. 3 4
Appar atus and process.for noul ding m crosystem structures The invlam‘ﬁ‘%n %9-
relates to the noul ding of mcro- systemstructures with an apparatus which

includes a pair of oppositely Iying chanber r clgosabl gy cha rs 5
which serve as carriers for receiving an errb%?g an &d Mgul-ela e
material, and of which one chanber pajt is fi¥Xed to°t fTa k and the

other is guided adjust- ably in a frame. In the process for producing

mcrosystem 10 ApRAPROEN ahd\PiSded it FRCRONEA IR W cHBEPSt &l & HRRR ukL

t.echni que (a German acronym standing for |ithography wth synchrotro
radi ati on, gal vanopl ating and plastic nould- ing), the nmoulding is a key to
mass production. By presBhedinvemtydodi rglabes totche meulslingf dfhedewephastic

15 th ' f I t t
or SONe 0 sié.emeaeﬁctueae FLEPlah HBHREPuY AR ERCIGkCA o gHREr ature

above the softenifhg tenperature of nopl astI c, I onal
structures are pPSdeRRePHfaly d¥ing: chunber AacLs Rft Acclespflechapbera f ew

nano- meterssto ghieéW Bebel atb NMHartddRbecEdr Blceiving an dabokaikg €681C and
DE 42 22 856 O, jyhi §Nub] @i o BaltleRE83SCEnkObe PLOLHE G ThELRRL" HGLET ed

el ements from
ig fixed to the framework and the other is guided adjust-

ably in a frame.
In the proceass for producing microsyastem

10 components which has become known under the name LIGA
technique (a German acronym atanding for lithography with
synchrotron radiation, galvanoplating and plastic mould-
ing), the moulding is a key to mass production. By
preseing a moulding toel inteo a layer aof thermoplastic or

15 seome other material, preferably under a wvacuum and at a
temperature abova the pgoftening temperature of the
thermoplastic, three-dimensional structures are produced
with structure heights in the range of just a few nanc-
meters to a few hundred microneters.

20 DE 40 10 69 C1 and DE 42 22 856 Cl, which relate
to processes for producing microstructured elementas from
plastic, describe in detail the process steps of the so-
called vacuum embosBing process.

The satructural design of an apparatus suitable for

25 moulding on a mass-production scale is not dealt with in
detail.

8uch an apparatus nmuet meet the requirement of
having flexible apparatus possibilities. This includes
solving. those problems which arise because of different

30 heights of the moulding tools to be used and also
different thicknesses of the moulding material and the
moulding depth (struetﬁre depth). This adaptability is
additionally made more difficult by the zequirement
contained in DE 42 22 856 Cl for very accurate parallel

.35 guidance of the tool.

The object of the invention is therefore to



pl astic, describe in detail the process steps of the so- called vacuum
enbossi ng process. The structural design of an apparatus suitable for 25
moul di ng on a mass-production scale is not dealt with in detail. Such an
apparatus nust neet the requirenment of having flexible apparatus

possi bilities. This includes solving those2problens which arise because of
di fferent 30 hei ghts of the nmoulding _tools to be used and al so.

di fferent thi ckrtiRRNERte KEoRy AufbhgVARLEFIeRe o4  Klekrare ndndephe
(structure dept himbddtingngaptabiltd Pe capdilod iditauhderod aradig, kiigul t by

Ui dance of the TRNELahe rBhe lbmifi ) UherBiT B B! BT BRedze 7, 0
conpensate for sikffarentamoydding depthehess in the enbossing process to be
carried out gnder a vacyh® #bié®: is achieved by an apparatus for
moulding microsystem structures having a pair of
oppositelj lying chamber parts of a closable chamber,
which serve as carriers for receiving an smbossing tool
and a mouldable material, and of which one chamber part

1a is fixed to the framework and the other is guided
adjustably in a frame, in that the chamber has side walls
which comprise an inner part and am outar part, and the
inner part is fastened to the fixed chamber part and the
outer part, on the outwardly facing end face of which the

15 adjustable chamber part comes to bears against the force
cf a s8pring during the c¢losing of the chamber, is
displaceable along guide elements on the fixed chamber
part between two stopa. The spacing of the stops essen-
tially determines the chamber width.

