-1- Bonding agent for the bonding of conponents, nmethod for the bonding of
conponents nmade of material with high silicic acid content, and conponent
assenbly obtai ned according to said nethRod The present invention relates to
a nmethod for bonding conponents nmade of 5 material with a high silicic acid
content by means of a substance-to-substance bonding by neans of a

Si 2- cont ai ni ng bondi ng mass that is fornmed between the connecting surfaces

of the co b |
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Moreover, 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. Quariz 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
exanple for the manufacture of conponents of conplex shape from sinpler
pre-formed parts. Comonly, this connection is provided by wel ding the
conponents to each other. For exanple-26P 1 042 241 Al describes a nethod
for the butt-like welding s of quartz glass tubes. Wl ding conprises nelting
the surfaces to be connected and pressing the softened surfaces agai nst
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15 A procedure of the latter type is described 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 knowmn from
DD 289 513 A5. To afford a dinensionally-stable and vacuumti ght connection
of precision parts made of quartz glass, this reference proposes to use a
gl ass sol der based on |ead-zinc boratée.” The gl ass sol der consists of |ead
oxi de, zinc oxide, boron 5 oxide, and silica oxide at the follow ng wei ght
fractions: 76% PbO 11% ZnO 9% B203, and 2% Si Q2. A gl ass sol der powder
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does not meet the particularly stringent requirements with regard to temperature

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 example 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 B2. For bonding optical precision
parts made of silicate glasses, this dogunent proposes a Si02-bonding |ayer
that is generated by hydrol ysis of vapdrized Si Cl4 vapors by neans of water
vapor. The thickness of the Si02 bonding layer is in the range of 5 100 to
200 nm its solidification is effected by heating in a furnace at a
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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 SiOz-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
I's based on a Si02-containing bonding nass 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
a slurry mass is 5 situated between the connecting surfaces that are fixed
W th respect to each other, and subsequently solidified by drying and
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which have a high intrinsic sintering activity.

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. It is

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 mnimze crystallization wwthin the Si 02-containing bondi ng nass
since this would weaken the bond. In this context, it is also inportant
that the Si02 particles used for form ﬁé't he slurry are anorphous. They
consi st of synthetically manufactured Si02 or are manufactured 5 on the
basis of purified naturally occurring raw material. Another technical
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conponent ST 0 el ropefative environnent by foreign substances present in
the generic material is thus prevented or reduced; Roughness and unevenness
of the commikig regard,uhtdgenerionatre'hefcthe SO, icpnteiniag brekely aasageitius ef fect s
in the nethod, ,according.to the inveption, Rather, a )
regard to the material with a high silicic acid content plays an important role.
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;

+ and, on the other hand, contamination of the quartz glass of the connected
25 components or their operative environment by foreign substances present in
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 nmass. In addition, it is easy to apply the
slurry mass -7- between the connecting surfaces thick enough such that
costly processing of these surfaces infan earlier step can be prevented. In
a first preferred variant of the nmethod, the particle sizes of the anorphous
SiQ2 particles were in the range of up to 500 m preferably up to 100 m

wher eby Sh@tweeptpe £obh&Btimpslifsdedsthivki éhdught duthethat é@étlxi protBSsingage bet ween
1 mand 50 m account for the majority of the volume. Anorphous Si Q2
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advant ageous sintering behavior and conparably little shrinking upon drying.
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99. 9 W - YAmolteou0SiC) ddrficlel oM tié siZeeraphdianyd dfabie sigd ABtrdRibNRsHOW Cl es
consists of at least 99.9% of S Q2. Bindi n%bﬁgents or, simlar additives are

not consi AbEsdRgeRSsBleringmehaviprandeareparably lifle shgnkagaoa dyisg. dhe
component . A3SENHA Yict %%gﬁ@bdr}?giggﬁﬁﬁ]sg@ngzﬁna@ﬂtthﬂésslur-@'ﬁhiﬁuqééq% materi al

is not as$ocrated w con on or ~crystallization. A
cont r idout loaser relativeeshriiergecof thaslwhyf acissngs la r@lsultiofities intgraatibnyity i s nade

If the anorphous SiO2 particles are generated b t comm nutiaon of
anor phousil'éptegted above; WB'QerH?H@."eQQeqqthﬁ'@ farme@%\&mie%%ﬁ §'Qiottﬁ|d[5r cle
si ze di sty i ' ; : SlauEr, i zation
process, th 35‘%639{*@9@%%%35?@?83{"6@‘1}']?95 gs g‘r?oet'n%rtggu%netgﬂﬁg%?pze during
t he honogétrifizatiobehavior. Expesieabé yndicates ¢hatr iithsa shutry of this type, a slurry

mass with high greenbody density can be generated and dried and solidified

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 SiOs. 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 SiQO; particles of



di ameters for exanple in the range between 200 m and 5, 000 m dependi ng on
their degree of solidification. During wet comm nution, anorphous Si Q2
particles of -8- any size are produced én the slurry, including those which
formw th each other the bonds described above already in the slurry,
whereby the polar nature of the water plays an inportant role. This

I nproves the stability of the slurry mass. Advantageously, the solids
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al so contain other 20 anorphous Si02 starti ng mat er i or ex HEE , 1t has
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nano-scal e, anorp ous syn oduced particles with a
mean pri nfﬁowewar therbema'y be arguiments mrfanoﬂﬂ(h low vigbodityes|poy aepegdmgubrat e
consi sts of. rates of nano-scale, anorphous,. synthetically-produced
Si 02 pri n‘ﬁP‘&ﬁgpg?@eF redotherarpligation Bfﬁl?a&k’"bé??‘?'@ﬂ?dsl ze of less than 100
nm Primary particles of this type are obtained by flane hydrolysis or

For the application of the slurry, the known procedure are basically suitable, such

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 Si02 primary particles leads to the formati on of the coarser
granul ate 30 particles. As a result, sonme conpaction and solidification is
initiated as early as in -9- the sIurrygnass which later favors the
sintering and vitrification; the conpaction and solidification is based on
a certain degree of solubility and nobility of individual primary particles

in the sl rhr'ersrurry\/mersls wioich natenfgrs thd Siatdrimgnanid eifrifiatisn: theaddragactioni nteri ng
necks" between aEéacent anmorphous Si 02 particles in the slurry 5 mass. Wen

the Si02-3pd seld qtioﬁ‘d?cﬂ’aﬁﬁgﬁ‘ 2 ReftRid dﬁ%ﬁeﬂsf’wgﬂ'&y apd rabilityofdri ed, these

k |
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| nproves the cross ng reactions o e anor phous particles with
each ot heamarghaisn@lQ.fpaticleseandtr cathpactiardard salrdrfw:atunfn ofitbe slwry masass.
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val ue aut geedcitad lar e'd%\é’é}ﬂ%fsurf%x%ﬁ%ﬁ&k h}ghfé?ﬁte@iﬁgﬁcﬁvﬁﬁ' on of the process, a
procedure 1Is 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 bet vx)ééuasmenfnﬂrﬁmladhfa)mrablnéowbthwpm@bra)etme@iuw@ aomecini thg
surfaces bernqg{rxgﬁ @g%#tron with 20 respect to each other, and the
drying of 'A'WE his inproves the adhesion of the slurry mass on
t he connecti ng surfaces and strengthens the bonds between the anorphous

