:e3eltz1g$. 6&TzMI+Y. . Schott G as Optical substrate anmwmmmlwwwummeS
"Produci ng optical substrates Description apparatus for

relates in general terns to the field of 10 optical substratessand
apparatus and net hods for producing them and specifically to an opti cal
substrate in accordance with the preanble of claim1l1, a nethod for
produci ng opschattsGbasrates in accordance with the pB&anbpbeouBPcl ai m 17
and a device for applying 15 optical layers to a substrate for carryi ng out
the nethod. As optical signal-processing and transm ssion technol ogi es
start to be used at many |evels, such as 20 for exanple for transm ssion of

high data rapgg; 811 NSUCHEEA O8Nt @ndOr héth&a! | ey agppakhtas | nedpcal
net wor ks and nedi um range networks, there is an evergrow ng demand for
optical devi BESAREingnPPELRALNGURAGTESREr ol |ing t he propagation of the

|l ight which carries 25 the information. An inportant basic conponent of
optical signal processing and transm ssion technology is the optical
substrate, mﬁEEEEégﬁégglly conpri ses a support which 30 has been machi ned
with a high surface quality, is itself also known as a substrate and has
the m ni mum passiple, ABA" AR e, Usetk fof ELARSTLSSLOR I dIRE of

wavel engt h range lsed. nerally, one or nore optical |ayers i ch,
dependi A onoPhécpar t iselpsdragesl | cand onaPR&ratnge AROM Fiafhlasly ediR¥ i on of

reflection whthaliHghga fayed ayensid hropgbi pass oy band fibher oyiidapystens
whi ch conpri se nore ?han a hundred | ayers, are applied to a substrate of

this type. ToURTbFatPodBe8CCPRESBCRaYEtE ShEUPHSHMELENCH Il d Thelst Possi bl e
absorption me8@hdda for? pusbeeing gptiwsflacsustatatesatiheradgo odiess W th

E’{]?cg: nlaggnegggésgbtg Ip%eéﬁglleeo newR iR Plxzaré%'deat%v@%%“sfoépauﬁﬁfﬂr?& Proc
15 optical ,layers to a substrate for carrying out the

method.

As optical signal-processing and transmission

technologies start to be used at many levels, such as
20 for example for transmission of high data rates on

intercontinental or trunk lines, as well as in local

networks and medium-range networks, there is an ever-

growing demand for optical devices for influencing and

controlling the propagation of the light which carries
25 the information.

An important Dbasic component of optical signal-
processing and transmission technology is the optical
substrate, which generally comprises a support which
300 has been machined with a high surface quality, is
itself also known as a substrate and has the minimum
possible absorption when used for transmission in the
wavelength range used. Generally, one or more optical
layers which, depending on the particular application,
35 range from simple reduction of reflection with just a
few layers through narrow-band filters with systems
which comprise more than a hundred layers, are applied
to a substrate of this type. To avoid losses, these

layers should present the lowest possible absorption

N

*G00002*
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are r cnsists aﬁyapggggr)gioc g tie ARS net hod. “&Feesul 4~ the CEtads | a
10 use substrat g vw bl 8°)zebasigy al be abl'€eptalyezn it the*atsund dhese
substrate |ayer thi ckifegs eo g-ngcess‘?;\ yS SeHuent s have 8t snr gotsgag rear
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applied. This not only endangers the |ayer system applied but also creates
~further sources of interference, such as for exanple undesired wedge angl es
bet ween the substrate surfaces. 5 Although the subsequently published PCT
application PCT/EP 00/06518 gives an +ngi€ation of the use of a

-pl asma-i nduced CVD nethod to build up interferenceoptical |ayer systens, no
details are ggiplereds tThidhe bk nairdry alesdanigelrscatthige de@¢rangyasefio t he
mechani cal and ;hygroscopic p rti ichr Con ly igtg 1S an
obj ect of tt‘?é’pplrje%%nt C?@%ent%gggto gge%\g{e% to?%?l(z)gﬁge o%??ggl%subs?trat es
within a 15 ishortferdnam, t$echntenti 6arbepHgmphat vRESE1IZBHst W&EEE shoul d
preferably Vi i gl t | Qyyes ses. Furthernore, it is
desirabl e f%ﬁjqeltes% gsubée‘b%%gs%%? eto tp%j{:éezés:&aﬁs%ﬁt rate havi ng substantially
the finab di mensions throughout the entire sequence of 20 the nethod, in
order to rulg Qilughbsamientusimamtlsy t hadldytiedsy $I09M apg ladditticonal

sour ces of interferenc?) ri ght fromthe ou sett. Fur%@er{WéeUSiet ij desirabl e
for it to bPPbssl bP8/P8508e FhYeFi 8Fs WIH A HyhCtefFactive i Rdex, such
as for exanpbeashabindunesnd tduwd 2heashodci abedoWbld5 whi dhrtiead eyesyee-

i ntroduced into. th ical , 110 . I Si: Mt hydespgn

opti cal Iaye?%t]a% tgggre%mic’ & %éﬁ{as’efdbec{ilgggeh%gsggg 'ﬁ%ﬁ%l?%r?%gmﬁi on of
the optildal matbstiateswhichTheambbectusies! 8¢ e?ed T BRSuMSSREHAR! si npl e

way by an opf Hhstsgie haypasibs featnresseitclaiml, a production
met hod havi n%h§ﬁgy€eatur§s ol? c%)ai m 17 and a production apparatus having

the features of claim33. 35 Highly surprisingly, the inventors have

di scovered thatséheent Bgenee iof Hal opgacat et e cpmpeends inverieiapt i cal

| ayers of the substrate apparently |eads,t si.gnlf] r fion in
surface stretlesde Alaﬁﬂcﬁjg%%i Pﬁ@#‘get hgpFﬁg gsi%‘%&o&%g?%gevﬁl%ons or
compounds i nshortdr 5ih6, 15h20ip5e80188 bptingalthiady dhe seasWeadir &6hsi der ed

hi ghly undesiyable, si i es d i it hi1$ulePe davidree a
tendency to ﬁ%‘?/‘é#%p %g?%gééépc g%g%ertslqg?%gg%tnﬁéty thlzJ becone | ess
dur abl e on astoessesf |Fuplihemmanfy takeriipdepdreRéProter it hhS %0 been

assumed thatpééé:?b%ékecdip ebckisgui 4, sWpserapar theulag! ysustdre: icasiey of
water is associated with Fhe i ntroﬂggti(gg of additi nale as%sore%tcieon pands,
can be hi ghl §h8i §a80antHFERR MTF tHE QHEWC YT bpti ERF5GbsTRTEST owever,

