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Method for producmg a composrte body from a bas:c body of opaque quartz

glass and a dense seallng Iayer

' ‘-: 'Descripftion

The present mventlon relates to a method for producmg a compos:te body from a
basrc body of opaque quartz glass and a dense seahng layer. ‘ '

Quartz glass components are often exposed to hlgh thermal loads and chemlcally

'. aggresslve envnronments With such appllcatlons a good thermal msulatlon a

10

o1
- .'reason why lmpurmes or partlcles exlt Whlch termlnates the llfe time of the :

o 25

hlgh temperature stablllty or thermal shock resistance as well -as: hlgh chemlcal
resnstance and absence of any contammatlon play’ an lmporlant role lncreasmgly

JRES greater demands are made on the service llves of such quartz glass components

and the absence of partlcles in such- components

- As for the serwce llfe of a quartz glass component the absence of bubbles in ‘b' :

near—surface areas plays an rmportant role. For. mstance bubbles that are t‘ rst

closed and then opened dunng use on account of matenal removal are oﬁen the

i fcomponent for partlcle-sensrtlve appllcatlons

' .:Prlor art-_'

Co . 'The use of quartz glass components consrstmg of synthetlc quartz glass can
20

parttcularly be recommended ll‘l semlconductor productlon for preventlng

‘ ~-'contamlnatlon A less expensrve alternatrve in companson therewnh is descnbed

in: DE 698 06 628 T2 whrch also dlscloses a quartz glass component for o

A _semrconductor manufacture and a method accordlng to the above-mentloned

.'l , type This publlcatlon suggests the manufacture ofa dense layer of synthetlc :

quartz glass on, a quartz glass component produced in advance ina. separate o

fmethod step from natural raw matenal To this end SrOz partlcles are produced by

: flame hydrolysss of a srllcon contalnlng start component ina. deposntlon burner .

j-and the partlcles are depos1ted on the surface of the component and are
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= :mmedzately vztnﬁed at saxd piace wsth formatzon of a trans;)arenf bubbie—free

EREE derzse and smooth seaimg 1ayer ef synthetfc quartz glass

| .- " .'_'The seaimg iayer is farmed by relative movement of the deposit ol bumer and the
’oomponent sm*face io be coated reiatwe to one another thh the iayer gmmh
5 dependmg onthe current deposzizon raie and the number of sub~1ayers

The manufaoture af seaimg zayers by such a deposttmn process particu!ar%y the
repmducsble manufacture of umform fayer thmknesses i tedzous and reqwres R "
great effarts in terms of apparatus and t;me " S ‘

A further methad for producmg a dense and transparent seatmg layer on a porous p
~10 green body producad by a sizp castmg method is descrxbed in DE 44 40 104 {32 '
i this method an aqueaus suspens;on of 8102 par’::cies of a chemlcat punty of
, 99 9% 8104 is produced and cast iﬂ'ﬁf) a plas,ter moid and 'che grean body '

obtamed in thts way is heated n a fumace toa sintenng temperature !n the range N . e

of 4 350"0 to 1 45()°C and is sintered in thxs prccess mto a basic bedy of cpaque' .

| 15 quartz g!ass Subsequenﬂy, {he surface of the basm b:;dy :s iocaily heated by

mearzs of an oxyhydrogen flame to eievated temperatures in the ranga between I " o
1 65G°C and 2, 200"0 $0 that the opaque. basnc materxa{ xs convarted ina near*

e ,;’._ S surface regmn csf a thsckness of abaut G 5 mm m‘to transparent quartz giass

o 1t has however been found that transparenf layer th:oknesses of more than 2 mm

e 20 cannot be ac:hieved wzth thzs method The v;tnﬁed transparent seafmg iayer R

| ""-' obmusiy makes lt diﬁ‘cutt to heat the under ymg Iayers m an appropnate way :

' Thts probiem cannot be sclved by mcreased flame temperatures because these
Iead 0. a plaaiic deformatlon of the oomponent and the evaporatm of gaseeus -
si :con monoxide {8|0) Furthermore, stresses that msght Iead to tha deformat;en L

25 of ’the compcment are mduced by vztﬂﬁcat;on at hxgh temperatures R

A method cs‘f the abgv&mentmed type is kﬂOWﬂ ffom DE 10 20()4 052 312 A? lt A B
I8 suggested tﬁat a bas:c body cf opaque quartz giass shoutd be provzded w;th a -
. surface Iayer in that an S:Oz shp with z‘he prcpemes known fmm DE 44 4(} 104 02 ‘
i aﬁp sed asa Siip iﬁyef and ihen drzed and wtnﬁed Wiﬁ‘i fsrmatim c,f a
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- transparent or opaque cover tayer The goal is a hlgh etchtng res;stance of the

e -compOSIte body

' -‘However 1t has been found that durmg vrtrlﬁcatlon of the stip tayer the underlylng

' "opaque matenal of the bastc body is atso modn‘” ed and that stresses and

’deformatlons may anse .