20 The inner part is formed by a first cylindrical
flange, the widening of which is fastened to the fixed
chamber part. The widening containg in a groove a round
ring for sealing with respect to the f£ixed chamber part.

The outer part in the form of a second

25 c¢ylindrical flange encloses both the f£irst flange with
ite inner lateral surface and, with bores in its widen-
ing, the guide elements, a vacuum-tight =sliding connec-
tion being established betwsen the first flange and the
sacond flange by means of a -q'uar_e ring.

30 In spite of the displacements of the adjustable
chamber part necessary during the process of moulding and
its preceding and following steps, the chamber remains in
the closed state, with the regult that process conditions
which have been set are not changed. '

35 The chamber is advantagecusly enclosed on all
sides, at least in certain sectiona, by heat-insulating
Jackets, insulating plates being fitted on outwardly
facing sides of the chamber partas and lateral heat



'ensdring hi gh di nensional stability, and to ensure different noul ding
depths . 5 The object 1is achieved by an apparatus for

nmoul di ng m crosystem structures having a pair of oppositely |lying chanber
parts of a closable chanber, which serve as carriers for receiving an
enbossing tool and a noul dabl e materi al ,- @nd of which one chanber part 10
iIs fixed to the framework and the other is guided adjustably in a frane,
in that the charisddattdonslopsesmbpingivednaad byiheatnrafilectiparaamiaran

outer part, andr;lf&eg,i.ngﬁrapaﬁ derd@ arefgemant Ne fixed chanber part and
the outer part, “on the %gt\rlrxgé‘dj[%tf aci ng and f?ge of whi ch tr°1e315 _ _
adj ust abl e chanber part 18 Beg, S%I REtRERRE 16 2 &F°5°8Rr i%F during
the closing of tweldiaghexicrssydtepl atmatrtarakony gwhileh elac mouldakle he
a1y dot erii noesepdet 18, pYBsgbenhy {GaaPREALSedied Hnd AR LI
formed by a firseterminad paried afydimehwithinm miosrble ehanker dotoned to
the fixed chanbey MmsEldinghetdblcByN@ddQBEEAES ai Incre@bAQV EelibaibiaN Galrieng for
sealing wth res;ageagtnstto at r}e:.xfeldx %gucngggb %Lr agfter setting atmospheric
conditions and a moulding temperature adapted to the
10 mouldable material, and in which a removal of the moulded
material takes place at a demoulding temperature. The
setting of the atmospheric c¢onditions and the procaess
temperatura takes place at pecints in time of the closing
of the chamber at which an increase in the force acting
1S on the fixed chamber part reaches predetermined values.

Thus, the setting of the atmospheric conditiocns
begins at a firgst predetermined value of the force, at
which a closure of the chamber has taken place by
bringing the closable chamber part to bear against the

20 ocutwardly facing end face of the ocuter part of tha gide
walls.

The setting of the procesg tamperature is
dependent on a mecond predetermined value, at which the
moulding tool and the mouldable material bear against

25 each other in optimum thermal contact.

An increase in the force acting on the £fixed
chamber part caused by thermal expansion is advanta-
geously compensated hf a travel-regulated adjustment of
the adjustable chamber part.

30 The invention is to be axplained in more detail
below with reference ta the diagrammatic drawing, in
which:

Fig. 1 sehowas the basic construsction of a moulding
installation

35 Fig. 2° shows a vacuum chamber serving for the moulding
and

Fig. 3 shows means for the chamber height adjustment "in
an enlarged detail.



