; e3eBt BgD .
apparatus for.producing optical substrates 5 Description Th
relates in general terns to the field of optical substrates dan r e us

"6XTOV. .J 03SGE.0009SGP Optical substrate and gﬁ}b and
vent i.on

‘and net hods for producing to them and specifically to an optical ?
Jn accordance with the preanble of claim11, a nethod for produci ngopti
substrates in accordance with the preanmble of claim 17pa8dr.80deuiee for

appl yi ng opddreadt l@yess to a substrate for carrying out the nethod. 15 As

optical signal-processing and transm ssion technologies start to be used at

many | evel s, such as for exanple for transm ssion of high data rates on

i ntercontinental or trunk lines, as well as in |ocal netwo"ﬂl" mmmwmw
medi um range 20 networks, there is an ever-grow ng denand

devices for influencing and controlling the propagation of thenhmght whi ch
carries the information. An inportant basic conponent of o
si gnal - processi ng and” 25 transm ssion technology is the op
which general ly conprises a support which has been machi ne

surface quality, is itself also known as a substrate and has th@WWinlnun1

possi bl e absorption when used for transm ssion in the wavel ength range
used. Cenerally, one or 2 nore optical |ayers which, depending on the
particul ar application, range from sinple reduction of reflection with just

a fewl aye@titwa)hgﬁubmtrm et netlicst sanwd tdprarsttans fidy @radugainge nore
than a hundrq: are applied to a 5 substrate of this type. To avoid

| osses, th&&Y R ¥PHresent the | ovest possi bl e absorption and a

hi gh surface quallty wi th the m ni num possi bl e nunber of scattering

centers.
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Description

The invention relates in general terms to the field of
optical substrates and apparatus and methods for producing
them, and specifically to an optical substrate in accordance
with the preamble of claim 1, a method for producing optical
substrates in accordance with the preamble of claim 17 and a
device for applying 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 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 the information.

An important basic component of optical signal-processing and
transmission technology is the optical substrate, which
generally comprises a support which 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
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10 It is known to use sputtering processes, such as for exanple the APS
process, to produce interference-optical |ayers which, by changing the
refractive index, effect nmultiple-beaminterference of the reflected and/or

-transnmtted |ight. However, a drawback of this method is that it is often
15 difficult to use materials which neltconpletely, since direct

“atom zation of these materials in the receptacle Iimts possible
evaporation-coating rates. Furthernore, species such as for exanple niobium
are often no |onger present in stoichionmetric propoytions._in Hhe appl i ed
| ayer, 20 BPHeeopPEactiohayarendid che dRPEEIEEP QQaH%?ep8§§é8H,a5annot be
suppl i ed igpﬁififcia%%m, QUARL 8% QAmBteowBtuet ibheckoweraeutimonegtiched in
this method. "As a result, éxtrenely timeconsunm ng, reoxidation steps, heat
t r eat nent s Juste ar gt Aad e rRhitER ON&: enérﬁpﬁﬁp?ngdgé?§§réfwé5 8%528?55.
Houever, WEROW PRpteelr kile $haRs Lhuhbired! YRgertpsbdeabpphaenptoon
centers often make it inpossible to use these substrates. Further re, t he
process ratebotreie APStimdshédpen eaygsd dPsSEqSe éheéﬁtﬂééﬁrﬁuﬁggﬁlg;beam
interference substrates,  faqr h8 a3 DYDMhs whsifiaalee, s SO
slow that Pt ° 3%%a§§§ égﬁg%ﬁhgﬁ%%ghﬁgu?ggpgfeggga?%ﬁ ?o be praocessed and
its qualityueidckeditGondequamingm eosisibll ecandnkdiruotmere tyeddédur es f or
optim zing the nmethod are al so extrenely tinmeconsum ng. 3 Furthernore, a
particularﬁ?d%%ﬁﬁﬁc dr awback consists in the high mechanical stresses
whi ch are produced in the surface of the substrate as a result of the |ayer

application using the APS nethod To he able t t ai ny. e ] 16

vi abl €05 yildl d$ &o¥ 9 15% sr?élct-él:“sesra%w Pg%ﬁggsggbstsﬁlg?leésm tH a@:{azrlfer

t hi ckness afhdTmss tdirckd Mo arbduwes d siehSeranes -logvre dad Beyeachi ned down
to their subsequent final thickness of to0 2 mmon t re rf.ace. after
the surfacé Ry FRSNSEEY a%tﬁ iré‘o&aﬁ%ilsven&lndgﬁl’yeeflr%eé:r?gg{;uslsct%lael gjye:arr&
syst em appliifd et alsso e ates favddhandaseur ceaneiititest fldrgrce, such as
for exanpl e undesired wedge angl es between the substrate .surfaces. Although
the subsequRa%eHuls i%ﬂ@é&?%ﬁdfr %ﬁq@aﬂ%ﬁ‘oﬁgﬁFEﬁ’fb& dd7 dﬁ%i%&geﬁlves an

i ndi catd on pff 418, us& Pluse MAKRd NdugadCWa Iretdoag liea dlyi | Girre
interference-optical |ayer systenms, no details are given as to the

material s WHitSFtc ot B et 491938 M SFdAaniida e & HR i ¢
properties 1"!}%10& resil ity ) 20 LONSEAUEIH b dtling raft <D eair e der g esent
e a

