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Apparatus and process for moulding microsystem al:ructure?/
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The invention relates to the moulding of micreo-
system structures with an apparatus which includes a pair
of oppositely lying chamber parts of a closable chanmber,
which serve as carriaers for receiving an embossing tool
and a mouldable material, and of which one chamber part
ig fixed to the framework and the other is guided adjust-
ably in a frame.

In the proceass for producing microsyastem
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
some other material, preferably under a vacuum 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.

DE 40 10 8569 C1 and DB 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
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
heights of the moulding toola 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
guidance of the tool.

The object of the invention is therefore to
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compensate for such variations in thicknass in the
embosaing process to be carried cut under a vacuum, while
ensuring high dimensional stabllity, and to ensure
different moulding depths.

The object 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
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
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.

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
cylindrical flange encloses both the f£irst flange with
ita 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.

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. '

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
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radiation loeses being reduced by heat-reflective aanular
plates in a staggered arrangement. '

The ipvention also relates to a process for
moulding microsystem structures in which a mouldabla
material is pressed by a moulding force and for a pre-
determined period of time within a clesable chamber into
a moulding tool by adjusting a moveable chamber part
against a fixed chamber part after setting atmoapheric
conditions and a moulding temperature adapted to the
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
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
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
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 hir a travel-regulated adjustment of
the adjustable chamber part.

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

Fig. 1 ehows the Dbasic construction of a moulding
installation

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

and

Fig. 3 shows means for the chamber height adjustment "in
an enlarged detail.
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According to Pig. 1, a locad frame 1 carries a
part 2, which is fixed to the framewoerk, and a part 3,
which is adjustable, to which flanges 4, 5 are fastaned.
Both flanges 4, 5 serve for aecuring oppositely lying
chamber parts 6, 7 of a vacuum chamber, which ig
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
againat 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. . '

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
temperature-contrellable chamber parts 6, 7 restrict any
heat transfer to the neighbouring components of tha
apparatus in an adeguate way.

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

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
which one or twc 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
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
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cylindrical flange 23 both the first flange 19 with its
inner lateral surface and, with borea 24 in its widening,
the Bleeves 18. A vacuum-tight gliding connection is
established by means of a square ring 25. Pushed onto the
sleeves 18, serving as a guide for the second flange 23,
are compregsion springs 26, which bear againgt the
widening of the second flange 24 and are supported
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
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.
Finally, outer plates 38, 39 foxm 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
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described in the present example may also be desigmed,
without changing the components essential feoxr the inven-
tion, as a closable chamber in which it is poasible to
work under an inert gas atmosphera.

The bearing of a sealing surface 40 of the lower
chamber part 7 against the zaro ring 30 in the outwardly
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-
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. .

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
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
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
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 means of
tha adjustable part 3, by regulating the travel.

The displacability of the flange 23 with respect to the
flange 19 means that the vacuum-tight closure of the
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
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increase in the force measured by the measuring device 9,
vhereby the maximum displacement travel of the aslements
involved in the moulding can be monitored.

Once the réquired moulding temperature has been reached,
the moulding force necessary for the moulding process is
introduced via the adjuastable part 3 and the moulding
process ig controlled in a force-regulated manner.

Once the moulding procesa has been completed, the
adjustable part 3 1s moved until a predetexrmined third
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
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
reached.
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Patent Claims

1. Apparatus for mbulding micreosystem gtructures
having a pair of oppositely lying chamber parts of a
closable chamber, which serve as carriers for receiving
an eanhossing tocl and a mouldable 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
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
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
fixed chamber part (6) and which contains 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
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) by means of a square ring
(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
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
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pPlates in a staggered arrangement.

6. Process for moulding microgystem ‘structures in
which a mouldable material is preased by a moulding force
and for a predetermined period of time within a closable
chamber into a moulding tool by adjusting a moveable
chamber part against a fixed chamber part after petting
atmospheric conditions and a moulding temperature adapted
to the mouldable material, and in which a removal of the
moulded material takes place at a deamoulding temperature,
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 (&)
reaches predetermined values. ' ’

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
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
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. '
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