The outer part in the formof a second 25 cylindrical flange encloses
both the first flange with its inner |ateral surface and, with bores inits
wi:den- ing, the guide elenents, a vacuumtight sliding connec- tion being
est abl i shed between the first flange and the second flange by neans of a
square ring. 30 In spite of the- di splacenents of the adjustable
chanber part necessary during the process of noulding and its precedi ng and
foll owi ng steps, the chadseprdbmsi he Phgt hd.cleodeddsiframe i tdazxiesr asul t

that process Cong:iizit.o'ls, WHiCh Haveikeanteclhal erdRbwdtidNa: Shart 3,
The chamber is a‘x‘n a eoualx q@@tqs%g %géagl | des, atsleast I'n certain’
sections, by heat™ 5t PRSP SRR B9 F tffﬂ‘%ﬂ“dt s SpBFfAgtastenad-on
outwardl y facing Bithestizingeme hadivheerpar for andohaimy abppeeitely -Bring
radi ation | osges JgiRe,’ edures B, hgatsf efd eGhidgnatiihder?! Afsal " 13
st agger ed arrangenent. . ,

. rapresanted in morée detall in Figures 2 and 3.

With a combination of a motor, spindle and guide
as 8 force-generating unit which is integrated in the
load frame 1, the adjustable part 3 can be displaced

10 against the fixed part 2 controllably in the force of the
contact pressure, also involving the use of a device for
force measurement 8, a control device 10 and davices
which are not shown for measuring the travel and for
regulating the force. . |

15 For increasing the temperature and  for cocling
during and after  the thermoforming process, there is
provided a texperature-control unit 13, operating with
oil as the heat transfer mediunm..

Insulating plates 14, 15 between the flanges 4, 5 and the

20 temperature-contrellable chamber parts 6, 7 restrict any

' heat transfer to the neighbouring components of tha
apparatus in an adequate way.

Not shown are means for vacuum generation and monitoring,
for ;renting and for temperature sensing.

25 According to Figures 2 and 3, taken through the
chamber parts 6, 7 are channels 16, 17, which are con-
nected to the temperature-control unit 13.

The chamber part 6 is fastened to the flange 4 by means
of six screws, which are passed through aleeves 18 and of

30 which one or two can be seen, depending on the figure.
(For the sake of overall clarity, in Fig. 2 not all the
parts are provided with their reference numerals).
The Bsida walls of the vacuum chamber are separated into
an inner part and an outex part. The inner part is formed

35 by a first cylindrical flange 19, the widening of which
is fastened to the chambar part 6 by screws 20. For
sealing, a round ring 22 is placed in a groove 21.

. The outer part encloses in the form of a second



The invention also relates to a process for noul ding mcrosystem structures
in which a nouldable S material is pressed by a nmoulding force and f

pre- determ ned period of time within a closabl e chanber

or a

into a noul di ng

tool by adjusting a noveabl e chanber part against a fixed chanber part
after wetting atnospheric conditions and-a5meul di ng tenperature adapted to
the 10 noul dabl e_material, and in which a renpval of the noul ded materi al

takes place at acHUdBdrirsly §langer 2BuPethThbesEixst flpmaend damksBphtei c
conditions and t ifingtoDeterale aperadelfand, aktthiboren ale PRI DéS vitdehilng, of the

cl osing of the chanber, at whi lncreaseg, i,n th rce acting., 15 .
fi xed chanber pai1 eresalceﬁé's”prledeterﬁa%'é'dnvg%%nts. s%%gz}gtﬁgnggfg*% P
at nospheri ¢ condestehblshed ®y meansfoff & sguardetning 38d Pushed gintichéhéor ce,

at which a ckosupgesed Nts Chaehghas & adiud|racethy Poédrid NG
chanber part to bear against it he 20 out\glgrdl‘%/ﬁi Ci ng end face of |
outer part of thBF8 qesion springs, 28y ¢ "3}0?? &

T (agpek ythe

dependent on a swidemlimg ekt ctime nedconducflaxdgehR4h sdnde are supported

10

15

20

25

30

35

against the chamber part 6.
Screw heads 27, 28 form limiting stops for a movement of
the sacond flange 23, which is pressed against the acrew
heads 28 by the action of the compression aprings 26 whén
the wvacuum chamber is open and against the outwardly
facing end face 29 of which the adjustable chamber part
7 comes to bear against the force of the compression
spring 26 during the closing of the vacuum chamber. For
sealing purposes, a zero ring 30 is placed into a groove
31 in the end face 29.

