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 throughgut this text as mould wafers. 10
Although the present invention and the problems addressed by it are
explajned below og uld wafers, the is not
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said film to the mould wafer. To remove the carrier substrate and the fi

by dissolving the bonding adhesive, during this thermal processing the
ouldWwalferigheatedsfronr baeSitside by smgainsnof ascldmpinigedeviceoklems
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15 In semiconductor technology, there has recently been an
ever-increasing use of so-called mould wafers, in which
individual silicon chips are embedded at a distance
from one another 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 dissclving the bonding adhesive, during this
thermal processing the mould wafer is heated from one
30 side by 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 RT designates room

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



temperature, for example 20C, TH designates a hardening 2 temperature,
T, designates a softening temperature, UB designates a hard-soft
transitional region, Tl designates a preheating temperature between room
temperature RT and hardening temperature TH and T2 5 designates a
temperature above the hardening temperature TH and below the
softening temperature T. For example, TH = 140C, Ti=110C, T2 = 180C
and T, _ 190C. 10 For detachment, preheating to Ti, further heating to

T2, d&EBRTTENT &t T2 attd CEoTng ddviiT tR P afe Perfsimediihsirature, UB
exampies Howevesr, onaaccouat of thel poor themml tomdattivityrefithen,  T1
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15 chips wit ifferent.coefficient of thermal expansion, this coqling
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object-efthepreseat invention 49 provide a- methed anghan. apparatus fof +, -
thermfl % péocessing 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,

Hiter therthetatad chieeessing3hEhe nethadbactording tottherdnvestiohng to
with the featyres, af.(laim 1and the caprgsponding apparaiys according  ,re

to Claim 12 havg thef%dvanta eTat they allow thermal processing ofO £ the

thin p%(esjﬁc%%nc% With o pr% ems of ben%?n"‘f;ef\flx?éﬁrpinﬁ)r? mecoun
poor thermal conductivity of the plastic used for the
mould wafer and the interaction with the embedded 5i
15 chips with a different coefficient of thermal
expansion, this cooling 1leads 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 impossibkle.

It is an object of the present invention to provide a
method 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 contreollakle deliberate bending, after the thermal
processing.

30 Tne method according to the invention with the features
of Claim 1 and the corresponding apparatus according to
Claim 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 inventiocn is
based is that substantially contactless transportation
of the heated plastic disc 1is carried out from the

first clamping device to the second clamping device,



35 The concept on which the present first invention is based is that
substantially contactless transportation of the heated plastic disc is
carried out from the first clamping device to the second clamping device,
3 for example by means of an air cushion, in order largely to avoid a
thermal exchange. Controlled processing. during cooling is then
performed, so that no uncontrollable bending can occur. 5 Advantageous
develgpments and_improvements of the subject matter with which the

inventiSh is COREEMRd '¢in B¥ BBtihd RftheSubdtais. “HP REEBrding o acrder
preferred Gravelophsentzthelcontactidgse trandportatidraobthe heat€gntrolled

plastig giseeiscatded oty meansf a:gas:-eushigi:rapspedingdevitest no
According,1q a fyrhenpre %G'i%‘id%’i"g%”&%@%@? first 15 clamping device,

the second clamping device and the gas-cushion transporting device form
a’common planar surface. According to a further preferred development,
the 2Bontaetisssuranspenalionioftfies heated plastip diseristagieddut the

by means;eta Barnoulli-clamping device. Ageordingde a:furtherspreferedy ned
elemeégntkbeefi_r% ugll%mﬂp %evic%ggfabll%séti.ng no_zzI(_aS _directed in th(_a 25
transporting direction, by whic the transportation is initiated. According

to a further preferred development, the first clamping device, the second
Hlamping devicedantdthe: 30 gasecushiondteanspoptirg:tevict aredtogetherless

tilted inthedransporting, dirgction,dn arder 4g initiatesthe transportation.  r» s ed

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 a common planar

surface.

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

is carried cut 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 to initiate the

transportation.

According 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 means of
a thermally detachable film, 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 35 plastic disc is a

mould wafer which is bonded to a carrier substrate at the first

temperature by means of a thermally detachable film, the carrier

substrate and the thermally detachable film being removed from the

mould wafer at the second temperature. 4 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
devicéufter dhavdnal tdetaghmént bh e filbrcatiibesedonddsempepateme.,  the

Accorgling ta a fusther prefersed development: the 1A slamping @pithe fitstvice
clamping device and/or t@ﬁﬁ%ﬁ@%ﬁﬁf&@ﬂ%&% Is carried out bxh £ the

remo¥a o
suction attachment by means_or vac ozzles."Atcordin to a further

prefeftad developHight he® 15 fedchirtthof & predetérmitied pBSitiGFE ©Y
of themglastic didc orfthe sétondiclamiping devicedssensed by ee sensbrermal

devicaethe-elarping ef hecheated plastigdiss e the seapnrd glamping

device being triggered by a corresponding output signal of the sensor

device. 20 According to a further preferred development, the zlastic disc
p

is corftiectedid d tranSport pldts i blastie HhsrBERg FaTpeamsirtier the
fivst clampingrdevice and thie setond alamping devicesby means dfitthe 25cond

transpart piate anddbe plastic dise being tansposted: fromythesfirst chnent by
clamgrilg% rgzlg:vsi:)cjg to aEhe second cf{aergping device by means of the transport

C . .
plate. According to a fﬂﬁ%er}%zrg erred development, the 30 sensor device
has a contactless optical sensor.
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 clamping device being triggered by a
corresponding output signal of the sensor device.