Si 02 part Tké @sididplEsiam®d|rproies she efdsedinkiry @aetions of BrsambRKidUE Siegct i ons
whi ch proceed, and are aided by the_ npisture that is present, during the

exposur e Pamglesavitieaach aliiesmpdssimpliies thethermal salidificating of the slurmingass| urry
mass and the Si 02 of the connecting surfaces of the conponents. The

duration Bkl GetcBRTHINGLIbA TedfFRA0SISDbILI SHRB ¥ miNous SiO; particles
15 of the slurry - up to the solubility limit - lowers the pH value 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. Presumably, 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 nethod, the solidification of the slurry mass
conprises a sintering with formation qf, an at |east partly opaque bondi ng
mass. -10- Conpared to vitrification td%he extent of conpl ete transparence,
sintering requires conparably |Iower sintering tenperatures and/or shorter
sintering tines. This favors the preservation of the dinensional accuracy
of the cobpopardd twsakrifichtion ¢o tHeee deotioeninpletdtrapspareace ngntgyingggqquiresrent s,

d ts detrimental therpal 5 effect th ts ta b ted
and cr ystATPEEPIORWER Stierng IEmasralies IRty e NSRS BesndEihas shown

t hat ever\‘ahb'l%tthéirﬂ?é%ﬂvﬁﬁ?ﬁ Bn the@imetdiondt ABBIRALY of thé b&ﬁﬁ?h%aﬁgéssérﬁbly to

I
sufficient to achieve sufficient nechanical reSistance 0

Si 02- contlzé pradycedoradiucgs s energy negsireaeplts, cadi peyventscettimenta) thhermsl
conpacti on, depen on the sintering te rature dsinterin ti.me. The
i gher ¢ HArEnB1Ge GpmpeprBlLieds BineqBE Ry Shsdficafium kiherea s,  co
versa. A gsHdmg niyd. preferred tenperature treatnent for sintering of the
slurry mass conprises heating at a tenperature in the range between 800 C

and 1450 _C, preferably at a tenperature below 1300 C. 15 In the sinplest
case, theExpeaiteacedips syt that gvanijustsinderng (andnetiemy cemplatesritrfisation

Component s 2L E ARREVE Sufiof e Efanical e RfRIRE RS SIORbRBIhe o1 ol '

and pr evisdidinglafadsIter st appliditioassenbly. In a preferred variant of the
nmet hod, the solidification o? the slurry nmass conprises 20 vitrification
with formation of an at |east part]ly transparent solidified,6 Si02- containing

bondi Hg njé@%demf&%nmqt&qnfd%ﬁndérprbwet%@eénsée'@aﬁf%wﬁ ABd SEHeAMY mass (in
contrast e St ﬁlf;jh%g)chef Leanél%ft@r%r R ?slrﬁ{e'rlirzq #i%hrc]a;ﬁ]d P&CAHd vice

requi rements regarding i ght néss,  mechani ca absence of
parti cl esyeramdA chamaomibnd prefenesktempstratuee rebtrbgntfor sinderrss ehthleyslunmhen
optical transparence is required in this area for tﬁghni gﬁbogrea ons, or for

sol el y adBPRRLPEPFIEEE HRENING At Pﬁ?@%&%‘é,’e iHBe sppge DeRYesH ng
1450 °C, preferably at a temperature below 1300 °C.

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  vitrification with formation of an at least partly transparent solidified SiO,-

containing bonding mass.

Complete vitrification of the SiO;-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 SiO;-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-containing conponents. However, usually it is
sufficient to vitrify areas of the Si02-containing bonding mass 30 that are
close to the surface. Provided these Vitrified areas connect the connecti ng
-11- surfaces to each other, they contribute to increased nechani cal
strength and also to the tightness of the assenbly even if the

Si 02- cont surfaces tb @adhrghemsisey contebuieste insrepsee noaxtamicdl streagth apdiglse.

Hel ium | eakage tests show t hat vacuum.tightpness |evels up to 10-9 bar can be
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i ke holé,t%/ 9&”i§ ofN Oﬁ@nﬁﬁigﬁgr@g{}%‘ nmeans of the latter variant of the
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met hod according to e I nvention. trification is preferably perforned
through the use of a heat source whose maximal heating effect can be
linmted |deliurnyeakagenests shaw thaisacuum-tighteess levels up fetd™ barcae biei gh

t tu ired.f et S ' be limted | | | th I
mss to DORFTETEER G Mkt RmBPad R s ot are Hireldi o ovent o
or reducegblldvf bbdieBapdahaRlRictfed 1§ rALANE bEthe! attef Vaiad dfdsehfethd®@r exanpl e
CO2 | asers) for this purpose. |If a preceding sintering step is used, it is

advant ageatsordingde the yreventiens esi dual heat 5 and vitrify the conponent
assenbly while it is still hot. This contributes to the saving of energy

and redu : | | [.¢ Rnefer variant of the
met hod sor Disatehd® BRrelbIRafbiReduphth My bnEof BIEARERe I,
expansi onmeghdlindating effect ben Belimitanibaaly theendinnghasess, a slurry
contai ning one or nore of the foll ow ng doping agents is used: A1203, Ti Q2,
20 Y28, AIN, Si3N4, zZr2, BN, H 02, Si, Yb203 and/qr SjC. The addition of
one o0 roferehy, e tRigiondhepist Ersaiis caiiss\ B aith el ean oo Bivig?
expansi on | 461 | t gl I10G; ; ed to
that or tReat forhEiipindsao B iRR, Ah e R N B AR SAR8e
agent dopriengnied greetioced.dt symrefdarhble tohesefmrrmats oninfrired asest ot | ne phase in
the Si2 25 contélhn'\n% tsofnd'{ng mass is prevented. This is achieved, for

g lasers) for his'p

exanpl e, BXATRIEL urpose.
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, AIN, SisNg, ZrO;, 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 SiO,-

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 comm nution of the glass such that doped anorphous
particles are obtained. -12- For the regasons stated above, in the case that
at | east one of the conmponents with al igh silicic acid content to be
connected contains a doping agent of this type, it is preferred to use a
procedure in which the aqueous slurry also contains particles of this

mat eri al I s thepeagormgstated abyVé, hin lﬂ;lwgwb trmtbhledﬁoodémj tiod commnaaﬁ;twitmadg of
quartz gl ass, a,Si 02-containi onding mass that |s generic with regard to
this mat e? Mg SIgiC Beid cemieny W%F%’PP%% CeNiGNTR APRINY %sefttr%“waﬁmw' ss
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wt - % Wt%rgfgergargﬁ’tj%g tahjg %onpoﬁ@ﬁ\?ﬁg]s@eé y,ou%%emjﬁlesgfécgigggﬁﬁ eé %%gse i's
met st ar tthigmatesial msmdaplreg agertobl y nenti oned above in that the