i nvention to e to produce optical substrates within a shortlgar tinme,

the intentiswedieingudiatas Heve e atrdoRiguIaT pd&Eabs 4 _
i gni i cant y. | Qyer, SUS 808, SIEESSES pFI RO An Idnd flesisabl ydor it
to be possi e %o process a substrate having 25 substantially the final
di mensions $incugEALL idTe EALERer Se gt @ DL A EXFEIRE XY det2 8T ul e
out subsequent e.tot Y, and, adgi td QAln 18 WK C&se Ofow
interfereng%Er?%ﬁﬁTﬁg%néﬁPéyﬁéégéé?§ﬁﬁ%§ﬂ%rnnre, it is &ésirable for it to
be possi bl evdouwseremt erédl sn wilths anéfihgd 3T &f reetUie | SHeSEMSLEhtH_ST or
exanpl e ni obium and the assocjate 0 I Nasn gl i ntg ogdugedrddf o the
opti cal Iay%??s?WﬁQﬁcﬁﬁo%%ﬁ%gg$ét w§$%’§%%¥%ﬁ¥%g optical layers and to
promot e t hewlef flectavenesisigifily hadfetserée fifecittérorcafts hloptyen without
substrat es.
25

reworking steps of this type, residual absorption centers
often make it impossible to use these substrates.
Furthermore, the process rate of the APS method in the case
of case of optical multiple-beam interference substrates, for
example in the case of a DWDM substrate, is so slow that it
30 takes more than 16 hours for a batch to be processed and its
quality checked. Consequently, control and adjustment
procedures for optimizing the method are also extremely time-

consuming.



4 The object is achieved in a surprisingly sinple way by an opti cal
substrate having the features of claim1, a production nethod having the
features of claim 17 and a 5 production apparatus having the features of
"claim 33. Highly surprisingly, the inventors have discovered that the
presence of hal ogen atons or conpounds irg the optical |ayers of the
substrate apparently leads to a significant reduction 1o in surface
stresses Al t hough hitherto the inclusion of hal ogen atons or conpounds in
opti cal %ers has been consi dered Q%y undesj rabl e, since it resulted in
| ayers of IS EFRe Tavich & aéttlé'r’lﬁearfg;ﬁ Gf;f SR Fropet iR, so
that they baeoMhd@ss idyiakte-yyaac oLk Qlfrel Addiidied el nithd akenrdbde of
Furthernore, it has al so been assuned t hat thls take-up of liquid, which

parti cul ar [GRS 1FUBRE TadSe a5 AndiesiUiits ofs 06 ARy@ SwiaP Ll §3an SHidT dmof
addi tional palseidti bends AR e Kighlivn dirsp@@MAGeUS J W itdie £ase of

optical substrates. 20 However, the present invention proves that hal ogen

atons 6r cOMSIETIRE Pridvi déd ishAeqafSR Ivehdl i SSelSoWR ST tRed Wiith 35, Lawer
hi ghly advaphageQuss J+ rdo%eascsﬂérf?(id*ﬁ% A %e%l%o'éﬁtlr%é%f e 'tacyq{es

hal ogen radi cals ensure I ncreased 25 nobility of the species to be ap I|ed
at the subs@citigesydoage tor téteura;ﬁeMQme@ﬁ tfamlaltﬁ’lé&diylebﬁe?emfadplﬁ%

the substr gl ortiych Jeads fio:ddie g6l s, denosided i peing Al e to’

nove to an energetlcal y favor pol nt af as co |nto cont act
with the sarppdced WDt & exgpetr ebrtly teh@lalnagyems 3BewHiagter s wsa ere aguplldiest buthi s

Teans Jbhat it can i arate Il adeqlan gihich gensrales fever Al rgsses or
ur

stralns |nthe surtace ernore, simlar tlca ders % ere 1s

a certain &&apmﬂpodemsuﬁeduﬂaQyﬂ1aﬁgﬂes @mtmemmommésqmbaﬂmatel nrelative

5 terns have her optical density, which is attributable to the fact

t hat vacanglég Ch remai n can be occupied nore fully by the species to be
applied on account of the increased surface mgration. 5 The proportion of

t he hal ogen or_the halogen in th an en _conmpound |n th
appl i ed toAtlef éi%“sttrl?t e Aol Qro Iy ‘?P(JST%E@ cent

by weiight, olaes1@n gtlh;%graatnerllr@ildaftltdme dfamre, u%@d dfhias gqrmiﬂrmudéd 1o
particular%& advantageous | ess than one percent by wei I nterference

| ayers whi i+ appitilel o vt ftEreac emeRisiod | %’(?rrr eedEs, 1o

substrate idRtlhils WL Raven fy dowHeeharirGall sStWhasteTanhd hevef ol
scarcely any stress-induced birefringence, as well as a good honobgeneity

and a hi gh@85 t@pttlht%lmed%‘r%ﬁ%ﬁlv\natw & VIR SR9BH D BITOR S TEdrfSa Wivh Ah o ST um
whi ch can preferably be deposited in a stoichionetric oxide ratio Nb205 or

Ta205, have proven to be highly advant ageous partners for the species to be
deposﬁ@ed Copsequently it is an object of the present invention to be

able to produce optical substrates within a shorter time, the
intention being that these substrates should preferably have
significantly lower surface stresses. Furthermore, it is
desirable for it to be possible to process a substrate having
25 substantially the final dimensions throughout the entire
sequence of the method, in order to rule out subsequent
damage to the layer system and additional sources of
interference right from the outset. Furthermore, it is
desirable for it to be possible to use materials with a high
30 refractive index, such as for example niobium and the
associated Nb205 which has been introduced into the optical
layer, in order to assist with designing optical layers and
to promote the effectiveness of the filtering action of the

optical substrates.