20
According to a further preferred development, the
plastic disc 1s 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 a contactless optical sensor.

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

invention, to be precise Figure la in a



Exemplary 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 schematic representations of an apparatus

for the thermal delamination of mould wafers as a first embodiment of the
invention, to be precise Figure laina 5 siéie view and Figure Ib in a plan

view of the upper side; Figure 2 shows a flow diagram to explain a

method 5 for the thermal delamjnation of mould wafers by means of the
apparatus according toFigtre’t 8 £8&cdmid? ehfbodimeft 6f thean view of
invention; 10 Figure 3 shbwswrsshiernatie side view of an apparatus for

the thermal delamination of mould wafers as a third embodiment of the
invengion, 13 Figure 4 shows a second clamping devicg f%r}i% e ethod
case of a fourth embodiment of the invention; Figure 5 shows afirst

cfamping device for useiit20 thé caS8 BF&Hifth Embblitiéntioithect mould
invention; Figure 6 shows:asschemadtic sidesdewe of anfappdtatus fardheratus
thermal delamination of22% seuld yvafers as a:spdhembodiment ofthesecong
invention; Figure 7 sho schematic side view of apparatus for the

thermal dela?nination o:‘%r%@ﬁgl%g%afg?s g? H sler\llxéen%?;éﬁn%bdiment of the

1¢  Figure 2 shows a schematic side view of an
apparatus for the thermal delamination of

mould wafers as a third embodiment of the

invention;

15 Figure 4 shows a second clamping device for use in
the case of a Zfourth embodiment of the
invention;

Figure 5 shows a first clamping device for use in

20 the case of a fifth embodiment of the
invention;

Figure 6 shows & schematic side view of an

apparatus for the thermal delamination of

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

for the thermal delamination of mould

30 wafers as a seventh embodiment of the
invention;
Figure 8 shows a schematic side view of an

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

the invention:; and

Figure 9 shows an example of a dependence of the

tensile strength Z of a plastics moulding



invention; Figure 8 shows a schematic side view of an apparatus for the
thermal delamination of 35 mould wafers as an eighth embodiment of the
invention; and Figure 9 shows an example of a dependence of the tensile
strength Z of a plastics moulding 6 compound of a mould wafer on the
temperature T. In the figures, the same reference signs designate 5
component parts that are the same or funétionally the same. Figures la,b
show schematic representations of an apparatus for the thermal

delamination of mould WATERS 4ittas afirst efnboliiert of thdfifiventiGh, the

to be precise Figure la ifi&sids &taw and -Figure |b in a plan view of the
upper side. In Figures la,b, reference sign 1 designates a base 15

platform, which is-praduced for gxa ro inium. A presentation
platfo?rﬁ ?\,Agv}}t%l a%%pper gﬁrfaﬁ:ﬁ % ?s%’q'{aﬁ%gacrrlge%%r[? tr}{éé gatf%f%%% by(%glgnate

meanS BIRPEERTINGFO6E 34 e freSerntafior platioih 3 1 RBALLHIE ahd, the

in theséase of the present example, is at the temperature 20 Tl = 110
Celsius, corresponding to the example of Figure 9. Reference sign 15

designates a mo fer /€ be%% d_in which bé/ a known.method are
silicon cﬁps 15aﬂ%1\'(,a\€)ness€:?ace o?qv%\l%vﬁllg flugh With-an’ Eggé"rg 'Side SF an

the mBbRAWARTSLSE A carfiér Subsfdtd 1 225 rsahiple of steerig wafers
bondedtoathé ineuld waferbyneneanstof hthermalbydetachalie fie 16recise
whichss @, resultofthe produgtion;peacess of thegmouldiwalen in WAIER view

the sigcrtoncggipgplgearargi@gged on the thermally

In Figures 1la,b, reference sign 1 designates a base
15 platform, which is produced for example from aluminium.
A presentatiocn platform 3 with an upper surface 0O' 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 Tl = 110° Celsius, corresponding to the example of
Figure 8. Reference sign 15 designates a mould wafer,
embedded in which by a known method are silicon chips
1ba, the one surface of which i1s flush with an upper
side of the mould wafer 15. A carrier substrate 17,
25 for example of steel, is bonded to the mould wafer by
means of a thermally detachable film 16, which 1is =z
result of the production process of the mould wafer, in
which the silicon chips 15a are placed on the thermally
detachable film 216 and the encapsulation with plastics
30 compound to form the mould wafer 15 in a corresponding

form is subsequently performed.