Si 02-cont ai ni ng bondi ng mass is manufactured from anor phous, sintered or

itrifj 102 ticl .t h ticl ' th .500
wher exy S TRart] to e Barine aP BbbEnEins 2udfe of fuirtf olBR°8 sfethnleinng S0
m accountpdfing Rfadsahaemtgerrie it Fexfdrd 86 tH§ midierialcdbe ase@sin-wHish The
Si 02- cont ai ni ng bondi ng mass i s anorf%gous and has a chem cal conposition

that is geerqantent:af thebpading mwass difieas Fomthosetaf the spgposientschy me d

content of~the t nnected. Please refer to the statenents
made abovLO Wit't/ﬁ' &%%gﬁﬁrl%y;n}a%eggg%nition of the term "generic". This
bondi ng mass is preferably generated by neans of the nethod according to 20

t he i nveniitreggritd thedornsoreenttaiskembhg tite sbject Specifiediabove isiet ptaetisg Si 02
particles, Consequently, in contrast to the assenbly of the type specified
in the ifendhasssemblt mentipped agavaimingg thrriPngonatning BREAIBIINGSS i nt er ed

e iRt mentpned abavaimning e aing . ere
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bet ween IgigegimdtheGahgenofapao§00f oh, WhereBSSiIBgatities tlithnpaticrcdizesin thee
cristobalite fraction of the Si02-containing bonding mass is max. 1 wt-%
range between 1 um and 50 pm account for the largest volume fraction of the

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 SiOz-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 mass consisting of generic materi al
particles of this type inparts parti cuII arly good adhesi on and hi gh thernal
fatigue resistance properties on the 'c&rr'ponent assenbly according to the

I nvention, which is suitable also for contam nation-sensitive applications,
and which al so neets stringent dinensional 5 accuracy requirenents. The
conponentA dssdingl mase consisting bbgeheric materidl partighes ebthsetyperimpartsnul ti pl e
bondi ng sites. The appljcation options are |'tifarious. Ex | es, i ncl ude
waer " carhdrtrdarygoph Adnesiannd Bloh fiefe Talbe restHnRes aroRBTIrPRgRe o t hel r
di mensi onedmp&rettaEYenttlebEBdrdfigaiei thi itverdiofl, APRANSSuRhbleCA8S #68 nation, or
structural elenents made of quartz glass assenbled fromsinple io el enents,

such as feaMamiraion:sansiiveparnlicationsansrwhich alsemeete stringeshdigmensional

h terj their | i gh I th i on. fficient.
fti o aavilaglseleds 1 AhoBhelafeut actia B P RUENGET o1 i ng
chem cal woybeshdy 8hedr nRiIABIEISRIINY sited) el f¥plichBor 8pRONS Are Auliifadoug]s,
gases, and solids, to consist of the conmponent assenbly according to the

i nvent i onExgxBpigs inglyde wrafeecamsierm avhiele musb meahstingsid deduiremeatsiwith opt i ons

use of conaiot el uBRsERAL ek Rary ROl B Mo Bt RBReRRE Y, st oei ¢ i m
the area gintambeitionpbr sBuctlrdl etraanisembae of gaanegldsdtagsenitsied from singiler m f or
optical fibers to each other or bond nmounting elenents nade of quartz gl ass

to suth eelpmends. such@s frapesdertelascopes.defllegiorear thedikgavdigh a€ conponent s,
such as . Ay 1= of 2 fipyor abl e
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assenbly of this type is characterized b_é ??rt,i cul arly hi gh nmechani cal
firrmess, PRysial REcasses ondarks fgadha repeptie of ligwds, 9ases, 88AOlIEE. t9arti cl es.

to the 1S Ee e bRERRES: SERRbITEELo Rind R EARERIR AsazRbigsey" &
fractison ard e above-mentioned utilization options in lamp manufacture, semiconductor
manufacture 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 89.9 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 concerns a bonding nass made of a
generic material for a 30 conponent assenbly nade of non-doped quartz gl ass
such that notable -14- differences in tjg‘g expansion coefficient and its

t enper at ure dependence and contam nati Oh and crystallization problens are
prevented. In a first preferred refinement of the conponent assenbly
according to the invention, the Si02-containing bonding mass is partly or
conpl et el difleremszanghé expadsionrpeffeigntandtits tempayature depehdeneslanbien

particul arly stringent rec&gi &eqents (| th regard %o the tightness, firmess,
absence OFO%@F{’F%' and ciystallizaion ProplemsaPventeth assenbly exi st or when
optical transparence is required in this area for technical reasons or

desired f@fadipsttpiefdred RAERBATENt bRtHESMBEBREN d38mBIP dcca@iigiotned bondi ng
mass contains no or few pores and possesses high density at 1o a simlar

| evel as irvgntion, thesSiGarasataining bending masshs gartlyi or earaplatslyl trapapaient.
Usually, it is sufficient for only the areas of the Si 02-containing bonding

tr anspar e Sinddterfiahie BireRifed Brsf SRR atobebl i ilpBits vt o
each ot heregid tb s tigiakss Dirrhdse, absen licles, and BRemfcal inegtiieges$, and
absence of particles fromthe assenbly. 15 For adapti nghil ts thernmal
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that the I : r [ 4 [ I ' i ent ed.
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the mechanical firmness, tightness, and absence of particles from the assembly.

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;, TiOz, Y203, AIN, SisN4, ZrO,, BN, HfO,,
Si, Yb,O3 and/or SiC, preferably as amorphous particles.

The thermal expansion coefficient of the SiO,-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|203, TiOz, Y203, AlN, Si3N4, ZFOQ, 8203, HfOz or Yb203, the SiOg-



material with a high silicic acid content that contains one or nore of the
dopi ng agents, A1203, Ti02, Y203, AIN, Si3N, Zr02, B203, Hf 02 or Yb203,
the Si 02 -15- containing bonding mass pﬂfferably conprises the same dopi ng
agent or sane doping agents. Adding to'the bonding nass a dopi ng agent that
corresponds to the doping of the conponent allows the thermal expansion
coefficient to be adapted particularly s easily to that or those of the
conponent sontairtieg bondiagtreadss praferabiy abmprigegpthef same dlopingdgentrar seime he
conponent _assenbly.,according to the invention provides an opaque

Si 02- cont Pﬁwﬂjmﬁ%ﬁﬁing mass that is situated in the gap between two quartz
gl ass tubes that are arranged such as to be coaxial with respect to each

ot her. loAbing t8.thé lm@narr@qm_s&a@om?%bgénﬂ thelt Bermesprhdsaethe /iopisy ofthet he one
e q

hand, for fixation in tpositlon of e quartz glass tubes with respect to
each ot hecompanenirilaws thertherpakexpansion egeflicipektohoagdapiedrrartcularly an opaque
cylinder wit:h n | I ng of heat radiation,
even if o}r%%&@ftoﬁﬂg{gh@%?é%glt%ésé%?égéﬁgﬁé b%rg%rﬁ{éﬁ?%djuartz gl ass tubes are
transparent. This is advantageous especially in 15 the case of quartz gl ass
t ubes w t A partieulgedy prdfemed eshhadimeat obtheycdmpordriiassdnibly abeatdirfgotortheg of

st andard-si zed tubes and | oose aﬁl!h or a.lar %Z)Fpart of their .translucence in
the proce¥¥WentgR PIRdesan ORagHE | IR=icentaining donding masa thatds sipated Ipfhe use of

a Si 02- CO%&?E@% Ingﬁ@%‘ﬁi.uﬁﬂz g?a%éstubgs gsﬂ%rrefaﬁaﬂgaa%bhmwasa@gg& of

mat eri al I CI zo acid content Dy substance-to-su ance
bondi ng. mespect o edciraibhieeri zed according to the invention in that conprises
anor phous Si 02 particles with particle sizes in the range of up to 500 m
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paste-like or liquid mass prior to its intended use. The powder-|i
past e- | i ken ¢he Bsspmblyrafdubes thesppedtieseticareraqure cylinsiep Mallisregaob tptet i cl es

Dy . 3T MaA0c%dd Shd SRRIIRG o RERL ik oUB8 ISP dushly Gbse AR e
is or 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 SiQO;-containing bonding mass.