‘Slnce the shp castmg process would per se permlt an mexpensuve manufacture of -

S components atso of a eomplex geometry, |t is desurable to mmlmlze Sald
o .drawbacks ansmg m the productlon of composnte bodtes from quartz glass wnth a

‘ dense sealmg Iayer

10

' ',“ Techn'ical 'ob‘iect -

- It |s therefore the object of the present 1nvent|on to. mdlcate a method by means of -

B uwhrch a bas:c body of opaque quartz g[ass can be provnded wnth a dense sealmg

15

20,

- Iayer W|thout sngnlf cant changes and deformatlons |n the opaque matenal belng

notlced

This object is achteved accordlng to the mventlon by a method WhICh compnses

the followmg steps

(a) producmg the bas;c body by usmg a t' rst slrp Wthh contatns a t‘ rst d:spersnon o
; _llqurd and ﬁrst amorphous SiOz parttcles havnng partlcte slzes of not more than-

| 500: um parttcles wrth partlcle srzes in- the range between 1-um and 60 um
:"-'accounttng for the Iargest sollds volume fractlon whtch contains a first ‘

: ‘quantltatlve amount of SIOz nanopartrctes with partucte sizes of Iess than 100 -

‘,' , nm, and whrch rs drstmgurshed by afi rst hlgher vutnﬁcat:on temperature;

(b) provrdlng a second shp which contalns a second dlspersmn hqu:d and second :
) amorphous SIOz partlcles havmg partlcle SlzeS of not more than 100- pm,
,partlcles wnth particle srzes |n the range between 1 um and 40 um accountmg :
:for the !argest SOlldS volume fract:on and the composntlon of Wthh differs from -

L . _,that of the first shp at least | in that it contains a sécond quantﬁatwe amountof .~

' .S|02 nanopart:cles whtch m the range between 0.2% by wt. to 15% by wt. is A‘ -

i greater than th.e: first quantrtatlve amount (based each time on the.total lsollds"
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o content) and whlch is dustlngurshed by a second lower vrtnf catlon

temperature

(c) producmg a sltp layer from the second Sllp on a surface of the basnc body,

drymg the shp Iayer o SR

5 (d) and subsequently wtnfylng the stlp Iayer w1th formatton of the dense seallng

Iayer '

The basnc body i’ a: body of quartz glass that 1s produced from synthetrcally
prepared raw matenals or from naturaliy occurrmg raw matenals Thns quartz

, glass is opaque or trans!ucent The second Sllp IS for lnstance applred by

o 10 lmmersnon spraymg, spreadlng by doctor blade or in a screen pnnting process : .
| The consnstency of the Sltp is adapted to the reSpecttve apphcatton method and R

ranges from free-ﬂowmg to paste-like

ln the method of the mventlon the composne body is completely produced by way o -

ofthe “sllp route” ‘In contrast to the known method however S]Ip qualltles that -

. 15 dlffer in. thelr charactenst:cs wnth respect to therr specrf C Vitrifi catlon temperatures N A

' are used for producmg the basw body and the seallng !ayer respectlvely An f. ’
' essentlat aspect of the mventlon consrsts |n provrdlng measures that rncrease the ‘

dlfference of the specrt‘ ic wtnt‘ catlon temperatures of the sllps

A measure for different vrtnt" catlon temperatures cons:sts in. that the second sllp,

_‘20 which v1tr|t‘ ies ata Iower temperature addltronally contalns S|02 nanopartlcles for
formrng the seallng Iayer or that |t contams more Sst nanopartlcles than the fi rst
sllp for producmg the basuc body More precnsely, the quantltat:ve portlon of SI02 , .
nanopartlcles in the range between 0.2% by Wi to 15% by wt.in the second sllp |s
hlgher than the correspondmg quantitatlve portlon in the f rst slrp The second shp | E
‘25 contalns a glven amount of SlOz nanopartlcles whereas the quantltatwe amount |
of S|02 nanopartlcles in the f rst sfip can be small and approach zero,

: S|02 nanopartlcles aré understood to be 8102 partlcles wath partrcle srzes |n the

range of a few nanometers up to 100 nm Such nanopartlcles censust typlcally of a ,'
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E few thousand SlOz umts and have a specd‘ ¢ BET: surface area of 40-800 mzlg, _
o preferably between 55-200 m /g L I

A further measure for achlevmg dtfferent wtrlf catlon temperatures |s that the
:’;second shp wtnfymg at a Iower temperature has a partlcle saze dlstnbutlon where

relatlvely small parttcles between 1um and 40 um account for the targest y

' volume fractlon

. Smce the vntnt‘ catuon temperatures of basm body and sI|p Iayer are. dlfferent thls -

permlts a vrtnﬁcatron of the slrp Iayer ata Iower temperature on the one hand S0

‘-'A,that less stresses are tntroduced |nto the basrc body, whereby a deformatron ot

10

the. basrc body is avmded And on the other hand, the: formatlon of a seallng layer :

is- made possrble wh:ch layer is clearly dlstlnct in its chemtcal mechanlcal and

- partlcularly optlcal propert:es from those of the basm body Although basnc body

and seailng layer are made of quarlz glass a defi ned boundary wrthout any ma]or

o ;transntton area is formed between them; th:s enhances for example the efl‘ cnency

15

"of a dn‘fuse reﬂectlon Moreover essentlal functtons of the seatlng layer must be

4 seen in the fact that it seals open pores of the basrc body to the outsrde and that ;

Lt protects the opaque quartz glass of the basnc body dunng the :ntended u e'or

L :durmg possuble cleanlng measures agamst corrosrve attack

S .-The seatmg layer wnthln the meanmg of the mventlon is drstlngutshed by a, closed
20

poros:ty and a comparatlvely hlgher densdy and it is translucent or transparent

- By contrast the opaque or at least partly opaque quartz glass of the basm body

.25

" serves asa heat barner Opaque quartz glass is. normally whlte reflects mfrared

o 4‘ radratlon and therefore exhlblts a good heat—msulatmg actlon

) , iThe v:tnt‘ catlon process of a dned Sllp layer isin general det" ned not only by the

vntnt‘ cation. temperature but also conSIderably by the wtnt” catron duratlon Wrth a’

o ~h|ghertemperature vrtnf catton is Just accelerated Iti |s essentral W|th|n the :

