5Quartz gl ass conponent with reflector |ayer and method for producing
t he sanme The present invention relates to a nethod of producing a
quartz gl ass conponent with a reflector |ayer, whereby a reflector

| ayer of quartz glass acting as a diffusely 10 reflecting (diffusing)
reflector is produced at |east on a part of the surface of a
substrate body of quartz glass. Mreover, the present invention is
concerned with a quartz gl ass conponeﬁk with a reflector |ayer,
conprising a substrate body conposed of quartz glass having a surface
that is covered at least in part with a Si02 reflector |ayer acting
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whi ch can Components made of quartz glass are used in many applications, e.g. in the
manufacture of lamps as cladding tubes, bulbs, covering plates or reflector
carriers for lamps and radiators in the ultraviolet, infrared and visible spectral
range, in chemical apparatus engineering or semiconductor manufacture in the
20 form of reactors and apparatus made of quartz glass for the treatment of
semiconductor components, carrier trays, jars, crucibles, protective shields or
simple quartz glass components, such as tubes, rods, piates, flanges, rings or

blocks.

In lamps, time constancy and efficiency of the emitted operative radiation play an
25 important role. Likewise in heaters, small heat losses are desired as a rule. To

minimize radiation losses, optical radiators and radiant heaters are therefore

provided with a reflector. The reflector is firmly connected to the corresponding

radiator, or it is a reflector component separated from the radiator.

To reduce transmission or to change the transmitted light wave spectrum, it is
30 known that lamp bulbs are matted, e.g. by etching with acid or by coating the lamp
bulb in the interior with a particulate, light-scattering powder, such as a mixture of

clay and silica. So far the surfaces of particularly high-quality reflectors, which can
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- 2 - be used in a chemcally aggressive environnment w thout the
reflector material getting danmaged or the degree of reflection
decreasing noticeably, have consisted of gold. However, reflector

| ayers of gold are expensive and they are resistant to tenperature or
thermal shock only to a limted degree. Mreover, the reflection 5
depends noticeably on the wavel ength and-strongly decreases in the W
range. These drawbacks are avoi ded by the nethod for coating quartz
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parti cul arl¥ 30 be nentioned. .
he SiO; slip is applied in the form of a slip layer onto the substrate body of quartz

glass, and the slip layer is subsequently dried and vitrified with formation of a
more or less opaque quartz glass layer. For the application of the slip layer onto
20 the base body, spraying, electrostatically supported spraying, flow coating,

spinning, immersion and dispersion coating are suggested.

The quartz glass layer produced in this way is usable as a diffusing reflector for
radiation over a wide wavelength range. However, it has been found that the flow
behavior of the known and highly fiiied slip is not optimally suited for some of the
25 said coating techniques and that, therefore, the reproducible manufacture of a
uniform coat is difficult in the individual case. Moreover, a multistage process is
here concerned which includes applying the slip layer, drying and vitrification. In all
process steps, defects and thus material losses may occur. Shrinkage cracks and
mechanical damage to the not yet entirely solidified layer should here particularly

30 be mentioned.



- 3 -1t is therefore the object of the present invention to indicate
a met hod which enabl es cost-effective and reproduci bl e producti on of
uni form Si02 reflector |layers on quartz glass conponents. Moreover,

it is the object of the present invention to provide a quartz glass 5
conponent obtai ned according to the nethod, which is distinguished by
a crack-free and uniform S102 reflector3tayer. As for the production
met hod, this object, starting froma nethod of the aforenentioned
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reduced by ansparence can be conpensated by a | arger |ayer
thickness. 25 In the nmethod accordi ntg to the invention the substrate
body sur f acé the neeibedacepnding tethe dpventionsthe gefiagtar lavgr isrpredecesl byghermal
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caused by1§ nera'snﬁ%%ﬁ a(%(a ﬂﬂ% a?g%%%'speed onto the prepared substrate body surface to
the coated. The energy source is normally an oxy-fuel gas flame or a plasma jet,

but may also be configured as an electric arc, laser beam, or the like.

it is important that the SiO- particles should be melted or incipiently melted and
deposited on the substrate body without an entirely transparent surface iayer

20 being formed without an adequate degree of reflection, which layer would then be
useless as a reflector layer for diffuse reflection. Transparence limited to portions
of the reflector layer is however acceptable and may even be desired, for instance
for sealing surface areas. Opacity of the layer reduced by transparence can also
be compensated by a larger layer thickness.

25 In the method according o the invention the substrate body surface is coated and
the layer is solidified in one single operation. This avoids the problems
accompanying the known method because of the muiti-stage procedure theveof
and also possible damage to a layer that has not solidified yet. To be more

specific, cracks caused by shrinkage do not occur.



- 4 - 1t has been found that with the help of the nethod according to
the invention it is possible to produce a Si02 surface |ayer which
shows an opaque effect, firm adhesion and uniformdensity, which is
particularly crack-free and which is additionally distinguished by
adhesive strength and is suited as a diffusing 5 reflector for

radi ati on over a wi de range of wavel engths. An adequate softening of
the Si02 particles takes place at a tenperature that can be reached
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reflector layer is produced 25 by flame spraying, with an electric
arc or an oRasmaedprayirg) énadoes Dedmpprativedy kigh eherge mpubynd bigh speeds

when the melted or incipiently meited SiO, particles are flung against the
substrate body surface. As a result, relatively thick and firmly adhering reflector

15 layers can be produced within a short period of time.

As a rule, the SiO2 particles are supplied to the plasma flame in the form of a
powder or in the form of a suspension (suspension plasma spraying; SSP). Apart
from this, the so-called SPPS (solution precursor plasma spraying) method is also
possible, wherein precursor compounds are supplied to the plasma flame for SiO;
20 synthesis and oxidation into SiO; takes place in the plasma flame or during
deposition on the substrate body surface. In the SSP method particularly fine
particles can be used, which facilitates the manufacture of thin layers, e.g. of a

finishing dense layer used for sealing.