anor phous Si 02 particles act nmutually stabilizing by means of interactions
and facilitate solidification of the bonding nass at conparably | ow
tenperature with 30 formation of a denﬁs and crack-free Si 02-cont ai ni ng
bondi ng mass. -16- The anorphous structtte of the Si02 particles effects
high sintering activity, which is even enhanced if the anorphous Si 02
particles have particle sizes in the range of up to 100 m A frequently
encoun]'E er lé,‘ﬂefamckrphe?s straotune of tslle)BmZDp eantislesedie cty highfsljl%etefi_ng axtivigg, avhich s, .
e.g. of glass and of ceramic. Since fhe expansion coefficjents are usually
quite di ffsee\@ﬂ?rﬂmwem&wm%nnogﬁeé@aag@%sa% PRBiF'e AFREJR e [4N98as been
f ound thangp% q@blﬁn bondi ng connection can be attained through the use of
the bondi'ng" neans "according to the invention even in the case of conponents
to be connected that are made fromdifferent materials, as long as it is
ensur ed t Adtequently @ricenptarad task isfto esaneft ddmepereants neade afsdiffetdnt is | ow,

I.e. below 300 C. It js a helpful contribution to adapt fP.he expansi on
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i ngredients of the adhesive. Such deposits are prévented by manufacturing
t he assentanpperature afnsed the comppnephassamblyrisiavy iteo betaw BAOERL itda.a The

absence o t am pation _an articles as |l as.sufficient,.tightness are
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wher eby apfifRasiidopihg®f areas close to the surface by neans of a laser is
preferred in order to prevent thermal stress from affecting the surrounding
areas, such as heat-sensitive electrical conponents 25 arranged in the area

of the al GONMMASItEcoMPAIRNtE afs Manyhp@yieddren resrainssand guaidaslass|for known.
Herein, ag, eoBAdHTEN, Rhnffacturing. A known embodiment comprises a lamp tube
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 acturing having the formof a quartz glass wafer holder is proposed
whose surface is fully or partly coategd by a ceram c |ayering el enent. 30
In the sem conductor industry, equipnent’ and apparatus that is particularly
exposed to chem cal stress is nmade of ceramc materials such as al um num
oxide -17- or silicon carbide which both are characterized by high etch

resi st ancer gilicdn caﬂnq!mmmmmbuwsareafnaﬂmmpzextbgs higheellicla rasisthn'ce witte
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el enent by applying the bon |ng mea s acc to the 1nvention and by
gener at i ngomlpensmrnadartxfa;uartzgglmmmgnufaatmediwdhebmfeabolder arekits
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conponent and the ceramc |layering elenment is tal ned provi ded an
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are conmef&digthhye aé\éaﬂnlaébikr@ demamitﬁbédv | wﬁuéléhﬂyrsfamélﬂm B&tweentthe
followng, the invention is illustrated in nore detail by means of exenplary

enbodittfrenbgsigr@ntrnanemt andige ceramicdry@iinghglement iaiaingdsravdad ian

repr esent onponent
assenbl y gécorlab ﬁ@%réth%ﬁﬁéven?q%h&t% %ﬁo%eg%ﬁéﬁgésﬁ&%tshﬁ% es which
are connemlseérérequi%ﬂeaaq’fe osdef tHeyhdlder for lsinyle vademadplisaties, Figure 2a shows
the assenbly of two quartz glass plates in accordance with the nethod

according to the invent re 2b_ sho t he conponent assemhl y obtai ned
by means &RTARE] EV%’&Gl@Wen%ﬁgﬂ FRSWHaple VE’FHIWBU SE L FUNMEFHPBE t wo

quartz gl gg5iidéiehe'Bhnibf ceramic foils.

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 procedurali
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 nent of the conponent assenbly according to the invention in
the form of a dome-shaped reactor shell, assenbled fromindividual parts;
-18- Figure 4 shows a procedural step TOt the assenbly of several individual
parts to forma wafer carrier by means of the method according to the

I nvention; Figure 5a shows an enbodi nent of the conponent assenbly according

to the 5 Fiyueetd onshows bEprboeduraf stepdot megémmmyaf esverahimelividghaltparsaoh
other in a butt-1jke fashion; ure 5b shows anot her errboﬂ) rﬁeﬁnt of quartz
gl ass plates connefof@A i"’@f%fa%q{”eb nErans of themetheg aceguling gure 6 shows
a top view of a copp BREN: assenbly conposed from plate- and 10 tube-shaped
i ndi vi dual elerrents in the formof a lightweight reflector carrier; Figure

7 shows ag eg}t,&,f, alq|e?1h>86&}ﬁférn¥ogﬁ\guﬁnﬁbiﬂwgaas%gmﬂ?ﬁhc%rﬁ d Rk ”t

assenbl ed om | nd| Vi el enent's a side view™of a section
of a conponent assiewbhioraictiedony of quartz gldss platesntérmected tcheadhootimeoin quart z
gl ass tubes, which gﬁ ranged coaxial with respect to each other and are
fixed in position 3RY ‘%@J@F iong| ass r| ng, Figure 9 shows another enbodi nent

of the conponent assenbly accordin }2@_, | nvention, in which a hogder
made of qfilgure 3 ashows apethesemke r@eato Htzglgsspiales spnnecledrp Kar

Figure 10 shows a étﬂg'rﬁ{agfu?tslﬁ(esfﬁgﬁl'oﬂn of anot her enbodi ment of the
corrponent assenbly according to € invention in the formof an opaque

tube, Bl SORRS AaBYRAPONE Nonflor P ASRARBI cARBEE Mok hleE sher m of

arge |anp ure shows™ an corrponent
assentpdy in the f oirurhjleeéhefped |nd|V|duaI elements, in the form of a lightweight reflector

carrier;

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 batch of 10 kg of basic slurry, 1.8
kg of dei oni zed wat er whose conductivit%/ is less than 3 S and 30 8.2 kg of
an anor phous quartz gl ass grains nmade © 9Ratural raw material with -10-
grain sizes in the range between 250 m and 650 m and an Si Q2 content of
99.99 % are mxed in a quartz glass-lined rotary drumgrinder with a vol une

of  approyrdlRiseley iR®hé rajesbefiiien maftmr@nd 650 @M af@EN Bi0 Lsbrientafans  of
quartz glass grinding beads on a 5 roller bracket at 23 rtgmfor a period of

3 days un99|99a%hﬁfﬁd'gl=3ﬁ6UB asquasia glasstlipad sotasy drury giindrr Wit A velymeoslt ent  of

% Wt - ﬂ?m’ I ng the comm nution process, the dissolving Si Q2
reduces t Ea g{eygglhﬁgof approximately 4. The anorphous Si Q2 particles

in the base sI urry obtained after wet comm nution of the quartz gl ass
grai ns havéisampdurei isltbemiczmmihated bymeanstdiguarts gldss grirding beddbynaa i 0 D50
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87 wt - xture 1s then honogenized 1n a rotar m grinder for 12
hour s at phoagss) theTdissallimgr§iQraducds tiemed tdhavatuesof apsroziomatelyt4.0f 87 % wt - %
and a density of alnmost 15 2.0 g/cm. The basic slurry is used in this

state for .£he man fac e of,. an adhe e conn t 0 escrj bed
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"twin tube" nade oOf 0 quartz glass. This twin tube consists of a’cladding

t ube 10whbsevaivesd-appcoxioatély 5 Emgndea Bos Malpedf apgrovimaltely £3sprbdi vi ded i nto
two sub-spaces 3, 4 by a central fin 2. The sub- spaces 3, 4 serve to

recei ve one heati r ch, .whereby the el ectrl connec ns are
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Figure 1) helPgaded f e rt?anIlé Qfﬂjr@fthﬁé‘%bkdl%ﬂ uhfiGh8'sloils Rbnfdhe id 8% Wt-%.