' ;meanlng of the mventlon that the slip layer for fonnmg the seatmg layer is denser

- and more transparent than the quartz glass of the basuc body wath the same

- vrtnt' catlon penod and the same Vitrifi catlon temperature. The greater the densny

- j30

dtfference the. more efﬁment |s the seatmg layer lt 1s only for the purpose of a
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possrble companson that the sllp-specn‘" c v1tnﬁcat|on temperature wrthm the

‘ meamng of the rnventron is defi ned as the temperature at whlch a slrp !ayer Whlch
has a thlckness of 1 mm and is arr-dned m a furnace at 90°C for a drymg penod of

o 2 hours becomes so transparent durrng the subsequent wtnﬂcatron in arr for a

e 5 perlod of four hours that lt eXhlbltS a spectral transmrssron of at least 60% m the B

wavelength range between 600 nm to 2650 nm

A vrtrlf catron of the drled Sllp layer by Iocal heatrng, e. g by means of a ﬂame or a,’.‘ ‘
Iaser is accompanred wrth a lower energy lnput and |s partrcularly preferred _ ‘_ |
whenever a deformatlon or another change in: the basrc body must be feared g

100t has tumed out to be advantageous when the second sllp contalns between
0 5% bywt and 8% by wt and partrcularly preferably between 1% by wt and 4%
by wt of SlOz nanopartrcles (based on the total SOlldS content) ' B

The 8102 nanopartrcles effect a consolldatron of the sllp Iayer and a decrease |n
the vrtnﬁcatron temperature at the same tlme Moreover the s:oZ nanopartzcles ‘
15 help to mcrease the green strength of the- dned S|lp, whlch facrlttates handlmg and_
reduces the formatron of cracks durmg dryrng and vrtrlt' catlon ThIS is partrcularly B ‘_
true for SrOz nanopartrcles that have partrcle srzes ot less than 100 nm preferably e

Iess than 50. nm

| On average the second slrp contarns much smaller SlOz partlcles than the fi rst ::

e 20 slrp lt has tumed out to be useful when in the second sllp amorphous Sio,

partrcles wrth partrcle srzes in the range between 1 um and 30 pm account for the

Iargest solrdsvolumefractlon o

Preferably the second amorphous 8102 partlcles of the second Sllp have a
partlcle size dlstrrbutron WhICh is dlstmgutshed by a, D50 value of Iess than 40 um

25 preferably less than 30 um and parhcularly preferably Iess than 15 um

SlOg partlcles rn thrs order enable the settmg of a partrcularly hrgh SO[IdS content
of the second slrp and exhrblt advantageous vrtnflcatlon characterlstlcs so that
the correspondlng slrp layer can be vrtnf ed at parttcularly low temperatures




i reduced dunng drymg and wtnflcatlon Ideally, all of, the Si0, partiol
.20
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s ,In companson therewrth the amorphous 8102 part:cles of the ﬁrst sllp preferably ,

: f"_have a partlcle 31ze dlstnbutlon whrch is dlstmgwshed by a Dso value greater than

“the Dso value of the partlcle snze dlstnbutlon in the second S[lp Thls measure vwll

also lncrease the difference in the vrtnt' catlon temperatures between the t’ rst and -

the second sllp

The SOlldS content of the second slup is preferably set to be as hlgh as possrble '

- Wlth thls m mmd the second amorphous SI02 partlcles have a: multlrnodal partlcle .

: .. srze dlstrlbutlon wrth a t‘ rst maxrmum of the srze distrrbutlon (Dso value) m ‘the .

‘ - ;Arange of 0 5 um to 3 am, preferably 1 um to 3 Hm, and wnth a second maxrmum ln
10 '

the range of 5 pm to 40 um preferably 5 pm to 15 um

A . 'Such a multlmodal partlcle s:ze dlstnbutlon wrth at Ieast two preferably three or S
, "more dlstnbutaon maxuma facrlltates the settmg of a hlgh sollds densnty of the .
second sltp, whereby shrlnkage durlng drylng and smtenng and thus the nsk of

- the formatlon of cracks are reduced Forlnstance partlcle dlstrlbutlons W|th Dso -
15 ‘

values of 2 5 15 20 and 40 um are used alone or m comblnatlon

- ,It hasztu_rned out to:be. p,articu_l-ar,ly'advantageous‘when:at l_eastzso% ywtofthe . |

o second ar‘norphou‘:s:SiOé‘ particles of thevsecond'fslip';are made sp

: ,Spherlcal partlcles help to set a hlgh SOlldS density i m the sllp, soth

stresses are_ .
) ofnthe

‘second sllp are made spherrcal S : R

o '.,:By companson preferab!y at Ieast 50% by wt of the amorphous SlOz parttcles of

‘the fi rst slip ¢ are present |n splmtery form the parttc!es belng produced by wet

| ~gnnd|ng of SIOQ start granules

'The amorphous part:cles are here produced by wet gnndlng S!Oz granu!es and ‘

N amorphous SlOz partlcles show comparatlve[y low shnnkage dunng drymg

.'they show a partlcle srze dlstnbutton w:thln the above—mentloned range Such B

Therefore the sllp of the basw body can be dned and VItrn" ed wrthout crack |

s 'formatlon as is also otherwrse known from the pnor art Moreover due to the

e ;.‘presence ot splmtery Squ granules the mechanlcal strength of the green body rs : o
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e mcreased after dryrng, whrch is partrcularly notrced in& pos:ttve way |n relatrvely

thrck basrc bodres

A Due to the combmed use of amorphous SIOz partrcles wrth a predomrnantly e
o splmtery morphology forthe preparatron of the basrc body and of amorphous 8102 , o
S partlcles with a. predomlnantly sphencal morphology for maknng the sealtng layer o
there are atso dlfferences m the. smtenng behavror and thus at the same time: m
- the resu[tmg optlcal properttes of the nerghborrng quartz glass qualltres Wthh
facrlrtates the format:on ofa det” ned boundary wrthout any large transrtlon area

. around the contact surface

o -“ 10 lt has tumed out to be advantageous when dunng productron of the shp Iayer the .