In the case of niobium the high refractive index and the high refractive

i ndex changes.whi ch can be produced thereby in |ayer systens was highly
advant ageous for the |layer design. On account of the advantages descri bed
"above, it was 25 possible to produce optical nmultiple interference
substrates as optical cut-off filters, bapnd-pass filters, gainflattening
flilters and WDM (wavel ength division multiplex) filters, in particular as
DWDM (dense wavel ength division multiplex) filters, quickly and with a high
surface quality. 30 The nethod used to produce optical substrates of this
type was preferably a PACVD (plasma assisted chem cal vapor deposition)

met hod, whi r{ic r r t asna
enhanced ch'fe}% ca jaevcg%o%é %é}ge%%%?t%e% &5&%{@ n@] SV}%; m)s pr ferred
enbodi ment opisical Hilpdtsate i hpuise CVW Pettwoss iof whiaim pkecair sor gases
wi th a hal 0 preferr hod

par anmet ers re&g@%%ggg%%gﬁ H?‘?fn%n%é h%é?{{?ﬁ%s f lea‘éug’gtarn;g

t enper at ur ep wddappr @x i aged &t yt 29 Chd 0l PO e afeaNbﬁa‘és mﬁmﬂrﬁimt}bn of from
0.1 to 500 in the precursor gas, an HVDS (hexadi net hyl di si | oxane)
concentration of fromO0.1 to 50%in the precursor gas, a nean m crowave

power of frmr@iﬁ%amﬂﬁ}ﬁﬁgk%yaﬂﬁbm%mid?Hate dif sd ot d ﬁ}o%ﬂOt;tﬁ)é)O
Sccm Apartlcu ar y re rre set o met ho aameters coO r|Se a
oressur e ofPTSTRATE (AL (15 OHHAr A LaP L bt SRR it ot it TT Lt ok FRES y

150 to 300Gt athdNdBsteeneedped terit Of 008 1o G ZBigh Hddht hee PESELSSOr
gas, an HVDSO ( hexadi net hyl di si | oxane) caoncentration of fromO0.25 to 15%in

the pritursot YHLAGE MBaFE F9T oV Pete i bihestam tdieL ¥nFB1349RE a gas
flow rate afafdqun IO ZP0omESRAL0 Theptmsdl ArBfard ath £nhadi ment for

carrying out the nmethod was operated at a pressure of approxinmately

nbar  ( 10%0%%%@%@1qfe#metﬂ%ﬁ%ﬁlerqﬁl%rpp?ww%mﬁszdd@q H@%aféﬁﬁ\ltﬂf 5

concent r at i g Oft ARPHOXE ed Y &%8dnd P%d nid-hel Y e SN -GS, an HVDSO
(hexadi net hyl di si’l oxane)iw%ncent ratrl1 oka of 25 apd%{ oXi mat ecf 3% ( 10%in the

precur sor g?a@p%rtrﬁe%m rﬁ@r@@@t/etwmemm%p#ﬁiﬁadﬁa&%ﬁ ODTS AU and
Wi th agas f{ beeSu?% @é’l@éﬁ’x& tﬂé’tl@%ro%ceg,o r e Wih e, selis,plg

par aneters d% cri ove, s possi To reduce the process speed
conpar ed t d:htdte ARS rmlmrddpi rco)fn TiByhiolr swhtioch esssrttdmanl alx By hisurshevi ¢dse he

Pl CVD nEthQQE water is associated with the introduction of additional
absorption bands, can be highly disadvantageous in the case
of optical substrates.

20
However, the present invention proves that halogen atoms or
compounds, provided that they remain below defined limits,
are highly advantageous. It is assumed that during
application of the layers halogen radicals ensure increased

25 mobility of the species to be applied at the substrate
surface or at layers which have already been applied to the
substrate, which leads to the species deposited still being
able to move to an energetically favorable point after it has
come into contact with the surface. With regard to the layer

30 which is to be applied, this means that it can migrate into a
region which generates fewer stresses or strains in the

surface.

Furthermore, similar optical layers, when there is a certain

35 proportion of halogen atoms or compounds present, in relative



that faster controllability and a resultant |ower scrap rate becane

possi bl e. Furthernore, in a particularly advantageous way the deposition
was carried out directly on substrates having substantially the final
‘format thickness. The only change in the | ayer thickness consisted in the
increase in thickness 5 resulting fromt deposition of the optical
substrates. These substrates al ready had the wedge angle desired for their
subsequent use and were substantially free of additional mechani cal

di sruption. 1o A further advantage which is particularly inportant for the
reproduci bitduns dfatchen retdiosl; dptideel cheses idfy,t hniRIMCME retthoidhutaisie to

consists in,the fact_.that, on account. of suit.able precursor .gases being
supplied, t hee r gfa\cgt ntolrl%eev‘d'i Eaeh colpee% Vfr}hlec erceénﬁtléblceargael r?gf cturpelgepcf Jfit i on
process, asuldylhy eris rasbcifey wxdplappliied e ARTomithart itheorder to fill
or change Langt majerials. The invention is described in nore detail bel ow

with refer éice S0Pt eFEYETF St et s and on the basis of the 20 appended
drawings, in which: Fig. 1 diagrammatically depicts a PECVD apparatus with

its main assenblies, 25 Fi sho a diagrammatical |y depi cted excerpt
romthis STEMBRIRETE AT dgioMbio Tt 3 (e 15t e e 21 e
gener at or s, hdlid@rer3 cdwpurdl dirddaed y&r e \WEW Pt Hheuis depept acl e, and

Fig. 4 diagrammatically depicts the spatial formation of the mcrowave
pl asma mﬁtﬁqY%ﬂR§9%Qﬂﬁﬁ¥uﬁWQuqqﬁe$QrWﬂananﬁh%ﬂu§ pegasng by

di agr ammat iya P S8 impnalridl ust ratd an iy aneptdeal sldsdtsn heving a
multiplicity of interference-optical_ |ayers.

10 particularly advantageously less than one percent by weight.
Interference layers which have been applied to an optical
multiple interference substrate in this way have very low
mechanical stresses and therefore scarcely any stress-induced
birefringence, as well as a good homogeneity and a high

15 optical density with a low absorption.

