
.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 a5 moulded wafers, synthetic wafers or epoxy
wafers and are referred to throughout this text. as mould wafers. 10
Although the present invention and the problems addressed by it are
explained below on the basis of mould wafers, the rnvention is net
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 individaal 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 20silicon chips
being, for example, set in place on a surface of the moulding compound.
In the course of the production of mould wafers, it necessary to carry out
thermal processing of a mould 25 wafer assembly, comprising a themplly
detachable -Din  and a carrisr substrate attached by said film to the mould
wal-on To remove the carrier. substrat snate'? film by dissolving the
bonding adhesive, during this thermal processing the mould wafer is heated
from. one 30side by means or a ctmmiLug device (chum:K.)and subsequently
croled, which is explained in. more detail 



Ecieur@shrwu an exatripl@ 'af ttae. debiendeflce at the mt tenslie strenota
2 of a plastics moulding compound at a. mottid water on the tenebatuaa T.
temperature, Tw designates. a softening temperature., UR designabas a
hard-soft transitional region, Ti designates a prehedting temperature
between room temperature RT mod hardening tembabature r.p, and T2 S
designatestemperaturethehardening temperature. T;.; and blow the softening
temperature For example, TR1400, TI11SC, T2leY0 anda 190"C. 10 For
detachment, prenbatirns to Ti, further heating to 12, detachment at T2 and
cooling down tc RT are performed, for example. However, an 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 cmefficient
theemal expansion, this cooling leads in. the ttansitional region TB to
fbeten -in stresses, resulting in bending           ) of the mould wafer,
which makes aster handling and processing. of the mould wafer more. 20
difficult or impossible, It is an object of the present ifsfentitn to
provide a method and an apparatus foe: thermally processing plaanalb discs,
in particolar mould wafers, that allow Ti thermal processing of plastic
6.13CS, in particular mosid wafetb, with which reduoma or no bending
occues, or controllable deliberate bending, aftet the thermal processing. 



30 The method aecordinp to the invention with the feetured of Claim I and
the corresponding mpparatse acoordinti to Claim 12 hevb the advantage that
they allow thermal processing of thin blactio diace with no problems of
bending (warping.). The concept on which the present first invention is
based 13 that smbstantially contactiess trantportation of tic licrittuad
piastr, c discS carried cottriM first clamping device to thE second
clamping device,  for example by means cf an air cushicu, in order largely
to avoid. a thermal exahange, processing during cooling is then performed,.
so that no uncontrollable bending ces. occur, TAvantageous decnaoments and
improvements of the subject cotter with which the iranantion is concerned
can be found in the slant:I.:Abate. it According to a preferred
development, the costactiess transportation of the heated plastid disc is
carried out by means of a des-cushion transporting deViCe, According to a
further preferred. development, the first 15 clempifsa device: the second
clamping devico and the ges-cushion. transportpbag device. form a common
planar    According to a further preferred development, the. 20 confactless
transportation. of the heated plastic disc is carried out by. means of a
Betneviali clamping device - According. tc a further preferred element, the
tirst ciampini device has blasting nosfles directed in the 25 transporting
direction, by whacn the transportation is initiated, 



According to a further preferred development, the firer clamping device,
the second clamping 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 developsont, tne 35
piastdc disc is a mould wafer which is bonded to a :garbler substpate at
the first temperature by. means o5 a. thermally detacbenle film, the
carrier substdate and tSe thermally detachable film being removed. fidrm
the mould wafet at the second temcorature,  4 According to a further
preferred development, the plastic disc. is placsb onto the first clamping
device hy means at a third alsmpMsg device" the rpmoval of the 5 carrier
substrate beinu carried out: by lilting off hy means of the third cleavg.ng
device after the detachment at the film. at. the second temperature.
Accprding to a further pteferred development, the 10 clamping on the firrt
clamping device and/or the second clamping device is carried out by suctaen
attachment by means cif vaaaum nozzles. According to a. furttex: preferred
development, the 15 reaching of a predetermined end pbsition of the plastic
disc on the second clamping device is sensed by. a sensor detace, the
clamping of the. heated plastic. disc. on the second clamping device being
triggetnd by a. corresponding output signal of: the sensor. device.
Acccrding to a find-.1-ler. preferred dervelppment, the plastic disc is
connected to a tranuport 'plate, the plastic disc beinu clamped cn the
first olamving device and the second cleaving device by means ot the 2S
transport plate and the plastic dasc being transported frpai the first
clamping detace to the second claring device by means of the transport.
plate, 



