Bondi ng agent for the bonding of conponents, nethod for the bonding
of conponents nmade of material with high silicic acid content, and
conponent assenbly obtained according tg said nethod The present
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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.



5 of quartz glass tubes. Welding conprises nelting the surfaces to be
connected and pressing the softened surfaces agai nst each other which
can easily lead to undesired plastic defoormati on at the wel ding zone.
Though it is possible to renove deformations of this kind by
extensive after-treatnment, sone di nensional inperfections usually
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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 XlI/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).



o surfaces are pressed together firmy. This conposite is then

pl aced in a soldering furnace and subjected to a tenperature
treatment with a nmaxi mal tenperature of3450 C for a period of 3.5
hours. In the process, the glass solder nelts and is converted to a
crystalline phase with a higher nelting tenperature. The
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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.



The two | atter nethods require expensive starting substances and a
nunber of difficult and costly procedural steps to carry out the

met hod such that these nethods never begane established in practical
application for cost and 10productivity reasons. It is therefore the
- object of the present invention to provide a nethod facilitating the
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15 [tis 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; particies;

(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.



In the process, there necessarily takes place sone shrinkage of the
slurry mass. Consequently, a particular challenge of the nethod
according to the invention is to preventgtearing of the slurry mass
upon drying and solidification. This is achieved Joby starting with a
slurry that contains anorphous Si02 particles. These are subject to
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( 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 SiOz-containing bonding mass that consists

of partly opagque and partly transparent or completely transparent glass with a high
30 silicic acid content.



I 0 dependence conpared to the thermal expansion coefficient or
coefficients of the conponents to be connected. In this regard, the
"generic nature" of the Si02-containinggaonding mass with regard to
the material with a high silicic acid content plays an inportant
role. Herein this shall nmean that the Si 02 content of the bonding
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surfaces tﬁPWOBEB%dﬂb&f@HnFﬁ%g' costly processing of these surfaces

in an earlier step can be prevented.
In this regard, the "generic nature" of the SiO,-containing bonding mass with

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 SiOz-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



In a first preferred variant of the nethod, the particle sizes of the
anor phous Si Q2 particles were in the range of up to 500 um
preferably up to 100 um whereby 5 anorphous S102 particles with
particle sizes in the range between 1 um and 50 um account for the
majority of the volune. Anorphous Si02 particles in this size range
and of this size distribution show advantageous sintering behavi

and conpar &BMean; the cenagstingigurgeeh Bickariaug SU?hé“Qi&QﬁﬂléP%ﬁﬁﬁ%'ﬂ%P 2
contributey Hége%upfla%“ ﬁ%ﬁ géﬂ'?pé}hﬁ% ok dr&?erﬁéd”ry’ which leads to

i ol ower relative s age o urry mass. As a result of the
interactions illustrated above, which may even lead to the formation
of ol ecul & a$radpreferied vatiang of theemefhad; thel pasticle sizes f the amerphoys $iPng

e ab oo PhBR A W B8 o0 500 W SRR PR
greenbody daidspHolusAR0, la,%rtmm g?maeoéufgsl iRthefthgeHetWbén ¢q!m15mi sb%

cracks formng. Preferably, the 02 content of the anorphous S
particl es ascaunt fardbe megordy wf thipvolumeesol id fraction of the sl urry
made using such particles consists of at |east 99.9%of 8i02. Binding

agents or EHB hr%us @rz salhethi@c’s'izecr%ﬂ %ﬁﬁ%‘#}pﬂﬁmﬁ%nbétmn%ﬂo

a
generic st or a conp one asse non-gbped
quartz 20g bdmtag'etms sitterihg bghamdneandad:omparabw Ilammnnktr@djpnntdryiagwhe

| ntor act | ORGP BRiPRS CAPGRUE Rt BR ol el o the i whign ek to

amdr phays Rz relative Shritkage Of SRNGLAY ﬂfbsayAewatregﬂm tAginteracadns
anor phous 8i 02 starting grains. 25ln the process, the desired

particle silustrated@bppeitwhish maysaendgadisthe fermatioa of caleeiars$iGbopnds,
honogeni za e
reduged | nEHseloﬁz}]g? 88%0?% ?%ﬁ{'}'%gtgnmﬁr}@ﬁggﬁ%ﬁ%ﬁégﬁ%ar a%bt;éh@@gﬁée
grai ns w t hitrffication pelsavion Expevigrice indichtes thatngith Ia@@lwnqemf tRi3(ypenzesiarry
SR S CEL R SR R e

15 without cracks forming.
Preferably, the SiO2 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 Si0,. 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  Inthe 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 pm and 5,000 um depending on

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



any size are produced in the slurry, including those which formwth
each other the bonds descri bed above already in the slurry, whereby
the polar nature of the water plays angoportant role. This inproves
the stability of the slurry mass. Advant ageously, the solids
content of the slurry during the generation of the slurry 5mass
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di mensi onah4@G{iAgERS| gothé itﬁd@%‘éﬁt@ﬁ't ¥ thg%mrrmmghhe@eﬁ@}anaﬁ of €t Sty

in the slurry |s fav he pol ar nature t he "agueous medi um
Howevers tmase bameeluetharcguneotmg aUﬁacea/tsratdﬂasa(iﬁ % pretasabkly atleast §0

el et ed. Wb pRbCYBP RIS B bRBEREN I 10 Known procedure are

basically suitable, such isas spraying, electrostatically-supported
sprayi ng, Alhigidsaiigs coetent dﬂumatheoerpphba;dnmg1mnoc(Lpzhbntofthp)s,lunry owaski ng.

