1 Method and apparatus for thermally processing plastic discs, in particular mould wafers The present
invention relates to a method and an 5 apparatus for thermally processing plastic discs, in particular
mould wafers, which are also known as moulded wafers, synthetic wafers or epoxy wafers and are
referred to throughout this text as mould wafers. 10 Although the present invention and the problems
addressed by it are explained below on the basis of mould wafers, the invention is not restricted to
these but can be applied generally to thin plastic discs. 15 In semiconductor technology, there has
recently been an eygrincreasing use af,so-called smould wafers: In which individyalsilicon; chips are
embedded at a distance from o nother ma moulding compound, the moulding compound itself
having the form of &4 p-20-sihed beirg;-for-example, set in place on a surface of the
moulding compound. In the course of the production of mould wafers, it is necessary to carry out

thermal processing:ef-a mauld 25-wafgrassembly, camprsiag athermallygetachablediimzand a
carrier substrate attached_by said.film to,the maquld w. ve the carrier substrate,and the film
a’é ara%hs %or hh@%ﬁ,@x{%gr g%ec{cggég%o E}has_q. O%_l,g)é; 0

by dissolving the b6 ing adhesive, during this mal processing the mould wafer is heated from one

30 side by means 6FF ERRTIIAG delE-EhulRFETE subgdtiiehtly Todled? Wifich 1§°8%Maind in more
detail below. FigureQskowssad exampleyofithe dependercesof the 35 tensilevstfength Zrof a plastics
moulding compoung.of a-mauld wafer,on the teaperatire b 2Lemparaiie; fwdesigrates a
softening temperature, UB designates a hard-soft transitional region, Ti designates a preheating

temperature between room temperature RT and hardening temperature TH and T2
10 Although the present invention and the problems

addressed by it are explained below on the basis of
mould wafers, the invention ls not restricted teo these

but can be applied generally to thin plastic discs.

15 In semiconductor technology, tThere has recently bsen an
ever-increasing use of so-called mould wafers, in which
individual silicon chips are embedded at a distance
from one ancther in a moulding compound, the moulding
compound itself having the form of a wafer and the

20 silicon chips being, for example, set in place on a

surface of the moulding compound.

In the course of the production of mould wafers, it is
necessary to carry out thermal processing of a mould

25 wafer assembly, comprising a thermally detachable film
and a carrier substrate attached by said film to the
mould wafer. To remove the carrier substrate and the
film by dissolving the bonding adhesive, during this
thermal processing the mould wafer is heated from one

30 eide Dby means of a clamping device {chuck) and
subsequently cooled, which is explained in more detail
below.

Figure 9 shows an example of the dependence of the
35 tensile strength Z of a plastics moulding compound of a

mould wafer on the temperature T.

In Figure 9, reference sign RYT designates room

temperature, for example 20°C, Ty designates a hardening



5 designates a temperature above the hardening temperature TH and below the softening temperature
T. For example, TM = 140C, Ti = 110C, T2 - 180C and Tw = 190C. 10 For detachment, preheating to
TI, further heating to T2, detachment at T2 and cooling down to RT are performed, for example.
However, on account of the poor thermal conductivity of the plastic used for the mould wafer and the
interaction with the embedded Si 15 chips with a different coefficient of thermal expansion, this cooling
leads in the transitional region UB to frozen-in stresses, resulting in bending (warping) of the mould

water, which makes lajet handling and pracessing.afthe mould waler. mere,20 diffiqult o impossible. It

is an object of the present invention to provide a method and an apparatus for thermally prQ_Lcessing
plastic discs, in pariGakIMERE wafers, thaF AIGH 25 the?rﬁ%?ﬁ?o%%@ﬁﬁg of pig€tic tiscs, i particular
mould wafers, with $eHichredeced or nobendiaydecurs, orepatiolable deligdratebendingafter the
thermal processing: 3@, Ehe methodmaccosging tadhedrvention:with dre featuresrof Glain Irand the

corresponding.apparatus acg%rsding to Clag%e%ﬁg e@/@u@g advgggqgee thatttll;gy allg\ggggw%h.

processing of thin p astic discs with no pro s of bending (warping). 35 The concept on which the

present first inventioRTE BAEEH IS that stiBStantfaif*Cohtdctl 68 haRsPGrtationFsTiRG heated plastic disc
is carried out from thetfirskelapiping te'Vick4d the sdtord tldmpingTdevice, 88 fér example by means

of an air cushion, imafgrer largely to avoid a thermal exchange. Controlled processing during cooling is
then performed, so that no uncontrollable bending can occur. 5

10 For detachment, preheating tc T1, further heating to
T2, detachment at T2 and cooling down to RT are
performed, for example. However, on account of the
poor thermal conductivity of the plastic used for the
mould wafer and the interaction with the embedded Si

15 c¢chips with a different coefficient of  thermal
expansion, this cooling leads in the <transitional
region UB to frozen-in stresses, resulting in bending
{(warping} of the mould wafer, which makes later
handling and processing of the mould wafer more

20 difficult or impossible.

It is an object of the present invention to provide a
methed and an apparatus for thermally processing
plastic discs, in particular mould wafers, that allow
25 thermal processing of plastic discs, in particular
mould wafers, with which reduced or no bending occurs,
or controllable deliberate bending, after the thermal

processing.

3¢ The method according to the invention with the features
of Claim 1 and the corresponding apparatus according to
Cilaim 12 have the advantage that they allow thermal
processing of thin plastic discs with no problems of
bending (warping).

