METHOD FOR PRODUCING A COMPONENT AND COMPONENT PRODUCED BY THE METHOD
FIELD OF THE INVENTION The present invention relates to a method for producing a component and to
a component produced by the method. The present iqv_ention in particular also relates to the production of
large two-dimensional structures and/or of 3D structures having a particularly homogeneous property
profile. When producing complex components having a predefined three-dimensional structure and/or
extensive planar StECHOR ffom 2F0ECE; 1ke robizraNaan Al eclyMEpNENEri2ROIDTKED material
combination, from which the desired three-digensignal@fgdanar structure for the product to be produced
is to be worked out, can only be prepared homogeneously with difficulty is often encountered. The
inhomogeneity concerns the material density as such, but also in particular the distribution of the
individual components forming the mat@ﬂi&m&m}g&@bduct once worked out from a starting
material block Or starting material composition, which is already inhomogeneous per se, also has
inhomogeneous physical-asdiar cheraical propertieseeftes, thisoanset bertotarated: ihe object of the
invention is to disclose gangliiad fairedusing ahomasneptBadeal ggramic ralefahaving a
predefined shape,TiQewhlch aggrtlcularl)w(i)%h level of homageneity for t %groduct cannlge ensured in a

. . Pre%? inverr in partlcu r also re tes to t
particularly simple, yet rélidgbie manner.

production of large two-dimensional structures and/or

of 3D structures having a particularly homogeneous

property profile.

When producing complex components having a predefined
three-dimensional structure and/or extensive planar
structure from a piece, the problem that an underlying
material block or material combination, from which the
desired three-dimensional or planar structure for the
product to be produced is to be worked out, can only be
prepared homogeneously with difficulty is often

encountered.

The inhomogeneity concerns the material density as
such, but also in particular the distribution of the

individual components forming the material.

As a result, the end product once worked out from a
starting material block or starting material
composition, which is already inhomogeneous per se,
also has inhomogeneous  physical and/or chemical

properties. Often, this cannot be tolerated.

The object of the invention is to disclose a method for
producing a component made of ceramic material having a
predefined shape, in which a particularly high level of
homogeneity for the product can be ensured in a

particularly simple, yet reliable manner.



-2 The object of the invention is achieved with a method for producing a component (200) made of
ceramic material having a predefined shape, said method having the features in independent Patent
Claim 1. Furthermore, the object of the invention is achieved with a component having a predefined
three-dimensional structure made of a carbon-fibre-réinforced material and having the features in
independent Patent Claim 28. Advantageous developments are disclosed in each of the dependent
claims. In accordarice withj ene aspect¢hel presentdanverdioagprovides avingthed fortgroducing a
component (200) made of cramigdnatgrialbbaybgea predefined shargs whareinthesmethod comprises
the steps of (Si) providing_a plurality of sheets.(10) made.of carbaon materi lﬁl Y. (52) providing an
adhesive containiny a%egzagr%%nli}%\% e1¥ %o%,p%ﬁgﬁ%ﬁaﬁc%nf’n%a%ee’ plﬁ?é?f;/ %??s %é)t.sh(%‘(’)jjr% each other by
means of the adhégﬁe to F6/h H Sieet dfangemeT theSatial BiheRsionsdAwRich dre such that the
predefined shape B thdeonmpenentban bé rwieratéd frbm said emtaiyemient by matesial removal, (33)
working the sheetwaitangemenidyn eerooviagicasban piaiedal fiem thersheetiacangement to obtain a

preform which is made of catbop materal and hasithe predefined shape of the,cempenent to be
produced, and (54E?n3éll%oanlzlng thﬁéor form to obtain Ih% component made of ceramic material. A

. Vin eatures 1n. 1r endent  Patent, C .
predetermined pressure distr uﬁon, emperatire distilsition, Tadration &hdior o process atmosphere can

be applied to the ProdrREALIPATySIABRLEPIRERCAIRg O BT5RDrdér RAfePmhe EHtasing body,
either when joinind€¢82hthensheadtsitoseach other, or once the sheets have been joined to each other, and
in particular before working (33). -3 A temperature step, in particular to carbonize components of the

arrangement, can pne ca%gg% Quton t@& odurgzgd arrangement eoft Ieegg%%singl_gg yor in order to form
the encasing body, either when joining (52) the sheets o each other or once the sheets have been joined
to each other, in JaFfUIAF BeforBHdtRhgH &3 P AP Atite BB RSHriddIA? to BidBnize components
of the arrangemerttf cas bedarrind ot in b fracess ammbpsphieios thehrsgucedhgrrangement of the

encasing body or tmerdeetthtedm thevencasing bedy, eithes wben joming (52)the shgeta to each other or
once the sheets hgyg heenjoinad 19,each ofhey, in particilar.pefore warking (33) Different intermediate

and post-processq&gteps can %e carried ou&ggd.oﬁered SO as to further %q_jknoenme g?terlal properties of

the encasing body thén &5\9%% orthé rﬁ)re orm of the ﬁr%%ﬁ%ﬁ%ggis o §ay once the p?edefined

geometric manifeStaBBRT e PROUUL? 16 bR roBcad HAS been \wérkegtits (10) to

each other by means of the adhesive to form a sheet
arrangement, the spatial dimensions of which are such
that the predefined shape of the component can be
generated from said arrangement by material removal,
(S3) working the sheet arrangement by removing carbon
material from the sheet arrangement to obtain a preform
which is made of carbon material and has the predefined
shape of the component to Dbe produced, and (S4)
siliconizing the preform to obtain the component made

of ceramic material.

A predetermined pressure distribution, temperature
distribution, radiation and/or a process atmosphere can
be applied to the produced arrangement of the encasing
body or in order to form the encasing body, either when
joining (S2) the sheets to each other, or once the
sheets have been joined to each other, and in

particular before working (S3).



Here, the finding according to the invention is utilized that sheet structures, whether planar or curved, can
be produced with a high level of homogeneity of the material distribution, of component distribution and
thus of their physical and/or chemical properties due to their relatively low layer thickness compared to
solid bodies, and that a corresponding solid body, arPextensive planar structure, or an encasing body
having homogeneous properties substantially identical to those of the individual sheets is produced once
the sheets, which mre hemogeaeous pessephaveilbeengeutedtioleach atber. cerbueiedhe approach

according to the i@@ﬁﬁ&ﬁbﬁf&% in&@%”%@%ﬁﬁg&ﬂ@ﬂ&’,m@aﬂ ingdnhereptly ywhen-prggessing a solid
body are thus avoj:q’led, in %%rticugalr if identical or very, sirpﬂar sheets are u%ed and if fluctuations in

oo . e’ pr ce rrangément pi € erncagsin ody Qr 1n
specific properties at thg mteLrJfaces Setwegn a(aja(;ent sheefts deo not ocgur are soﬂ,ow that they can be

tolerated, and/or P 5& réducEa BourtErbaRateti S eliinated Wwitfih tl‘?’él%EoﬂéDEJFér‘ﬁ)st-treatment
process. The sheetS@taridememcisireferalsigfbrmed ey stackingonttbp oflbaetandtheeor joining to each
other a plurality ofisheetscanali sbeetss &y jotmag the nngersidedfa-shegakesusequent sheet as a first
joining face to the er side of a sheet as a second joining face. A solid body or encasing body is thus
constructed in a particularly simple manner by simply joining the sheets to each other at their upper sides
and undersides, in the form of a stack so to speak. Here, the size of the surfaces has a positive influence
on the stability of the BGHtPB&RTeEIT adjaE8Rt shelsts. IRAfotRELémbolimerftioftReméthod according to
the invention, oneaxrmporeof theoshedts may adsktiendlly araaltésratively haveedgesoraedge faces. One
or more of the shests saay thenadditiepallyar alternatively bejoinedby;atlaast gne ghtheir edges or one
of their edge face%gg asjloljlrgyn%g%ce tgronlenorol?gcreq:S_Q%et%o@%retgne or more hebeé%lc/:{:\n be joined at
one or more of their eages or edgg_ faces as a first joining face to egges or eé{g faces’of one or more
sheets as a secon%llj : ﬁg joining (S2) "the “sheets td each other or

once the gheets have been joined to each other, in

particular before working (S3).

Different intermediate and post-processing steps can be
carried out and offered so as to further define the
material properties of the encasing body then provided
or the preform of the product, that is to say once the
predefined geometric manifestation of the product to be

produced has been worked out.

Here, the finding according to the invention 1is
utilized that sheet structures, whether planar or
curved, can be produced with a high 1level of
homogeneity of the material distribution, of component
distribution and thus of their physical and/or chemical
properties due to their relatively low layer thickness
compared to solid bodies, and that a corresponding
solid body, an extensive planar structure, or an
encasing body having homogeneous properties
substantially identical to those of the individual
sheets is produced once the sheets, which are

homogeneous per se, have been joined to each other.



