270 040 WD 26.11.09 Method for producing a conposite body froma basic body
of opaque quartz glass and a dense sealing |ayer Description 5 The present
i nvention ol @ewdo a nethod for producing a conposite body fromag paspc
body of opaque quartz glass and a dense sealing layer. Quartz gl ass
conponents are often exposed to high thermal | oads and chemically
aggressive environnents. Wth such applications a good thermal insulation, a
hi.gh tenperature stability or thermal shock resistance as well as high

chem cal 10 resistance and absence of any contam nation play an inportant
rol e. | ncrMethashfor prgdugsing a campasite bedydHgemon basic bedyiaf®paquasquartzuch
quartz gl ass conponents and,the ahsence of particles in such conponents. As
for the service life of a qgéﬁstsza'@;gés%e Sﬁé'i'ﬂl,'a)feﬁe absence of bubbles in
near-surface areas plays an inportant role. For instance, bubbles that are
first 15 closed and then opened during use on account of material renoval
are often the reason why inpurities_or particles exit, which termnates the
life time of the conponent for par Ple(?PEpg@Hsi tive applications. Prior art
The use of quartz gl ass conponents consisting of synthetic quartz glass can
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10 resistance and absence of any contamination play an important role. Increasingly
greater demands are made on the service lives of such quartz glass components

and the absence of particles in such components.

As for the service life of a quartz glass component, the absence of bubbles in

near-surface areas plays an important role. For instance, bubbles that are first
15 closed and then opened during use on account of material removal are often the

reason why impurities or particles exit, which terminates the life time of the

component for particle-sensitive applications.

Prior art

The use of quartz glass components consisting of synthetic quartz glass can

20 particularly be recommended in semiconductor production for preventing
contamination. A less expensive alternative in comparison therewith is described
in DE 698 06 628 T2, which also discloses a quartz glass component for
semiconductor manufacture and a method according to the above-mentioned
type. This publication suggests the manufacture of a dense layer of synthetic

25 quartz glass on a quartz glass component produced in advance in a separate
method step from natural raw material. To this end SiO; particles are produced by
flame hydrolysis of a silicon-containing start component in a deposition burner,

and the particles are deposited on the surface of the component and are



I medi ately vitrified at said place with formation of a transparent,

bubbl e-free, dense and snooth sealing |ayer of synthetic quartz gl ass. The
seal i n2TH040 WQ formed by rel ative novement of the deposition B8AANY and
the conponent surface to be coated relative to one another, with the |ayer
grow h 5 depending on the current defsition rate and the nunber of

sub-l ayers. The manufacture of sealing |ayers by such a deposition process,_
particularly the reproducible nmanufacture of uniformlayer thicknesses, is
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por ous c?ensboari]f@rﬂﬁol!hoébélihﬁqgwé?/htrfet@qu%rt‘za@b_%lg nmethod is described in DE
44 40 104 C2. In this nmethod an aqueous suspension of SiQ2 particles of a

chem cal purity of 99.9% S102 is produced and cast into a plaster nold, and
t he gr cERe pedliNg lgyemisiemed by elativaynavememi ol the depositiem uenerand tient eri ng
tenperature in.ther of . 1 Cto 1 4 and ..s,sintered i.n this
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Thi s problem cannot be so 8e %y I ncreased flane tenperatures because these
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obtained in this way is heated in a furnace to a sintering temperature in the range

of 1,350°C to 1,450°C and is sintered in this process into a basic body of opaque

15 quartz glass. Subsequently, the surface of the basic body is locally heated by
means of an oxyhydrogen flame to elevated temperatures in the range between
1,650°C and 2,200°C, so that the opaque basic material is converted in a near-

surface region of a thickness of about 0.5 mm into transparent quartz glass.

It has however been found that transparent layer thicknesses of more than 2 mm Q
20 cannot be achieved with this method. The vitrified transparent sealing layer

obviously makes it difficult to heat the underlying layers in an appropriate way.

This problem cannot be solved by increased flame temperatures because these

lead to a plastic deformation of the component and the evaporation of gaseous

silicon monoxide (SiO). Furthermore, stresses that might lead to the deformation

25 of the component are induced by vitrification at high temperatures.

A method of the above-mentioned type is known from DE 10 2004 052 312 A1. It
is suggested that a basic body of opaque quartz glass should be provided with a
surface layer in that an SiO, slip with the properties known from DE 44 40 104 C2

is applied as a slip layer and then dried and vitrified with formation of a



-3 transparent or opaque cover |layer. The goal is a high etching resistance
of the .copppeupevbody. However, it has been found that during vitpefMiieegi on
of the slip layer the underlying opaque material of the basic body is also
nodi fied and that stresses and 5 deformejions nay arise. Since the slip
casting process would per se permt an inexpensive manufacture of
conponents, also of a conplex geonetry, it is desirable to mnimze said
drawbacks arising in the production of conposite bodies fromquartz gl ass
with a delrdrspasant ergonaguercoven layeenHe apalopjacioh atching regiplanseofithe  obj ect
of the press éOZG¥$$ lon to indicate a nethod by neans of which a basic
body of opagﬂ % a ‘gl ass can be provided with a dense sealing |ayer

wi t hout significant changes and deformations in the opaque nmaterial being

noticed. lHowbver, dhRchedrsfoantiteatedurirctrificagoh of tHeeslipilaget thnuhyedyingt hod
whi ch conprises the follow ng steps: (a) producing the basic body by using
a first slopaqus matershohthesbasie bpdy isialspenedifiad andgbaustaﬁﬁ;sesiarr@t anor phous

Si 2 parti¢les havin article sizes of not nore than 500 pm particles
W th par%i@?@@?@%@s ﬁ%ﬁeﬁﬁ@er ange between 1 pm and 60 pm 20 accounting for

the | argest solids volunme fraction, which contains a first quantitative

anount of §incd8 tRarAPaAELINY BRCesSs vavdd Eéﬁé@péfrﬁwgnqﬁe*miﬁdﬂman&%tur@mf and
whi ch is distinguished by a first higher vitrification tenperature; (b)

provi di ng eorspenentssalsp ofhicomplexgaometry, i ésdesiratile feminionze sgdi d and second
anor phous i rticles havin rticle sizes of.not nore than 100, pm 25
part ol s diapdsEs rieng Taithe Rt RTRR of SAEDoB R HOLIE AR B B Lt § ng
for the |aﬂ&fs%1 SHodsyeo! ume fraction, and the conposition of which differs
from that o t?ﬂe fdg Y slip at least in that it contains a second
guantitative anobunt of SiO2 nanoparticles which in the range between 0.2%
by wt. 86 15% by w. is greater tHhaohnibal dbjestt quantitati ve amount (based
each time on the total solids

It is therefore the object of the present invention to indicate a method by means of
which a basic body of opaque quartz glass can be provided with a dense sealing
layer without significant changes and deformations in the opaque material being

noticed.

15 This object is achieved according to the invention by a method which comprises

the following steps:

(a) producing the basic body by using a first slip which contains a first dispersion
liquid and first amorphous SiO; particles having particle sizes of not more than
500 um, particles with particle sizes in the range between 1 ym and 60 ym
20 accounting for the largest solids volume fraction, which contains a first
quantitative amount of SiO, nanoparticles with particle sizes of less than 100

nm, and which is distinguished by a first higher vitrification temperature;

(b) providing a second slip which contains a second dispersion liquid and second
amorphous SiO; particles having particle sizes of not more than 100 pm,