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/lem3.

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 the upper side 6 of the twin tube 9
facing away from the main direction of 6he light radiation 5, it is

i ntended to bond a quartz glass cool i'n% fube 8 whose | ongitudinal axis
extends parallel to the longitudinal axis of the twin tube 9. -20- For this
pur pose, the surfaces of the cooling tube 8 and twin tube 9 are cl eaned
with al coﬁolr trasndutﬂnesle meeamréat:e/si ¢frthd8 @%ohygl tudfd 8 anddwactube $ aor dieaned renove

th t d t | kal d al kal i
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'ntroduceguﬁa&@cémrﬁ.ﬁmﬁ ubghmrartda@ tb%élmeeaﬁhaémaﬁn@teahhe twin tube 9

and then the cooling tube 8 is pressed onto this such that it is introduced
into the commghndmhereby a small quantity of slurry mass is squeezed out in
upward direction and thus forns a slurry build-up 10 along the contact

surface. bondi mass..{ he, cont act. .t rfaces | ew tenths
of a mili H§§ggu§qﬂ}gg1e %ﬁf'}' rﬁg %ﬁgg‘f{&rﬁd %l%&vglai%%(gdlfc;éilggq lg%{)r oxi mately
6 hours i BefiedH the RloRBRIRIes lthendintibes hhe tﬁémme/cda@m@rtuisec& ises sl owy.
Compl ete drying is achieved through the use of an IR radiator in an air

at nospher presaedantaltis sychthat it isdn O@\@C&ﬁa@!ﬁ the tsoyghyavihgreby acxsathnd

appr oxi ma
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at nosphere. The heating profile for vitrification conprises a heating ranp
during® weHdEACETE ﬁ)fﬁYﬂ? hergta millimetaelidd from room tenperature to a

heati ng 20 tenperature of 1,300 C over the course of two hours. The bondi ng

mass 7 iSﬁﬁ}é’rr%rﬁeg'ﬁeﬁlllsta%ﬁleg%trbé‘l%f' ?E?R{x%b'tre‘rf* é%@g}é"ﬂl ARulrS. After this

treat nent nmass 'S CO opti cal | y opaque, and

has a nealatrapmhe‘repdmmgsmm;ch thie simxpytaylenﬁtdflqs oWl QYanmpletermngssenbl y thus

repared is then renoved fromth nt ering furnace ile
Prep achieved through the use of anﬁR radli'ator lngan alrr atmosphere. After drylng the

bonding mass 7 is free of cracks and approximately 0.4 mm thick in 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 neans of a oxyhydrogen gas burner. For this purpose, the
oxyhydrogen gas burner is noved al ong he free surface of the sintered
slurry build-up 10 to heat the build-up Tantil it is conpl etely transparent.
The remai ning area of the sintered bonding nmass 7 - between the cooling
tube 8 and the twn tube 9 - remains opaque such that the 30 nean specific
density d(&&)sethemII}amge sBiI got a’smnlbliyynf twiZﬂiubSlﬂoamad]ueolirig/tubel"&lssplabéd ot
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to cooli ng 'S Erevent ed. The assenbly consisting of twhn tube 9 and quartz
gl ass coolanngalsitbe component assemblycsudhthet alsingmechianicat seainseafeby its hi gh
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a |lower quartz glass plate 22 and an upper quartz glass plate 21 which are

connect ed Tihe &emisty h@hsnbﬁngmamnqﬁb@e ABGURtSHIAEs @@am@%mms lignt er medi ary
Is layer 23 with a thickness of The plates are each 2 mmthick and

squar d0j n meNcaly stakig ang maﬁﬁﬁ?ﬂlﬂd by iigthigh thesma fafigus resistanas e¥sn | ayer
23 f heat di at t
i ass. comibaRafMEReutTatred B00R TR G T Te el ature appl fcati ons are-

often made conpletely or partly of opaque quartz glass to block 20 heat
radi at i on Figore Zhshpwspnwmen@tMpr@erﬂdit&)mam:pmwsite besly#d goraprsiay @hed

wi th hydrofluoric acjd-c i.ning chem cal s ver, opaque quartz gl ass
has a Iod\?‘%?rc%%f&g@ﬁ?f Lfgﬁ”tulﬁ’ﬁter ﬂH%’T%SWﬁch%tSI%'PWﬂfé‘ € such opaque
quartz gl %ﬁne&%ﬂﬁ@%’&h%tﬁ&dﬁy Adafs dfeinfdpatfleySicRedtsRNg Mtéhiddisy For this

reason, transparent
15 layer 23 with a thickness of 1 mm. The plates are each 2 mm thick and square in

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 opague 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 conmponents. This
Is a 25 hot process which tends to cause deformati on of the conponent such
that a costly after-treatnent is requ[&&d. The conposite body 20 according
to the invention as shown schematically“n Figure 2b represents such an
opaque conponent of this type that is covered by transparent quartz gl ass
on its both sides. It is suited to replace conponents of 30 this type which
ar e cost | yintcodgnrtodurepatenthiel coropgsitehzedyb0 tthe plataa@da@rarelfisstetagredsed 22 can

ily b lied al in.thick | -22- | der t th
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descri bed dquschBafabele < appiedl By spryRRAEREUppet BRIeSOUhEowEE§GAHPERsgbOVeE
is applied by 2sa?lprayl ng to the nger side of the lower quartz glass plate 22
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as is shown in Figure Z2a in a schematic fashion. Immediately thereafter,
t he upper pinaingtezhas sopn asabosh evae crv@ge s achieyed, aisshawbin FigweiZen of

the two plilqta?&h%hat%zfa%iton. respect to each other is achieved. This
arrangenent i's” al I'owe O rest for approximately 6 hours in an air

at nosphere, during which the slurry |ayer 24, 25 dries slowy. Conplete
dryi ng is InmeddiateddtHeneafterh thheppsreplafe 2hisl Racedibatte lowemaplate 22,at nospher e.
The dried sl ur Is free of cracks and maxi mally approxi mately

y . layer 24, 25 .
1.4 nmhdt hi%’P@feEE fixater obithp tip Biatase!.A2with resract to eaeh othgydsachiensdy 20 i s

For oi nt ert g RanaeEns s ANARFE fobt B Ao B e e T8 dfry Tayer 15
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ot hels After drying of the slurry layer, the composiie body 20 is sintered in a sintering

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. 1t
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/cnB. The conposite body 20 thus prepared is then all owed to cool
slowy in the 25 sintering furnace as descri bed above by neans of Exanple
1. The pl ate-shaped conposite body 20 rikds prepared i s opaque and 5 mm
thick. It consists of three layers 21, 22, 23, of which the mddle |ayer 23
Is approximately 1 mmthick and accounts for the opacity and is covered on

bot h si desebigtdrieasviendt opetating températieres aband 1LOGMEC, An@gepsraaes quartz
glass with a thickness of mm 30 each, which is characterized by its high