-5 It is thus also conceivable for the underlying sheets to be joined to each other at the edges or edge
faces, even if these have a smaller area compared to the upper sides and undersides. Here, it is
conceivable that an edge face rests on an upper side or underside of another sheet. On the other hand, it
is also conceivable for two or more sheets to be intefeonnected via edges. Of course, a combination in
which a large encasing body or solid body is formed by relatively smaller sheets, which are
interconnected ontthe onhe hahd inastackdd farmanttian thecothérchanodwiatiheir edgedaces, is also

conceivable. For exarppiey&Rlurality of stacksimay thusinitallyoe formadviaithe upper sides and
undersides, said sterlclgjse tsheinnbe@gsigier ogggcteﬁq \(/eiattgesed%pogaoc[;gg, pg%fer%t])flg .z%:rlrﬁ%%ed in abutment.
The reverse appr Iac% IS aslso,gconcelva e, in vt\;h[cﬁsmaﬁer sheets aré first joined to each other via edges

to form a larger shidet 4AGHréIRén MrtuiffinterSoinééted SREMSUPET sidesandthdéfsides in stacks.
One or more joinirg fatestolba joined woeadh bthepxamehid peovided Witk at least baessonnection means
and/or at least on@eonsestior meanscambetfernaed hetwesiraplurality afdointw feees to be joined to

each other, before {he joining, proggss. Inprinciplg, it is.goneeivable for the intercgnpegted faces of the

fundamental sheets to enter iTto a syfficient hand when contacted totqgther, without Eurther aids, for
. ?ounter alance or.. B € 1m1{1ated .wilthin e S?Oé)el .0 a .
example if a specific pressure, possibly withthe introduction of heat, is exérted. 1t iS often expedient,

however, to take &s¥istiVerRrEEREREs R34 @8Pable connection of this type, One of the measures may lie in
forming the sheets in a

The sheet arrangement is preferably formed by stacking
on top of one another or joining to each other a
plurality of sheets, or all sheets, by joining the
underside of a sheet or subsequent sheet as a first
joining face to the upper side of a sheet as a second

joining face.

A solid body or encasing body is thus constructed in a
particularly simple manner by simply joining the sheets
to each other at their upper sides and undersides, in
the form of a stack so to speak. Here, the size of the
surfaces has a positive influence on the stability of

the bond between adjacent sheets.

In another embodiment of the method according to the
invention, one or more of the sheets may additionally
or alternatively have edges or edge faces. One or more
of the sheets may then additionally or alternatively be
joined by at least one of their edges or one of their

edge faces as a joining face to one or more sheets.

Here, one or more sheets can be joined at one or more
of their edges or edge faces as a first joining face to
edges or edge faces of one or more sheets as a second

joining face.



-6 material precursor, for example in the manner of a partly crosslinked state, and then, once the
individual sheets have been joined to each other, inducing a reaction inherently in the material of the
joined sheets, in particular at the interfaces therebetween, said reaction producing the connection
between the sheets that have been joined to eachother. It is also conceivable for additional external
agents to be used, such as an adhesive agent or the like. Pressure and temperature can be varied
accordingly, eitherrin additidruer altermativelycsoaslteo comstrubeanchtie pignote alceanection of this type.

In addition, mechanicalaids af the jQiningfaces ree copceivable; gither altaratively-agin addition. The
sheets (10) prefergl‘k;!a\/nhal g@gg@c&g V(%Ok) d%g%rmei?ed bé/athgomickngéstoof t}eﬁeshueept)%, and at least one
of the sheets (10) is joined by one o |ts,si§e faces as aa.fllfrst.jomin afac.e to the uppe? side or underside of

another of the shet§ a8 £EELoMBITING $8ce. HHE shedts {£0) PrefsabRPhave Sitfe faBes (10k)
determined by thestfirskndsseef thresheetmandat leastone of dfe sheetsi@igyisijdmed by one of its side
faces as a first joigingdaee to sne«f the side faces ofcanether akthe, sheets as a segond joining face.

Before the joining process, a dust-atpowder mads of the same. material.orfrom the same material class

as that of the materi%l, or aergaterial, of the sheets can be introduced between the joining faces as a
bonding agent or 3s partdl%eréof. This measure is also suitable for producing a high level of homogeneity
of the -7

Of course, a combination in which a large encasing body
or solid body is formed by relatively smaller sheets,
which are interconnected on the one hand in a stacked
form and on the other hand wvia their edge faces, is
also conceivable. For example, a plurality of stacks
may thus initially be formed via the upper sides and
undersides, said stacks then being interconnected via
the edge faces, preferably arranged in abutment. The
reverse approach is also conceivable, in which smaller
sheets are first joined to each other via edges to form
a larger sheet and are then in turn interconnected via

the upper sides and undersides in stacks.

One or more joining faces to be joined to each other
can be provided with at least one connection means
and/or at least one connection means can be formed
between a plurality of joining faces to be joined to

each other, before the joining process.

In principle, it is conceivable for the interconnected
faces of the fundamental sheets to enter into a
sufficient bond when contacted together, without
further aids, for example if a specific pressure,

possibly with the introduction of heat, is exerted.

It is often expedient, however, to take assistive
measures for a durable connection of this type, One of

the measures may lie in forming the sheets in a



material distribution and of the physical and chemical properties at the transition between joining faces. In
the case of at least two of the sheets to be joined at the joining faces, a recess is preferably integrally
formed in the joining face of one sheet and a protrusion shaped in a manner complementary to the recess
is preferably integrally formed on the joining face of the other sheet and the two sheets are joined
together by engaging the recess with the protrusion. It is preferable if, in the case of at least two of the
sheets to be joinedaatdlne 4ainipg saces @ recess is éxtegrally famnmethn thesjoirdng fatesof both sheets

and a connection glarept shaped imrdpagparcomplementary tgihe regessesiisayided, wherein the
two sheets are jOirs];?l% é%%etqlearvt@/ ?gggin% (t)hlen ggnntegtiog elgm%r%thvgith boltpl Jecesses. The mechanical
aids in the sense of recesses and plug-in elements can stabilize stralglﬁ’t contacts atthe edges, but are

also provided wherFEGithtting tRBPET Sided And-GfideRAGES tadethet, fdrkampi’sdtas to allow
sheets that are idefticzll per s tbe alignbarekitive e one baofliarc A retessleanvseformed as a bore,
groove, channel ogshauldesa Aniadhesiveageifanhe useshas ahondingagerior aggart thereof. With

an adhesive agen;parficulagly clase coptact between joined sheefs;can be produced, which also takes

into account the surface structure for example, that is to say roughness or the like. In this case, the
adhesive agent may advantageously be selected such that material inhomogeneities at the interfaces are
not produced or afe cdrfipédsstedOngTheddohRabRAFA ARG th&sefieddle Fréférably comprises a
resin, in particulargghehelicuesih. such as an adhesive agent or the like.

Pressure and temperature can be wvaried accordingly,
either in addition or alternatively, so as to construct

and to promote a connection of this type.

In addition, mechanical aids at the joining faces are

conceivable, either alternatively or in addition.

The sheets (10) preferably have side faces (10k)
determined by the thickness of the sheets, and at least
one of the sheets (10) is joined by one of its side
faces as a first joining face to the upper side or
underside of another of the sheets as a second joining

face.

The sheets (10) preferably have side faces (10k)
determined by the thickness of the sheets, and at least
one of the sheets (10) is joined by one of its side
faces as a first joining face to one of the side faces

of another of the sheets as a second joining face.

Before the joining process, a dust or powder made of
the same material or from the same material class as
that of the material, or a material, of the sheets can
be introduced between the joining faces as a bonding
agent or as part thereof. This measure is also suitable

for producing a high level of homogeneity of the



In a particularly preferred embodiment, the adhesive contains silicon carbide powder in addition to the
resin. Preferred mixing ratios in this case are 42 % binder and 58 % SIC F1000 (silicon carbide powder)
or 40.4 % binder and 55.8 % SIC F1000, in each case in 3.8 % of a saturated para toluene sulfonic acid
in water. The silicon carbide powder has a mean particle diameter of 1-50 um, preferably 5-20 um, more
preferably 3-5 um. The carbonizable adhesive contains 5-50 % by weight water, 20-80 % by weight
silicon carbide powdeeahdll 03 55 %6 by wieightresin reteralplyyid-48 0o dndweight ivater, 30-65 % by

weight silicon carhige,nowder-ang 20n 45.%:hy. weight tesin,Juare preferaply Abs35 % by weight water,
45-55 % by weight silicon carbide powder and 27- 33 % by weight resin. The carbonizable adhesive
contains less than 10 % by weight, in particular less than 3 % by weight, and in particular no, filler made

of carbon material™he'arbdfiizable 28héSive préférablly ddiftaifis kN &5 atftt B9 by weight of a
curing agent. The aldhdsivel preférably zontaing thie peaterias frone fieipthe sheetsrmbtie of carbon
material are fabricatethedd The sheets ase subjegted s presstire anel/ordreativhemgoingd together (52).

protrusion shaped in a manner complementary to the
recess 1is preferably integrally formed on the joining
face of the other sheet and the two sheets are joined

together by engaging the recess with the protrusion.

It is preferable if, in the case of at least two of the
sheets to be joined at the joining faces, a recess is
integrally formed in the joining faces of both sheets
and a connection element shaped in a manner
complementary to the recesses is provided, wherein the
two sheets are Jjoined together by engaging the

connection element with both recesses.

The mechanical aids in the sense of recesses and plug-
in elements can stabilize straight contacts at the
edges, but are also provided when contacting the upper
sides and undersides together, for example so as to
allow sheets that are identical per se to be aligned

relative to one another.

A recess can be formed as a bore, groove, channel or

shoulder.

An adhesive agent can be used as a bonding agent or as
part thereocf. With an adhesive agent, particularly
close contact between joined sheets can be produced,
which also takes into account the surface structure for
example, that is to say roughness or the like. In this
case, the adhesive agent may advantageously be selected
such that material inhomogeneities at the interfaces

are not produced or are compensated.