D ' solrds content of the second sllp (welght proportlon of the SIOz partlcles and the
8102 nanopartlcles together) is in the range between 80% and 90%, and B
preferably at least 83% by wt. ' : L

A hrgh sollds content contrrbutes to umform and low shnnkage so that dryrng and
15 srntermg cracks are avorded Therefore relattvely large thlcknesses of the shp
~ Iayer can be generated wnth slrps havrng high solrds contents On the other hand
the appllcabrhty of the second slrp is. decreasrng at very hlgh solrds contents of-

more than 90% . :

Advantageously, the second amorphous 8102 partrcles and the Sroz nanopartlcles

E i f 1'20 are rnade of synthetlc SIOz

Synthetrc S|02 is charactenzed by hlgh punty The quartz glass of the sealmg
layer produced in th|s way therefore shows an lmpurrty content of less than 1 wt
ppm (apart from possrble dopants) so that it shows I|ttle absorptron :n the uv:
range up- to about a wavelength of about 180 nm and thus hardly rmpalrs the :
‘25 reﬂector propertles of the baslc body ThlS IS partrcularly true for the UV '
wavelength range Moreover a sealtng Iayer of hlgh purlty prevents |mpur|t|es |
from exmng from the basrc body and thereby also permlts the use of a more
mexpensrve basrc body of a relatrvely low punty also for rmpunty-sensrtive

‘ appllcatlons e, g |n semuconductor productton
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‘ The drspersron hqurd may consrst of an’ aqueous base Thrs is partlcularly

3 '.:advantageous for: the productlon of the t'rst slrp for formmg the basrc body The

' polar nature of the aqueous phase of such a slrp can have an advantageous

effect on the mteractron of the SlOz partrcles

Forthe second slrp accordrng to the rnventlon the second drspersron I|qwd

‘ “_however is preferably made up of an orgamc solvent preferably, based on T

S alcohol

" Drylng is, thereby carned out much faster than m the case of an aqueous slrp

. phase Thrs saves trme and fi xes the slrp layer onto the basrc body at a faster ;: 3

o

pace S0 that off-ﬂowmg of the slip layer is prevented The processmg penod can o :

"'4 be adapted to the respectlve requrrements by addrng a small amount of water

- | (less than 30% by voI )to the dlspersron Ilqwd

o ‘ _'Preferably, the, SIOQ content of the frrst and the second amorphous SlOz partlcles '

Y

o rsatleastQQQ%byWt

:The solrds content of the Sllp produced by usmg such partrctes consrsts of at Ieast

1 99.9% by wt of S|02 (apart from the addltlon of dopants) Brnders and other
. 'addrtlves are in general rot needed and, rdeally, they are also not contamed The o

' content of metal oxrde |mpur|tles |s preferably less than 1 W, ppm The degree of

o 'purlty of the quartz glass for the sealrng layer is normally hlgher than that ofthe . '.

quartz glass of the basic body in thrs body the SiO, partlcles are normally made S

o up of punf ied, naturally occurrmg raw matenal asis descnbed m the above-
L mentloned DE 44 40 104 c12 | |

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

. vrtrrt‘ catron temperature IS at least 40°C preferably at least 60°C

'The greater the dlfference between the two vrtnf' catron temperatures the easrer is

: 'the formatron of a dense and transparent sealmg layer ona porous basrc body

A wrthout any dlstortron or slgnrf cant resmtermg On the. other hand great

A drfferences in the vrtrlfrcatlon temperature are norma!ly accompanled by

o dlfferences in the coefﬁcrents of thermal expansron of the dn‘ferent glasses Wthh




in turn would have a. dlsadvantageous effect on the adhesron of the dense seallng
' ' layers The drfference m the v1trrf" catlon temperature rs thus preferably not hrgher
. than150°C. | N SR

. ln thrs conneotlon it has. turned out to be advantageous when the dned shp layer L
is wtnﬂed by heatrng toa temperature rangrng between 1000°C and 1460°C

o preferably between 1200°c and 1440°C. -

St is essentaal that the quartz glass of the basrc body is opaque and thUS remarns

o dn‘fusely reﬂectlve whereas the sealmg layer is srntered to be dense and wrthout

‘any open porosrty The complete transparence of the seahng layer is the preferred

embodtrnent if emphasrs is lard on- hlgh dens&ty absence of pores and hlgh

L resrstance to etchlng of the composlte body to be produced

It has turned out to be advantageous when the basrc body IS present as a porous

o green body dunng formatlon of the: slrp layer

. ‘ 'A slrp Iayer made from the second slrp |s app!red to the non-vrtrlﬂed green body
15 |
. structure of green body and S|Ip layer is then wtnﬁed Thrs method vanant has the o

produced via the slip route as has been descrlbed above The composnte

' advantage that at a grven vrtnf catron temperature, e.g: 1430"0 the shp |ayer is. .

