10Vh] predOmohihergncesniysithe neebabifgl apdoeeskher gaknproperties of
t he substrat&,and functiiona Iay%r lLead to reduced a§QES|on and possibly
even to the ThyeFEIPTaki ngCBAFACLEYErSIFI akiGySEF spebt acFBE| end€L for

exanpl e, mayboeadrdwent si dn behhehi ppaitied viencaeatedg dute Splgpdet acl es.
0ot RGBT Tk, ' A Rkl e (A GRAN JTA: of e
After the the front surface of the substrate.
15
The abovementioned coating processes are typically used
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 vision 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



- 3 - surface has been conditioned in this way, a further optical |ayer or a
| ayer 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 conplex, produce only a | ow
yield of optically perfect hard | acquer "l ayers and have a relatively | ow

resistance tg,apr i%%sangeé‘ﬁatéber{dﬂ%t&%@aﬁﬁd {131 & NG alnor gam G -drayers
appl i ed by nmeans of vacuum coating 10 processes, such as_oxide or nitride
| ayers. FurtPR¥here, layeRhoost agd aresd gt $terh pkdckBen ofPPhiisdt fpe thgt ai | s

i ncreased CoﬁéﬁdOfla@%ﬁ_@ltntla%fexp,osﬁb?' %Mﬁl@%?oah@md@t tRa8 %d:uﬁhﬁf?
conpl ex handl i ng, t echni gues. 15 An alte n%'gl ve sol ution aERr oach, \g?l ch
makes do wi t FRUtIRISBPAFEEERY HSHS O artPTHcquerYFESESr , “PESRNART S r om
EP- A-087@0701atquéhi s @aseing N apklrasienenhaseed GWYrpr oceshnieagdaronet al
nononers in a_vapor 20 gggse arg i nt roduced into t he vac:igm cha r

er. in
addition to TREPT&Act PY §&e&™ >¥y§e FhdY hF ?oagnogﬁdcg Yi KEG Sgrtat ed into
the | ayer ashatdi s laeigugrbui layeps Therdr gasoeet & noadbaktively low

hexanet hyl engdj $i e.(H is u gani call dified
25 oxi de, oxgg%?#%é(@% t%i l\%%%sﬁéa%/egsgP&% g&%gg%gp??ﬂc?%tl on glr)egcs?%?or this
process i ncl uderganhe coatvanss, appaded apy means edat vagsumndoeddinings f or

decor at ijve 5H£$é‘é§§_e§nd extehi or 5¢l addizageapplircat iQrs. 430 Aidigadvant age
whi ch has energed with pl asma- enhanced CVD processes is that not only the

desired surfBEEEhSFMAr8yhst r O 1HHEIE sBTEEHEE180r fRERSSRFH tHe addum

chamber, in papéi cHw@iliNcludiragseaarcssdes f tbBeosHbstéAt @pssalAecoat ed or
contam nated in_an 35 uncontrolled way. This occurs at. | eas be(‘lause t he

process condPBFbASE ar EXEIRYMAF ;9 su%"ﬁlda VB9 TE hat SR $eac AL react s

chem cal |y atetheiguefaces. Accordingly, tinme-consum ng and expensive

cl eaning work has to be carried out on the vacuum chanber during the - 4 -
producti'on process. Since uncontrolled coating of the rear side affects the
opti cal qualhAny efltempasadepr aducttic@VD JppreEsses ofhidhs mpkescause

probl ens wth: raduct.i pt i .ele . pr d ribed in
EP- A- 0870070%%%3&?5%3?‘?3?%l?oc%?%éfg#o@més&?fc §§§§ e oated. by
gener ati ng akRPYh- deitsh t FPpRaSfd024dAe i Fedhasel §239r f Aonta offl@@asurface to

be coated, agghbMctar @&ehrocess, organometal monomers in a vapor
20 phase are introduced 1into the wvacuum chamber in
addition to the reactive gases oxygen and nitrogen and

are incorporated into the layer as it is being built

up. The organometal monomer hexamethylenedisiloxane

(HMDSO) 1is wused to produce an organically modified

25 oxide, oxynitride 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.

