.1 Method and apparatus for thermally processing plastic discs, in
particular nmould wafers The present invention relates to a nethod and an 5
apparatus for thermally processing plastic discs, in particular nould

waf ers: which are al so known a5 noul ded wafers, synthetic wafers or epoxy
wafers and are referred to throughout this text. as nmould wafers. 10

Al t hough the present invention and the problens addressed by it are
expl ai ned bel ow on the basis of nould m@ffrs, the rnvention is net
restricted to these but can be applied generally to thin plastic discs, 15
I n sem conduct or technology, there has recentl been an ever -i ncreasing
use of so-cal | ede¥BaFdauaf érE B Ch
enbedded at a dkﬂbalcenimanmenelanom¢mwd|mafarﬁould|ng conpound t he
moul di ng conpound itself having the formof a wafer and the 20silicon chips
bei ng, for exanpl , set in place on a surface of the no édln co ound
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croled, which is explained in. nore detai

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
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 1n place on a
surface of the moulding compecund.

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 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



Eci eur @hrwu an exatripl @' af ttae. debiendeflce at the nt tenslie strenota
2 of a plastics noulding conmpound at a. nottid water on the tenebatuaa T.
tenperature, Tw designates. a softening tenperature., UR designabas a
hard-soft transitional region, Ti designates a prehedting tenperature

bet ween room tenperature RT nod hardeni ng tenbabature r.p, and T2 S

desi gnat est enper at ur et hehardeni ng tenperature. T;.; and bl ow the softening
tenperature For exanple, TR1400, TI11SC, T2l eY0 anda 190"C. 10 For
detachnment, prenbatirns to Ti, further heat i ng to 12, detachnent at T2 and
cooling down tc RT are perforned, for exanple. However, an account_ of the
poor thermal condWerFvtEse of Tn HE PIFASEFE Bs€@ For - the" WBiA'd Wafer "and the
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occues, or contro?d‘abl e deli berate bending, aftet the thernmal processing.

10 For detachment, preheating to 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 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
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 controllable deliberate bending, after the thermal

processing.

30 The 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 invention 1is
based is that substantially contactless transportation
of the heated plastic disc is carried out f£from the

first clamping device to the second clamping device,



30 The method aecordinp to the invention with the feetured of Claiml and
the correspondi ng npparatse acoordinti to Caim112 hevb the advantage that
they allow thermal processing of thin blactio diace with no problens of
bendi ng (warping.). The concept on which the present first invention is
based 13 that snbstantially contactiess trantportation of tic licrittuad
piastr, c discS carried cottriMfirst clanping device to thE second

cl anpi ng device, for exanple by neans cf; an air cushicu, in order largely
to avoid. a thermal exahange, processing during cooling is then perforned,.

so that no uncontrollable bending ces. pccur,_ TAvan us .dec nts and
i nprovenent s of% ggt ¢ot f'er Wi t%‘ %% a%ﬂe |r§%§ﬁ |og1|§§§%§cerned
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devel opment, thereestastd essihtapspordqationret phetheated spl asttdidi sc is

carried out by means of, a.des r rting deVi Ce, According to a
further preferre&‘ %V%:%%%an8H§£w§PF%§?@§ggclenp|fsa devi ce: the second

cl anpi ng devico and the ges-cushion. transportpbag device. forma comon
pl anar Accor didRgnt ogeofur tdrere 1 ppeter £ edadevelopmentnenthe. 020 conaf actl ess

transportation. 0f. gg@ heat ed QhéﬁthﬁlghSQh!S Gafdii-ednouts hy,naeans of a
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direction, by whacn the transportation is initiated,
10 According to a preferred development, the contactless
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 a common planar

surface.

According to a 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 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 devel opnent, the firer cl anping device,

t he second cl anpi ng device and the 30 ges-cushadn transporting device are
tbgether tilted in. the tranapertang directisn, in order to initiate the
transoorratioc, According to a further preferred devel opsont, tne 35
piastdc disc is a nould wafer which is bonded to a :garbler substpate at
the first tenperature by. neans 05 a. thermally detacbenle film the
carrier substdate and tSe thermally detachable filmbeing renoved. fidrm
the nould wafet at the second tentorature, 4 According to a further
preferred devel opnent, the plastic disc. is placsb onto the first clanping
device hy neans at a third al snpMsg device" the rpnoval of the 5 carrier
substrate bei nucaprigdgoute by Ifukthay offefprnmsangentledeertthi r dhel eavg. ng
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disc on the second clApLngd: deyl g8 S.Sansed by, a Salsgk detace, the

cl anpi ng of the. “héat'ed pl ast on the second cl anpi ng devi ce bei ng
triggetnd by a. correspondlng output signal of: the sensor. device.
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According to a further preferred development, the
15 reaching of a predetermined end position of the plastic
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 output signal of the sensor device.
20
According to a further preferred development, the
plastic disc is 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 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 la in a



