-1- Bonding agent for the bonding of conponents, nmethod for the bonding of
conponents made of material with high si{icic acid content, and conponent
assenbly obtained according to said nethod The present invention relates to
a nmethod for bonding conponents nade of 5 material with a high silicic acid
content by means of a substance-to-substance bonding by neans of a
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invention relates to a conponent asse conprising at least two
conponents nmade of nat assambly oibtainkeidgccondirg to saidimethbdnt, which are
bonded to each other by neans of a Si 02-containing bonding mass, whereby

the Si 02- _contai ning bondi ng mass i s gnoyphous and has a chem cal
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protective shi el d%ror Si Eg)l e quartz gl ass cgi,ngone_nts such as tubes, rods,
plates, faeaggevithregged tn the material withgyighsilics aed spatedtcertai n properti es,

the quartz glass is doped with other substances such as titanium alum num
boron, geniBiicYa}, the invention relates to an SiO,-containing bonding agent for bonding

15 components by means of substance-to-substance bonding.

Herein, the term, "material with a high silicic acid content", shall be defined to
denote a doped or non-doped quartz glass with a SiO, fraction of at least 85%.
This material shall hereinafter also be termed “quartz glass” for short. Quartz glass
is characterized by a low thermal expansion coefficient, optical transparence over

20 a wide range of wavelengths, and high chemical and thermal inertness.

Components made of quartz glass are being used for a multitude of applications,
such as for example in the manufacture of lamps as cladding tubes, bulbs,
covering plates or reflector carriers for lamps and radiators in the ultraviolet,
infrared, and visible part of the spectrum, in chemical apparatus engineering or

25 semiconductor manufacture in the 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, plates,
flanges, rings or blocks. In order to generate certain properties, the quartz glass is

doped with other substances such as titanium, aluminum, boron, germanium.



-2- Frequently, there is a need to connect glass elenents to each other, for
exampl e for the manufacture of conponerds of conpl ex shape from sinpler
pre-formed parts. Comonly, this connection is provided by welding the
conponents to each other. For exanple, EP 1 042 241 Al describes a nethod
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connecting sur f aces, reviousI% polished to be even, followed by pressing
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di ff erent iblentied@mrytdyersri al s wi th medi um expansi on coefficients in the
range between 4 x 10-6 /C and 11 x 10"6 /C (the expansion coefficient of

quartz 9l a8 scedafl bl e Rttar fype ts deschibed for example in DE 29 23 011 A1. In
order to achieve a vacuum-tight connection of quartz glass elements, this refe-
rence proposes to vapor-deposit an aluminum layer with a thickness of 0.001 mm
on the connecting surfaces, previously polished to be even, followed by pressing
the connecting surfaces against each other at a pressure of 7 Nmm™, and then
20 heat this composite in a vacuum to a temperature of approximately 630 °C.

This bonding technique requires very costly treatment of the surface; the
composite is incapable of resisting temperatures that are significantly higher than
the melting temperature of aluminum.

In addition, melting bonds utilizing melt-in materials adapted to the respective

25 thermal expansion coefficient are generally known. For example, product brochure
no. 9016 "Technische Glaser/Technical Glasses" of Schott Glaswerke (printing
note: 9016 d XII/81) names a number of glass solders for different bonding mate-
rials with medium expansion coefficients in the range between 4 x 10 /°C and

11 x 10 /°C (the expansion coefficient of quartz glass is approx. 0.5 x 10 /°C).



-3- A bonding nmethod utilizing nelt-in materials of this type is known from
DD 289 513 A5. To afford a dinensionarﬂ§=stable and vacuumtight connection
of precision parts made of quartz glass, this reference proposes to use a
gl ass sol der based on |ead-zinc borate. The gl ass sol der consists of |ead
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resistance and thermal fatigue resistance of many applications of quartz glass in
heat technology. In addition, the known bonded connection also fails to meet
requirements with regard to purity and absence of contamination as exist for
20 exarmnple in applications of semiconductor manufacture, optics, but also in the

areas of chemistry, medicine, research, and analytical technology.

This disadvantage is circumvented in the bonding method of the type specified
above, that is described in JP 63-069734 A. As a bonding agent for bonding an
optical fiber to a quartz glass substrate, this document proposes a polymerizable

25  sol made up of metal alkoxides with a composition that is similar to that of fiber
and substrate. After the polymerization reaction, the gel thus obtained is heated or
vitrified for further solidification of the bond by means of laser of heater such that
an SiO,-containing bonding mass whose chemical composition is generic with
regard to the material with a high silicic acid content is generated between the

30  connecting surfaces of the components.



30 connecting surfaces of the conponents. -4- A simlar nethod is described
in printed specification DE 23 42 852 B#- For bonding optical precision

parts made of silicate glasses, this docunent proposes a Si02-bonding |ayer
that is generated by hydrolysis of vaporized SiC4 vapors by neans of water
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containing bonding agent that is suitable for said method.

15 Itis another object of the invention to provide a component assembly composed
from at least two bonded components made of material with a high silicic acid
content, which component assembly is characterized by a high degree of
reliability, temperature resistance, and thermal fatigue resistance, and which can

also be used in applications that are sensitive to contamination.

( 20  With regard to the method, the object is met by the invention on the basis of the
method described above in that the provision of the SiO,-containing bonding mass

comprises the following procedural steps:
(a)  provision of an aqueous slurry containing amorphous SiO; particles;

(b)  formation of a slurry mass between the connecting surfaces which are fixed
25 in position with regard to each other;

(c)  drying of the slurry mass; and

(d) solidification of the slurry mass by heating with formation of the SiO»-

containing bonding mass.



-5- In the nethod according to the invention, the bonding of the conponents
is based on a Si02-containing bonding-fass between the connecting surfaces,
said bonding nass bei ng generated using an aqueous slurry containing

anor phous Si 02 particles. The castable or paste-like slurry in the form of
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The homogenized slurry is then applied in the form of a “slurry mass” to one

connecting surface or both connecting surfaces, whereby the connecting surfaces

are subsequently fixed in position with respect to each other or on each other. ltis
20 also possible to provide a slurry mass between connecting surfaces which are

( previously fixed in position with respect to each other.

The slurry mass is dried in a separate procedural step prior to the solidification of
the slurry mass, for example at room temperature, by heating or freeze-drying, or
the drying according to procedural step (c) and the solidification according to

25  procedural step (d) form a common temperature treatment process.

In order to solidify and condense the dried slurry mass, the slurry mass is heated
to a temperature that leads to a sintering or melting of the amorphous SiO;
particles and formation of a crack-free SiO,-containing bonding mass that consists
of partly opaque and partly transparent or completely transparent glass with a high

30  silicic acid content.



30 silicic acid content. -6- In the process, it is inportant to prevent or
at least minimize crystallization withitf-the Si02- cont ai ni ng bondi ng nass
since this would weaken the bond. In this context, it is also inportant
that the Si02 particles used for formng the slurry are anorphous. They
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Herein this shall mean that the SiO, content of the bonding mass differs from that

15 of the highly silicic acid-containing components to be bonded by maximally 10 wt-
%, preferably by maximally 3 wt-%.

The use of “generic material“ for the formation of the bonding mass has the
following effects:

» on the one hand, it facilitates the approximation, to the extent possible, of the
( 20 thermal expansion coefficients of the quartz glass of the components and of
the bonding mass, and, associated with this, particularly good adhesion of the
solidified SiO,-containing bonding mass to the connecting surfaces and,
particularly, a high thermal fatigue resistance of this assembly;

e and, on the other hand, contamination of the quartz glass of the connected
25 components or their operative environment by foreign substances presentin

the generic material is thus prevented or reduced;

Roughness and unevenness of the connecting surfaces do not necessarily have

disadvantageous effects in the method according to the invention. Rather, a

certain degree of surface roughness improves the adhesion of the slurry mass and
30 SiOz-containing bonding mass. In addition, it is easy to apply the slurry mass



certain degree of surface roughness inproves the adhesion of the slurry mass
and 30 Si 02-containing bonding mass. IRA7addition, it is easy to apply the
slurry mass -7- between the connecting surfaces thick enough such that
costly processing of these surfaces in an earlier step can be prevented. In
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15 without cracks forming.
Preferably, the SiO; content of the amorphous SiO; particles is at least 99.9 wt-%.

The solid fraction of the slurry made using such particles consists of at least 99.9%
of SiO,. Binding agents or similar additives are not considered. As such, this is a
generic starting material for a component assembly made of non-doped quartz

20 glass. This starting material is not associated with any risk of contamination or

crystallization.

A contribution to the interactions effecting high sintering activity is made if the
amorphous SiO- particles are generated by wet comminution of amorphous SiO,

starting grains.

25  In the process, the desired particle size distribution is set by means of the aqueous
slurry homogenization process, whereby the amorphous SiO, particles are
reduced in size during the homogenization from comparably coarse grains with
diameters for example in the range between 200 um and 5,000 um depending on

their degree of solidification. During wet comminution, amorphous SiO, particles of



di anmeters for exanple in the range between 200 m and 5, 000 m dependi ng on
their degree of solidification. During-®et comminution, anorphous Si02
particles of -8- any size are produced in the slurry, including those which
formw th each other the bonds described above already in the slurry,
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However , Whe ParHcHIBRY Rrefa atleast a4¥t-"%f a I ow viscosity slurry depending
on which procedure for the appllcatlon of the slurry is selected. For the
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15 as sprayl ported sprayl
centri fuga;duces theghrgkage dreg dhyimgand sobdécation, abBsitheredyl neducesfhe i cati on
procedures that are well-s or. .even covera e of Iarag@ar ezﬁeby means
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be provided in the form of porous granul atg artlcle r’r@d&éff | oner at es
of nano- sEigNevehBersHBaY bes@fﬂvﬁ@nt%mwobp AR YISSPEY BIUFTYeRSPenSlFg PR es

wth 2 TeRBIEBENLRL} U BodhRoorifo ka0 st 25 The porous

granul at e con es o nano- scal €, anor phous,
synt heti cal | y- produced SI Q2 primary particles with a nmean primary particle
size of Festhetdpplicafién ofithePslurmg| theparawre pecedlird bresbasipallyas atable, suckd by

flame hydrol ysis or
15~ as spraying, electrostatically-supported spraying, flooding, centrifugation, laying on
(painting), troweling. Especially in application procedures that are well-suited for
even coverage of large areas by means of immersion or spraying, comparably low

slurry viscosities are advantageous.