300 A disadvantage which has emerged with plasma-enhanced
CVD processes i1s that not only the desired surfaces of
a substrate but also other surfaces in the wvacuum
chamber, in particular including rear sides of the
substrates, are coated or contaminated in an
35 uncontrolled 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
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of reactive gases and nononers on to the surface to be coated.
However, this process is technically conplex and does not sufficiently
prevent contam nation of the vacuum chanber and uncontrolled coating of the
rear side of the substrates. 15 The objgct of the present invention
provi de a process and an apparatus for producing coatings which allow a
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generating a high-density plasma zone immediately in
front of the surface to be coated, and by targeted
passage of reactive gases and monomers on to the
surface to be coated. However, this process 1is
technically complex and does not sufficiently prevent
contamination of the wvacuum chamber and uncontrolled

coating of the rear side of the substrates.

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

contamination of a vacuum chamber.

This object is achieved by a process and an apparatus
for applying a coating as claimed in claim 1 and
claim 9, respectively. Particularly preferred

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
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
and the layers above it in terms of their elasticity,
hardness and thermal properties. Sputtering forms the
basic process for the application of the transition
layer. Sputtering offers the advantage of quickly

building up the layer in combination with an excellent

ve the



conpatibility between the materials of the substrate 35 and the | ayers above
it internms of their elasticity, hardness and thermal properties. Sputtering
forms the basic process for the application of the transition |ayer.
Sputtering offers the advantage of quickly building up the layer in

conbi nation with an expellent - 5 - di e(_:tional_characterifstic, with the
resul t that sontangali oncpl Lheyacyym chanler i gpsubsianijal | ypprevented.
During the sputtering operation use 0’ bui up the transition [ayer,

precursors vwereutindteli & r edct tom prastwst schiembehe st asebshanhileh lvhey are
I ncor por at edhidy,d e d F ansidiR ayer s @iy ithe %%%Q%’%‘i%%' Ris@Rer tbes of the
transition llayer are introduced Into the vacuum chanber. The concentration
of the precth%btd, Wphitdl® are2iHl Bl eRpdrYBKas ®raGasRE s1ovhaken ERSnber is

set in sgch ged@iied thrajdddies ,depesi then stateacin owmraduathsy@andier
precursors w thout a sipultaneoys sp tteri.Qg oper.ation, If as gﬁrt of the
CVD process, T RBA i aff'y &ll'hﬁ/en EANSI CEBBs M6YSTake plEE. Fs means

that, with regatahicall5 pheperacss onoprodhet standspteonr saagerw tireut a
sputtering OPﬁ%éL%‘eé a&h@g &Lh%cevggﬁ%mdh%?nb%r‘rd ASOr RLLALRLE L R

equi librium ereas durin e sputtering operation the desorption is
i npeded and/®f tdsoppticomsprenvtwdd an ahe trgeonvapel cphdse, opposhee 20 t he

target, 1jpn dueh! &ty ddis Surfaces shigh angf 0 bepeoaalsd. thatt higevay,
reaction products, and/ or Erecursor,s are deposited in a targeted way and at
Ieas_t Vi rtuﬂ@@p%k@r%i vefy Tfaché ofegiRPIyS iRy O@%@é@ife ’Pﬁ@c_tlélsﬁéﬁ, in
parti C!J| ar. ot g ieuf r %ntsﬁHﬁi@e_QﬁéoQ& té}ﬁ;t&%rﬁqﬁt bﬁégﬁtibher & e, Mdgh | ess
cont am nati on of tge gurroundl ng surfaces in the vacuum chanber and the rear
side of the Ripstpht &he CVD process, 1s substantially prevented or
does not take place. This means that, with regard to
15 the reaction products and precursors, without a
sputtering operation taking place adsorption and
desorption are in equilibrium, whereas during the
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 1is 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 Si oxide/Si
nitride layer system for antireflection coating on
spectacle lenses or watch faces in a single operation

35 using the same target, for example an Si target. A
process of this type for applying protective and
antireflection layers 1s described, for example, in
EP-A-1275751.