Tantalum and niobium, which can preferably be deposited in a
stoichiometric oxide ratio Nb205 or Ta205, have proven to be
highly advantageous partners for the species to be deposited.
20
In the case of niobium, the high refractive index and the
high refractive index changes which can be produced thereby
in layer systems was highly advantageous for the layer
design. On account of the advantages described above, it was
25 possible to produce optical multiple interference substrates
as optical cut-off filters, band-pass filters, gain-
flattening filters and WDM (wavelength division multiplex)
filters, in particular as DWDM (dense wavelength division
multiplex) filters, quickly and with a high surface quality.
30
The method used to produce optical substrates of this type
was preferably a PACVD (plasma assisted chemical vapor
deposition) method, which in a particularly preferred
embodiment was a PECVD (plasma enhanced chemical vapor

35 deposition) method and in the most preferred embodiment was a



5 The text which follows will first of all describe a preferred enbodi nent
of an apparatus for applying optical |ayers, with reference to Fig. 1,

whi ch diagrammatically depicts the main assenblies of this apparatus. to
"The apparatus according to the invention conprises a receptacle in the form
of an evacuabl e chanber 1, in which a substrate holder 2 is arranged, to
whi ch an optical substrate 3, which is illustrated in nore detail in cross
section in 15 Fig. 5, can be secured by neans of its rear side 4. The
receptacle 1 is connected, via an inlet 5 which, in conjunction with the
associ at ed Byairan GIPU 1 $RCVB greighed f el Wk@ﬁ@ﬁuwcme@@@%mtht@ a

hi gh-t enper r%ﬂﬂﬁu tl$, which in turnis fed by a
Iom#tenperé?%y% (L¥g gégqggﬁgratéf 7 and in this way feeds process
precursor gases to the receptacle 1. Furthernore, the recept acle 1 is
connect ed, I e t forma dischar
devi ce for %atﬁschar 1'llc%cgi;{ roég%e?srsélgéasng%h%d ﬂara Gerée WRTEH T
bot h pid ot @nhdf e M MEE N Pumissr, re thﬂa@aa@aamM|m ain a
pressure of_from

to nbar ly a ust abl the r tacle 1
even when pr%’cur’%lér}aut l%u]':(g% aseozéié) qﬂ’g dsjupcpqq N5 %ﬁn%‘p Land 9
may conpri Sk ]a tpj W iy we Rmet@m:nmnwgarr airhempsui tabl e punp systens for
generatlng rre n vacu The qgases ed t of e
receptacl e tégy Cng?Jr?ffﬁri e W%’i%ﬁ%@ tdeoag%? LFg %&brjdér to
mnimze ertmer Qﬂ'f’éimraéoﬂmjalsl,t | Dnedn Aniiividrd HwEat ect of v ) @mdl a&o 20
nmonitoring |ight source 11, which forman o tlcal noni toring device, are

connect®ed ' 14 rFe At T35S A rldowis Mhitdh P rsEgRd in a
pressuretight manner in the housing of the recept acle 1, in such a manner
that light which is emtted the monitoring Iight 1o source 11 is
transmtted tRﬁW%Wﬁbm#%ér%ﬁfbsﬁtat%f @%HWCgrPad{?éﬁﬁﬁfgrslchmplfwd a
substrate wéiﬁsrul?e H passes, 0 echel TRUH £ Ord %&ectxeaceé)rt#b zﬁﬁe when

on e substrate

nonochr omat’i ¢ ght is used, wt rogressive |ayer growt
3, records W&Whﬁeﬁ%t@nsﬁ@ of etmé\lbql%thrrceﬂfstmauw and fimomin this

way mekes ig. zpocsosgi.bél g d %@ﬁfﬁéu%%|@§ ddhigkgss growth. The text which

follows refers to diagranmatically illustrated
excerpt in th&xadquﬁhyﬁdxsmioxane concentration of from 0.25 to 15% in

the precursor gas, a mean microwave power of from 0.1 to 5 kW

I’ISGS

and a gas flow rate of from 100 to 2000 sccm.

20 The most preferred embodiment for carrying out the method was
operated at a pressure of approximately 0.2 mbar ( 10%, a
substrate temperature of approximately 200°C ( 10%, an NbCl5
concentration of approximately 2% ( 10% in the precursor gas,
an HMDSO (hexadimethyldisiloxane) concentration of

25 approximately 3% ( 10% in the precursor gas, a mean microwave
power of approximately 0.5 kW ( 10% and with a gas flow rate
of approximately 500 sccm ( 10%.

With the sets of parameters described above, it was possible
30 to reduce the process speed compared to the APS method from

16 hours to less than 1.5 hours with the PICVD method, so

that faster controllability and a resultant lower scrap rate

became possible.



20 receptacle 1 and of the m crowave generators and fromwhich it is
possible to see a substrate heater 12, which either fornms part of the
substrate holder 2 or is arranged thereon, in such a nmanner that as a
‘result it is possible to control the tenperature of the substrate, and this
tenperature can be 25 stabilized adjustabty, preferably within a range from
approximately 100 to 600C, to a value which lies within this interval.

M crowave sources 13, 14 are arranged on either side of the 30 substrate

hol der 2 and each generate their own mcrowave field which partially
proj ects i Mm4FHHFRIVRptEt|® PR ECEHT be aBER 3R h&'al dgttnmatic front

vi ew preseregddsfiibn 4y dRESedfodtheddidies A anhpkh mhieh wiebingt the
m crowave field. These |lines approximately describe a field drop in the 35

m crowave f§EIRFan-ia Ml U1del Bve i et piluisiiesfoucdde oy réargonian
no |onger he,expasded g ighddncdd on Ofed hig, qtrher; fmtdod pal aef L Sesd N

order, however, t'o enable the m crowave energ{}y%to be fed into the evacuable
chanbers 1, FffltEinerftom the depom trawadte- e Qa8 s Wt sideased 7, 18.
The 5 di agrgyamd i e vl [ [ ' t sgtfon of
the left-hand si dsglgmé%%ome}as\?g W ndo kglh?d:r%lea?{lévdedetjggr{%eee?jn%%fr%zfz(%% 19 of
the inlet Sheid viubdsgaspectuse amd witstsuistandiderly? faree tdhle opti cal

substrate %d&iqiiTJhealprféjéhcatJ{%ﬁL%@é;r iio(ir?l substrate 3 is described bel ow