the present tR¥ericitddYr omesotdat hal agdre atwnssobsegnpoundemageovieed t hat
they remain pel ow defined. |Iimts, i.ghl,y ! Shtdifd Se@Ssuned
t hat during gﬁﬁl réé{FFoFi’ygfte%gﬁ%afgﬁtﬁgﬁ%gleﬁ%g}%écﬁggp?m_ure (_:I’ncreased
nobility of rhehspécbmsthe batsesl-i ddraherhersubstt dtte dFFERlOrIdF | ayers

whi ch have ajpeady bgen gopldiedd o e usdbs izl any chidwadsa t thidie
speci es deposited still being able to nove to an energe i cal | avor abl e
poi nt after refhastéyme inAes cori@t afi et RFFWRFAcBIOW-BR r%‘é:{arrdh?o t he

|l ayer whih hssteiheeapphbgsl, #hishmaans tdain i incapduicgrat éntat otlzer egi on

whi ch generates . fewer _stresses or straing in the surf F e,
simlar opti EHFlFéﬁré?y\ﬁ%n tlﬁ‘eré)riiera (S:Céjrtéa}snhselpsr%opo"?][q?%n %‘%é?}gﬁgggén at ons
or conpoundsoprésant layenselatd veot prowohavéhe kifflestigsmiess aenshey,

whi ch i s att%&?g%g@h@y%t&'&% backnkhabryaeanchestaicel .remin can be

occupi ed nore the species to be applied on account of the
i ncreased surface mgration.

30 The object is achieved in a surprisingly simple way by
an optical substrate having the features of claim 1, a
production method having the features of claim 17 and a

production apparatus having the features of claim 33.

35 Highly surprisingly, the inventors have discovered that
the presence of halogen atoms or compounds in the
optical layers of the substrate apparently leads to a
significant reduction in surface stresses. Although

hitherto the inclusion of halogen atoms or compounds in



The proportion of the hal ogen atons or the hal ogen in the hal ogen conpound
in the layer applied to the substrate advantageously anmounts to no nore
than 5 percent by weight, based on the naterial of the layer, and this
proportion is particularly advantageouslédy-l ess than one percent by weight.
Interference | ayers which have been applied to an optical multiple
interferenceopticdl dabhstrsath@s roedn sconyidavedvéighllyw urstdsiniakale st resses
and thereforg; scarcal v QsldfSsnl Ndligers bigef kiigenegreashygl hgas, a good
honobgeneity and a high optical density wth a | ow absofption. 5 gl'ant al um
and ni obi um teRFRRCEart $r sedtediyy hY¥IFEsESPLed PRORCEESRENI ofiRt ril2toxi de
rﬁti 0 Nb205 @ﬁe%a@é%on@vﬂeﬁéi\écﬂ{kéﬂh@eohi gé'&do@fd&/g!a)tfagﬁtﬂﬁﬁiﬁfirﬁél&{g? fo[_

t he species to be deposjted. n t ase of niqbium e high.refractive
ndex: and £ HESKPgn bt r BUTTHRIToREX Chardis ahFOn RaAT baSBrBARCEI A her eby
in |layer systlehs wakehughlof ddvanidggeduiscH opattiechhyelydési ghe @useccount
of the advanfageg,lg desqi bae%o%l.i.oavteeditw1 p?ﬁéi blifut%%d@c%Q%%e ptical
multiple interference substrates as optical’ cut-off filters, band-pass
filters, gaiadfitioealng fabserrtion Whangsvel engéh di vbsi on hghtliypl ex)
filters, in @AihouhanqadulVEM (Hensesueye! spolbatli ¥t ona20sml tipl ex)
filters, quickly and with a high surface quality. The nethod used to
produce1(9pti cal substrates of this type was preferably a PACVD (pl asna

ass;steddchen%@g@eitﬁ veRer %@@@@E E;inizi lomvém&md, pa&(}neér}s i !’tl'flaltpaﬂiail%de’:}ﬂ y
preferred enbodi nrent was _a as nhance em cal _vapor

epos &1 on)  RePHBa Sd COREEHE oS D Br 371 od it 0d it - SBRT A giokith

i mpul se CVD defiweld Lomihieh apreedurgdry gadesntaddowas halbges commomeadd wer e
30 used. In i 0d, -pref.err a r re.a ssure of
from0.05 to“i]%)éngg%?gg S gtlg:gttg%{?g?p%?%f%r%gggrgp%ra\ggp%te yﬁl% 0 600C,
an NoCl 3535 ¢oseeat FAEreheRddmebilyitdi sif dhheyreoneentpabeomriflfadm 0. 1

to 50%in thet preger sipgesatd NBAFFAELT YRV e PoVRIy s f rgMdh Ohdwe 20 kW
and a gas flowrate of from50 to 10,000 sccm

-6 A particularl
preferred setlbfad¥t REGT AR st oMpFi saFrﬁrtt?ssu‘?”él%F #PBH‘?OFG{ to 1
nbar, a substhat epkeedper ad@ps@sme@ppﬁmxilrmieeﬂmg 19914 0t30Q€5veantd Nl S
concentration of from0D.,2 to 5%.in the precursar gas, .an HVDSO .
(hexadi mat hyFATSFTBEERETY c CRSGHAPAET RO BFC{ POReD, 9501 8 2s0b PRC HE 8t ecur sor
gas, a @¥an coctavkverijdwerthef sunofadel tWith k\temadda gas thew ratesr of from
100 to 2000 geeah 18 Toe gSlpdirel el rash Sposiaenhaf 08 +CRahy ity ol the
nmet hod was operated at a pressure of agprom mately 0.2 nbar 10% a
substrate tehpe?atureIdpPnappieki ARNEEFT2E0ECWETYFSLERSRSE S cdifderitrat i on of
15 approxi mai gl yn@%udfYeén the precursor gas, an HVDSO
(hexadi net hyl di si |l oxane) concentration of approximately 3% 10%in the
precursor gas, a nmean mcrowave power of approximately 0.5 kW 10% and with
a gas fRéw rebetioérmppe pxisimtidlay 560t scein 1B3%rs, when there is a

certain proportion of halogen atoms or compounds

present, in relative terms have a higher optical
density, which is attributable to the fact that
vacancies which remain can be occupied more fully by
30 the species to be applied on account of the increased

surface migration.

