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Apparatus and process for moulding microsys~em. 111tructure'/ 

Tho invention relates to the moulding of micro­

sy• tem structures with an apparatus which includes a pair 

of oppositely lying chamber parts of a closable chamber. 

5 which serve as carriers for receiving am embossing tool 

and a mouldable material, and of which one chamber part 

is fixed to the framework and the other is guided adjust­

ably in a frame. 

:rn the proces• for produaing microsystem 

10 components which has become known under the name LXGA 

teclm.ique Ca German acronym standing fer lithography with 

synchrotron radiation, galvanoplating and plastic mould­

ing) , the moulding is a key to mass production. By 

pressing a moulding tool into a layer of thermoplastic or 

15 ~ome other material, preferably under a vacuWll and at a 

temperature above ~he softening temperature of the 

thermoplastic, three-dimensional structure• are produced 

with structure heights in the range of just a few nano­

meters to a few hundred micrometers. 

lD DB 40 10 669 C1 and DB 42 22 856 C1r which relate 

to proaesses for pro4ucicg microstructured elements from 

plastic, describe in detail the process steps of the so­

called vacuum ~osaing process. 

The structural design of an apparatus suitable for 

25 moulding on a mass-product.ion scale ia not dealt with in 

detail. 

Such an apparatus must meet the raquirear.ont of 

having flexible apparatus possibilities. ~is includes 

solving those problmaa which arise because of different 
3 0 heigh cs of the moulding tools to be used and also 

different thicknesses of the moulding. material and 'the 

moulding depth (structure depth). 'l'bi• adaptability_ is 

additionally made more difficult by the requirement 

contained in DE 42 22 856 Cl for vary accurate parallel 

35 guidance of the tool. 

Tbe object of the invention i• therefore· to 

·.~· 
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compensate for such variations in thickness in the 
embossing process to be carried out under a ·vacuum, "hile 
en•uring high dimensioD.al atabili~y, and to e.nmure 
different moulding dapths. 

S The object is achieved by an apparatus for 
moulding microsystam. structure• having a pair of 
oppord tely lying chamber pares of a clo$able chamber, 
which se:r:v• as carriers for roceiving an ambos•ing tool 
and a mouldable JDB.terial, and of which one chamber part 

10 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 an outer part, and the 
inn.er part is faatm:Lad to the fixed chamber part and the 
outer part, on the outwardly facing end face of which the 

15 adjustable chamber part came~ to bears against the fo~ce 
of a spring during the closing of the chamber, is 
displaceable along guide elements on the fixed chlUftber 
part between t'WO stops. The spacing of the •tops e•sen­
tially detennines the eh.amber 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 contains in a groove a round 
ring for sealing with respect to the fixed chlllllher part. 

The outer part in t~e form of a second 
25 cylindrical flange endloses both the first flange with 

its inner lateral surface and, with bores in its widen­
ing, the guide elements, a vacuum-tight sliding connec­

tion being established between the f ir•t flange and the 
second flange by means of a •quar~ ri119. 

30 In spite of the displacements Qf the adj~stable 
chamber part necessary during the process of· moulding and 
its preceding and following steps, the chamber ramaina in 
the closed state, with the result that process conditions 
which have baen set are not changed. 

35 The chamber is advantageously enclosed on all 
•ides. at least in certain sections. by heat-insulating 
jackets, insulating plates being fitted on outwardly 
facing sides of the chamber part.a 11.11d lateral heat 
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radiatiou lossea being reduced by heat-reflective annular 

plate• in a staggered arrangemmit. 

The invention also relates to a procea• for 

moulding Jd.crosystem structures in which a mouldable 

S JQ&terial is pressed by a moulding force and for a pre­

determined period of time within a clo•able chamber into 

~ moulding tool by a~:lusting a moveable chamber part 

against a fixed chamber part after ••tting atmospheric 

conditions and a moulding temperat;ura adapted to the 

10 mouldable material, and in which a removal of the moulded 

material take11 place at a demoulding temperature. ~he 

setting of the atmospheric conditions and the process 

temperature takes plaoe at points in time of the closing 

of the chamber at which an inc~ease in the force acting 

15 on the fixed chamber part r~acbes predetermined valu~s. 

Thus, the aetting cf the atmospheric conditions 

begins at a first predete:mined value of the force. at 

which a clo•ure of t:he cha.mbe'J:' hal!I taken place by 

bringing the closable chamber part to bear against the 

20 outwardly facing end face of the outer part of the side 

walls. 
'l'he setting of the process temperature is 

dependent on a pecond predetermined value, at which the 

:moulding tool a:a.d the mouldable material bear against 

25 each other in optimum the:r:mal contact. 

30 

An inerease in th• force acting OD the fixed 

chamber part caused by thermal expanaiC)J1 is advanta­

geously aompenaated by a travel-regulated adjustment of 

the adjustable chamber part. 