with reference to preferre equences. First of all, an optica
substrate 4 which is of substantially its subsequent use thickness is

secur to. t substrat.e hol der .2.. The st.arting substrate general,l has
a basgl%bodf %Rﬁ]e& TR o"’fq“quéslss cﬁar}d‘acﬁlza Yasd'Hy %rbgvﬁ?]éﬂt}f%e
optical | aysmraiudibiZ9of @ dpd imsihddyem syst erassy e fapiie eRICVD

successi on. That surface .of the sybstrate ich is to be coated
e or ably R SRR bo g i sl G Aot R o it
roughness depttable mreddmiord hpsddioamauel gl «f, e radatiomaddctoi s

subsequently used, i.e. is preferabl maller than 1.5 or 1.0 um It is
parti cul ar IP5 tﬁ}eefr@rcreéﬂ:Q‘%’re r%ﬁ!‘% HERWN G AMIRFISHE 1 PDetT ess than

1/10 ofs 1/ 2@pfidde, wayelsngidn diseth akk tAwy efaned abedtess tdham 01 1 & or
0.075 um Evenh smaller roughness depths can al so be used and have

advant ages SRAMWS et MaTRridlatteri ng characteristics and the quality of
the | ayers applied. 30 Depending on the |layer design, layers which adjoin
one another_in each case have a different refractive index, in order in
this way t R cddilental deflis etk hzideed bt magfe tdet addy @Fantwiehd a defi ned

reflection alrd 6 FLTHAS I NS Xembbd It d 14 on Yhe basis of the

20 appended drawings, in which:

Fig. 1 diagrammatically depicts a PECVD apparatus

with its main assemblies,

25 Fig. 2 shows a diagrammatically depicted excerpt
from this apparatus in the region of the receptacle and the

microwave generators,

Fig. 3 shows a diagrammatic side view of the

30 receptacle, and

Fig. 4 diagrammatically depicts the spatial
formation of the microwave plasma within the receptacle, in a

front view, and



After the substrate 3 has been secured to the substrate holder 2, the
receptacle is.evacuated and then supplied with the process gases. According
to the invention, the precursor 5 gases used are halide-containing process
‘gases and preferably HVDSO, hexadi nmet hyl di sil oxane, in a concentration of
fromO0.1 to 50% preferably fromO0.25 to 35% and nost preferably in a
concentration of approximately 3% ( 10% 10 As a result, after the process
gases have been supplied, a plasma which can be ignited by mcrowaves is
formed in the evacuabl e chanber 1, this plasma defining the quantitative
deposition on the base body 20 in each case and formation of a layer 21 to
29 by meanspof, the tenporalspdyisati e a8frahhietle %egew@getﬁgﬁm and the
guantity of reacting process gas supplied. If Nbd5 is used as precursor
gas, it is pbbesbrationugé an %’d%agoﬁ’ébﬁtr%lw ormoing rarmolilipoisdyy 0ht a
concentrati It %ls.preferred and a concentration of 2%
10% i s nDstP%$%$%€%%%§gT'gt%$%?og%%%§%bmer which is radiated into the
evacuab$ e chanber 1 has a usable nmean power of fromO0.01 to 20 kWand, 25
in a prefer i , . i Nt err

enbodi nment %ﬁ%igggggng%%mggl%?&gp§%§¥Yﬁggé?ygg.%fkgyféﬁigggT%egg?g%ﬁ¥%%r
gas flow r a¢misodtmene aflj astedparabtius foraapgel Bhoforptbrab0lapedd, 00Dtkccm
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chlorine, i&ssembl bespoessthie &ppaBathibuori ne, brom ne and/or iodine or a
m xture of these 12 hal ogens in suitable quantitative ratios to be used
in thel%recursor gas. In this case, however, the process paraneters are set

in such 5 arma aié‘@xﬁst@@c@f@ﬂﬂm%f[f@n’_cl@é { hee hied O efordb PIBe Ora Oof the
hal ogen i n the hal ogen conpound ich is applied to the substrate 20 in one

of the | ayefeceataaloolanbint EOFB Ab AbrevefdP 5 peh iR L by wel gRE1aRd2 in

a particul aghyspret £rietdepbodi et rah@ef0 f®IEridRNad Pt Lot Syp¥erghé.
to As an alternative to niobium it is also possible to use tantalum

Furt hermore3 i ¥high al 8ol hbast bRreSd| ANt Rereadet k!l dif feFedt Fagetal B use

ni obi um forpggfigstcdayss apdutantsl umins & secontbd ayelde dgpending on the
correspondi ng” 15 |l ayer design, so that in these |layers niobi um oxi de Nb205

and t ant al Ui ®xFelece0be at el 5 egprrecvelly 762 midl, 1pkef e ahichn &0
stoi chi Omtééﬁqlﬁﬁé*&&éﬁ{“ %Dtﬁe£%| %(§éc¥ch£’¥‘éé‘b§39§t¥’é1h ey ai%@s?"%fm@“?bﬁée&’f
0 By 0 f he

scattering centers. sultabl e sel ection the layer design o
| ayers 21 tdevdcether munbeessf gawesh bhasa betghgfismepesat Ore aydfs gasFig. 5

purely by f le . it is_ p ib duce. cut - i r
band- pass r@%%%%%gggg?h-??é%?ei?n%g ?I%%rég%ﬁéyv%mfééigﬁﬁgééé%ﬁ%?v?%?%n
mul ti pk@ex) dasteesemmdorn’ pandi twl Binis way feeds process precursor gases

to the receptacle 1.

Furthermore, the receptacle 1 is connected, via an outlet 8
and a system of lines which form a discharge device for

25 discharging process gases, to a pump stand 9, which comprises
both pileot and main vacuum pumps, in order to be able to
maintain a pressure of from 0.05 to 10 mbar stably and
adjustably in the receptacle 1 even when precursor or purge
gases are being supplied.