The proportion of the halogen atoms or the halogen in
the halogen compound in the layer applied to the
35 substrate advantageously amounts to no more than 5
percent by weight, based on the material of the layer,
and this proportion is particularly advantageously less
than one percent by weight. Interference layers which

have been applied to an optical multiple interference



20 Wth the sets of paranmeters descri bed above, it was possible to reduce
.the process speed conpared to the APS nethod from 16 hours to less than 1.5
hours with the PICVD nethod, so that faster controllability and a 25
resultant |lower scrap rate becane possilgle. Furthernore, in a particularly
advant ageous way the deposition was carried out directly on substrates
havi ng substaubsakéyet ha thial wher tlatvet Metkndss: mBuhdill axll ystetwswges in t he
| ayer thi cknesg consi stedfclnp the i ncreaﬁe in t%hcknes eesutl‘ “rp‘ﬂ-},l (?m t he
deposi tion of "t he oﬁ?? $Ubst r at’é§ “These substrates & rea&'

wedge angl e UEsefedngenceheas vebdequent goos @mmomangxyubsﬂndnaehighfree of

addi ti onal Pfgéfaheﬁg gys yghlgnlo@ gggﬁpﬁglg vantage which is

particularly nportant repr oducl the nethod, in the case
of the PIPCVD net hod, al so conS|sts in the fact that, on account of
sui tabl e pregype9iugdagha RebBdudyPRhiied, ctahlererlf%z%lrye% e e édne

receptacle during the p ductlon process, as is eqU|red for
the APS net hdd ith éFéPéFE"il metir Cor OX 1R g Aty el ?‘%EtePFalTaazoﬁ Tfy}?ean‘F%ventl on

i s descri bedprovenr etdetlae| m&@mmwvuédwamﬁ&gémmxetpnxﬂméfsreﬂxenbﬂﬁenents
and on the basis: e.ap awi ngs, in which: 10 Fig. 1
! DEpLsigl LheparRended.di:

di agrammati ca eprcts-a apparatus with its main assenblies, Fig. 2
shows aldi agranmmatically depicted excerpt fromthis apparatus in t he regi on

of the 15 refﬁpﬁﬁg‘%éﬁgiéfengBEQWaV%H¥“H¥§H0£éfr§b91vé SRA %nd

di agrammatic side view of the recepfa , and 20 di agrammatically
depi cts the &pathaght 6RAERFEAVES 1PH‘§xrrF(li‘|a§\ﬂéﬁewﬁlll§§rr§a\M e PEefuced

receptacl e, tHeﬁeIBf/Ofltn VigyerangdJtidhs SwabBowsi ¢gh 10} agiaEABhgeous for

cross-sectiopal illustratjon of _an o tlcal sub tr?%ﬁhhg%é %h

mul tiplicity™Bf i nPdffer FRRYpti cP | ARGPNNEH O TSRS wi | |

first of15a11delesr1bbé ahpred er ied eabodammitblef aon appadad:es dplrlcaapbl yi ng

30 opti cal t to i depicts
RAELEpL¥  InfELELERGE: Dalbhuduodll £ SAUATR iR ot

the main asse ar at us. ara
i nvention coﬁpltgég,abaadrééept délgers .t Iq:@mcnqua@fce@nn@vafddettﬂr@ cargher 1,

in which a sypgtrafgaRoldedt? | Hidiareed. mhetWeheh)an PPIt&fé subgirate 3,
which is illustrated in nore detail in cross sectiqn in Fig. 5, can be

secured by nmeaRkieRlprs radr sPYLMy. (dense  wavelength ai¥iston
20 multiplex) filters, quickly and with a high surface

quality.

The method used to produce optical substrates of this

type was preferably a PACVD (plasma assisted chemical
25 vapor deposition) method, which in a particularly

preferred embodiment was a PECVD (plasma enhanced

chemical vapor deposition) method and in the most

preferred embodiment was a plasma impulse CVD method,

in which precursor gases with a halogen compound were
30 used.

In this method, preferred method parameters were a
pressure of from 0.05 to 10 mbar, a substrate
temperature of approximately 100 to 600°C, an NbCls

35 concentration of from 0.1 to 50% in the precursor gas,
an HMDS (hexadimethyldisiloxane) concentration of from
0.1 to 50% in the precursor gas, a mean microwave power
of from 0.01 to 20 kW and a gas flow rate of from 50 to
10,000 sccm.



_ g _ The receptacle 1 is connected, via an inlet 5 which, in conjunction
W th'the associated systemof lines, forns a feed device for process gases,
to a high-tenperature (HT) gas generator 6, which in turnis fed by a low s
tenperature (LT) gas generator 7 and imnéthki s way feeds process precursor
gases to the receptacle 1. Furthernore, the receptacle 1 is connected, via
an outlet 8 and a systemof lines which forma discharge 10 device for
di scharging Rrogese 1083631yl 0 pd iR Rl ARled, i Gl G IS efal & 1 | Of
and nmai n vacuunt punps, In grdgr to be able to maintain a pressure of from
0.05 to 10 nbempsi&pfy andPagsesrsbl ¢Li nfwRwd r dedbt adie I evéipivherd
precursor orsQH5g8agasesmpeeabired oFURRLIresimbe elfe 1M St3aUP @, nay
conprise a plurality of Roots punps or other SU|égbLe gﬁpp systens for
generati iy tWéct]:br?%‘éﬁﬁﬂﬂFﬁElQ’gcggmfr%‘ The? gie=® poflped R SFUEFRE
receptacle lgasg passedson (Hed@dife thuylalistidrkahe)o aoragritgariorn nodrder to
mnimze env'ronn§n5§Lt§oHIutLon.hA nnni&prkﬁg %&}ecto%é%)ﬁggkéaéggitoring
| i ght source 58M11Y; L8h 1PSr mlark 8pﬁ5§% ﬂﬁ)iﬁ%rﬂnéid%V|ce, are cohnect ed
to the receppavke bfvifaxom nilowstehbchkWarecara apgedfilawa rptes ur efxomyht
manner in th ousi f receptacle 1, in such a manner that |ight
which is eni??gdegyggﬂg ﬁ%%ﬁforing | ight source 11 is 30 transmtted
t hr ough tthhe optical substrate 3 and an opening 12 in the substrate hol der 2

and passes tonhthens®ni tEré fer ced ecnModitheMt Cliorwhearwpnaghr egmt igndight is
used, with progg‘e sive Ia%/e%%ro%nh on the substrate_3, records chfmges in
t he intensitJeofCthe"#¥ gHtP FAndti t PedPRRTSPRSt PE VERPTHIKEL TS Yossi bl e
to control tbhe2l apar thidckness,growsh. Fhbsteatewhi clrpeldatwsrer ef es to