The inner space of the vacuum chamber, serving as

on the
t he

osabl e
Ebhe

S

a process space, is enclosed multiply by heat-reflective.

annular plates to reduce lateral heat radiation losses.
A first inner plate 32 is arranged within the €first
flange 19 and leaves a gap 33 with respect to the latter.
Middle plates 35, 36 are alongaide the chamber parts 6,
7 on outwardly facing sides and leaving gaps 34, 37 free.
Figally, outer plates 38, 39 forxm a final shield.

On one of the chambar parts 6, 7, serving as the
upper part and lower part., there is provided a receptacle
{(not sghown), with which a moulding tool and/or an
embossing die can be held in fixed installation or which
is suitable for securing a structure of layers assembled
outside the apparatus, comprising for example a moulding
tool, moulding material, die and technologically requireaed
release films. Loading may take place both manually and
automatically.

To avoid oxidation of the moulding tool or air
enclogures in the structures to be produced, not only a
vacuum ambience but also the use of an inert gas are
suitable as atmos.phar:ic _conditions. The wvagsuum chamber



moul di ng tool and the noul dabl e naterial bear against 25 each other in
optimum thermal contact: An increase in the force acti.ng on the fixed
chanber part caused by thernal expansion is advanta- geously conpensated by
a travel -regul ated adj ustment of the adjustable chanber part. 30

The invention is to be explained in nore -detail below with reference to the
diagrammatic drawing, in which: Fig. 1 shows the basic construction of a
moul di ng install Aesexibed ip fbe2prefient examrlie mayhaviiper keedesignkd; t he

moul di ng and Fi g witholeVehakgisg fthe Ehﬁpsﬂaﬁl@@msf&%ﬁﬂhha&#%ﬂ@%ﬁﬂ an
enl arged det ai | - 4- Accord:%gk 5&3%%‘ a oa frarre 1l carries a part

2, which is fixedicB { RE Fr £48 X ‘Shi" it 1s poasible to

work under an inert gas atmosphera.

S The bearing of a sealing surface 40 of the lower
chamber part 7 against the zero ring 30 in the ocutwardly
facing end face 29 during the closing of the vacuum
chamber leads to an increase in a compressive forca,
measured by the force-measuring device 9. When a prede-

10 termined firat force is reached, the movement of the
adjustable part 3 is stopped, the position kept constant
in a travel-regulated manner. An evacuation of the vacuum
chamber takes place, without a force being exerted on the

' mouldable material. .

15 Once the evacuation has taken place, the process of
moulding begins, Firast of all, the device ‘for force
measurement 9 is zeroced, gince the forces on the chamber
which are generated by the vacuum after evacuation have
no influence on the moulding. The adjustable part 3 is

20 then moved until a second force, which i1s again predeter-
mined and at which the moulding tool and the mouldable
material are in optimum contact with each other for
temperature control, is reached. The fact that the gpecond
flange 23 elides over the first flange 19 means that the

25 reduction in the chamber height necessary for this
purpose is achieved, while retaining the wvacuum condi-
tions.

The moulding tool and the mouldable material are brought
to the required moulding temperature, the force set being

30 kept constant by regulating the force. Anf increase in the
force of 'the contact pressure, caused- by thermal
expansion of the materials, is compensated by means of
tha adjustable part 3, by regulating the travel.

The displacability of the flange 23 with respect to the

35 flange 19 means that the vacuum-tight closure of tha
vacuum chember is engured in an advantageous way in the
cagse of this measure ag well.