In:cording to a further preferred devel opnment, the 30 sensor device has a
contactiess obticad sensor. Ewenplary ehpdinents of the invention are
explained in nore detail in the description wach follows and are
reprcsented in the drawangs, in whiohf 3 5 fiqutss |a,b show scneaotic
representations of an apparatus for the thermad dpiam naticn of anuld
wafers as 8. first eiabodinment of the intention, to be precise Figure la an
a side viemand FiguTe Ib in a plan view of Figure 2 thm upper side;

shows a flow diagramto erplain a nethod i

ort het her nal del sm nati onof noul d

waf er sdvimeahhof t heappar at us accor di ngt oFi gur elasa. second enbhdi mmt ot. the

side view and Figure 1lb in a plan view of

shows a flow diagram to explain a method
for the thermal delamination of mould
wafers by means of the apparatus

according to Figure 1 as a second

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

shows a second clamping device for use in
the case of a fourth embodiment of the

shows a first clamping device for use in
the case of a fifth embodiment of the

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

shows a schematic side view of apparatus
for the thermal delamination of mould

wafers as a seventh embodiment of the

shows a schematic side view of an
apparatus for the thermal delamination of
mould wafers as an eighth embodiment of

invent:km 10 Figure
the upper side;
Figure
5
embodiment of the invention;
10 Figure
invention;
15 Figure
invention;
Figure
20
invention;
Figure
25
invention;
Figure
30
invention;
Figure
35
the invention; and
Figure

shows an example of a dependence of the

tensile strength Z of a plastics moulding



3 showhaschenmati csi devi ewof an apparatus for the thermal delarination of

moul d wafers as a third enmbodi mrent of the invention;

15 Figure 4 shows a

secche cl anping device for use in the ease of a fourth enbodi nent of. the

i nvention; shows a first clanping dwicefor use in 20

t hecase, of a. fi ft h. enbodi mewt of t he

10

15

20

25

30

35

compound of a mould wafer on the

temperature T.

In the figures, the same reference signs designate
component 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
as a first embodiment of the invention, to be precise
Figure la in a side view and Figure 1lb in a plan view
of the upper side.

In Figures 1la,b, reference sign 1 designates a base
platform, which is produced for example from aluminium.
A presentation platform 3 with an upper surface O' 1is
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, 1is at the temperature
T1T = 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,
for example of steel, is bonded to the mould wafer by
means of a thermally detachable film 16, which is a
result of the production process of the mould wafer, in
which the silicon chips 15a are placed on the thermally
detachable film 16 and the encapsulation with plastics
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
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.

Fi garm 6 snowsaschemati csi de: vi ewof an



apparatus |'fOr the thernmal delam nation of nmould wafers as a sixth

enbodi nent of the invention' showsaschemati csi devi ew of apparatus

fort het her mal gel am nati onof rould 30wafers as a seventh enbodi ment of the

i nvention; Figure. 9shows a schematic: side view of an apparatus for the

t hermal deLam nation of noaid wafers as an ei ghth enbodi ment of the

i nvention; and conpound of: a Meuid wafer on the tenperature T. In the
figeree, the sammreference signs designhate 5 conponent parts that are the
sanme cr functionally the sanme. Ric:rites {a, b show schematic
representationa or an apparatus for the thermal deiam netion of npuld

waf ezs 10 as a fAlsst enbodiefentt ofheberPIEVtvex JOCEeibhe prediSe’FFT: Lre | a
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exanple, is at. the tenperature

The clamping device 5 1s at the temperature T2,
corresponding to the example of Figure 9, which is at
10 180° Celsius and is both above the hardening
temperature Ty = 140°C of the plastic of the mould wafer
15 and approximately at or above the decomposition
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 b5b designates
blasting nozzles of the clamping device 5 that are
directed 1in a transporting 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 clamping
25 device 9. The air-cushion transporting device 7 has
blasting nozzles 7a, which are suitable for the purpocse
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 5 to the clamping device 9.

30
The coolable clamping device ¢ 1likewilse 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 cocled 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.