already vrtnf ed lnto a transparent seallng layer whlle the green body strll remams B
. opaque Hence only a smgle vrtnt” catron process IS needed for maklng a ‘
.compos;te body conssstmg of basrc body and sealmg layer '

| i"“"‘ln an alternatlve and equally preferred vanant of the method a: baS|c body of L

- .,.'opaque quartz glass is present in the format:on of the sllp Iayer

| } The Iayer made of the second sllp |s here applled to an already pre-vrtnfled basrc ’
| ) _:body This vanant of the method permits a preced:ng and precrse treatment of the , '
s
o "dlff cLilty because of the mechanlcal Iow stablltty thereof To be more SpelelC the

basrc body that |n the case of a. porous green body would not be possrble wrthout

B 'basrc body rs com’ gured as a thm-walled opaque mechamcally cut or ground

T plate
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. - A. method varrant iS preferred m whrch the transparent sealmg Iayer rs formed in:

- ,-'successwe order by repeatmg the above-menhoned method steps (b) and (c) the o
partlcle size’ d!stnbutlon of the respectlvely used second sllp bemg more and more B

shtfted towards a ﬁner granulatlon

.The sealmg Iayer |s here produced in successrve order wrth a seoond sllp belng
o -.’f rst used that contams relatively coarse partlcles whereby open pores ex:stmg |n :
'the basuc body are closed Thereupon further slip layers are apphed once or B

: repeatedly, the shp belng dlstmgurshed by a t‘ iner partlcle srze distrlbutlon Thrs

‘ ‘ _‘makes lt possrble to produce smooth surfaces Thrs procedure is suxted to bmld
© 10

up sealmg layers that are as thlck as possnble ora seahng layer that compnses

- _an mtermedlate Iayer wrth specra! properhes

' ‘After every appllcatron of the sllp Iayer sald layer is drled However |t has turned

out to be also useful when the slip layer is: thermally consohdated at Ieast toa

o ,;slrght extent - though consolldatlon need here not. be carned out to such an extent‘

15

that there wrll be transparence

o Parttcularly wrth respect fo high reﬂectron in the UV wavelength range a method '

. varlant has turned out 6 be useful m WhtCh an opaque mtermedlate Iayer of

.synthetlc quartz glass W|th hlgh reﬂectlon in the UV wavelength range IS formed

between the basrc body and the sealmg layer

720

: -The last-menttoned prerequusrte is normally not satlst‘ ed in the case of the: quartz o

25,
| precondrtrons Purlty |s ensured by the use of synthetlcally produced SiOy; a mlnor ‘

A high reﬂectron in the UV wavelength range (e g. of more than 90%) :
presupposes opacrty and an. extremely hrgh degree of purlty of the quartz, glass

'.glass of the basrc body, SO that the basrc body is then non-reﬂectmg inthe UV

wavelength range In the method vanant an mtermedlate layer is produced on the -

basic body, said lntermedrate layer satlsfymg both of the above-mentroned ‘

- : ‘:':._contamlnatron wrth l|th|um 'oxide should here partlcularly be mentloned The

' "content of |lthll.lm is below 100 wi: ppb preferably less than 20 wt ppb The ‘

| :"opacrty of the mtermedlate Iayer is e.g. aCCOfnP“Shed in that the amor phous 8'02
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granulatton ts chosen to be relatweiy coarse-gramed andlor ln that no or only a
sma!i number of Si0s nanOpartncles are added to the shp in quest:on o

s Especia!!y-for use of the composite bcdy in‘ semimnductor menufacture with '_
applucat:ons under reactlve etchmg process medla Tthas turned out to be L S

5 advantageous when a dopant that enhances the etch reszstance of quarm glass is"
added fo the second shp P - B L

Suatable dopants are aiuminum mtrogen and rare—earth metals, satd metais bemg
normal(y present as oxsdes ar mtndes in the quartz gtass R B

It has tumed out to be usefu! when a plate-shaped baszc body ns used and L . o
10 provzded thh the sealmg !ayer : ' LT

; The basrc body is: here present asa plate of any desxred geometry (nng, o SR
- rectangle ctrcle or the Itke) with pianar surfaces and |t as obtamed through the -
| slip casmg method The plate form is directiy predetermmed by the slrp castmg
process or at zs subsequentiy produc;ed by mechamcal!y treatmg the shaped body L
15 obtamed by shp castmg o e , .

The surface of the basec body is provrded fuﬂy arin part wath a seahng fayer
_preferabiy at least one or two of the plane surfaces are here sealed a. sealmg of
the front faces is here also poss;ble for spec:a! apphcat:ons ' o

The composste body obtamed accordmg to the method ss preferably used as a
20 reﬂector So far plate-shaped reﬂectors have aiso been produced for use in
semlconductor manufacture m that an opaque quartz glass ptate is fused at both
‘ srdes w:th transparent pletes of quartz g!ass and the composate structure is
. o subsequentiy e)ongated ThlS procedure however is very compllc:ated resuitmg
oy | in s!rghtly corrugated surfaces The opaque quartz glass plate obtamed accordmg |
25t the method of the mventaon &s surted for rep!acr ng opaque quartz glass plates of
o “a sandmch structure ' ‘ I ‘
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L fln thrs context it- has tumed out to be partrcularly advantageous when the