35
The concept on which the present first invention 1is
based is that substantially contactless transportation
of the heated plastic disc is carried out from the

first clamping device to the second clamping device,



Advantageous developments and improvements of the subject matter with which the invention is
concerned can be found in the subclaims. 10 According to a preferred development, the contactiess
transportation of the heated plastic disc is carried out by means of a gas-cushion transporting device.
According to a further preferred development, the first 15 clamping device, the second clamping
device and the gas-cushion transporting device form axommon planar surface. According to a
further preferred development, the 20 contactless transportation of the heated plastic disc is carried
out by means of a Bernodliahamping devitea Accordingda a furtherqureterred element, thie first

clamping device has blasfipg nozzlesyliteted in e 23 ranspartingssiection, by whichthe
transportation is initiated. According to a further preferred develo m%nt, the,first cl rplpipg device, the
second clamping d2VREEERd B%e 36 GHS Tk Ton HandSorting %Ieé?%ﬁ SetBgether t?ﬁe in the
transporting directiongirnordet e initafestheitransportatiofiAccording to a further preferred
development, the 35 plastic disc is a mould wafer which is bonded to a carrier substrate at the first

temperature by meggs.ofa hermaly detachalle film, the, gayriet sbstrataanctne shermally
detachable film being remov%d flrlom the mould wafer at the second temperature. 4
subject matter with which the invention is concerned

can be found in the subclaims.

10 According to a preferred development, the contactless
transportation of the heated plastic disc is carried

out by means of a gas-cushlon transporting device.

According to a further preferred development, the first
15 c¢lamping device, the second clamping device and the
gas-cushion transporting device form a common planar

surface.

According to & further preferred development, the
20 contactless transportation of the heated plastic disc

is carried out by means of a Bernoulli clamping device.

According to a further preferred element, the first
clamping device has blasting nozzles directed in the
25 transporting direction, by which the transportation is

initiated.

According to a further preferred development, the first
clamping device, the second clamping device and the
30 gas-cushion transporting device are together tilted in
the transporting direction, in order o initiate the

transportation.

According to & further preferred development, the
35 plastic disc is a mould wafer which is bonded to a
carrier substrate at the first temperature by means of
& thermally detachable f£ilm, the carrier substrate and
the thermally detachable film being removed from the

mould wafer at the second temperature.



According to a further preferred development, the plastic disc is placed onto the first clamping device
by means of a third clamping device, the removal of the 5 carrier substrate being carried out by lifting
off by means of the third clamping device after thermal detachment of the film at the second
temperature. According to a further preferred development, the 10 clamping on the first clamping
device and/or the second clamping device is carried ouf by suction attachment by means of vacuum
nozzles. According to a further preferred development, the 15 reaching of a predetermined end
position of the plastic disc on the second clamping device is sensed by a sensor device, the clamping

of the heated plastic disc on the second cl ing device being triggered by a corresponding output
signal of the senso%%%?/%g.lag Ac%%rdiﬁg tacj)én%%fdg?t%%r pPeJi‘gffrEe3 rd%%elo%%’%ﬁ%%e&gétic%ﬁb is
connected to a trafspoitPiated i plaSticPdidE Heing dampEd or HiE first CRIARIIRG dEFEe Fhd the
second clamping devicedanmeans of the 25 transpoitrplatéand-the plastic eiscveging fransported from

the first clamping deyice;to the; sgeend clamping devige by smeans.ofithe transpert plates b%According
a

to a further preferred drelvelogr%}eng,gge 3t sensor glfé/lceihas a gg@gaccélesg ggti%al% S%ﬁ]g%r% xemplary
embodiments of th&TfVehtion are ‘explained I more detaif in the description which f% ows and are

represented in the drh@iABBSMWRIENEBS Fguresiia, b-Sow SeRBmdtiRTTepiesentations of an
apparatus for the thermal delamination of mould wafers as a first embodiment of the invention, to be

mecse[qQWEIa"@%cording to a further preferred development, the
10  clamping on the first clamping device and/cr the second
clamping device is carried out by sucticn attachment by

means of wvacuum nozzles.

Loceoording to a further preferred development, the
15 reaching of a predetermined end position of the pilastic
disc on the second clamping device 1is sensed by a
sensor device, the clamping of the heated plastic disc
on the second clamping device being triggered by a
corresponding cutput signal of the sensor device.
20
ABoeording  to a  further preferred development, the
plastic disc 1is connected to a transport "plate, the
plastic disc being clamped on the first clamping device
and the second clamping device by means of the
25 transport plate and the plastic disc being transported
from the first clamping device to the second clamping

device by means of the transport plate.

According  to  a  further preferred development, the

30 sensor device has & contactless optical sensor.

Bxemplary embodiments of the invention are explained in
more detail in the description which follows and are
represented in the drawings, in which:
35
Figures la,b show schematlc representations of an
apparatus for the thermal delamination of
mould wafers as a first embodiment of the

invention, to be precise Figurse 1z in a



5 side view and Figure Ib in a plan view of the upper side; Figure 2shows a flow diagram to explain a
method 5for the thermal delamination of mould wafers by means of the apparatus according to Figure
1 as a second embodiment of the invention; shows a schematic side view of an apparatus for the
thermal delamination of mould wafers as a third embodiment of the invention; shows a second
clamping device for use in the case of a fourth embodiment of the invention; Figure 5shows a first
clamping device for use in 20the case of a fifth embodiment of the invention; Figure 6shows a

schematic side view of an side view and Figure 1b in a plan view of

the upper =side;

Figure 2 shows a flow diagram to explain z method

5 for the thermal delamination of mould
wafers by means of the apparatus

according to  Figure 1 as  a second

embodiment of the invention;

10 Figure 2 shows a schematic side view of an
apparatus for the thermal delamination of
mould wafers as a third embodiment of the

inventicn;

15 Figure 4 shows a second clamping device for use in

the case of a fourth embodiment of the

invention;