20 Ti m 110Cel sius, oorresponding to the ezanple of Figure 9.Reference sign
15 designates a. nould wafer, enbedded in which by a known nethod are
silicon chips Ifthe one surface of which is flush with an upper side of the
moul d wafer 15. A carrier substrate 17, 25 for exanple of steel, is bonded
to the nmould wafer by. neans of a thermally detachable film 16" which is a
result of the production process of the nould wafer, in whdph the silicen
chi ps 15a are pladed on the thernmally detachable film 16 and the

encapsul ation with plastics 3g conmpmund to formthe nould wafer. 15 in a
corresponding formis sobseduently oar: Reference sign. 20 desddhates a

ci anpdng devi ce Qehuek) thasticcRvhégsvaetum nozxdey & dr cllanpith§ t he
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texperature T, 140G .0of othe plastic of the nmould waier 15 and approxi mately

at or above i e deconposition tenperature of an. adhesive of the thermally
detachable ftim 15, 1.5

As can be seen from Figure 1lb, attached to the sides of
the air-cushion transporting device 7 are lateral
guides 70a, 70b, which are intended to avoid slipping
off sideways of a mould wafer 15 that is being

15 contactlegsly transported on said device.

Since the side edges of the mould wafer 135 become ever
smaller in comparisen with the lower and upper surfaces
therecof, guidance of this kind does not influence
20 contactless transportation of the mould wafer 15 on
account of the hot-ailr 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 1b.

25
Finally, reference sign 30 in Figure la designates an
optical sensor, which sends a signal SIG to a control
device €, which controls the entire installation, 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 15 transported from the
clamping device 5 to the clamping device 9 by means of
the air-cushion transporting device 7 1is completely
35 resting on the clamping device 9 in its end position,
in response to which the suction attachment by means of
the vacuum nozzles 9%9a of the clamping device 9 1is

initiated.



Ref erence sign 5a designates vacuum nof2les of the clanping. device f, and
reference sign 5h designetec blasting. no-of:les of the clanping device 5
that are directed in a. transporting direstim TR and are kgexpl ai ned hi

nore detail later, Edrectly adjacent no the clanping. device 5, and form ng
a common pl anar surface 0,are an air-cushion transporting deaf or 7 and. a
further cobl able clanping 25 device 9. The di...L." -c.11:-,,:bon

ttanaporting device. 7 has bleating nbuxlea 7a, which are suitable for the
pur pose. of form ng under the npol.d wafef 15 an air cushion at. a
tenperaturmcof T3 - ifO C for the centanciese ttansport fromthe clarping
device 5 to thb Tlanpi Agidewi £€09, A3 FYa.tocsalable ¢l anpidry devitté S
ICLkewebe( has vacsHdmanosizhesi fa: and. of smbegul abbedrd oba teapsr aEartaeT4 - 20"
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pr oceaa segnehnEQfﬁﬁﬁcth%P%%§br|bbd bel ow.. The otangtsh foot 830a 05 the
cl anpi ng device 2 is |ikbwese adjustable in hedght, On Sse rCerssally

(nsulating standinud elo kg hbze !0, @l {neynhlan. tB@”%HQ%M‘ﬂj devicce 7 is

attached on the cross stru crel sticucticn of Elnd makes it
easi |y possibl e ¥hr e i HFIuéﬁﬁﬁiﬁﬁuﬁﬁffQ?BﬁTdﬁqﬁﬁwnﬂ %paﬁ?FHn? of the
devices 5, 7, 9 itcxdmgtboemierzaactsel@wor bel vay ret @dgmﬁh@tln g'igersay; the
dbsines 5 and 9 can be adjusted in. he independently of one another in

order to allow an adj ust nt_of t co planar_su an be seeo
fromfigure 1h, Htta ?h@°§E§e¥agg?t&§ ai°r -FEU: h|§§ ??snsﬁ%§%|ug
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on sai d device, Since th% gld eggeg regéﬁ} ggulgngaf Eaééﬁ becong ever

"smaller in conparafs er surfaces
presentatlon platform in s 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 Tl = 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 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 nozzles 5a 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
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
35 removed from the mould wafer, which takes place in step
S4.