Aside from amorphous, dense SiO; particles, the slurry can also contain other
( 20  amorphous SiO; starting material.

For example, it has proven favorable for at least part of the amorphous SiO,
particles to be provided in the form of porous granulate particles made of
agglomerates of nano-scale, amorphous, synthetically-produced SiO, primary
particles with a mean primary particle size of less than 100 nm.

25 The porous granulate consists of agglomerates of nano-scale, amorphous,
synthetically-produced SiO; primary particles with a mean primary particle size of
less than 100 nm. Primary particles of this type are obtained by flame hydrolysis or
oxidation of silicon compounds. Upon granulation, agglomeration of the fine-
particulate SiO primary particles leads to the formation of the coarser granulate

30  particles. As a result, some compaction and solidification is initiated as early as in



oxi dation of silicon conpounds. Upon granul ati on, aggl oneration of the fine-
particulate SiO2 primary particles leads9to the formatlon of the coarser
granul ate 30 particles. As a result, some conpaction and solidification is
initiated as early as in -9- the slurry mass which |later favors the
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Buring wet comm nution, the gradual dissolution of the anmorphous Si02
particl es assgcigted lasge speeific sutfgce effesichighisiniering acliyiit - | owers the pH
val ue autonmatically. However, especially for acceleration of the process, a
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¢d ng ‘an acid or roven Oor "an exposure
time betwagngé betesmatarens.sf the slurry nass betvveen t he connecting
surfaces bei ng fixed in position with 20 respect to each other, and the

drying of the slurry mass. This inproves the adhesion tﬁfg t he Iu%‘# mass on
t he conneckhendcidiGn valledmproves H’tﬂﬁrﬁéﬁémk'ﬁg reaelinsef Qrous
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whi ch procee are ai nmoi stur hat presen ing the
exposure tine between armrphous Si 02 25 particles of the still moist slurry
mass and tirirfy Wat obmhirutiom rthe gradua dissatdionadf the kenarphpos &i0s particies
duration of the exposure tine depends on the quantity of
15 of the slurry - up to the solubility limit - lowers the pH valué automatically.
However, especially for acceleration of the process, a procedure is preferred, in

which the pH value of the slurry is set by adding an acid or a base.

It has proven favorable to provide for an exposure time between the formation of
the slurry mass between the connecting surfaces being fixed in position with
‘ 20  respect to each other, and the drying of the slurry mass.

This improves the adhesion of the slurry mass on the connecting surfaces and
strengthens the bonds between the amorphous SiO; particles. Presumabily, this
effect is due to cross-linking reactions which proceed, and are aided by the
moisture that is present, during the exposure time between amorphous SiO;

25  particles of the still moist slurry mass and the SiO, of the connecting surfaces of
the components. The duration of the exposure time depends on the quantity of

slurry mass and is on the order of a few minutes to several hours.

In a preferred variant of the method, the solidification of the slurry mass comprises

a sintering with formation of an at least partly opaque bonding mass.



slurry mass and is on the order of a few mnutes to several hours. In a
preferred variant of the method, the sol@dification of the slurry nass
conprises a sintering with formation of an at |east partly opaque bondi ng
mass. -10- Conpared to vitrification to the extent of conplete transparence,

sintering ' m ' [ é.ﬁgér rter
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and cryst BVOrs e Rigservating of the dipensignalasclrany ofthe compriant AsseRRY Chown
t hat evenpj | | ( Fdalnkd ' '
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Si 02- cont effects@n therxdmmgpneads td be coneécted@ndcarystatizatido i the dregrafdhef
corrpactiog d&i ends on the sintering tenperature and sintering tinme. The
hi gher th&OR Brﬁé?%ﬁsure, the shorter the sintering time can be, and vice
versa. A common and preferred tenperature treatnment for sintering of the
slurry p ' ' : t ' 00 C
and | LasorRpeieihas EnbRR hatevtn st SHRARG,Eh igh ghifodyaRffe PRRERINPCC,
case, t heisssufficienity achigwes $ufficiedt mechanicat msisignéeiohthecSiOrcastaiomgt he
conponents tg be conpected are placed. The honbgeneous heating of the entire
conponent baBAIBAENGSS tor MestARKICAYPRSur nace reduces the formation of strain
and prevents deformation of the assenbly. In a preferred variant of the

t ho t Wl W ' ; P ﬁ)@?’“ vdibdolibhcat i on

i th %r ngﬁ Fﬁgﬁé gLE%b?gtéﬁ d%g‘r??(#yaﬁ ?%%g?gge?'e sthSrglﬁ’frlegag] dSéll%%hEgont ai ni ng
bondi ng ntise. Therigiedreheitemperatate, dhe shotteeth8i Sidtecingttmiericag bepadd vicenass (i n
contrast to sintering) i

Is preferred when particularly stringent
requi r emeMeSar AFANAMAY anckriefeyred tanperatweratment g?rr%W@f'HQ ogﬁ'é%ﬁ'é'éryof
particles 93%9 [yer agsqbea*é) when
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sol el y aegabetCcprefesabngat & ternpertosteelovht308 @2- cont ai ni ng bondi ng

15 In the simplest case, the sintering is performed in a sintering furnace, in which the
components to be connected are placed. The homogeneous heating of the entire
component assembly in a sintering furnace reduces the formation of strain and
prevents deformation of the assembly.

In a preferred variant of the method, the solidification of the slurry mass comprises
( 20  Vvitrification with formation of an at least partly transparent solidified SiO-

containing bonding mass.

Comnplete vitrification of the SiO2-containing bonding mass (in contrast to sintering)
is preferred when particularly stringent requirements regarding the tightness,
mechanical strength, absence of particles, and chemical inertness must be met by
25 the assembly, when optical transparence is required in this area for technical
reasons, or for solely aesthetic reasons. In this case, the SiO2-containing bonding
mass contains no or few pores and possesses high density at a level similar to

that of the silicic acid-containing components.

However, usually it is sufficient to vitrify areas of the SiO,-containing bonding mass

30 that are close to the surface. Provided these vitrified areas connect the connecting



mass contains no or few pores and possesses high density at a level simlar
to that of the silicic acid-containi ng”:orrponents. However, usually it is
sufficient to vitrify areas of the Si02-containing bonding mass 3A that are
close to the surface. Provided these vitrified areas connect the connecting
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strength and also to the tightness of the assenbly even If
Si 02- cont &0 thentigHiness qgthmemhly.ewan sfethe§16@+centammng|hund@gamwpaque
Hel ium | eakage.tests sh at vacuumtightness levels up to 10-9 bar can be

5 i npl enefl W%'HMG&PPH'@U&%P PPBonent assenblies that are shaped

i ke hollow bodies and nanufactured by neans of the latter variant of the

met hod  agAuA IBAKAGe lést gﬂ&@ﬂhb%chnﬁJhgatr@%&ué%w $ipR6 &0 [5d dandss f or med
through the use of a heat source whose xi mal heating effect can be
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or reducegccérﬁmqs oot'h%ﬂﬁ\r/é’rﬁldﬁ to use burners or infrared |asers (for exanple
CQ2 lasers) tor Ens purpose. If a preceding sintering step is used, it is

advant ageous to utilize the residual heat 15 and vitrify the conponent
assenbl y Witrifieatian ispreferably performedshuaughr theutsesofteohestesows e whgsef  ener gy

and reduces the forrrat n . of s. . I n another, preferred variant of the
et hod sorAeL REAUE efctTanie TRRELIRRAITIF e SBYEPEST o« ne ¢ her e

egpansi on coeffl cient of the Si02-containing bonding mass, a slurry

nt aipi n il ] Ti O2,
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Chat or 1 RESENRd OF EPdiGindy Han PLETeirtlt (o AR BEMESS CpaTaPaRRSerS s dopi ng
agent do%kgg, uéc@ﬂ%@é%@%ﬁH%d@é&&he formation of a crystalline phase in
ng

the Si Q2 nt aini ing maSs 1s prevented. This is achieved, for

exanpl e, by nelting
If a preceding sintering step is used, it is advantageous to utilize the residual heat

15 and vitrify the component assembly while it is still hot. This contributes to the

saving of energy and reduces the formation of strains.

In another preferred variant of the method solving the object mentioned above with
regard to the thermal expansion coefficient of the SiO;-containing bonding mass, a
( slurry containing one or more of the following doping agents is used: Al,O3, TiO;,
20 Y203, AN, SizN4, ZrOz, BN, HfO,, Si, Yb,O3 and/or SiC.

The addition of one or more of the doping agents specified above allows the
thermal expansion coefficient of the SiO,-containing bonding mass to be adapted
to that or those of the components to be connected. Preferably, the doping agent
doping is performed such that the formation of a crystalline phase in the SiOo-

25  containing bonding mass is prevented. This is achieved, for example, by melting
the doping agent jointly with the SiO; fraction of the bonding mass to form a glass
and subsequent comminution of the glass such that doped amorphous particles

are obtained.



t he doping agent jointly with the SiQ2 fraction of the bonding mass to form
a glass and subsequent commi nution of - -flRe gl ass such that doped anor phous
particles are obtained. -12- For the reasons stated above, in the case that
at | east one of the conponents with a high silicic acid content to be
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bonding mass.