Figure 5 shows a first clamping device for use in

20 the casge of a fifth embodiment of the
invention;

Figure 6 shows a schematic side view of an

apparatus for the thermal delamination of

25 moulid wafers as a sixth embodiment of the
invention;
Figure 7 shows a schematic side view of apparatus

for fthe thermal delamination of mould

30 wafers ag a seventh embodiment of the
invention;
Figure 8 shows a schematic side wview of an

apparatus for the thermal delamination of
35 mould wafers as an eighth embodiment of

the invention; and

Figure 9 ghows an example of a dependence of the

tensile strength Z of z plastice moulding



apparatus for the thermal delamination of 25mould wafers as a sixth embodiment of the invention;
Figure 7shows a schematic side view of apparatus for the thermal delamination of mould
30wafers as a seventh embodiment of the invention; Figure 8shows a schematic side view of an
apparatus for the thermal delamination of 35mould wafers as an eighth embodiment of the invention;
and 6 compound of a mould wafer on the temperature I. In the figures, the same reference signs
designate 5 component parts that are the same or functionally the same. Figures la,b show schematic
representations of an apparatus for the thermal del%r?ination olfn gnoluéd Waf§£% 110 as a first . embodiment

of the invention, to be precise Figure %Oi%“slfade view andaFigureIIJb In a [‘)“ian view of the upger side.
temperature T.

In the figures, the same reference signs designate
5  componsnt parts that are the same or functionally the

same.,

Figures 1la,b show schematic representations of an
apparatus for the thermal delamination of mould wafers
10 as a first smbodiment of the invention, to be preciss
Figure la in a side wview and Figure 1lb in a plan view

of the upper side.

In Figures la,b, reference sign 1 designates a base
15 platform, which is produced for example from aluminium.
A presentation platform 3 with an upper surface 0' is
attached on the platform 1 by means of a standing foot
3a. The presentation platform 3 is heatable and, in
the case of the present example, is at the tempesrature
20 Tl = 110° Celsius, corresponding to the example of
Figure 9. Reference sign 15 designates a mould wafer,
embedded in which by a known method are silicon chips
15a, the one surface of which is flush with an upper
side of the mould wafer 15. A carrier substrate 17,
25  for example of steel, is bonded te the mould wafer by
means of a thermally detachable film 16, which 1is a
result of the production process of the mould wafer, in
which the silicon chips 1%z are placed on the thermally
detachable film 16 and the encapsulation with plastics
30 compound to form the mould wafer 15 in a corresponding

form is subsequently perfcrmed.

Reference sign 20 designates a clamping device ({chuck),
which has wvacuum nozzles 20a for clamping the mould
35 wafer 15 as part of the assembly with the thermally
detachable film and the carrier substrate 17. The
clamping device 20 <can be made to move three-

dimensionally by means of a robot arm Z1.



In Figures la,b, reference sign 1 designates a base 15 platform, which is produced for example from
aluminium. A presentation platform 3 with an upper surface 0' is attached on the platform 1 by means
of a standing foot 3a. The presentation platform 3 is heatable and, in the case of the present example,
is at the temperature 20 T1 = 110 Celsius, corresponding to the example of Figure 9. Reference sign
15 designates a mould wafer, embedded in which by a-known method are silicon chips 15a, the one
surface of which is flush with an upper side of the mould wafer 15. A carrier substrate 17, 25 for

example of steel, i nded.to th uld wafer by a thermally chablefil which is a
result of the produ%l%%opr, c"“egs‘élc%%; r%uﬁ%v%fe%%%v%%gg%he%ﬁ%%%dcﬁ?s i1,]5?:}5%1) a?fé %li?i]%%esé on the
thermally detachablé*fifin 18 ghd'th@éitbpshrRBR With PREHES 36 cofiipdund ® BFhtRE Fould wafer
15 in a corresponding ferns is:sghisequently peffarmed.iRefeienceksign 2ekdesigmatés agidmping

device (chuck), whighchasvacyumnezzies 20a for slampingribe mowld:35-wafer 15-as.parg of the

assembly with ghe t‘pﬂrg _"% getgggableefg@sand theh%arger substra %17. The clamnpigg degilpe 20 can

be made to move three- |men5|onarfly ]E)y mear?snoFa fobot arm 21. -7 Also prolil\{decﬁn the apparatus

according to Figure39ais"& hé&eblé Elamping device 5, which is attached on a standing foot 50a,
which is adjustable in height. The standing foot 50a is attached on a cross strut 8, 5 which in turn rests

on the base platform,L by means gf;stapding-feet 80. The clamping devicep is-atthetemperature T2,
corresponding to the exar%lgrl]oe 0 .Fiaure 9, %héch Is_at ]10 180_Celsius and9is both. agove the hardening
e

temperature TH = {A0Cd npl%l% C (%Pthe mouiid W e?lggn éaﬁlrxo?iméte@ 4t or above the

decompositiohdempéfature ©F afidthesi?@df thé Therrally: detactzbte filhEs. 15 R&H&Fe sign 5a
designates vacuum:razélesof the Tlampingodeviee 5t andgeterence sifnthle desighates:tilasting

nozzles of the clamping deyice,p thatarg direcled in.a ranspting dirgelion TR 4Rdhare: i on
temperature of an adhesive of the thermally detachable
film 16,

15

Reference sign 5a designates vacuum nozzles of the
clamping device 5, and reference sign 5b designates
blasting nozzles of the clamping device 5 that are
directed in & transporiing direction TR and are

20 explained in more detail later.