t her eof ui dance of this kind does not influence 20 contactl| ess
transportation. of thb nould wafer 15 on acnnunt of the hotwair CUSh100
that is produced by the blasting nozzles 7a of the air -cushion
tranuporting do voice 7, For reasons of overall clarity, only one blastinu
nuzzle 7a is depicted in Figure |b, 23: Ex nal.i.nosign. 30 in figure |a.
desi shates an optical. sEise3(i:0" which sends a signal SIG to a control
dbvice C, which controls the entire installation, fh pa:riculer the
transport. cf the mould. wafer. 15 and. t'fle 30t h. Ear nsi steps on the

cl anping devices 5, 9,In the preeent cee, the sensor device. 00 senses
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aanpla 10 1-19, ledyeriences an initial pulse of movement 1in the
transporting direction TR. The mould wafer 15 then
10 glides contactlessly to the clamping device 9 by means
of the air cushion of the air-cushion transporting
device 7, not losing any significant amount of thermal
energy to reach the clamping device 9, since the air
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 BZa, 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 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 UB,
corresponding to the example of Figure 9.

After the mould wafer 15 has cooled down completely on
the clamping device 9, 1t 1is transported by the
35 clamping device 20 into a cartridge (not represented),
the clamping device 20 having ir 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.



10 In step Si, a nmoald wafer 15 as part of ah assenbly with the thermaily
detachable film 16 and the carrier substrate. 12 ie fetched by the cl anping
device 20 froma cartridge (not represented : and placed on the
presentation. platform 3 in such a way that the nould 15 wafer 15 cones

ieto sontuct with the upper surface 0" tnerecf. in step 82,
preheating of the nould wafer 15 to the tenperature Ti er 110" Cedsiue is
per f or med. In the next step 33, the clanping device 20 LIfts the. 20
nmoul d waf er as part 11 of the assenbly with the

thermal |y detachable film 16 and the carrier subbnratethe preneated state
at abopt. 110n Ceisiue, nff the presntatich platform 3 and tnmansports it

to tete heatabl epﬁjﬂrgpiﬁtsﬂﬁaé Ce SehHGhs s.i.ﬁ:ieatvi&évi enpesat upes 25uF2 -ir, U
Cel sius. The, noul d. fer ln the assenbly is, Oﬁbs%gugngly cl,amped on
the cl anpi ng devi¢e %‘am} ﬁﬁ%‘tﬁ]s ot~ thé“vacei am i s]t ereof t“ the sane
t(lime" the cl anpirgidevicef 2the jigvepkémiise heated to 1000 Cel sics. 30 As
soon as theedhesive of the thermally het:actable raim 15 ties reached its

delantnat i ng t enmper e of %Og?e B8 b e £ AN VLG B0, e mde

t o nove upwards, conse e carrier substrate I's. 35 renoved
from the noul d %af €Re wWhiE b@&ke‘él%ﬂl@m@ i He¥tep S4. han §t ettt he
thermel iy detachiabie ifriclmotGies fisomithenduppet vsutbaseoonildsheravoul™ waf er

1S by nmeans OF. andtt%t'ﬁed%\yaﬁﬁ%gft Cgfsggg’n)ﬂoui@ &Q@eg 02[5! Oﬂcﬂrg tﬂaep 56,

the suction attachnent of

waf er .
clanping S, 1% int@rRst €¢718/d° t‘br‘é}é%u?JeaWe dieéflﬁf)p%9 ]8}51 g‘t bI ast| ng
nozzl es 5C, SO tha¢ tHe-poshibwaterndisoexiperi énces: an i nittd aIaSS@rszfe of

novement. in tnecéﬁ@ﬂéﬁggt'@Hed'éfﬁﬁﬁ(ﬁy'TBe¥H@e”DQ|dtﬂ@ie%l¥5cﬁgﬁﬂxﬂ9
glides contactle gw ce a[r%‘ Jreans of [ the_air,cushlow

to .t |
of the air - cush?g?f)‘/ R&&ﬁéﬁgpgyhggdew ce. g’

o 08i ng. “any” si gnl}?l eeht
ameunt of therni tehesdhyabout eachst hé cﬂ@r?mll@g devitcetde Ltograrctherair

stream of the air-cushironhransperthdgcdew ce an Whireh k. Provided
for this purpose is 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 800.