It is preferable if the physical and/or chemical properties of some, in particular all, sheets are identical
over the spatial expansion of the sheets in question. At least some of the sheets preferably have a spatial
expansion (length x width x thickness) in the range from 20-80 cm (length) x 20-80 cm (width) x 3-10 cm
(thickness). In a particularly preferred embodiment, sbmie, in particular all, sheets have the same
composition of the carbon material, considered among one another. Some, in particular, all of the sheets
are preferably produced by preparing a homogeneous mixture with carbonizable, powdery binder and
carbon fibres, compacting the mixise dndeytheaction of fressyike and moylding.t ke a sheet-shaped
preliminary produ%toe}nnd ;‘.Lusrgéeraprgge%slingithe %r}fecelt-surla%)red ree%{miggr)é ro%uct by carbonization, Or by
carbonization and graBﬁltlzation, {o form a sheet made of carbon material. Preferred mixing ratios of
binder and fibres are 30 % binder and 70 % carbonizable cellulose fibres or 29.3 % binder, 68.3 %
carbonized cellulobe fibresaridi2 fley paraffine feisywréferatsiedf thenpowdary bindles$s phenolic resin
powder, in particutasnwiti agpalicie se dissrbutien RaikackO0 um. =dil + peeferably 8R40 % by weight of
the binder and 60:75,%6;by weight,qfdhe garhon, fire nowder, The homageneguis mixtuse preferably

contains a fler, sych gs silcon cabige powdef ang/of ATPPAIE POWIST, . ouger) o

40.4 % binder and 55.8 % SIC F1000, in each case in 3.8

[

% of a saturated para toluene sulfonic acid in water.

\

The silicon carbide powder has a mean particle diameter

of 1-50 um, preferably 5-20 um, more preferably 3-5 um.

The carbonizable adhesive contains 5-50 % by weight
water, 20-80 % by weight silicon carbide powder and 10-
55 % by weight resin, preferably 10-40 % by weight
water, 30-65 % by weight silicon carbide powder and 20-
45 % by weight resin, more preferably 15-25 % by weight
water, 45-55 % by weight silicon carbide powder and 27-
33 % by weight resin.

)

The carbonizable adhesive contains less than 10 % by

weight, in particular less than 3 % by weight, and in

particular no, filler made of carbon material.

The carbonizable adhesive preferably contains between

0.5 and 5 % by weight of a curing agent.

The adhesive preferably contains the material from
which the sheets made of <carbon material are

fabricated.

The sheet arrangement is preferably carbonized and the

preform is preferably carbonized.



It is preferable if at least some of the sheets, in particular all sheets, made of carbon material have a
material density in the region of approximately 0.5 g/cm3 to approximately 0.85 g/cm3. Carbon fibres are
preferably produced by grinding and carbonizing viscous and/or cellulose material, in particular by first
grinding and then carbonizing said material(s). The carbon fibres are present in the mixture in the form of
short chopped fibres, preferably having a fibre length distribution Dm < 20 um. The carbon fibres in the
mixture preferablyrihavesadibre length distrileutienl Do <@fesrute ascordanceswth avifienther aspect of the
invention, a compgpenptmadsefcrramigamaterial is produced by the method according to the invention
from a ceramic material having a material density in the range from 2.8 g/cm3 to approximately 3.1
g/cm3. The component is formed preferably as a housing of an optical system, preferably as a housing of
an optical lithography sySteR*migré Heferably a§]éehm§§ﬂ§b?‘% E&VAitRbgr $&Em. The
component formeeserg housihg of ansomical systernds prefekably fokied sbest® heldeoptical
components, suchi astenses ard/er miterssdata prefespdnartant,dhe epspsamnest is formed as a
substrate of an op(ﬁiﬁglslggr(ggr_, in particular as a substrate of a mirror for an optical lithography system.

At least some of the sheets preferably have a spatial
expansion (length x width x thickness) in the range
from 20-80 cm (length) x 20-80 cm (width) x 3-10 cm

(thickness) .

In a particularly preferred embodiment, some, in
particular all, sheets have the same composition of the

carbon material, considered among one another.

Some, in particular, all of the sheets are preferably
produced by preparing a homogeneous mixture with
carbonizable, powdery binder and carbon fibres,
compacting the mixture under the action of pressure and
moulding it into a sheet-shaped preliminary product and
further processing the sheet-shaped preliminary product
by carbonization, or by carbonization and
graphitization, to form a sheet made of carbon
material. Preferred mixing ratios of binder and fibres
are 30 % binder and 70 % carbonizable cellulose fibres
or 29.3 % binder, 68.3 % carbonized cellulose fibres

and 2.4 % paraffin.

It is preferable 1if the powdery binder is phenolic
resin powder, in ©particular with a particle size

distribution Dsy < 100 um.

The homogeneous mixture contains 20-50 % by weight of
the binder and 50-80 % by weight of the carbon fibres,



The component preferably has a spatial expansion (length x width x height) in the range from 50-150 cm
(length) x 50-150 cm (width) x 5-150 cm (height). It is preferable if the ceramic material of the component
has a modulus of elasticity of 270 GPa or more, preferably more than 300 GPa, in particular in the range
from 320 GPa to 350 GPa. The ceramic material of #fe component has a flexural rigidity of 280 MPa or
more, preferably 350 MPa or more, more preferably 400 MPa or more. The ceramic material of the
component has a poefficientlof thermal éxpansien ghtessfthahe3. 4 xnteH/ e nprederaidy fess than 3.0 x

10-6/K, more prefgrahiy 256 X E0-6MThe se6amic matepialefthe component has a thermal conductivity
of 120 W/(mK) or more, preferably 140 W/(mK) or more, more preferably 170 W/(mK). The product (200)

or the preform (200") thereof is worked from the encasing body (100, R") by mechanical working, in
particular by cutting’ SaRARy G- Smifting: tamiky: piaring an d?G gindifig 2oréferabiy within the scope
of a CNC processsuOptieal-thehhabmethols deerdssieoneaivable bomelvere powder.

It is preferable if at least some of the sheets, in
particular all sheets, made of carbon material have a
material density in the region of approximately 0.5

g/cm® to approximately 0.85 g/cm’.

Carbon fibres are preferably produced by grinding and
carbonizing viscous and/or cellulose material, in
particular by first grinding and then carbonizing said

material (s) .

The carbon fibres are present in the mixture in the
form of short chopped fibres, preferably having a fibre

length distribution D5y < 20 um.

The carbon fibres in the mixture preferably have a

fibre length distribution Dgs < 70 um.

In accordance with a further aspect of the invention, a
component made of ceramic material is produced by the
method according to the invention from a ceramic
material having a material density in the range from

2.8 g/cm’® to approximately 3.1 g/cm’.

The component is formed preferably as a housing of an
optical system, preferably as a housing of an optical
lithography system, more preferably as a housing of an

EUV lithography system.

The component formed as a housing of an optical system
is preferably formed so as to hold optical components,

such as lenses and/or mirrors.



- 12 - These aspects and further aspects will be explained on the basis of the accompanying drawings.
BRIEF DESCRIPTION OF THE FIGURES Figure 1 shows a flow diagram schematically explaining an
embodiment of the method according to the invention for producing a product from a
carbon-fibre-reinforced material. Figures 2-5showséHematicflowdiagrams illustrating details of different
sub-steps of further embodiments of the method according to the invention for producing a product from a
carbon-fibrereinforced material.

In a preferred wvariant, the component is formed as a

substrate of an optical mirror, in particular as a

substrate of a mirror for an optical lithography

system.

The component preferably has a spatial expansion
(length x width x height) in the range from 50-150 cm
(length) x 50-150 cm (width) x 5-150 cm (height) .

It 1s preferable 1if the ceramic material of the
component has a modulus of elasticity of 270 GPa or
more, preferably more than 300 GPa, in particular in
the range from 320 GPa to 350 GPa.

The ceramic material of the component has a flexural
rigidity of 280 MPa or more, preferably 350 MPa or

more, more preferably 400 MPa or more.

The ceramic material of the component has a coefficient
of thermal expansion of less than 3.4 x 10°°/K,
preferably less than 3.0 x 10°°/K, more preferably 2.7
x 107°/K.

The ceramic material of the component has a thermal
conductivity of 120 W/ (mK) or more, preferably 140
W/ (mK) or more, more preferably 170 W/ (mK).

The product (200) or the preform (200’) thereof 1is
worked from the encasing body (100, R’) by mechanical
working, in particular by cutting, sawing, drilling,
milling, turning, planing and/or grinding, preferably

within the scope of a CNC process.

Optical-thermal methods are also conceivable however.



Figures 6A-Fshow schematic and cut side views of intermediate stages that are reached in one
embodiment of the method according to the invention for producing a product from a
carbon-fibre-reinforced material. Figures 7A-10D show various sequences of joining processes that may
be applied in other embodiments of the method accérting to the invention for producing a product from a
carbon-fibre-reinforced material. Embodiments of the present invention will be described hereinafter. All
embodiments of tihénentispeaas welas thertebbnicabteattireswarid prepesties dheredf oan be isolated
individually or elegtiyely, graupedtagathgrasdasiret-and combiped without restriction. - 13 - Structurally
and/or functionally like, similar or identically acting features or elements will be denoted hereinafter in
conjunction with the figures by like reference S|ns A detailed descntlon of these features or elements
will not be repeated in each caseF 2 el MIGS in general. The present
invention also relates, inter alia, to the production of Iarge three dlmen5|onal or 3D structures having
homogeneous propestyrerofiles. shows a flow diagram schematically

explaining an embodiment of the method

according to the invention for producing
a product from a carbon-fibre-reinforced

material.

Figures 2-5 show schematic flow diagrams
illustrating details of different sub-
steps of further embodiments of the
method according to the invention for
producing a product from a carbon-fibre-

reinforced material.

Figures 6A-F show schematic and cut side wviews of
intermediate stages that are reached in
one embodiment of the method according
to the invention for producing a product

from a carbon-fibre-reinforced material.

Figures 7A-10D show various sequences of joining
processes that may be applied in other
embodiments of the method according to
the invention for producing a product

from a carbon-fibre-reinforced material.

Embodiments of the present invention will be described
hereinafter. All embodiments of the invention as well
as the technical features and properties thereof can be
isolated individually or electively grouped together as

desired and combined without restriction.