2 .
et chi ng r solgalyeo problems relgied torartielgfposit e body 20 is thernal Iy stabl e,
characterized by high thermal fatigue -23- resistance even at operating
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particles. escri above i's a or the
manuf act urengposite myptbat tendistdycanaletedyp ofiratsparenpdedrtt glass. Eorthigpar ent

quartz glass. For,this 5 purpose, it is only_necessary to conpletely vitrify
the | ntfer RAIPEFS 1 5,51 DECrSAARESS complelels \ATifg B8 Infermeshary RWErsn RS, ¢ he
conposi t e {RaRYo s i Fdrithid dutpdse/ithéichhfiisiteboal s Uiffed I #Vitdfdat@prospher e
after drying of the slurry l'ayer. The heating profile for wvitrification

conpri ses farfasatinmy ainatmaospharg afier dryingef teusluyry llayesr The heating gréfilefor r oom
tenperature to a heating tenperature of 1, 400 ver the course of .four io
nour s, - Thene it SanpagsS A aBh TREprcuia WhichEs Slurhy BuRp SRaIPA o) ¢ o
hours.  Theos temperbfite to BMEatBig8mperStBrd 8f #49DMCEH RS thECRRFRAHERUr
Internmediary |ayer of generic material, which firmy connects twd quartz

gl ass 19l atheiranthehasmaogita hody prethen kepd @b #iis Peafting fgmpeaiatunedioy vo hogrsenB. | n

this fashign, jt is n only possible to .increase the thickness of quartz
ol ass pi at 08 sl Sy dhuS OiybstERlly s intded P RSB EnE Pl ad g R o

enbodi mentgeneictrigtetiaM@HEh ﬁnﬁ?rmm@ats RRCQUSNGIakS pldtes iandaitis #heine  shown
schematically in Figures 3 to 10, whereby the bondi ng techni que using an

Si 02 sl ur rapeciic dansdy iobapproximataly det afom’i i thigfasbipni itiadob onlypassitde g each

case 1o GOnRgEs thd iSRS Yur Y14 Blafdd Bt also to build-up quartz glass

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 manufacture of sem conductors. The bell jar
30 consists of a tube-shaped side part al made of transparent quartz gl ass,
whose upper side is sealed in a gas-tl'& t" fashion by a done-shaped covering
el ement 32 which is also made of transparent quartz gl ass, and on whose

| oner side a flange 25 33 nmade of opaque quartz glass is provided. The
coveri ng eleptteof ag@roandC0 hen ahbaigervdse & apdquecanta filked vedld@5dart 31 by

nmeans of bondi ng connections_using the slurry described_above followed b
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an ar ea 3@rfdonawealmean specibnhdehsity ofappreximedelyfd 2bigécr883 and  side part 31,
which area 36 is conpletely vitrified in the area of the front side for a
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simlar faghi fromsinple plate-, ring- and circl e-shaped individual
el enent s. eggl?'bg%@ﬁb?s‘exarrpl es include cuvettes made of quartz glass or tanks
for the reception of etching agents. Figure 4 shows in a schematic fashion

a procedurfigupd 8Bhbws inssetiEmaK: fashiined pradeduddirste form fBepsblidgal wafeti vi dual
parts by neans of the nmethod according to the invention. The wafer carrier
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15 side flanges 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 subsequently vitrified to transparence by
a burner 20 flame such that the bonding %ites t hus obtai ned consist of a
material that is generic wth regard t'g the wafer carrier, and have a nean
specific density of approximately 2.20 g/cnB. Figure 5a shows a section of
a transparent quartz glass plate 50 with a thickness of 30 mMm which is
assenbl ed Yo even sukh/trdiian qudically bémdg2nedhe quadz giabsgblaieadb® ¢s alitaine@s 52 are

connected {0 each other by neans of. butt s 5 de of transparent .quartz
ol ass. | Thel 1539510 SaREEBUOTS ERGLRRISIEH RS H0F ABONCIE Bk 4 MRS HASRAIGN ¢ ne
quartz gl aghepicatiftreghrd 36t Individed Pairstan, $ACBnaHaRe FhEAntdpricifi gap of
approxi mately 1.5 mmTrenains, and then filling the gap with an Si02 slurry.

The sl ur rdensiy af bppeakimatealy 2.20@/cB*hours in an air atnosphere (as descri bed
by means of 30 Figure 1) and is then vitrified by nmeans of an oxyhydrogen

or ouna ‘andrasianatt B pdteie b profud st fiabs PaBr b Sfhd Sudaatcle e

quartz gl agsadhitheubredostinPthaermingsrogesdgsconnect i ons each consi st of
pure Si02 and therefore of a material that is generic with regard to the

I ndi vi dual _parts 50, 51, and have a nean sBe_cific density of approxi mately
2.20 g/ cndFigyre fbishows ar Altemative qoé‘dﬁ'tﬂst?lc P'@U?éobﬂlﬁdﬂéﬁuéwrﬁzofglué‘% pl at es
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gl ass pl atfashiohtamd fixigg ssialiéapateenserity 54, 86] Imthegabosss, eheplaigher in a

butt-li ke fashio d fixing smaller plate el emrents , 55. In the process,
the pl#te QIBTENt e 2 3ie eaglt pridagwit P&w@é&ﬁqsrﬁ%gfj@ leevelige e inThe
bevel s ar I ' It & ] r t Qi ?:ﬁngwg Fi gure
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| ass plate i.s obtained which is particularl resistant to bendi ng stress
due to t he HiSweal i FRTRAREHCAIE 9hes AR gb Bt W IEh IR & ehovs | n a
schemati ¢ baghiMio BeRBMENIRYs ARSRIMLYSIELIRG 2RAnGERTEN of the bonding sites.

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 {o the

quartz glass of the machined parts.
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af f orded by f|IIet wel ds 67 (of V\/mch only a small nunber is shown in

schematic fashion) between the respective machl ned 5 parts. The nethod
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| abor at ory “device und j ol nt part Wi th a conical ground joint is

prepared first, and then connected to a bushing-shaped shaft 72 by bondi ng
usi ng 1a SiTtD@-Gimunﬁean’uigl fillet weld 73 consist of pure SiO; and therefore of a material

that is generic with 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 simuitaneously

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

The fixing mass is opague 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 SiQ2 and therefore
of a material that is generic with regg.éd 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 simlar fashion, other |aboratory devices nmade of quartz

gl ass can be assenbled fromsinple individual elenents. 20 Figure 8 shows a
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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 opague 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 quariz 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 thg hol di ng cylinder by nelting and
there is little inpact on the preform ®- Fillet weld 94 and outer buil d- up
95 each consist of pure Si02 and therefore of a material that is generic
with regard to the preform 90, and have a 20 nean specific density of

appr oxi natcebacl?otlt‘erga/rmﬂﬁn the otirershanah teirhparhophbiey o tlaepibe dsgerbbig 100nponent

assenbly accqrdin i nvention is the joining of bodies shaped |ike
hal f cups) ?‘I’ﬁ} gﬁ%ﬁ’ éh eﬂtarWéaé'O"generat ed by cutting in |ongitudinal

direction. Figure 10 shows a radial cross-section of an opaque quartz gl ass

tube 100 ZFheqnpidontdlfind odritieg Aidssi 13cokbist D Buid SR3] Shd Mherbiti8 ck@2, whi ch
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the quartz gl ass. of .the onents with an effect on the therngl expansion
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such that ohhohBRE HRd, BIPRNSISE b components doped differently, preferably are
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
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viscosity of the slurry can be increased by adding coarser Si02 particles.
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15 sensitive electrical parts inside the cap 116 and the discharge vessel 112 are not
heated to temperatures in excess of 200 °C. This is achieved through the use of a
CO; laser acting only [ocally 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 opaqgue 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. The assenbly is dried conpletely
exposed to air. The bonding nmass is free of cracks after drying.
Subsequently, the dried bonding nass-i¥vitrified exposed to air. In the
process, it is made sure that the heat 15 sensitive electrical parts inside
the cap 116 and the discharge vessel 112 are not heated to tenperatures in

excess of it 20Rsibts it EonmpositdbBYE thddd Porahs &b@rtib'ﬁ%s@fplé’te 2Pah@a&ondbhnNg
only locally and for short periods of time on the slurry rim 115, by noving

t he | asercanhmegciatieayaiadle geramnie foil 124 enadeuelAl06 thatis manufactaredy it unti |