15 The SiOz-containing bonding mass is amorphous and has a chemical composition
that is generic with respect to the material with a high silicic acid content of the
components to be connected. Please refer to the statements made above with

regard to the definition of the term, "generic".

’ This bonding mass is preferably generated by means of the method according to

( 20  the invention described above utilizing a slurry containing amorphous SiO;
particles. Consequently, in contrast to the assembly of the type specified in the
introduction, the SiO,-containing bonding mass consists of sintered or vitrified SiO;
particles with particle sizes in the range of up to 500 um, whereby amorphous SiO;
particles with particle sizes in the range between 1 um and 50 pm account for the

25 largest volume fraction.

The cristobalite fraction of the SiO,-containing bonding mass is max. 1 wt-%,
since, if it were otherwise, the formation of crystals would weaken the bonded

connection.



since, if it were otherwise, the formation of crystals woul d weaken the
bonded connection. -13- A bonding massl¥onsi st i ng of generic materi al
particles of this type inparts particularly good adhesi on and hi gh thermal
fatigue resistance properties on the conmponent assenbly according to the

i nvention ' j ' i ' ' id i i cations,
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gases, and solids, to <consist of the conponent asSenbly according to the
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i n lamp manuf acture, sem conductor  manufacture or | aborat | pnrent, the
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optical fibers to each other or bond nounting elenments made of quartz gl ass
to such acharicterizedftyr theirdowameightomuinyea ddw die ezl lexpansisnamefficiento imnent s,

such as plygs,, couplers, branch-offs, connectors, |t has, prqven favorable
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firmess, cohsist afethe icoargorent asgersiblyl adtondiag to dnelinvahtiabsaside frdm fleesiel cl es.
In a particularly preferred enbodi nent of the conponent assenbly according

to the i ADEARE aRove-mentioneddsization ARtionsninilAgPrAIBU@SHE: SeRIcaRddctop

fraction pfaffacture or laboratory equipment, the use of component assemblies according
to the invention also lends itself in the area of fiber optics, for example for
connecting parts of a preform for optical fibers to each other or bond mounting
elements made of quartz glass to such a preform, for the manufacture of optical

20 waveguide components, such as plugs, couplers, branch-offs, connectors.

It has proven favorable for the specific density of the SiO,-containing bonding

mass to be at least 2.0 g/cm?, preferably at least 2.1 g/cm?.

The bonding site of a component assembly of this type is characterized by
particularly high mechanical firmness, chemical inertness, gas-tightness, and

25  absence of particles.

In a particularly preferred embodiment of the component assembly according to
the invention, the SiO-containing bonding mass comprises an SiO; fraction of at
least 99.9 wt-%.

In this regard, this concerns a bonding mass made of a generic material for a

30 component assembly made of non-doped quartz glass such that notable



|l east 99.9 wt-% In this regard, this cgncerns a bonding nass made of a
generic material for a 30 conponent aséén’bly made of non-doped quartz gl ass
such that notable -14- differences in the expansion coefficient and its

t enper at ure dependence and contam nation and crystallization problens are
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according to the invention, the Si02-containing bonding nmass is partly or
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| evel as that of the conponents having an high silicic acid-content.
Usual |y, iA compenent efitbisttypers praforredav ietlatiy strisigent cequirgments Withdi ng

T anspar cne8at B B8 fightdsk iHACES BrbBode o B Rscale Ehbhlitafeditn g ¢ o
each ot herth@adséMBly &a8K 61 hée obficalttRmspaEdRI i§ abqlitedemis aldadet ness, and

absence of particles fromthe assenbly. is For adapting its thernal
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coefficient of the Si02-containing bonding nass IS adapted 20 to that or
t hose of the conponents to be connected by neans of adding one or nore of

t he dopi ndJsupdit i§ isspticienttor andythe areas of the $iO01-pentating gondinganass thall such
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comm nution of the glass to form doped anorphous Si02 particles. In the
case t hat the mechanican firronessdightmessnand absenee of paristasefiiomdheiassembly. a

15 For adapting its thermal expansion coefficient to the components of the
component assembly, it has proven useful for the SiO,-containing bonding mass to
contain doping agents in the form of Al,O3, TiO2, Y203, AIN, SizN4, ZrO2, BN, HfO,,
Si, Yb20O3 and/or SiC, preferably as amorphous particles.

( The thermal expansion coefficient of the SiOz-containing bonding mass is adapted
20  to that or those of the components to be connected by means of adding one or
more of the doping agents specified above.

Preferably, the doping is performed such that the formation of a crystalline phase

in the bonding mass is prevented. This is achieved, for example, by melting the

doping agent jointly with the SiO; fraction of the bonding mass to form a glass and
25  subsequent comminution of the glass to form doped amorphous SiO; particles.

In the case that at least one of the components to be connected consists of a
material with a high silicic acid content that contains one or more of the doping
agents, A|2O3, TiOz, Y203, A|N, Si3N4, Zr02, 8203, HfOz or Yb203, the SiOz-



material with a high silicic acid content that contains one or nore of the
dopi ng agents, A1203, Ti 02, Y203, AN 18-3N4, zr02, B203, H 02 or Yb203,
the Si 02 -15- containing bonding mass preferably conprises the sane doping
agent or sanme doping agents. Adding to the bonding nmass a dopi ng agent that
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coefficient to be adapted particularly easily to that or those of the
conponent dopgrgandanect ed. A particularly preferred enbodi nent of the
conponent assenbly according to the invention provides an opaque
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cylinder with regard to the translucence and shielding of heat radiation,

even if one of. th uaytz glass tubes .is or both gquartz dlass. es are

C anspar oy PRy B1ElR e DBRA T 0 PP eBRE R A BRI s o

tubes wi t ihantidh§RoViaes &, opdtueSICR MMM SHYiRY Aebsthat idenfuated imthg of

standard-si zed tubes and | oose all or a large part of their translucence in
t he procegeap bEtwepn dwemuariznvglass tibesdhatarerarranged sugiaas tabe goakial wite use of
a Si 02-containi nﬁﬁalﬁ)ﬁ% ng nmeans in order to connect components nmade of

material WA '§'cic 20 acid content by substance-to-substance
bpndi ng. This is characterized according to the invention in that conprises

anor pheus Har8ia, B %bﬁd%@é S%E-Boﬁ@iﬁih? b@néih?ﬁﬁaéé‘s_e%g, HAMEL0AE hdRd! for500 m
wher eby anorphous SI 02 particles with parficle sizes in the range between 1

m and 50 fixatiercoupesition of the quarteglass dihasewith zespent to Taeh stier-andnmpantsng

bondi ng nea accordin t I nvent.ion i S provide S a., 25 r-1ike,
paste 1 kandne st s bbesithe pResHieS Brad chadle calingsaliy feked 1 e
past e- | i kgrapklulcefbe AnEstFeldin dt PadiSHER, Avent iPBna TRt quUartSh R8s R@bdd Cl es
by drying and solidificatiofi according to the nethod illustrated above,
wher eby t ligeor both quartz glass tubes are transparent. This is advantageous especially in
15 the case of quartz glass tubes with a large volume, which can only be obtained by
heat forming of standard-sized tubes and loose all or a large part of their

translucence in the process.

The present invention is manifested in particular in the use of a SiO,-containing
bonding means in order to connect components made of material with a high silicic
( 20  acid content by substance-to-substance bonding. This is characterized according
to the invention in that comprises amorphous SiO, particles with particle sizes in
the range of up to 500 um, whereby amorphous SiO, particles with particle sizes in

the range between 1 um and 50 um account for the largest volume fraction.

The SiO2-containing bonding means according to the invention is provided as a
25  powder-like, paste-like or liquid mass prior to its intended use. The powder-like,
paste-like or liquid mass is used to generate the amorphous SiO; particles by
drying and solidification according to the method illustrated above, whereby the
amorphous SiO, particles act mutually stabilizing by means of interactions and
facilitate solidification of the bonding mass at comparably low temperature with

30 formation of a dense and crack-free SiO,-containing bonding mass.



anor phous Si 02 particles act nmutually stabilizing by means of interactions
and facilitate solidification of the bdfdi ng mass at conparably | ow
tenperature with 30 formation of a dense and crack free Si 02-cont ai ni ng
bondi ng mass. -16- The anorphous structure of the Si02 particles effects
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particles have I'cle sizes ange requen

encount er éslevers bnhancted if thnen entorplooq 8EdH |sartlalés haivedidrticleesizesSinrtae eanged s,

e.g. of glass and of ceramc. Since the expansion coefficients are usually
qui te diffoéuperte 100hemt hermal fatigue resistance is | ow. However, it has been
found that a stabile bonding connection can be attained through the use of

o be. cornierad praiciiid a8 ) B e AR Hpd LRI (SO e

ensur ed t haatetiaR, ecg tof GRRYsANY 6f drakfi€ Sihcé ke eparyiemtoesisiimed drd s | ow,

i.e. below300 C It is a hel pful contribution to adapt the expansion
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quartz gl Q)‘bﬁdirigeméﬁ% a@&ormhg:tb Metingemticile® indtReltaist ofi dpspdhenterge of end

caps made of al'um num oxide.” End caps of this type have thus far been
att ached toonbecteddhataref madea{fqm differentymateiiads, @ lang @usgtatsueﬂsalmmatéhe eadi ng

to 05|t|onsfor thela tube d t he va or| d
or edbentemBprath® Sk 8l te ComBienk 28Se L. doty Ee. et RR ¢ ur i ng
t e assem?'le‘i’pfuﬁd:dlﬂrlbﬁl%r?ﬂ) Qd’ébi'tﬁg e&BQﬁ§ioﬁ%@ﬁﬂ:ﬁéPﬁ of thd Bﬂ)ﬁ BYRdThy PassThE
absence of contam nation and particles as well as sufficient trghtness are
achi eved byeansofRiq@ngont ai ni ng bondi ng mass having sufficient density,
wher eby a conpaction of areas close to the surface by neans of a laser is
' r event ther St r

B eas, | sudPmEoHE e BeRbe R Rre r e Rried BaftramicS s EHARR AR FYl he area
of the al Wyaple txiahfp ﬁ%Lﬁé’&Er|n§30NRﬁ§Wh%rﬁ@6mﬁiéﬁ'ﬂbénﬁv’ri§e§%ﬂﬁth fupeknown.
Herein, an enbodl ment  of
15 made of quartz glass the ends of which are sealed off on both sides by means of
end caps made of aluminum oxide. End caps of this type have thus far been
attached to both ends of a lamp tube by means of an organic adhesive leading to
depositions forming on the lamp tube due to the vaporization of ingredients of the
adhesive. Such deposits are prevented by manufacturing the assembly using the
20  bonding means according to the invention. The absence of contamination and
( particles as well as sufficient tightness are achieved by the SiO,-containing
bonding mass having sufficient density, whereby a compaction of areas close to
the surface by means of a laser is preferred in order to prevent thermal stress from
affecting the surrounding areas, such as heat-sensitive electrical components

25 arranged in the area of the aluminum oxide end caps.