Fig. 2, which _shows a, diagr icaldy, il Lustr d excer Lp.the gi on of
g _ the re@%ﬁfﬁéwaiegm 2'045 tﬂ:rle%m i(:(?l‘b’vva\‘_?‘(ra1 g%l%r’éfsat g?gggﬁ%r#é%ﬁnmﬁg%h itis
possi bl % 0o sppraxsmbtelyt €%helat 9% 12n Whiecrped¢cymesorf ogas, pant HDIGe

substrate hokQ@&aaiﬁéth§léﬁE%TQQQnE?eE%QQenEQa%E%H & FTRNNS o4 il 8By @
result it 5is possible’to control the tenperature of the substrate, and

this tenperaftré cdi? b sthBi PrECYradrustaihl y2 PrafteMdiiPWavieni PP ¥ ange
from appr oxi gut abprb®AmaeedQ0G,. & &w ¥aloe ahdcRithes Walshifidwhisataterval .
10 M crowave iources 1 arranggd}gg either side of the substrate

3 1% aéﬁ
hol der 2 and°&atRPE8KEPAFEYhaP? B8FA™ nictdiave field which partially
projectdnto the receptacle 1, as can be seen fromthe diagranmatic 15

front view %%}?ﬁ”tt(ﬁé’ B9s 4Py Bt ot NG LLPES 4D a%qzquﬁ ﬁ’gi Chadelimt
the mcrowave Tield. These |7 ne approxi mat e?y describe a tie drop in the
m crowave fipbasible v ucedeFewtlifi chracesasprReedduceiPaeedt iton €@ no

| onger be expegt edtd>A f bRt ilg_n Hfudder ot heks20- et hods PPt &hsehln
order, however, to enable the m crowave ener f%g) iinto the evacuabl e
i

b
chanber 1, th8e| &C¥P meLhoders? hetohavée )rlgf‘?g‘ﬁirgtll Wittdo@d 72 18.

The di agrmameeksalskde YoewrsbBewapi BaEegbedamkl psksabés.t he position of the
| eft - hand side
Furthermore, in a particularly advantageous way the
deposition was carried out directly on substrates
having substantially the final format thickness. The
30 only change in the layer thickness consisted in the
increase in thickness resulting from the deposition of
the optical substrates. These substrates already had
the wedge angle desired for their subsequent use and
were substantially free of additional mechanical
35 disruption.

A further advantage which is particularly important for
the reproducibility of the method, in the case of the
PICVD method, also consists in the fact that, on



25 mcrowave wi ndow 17 relative to the inlet nozzle 19 of the inlet 5 and
W th respect to the substrate holder 2 and the optical substrate 3. The
production of an optical substrate 3 is described 30 below with reference
to preferred nethod sequences. First of 7all, an optical substrate 4 which
is of substantially its subsequent use thickness is secured to the
%bsarate hokdevurt The sdwartdbige Slpnlliﬁkfu&fs@éﬁSgg\?ﬁeraﬂbéim@aSs@pb?ﬁ@dbody 20
ich consis gl ass or rtz gl ass tq i t-he tica ers 21
to 29 of an %ﬁ?FEa T ayér %%%% 8p§Bpa# g i S %%éggﬁoﬁar#ﬂgt %@%face of
t he substrateradiichips p@obessoaaedls retiredef drablexargsl a,esirduahe
unevenness o} Si i pat u snaller
than the wavalSnaCh oR e F agF ol Por uhi of o 2Bsanent! joveed e,
preferably smaller than 1.5 or 1.0 um It is 5 partlcularly preferred for

roughness depp8s iQfydrtiod VP8 fdéslz&llb%s irli‘aﬂlol“/elQ:{@t’faﬂi 28e0bwt heith
wavel ength used and therefore to be | t han 15 or

375 um EVQE
smal | er roughRESECRERt A PHFOEEDE @ﬁﬂF%a@% affarf8g &2 4i% ¥ egar d
to the scattenengpplnabaradeteihgki csnandithe quality of the |layers applied.
Dependi ng on the | ayer design, |ayers which adjoin one another in each case
have a different refractive index, in order in this way to produce a

defi ned YphasBighi it 15doegrhmmatiealiygnt dephdta def i PRCVP efdrpararuat the
refractive index transjtign,+4fhgint BesepBsttate 3 has been secured to the
substrate holder 2, the receptacle is evacuated and then supplied 20 with
the process gases. According to the invention, the precursor gases used are

hal i de- cont arping2pr ocgRBWEAS @S @nﬁg&@ﬂﬁékaQbﬂl@Mﬂﬁaplcted excerpt
hexadi met hyl di si | oxane,. _in a_cepncentration of 0 SOO?fprgherably

t
fromo - 25 to 150, ahEoRootfbF erhinmt 354 dConbEn: FESLeR
approxiretely 30 10% réseptredal andathermtheopaveegengasesrhave been

supplied, a plasnma which can be ignited by m crowaves is forned in the
evacuabl e chanber 1, this plasma 30 defining the quantitative deposition on
the base bod§i@0 Bn eashowase aanddiagnamhabhiof @idgyerviawtooZ9 byhereans of
the tenporal duration ggcgpgaghgrogﬁge field and the quantity of reacting
process gas supplied. 35 If NbO'S s used as precursor gas, it is possible
to use an NbC S concentration of fromO0.1 to 500, but a concentration of

fromO0.2d0 B%is4pref aﬁag@lamdtacgmmyentratepaat@f 20 thk0% i sspatsial
preferred. - 11 The_m crowave Wﬁ} ich is radiated |nt?ithe evacuabl e
f ?(ﬁﬁ

chanber 1 has a usabl e®RERA b8ﬁe P 91%Ys B aﬁmfaﬁﬁ ﬁ?ef%ﬁeferred

enbodi nent, 0.1 to 5 kWecbptachet hénnestrpnefeieed enBlodi nent a m crowave 5
power of approximtely 0.5 kW 10%
Fig. 5 shows a diagrammatic cross-sectional
25 illustration of an optical substrate having a

multiplicity of interference-optical layers.

The text which follows will first of all describe a
preferred embodiment of an apparatus for applying
30 optical layers, with reference to Fig. 1, which
diagrammatically depicts the main assemblies of this

apparatus.

The apparatus according to the invention comprises a
35 receptacle in the form of an evacuable chamber 1, in
which a substrate holder 2 is arranged, to which an
optical substrate 3, which is 1illustrated in more
detail in cross section in Fig. 5, can be secured by

means of its rear side 4.