| f appropriate, further coatings can be 30 sputtering in the vacuum chanber
W t hout the substrate. By way of exanple, it is apply the transition |ayer
and then an nitride | ayer systemfor antireflection applied by transferring
possible to Si oxide/Si coating on spegtacle |enses or watch faces in a
single operation 35 using the sane target, for exanple an Si target. A

process of Uils '¥pealor,appLYbDOpAg! eebi venand agehtebhockhan kayers is

descri bed, for exanple, in EP-A-1 6 - The apparatus according to
the inventi GFQFRFT heCHPBHEERS A6c oI rﬂgﬂf@w@.m@m oFe t REPERBRe pr oduce a

hi gh- qual i t yht@atdngn ity l@,@ratﬂl@l@l ar i @V eiarftorcopid cabeﬁomp@@e@bucu&l ng a
ti me-saving and cost savi BJ% roductj on process prigor art, this

e
is not a pur@tTPEHENTTal s, putt Jr%?ﬁ%"f‘vhn%omﬁr}#au&‘? gf'sﬁ‘ﬁﬁrggcal
sputtering witddacptanopncess sli rtemib@athehpraotealrstl Chasdlshaochem cally

reactive |ncor]po¥€rre%mqf Ogaé:m s%‘; Ogltll(%t Sré@hé he trggnzkil)ﬂgt%

Particul arl yppre S he process accor ding &l?he nvent I on
and of the appgsbtalks sputtering with a pronounced directional

characteristic and the chemically reactive
incorporation of reaction products in the transition

10 1layer.

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 1layer 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 it;

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 wusing 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



according to the invention are described belowwith 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

| ayer in 20which reaction products are i;ncorporated; Fig. 2 shows a detail

il lustration of the substrate shown in Izig. 1 with a transition |ayer and an

anti ref | oot i gRobayet.syalem apphedoabaue by 20 F0rod ShovB .l an view

of an apparat us® accor e tnvention wt ] rates.and a target
in a vacuum éhanBlis 3@ smngs thatovshe substrate 10 Jist Hhechast¢algl¥wshi ch has

been producedoMphfdplibe PieReSEhACCPEGERT sPstdie | IWENtAON QHclad@ans of
the apparatus_according to the invention., Atransition layer 12 (al so

referred to 8i28t351RhYr d2PdyetPeIRAORRI cHMPERYECon Mt Giicts F f driied from
precursors ateahpgefpar atletdierhasibeenfredtced the ecykyealioueg t heesubstrate
10. The reactiop, produgts, 14 are used to mmteh, the meghan! cal, and ther ml
properties o
detached. Therefore, the transition layer performs a
bridging function between the substrate 10 and 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 in sandwich fashion, predominantly comprises
Si0; and is approximately 500 nm thick. The
15 antireflection layer system 16 above this transition
layer 12, which is illustrated in detail in Fig. 2, 1is
approximately 214 nm thick and comprises an
approximately 33 nm thick SiNy layer 16a, an
approximately 22 nm thick SiOx layer 16b, a further,
20 approximately 66 nm thick SiN, layer 1lé6c and a further,
approximately 94 nm thick SiOy 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, 16a, 16b, 16c, 16d 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
also possible for other substrate materials, for
example 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.



t he substrate 10 to the nechanical and thermal - 7 - properties of an
antireflection |ayer system 16 above it. This ensures that the substrate 10
is nmechanically conpatible with the | ayer system 16. An increased elasticity
and therefore inproved matching of the § transition |layer 12 prevents the
generally very brittle, inorganic |ayer system 16 from becom ng det ached.

Ther ef , the_ t P ] : Ldgi Lor th
substrate 10 0 1 natrables oY obuPet b otalhe ek e AT BT T
shown in Figelan waswbedén tayspldrmbnarus subee¥dirg 10ontbe fingerpliastic and is

surrounded i sgRdw gPefashi g8, aPLeEATNaRLseEORr irsehed 8% a2d 1isS _
approxi mately 500 nmthick. The 15 antireflection |ayer system 16 above this

transition | € 12rewion FHPTTFRERT atBd ThReddiZant | SuEFgced, 2Psof
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appr oxi mat el 8669ﬁﬁ]t 'cﬁe%ftiwvllﬁ thigc P2tE L SFlur RS 1 eppfotiah@edi y 94 nm
thick Si Ox | sayefadéd.22Si ofe a heasgeae todr.geThantdrstaincs | betweand thiee
sputtering g 0X d,nitro we d I t tigon of the
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transition layer e layer system yer 6a, 16D,
16c, 16d havehéeenbdeposet edsi rpehiwsses s nandsilpl mmep@ratfiegabidivt hout t he

substratie 10,having & yeflo The process used to apply the
antireflection coating IIR{S% %&gscr%%e@? for exanple, in the above-referenced