Previously, large monolithic block structures for example were formed and worked mechanically, for
example by milling or the like, so as to produce complex structures of three-dimensional structure. In that
case, it is disadvantageous that monolithically produced material blocks demonstrate severe
inhomogeneities in the material distribution, whetherist in respect of specific components and/or in
respect of the physical and/or chemical properties. This often occurs in conjunction with fluctuations in
density of one or more.comeanients and/arrwitlt theeotourenge of icempression densityrgradients”. To
avoid these problemsnihe-presgni ivienjiofeprapasesdwasdimensionghioining ofsredefined sheets, in
particular of greerhté(%(%g gQ@ggs Wlltpl s%%%eql%ergivgorki&}g q{ ti‘Leh%truﬂurg rthS 8btai{11e}geby the joining
process to produce a large anqussibly cc?mpfex okr)ﬁect 01? three-di,mer?smnal or 3D structure. There are
various variants of fHe"JoTmnG proceEs - - 12 - (N6 AmeiSiort i By Medis o ddhdshi® s produced. A
connection may bégrodueed ndel dowrdompreskivecforbe, forrsairepleiso astb prevent the adhesive
agent used from penetrating the sheets. For example, the adhesive has to compensate for two gaps

between the sheetg.to.be arranged-one on,the.otherand also for the differentteliefs, but the interface at

the joining faces should not be subject to additional or new inhomogeneities as a result of the adhesive.
For example, the adhesive may consist of a mixture of phenolic resin and SiC powder. A process of
siliconization may THeén BEIRFA N ext 115 eheAsigSStrutt R 6Fsarfdtith stiicure-thustsbtained is further
worked to produce theireqguiired odmplera8D tShnusturdl heetsd lowlayed thicknessican be produced with

practically homogenequs; dessity sy spaith dracticallysioraggeneous chemical and physical material
properties. The structure of a plurality of sheets to form an encasing body or to form a sandwich structure

enables subsequent mechanical working, for example by milling or the like. A structure of this type can be
easily fixed and h&BSH L ESTEsportding mill iy 8evitE tor eXdmple. With #5& UE8%f Siepowder as a filler
in the adhesive agerthege isAbThahgemhdinggtie proeeksdf silieohizationl The pdrtitle size of the
silicon carbide or SiGmpaytherefora beadapted befosehanddo thegadicle size ptdai &C particles in the

main body at the glying pQintthat is,1o-say, at the-intefage between the jgining-faces, such that similar
material properties and therefore similar physical and/or chemical properties compared to the rest of the

sheet material are produced at the joining point between the joining faces. This increases the

mmnogeneny(ﬁthéﬁﬁﬁﬁ%ﬁﬁ%ﬂﬁ@t it is disadvantageous that monolithically
produced material blocks demonstrate severe

inhomogeneities in the material distribution, whether
just 1in respect of specific components and/or in
respect of the physical and/or chemical properties.
This often occurs in conjunction with fluctuations in
density of one or more components and/or with the

occurrence of “compression density gradients”.

To avoid these problems, the present invention proposes
two-dimensional joining of predefined sheets, in
particular of green body sheets, with subsequent
working of the structure thus obtained by the joining
process to produce a large and possibly complex object

of three-dimensional or 3D structure.
There are various variants of the joining process.

In accordance with a first wvariant, a large structure

of sheets, in particular CFC sheets, joined together



- 15 - With regard to the particle size distribution of the SiC powder, sieving with sieve size F1200 is
preferable. In a further embodiment, the encasing body or volume body is constructed from partially
crosslinked sheets, that is to say from sheets having a partially crosslinked basic material, which are
interconnected two-dimensionally and without adhesife The connection is made under a compressive
force greater than in the variants described above, since no adhesive is used. However, a powder
originating from thewsamiémater@al £ldss as/thedsasic materilorithe basiconatiriadsl of e underlying

sheets may be scatigrectbetyeeniheoiningdaces toagsist the copngetian s Garkenization with
subsequent silicor}iéation is thﬁé‘ performe(%. The encasting%g(e)d%ﬁﬁthe sandwié:htstrllljc(telére is then
0 e

mechanically Workedraéeéglﬁr%g rrﬁ.?heagomrc))la?ﬁf)vgtrrlucture of t efelgfﬁedap%o%uct. A material having a

fibre size in the greERTbIAYSTaEIrbX &ty BT TanTF uSSHT produdehighRAigidSstructures. In a
finished CSiC confjgendmt foperanmpié sthisprévide gsiticohstarbide greinshaeliry asizeof approximately
20 um and thereforea aeepatatiyvebydfinenstrusturer Flexaral Tigidities-ofumeresthesns280 MPa, with moduli

of elasticity of morg.than-300 M Ra,with thermal conductivifigs of mlqu‘??thggcjgso Wim, K5 with CTE values

of less than 3.4 and %p%cific tff)e.rmz%l ctagacglgstcp of more than 0.6 9 K, can therefore be produced. It
is essential for thé AVenfion 1A The jGiRirG point that isto Sy the RIS b&fwésn Bie joining faces or

at the joining faced, FrRtafways bBSiFHae it tetmE o nfteialldnd tEproperiestd thevmaterial - 16 - of
the main body. For@xaisple othis meansithat SiC ginaimsImastdeavien assidhilan graposizeras the SiC grains
in the main body. Zhgie Bt bemna catihigsidue prezgntaidhe rining.facgsxthat is,to say at the
interface betwe_en etrqg inir _%atc S.since %t(r)mé%m{gv_rio en_present ggultchruegcgb%uarlinrgégperatlon or
further processing, with a resi ual carbon to form volatile h drocar%o,n compounds or CH compounds.
The processes of vagotatiBioctamifin this FTGaHEE 0658 HevaY BRAdvaRRLROuS Bifect. It is also
important that only sméitinfieences, if any, are exerted on the properties of the interfaces when using
adhesives. Depending on the circumstances, it may be advantageous if the adhesive is selected and

formed such that it does notreagt during fhe process of siliconjzation, and iy paricylar does not expand

or shrink. Adhe5|ve§acgtnlta|§ér1 SiC (sartlclgg may therc?forseitge used sp that tﬂ(sa same r echanical
properties as in the hain body Tesult & the intertaces of the J&fningafréces a'?Per siliconization. Reference

will now be made B #5¢ dFadibgshineegsmecous chemical and physical material
properties. The structure of a plurality of sheets to

form an encasing body or to form a sandwich structure
enables subsequent mechanical working, for example by
milling or the 1like. A structure of this type can be
easily fixed and held in a corresponding milling device

for example.

With the use of SiC powder as a filler in the adhesive
agent, there 1s no change during the process of
siliconization. The particle size of the silicon
carbide or SiC may therefore be adapted beforehand to
the particle size of the SiC particles in the main body
at the gluing point, that is to say at the interface
between the joining faces, such that similar material
properties and therefore similar physical and/or
chemical properties compared to the rest of the sheet
material are produced at the joining point between the
joining faces. This increases the homogeneity of the

entire product.



Figure 1 shows a schematic block or flow diagram illustrating a first embodiment of the method according
to the invention for producing a product 200 from a carbon-fibre-reinforced material 10' having a
predefined three-dimensional structure R. In an initial step SO, all precautions necessary for the method
are taken. In the subsequent step Sl, a plurality of hémogeneous sheets 10 are produced or provided.
These sheets 10 are formed from the carbon-fibre-reinforced material 10’ or a preform 10" thereof. The
sheets 10 are preferably - 17 - identical or substantially identical, but at least comparable, in terms of

geometry and theij chemicalang/arphysicalproperties, more spesificallyin such,a wayethat any variation
in their natural pr_?%eéties icgvp(ggsent, is.not .disadv%ntce}geo%s to the proggrtielgﬂ (%e end, product, namely

the product 200. The prth/Dide sheets 10 are ?oinedl togetheﬁﬁ’ the ssujbsequent step 57°As a result, an
encasing body 108X %hfdi*RaS§ a specific three-dimensional structure R' is created. The encasing body
100 is dimensioned such that it at least encases the desired product 200 and the three-dimensional
structure R thereof rAtbest;thadhreenticensiong! stustuse & of the eacasing bady 406 is identical to the
three-dimensionalsfguctyre %&{glgglpéggact%topkg&@{gcﬂ%eq:mgi'siggggeg%%%agg however, and in
general is not the case. FC])_”SOWIIE% thesg)lnln%fpor%cessshlgesttep 2, tq%enc%sm%gg%%%’ls then V\_/or_ked in
the subsequent stepaé_?» S0 3s to obtaii therefrot the prod%ct 565 ot the preform ereof. Within the
meaning of the inveTitioht HhrtorRr2a0 isTalnRisegrovitBd i re3pect br Ese ereBied i8duct 200 if, after
working, that is to tsay-afteramerking bl thenthree-dimensmdiaé struetur@iR actoally clesired, further
intermediate working ${egs of Rest-Werking,steRs: ale necessary 105 exampla gapnization, siliconization
and/or the like. variants described above, since no adhesive is wused.
However, a powder originating from the same material
class as the basic material or the basic materials of
the underlying sheets may be scattered between the
joining faces to assist the connection. Carbonization
with subsequent siliconization is then performed. The
encasing body or the sandwich structure is then
mechanically worked again to form the complex 3D

structure of the desired product.

A material having a fibre size in the green body of
approximately 10 pum can be used to produce highly rigid
structures. In a finished CSiC component for example,
this provides silicon carbide grains having a size of
approximately 20 pm and therefore a comparatively fine
structure. Flexural rigidities of more than 280 MPa,
with moduli of elasticity of more than 300 MPa, with
thermal conductivities of more than 120 W/m - K, with
CTE values of 1less than 3.4 and specific thermal
capacities cp of more than 0.68 J/g - K, can therefore

be produced.