Especially ina | i a.t'on roce ures t

cover age off Fﬁ?g&' H’é% g ﬁ'rfdr:%q"g% tioy @Hﬁﬁ?}eﬁ& recg gp%bl y
| ow sl urr yeoymagae bt étﬁafin@rnetha%\f@pba&am bondlng[ Mekdandria radam@hpth@us
dense 5i 02 particles, the slurry can al'so contain ot her 20anor phous

Si 02 star t dimensignat stabilityrand dimehpiosal accuragy of the/assamblyrSaiting a dighat
| east partsé?ldﬁtcpﬁk eﬂ?{tﬁpi llﬁ'@élls?rgavc?g H{ oIEPng’t re%ﬂ}ﬁé%ﬁqebﬂfb ﬁ?ﬁluﬁpr m

of porous granu pa onera €S 0of nano-sca
anor phous, HewevéTethewtﬂa;y hrr mgummn(fﬁvqwraf adow viszositycslesy depéendingrean

' t 25 The | at
Conai 1 s oFhiehgreschice e e Shpliatan af Be i/ B splird o O e

synthetical | y-produced 5i 02 primary particles with a nmean primary

particl e sFgeahehapplicsiohtithel8I0ripthe Rnbwapyodslute alecisagidallly Buitabily pstichr e
obt ai ned by flanme hydrol ysis or oxidation of silicon conpounds. Upon

granul & i o#s S%rgunsn@featm%ﬁuqﬁIVTSHepwewesqfavmschﬂ%@ geobifygatingr pying on
particles @%ﬁ@g} ‘Pro Pé Oésgf?éciéﬂg iPLppl Etl&?éfo&%ﬂu%gﬂé‘ﬂ eﬁ’&‘%vell-sulted for

30particle npact 1 on sol | cation Is
initiated mnemvbpamfllmge 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



- 9 - the slurry mass which later favors the sintering and
vitrification; the conpaction and solidification is based on a
certain degree of solubility and nobilitgy of individual primry
particles in the slurry, which contributes to the fornmation of
so-called "sintering necks" between adjacent anor phous Si 02 particles

h | the,_S102- hed
of these g eBriiE8ss VHGR WL LIORobe ndieand MR atife Ombasd °°
connect i on 4pf sudifichiith isliskd dval céttam BEgres &s@@bm{a}rémp}r@@uutya@rd to

conpaction and solidification of the slurri\; mass, which sinplifies
the subsequedividsairisnanpartioes wdhe§lurry whichieentsibaitas tattbe fermation ef so-

o1t has oA RaPRania ST By REnELIEEh hoBLE IR, pateEp i ey

| olt has been par favor ue o
slurry tso anzsd. MemtherﬁiO@mgehérehmMph@saamdhéaEea dTrthemTrda’oks'binmadue

[ roves t Cr 0sS- actlos of the.anpr.phou articles
Wi Th veen! Jhesd fes <ol Shd BaS h S Wmatopnptudy Parhast Tn g o

slurry masméBhbidSIR! p£raETEs HHd t@re;orrtdaen&f aﬁdlabhdihe%ﬁ@h w tHeNsl@ry Fri38s,
anor phous Si 02 partlcles 150f the sl urry - upt he solubility |imt

- lowers thehighsimplifies thet sbsenyent] s;ntem/&\herporesabreojutlm pranuites and the
accel erati g g&a %ﬁe;%‘b%%ﬁuctsﬁgaéé’ggé’ ‘f‘gdﬂﬁnt%hg{;%ﬁﬁ@ |n which the

pH val ue of naci d¥or a’base. It has
proven favorable to provide for an exposure time between the

for mat i on df has beert partistlarly favoratde teesatdlen pHhvalueoofitbe slunty tear Vedioeimn the
beifng fixed_ in positi 20 respect to each other, and the drying
of the sl urr?l %“ee?ﬁ{]@\{a roves the adhesion of the slurry nass on
t he connecting surfaces and strengthens the bonds between the

anor phous Sir@?aqilﬂc DHQ}aﬂiﬁe infiyreseTEne| Qrosst-iﬁlﬁ\ﬁebemw f the@aniapphous SiO;

Cr 0Ss- I|nk|n reactions roc are ai db i sture
that is pré’é es Witk pARH © W&@‘é? ég‘ﬂﬂ e?F'H-*et S@ﬂb@#gﬁﬁﬁﬁ’%h%{}segrw mass.
25particles of the still noist slurry mass and the Si02 of the

connecting anba.@étscoﬁ‘fmhhﬁoﬂQﬁ@@ﬂﬁﬂdaﬁdlsﬂ'cﬂ@tldiﬂéﬂhe%md?bhélih%i@)g
time depends on the quantity of slurry mass and is on the order of a

few mi nidt ef the gurrer 4P to g 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 methed, the solidification of the slurry mass comprises