Directly adjacent to the clamping device 5, and forming
a commen  planar surface O, are an ailr-cushion
transporting device 7 and a further cocolable clamping

25 device 39, The air-cushicn transporting device 7 has
blasting nozzles 7a, which are suitable for the purposs
of forming under the mould wafer 15 an air cushion at a
temperature of T3 = 180°C for the contactless transgport
from the clamping device 5 to the clamping device 9.

30
The coolable clamping device 9@ likewlise has wvacuum
nozzles %a and is regulated to a temperature T4 = 20°
Celsius (room temperature RT, corresponding to the
example of Figure 9), down to which the mould wafer 15

35  should be cooled at the end of the process ssquence,
which is described below. The standing focot 9Ca of the

clamping device % ig likewise adjustable in height.



20 explained in more detail later. Directly adjacent to the clamping device 5, and forming a common
planar surface 0,are an air-cushion transporting device 7 and a further coolable clamping 25 device 9.
The air-cushion transporting device 7 has blasting nozzles 7a, which are suitable for the purpose of
forming under the mould wafer 15 an air cushion at a temperature of T3 = 180C for the contactless
transport from the clamping device 5 to the clamping dgyice 9. 30 The coolable clamping device 9
likewise has vacuum nozzles 9a and is regulated to a temperature T4 - 20 Celsius (room temperature

RT, corresponding i the exapiple.of Figure ), dayn tg whick the. mould wafargl 35 shayld be cooled

at the end of the process sequence, which is described below. The standing foot 90a 6f the clamping
device 9 is Iikewiseazioﬁﬁgféfﬂ”elﬁflhe%gtrﬁ?%’@’ﬁttﬁ%‘i'he‘flﬁ\\éﬁff‘?nsalaﬁ@ ALhGiRG3Eet 10, 2'%he
air-cushion transpottinggdevice 7tis &ttachéd ontise crossistrut 8ZA coastruction ofithis kindtmakes it
easily possible for thednfluencssefidifferent thermal 5 exparsiens ok the;devices,d, %itahe
counteracted o eIirgingg%%..gplast ig o say, @gv%ecvi%e%S ar71d 990%n0b% gdéuglg?gg%gﬁiggé irlgrependently
of one another’in ordxejr {0 allow an adjustment of the common planar surface 0. 10 As can be seen

from Figure Ib, attaBeédtd e Sides ot #re Aft-dushitrardsporfity Hedice afeiaterafguides 70a,
70b, which are intendgd ta adoid: slip piagoftsidewdyscofdemould wafer ¢5¢hakisdiding 15in
contactlessly transported-onisaid deviGe. an  adjustment of the common planar

surface 0.

10
As can be seen from Figure 1b, attached to the sides of
the air-cushicn transporting device 7 ars lateral
guides 70a, 7Cb, which are intended to avoid slipping
off sidsways of a mwmould wafer 15 that 1is being

15 contactlessly transported on said device.

Since the side edges of the mould wafer 15 bescome ever
smaller in comparison with the lower and upper surfaces
thereof, guidance of this kind doess not influencs
20  contactless transportation of the mould wafer 15 on
account of the hot-alr cushion that is produced by the
blasting nozzles 7a of the alr-cushion transporting
device 7. For reascns of overall clarity, only one

blasting nozzle 7a is depicted in Figure 1b.

25
Finally, reference sign 30 in Figure iz designates an
optical sensor, which sends a signal SIG to a control
device €, which controls the entire installation, in
particular the transport o¢f the mould wafer 15 and the
30 thermal steps on the clamping devices 5, 9. In the

present case, the sensor device 30 senses optically
whether the mould wafer 15 transported from the
clamping device 5 to the clamping device 9 by means of
the air-cushion transporting device 7 1s completely
35  resting on the clamping device 9 in its end position,
in response to which the suction attachment by mesans of
the wvacuum nozzles 9a of the clamping device 9 1is

initiated.



Since the side edges of the mould wafer 15 become ever smaller in comparison with the lower and
upper surfaces thereof, guidance of this kind does not influence 20 contactless transportation of the
mould wafer 15 on account of the hot-air cushion that is produced by the blasting nozzles 7a of the
air-cushion transporting device 7. For reasons of overall clarity, only one blasting nozzle 7a is depicted
in Figure lb. 25 Finally, reference sign 30 in Figure la designates an optical sensor, which sends a
signal SIG to a control device 0, which controls the entire installation, in particular the transport of the

mould wafer 15 an%&t‘@% Q t er%al StepsQn @fag?l@min&d%\ggq_s&éng.énr{llged%%s% :;_:a%%,ethe sensor

device 30 senses optically whether the mould wafer 15 transported from the clamping device 5 to the
clamping device 9 By*Fid4hs of tHE G @ IshiSh thanspbing d&Gice Fis 28mpPIetdly 35 festing on the
clamping device 9 iattsend positioncindesporise toighich the suction sttachmepby Maans of the
vacuum nozzles 9a.af thgclampiig-eeyice 9 is initiated. 9 Figure 2 is a flow diagram to explain a
method for the5thermal delamination of mould wafers by means of the apparatus according to Figure 1
as a second embodiment of the invention. 5 It is assumed here that the plastic of the mould wafer 15

has the temperaturé tepend&iieE srtnasERsild Etrerighfi thatds Ehowh by Wiy BrékampiddifTFigure 9.
10 In step Si, a mould wafes 15tasepart efipr assembly withd¢hdthermallydetaetrablé $ifm 16:and the

carrier substrate 174s fetched ynthe glamping, devige.20,from a garfidge (Rotrepresented) and placed
on the presentation platform 3 in such a way that the mould 15 wafer 15 comes into contact with the

upper surface 0' thereof. In step S2, preheating of the mould wafer 15 to the temperature Ti = 110
CeBkBiSpeﬁéhneaP step 81, a mould wafer 15 as part of an assembly

with the thermally detachable film 16 and the carrier
substrate 17 is fetched by the clamping device 20 from
a cartridge {not represented) and placed on  the
presentation platform 3 in such a way that the mould
15 wafer 15 comes intoc contact with the upper surface O
therecf. In step 82, preheating of the mould wafer 15

to the temperature Tl = 110° Celsius is performed.