In:cording to a further preferred development, the 30 sensor device has a
contactiess obticad sensor. Ewemplary ehpdiments of the invention are
explained in more detail in the description wtach follows and are
reprcsented in the drawangs, in whiohf 3 5 fiqutss la,b show scneaotic
representations of an apparatus for the thermad dpiaminaticn of anuld
wafers as 8. first eiabodiment of the intention, to be precise Figure la an
a  side viem and FiguTe lb in a plan view of  Figure 2 thm upper side;
shows a flow diagram to erplain a method forthethermaldelsminationofmould
wafersdvmeahhoftheapparatus accordingtoFigure1asa.second embhdimmnt ot. the
invent:km; 10 Figure 



3 showhaschematicsideviewofan apparatus for the thermal delarination of
mould wafers as a third embodiment of the invention; 15 Figure 4 shows a
secche clamping device for use in the ease of a fourth embodiment of. the
invention; shows a first clamping dwvicefor use in 20
thecase,ofa.fifth.embodimewtofthe  Figarm 6 snowsaschematicside:viewofan 



apparatus l'fOr the thermal delamination of mould wafers as a sixth
embodiment of the invention' showsaschematicsideview of apparatus
forthethermalgelaminationofmould  30wafers as a seventh embodiment of the
invention; Figure. 9shows a schematic: side view of an apparatus for the
thermal deLamination of moaid wafers as an eighth embodiment of the
invention; and  compound of: a Meuid wafer on the temperature T.    In the
figeree, the samm reference signs designate 5 component parts that are the
same cr functionally the same. Ric:rites la,b show schematic
representationa or an apparatus for the thermal deiaminetion of mpuld
wafezs 10 as a first embodiment of tbe JJLV ocx )O to be precise HIT:Lre la
in a side. view- and Figure lb in a plan view of the upper side. in
Figim,es la, Le reference sigh. 1 designates a base 15 platform, whicb is
predoced for example. from aluminium A presentation platform 3 with an
upper aurfacm OS is attached on rhe platform I by means of a standing foot
da. The presentstien platfern 3 is heatable and, in the case of the present
example, is at. the temperature 



20 Ti m 110Celsius, oorresponding to the ezample of Figure 9.Reference sign
15 designates a. mould wafer, embedded in which by a known method are
silicon chips Ifthe one surface of which is flush with an upper side of the
mould wafer 15.A carrier substrate 17, 25 for example of steel, is bonded
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 whdph the silicen
chips 15a are pladed on the thermally detachable film 16 and the
encapsulation with plastics 3g compmund to form the mould wafer. 15 in a
corresponding form is sobseduently oar: Reference sign. 20 desddhates a
ciampdng device (chuck), which hes 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. Tbe oiemoind devihzz 20 can be made to
move threes ddmehsionally by means of a robtt arm 21,  Also. provided in
the apparatus according to FiTates la,h       Lea heatable clamping device
5, which is attached. on a mtaruithg foot 50a, which is adjustable in
height. The standing foot. 50a. is attached on a srosa strut 8, 5 which in
turn rests on. the base platform 1 by means of atandtgo feet 89,    The
clanhing device Sir at the temperature T2, corresponding to the exacqsle of
Figure 9, which is at .2,.013C'Celsiusang.isbohnabovetheti,zudn:..1.ng
texperature T; 140C. of the plastic of the mould waier 15 and approximately
at or above the decomposition temperature of an. adhesive of the thermally
detachable film. 15, 1.5 



Reference sign 5a designates vacuum nof21es of the clamping. device f, and
reference sign 5h designetec blasting. no-of:les of the clamping device 5
that are directed in a. transporting direstimn TR and are kgexplained hi
more detail later, Edrectly adjacent no the clamping. device 5, and forming
a common planar surface 0,are an air-cushion transporting deaf or 7 and. a
further coblable clamping 25 device 9. The di...L.' -c.11:-,,:bon
ttanaporting device. 7 has bleating nbuxlea 7a, which are suitable for the
purpose. of forming under the mpol.d wafer 15 an air cushion at. a
temperaturm cof T3 - ifO'C for the centamciese ttansport from the clarping
device 5 to thb clamping device 9, 33 Tha. coolable clamping device S
likewebe has vac,ima noszlos 9a and. is regulatbd to a tempsratare T4 - 20"
Cbisigs (room temperature RT, corresponding to the example of Figuia 9),
down to which the mould wafer 15 35 should. be cooled at the end of the
proceaa segnehme, which la describbd below.. The otangtsh foot 830a 05 the
clamping device 2 is likbwese adjustable in hedght,  On Sse rOerssally
insulating standinu feet lue IL, the air-cushion transporting device 7 is
attached on the cross strut e. A. creisticucticn of this kind makes it
easily possible fnr the influence of different thermal 5 expansions of the
devices 5, 7, 9 to be coenteracted or eliminated_ That is to say, the
dbsines 5 and 9 can be adjusted in. he independently of one another in
order to allow an adjustment of the common planar surface 0. As can be seeo
from figure lb, attached CO the sides of tne air-cushion tfsnspbrniug
device 7 are lateral guides 70a, 70n, which are, inteedeb to avoid slipping
of sideways of a. mould wafer 1: that is being 15 oontactiessly tfanspbrted
on said device, Since the side edges of the mould wafer lf) become ever
'smaller in comparalsK:n with the lower and upper surfaces 