The precursor gas flow rates can be adjusted within a range of from50 to
.10, 000 sccm and in a preferred version of the nethod are 100 to 2000 sccm
but in the 10 nost preferred enbodi nrent are 500 sccm 10% As an
alternative to chlorine, it is also pes$ible for fluorine, brom ne and/or
iodine or a mxture of these halogens in suitable quantitative ratios to be
used in 15 tReeprecapserlgad. ibncohinectase, viiewaverinlete pritiess, par anet ers
are set in s : aper  t:hat i I t of the
Al ogen | n ¢ he TS comp U e 2 TS aph ol to e Sbs Tare 20 in
one of the |ayéeped2Davd B EMHURFRCEDS nGafBFe RaR S PEITIMPHNAWEFYht and,
in a particulkarly qRisef @i ehedbodi Mhticht oMot fiBh e ikhafed Ber GeNtody
weight. 25 As an alternative to niobium it is also possible to_us

tantal um? FuF?%B?ﬁBFBFeiﬁLF§ &S0 POEHIN Y, +na?ﬂe18a§§léfWﬂﬁf§§%§E

| ayers, to upeooesbi ppetarsarf gasesl| agethandetaptatien for a second | ayer,
dependi ng on the correspondi ng | ayer design, so that in these |layers 30

ni obi um oxi de Nb205 and tantal um oxi de Ta205 are respectively formned,
preferably i Ruatbheovmeheonethéc reddntadle rlel asi vepyneohedbsovpei canand a
smal | nunber ,of ) seaigt ef{{g, Cg%‘é‘éﬁ- oF° ﬁ%ue%“xkﬁ?étﬁ E@H%Cta' o Sind fige | ayer

design of the layers 21 to 29; the nunmber of whic as been given as 9

| ayers ¥ Fi gevECRufery bysRar HFnEexBRPFESS| UiS€Sposs? bf e PUBPprdeRiRE
cut-off filterswnhbandcpapsikiekt 8osh gaildtl ladld eRiing fddded Sowksk VDM
(wavel engt h di vi sion - #% nultipl%f) filters andid%[)rtic Iig DVWDM
(dense mavel%ﬁé?ﬁ GPvPSEi BRIFUIC PPERYF AT PePd SRS € 'dﬁxﬂ%t cal YRality
as the opticab sbhst rsataédy 2rdl tddght dihey | ivenhheomrekapthbede deserérdbed on
t he basis of I - l.nduc Lt I8k igled to this
met hod and cgﬁeﬁdggg?ééégﬁsgg §§F%§$§?§§SOE eug?gggPiggéﬁ%%?ésna assi sted
chenm callvapor deposition) methods and PECVD (pl asma enhanced chemi cal

vapor 10 dep@gktiomp Mekheds. o FyfdNeEBREe i skt 4 S ASWTBE Wt N3k thiSsts

i ncor poration of "hal'ogen atons or “hal ogen conpounds whi ch has, been

di scovered tBUBBSa@VaRti§Eossitabhst PHES: SYSEERS & AhISIS & aihe
deposi tion nebhedspvhidehghaveubgen presented, but rather can also be
observed in other application nethods. - 13 Patent clains 1. An opti cal
substrate, conprising a substrate, on which one or nore |ayers which 5

i nfl uenc® t heéher gpagat pompeld |dughtofarehar rangetaciheleiareatpdssast ame of

the layers coppyises: halagen ALaue o & hal ogen gampoundy 2 Jo pdical

substrate as clainmed in c , 107 wheérei n the halogen atons or
hal ogen conp®BuRgMEsAPEN¥erABMEgEAs RALEATAPR-in each case sel ected fromthe
group consisting of chlorine, fluorine, brom ne and iodine and m xtures of

chlorine, fluorine, brom ne and iodine. , , _
A mon?torlng detectorcﬁgland a monitoring light source

25 11, which form an optical monitoring device, are
connected to the receptacle 1 via windows which are
arranged 1in a pressure-tight manner in the housing of
the receptacle 1, in such a manner that light which is
emitted Dby the monitoring light source 11 is

30 transmitted through the optical substrate 3 and an
opening 12 in the substrate holder 2 and passes to the
monitoring detector 10 which, when monochromatic light
is used, with progressive layer growth on the substrate
3, records changes 1in the intensity of the 1light

35 transmitted and in this way makes it possible to

control the layer thickness growth.

The text which follows refers to Fig. 2, which shows a
diagrammatically illustrated excerpt in the region of



15 3. The optical substrate as clained in claim1 or 2, wherein the
Jproportion of the hal ogen atons or of the hal ogen in the hal ogen conpound
in the |ayer applied to the substrate anounts to no nore than 5 percent by
20 wei ght, based on the material of theol ayer. 4. The optical substrate as
claimed in claiml1, 2 or 3, wherein the proportion of the hal ogen atons or
of the haIOQBMeiﬁddapﬂxHMQen @aorposhidthe tritectawere 26eapphbitedst caridie

substrate cogprl s‘ﬁsﬁégg mpre t ﬁnE%P r%%ntset%y avv%l g}@ttratkaesef% Q:I%LI hle2 mat eri al

of the |ayer: trea easclalrre I'none o m 1 to 4,
wherein the hlaiolgemahensfgrmsheamal ofeth80 sepsprate dwod dawr angad i$ an

interferencey tggﬁgﬁdbgh@/gbgg the @e -4 rin el ggégyagf at hedyght; ¢

transmtted throu the inteffeéren ayer Is influenced. 6. An optical
substrat®, ihspamasEiide t h*éooptCiQi‘é:Ir% stibSt r FIIREF A HiTredOfn diee of

cl ai ms é tg %%geﬂmw Ingnabl anes V\Aﬁ'eﬁlblelrﬁ%hbt@es canni Qg uh@mtpiiwg
conmpound. 7. e optical substrate as clai in one of the

precedi ng cl %?I?ﬁ%?tghLYEi n t%eﬁﬁ%%?% coffttditi™ng cBmpoun¥S ni o%’i‘?ﬁn oxi de,
preferably I\bﬁﬁﬁoxy\dnhthlys B00 anged €00 °an i mber fereateel| ayretch byl s ch t he

phasefront v, y transmtted through the 5 interference
| ayer is inf‘?%gﬁ%ﬁdtﬁ% ggt&?lg%al substrate, in particular the optical

substratl® as clainmed in one of the preceding clains, conprising a |ayer

which i ncl udgscgokaptabyieast asni ng 19ccaranada An The et idiale SybStrat e

as clained in one of the preceding clainms, wherein the tantal um containing

conpound i s tRAt aT4hEtosa R, h;S’rléiieér aBl YA 26RChhpeRerates BReRRgeI M n an
interferencenigyénavey ¥hech theiphasebrentalvel O?ir@je@ftst heddghtthe

Lianom {1 ed LELoUON {4t Sil eLence  aueled S ] et A0 s pptical
at ons orlba hﬁtogtEnvaewpcpmaterrtl ainredign #nolyudesares cofipohad 1ihesThed opti cal
substrate as,glahged, Lr?5qRY 6GA1 RYeChildTRy WU CP; 21 §0 ThEkUdes; fes
approximately describe a field drop in the microwave
field to a value below which a plasma-induced reaction
can no longer be expected as a function of the other
20 method parameters. In order, however, to enable the
microwave energy to be fed into the evacuable chamber
1, the latter has lateral microwave-transmitting
windows 17, 18. The diagrammatic side view shown in
Fig. 3 1llustrates the position of the left-hand side
25 microwave window 17 relative to the inlet nozzle 19 of
the inlet 5 and with respect to the substrate holder 2
and the optical substrate 3.