E : composrte body wh:ch |s provrded wrth the sealmg layer comprlses a plane

.15

. A slrp rs made from water and Sl02 partrcles and homogenrzed by wet grmdlng, as- o
" 'descnbed m DE 44 40 104 A1.-Following the standard mold castmg, drying and: L

B 'surface and is elongated in a drrectron in parallel W|th the plane surface

- The composrte body havrng a plane surface serves here as a preform from whrchj‘ "
a composrte plate of predetermmed f‘ nal drmensrons can be drawn by elongatlon, .
- the plate belng partlcularly dlstlngurshed by a: dense and smooth surface

Embodlment -

‘,The rnventlon shall now be explarned |n more detall wrth reference to
N embodrments and a drawmg, in whrch there is shown in detarl |n
100 R
o '_Flgure 1 a dragram of the SrOz partlcle size dlstnbutron of ; a raw matenal

component ’to be used for making a sllp for producmg a seallng layer '

(before the addrtlon of S|02 nanopartrc[es) and L .},;' S

E Flgure 2 a quartz glass plate for use as a thermal radratlon reﬂector m

' semlconductor manufacture ln a schematrc rllustratlon

smtenng at 1440“0 a- plate-shaped smtered body of opaque quartz glass is

.20
R .The spectral transmrssron of the opaque quartz glassin the wave!ength range .

-formed from this slrp wrth drmensrons of 400 x 400 mm and a thrckness of 2 mm.

' .: between 200 nm and 2650 nm is Iess than 4%.

| :Man'ufaCture of the slig"for-a Se‘aling Iayer

‘ : A further slrp is madethat serves to produce the sealmg layer Flg 1shows a Tl |
“ 25.
: ;volume fractlon V !s plotted (ln %) on the y-axrs and the partrcle dlameter D (in K .

partrc!e srze drstrlbutlon of an essentral raw materra! component of thrs slip. The_

' '-; “um) on the x-axrs
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Thls raw matenal component oonsrsts of sphencal synthetlcally produced SlOz

partlcles that are d:stmgurshed by a multrmodal partlcle srze d:stnbutron with’ a -

relatlvely narrow maxrmum of the srze dlstnbutlon at about 15 pm (Dso value) A
secondary maxrmum is m the range of around 2 um ThIS raw matenal component

- 5 w:th a Dso value at 15 pm lS desugnated heremafter as R15

. Further raw’ matenal components that show Dsg value at 5 pm 30 pm and 40 pm
x and the partlcle S|ze dlstnbutlons of whlch are othenfvlse snmllar to those shown in
Frg 1, Whlch means in parhcular that sald raw materlal components have each a '
pattlcle size dlstnbutlon with a secondary maxrmum around 2 pm are: used for _ o |
10 makmg the. sllp Sald raw matenal components are de&gnated wnth R-; &o and | '
R40 respectrvely, dependmg on their Dso value of the maln maxnmum Sald raw : |
matenal components are prevnously cleaned ll’l a hot chlonnatlon method The ‘
the whole less than 1 wt ppm Especzally the content of Lllzo is less than 10 wt
15 ppb.. ‘

Moreover SIOz nanopartrcles that have dtameters around 40 nm and are -
desrgnated as ,.pyrogenlc smca” are added to the raw matenal components

_-The following recip‘es_” h‘ave'_rturn_ed out -to-be-.u__seful:- .

. Rec1pe1 :
20 330.. 2sog
. Rs 5009
"Re . 2009

Pyrogemc srllca 509 wrth a BET surface area of 60 m /g S
The sard components are dlspersed m pure ethanol resultmg in. a sol:ds content
25 of86%bywt ‘ ' e S

R Recrpez

| R 4009
R 909"

Pyrogenlc silica: 10 g wrth a BET surface area of 200 m /g o N
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15e

. :7; The sard components are drspersed in pure ethanol resultrng ina solrds content

o 1f'~of84% bywt

Recrge-é .' R N
Ris * 1:2.7'09" S
"Rs,' ‘:‘ 359 .

s

: Pyrogemc srlrca 4 g wrth a BET surface area of 50 m' /g e
: The sard components are drspersed in methanol wrth 70 g polysrlazane The
o solrds content rs 83% by wt ' ‘ 3 )

- The hrghly ﬁlled SleS prepared in thrs way show a thrxotropic behawor The slrps

10
"su1ted for processmg techmques such as |mmers|on and spreadrng by doctor .

are adapted to be cast and spread and that IS why they are partlcularly well

o 3 blade (drspersron coatrng, strrpprng, scraprng, flll:ng, dressmg, trowellng, or the

| ;lrke) ln each recrpe the gram srzes below 30 um account for the targest volume . '

~ fractlon of the. granules a

15
4Example1} "

Manufacture of a composrte bodv consrstrngl smtered body and sealmq laver A ,

| 'The above-descnbed plate-shaped opaque smtered body (basrc body) s
' tmmersed for a few seconds mto the shp accordlng to recrpe 1. ThlS leads to the .

:'_formatron of a unlform closed slrp Iayer havmg a thlckness of about 1 mm Thrs '

T -2’0
wrth evaporatron of the ethanol The dned slrp layer 1s wrthout cracks and it has a

".slrp Iayer based on ethanol rs first dried at room temperature for about 5 hours

R mean thrckness of sllghtly less than 0 9 mm.”

" The drred sltp Iayer is then vrtrrfred together wrth the smtered body (— composrte

25

ibody) in’ a vrtnt‘ catron fumace The heatrng profile comprrses a slow heatrng up o
,400 °C and a holdmg trme of2 h for removrng hydrocarbon resrdues

Subsequently, the composrte body rs heated wrthln one hour to a lower heatlng :

temperature, of 1000°C and held at sard temperature for 2 hours and 1t is .