The invention is to be explained in more detail 

below with ref erenca ta the diagrammatic· drawing, in 

which: 
Fig. 1 shows the bal!lia ccnstruation of a moulding 

installation 
35 Pig. 2· abows a vacuum chamber serving for the moulding 

and 

F~g. 3 shows means for the chamber height •djustm.ent·iu 

an enlarged detail. 
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According to Pig. l, a load frame 1 carries a 
part 2, which is fixed to the framework, ·and a part 3, 

which is adjuatable, to 'Whiah flanges 4, S are fastened. 
Both flanges 4, 5 11e~e for see1uring oppositely lying 

S chamber parts 6, 1 of a vacuum chamber, which is 

represented in more detail in Figures 2 and 3. 

With a combination of a motor, spiiic!le and guide 
as a force-ganarating 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 u•e of a device for 
force measuram.ent 9, a control device 10 and devicea 

which are not shOWZl for meal!l~ring the travel and for 

regulating the force. 

15 For increasing the temperature and· for c:ool;Lng 
during and after · the thermoforming process, there is 

provided a temperature~aontro1 unit 13, operating with 

oil a• the heat t:ranl!lfer medium •. 
insulating plates 14, 15 between the flanges 4, 5 and the 

20 temperature-controllable chamber parts 6, 7 restrict any 

heat transfer to the neighbouring camponents of the 
apparatus in an adequate way. 
Net shown are means for vacuum generation and :tnonitoring, 
for venting •ad for temperature sensing. 

25 According to Figures 2 and 3, taken through the 
chamber parts 6, 7 are channels 16, 17, which are aon­

neated .to the temperature-control unit 13. 

The ab.amber part 6 is ~aste~ed to the flange 4 by means 
of six screws, which are pa•sed through sleeves 18 and of 

3 o 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 referenQe numerals). 
The aida wall• of the vacuum. chamber are separated iQto 
an inner part and an oute;c- part. 'rha inner part ia fo::cmed. 

35 by a first cylindrical flange 19. the widening of which 
is fastened to the chamber part 6 by •crews :zo. Por 
sealing, a round ring 22 is placed in a groove 21. 

The outer part encloses in th• for.tn of a second 
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cylindrical flange 23 both the first flange 19.with its 
inner lateral surfada and., with bores 24 in.its widening, 
the aleevea 18. .A vacuum-tight sliding connection is 
established by means of a square ring lS. Pushed onto the 

5 sleeve& 18, serving as a guide for the second fl8.Jlge 23, 

are compression •pringa 26, which bear a.g&illst the 

widening of the second flange 2 4 and are aupport:.ed 
against the chamber part 6. 

Screw heads 27, 28 form limiting stops for a movement of 

10 the second flange 23, which is pressed againgt the screw 

heads 28 by th~ ~ction of tbe compression springs 26 when 

the vacuum chamber is open and again1.11t the outwardly 
facing end face 29 of which the adjustable chamber part 
7 COJnes to bear against the force of the comp:,:'e•sion 

15 spring 26 during tha closin~ of the vacuum chamber. ,or 
sealing purposes, a zero ring 30 is placed into a groove 
3l in the end face 29. 

The inner spacse of the vacu\1111 chamber t serving as 

a process ~pace, i• enclosed multiply by heat-reflective. 

20 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 platee 35, 36 are alongside the chamber parts 6, 
7 on outwardly facing sides and leaving gaps 34, 37 free. 

25 Finally, outer plates 38, 39 form a final shield. 
On one of the chamber parts 6, "I, serving as the 

upper part and lower part- t:h•re is provided a receptacle 
(not shown), with which a moulcU.ug tool and/or an 

embossing die can be held in fixed installation or which 
30 is suitable for securing a st~cture of layera assembled 

outside the apparatus, comprising for exmuple a moulding 
tool, moulding material, die and technologically required 
release films. Loading may take place both manually and 
automatica.1ly. 

35 To avoid oxidation of the moulding tool or air 

enclosures in the structures to be produced, not only a 
vacuum ambience but also the u•e of an inert gas are 
suitable as atmospheric conditions. The vaauum. chamber 
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de•dribed in the present example may also be deaigued, 
without changing the component• essential ~o~ the inven­
tiou, aa a closable chamber in which it is possible to 
work under an inert gas atmosphere. 

5 The bearing of a sealing surf ace 40 of the lower 
chamber part 7 again1t the zero ring JO in the outwardly 
facing end face 29 during the closing of the vacuum 
ab.amber leads to an inerease in a cmnpress1.ve force, 
measured by the force-measuring device 9. When a prede-

10 ter.m.ined first foroe is reached, the movam.ent of the 
adjustable part 3 is stopped, the position kept constant 
in a travel-regulated manner. ~evacuation of the vacuum 
chamber takes plaC!e, without a fo:z:_-ce being exerted on the 
:m.ouldable macerial. 