Composite components are generally known. Herein, an embodiment of a
component assembly made of ceramic and quartz glass for use in semiconductor
manufacturing having the form of a quartz glass wafer holder is proposed whose
surface is fully or partly coated by a ceramic layering element.

30 In the semiconductor industry, equipment and apparatus that is particularly

exposed to chemical stress is made of ceramic materials such as aluminum oxide



conponent assenbly made of ceram c and quartz glass for use in sem conductor
manuf act uri ng having the formof a quarflZ-gl ass wafer hol der is proposed
whose surface is fully or partly coated by a ceram c |ayering el enent. 30
In the sem conductor industry, equipnent and apparatus that is particularly

exposed tq&liRgh At it barBRCclacRraN) by IULLIA RefisfldRitd! U num

oxide -17-"or ‘silrcon car are erlze I'gh etch

resi st anceespddt to s ef thd provess neddia Imeearimm;mamehcaumgadfl n t he
manuf acturing of sem conductors. Therefore, according to the invention, a

rel ativel ﬁeanéqpﬂtb‘é@nseThetﬁf@@q@ﬁpormtq)meqnmtprg|aar§ tivelynehrarkasie ed f or
the wafer gl podq%'em ?aﬁ@%é&?s ﬁq%nﬁf’al?;@?rgiﬁgr {h% \@ﬁfé‘?rh%fﬁé‘r LRYRE! N9

el enent by appl yi ng neans acc e inventron and by

gener aki ngurfaee & @&Mé@&@b%r&ﬂi&l@?@rmg@m&ﬂw apysiginglthe dondiry

conpar ati vely cheaper basic body nade of quartz glass that is %row ded with
a thin, congRRsacerdingdoltgdvartian @M\Sgem@aga@éh%&(ﬂz coiginingrerding a
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oper at i ng qiasEpatisysrovided3Vith & thin, BeINpastestntic |ayee titdtshows thepsine btch to
nmeet this prerequisite in the use of the hol der for si ngl e wafer

appl i cati dﬁSlsta@ucgrasCa nsgs@men@prembndx A ﬁaﬁlcmlyatuabl&bb@nd betwegnsthgur pose

?(rnlel g\(/)h ng,bats e %’mg@l&%t bci@el qqr% %tyrghnnﬁquiﬁ?@”%%ttt%? c%erox@igrqsaif exenpl ary

QBOC“ MeNighepdtthPlRensErawire of 3ﬁb9d i@'dd%‘éﬂxﬂéedéd STrBbY 1t i§ posE®ld fo meet

resentation in the figures: Figure 1 shows an enbodi nent of the conponent
assenbl y dbisqreiegyisite mrtbe useaf ithe balden farrsinglerwafer appligationgl ass t ubes whi ch
are connected to 20 each other by their Iongltudlnal sides; Figure 2a shows

e el R Pl BB SR GG e St o e
by means cg‘vangv@ep,ﬁg(f@fgmabfcébﬁﬁcﬁﬂ@m |n Figure 2a, in the formof two
gquartz gl ass plates which

15 In the following, the invention is illustrated in more detail by means of exemplary
embodiments and one drawing. The following is shown in schematic

representation in the figures:

Figure 1 shows an embodiment of the component assembly according to the
invention in the form of quartz glass tubes which are connected to

20 each other by their longitudinal sides;

Figure 2a shows the assembly of two quartz glass plates in accordance with the

method according to the invention;

Figure 2b shows the component assembly obtained by means of the procedural
step shown in Figure 2a, in the form of two quartz glass plates which
25 are placed on top of each other by their flat sides;

Figure 3 shows another embodiment of the component assembly according to
the invention in the form of a dome-shaped reactor shell assembled

from individual parts;



25 are placed on top of each other by their flat sides; Figure 3 shows

anot her enbodi ment of the conponent assHibly according to the invention in
the formof a dome-shaped reactor shell assenbled fromindividual parts;
-18- Figure 4 shows a procedural step for the assenbly of several i ndividual

parts to H@*]_JFb% wﬁ%@b@édtﬂéjﬂ%ﬁ??%r e %é&?ﬁﬁ(}ﬁi'&?ge@éﬁpfﬂi\ﬂ@u [Hardgo

I nvention; “Figure ba s an e nment o onponent assenbl'y accordi ng
to the 5 inventi onform d inaférocarrief by nwans aflthe sngthad @escomtimgta thet t 0 each
other in a butt-ljike fashion; Figure 5b shows another enbodi ment of quartz
gl ass pl ates conne®V@Rl% each other in a butt-like fashion; Figure 6 shows
a top view of a conponent assenbly conposed from pl ate- and e- shaped

[ [ 10 tu
i ndi vi duafigurermaht shows, apeanbegiment ohthe @qmmemgntasfseml%we?ordmwg?; Fi gure
7 sho a side vie . r r ' | m’ ]
assenbled fromi nd'ﬂ‘/.g{}tﬁ'f lr@ﬁ%ﬁ@h&&f qg?gg‘rbia%l F'lea'%)e\%rs a sel%géed gfl%évjxtfrhé)i?ﬂh%P smect I on
of a conponent assgmittikecashidnng to 15 the invention in the formof quartz
gl ass tubes, which are arranged coaxial with respect to each other and are

fixed in pRiiireiSH SHovis EHBtHe? enthatfimeht BBquaTtAyiaSs PIBS ¥Bnaseteias eggRodi ment
of the conponent assenbly according to the invention, in which a hol der

made of quartz gl agther i adwtlelitecfashiona 20 preform for optical fibers,
Figure 10 shows a radial cross-section of another enbodi ment of the
conponent Figuredithl shaws artdp view of aloenmiporent assermblytdomposed tiomaplatep ande

tube, Figure 11 shows an enbqdi pent = of conponent assenbly. ip the form of
a; uv10 d: ggharge I -shape 98?"; @Ielﬁeéﬁo\ﬂgﬁﬁgo'éﬂﬂgaﬁ\ggﬁf’g@H'Efﬂ@ﬂ%onent
assenbly in the foéé?ri%?; a

Figure 7 shows a side view of a laboratory device with a conical ground joint

assembled from individual elements,

Figure 8 shows a side view of a section of a component assembly according to
15 the invention in the form of quartz glass tubes, which are arranged
coaxial with respect to each other and are fixed in position on a quartz
glass ring,

Figure 9 shows another embodiment of the component assembly according to
the invention, in which a holder made of quartz glass is connected to a
20 preform for optical fibers,

Figure 10 shows a radial cross-section of another embodiment of the component
assembly according to the invention in the form of an opaque tube,

Figure 11 shows an embodiment of a component assembly in the form of an UV
discharge lamp, and

25  Figure 12 shows an embodiment of a component assembly in the form of a
single wafer holder.

1. Preparation of the slurry

A homogeneous stabilized basic slurry is prepared. To prepare a batch of 10 kg of
basic slurry, 1.8 kg of deionized water whose conductivity is less than 3 uS and

30 8.2 kg of an amorphous quartz glass grains made of natural raw material with



single wafer holder. 1. Preparation of the slurry A honogeneous stabilized
basic slurry is prepared. To prepare a b&tch of 10 kg of basic slurry, 1.8
kg of dei oni zed wat er whose conductivity is less than 3 AS and 30 8.2 kg of
an anor phous quartz gl ass grains nmade of natural raw material with -19-

grain sizes.ln. 1 e 4 0 N S tent of
99.99 % agga"hngy%gq? rtlﬁé;g%‘té;% t’%@g@ F'Hﬂe%?c?gsgwnpgbg%%g$]:bﬁ§deoﬁﬁ%ﬁt a vol une
of  approrpro®t %l aredfixedtifaSquart §lags-fihed fotasy HASNA gFiRAET Withefvdlimeeshs of
quartz glass grindi ng beads on a 5 roller bracket at 23 rpmfor a period of
3 days un@ppraximatehyefditersst abi | i zed base slurry with a solids content of
78 %wW-%is obtained. During the commi nution process, the dissolving SiQ2

0t he pad Bl s e BoRmBRRIHL (R ks duphd DT SHEHG bERHS B, ©' °°
gr ai nss hayglle bpadKet @t @ 35pAefod ia?éaridg;éﬂ pegpahtiliéhm@g@ﬁbeé sEilied baseo D50

val ue of approximately 5 4m an () value of approximately 23 pm
Addi t i onasluaiovighawsslids centgrdiofid 8\ietwi-% isehitainedi PBukdng theogorappinwidnat el y 5

A4mis then added t e. basic slhurry,th obt ai ned. untj | . spl i ds cont ent
' 57 - olodcihg St nd SR RenlGA et a8 B B A ARNE ner ror 12
hours at 25 rpm The slurry thus obtained has a solids content of 87 %w-%

and a denghelarRdrphloB VIO, iparticlés BY hethasENBulPpobtaisdd aftd¥r wet s6@ehihitidrhbs
state for the manufacture of an adhesive connection as shall be descri bed

in nore déheaquantaglass grainsdvave particler sipa digtiibutiost thahisseharectesized byexct i on
using the slurry Fiqure .l 0 I n a sche I c representatiqQn a so-called
fvm n 19 ubDso 'Hé ofsa pﬁ@"ﬁ@i&i’?@ﬁa&@.aﬁpﬁﬁq %X'E@hélyggs“'ﬁf a cl addi ng
tube 1 whose cross-section is figure 8-shaped and which is subdivided into

20 5\ SRR S SIS Gt sl U ST s

recei ve oné heatl connections are
gui ded outhef adided I thechaxic slups thus Pbtaladd antinthe solids contem#&s8T Mat%shown in
Figure 1). The main direction of the | i(lght radi ation of the twin

The mixture is then homogenized in a rotary drum grinder for 12 hours at 25 rpm.