The production of an optical substrate 3 is described

30 below with reference to preferred method sequences.

First of all, an optical substrate 4 which 1is of
substantially its subsequent use thickness is secured
to the substrate holder 2. The starting substrate
35 generally has a base body 20 which consists of glass or
quartz glass and to which the optical layers 21 to 29

of an optical layer system are applied in succession.

That surface of the substrate which is to be coated



conprises a tantal um containing conpound atons or a hal ogen conpound. one
.'of the layer which and hal ogen one of the |ayer which and hal ogen 12. The
optical substrate as clained in one of the 30 preceding clains, wherein a
plurality of layers are arranged on thej@ubstrate and each have a different
refractive index than at | east one adjacent |ayer. 13. The optical

substrate aspgépéfgel{ynhakairesiziualds whevenmesheooptrionghnesisstwlat@i s a
multiple interference filter whic cts cut,-of i r t smtted
and/ or refleﬁ?egerﬁhtqf1&%STHEN5%F%¥% §§Bg?fatg 5%“% %%ﬁeéB?% clg?n112,

- 15 wher eimatbkengthcaf sbhbstregietionawiniichi gise SuRsaquandrice Y$9der which

acts as a bapd-pa fi t Lit el geted dight. 1% 1bs The
opti cal subs?f%teﬁgk %%%5%&%?#% %ﬁgﬁgk%2$g§ﬁ£r£$% ?Ee 0 Eiggl gu sfrate is
a multiplse ipaetiendaceyfip¥efenredh fét‘%sr§§9§“§a°’isn-fjﬁﬁg &ni A§ f5H®r. 10

16. The OptiEg}t}eSLtQﬁtBét a.6a% CtRafed /i1 ose af/20heopr enediwgrel eiaeh
wherein the optical substraie is a ¥§g1£mavelﬁngtgigk¥|3|o% %H%tlrﬁex)
filter, in pafefc@ngt BRENEIPY¥ehSe RRavEFRAGERG Vi sibn®hultiplPexy il t er
15 17. A net hodnf emapieducionghapisisc alepthiss toaat @ sccdmprisscgndiehave
application of_a layer to a.substrate, erein the er ¢ I sesndal ogen
atons or a hﬁ?gagga§8§poun8}%§o 18§é%ﬁ§%29thgg)for1h?%ducfﬁg¥g% opt?cal
subst r atl® ascbhabmedriatikai and7thehaneilatvhefhahegéayarsmePBLi€Re hal ogen
compound conpri se hal ogens which are selected fromthe group consisting of

chlorine, fluorine, 25 brom ne and iodine. 19. The th?EH%PI produci ng an
optical subsPereadasgciod et | FAYERI APIFIBr 18YCHAe M 11 dpo?tFon of

the hal ogen ghgRBe®r ihheakdl eger inavde hal ofererd) woffpoemiehl cdesy e
applied to the substrate jn.the |ayer amunts to nqg.more t 5 ent by
wei ght , baseQHOWHQ%¥rkReFFéF HFYt$$|Q£&§&C%0? ?ﬁglRth&Hnﬁ%? %ﬁgégcing an
opti cal substratenas wdbvecl dirbrtdsi nrod aiem AFf id&d orrelfd eattierrei att hehe

proportion of the hal oge 0 L s hal ogen i n the hal ogen conpound
which are apﬁﬁ%gacfévfhégg%%sg?§9§l%ﬁgpﬁe | ayer anounts to no nore than 1

percent by weight, based on the material of the |ayer.
After the substrate 3 has been secured to the substrate

holder 2, the receptacle is evacuated and then supplied
20 with the process gases. According to the invention, the
precursor gases used are halide-containing process
gases and preferably HMDSO, hexadimethyldisiloxane, in
a concentration of from 0.1 to 50%, preferably from
0.25 to 15%, and most preferably in a concentration of

25 approximately 3% % 10%.

As a result, after the process gases have been
supplied, a plasma which can be ignited by microwaves
is formed in the evacuable chamber 1, this plasma
30 defining the quantitative deposition on the base body
20 in each case and formation of a layer 21 to 29 by
means of the temporal duration of the microwave field

and the quantity of reacting process gas supplied.

35 If NbCls is used as precursor gas, it is possible to
use an NbCls concentration of from 0.1 to 50%, but a
concentration of from 0.2 to 5% 1is preferred and a

concentration of 2% = 10% is most preferred.



- 16 21. A nethod for producing an optical substrate, in particular as
claimed in one of clains 17 to 20, conprising the application of a layer to
a substrate 5 which includes a niobi umcontaining conpound. 22. The net hod
for producing an optical substrate as-ciaiaed in claim21, wherein the

ni obi um cont ai ni ng conpound i s ni obi um oxi de, preferably NbzZ05, which is 10
arranged i n @Rei nerdrenence | pyeer bywhwkhch ide pbaseteant ivaloocitiyeof the
light transm tted hgroqgg tQ; i@t rferenqﬁshgyermgsninﬂ%q&pcequ f%mnA

met hod for prodtiefhgTan tal “subfstrate; 315 part icular 85 ctaied in
one of claing.0 ttw 220 &Wn@ridi nint ke rappidwzad oembpdamenyer O cho

i ncludes a tantglu ont ai i for L Dg an
opti cal substgr gfﬁé g?%%fl%%egﬂsgﬁp%ggﬁqr%? \-/%ﬁ%roel Elnté'?i%e S

t ant al umTonPararngicerpsandmasetinfabukioki 48%-preferably Taz05, which is
arranged in an interference |layer, by which the phasefront velocity of the

light transm tted throu%P t he i?ierference l%{%é IS Lnfluanced.,ZS 25. The
met hod for pFBAUBHSEURTOItIEnl FL0strEEE £27C 188 nBdIPRtERe Y-t 2
precedi ng cl aafAgef ram f¥omo 54, tahildh cAl0Soscanpr iasels imeaappte fatted of a

| ayer which conprises .a. niobi cont ai nj d _and hal Qgen 30, atons or
a hal ogen coﬁ%ggﬁa. Qé.tﬂﬁgﬁégﬁﬁéiﬁéﬁ % %dﬁ%?ﬁéHgnsgﬁﬁ?callsdﬁ%t%% e as

cl ai ned Iith omestf prhéeprededinhgdémentsateoP07scom28, 1QAkich al so i ncludes a
| ayer which conprises a tantal um 35 contai ni ng conpound and hal ogen at ons
or a hal ogen_conpound. 27. The nmethod for producing _an optical substrate as
clainmed in ofé 8f AMiRhafiveo Ub, ChheFEier alpl dfalRilsp Pessipbleffnyers
are arrangeds@iothgesubsioniine afth csehibavhRea orefd aplkv@rendgx whesd is

hanged d . |eas di |ayer. 5. 28. Th h
Cl'ai e |1 OABIOFCBP At b T %7 UL T 1 e FREHOD 8 HACD (B asm

assi st ed chettheapreaposodepasi.ti on) nethod. 29. The nmethod as clained in
one of clainms 17 to 28, 10 wherein the nmethod is a PECVD (pl asma enhanced
chem cal vapor deposition) nethod, in particular a plasma inpulse CVD

met hod, in whichhisecerser hawevew:t khe Halwirss cbapauntesse arsedsell5s 30.