EP- A-1275751. In addition to the 30 coating of a plastic substrate 10 as

shown here, Thel éx&hﬁ@ai@?Séﬁ\Ebaﬂn@htOﬁm%sw@ﬁbaah@eg&bﬁr isal %arfg‘ért .exanpl e
gl ass, netal s_or ceram ¢ nateri coated in th}]s manner .

s, to h .
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to bombard the target 24 with ions. This can take place
in a way which is known for conventional sputtering
processes, for example by means of a DC voltage gas
discharge or by means of a magnetron positioned at the

20 target 24 and operated in pulsed mode.

In the vicinity of the target surface 22, a plasma
which contains ions of the sputtering gases is produced
in a sputtering gas, 1in this embodiment argon and
25 oxygen, introduced 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, (Si) 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 SiO, and are then deposited on or

above the front surface 20 of the substrate 10.



Fig. 3 provides a purely diagrammatic illustration of a plan view of the
apparatus according to the invention. In the interior of a vacuum chanber 18
formed by walls, there are two substrates 10, the front surfaces 20 of 5
which, directed into the interior of the vacuum chanber 18, lie at |east
virtually parallel opposite a target surface 22 of a target 24. The distance
between the front surfaces 20 and the target surface, depending on the

substrate, ispbeiyean &0 W apde 12QumHe RS eqabl vidl-betueens 20 vaB and 120
mm The exenpl ary enbodi ment illustrated uses an Si target. O cqurse, it is

al so p055|bIénFBOGEEtbPHemeﬁﬁﬁl%ﬁ% ?ﬁﬁ%%QaQ%SSU|PEMW§qWHm:ﬁﬂﬁWQﬁqng. On
the target 1bgswIisacehaksdest aneapparehds pricairdor noh16bovEs i andsethto
bonmbard t he taé?eé %@ with ions. This can take place in a way which is known
for conventi 9H puttering processes, for exanple by neans of a DC voltage
gas discharge or by means of a magnetron positioned at the 20 target 24 and

operated in pybsed Jmdac i She ey ofy thedALaet 13ur (aqer22, & Pl asma

whi ch contains i ns of the sputtering gases i's produced [n a sputtering gas,
in this enbodhmentvadogorPhaat 253wk yERA, tPnthedyesdumnich aiipe rv ddu i & hanber

18 through atﬁeu?r%%b&goga%ﬂﬂéﬁﬂz§6 B&nlﬁﬂeﬁhéﬁibﬁnﬁg%ﬁ“ﬂhé'éﬂﬂheﬁhe ions
are accelerated toward the target surface 22. Wien the ions strike the

target surfac8r22 Wigh aidns CANESERedtPr o t HE2E A Bet PYAP/ Degeifli ng on
the 30 conseeyateanratisBmest Uhet herateisowbi dhdayiehbeen d ssmvetedove

substanti al |y pespendesularly avey [1om e, targel surface 22 g1 ig the
dependency i appheataat i (1ptprsicess) dulnnglspuptreseny. e@bo&ﬁm@h&ur'Mﬁy they
ool P ete NS SN 43, NS AR AR LRI SiBtsgTe e ther
an alternative, it 1is also possible to wuse other
15 substances or substance mixtures which are in a vapor
phase, preferably organometal substances. In this
embodiment, with a wvacuum chamber 18 of a size of
10 dm3, the flow rate of the precursor HMDSO is set to
approximately 5 sccm (standard cubic centimeters/min)
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 1.5-107 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 coated with incorporation of the
reaction products 14. The low concentration of
precursors also means that 1f ion bombardment 1is
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 precursors or the reaction

products 14 thereof.