It is essential for the invention that the joining
point, that is to say the interface between the joining
faces or at the joining faces, must always be similar

in terms of material and its properties to the material



The last-mentioned steps can then be contained in the optional method block 54 of the post-working of
the preform 200' to obtain the product 200. - 18 - Figures 2 to 5 show subordinate block or flow diagrams
illustrating possible details of steps Sl, 52 and 54, which may be provided in some embodiments of the
method according to the invention for producing a pfdduct 200 from a carbon-fibre-reinforced material 10'.
According to Figure 2, instead of a mere provision of sheets 10 already prefabricated, step Si may also
include productioro6f thése skweiets bodyor exampkesanpicduction subamethodcbithisdype includes the

steps Ti of mixing dhe Material comprnents requised forthe sheets 10, the sterTg:Qfimeulding or
compressing the (;lompgl[l%entsa[nilzl(eq%ig tep JEL%orform L(l:o;gre%)eontlgllicr;g (s:he%tg. 10r\évg§gl1l%r planar or
curved, and optioné’l steps T30 car on%,z'ation and T4 0 siliconiza.tion.aﬁe fast-mentioned steps T3 of

carbonization and®F£ BF &flicizatioh ar8 dptithalfindffy insBhte, FechiseMYmahy E&Ses it is advisable,
after the step T2 dfcormpressindr et deatoulding theshuiets, toffrse form thiereacasitgrbicdy 100 by joining
together the sheetsy 13 ydtinthepsherisdn theii basictarat, thatistorspy wdkesstkstantally

non-post-worked farm f.the sheets 10, fhat ig {q say.as AQregn,prodichor.green bedy, Due to the
changing material properties with.carbonization T3 and siliconization T4, certain further processing
h terial properties with.carbonization T3 %’%l lion T4, certain further p

procedures are easiertointpleMertnthe BasicIBRAVTHE fISW diagrant P RIGHTE 3 shots sub-steps of

the joining procesBB2C6FFRSsheéts TUARVEéRboARTBHE O e Methbl stcorliffgiftFthe invention for
producing a product208 fhamea gadicrefibserreimdoncedahaterial 10'. In this embodiment a coupling agent
or adhesive agent 20 is applied Ul, before the actual joining of the sheets 10, either to one of the joining
faces 100, - 19 -

It is also important that only small influences, if
any, are exerted on the properties of the interfaces
when using adhesives. Depending on the circumstances,
it may be advantageous i1f the adhesive is selected and
formed such that it does not react during the process
of siliconization, and in particular does not expand or
shrink. Adhesives containing SicC particles may
therefore be used so that the same mechanical
properties as in the main body result at the interfaces

of the joining faces after siliconization.
Reference will now be made to the drawings in detail.

Figure 1 shows a schematic Dblock or flow diagram
illustrating a first embodiment of the method according
to the invention for producing a product 200 from a
carbon-fibre-reinforced material 10’ having a

predefined three-dimensional structure R.

In an initial step S0, all precautions necessary for

the method are taken.

In the subsequent step S1, a plurality of homogeneous
sheets 10 are produced or provided. These sheets 10 are
formed from the carbon-fibre-reinforced material 10’ or

a preform 10’’ thereof. The sheets 10 are preferably



10u, 10k or part thereof or to all joining faces 100, 10u, 10k or parts thereof. The actual joining of the
sheets 10 then takes place in the next step U2. The joining process is then optionally assisted for a
specific period of time by a step U3 of impressing pressure and/or heat. Figure 4 illustrates an alternative
procedure for joining 32 the sheets 10. In this case, &’retess 32 is formed in at least one of the sheets 10
in a first step Vi. Two sheets 10 to be interconnected may also be formed with recesses 32. In a
subsequent step M2ea pieparedplugsirbelemenii=3l is theteinsertel, intbthe recesd S2sor the recesses 32.

In the following step W the sheets 10 arethenysingd dagether, ywheraindhe pluganielgments 31 in the
recesses 32 assist Hée g!_jgntp;lesr:}{ ggﬁ/orljginir% log the rrslgggtsslg r(la@i(\:/aelti) one aggmqeralr.] an optional
step V4, pressureaanc(/or heat may the aé)éalngbe impressed on the structure so as fo assist the
connection. With r&gard 16 step V2V ts Ak e8sary fgrhﬁ epardte g Ri FEHERES1 td e prepared for
insertion into the retesses..Ratherntife pligan elameatSlsmapalsbdbe parpettnedf thie sheets 10.
Figure 5 lastly shawis the:apfiepalstep I4as B /step-ofcarbeatzation. W1 and siliconization W2 following
the mechanical working or working out 33.

The provided sheets 10 are joined together in the

subsequent step S2. As a result, an encasing body 100,

which has a specific three-dimensional structure R’ 1is

created. The encasing body 100 is dimensioned such that

it at least encases the desired product 200 and the

three-dimensional structure R thereof. At best, the

three-dimensional structure R’ of the encasing body 100

is identical to the three-dimensional structure R of

the product 200 to be produced. This is not necessary

however, and in general is not the case.

Following the joining process in step S2, the encasing
body 100 is then worked in the subsequent step S3 so as
to obtain therefrom the product 200 or the preform 200’

thereof.

Within the meaning of the invention, a preform 200’ is
always provided in respect of the desired product 200
if, after working, that is to say after working out the
three-dimensional structure R actually desired, further
intermediate working steps or post-working steps are
necessary, for example carbonization, siliconization
and/or the like.

The last-mentioned steps can then be contained in the
optional method block S4 of the post-working of the
preform 200’ to obtain the product 200.

The measures for finishing the method are then taken in

the subsequent step S5.



- 20 - Due to the carbonization WI,specific or all carbonaceous components of the materials 10', 10"
forming the basis of the sheets 10 are converted into carbon structures, for example by pyrolysis or the
like, wherein silicon is then taken up in the subsequent step W2 into the structures thus created, namely
so as to form the corresponding ceramic structure. Tife sequence of Figures 6A to 6F describes details of
another embodiment of the method according to the invention for producing a product 200 from a
carbonfibre-reinforced material 10'. In the intermediate state illustrated in Figure 6A, a plurality of identical
sh((ajets _(110 T(;ﬁde Ofl%ﬁé@d@fi\@i%ﬁeiQf%@e§m%t%iﬁﬂlé{9% eélfbéka\d@f_ig %@&D%ﬁiﬁé@%ﬂ@?fndtaqh
underside 10u as as edges are first provided and arranged ip pla n nsition to the
intermediate statej\il\?ledgtsr%tre%glﬁnl%ggr%sgégﬁae e.(rige\(é)lél éqc%ugﬁgsagfjggﬁt 2% 'focrs%xfrﬁ%(leego "an adhesive 20,

are then applied t§tHEUPPRY shieP16 7 SReBRME0 SBRAGAMY e GppdifoStdntd. It is also
conceivable for therespddtige tppdéhsidésaerituindersidiesriGulaadriDrassigaedto 8Ae another to be
provided with the adbesiveagenir2(x 1pthe tansfiion tathetderaedate state illustrated in Figure 6C, the
sheets 10 are then joined together in the manner of a stack under the action of a pressure P, wherein the

upper side 100 of a lowermost sheet, 10 in each ¢ase re%eivefs the underside 10u of a r%spective sheet 10
stea (@] a m (@]

arranged thereabdVe With i%e &Gheésive™1d betwdsh ere provision
sheets 10 already prefabricated, step S1 may also
include production of these sheets 10. For example, a
production sub-method of this type includes the steps
Tl of mixing the material components required for the
sheets 10, the step T2 of moulding or compressing the
components mixed in step Tl to form corresponding
sheets 10, whether planar or curved, and optional steps

T3 of carbonization and T4 of siliconization.

The last-mentioned steps T3 of carbonization and T4 of
siliconization are optional in this instance, because
in many cases it is advisable, after the step T2 of
compressing or demoulding the sheets, to first form the
encasing body 100 by joining together the sheets 10
with the sheets in their basic form, that is to say in
the substantially non-post-worked form of the sheets
10, that is to say as a green product or green body.
Due to the changing material properties with
carbonization T3 and siliconization T4, certain further
processing procedures are easier to implement in the

basic form.

The flow diagram in Figure 3 shows sub-steps of the
joining process S2 of the sheets 10 in one embodiment
of the method according to the invention for producing
a product 200 from a carbon-fibre-reinforced material
10’. In this embodiment a coupling agent or adhesive
agent 20 is applied Ul, before the actual joining of

the sheets 10, either to one of the joining faces 100,



- 21 - Under the action of the pressure P, the sheets 10 are thus joined together in the transition to the
intermediate state in Figure 6D to form an encasing body 100 or preform 100' thereof. In this case, the
interfaces 21 between the sheets 10 previously provided separately are not illustrated. In the transition to
the intermediate state illustrated in Figure 6E, the prbgess of working the three-dimensional structure R of
the desired product 200 or preform 200’ thereof from the encasing body 100 or preform 100’ thereof is
begun. In the stackf the threexdiprensioriat stroftuse R of #id ereasingdpotydBO arnpreform 100" thereof
indicated in Figure Bk, the pulings-efthetheeegimensional structure R of the body 200 or preform 200°
thereof to be produced are already indicated by a dotted line. In the transition to the intermediate state
illustrated in Figure 6F, the product 200 or preform 200’ thereof having the three-dimensional structure R
is worked from the' BRca§ihgHody 18678 sréfdrht 18665heTedf VT thEReTudnc®S6r Efjures 6A to 6E, all
sheets 10 are joinedeaogetterstigehéi? upper sides 100 and their undersides 10u, such that a stack is
created on the whole for the encasing body 100 or preform 100' thereof. Above and hereinafter, reference

is made respectivelyfo apreform 100, 200" far tr&%ggcgﬁjgg&p&%;oggggg%@efgrpdgct 200 to be

produced if processgglsﬁ%s, such a cgrg)ogllzatlo or si |c%rt1|(§atlotg13 aroefstiyrgerceessgg after the
respective fabricafibiT or as intermadiate steps.“ﬁ‘e such staeps are not necessarﬁ =%+

pressure and/or heat.