25 particles with particle sizes in the range between 1 um and 40 um accounting
for the largest solids volume fraction, and the composition of which differs from
that of the first slip at least in that it contains a second quantitative amount of
SiO2 nanoparticles which in the range between 0.2% by wt. to 15% by wt. is

greater than the first quantitative amount (based each time on the total solids



- |
270 040 WD 26.11.09 -4 content), and which is distinguished by a second
| ower - trd fAd lon tenperature; (c) producing a slip layer fr second
slip o?ﬂ?qggggée of the basic body, drying the slip Iayer,!5é§&ﬁg§d
subsequently vitrifying the slip layer with formation of the dense sealing
| ayer. The basic body is a body of q&artz glass that is produced from

synthetically prepared raw materials or fromnaturally occurring raw
materials. This quartz glass is opaque or translucent. The second slip is

for instagoteppanedhlnh isdistinglshed®y 8isedond wvitivitgificatisreadi ng by doct or

bl ade or in a screen printing process. The consistency of the slipis
adapt ed tfempesatusepecti ve application method and ranges fromfree-flow ng
to paste-like. In the nmethod of the invention, the conposite body is

conpl et e) producimgca dlifplayeafromothet dezohdlslip aroaisatface of ttenbasis bodg, t he known
met hod, however, slip qualities that 15 differ in their characteristics with
respect t@Yingeihe slipdayehc vitrification tenperatures are used for producing
the basic body and the sealing |layer, respectively. An essential aspect of
t he inyéhandsubseatiestly vitrifynathedsiingayenwith dermation ofitbe eensetsealingi f f er ence
of the specific vitrification tenperatures of the slips. A neasure for
different!@f%rification tenperatures consists in that the second slip, 3 20
which vitrifies at a | ower tenperature, additionally contains Si02

nanoparrie e b8dy I8 BbAg of H8atL8|ds3thbesProdGed fdin éﬁntﬁé{f&aﬁ‘lgns mor e Si 02
nanoparticles than the tirst slip for producing the basic body. Mre

pr eci sergparedeagaateriaks onfeomparaturaily occ@irit® ramemafeaiat $.cThes quartzhe r ange
between 0.2% by w. to 15% b . in the second slip is, higher than the
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zero. SheZorsisigacy dfcthessliplis adagiedsbahd réspdutiveiapplipation metisovahd particle
sizes in the range of a few nanonmeters up to 100 nm Such nanoparticles

consi stanggs ram freeflowing to paste-like.
In the method of the invention, the composite body is completely produced by way
of the “slip route”. In contrast to the known method, however, slip qualities that
15 differ in their characteristics with respect to their specific vitrification temperatures
are used for producing the basic body and the sealing layer, respectively. An
essential aspect of the invention consists in providing measures that increase the

difference of the specific vitrification temperatures of the slips.

A measure for different vitrification temperatures consists in that the second slip, 3
20 which vitrifies at a lower temperature, additionally contains SiO, nanoparticles for
forming the sealing layer, or that it contains more SiO; nanoparticles than the first
slip for producing the basic body. More precisely, the quantitative portion of SiO,
nanoparticles in the range between 0.2% by wt. to 15% by wi. in the second slip is
higher than the corresponding quantitative portion in the first slip. The second slip
25 contains a given amount of SiO, nanoparticles, whereas the quantitative amount

of SiO, nanoparticles in the first slip can be small and approach zero.

SiO, nanoparticles are understood to be SiO; particles with particle sizes in the

range of a few nanometers up to 100 nm. Such nanoparticles consist typically of a



270 040 WD 26.11.09 -5 few thousand Si 02 units and have a specific BET
surface ar @808M400B00 n2/ g, preferably between 55-200 n2/g. A fu26hkt.09
measure for achieving different vitrification tenperatures is that the
second slip vitrifying at a |ower tenpergture has a particle size

di stribution where 5 relatively small particles - between 1 pmand 40 pm -
aceount for the largest volune fraction. Since the vitrification

tenperatures gf basic.hody. and slip |ayer.are different InS epmits a
Ve Dot Tm T iBRy SBR Bt pe TR 2 Rsnd BET it o ot AR Bh B Rana, *so
that |ess Epéfgmb@fv@énrgg_ggg%i nto the basic body, whereby a deformation
of 10 the basic body is avoided. And on the other hand, the formation of a
sealing layer is made possible, which layer is clearly distinct inits

chenical , Adtnther owasaredfor pahieving diffesend pitrieatiopy iepwpearakises isshat tisse of t he
basi ¢ body. Al though I c_,bod nd seal i | ayer,. are. made of .quartz gl ass,
2 der i nod’ BECHBSIS Wirthosiet 2o RampSERulies & hetidh S8 SiRutt Hicte
t hem thics f : 1 fElCHeNGY - inEf efl ection.
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that it segbRinopfractmres of the basic body to the outside, and that it

protects the opaque quartz glass of the basic body during the intended use
or during possible %Ieaning nmeasur es_agai nst. corraosi ve atta_ﬁnghe seal i ng
- i

layer wi t hNEEeRdEHCAlPICRMEalUeR Al Pg‘_ﬁ'ci@ddi%“_tq HRuRYRear Aot 20
porosity ap&.ﬂg&%’%ﬁp%tw&ytn@'s%g% A olve? Wnbbratdire SRR HIERANE so
transparent. y contrast, the o aq¥1e or at lTeast partly opaque quar?z gl ass

of the bastiathesy stresedese astradrratiniathie Risic Bbay|uehareby azdafbanstiorsonor nal |y
white, reflects infrared radiation and therefore exhibits a good

heat - i nshyl e hgsiadodyns avpidedi Apd pndhe iotherdransk dhe Ermatignicd@ sealipgllayer i s
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the invention that” the slip layer for formng the sealing lfayer is nser
and nor e t nadsealingiayenane nteelepfaquartzgjlass, adefimed basndargadthowt Bhy niegos ane

transition area is formed between them; this enhances, for example, the efficiency

15 of a diffuse reflection. Moreover, essential functions of the sealing layer must be
seen in the fact that it seals open pores of the basic body to the outside, and that
it protects the opaque quartz glass of the basic body during the intended use or

during possible cleaning measures against corrosive attack.

The sealing layer within the meaning of the invention is distinguished by a closed
20 porosity and a comparatively higher density and it is translucent or transparent.

By contrast, the opaque or at least partly opaque quartz glass of the basic body

serves as a heat barrier. Opaque quartz glass is normally white, reflects infrared

radiation and therefore exhibits a good heat-insulating action.

The vitrification process of a dried slip layer is in general defined not only by the
25 vitrification temperature, but also considerably by the vitrification duration. With a
higher temperature vitrification is just accelerated. It is essential within the
meaning of the invention that the slip layer for forming the sealing layer is denser
and more transparent than the quartz glass of the basic body with the same |
vitrification period and the same vitrification temperature. The greater the density

30 difference, the more efficient is the sealing layer. It is only for the purpose of a



Vitrification period and the sane vitrification tenperature. The greater the
densi t | fhference, the nore efficient is the sealing | ayer. I§ only
for thé7§3¥€%@&§of a 270 040 WD 26.11.09 -6 possible conparis&ﬁiﬁhgé'the
slip-specific vitrification tenperature within the neaning of the invention
is defined as the tenperature at whi€h a slip layer which has a thickness

of 1 mmand is air-dried in a furnace at 90C for a drying period of 2 hours
beconmes so transparent during the subsequent vitrification in air for a 5

per i odpeksibRUtompatisort that tHd sIpxSpuific vi@if&mﬁ@hﬁ@:hgbr@tuwﬁirpﬂheof ~at |east
60% in the wavel ength range between 600 nmto 2650 nm A vitrification of

t he dr msaning of thgyisvention isciafined @sithg termpgratuke atesiichdf slip fayarwhigh a | aser,
is acc anied with | ower, .ener | nput and i i cul.ar.l referred
wheney BPS8 HEKOFRST mBiaia 5 dikded 2P sfite rE o e s BBy hoBoe ear eq.
10 It t i i 26h & & tains
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by ws. peridd 4¥founhoutrs thabfit Sihtdtsnaspeetralitrdrsmisédias ef ableash 608eirathesol i ds
content). The Si02 nanoparticles effect a consolidation of the slip |ayer

and a WavEleRgHh range briweenG00 ate @R5PdMer at ure at the sanme tine. Moreover,
the Si 02 nanoparticles 15 help to increase the green strength of the dried
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t hat hpaserpisrdccompanieteritiot lbwesehd@y idPM and isppatieulaly prefeessl t han 50 nm
On average, the second slip contains nuch smaller Si02 particles than the
first whenggera dgformatingoranothar changedn tre basie lodwaustibe teasedecond slip
anor phous Si2 particles with particle sizes in the range between 1 pm andQ

20 0 AR L0l e AAAFRIGR il WL USEd R Lo RsERR! Y, the

second anor phous S of e secon ave a particle size

di stri bw% oy Whiah 8% byfivit, iateupartiedaly prefebdbly detigedr 1%£6¢ withamd 46, pm 25
preferably I'ess than 30 pm and particularly preferably less than 15 pm

Si 02 phymtcloéSiOnnaneparticlesi(b pe thetotaksalidsgontent).parti cul arly hi gh
sol i ds content

The SiO, nanoparticles effect a consolidation of the slip layer and a decrease in
the vitrification temperature at the same time. Moreover, the SiO, nanoparticles
15 help to increase the green strength of the dried slip, which facilitates handling and
reduces the formation of cracks during drying and vitrification. This is particularly
true for SiO, nanoparticles that have particle sizes of less than 100 nm, preferably

less than 50 nm.