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 21.



detachable film 16 and the encapsulation with plastics 30 compound to
form the mould wafer 15 in a corresponding form is subsequently
performed. Reference sign 20 designates a clamping device (chuck),
which has vacuum 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-
dimensjonally by means of a rohot arm 21. 7 Also provided in the

apparahiacRbriing 6 Fighired 15 b RPR AbaTdbTe cIAnpTy ddvickS, Figures
whichlig dttathed oeatstanding feors30e wWhivh isadjustdblen height.tached
The standingsfeet §0a4s ataehesban awness stiu & HywhicAindurnrests: gnt .
on thexhgse piam,L By means.of standing [eel 80, Tne COMAING oerue g,
device 5 is at the temperature T2. corresponding fo the example of Figure

9? whithi§at fb 186 Celdhid andTs BOth dtdve the harddiing oy means of
temperaturd iFg =£240C &F the plastic of the mould wafer 15 and
approximately at or above the decomposition temperature of an adhesive

of the{ﬂgrm%liyaglggﬁgablge _{;I{p: éL6. %5 Resferegné:e sé%ré 5atge§§i nates re T2,
vacuum nozzles of the clamping device 5, and referénce s%n

designAtete BREEAY Hbz5Bs bRthe CIAMPITY devicEIS it are difeetdy ids at
Birangpdrting diréetiors TR and arei 20 explaimed ibmmose detaitlatenardening

Directheagjasgnt;tathe, clamping deyice 5,204 forming S commen,planals fe v

surfacPSO, are an alr-cushlr%g tganspcgrgng@%ewc 07 and ghfurthgé goolable

nd  .a ) _ 90 1
clamping 25 ewcg%?%jé air-cushion transpor mgvdeewce 7 hS position
temperature of an adhesive of the thermally detzachable

film 1e6.

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 1in a transpcrting direction TR and are

20  explained in more detail later.

Directly adjacent to the clamping device 5, and forming
a common planar surface O, are an air-cushion
transporting device 7 and a further coolable clanping

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 = 180°C for the contactless transport
from the clamping device £ to the clamping device 9.

30
The coclable clamping device 9 likewise has vacuum
nozzles 9a and is regulated to a temperature T4 = 20°
Celsius (room temperature RT, corresponding te the
example of Figure 9), down to which the mould wafer 15

35 should be cocoled at the end of the process seguence,
which is described below. The standing foot 90a of the

clamping device 9 is likewise adjustable in height.



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 device

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 to the example of Figure 9§ , down to which the mould

wafer 15 35 should be cooled at the end of the process sequence, which

is des¥ibéd belbl: Fife standif§ fobt 90 ofthe "Safhing dévicd'e ist 2, the
likewisé adjustablerin heighsr® :On the tHermaky iNsulating stendirgifeen the
10, 1%,gbgsai@§@§m0@tfre?]n%ior&i@gﬁfydﬁecz&%?t@@h%%f@ tm‘iﬁHO%kes it
strut 8, A copstructi this kind makes it, easily possi the

influence Jé?aiff%?grﬁ%%remgog e%gg;ensﬁbrﬁ%l&?ﬁg %e\?iic‘s:ege %frog% o %ethermal
cOUNtEFRABE b Tdlifinatd® THRY ISR say, the déviegs BrarPyehppsted or
adjustetiimiheightindepeadently afcorrmgnotheeinievderto dllomwdan 9 can be
adjustiagniafdhe cammarn planar 1 sface.0.1Q A carbeseen A ey  in
Figur(-ghl,:bd al;tachgd tolTe sidgs ofatc!geuasi -ﬁgg@ionggfaniglortmgod&éce 7 Lanar
are lateral guides 703, %ﬁb, which are intended t6 avol selipplng off P
sidewdys o* %mBuld wafer 15 that is being 15 contactlessly transported

h said device. Since the side edges of the mould wafer 15 become ever
smallersin comparisan.with the lowey and uppersurfagesytheredhe sides of
guida@%e of this kingsgg%% noi;clnfluence 20 contactless tranjportatlon f

the moufd water 15 6n aCCOUHF%Pﬁ%OﬁgI}anI?ICUS Yion tat i proadheced eral
the dJuides 70a, 70b, which are intended to avoid slipping

off sideways of a mould wafer 15 that 1s Dbeing

15 contactlessly transported on said device.

Since the side edges c¢f the mould wafer 15 become ever
smaller in comparison with the lower and upper surfaces
thereof, guidance of this kind dees 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 coverall clarity, only one

blasting nozzle 7a is depicted in Figure 1b.

25
Finally, reference sign 30 in Figure la designates an
optical senscr, which sends a signal SIG to a control
device C, which controls the entire installaticn, in
particular the transport of 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 1% transported from the
clamping device 5 to the clamping device 9 by means of
the air-cushion transporting device 7 is completely
35 resting on the clamping device 9 in its end position,
in response to which the suction attachment by means of
the wvacuum nozzles 9a of the clamping device ¢ is

initiated.