Alternatively and in an equally advantageous way, the reflector layer is produced
25 by flame spraying, with an electric arc or an oxy-fuel gas flame being used as the

energy source.

In flame spraying methods, temperature control can be carried out more easily
than in plasma spraying methods, so that a predetermined opacity of the reflector
layer must be observed in an exact and reproducible way. Moreover, this method



In flame spraying nmethods, tenperature control can be carried out
nore easily than in plasma spraying nethods, so that a predeterm ned
opacity of the reflector |ayer must be observed in an exact and
reproduci bl e way. Mreover, this nethod - 5 - is distinguished by a
| ow energy input into the substrate body. It has turned out to be
useful when the Si 02 particles have paritdicle sizes in the range of up
to not nore than 200 pm preferably not nore than 100 pm where Si 02
particl es Wetfipanki i i ; pm and 60 pm
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of which, on the one hand, substance transport processes backed by
pl astic def 8?3 on, which could effect a particularly fast
vitrification into transparent quartz gl ass, do not take place to a
consi der abl Paixtieny pre&trablprite 380 eeticessiave d peaticde bizt distibutiod whick isot
or not Col%stlﬂigﬁ"nrg?.lpslhgd lb%af)sr;,%gi'ue of less than 50 um, preferably less than 40 um,

particularly preferably less than 30 ym.

As for the opacity of the reflector layer to be observed, it is possible to sinter the
Si0; particles without a complete and transparent fusing together and, if possible,
without deformation of the substrate body, Particles in the above-mentioned range

20 of sizes show an advantageous sintering behavior in this respect. They exhibit a2
high sintering activity and therefore sinter already at a comparably low
temperature in the case of which, on the one hand, substance transport processes
backed by plastic deformation, which could effect a particularly fast vitrification into
transparent quartz glass, do not take place to a considerable extent yet, and

25 where also the substrate body is not or not considerably impaired.

In this connection it has also turned out to be advantageous when the SiO;
particles have a multimodal particle size distribution, with a first maximum of the
size distribution in the range of 2 um and 6 ym and a second maximum in the

range of 20 ym to 60 um.



In this connection it has also tuned out to be advant ageous when the
Si 02 particles have a nmultinodal particle size distribution, with a
first maxi mum of the size distribution in the range of 2 pmand 6 pm
and a second maximumin the range of 20 pmto 60 pm - 6 -
Preferably, at |east one third of the 8102 particles are nade
spherical. It has been found that spherf€al particles after opaque
sintering contribute to high reflection, above all in the infrared
wavel ength range. 5 In a particularly preferred variant of the

met hod, the Si02 particles are supplied to the energy source in the
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wt ppm In ag(gartlcul arly preferred devel opnent of the nethod, a

reflector | aJesm Buthrglerribyleds thanalO04mr t hi ckness in the range
bet ween 50 pm and 3000 pm preferably in the range between 100 pm and

800 Ipm 20 ]Rbﬁortsfibﬂimiclbbﬁxﬁi ﬁﬂgrg_ﬂflét_e%rﬁf. hbedliag, particmEse, mfp_*p(%/ toiee

conplete is the reflection.,of radiation. reoyer, ir | 1.catjons
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e |ayer _
t hi ckness. REPedeirg theyeethodaeerrding &g/ te invgnliRhess of more t han 3000
pm can however only be 25 produced by taking great efforts and the

addi tional efiftesiinofd, ittHae thined @bt lokaiseflvblkn @RSSICS captert ¥f theSiGLd as
arule (in the case of substantially opaque |ayers). By contrast in

the case of Peliges iSAtleast 8P 9ahers with thicknesses below 50 pm it is
difficult to observe a predeterm ned diffuse reflection in a
r epr oduci1y ghisayarsinae@ial does not present any risk of contamination or crystallization.

The content of impurities is preferably less than 1 wt ppm.,

In a particularly preferred development of the method, a reflector {ayer is produced
with a layer thickness in the range between 50 #m and 3000 pm, preferably in the
range between 100 ym and 800 ym.

20 The thicker the SiOs reflector layer is made, the more complete is the reflection of
radiation. Moreover, in applications requiring a high density of the reflector layer,
e.g. in order to prevent sealing or the generation of particies out of the layer, the
accompanying reduced opacity of the layer is compensated by a larger thickness.
Reflector layers with a layer thickness of more than 3000 #m can however only be

25 produced by taking great efforts and the additional effect of the larger [ayer
thickness is hardly noticed as a rule (in the case of substantially opaque layers).
By contrast in the case of SiQ; reflector layers with thicknesses below 50 um, it is

difficult to observe a predetermined diffuse reflection in a reproducible way since