On average, the second slip contains much smaller SiO, particles than the first 3
20 slip. It has turned out to be useful when in the second slip amorphous SiO;
particles with particle sizes in the range between 1 ym and 30 um account for the

largest solids volume fraction.

Preferably, the second amorphous SiO; particles of the second slip have a
particle size distribution which is distinguished by a Ds; value of less than 40 ym,

25 preferably less than 30 um, and particularly preferably less than 15 ym.

SiO; particles in this order enable the setting of a particularly high solids content
of the second slip and exhibit advantageous vitrification characteristics, so that

the corresponding slip layer can be vitrified at particularly low temperatures.



of the second slip and exhibit advantageous vitrification characteristics,

so that the corresponding slip layer can be vitrified at particul arI y Iow
tenperatur@g 0400V840 W0 26.11.09 -7 In conparison therewth, t he28 r%ous
Si2 particles of the first slip preferably have a particle si ze

di stribution which is distinguished by -a7 P50 val ue greater than the D50

val ue of the particle size distribution in the second slip. This neasure
wikl also increase the difference in the vitrification tenperatures between
the first ipis
pr ef er abl yﬁgéej?m aﬁ%ﬁm @gpﬁ@gh%éBmOTgﬁ%L?QéI@Wé}ﬂeﬁeﬁ:Hsftﬁé\fﬁindaﬁﬁy%@ ond
anor phous RavRapartidie lsize disivibuonmwHichriscbtinuished by aDgeatliesgredtertthan, wi th
a first maxi numof the size distribution (D50 value) in the range of 0.5 pm
to 3 pm ptherlramiye of the nastidesige digtiibption ia the seerNthalin- rﬁhﬁmeaf@rwél range

of 5 pmto I , si ze
Gi st but i BEouneisaae BERREnG RIbbRupheRn SR bRaLIRS f

maxi ma, fafHd édcin@sslibhe setting of a high solids density of the second
slip, whereby shrinkage during drying and sintering and thus the risk of

the formation of cracks are reduced. For instance, particle distributions

wi th D50 Ibemlld%mmentof the S@ong@llam@pmemhlsaset todwias higheas possible.

conbi nati o has turned out to be partd.cul arl vant a us at | east
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the slip, so that stresses are reduced during drying and vitrification.

| deal I'y, atdngefofthé p@n @3 pam, tprefezablgft mdndompmeam\dwthla pecorel mantengmlieri cal .
By conpari son, pref erably at |east 50% by wt. of the anorphous Si Q2

particl 69 He range g fioylam 1 1401 Rrefr@bbit UMhiosh? MRt ery form the particles
bei ng produced by wet grinding of SiQ2 start granules. The anorphous
particles ; : ; | I ey show
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anor phous BioTR distributidremaginy faciiatesthevediting of\a $iigh shladyedehsityraf the yi ng.

second slip, whereby shrinkage during drying and sintering and thus the risk of

the formation of cracks are reduced. For instance, particle distributions with Ds

15 values of 2, 5, 15, 20 and 40 ym are used alone or in combination.

It has turned out to be particularly advantageous when at least 90% by wt. of the

second amorphous SiO; particles of the second slip are made spherical.

Spherical particles help to set a high solids density in the slip, so that stresses are
reduced during drying and vitrification. Ideally, all of the SiO, particles of the

20 second slip are made spherical.

By comparison, preferably at least 50% by wt. of the amorphous SiO; particles of
the first slip are present in splintery form, the particlies being produced by wet

grinding of SiO, start granules.

The amorphous particles are here produced by wet grinding SiO, granules, and
25 they show a particle size distribution within the above-mentioned range. Such
amorphous SiO; particles show comparatively low shrinkage during drying.
Therefore, the slip of the basic body can be dried and vitrified without crack
formation, as is also otherwise known from the prior art. Moreover, due to the

presence of splintery SiO, granules the mechanical strength of the green body is



There?cyi“r'e, the slip of the basic body can be dried and vitrified w thout
crack _formation, as is also otherwi se known fromthe prior art. reover,
due tozgﬁ@%ﬂ&g)snence of splinterySi Q2 granul es the nechani cal s?tsr-gﬁagh of
the green body is 270 040 WD 26.11.09 -8 increased after drying, which is
particularly noticed in a positive wdy in relatively thick basic bodies.

Due to the conbi ned use of anorphous SiQ2 particles with a predom nantly
splintery norphol ogy for the preparation of the basic body and of anorphous

Si Q2 hdPeadddCARS dMinB, WhRIMESYEANAHY nSRE&T inc@bosmie yaareffivel(Rki ng the
sealing layer, there are also differences in the sinteri'ng behavior and thus

at t hethiclhbasiciedias. the resulting optical properties of the nei ghboring
quartz glass qualities, which facilitates the formati on of a defined

bounda i thout any large transiti area. around the cantact surface. 10
't has DLGRAR GRMDITG, ISR AMOMAoYs S0k RIS WING BESTBANYY che o i p
| ayer ' | i L ' the Si Q2
par 1 crBTteRInbOREY B i brepalie BMMhedgo bUBY S oF ERRAP RS 0% voan 800t
and S$0partizhes witte herradd miraintly sphieriddi%mbsphalogy¥oh nudkirsptHedse aliny lager, _

i bu uni. _ w shri S | i i
contributes to uniformand | ow shrinkage so that drying and 15 sintering
cr acksthere agg alsedifferensesa inthe siptaring Rehayvierangkthusid khe same ¥metme slip

| ayer R ' L,0g: hi i . ent S, t he ot her
nand, Tene S BEREIERrPropebieotne e Y e BaiafS cBRRES ey 1i'gn

sol i dsffanateBitse Rirmatoheofldefiribo Wagetahy largBerarefiiagEpr phous Si Q2
particles and the S102 nanoparticles 20 are nmade of synthetic Si Q2.

Synt heafaungithe coptasthsudeceri zed by high purity. The quartz gl ass of the
sealing Ilayer produced in this way therefore shows an inpurity content of

| t Wt . t  f i QI d ts t hat it littl
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thus hasisycdrtBft 3fhé 38caRd Sfb (WElghE pRIpIPESH betheoSid,lFarkass anaaflg. This is
particularly true for the W

SiO, nanoparticles together) is in the range between 80% and 90%, and

preferably at least 83% by wt.

A high solids content contributes to uniform and low shrinkage so that drying and
15 sintering cracks are avoided. Therefore, relatively large thicknesses of the slip

layer can be generated with slips having high solids contents. On the other hand,

the applicability of the second slip is decreasing at very high solids contents of

more than 90%.

Advantageously, the second amorphous SiO, particles and the SiO, nanoparticles 3

20 are made of synthetic SiOs..