In the next step 53, the clamping device 20 1ifts the
20  mould wafer as part of the assembly with the thermally
detachable film 16 and the carrier substrate 17, in the
preheated state at about 110° Celsius, off the
presentation platform 3 and transports it to the
heatable clamping device 5, which is at a temperature
25 T2 = 180° Celsius. The mould wafer 15 in the assembly
is subsequently clamped on the clamping device 5 by
means of the wvacuum nozzles 5a therecof, At the same
time, the clamping device 20 is likewise heated to 180°
Celsius.
30
Ls soon as the adhesive of the thermally detachable
film 16 has reached its delaminating temperature of
180° Celsius, the clamping device 20 1s made to move
upwards, and consequently the carrier substrate 17 is
3%  removed from the mould wafer, which takes place in step
54.



In the next step S3, the clamping device 20 lifts the 20 mould wafer as part of the assembly with the
thermally detachable film 16 and the carrier substrate 17, in the preheated state at about 110 Celsius,
off the presentation platform 3 and transports it to the heatable clamping device 5, which is at a
temperature 25 T2 = 180 Celsius. The mould wafer 15 in the assembly is subsequently clamped on
the clamping device 5 by means of the vacuum nozzlegSa thereof. At the same time, the clamping
device 20 is likewise heated to 180 Celsius. 30 As soon as the adhesive of the thermally detachable

fim 16 has reached it delaminating semperaiyte of 180 Celsiys the slamping deyice. 20,5 made t

move upwards, and consequently the carrier substrate 17 1s 35 removed from the mould watfer, which

takes place in step *¥6%h §&p SH R thermEg Hefichibig iR 1Es Yémdted fromthBtpper surface
of the mould wafer 45 by meanstofsa syitalle device (Fotshown). In the following step 56, the suction
attachment of th_e &mﬁg}%wiﬁgﬁi&mjcgﬁpi@ggn m%ld@%@ag)glzgigg@ﬂ@i{g@rrg@te@l}n@nd a |
pressure surge.is applied to t asting ngzzles 5b, so that the mould wafer 15.experien an initia
pulse of move%entlgrg %Eg tr‘é\{?ingef)ac}):rti?%ggﬁ| ’oliré:é(}:)t%ocr(:h TF-‘\’.STh?ey %n%%ldovr\}angiS %h%ﬁn Yo ré%)déﬁsg ggr%t%ctlessly to
the clamping device 9 biysmé&ns 6 the-&if cushitn 8f tRE&HESEIshicH FdRspottirtPdevied 7 FRot losing
any significant amotimt ofithermahenengy:tol reackh the clamping device: 9, rsindelth@ airsstreaim of the

air-cushion transpogling. dewice/s Whieh  inicial  pulse of movement in the
transporting direction TR. The mould wafer 15 then

16 glides contactlessly to the clamping device 9 by means

of the air cushion of the air-cushion transporting

device 7, not lesing any sgignificant amount of thermal

energy to reach the clamping device 9, since the air

stream of the alr-cushion transporting device 7, which

15 is preheated to the temperature T3 = 180° Celsius,

prevents any heat losses.

When, at the end of step S$S6, the sensor device 30
senses that the mould wafer 15 is completely on the
20 clamping device 9, suction attachment is automatically
initiated there by means of the vacuum nozzles %a, so
that the mould wafer 15 is firmly clamped on the

clamping device 9.

25 This is followed in step §7 by cooling of the mould
wafer 15 from the temperature T2 = 180° Celsius down to
the temperature T4 = 20° Celsius. On acgount of the
controlled cooling process in the clamped state, 1t 1is
possible to aveld bending of the mould wafer 15 during

30 this thermal processing in the transitional region UB,

corresponding to the example of Figure 9.

After the mould wafer 15 has cooled down completely on
the clamping device 9, 1t 1s transported by the
35 clamping device 20 into a cartridge (not represented),
the clamping device 20 having in the meantime already
placed a following mould wafer 15 as part of an
assembly onto the presentation platform 3 in order to

save time in this way.



15 is preheated to the temperature T3 = 180 Celsius, prevents any heat losses. When, at the end of
step S6, the sensor device 30 senses that the mould wafer 15 is completely on the 20 clamping device
9, suction attachment is automatically initiated there by means of the vacuum nozzles 9a, so that the
mould wafer 15 is firmly clamped on the clamping device 9. 25 This is followed in step 57 by cooling of
the mould wafer 15 from the temperature T2 = 180 Celsius down to the temperature T4 = 20 Celsius.
On account of the controlled cooling process in the clamped state, it is possible to avoid bending of the
mould wafer 15 during 30 this thermal processing in the transitional region US, corresponding to the
example of Figure 9. After the mould wafer 15 has cooled down completely on the clamping device 9,

it is transported by T35 TlampiitPiévice SF HBA T tridge tnot 1&preSéntéd), eRdampiny device
20 having in the méantimé already piacedka folfowdang amoutd wederl 5 as partofzan assémbly onto the

presentation platforgp34AQrderta,save, ime.ipthissway. 11 Figure 3 shows a schematic side view of
an apparatus fgr the thermal delamination of mould wafers as a third embodiment of the invention. 5 In
the case of thethird embodiment according to Figure 3, the heatable clamping device 5 has no