Under the control of 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
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 to third embodiments) has
various suction-attachment circuits 9%90a, 90b and 50c,
to which pressures P, p', p! can be appliied
35 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



i Sis preheated to the te.-.nberat..ure T3 - 1R0'" Celsius, prevents aoy.
heat | osaes, Wen, at the end of step S6, the sensor device 33 senses that
the mold wafer 15 is conpletely on the 20 clanping device 9, shetinn
attachnment is automatically initiated there by neans of the vacuum nozzl es
9a, so tnat the noeld wafer 15 is firmly. clanped on the clanpi ng device 9,
25 This is follobd in at: SC 27 by cooling of. the nould wafer 15 fromthe
tenperature 12 - 1WCel sius down to the tlgrrperature 54-20 | sius. On account
of the controlled cooling process in the Clanped state, it is pnssibae to
avoi d ben.ding of the nould wafer 15 during $.0this thermal. processing in
the transitionals¥égionvadBhakr rrédpondi %&?%n@xdﬁpl e aﬁﬁﬁg 9.
After the .., rc,dilranwateridixihasicoel ed dom conpdetely on the cl amping
deviee 9.. it is transported by the. 3S clanping device 20 into a caxtridge
(not representdah the clangdt.i.g device | havtnb in the neant.i al ready
pl aced a f ol aow figUFBulPd SPRHF ef %Srég partrotd arf asSently UGt &ntnﬁge

present at i on Spaatdser mt3ai hi grrdembbiisave d4f e anvdisiavay, Figure 2 shows
a schematic side view of an apparatus for the theibal deiam nation of nbuld
wsfere as a third enbodi nent of the invention. IL.n the c of . t hi rd
enbodi ment accordi ng"*to FHGur 813,Chtehe%é?&f<: 'e-nﬂo'ogﬁrﬁ?rdt-’uL%ﬁgde(\:/Tacmgj%ghas no
dhrect ed bl eeti nkwmozz|¥Es Snrisgponeiedy tvaddhamcarPéees %8Vicf% Pnilfii ate t he
tragsgortdof t hechasald.e o\@af‘tﬁ% kﬁréﬁ()mtf@nﬂ& clrapii Rgndevi iees Siveet he

ci abpdno device 9 hy. ens_o; ai r..enoshi transporti j.ce 7.,
the assenbl y*” cf lr%rﬁ%t ﬁ%a%ﬁnﬁrpcﬁnré:uéggl c‘ggg%ﬂq%egta?;ﬁe- (E:%g]qﬁg%%eyd?'
transporting devi®e ?ngrDoBQ%etParﬂﬂrﬁﬁsﬂéWE’égQt@&ﬁeﬁ%t‘flfeist ed“abotft raxi s of
rora'::LcU in theettanspatiti nonid dierechbormarmhiichy, s undicdbed thy an

arrOMIfK"brcquggxmse 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 asgs a sixth
embodiment of the invention.

20 In the case of the sixth embodiment 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 coolable clamping device 9, but instead a

25 Bernoulli clamping device 20°', which is secured to a
robot arm 21', which is three-dimensionally 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 thereof. 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°'.

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.



for thole purpose is a fbrthet strut 800, which is rotatebie about the axis
of rotatdbn 00 tne eels of rotation being provided et a stand la on the
base platform1l., The stenbing feet 800 of the cross strut a 20 rest in
this exanple on the further strut 800, Under the .hontroi. of cue contiol.
device 0, tne novenent is carrier; out by a linear actuatur 4, which is
connected Ise the further strut 900 by neans of a 25thrust rod 4C :Figure
4 Mows, a second clanping device for use_in the case of a tourth enbodi nent
of tte invenUon, 30 The. cool abl e cl anpi r]ié device 90 used in the case of
the foubth etv- Jodl mt Kcorresponding to the |ab:ping device 9 in the caee
of the first. tothikd ééﬁé.d%ffal:h‘ﬁ”r VE)SRES VALA6RESStc FP6RE atTAchfent
circuits aha, 9Qbcard 9t,),td. "erRuC: anhbe appl i eduldd | ndependént iy or one

anot her. Thi s has_,the edvant age,t hat, cﬂaﬁpfnga%%vQEea §|Eghttﬁ§thHg of the
nmbul d wafer alter the transport bv. ndmns air -cushio

transportinp de-RASEE B 19%e Suet |C&ﬁm8f?‘écﬁﬁ\¥ﬁfear?d HFE%‘ftnpaBi} th‘r?étcl anpi ng
device 90 carm belars,angedadditisneh anfayréhatetbilg SdedlightObenting is

counteracted durifg.solidifi @atJ omso cePiguresd showsqaqfiabste claapi ng
Evice for use in the 5 odee of t h enbodi nent of &h% |fudfrd3| an.
the case of the aHfﬁCHSEh%mWPOE &"¢i ampithg. de 80 Psot rpesﬁond| ng

to the clunping dsticee S i nAshescaseaof thhe doEAsnat @Pﬁéaﬁ?ﬂ efboditfient s)
hae three. 10 dlélfam&a@ beat bBg ocideeuhts, ctwbi chrrhedd thesdiegiionsvb0a, 55b

and 50c to srﬁohdlggatqrp ratures T3, T2'., %‘r'ﬁ %mgclge@a{)fpe%trl ng can
9

al e be used e purpose o cou eracting s endi ng of the nould
waf er 15 duri ng rapedi Agudowier process control

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 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, 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 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.