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



- 10 - Conpared to vitrification to the extent of conplete
transparence, sintering requires conparably |lower sintering

t enperatures and/or shorter sintering-tfoes. This favors the
preservation of the dinmensional accuracy of the conponent assenbly to
be produced, reduces the energy requirenents, and prevents

crystarti 2Gerbaren i Vs B8 BB ekt SERAPRR Bt R R RRET G e,

that even pumbagibiyiewengintsring teripecatigscodidreherter sinfefingdimesnThiss

sufficient to achieve sutfichgnt nechani cal resiﬁé,ance of t

. e
61 02- cont afafPRyhEAREFeRIaRRS! the dimeRYORRlFFEaFY Bhbe @@W_ﬂﬂ@ww
compact i onpgPRENESAOFch BEs He¥irhf e RERRAR, UNG pREEnTS BEhicHal tdHal

The higher the tenperature, er the sintering tine can be,
and vi cé veffeets on the nompongnts je be soneerted ape cesstallizationdn therares of the

sintering pf t. rry mass conprises heating at a tenperature in
t he range §8'E‘%'VB§H%%30 C and 1450 C, preferably at a tenperature bel ow

1300 C. 15l n the sinplest case, the sintering is perforned in a
si ntering Expedaee hias shownithahevengusiaieteatieg (andowt oolynexh gdteavitefication)

G nori ng RHRAT fedatievs sHcRaF meeheHca oLt pRRR o HOEveRAIg | °

def or mat i 0Bofding hfasag8EmBLYapplicatidhs? Preferred variant of the nethod,
the solidification of the slurry mass conprises 20vitrification with

formation of an at |east partly transparent solidified Si02- =
coht ai 1P ng TheAeores ofesspacham Hepends art thejsiniefing: tegrpqrature and sintering

Si 02- cont aiia}ahﬁp@ﬂ@gbpaqé@ﬁfpe%tnr&% Ever it §ihf?§rﬁbitﬁ93 cail ﬁe,pérft‘if\ﬁéé ed
when particularly ri ngent 'requi renents regarding-the tighiness,
mechani cal varsa ehgbmmabaed peferrepemperaiess treatcherth éori sirtering of theebsry

must be nmet by 25t he asseubly, when optic transpgrence .i.S~required
"athi's. ar BES GPTPERE eding dhabieraiie Biihe ST PRuBRRaePSCr one.

In this casss0 tderofePablg @ahhaémpagtiendicwd300 °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 SiOz-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 SiOz-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 | evel
simlar to that of the silicic acid-containing conponents. surfaces
to each other, they contribute to i ncremsed nechani cal strength and
also to the tightness of the assenbly even if the Si02-containing
bondi ng mass ot herwi se i s pore-containing and opaque. Helium | eakage
tests show V, ' . - :

I mpl enent egh\amg%%so@tcéé glﬂ;ogljil%{]fl‘{é?sc?)rq{rgﬁ%l%gon@gﬁe%ggi‘%ﬁgp?@éafﬁ%n@g} %hd also
shaped | i ké¢o the! tighindssdif¢ise asskmisip elas ifuhe 8idycontainigdfoniding mass er

vari ant of the nethod acq(::!_&r.di ng to the invention. Vitrification is
pref erabl y© PR A°ERe 5‘H‘"9r?é‘q3%‘?5°6'1&a heat source whose maxi nal
heating effect can be limted locally to the slurry mass. 10Hereby,

the effect HafiuinheakdgaitebBrapenathEt adidetigiafedsievars upithi1gdtiapeafda be
limted locally to the slurry mass to be vitrified, and therefore

pl asti c5defmpiREENREWERAItIETGHR fPEWOBRN asgaROHSS fhat age ghamedriBl e to
use bur ner ﬁoﬁw bBHiea'sh .ﬁfrﬁﬁé&y@ﬂggﬁr’é?ﬁ?hﬁh%é&%ﬁ%ﬁ? of thE ndthdd

pur pose. a preceding sinterl step | s use S advant ageous
to utilizeattmdingdo dwainvhetidn. 15and vitrify the conmponent assenbly
while it is still hot. This contributes to the saving of energy and

et hod sol viHEEATRl 6 BredeeBlvafiiimet uBloh O vi¥ SEBFE IR BN e ©
expansi on eaRirhaldiezfihg effetth@anBdimienioshy toghdendiyngasgss, a slurry
containing one or nore of the foll ow ng doping agents is used: Al 203,

Ti 02, 20 Y203, ALN, Si I BN, 02, Si,. .Yb203 and/or SiC. .The
2dditi of of eEsty. h}e ?ﬁ%ﬁ%ﬂﬂ%ﬁn% &%Pwa%émreg5@%Y'F$'e§t'%eﬁfb§%fm69£
the ther miocﬁﬁfﬁﬂtﬁb%rﬁpﬁ%é £ BEVitted BRd HPefofd Pledti® HEBrRaHSHI AN BS S
to be adapted to that or those of the conponents to be connected.

Pr ef er abl y prevestagopiragucask fitis amierable to yserbiusners or dnfrated fnsers (fer
formation ryst al L ' he Si 02- 25 cont ai ni ng bondi ng
mass i s prg%ae[ﬁi)feédgéﬁ' Iéf%ﬁ'iorﬁﬂ%?@\;é@s’éfor exanple, by nelting the
doping agent jointly with the SiQ2 fraction of the bonding nmass to
form a gl afs prdeding sindereny step imusad, itds advantageayisde sitibzecthetrasitualdeadl
amor phqus BaGLLikH, %e 85t a8 Smbly 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, SisN4, ZrOz, BN, HfO», Si, Yb,O; and/or SiC.