directed blasting noZz|€d5h, it nérely-VacUlin Hoz 2 &k ey ihitats tHeltrafspért bt tetfould
wafer 15 from the 18, clampingtdevice-5 40 thé olamping devide:9 by means ohthe air-cashian

transporting device,, the assembly.cuprsing the clamping, device 3y the,aif-cushion transporting
device 7 and the clamping devic%9 can be tilted ab((j)yt gﬁ:s o;ﬂ 5(:3}%0@] Dfin thci grart)[s ortir%%15
fo

direction, which is indi Téf’e"’}fﬁyg ArroW R “Bfévidet S purpose 153 Tdrther s rufj§]00, Which is

rotatable abolifthe ket fotatFVD Cthesaxis of-fotatiohPBiRg Hrovided at 4 stahdiasdifthelbase
platform 1. The standiag feei 800 «if the crosasutS ting device 7, the assembly

compriging the clamping device 5, the air-cushion
transporting device 7 and the clamping device 9 can be
tilted about axis of rotation D in the transporting
15 direction, which is indicated by an arrow K. Provided
for this purpose i1g a further strut 800, which 1is
rotatable about the axis of rotation D, the axis of
rotation being provided at a stand la on the base
platform 1. The standing feet 800 of the cross strut 8
20 rest in this example on the further strut 800C.

Under the control of the control device €, the tilting

movement 1s carried out by a linear actuatocr 4, which

is connected to the further strut 800 by means of a
25  thrust rod 40.

Figure 4 shows a second clamping device for use in the

case of a fourth embodiment of the invention.

30  The coolable clamping device 90 used in the case of the
fourth embodiment {corresponding to the clamping device
9 in the case of the first fto third embodiments} has
various suction-attachment circuits 90z, 90b and 90c,
to which pressures P, B, pr can be applied
35 independently of one anocther. This has the advantage
that, in the case of a slight bending of the mould
wafer after the transport by means of the air-cushion
transporting device 7, the suction attachment and

clamping by the clamping device 90 can be arranged in



20 rest in this example on the further strut 800. Under the controlof the control device C, the tilting
movement is carried out by a linear actuator 4, which is connected to the further strut 800 by means of
a 25thrust rod 40. Figure 4 shows a second clamping device for use in the case of a fourth
embodiment of the invention. 30 The coolable clamping device 90 used in the case of the fourth
embodiment (corresponding to the clamping device 9 ifn:the case of the first to third embodiments) has
various suction-attachment circuits 90a, 90b and 90c, to which pressures P, P', P" can be applied 35

independently of ong apother, This bas the-advantage fhat, in the case ofa slightbending.of the mould

wafer after the transport by means of the air-cushion transporting device 7, the suction attachment and
clamping by the cIa‘?Hﬁiﬁﬁ%e?ﬁéé‘éé Fftve 8franged in 12 such a way that this slight bending is
counteracted during solidification.  Figure 5 shows a first clamping device for use in the 5 case of a
fifth embodiment ofsthgdpyvertionn bthe Lase ©f thedifiinembgdimeent; therelamping davicerk0

(corresponding,to the clamping device, 5.ipshe Gase of the first tq fourth empodiments) has three

In the case of the fifth embodiment, the clamping
device 50 (corresponding to the clamping device 5 in
the case of the first to fourth embodiments) has three
10 different heating circuits, which heat the regilons 50a,
50b and 50c to corresponding temperatures T2, TZ7,
T2, This zonal heating can also be used for the
purpose of counteracting slight bending of the mould

wafer 15 during ccoling down.

Figure & shows a schematic side view of an apparatus
for the thermal delamination of mould wafers as a sixth

embodiment of the invention.

20 In the case of the sixth embodimeni according to Figure
6, no air-cushion transporting device 7 is provided for
the substantially contactless transportation of the
heated mould wafer 15 from the heatable clamping device
5 to the coclable clamping device 8, but instead a

25  Bernoulli c¢lamping device 207, which 1s secured to a
robot arm 21', which i1g three-dimensicnally movable.
The Bernoulli clamping device 20°' has blasting nozzles
20a', by which a downwardly directed flow 5T, set to a
temperature of 180°C, can be produced between the mould

30 wafer 15 and the surface thereof. The downwazrdly
directed flow causss a force of attraction K in the
central region, which has the effect that the mould
wafer 15 <c¢an be contactlessly transpoxrted by the
Bernoulli clamping device 20°'.

35
Figure 7 shows a schematic side view of an apparatus
for the thermal delamination of mould wafers as a

seventh embodiment of the invention.



10 different heating circuits, which heat the regions 50a, 50b and 50c to corresponding temperatures
T2, T2', T2". This zonal heating can also be used for the purpose of counteracting slight bending of the
mould wafer 15 during cooling down. 15 Figure 6 shows a schematic side view of an apparatus for the
thermal delamination of mould wafers as a sixth embodiment of the invention. 20 In the case of the
sixth embodiment according to Figure 6, no air-cushion fransporting device 7 is provided for the
substantially contactless transportation of the heated mould wafer 15 from the heatable clamping

device 5 to the coolgble.glamping device 9, hut instead a.25 Barnoulli clamping. devicg 20'c which is
secured to a robot arm 21', which is three-dimensionFaéIC{ movable. The %ernoulli clan;%ng device 20’

has blasting nozzles204 by which & dofhwArdly di ed o S'Fff’s%lt o a'téniperattite of 180C, can
be produced betweerathernotiRA30 Wafer 15Mhd theegmdace therEok Theodownwardly ditééted flow