- 7 - small differences in the opacity of the layer already show a
noti ceabl e i npact on the degree of reflection. Especially for the
manuf acture of |arge |ayer thicknesses a procedure is preferred in
which a plurality of successive |layer plies are applied for
generating the reflector 5 | ayer. For the manufacture of reflector

| ayers with specific properties, either/the Si02 particles are
provided with a dopant or, apart fromthe Si02 particles, a dopant is

suppl i ed t 0sinaR dfFRRIGYs ﬁﬂhé%@acuw thelal SCdiREdY S a PoREBEBRimdact 6H S
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pl asma neth 0 n asma by a dopant .
absor bi ng rgﬂ tg?%{‘“¥q’?q‘frﬁé) F%d?ﬁ@ ’?fyefsh"é‘ eE'f'%H{Oé’?F[{ﬁ? Wﬂ?%%ﬁ'ﬁﬁ of
the pl asma. périties bheprodidua wita GepanbehpAefdhathd sncgcdan&s@ﬁ a\@obbntt@e
use of a dopant, that is volatile at a high tenperature. 20

t enper at ur e SERPIEH O g FHETHISAFRE- si nteri ng tenperature of the
reflector layer or in the range of the operative tenperature of the

ener gy sour Fre tdflectonlager preddeqipintthie wap ebataids ons bbkévas! dupafististieiaat es
with formation or rele of a, gas. . The S ﬁ%tsgié)ther fl ector

ayer and: GUP 1R HELOE smRRIRd! 5 PG RRrAlEAY the Spegic

opacity. 25pipes®bf Lmr& dah sﬁrhﬁnf@ménﬁméct@elue@rb@fd E&émmetsfwtrﬁg rep
consisting of Zr02, Al2 ZrSi A, oxide, carbide or nitrid

conpounds oPde@'qneﬁféh%%ﬁf@ﬁt'Q‘fb@% thermg! sglatiorshbp RAIORARE Withedy S@§Ct've |
preferred dapayition ina Setific wavelength range, increased lifetime due to a dopant

increasing the viscosity of quartz glass, improvement of the chemical resistance or
15 reduced risk of contamination presented by the component and, specifically in a
plasma method, improved coupling in of the plasma by a dopant absorbing

radiation in the range of the main emission wavelength of the plasma.

A further advantageous application is achieved with the use of a dopant that is
volatile at a high temperature.

20 At a temperature in the range of the sintering temperature of the reflector layer or
in the range of the operative temperature of the energy source the volatile dopant
evaporates, sublimes or dissociates with formation or release of a gas. The gas
passes into the reflector layer and facilitates the generation and maintenance of a

high opacity.

25 One or more of the compounds selected from the group consisting of ZrOz, Al;03,
ZrSiQ,, oxide, carbide or nitride compounds of the rare-earth metals, SiC and

SiaN4 are used as preferred dopants.

The dopants may be distributed in the layer in a uniform way, or they may be

contained in concentrated form in separate layer plies, e.g. in intermediate layers.



Li kew se, layers with a concentration gradi ent of dopant are suited.
An addition of alumnumin the quartz glass will formA 203 in the
refl ector |ayer, which enhances etch resistance and tenperature
stability of quartz glass and thus prolongs the service |life of the
coated quartz glass conmponent. Additions of nitrogen or carbon 5
which are incorporated in the formof nBtrides or carbides into the
quartz glass structure and effect a stiffening of the glass structure

and Lhs - QiR OB RitFL co R REANNG AN ARl 8 b e NaaRbNE

may easily el evate atures, "there
t he setti ng asmiaumiig theopueciztgjassiwill foemrAdiQadie therreflegierlaydr whigh enhances

formation of | icle r Rhous.
The use of - Si0beaarnte Rt friadelute shiB S St ibs FR B0 BrBOREINe
reduces t he sendde lité ofthgsbatedfquartaglass compotemnt. pidzlitanatof aitrogén bhearbon
reflector |ayer production, .which my |ead to ste,of the conponent
Coat ad n b ANty edfeoraae i e Bl irERS b ariOgn g s Ak e
S102 parti cls@ctareamt it adtiffeming d6the igldss efiustoizHdrthidge B PEHOS stch
conpounds, preferably from precursqr conpounds additionall

. L | y
cont ai ni ng APYFBEEHSNOY P piglap action: Py By gasydecempeip st dlgtated ni ng

precursor cagppbiatFedtfer8hBiacilidtng e ﬁtﬁ@@%ﬁﬁgh SHARY PR reflector layer
additionally contain nitrogen. OMmng to the incorporation of nitrogen

into the quahtouglythederreationd gases.ector | ayer the thernal stability
thereof is 20 increased and etch resistance is inproved. Wth respect

to this, partfdtd, thy SIBRRTES e AMRhous. @ procedure in which
thermal spraying is carried out in the presence of a

ni t rogen- cont ai nin S rticularly in the presence, of NH3 N20.
Ther mal - spr aeGe BLae dpriiges B primioshiodnront i TR Fisnopalrssitie i
flane as t hef2hysRNRINBYtGPMIEES prpdraioh Bf Slepphdcialiayien ®roduction, which may
ni t rogen-cont aj ni ng gafs to the % asma flape. This treatnment is
par ti cul ar | ye3eleIwasty oidhe spagonent goptedd thiswak nent for producing a
ni trogen-containing surface layer. - 9 -

It has turned out to be advantageous when the SiO; particles are produced from

15 silicon-containing precursor compounds, preferably from precursor compounds
additionally containing nitrogen.

Suitable start substances for SiO; containing precursor compounds are e.g. TEOS

or siloxanes. Silazanes additionally contain nitrogen. Owing to the incorporation of

nitrogen into the quartz glass of the reflector layer the thermal stability thereof is
20 increased and etch resistance is improved.

With respect to this, particular preference is given to a procedure in which thermal
spraying is carried out in the presence of a nitrogen-centaining gas, particularly in

the presence of NHj or N2O.

Thermal spraying can e.g. be carried out with the help of a plasma flame as the
25 energy source and with supply of the nitrogen-containing gas to the plasma flame.
This treatment is particutarly well suited also as a final treatment for producing a

nitrogen-containing surface layer.