blasting nozzles 7a of the air-cushion transporting device 7. For reasons
of overall clarity, only one blasting nozzle 7a is depicted in Figure Ib. 25
Finally, reference sign 30 in Figure Is designates an optical sensor, which
sends a signal SIG to a control device C, which controls the entire
installation, in particular the transport of the mould wafer 15 and the 30
thermal steps on the clamping devices 5, 8. In the present case, the
sensar device 30 senses gptically whether the mould wafer 15

transported from the Bafpitly deGie Bho the ERBING deviteigpy for the
meansiof rthelairceushidn srahsportifg devidel7 isséempletely 35rastingdn the
the cla@mrigadagicg@deﬂtﬁﬁ@d @@sitﬂqrguh{bresp@?ﬁato T\{\dﬂ@a@ze%@é[mem
attachme 1 e vacuum nozzles 9a of the clamping device

is ini%geg%%y I%%?%glg}é'ﬂow diagram to explain a method for the

tRermal delamination of mould wafers by means of the apparatus

accordingite Figurertds lacsscondambiddiment of the mventienpltisl wafer

assumed hggesthat the pbéﬂﬁ&éé*&%f@m%?é%%&*@s t:t;@ teﬁ}nﬁra%%sile
dependence qf the tensile strength that is shown by way of example in
Figure 8¢ 1090 Step &1, & mould wafel 1546 part 5f A1k Adocrably it iné -

thermally detachable film 16 and the carrier substrate 17 is fetched by the
Tlamping device 20 from acaritddgea(fot repieseatedy and placechorateembly
preseptation plalforme3- i, such awaythabthe mould 16avafer13 gemes rrier
into confact wih ihe ypper wiface 0 thereqfl, INSIERSA PENSAING o from
the mould warer 15

a cartridge {not represented) and placed on the

presentation platform 3 in such a way that the meculd
15 wafer 15 comes into contact with the upper surface 0O

thereof. 1In step S2, preheating of the mould wafer 15

to the temperature Tl = 110° Celsius is performed.

In the next step 83, the clamping device 20 l1ifts 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 35, which 1s at a temperature
25 T2 = 180° Celsius. The mould wafer 15 in the assembly
is subseguently clamped on the clamping device 5 by
means of the wvacuum nozzles ba thereof. At the same
time, the clamping device 20 is likewise heated to 18¢°
Celsius.
30
As soon as the acdhesive of the thermally detachable
film 16 has reached its delaminating temperature of
180° Celsius, the clamping device 20 is made to move
upwards, and conseguently the carrier substrate 17 is
35 removed from the mould wafer, which takes place in step
sS4,



to the temperature T1 = 110 Celsius is performed. 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 de\llice 5, which is at a temperature
25 T2 = 180 Celsius. The mould wafer 15-ih the assembly is
subsequently clamped on the clamping device 5 by means of the vacuum

nozzIeS 53 thErevt’ Atthe samié ime Vthecdampitydevice 048 likswisemoved
heateti1tor1 80h € el BOAY §60r as thetddhesivelof the fleermidlly by means
detacbable §ilmd6has reaches itsidelaprinating, temperature of 180

CelSil’ﬁ’l tQ%&'%%H.iEgvﬂ%fces%g%S g]ggeggem%\ﬁect?%arg ’t%rc]:%m £ of the
consequently the carrier substrate 17 i1s 35 removed from the mou? ‘
wafer™{iich t4REE Plata in Blebtal 50 1 kih S5, thétherhlying device
detachablefilm 16¢s repoved from the @p}@@rm{acetuffgb_e moukbwafesd to
15 bywneans: o swifable device (sef, shawn): kithe following Step phrer 15
the sugtion,atiachment of the 5 mould wafey 15 which is lying onthe . ., _
clamplng))device b, IS interrupted, and a pressure surge IS app |e&:to the
blastifig FO2PRE B S0 thatthe Iduld Rafer 151 expgerieheesat ftiall > then
b@llse@Ii\d@zenwﬂﬁa¢héetsads,po&:tbngi@ieeoﬁbanﬁnﬁhemmiﬂrdawafeﬁﬁS_means
then J&glfi@ﬁ% coa&@ctrl]ec&@%@oﬁhe @l@m%ﬁg deé/iq,&%llpyrm@anstcszp%&t ing
cushign of the air-cushion transporting device 7, not losing any significant
amouccr)iﬁﬂ(gfL ﬁ%rﬂél %ﬁ%rg%ot%lr% cﬁ?r?e aé%rb}r%giagﬁ%e ﬁ?%ﬁln%% tgg a(lér%ermal
energy to reach the clamping dcevice 9, since the air
stream of the air-cushion transporting device 7, which
15  is preheated to the temperature T3 = 180° C(elsius,

prevents any heat losses.

When, at the end of step 56, the sensor device 30
senses that the mould wafer 15 1is completely on the

20  clamping device 9, suction attachment is automatically
initiated there by means of the vacuum nozzles 8a, so0
that the mould wafer 15 is firmly clamped con the
clamping device 9.

25 This i1s followed in step S7 by cooling of the mould
wafer 15 from the temperature TZ = 180° Celsius down to
the temperature T4 = 20° Celsius. On account cof the
controlled cooling process in the clamped state, it is
possible to aveoid 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, it 1is transported by the

35 clamping device 20 into a cartridge (not represented),
the c¢lamping 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.



stream of the air-cushion transporting device 7, which 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 S7 by cooling of the mould wafer 15 from the

temperature T2 = 180 Celsius down to the temperature T4 = 20 Celsius.