Only during sputtering and therefore while the

transition layer 12 1is being built wup 1is this



- 9 - In addition to the sputtering gas inlet 26 for the introduction of the
sputtering gas, the vacuum chanber 18 al so has at | east one precursor inlet
28 and an outlet 30. 5 The precursors of the reaction products 14, which are
in a vapor phase, are fed to the vacuu hanber 18 via the precursor inlet
28. By interaction with the outlet 30, ich is connected to a vacuum punp,

the 10 concegiiatigngh Lhe fRLecUlsonsaand Jhaivaa3pockal fdipatyi aly pressure

are set by neans of a control apparatus (not e present

enbodi ment, Ehe BRE&ARseYingePRRPHG arfEihyt @RERlF 57 oxdRe PEBHVESOLATAS an

a! ternati \\I/ﬁ_, ojﬁt drs _@ﬂlsqr@&si @fﬁ e U§§o?)§ h%gllrlf@c@gbsgapcqlsl osusHbst anceI

m xt ures ich are a vapor ase,. prefer y organonetal substances. In
this enmbodi NBAL S %Haﬁ F&Euﬂﬁpwm& 1%feoah% §??ggbpn1@rﬂﬁ§f: the ™ | ow rate
of the priecussoursiMasO a s restulto @ppiopetrtielde so oo sbangatothotishi ¢

centi neter S/%Qgré‘gi%ﬁr rveJ_nggndclhneg rteo 5 3 Hléter%g %Séatc'tgblf’s p\oq_,hlc%h | eads to a

partial pressure e precursors i e vacuum chanber .C§.Slo-2 Pa.
At such a | oM parteal ipcespwreted suich athew toasehtiani odagkrprddursors, it

is virtuall YF%%Q?M%}’ thg frggﬁfiﬁg&gaﬁ%?%@w%fent h%d%%r?‘&li%tnr atgyy 10,

lying directly opposite the target surface whi ch are coated wt
i ncor por at i oAC8PIPRECR eaPEPERSFESdUCICRINUEFhe 1 Qw BRBA¥@AL r aPPon adfl

precursors akgpraeasswhbah bb hek hogbapderitel $habsayetl 0 @rame if the
plasma is m ssing on account 30 of the gas di scharge beln% switched off, the
magnet r on noFaBQ%FaFFHSaﬁﬁdﬁgr anfagk & e§6u§Péﬁ?ﬁ§Sg§§§§, &&s&pt9ton and
desorpti on peatessesuaeg d8pegutiohrbuntéhtopghouiothe entire vacuum chanber
18, and there can be no incorporation or effective deposition in the 35
sense of contami nation with precursors or the reaction products 14 thereof.

- 10 - equil Bbsedmahi fithed alti degasitonailr t dabkyderclkusofeltyhe n ddae imegi on
lying o Si r ; I jcul a n i r .t he front

sur f aceglpago, b?%%%%ﬁgagﬁ%ﬁné} %ﬁé?gél%%gﬁ’ep%gfgt ip.(;]{lOéo%g% hg%gg{%%%gn tﬁ)r oduct s
14 5 occurs &bea dayehtioh i myedcthelesappaiadtusdr proabdedgabsgeor ptihen, with

the result thabehbeohieatld 0f RIoANSlield 8ifobBgonRRr ARl ddt diiadiiansi ti on

| ayer 12. Furthernore, an equi’librium between adsorption and desorption
processes coAfi MRAN t 6TPRevdls b6ATEPE P& RINCES WAETHotABt fh@topposite

the target 24uefratBe L8 g&hivH fageardZagahtb B} hARSe suriaeespliker® is no or
only reQﬁ§6dpggegﬁ£tiéghégifég“ gb%%ﬁ%%”'of precursors or reaction
products 14, in particular including on the rear sides
34 of the substrates 10. Uncontrolled coating of the
rear side would lead to partially wunsatisfactory
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 quality.

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 wvacuum chamber
18, conditioning/cleaning of the substrate surfaces,
securing/orienting of substrate 10 and target 24,
35 closing of the vacuum 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



Based on the directional dependency of the coating 15 processes during
sputtering, the process according to the invention or the apparatus
according to the invention has a pronounced directional characteristic as
seen fromthe target surface 22 toward e front surfaces 20, which

advant ageously nakes it possible to 20 prevent undesired deposits of
precursors o c n 1 rtdcukary,in n h ear

si des 34 of ﬁlﬁgggu%gtgr g‘%es%TlgtC%L]J Acbrndtér.bollpﬁalédé c%%t Ftﬁ% g%%%eg’lﬁ%e&n 2 e woul d
| ead to partVBEED Gﬁséﬂﬁ§ﬁﬁﬂﬁﬂ§#ﬂxﬁﬁﬁ¥@ﬁ%t?@n@bﬁsH@ﬁh@@écﬁéaﬁnﬁ(R% 34, so