A stop on the screw heads 27 produces a measurable



which is-adjustable, to which flanges 4, 5 are fastened. Both flanges 4, 5
serve for securing oppositely lying 5 chanber parts 6, 7 of a vacuum
chanber, which 1is represented in nore detail in Figures 2 and 3. Wth a
conbi nation of a notor, spindle and guide as a force-generating unit which
is integrated in the load frame 1, the adjUstable part 3 can be displaced
10 agai nst the fixed part 2 control | ably in the force of the contact
pressure, al so i hneretsr) imhshestoxsie megevred iy theoressyring devbre B a

control device 10hé%ﬂ%&%&ﬂdﬁuﬁhdiﬁﬁlﬂwvﬁam Gtk BfahbieLd ravel
and for regul atlng .|Tﬁ] % 3’1"? i nereasing the tenperature
and for cooling SEYPHEAAR SFPePorhding S (Trﬁ‘Pﬂ t3F¥tess, there is

provi ded a tenpeﬁacqr@@@@éredmul&nm;tomwrngum tHamibeens rehehédbat
transfer medisum enk sed@diingd fe&aseﬁaééss& RLVERY a&aﬁc{u@ngﬁacésa j@nd the

20 terrperature controll able c a 6, 7 restrict "any heat transfer
to the nei ghbour FREFY RELY BaTh, 3 ebhat Bowtdingot
shown are neans ﬁnocmwnnqymtcbhlamrﬂ.mmi farziel-gegullated manner.

Once the moulding procesa has been completed, the
adjustable part 3 1s moved until a predetexrmined third
10 force has been reached. Then, the moulding tool and the
moulding die are cooled to a demoulding temperature, by
switching over thae temperature-control ragime by means of
the temperature-controllable chamber parts 6, 7. Once
this temperature has been reached, the vacuum chamber is
15 flooded with inert gas and is opened by réversing the
travel of the adjustable part 3. The action of the
compreggion dapringse 26 haes the effect that the second
flange 23 is pressed against the screw heads 28, whexraby
the initial pogition with. the greatept chamber width i=s
20 reached.



“for 'venting and for tenperature sensing. 25 ﬂ“‘mml‘rﬂl‘u’ lﬂlj’l}res
2 and 3, taken through the chanber parts 6, 7 are chan

are con- nected to the tenperature-control unit 13. The *chinber part 6 in
fastened to the flange 4 by nmeans of six screws, which are passed through
sl eeves 18 and of 30 which one or two eaB be seen, depending on the
fi-gure. (For the sake of overall clarity, in Fig. 2 not all the parts are
provi ded with t h®atentf@kshwe nuneral s). The side walls of the vacuum
chanber are separated into an inner part and an outer part. The inner part
is formed 35 by a firsg l'indrical flange 19, .the wi dening of which is
fastened to the ghanber r%t“ay Lor W?“égm$or“i§€8f’¥ﬁ5°“a‘%ﬁﬁ&“ﬁ‘hg 22
s placed it a gheeieg?h pHiz oot coppasitedyc| ysing ichanberf gantel of second

cylindrical flangg aghi’gthf | G b aas:@.l sv‘éefﬂriézss f&@eggek@isi .
surface and, with Bores 24 1N eni n eeves . vacuurft ti ght
sliding connécti 8k pxbossing tool and a moul nb s material, and of which

one chamber part is fixed to the framework and the other
is guided adjustably in a frame, characterized in that
the chamber has side walls which comprisge an inner part
and an outer part, and in that the inner part is fastened
10 to the fixed chamber part (6) and the outer part, on the
outwardly £acing end face (29) of which the adjustable
chamber part (7) comes to bear against the force of a
gpring (26) during the cloaing of the chamber, is
displaceable along guide elements (18) on the £fixed
15 chamber part (6) between two stops, the spacing of which
essentially datermines the chamber width.
2. Apparatus according to Claim 1, characterized in
that the inner parxt is formed by a first cylindrical
flange (19), the widening of which is fastened to tha
20 fixed chamber parxt (6) and which containa in a groove
(21) a round ring (22) for gsealing with respect to the
fixed chamber part (6). _
3. Apparatus according to Claim 2, characterized in
that the ocuter part in the form of a second cylindrical
25 flange (23) encloses both the first flange (19) with its
inner lateral gsurface and, with bores (24) 1in its
widening, the guide elements (18), a vacuum-tight aliding
connection baing-es:ab'liahad' between the £irst f£lange
(19) and the second flange (23) hy means of a square ring
30 (25).
4. Apparatus according to Claim 3, characterized in
that the chamber is enclosed on all sgides, at least in
certain sections, by heat-insulating jackets.
5. Apparatus 'a.cccrding to Claim 4, characterized in
35 that insulating plates (14, 15) are fitted on outwa.rdly.
facing sldes of the chamber parts (6, 7) and lateral heat
radiation losses are reduaed by heat-reflective annular