As for the quartz glass component with reflector layer, the above-indicated object

starting from a component of the above-indicated type is achieved according to



the invention in that the Si02 reflector layer is fornmed as a | ayer
whi ch is produced by thermal spraying and shows an opaque action. The
quartz gl ass conponent according to the invention conprises a
reflector |ayer conposed of doped or undoped quartz glass that is
produced by thermal spraying 5 and is opaque either entirely or in
part. The opaque quartz glass acts as a9diffusing optical reflector.
The conponent is preferably used in the manufacture of process

reactors, | a{ﬁB%v%htldrﬁ“Htﬁé%ttl‘?é syozafeﬁledtér lé,ferﬁyf% ¢ ad B dég@?vfh%% ga‘odaced
t ube, buIb a chanmber, shell, spherical” or e | psol segne

plate, heat Bhheresl spiayingeandiskews #ROP3aE 86tiogl ass 10 conponent i s
either part of an optical radiator or a heating reactor with

i ntegrated redd Qinggiasktenpahémracheidivg th SidBeeibn ChRpHséPa Faielor fayer

| ayer, or the conponent fornms a separate reflector and is used in
combi nat i on GAMRPSEH CbPRRedAr undared ‘é#a"BrgH?éé'ﬁﬁth@PﬁOQH@Q%*Py thefraalfpeaving

gl ass corm@n&mlsbaa(ﬁmath@esmw%@?pﬁarpfrhb%@ ﬂje%mrz@fﬁrafa@ o the

15 invention and addi tion S opaci ctor ayer is
di st i ngui she@ﬁwgﬂ@ﬁaﬁéﬂ%@®©n strength, hi gh honobgeneity of its
optical properties, particularly action as a diffusing |ayer, which

i s predom napyd dbn%n%hmsfb%*eﬁblyﬂjs\éﬂlﬂ &E%M&ttﬂbﬁ??&‘é&é Rhctdpy, Iﬁmps

uniformy high density and by an excellent chenica t her nal

resi stance, éefrefreAnddtie orepent Brite frgief ereherdiibs ﬁ@éﬁ”\béélsgﬁlhnce
Wat shoul d sﬁﬁéﬁé Bl @lﬁ% |d2aQsQ@ﬂé‘|’?ct Gidtel Redt leﬂp%?gﬁlﬁyg(@fTﬁé

unlformdenS|ty Stl’l ut 1 on. 'S swte as a using re ector
for radi atloocronmmentas Ritiks naatrcj@n@fptloaiv@:ll@tng@rrmheanhg reaiern with iofegrated

reflector | 'r tr | transm ssion
[ the vavel EheRor MRS EIIeh Sty e Kot Elen BOR T B BRRHERRT
respect to tmsaeﬂmite rreftialctcmfanﬂ lieeu saigitis t:ombﬂahmchyltft ae oﬁndeZrardm‘thlem'tmatlng

| ayer 25 preferabl y consists of species-specific material.

" Speci es- speeffiPe” in this instance means that the 5i 02 content of

the glass mass differs fromthat of the substrate
The quartz glass component is obtained by means of the method according to the

15 invention and, in addition to its opacity, the reflector layer is distinguished by high
adhesion strength, high homogeneity of its optical properties, particulary action as
a diffusing layer, which is predominantly determined by a uniform pore distribution,
by a uniformly high density and by an excellent chemical and thermal resistance,
mechanical strength and high thermal shock resistance. What should particularly

20 be noted is its absence of cracks and a uniform density distribution.

Itis suited as a diffusing reflector for radiation over a wide range of wavelengths.
The opacity of the reflector layer is noticed in that the direct spectral transmission
in the wavelength range between 200 nm and 2500 nm is below 2%.

With respect to the material of the substrate body the SiO» reflector layer

25 preferably consists of species-specific material. "Species-specific” in this instance
means that the SiO» content of the glass mass differs from that of the substrate
body by not more than 1% by wi., preferably by not more than 0.1% by wt, With
the use of “species-specific material”, it becomes possible to approximate the

thermal expansion coefficients of the quartz glass of the component and of the



body by not nore than 1% by w., preferably by not nore than 0.1% by

w. Wth the use of "species-specific material", it beconmes possible
to approximate the thernmal expansion coefficients of the quartz gl ass
of the component and of the - 10 - reflector layer as nuch as

possi ble, resulting in particularly hi gh adhesion at the sane tine.
Advant ageous devel opments of the quartz 1§t ass conmponent according to
the invention becone apparent fromthe sub-clains. Insofar as

devel opment srefibctbhiaydr AR SN BodsME, e@éuﬂmghrnpémwﬁﬁsbmgh %Uﬁ&a.&oarythé he
procedures indicated in sub-clainms regarding the nethod of th

i nvention, r#i8¢ BHEe is made to the above observations regard| ng the
correspondl ng nethod clains for a supplenentary explanation. The

desi gns of t hevamtyebis aém@pmaﬂ@@nmatqua@zsgégb étgnﬁcﬁwetnhﬁcddﬂdﬁﬁ?@fd A8 as
outlined in the remai ning sub-c] ains shall be exgo ained in hore
ap

detail 10 hel¥HQpLeFOMe FPRRISPLIR tasubntidiaisnBReiapas ghkelepragnts ofihgs s
component  &f cdrioreAVIABICARA in HeSsUBLERSME 3D SY fﬂ@%Yode%uFé%ﬂMuGé{E&% &sb-2

cl addi ng body of quartz glass for receiving a radiation emtter. The
cl addi ng bodfaigws rqe@rrﬂ ing thg aethadof the iaveniipe] refsirerpeds matiede ithgakayet t er |
such as a 15 g
Gas 11111 ng, O Ser L (EGaldnging 2oRebniRgAiRsd Bpiiciors SEBRSPehih
provi ded wi t explamation. foh@wsg@ns@ftrec:tuartgg@ss)zommnemamorﬁiagem theTiheengo 2

Facing auay 15 ameRdR HEReEEAL ah P af B Bohinfdn ARE: Paf 01

radi ati on l@nhdreieaftar t he at nosphere inside the cladding body is
avoi ded.