30
The pump stand 9 may comprise a plurality of Roots pumps or
other suitable pump systems for generating the corresponding

vacuum.



25 DWDM (dense wavel ength division nultiplex) filters wwth a high optical
quality as the optical substrates. Although the invention has been

descri bed on the basis of a plasma-induced CVD nethod, it is not restricted
'to this 30 method and can advant ageously be carried out using PACVD (pl asna
assi sted chem cal vapor deposition) nethods and PECVD (pl asma enhanced
chem cal vapor deposition) nethods. Furthernore, it is assuned that the

i ncorporation of halogen 35 atons or hal ogen conpounds whi ch has been

di scovered ﬁg be 13 advaatageoug ig not restricted to the chem cal
deposi ti on MBEhBASCRNPERPRAVEIheBh PRBSERFEAC2GHE fafhBrPRAASEI 8B hEom
observed i nthéhpumpppthfdt Hobonet Bedsbberl4ikabeatrctai Wenimi A8 opti cal
substrate, conprising a_substrate, on which one or nore | ayers which

i nfluence tRBVSIBRBBAGALI BALSFEEPEBNt are arranged, wherein at |east one of
the | ayers conprises hal ogen atons or a hal ogen conpound. 2. The optical

substrate as claimed irn claim1, wherein 1o the hal ogen atonms or the
hal ogen’ conpotigtiEerprysdeharbgensOwAndhaareni Roshet tiget sepercedlirom the

roup consi S,k hLor i ne: uQL| Lne.: and L odi L XEUr of
o ori ne. ot Thbef Borflafl bBeicAl MGk TC0- DROTHEELB0T 3PY PoniRLr PN LY Ehe
clainmed in teagptacde 2, vihevendovhewpiohorteoarvingee hal ageneasons-or of

e e 0SB EaaLEO E0TRURGLAY boechayEbcappliny 1o Lhssaueirare

manner that ligﬁt which ¥s emgttéd by the monitoring light

10 source 11 is 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 in the intensity of the light transmitted and

15 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 the

20 receptacle 1 and of the microwave generators and from which
it is possible to see a substrate heater 12, which either
forms part of the substrate holder 2 or is arranged thereon,
in such a manner that as a result it is possible to control
the temperature of the substrate, and this temperature can be

25 stabilized adjustably, preferably within a range from
approximately 100 to 600°C, to a value which lies within this

interval.

Microwave sources 13, 14 are arranged on either side of the
30 substrate holder 2 and each generate their own microwave
field which partially projects into the receptacle 1, as can
be seen from the diagrammatic front view present in Fig. 4 by
means of the lines 15 and 16 which delimit the microwave
field. These lines approximately describe a field drop in the

35 microwave field to a value below which a plasma-induced



material of the layer. 20 4. The optical substrate as clainmed in claim1l1, 2
or 3, wherein.the proportion of the hal ogen atons or of the halogen in the
hal ogen compound in the |ayer applied to the substrate conprises no nore
‘than 1 percent by weight, based on the 25 material of the layer. 5. The
optical substrate as clained in one of chgjns 1 to 4, wherein the hal ogen
atons or the hal ogen conpound are arranged in an interference |ayer, by

whi ch the phase-front 30 velocity of the Iight transmtted through the
interference layer is influenced. 6. An optical substrate, in particular

t he opti cal reabsiomt eamsne| hongdr i Ipe oarpotted adsrsa 1Ifvwchi o ovpr tiseé ngtlae 85

| ayer which_jncl udes _a njobiu ont ai hi ng_ conmpound. 5 7..The optical
substrate AR ERet Ear FRCREl or 1 net B Be el e er i Td, Ot FIT rRCrofEve
ni obi um conénengngt coppofied istai ohe uavaxusdel e prledmseabl ¥y, NDRO5Lawbéehhas

arranged in,ap interference | ayer, by which,the phase-front velocity of the
| Tont tr ahahRTE bt B SUGreT REST b F b Bt Yo 1T 1ot i tefced. & an
opti cal s subsi sgtemmabipasideudewt Sicowpt igariubstipl€sesaté @i v¥RE i n one of

the preceding clains, 10 conprising. a |ayer, which inc]udes ,
tantalun}coﬂgﬁiﬁ+%@ %gn%%%nﬂgf@fh%ﬁ% %bggc%}cgﬂﬁ§Y?éY%n %chgjﬁ%ﬁthV%ne of

the precedi g chai Blethgsilet e ANERE UTHTON S MDYy CONPLESLES €6 the
tant al um oxi de, preferably Ta205, which is arranged in an interference

| ayer, by wAMRRCIHES phak@e¥rontnd et Pptbfat nepsyrate ransnitted through
the interference |layer is influenced. 20 10. The optical substrate as
clainmed in one of the preceding clains, which also includes a |ayer_ which

conpri 3&s alhe obFedivebheri af ndn compbtamt awesHed toyeh bt cies e ikeddbolen
compound. 2ps & rJheropLecal spbeLile Ascsbal iedddeone of the preceding
cl aims, which also 1ncludes a |ayer ich conprisSes a tantal um containing
conpound and hal ogen atons or a hal ogen conpound. 30 12. The opti cal

substrate ag;glai dpd,{p ope ﬁ%t%g&[ pé@gg@fggi céi]q'\i,}{r’lsch?%argfn a plurality of
| ayers are arranged on the substrate and eac ave a different refractive
i ndex than aitbs$bastiphky atfacemrsé@yent use thickness is secured to the
15 substrate holder 2. The starting substrate 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.

20 That surface of the substrate which is to be coated
preferably has residual unevenness or roughness which, in
terms of its roughness depth, is smaller than the wavelength
of the radiation which is subsequently used, i.e. is
preferably smaller than 1.5 or 1.0 pym. It is particularly

25 preferred for roughness depths of this type to be less than
1/10 or 1/20 of the wavelength used and therefore to be less
than 0.15 or 0.075 pm. Even smaller roughness depths can also
be used and have advantages with regard to the scattering
characteristics and the quality of the layers applied.