On adcbumnt ef the sdomtolled colimgeprbcessi¢hevclamped state, itdgaratus

possikletoavoid herding ofdhameuld wafer, k5 during 3P-thisthegmal, £n;rg
proceg%'@% ‘#Q ntlh% %racr)1§it(i§ot§1al region UB, corresponding to the example of

Figure ter the mould wafer g%%%%%bled down completely on the
cPamping device 9, it is transported by the 35 clamping device 20 into a
cartridge (ot represented) nthetdlampinguitevice20thavingimithey to Figure
meangime akeady,Jplaged & following meuld wafer.15as part of a0 43 recteq
asse??l%f%nfg then rzeza_perlléat n plgg%rm g In frdevrr at%u?l%ve time in thi . To
way. IT" igureq3 Shows a schieématic side view of an apparré?ﬁgjffc:)?th )
thermal d&ftifaticttof haiitFwaferas &frdnembbdiraéatof the from the
Ifventidrndy iImthedeasecef the third-embediumentragcarding 0 Bigoye ridans of

the heafable, ¢lamping device 5 hasng directed blasting Rozzleg Sb. hut. 5

merely vacuum, nozzl% 5a. T(i initiate the transport of the mould vvater 15h,
from tR& R &lamping device B 5 e damping dévice’ o by fhgang bf ~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 XK. Provided
for this purpese is a further strut 800, which is
rotatable about the axis of rotation D, the axis of
rotation bkeing 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 Ffurther strut 800.

Under the - control of the contreol device C, the tilting

movement 1s carried out by a linear actuator 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 embeodiment of the invention.

30 The coolable clamping device 90 used in the case of the
fourth embodiment (corresponding to the clamping device
% in the case of the first to third embodiments) has
various suction-attachment circuits 90a, 90b and 90c,
te which pressures P, B', pt! can be applied
3% independently of one another. 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



the air-cushion transporting device 7, the assembly comprising 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 is a
further strut 800, which is rotatable abou{ he axis of rotation D, the axis

of rotation being provided at a stand la on"the base platform 1. The

standln eet 800 of the cross strut 8 20 rest in this example on the

furthe? t 800" B¥der IR cdritror ofthe Lontrd TEHAEC, tfie fifiHG Teracted
movedveHtig cafriedladitngs Jipear actuator 4, which is connected to the
further strut 800 by means of a 25 thrust rod 40. Figure 4 shows a second

clamping device f%rh%s%s'nghef:%s Oéf‘afﬁgﬁtﬁﬁe;él’ sy entofthe .. in the

invention. 30 The coolable clamping device 90 e case of the
fgurthc@r?ﬂ?)oaﬁnéntf(%:gﬁ%sﬁg‘mﬂﬁ%riﬁe%farﬁﬁﬁlg%(ﬁé@t $fhrthe case of

the first to third embodiments) has various suction-attachment circuits
90a, 90b anfl90¢; ato=which pﬁﬂﬁ@urﬁ&&" Brpan beapplied:32 clamplng

indepgndently %fcpne(‘ gggg%esr glt; adyantage that, in the case o

1
a slight bending of the mou er after '§1e transport% ans of the

air- cugﬂ?oncﬁﬁﬁsﬁcﬁ’tlﬁ&ﬁe\‘flﬁ’é e tﬁ@sé&%tﬁita%ﬁmﬁ%t %fan}?ﬁiﬁgthr ee
by theltlapsping tekicet9dgar beartasgedvinitd suehta why thatghisns 50a,
slight hgmding is CQ@@er@@edc@Iyﬂ@gﬁgugbﬂe;@tioeeﬁégélf%%s_]fgﬁﬂfs Bfirstpp -
clamping device.for. use in th case. of a fifth embodiment of the
mven%gn In theitf:%se ofzt%eaf?ftr?%m%olélﬁwent “the T amp%g dévice 56“ the
(correZpoRaRty t@ﬁwe%@%ﬁﬁf@a&&\%%S ﬁ]llght bending o¢f 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 alir-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 coolable clamping device 9, but instead a

2% Bernoulli clamping device 20, which 1is secured to a
robot arm 21', which is three-dimensicnally movable.
The Bernoulli clamping device 20' has blasting nozzles
20a', by which a downwardly directed flow ST, set to a
temperature of 180°C, can be produced between the mould

30 wafer 15 and the surface therecf, The downwardly
directed flow causes a force of attraction K in the
central region, which has the effect that the mould
wafer 15 can be contactlessly transported by the
Bernoulli clamping device 20°7.

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

gseventh embodiment of the invention.



the case of the first to fourth embodiments) has three 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 wafets as a sixth embodiment of
the invention. 20 In the case of the sixth embodiment according to Figure

6, no ait-clishiona&fspSing dévice s RovidatPRst ke dub&tantiaming  to
conta€tlegss ransportation eftherheatedernoulthwafendsfromwader 15 is
heatable: slapaping dlevie:d to:the coalakle: elamping devices9, byt instead on g
a 25 Ber, li.clampin vice-20', which is_secured to a robot arm 21,

which%i%%%e&fgim%%sigtr?gﬁy rﬁ%%%l%g&rhg%%ﬁ#guIliécla“r%glﬁg Wiy et

has blesfifig nd2zI&SPoaE BAbhich S ddwAwdtaR dirstediow ST 88 6t 2
a tentperaturetofd80C 3can bé Prdduced bietweensthemouldi80 wafervks the
and the guﬁa@%mﬂfeoﬁrTs}esg@wemagdldekp%@t@dﬁ flow r%ﬁﬁiestﬁéo{g@lgfnping
attractj in the cengral region, which has the effect that the mou