15 Once the evacuation has t~ken pla.ce, the process . of 
moulding begins. First of all, the device for force 
measurement 9 ia zeroed, since the forces on the chamber 
which are geQerated by the vacuum.after evacuation have 
no influence on the moulding. The adjustable part 3 is 

20 then:m.ovad until a second force, which is again predeter­
mined and at whicb the moulding tool and the mouldable 
material are in optimum contact with each other for 
temperature controlr is reached. The fact that the second 
flange 23 slides over the first flange 19 means that the 

25 reduction in the chamber height necessary for this 
purpoae is achievedr while retaining the vacuum condi­
tions. 
'l'he moulding tool and the mouldable mate4ial are brought 
to the required moulding tamperaturer 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 compensated by meaus of 
th• adjustable part 3, by regu1ating the travel. 
The dtsplacability of ehe flange l3 with respect to the 

35 flange· 19 mean• that t.he vacuUm.-tight alo11ure of the 
vacuum chamber is ensured in an advantageous way in the 
ca•• of this measure a• well. 
A atop on the serew heads 27 produce• a measurable 
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increase in the force m.easurad by the lliea•uring device 9. 
whereby the maximum displacement t~avel of the elements 
involved in the mouldiDg can be monitored. 

Once the required moulding temperature has been reached, 
5 the moulding force necessary for the moulding process is 

introduced via the adjustable part 3 and the moulding 
process is controlled in a force-regulated manner. 
Once the moulding process has been completed, the 
adjustable part 3 is moved until a predetexmined third 

10 force has been reached. Then, the moulding tool and the 
moulding die are cooled to a demoulding temperature, by 

switching over the temperature-control regime by means of 

the temperature-controll&ble chamber pa~ts 6, 7. Once 
this teml>eracure has been reached, the vacuum chamber is 

15 flooded with inert gas and is opened by reversing ~he 
travel of the .ad.justable part 3. The action of tho 

co:mpreasion springs 26 has the effect that the second 
flange 23 is pressed agaiust the sc~ew·heads 28, whereby 
the initial poaition with.the greatest chamber width is 

20 reached. 
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Patent Clab1s 

1. Apparatus for moulding microsystem. structures 

having a pair of oppositely lying chamber parts of a 

closable cluuaberw which serve as ·carriers for receiving 

5 an embossing tool ancl a mould.able material, and of which 

one chamber part i• fbc::ed to the ·framework and the other 

is guided adjustably in a frame, characterized in that 

the chamber has side walls which comprise an inner part 

and an outer part, and in that the inner part is fa•tened 

10 to the fixed chlllDher part (6) and the outer part, on the 

outward1y facing end face (29) of which the adjustable 

eh~er p~rt (7) com.es to bear against the force of a 
spring (26) during the closing of the chamber, is 

diaplaceable along guide e_lements (18) on the fi~e~ 

15 chamber part (6) between two stops, the spacing of which 

essentially daterminestha chamber width. 

2. Apparatus according to Claim 1, characterized in 

that the inner part is form.~d .by a first cylindrical 

flange (19), the widening of which is fastened to the 

20 fixed chamber pa:r:-t (6) ~ which contains in a groove 
(21) a round ring (22) for sealing with reapect to the 

fixed chamber part<'>· 

3. Apparatus according to C~aim 2, characterized in 

that the outer part in the form of a second cylindrical 

25 flange (23) encloses both the first flange (19) with its 
i:iuier lateral surface and, with bores (24) in its 

widening, the guide elements (18), a vacuum-tight sliding 

connection being· es~ahlished between the first flange 

(19) and the seconcl flange (23) by means of a aqua.re ring 

30 (25). 

4. Apparatus aacording to Claim 3, characterized in 

that the chamber is enclosed on. all sides,. at leas·t in 

certain sections, by heat-insulating jackets. 

s. Apparatus accordin~ ta Claim 4, characterized in 
35 that insulating plates (14, 15) are fitted on outwa.rd.1y 

fa~ing sides of the chamber parts C6w 7) and lateral heat 
radiation lossea ara reduced by heat-reflective annular 
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plates in a staggered arrangement. 
6. Proce•a for moulding miarosyatem ·structures in 
which a mouldah1e material ia pressed by a moulding force 
and for a predetermine~period of time within a closable 

5 chamber into a moulding tool by adjusting a moveable 
dhamher part again•t a fixed chamber part after setting 
atmospheric conditions and a moulding tamp•rature adapted 
to the mouldabla material, and in which a removal of the 
moulded material takes place at a demoulding temperature, 

10 characterized in that the setting of the atmospheric 
conditions and the process temperature takes place at 
points in tiae of the closing of tha chmnber at which an 
increase in a force aating on the fixed chamber part (6) 

raache• predetermined values. 
15 7 . Process according tC? Claim 6, cha:t:"acterized in 

that the setting of the atmospheric conditions begins at 
a first predetermined value of t.he fo:rae, at wh.ieh a 
closure of the chamber has taken place. 
B. Process according to Claim 7, characterized in 

20 that the setting of the process temperature is dependent 
on a second ~redetexmined value, at which the moulding 

·. 
tool and the mould.able material bear against each other 
in optimum th.a:rmal contact. 
9 . P:r:ocess according to Claim 8. characterized in 

25 that an increase in the force acting an the fixed chamber 
part caused by thermal expansion is compenaated by a 
travel-regulated adjustment of the adjustable chamber 
pa:rt. 