establ i shed by neans of a square ring 25. Pushed onto the 5 mmﬁmgl“ggm“l“‘

serving as a guide for the second flange 23, are conpressio

whi ch bear against the wi dening of the second flange 24 and are supported
agai nst the chanber part 6. Screw heads 27, 28 formlimting stops for a
novenent of 10 t he second fl ange 23, mh1@h-|s pressed against the screw

heads 28 by the agtion of the conpression springs 26 when the vacuum
chamber is open Eﬁr& agafc')’ﬁsf TW%FHF}“F&EF%@ end face 29 of which the

adj ustabl e chanmbér. part Frocess for eeeldiyy nfickdwydtuC G ttudti®es in
carpy eosion 19, wBIEHD 2Ry gonk 06, 0SS B Bbebd oy SRl WL T

seal i ng purposes, a zero ring 3 ace

29. The inner spagé S?H‘T'l&?%ﬁ?l%ﬁ&ﬁb@?ri%m rtg-maswé\tpimc&es@.qqa@de i s
encl osed mul tsi pl ghlagbéeatintef Iaeqmwmiz’i@ t@émui: I ald4akednd 0 ' SelHAGALIRL er al

thin the f| rst
flange 19 and | L%@éﬁﬁarégﬁém e oL d?ShPﬁBa{’;?‘f £ afferietmages 35,
36 are al ongsi deaFﬁeﬂe copditioss a?ld)n woldinl rehperatuse delaprad
| eaving gaps 34, £37thé Gfouldable material, and in which a removal of the
moulded material takes place at a deamoulding temperature,
10 characterized in that the setting of the atmospheric
conditions and the process temperature takes place at
points in time of the closing of the chamber at which an
increase in a force acting on the fixed chamber part (6)
reaches predetermined values. ' ’
1s 7. Proceas according to Claim 6, characterized in
that the setting of the atmospheric conditions begins at
a first predetermined valua of the force, at which a
closure of the chamber has ta]:en'.'place. :
B. Process according to Claim 7, characterized in
20 that the setting of the process temperature is dependent
on a second predetermined wvalue, at which the moulding
tool and the mouldable material bear against each other
in optimum thermal contact.
9. Process according to Claim 8, characterized in
25 that an increase in the force acting on the fixed chamber
part caused by thermal expanaion is compensated by a
travel-regulated adjustment of the adjustable chamber
part. '



25" Finally, outer plates 38, 39 forn3a flnal shield. On one of the
chanber parts 6, 7, serving as the upper part<and |ower part, there is
provided a receptacle (not shown), with which a noul ding tool and/for an
enbossing die can be held in fixed installation or which 30 is suitable
for securing a shbhgkaée of layers assenbl ed outside the apparatus,
conprising for exanple a noulding tool, nmoulding material, die and
technologically required release filnms. Loadi ng nay 't ake place bot h
manual |y and automati calTiy. tke case of anTapprsabuexpud: RoPreFetfie £RBUl di ng