Figure 4 illustrates an alternative procedure for
joining S2 the sheets 10. In this case, a recess 32 is
formed in at least one of the sheets 10 in a first step
V1l. Two sheets 10 to be interconnected may also be

formed with recesses 32.

In a subsequent step V2, a prepared plug-in element 31

is then inserted into the recess 32 or the recesses 32.

In the following step V3, the sheets 10 are then joined
together, wherein the plug-in elements 31 in the
recesses 32 assist the alignment and/or joining of the

sheets 10 relative to one another.

In an optional step V4, pressure and/or heat may then
again be impressed on the structure so as to assist the

connection.

With regard to step V2, it is necessary for a separate
plug-in element 31 to be prepared for insertion into
the recesses. Rather, the plug-in element 31 may also

be part of one of the sheets 10.

Figure 5 lastly shows the optional step S4 as a step of
carbonization W1l and siliconization W2 following the

mechanical working or working out S3.



reference is made directly to an encasing body 100 or product 200 respectively. In the embodiment in
Figures 7A to 7C, the joining process between directly adjacent sheets 10 takes place via the edges 10k
or edge faces 10k of said sheets. In the intermediate state illustrated in Figure 7A, two sheets 10 made of
a carbon-fibre-reinforced material 10' are joined togéther via their edges 10k, wherein, in Figure 7A, the
sheet 10 arranged on the left-hand side has an adhesive agent 20 in the form of an adhesive 20 at its
right edge 10k. Inthee transitiontiocthe rdetmedizde state sWown irsBiguréizB, thectwoadheets 10 are then

joined together vigtheibadaes Ok andthe adhesiveragent 20thesehetveen, gvhereig & suitable
compressive forcefPri%1 lirI111 reﬁ,lseedggomseaé:p QCf tge &;i%gége %Igg% 10lé.o D\gg 1o et e Pg{ign of the
compressive force 8 a cohnection of the two sheets 10 made of ca?bon-ﬁbrereln orced material 10" is

then achieved in tA8 P&t SHtE ShowPTh FIFarRePF€E, Stiéh it e Bhtasiiy Bddfy 100 or preform
100' thereof consistskef. a pairofsheetssi0 ivdre iniermediate stakshowrin Figure 7132 In principle
however, two-dimeunsiosghehjectstegmmisinchmere:thandwousheatsare alse censgbvable. In the

approach according t the sequence of Figures 74 to 7, ”%My%%fp%igéﬂl—%a” fram the adhesive agent

10 at the edge faces 10k were used to join together the sheets 10. - 23 - 10 made of the
carbon-fibre-reinférced thaterial 10' and mutually opposed via the edge faces 10k. These recesses are
shaped in a manner complementary to and cooperating with an additionally provided plug-in element 31,
such that the internediatecstenctareoitiustiatedeis Fgure8B B fitst produsceddshen tlse slieets 10 and their

recesses 32 are jQinedoppesativelydethe plug-inglementdda Wherebhdug to the adhesive agent 20

additionally providle %rrlléhleozlqeftflgqfnd %Jgg ir&{ﬂé rece §:§(§ugttyg% 81‘ %@ggd@e@%(g:fk)tgg_plug-in element
31 in the recesses 32 occurs with we]%tlng Byt , adhésive agent 20.
fibre-reinforced material 10'.

In the intermediate state illustrated in Figure 6A, a
plurality of identical sheets 10 made of the carbon-
fibre-reinforced material 10’, each having an upper
side 100 and an underside 10u as well as edges 10k, are

first provided and arranged in place.

In the transition to the intermediate state illustrated
in Figure 6B, layers of a coupling agent 20, for
example of an adhesive 20, are then applied to the
upper sides 100 of the sheets 10, excluding the
uppermost sheet. It 1s also conceivable for the
respective upper sides and wundersides 100 and 10u
assigned to one another to be provided with the

adhesive agent 20.

In the transition to the intermediate state illustrated
in Figure 6C, the sheets 10 are then joined together in
the manner of a stack under the action of a pressure P,
wherein the upper side 100 of a lowermost sheet 10 in
each case receives the underside 10u of a respective
sheet 10 arranged thereabove, with the adhesive 10

between.



In the transition to the intermediate state illustrated in Figure 8C, a structure in which the two sheets 10
are joined together to form the encasing body 100 or preform 100' thereof is produced under the action of
the pressure P, wherein the plug-in element 31 is also clearly visible at the interface 21 between the
previously separate sheets 10. With a suitable sefectibn of the material for the plug-in element 31 and the
adhesive agent 20, the differences at the interfaces can be suitably remedied, such that a substantially
homogeneous structdes istalso provided af thevnterfecs2iethat ixtoesahtrrplugan &ement 21 can no
longer be materialy,dgtached aage the dpdividual sheets 1@ have beenoined tegethepas is illustrated in
the arrangement irilnlztiguree%Dél The sequence in 1[,:i ures 9A to t9D scribes an aggroach similar to the

.b i? S € 1n re O 11

sequence in Figures 8A 10 Ut in this case a separate p lg-ln element 31 ig?lot%m?ed, but rather the
a

plug-in element 3PRHOrm8aY irtgrBify "™ thil s to':FF 58 part OF, th&+yhtCASAd si&& 10 made of the
carbon-fibre-reinfareed mhaterial 20’ bagaincantdthesive hgehf 201 filled $ito theaetdsd - 24 - 32 in the
other sheet 10 so ¢hatzthetencasing besly 100 ok prefos®.100' thereof is obtained in accordance with
Figure 9C once the sheets have been joined together in accordance with the arrangement in Figure 9B

and a suitable pressurePP has beenfgrpllgg, M}eerﬁln materéal detachment o rthe Pre\gggsly separate

n.the . tra t n rm l1ate tat 1 u I
sheets 10 and of the iNtSHaces 21 is-Ro longer p053|5Fe with stitabfe fatefial §81ecfioi in accordance

with Figure 9D. THé'se§d8HEE in FigureSTIHA RF 208°8hows an"apiroagh infehichité@ésses 32 and
plug-in elements 3l apmaddmsertetdratdtheedges A0k thet foe sdnadctiprpdiitite wyper sides 100 and

undersides 10u ofdhessheets; i made of carboprfilre-reinforgadmatgriab 48y Aeeerdipg to Figure 10A,
recesses 32 are fomé%%i tt&eOprg;lgi]geegflolos agg undersides 10u of directly adjacent sheets 10.

Furthermore, sepgrzte plug-in elements 31 are prO\%Lc]igd in this instance. In each case, the upper side 100
of the lowermost sheet 10 is coated with an adhesive agent 20. In the transition to the intermediate state
shown in Figure 10B, tHeedird@tikadidcertshebet0 daga of cardorefibrecreinforédd miaterial 10' are
joined together ungles the estionofgsassurey whersirethe-plugein’ elemeants S1iakei phugged into the

respective recesses, 32F§§§iggeqs£o, orglgno(gla%ﬁqggéheoq_;qh@ﬁg/e agent.29 hetween the upper sides and

undersides 100 and 104, Tespeqiively Proviges e §8NISCtON form 200+ thereof to

be produced are already indicated by a dotted line.

In the transition to the intermediate state illustrated
in Figure 6F, the product 200 or preform 200’ thereof
having the three-dimensional structure R is worked from

the encasing body 100 or preform 100’ thereof.

Over the sequence of Figures 6A to 6E, all sheets 10
are joined together wvia their upper sides 100 and their
undersides 10u, such that a stack is created on the
whole for the encasing body 100 or preform 100’

thereof.

Above and hereinafter, reference is made respectively
to a preform 100’, 200’ for the encasing body 100 and
for the product 200 to be produced if processing steps,
such as carbonization or siliconization, are still
necessary after the respective fabrication or as

intermediate steps. If such steps are not necessary,



In the transition to the intermediate state shown in Figure 10C, the sheets 10 are then joined together
such that the encasing body 100 or preform 100' thereof is obtained. In this case, in the arrangement in
Figure 10C, the plug-in elements 31 can also be seen clearly in the interfacial regions 21. A material
detachment in - 25 - accordance with Figure 10C is4%o fonger possible with suitable selection of the
material components for the plug-in elements 31 and of the adhesive 20, as indicated in Figure 10D. - 26
- LIST OF REFERENEE=SHaN Sl Oshéet, heet element k01 nwatesiali obthecsheet/sheetrelement 10,

carbonfibre-reinfogsedimateralo respectively.

In the embodiment in Figures 7A to 7C, the joining
process between directly adjacent sheets 10 takes place

via the edges 10k or edge faces 10k of said sheets.

In the intermediate state illustrated in Figure 7A, two
sheets 10 made of a carbon-fibre-reinforced material
10’ are joined together via their edges 10k, wherein,
in Figure 7A, the sheet 10 arranged on the left-hand
side has an adhesive agent 20 in the form of an
adhesive 20 at its right edge 10k.

In the transition to the intermediate state shown in
Figure 7B, the two sheets 10 are then joined together
via their edges 10k and the adhesive agent 20
therebetween, wherein a suitable compressive force P is

impressed from each of the opposite edges 10k.

Due to the action of the compressive force P, a
connection of the two sheets 10 made of carbon-fibre-
reinforced material 10’ is then achieved in the
intermediate state shown in Figure 7C, such that the
encasing body 100 or preform 100’ thereof consists of a
pair of sheets 10 in the intermediate state shown in
Figure 7C. In principle however, two-dimensional
objects comprising more than two sheets are also

conceivable.

In the approach according to the sequence of Figures 7A
to 7C, no further aids apart from the adhesive agent 10
at the edge faces 10k were used to join together the
sheets 10.