Wafer81859é];cr? bleg) éontaéﬁesgl%/cjt?an%orr'}e%eby?ﬁgeléélr%ou?f?%i%?[n%‘lﬁa on the

devicE DS Eig AR Shows REBhBRatic Bitle 1K BF &R appardas opn by
ie thelmal defammationtefanouly waderscas alfévedth embddimedt of££ or

the invantien: 12,JR the gase of the seventhembodiment according to
Figure 7, to ensure that the mould wafer 15 is transported from the

clamping device 5 to the end
Figure & sheows 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 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 to
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, %, 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 is
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 1is also performed by means of the transport
plate 14, after which cooling down takes place on the
transport plate 14.



position on the clamping device 9 without any heat 5 loss, an additional
infrared heating device 100 at a temperature T3 = 180 Celsius is provided
above the air-cushion transporting device 7 and the clamping device 9.

As soon as the cooling operation on the clamping device 9 begins, the
infrared irradiation by 10 the infrared heating device 100 is switched off or
ramped down under process control. Fig&r% 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
embolirentigecdrdingrtosFiure 8nanrinfiaredieatingadevicest@0budickbove

has sepatale iradiaing regions that corregpand (o-20 é%meahriaqs%gecssr 37 is
180 Celsius.and T. 3' = 185 Celsius, is only provided above the clamping .
devi(S:(Ie1 09% I?:rag?alfi%énto?‘%hig ?(ir%%o%tlhe% aﬁpecfaszf’deggf the 8&%&8%&%& ng,fmus
with stibdRsision into different segmental regions, likewise makes it

possible to counteract any 25 possible slight bending there may be.

Furthermers; im thercase et the-embadiment according.to, FiguweB, 8bove on
transpc?{t plage 14 is provided u gernea%h rth m% Id wafer 15ton the side

thereof that |safsajélsng fgthemccigr%pingwae\?iceé 5,9, for e&%‘r%eprfe i the form not
of a fGRRABF #iih FHetaP plabe vt iSpartkalathPaddahtdgesiginthetc thin
ase ofithirt mouldisafers. aithish casepthesdlamping oa the clampingiess of
devicg &:Qi=245 Periormed byImgans ehthe tansportplatg 14-and e 380 mm
trans%%r(tjfrgra;&the clamping d%‘ﬁ%‘f{ g utg at:ge c!&lrgplg%vdevme 9 b%/ meﬁ:\so Lot
of the air-cus |orwansporr)tin% device’is also performe%rb%}%%a § of the

transpoie plate £4. diter WPEH cottiPGeddws gakes prace or et trandper but

plate t4n be applied to any desired geometries. The plastic
15 discs may also be of a homogeneocus or inhomogeneous

structure.

Although in the case of the above embodiments sither a
gas-cushion transporting device or a Bernoulll clamping

20 device has been used, 1t goes without saying that any
contactless transporting device 1s suitable for use in
the case of the invention. A further example of a
contactless transporting device of this kind is an
ultrasound transporting device. All that is important

25 1s that substantially contactless transport can be
achieved without any appreciable heat loss of the mould
wafers or the plastic disc.

Although a specific temperature 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 temperature dependence of the tensile
strength,.

35 Although the zbove embodiments are directed at largely
avoiding the bending of the mould wafers, the invention
may alsoc be used for the purpose of bringing about
deliberate bpending under procegs contrel, for example

in the range of a few degrees.



14 Although the present invention has been described above on the

basis of preferred exemplary embodiments, it is not restricted to them but

can be modified in various 5 ways. 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 betw 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
applietitto anyHesitdd gedmetrigsnThetplastictitedisesrmayadsode of Bl the
homoggneaus.er. ttharaageneous, strueture nAkhquahinthe case:ofthe

above embodiments either a gas-cushion transporting device or a

Bernoulli clamping 20 device has been used, it goes without saying that
any cdhtactie8s t%‘r?s‘beortiﬁﬁkb‘é%e%ts?ﬂtatﬂe fFGsEth the cadePof fHemPing
inventisry, 1A fuirthies example oflascenfaetiess transpostingidewides of thisssible
kind ixap ubtasound trasspertingdevieg.All thatisimpadant 25 s thatamping
substanfjally co e sport can be_achieved without an
appre%éaqﬁegﬁga?%%s%s o] %%gquﬁ%ulé n\%vgfrérrrxg %%?héa p%aesrﬂ% %fgcg%%%Ugh a
specific temperature 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 temperature dependence of the tensile strength. 35
Although the above embodiments are directed at largely avoiding the

bending of the mould wafers, the invention may also be used for the

purpose of bringing about



deliberate bending under process control, for example in the range of a

few degrees. 15 It goes without saying that the features of all the
embodiments can also be combined with one another. 5 In the above
embodiments, a series of two clamping glevices has been described. It is
likewise possible for such a series to have more than two clamping
devigeswith further intermediate temperatures. - 16 - CLAIMS 1. Method

for thermally processing of plastic discs (15), particularly mould wafers

with the steps of: clamping a plastic disc (15) at a first temperature (T1)
on a firskclamping device(5;68), | heating thes plastic disc (13kclampedion cs

the first elamping deyice(2; $0) to.2, second-temperature (1.2) which i .