The addition of one or more of the doping agents specified above allows the
thermal expansion coefficient of the SiOz-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.



- 12 - For the reasons stated above, in the case that at |east one
of the conmponents with a high silicic acid content to be connected
contains a doping agent of this type, i12+s preferred to use a
procedure in which the agueous slurry also contains particles of this
material as doping agent. 5 Wth regard to the bonding of conponents

de of . B : o .
wth regard 4o [Sns fiaRd pooRITie, e WS kol BAE of M ooy mdsElt b
of the bondi high siisic atid Eententf todoa ¢dnosetedfcontainsca dpping ragenbef thisxtypd, G is

wt - % preferabl max. 3 -% With.regard to the conponent .
Assenbly. ESHR A% HSE Surrpevbise ipBbich (S ARiSautsirmiafSP SBRIAT paptices of
assenbl y mepkinefefaldzhindiagéit the Si 02-containing bonding mass is
manuf act ured from anor phous, "sintered or vitrified Si02 particles

with particle sizes intherangfe of up to 500 pm whereby Si 02 .
particl 8s Withregard tethe honding ehromponesisjaadr e Z19|3s i@ 250 NiRiNg
account fon I : } Ty LA%EHRY: in Whi

Si 02- cont aibr?lhﬁg]gbrﬁ%l%fﬁgt %ﬁgﬁﬁ%gﬂgl}g tg%ﬁg@ﬂgﬂa@%em cal i Ahichihe
conposi t i orbiDhaontest ofdhe boodingtrhassedifferstfranvthdse afitheecormpongrihibynmaxgh

silicic aci,d coptent._ of the components to be connected. Please refer
to the stat@ﬁ%ﬁ?’ssﬁﬁégyt%@@%ﬁr?wﬂl@gard to the definition of the
term "generic". This bonding nass is preferably generated by neans
of lt he et iwith exed ¢ the ddﬁrlpﬂﬁleghgszéemyl_tthi@bbjéeggmém aﬂ:lfmlcmés tristt blariingg
a slurry cantajning anorphous articles. Consequently, in ,
corft rask { Forhibe:astemay mentienad s3ae 18 e SO PTRBING RINGINAITRSHS
the 3i 02- copdRirakidIrst aRtbriRGSs, %m&&b&tﬁﬁvmﬁealﬂggrp%ﬁid&s Wil Opaf&ibréd

Si02 particles wmth particle sizes in the range up to 500" prn,
wher eby amsizekdutheSiabge whupite b8 pmi, vthepebnyt Sif) epasticles with paticle sipegein the

between 1 pm and 50 acco for the 25l arqgest volune_fraction. The
o1 Stobal | FanG6 SRR Tuimiand 59 WBIacsRin o 5 THGRe! VRLTHR Secan phe 1

W - % si nCeonliingirhagere otherwise, the formation of crystals would
weaken the bondéd connection. - 13 - A bonding nmass consi sting of

generic material particles of this type inparts particul a_rIE/ good _
adhesi 0 ardder3igerconi@iniag beading massds prosmtassangdiasts elkerpigak ¢aanposition
conponent | j n YT Y | i | so
for cont am%.r?‘\a;? %%H%rgﬁgﬁ fgvs@ggggltb%mdlt%@wl@%m# ﬁ%'&a%czdoébrﬁé%ﬁtgéﬁh@
stringent dbmposentsdd 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 SiOz-containing bonding mass consists of sintered or vitrified SiO;
particles with particle sizes in the range of up to 500 pm, 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.



5 accuracy requirenments. The conmponent assenbly according to the

I nventi on possesses one or nultiple bonding sites. The application
options are nultifarious. Exanples inecgdde wafer carriers, which nust
nmeet stringent requirenents with regard to their dinensiona

accuracy, thermal stability, and absence of contam nation, or
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tanks for bhgaffod Bhls‘éﬂsﬂfte bbﬂﬁ&aﬂéns m%icﬁagoﬁﬁéé@%tnrlg@n?ﬂﬁﬁ@n%?onﬁf
t he conmponent assenbly according to the invention. Asidé fromthese
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reformfor o C flberst each ot her d tin emants
e of | quiaeeR k1 Bet ABoasienal 2oaMar e e St AN ABREPGE B of
optical 20cymu@eHAtiER, WEF@em@H&%@@e@M{%‘tz Sash&dePrbled from S|mple

branch-of fs, connect or s as proven favorable for the specif
densi t y0 of elemens;, Gack eatframesrgr tetaseopes, weflecters aséhelike, eduigh arep g/ cns,
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mechani cal atﬂ\ierntaws fcrfm:tritanaérsi, secH aesmictoyahells f@thEienmngndeanfmbamﬂce
of particles. parti cul ﬁ%ﬁg%}l‘ ref erred enbod| nent of theH‘E‘? onent

assenbl y aeléltﬁ“?ﬁ' 9500985?%%"? R receptionspigiLQs 085%5: RFIF6 mass
conpri ses afhst@RtHe @&ﬁb&{bn@fasé’émblg%éor%ﬁ}ggco%e fhvention. Adidd #brd these

regard, this concerns a bondin s made "of a generic material for a

30 conponeand thesahaveynentinnediutiizationapsians inlamp r@aasfgcw%.rse!mg@nductor
Ferper at ur Befu3sRlie SElEBSROY Rolfn PETRsRH SRpopsfi Ak sbirings
are preventoettle 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/em?.