In a preferred embodiment of the quartz glass component of the invention, the
substrate body is configured as a cladding body of quartz glass for receiving a

radiation emitter.

The cladding body of quartz glass is here enveloping a radiation emitter, such as a
15 heating coil, a carbon ribbon or a radiation-emitting gas filling, and at the same
time part of the cladding body is provided with the diffusely reflecting SiO; reflector
layer. The SiO; cover layer is here provided on the outside of the cladding body
facing away from the radiation emitter, whereby impairment of the radiation emitter

or the atmosphere inside the cladding body is avoided.

20 The SiO; reflector layer has a reflection coefficient of at least 0.6, preferably at
least 0.8, in the wavelength range of 1000 nm to 2000 nm.

Reflection coefficient means the intensity ratio of the radiation vertically impinging
on the reflector, to the reflecting radiation, An Ulbricht sphere is suited for
measuring the diffusely refiecting radiation.

25 When high-purity synthetic SiO; start material is used, a high degree of reflection

in the UV wavelength range is also achieved.

The invention shall now be explained in more detail in the following with reference
to embodiments and a drawing. The drawing is a schematic illustration which

shows in detail in



20 The Si02 reflector layer has a reflection coefficient of at |east
0.6, preferably at least 0.8, in the wavel ength range of 1000 nmto
2000 nm Reflection coefficient neans the intensity ratio of the

radi ation vertically inpinging on the reflector, to the reflecting
radi ation. An U bricht sphere is suited for neasuring the diffusely
reflecting radiation. 25 Wen hi gh-puritly- synthetic 5i 02 start
material is used, a high degree of reflection in the UV wavel ength
range is al smg arhi eyeéactoTh&th@wsamermoﬁbﬁbJs fHéVléJ?&' ﬁaimfahélﬁ‘ééctorﬁbaﬂa@e
detail in the fol | ow reference to enbodi nents and a draw ng.
The drawing is a scfﬁﬂﬂg@ Pbaulweagfqamaﬁum gRsS; i dyiemponia thg frontside:
Figure 1 a reactor for the treatnment of wafers, the outer wall of the
reactor bei rRighRr2ves clbdding thaeest q@Ertﬂglﬁ%'f%)rGH%bﬁc?al e AStSr, tfhélo@ervl ew
ontothefront side; Figure 2 a clad t ube of uartz ass for an
optical radiator, tW@”Wtﬂaéwrﬁ%ﬁ?mmeitém 8ing rarted i htarf@ﬂﬂg@féa]{fe'mg
coated with a refI I aque quartz glass; and Figure 3 a
reflection curve fgfﬁatgk{{gqrﬂéﬁg@tg%r F]ayers shown in Figs. 1 and 2.
Figure 1 is a schematic view of and a | ongitudinal section through a
dome- shaped fi@#éerbra Eflegion %”W%@ﬂt*fedleﬂ%%t%fﬂ?ms phyREgdgs. drandvid
processes in sem conductor fabrication. 10 The reactor 1 consists of

a dome- shaperjgi@seiskostyiehatie tieRsHE dn@h [HghOiRAN RBto MG Igh Qb@ﬁé—sh&}i@dCh
is provided vvlth an quter |ayer 3 of opaque_quartz glass and th

bot t om si de "88C!GHhl. &8 ihidgediopbichieg pf%ﬁ&ﬁpré:\f aIgESSIn sawwnéuwar tz
gl ass. The qug¥dgoQl ass reactor has an outer dianeter of 420 nm a
hei ght of 800 mnand a wall thickness of 4 mMmm The outer layer 3 is

manuf act ur ed_ by rreanis of 15 her mal sprayi n%p as shall be expl ai ned
in detai | 1PutheresCigie] gop S'Sﬁq@ 3 APERITBaREGFaseody ¢ GoMmRose Pf Banspatanbut

350 pm It exBhPilassawiitoR plovideseit af basf lapst pafedpa@qudgnﬂ@x% gt h
range and, in contrast to gold reflector |ayers, it can al s0O be used

on a react ortha bptfons gidg qf@’é.‘lﬁ"d}aslpéow"?ﬁﬂfdb@fﬁ% Byianga B opAduRIYEz glass.
reflector layer would here be destroyed i medi ately by the coupled-in

energy. 20 WHehyaRE glaeppédctdrtiagan cutdreiimaer sTush il & ihelghest s00kfmpai d
to the IR reflection characteristics, for the heat shoul'd not radiate

to the outsialé awaltthickpessofidiamdéhe puter layet dis manufagtueddy means of
consunpt i 9g tF?ém%'i‘%Srtaygngrﬁ’s {Haf e ABRNRH &etbf?@ﬂth@nﬂbsﬁbbﬁ PHE ARG

facility parts an chieve a tenperature tribution as
honogeneous thgowseskelen isiaboutd5t we. It extdkitsra high diffuse reflection over a wide

wavelength range and, in contrast to gold reflector layers, it can also be used on a
reactor 1 if said reactor is inductively heated. A gold reflector layer would here be

destroyed immediately by the coupled-in energy.

20 With this application, attention must particularly be paid to the IR reflection
characteristics, for the heat should not radiate to the outside, but remain inside the
reactor 1 to reduce the consumption of energy and the temperature load on the
surrounding facility parts and to achieve a temperature distribution as
homogeneous as possible inside the reactor 1.

25 The manufacture of the outer layer 3 shall now be explained by way of example in

more detail with reference to the method according to the invention.