thereofuidance of this kind does not influence 20 contactless
transportation. of thb mould 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 lb, 23: Ex naI.i.nosign. 30 in figure la.
desishates 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. the 30th.Earmsi steps on the
clamping devices 5, 9,In the preeent cee, the sensor device. 00 senses
optanally whether the am,til.d wafer 10 t: tonerfrom tee cMampingice 3 1:
C) the clamping device 9 by means of the sir-cushion transporting device 7
is completely 35 resting on the cisw.ping device S in its end. position, in
response to which the suction attachment by means of the, vacuem not 9a of
the lambing de cot 9 is initiateoL  Tigure 2 is a flow diagram to explain a
method for the thermal delamination 0i mould wafers by means of the
apparatus according to Figure 1 ,E1-' a second saaryrimenit of the
invention. It is aesamed here that the pluatic of. the mould. wafer 15 has
the rempemature dependence of the tenmble streagth that is shown by way
aampla 10 1-19,1,1re 



10 In step Si, a moald wafer 15 as part of ah assembly with the thermaily
detachable film 16 and the carrier substrate. 12 ie fetched by the clamping
device 20 from a cartridge (not represented': and placed on the
presentation. platform. 3 in such a way that the mould 15 wafer 15 comes
ieto sontuct with the upper surface 0' tnerecf.              in step 82,
preheating of the mould wafer 15 to the temperature Ti er 110' Cedsiue is
performed.      In the next step 33, the clamping device 20 Llfts the. 20
mould wafer as part                          of the assembly with the
thermally detachable film 16 and the carrier subbmratethe preneated state
at abopt. 110n Ceisiue, nff the presntatich platform. 3 and tmansports it
to tete heatable cidmpint device 5, which. is at a temperature 25 T2 -ir,U
Celsius. The, mould. wafer 15 ln the assembly is subsequently clamped on
the clamping device 5 by means of the vacciam is thereof, :at the same
t(lime" the clamping device 2') is likewise heated to 1000 Celsics. 30 As
soon as theedhesive of the thermally het:actable raim 15 ties reached its
delamdnating temperdture of 100' Celsius, the, clamping device 20 is made
to move upwards, and consequently the carrier substrate 11 is 35 removed
from. the mould wafer, which takes plebe in step S4.  In step 22,, the
thermeliy detachable fiLm 16 is from the uppet sutbase of the mould wafer
1S by means OF. a switatie device (r:ct shown), In the following step 56,
the suction attachment of the 5 mould wafer. 15, whicb is lying on the
clamping S, is interrupted, and a pressure surge is applied tb the blasting
nozzles 5C, SO that the mould wafer 15 experiences an initial. pulse of
movement. in tne transporting direction TR.The mould wafer 15 then 19
glides contactlessly to tine clamping device 9 by means of the air cushlow.
of the air -cushion. tranenorting device. 7, not losing. any signifieeht
ameunt of therni enermy to reach the clamping device d, LOG a. the air
stream. of the air-cushion transporting device 7, which 