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 te
the invention, the SiOs-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 quariz glass such that notable



In a first preferred refinement of the component assenbly according
to the invention, the Si02-containing bonding nmass is partly or
conpletely transparent. 5 A conponent of4this type is preferred when
particularly stringent requirements with regard to the tightness,
firmess, absence of particles, and chem cal inertness of the
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crystalllne phase in the bonding mass is prevented. This is achieved,
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fraction of the bonding mass to forma glass and 25 s uent
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Hf 02 or Yb203, the SIO - 15 - containing bonding mass preferably
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3i 02-cont ai ni ng bondi ng mass that is situated in the gap between two

quartz gl ass tubes that are arranged such as to be coaxial with
r e(s pect t o ldgdhersnal expansion coefficient of the SiO2-containing bonding mass is adapted

20 fo 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 amprphous 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, A|N, SisNg, Zr0O,, 8203, HfO» or Ybo03, the 8102-



10 Herein, the opaque Si02-containing bonding mass serves, on the one
hand, for fixation in position of the quartz glass tubes with respect
to each other and inparts on the assenbly-of tubes the properties of
an opaque cylinder with regard to the translucence and shi el di ng of
heat radiation, even if one of the quartz glass tubes is or both
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only be obtapingddgentsheat form ng of standard-sized tubes and | oose
all or a large part of their translucence in the process. The present

i nvention i i.f ' t ar in | 92- PEeN]
bondi ng. meARETEoafERBAlE BAtsa kBl saRu 08 EBsBERh s HF GBS
hi gh sili cicomponest alloesrthetiiermal exfeaisiuncevefficientits barapteastirigiarihi s
is characterized CCOI‘gI n the invention in that conprises

anor phods S2¥ tﬁ&ﬁ?ﬁ Ut QS%P{ﬁeﬁﬁmﬂoﬂﬁﬁt%i’g’és‘:mﬁe?tﬁ@- range of up to
500 pm whereby anorphous Si02 particles with particle sizes in the

range bet V"‘i\%rﬁc@ﬂﬂl@%ﬂef@@e@%@&%ﬁ?ﬁ of e dohdrRhPSSden9l YBBorHng as tn.
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particles act nutually stabilizing by neans of interactions and
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Si02 particles effects high sintering activity, which is even
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case of conponents to be connected that are nmade fromdifferent

mat eri al s, traBslyegfipeds the progespsured that the
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 SiOz-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 SiQOz-containing bonding mass.



10 tenperature of use of the conponent assenbly is low, i.e. below
300 C. It is a helpful contribution to adapt the expansion
coefficient of the 5i02 bonding mass byigreans of doping. Conposite
conponents are manufactured fromceram cs and quartz glass for
exanple in lanp manufacturing. A known enbodi nent conprises a |anp
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according to the invention, a relatively cheap basic conponent nade
of quartz &Pass I s manuf actured for the wafer holder, and its surface
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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 genrerally 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



Figure 1 shows an enbodi nent of the conponent assenbly according to
the invention in the formof quartz glass tubes which are connected
to 20each other by their |ongitudinal sigles; Figure 2a shows the
assenbly of two quartz glass plates in accordance with the nethod
according to the invention; Figure 2b shows the conponent assenbly

obt ai ned by ans of .t he dural ste shomn ure. ?2a, t he
o o 0T orTHEDR cQteide h h HoE Sl st SBcirad By BGB St et tAe Wil 1
ot her by th@éﬁecﬂ@ﬁxo%té‘ﬁﬁe pFéééé%@né’d@h@é@m&ﬂ@HWuf&ém% gent of the
conponent assenbl e; according to the rnvention in the formof a

done- shapeddent ctassiel herefosa rascexdlirg iorthe inveotien A rq!etwebr cheap b@sic
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i ndi vi dual orm r-carrier
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5b shows angidiedespbag B, Thk éawatran aeb%ssﬁceea@ﬁedecbft@aﬁﬁch

other in a butt-1ike fashion; gure 6 shows a top view of
conponent atassitbatjis peomidacbwith adhmpcenpactmmmetlwimta@emuthelsamelﬁtth
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assenbl mdf fomsit donthoniedtiand tHeerarainic Ialf%mgele&eahe\mtamesﬂ grevideg¢wnof a
section of a copponent asse ccordin
! operat% temperature o I}%O}S % is not exceeded whereby it is possible to meet

this prerequisite in the use of the holder for single wafer application.