V'f ;‘,subsequently heated for four hours via a second flat heatmg ramp to an upper '

o .heatrng temperature of 1440°C The holdrng trme |n the’ upper heatrng
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L temperature is. two hours |n the embodlment The sllp Iayer is then fully Vltnt‘ ed to

N obtam a seallng layer lt is transparent and free of bubbles and |ts densuty is about
' -'the densrty of quartz glass lts dlrect spectral transmnssuon in the wavelength
' range between 200 nm and 2650 nmis above 60% Opacrty and spectral

transmrssuon of the smtered body are unchanged

e . '_F|g 2 shows the composrte body obtatned ln thls way in the form ot a coated

| quartz glass plate 3 schematrcally WIth reference to a sectlonal |Ilustratlon The

plate 3 consusts of a rectangular basac body 1 of opaque quartz glass Wthh 1s

surrounded on aII ssdes bya crack—free and tranSparent SlOz sealmg layer 2,

10
- The overall thlckness of the quartz glass plate 3 rs here sllghtly less than 4 mm fo

15
o semlconductor manufacture ‘

D The composrte body 3 can be used |n the above-descnbed form dlrectly as a’

whrch |s d rawn in an exaggerated thtckness rn the i gure for reasons of lllustratron

The mean layer thlckness of the sealrng Iayer 2 rs 0 81 mm. lt IS dlstmgunshed by

,the absence of cracks and by chernlcal and mechanrcal propertres that -
R correspond to those of quartz glass It shows a hlgh reszstance to dry etchmg as

compared wath the standard ﬂuonne-contammg process gases of the :

: Elong‘ atio‘n?‘of the comgosite bodyv‘ . |

'thermal radlatlon reflector lt may however also serve as a prefonn for makmg a ,

comparatrvely large quartz glass plate in- that rt rs elongated ln a dlrectron parallel

- fto the plate surface 4 m a hot chlonnatron process as lllustrated by d:rectlonal
. arrows 5: Advantageous elongatlon ratlos for the quartz glass plate 3 are between :

25

. _:‘7‘.2 Or5

A sllp is made from water and SlOz partlcles and homogenlzed by wet gnndmg, as

g described in DE 44 40 104 A1. A ring-shaped gréen body of porous $i0, with.

L an outer dlameter of 300 mm and a thlckness of 20 mm IS made from sald sllp

after the standard mold castrng and drylng




L ‘_"A shp accordmg to recspe 3 is apphed to the surface of the annular green body
' ‘Sald sup shows a relatsvely low wscos;’cy and can be easriy appl:ed by spreadmg

- This forms a umform closed s!tp layer havmg a thtckness of about 2 mm. The slip ‘

5 layer sotidsﬁes very rapfdly because the poro us green body absorbs part of the o

!xqusd Fol!owmg the compiete drymg the stzp Iayer is wzthout cracks and it has a ' B

mean thtckness ef approxxmateiy iess than 1 8 mm ’

The dned shp Iayer is then v;trlﬁed iogether with the green body in a vctr;f catzon
fumace The heatmg proﬁle corresponds to that as has been descnbed above

m w:th reference to Example 1, wzth the exceptton that the hoidmg tln'ie xs three ,‘ o
hours at tne upper heatmg temperature of 1440"0 Sup iayer and green body are :

then wtnf’ ed oompiete}y The green body IS now present asan opaque quartz

glass the spectral transmtsszon of wh;ch |s tess than 4% in the above-menhoned ..

wavelength range By companson the shp 1ayer lS present as'a transparent and
' 15 bubb!e—free sea!mg iayer w:th a thlckness of about 1 5 mm lts densn y ;s "
o approx&mately ad ;tlca! w:th that of quartz glass and lt has a direct sgectrai
16 boye 60%

transmisston m the waveiength range: between 200 nm and 2659 n‘

'.'1

(based on a th;ckness of 1 mm)

it :s distmguzshed by the ebsence of cracks and a htgh reszstance to dry etchmg
20 w;th respecf to the standard ﬂuorme»contammg process gases in semzconductor

manufacture -The. resultmg oomposrte body ¢an be used asa ﬁange for chemtcal "

reactors or as a szngie—wafer holder
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1 A method for producmg a composde body from a basw body of opaque ', : -
-quartz glass and a dense sealmg Iayer the method compnsmg the followrng i o
”steps N A . RS L : o
- ‘(a) producmg the basrc body by usmg a t‘ rst sllp Wthh contams a t‘ rst
' dlsperswn Irqurd and first amorphous S|02 partlcles havmg partlcle szes
of not more: than 500 um partlcles wnth partlcle sizes in. the range
; ‘between 1 um and 60 Jum accountmg for the Iargest soltds volume
' fractlon Whlch contalns a first quantltatlve amount of SIOz nanopartlcles
L with’ partlcle sizes of Iess than 100 nm, and whlch is dlstmgmshed by a
fi rst hrgher v:tnt" catron temperature e ’ - :

(b) prowclrng a second slip whlch contams a second dlsperSlon llquld and
o 'second amorphous 8102 particles havmg partlcle 81zes of not more than o
":‘100 Hm, partrcles thh particle s:zes in the range between 1 um and 40 | o
pm accountmg for the largest sohds volume fractlon and the L
o composutlon of Wthh dlffers from that of the ﬁrst sllp at least m that rt
,‘ 3 contalns a second quantltatlve amount of SI02 nanopartlcles whlch m
‘the range between 0.2% by wt to 15% by wi.is greater than the fi rst
| - : quantltatrve amount (based each tlme on the total solrds content) and
7"_'3 : Wthh is dlstmgwshed by a second lower wtnf cat:on temperature .