30
Depending on the layer design, layers which adjoin one
another in each case have a different refractive index, in
order in this way to produce a defined phase shift of the
wave fronts and a defined reflection at the refractive index

35 transition.



16 13. The optical substrate as clainmed in claim 12, wherein the optical
substrate is a nultiple interference filter which acts as a cut-off filter
for transmtted and/or reflected light. 5 14. The optical substrate as
‘claimed in claim 12, wherein the optical substrate is a nultiple
interference filter which acts as a band-qpass filter for transmtted or
reflected light. 10 15, The optical substrate as clainmed in claim12,
wherein the optical substrate is a nultiple interference filter which acts
as a gain-flattening filter. 15 16. The optical substrate as clained in one
of the preceding clains, wherein the optical substrate is a WM (wavel engt h

di vi si on i fd di vi si on
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proportion tof 30%, hatefermslwnbral 005 el ag®), idhd h@:&talmg@fe&mppum a
which are a Iled to the(gﬁbstrate in thed%ayﬁ nounts to no nore that 5
per cent by Cr Y PR PR GSHY e1 ayer . 17 20. The nethod

for producing an opt| cal substrate as clained in claim1l7, 18 or 19,
wherein the proportion of the hal ogen atons or the halogen i n the hal ogen
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the light transmtte erence 1 ayer 23. A
met hod f or gumlicichg an optical substrate, in 20 particular as clainmed in
one of clains 17 to 22, conprising the application of a |ayer which

i ncl udes a tantal uncont ai ni ng conpound. 24. The nmethod for producing an
optical subisf MEd@lAasis used as precursor gas, it is possible to use an

NbCl5 concentration of from 0.1 to 50%, but a concentration
20 of from 0.2 to 5% 1is preferred and a concentration of 2% (

10% is most preferred.

The microwave power which is radiated into the evacuable
chamber 1 has a usable mean power of from 0.01 to 20 kW and,

25 in a preferred embodiment, 0.1 to 5 kW, but in the most
preferred embodiment a microwave power of approximately 0.5
kWw ( 10%.

The precursor gas flow rates can be adjusted within a range
30 of from 50 to 10,000 sccm, and in a preferred version of the
method are 100 to 2000 sccm, but in the most preferred

embodiment are 500 sccm ( 10%.

As an alternative to chlorine, it is also possible for

35 fluorine, bromine and/or iodine or a mixture of these



25 clained in claim23, wherein the tantalum containing conpound is
tant al um oxi de, preferably Ta205, which is arranged in an interference
Layer, by which the phase-front velocity of the light transmtted through
“the interference layer is influenced. 30 25. The nethod for producing an
optical substrate as clained in one of the preceding clains from1l7 to 24,
whi ch al so conprises the application of a | ayer which conprises a

ni obi um cont ai ni ng conpound and hal ogen atons or a hal ogen 35 conpound.
18 26. The nethod for producing an optical substrate as clained in one of
t he precedif}Pgl%%I?Srmlrfr%%tla;bf% PEN 't Tt W SR T HeT UL Y36ri i ke
conpri ses gpotadliBssm oAt ai ning 5 conpound and hal ogen atons or a hal ogen
conmpound. 27. The nmethod for producing an optical substrate as clained in
one of clains 17 to 26, wherein a plurality of |layers are arranged on the

substrate and ©acd have, andwete azﬁté Vi€r b elex v £k d Sr & hangegk cofpasesch t o

o3
at | east one adjacent |layer. 28. The nethod as clainmed in one of clains 17

to 27, Sher®iFRRIRE igtHod-he REFREVD Ol S rdhadid Kagen cHet AT vabdrhe 5
depost 1 O IR0 1 2% s RSO Aot TR I Deagl Sy e o 28

wherein the nmethod I1s a enhanced chem vapor deposition)
met hod, in pHrstrater?@ phagm ¢hptisel X 22 hethat) dmowki < H prieg o

gases with I nd . ar ) 3 T t i [ h claim
NPT L SR T T T R et R S L T
to 10 25 nEmbodimsrbst riat end enger athare bfpepperroxibmtwd MO0 t o 600C, an
NobCl 5 concentration of fromO.1 to 50%in the precursor gas, an HMDS

(hexadi net hyl di sil oxane) concentration of fromO0.1 to 50%in the precursor
gas, a mearfsna eyvbiver powere ofo friosbu,l ito 29 AWansbvs idlea gasudd ow rate

f from50 to 30 10,000 31. The method J ai med, in claim27, 28
20, wher ei - TR TBE hot T STEHITT R0 ot B & prECEIIE 1 orf 007 49 Wbar . a

substrate teipRsednt €l Hfe BPPToxXi ued ed YodHth t Fo 830G 1 st 3B Nl Shnd
concentration of fromO0.2 to 5% in the precursor gas, 19 ,
tantalum for a second layer, depending ‘on the corresponding
15 layer design, so that in these layers niobium oxide Nb205 and
tantalum oxide Ta205 are respectively formed, preferably in a
stoichiometric ratio with relatively low absorption and a

small number of scattering centers.

20 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 multiplex) filters and in particular

25 DWDM (dense wavelength division multiplex) filters with a

high optical quality as the optical substrates.

Although the invention has been described on the basis of a
plasma-induced CVD method, it is not restricted to this

30 method and can advantageously be carried out using PACVD
(plasma assisted chemical vapor deposition) methods and PECVD

(plasma enhanced chemical vapor deposition) methods.