Ceramic layering elements that are suitable for this purpose are commercially
available in the form of 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:

Figure1 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 fwo 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;



15the invention in the formof 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 anothgr- enbodi nent of the conponent
assenbly according to the invention, in which a holder nmade of quartz
glass is connected to a 20preformfor optical fibers, Figure 10 shows

a radial cppss-section of another .enbodiment of, t 0

Sesonbry SERUTRAG ek RRelEl oRE A hAEShafhy o Sef D AT e parts
Figure 11 shows an fefipadidtentareér by fRans oethe msthedizlcyording toehé or m of
an UV discharge | anp, and 25 Figure 12 shows an enbodi nent of a

conponent assenbl y '"¥eMHIRB: form of a single wafer holder. 1.
Preparatiop, of the slurry A hormrr%gneous stabilized b ?i C sl&rrg‘?{s
prepar ed. TEUSP SBarsbowsHy AMPedl tgfgtthcoam@nengaﬁﬂar@,v 30G9rRiga ¢ the
dei oni zgd vater whase.rfeRdHe fSirhbr biahPeRst BRfesodiReaR 8 akn dird i
an anor phous quartz glass grains made of "natural raw material with -
19 - grain sizes i butelikeefaghiobet ween 250 pm and 650 pm and an 8102
content of 99.99 %are nmxed in a quartz glass-lined rotary drum

gri nder wi Figuste 6bl wsinowsfanather exibralineéyt d@uhitz glass plites comnadtedbtoi each
then comm nuted by pean f.oguartz .glass grinding beads on a 5roller
bracket at 23 rpm 5l?erdﬁ5‘33rqttt3lg‘ecﬁas@gﬁ'ays until a honbgenous

bilized.b | i L h i d % Wt - %.j
bt ai ned. BITRS "t HBoks PRABERT pPRTEBEeM Hrs S mpbcs it i rlater g
th? pHiIgo a val ue afibebpased iNEivilual dlements, 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 fo 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 shurry, 1.8 kg of deionized water whose conductivity is less than 3 pS and

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



The anor phous 8i 02 particles in the base slurry obtained after wet
comm nution of the quartz glass grains have a particle size
distribution that is characterized by agl0 D50 val ue of approximately
5 pmand a Dgo val ue of approximately 23 gm Additional anorphous
8102 grains with a nmean grain size of approximately 5 pmis then

added to the ,basic, s|lurry thus obtained untjl the solids content_is
87 wt-% TH@'W%@&H%%% E%Pef’(ﬁ%b%rﬂ pBANAPEY KB eRA\ANGPI CQF%%QF for
12 hours a : X i ; ' of
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used in t hiappexioatelyotO kitaes. manuf act ure of an adhesi ve connection as
shall be described in nore detail in the followng. 2. Preparation of
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cl adding tube 1 through crinps onits en not shown in Figlre 1
The main direction of the light radiation of the twn 25 tube 9 is
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axis extends parallel to the longitudinal axis of the twin tube 9. -
20 - For this, purpose, the Mages of the cooling tube 8 and tw n

tube 9 ar e SANARIPTIPPROUS SEIraEVIR MENSHABFIZA elARRIoximately 5 um is
hydrof | uor ks nagddddlt tl?ef gﬁéic%Rjrﬁﬁﬁﬁé’ﬁbﬁfﬁéﬂrurﬁiﬁfhte%‘ﬁdgBgﬁt@m Q37 o0, 1N
particular due to alkaline and”al kal'i ne earth conmpounds.
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trough The slurry thus obtained has a solids content of 87 % wi-% 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 fube 8 whose longitudinal axis extends paraliel to the longitudinal axis of
the twin tube 9.



bet ween the two tube-halves of the twin tube 9 and then the cooling
tube 8 is pressed onto this such that it is introduced into the
trough, whereby a small quantity of sl-#0ry mass is squeezed out in
upward direction and thus forns a slurry build-up 10 along the
contact surface. The bondi ng mass 7 between the contact rosurfaces is
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while it is 25s hot and the area around e sintered slurry
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surface of haSFBeRiche s bt B hd ot ot Birtdlf 8ol ey 4i- Up unt1|
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Is still heated to, a tenperature of 1,100 C, and slowy allowed to

cool t Hér efentagtRbifiacesandsnmewhatdhipkerdr the argaiqf te traw 8nd sluery Bupd-

and ends a}n,agfurnace tenperature of 1,050 C, the second cooling ranp
has a cool |%g Srate of 10 C/nmin and ends at a furnace tenperature of

950 C. The_further cooling _ o
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/em3.

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 8 - remains opaque such that the
30 mean specific density does not change significantly.



proceeds uncontrolled inside the closed furnace. The relatively slow
cool ing anneal s the conponent assenbly such that existing nechanical
strains are reduced or renoved and thedprmation of strain due to
cooling is prevented. The assenbly consisting of twin tube 9 and
quartz glass cooling tube 8 is iomechanically stable and
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et ching resistance such that the serviceable life of such opaque

quartz gl a%e%@&ﬂﬁ@"ﬁoﬁs&ﬂﬂ? oamlﬁ&uﬁeeg ahd uahﬁz E]Fé\é/s @:b@ﬁﬂy fge @Y es.
For this reason, transparent quartz glass is onto the opaque
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to'lcause d %r@%n sgch that a costly
after-treat%%gél%allg&%e elrré{ew(;?é: e cgg%%s?te body 20 according to the

i nvention as shown schematically in Figure 2b represents such an
opaque conpigwret2ioshavs is a sghematistrepresentatiord doynposie bpdy 80 cooqupsasing a

gl ass on i i . IS.. SUI t.o | ac 30
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- 22 - In order_to prepare thg 'ﬁggte body 20, the plates 21, 22
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Subsequentgua(gnﬁhgh égio@ﬁﬁﬁﬁﬁ&ﬁgﬂﬁbove is applied by spraying to

t he upper si g | ower quart glass plate 22 and the | ower side

of the upper quartz | ass plate 21 in the form of one
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.