. |

25 The manufacture of the outer layer 3 shall now be expl ai ned by way
of exanple in nore detail wth reference to the nethod according to
the invention. - 12 - The |ayer substrate of the base body 2 is
sandbl asted and then cleaned in 30% hydrofl uoric acid to renove ot her
surface inmpurities, particularly al kali and al kal i ne-earth conpounds.
A powder of synthetic Si02 is prepared;ia3vhich consists of spherical,
anorphous 5 Si02 primary particles having a nean grain size of about

of 5111 con el SIBCNABRY eddsp HAbF 21 AR R i blaGRl (ol
After setti nydeofluptieacidds cgmovefothd sOrfgceaimpusdtiag, pedisiiayly afkali 36d nPas

t he suspensi 1s Wi y atom zed by neans of a conventi onal
spray dri er.é{%&hére%gﬁltc{)gpgg%sépray granul es are here obtained with a

size 10 distribution distinguished by a D50 value of 32 pmand by a
pore vol une dpogdd ajisynthpic SiGrésprepaied, whidh osnsists abspiteried, amorphbuer
dryi ng at J - ; I e ti 0
B00C. "The raosPADoH EMAEEndlifh b RN 562 SE AR B0Z s Pl
with Ar-H2 phatiokes amdnigeplogstier pith@rs iof witbf diiboamittibe poader SN2 ans
an opaque outer, layer .3.,_15 The added Si31\14 is re deconposed into
S 02" and i P EQIIREEBHILYF oo ALBeS e revgianiary Sef oA asTaRnY e
granul ate gr0naPaditheRuSYSiorS e AtriAigANPAbAEeB Y rhERRSITH @MGEntRhal he
grains. The porosity _achieved in this way nmakes a major contribution

. | eved . . :
to the diff ey diarenhessalotiOp raray graiasaye hers ghtaaed wih amsizgur e 2
schemat i cakl i | - i | r
o 90 exr e SRR Ao 6F 8D PR RO ih ol BY R RS D ol b o
radi ati on diansc MeAn eere; nadiugiohabeyi@otnum dftzodiyingsti48at @ thedgranuies dre i n

t he enbodi ”‘%ﬂ%rn@dﬂg cBﬁso?iMé‘fQB'bi[yizrﬁgti%toicgscbe@ti onal arrow 21. A reflector

in the formof an” opaque coa formed at a thickness of about
1 mmon the upper side 22 of the cladding tube 20 facing away from
the nmai n pr oPEgHENYeS dierREesgssad fna VaRint BiRsme sPrieyngdlant Hith Arsi.céasmang

bei ng now explqal fgsk PoWBr & £k dn HELEEdYSS as an opaque outer layer 3.
15 The added SizN4 is here decomposed into SiO; and nitrogen-containing gases
that are partly entrapped in the granulate grains and prevent dense sintering and
transparence of the grains. The porosity achieved in this way makes a major

contribution to the diffuse reflection of the outer layer 3 produced.

Figure 2 schematically shows a radial cross-section of a cladding tube 20 for an

20 excimer radiator for use in the UV wavelength range. The main radiation direction
of the cladding tube 20 is oriented downwards in the embodiment and is
symbolized by directional arrow 21. A reflector in the form of an opague coating 23
is formed at a thickness of about 1 mm on the upper side 22 of the cladding tube
20 facing away from the main propagation direction 21, the fabrication of said

25 coating being now explained in more detail hereinafter.

The layer substrate of the cladding tube 20 is sandblasted and subsequently
cleaned in 30% hydrofluoric acid to eliminate surface impurities, particularly alkali

and alkaline earth compounds.

A powder mixture of synthetic SiO; is prepared, the mixture being composed of
30 spherical amorphous SiO; particles with a bimodal grain size distribution. 50% by



The | ayer substrate of the cladding tube 20 is sandbl asted and
subsequently cl eaned in 30% hydrofluoric acid to elimnate surface
inpurities, particularly alkali and al kaline earth conpounds. - 13 -
wei ght of the powder consist of 5i02 particles with a nmean grain size
of about 15 pm and 50% by wt. consist of Si02 particles with a nmean
grain size of about 40 pm The powder nikture is applied by
conbustion flane spraying using an acetylene oxygen conbusti on

mxture on t{ggktRRe ﬁéﬁ@er%angét 6f é}ﬁ&é{)\glti‘l} ghﬁeaﬁ &Q.B%gea&ggeat%e

coating 23. The surface of the c ere a
awnay from t WeMsHIESA% §Y N8 -eansist 1=f S;j@n @a iclop with atean griresize ohattwham or

of the diff uﬁ,bng,gﬁgw&qmém% Q%Egﬁéb @f&%%‘sﬂ% fﬁ%re\@mgféging F%Fr ahge y

in the form an ‘opaque 02 o ue’l ayer
200 nm t o 28a@tyene-dMlygen edmbustioomisteioy @ethemppbmi% 2D af tat cﬂ,ﬁhmg tube

di ffuse refI y r oA s her tt.e

t he di agram g%gag@gg%\f@gg%?%%e 56’?‘3%8?‘8%8%39&’@& n}?{%’a t§5ﬁm
on the x-aximm aveey fraeh ktecdgraying sozmsasur ed by neans of an U bricht
sphere. Curve 31 shows the reflection behavior with a Si02 opaque