The slurry thus obtained has a solids content of 87 % wt-% and a density of almost

15 2.0 g/cm3.

The basic slurry is used in this state for the manufacture of an adhesive
connection as shall be described in more detail in the following.

2. Preparation of an adhesive connection using the slurry

Figure 1 shows in a schematic representation a so-called "twin tube" made of

20 quartz glass. This twin tube consists of a cladding tube 1 whose cross-section is
figure 8-shaped and which is subdivided into two sub-spaces 3, 4 by a central fin
2. The sub-spaces 3, 4 serve to receive one heating spiral each, whereby the
electrical connections are guided out of the cladding tube 1 through crimps on its
ends (not shown in Figure 1). The main direction of the light radiation of the twin

25 tube 9 is downwards in the embodiment shown as indicated in a symbolic fashion
by the direction arrow 5. On the upper side 6 of the twin tube 9 facing away from
the main direction of the light radiation 5, it is intended to bond a quartz glass
cooling tube 8 whose longitudinal axis extends parallel to the longitudinal axis of
the twin tube 9.



25 tube 9 is downwards in the enbodi nent shown as indicated in a synbolic
fashion by the direction arrow 5. On tfe-upper side 6 of the twin tube 9
facing away from the main direction of the light radiation 5, it is
intended to bond a quartz glass cooling tube 8 whose |ongitudinal axis

ext ends prﬂlHl@buFﬂbsbh&é %ﬁ%ééédcbﬂ“tﬁé cééllﬁg ﬁfbe 8 'éﬂdttWimthéb@aPe cledfedFor this

purpose, the surfaces of the cool mg and twi n tube are cl eaned
wi t h al cowith aleshal raed then steamed with 30% Irnxdjoﬂmmacnd inoirder tn remye atber enove

ot her surface co am nations, i.n r_due t al i ne and al kal i ne
earth coRpdarfson "ﬁﬂ%@%%??g"cu%ﬁ@t@%ﬂﬁkﬁl Oﬁ%@éﬁn%sa Bhove is

i nt roducegdninp bgnfi ge trough between the two tube-halves of the twin tube 9
and t hen t%e cooling tube 8 is pressed onto this such that it is introduced
into the trough, whereby a small quantity of slurry mass is squeezed out in
upwar ds di Selbseqmemwd thehsleirmyonass destrinedyabaye lsdnt(rpdu@damtmﬁ\etmgibnt act

surface. bon nass .7 bet n.the act few tenths
of a mll P &Wr}g@ tu$ﬁ|r§al\éqsr §ﬁ‘§8r¥%’m t%%fré\f*ﬂﬂxﬁé%ﬂ @lngftb'ﬁe%'ﬁr oxi mately
6 hours | ré’é%ea'dnto%ﬁ%%ﬁ?ﬁé’( it BUrogu o o tHeetrsUgt, rvyhéréb?ra gméf i es sl owly.
Complete drying is achieved through the use of an IR radiator in an air

at nospher quanfityef stirg mass ihiequéenedi o inepward idgrettiere and thmafﬂ{ms&nalurry
appr oxi mat el

h
sbnewhat - DAI#S: 10 Aonadhé Cenfask SEra6S Ui ponin e § Detween Ui caiadiThe
dried, onguﬁgﬁé’@%sa ?evll ?eﬁtﬁ@?f?'rﬁlﬂinftét@ﬂtmék a sintering furnace in an air

at nospher e eating pro for vitrification conprises a heating ranp
during which the bonding mass 7 is heated fromroomtenperature to a

heating 20 htseanmmn@meat isfallbwedto Cestfor approxirnatede6 dfoursvin amairs. The bondi ng
mass 7 is _then at this heatin at ur.e for . After this
t r eat nent EFPH%P'B% ﬂ'ﬁ@f‘gw's? the; %ur Fﬂ:ﬂeg?é{riﬁsﬁlﬂ\f"b rﬁ"ﬁls?q a%’(l'q% opaque, and
has a neaacﬁa%afthfo ugRTe ke dtlandRYRIGRICAY af alodphsre: ATRE dRTRG ALY thus
prepared is then re fromthe sintering furnace
bonding mass 7 is free of cracks and approximately 0.4 mm thick i |n the area of the
15 contact surfaces, and somewhat thicker in the area of the trough and slurry build-

up 10.

The dried bonding mass 7 is then vitrified in a sintering furnace in an air
atmosphere. The heating profile for vitrification comprises a heating ramp during
which the bonding mass 7 is heated from room temperature to a heating

20 temperature of 1,300 °C over the course of two hours. The bonding mass 7 is then
kept at this heating temperature for two hours. After this treatment, the bonding
mass 7 is completely sintered, optically opaque, and has a mean specific density
of approximately 2.12 g/cm?.

The assembly thus prepared is then removed from the sintering furnace while it is
25  still hot and the area around the sintered slurry build-up 10 is vitrified by means of

a oxyhydrogen gas burner. For this purpose, the oxyhydrogen gas burner is

moved along the free surface of the sintered slurry build-up 10 to heat the build-up

until it is completely transparent. The remaining area of the sintered bonding mass

7 - between the cooling tube 8 and the twin tube 9 - remains opaque such that the
30  mean specific density does not change significantly.



25 still hot and the area around the sintered slurry build-up 10 is
vitrified by nmeans of a oxyhydrogen gz Tbhurner. For this pur pose, the
oxyhydrogen gas burner is noved along the free surface of the sintered
slurry build-up 10 to heat the build-up wuntil it is conpletely transparent.

The renmai GiypdeqlidtiyOthd 58Il RONaYREbIP @F BliRGUBBBSand coolRR tBEB fshfa&etPinl Ng.
tube 8 and the twn tube 9 - remains opaque such that the 30 nean specific
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mechani calabsRitRe cetr@gn(eﬁﬂags'&ne%wﬁqhsﬂeﬂ%g h%fchamw %;tﬁ%‘ig@%\rét rain due

to cooling 1s preven The asse consisting of twn and quartz

gl ass cooréduredutraetaved anchthelfanativn pf straibl dueatoccasiagas peavented.by its hi gh
thermal fatigue resistance even at operating tenperatures above 1,000 C

Figure 2b_.shows in a schematig, representation, a conmposite, body.20 conpri sing
 over - dngrassopTbuleSirstag bR aLE SHTLaCHE oS BRATIBRE i1 Wit are
connegp ed fe&rHaAfdallP sistle RndEactefizéd bg RS HHigh ot PatigiieYeRB tArtietavardi ary
ig layer 23 wth a’thickness of 1 nm The plates are each 2 nmthick and
squar e i nat sheratingitempedatasesLobovent j000“€hgt h. The opaque internediary | ayer
23 serves for exanple as a transmi ssion barrier for heat radiation. Quartz

of ton B GURAB EBPYSdp SneerA Gy ppmnLR lan EOToaLe bRgY AR Ber Ra A,

radi ati onjoé qUdie GHES BRile 22 PaniupPer flSE §IERS AR LHdhl arear € et ched
wi th hydrofluoric acid-containing chem cals. wever, opaque quartz gl ass

has a | owoenetteddo eash sitbercey meanstdian apaguedSidecamitdioing interotfediargh opaque
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shape with edges 200 mm in length.

The opaque intermediary layer 23 serves for example as a transmission barrier for
heat radiation. Quartz glass components - such as flanges - in high temperature
applications are often made completely or partly of opaque quartz glass to block

20  heat radiation. For the purpose of cleaning, the components usually are etched
with hydrofluoric acid-containing chemicals. However, opaque quartz glass has a
low etching resistance such that the serviceable life of such opaque quartz glass
components ends after relatively few cleaning cycles. For this reason, transparent
quartz glass is melted onto the opaque surface areas of the components. This is a

25 hot process which tends to cause deformation of the component such that a costly
after-treatment is required.

The composite body 20 according to the invention as shown schematically in
Figure 2b represents such an opaque component of this type that is covered by
transparent quartz glass on its both sides. It is suited to replace components of

30 this type which are costly to produce until now, whereby the transparent layers 21,
22 can easily be applied also in thick layers.



quartz glass is nelted onto the opaque surface areas of the conponents. This
Is a 25 hot process which tends to caus®2 def or mati on of the conponent such
that a costly after-treatnent is required. The conposite body 20 according
to the invention as shown schematically in Figure 2b represents such an

opaque corﬁoerrd%rrnto aFeﬁaheSthéchmﬁd%ﬁé bodly 2V e flafds 21 rméﬁélﬂ%%egte%rsba gl ass
on its both sid Is suited to replace conponents of 30 this type which
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t he upper upaaclaematlciathaned on the lower plate 22, i o whereby fixation of
the two plates 21, 22 with respect to each ot her is achi eved. This
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course of one hour. The conposite body is then kept at this heatlng

t enper at utayef @4, 2ous frearof cradks mdjmymhaiWeapprbmmgelye‘smmmethm to a
sintered, but still opaque internmediary layer 23, which firmy connects the

tvo 94" kel uRiing B e Siufry layer, Be odinposife Body 205 ShteredTh &'sifterify' " " e9ard
furnace in an air atmosphere. The heating profile for sintering comprises a heating
ramp during which the slurry layer is heated from room temperature to a heating
temperature of 1,250 °C over the course of one hour. The composite body 20 is
then kept at this heating temperature for two hours. The slurry layer thus gives rise
20 to a sintered, but still opaque intermediary layer 23, which firmly connects the two
( quartz glass plates 21, 22 and consists of generic material with regard to the
quartz glass plates 21, 22, and has a mean specific density of approximately
2.10 g/cm?®.