causes a force of afiragtion:K indhe eendralaegign. whichdwasdbe effectithabtie mewld water 15 can be
contactlessly teansported by, fhe Rerapull clamping device 20.. 35 Higure. shaws gschemafic side
view of an apparatus for the thermal delaminatign of mould wafers as a seventh embodiment of the
invention. 13 In thé: 8486 % B Sevenith embodimenEadédtiling fo Bgaret 756 eRRErE that the mould
wafer 15 is transpogted-fromithe clarhpirigstevite Bao theehdepositior vl thelclamphigigdevice 9
without any heat 5 lgss; an additionaldnfrased heafing gleviee, 10034 a tgmperatdre Teh= 18Q Celsius is

provided above the air-cushion fransp rti@g g)evice 7/a tge c Igl gcge igg % As $e0n the
cooling operation oﬁaltﬁgpcjfgr%pinsvdlev%ce 9 be%?ﬁ& The in rarel wrad?zifion%y iaO ﬁe %%rare? heating

device 100 is'SWitchéd ofi-BE EaRpEd dbvit tRfer PFICESs coitfol. - Srigiife & &56tvs H dchématic side
view of an apparatussfordhie dhemmalrd&taminationscf moulduwafers as an 15 eighth embodiment of the
invention. In the case of the eighth embodiment according to

Figure 8 shows a schematic side view of an apparatus

for the thermal delamination of mould wafers as an

15 eighth embodiment of the invention.

In the case of the eighth embodiment according to
Figure 8, an infrared heating device 100', which has
separate irradiating regions that correspond  to
20 temperatures T 3 = 180° Celsius and T 3' = 185°
Celsius, is only provided above the clamping device 8.
Irradiation cof this kind of the upper side of the mould
wafer 15, with subdivision inte different segmental
regions, likewise makes 1t possible to counteract any

25  possible slight bending there may be.

Furthermeore, in the case c¢f the embodiment according to
Figure 8, a ftransport plate 14 1is provided underneath
the mould wafer 15, on the side thereof that is facing
30 the clamping devices 5, 9, for example in the form of a
further thin metal plate, which is particularly
advantageous in the case of thin mould wafers. In this
case, the clamping on the clamping device 5 or 9 1is
performed by means of the transport plate 14, and the
35 transport from the clamping device 5 to the clamping
device 9 by means of the air-cushion transporting
device 18 also performed by means of the transport
plate 14, after which cooling down takes place on the

transport plate 14.



Figure 8, an infrared heating device 100', which has separate irradiating regions that correspond to 20
temperatures T 3 = 180 Celsius and T 3' = 185 Celsius, is only provided above the clamping device 9.
Irradiation of this kind of the upper side of the mould wafer 15, with subdivision into different segmental
regions, likewise makes it possible to counteract any 25 possible slight bending there may be.
Furthermore, in the case of the embodiment according; tp Figure 8, a transport plate 14 is provided
underneath the mould wafer 15, on the side thereof that is facing 30 the clamping devices 5, 9, for
example in the form of a further thin metal plate, which is particularly advantageous in the case of thin
mould wafers. In thjs case, the clamping on the, clamping device 5 or 9 is performed by means of the
transport plate 14,%118%% t?ia?r%es ot fgrgrrﬁ]gth%néfa?rrrﬁbﬁ%gnde}:\{ﬁge %6 I%héi %Facrﬁﬁilg}la%de%}?c%vs by means
of the air-cushion tEhspRingEdeViceRis diSE peifbRRed by Hrdais of thetrdisporeplatetl 4 after which
cooling down takes:place egtthe dranspar ptaterl 4014 Although thecpreseat invention-has been
described aboye 0%@% basis of preferred exemplary embodiments, it is not restricted to them but can
be modified in various 5ways.

Although the present invention 1is explained above on
the basis of mould wafers, <the invention 1s not
restricted to them but can be applied generally to thin
10 plastic discs, which typically have a thickness of
between 50 um and 3 mm and a diameter of between 100 mm
and 500 mm. In particular, the invention is alsc not
restricted to round gecmetries of the plastic disc but
can be applied to any desired geometries. The plastic
15 discs may alsce be of a homogsnecus or inhomogeneous

structure.

Although in the case of the abocve embodiments sither a
gas-cushion transporting device or a Bernoulli clamping
20 device has besn used, 1t goss without saying that any
contactless transporting device is suitable for use in
the case of the invention. A further example of a
contactless transporting device of this kind 1s an
ultrascund transporting device. All that is important
25 is that substantially contactless transport can be
achieved without any apprsciable heat loss of the mould

wafers or the plastic disc.

Although a specific temperaturs dependency has been

30 described in the above examples, the invention is not
restricted to this but can be applied to plastic discs
with any  temperaturse dependence of the tensile
strength.

35 Although the above embodiments are directed at largely
avoiding the bending of the mould wafers, the invention
may alsc be used for the purpose of bringing about
deliberate bending under process contrel, for example

in the range of a few degrees.



Although the present invention is explained above on the basis of mould wafers, the invention is not
restricted to them but can be applied generally to thin 10 plastic discs, which typically have a thickness
of between 50 pm and 3 mm and a diameter of between 100 mm and 500 mm. In particular, the
invention is also not restricted to round geometries of the plastic disc but can be applied to any desired
geometries. The plastic 15 discs may also be of a hompgeneous or inhomogeneous structure.
Although in the case of the above embodiments either a gas-cushion transporting device or a Bernoulli
clamping 20 device has been used, it goes without saying that any contactless transporting device is
suitable for use in the case of the i%vention. A ,furthe%}elzxgmgle of %(;g tactless ansgﬂrtiggcgevice of
this kind is an ultrasdun8tFahsporting devitd? Afithat ’impottant 7575 thaf subStaftially contactless
transport can be achi&vetiwihoat any apprecialle Feeh Iesx ofthe meld wafets oF e plastic disc.
Although a specific temperature dependency has been 30 described in the above examples, the

invention is nok restrictedtq this but.can be applied.to plastic discs with any iemperatupe dependence

of the tensile strength. 35 Although the above embodiments are directed at largely avoiding the
bending of the mout§ WhFETS, (hRnvHEDn A5 ast B8 used-for the purpeae Fbr%%?ﬁd‘gggut
deliberate bending finder protessicoagoli for examplesinctherakge ofteafew degrees.ars iigoes
without saying that 4k features efalk the: embodimentscan-also begembinedawith one another.