o ‘(c) producmg a sllp layer from the second sltp on a surface of the basuc _‘ :

body, drymg the sllp layer

-~ (d) aﬂd SUbSeQUGHﬂY V!tnfymg the Sllp layer wuth formatron of the dense
seahng ]ayer : co T . A

) 2.-'-The method accordmg to clalrn 1, charactenzed rn that the second Sllp

. contalns between 0. 5% by wt and 8% by wt and partlcularly preferably .
N :.between 1% by wt and 4% by wt of SlOz nanoparttcles (based on the total, ' '. :

o fsohds content)
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".lsthe method accordlng to clarm 1or 2, charactenzed in that in- the second
T ,_:slrp amorphous 8102 partlcles wrth partrcle srzes rn the range between 1 pm,-

- and 30 Hm: account for the largest sol:ds volume fractlon

L The method accordrng to any one of the precedrng clarms charactenzed in o
i .that the amorphous SIO?_ partlcles of the second Sllp have a partrcle srze ‘ |
. ,'~d|str|butlon whrch is drstmgurshed by a. Dso value of less than 40 prn '

" preferably Iess than 30 pm and partrcularly preferably less than 15 pm -

: o The method accordlng to clalm 4, charactenzed in: that the amorphous S|02 '
’ partrcles of the f rst sllp have a partrcle saze drstrrbutron WhICh rs

ﬁ' d[stlngulshed by a Dso value greater than the Dso value of the partrcle S|ze
: 'drstrlbutlon in the second sllp e

';': The method accordmg to any one of the precedlng clarms charact‘enzed m
) that the second amorphous SIOz partrcles have a multlmodal partrcle srze
'dlS‘t‘f’lbUthl’l wrth afirst’ max:mum of the srze dlstnbutron (Dso value) |n the '

range of 0. 5 pm fo 3 pm preferably 1 m; to 3 um and W|th a second
maxumum rn the range of 5 pm to 40 gm, preferably 5 pm to 1 5 plm o

. The method accordmg to any one of the precedlng clarms characterrzed in_ .~
thiat at least 90% by wt of the arnorphous Sroz partrcles of the second Sllp Ny

a ":are made spherlcal

The method accordzng to any one of the precedlng clalms characterlzed in '-
o A -'that at Ieast 50% by Wt of the amorphous 8102 partlcles of the 1‘” rst Sllp are
; :produced by wet grlndmg SIOz start granules and are present in spllntery

Lo form

_ ). The method accordrng to any one of the precedlng clalms charactenzed in

R ) .that durmg productlon of the sllp Iayer the solrds content of the second slip
| R (welght amount of the SrOz partlcles and the SIOz nanopartrcles together) is

o in the range between 80% and 90%, and preferably at least. 83% by wt. |

26.11.09
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AR 10 The method accordlng to any one of fhe or eced'“g dlaims, Chara"ter'zed n

that the second amorphous SIOz partlcles and the S:Oz nanopartrcles '

consrst of synthetrc SlOz

- : '11 The method accordmg to any one of the precedrng clalms charaotenzed ln '

that the second drspersnon quurd is based on an organrc solvent preterably

on alcohol

‘ ~12 The method accordlng to any one of the precedmg clarms characterlzed m ‘
that the 8102 content of the t‘ rst and the second amorphous SlOz partlcles is
at [east 99. 9% by wt ' ' ' ' '

. ',:'13 The method accordrng to any one of the precedrng clarms charactenzed |n
N that the drﬁerence between ﬁrst and second wtnfcatron temperature lS at
Ieast 40°C preferably at Ieast 60°C | e

: "14 The method accordmg to any one of the precedrng clarms charactenzed rn

that the dned shp tayer is vrtnﬁed accordlng to method step (d) by heatlng to o
" a temperature ranglng between 1000°C and 1 460°C preferably between
1200°c and 1440°C. - o - |

~ -;'.115 The method accordrng to any one of the precedlng clalms characterrzed in

that the basrc body is present as. a porous green body dunng formatton of

the slrp layer o

: ':-16 The method accordrng to any one of clarms 1 to 14 charactenzed in that a
basnc body of ¢ opaque quartz glass rs present in the formatlon of the slrp

!ayer :

o 17 The method accordrng to any one of the precedmg clarms charactenzed m

that the transparent seahng layer is formed in successrve order by repeatrng S

method steps (b) and (c) of clarm 1, the partrcle srze drstnbutron of the -
respectlveiy used second slrp berng more and more shlfted towards a Iower

Dso value S




| 270040 WO; -

o 26.11.09. .
21 |

18 The method accordmg to ola:m 17 charactenzed m that method step (c) is
o each tlme fol lowed by vntrn’ cat:on accordmg to method step (d )

19 The method accordmg to any one of the precedmg cla:ms charactenzed :n
that the compOSIte body is used as a d;ffusely reﬂect:ng re‘ﬂecton

20 The method accordmg to any one of the precedtng clalms charactenzed m o

R that a plate—shaped basxc body is used and provlded wnh the seahng layer

21 The method acoordmg to clalm 20 charactenzed |n that the compos:te body

Wthh lS prowded w1th the sealmg layer has a. plane surface and is
) elongated m a d!rectlon m parallel with the plane surface