that 25 subsegdenhlappbissdione Pt burt herel ayRibstAateayetgsystmimidgp the
defective rear side coatlng overall results in_coatings of |nadequate
n MH§

qual ity. TheSRBth8d1BEcoFa §r?859ﬁéopn@€ﬁﬁlo&zﬁoﬂuﬁﬁbﬁﬁﬁ|ﬁf
above-desri bed eppanadades iion t p@bbmc@tssom equig eaebbg méapaaat I Iaasror K
required for ggalxacuuntcoatl proc§§ses of t he

i maj nl
vacuuntchanbgﬁr EnFG BTN S i 0#%%ﬂ§sﬁ%§ Pate urg%
securi ng/ ori ehiieng pofocadsst rsitt@,lo ahd t gragetiddd, Bbessose ngodf tthee vacuum

chanber 18 a sequ e ngthe c ceay g to the
i nvention |ng?Fé§ é : ﬁﬂlﬁﬂfy %ggtﬁ@ ?ggﬁgg i o ﬁéyeg Zgﬁo%t Iﬂ#%nt
surface 20 ofrene lsudstrBeaeto0,1widh Pacl usiefiersolyhete edebi-dh” ermucts 14,

in order;do spatigd h&eﬁsst‘téﬂbﬁalofp@@sétt@l% gfrohta%tl ayef ayat &nelbe which is
subsequently applied to the nmechanical and/or thermal properties of the

substrate 1OPr9€|I=1ifﬁ@r§pdtltfétllfhgth?hev%?léﬁ%| £harPrayerd 125 BRI HET nel usi on

5 of the rea@ttﬁauerqdmtﬁortﬂaruﬁeﬂep%%teldeattalx@@&t é/m:ffa@élxzzexmlslswely
on the front surface % EUrl thls rocess ,ste t he pay ressure of
The pr ecur SoPESNn She tOBCMATELIET 187FE b ER' £TRHRL Shonis 163 Pa (o
1.10-1 Pa, ppeéetambytbOabgiyUXHbF%ayéﬁ spstémtldeposhbumntmb et | on
products_l he| ?recgrsors mLthl the vacu%nkghanb F%s revent ed

XPEensiv ransfe e _su str L
Wi t hout T on orrbar tﬁepFar ge sur ace 22 sSo0on as fansition

| ayer 12 is conpleted it is possible to apply the |ayer systen116 wi t hout
the need 15 § ex,and ensj trg er t n A nunber
gﬁgk of 18§§ BEYEs é p&dn h@a\/\iﬁ’i’i& have been

of | oad tests hav een carried out on su strates 10 coat ed
wi th a transpupsfirpager 102 wWisidly hawee ppeeessoatedr #ilhg 2o trans At i on

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? Pa;

¢ 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;



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 inconmng gas flow rates: 25 sccm of
argon, 15 sccm of oxygen, 5 sccm of ,_resulting in an HVDSO parti al
pressure of 1.5.10-2 Pa; pulsed DC sputtering with an electric power of 30

1.5 kWand a pul se faeguensy ObeOPekiiz, tmdt st her plasima on tide dwd ng the

pul ses anounti ng to ; r 24; 35 tinme for applying the
transition |ayer %@%Sﬁﬁat?eiglggﬁden a thickness of the transition |ayer

12 of 430 nm - 12 - distance between the Si target 24 and the substrate

10 105 mm tlc @anti efl ti n_lay. ste e deposi ted
on t he obj ecJtE i“angL a re%erencgté F glon Jﬁg% FeNt |e(I:naSI V\gébgterraete 10 but

wi t hout thhe deppsitédn drayehe 12>bj'létm cbatamﬂgsav\mee?etmedan’agedtl ®,a defined
vay by meansypfna shandarghigol) sughpbbatctoun trips of;yedge- shaped

grooves running parall one anot at a distance nm wer e
scratched i nEbaRpéteent LAYST Mie dBj%ectoat BES t Werassbenarémagererience

obj ect B werg tden naddj e ety Qné\arﬁs?lp'o(i api Beah@skd 1tbdhi shchoadiatg typi cal
of two years_of normal use was sinulated by 10 days of rapid agl n%l For this

purpose, 15 fAUR FEEH’Ehaﬁblé’fadgteﬁéhéﬁje@cﬂéfo\%reé SHOAREd PR a4-frdu

intervali® frene another at a distance of 1 mm were scratched into
the coatings. The object A and the associated reference

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 chamber, 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 wvisual 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, it 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 to the invention involving the

application of a transition layer 12.