Y oot o PS8, 1 30 ML BeRRRRRE ki B d8) ol 1 ' @

t hi ckness of nm on a uar I'ass upstr
can be seen idvatdirtgte %ﬁ@mbﬂageﬂ limiberfomi otmdmmﬂeﬁiogobﬁquel”layerln the

wavel engt h ran ween t 20 and 2100 nm e o

Appr ox! et o| YGRS ARGE S 200 B b GPPLLRT obé FelRETRSR00 Fiie %ibepbe
refl ecti onoisn hbweitse hefledon bir Spdkialveveheraghditetianafe yhads éhge di f fuse
reflection of the gold coating as is presently used (i't nust however

be borne i n H9i@M: Ad thernwavgiangtivb othsorattive Bsligtios dubeLrathpdrasohbef
specul ar re‘crleﬁ&,ttlbgne)meﬂurg@g MBhE e &4 Ulnieht s ngé ggction of the Si02

opaque | ayer 1 s above ar ative standa used (Spektral on), and
it nust be expec%ed that this is also true for the even nor

shortwave VIXEV@AGE! O%W@\feﬂectpﬂ@@Ba%%rsmwe%ﬁl%@pégwﬁypweajthmwf
for measuri ngsot e w%cfrﬁ;&bﬁ’%oﬁWlth%cédl@léy&%ltﬁé‘ﬁuc\KngS’fngﬁzm %r’i’ gﬂl ?lb@?

reflection in the deep-UV range fers the possibil
conponent lacu#bsiirtadody (Engudd. cam 5o seert thatthe£ips Opétme la}'ﬁméno@oneﬂ

the W steriginzafh80av66hGh range Hétween about 200 nm and 2100 nm has an
approximately uniform degree of reflection R above 80%. The diffuse reflection is

always higher in this wavelength range than the diffuse reflection of the gold
coating as is presently used (it must however be borne in mind that the gold

20 coating also produces a portion of specular reflection). At 200 nm the diffuse
reflection of the SiO, opaque layer is above the comparative standard used
{Spektralon), and it must be expected that this is also true for the even more short-
wave VUV range. However, there has been no established method for measuring
the diffuse reflection for the VUV range.

25 This high reflection in the deep-UV range offers the possibility of using the
component according to Figure 2 aiso for UV lamps, for instance in the UV
sterilization sector.



The invention clainmed is: 1. A nethod of producing a quartz gl ass
conponent said nethod conprising: producing by thermal spraying a
reflector layer of quartz glass configured to act as a diffusely
reflecting reflector on at |least a part of a surface of a substrate
body of quartz gl ass; said thernal spﬂéylng i ncl udi ng suppl yi ng

anor phous Si QO particles, of which at least a third are spherical, to
an energy s ticles being partly or fully fused by
sai d energy %Veellggﬁg 6ecp?sred on the substrate bod 2. The

met hod accor metho “CW%F‘&W@E’?%?‘PI@EPB?HH% r is produced
by pl asnma @pﬂ e@npﬁlﬁwg he energy source conprises a plasma jet or a
| aser beam prod@cinfhiey tie¢rned speaypingdi ageflectar layen 6f quikzei n t he
reflector |ay aéssccﬁ’fﬁ?ﬂ#é@@o ¥t 4 REETERIPYéM@iABdelBSogner gy source
conpri ses an F’ﬁtlé"iﬁa%ﬁ'!ﬁ ?Lﬁégf%‘éﬁtblgﬁéb{)hzgﬁgu artz4- The method

according to c]a m particle ve particle sizes
in a range up&% ut pot mare than_ 200 gm, wherein ihe Si O particles
with parti clsaid thggma ﬁﬁmbgﬂge%ﬂﬁi‘éﬁiing QW@ﬁﬂl%@lleﬁP 18 esent a

maj ority of volSife partinkesShIOVhpelr af kehstsa third gre spherigel bod according to
clai m 4, wher einnehdigySidrcpasdidcsics, pamicles pairg parlysbze distribution

that has a D5Q’ulﬁ§'ﬁi§e by 's%?éeh@kf,g?'l RRréand degosﬁétﬁoﬂ%@()d accordi ng

to claim4, ed§|0 particles have partlcle S|ze
di stribution D50 ,val ue .of |.es

met hod accorddi 15;1938‘[}9 ’l’?ﬁofdmxﬂw@rg?Hntlh ﬁﬁr@l tBﬁ,rf:ﬁ%qtgg are suppl i ed
to the endeyyr squedecedby péasnan Hprsyilieg nd the eNAraprQEnce he Si O

particl es auepdAgey @pilasateegtt ontdasgrrealnat e particl es having sizes in a
range of fr an"ﬂlegﬁeﬂﬁ)ﬁé&(ﬂmno to cﬁam'ﬂle W]ﬁtr@mdh@@*éﬂécﬁbﬁg to claiml,

V\,herel n ”]%h E@Ht fg lﬁféeb i n d'll‘fé ﬁeﬂm?bfbtl £ast 99. 9% by
¥ oa]aeee&%ﬁw %ﬁlwﬁ'cn ek 4? fngnt oBSf om 10
Tﬁge;relt ﬁod b cbagiinpefhed %qCQF £, TQNH é"@lﬁé‘?l Iﬂ3§u§ ssive |ayer -

plies are Iaqrpueednas@pamqlosﬁﬁamcémg@p bﬂplécl%tllqréy]@m
200 pm, wherein the Si0O, particles with particle sizes ranging
between 1 wum and 60 tm represent a majority of volume of the
Si0, particles.

5. The method according to claim 4. wherein the S10,
particles have a particle size distribution that has a D5, value
of less than 50 pum.

6. The method according to claim 4, wherein the Si0,
particles have a particle size distribution that has a D, value
of less than 40 pum.

7. The method according to claim 1, wherein the S10,
particles are supplied to the energy source in the form of
granules in which the SiO, particles are agglomerated into
granulate particles having sizes in a range of from 2 jum to 300
L.

8. The method according to claim 1, wherein the SiO,
content of the SiO, particles is at least 99.9% by wt.

9. The method according to claim 1, wherein the reflector
layer is produced with a thickness between 50 pm and 3000
L.

10. The method according to claim 1, wherein several
successive layer plies are applied so as 1o produce the reflec-

" tor layer.