The composite body 20 thus prepared is then allowed to cool slowly in the

25  sintering furnace as described above by means of Example 1.

The plate-shaped composite body 20 thus prepared is opaque and 5 mm thick. It
consists of three layers 21, 22, 23, of which the middle layer 23 is approximately 1
mm thick and accounts for the opacity and is covered on both sides by layers 21,
22 made of dense and tight, transparent quartz glass with a thickness of 2 mm

30  each, which is characterized by its high etching resistance. In addition, the
composite body 20 is thermally stable, characterized by high thermal fatigue



quartz glass plates 21, 22, and has a nean specific density of approxi mately
2.10 g/cm . The conposite body 20 thus-28epared is then allowed to cool
slowy in the 25 sintering furnace as descri bed above by neans of Exanple
1. The pl ate-shaped conposite body 20 thus prepared is opaque and 5 nm

thick. It & ' f i [ \fdl e |ayer 23
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glass with a thickness of 2 mm 30 each, which is characterized by its high

etching resistance. . In addition, the conposjije body 2Q is thermally stable,
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this fashion, it is not only possible to increase the thickness of quartz
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15 blocks.

Further embodiments of the composite component according to the invention are

shown schematically in Figures 3 to 10, whereby the bonding technique using an

SiO; slurry, as described in more detail in Figures 1 and 2, is used in each case to

connect the components to each other.

( 20  Figure 3 shows a dome-shaped reactor shell 30 as is used for etching or
performing CVD processes in the manufacture of semiconductors. The bell jar 30
consists of a tube-shaped side part 31 made of transparent quartz glass, whose
upper side is sealed in a gas-tight fashion by a dome-shaped covering element 32
which is also made of transparent quartz glass, and on whose lower side a flange

25 33 made of opaque quartz glass is provided. The covering element 32 and the
flange 33 are fixed to the side part 31 by means of bonding connections using the
slurry described above followed by vitrification by means of a burner. The bonding
connection between the side part 31 and the covering element 32 is provided in
the form of a butt seam weld 34. The connection between flange 33 and the side

30 part 31 comprises an area 36 for sealing the annular gap between flange 33 and
side part 31, which area 36 is completely vitrified in the area of the front side for a



20 Figure 3 shows a done-shaped reactor_shell 30 as is used for etching or
perform ng CVD processes in the manuf atfre of senmi conductors. The bel j ar
30 consists of a tube-shaped side part 31 nade of transparent quartz gl ass,
whose upper side is sealed in a gas-tight fashion by a dome-shaped covering
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an area 36 for sealing the annul ar gap between flange 33 and side part 31,
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shel | conponents, an ave a nean speci gc density of approximtely 2.20

g/cm. 5 E&chingagértss contai ners of any shape and size can be assenbled in a
simlar fashion fromsinple plate-, ring- and circl e-shaped individual

el enments. Pertipent exa es include cuvettes nmade of quar | ass, or tanks
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opposite each other (one of the sjide flanges i hown in Figure 4),  which
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and are p ' | 3 : i ted to
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usi ng a Safid-are pnovided mdthiteamsviegserslits 4 3Hor tHid parposep ase conmected tetid anges
are provided with circular bore holes 44, into which bonding mass 45 in the
form df t Ridesianges 42 by means of the method according to the invention using a SiO-

containing bonding mass. For this purpose, the side flanges are provided with

circular bore holes 44, into which bonding mass 45 in the form of the slurry

described above is filled prior to inserting the fins 41. The bonding sites thus

generated are then dried and subsequently vitrified to transparence by a burner

20 flame such that the bonding sites thus obtained consist of a material that is generic

( with regard to the wafer carrier, and have a mean specific density of approximately

2.20 g/cm?.

Figure 5a shows a section of a transparent quartz glass plate 50 with a thickness
of 30 mm which is assembled from individual parts 51, 52. The individual parts 51,
25 52 are connected to each other by means of butt seams 53 made of transparent
quartz glass. The butt seams 53 are generated by fixing in a butt-like fashion the
quartz glass plates 51, 52 with respect to each other such that a gap of
approximately 1.5 mm remains, and then filling the gap with an SiO; slurry. The
slurry is allowed to dry for 5 hours in an air atmosphere (as described by means of
30  Figure 1) and is then vitrified by means of an oxyhydrogen burner flame. The
upper side of the assembly thus obtained is subsequently ground and polished to



described above is filled prior to inserting the fins 41. The bonding sites
thus generated are then dried and subs2fuently vitrified to transparence by
a burner 20 flame such that the bonding sites thus obtai ned consist of a
material that is generic wth regard to the wafer carrier, and have a nean

specific | W / ' ..saction of
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connected to each other by nmeans of butt seans 53 made of transparent quartz

gl ass. Thaepatie witbaegasstaihe igdividual partsyp0; Hi and have aymeanispreificashi on t he
quartz gl I ; ' ect to each other such that a gap of
appr oxi m@ﬁ?ﬁﬁgggm%gﬂgﬁwb?régﬁﬁen filling the gap with an SiQ2 slurry.
The slurry is allowed to dry for 5 hours in an air atnosphere (as descri bed

by neass o tH8 fadidon it it) paissible 2o breduce dudrfz gldsdplareansthdargensiafaoey dr ogen
burner flanme. The upper side of the assenbly thus obtained is subsequently

ground and@reas Wiheut resorting tokotdfoeningRACRSS®S. an optical | y honpgeneous
quartz glass plate 50 is obtained. The seam connections each consi st of
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with large surface areas without resorting to hot form ng processes. Figure

5b shows dashipn @anddidngesmaeler plgte elemanisi84f 8%. Inibe pipcesicthe plate quart z
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bevels are fixed in_ position with respect to each other, as shown in Figure
5b, and Siimte tbe gapyAfter dryingandivitrification efdpe shirmpassshawyabeve by medrnscat i on

of the slurr as-_shaown abave, b ns f Eigure 5 t. arent quartz
gl ass pl % T B AHIRNSHATER: Teerlzgless nlate /s Obtanavnth i BapERIATNG ot rcss
due to theesikimt &PeRdingraRISBHuctfo thBsizoad agraﬁafqémient btHel ISBHEnG shdOWs in a
schematic fashion a conponent assenbly conposed Trom

15 Figure 6 shows in a schematic fashion a component assembly composed from
plate- and tube-shaped individual elements, in the form of a lightweight reflector
carrier 60. Reflector carriers of this type are used in telescopes, for example.
Aside from their lightweight design, a particular focus is placed on the dimensional
stability upon changes of the temperature. Due to its low thermal expansion

( 20 coefficient, quartz glass is well-suited to provide the reflector carrier. The low
weight is achieved by assembling the reflector carrier from simple, lightweight
machined parts made of quartz glass. However, welding the machined parts made
of quartz glass together causes deformation of the reflector carrier. If the
machined parts made of quartz glass are glued to each other according to state-

25 of-the-art techniques, the non-adapted difference in the thermal expansion
coefficients of adhesive and quartz glass leads to deformations during operation.

The method according to the invention is the first to provide a gluing technique for
the manufacture of lightweight reflector carriers made of machined parts made of
quartz glass, whereby the carriers are not associated with a risk of deformation

30 upon variations in the temperature since the adhesive is generic with regard to the
quartz glass of the machined parts.



pl ate- and tube-shaped individual elenents, in the formof a |ightweight
reflector carrier 60. Reflector carrie28-of this type are used in

tel escopes, for exanple. Aside fromtheir |ightweight design, a particul ar
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prepariéd flinestircugarantiahfiletoveie ddeepnsist of pushSifee and frareiamnl amaigfigbondi ng
using a Si0%i¢3BhaHE W regard to the ground joint part 71 and the shaft 72, and has a

mean specific density of approximately 2.20 g/cm?.

In identical or similar fashion, other laboratory devices made of quartz glass can

be assembled from simple individual elements.

20  Figure 8 shows a side view of a section of a component assembly 80 according to
the invention in the form of quartz glass tubes 81, 82 which are arranged coaxial

with respect to each other and are fixed on a quartz glass ring 83.

The quartz glass tubes 81, 82 are connected to each other by means of a SiO,-
containing bonding mass 84 according to the invention, and are simultaneously

25  fixed in an annular groove of the quartz glass ring 83.

The fixing mass is opaque and consists of pure SiO,. Hence, it is generic with
regard to the quartz glass tubes 81 and 82, and has a mean specific density of
approximately 2.10 g/cm?.



bondi ng mass, which is provided in the formof a circunferential fillet weld
73. 15 The circunferential fillet weld 73 consist of pure Si02 and therefore
of a material that is generic with regdfd to the ground joint part 71 and
the shaft 72, and has a mnean specific density of approximtely 2.20 g/cnB.
In identical or simlar fashion, other |aboratory devices nmade of quartz
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vitrification of a Si02 sl urrY | ayer b}/ means of a burner o
15 flame, whereby only the outer areas of the slurry layer become completely vitrified.
Thus, the assembly is exposed to relatively little temperature strain as compared
to attachment of the holding cylinder by melting and there is little impact on the
preform 90. Fillet weld 94 and outer build-up 95 each consist of pure SiO; and
therefore of a material that is generic with regard to the preform 90, and have a

20  mean specific density of approximately 2.15 g/cm?®.