Synthetic SiO; is characterized by high purity. The quartz glass of the sealing
layer produced in this way therefore shows an impurity content of less than 1 wt.
ppm (apart from possible dopants), so that it shows little absorption in the UV
range up to about a wavelength of about 180 nm, and thus hardly impairs the
25 reflector properties of the basic body. This is particularly true for the UV
wavelength range. Moreover, a sealing layer of high purity prevents impurities
from exiting from the basic body and thereby also permits the use of a more
inexpensive basic body of a relatively low purity also for impurity-sensitive

applications, e.g. in semiconductor production.



wavel ength range. Mreover, a sealing layer of high purity prevents
inpuritie327ﬁﬂgbﬁﬂﬁﬁiting fromthe basic body and thereby al so pern26.41t0%
use .of a nore inexpensive basic body of a relatively Iow purity also for

i mpurity-sensitive applications, e.g. -ig- sem conductor production. 270 040
WO 26.11.09 -9 The dispersion liquid may consi st of an aqueous base. This
I s~ particularly advantageous for the production of the first slip for

ST can niheaBRerioatul ey BOLER. AR A dus B TR BrpdiNETRLYS " °
parti cl es.advdrdgddie foefRsrodlltiorret@ietirsgslffor k’@rrﬁmgm basictdwriys Frend

di spersion liquid, however, is preferably made up of an organi ¢ sol vent,
pr ef er abl ypolbapaitre af thel aquesus phageraf sush Ehgipetan bave Br@dyantageolsft ast er

than in the_case of .an aqueo sl hase. This saves tine and fixes the
slip layer® 8nttﬁ%'%8@%086§3h%§'(§2 Pg@l"%& 10 pace, so that off-flowi ng of
the slip layer is prevented. The processing period can be adapted to the

respect i ¥ers el JeeBRA SHp RLcEHd D teSABeMtiGH P NecBhd MMgdrsioh! IRfLfg,L han 30% by

vol.) to the dispersion liquid.” Preferably, the SiQ2 content of the first
and t he senomevenisrpbfarablgim2deapiof @hesrganis salvdntawefaablybhgedion 15 The
solids content of the slip produced by using such particles consists of at
| east 99.@%"59)#\&. O Si2 (apart fromthe addition of dopants). Binders
and other additives are in general not needed and, ideally, they are also

not.cont ai pffhg Miferdtf b Bt FRIcA!1a0] Hfar ARHEIdasBY 1ok RIGIAIAGY | e°

than 1 w. ee 0 purity o e quartz ass for the sealing

| ayer is nohiasd. Thidwsalesrtirhdandtiixat tiod sk fay20 oateathezb adiabedpht bifasteasi ¢ body.
In this body the Si Q2 ﬁarticl es are norrmally made _up of purified, naturally
occurri hf PGS sattbal off-lowing ef thestipilaear is Rrévantedholhe Prasessivaareriod can 40 104

second vi 2% PHRRER, Bihe knBEbR Rl s Gaclon &' TRAF aP BT Syt s . "Boc.

(less than 30% by vol.) to the dispersion liquid.

Preferably, the SiO, content of the first and the second amorphous SiO; particles
is at least 99.9% by wt.

15 The solids content of the slip produced by using such particles consists of at least
99.9% by wt. of SiO, (apart from the addition of dopants). Binders and other
additives are in general not needed and, ideally, they are also not contained. The
content of metal oxide impurities is preferably less than 1 wt. ppm. The degree of
purity of the quartz glass for the sealing layer is normally higher than that of the

20 quartz glass of the basic body. In this body the SiO, particles are normally made
up of purified, naturally occurring raw material, as is described in the above-
mentioned DE 44 40 104 C12.

It has turned out to be useful when the difference between first and second

vitrification temperature is at least 40°C, preferably at least 60°C.

25 The greater the difference between the two vitrification temperatures, the easier is
the formation of a dense and transparent sealing layer on a porous basic body
without any distortion or significant resintering. On the other hand, great
differences in the vitrification temperature are normally accompanied by

differences in the coefficients of thermal expansion of the different glasses, which



25 The greater the difference between the two vitrification tenperatures,

the easj-grnj he formati on of a dense and transparent sealin on a
porousszt)@sqchSWo((sjy wi t hout any distortion or significant resi n?zeérﬁg)b On the

ot her hand, great differences in the vitrification tenperature are normally
acconpani ed by differences in the ctbfficients of thermnal expansi on of the
different glasses, which 270 040 WD 26.11.09 -10 in turn would have a

di sadvant ageous effect on the adhesion of the dense sealing |ayers. The

di f f er égmaeniwodldéave tar disadvrntagedisngffgctonrtheiazihelion gfithé eleniskyseating hi gher
than 150C. In this connection it has turned out to be advantageous when the
dried daygss| Ehediffesence ipitheivitrifigatign teaparatyre &s Rusggtarablyrnot Mg between
1000C 3&%}+§$Q§, preferably between 1200C and 1440C. It is essential that
the qu ass of the basic body is opaque and thus remains diffusely
reflective, whereas the sealing layer is sintered to be dense and w t hout

any opémtecoeshéstionlibhas aurpkedtctit té be sidaaetageocas wiHem theadrigtDslippiegeri s the
preferred 10 enbodi nent if enphasis is laid on high density, absence of
rﬂ@g’&

por es> anitriieghby hesling e tempertwiiraggivg hatween Cansot§oQ°6.be produced.
It has turn ut to an when the basic body is present as a

por ous Pr%}‘??@%@SEWﬁ%??%@%’F@??@?of the slip layer. A slip | ayer nade
fromthe second slip is applied to the non-vitrified green body 15 produced

vi a thetigldsBentpdltRat the UPtzRR48ss demeidepsibedpicopddiRe SIBRR fetnaifgr uct ure of
green body and slip layer is then vitrified. This nethod variant has the
advant diftusehateflective,gvhvaranasithe se¢aling layear issiptered to be denge angagithouthe slip

oty sty bR ol ot G 1 wen Bt ebese ™ ')
seal hsHieRE heRphan s AT AR pofle IO MRPSCY I

met hod resistaasé ¢o ktahingdf thepeumpositeayddy gl tespradeicpdesent in the formation of
the slip layer. The |layer made of the second slip is here applied to an

I d -vitrifij basi . :

alrea ¥t arsetu\r/r|1edr <|)utI t% egg\l/acntageous when the basic body is present as a porous

green body during formation of the slip layer.

A slip layer made from the second slip is applied to the non-vitrified green body
15 produced via the slip route, as has been described above. The composite
structure of green body and slip layer is then vitrified. This method variant has the
advantage that at a given vitrification temperature, e.g. 1430°C, the slip layer is
already vitrified into a transparent sealing layer while the green body still remains
opaque. Hence, only a single vitrification process is needed for making a 3

20 composite body consisting of basic body and sealing layer.

In an alternative and equally preferred variant of the method, a basic body of

opaque quartz glass is present in the formation of the slip layer.

The layer made of the second slip is here applied to an already pre-vitrified basic
body. This variant of the method permits a preceding and precise treatment of the
25 basic body that in the case of a porous green body would not be possible without
difficulty because of the mechanical low stability thereof. To be more specific, the
basic body is configured as a thin-walled, opaque, mechanically cut or ground

plate.



body. ThIS 0 he nmethod permts a preceding and precise t t
of the . ﬁgé4@0%9dy that in the case of a porous green body moul%gaggﬁg
possi bl e mnthout difficulty because of the mechani cal |ow stability thereof.
To be nore specific, the basic body isltonfigured as a thin-walled, opaque,
mechani cally cut or ground plate. 270 040 WD 26.11.09 -11 A nethod vari ant
Is preferred in which the transparent sealing layer is formed in successive

order by rgpeshbd¥afisst s RRERIIERIThIVHIER tHElrBRshareRPSedIiP 1aPér isTdrmédith
particle size distribution of the respectively used second slip being nore

and nore siicesgive ool bisrepeating the above-mentioned metboéééemm@)lai\ﬁe(rc)utbeher e
produced in successive. order th a second sli first used t hat
cont ai ns r%@'ﬁ?lw di § lét@np%{rtW?é?%%eC '\Xﬁi'llé(rlt's":‘(%j %ﬁ%@ﬁ‘g é%e G MArE A TROTE: he
basi ¢ bodygs V?aﬁﬂ urther slip layers are appli ed once or
r epeat ed| y, ﬁﬁ% gbe| ng ﬁ ?'%F{Sf}u shed by a finer particle size
distribution. This nakes it possible to produce snooth surfaces. This

procedur & The sealireplayer Ishéré frodugedsimaduccgssiag erdert ith asecad slip béings
possi bl e, or a sealing | ayer that conprises an mtgrrredl ate layer with

ZpecLI al prigstesedthat g ﬂ@‘”%%@@%ﬁ%@&tﬂ%ﬁdﬁ WikRregy openRAIES e%‘bﬁt'ﬂlgl'%\yer i s
Ho
e Ot b VO Tl O B SRR, L

need here rpeatirilgane iskg beirg @u@tuﬁgmbh@@b%tfﬂﬂir palﬁcléfsazée diub&rbeut‘anl Thige
transparence. Particularly wth respect to hlg? reflection in the W

wavel engt hmakegys p@Sﬁ@!mﬁdpr@CBamodﬁlawt‘fa@@ﬁa pracedyee isseditad torbulldi ch an

opaque terrre ayer . of thetlc rtz gl a igh reflection in
Che Uv wilvib SRal Bunflbt Ste,nR ek s phetiid. bE akdialild BABCoRBHSES | ng
| ayer. 20 é’nmtgﬁnécﬁéﬂeelfé?ép\ﬂltg% 53,@,‘,{36 y@é ength range (e.g. of nore than
90% presupposes opacity an gn ex hi gh degree of purity of the
quartz glass. The last-nmentioned prerequi si te is normally not satisfied in
the case oAftem@Vewaippﬁcat'gjraefsthefslipHayerasaid layelyis dsiedt Hawevee ibbas turbedly i s
then non- rgtﬁtltg tlar\]go use}ul when the slip layer is thermally consolidated at least to a

slight extent - though consolidation need here not be carried out to such an extent

15 that there will be transparence.