iSis preheated to the te.-.mberat..ure T3 - 1R0'" Celsius, prevents aoy.
heat losaes, When, at the end of step S6, the sensor device 33 senses that
the mnold wafer 15 is completely on the 20 clamping device 9, shetinn
attachment is automatically initiated there by means of the vacuum nozzles
9a, so tnat the moeld wafer 15 is firmJy. clamped on the clamping device 9,
25 This is follobd in at: SC) 27 by cooling of. the mould wafer 15 from the
temperature 12 - 1W Celsius down to the temperature 54-20 lsius. On account
of the controlled cooling process in the clamped state, it is pnssibae to
avoid ben.ding of the mould wnfer 15 during $.0this thermal. processing in
the transitional region. dB, cerresponding to the example of Figure 9.
After the ..,rc,ula wafer 15 has coeled dom compdetely on the clamping
deviee 9.. it is transported by the. 3S clamping device 20 into a caxtridge
(not representdah the clamgdt.i.g device I havtnb in the meantime already
placed a folaowing mould. wnfer 15 as part of an assembly onto the
presentation paatform 3 in order tm save time in this way,  Figure 2 shows
a schematic side view of an apparatus for the theibal deiamination of mbuld
wsfere as a third embodiment of the invention. In the case of the third
embodiment according to Figure 3, the at k::- :clard-uLng device 5 has no
dhrected bleetind nozzles 5b, but meredy vacuum ouziees ha. To initiate the
transport of the basolle wafer IS from the 10 clamping device S Mt the
ciabpdmo device 9 by. meens of the air emoshitm: transporting device 7.,
the assembly' cfprising the clamping device 5, the air -cushion
transporting device 7 mod the lambing device 9 can he tilted about axis of
rora'::LcU in the ttansportino 15 direction, which, is indicated by an
arrow fK..brcwideb 



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 platform 1., The stenbing feet 800 of the cross strut a 20 rest in
this example on the further strut 800, Under the .hontroi. of cue contiol.
device 0, tne movement is carrier; out by a linear actuatur 4, which is
connected Ise the further strut 900 by means of a 25thrust rod 4C. :Figure
4 Mows, a second clamping device for use in the case of a tourth embodiment
of tte invenUon, 30 The. coolable clamping device 90 used in the case of
the foubth etv-Jodimnt Kcorresponding to the lab:ping device 9 in the caee
of the first. to third este:dtral,mrMs) has vatdons suction-attachment
circuits aha, 90b and 9c,),:h." P"C: an be applied 31 independently or one
another.This has the edvantage that, in the case cf a slight bending of the
mbuld wafer alter the transport bv. ndmnns of the. air -cushion.
transportinp de-vice 0, Lne suction attachment and clempinp by the clamping
device 90 can be arranged in  such a way that tb 1.5 :Slight bending is
counteracted during solidification,     Pigure 5 shows a first clamping
Evice for use in the 5 odee of a fifth embodiment of the ifuderdsion. Ih
the case of the fifth embodiment, the ciampihg. devI- e SO Psorresponding
to the clumping dstice 5 in the case of the first to fourth embodiments)
hae three. 10 diffament heating circuits, which. hedt the regions 50a, 55b
and 50c to cbrrespohding temperatures T3, T2', T2". This dbnal heating can
ale be used for the purpose of counteracting sltght bending of the mould
wafer 15 during. cooling down, 



Figure 6 shows a schematic side view of an appsratse for the thermal
delamination of mould wafers as a sixth embodiment of the invention. 20 In
the case of the sixth embodiment according to Ftgpre C, no air achshion.
transporting. device 7 is provid.ed fer the substantially contactiees
transportation of the heated mould. wafer 15 from the heatable clamping
devime 5 to the occlable clamping device 9, but. instead a 25  clmmping
device 23', which is secured to a robot aim 21, which is three
ed.im!..:xnasnaily movable, The BE,0000.1.1f,.. clamping device 20 has
blasting noddles! 25a', by whicn a dcatum....c11.y directed flow SI, set to
a temperature! of leart, can be prbduced between the mould. 10 wafer IS ard
the suite:de thereof. The downwardly directed flow cmmmas a force of
attraction 1-2 in the central region, which has the effect that the moMDf
wa...5,:m.! 15 can be contactiessly transported by the Bernoulli clamping
device 20'. Figure 7 shows a schematit side view of an apparatus f.CK the
thermal delaminatior of mould. wafers as a seventh embodiment of the
invent: ion.  In the case of the seventh embodiment according to Figure 7,
to ensure that tne mould wafer 15 is trehsported from the clamping device 5
to the end position on the cdsrping device 9 without any heat. loss, an
additional infrared heating device 100 at a tempernture - 120" Celsius is
tir,vided above the air-cushion trannporting devise 7 end the clauriing
dEi',V:L. Ei`.A Snthe COencf Op Ei rati0.7. 0 11 t C    clamping device. 9
begins, th8 infrated irradiation by 10 tne infrared heatibd device 100 ts
SWitChed off or ramped down under process cnntrol. Figureshows a schamatic
side vanw of an apparatus for tne thermalIota of mould wafers as an 15
efdnth embodiment of floe invention. lc the case of thn eighth embodirsnt
according to Figure 8, an infrared hentind device 100', which has
separateirradiatingregionsthancnrrenpondtic 20 temperatures T 3 - 180
Celsius and T Celsius, is only provided above the clar,Ting 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. Furthermne, In the case at the
embodiment. 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 clamping devices 5, 9, for ekanilala in the form of a futtbeb thin
metal plate., which is partioblsbliv advantageous in the case of thin mould
wafers. In this case, the clamping on the clamping dmvice 5 or 9 is
performed by means of the transport plate IA, and the 35 transport fbbm the
c18811.7.ble device 5 to the clampich device 9 by means of the air-cushion
transporting device is also pniibnmied by means of tne transport. plate 11,
aft.-..crar which cooling dpwb takes plaon on the trans tacit plate 14,
Although the present invention has been described above on the basis of
preferred exem..plary emhodimentb, it is not restricted to them but can be
modified in various Althou.gh the present invention is explained above on
the basis of mould wafers, the. invention is not restricted to them but.
can be applied gdneralAy to, thin 10 plastib discs, which. typically have a
thickness of between 50 bmend i mm and a diameter of between lag mm and 500
mm. In particulbb, the invention is also not restricted to round geometries
of the plastic disc but can be applied to any desired geometrieb. The
plastic. 15 discs may also be of a. homogeneous or inhomogeneoub 