Figure 6 shows a schematic side view of an appsratse for the therma

del am nation of nould wafers as a sixth enbodi nent of the invention. 20 In
the case of the sixth enbodi nent according to Ftgpre C, no air achshion.
transporting. device 7 is provid.ed fer the substantially contactiees
transportation of the heated nould. wafer 15 fromthe heatabl e clanping
devinme 5 to the occlable clanping device 9, but. instead a 25 cl nmping
device 23", which is secured to a robot kn121, which is three
ed.im..:xnasnaily novable, The BE, 0000.1.1f,.. clanping device 20 has

bl asti ng noddl es! 25a', by whicn a dcatum...cll.y directed flow SI, set to
a tenperature! of leart, can be prbduced between the nould. 10 wafer |IS ard
t he suite: de theﬂmhbuthEhQQMMMHMMIyndémtxnnﬂhdﬁ oweonursst i ddorbevof
attraction 1-2 ipn the eentcralcregian, MiGh @§r henefdiectcthat +t he noMf
wa...5:m! 15 can be contac I essl| transpor e% % éﬁﬁ~ er.noul | i, clanplng
device 20'. Figdé 7°Shows® % Eﬁe §1 P8 de Vi B BF par atds “FS cK t he

t her mal del ami nataiver of nmould. wafers as a seventh enbodlnent of the
invent: ion. In the case of the seventh enbodi nent according to Figure 7,

to ensure that t nou d wafer 15 is.trehsported fr h n deV|ce 5
to the end p05|ﬁg§ﬁ §F€FH§ 5&r8§9%“ ¢fhoﬁgﬂg% g% ?ga%ogg

addi tional i nfrared héa%$ngoﬂevmééd10@a§$r%rtéﬁﬁ%rﬁﬁﬁ?étloquﬂ C@P§|us is
tir,vided above idieract=gushi@ient Lannpentibdgademisse oznemllme:oclmmm ing

B VL By A SLhe OORnEl. Op et L B 110.C champing device. o

beg|ns t h8 i 'nf r at’i on ne 1rfrared eat| d device 100 ts
SWt Ched of f or 4edmsed dowa™ uhtfer ﬁWbéégs chittdier Bifglredifons "4 & hamati ¢
si de vanw of an appanat us..f orirt neardtienmalk ] ot ae of nneowd ibrwafseras sas nah 15

ef dnth enbodi ment, of, ; £Log wvgaﬁflm% Arﬁettrh@scegetgg Ms@lcgml@cerm@dl rsnt
accord|ng to Figure 8, an _infrared

entind device wﬂg as .
separ at ei rr adi at?%?@g@é’ﬁ&t‘*ﬁﬁn}?ﬁr PRAPORYLIE ﬂf"of“?ﬁﬁé?%t ur 'Ip]ifs 180
Cel si us and Ib Celisicus,mdys ehty proviided abovestdreix| ar, Thhgnedevieces9,
irradiation of tggfgckh@g_of the upper side of the moul d waf er 15, with
subdivision into different segnental regions, |ikew se nakes it possible to

count eract any .
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 invention. A further example of a
contactless transporting device of this kind is an
ultrasound transporting device. All that is important
25 is that substantially contactless transport can be
achieved without any apprecilable 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 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.