Furthermore, it 1s assumed that the incorporation of halogen

35 atoms or halogen compounds which has been discovered to be



an HVDSO (hexadi net hyl di si | oxane) concentration of from0.25 to 15%in the
precursor gas, a nmean m crowave power of fromO0.1 to 5 kWand wth a gas
flowrate of from 100 to 2000 sccm 5 32. The nmethod as clained in claim
27, 28 or 29, wherein the nmethod is carried out at a pressure of
approxinately 0.2 nbar ( 100, a substratﬁ enperature of approxi mately 200C
10% an Nbd S concentration of approxi ma Iy 20 ( 10%in the 10 precursor
gas, an HVDSO ( hexadi net hyl di sil oxane) concentration of approximtely 30 (
10%in the precursor gas, a mean nicrowave power of approximately 0.5 kW (

1 0% and W t8deagesgéboy {8t goof rappr Dut sa@t £byt BO0cesMm 41 188p0d bt 88n AN
apparatus for ag | ying optical, |ayers to a %ubstrate in particular for
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evacuabl e chanber (1), 20 a substrate holder (2) arranged in the evacuable
chanber (1), a feed dévice (5) for supplying process gases, in particular
precursor gases for carrying out a chemical deposition process, a nicrowave
generation device (13, 14), by which a mcrowave 25 field is generated at
| east in part of the evacuable chanber ( 1 ) , and a discharge device (8)
for discharging process gases. 34. The apparatus as clained in claim 33,
wherein the 30 apparatus is a PICVD device, in which the reaction of the
process gases inside the evacuabl e chanber (1) can be influenced by a
time-controlled mcrowave field. 35. The device as clained in claim33 or
34, which also 35 includes an optical nonitoring device (10, 11, 12), by
whi ch 20 a non~tpxed. Irate @B1 Gan b ox 3~ oWh n the sub$ ~ c~a~ns 33.
3 the the ~-aYex ~r ned in ne ntxllin~ der and co aratus as Gla es ~5, 12
~ a Substrate hpl 36. ,the app ncludes devx ~Ses and o~ th which al SO ~ o~
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Patent claims

1. An optical substrate, comprising

a substrate, on which one or more layers which influence the
propagation of light are arranged,

wherein at least one of the layers comprises halogen atoms or

a halogen compound.

2. The optical substrate as claimed in claim 1, wherein
the halogen atoms or the halogen compound comprise halogens
which are in each case selected from the group consisting of
chlorine, fluorine, bromine and iodine and mixtures of

chlorine, fluorine, bromine and iodine.

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 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 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 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
substrate as claimed in one of claims 1 to 5, comprising a

layer which includes a niobium-containing compound.
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7. The optical substrate as claimed in one of the
preceding claims, wherein the niobium-containing compound is
niobium oxide, preferably Nb205, which is arranged in an

interference layer, by which the phase-front velocity of the

5 light transmitted through the interference layer is
influenced.
8. An optical substrate, in particular the optical

substrate as claimed in one of the preceding claims,
10 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 is

15 tantalum oxide, preferably Ta205, which is arranged in an
interference layer, by which the phase-front velocity of the
light transmitted through the interference layer is

influenced.

20 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.

25 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.

30 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.
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the optical substrate is a multiple interference filter which

acts as a cut-off filter for transmitted and/or reflected

light. .

5
14. The optical substrate as claimed in claim 12, wherein
the optical substrate is a multiple interference filter which
acts as a band-pass filter for transmitted or reflected
light.

10
15. The optical substrate as claimed in claim 12, wherein
the optical substrate is a multiple interference filter which
acts as a gain-flattening filter.

15 16. The optical substrate as claimed in one of the

preceding claims, wherein the optical substrate is a WDM
(wavelength division multiplex) filter, in particular a DWDM

(dense wavelength division multiplex) filter.

20 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.

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

consisting of chlorine, fluorine, bromine and iodine.

19. The method for producing an optical substrate as

30 claimed in claim 17 or 18, 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

that 5 percent by weight, based on the material of the layer.
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21. A method for producing an optical substrate, in

particular as claimed in one of claims 17 to 20, comprising

the application of a layer to a substrate which includes a

10 niobium-containing compound.

22. The method for producing an optical substrate as
claimed in claim 21, wherein the niobium-containing compound
is niobium oxide, preferably Nb205, which is arranged in an

15 interference layer, by which the phase-front velocity of the
light transmitted through the interference layer is

influenced.

23. A method for producing an optical substrate, in
20 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

25 claimed in claim 23, wherein the tantalum-containing compound
is tantalum oxide, preferably Ta205, which is arranged in an
interference layer, by which the phase-front velocity of the
light transmitted through the interference layer is
influenced.

30
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 atoms or a halogen

35 compound.
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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-containing

5 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 of
layers are arranged on the substrate and each have a

10 refractive index which is changed compared to at least one

adjacent layer.

28. The method as claimed in one of claims 17 to 27,
wherein the method is a PACVD (plasma assisted chemical vapor

15 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, in particular a plasma impulse CVD

20 method, in which precursor gases with a halogen compound are

used.

30. The method as claimed in claim 27, 28 or 29, wherein
the method is carried out at a pressure of from 0.05 to 10

25 mbar, a substrate temperature of approximately 100 to 600°C,
an NbCl5 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

30 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

35 NbCl5 concentration of from 0.2 to 5% in the precursor gas,
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the method is carried out at a pressure of approximately 0.2
mbar ( 10%, a substrate temperature of approximately 200°C (
10%, an NbCl5 concentration of approximately 2% ( 10% in the

10 precursor gas, an HMDSO (hexadimethyldisiloxane)

concentration of approximately 3% ( 10% in the precursor gas,
a mean microwave power of approximately 0.5 kW ( 10% and with

a gas flow rate of approximately 500 sccm ( 10%.

15 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 to 32, comprising
an evacuable chamber (1),

20 a substrate holder (2) arranged in the evacuable chamber (1),
a feed device (5) for supplying process gases, in particular
precursor gases for carrying out a chemical deposition
process,

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

25 field is generated at least in part of the evacuable chamber
(1), and

a discharge device (8) for discharging process gases.

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

influenced by a time-controlled microwave field.

35. The device as claimed in claim 33 or 34, which also

35 includes an optical monitoring device (10, 11, 12), by which
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