- 15 - 11. The method according to claim1, wherein the SiQ
particles are provided with a dopant or the dopant is supplied to the

energy source separately fromthe Si 02 particles. 12. The met hod
according to claim11l, wherein said dopant is volatile at a high
t enper at ur e. 13. The nethod accordihg-to claim 12, wherein the

dopant conprises one or nore conpounds sel ected fromthe gr oup
consisting of Zr0,, Al,03, ZrSi ™4, oxide, carbide, and or nitride
conpounds of tifle Tigr metiod Acemdans fo SlanhAdvwiesem. the S, The net hod

accor di ng t Gefiglefate pibvdded withhedSpamt opah¢ depas ivswppliedduced from

I hod d
R e 3@3@ S0 o 00

of a nitrogen- Idoip according to claim1,
wher ei n t he is aplasde @t albd ,telpge uced with a thickness between 100

ifin and 800 1 17. .The nmet hod .ac ord erelnthe
t hermal sprayi #E;Tlge Rigthqdresy mﬂﬁotc :lggxgﬁ%rgubﬁleﬁ_@aﬁhmo
A quartz gl asempsispsABA OI CoNE SHNAGUNTS %Q]@@?da&@nﬂbmgr@’éﬁposed of
quartz gl aSScxbl@s\ism af (. ackl, OgatZrSﬂ)g.omdedcmﬁdé east orn part with
a Sio refle ittﬁﬂe cﬁ%ﬂﬁb% fO'fQH Itne?zﬂs 681@'1 Ilﬁd‘S?'I\Y reflecting

t

refl ector, ect r a | ayer
produced by t leé‘b‘? r‘ftfcg n"époc%}l ’r‘%lﬁ?rggl gfe PAYar exhibits

an opaque acpm@w lasepra arrodyced Heeme stlicon-¢uEniRE HIECBISOAt | east 0.6
in the wavel emgpbundnge of 1000 nmto 200011111. 19. The conponent

according to cf ?'T%elﬁretl 5@do’i‘dﬁ1'39fo%1@m ¢ ORhedin Phé HeerdlaD reflector

llayer is at |east ding to claim

R L P U R A T
and 3000 um ing gas.
16. The method according to claim 1, wherein the reflector

layer is produced with a thickness between 100 yun and 800
L.

17. The method according to claim 1, wherein the thermal
spraying is carried out in the presence of NH; or N,O.

18. A quarlz glass component comprising: a subsirate body
composed of quarlz glass having a surface that is covered at
least in parl with a SiO, reflector layer configured o act as a
diffusely reflecting reflector, wherein the SiO, reflector layer
is formed as a layer produced by thermal spraying and said
Si0, reflector layer exhibits an opaque action defined by a_
reflection coeflicient of at least 0.6 in the wavelength range of
1000 nm to 2000 nm.

19. The component according to claim 18, wherein the
Si0, content ofthe SiO, reflector layer is at least 99.9% by wt.

20. The component according to claim 18, wherein the
reflector layer has a layer thickness between 50 jun and 3000
L.



- 16- 21. The conponent according to claim 18, wherein the reflector
| ayer i s conposed of a plurality of successive |layer plies. 22. The
conponent according to 18, wherein the SiO reflector |ayer contains
at | east one dopant that in quartz glass produces an opti cal
absorption in the ultraviolet, visibtéor infrared spectral range.

23. The conmponent according to claim 18, wherein the SiO" reflector

| ayer contains at | east one dopant selected fromthe group consisting
of Zr0,, Al,03, ZrSi ™4, oxide, carbide, and nitride conpounds of the

rare-earth netals, SiC and Si 3N4. 24. The conponent according to
claim ﬁiyer‘"%f 1%h€olﬂ BRI Sa RUofaing bﬁ% %%élﬁtﬁel ayer plies
conponent a P?S 'Salhhggéfgfmﬁqgﬁe?n guscL S g?@%ody is

confi gured BE® Iaddl ng body of quartz glass for receiving a

radi ati on eni 2% e& he comgpongid %‘Eﬂ%’gﬂ&io a]%@d?]é‘?rﬁlj" 15m 18, wherein
the Si O refdftasterlayayeontaias aalaaetcp@d@pﬂntdwﬂmq@aﬁaglm at |east 0.8
hi the waveprryices mangeticd] @80fptiamin dlﬁ?ﬁﬁfhmnlet_ vigihle Tre conponent
accordi ng tmnfedred é&m}/ﬂmgel n the SiO reflector |ayer consists of
tsﬁgt gle“ Crg' 022:,: tTl &ond; 1éiRrHll.‘%chﬂhoat%C@1%ﬂh”mt&h@féih%@ne‘gr’e;ﬁ'rpace
A g%dm

Cefhect or IQ’S‘F@%"OHB§°§S{SHPS ¥ikeatht

and nitride compounds of the rare-carth metals SiC and
Si;N,.

24. The component according to claim 23, wherein the
dopants are contained in separate layer plies or in layers with
a concentration gradient of the dopant.

25. The component according o claim 18, wherein the
substrate body is configured as a cladding body of quartz
glass for receiving a radiation emitter.

26. The component according to claim 18, wherein the
Si0, reflector layer has a reflection coefficient of at least 0.8
in the wavelength range of 1000 nm to 2000 nm.

27. The component according to claim 18, wherein the
Si0, reflector layer consists of synthetic S10,.

28. The component according to claim 18, wherein the
Si0, reflector layer contains nitrogen at least in a near-surface
area.

29. The component according to claim 18, wherein the
reflector layer has a thickness between 100 pm and 800 pum.