higher than the first temperature (Tl); ending the clamping on the first
clamping device (5; 50) and transporting the plastic disc (15) heated to
the secohdnemperaturel(@2) frontthecfirst Blanping dévice (5; 50 teaature

second clamping geyiced9; 90)-sybstantialy contactessly; clamping the
heated plastic disc (15) on the second clamping device (9; 90); cooling

the plastic disc (15) clamped on the second clamping device (9; 90) down
to a thifdt@higetatbfe (P42 Which idicwer than thelsetord tempéfaturé irst

(T2) endingdbercjamping es the secopd clamping devices{9; 9Qseerature
MethOd(%Cf)ofd'%@cga'ﬁl’ﬂqegﬁ%r}taqult?gﬁ the first temperature
(T1);

ending the clamping on the first clamping device
{5y 50) and transporting the plastic disc (15)
heated to the second temperature (T2) from the
first clamping device (5; 50) to a second clamping

device (9; 90} substantially contactlessly;

clamping the heated plastic disc (15) on the second

clamping device (9; 90);

cooling the plastic disc (15) clamped on the second
clamping device (9; 90) down to a third temperature
(T4d), which 1is lower than the second temperature
{(T2)

ending the clamping on the second clamping device
(9; 90).

Z. Method accerding to Claim 1, the contactless
transportation of the heated plastic disc (15)
being carried out by means of a gas-cushion

transperting device (7).

3. Method according to Claim 2, the first clamping

device (5; 50), the second clamping device (9; 90}



transportation of the heated plastic disc (15) being carried out by means
of a gas-cushion transporting device (7). 3. Method according to Claim 2,
the first clamping device (5; 50), the second clamping device (9; 90) - 17
and the gas-cushion transporting devicey (7 forming a common planar
surface (0). 4. Method according to Claim 1, the contactless

transpogiatjon of ﬂbeafge%tsgrpi%%“f:%%gréé&Q'ﬂ%‘?@%&?g cQut P¥ ning

of a Bernoulli clamping device (207). 5 uld ac Ing to one o Cla
1 to 3, the SR Ihmping tevite (52 86) having blasting nozzles (5b)

directed in the transporting direction (TR), by which the transportation is

Inmateqlq@u!l\éﬁthod&@@%rgm%to Glaim 2; the first elamping. devicg {3:30)e s 5
the second clamplng devic éé 90%11§nd the Qas -cushion transporting
[

device [7)BETRG toGEthel tilted in tHe tradsgorting difecion-TR) R drder >
to initiakethedtramspoitators 7t Methateacoordifg o difecofthé precetimgping
claims, dtheiplasticdis¢ pbeing a mould wafer (15) being bonded to a

carrier substrate (17) at the first temperature (Ti) by means of a thermally
detachable film (16), and the carrier substrate (17) and the thermally

detachilon Hfin 1E6)B&ihg YernBeth o Tthe 1aéald wafdr(18) atthe first

seconddempetaitre (F2).cB. Method aocordm@@lalmédherpgastt&ﬁmes
(15) beirg, plaggd.onto.the first dﬁ@p'egﬂf?ogsiélﬁ Q) by %efa@j?o%!l !

third clamping deﬁ"cie (20) and the removal of the carfier substrate
bangcg%éﬁl th ransportation is initiated

;

6. Method accerding to Claim 2, the first clamping
dgevice (5; 50}, the second clamping device (9; 80
and the gas-cushion transporting device (7) being
together tilted in the transporting direction (TR),

in order to initiate the transportation.

7. Method according to cne of the preceding claims,
the plastic disc being a mould wafer (13} being
bonded to a carrier substrate {(17) at the £first
temperature (T1) by means of a thermally detachable
film (16), and the carrier substrate (17) and the
thermally detachable £ilm (16) being removed from

the mould wafer (15} at the second temperature
(T2).

8. Method according tce Claim 7, the plastic disc (15)
being placed onto the first clamping device (5; 50)
by means of a third clamping device (20} and the
removal of the carrier substrate (17) being carried
out by lifting off by means of the third clamping
device (20} after thermal detachment of the film

(l6) at the second temperature (T2).

9. Method according to one of the preceding claims,

the clamping on the first clamping device (5; 50)



out by lifting off by means of the third clamping device (20) after thermal
detachment of the film (16) at the second temperature (T2). 9. Method
according to one of the preceding claims, the clamping on the first
clamping device (5; 50) - 18 and/or_the gecond clamping device (9; 90)
being carried out by suction attachment by means of vacuum nozzles

(5a; 9a), =Y Metf(‘i%ﬁeac%oer%é‘%o %’l%%%t%ﬁﬁreﬁedizf'gec'ai@?;l’ 5;@(‘)?;1) hPEing

reaching of a predetermined end posi e ﬁgsnc dis

secondd&mhpfifg déice (PY90xbeIRg @ensed by alstriser device@ons of
and thev elamaping ©f the=heated ;plastic.disc (15) on the second clamping
device (9; 90) being triggered by a corresponding output signal (SIG) of

the sensor device (30). 11. Method according to one of the preceding

claits, e Widstie dReiAE) Being comtictéd to & franSiRiTEplatsi (LAY Erid s
the motldavafer(I5) beingt clampeben therfistclampingdevice €5; 50) the

and the sesend:clamping device (9::90) by neans of the transpertplate (o,
(14) ang he&lastlc disc 15% being transported from the ﬁrst clamping

device (55 o the seeon Tlafiping device(8: 96y By fednd of the<  the
transpoFt-piael(19). 12. Aparatisifor themmallytprocedsing plabiic discs the
(15), partieuady amoitgh wadergwith: @ heagable tir%@@wi@ggﬁg@%@ by &