By contrast, 1in the sequence of Figures 8A to 8D,

recesses are formed in the edge faces 10k of the sheets



10k edge, edge face, edge region 100 upper side, upper face 10u underside, lower face 20coupling aid,
coupling agent, adhesive agent, bonding agent 21linterface, interfacial region 30connection means

31plug-in means, plug-in element 32recess, groove, bore, channel
- 23 -

10 made of the carbon-fibre-reinforced material 10’ and
mutually opposed via the edge faces 10k. These recesses
are shaped in a manner complementary to and cooperating
with an additionally provided plug-in element 31, such
that the intermediate structure illustrated in Figure
8B 1is first produced when the sheets 10 and their
recesses 32 are joined cooperatively to the plug-in
element 31, wherein, due to the adhesive agent 20
additionally provided on the 1left-hand side in the
recess 32, a type of embedment of the plug-in element
31 in the recesses 32 occurs with wetting by the

adhesive agent 20.

In the transition to the intermediate state illustrated
in Figure 8C, a structure in which the two sheets 10
are joined together to form the encasing body 100 or
preform 100’ thereof is produced under the action of
the pressure P, wherein the plug-in element 31 is also
clearly wvisible at the interface 21 between the

previously separate sheets 10.

With a suitable selection of the material for the plug-
in element 31 and the adhesive agent 20, the
differences at the interfaces can be suitably remedied,
such that a substantially homogeneous structure is also
provided at the interface 21, that is to say the plug-
in element 21 can no longer be materially detached once
the individual sheets 10 have been joined together, as

is illustrated in the arrangement in Figure 8D.

The sequence in Figures 9A to 9D describes an approach
similar to the sequence in Figures 8A to 8D, but in
this case a separate plug-in element 31 is not formed,
but rather the plug-in element 31 is formed integrally
with, that is to say as part of, the right-hand sheet
10 made of the carbon-fibre-reinforced material 10’.

Again, an adhesive agent 20 is filled into the recess



100 encasing body, encasement body 100" preform of the encasing body 200 product 200" preform of the
product Rthree-dimensional structure, 3D structure of the product R'three-dimensional structure, 3D

structure of the encasing body 100/preform 100' thereof -27- PATENT CLAIMS
- 24 -

32 in the other sheet 10 so that the encasing body 100
or preform 100’ thereof is obtained in accordance with
Figure 9C once the sheets have been joined together in
accordance with the arrangement in Figure 9B and a
suitable pressure P has been applied, wherein material
detachment of the previously separate sheets 10 and of
the interfaces 21 is no longer possible with suitable

material selection in accordance with Figure 9D.

The sequence in Figures 10A to 10D shows an approach in
which recesses 32 and plug-in elements 31 are not
inserted at the edges 10k, but for connection of the
upper sides 100 and undersides 10u of the sheets 10

made of carbon-fibre-reinforced material 10’'.

According to Figure 10A, recesses 32 are formed in the
upper sides 100 and undersides 10u of directly adjacent
sheets 10. Furthermore, separate plug-in elements 31
are provided in this instance. In each case, the upper
side 100 of the lowermost sheet 10 is coated with an

adhesive agent 20.

In the transition to the intermediate state shown in
Figure 10B, the directly adjacent sheets 10 made of
carbon-fibre-reinforced material 10’ are joined
together wunder the action of pressure, wherein the
plug-in elements 31 are plugged into the respective
recesses 32 assigned to one another and the adhesive
agent 20 between the upper sides and undersides 100 and

10u respectively provides the connection.

In the transition to the intermediate state shown in
Figure 10C, the sheets 10 are then joined together such
that the encasing body 100 or preform 100’ thereof is
obtained. In this case, in the arrangement in Figure
10C, the plug-in elements 31 can also be seen clearly

in the interfacial regions 21. A material detachment in



1.A method for producing a component (200) made of ceramic material having a predefined shape,
wherein the method comprises the steps of: (51) providing a plurality of sheets (10) made of carbon
material (10", (52) providinganadhesivecontaininga carbonizable component and joining the plurality of
sheets (10) to each other by means of the adhesive46 form a sheet arrangement, the spatial dimensions
of which are such that the predefined shape of the component can be generated from said arrangement

by material removat;{38jararkingihe shéetiarrangement oy removieg gavksen matenaktiom the sheet
arrangement t(t)) Otété'kz_"jtékpgéfoé@i\@laft?ﬁ "&d%@fﬁcaﬁ@@@ﬂéﬁri%ﬁ%ﬁh@&@e ﬁ%d%’i[@% she;pe of the
component to be produced, and (34) silicogizing.the preform to obtain the compgnent made o ceramic
material. 2.The m%tﬁé% al(r;lcoragngmt%. Efaimg% cgﬁgr%lcté)r%sedt ﬁl]etha?éﬁggtl gﬁanggrhen?f’s formed by
stacking on top of GHE-SAGEHEr Gt j6#g fo £38h other a plurality of sheets, or all sheets, by joining the
underside of a sheet or subsequent sheet as a first joining face to the upper side of a sheet as a second

joining face.



-28- characterised in that the sheets (10) have side faces (10k) defined by the thickness of the sheets,
and in that at least one of the sheets (10) is joined by one of its side faces as a first joining face to the
upper side or underside of another of the sheets as a second joining face. 4. The method according to
one of the preceding claims, characterised in thatthé%heets (10) have side faces (10k) defined by the
thickness of the sheets and at least one of the sheets (10) is joined by one of its side faces as a first
joining face to one of the side faces of Bngthe@roREERRELS asIasecond joining face. 5. The method
according to one of the preceding claims, characterised in that, in the case of at least two of the sheets to
be joined at the jcc);mng f%%eeséta r(asq?esstisérjtcgtgégglly formed in the joining face of one sheet and a
protrusion shaped in a manner'complementary to the recess is integrally formed on the joining face of the
other sheet and tHE’two BREETS ark jGihed Rgefist®y ERGAGInG HrE'F&tess ith TREWBtrusion. 6. The
method according to one dbtte praceding efhinms; €hapdcterised in that, in the case of at least two of the
sheets to be joined @t the dejping:tagest adecesads integalty formed in the joining faces of both sheets,

and in that a connggfion glement shaped ina manner complementary to the recesses

10u
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underside, lower face

coupling aid, coupling agent, adhesive agent,
bonding agent

interface, interfacial region

connection means

plug-in means, plug-in element

recess, groove, bore, channel

encasing body, encasement body

preform of the encasing body

product

preform of the product

three-dimensional structure, 3D structure of the
product
three-dimensional structure, 3D structure of the

encasing body 100/preform 100’ thereof



-29- is provided, wherein the two sheets are joined together by engaging the connection element with
both recesses. 7. The method according to one of the preceding claims, characterised in that the
carbonizable component of the adhesive comprises a resin, in particular phenolic resin. 8. The method
according to Claim 7, characterised in that the adhédive contains silicon carbide powder in addition to the
resin. 9. The method according to Claim 8, characterised in that the silicon carbide powder has a mean
particle diameter of 1-50 um, preferably 5-20RAmENDregRefgably 3-5 um.

1. A method for producing a component (200) made of
ceramic material having a predefined shape,

wherein the method comprises the steps of:

(S1) providing a plurality of sheets (10) made of
carbon material (10'),

(82) providing an adhesive containing a
carbonizable component and joining the
plurality of sheets (10) to each other by
means of the adhesive to form a sheet
arrangement, the spatial dimensions of which
are gsuch that the predefined shape of the
component can be generated from said
arrangement by material removal,

(S3) working the sheet arrangement by removing
carbon material from the sheet arrangement to
obtain a preform which is made of carbon
material and has the predefined shape of the
component to be produced, and

(S4) siliconizing the preform to obtain the

component made of ceramic material.

2. The method according to Claim 1,

characterised in that sheet arrangement is formed
by stacking on top of one another or joining to
each other a plurality of sheets, or all sheets,
by joining the underside of a sheet or subsequent
sheet as a first joining face to the upper side of

a sheet as a second joining face.

3. The method according to one of the preceding

claims,



10. The method according to Claim 7, 8 or 9, characterised in that the carbonizable adhesive contains
5-50 % by weight water, 20-80 % by weight silicon carbide powder and 10-55 % by weight resin,
preferably 10-40 % by weight water, 30-65 % by wejght silicon carbide powder and 20-45 % by weight
resin, more preferably 15-25 % by weight water, 45-55 % by weight silicon carbide powder and 27-33 %
by weight resin. 11. The method according to Claim 10, -30- less than 3 % by weight, and in particular
no, filler made of carbonamateriale 12 s€he methddhaccandingeene of Claimiss8-4 1 ,sdhiracterised in that

the carbonizable adhesiyg pigferablyigontainsibetweean 0.5-ard 5%y Weight ofra cutiag agent. 13. The
method according to On%ﬁé@t%g)regggingxgla’itrﬁgt at least one of the sheets

(10) is joined by one of its side faces as a first

joining face to the upper side or underside of

another of the sheets as a second joining face.

4. The method according to one of the preceding

claims,

characterised in that the sheets (10) have side
faces (10k) defined by the thickness of the sheets
and at least one of the sheets (10) is joined by
one of its side faces as a first joining face to
one of the side faces of another of the sheets as

a second joining face.

5. The method according to one of the preceding

claims,

characterised in that, in the case of at least two
of the sheets to be joined at the joining faces, a
recess is integrally formed in the joining face of
one sheet and a protrusion shaped in a manner
complementary to the recess is integrally formed
on the joining face of the other sheet and the two
sheets are joined together by engaging the recess

with the protrusion.

6. The method according to one of the preceding

claims,

characterised in that, in the case of at least two
of the sheets to be joined at the joining faces, a
recess is integrally formed in the joining faces
of both sheets, and in that a connection element

shaped in a manner complementary to the recesses



characterised in that the adhesive contains the material from which the sheets made of carbon material
are fabricated. 14. The method according to one of the preceding claims, characterised in that the sheet
arrangement is carbonized. 15. The method according to one of the preceding claims, characterised in
that the preform is carbonized. 16. The method accd ding to one of the preceding claims, characterised in
that the sheets are subjected to pressure and/or heat when joined together (52). -31-

is provided, wherein the two sheets are joined

together by engaging the connection element with

both recesses.