25 possible slight bending there may be. Furthermme, In the case at the
enbodi nent. accnrdinp. to Figure 8, a ttansport plate 14 is provided
uhgernesth ths p3c:.uld wafer 15, on the carte thereof that is facing 30
the clanping devices 5, 9, for ekanilala in the formof a futtbeb thin
metal plate., which is partioblsbliv advantageous in the case of thin nould
wafers. In this case, the clanping on the clanping dmvice 5 or 9 is
performed by nmeans of the transport plate_.| A, and the 35 transport fbbmthe
c18811. 7.ble device 5 to the clanpich device 9 by neans of the air-cushion
transporting device is also pniibnmed by neans of tne transport. plate 11,
aft.-..crar which cooling dpwb takes plaon on the trans tacit plate 14,

Al t hough t he preasentodsnventticon has/ ibeentdgscribedeabove onf t hel baseés of
preferred exem .plany,efodiarent b, bd dSuwkdr @8tk igiedrbenthem but can be
nodi fied in various Althou.gh the present invention is explained above on
the basis of nmould wafers, the. invention is not restricted to them but.

can be appli éd qdneta¢Aybpme tefibpndi0ept ast Eb disies, Wwhi ¢HO tSE™®arPy have a
thi ckness of betwgen<50 -hpendch mMvsandnaqdi amet ers of i beiweendsagbmn and 500

mm |In particulbb, the |nvent|on i s al sp_not str ed r geonetries
of the plastic di¥c But"can be applied to any %é5|#%%1geg§ef%i gl g

plastic. 15 di scs&wwysarse: Herrshes. l%@%ﬁ@ﬁﬁ@éﬁst@WP?Wﬁﬁﬂﬁﬁéeneoub



Al though in the case of the above enbodi nents either a easeciwblikin
transporting deddice or a Bernoulli clanping. 20 de vi be has been used, it.
goes. withopt saying thas. any contact |ess transporting. device is
suitable. for use in the case of the hycgirettkb,- A further Exanple at a.
contacti ess transporting devece of thi'® kind is en ultrasound.
transprrrting devdbe. Al that is inportant 25 is that sobstantisldy
contact:fess transport can be achi eved wi t Aout aby appreci able heat |oss of
the nould. aters or the plastic. disc- Althoughspecific tenperature
dependenby has been 30 described in the above exanples, the invention is
not restripatrethTt @1izhivg but can be applied to plastic discs with any

t enper at ure dependence of the tensile. rasp 35 Al though the above

enbodi ments are directed at largely avoiding the bending. of the nould

wafers, the invengg'ésgﬂ?gg?akae 28528891601, M RAMRPSEoOf B AGEST (8590t

ddl i ber at & ‘bendi tn process control, for exanple in the rbnde of a
few degrees.witdlP: It gpee w thout saying that the features of all tne
enbodi =ts ban. al so be gorbinbd with one enpther, 5In the
abcrePlc)c$J. tet1t. S3eries 3f rws clanping devicee has been described- it
is likew se possdDlgHfor SUEh acsembesgt odbeite nps e tdan bweackadpi g
device; with further Inrerrbdiato tenperatures, PATENT CLAI M5
clamp a mould wafer (15) at a first temperature (T1l), the
first temperature (T1) being below the hardening
temperature of the plastic of the mould wafer (15), and
to heat the clamped mould wafer (15) to a second
temperature (T2), which is above the hardening

temperature (Ty);

a coolable second clamping device (9; 90) arranged to
clamp the heated mould wafer (15) and to cool the clamped
mould wafer (15) down to a third temperature (T4), which
is lower than the second temperature (T2) and 1is below

the hardening temperature (Ty);

a transporting device (7; 20') arranged to contactlessly
transport of the heated mould wafer (15) from the first
clamping device (5; 50) to the second clamping device (9;

90) .

2. Apparatus according to Claim 1, the transporting
device (7; 20) having a gas-cushion transporting device

(7).

3 Apparatus according to Claim 2, the first clamping

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



Apparatus for thermally processing nmould wafers (15) with: a heatable first
cl anpi ng device (5, 50) arranged to clanp a nould wafer (15) at a first
tenperature (T1l), the tenperature (T1l) being bel ow the hardening
tenperature of the plastic of the nould wafer (15), and to heat the cl anmped
moul d wafer (15) to a second tenperatdfe (T2), which is above the hardening
tenperature (TH); a cool abl e second cl anpi ng device (9; 90) arranged to

cl anp the heatedgaputdsinvaber tiiBEpand ing cboliche (¢) afpsdimoulad GRITRPD (15)
down to a third teggfr ture, (T4), which is |lower than the second
tammaUJeR#ﬁa% T %el bW t he hardening temperature (Ti): a
transporting device (7; 20') arranged to contactiessly transport of the
heated noul d wafer (15) fromthe first clanping device (5; 50) to the
second cl 4api ng dRRTea9s gycording Agpafdtud adeor bithg PRI 119t he

L anspor L L nGdpige 471 280) oY E0. BagRSa sl ORakpaAGPALYLBE doyi ge DTh

P
17 the gas-cushion transporting device orm ng a =Toon pl anar surface
(0), 4, Apparatus according to Claim |, the transporting. device (7; 20)

having a. Bernoulli clanping device (20"). Appar at us .accor di nd one
of Claims>t to 3,7RMe"FFYSt %ﬂ%lﬁ]@ dedi &8 SPfSﬁ%an\lﬁ nd b‘f%sgi’ngté\%zzl es
(5b) directeg in thenbragsnestiag direchi omihR)po 6 Appas atesz Besorslbng to

Claim 3, the first clanping
directed in the transporting direction (TR).