tool or air encl gsyigsngn &iﬁk&iﬁﬂﬁ%hur%%rhetGQeEIOdtﬁéﬁioﬂyuhtonuy atgacuum
anbi ence but al so the use ' a |table as
condi tions. The F&%ﬂﬁ?%ﬁ%rﬁ%‘r vaz &giﬁg?b 85 8 e 3{4%#8 ?hay al so
be desi gned, mnthndtothangldgpldunxn!qmulsnuseds$anana¢mheﬁstﬂsenn¢¢en5 tion,
pog | 0sabl e chagbely Idh¥1led dule b2 Hl Db, "QHI 14 dladlnl" BG102S
dimensional stability, and to ensure different moulding
depths.
According to the invention, a chamber having a
pair of oppositely lying chamber parts, of which one is
fixed to the framework and the other is adjustable, has
side walls which comprise an inner part and an outer
part. The inmnner pﬁrt is fastened to the fixed chamber
part and the outer part, on the outwardly facing end face
of which the adjustable chamber part comes to bear
against the force of a sp::irié during the closing of the
chamber, is displaceable along guide elements on the
fixed chamber part between two stops.
Within the chamber there takes place a satting of atmoa-
pheric conditions and of temperature conditions at points
in time of the closing of the chamber at which an
increase in a force acting on the fixed chamber part
reaches predetermined values.
The invention can be used in the product;on of
microsystem components.
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5 The bearing of a sealing. sunface,40 of the | ower chanber part 7
against the zero ring 30 in the outmaﬂdiy TaC|ng end face 29 during the
cl.osing of the vacuum chanber |eads to an increase in a conpressive force,
measured by the force-neasuring device 9. Wen a prede- 10 termned first
force is reached, the novenent of the adjustable part 3 is stopped, the
position kept constant in a travel-regul ated manner. An evacuation of the
vacuum chanber taken place, without a force being exerted on _the dabl e
material. 15 Once the evacuation has taken pl ace, BEEN

nmoul ding begins. First of all, the device for force E@g?SﬁE@FHAs
zeroed, since the forces on the chanber which are generat y thb vabuum
after evacuation have no influence on the noul ding. The adjustable part 3
is 20 then nmoved until a second force, which is again predeter- mned and
at which the noulding tool and the noul dable material are in optinmm
contact with each other for tenperature control, is reached. The fact that
the second flange 23 slides overf th¢ first flange 19 negans |t hat the 25
reduction in the chanber height] ne S-a-y—F-o—t-hi-s

\

9
N\ 2
\

=R

T

/
/
w

- I/ i
T TAT7
13

Fig. 1
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purpose is achieved, while retaining the vacuum condi- tions. The noul di ng
tool and the noul dable naterial are brought to the required noul di ng
tenperature, the force set being 30 kept constant by regulating the

force. An increase in the force of the contact pressure, caused by
thermal expansion of the materials, is conpensated by neans of the

adj ustabl e part 3, by regulating the travel. The dlsplacablllty of the
flange 23 with respect to the 35 fl ange 19 neans tjg acuut i ght '
cl osure of the vacuum chanber is ensured in an advarit ﬁcihEE\deAS BEEM¢ case
of this neasure as well. A stop on the screw heads r oBERIACED neasfir abl e
-7- increase in the force neasured by the neasuring device U, t he
maxi mum di spl acenent travel of the elenents involved in the noul ding can be
moni tored. Once the required noul di ng tenperature has been reached,

—
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Fig. 2
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5 the noul ding force necessary for the noul ding process is introduced via
the adjustable part 3 and the noul ding process is controlled in a
force-regul ated manner. Once the noul ding process has been conpleted,
the adjustable part 3 is noved until a predeterm ned-third 10 force has
been reached. Then, the noulding tool and the noul {iTHL SHEERHASHBRENED to a
denoul di ng tenperature, by switching over the tenp ratunqﬂqgcgpol regi me by
nmeans of the tenperature-controllable chanber partS—6;—7F—trce—tht
t.enperature has been reached, the vacuum chanber is 15 . flooded with inert
gas and i s opened by reversing the travel of the adjustable part 3. The
action of the conpression springs 26 has the effect that the second fl ange
23 i s pressed against the screw heads 2 the initial position with
the greatest chanmber width is 20 atent, C ai ns