Particularly with respect to high reflection in the UV wavelength range a method
variant has turned out to be useful in which an opaque intermediate layer of
synthetic quartz glass with high reflection in the UV wavelength range is formed

between the basic body and the sealing layer.

20 A high reflection in the UV wavelength range (e.g. of more than 90%)
presupposes opacity and an extremely high degree of purity of the quartz glass.
The last-mentioned prerequisite is normally not satisfied in the case of the quartz
glass of the basic body, so that the basic body is then non-reflecting in the UV
wavelength range. In the method variant an intermediate layer is produced on the

25 basic body, said intermediate layer satisfying both of the above-mentioned
preconditions. Purity is ensured by the use of synthetically produced SiO,; a minor
contamination with lithium oxide should here particularly be mentioned. The
content of lithium is below 100 wt. ppb, preferably less than 20 wt. ppb. The

opacity of the intermediate layer is e.g. accomplished in that the amorphous SiO,



“wavel ength range. In the method variant an internediate |ayer is produced on

the 25 { y, said internediate | ayer satisfying both of t
above- g‘gﬁﬁ@n preconditions. Purity is ensured by the use ofé-{‘:"?ﬂ'Og

synthetically produced SiQ2; a mnor_ contamnation with |ithium oxide
shoul d here particularly be nentioret?-The content of lithiumis bel ow 100
w. ppb, preferably less than 20 wt. ppb. The opacity of the internedi ate_
| ayer is e.g. acconplished in that the anmorphous SiQ2 270 040 WO 26. 11. 09

-12 gr gran Ahtionis chadedtobd @ldtiveletdrcegriinedarifordhahaesb aranhRrai n that no
or only a small nunber of Si Q2 nanoparticles are added to the'slip in

quest i 6mall mEgpkeyi ofl $iQ.Manopsesicts’s arecadstadtodhe slipdayueatiebn conduct or
manuf acture with applications under reactive etching process nedia, it has

t ur ned A e a t n t t.he etch

resi st E%_@éc'gﬁy z?fatfﬁezgﬁéﬁﬂgs@ﬁs&ﬁg%@éf lﬁ(§gﬁﬁ§8}idéfggcﬂ‘dn§ﬁ{}%@{:@§lvw | e dopants
are al UpbficHfiorRiUridkgeBadtiVé étehifggRbedssTmbalss it e Whridd alistoisé ng  nornal |y
present as oxides or nitrides in the quartz glass. It has turned out to be
usef Ul adkantageplandhentamgdepanidbacenfmnhcesshesteh tasistance pf guarizglasistis t he
seal i n% Iaa?r The baégi c body is here present as a plate of any desired
geonet A§ded fpthe secandsif-e circle, or the like) with planar surfaces, and
it is obtained through the slip casing nethod. The plate formis directly

pr edet i [Pnicast | r - | fhetats SIS t roduced
by mc%‘%g%??%rﬁgg{?hgﬁ?lﬁg&éﬂg%ggﬂ bﬂgﬁﬁﬁﬁrﬁ@f’ﬁ% by s ||¢§)|%cdaés{rt1 ng. The

sur f aceomhallyhprdsast as lbaiflesiar nitrides drethd qliayz glassn part with a sealing | ayer;
preferably at |east one or two of the plane surfaces are here sealed; a

ealing of the front faces is her | so possi bl e for eci al, application
The colbfiRs tEnasbaY Bilie el When Aals-shariarkbasis ROGY IS UBFE R  y used as @
20 rgf hl?&;i@é with tﬁérse@)fiﬁ%féﬁ.aped refl ectors have al so been produced for use
in ‘se acture

conduct or nanu in that an opaque quartz glass plate is fused
at both sides with transparent plates of quartz glass and the conposite
st ruct The hasic body is here present as a plate of any desired geometry (ring,

rectangle, circle, or the like) with planar surfaces, and it is obtained through the
slip casing method. The plate form is directly predetermined by the slip casting
process, or it is subsequently produced by mechanically treating the shaped body

15 obtained by slip casting.

The surface of the basic body is provided fully or in part with a sealing layer;
preferably at least one or two of the plane surfaces are here sealed; a sealing of

the front faces is here also possible for special applications.

The composite body obtained according to the method is preferably used as a
20 reflector. So far plate-shaped reflectors have also been produced for use in
semiconductor manufacture in that an opaque quartz glass plate is fused at both
sides with transparent plates of quartz glass and the composite structure is
subsequently elongated. This procedure, however, is very complicated, resulting
in slightly corrugated surfaces. The opaque quartz glass plate obtained according
25 to the method of the invention is suited for replacing opaque quartz glass plates of

a sandwich structure.



subsequent ted. This procedure, however, is very conplicat
ng 270,547 e : Suarts of acto i 4%

resul ti.ng tly corrugated surfaces. The opaque quartz gla

obt ai ned according 25 to the nmethod of the invention is suited for replacing
opaque quartz glass plates of a sandwi th-structure. 270 040 WO 26.11. 09

-13 In this context it has turned out to be particularly advantageous when
the conposite body which is provided with the sealing | ayer conprises a

pl ane  surhakie camtkt §t AORBREHUL B b ﬁame@lralrls?radvanwe@ulsebhem fie the plane
surface. The conposite body having a plane surface serves here as a preform
f rom whi crconmczsltecquyswmlehps prayided \mtledm sealingelayer nannpdseeaszlm can be

drawn by el opngati on the ate arti shed by a dense
and snoot I"F'Ué'{]?(%ﬁ ‘#’ p@raﬁﬁl Hé){h fﬂﬂeog" Fained in nore
detail with reference to errbodl rrents and a drawing, in which there is shown

in detai |l 7Hp dOmpbb&itd Bo ﬁztaghg%{ﬁlﬁhéfsﬁfgée §b%sﬁ?érb'd%' §Pﬁéf6ﬁ‘n Fobt Whitw i on of

a raw material conponen e used making a slip producing a
seal i ng b ayeompOs&itd plram phpreaidtiermined fihalSlid2nsonspzant be desyn bpetbrigagone 2 a
quartz glass plate for use as a thermal radiation reflector in 15

seni condudh@@'@iﬁrﬂﬂ‘%?ﬁft@mqrw dstingvishad ky aidenserand YROOthEALe: on of a
pl at e- shaped basi c body (Exanple 1) Aslip is nade fromwater and Si Q2

particles and honpgeni zed by wet griﬁﬁ'&gm ﬁ,§ descrl bed in DE 44 40 104 Al .

Fol |l owi ng the standard nol d casti ng, sintering at 1440C a

pl at e- shaped sintered b uartz Ia Ofo d fromthis
slip with qw’é‘r’(@[‘@ B?'?ﬁéw%ﬁ ﬂ’ggqi q%moée[‘%t%ﬁwgbge The spectral
transm ssiQap&dindehes Qﬁé“éttf‘ram’@ g wl efé‘lstérfbvv}?}fﬁdié’t%gw range between 200
nm and 2650 nmis |less than 4 Manuf acture of the slip for a sealing |ayer

A furthed slip is made that serves to produce the sealing layer. Fig. 1

shows a Figure 1 a diagram of the SiO; particle size distribution of a raw material

component to be used for making a slip for producing a sealing layer

(before the addition of SiO, nanoparticles); and

Figure 2 a quartz glass plate for use as a thermal radiation reflector in

15 semiconductor manufacture, in a schematic illustration.

Formation of a plate-shaped basic body (Example 1)

A slip is made from water and SiO; particles and homogenized by wet grinding, as
described in DE 44 40 104 A1. Following the standard mold casting, drying and
sintering at 1440°C a plate-shaped sintered body of opaque quartz glass is

20 formed from this slip with dimensions of 400 x 400 mm and a thickness of 2 mm.
The spectral transmission of the opaque quartz glass in the wavelength range

between 200 nm and 2650 nm is less than 4%.