6. Apparatus according to Claim 3, 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.

7. Apparatus according to one of Claims 1 to 6, 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 mould wafer (15).

8. Apparatus according to one of Claims 1 to 7, a
sensor device (30) being provided for sensing the
reaching of a predetermined end position of the mould
wafer (15) on the second clamping device (9; 90) and for
issuing a corresponding output signal (SIG) for starting

the clamping of the second clamping device (9; 90).

9. Apparatus according to one of Claims 1 to 8, the
mould wafer (15) being connected to a transport plate (14)
and the mould wafer (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



device (5; 50), the second clanping device (9;. 00) and. the pas -cushi.on
transporting device (7) being able to be tilted together in the
transporting direction (TR), in order to initiate the transportation.

Appar atus according to one of Clains 1 to 6, the first clanping device (5;
50) and/or the second cianpind device (9; 90) having vacuum nozzles (5a,7
9a) torthe suction attachnent of the nould wafer (15). S. Apparatus
accordi ng to_one_of ai 1 toa., sens i.C 3 i vi de r
sensing the F%%cﬁFﬁﬁE%fw%“e%régggeﬁﬁgﬁg% g%éepggétgénq%# tﬁe]ﬁﬁﬁfdgaé er
(15) on the segondiekanpingmgevigce de¥;ic@0) @nd for) i ssRd ngtlae coseespandi ng
output sianal (SIG for starting the clanping of the second cIanpiTa devi ce
(9:. 90), 9uAbPEPaREs dg¥asEdi Ny t 80 on@YofH S ngf1 %6 &X' WP oul B #&fer
(15) being cpﬁgggted to a transport. plate (14) and the nould wafer (15)
being able to be clanped on the first clanping device (5; 50) and the
second cl anpi ng device (9,' 90) by neans of the transport plate (14) and

18 the oyl d wafef (15). being able d § i pst
clampi ng ddvi oo (BPP30}Pat G RE CHEnGS oI ANB G ‘deviEe (0L 40) "By “Feans

of the transpent phatgg(34rontBcthpar abuscaccerdisng.to Caim8, the sensor
device (30) having a contactiess optical sensor, 11. Apparatus according to

one of Claims 1 - 10, an infrared heating device (100) of which the
tenperaturg (13) %é8398¥?7FQ%ai%ﬁQfggtQ§p66ﬁbur§f(Eﬁki9§§ng pr oviigded;gbove

the transporting Ice and” t he second cl anpi ng device (9; 90)
12, Appar at usnaeceoedi ngdtoi i adev2 cet hel @as- efshivlbnchr arsporeinpgrdevicee (7)

bei ng arranged_in . such a way that it can prucide ag stream at the second
t enper at ur e ??§§ f6r A Soutd. SRaPEr ?f@%?rf§ylﬁbp tu%eb%%oPEPﬁéng one

of dainms 1 zpdee andikdaglsaopicngderi¢ec620)7; waioch cand hedheatedntio the
second tenperature (12),.bein% provided for setting the nould wafer (15) on
the first clabpirpgnodegivéee(532:;56)) -14, Apparatus according to one of
clainms 1- 13, The first clanping device (5; 50) including a heating circuit
which is arranged to heat the first clanping device (5; 50) to the second

t enperaturie .(12) Apparatus according to Claim 2, the gas-cushion

transporting device (7) being arranged in such a way that
it can provide a gas stream at the second temperature (T2)

for the mould wafer (15).

13. Apparatus according to one of Claims 1 - 12, a third
clamping device (20), which can be heated to the second
temperature (T2), being provided for setting the mould

wafer (15) on the first clamping device (5; 50).

14, Apparatus according to one of claims 1- 13,
The first clamping device (5; 50) including a
heating circuit which is arranged to heat the first

clamping device (5; 50) to the second temperature (T2)