7. The method according to one of the preceding

claims,

characterised in that the carbonizable component
of the adhesive comprises a resin, in particular

phenolic resin.
8. The method according to Claim 7,

characterised in that the adhesive contains

silicon carbide powder in addition to the resin.
9. The method according to Claim 8,

characterised in that the silicon carbide powder
has a mean particle diameter of 1-50 um,

preferably 5-20 um, more preferably 3-5 um.
10. The method according to Claim 7, 8 or 9,

characterised in that the carbonizable adhesive

[} [

contains 5-50 % by weight water, 20-80 % by weight

o

gsilicon carbide powder and 10-55 % Dby weight

[}

resin, preferably 10-40 % by weight water, 30-65 %

)

by weight silicon carbide powder and 20-45 % by

\

[}

weight resin, more preferably 15-25 % by weight
water, 45-55 % by weight silicon carbide powder

and 27-33 % by weight resin.

11. The method according to Claim 10,

characterised in that the carbonizable adhesive

o

contains less than 10 % by weight, in particular



characterised in that the physical and/or chemical properties of some, in particular all, sheets are identical
over the spatial expansion of the sheets in question. 18. The method according to one of the preceding
claims, characterised in that at least some of the sheets have a spatial expansion (length x width x
thickness) in the range from 20-80 cm (length) x 20%80 cm (width) x 3-10 cm (thickness). 19. The method
according to one of the preceding claims, characterised in that some, in particular all, sheets have the
same composition of thelearbon matenal scohgideretbamongihe amothert26uThe method according to

one of the preceding claims, eharastrrised wpthatatlgastsome,in particular, all of the sheets are produced
by preparing a homogeneous mixture with carbonizable, powdery binder and carbon fibres, compacting

the mixture under the action of pressure and moulding it into a sheet-sha ed preliminary product and
further processing'the sHE6t-SRFRP prafFaH préGuatsy Barol#Zdtfor? orby carbonization and
graphitization, to form a sheet made of carbon material.

characterised in that the carbonizable adhesive

)

preferably contains between 0.5 and 5 % by weight

of a curing agent.

13. The method according to one of the preceding

claims,
characterised in that the adhesive contains the
material from which the sheets made of carbon

material are fabricated.

14. The method according to one of the preceding

claims,

characterised in that the sheet arrangement is

carbonized.

15. The method according to one of the preceding

claims,
characterised in that the preform is carbonized.

16. The method according to one of the preceding

claims,

characterised in that the sheets are subjected to

pressure and/or heat when joined together (S2).

17. The method according to one of the preceding

claims,



-32- characterised in that the powdery binder is phenolic resin powder, in particular with a particle size
distribution D50 < 100 um. 22. The method according to Claim 20 or 21, characterised in that the
homogeneous mixture contains 20-50 % by weight of the binder and 50-80 % by weight of the carbon
fibres, preferably 30-40 % by weight of the binder and 60-75 % by weight of the carbon fibre powder. 23.
The method according to one of the preceding Claims 20-22, characterised in that the homogeneous

mixture contains a filler, sughas silider ¢atlidezowdércant/vs graphitepouderh24ithe method
according to one of the preggeding elaims, characteriseddn thatatleaghsomepfdhe sheets, in particular all
sheets, made of carbon naatejéial Q§v% \z;le@att:%r(iealsdearkslitglin é[p{e regi{)gnofo %p@rk?xirgggeé 0.5 g/cm3 to
approximately 0.85 g/cmﬁﬂeéé.este, ?r?thod accor(?lng {0 one 6f the preceding Claims -24,

1 u 1 .

18. The method according to one of the preceding

claims,

characterised in that at least some of the sheets
have a spatial expansion (length x width x
thickness) in the range from 20-80 cm (length) x
20-80 cm (width) x 3-10 cm (thickness).

19. The method according to one of the preceding

claims,

characterised in that some, in particular all,
sheets have the same composition of the carbon

material, considered among one another.

20. The method according to one of the preceding

claims,

characterised in that at least some, in
particular, all of the sheets are produced by
preparing a homogeneous mixture with carbonizable,
powdery binder and carbon fibres, compacting the
mixture under the action of pressure and moulding
it into a sheet-shaped preliminary product and
further processing the gsheet-shaped preliminary
product by carbonization, or by carbonization and
graphitization, to form a sheet made of carbon

material.

21. The method according to Claim 20,



characterised in that the carbon fibres are produced by grinding and carbonizing viscous and/or cellulose
material, in particular by first grinding and then carbonizing said material(s). -33- 26. The method
according to one of the preceding Claims 20-25, chayacterised in that the carbon fibres are present in the
mixture in the form of short chopped fibres, preferably having a fibre length distribution Dm < 20 um. 27.
The method according to one of the preceding Claims 20-26, characterised in that the carbon fibres in the
mixture preferably have afdredengtisdistributiontdbat 70tima. 28okdamponentdaade 0§ ceramic material

produced by a method aggerding o opeQfClajgpadeto, 19 from gLeramia materaldhaving a material
(cj:(la;i?ri]tyz gn the range frorrg> g.& 9{;“{23 1o Zaé)pé%i@ral el t:%blng/[§5rp3<. ZPO (‘)I' h&m(;omponent (200) according to

22. The method according to Claim 20 or 21,

characterised in that the homogeneous mixture
contains 20-50 % by weight of the binder and 50-80

)

% by weight of the carbon fibres, preferably 30-40

% by weight of the binder and 60-75 % by weight of

the carbon fibre powder.

23. The method according to one of the preceding
Claims 20-22,

characterised 1in that the homogeneous mixture
contains a filler, such as silicon carbide powder

and/or graphite powder.

24. The method according to one of the preceding

claims,

characterised in that at least some of the sheets,
in particular all sheets, made of carbon material
have a material density in the region of
approximately 0.5 g/cm® to approximately 0.85
g/cm’.

25. The method according to one of the preceding
Claims 20-24,

characterised 1in that the carbon fibres are
produced by grinding and carbonizing viscous
and/or cellulose material, in particular by first

grinding and then carbonizing said material(s).



characterised in that the component is formed as a housing of an optical system, preferably as a housing
of an optical lithography system, more preferably as a housing of an EUV lithography system. 30. The
component (200) according to one of Claims 28 or 29 3characterised in that the component formed as a
housing of an optical system is formed so as to hold optical components, such as lenses and/or mirrors.
-34- characterised in that the component is formed as a substrate of an optical mirror, in particular as a
substrate of a mirzs for @heopticat hithbgraphysystem. 82. Tdhescomponent ageoediagitocone of Claims
28-31, characterised in that, the comppanent has a spatial expansion (length x width x height) in the range
from 50-150 cm (length) x 50-150 cm (width) x 5- 150 cm (height). 33. The component (200) according to

one of Claims 28- , , .
characterised in that the carbon fibres are

present in the mixture in the form of short
chopped fibres, preferably having a fibre length

distribution Dsy < 20 um.

27. The method according to one of the preceding
Claims 20-26,

characterised in that the carbon fibres in the
mixture preferably have a fibre length

distribution Dgs < 70 um.

28. A component made of ceramic material produced by a
method according to one of Claims 1 to 19 from a
ceramic material having a material density in the

range from 2.8 g/cm’ to approximately 3.1 g/cm’.
29. The component (200) according to Claim 28,

characterised in that the component is formed as a
housing of an optical system, preferably as a
housing of an optical 1lithography system, more
preferably as a housing of an EUV lithography

system.

30. The component (200) according to one of Claims 28

or 29,

characterised in that the component formed as a
housing of an optical system is formed so as to
hold optical components, such as 1lenses and/or

mirrors.

31. The component (200) according to Claim 28,



32, characterised in that the ceramic material of the component has a modulus of elasticity of 270 GPa or
more, preferably more than 300 GPa, in particular in the range from 320 GPa to 350 GPa. 34. The
component (200) according to one of Claims 28- 33, characterised in that the ceramic material of the
component has a flexural rigidity of 280 MPa or mddre, preferably 350 MPa or more, more preferably 400
MPa or more. 35. The component (200) according to one of Claims 28- 34, characterised in that the
ceramic material of the component has a coefficient of thermal expansion of less than 3.4 x 10-6/K,

preferably less than 3.0 X O-68¢Jp0Le greferably 2. ¢ nel@fionent is formed as a
substrate of an optical mirror, in particular as a
substrate of a mirror for an optical lithography

system.
32. The component according to one of Claims 28-31,

characterised in that the component has a spatial
expansion (length x width x height) in the range
from 50-150 cm (length) x 50-150 cm (width) x 5-
150 cm (height).

33. The component (200) according to one of Claims 28-
32,

characterised in that the ceramic material of the
component has a modulus of elasticity of 270 GPa
or more, preferably more than 300 GPa, in

particular in the range from 320 GPa to 350 GPa.

34. The component (200) according to one of Claims 28-
33,

characterised in that the ceramic material of the
component has a flexural rigidity of 280 MPa or
more, preferably 350 MPa or more, more preferably

400 MPa or more.

35. The component (200) according to one of Claims 28-
34,

characterised in that the ceramic material of the
component has a coefficient of thermal expansion
of less than 3.4 x 10°/K, preferably less than
3.0 x 10°°/K, more preferably 2.7 x 10 °/K.



-35- 36. The component (200) according to one of Claims 28- 35, characterized in that the ceramic
material of the component has a thermal conductivity of 120 W/(mK) or more, preferably 140 W/(mK) or
more, more preferably 170 W/(mK).

36.

-35-

The component (200) according to one of Claims 28-
35,

characterized in that the ceramic material of the
component has a thermal conductivity of 120 W/ (mK)
or more, preferably 140 W/ (mK) or more, more
preferably 170 W/ (mK) .