50) for [ .for heating the plastic disc -.a coolable second
clampinccé%rg\%éé9 Eg%é%or %&?r%%ﬁﬁg and ﬁ)ard%oo(ﬁ]ﬁsgB e p?ahstic%llgc (fg)l? sor
a transpGrtihg Yevice (7; 201) for contactless

11. Method accerding to one of the preceding claims,
the plastic disc {15) being connected to a
transport plate (14} and the mould wafer (15) being
clamped on the first clamping device (5; 50) and
the second clamping device (%; 90) by means of the
trangport plate (14) and the plastic disc (15)
being transported from the first clamping device
(5; 50) to the second clamping device (9; %0) by
means of the transport plate (14).

12. Apparatus for thermally processing plastic dJdiscs

(19), particularly mould wafers with:

a heatable first clamping device (5; 50) for

clamping and for heating the plastic disc (15);

& coolable second clamping device (9; 90) for

clamping and for cooling the plastic disc (15);

a transporting device (7; 20') for contactless
transportation of the heated plastic disc (13} from
the first clamping device (5; 50) to the second
clamping device (9; 90).



transportation of the heated plastic disc (15) from the first clamping
device (5; 50) to the second clamping device (9; 90). - 19 13. Apparatus
according to Claim 12, the transporting device (7; 20) having a
gas-cushion transporting device (7). 14e Apparatus according to Claim 13,
the first clamping device (5; 50), the second clamping device (9; 90) and

thfﬁasﬁzaog%fmHens&eém%\%%(z) OITNg 8 gomTen: RAlRap o g
surface (0). 15. Apparatus according to Claim 12, the transporting device
(7: 20) Ravihg% Befrouflidlanifiig device @09 16 Kppatatis a8&stding. "9
to one o&€laims 12)to 14, the first clamping device (5; 50) having blasting
nozzles (5b) directed in the Transporting direction (TR). 17. Apparatus
accordipg to Claim 14, the first clamping. device (5; 50), the second ,
IR BB HEES: 905 A8 1 ds o bHRrarispartitg Gots (FLA8IRGRS
able todbevtilted tdgethérin the ransporting. direstion (ER)javorer td?;  90)

initiate the transperiationa d8: Apparaius:aecording taoneof Claimse12-40 1,
17, the firgg%{)nrpi%ggg\éiges(g' §Oa)cand48r the second clamping device

(9; 90) %aving vacutim nozzlés (5a; &a) Ot) the suction attachment of the
plastic disc (15). 19. Apparatus according to one of Claims 12 to 18, a

SéﬁSoHdgy&edeﬁkbeﬂgypﬂﬁdd@ﬁf@bsgﬂﬁmgdhajﬁaCbH&]O&ﬁansporting
predetermned end poskion of 1 pASLC s (4 N 1 SN o

I ; .
c ampln{%gg\)m.:e (

16. Apparatus according to one of Claims 12 to 14, the
first clamping device (5; 50} having blasting
nozzles (5b) directed in the transporting direction
(TR).

17. Apparatus according to Claim 14, the first clamping
device (5; 50), the second clamping device (9; 90)
and the gas-cushion transporting device (7) being
able to be tilted together in the transporting
direction {TR}, in order to initiate the

transportation.

18. Apparatus according to one of Claims 12 to 17, the
first clamping device (5; 50} and/or the second
clamping device (9; 90) having vacuum nozzles (5a;
9a) for the suction attachment of the plastic disc
(15).

19. Apparatus according to one of Claims 12 to 18, a
sensor device (30) being provided for sensing the
reaching of a predetermined end position of the
plastic disc (12) on the second clamping device (9;
90) and for issuing a corresponding output signal
(5IG) for starting the clamping of the second

clamping device (2; 20).



90) and for issuing a corresponding output signal (SIG) for starting the

clamping of the second clamping device (9; 90). - 20 20. Apparatus

according to one of Claims 12 to 19, the plastic disc (15) being connected

to a transport plate (14) and the plastig glisc (15) being able to be

clamped on the first clamping device (5; 50) and the second clamping

device (9; 90) by means of the transport plate (14) and the plastic disc

(15) being able to be transported from the first clamping device (5; 50)

into’the $8cohd IlampBiRg CdeviEs (9: D0y b§ nsains bk iestrdrispbft pldte the

(14). 2k Appatatusiaecording jo Glaim 40, dae:sensordevice £30) haviggor:

a Cont%ﬂ%%%or)(t@éa; SENSP -+ he plastic disc (15) being able to
be clamped on the first clamping device (5; 50 and
the second clamping device (9; 90) by means of the
transpoert plate (14) and the plastic disc (15}
being able to be transported from the first
clamping device (5; 50) into the second clamping
device (9; 90} by means of the transport plate
(145 .

21. Apparatus according to Claim 10, the sensor device

(3C) having a contactless optical sensor.