Manufacture of the slip for a sealing layer

A further slip is made that serves to produce the sealing layer. Fig. 1 shows a
25 particle size distribution of an essential raw material component of this slip. The
volume fraction V is plotted (in %) on the y-axis, and the particle diameter D (in

pm) on the x-axis.



25 particle size distribution of an essential raw nmaterial conponent of this

slip. ByeoapWwoe fraction Vis plotted (in % on the y-axis, azgl14h®
particle diameter D (in pm on the x-axis. 270 040 WO 26.11.09 -14 This

raw material conponent consists of spherical, synthetically produced Si 2
particles that are distinguished by a nultinodal particle size distribution
with a relatively narrow maxi num of the size distribution at about 15 pm
(D50 value). A secondary maximumis in the ran%e of around 2 pm This raw
mat er i dihig @ oratetialcampanent peasists efspherical, sunthetigaliy preguead é@ei nafter as
R15. Further raw nmaterial.conponents,. th sh o valye at 5. pm 30 pm and
40 pm pagthcge§ h@tﬁ? I%\ngu g% i%m?m?é%r&arﬁae\%%%ﬁ'sﬁ@tﬁnh‘wgﬁse simlar
to tho$§laﬁ0@|‘9‘hdrfbw Makimdm ofMhé BizeRASwibution @t bbsi 5 ph’ﬂ@so%hﬁe)f w nmateri al
conponents have each a particle size distribution wth a secondary maxi num
ar ound s2cpndargrmaxiseun fsin the rasdge abamedsd up. T8E hw satenal eonglonemtrponent s
are desi.gnated inth I?S, R30 and Roo, respectively, depending on their D50
val ue® dfith & BDspidlie At xiom's dgsignated herginaditeaRSfyaponent s are previ ously

cleaned in a hot chlorination nethod. The content of contam nation of the

purifi | | a i than 1 w.
o | Eeor@hsl iRl CRABGREHS Thay Sro@Dg i 208 o 1 BRI MBS, M aover |
Si @2 namdphetpacticte sideadistributiods afrehivhsarersthevidé similairtd those shewhgmat ed

as,, pyrogenic silica" are added to the raw material conponents. The
f ol | owiFig: 1.avhigle neansdntnarticdantihet saidyawysatarial cegeppents faveeasha 250 g R15

The saPAMIER BRI LRERRNG R pEGind B lefadho Ll Ak MBSFI, <oi as”
conteNtmaldig e S§Y0d Waw material components are designated with Rs, Ry and Q
Ruo, respectively, depending on their Ds, value of the main maximum. Said raw
material components are previously cleaned in a hot chlorination method. The
content of contamination of the purified raw material components is low and is on
the whole less than 1 wt. ppm. Especially the content of Li,O is less than 10 wt.
15 ppb.

Moreover, SiO, nanoparticles that have diameters around 40 nm and are

designated as ,pyrogenic silica” are added to the raw material components.

The following recipes have turned out to be useful:

Recipe 1 o
20 Rao 250 g

Ris 500 ¢g

Rs 200 g

Pyrogenic silica: 50 g with a BET surface area of 60 m%g
The said components are dispersed in pure ethanol, resulting in a solids content
25 of 86% by wt.

Recipe 2
Ris 400 g
R5 90 g

Pyrogenic silica: 10 g with a BET surface area of 200 m%/g



S R

Reci pe 2 R15 400 R5 90 g Pyrogenic silica: 10 g wwth a BET surface area
of 200 nR/2g02A9 WO 26.11.09 -15 The said conponents are di spedGetoBn
pure ethanol, resulting in a solids content of 84% by w. Recipe 3 R15 270
g 5 R5 35 g Pyrogenic silica: 4 g witmm- BET surface area of 50 n2/g The
sai d conmponents are dispersed in nethanol with 70 g pol ysilazane. The
saolids content is 83% by w. The highly filled slips prepared in this way

show a t hipxaot ropic behav'tor. The slips 10 reREdagtlﬁd to_be .éast t%ng
spread, and At CPTRAYMSE Uprersad if BHWea?ﬁ%f?” FESUling {13 SPUfs 5PBELLsi ng

t echni que@fgu%'nb?svt_i mrer si on and spreadi ng by doctor blade (dispersion
coating, strippinhg, scraping, filling, dressing, trowling, or the |ike).
In each recipe the grain sizes below 30 pmaccount for the |argest volune
fracti on ddedipg3granul es. 15 Manufacture of a conposite body consisting of
sintered dy and seégbi ng laver (Exanple 1) The above-descri bed

pl at e- shap&@ opaque # er ed body (basic body) is imrersed for a few
seconds grﬁso the sl izg gflccordi ng to recipe 1. This leads to the formation of
a uniformclosed slipTayer having a thickness of about 1 nm This 20 slip

| ayer bas@®yrogertt lsilivat 4igwith asBETsuddcatreaons0 erffier at ure for about 5 hours,
Wi th evaporation of the ethanol. The dried slip layer is wthout cracks, and
it has a Ihesaid sonaensstoaredispgrsey in mwthang with 80 grRolysiazapeethel i p | ayer
is then vistO h the sintered body (= conposite body) in a

vitrificatl Ehgi‘?ﬁﬁﬁ?i‘?gseé%@ﬁm‘@ﬁu ng profile conprises a slow heating up to

The highly filled slips prepared in this way show a thixotropic behavior. The slips
10 are adapted to be cast and spread, and that is why they are particularly well
suited for processing techniques such as immersion and spreading by doctor
blade (dispersion coating, stripping, scraping, filling, dressing, troweling, or the
like). In each recipe the grain sizes below 30 um account for the largest volume

fraction of the granules.

15 Manufacture of a composite body consisting of sintered body and sealing layer

(Example 1)

The above-described plate-shaped opaque sintered body (basic body) is
immersed for a few seconds into the slip according to recipe 1. This leads to the
formation of a uniform closed slip layer having a thickness of about 1 mm. This
20 slip layer based on ethanol is first dried at room temperature for about 5 hours,
with evaporation of the ethanol. The dried slip layer is without cracks, and it has a

mean thickness of slightly less than 0.9 mm.

The dried slip layer is then vitrified together with the sintered body (= composite
body) in a vitrification furnace. The heating profile comprises a slow heating up to
25 400 °C and a holding time of 2 h for removing hydrocarbon residues.
Subsequently, the composite body is heated within one hour to a lower heating
temperature of 1000°C and held at said temperature for 2 hours, and it is
subsequently heated for four hours via a second flat heating ramp to an upper

heating temperature of 1440°C. The holding time in the upper heating



25 400 C and a holding tine of 2 h for renoving hydrocarbon residues
Subseqng}é <5e conposite body is heated within one hour to a 9

heati ng tenperature of 1000C and held at said tenperature for % hour's, and
it is subsequently heated for four éyrs via a second flat heating ranp to
an upper heating tenperature of 1470 The holding time in the upper
heating 270 040 WD 26.11.09 -16 tenperature is two hours in the enbodi nent.
The slip layer is then fully vitrified to obtain a sealing layer. It is
transpaempbr@tucb fs te® ledurb ibtheesmbodiniarst. Theslip Yayes it fullyvitrifledsoty of
quartz %2ass Its direct spectral transm ssion in the wavel ength range

bet weerP20 &eANY 23S0 IHmiransppesy %U%em&bubtgleaﬁadsﬁ%iﬁnsav 13 abpuhsm ssi on

'n i SRR R Bf bt " BRRC oL oS 1B ARt Lal Ty i th
ref er engRgé HebwE&s DO ahd 265D M I@ébov@&%?bﬁa%mgaﬁé%?)’eﬁrél of a
rect angul ar basi ¢ body 1 of opaque quartz gl ass surrounded on all

si des5 HraremissioR -of thee siatered tady@ae amchang2d.seal i ng | ayer 2, 10 which is
drawn in an exaggerated thickness in the figure for reasons of illustration.

e s koS et ol B8R 7S SR Paplel S et 1Y |55,
di st nayi shedaby pickds QRBRNRAM w3 eﬁ@tobé(sﬁ{?tgésﬂaqﬂ\{s@r%ﬁoﬂe?%n: cal

propert correspo ose of quartz’g

resi st emat@ 3 conisiytsasfentertarafldrbasitrpeded ofidpaqubeuartarglass] which is
fluorine-contai ni ng process gases of the sem conductor nanufacture.
El ongatsuor@uaﬂedm albigesibyea gmy-frﬁeear&trgamr@nb@@z geaitm |§é!e[|8ed in the

b f di t |t
honelbrra b eI B ERder Rkt i e fts ol Bsp o cf B Firatiphe e « D
gl ass pid &/éralltﬂh‘iéknéés bfthelRreaidssd plate diis ﬁé?é SyHIgIass ﬁ{ar\t@rﬁr’ﬂe plate
surface 4 in a hot chlorination process, as illustrated by directional

arrows 5. Advantageous elongation ratios for the quartz glass plate 3 are
bet weenTheemegandayer thickness of the sealing layer 2 is 0.8 mm. It is distinguished by

the absence of cracks and by chemical and mechanical properties that
correspond to those of quartz glass. It shows a high resistance to dry etching as
15 compared with the standard fluorine-containing process gases of the

semiconductor manufacture.