1. .a tenperature of 55C and an atnospheric humdity of 95%to 20 2. a
tenperature of 50C wi thout atnospheric humdity but with irradiation with
UVB light of an intensity of 0.83 Wn2/nm 25 It was possible to determ ne
renoval of materials fromthe coatings by a visual inspection by neans of a
standardi zed adhesive tape test (ASTM 5 3359: Standard Test Methods for
Measuri ng Adhesi on by Tape Tests), in which adhesive tapes were stuck over

t he danaged 30 regions and then pulled off. In these tests, it was concl uded
that the objlect¥PICHt o¥FeRdON thcalPFahBPt PERSPR)eRPRP2TRRUSCEBFd&REe Wit h
the inventi gredehtoprivaeesanysaddid | eralt idgmage Bpdeimyiads ofl enayer

el enments. By coptrast ap goxinatgly 30@60ﬁ tEe coatiﬂ s of .the 35 reference
obj ect B had B Ume" det Ac ed>° ahd ?hgr?@nﬁ'ﬁf écc85t? gsfévggwgaefurther
crack fobmatnaishefThtke dpronsteated ttie famed taomanis adeahtrageeds tact i on of
t he process ordi i av iongn vinhg e } L f- a
transition fgﬁgrc%?an%qug? A?%%%#%a?férégé%#gugéﬁf&ggﬁkggﬁé%ggn%fapparatus
and the preseqpienptbebssapparhéuceatitly dRthpectel eslendss adedodnwat ch
faces made foompl asidqor 9&%§Seﬁ$ﬁﬁﬁﬁrpé%ﬁgqﬂﬂﬁrHé%ﬁd&ﬂﬁﬁﬁsaWH the
apparatus is restricted to the conventional fields of optics and _nmanufacture
of scientifi¥epParsecRiobeeY r af PEr e¥aRPaPsdNhECHEEELLANOIRER FiPdRds, for
exanpl e 1packagi ng. t echnol ogy and energy technol ogy, for exanple in
connection with solar 10cells. - 14 -



Patent Clains 1. A process for applying in particular optical coatings to a
front surface (20) of a substrate (10) 5 |ocated in a vacuum chanber (18) by
nmeans of ion-enhanced atom zation of a target (24) (sputtering), wherein to
produce a transition |layer (12) on the ont side, which serves in
particular to match mechanical properties of the substrate (10) to

nmechani cal 19a9§§eeéih§ﬁs°f | ayers or layer systems (16) to be applied to
it, precursors ose reaction products (14), in the state in which they are
incorporated in the transition layer (12), alter the nmechanical properties

of the transitional apebced3). rake b@br?q%@edﬂdﬂ(bgﬂggéujéguningggmmer (18)

bef ore and/ or durlng the application the transition | ayer 2%, wth the
concent rat i ofi°8F1PH 6¥bcﬁr§6P§ W IR SE e (#H) a Qfapdr SpRgs&at e vacuum
chanber (518) 1behbgdsetin N suckazum@nnechirtisér t he 1dgposp i omeahsr eactt i on

products (14 20 and/ or ecursors mnt out .a _si nul eo utterlng
operation is ﬁbgpgﬁPFgﬁ 8@&58ﬁ988 nd Fﬁﬁ@eqy &ﬁﬂ éﬁﬂpﬂé reaction
products (14Whandiortprpmud&oesaamea@epmsbmedaMEﬁ(ﬁ&ﬁ)\ﬂﬂtﬂhﬂlgrqmmlu5|vely

n 2 region owhleh i ss oBagsbLe Leokatdati (24, PRELRRAIC R Aol he front

surfaces (20 t he substrate rocess as clained’inclaiml,
wherein the pr@§§r§é?§usédéreﬁhﬁyn9$uh%bI@h9drddéhbon§o mechanical