Although in the case of the above embodiments either a easeciwblikin
transporting deddice or a Bernoulli clamping. 20 de vibe has been used, it.
goes. withopt saying thas. any contact less transporting. device is
suitable. for use in the case of the hycgirettkb,- A further Example at a.
contactiess transporting devece of this kind is en ultrasound.
transprrrting devdbe. All that is important 25 is that sobstantisIdy
contact:fess transport can be achieved witAout aby appreciable heat loss of
the mould. aters or the plastic. disc- Althoughspecific temperature
dependenby 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. rasp 35 Although the above
embodiments are directed at largely avoiding the bending. of the mould
wafers, the invention bay also be aged for Mhe parpose of bringing aboot
ddliberate benditng :Hider process control, for example in the rbnde of a
few degrees.  1P It gpee without saying that the features of all tne
embodi=ts ban. also be gorbinbd with one enpther, 5In the
abcrePIc)c$J.tet1t.S3eries 3f rws clamping devicee has been described- it
is likewise possible for such a series to heire more than two clamping
device; with further Inrerrbdiato temperatures,  PATENT CLAIMS 



Apparatus for thermally processing mould wafers (15) with: a heatable first
clamping device (5, 50) arranged to clamp a mould wafer (15) at a first
temperature (T1), the           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 (TH); 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 is below the hardening temperature (Ti); a
transporting device (7; 20') arranged to contactiessly transport of the
heated mould wafer (15) from the first clamping device (5; 50) to the
second clamping device (9; 90)'       Apparatus according to Claim 1, the
transporting device (7; 20) having a gas-cushion transporting device 07h
17 the gas-cushion transporting device (7) forming a =Toon planar surface
(0), 4,Apparatus according to Claim. I, the transporting. device (7; 20)
having a. Bernoulli clamping device (20").      Apparatus accordind to one
of Claims 1 to 3, the first clamping device (5; 50) having blasting nozzles
(5b) directed. in the transporting direction (1 R) 6.Apparatus according to
Claim 3, the first clamping 



device (5; 50), the second clamping 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.
Apparatus according to one of Claims 1 to 6, the first clamping device (5;
50) and/or the second ciampind device (9; 90) having vacuum nozzles (5a,7
9a) torthe suction attachment of the mould wafer (15). S.Apparatus
according to one of Claims 1 toa. 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 issRling a corresponding
output sianal (SIG) for starting the clamping of the second clampina device
(9;. 90), 9uApparatus 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
18 the mould wafer (15) being able to be transported from the first
clamping device (5; 30) into the second. clamping device (9; 90) by. means
of the transport plate (14), 10. Apparatus according to Claim 8, 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
temperature (13) is above the second temperature (T2) being provided above
the transporting device (7; 20') and the second clamping device (9; 90),
12, Apparatus according to Claim 2, the gas-cushion transporting device (7)
being arranged in such a way that it can prucide agas 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 (12), 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 (12) 