( In this context, another example for the component assembly according to the
invention is the joining of bodies shaped like half cups, for example tube halves

generated by cutting in longitudinal direction.

Figure 10 shows a radial cross-section of an opaque quartz glass tube 100

25 comprising an internal tube 101 and an external tube 102, which both consist of
transparent quartz glass. The internal tube 101 has an internal diameter of 50 mm
and an external diameter of 54 mm. The external tube 102 has an internal
diameter of 60 mm and an external diameter of 65 mm. The gap remaining
between the quartz glass tubes 101, 102 with a gap width of 3 mm is filled with an

30  opaque SiOz-containing bonding mass 103 according to the present invention and
serves the purpose, on the one hand, to connect the quartz glass tubes 101, 102



15 flame, whereby only the outer areas of the slurry |ayer beconme conpletely
vitrified. Thus, the assenbly is exposed to relatively little tenperature
strain as conpared to attachnent of th&8hol ding cylinder by nelting and
there is little inpact on the preform90. Fillet weld 94 and outer build-up
95 each consist of pure Si02 and therefore of a material that is generic
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15 between the corresponding expansion coefficients.

The application of the slurry between or onto the connecting surfaces of the
components is subject to the influence of the flow properties of the slurry. The
application of homogeneous layers to large surface areas is facilitated by a so-
called dilatancy effect (Kelvin effect), whereas otherwise the so-called intrinsic
( 20  viscosity or thixotropy is desired rather. The slurry property called intrinsic viscosity

(thixotropy) is evident in that the viscosity of the slurry is reduced in dependence
on the shearing rate (for example during stirring). This is related to diminished
interactions between the amorphous SiO; particles due to the action of shear
forces. After the elimination of the shear forces - when the slurry mass in contact

25 with the connecting surfaces of the components is at rest - these interactions
intensify again and lead to the formation of physical or chemical bonds between
the amorphous SiO; particles of the slurry mass. The intrinsic viscosity of the
slurry can be increased by adding coarser SiO; particles.

Figure 11 shows a schematic depiction of an UV discharge lamp 111 as is used in
30 the area of tanning devices or for the disinfection of surfaces or liquids. The
discharge lamp 111 essentially consists of a tube-shaped transparent discharge



coefficient and the tenperature dependence thereof are simlar to those of
the conponent, and, in the case of comg8nents doped differently, preferably
are 15 between the correspondi ng expansion coefficients. The application of
the slurry between or onto the connecting surfaces of the conponents is
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trans%mre%tnbd&h%ac%?r%@ﬁ%ye%e@?mg aléi?cdm% @égHWrﬁngfﬁss whose front ends

are seale al um num-oxi e el ectrical connections
113 for the el ectrodes, which are arranged inside the discharge vessel 112,

are gui dedHehassephblptieufehdrated zsexbbsed tdlaér fol approxntdwous, wigrebythé are
gl ued on using the bondi ng means according to 5 the invention. For this
pur pose, tSHETE|RYERAISS Hewly driasarlhe assegrnly isigriecheormpletely xposed f alf| ued

t oget her A C t 1 cri bed
boove s s Bofffg s R b tack MBI, Slpsblfiemys e BT BonbFRey

then the qagss iEhtrified expeseeto alr, Invthenrbyess, itri@madeeuretthaf thelteeat! urry mass
Is squeezed fromthe gap between the jacket surface of the di scharge vessel

112 i dSand$engitive flectnealnants insidertbe wapad 16 andittrecdiceharge vassel 112 arg nats.
heated to temperatures in excess of 200 °C. This is achieved through the use of a
CO;, laser acting only locally and for short periods of time on the slurry rim 115, by
moving the laser along the free surface of the slurry rim 115 and heating it until it is
largely transparent and attains a mean specific density of approx. 2.15 g/cm?®. The

20 remaining bonding mass between the caps 116 and the discharge vessel 112

( remains opaque such that the mean specific density does not change significantly

as compared to that of the dried bonding mass.

The assembly of discharge vessel 112 and aluminum oxide caps 116 is
mechanically stabile, gas-tight, and characterized by the absence of particles.

25  However, the operating temperature is restricted to temperatures below 200 °C.

Figure 12 shows a schematic depiction of a single wafer holder 120 made of
quartz glass for the processing of 8inch wafers. The holder 120 essentially forms a
ring with an external diameter of 256 mm and an internal diameter of 196 mm that

is provided with a circumferential recess for taking up the wafer.



The assenbly thus generated is exposed to air for approx. 6 hours, whereby
the slurry layer also slowy dries. Thé0assenbly is dried conpletely
exposed to air. The bonding nmass is free of cracks after drying.
Subsequently, the dried bonding mass is vitrified exposed to air. In the

rocess, ifedri -tgdg,q.n it ubhbcal jmsi de
ltohe cap 11%0(1;;%' tﬁgagzéméaéﬁgebv ssgﬁéirfﬁgr notdlaﬁsegltagg1?3%?1grf€gdr5@t§nudrd;sl in
excess of cafitnéciallyiavailablectereméifailr2dumbde lod AlL2; thiat & maeRfdcased byct i ng
only locally an or shor.t riods of ti on the slurry rima1l . movin
t he?ll aser nﬁwdftéf@qéwlgg.wgéguéﬁ; Qf?élsgﬁ r§ 1:}i 'Hﬁlq@%ﬂ@‘lj ?&éﬁﬁg%’ﬂ un;/: I ’
it is 'ar19ﬁ'11%gb9ﬂﬁéH%ﬁﬂfhicﬂ@%%%%ﬁ!gﬂ?@ﬂ&eﬁ?@ﬁ‘zﬁ,pﬁﬂ bl csiffithdy (@badpp! Ox-

2.15 g/cm O remal ni ng bon ss between the caps and t he
di schas ge otterdnl méafs of ansipasjueBiQyeontaininghiatermiediate dayes 4 nirmdndensi ty

does not change signjficangl S C ar ed that .of the dried, bondjn
macs. | The tgEaTEs Bebls AGKIRST e AL LB E oG BANGIG IRABSARSOWIRG G U8 s
mechani Cal'ﬁ\)é{@ibﬁgslf‘alloﬂgrg’ti ght, and characterized by the absence of
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particles. wever, the operating tenperature is restricted to

tenperatures below 200 C. Figure 12 shows a schematic depiction of a single
waf er hol dée duzitzgldss pfate d@2ris firglldesgrehoed ahd thew ctsamiedgn dHF-8ontaningf er s.

The hol der 120 essentially for rong with an external dianeter of 256 mm
and an i ned¢ ﬁq"UH?%ré‘ﬂléﬁe%‘@nﬂbgﬁ‘ﬁ%qwmggme@“ﬁra&W @QWﬁ}?@V€W%m erenti al
recess,for i . It iri @5 odbg,' i ; fﬂéot%'t de
from Zoquggé\?g%?%sg%pﬁoﬁ?eaﬁgg ngrq gescd(gfr?’rena)n corﬁrgpéllgqfd; avalrolsg%%gfj%:heepgm C

foil 124 wuadezolassl@ate 122in the foenwfacsiumgdayeyr 123ewitls athickress df @8imm  The
quartz glass plate is 12 nmthick and the A1203 foi|l 124 js approx. 1 nm
thi ck. Thdyeneangpeheprayingz wheteby Hieeasilyflowing siusrydssprayest eebysyeaRsel of

manut act uPetP AN B s el EHEGhAose ke b e apd PARRIERIIE 50

as fol | owgoafihg igachievedl! ass plate 122 is first de-greased and then cl eaned
in HF-containing etch solution. Subsequently, the bonding nmeans according

to the inventign io provided in the formof the slurry described above is
appl i 8 t dmmediately themaftar, thesAl203 foil 124 is then placed on, which effects the

fixation of the components 122, 124 with respect to each other. This arrangement
is exposed to air for approx. 6 hours, whereby the slurry layer 123 also slowly
dries. Complete drying is achieved in a sintering furnace exposed to air at a
temperature of approx. 200 °C. The dried slurry layer 123 is free of cracks.

( 20 Because it is covered by the Al;O; foil, the wafer holder thus manufactured is
characterized by very high etch resistance, including with respect to fluorine-
containing process media, and generates no problems with particles. Its
temperature fatigue resistance is sufficient, provided the temperatures of its use
are below 200 °C, which is easy to provide in applications of the holder 120 for

25  single wafer processing.



quartz glass plate 122 in the forn1of3? slurry layer 123 with a thickness of
0.8 mm by neans of spraying, whereby-the easily flowing slurry is sprayed
on by nmeans of a spraying nozzle. The spraying process is conpl eted once
approximately even coating is achieved. 15 Imediately thereafter, the
A1203 foil 124 is then placed on, which effects the fixation of the
conponents 122, 124 with respect to each other. This arrangenent is exposed
to air for approx. 6 hours, whereby the slurry layer 123 also slowy dries.
Conpl ete drying is achieved in a sintering furnace exposed to air at a
tenperaturq?@g pprox. 200 C. The dried slurry layer 123 is free of cracks.
20 Because T2 covered by the A1203 foil, the wafer hol der thus

manuf actured is characterized by very high etch resistance, including with
respect to fluorine- containing process nedia, and generates no probl ens

wi th particl-es. Matgod fasiifre banding of eempenrenteBiadeaf qeaits giags iy siubatancer ovi ded

the tenperature i . iy i.ch | vide in
appl i catileons of ??%Iébﬂérﬁcaegﬁquégd ﬁ %B%a%goig%dﬁéc%@%qﬁ%@(ﬁiﬁés Qﬁ%llé d ai s
1. Method for tfenzunsitwgentonmeqiogsntfacesmefehetompanémtsginddmshy subst ance- 5
t 0- subst ance bon,gi ng@ﬁa nmeans of a.Si 02-containi ng bondi na mass that is
fornmed between EBRM %%pgﬂ}l?%ﬁ‘@glscgeqeﬁg V‘ﬂ@rfﬁ%ﬁ’@gﬁ%q%’éz I88S.a cheni cal
conposi tion thatpi i ' Gl v erized in
Char the. format Coa SSit PRa G i o RRRe of e B0 Lo A bon T HBEL Y

f ol | owi ng procedampirises tesfolldwing pyogedaral steps: of an aqueous sl urry contai ni ng
anor phous Si Q2 particles, conprising a wet comm nution of anorphous S102

starting grains () (P_bovwm@ftérpéqﬁou@ sﬁJerédhtzﬂﬁiﬁg a%r)aﬁ@g:s 5T, gtdlegt i ng

surfaces which ‘are fixed in position wth regard to each other; (c) drying
of the slurry nass; eonipdsnga)wetsommihutiern ofamabhoue S§Dustagtingegkginby heat i ng
with formati on of the S102-containing bonding nmass, the SI02 content of the
bondi ng nass (b)  formation of a slurry mass between the connecting surfaces which

are fixed in position with regard to each other;
(cy  drying of the slurry mass; and