or ganometl cgr&eggegiegr9@@081£y&9900890ur er 305 PEOANOT | ppgy ne: cormpounds
and/ or m xtures_thereof, preferably hexanethyl enedi sil oxane (HVDSO . 3. The
process as cPBP%éGd Oc L& mPEeSUIEOnFhaheISe e Gricdursdusdey (14) /

hexanet hyl engdi st hoxare teHVESOwh i3h Waese pard | andyr@osdited nifhenacuum
chanber (18) 13,38ki58 302195 {20M 1057 BR! ekl 2 o sl v
1.5.10-2 Pa.
of the transition layer (12), are introduced into the
15 vacuum chamber (18) before and/or during the
application of the transition 1layer (12), with the
concentration of the precursors, which are in a vapor
phase, in the wvacuum chamber (18) being set in such a
manner that the deposition of reaction products (14)
20 and/or precursors without a simultaneous sputtering
operation is substantially prevented, and that, during
sputtering, reaction products (14) and/or precursors
are deposited at least virtually exclusively in a
region, which lies opposite the target (24), preferably
25 at the front surfaces (20) of the substrate (10).

2. The process as claimed in claim 1, wherein the
precursors used are polymerizable hydrocarbons,
organometal compounds, organosilicon compounds,
30 organofluorine compounds and/or mixtures thereof,

preferably hexamethylenedisiloxane (HMDSO).

3. The process as claimed in claim 1 or 2, wherein
the precursor used is hexamethylenedisiloxane (HMDSO),

35 whose partial pressure in the wvacuum chamber (18) is
set to a range from 1-107° Pa to 1-107' Pa, preferably
1.5-107 Pa.



- 15 - 4. The process as clainmed in one of clains 1 to 3, wherein the
transition layer (12), in particular to produce an optical elenent, is
applied to an optically transparent substrate (10) nade of plastics or
glass. 5 5. The process as clained in e of claine 1 to 4, wherein a
further layer or a further layer system (16), preferably an antireflection

llayer or antpreflegti onol-auer systemginks applbd Le theifansi thony | ayer
(12) 10 by nmeans of sputtering and/ or_ another coating process. 6. The
process as cVAPRRi Fivhe LoRNELALRE 112%S5, Wierei AlspRALelFMRHades are

i ntroduced ipir@dmdg@_ MaC:eb@!Eli@%Qm\ﬁlren(éﬁ:), Lpg spe1 seat ter iaﬂg-op]ta_c&';ﬂ-ly-rhe
prOCGSS as cCj| al ne N Clam er t S tterin ases se ar e Oxygen
P m et oo ent PalEEa b gn LB P B R e o RE P PP P g TR SS - 10 o748

wherein tthe material of the target (24) is silicon. 9. An apparatus for

carrying out:the c far. appl yhn inp icyl ar, optical .coating as
clainmed in o%é of?%gaﬁﬁécfgfoé%? é%?%ﬁg?néﬁhdgééa%&eﬁagﬁﬁ%igﬁzggvgkuum
chanber (18)whetraim prévutber ilayetr ©28p, fwirahetr dlays rpreaudtesr nilrfad

concent r at i 0, o PRESYT SO S ik sSRLeIRLTEANS 19062 CON' [0l ARAARLUS, 10. The

apparatus as’_ clai ned aim9, wherein th di stance between the front
surface (20)lanart k¥stargetisuprPatecd22y ithaetfvenl soormlangr15@ 0m
preferablyy 189 M®ns of sputtering and/or another coating process.

6. The process as claimed in one of claims 1 to 5,
wherein sputtering gases are introduced into the vacuum
chamber (18) for the sputtering.

15
7. The process as claimed in claim 6, wherein the

sputtering gases used are oxygen and nitrogen.

8. The process as claimed in one of claims 1 to 7,

20 wherein the material of the target (24) is silicon.

9. An apparatus for carrying out the process for
applying an in particular optical coating as claimed in
one of <claims 1 to 8, which includes an evacuable
25 wvacuum chamber (18) with a precursor inlet (28), via
which a predetermined concentration of precursors is

set by means of a control apparatus.

10. The apparatus as claimed in claim 9, wherein the

30 distance between the front surface (20) and the target
surface (22) is between 50 mm and 150 mm, preferably
105 mm.