5 slurry layer 24, 25 each which each is approximtely 0.8 nmmt hick,
whereby the | ow viscosity slurry is sprayed on using a spraying
nozzl e. The spraying process is term ndl2d as soon as about even
coverage is achieved, as is shown in Figure 2a in a schematic
fashion. Inmrediately thereafter, the uppeir plate 211s placed on the
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then kept at this heating temperature for two hours. The slurry layer thus gives rise
20 to asintered, 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 Exampie 1.

The plate-shaped composite body 20 thus prepared is opaque and 5 mm thick. I
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



than to sinter it. For this purpose, the conposite body is vitrified
inavitrification furnace in an air atnosphere after drying of the
slurry layer. The heating profile for M3rification conprises a
heating ranp during which the slurry layer is heated fromroom
tenperature to a heating tenperature of 1,400 C over the course of
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30 part 31 conprises an area 36 for sealing the annular gap between

fl ange 183 819¢ksi de part 31, V\/mch area 36 is conpletely vitrified in
the area of the front side for a - 24 - depth of approx. 100 prn and
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otherw se Fgﬁﬁé’rﬁ_ﬂgﬁmdl%ﬂtsaoffthé B W?#éjcﬁ'ﬁptgﬁ%rnt %E&]‘?Hgﬁ@ eth%lmc\)lsn%%ndare
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220 of onb o ek dbbed sl Ak Rt Fln(FeIhald 20k RBRIR 2l e
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of the method according to the invention. The wafer carrier conSists

of side fl| aprfiss ppaiuhr-sipad side partditmadmet trangpamnt guedn gassowhess t e
Coohect oo HEASIAL SRS 15, 0T odrlor R UGS SR g B2
waf er s andwhioh ipaizeirdade of tréndpasers\qriase gidss] sndiGn ivbiose hoveermidega fange
ar e conneckedad dibanre Shoie bARIS Bl TRE A0S Rl Ao TP 38k 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



cont ai ni ng bondi ng mass. For this purpose, the side flanges are
provided with circular bore holes 44, into which bonding nmass 45 in
the formof the slurry described above 24-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

ubsequent |y | ! ce. 20 flame _
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filling th Lt R | r ; ' . or
5 hour s i niosn e formBReRicle- " g chIE shobtd il bRiTEhS Pefiiart
and i s theexamplesfincuddyuvettes snade afirquaxty yabsagdaniziontie recaption dfhe
upper side Pf.the a?senbly t hus obtained is subsequently ground and
pol i shed t §%hiNg83eNtge oyen such that an optical |y hompbgeneous quart z
glass plate 50 is obtained. The seam connecti ons each consist of pure

Si 02 and t PRibd shows if d'&dheialic fadtadn hprarilardl Gtel fob asSgablthgt PwhiRke
|ng|V|duaI parts 50, 51, and have a nean specific density of
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in position with respect to each other, as shown in Fi gi_ure 5b, and
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15 Figure sh In a.s mati ¢ fashion, a,.co ent assenbl
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of a Iight yehgthted £tk @fied 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/lcm®.

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



carrier 60. Reflector carriers of this type are used in tel escopes,
for exanple. Aside fromtheir |ightweight design, a particular focus
I s placed on the dinensional stability-2pon changes of the
tenperature. Due to its low thernmal expansion 20coefficient, quartz
glass is well-suited to provide the reflector carrier. The | ow wei ght
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to the invention in accordance with Figure 7, ich is provide

the formof_a | aboratory device 70, a ground joint part 71 with a
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therefore (Nsia% rorﬁ ?ﬁéi?llightweight design, a particular focus is placed on the dimensional
stability upon changes of the temperature. Due to its low thermal expansion

( 20 coefficient, quariz 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.



that is generic with regard to the ground joint part 71 and the shaft
72, and has a nean specific density of approximately 2.20 g/cnB. In
identical or simlar fashion, other |abpgatory devices nmade of quartz
gl ass can be assenbled from sinple individual elenents. 20 Figure 8
shows a side view of a section of a conponent assenbly 80 according

to the inv i L. the formof. quartz glass tubes 81, 82 ich are
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and vitrification of a 5i02 slurry |layer by nmeans of a burner 15
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Fillet weld 94 and outer build-up 95 each consist of pure Si02 and

therefore of. a material., that.is generic with regard,to.the. preform
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I n this cobbexsembrRAiReh sﬁ%ﬁé‘lﬂidﬁlialﬁﬁ] eldigert®mponent assenbly according
to the invention is the joining of bodies shaped |Iike half cups, for

exanple tu hal ves generated by cutting in | ongitudinal direction.
xanp 20 B?gure&s owg e vi Ty

S 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 SiO2. 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/fcm?®.