The et hod asnclAidrpdal hildl M 2Rat28 8 32opWREEShN e hrt hoth bgegarried
out at a pressure of fromO0.05 to 10 nbar, a substrate tenperature of
appr oxi mat el $t208 ©F evbcthanPRIEISNcHiteht? abRAAIBE COBRRE t¥ 5086 i n t he

precurs@g gass applliB8 to the substrate 20 in one of the layers 21
to 29 amounts to no more than 5 percent by weight and,
in a particularly preferred embodiment, to no more than
1 percent by weight.

25 As an alternative to niobium, it is also possible to
use tantalum. Furthermore, it is also possible, in the
case of different layers, to use niobium for a first
layer and tantalum for a second layer, depending on the
corresponding layer design, so that in these layers

30 niobium oxide Nby0; and tantalum oxide Ta,05 are
respectively formed, preferably in a stoichiometric
ratio with relatively low absorption and a small number
of scattering centers.

35 By suitable selection of the layer design of the layers
21 to 29, the number of which has been given as 9
layers in Fig. 5 purely by way of example, it is
possible to produce cut-off filters, band-pass filters,
gain-flattening filters and WDM (wavelength division



20 (hexadi net hyl di si | oxane) concentration of fromO0.1 to 50%in the
.'precursor gas, a nean m crowave power of fromO0.01 to 20 kWand wth a gas
flowrate of from50 to 10,000 sccm 25 31. The nmethod as clainmed in claim
27, 28 or 29, wherein the nmethod is caraped out at a pressure fromO0.01 to
1 nbar, a substrate tenperature of approximtely 150 to 300C, an NoC S
concentrati omudtipilem)0. Xilrea9 i natde mnecmmzmdqmmarzuDWﬂwxxxaense
(hexadi net hy| ISI|O e) rag| . o] o] ing th ecursor
gas, a mean ngc é%% oﬁg& oﬁg%ro%FEEigﬁgkg Esgéﬁgrg é§g% as f rate of
from 100 to @D@@csdcmma35t®2aSTmaen@phd@aésS@batmedesn cla|n127 28 or 29,
wherein the nethod is carried out at a pressure of approxinately 0. 2 nbar
10% a substrate tenperature of approximately 200C, 10% an NoC's

concent r at i oflshosghr Ghemetnrgntign 1086 | ReeRe dgseEibPedr WasthanP#RbsO -

18 (hexadi mgthyl cﬂawsln@carr@)u&@wn it YR ,0f 1 AP Axd et &syr BOtedOgoi N the
precursor ga

n cr.owave r of appr.oxi nat el kW 10% and with
a gas flow rapésof“eiﬁlﬁ’rdoﬂnr?atcé-’l dp ke f/%e%p%% atos"for
appl yi ng optPaaNDlmﬂykaﬂmaa.aﬂbsstaﬁe chemnaaﬂicmayoﬁord@podntlug)opticm
substrates a Lred _in o cl 6 fo | ng t he
net hod as clgfﬁégdgﬁ gﬁg 03%% a%nsﬁh;Ff%’ dhfﬁgghwwéééﬁ%é%% e%%gégble
chanmber 10), dapssbstioal emeshods . ( 2) arranged in the evacuabl e chanber (1),
a feed device (5) for supplying process gases, in 15 particular precursor
gases for carrying out a chem cal deposition process, a mcrowave
generati on dEGFEBSEIre;q)lt pyswdSFBEH ENakaViend i dPFOrPoFetdrat edfat
}eaSé Inhparhaqbgbhe avaagabbe cgam$ﬁén(1¢ompadnag awFraﬁhahgg dB&éﬁGBgS)
or di schargi rocess .gases. e_apparatus_as_cl ai m
wher ei n t e  SAREPIEEED 5 5 A e edRe nL B R e Rt of ChRe
processi@hseshemscdétdﬁpqamﬂmﬂnﬂm&tﬂm@@ewh@¢m tawve2ddmn | pfeésented, by a
tine-control | v [ 3 deyvi£e; gs &l 33 or
34, which alsgg:géﬁﬁég-gﬁko§¥ﬁ%algnnﬁﬁﬁ%rrnéPdeﬁré%h?fn%%gplﬁé?ig%y whi ch
the |ayer gr®®tho8s-the substrate (3) can 30 be nonitored. 36. The
apparatus as clained in one of clains 33, 34 or 35, which also includes
devices (6, 12) for controlling the tenperature of process gases and of the
35 substrate hol der and also of the substrate. .A As;.A
Fe. A3y. AYR. A&uFe. A&uYy. A3e. AYy. A&( F. A&uY?. A9aF_$. AFR. AGNYR. AFe. AuY, . A&uY?. A
NF35R" _nmw+/ U-
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3. The optical substrate as claimed in claim 1 or 2,

wherein the proportion of the halogen atoms or of the
halogen in the halogen compound in the layer applied to
the substrate amounts to no more than 5 percent by

20 weight, based on the material of the layer.

4, The optical substrate as claimed in claim 1, 2 or
3, wherein the proportion of the halogen atoms or of
the halogen in the halogen compound in the layer
25 applied to the substrate comprises no more than 1
percent by weight, based on the material of the layer.

5. The optical substrate as claimed in one of claims
1 to 4, wherein the halogen atoms or the halogen
30 compound are arranged in an interference layer, by
which the phase-front velocity of the light transmitted

through the interference layer is influenced.

6. An optical substrate, in particular the optical
35 substrate as claimed in one of <c¢claims 1 to 5,
comprising a layer which includes a niobium-containing

compound.