' 15° o1 crpea ot BREP R Rla, I7E lla i ReE o RE R R R it SHAthE A AR
di schar ge12ersapprdst2] mrepicksTiRROuemposénts @R, t1he dreapnapeedito@adansi ty

does not change significantly as conpared to that of the dried bonding
mass. STheothgsBypganst ofanepaqur Sikssemaning mtermediatenaneoRddentiips 116 is
mechani ¢ i i i f

part ol caickgBhEBiatTs nitiracdiNa off e 6395 BF UK bARNPEd: ARG Bitne

t enper at uiheentiel asvfaRWsC. Figure 12 shows a schematic depiction of a single
waf er hol der 120 made of quartz glass for the processing of 8inch wafers.

The hol der, 120 essentially, for a rin ith an external diameter, K of 256 nm
and an i ni? A4AtE0 t@?t%?gzlﬁrﬁh??ﬁé‘?agsq\gsarﬂ@\ﬁ”o‘ﬁﬁaﬁ}\‘fr‘ it gk(ﬁ%@l‘ﬁw& enti al
recess fo \ u ;s BQrdi UV H aRQRrtenbody made
froma quéitf E‘?’%@Sﬁﬁf’%ﬁ%g éhn%ggn%lb n?n c%éé'm%g?ﬁ’g?ﬁ@ avalr\thggl e ceramc
foil R4 pediedfin A3 bbthe Sumadesarited ablovryis apdied tofthe éeppsideafiting. The

quartz glass plate | mm.t hick and t he A120 o]} 24 is approx. 1 nm

thick. THeEgRsS Alle 12208 the i PES shifeer 7o MiantisRs TBLE ismns Tor

an opaquepyshidang A sprAYing, Wﬁ‘ér%bg‘?ﬁ’é 2b8ily Aoing&idrry T8 %P}ayéa'o‘ﬁl%}ﬁﬁ@ahg%‘f I'S

manuf act ur'ed on the basis of thé bonding nmeans according to the invention

as fol | ows spEyihnquezaie. Dheaspraying protess isscémpletedience appraximately aven cl eaned

i n HF-cont ai,ni n%acﬁt ch,sol ution. Subsequently, the bondi ng neans according
J

to the i nviingd Fvﬁpovi ded in the formof the slurry described above is
applied to the top side of the

15 Immediately thereafter, the Al,O; 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 formof a slurry layer 123 with a thickness of
0.8 mm by means of spraying, whereby the easily flowing slurry is sprayed
on by nmeans of a spraying nozzle. The&ﬁpraylng process is conpl eted once
approxi mately even coating is achievéed." 15 Imedi ately thereafter, the

Al 203 foil 124 is then placed on, which effects the fixation of t he
conponents 122, 124 with respect to each other. This arrangenent is exposed
to air for approx. 6 hours, mhereby €Qﬁ éﬂﬁgy layer 123 also slowy dries.
Conpl ete drying is achieved in a S|n erin urnace exposed to air at a
tenperature of approx. 200 C. The dried slurry layer 123 is free of cracks.
20 Because it is covered by the A1203 foil, the wafer hol der thus
nanufactured is characterized by very high etch resistance, including with

respect t ne- n n roce di a,, and generates no, probl ens
i thpar Tl eanelted fof B Boadind o carmrnenfusade 2t At aaCur AANgh BIekr ovt ded
the tenper at Uré‘cﬁd %Bntén% by%%bsﬁdn%e%@}ﬂs?é?ﬁe%omg?ﬁy'nﬁ"eeﬁ?ssdfé8«95 ovide in

applications of the holder 120 for 25 single wafer”processin -31- Patent
dainss 1. Met eantdiong endion dhass that sdnmagbehNMeomectmgesu icesiafthe, hi gh
silicic acid content .b bst ance-t 0-subst ance ans of Sio2 5
cont ai ni ng. borfAMROIELS ATRAES & Fe iRl CHRRAB LR IO e Mg Cat BB8ob® ¢ he
conmponent s an%@%ﬁat@nﬁhﬁﬁh‘fﬁ’dh §MERARId tovtehf) @hatfctd8AR inCthat iHe Foﬁ‘hﬂﬁ@ﬁ to
the material wt licic acid content, characterized in that the
formation of ertbeﬁlg% coptairingibtgmdingaiang cnamscarﬂpef@@wm@@rmﬂdm ng
pr ocedur al 1o (a) provision of an aqueous slurry contai ning
anor phous Si 0 geﬁ‘ticles (b) formation of a slurry mass between the
connecting surfaces which are fixed in position with regard to each ot her;
(c) dtying of (ahe sprovisipmelsan agueoyijluyicoatdiniogtamerpbiousfE0s particlesias s by
heating wiwth formation of the 1s Si02-containing bonding nmass.

(b)  formation of a slurry mass between the connecting surfaces which

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

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

5 Si0O;-containing bonding mass.

2. Method according to claim 1, characterized in that the particle sizes of the
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.

20 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.

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-%.

5. Method according to any one of the preceding claims, characterized in that
25 the provision of the slurry comprises a wet comminution of amorphous SiQ,

starting grains.



2. Method according to claim1, characterized in that the particle sizes of
the anorphous Si02 particles are in the range of up to 500 m whereby

anor phous Si 02 particles with particle_sizes in the range between 1 m and
50 m account for the | argest volune fr§§rion. 20 3. Method according to
claim2, characterized in that the particle sizes of the anorphous Si02
particles are in the range of up to 100 m 4. Mthod according to any one of

the precegli ng Méthbamccohiing.e gn? 286 dfthé pAdcedimeciBirm?, crethetatized it that

anor phous Si02 particles is at least 99.9 wt-% 5. Method according to any
one of the préeeaplidp epniprtof beslyey driingthe deneration of the,slusydPass on of t he
slurry conpri &m@' i kQ i igys. -32-
6. Met hod acco%%dﬁ?’%%ﬁﬁe gny o&nfgbo ta(r(}%sggrrggg ?ﬁ%\%‘ a%h%&%’rﬁ‘gw;%[tlg??ﬂzge% in

t hat the sol i ag-%ppaeicularly proterablyratyeabi@3ngt-¥he generation of the slurry
mass between the connecting surfaces is at |east 65 w-% preferably at

| t 80 _ wt-9 ticul arl f | t | t 83 w-% 5 7. Mt
nccording Lo MgHERecErdnetaRRE odF R e BronstiadAler caractefired MLiat  he
slurry is set tﬁé’sﬁlr@"ﬂs‘é@t WLaigH {ABeiRider iR B&Wednadngd 55 8. Method