15 (d) solidification of the slurry mass by heating with formation of the
SiO,-containing bonding mass, the SiO, content of the bonding mass
differs from that of the quartz glass components to be bonded by

maximally 3 wt-%..

2. Method according to claim 1, characterized in that the particle sizes of the
20 amorphous SiO; particles are in the range of up to 500 um, whereby
amorphous SiO, particles with particle sizes in the range between 1 um and

50 um account for the largest volume fraction.

3. Method according to claim 2, characterized in that the particle sizes of the

amorphous SiO; particles are in the range of up to 100 um.

25 4. Method according to any one of the preceding claims, characterized in that
the SiO; content of the amorphous SiO; particles is at least 99.9 wt-%.



differs fromthat of the quartz gl ass iorrponents to be bonded by nmaxinmally
3 w-%. 2. Method according to clai i , characterized in that the particle
sizes of the 20 anorphous Si2 particles are in the range of up to 500 m
whereby anorphous Si2 particles with particle sizes in the range between
1m and 50 maccount for the largest volume fraction. 3. Method according to
claim?2, characterized in that the particle sizes of the anorphous S102

particles age i r i 0 i any one
35 DVEPRSRURA] ) o OB ypact sbne b o

of the preceding clai act . S102 content o
amor phous Si @2 phetsotidesontentof the akirryairiog the ggneration of thetsiutpdmase or di ng t o

the Slurry duri neprRen g o deine SRS Rl FRS: oek W et R Bl €80 nnect i ng.
surfaces is at |g@et-9%paicllaryiireferasipbylcabt 8easts. 80 W -% particularly

preferably at least 83 wt-% 5 6. Method according to any one of the

precedi ng cl.ai nms haracterized in th the slurry is set to a pH value in
t he rangg b8t vveeMeg‘ogrﬁfCQ'.’ ng to anLenrodl the PHEANY ql%m%ﬁ%rﬁgte@fzeg ethst ecedi ng

claims, charact et'hie%ﬁﬂpgi\é séfto §§H9/%‘M§intthér?a®%tmﬁ®€er§ herqog gati on of the

slurry mass between t connecting surfaces being fixed I'n position with
respect to each other, and 10 the drying of the slurry mass. 8. Method
accor di ng t @. anyMethedaiccoring taeamdenyofdhaiprecediigaglaiotse chaiagtarized sian t he

solidification conprises.sinterin f sl.urry. nas ith formation of an

at least partly %’%&ng @'8%%5”??%%3%@5%@“:%?&9 X'blfry ,oiq%“ob@q\g{g%ﬁ% ng to claim
8, characterizedcdrimettidd stimfcesiDrigy fixed iA aBitibR @sthaespect t&BREN alher,candr eat ment
of the slurry nass at a tenperature in the range between 800 C and 1.450 C,

preferabPy at a themsdpafithe geinpmass3o0 C. 10. Method according to any one
of the preceding clains, characterized in that the solidification conprises

a vitrificakion bEHik JRHS 1 ol 2R thpaftly
t ranspar ent r8 sol @5}%?ﬁs%zqtcont a?r)#l %ghégaé(}%ng@nr%@fsns afdbter28d in
the solidification comprises sintering of the slurry mass with formation of an

at least partly opaque solidified bonding mass.

9. Method according to claim 8, characterized in that the sintering comprises a
15 temperature treatment of the slurry mass at a temperature in the range

between 800 °C and 1.450 °C, preferably at a temperature below 1.300 °C.

10.  Method according to any one of the preceding claims, characterized in that
the solidification comprises a vitrification of the slurry mass with formation of

an at least partly transparent, solidified SiO,-containing bonding mass.

20 11.  Method according to claim 10, characterized in that the vitrification is
performed through the use of a heat source whose maximal heating effect
can be limited locally to the slurry mass.

12. Method according to any one of the preceding claims, characterized in that
the slurry contains one ore more doping agent(s) in the form of Al,O3, TiO,,
25 Y203, AIN, SisN4, ZrO,, BN, HfO,, Si, Yb,0O3 and/or SiC.



20 11. Method according to claim 10, g?aracterized in that the vitrification
is perfornmed through the use of a heat source whose maxi mal heating effect
can be limted locally to the slurry mass. 12. Method according to any one
of the preceding clainms, characterized in that the slurry contains one ore
nore doping agent(s) in the formof A1203, Ti02, 25 Y203, AIN, Si3MN, Zr02,
BN, Hf 02, Si, Yb203 and/or SiC. -33- 13, Method according to any one of the

precedi ng chai MmefiR ACofding BahNord 8t thdlpré &RRlg QAP thhRRIGRBRINARES L0 be
connected contains a doping agent, and in that the aqueous slurry contains

particles nade o#t leastonexafdhe gomasnents o be cagranted sontains Godgring Agertssenbl y

conprising at le 1 f ' SS,..Whi .ar
connected to eac%ﬁ%{%t\é% @%%&ﬁgé §¥‘?§dc§{‘%f‘sg@%['§§%{*ﬁ4§% 5%‘%%Q@Sa§s, wherein
the Si 02- cont ai nigxgnypagehtng mass is anorphous and has a chemni cal
conposition that is generic with regard to quartz glass, characterized in

e | e, SN

from each of thegRYanichbassoreRNBHath othdtdyhREsIRARY SiTRdEhing. 3 Wt - %
and S102-contai ning bonding mass is at |east partially opaque and’it is

manuf act ured fr obonrding prasgswherein bedtiOgicontaining berdigy omssiaamostisw t h

particle sizes in e_range..of t0..50 wher eby.. Si O2 articles with
Parti ol e sizes | A4 Has pARGEGA ifek8ohalls ST ER TR0 ¢ B A oot

vol une fraction efharbberied thet MBSO, tbnteRPHTAE FiD,-85AtaTHM b@mﬂgzma@g to
claim 14, characterized in that the specific density of the Si02-containing

bondi ng ass is Btatlleast £98 wt-H. dhe SiOpeettentaiitie i0+eemainingibggdinggnasy 16.
Conmponent assenb);: j i

characterized i nmtﬁﬁgstcﬁ(?ﬁfaga%ﬁ&&co aﬁ%%g%%rﬁn@rﬁgﬂn@%elé%ﬁeﬁs dopi ng
agents in the fomaxohall2aB8%, BnABIOY20tainkd\boridlij\rhasZiCht leddd, pardidll, Si,

Y0208 and/or Si Gy bt ol Sh Rl maPula il dmdiBhOLS el FTRAREP YR, O™
particles with particle sizes in the range of up to 500 um, whereby SiO,
15 particles with particle sizes in the range between 1 pm and 50 um account

for the largest volume fraction of the.bonding mass.

16.  Component assembly according to claim 14, characterized in that the
specific density of the SiO,-containing bonding mass is at least 2.0 g/cm?,

preferably at least 2.1 g/cm?.

20 16. Component assembly according to any one of the claims 14 or 15,
characterized in that the SiO,-containing bonding mass contains doping
agents in the form of Al;O3, TiO,, Y203, AIN, SisNg, ZrO;, BN, HfO,, Si,
Yb,03 and/or SiC, preferably in the form of particles in amorphous form.



-34- 17. Conponent assenbly according . to any one of the clains 14 to 16,
characterized in that an opaque S102- éént ai ni ng bonding mass is produced in
the gap between two quartz gl ass tubes that are in a coaxial arrangenent
with respect to each other. s 18. Use of a powder-|ike, paste-like or |iquid
mass conpri sing anor phous S102 particles with particle sizes in the range
of up to 500 pm whereby anorphous Si Q2 particles wth particle sizes in

or provi di o R AE s TPNERESRARHY et e S 858 B ent of ot
| east 99.9 w - %dweradténzle@ndlthmga@cn“paqueraez b@ntmbﬁduwb@tsarmmﬁoe@bstance
bondi ng. 19. Use according to cl haracterized 1n that the anmorphous

Si02 particles ‘%H??p@?%@e%eﬂltwpél@ﬂié?sﬁﬁqu ALAGdN Grcaayial arangerpant

with respect to each other.

5 18. Use of a powder-like, paste-like or liquid mass comprising amorphous SiO;
particles with particle sizes in the range of up to 500 um, whereby
amorphous SiO; particles with particle sizes in the range between 1 um and
50 ym account for the largest volume fraction, for providing a SiO,-
containing bonding mass having a SiO,-content of at least 99.9 wt-% for

10 bonding components by means of substance-to-substance bonding.

19.  Use according to claim 18, characterized in that the amorphous SiO;

particles comprise patrticle sizes in the range of up to 100 um.