]
|
—i

38

N
A

N
O\)
Z
N
-

-
co
A VA

1
A\
}L
Q8

/
W
~

NS

o

==
%,
7
N

TN}

\

AN NOMONNANNNNSNNSSNSNSSS

=

Fig. 3

is Sheet Has Been Rep lacea




1. “Appar atus for

opp05|tely | yi ng chanber parts of a cl osabl e chanber, which serve as

carriers for

moul di ng m crosystem structures having a pair of

receiving 5 an enbossing tool and a moul dabl e mat eri and
of which one chanber part is fixed fl@0 _the frarrewog %dOtl étcejgwégmd
adjustably in a fabakRaceharacterized in that the

whi ch conprise an inner part and an outer
is fastened 10 _Apparabufj 2RdprR&ess, Lo

outwardly facing end fac&n(2bp shsahoEh !Fhelmqﬁvablﬂ@dclﬁarmc%ar tf°(=7)

part

. and in that t he |nner

cones to bear agaichauihle ﬁgéﬁsafﬁtaan smm:ﬁ%ﬁb duenag dhfadd 0Sigg tof the
chanber, is displ aceabl e, al ng ui %}el e élhééff; he ftéfﬁ‘ (];ﬁ

chanmber part (6) GEPRBERTE oy 2 ﬁ@s hm8'§ g fi9’te
determ nes the chadberf wedlidable mteriqapanaitqu iaceur dmhgub:sﬂmtmah,a

characterized inhgf, tmm@erc&ar&nae}aw%@hm %ﬁiféteﬁdéi gr

the w denin

flange (19),

st ened fixe

nmber

part (6) and whi @WBHP&P%% PRkl 3oy and £P &M&andd#ﬁgr?w)m%rdi@gm i ng
w th respect to idepthexed chanber part (6).

According to the ianvention, a chamber having a

pair of opposaitely lying chamber parts, of which one is
fixed to the framework and the other is adjustable, has
side walls which comprise an inner part and an outer
part. The inner part is fastenad to the fixed chamber
part and the ocuter part, on the outwardly facing end face
of which the adjustable chamber part comes to bear
againsﬁ the force of a upriﬁé during the closing of the
chamber, is displaceabls along guide e<¢lements on the
fixed chamber part between two atops. '
Wwithin the chamber there takes place a sstting of atmos-
pheric conditions and of temperature conditionz at points
in time of the closing of the chambaer at which an
increase in a force acting on the fixed chamber part
reaches predetermined values.

The invention can be used in the production of
microsystem components.
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3. < Apparatus according to Claim2, characterized in that the outer
part. in the formof a second cylindrical 25 flange (23) encloses both the
first flange (19) with its inner lateral surface and, with bores (24) in
its widening, the guide el enents (18) a vacuun}tlght sl.iding connection
bei ng establi shed between the first flange (19) and the second flange (23)

by neans of a square ring 30 (25). 4. Appar atus according to Cl aim
3, characterized in that the chanber is enclosed on all sides, at least in
certain sections, by heat-insulating jackets. 5. Appar at us accordi ng

to Claim4, characterized in 35 that insulating plates (14, 15) are
fitted on outwardly facing sides of the chanber parts (6, 7) and | ateral
heat radi ation | osses are reduced by heat-reflective annul ar -9 - plates
in a staggered arrangenent. 6. Process for noul ding mcrosystem
structures in ‘

1
9 1
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whi ch & noul dable material is pressed by a noulding force and for a
predeterm ned period of time within a closable 5 chanber into a noul di ng
tool by adjusting a noveabl e chanber part against a fixed chanber part .
after setting atnospheric conditions and a noul ding tenperature adapted to
t he noul dabl e material, and in whigh a renoval of the noul ded materi al
takes place at a denoul ding tenperature, 10 characterized in that the
setting of the atnospheric conditions and the process tenperature takes

pl ace at points in time of the closing of the chanber at which an increase
in a force acting on the fixed chanber part (6) reaches predeterm ned

val ues. 15 7. Process according to Claim6, characterized in that
the setting of the atnospheric conditions begins at a first predeterm ned
value of the force, at which a closure of the chanber has taken place. 8.
Process according to Caim?7, characterized in 20 that the setting of the
process tenperature is dependent on a second predeterm ned val ue, at which
t he noul ding tool and the noul l@able materi al bear ggai nst each other in

opti mum t hermal contact.
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9. . " Process according to G aim8, characterized in 25 that an
i ncrrease in the force acting on the fixed chanber part caused by thernal
expansion is conpensated by a travel -regul ated adjustnment of the adjustable

chanber part.
3
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