according to any one of the preceding clairs, characterized in that an
exposure tine is provided between the formation of the slurry nass between
t he conndkt i ndiathotdasesrdiey teyany vee af the peaeding olaims rehssacterized rothedch

ot her, and the drying of the slurr Ss.. 9 h ording t ny one of
t he preceding a8 R?é?’f%ﬁmﬁdétpé?w?%% b.gﬁ"é%’bﬁ‘e %ﬁ'@aggi‘%ﬁf’f? g':‘;\'{&cmgﬁ%lrrpri ses
sintering of tagweém e/ comesctingtdurfaeeseimfieid mpositior RAAreHFedtity opaque
solidified bonding mass. 10. Method according to claim9, characterized in
t hat he si nt @ich@teempnddbe daying of theplofiti@es.t r eat ment of the slurry nass
at a tenperature in the range between 800 C and 1.450 C, preferably at a

tenperatyye b . . ' . any. ; cedi ng
cl ai s, l(-:{:Lar a@b%ﬂoégﬁggﬁﬁ%ﬁ an?/ﬁﬁe]gg)gItﬁpﬁ%gﬁ}%oﬁggﬁgﬂpﬁﬁggﬁézég rfN ?cati on
of the sl urry thesslidifitatidrocoraprisas sihtering of the slurry mass with formation of an

at least partly opaque solidified bonding mass.

10. Method according to claim 9, 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.

11.  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 12.  Method according to claim 11, 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.

13. 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.Os, TiO»,
25 Y203, AN, SizNg, ZrO,, BN, HfO;, Si, Yb,O3 and/or SiC.



an at least partly transparent, solidified Si02-containing bonding mass. 20
12. Method according to claim 11, characterized in that the vitrification is
performed through the use of a heat so%rce whose naxi mal heating effect can
be limted locally to the slurry mass. $3. Met hod according to any one of
t he preceding clainms, characterized in that the slurry contains one ore
nore doping agent(s) in the formof A1203, Ti 02, 25 Y203, AIN, Si 3N, Zr02,

o ecedi gl el aMenodaLieg K By o ardte pidcedlits BBRES rfabRadRl bRt o oe
connect ed contzilgust aneaifithg cagpiinentsidthe Soneited bonainea Wdpiigiagentcont ai ns
particles made of this material as doping agent. s 15. Corrponent assembl y

conpri sing at ﬂr’é'dgtth@\/wecﬁﬂﬂﬁé’Hérﬂ@%%aW Pﬁi’i'@'?ﬁ&ﬂ‘ad%fW%mﬁtW @licic
acid content, Ili)@ gé & connected to each other by nmeans of a
Si 02- cont ai ni ng 3 ng mass, wherein the Si02-containing bonding mass is
anor phous and has a chem cal conposition that is generic wwth regard to the
nat erisal .t h Gorhpohersti dgseimblycompeisimpeattieastiaoanneporreats imadenat materiahe
Si 02- cont ai ni g\g bondi n% mass nufv@‘ct ured from armr hous ntered or

d Y hqﬁp

vitrified Si0oMiaf g C'ﬁ/latcfd BAMENE vEIGh e connggted foR geh gtherbyigeasgo m
whereby 102 RAGLSR EbheBAdinh fnls? Gl anihe Sie0G8NRAN NG BopkingT 2nd SO

m account for the largest v action of the bonding mas Conponent
assenbl y accorrdasuglstamoltpduomsmd hidesna abemicad edmpositivat thehis denegioewith i ¢

d t f the S t at | t 2.0 g/cnB
p(ragfS Ieré/tbloy at er?g%réitztoztﬁg r@é@:ﬁlgpwﬁ q’@@'&rﬁﬂﬁ%ﬁﬂé' m?'scs}}f{egre&gﬁé iR Hatny one
of thg clai nstﬂés%zééntawhgrb%ﬁaﬁfg magswmrahafac&md?fr&ﬁ arr%\rtpﬁeusof the

Si 02-cont ai ni ng bonding nas3 is at | east Conponent
assenbl y accorsmtegact@rwﬁjnedr&szpaﬂn@esMathrmm@etS&emn themanmoéﬂpi@d in that

the Si02-cont %O%I nrﬂ ﬂggébn 2S€ar%icszle :ﬁw ﬁ/ar'?c!e S|ze {net elr%n e gérﬁaqt'

um and 50 pm account for the largest volume fraction of the bonding mass.

16. Component assembly according to claim 15, characterized in that the
15 specific density of the SiO;-containing bonding mass is at least 2.0 g/cm?,
preferably at least 2.1 g/cm3.

17. Component assembly according to any one of the claims 15 or 16,
characterized in that the SiO;-content of the SiO;-containing bonding mass
is at least 99.9 wt-%.

20 18. Component assembly according to any one of the claims 15 to 17,
characterized in that the SiO;-containing bonding mass is partly or
completely transparent.

19. Component assembly according to any one of the claims 15 to 18,
characterized in that the SiO;-containing bonding mass contains doping
25 agents in the form of Al;O3, TiO;, Y203, AN, SisNg4, ZrO», BN, HfO,, Si,
Yb,O3 and/or SiC, preferably in the form of particles in amorphous form.



19. Conponent assenbly according to any one of the clains 15 to 18,
characterized in that the Si02-containing bonding mass contai ns doping 25
agents in the formof A1203, Ti 02, YZOS, AN, Si3MN, Zr02, BN, Hf 02, Si,
Yb203 and/or SiC, preferably in the fo th-of particles in anorphous form
-34- 20. Conponent assenbly according to any one of the clainms 15 to 19,
characterized in that one of the conponents contains one or nore of the

dopi ng aggnt I i, Yb203
angl o? ?%n (%%ﬁﬁé g%%&%é@%ﬁ@y t?cor?a&{r\lg(){@ Cﬁ@'nﬁbgqéhe clainms 15
to 20, char a@haracz@@temmtthatomloﬁttmctﬂnﬁo%te@ohwum oge o mibredpfrthss i s
provided in the gap between two guartz /gl ass tubes that are in a coaxial

arrangement  WOPHIG 2@ty AbCsaliPothPe. APh SidoZroeBNi iy ToXBiPy nass

for bonding capg g{}egn-_,s by neans of 10 substance-to-substance bondi ng,
characterized 1n that the bonding neans conprises anorphous Si Q2 particles
wth particle sizes in the range of up to 500 pm whereby anorphous Si Q2
particl e t ICqraponenitassentry accaring @rayy orimbf/\memlainwm anal2860 pm account

for the | argest volune t 2- cont ai ni ng bondi ng. mass. accordin
to ol atm 22 AR Ead Bahehan Readup SiORESARN R SAEIBRADARS I POVE G ompr | e
particle sizeg, iy &4 eflskh Blo HBak? glakeQubER that are in a coaxial arrangement

with respect to each other.

22. SiO,-containing bonding mass for bonding components by means of
10 substance-to-substance bonding, characterized in that the bonding means
comprises amorphous SiO; particles with particle sizes in the range of up to
500 pgm, whereby amorphous SiO; particles with particle sizes in the range
between 1 um and 50 um account for the largest volume fraction.

23.  SiOz-containing bonding mass according to claim 22, characterized in that
15 the amorphous SiO; particles comprise particle sizes in the range of up to
100 pm.