Figure 10 shows a radial cross-section of an opaque quartz gl ass tube
100 25 conprising an internal tube 101 and an external tube 102,

whi ch both consist of transparent quartz glass. The internal tube 101
has an internal dianeter of 50 nm and -@aF7 ext ernal di aneter of 54 mm
The external tube 102 has an internal dianeter of 60 mm and an
external dianeter of 65 mm The gap remai ni ng between the quartz

gl ass t ubeg, A0lye 102 LD 8P bl TS 14 A0 480,50

opaque Si 0 con al ni ng |ng MASS |ng € presen
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of pure 8102 and therefore of a material that is generic with regard

to the quartz glass tubes 101, 102, and has a 5Snean specific density
of appr &xi FitWeP shows ig/acwemewr:tfﬁ@l@hﬁ@mfﬁﬁn@@ fort therearaptarrepfoptical

assenbl y afgaLIIdibs!dt vilich %r%"%h% i élfaiﬁééé‘é?gea%%/rs%ub%gbw gigdual
conponent s consi st of non-doped quartz gl ass. nce, €
8i 02- cont aslmamggbd?m‘ithg bmet ofsthel preforh faahdnldmge:yhmderéﬁmadé §qbartded
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is facilitated %ea so- called dil atanc ect | vin effect)

wher eads ot i@ WeereRK Oaly-Baiouiar areas o ibe slurry layer ‘becorme 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 80, 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 quariz 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



20vi scosity 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 exanple during stirring). This is-2glated to di m nished

i nteractions between the anorphous 8i 02 particles due to the action
of shear forces. After the elimnation of the shear forces - when the

slurry Mas§q Lo BiNe? hd 2gh Wel bl a0 risdr Spatity dAGRE tile A%&&muly 100,
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t he caps 1iBistrated aliaysi ihenndixidyel campponents eonsisilofisan-doped quariz glass.
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ang t held tﬁ'gﬂ‘t%%sﬁ‘l‘@ %Fr@ep?régg@ale ,P'%@%'”&ﬁgﬂﬁﬁﬁzg%éﬁﬁ % the
slurry massgi t @gﬁ‘éh | eAGaER
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component, and, in the case of 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



slurry layer also slowy dries. The assenbly is dried conpletely
exposed to air. The bonding mass is free of cracks after drying.
Subsequently, the dried bonding mass is2gitrified exposed to air. In
the process, it is nade sure that the heat- 15 sensitive electrical
parts inside the cap 116 and the discharge vessel 112 are not heated
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( 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 bejow 200 °C.

Figure 12 shows a schematic depiction of a single wafer holder 120 made of
quariz 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.
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7. The nmethod according to claim 1, wherein the solids content of the
slurry during the generation of the slurry mass between the
connecting surfaces is at least 65 w-% 8. The nethod according to
claim1l1l, wherein at |east part of the anorphous Si O sub.2 particles
is present in the formof porous granul ate particles nade of

aggl oner at es of nano-scal e, anorphous3i-synthetically-produced
SiOsub.2 primary particles with a nean prinmary particle size of |ess
than 100 nm 9. The nethod according to claim1l, wherein an exposure
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connecting surfaces bei ng fixed in position vvith respect to each
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i nf rared | asers. 20. The nmethod according to claim1l1, wherein the
vitrificattdh uses residual heat fromthe sintering.

2. The method according to claim 1, wherein the solidification comprises sintering of the slurry

mass so as to form an at least partly opaque solidified bonding mass.

3. The method according to claim 2, wherein the sintering comprises a temperature treatment of

the slurry mass at a temperature between 800.degree. C. and 1,450.degree. C.

4. The method according to elaim 2, wherein the sintering comprises a temperature treatment of

the slurry mass at a temperature below 1,450.degree. C.

5. The method according to claim 1, wherein the solidification comprises vitrification of the
slury mass so as to form an at least partly transparent, solidified Si0.sub.2-containing bonding

mMass.
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6. The method according to claim 1, wherein the particle sizes of the amorphous SiO.sub.2

particles are in the range of up to 100 .mu.M.

7. The method according to claim 1, wherein the solids content of the slurry during the generation

of the slurry mass between the connecting surfaces is at least 65 wt-%.

8. The method according to claim 1, wherein at least part of the amorphous SiO.sub.2 particles is
present in the form of porous granulate particles made of agglomerates of nano-scale, amorphous,
synthetically-produced SiO.sub.2 primary partictes with a mean primary particle size of less than
100 nm.

9. The method according to claim 1, wherein an exposure time is provided between the formation
of the slurry mass between the connecting surfaces being fixed in position with respect to each

other, and the drying of the slurry mass.

10. The method according to claim 1, wherein the solids content of the shurry during the

generation of the slurry mass between the connecting surfaces is at least 30 wt-%.

11. The method according to claim 1, wherein the solids content of the slurry during the

generation of the slurry mass between the connecting surfaces is at least 85 wt-%.

12. The method according to claim 1 wherein said components are a tube-shaped side part and a
dome-shaped covering element of a bell jar, and the SiO.sub.2-containing bonding mass forms a

weld between said tube-shaped side part and said dome-shaped covering element.

13. The method according to claim 12, wherein a forther sTurry mass is formed from the aqueous
slurry between connecting surfaces of the side part and a flange of the bell jar, and vitrification of

the slurry masses is provided by a burner.

14. The method according to claim 13, wherein the second 8i0.sub.2-containing bonding mass

forms a fillet weld between the flange and the side part.

15. The method according to claim 14, wherein the tube shaped side part and the dome-shaped

element are of transparent quartz glass.
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16. The method according to claim 15, wherein the flange is of opaque quartz glass.
17. The method according to claim 12, wherein the weld is a butt seamn weld.

18. The method according to claim 1, wherein, in said wet comminution, SiO.sub.2 dissolves to a

degree at which the slurry has a pH value in a range between 3 and 3.5.

19. The method according to claim 1, wherein the vitrification is performed by bumers or infrared

lasers.

20. The method according to claim 1, wherein the vitrification uses residual heat from the

sintering.