Elongation of the composite body

The composite body 3 can be used in the above-described form directly as a

thermal radiation reflector. It may however also serve as a preform for making a 3
20 comparatively large quartz glass plate in that it is elongated in a direction parallel

to the plate surface 4 in a hot chilorination process, as illustrated by directional

arrows 5. Advantageous elongation ratios for the quartz glass plate 3 are between

2o0rb.

Manufacture of a plate-shaped basic body (Example 2)

25 A slip is made from water and SiO, particles and homogenized by wet grinding, as
is described in DE 44 40 104 A1. Aring-shaped green body of porous SiO, with
an outer diameter of 300 mm and a thickness of 20 mm is made from said slip

after the standard mold casting and drying.



Manuf acture of a pl ate-shaped basic body (Exanple 2) 25 A slip is made from
wat er and2§@d}440p @i cles and honogeni zed by wet grinding, as 1is &&stt-PBed
in DE 44 40 104 Al. A ring-shaped green body of porous SiQ2 with an outer
di aneter of 300 mmand a thickness of -=2lF ymis nade fromsaid slip after
the standard nold casting and drying. 270 040 WD 26.11.09 -17 Manufacture
of a conposite body (Exanple 2) A slip according to recipe 3 is applied to

the surfagge,afratiife 8P UoodtE BRAY e ampiettd s!ip shous a relatively |ow
Vi scosity ding. This forms a uniform

closed slip layer having a thickness of about 2 nm The slip 5 | ayer

sol i difi ed sig gceadingl tp rbeipaBis dpptieg do this sgrfaemnobiheyarahdanr greepadradyof t he
liquid. Fqollowing the conplete drying the slip layer is wthout cracks, and
it has a Sfdslip ﬁh@Wﬁ@s@'%\‘Veb‘p‘BWo\ﬂﬁ‘P%ﬁ@I%Pdl eysbe 8351y apPrligd byrgerepding s i p

| ayer is t g " i [ S .on
fu?/nace. f’rﬂ‘zgﬁdégfﬁénghg"m ?Iggéég%p?gs\%gr%gﬁtggé ?ﬁg‘f&z@}gyﬂzggogggn&@ég@%% d above
10 wi th ¥ ehpsrestigifie Vergrapidly becalisd thdporxeafteerbodpaibsbiss fark dffre tine is
three hours at the upper heating tenperature of 1440C. Slip |layer and green
body are lighish Rollowirtg the coompietet driying thiresligriayer ib ydthoius craskspard éritasaa an

opaque quartz | ass, the spectral transm,ssion of which is |less than 4%in
t he above e ﬁﬂ SS\H&{@BP%P#&%W&@%@@%W&H son the slip layer is
present as a transparent and 15 bubble-free sealing layer with a thickness

of about I dfied ShS |/RPR thénivitrifié® REGRthaPivith Yhé HRsr el it 4 Ditifakionf dquartz

glass and it has a direct spectral transmssion’in the wavel ength range
bet ween 2@0rnaceahbe heating prafhe corréspondstastbdt as hastieeoldassabed abowe) . 1t is

o o S SRRl i D5 Sl B LR ek, "
i ange. 1 o ek af B Ueter HeBtind Womb GRit/d G RIEC BYb Ta R P el g g™
26. 11. 09 then vitrified completely. The green body is now present as an opaque quartz

glass, the spectral transmission of which is less than 4% in the above-mentioned

wavelength range. By comparison the slip layer is present as a transparent and

15 bubble-free sealing layer with a thickness of about 1.5 mm. Its density is
approximately identical with that of quartz glass and it has a direct spectral
transmission in the wavelength range between 200 nm and 2650 nm above 60%

(based on a thickness of 1 mm).

It is distinguished by the absence of cracks and a high resistance to dry etching
20 with respect to the standard fluorine-containing process gases in semiconductor
manufacture. The resulting composite body can be used as a flange for chemical

reactors or as a single-wafer holder.



-18 Patent Clains 1. A nethod for producing a conposite body froma basic
body of quartz glass and a dense sealing |ayer, the net

conpri s%@é)awgv(?ol lowing steps: 5 (a) producing the basic bodyggsu%% ng a
first slip which contains a first dispersion liquid and first anorphous -
Si 2 particles having particle si zes18of not more than 500 pm particles
wth particle sizes in the range between 1 pmand 60 pm accounting for the,
| argest solids volume fraction, which contains a first quantitative anount
of Si 2 nanoparticles 10 with p icL& sizes of less than 100 nm and which
i's distinguished by a first hi GREEGHAMS cation tenperature; (b) providing
a second slip which contains a second dispersion liquid and second

anor phousy Sj 7 i i ' f 100 pm
At ol eau {TORaH bEDERLLAY R BoRBRLte DBy HeRF o BaskBod P A 15 o

account i ng §oartz jlassanges tdesse seingolayer the awthod compdsingethedoflowing on of
which differs fromthat of the first slip at least in that it contains a
second quan§‘ieP§'tive anount of Si Q2 nanoparticles which in the range between
0.2% by wt. to 15% by wt. is greater than the first quantitative anount
(based each(a)ipredusing the basialbodylbydssing atfirst 3lip whigh2zontains a first di st i ngui shed

b d | itrificati t t N 3 duci lip |

{7 om the. secomtbrarspnaiaui S0 Hekt R ePALS 542s Bargbis PR RERTNE sech | ayor
d d sub kb By (SLE B PR\ R N ' f the d

Sehl I ng 1 ayer OB or i o0 B peRidEs R Rlcldebs MR sed i n tnat

the second sl ibetweemt gimandeOngaradeotbdihy fortthe darge8fsdlidswolumand
particularly preferably between 1 %by w. and 4% bfy w., of Si02
nanopar ti cl es ffasteBdwbightaeatains alfirskeuanidativenamaunt ofSiQ qemopert@es 1. 09 S

10 with particle sizes of less than 100 nm, and which is distinguished by a

first higher vitrification temperature;

(b) providing a second slip which contains a second dispersion liquid and
second amorphous SiO; particles having particle sizes of not more than
100 um, particles with particle sizes in the range between 1 ym and 40

15 um accounting for the largest solids volume fraction, and the

composition of which differs from that of the first slip at least in that it
contains a second quantitative amount of SiO, nanoparticles which in
the range between 0.2% by wt. to 15% by wt. is greater than the first
quantitative amount (based each time on the total solids content), and

20 which is distinguished by a second lower vitrification temperature; 3

(c) producing a slip layer from the second slip on a surface of the basic

body, drying the slip layer,

(d) and subsequently vitrifying the slip layer with formation of the dense

sealing layer.

25 2. The method according to claim 1, characterized in that the second slip
contains between 0.5% by wt. and 8% by wt., and particularly preferably
between 1% by wt. and 4% by wt., of SiO, nanoparticles (based on the total

solids content).