7. The optical substrate as claimed in one of the
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interference layer is 1nfluenced

8. An optical substrate, in particular the optical
substrate as claimed in one of the preceding claims,

comprising a layer which includes a tantalum-containing

compound.
9. The optical substrate as claimed in one of the
preceding claims, wherein the tantalum-containing

compound 1s tantalum oxide, preferably Taz0s, which is
arranged in an interference layer, by which the phase-
front velocity of the light transmitted through the

interference layer is influenced.

10. The optical substrate as claimed in one of the
preceding claims, which also includes a layer which
comprises a niobium-containing compound and halogen

atoms or a halogen compound.

11. The optical substrate as claimed in one of the
preceding claims, which also includes a layer which
comprises a tantalum-containing compound and halogen

atoms or a halogen compound.

12. The optical substrate as claimed in one of the
preceding claims, wherein a plurality of layers are
arranged on the substrate and each have a different

refractive index than at least one adjacent layer.

13. The optical substrate as claimed in claim 12,
wherein the optical substrate is a multiple
interference filter which acts as a cut-off filter for
transmitted and/or reflected light.

14. The optical substrate as claimed in claim 12,

/H&()
()-LQ
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preceding claims, wherein the optical substrate is a
WDM (wavelength division multiplex) filter, in

particular a DWDM (dense wavelength division multiplex)

filter.

15
17. A method for ©producing optical substrates,
comprising the application of a layer to a substrate,
wherein the layer comprises halogen atoms or a halogen
compound.

20

18. The method for producing an optical substrate as
claimed in claim 17, wherein the halogen atoms or the
halogen compound comprise halogens which are selected
from the group <consisting of chlorine, fluorine,

25 bromine and iodine.

19. The method for producing an optical substrate as
claimed in claim 17 or 18, wherein the proportion of
the halogen atoms or the halogen in the halogen

30 compound which are applied to the substrate in the
layer amounts to no more that 5 percent by weight,
based on the material of the layer.

20. The method for producing an optical substrate as

35 claimed in claim 17, 18 or 19, wherein the proportion
of the halogen atoms or the halogen in the halogen
compound which are applied to the substrate in the
layer amounts to no more than 1 percent by weight,
based on the material of the layer.
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interference layer is influenced.

23. A method for producing an optical substrate, in
15 particular as claimed in one of claims 17 to 22,
comprising the application of a layer which includes a

tantalum-containing compound.

24, The method for producing an optical substrate as
20 claimed in claim 23, wherein the tantalum-containing
compound 1is tantalum oxide, preferably Ta,;0s, which 1is
arranged in an interference layer, by which the phase-
front velocity of the 1light transmitted through the
interference layer is influenced.
25
25. The method for producing an optical substrate as
claimed in one of the preceding claims from 17 to 24,
which also comprises the application of a layer which
comprises a niobium-containing compound and halogen

30 atoms or a halogen compound.

26. The method for producing an optical substrate as
claimed in one of the preceding claims from 17 to 25,
which also includes a layer which comprises a tantalum-
35 containing compound and halogen atoms or a halogen

compound.

27. The method for producing an optical substrate as

claimed in one of claims 17 to 26, wherein a plurality
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por deposition) method.

29. The method as claimed in one of claims 17 to 28,
wherein the method is a PECVD (plasma enhanced chemical
vapor deposition) method, 1in particular a plasma
impulse CVD method, in which precursor gases with a

halogen compound are used.

30. The method as claimed in c¢laim 27, 28 or 29,
wherein the method is carried out at a pressure of from
0.05 to 10 mbar, a substrate temperature of
approximately 100 to 600°C, an NbCls concentration of
from 0.1 to 50% in the ©precursor gas, an HMDS
(hexadimethyldisiloxane) concentration of from 0.1 to
50% in the precursor gas, a mean microwave power of
from 0.01 to 20 kW and with a gas flow rate of from 50
to 10,000 sccm.

31. The method as claimed in claim 27, 28 or 29,
wherein the method is carried out at a pressure from
0.01 to 1 mbar, a substrate temperature of
approximately 150 to 300°C, an NbCls concentration of
from 0.2 to 5% in the precursor gas, an HMDSO
(hexadimethyldisiloxane) concentration of from 0.25 to
15% in the precursor gas, a mean microwave power of
from 0.1 to 5 kW and with a gas flow rate of from 100
to 2000 sccm.

32. The method as claimed in claim 27, 28 or 29,
wherein the method 1s carried out at a pressure of
approximately 0.2 mbar * 10%, a substrate temperature
of approximately 200°C # 10%, an NbCls concentration of
approximately 2% * 10% in the precursor gas, an HMDSO



110%~& ()-!3 !109%5& ()-s109%& ()-qq{rrfstlt}[<oPl

“1TL1N1098& () -1 L1 10%-5~5& () -! L*! 10985& () - 9#! 109%& () - -! 9#! 10%5u5& () - -
3 110%& ()- Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading

43] c" "Heading 53] c" "Heading 63]c" "Heali-ng 73] c" "Heading 83]c" "Heading

93] c"A "Default Paragraph Font.m

8" ('s. T5h<\ CIuR¥ akimpixizy ] odahAOPERScat skt Xon of approximately

#% ) +/ . 025[ 8gj OiBéJ@W
Z[ ] #aSce%1kV%)‘qer \EL&(e gﬁcaefgﬁ 0 rrﬁopqrrg(taﬁr\]/v\o%(z:fowfg% n%osweNew
RomanAr i al Contf i @pp NewiinaRedy Enﬁr%%r-*d rﬁal‘rﬁ gwith a” gas’ flow rate

P"HSUR' () *+, -
<= >’7@\BCDEF JW@%%YZ?\T abcdef ghi j kI mopaqr st uvwxyz{|}~

33. An apparatus for applying optical layers to a

substrate, in particular for producing optical

substrates as claimed in one of claims 1 to 16 and for

carrying out the method as claimed in one of claims 17
10 to 32, comprising

an evacuable chamber (1),

a substrate holder (2) arranged in the evacuable

chamber (1),

a feed device (5) for supplying process gases, in
15 particular precursor gases for carrying out a chemical

deposition process,

a microwave generation device (13, 14), by which a

microwave field is generated at least in part of the

evacuable chamber (1), and

20 a discharge device (8) for discharging process gases.

34. The apparatus as claimed in claim 33, wherein the
apparatus is a PICVD device, in which the reaction of
the process gases inside the evacuable chamber (1) can

25 be influenced by a time-controlled microwave field.

35. The device as claimed in claim 33 or 34, which
also includes an optical monitoring device (10, 11,
12), by which the layer growth on the substrate (3) can

30 be monitored.

36. The apparatus as claimed in one of claims 33, 34
or 35, which also includes devices (6, 12) for
controlling the temperature of process gases and of the
35 substrate holder and also of the substrate.