5 In the above embodiments, a series of two clamping devices has been described. It is likewise
possible for such a series to have more than two clamping devices with further intermediate
temperatures. 16 Claims 1. Apparatus for thermally processing mould wafers with: a heatable first
clamping device arranged to clamp a mould wafer at & first temperature, the first temperature being
below the hardening temperature 10 of the plastic of the mould wafer, and to heat the clamped mould
wafer to a secopd temperature, which is above the hardening temperature; a coolable second
clamping device arranged to clamp 15 the heated mould wafer and to cool the clamped mould wafer
down to a third temperature, which is lower than the second temperature and is below the hardening
temperature; 20a tradsparting devicecarrangedtoacontactiesshetsansport oftheheated mould wafer
from the first clamping;dgyice to the second clamping device. 2. Apparatus according to Claim 1,
the transporting 25device having a gas-cushion transporting device. 3. Apparatus according to Claim

2, the first clamping device, the second clamping device and the gas-cushion transporting device
forming a common planaeatable first clamping device arranged to clamp

a mould wafer at a first temperature, the first
temperature being below the hardening temperature
10 of The plastic of the mould wafer, and tec heat the
clamped mould wafer to a second temperature, which

is above the hardening temperature;

a coolable second clamping device arranged to clamp
15 the heated mould wafer and to <coel the c¢lamped
mould wafer down to a third temperature, which is
lower than the second temperature and is below the

hardening temperature;

20 a transporting device arranged to contactlessly
transport of the heated mould wafer from the first

clamping device to the second clamping device.

2. Apparatus according to Claim 1, the transporting

25 device having a gas-cushion transporting device.

3. Apparatusg according to Claim 2, the first clamping
device, the second clamping device and the gas-
cushion transporting device forming a common planar

30 surface.

4, Apparatus according to Claim 1, the transporting

device having a Bernoulll clamping device.

35 5. Apparatus according to one of Claims 1 te 3, the
first clamping device having Dblasting nozzles

directed in the transporting dirsction.



30surface. 4. Apparatus according to Claim 1, the transporting device having a Bernoulli clamping
device. 35 5. Apparatus according to one of Claims 1 to 3, the first clamping device having blasting
nozzles directed in the transporting direction. 17 6. Apparatus according to Claim3,thefirst clamping
device, the second clamping device and the gas-cushion transporting device being able to be tilted
together in the transporting direction, in 5order to initiate the transportation. Apparatus according to
one of Claims 1 tg 6, thefirst. elamping deyiceyand/or the: second tlamping.devicethawving vacuum
nozzles for the suction.10attachment of the mould wafer. 8; Apparatus.accardingto.ope of Claims 1 to
7, a sensor device being provided for seqsing thg,reachciin% of a %%q%termil@?g end pasition of the
mould wafer on the se%ﬁacﬂﬁﬁfp?ﬁg dévied’and ﬁor%?ssu?nglg%orre§p nd?ng output signal for starting
the clamping of the setohd<ianipiFR) d6vice. 0. Apparaias aeebrding to'one i Claims 1 to 8, the 20
mould wafer being connettedito atransport plate amdithesmoaldiwafer being able to be clamped on
the first clomping device and the second clamping device by means of the transport plate and the

mould wafer belng ab'ﬁ%%a*?a?@?%%%‘%@% thteo one of Claims 1 to &, the
first clamping device and/or the second clamping
device having vacuum nrozzles for the suctlon

10 attachment of the mould wafer.

§. bApparatus according te one of Claims 1 to 7, a
sensor device being provided for sensing the

reaching of a predetermined end position of the

15 mould wafer on the second clamping device and for
issuing a corresponding output signal for starting
the clamping of the second clamping device.

9. Apparatus according to one of Claims 1 to g, the

20 mouid wafer being connected to a transport plate
and the moulid wafer being able to be clamped on the
first clamping device and the second clamping
device by means of the <transport plate and the
mould wafer being able to be transported from the

25 first clamping device into the second clamping
device by means of the transport plate.

10. Apparatus according to Claim 9, the sensor device
having a contactless optical sensor.

30

11. Apparatus according to one of Claims 1 to 10, an
infrared heating device of which the temperature is
above the second temperature being provided above
the transporting device and the second clamping

35 device.

i2. Rpparatus according to Ciaim 2, the gas—-cushion

transporting device bein

=

to]

arranged in such a way



25first clamping device into the second clamping device by means of the transport plate. 10.
Apparatus according to Claim 9, the sensor device having a contactiess optical sensor. 30 11.
Apparatus according to one of Claims 1 to 10, an infrared heating device of which the temperature is
above the second temperature being provided above the transporting device and the second clamping
35device. 18 that it can provide a gas stream at the;second temperature for the mould wafer.
Apparatus according to,one of Claims 110,12, a 5third.clamping devige, which can-bg heated to the
second temperature, l%eing provided for setting the n&o%ladglé%fer on the first clamping device.

(it

emperature for the mou.d

fod
(%)

Apparatus according to one of Claims 1 to 12, =a
third clamping device, which can be heated to the
second temperature, being provided for setting the

mould wafer on the first clamping device.