-19 3. Th ccording to claim1 or 2, characterized in that,d e
second. s?i7§%mgous SiQ2 particles with particle sizes in the r%%@?aba
between 1 pm and 30 pm account for the |argest solids volune fraction. 4.
The method according to any one of the ¥ eceding clains, characterized in 5

t hat the anorphous SiQ2 particles of the second slip have a particle size
di stribution which is distinguished by a D50 val ue of |less than 40 pm

preferably I3esEhé hrstha abeBrdmiftoridit ¢ 6k a1 EhamcairEieah thateiAghe RegoAd pm 5.
The met hod according to claim4, characterized in that the anorphous Si Q2

particles of t$lp ameghosisiSOnpadicepwithiparicleisizesdn dhe range batwgarchuns 10

di stingui shed b D50 val u reater than.fhe D50 value of the particle size
di stribution |?f¥q ﬁ%“é‘éé%‘fw |f(?rpt%eégrgﬁ§ SM%%“@@J@%‘PHQ to any one of the

precedi ng clains, characterized in that the second anorphous Si Q2 particles

have a mul t ignofigé niedidd 8EEorairketo 4Hysdrid BtibeQtecdling caifrs! Shafxérzgd ipf t he
size distribution (D50 value) in the 15 range of 075 pmto 3 pm preferably
1 pmto 3 pm thatithe amophoesdid), padidlesof the sdvendatpdaye dppriicdeosize pm

referably 5 pmto 15 .7, The net hod accordi to any one of the
Br ecedi ngycl a!oﬁ’n’§t,r'%é’f‘|9'r‘ %‘@? |Sz@8t”i‘91“3|'t‘¢fgpy é‘t'gﬁloé@B?e @ﬁ%ﬁ "’cho &Mt he
anor phous Si Q2 ' i Leals 20 8. The
met hod accordi%r%?%%bgrll§§%ﬁ‘]cear%$@y ﬁg%&rﬂg)caz{ééluﬂarlgf)gelf%Eegrggfe?@fiﬁz% “in that

at | east 50% by wt. of the anorphous SiQ2 particles of the first slip are
produced by 5neTheg metlatbdgc&irdihgstoad 4ing4 achAracstesindd dm ehatties anmorphospBiQy ery
form 9. The nethod according to any one of .the precedi ng, cl.ai ns,

&

char act eri zed Paticles of #e fieal slip aye apaticlesies disyibuionvhighds t he sol i ds

S0 nafopar 1 APRIAERE hL A O o haing BE B fBI¢ RaHER 805,

preferably at #iegbuti8Rh e ¥ecordi’§li?40 WO 26.11.09 -20

6. The method according to any one of the preceding claims, characterized in
that the second amorphous SiO, particles have a multimodal particle size
distribution, with a first maximum of the size distribution (Ds, value) in the

15 range of 0.5 ym to 3 um, preferably 1 um to 3 ym, and with a second

maximum in the range of 5 um to 40 um, preferably 5 um to 15 um.

7. The method according to any one of the preceding claims, characterized in
that at least 90% by wt. of the amorphous SiO; particles of the second slip

are made spherical.

20 8. The method according to any one of the preceding claims, characterized in
that at least 50% by wt. of the amorphous SiO; particles of the first slip are
produced by wet grinding SiO, start granules and are present in splintery

form.

9. The method according to any one of the preceding claims, characterized in
25 that during production of the slip layer the solids content of the second slip
(weight amount of the SiO, particles and the SiO, nanoparticles together) is
in the range between 80% and 90%, and preferably at least 83% by wt.



10. The method according to any one of the preceding clains, characterized
in th ond anorphous Si2 particles and the Si Q2 nanopag i 'S
consi s?7odf@4§g/metic Si 2. 11. The method according to any one o 't1|k11?ge
precedi ng clains, characterized in Z that the second dispersion liquidis ~
based on an organic solvent, prefera 93’/ on al cohol. 12. The net hod
according to any one of the preceding clains, characterized in that the
Si2 content of the first and the second anorphous SiQ2 particles is at

| east 99.19/dbg method actardiryy toTary ome hbthespresedinggclaimsaichavacietzed e
preceding c)ains, characterized {.n that the difference betwen first and
Second vit r et & sefpndamamiaisSiDs PaRcles 288 the I0pRaRehaIbFESat | east 60C
14. The met : | t ny one of the preceding clains, characterized
in that th%@%%ﬂf”&g‘f’ﬁ% is vitrified according to nethod step (d) by
heating to 15 a tenperature rangi ng between 1000C and 1460C, preferably

bet ween 1M20RE€nsethod 446&dirightoTarey ome bbtheaprecedingacl dimsa charactented re

precedi ng clains, characterized in _that the basic body is present as a

por ous gr eethabtf/seraANddispensian iGHd & basrd enigh grageic, SoéVerﬁOP'ﬁ?"ﬁbéy met hod
accordi ng té’n‘%[%)h e of clainms 1 to 14, characterized in that a basic body
of opaque qUa é‘ass Is present in the formation of the slip |[|ayer.

17. The net hod according to any one of the preceding clainms, characterized in

t hat t he 112 e peatRod aseadinigtd aeoné of fry prededimgsslsions shueaedesd by
repeating 25 method steps (bé and (c) of claim1l, the particle size
di stri buti othadthe BiDreaientafitbe firsiand thesesand lamprpboug Sifdr Badittesisr e

shifted tomgtrlggstagé.gy)fgyﬁo val ue. 270 040 WD 26.11.09 -21

>

10  13.The method according to any one of the preceding claims, characterized in
that the difference between first and second vitrification temperature is at
least 40°C, preferably at least 60°C.

14.The method according to any one of the preceding claims, characterized in
that the dried slip layer is vitrified according to method step (d) by heating to
15 a temperature ranging between 1000°C and 1460°C, preferably between
1200°C and 1440°C.

15.The method according to any one of the preceding claims, characterized in
that the basic body is present as a porous green body during formation of
the slip layer. 3

20  16.The method according to any one of claims 1 to 14, characterized in that a
basic body of opaque quartz glass is present in the formation of the slip

layer.

17.The method according to any one of the preceding claims, characterized in
that the transparent sealing layer is formed in successive order by repeating
25 method steps (b) and (c) of claim 1, the particle size distribution of the
respectively used second slip being more and more shifted towards a lower

Dy, value.



18. The net hod according to claim 17, characterized in that method steP éc)
is each A/9040W@wed by vitrification according to method step (29

The net hod according to any one of the preceding clainms, characterized in
that an opaque internediate |ayer of syhthetic quartz gI ass with high 5
reflection in the UV wavel ength range is produced between the basic body
and the sealing layer. 20.The method according to any one of the preceding

cl ai ns, char C i [ st ance
ot quar t 5 gr'BeLfie eftiod Boodrdtia @ AARTRE, drdeliped AL MidfipBisteh IG5 Snve
any one of theemrﬁmdIf@m:wécabyrwnmtmromcé@ma tb methb@istegph@i)conposi t e body

is used as a diffusely reflecting reflector. 22. The nethod according to any

one of the precedlmﬁg clainms, characterized in that the first slip has added
thereto a ddPahhe mwgmrdﬂ‘@ toj any @n%aftr@mmﬁe®ngtd@ﬁ§p§hémct@rmlﬂ gl ass.

15 23. The meth cor |, al har t the dopant is
present in nan@’é&%ﬁé’pﬁg %tﬁﬁnﬁglai%] {Qﬁ ¥’Ftﬁ§f?e 5’3‘?8[?% ng of

Si 3N4,  Si C andrefleMior? th thENGV WiveRshgt ﬁ?@rﬁ%é f&prb@ué‘éﬂ’b@ﬂ@eéﬁthb%é?é%é?' ng
clainms, characterized in that a plate aped basic body is used and

pr ovi ded wi th amctheesddling laggrer . 20 25. The net hod according to clai m 24,
characterized in that the conposite body which is provided with the sealing

| yer has & B 21 et SEodiing & Sy BAEbPhe SreRedig A char R e v ¢
that a dopant which increases the etch resistance of quartz glass is added

to the second slip.

10  21.The method according to any one of the preceding claims, characterized in

that the composite body is used as a diffusely reflecting reflector.

22.The method according to any one of the preceding claims, characterized in
that the first slip has added thereto a dopant counteracting vitrification into

transparent quartz glass.

15  23.The method according to claim 22, characterized in that the dopant is
present in nanoscale form and is selected from the group consisting of
Si3N4, SiC and AIN.

24.The method according to any one of the preceding claims, characterized in

that a plate-shaped basic body is used and provided with the sealing layer.

20  25.The method according to claim 24, characterized in that the composite body
which is provided with the sealing layer has a plane surface and is

elongated in a direction in parallel with the plane surface.





