Method for separating a layer system comprising a wafer The invention relates to a method for
mechanically separating a laminar structure from a first carrier assembly, comprising or consisting of a
first carrier, wherein the laminar structure comprises a wafer and optionally a second, stretchable
carrier. It further relates to the use of a particular selparating aid for separating a laminar structure and
a device for 5carrying out the method according to the invention. Prior art In the semiconductor
industry there is a constant demand for thinner and thinner components, or wafers from which these
components are isolated. In the production and in particular in the thinning of wafers, laminar structure
solutions are employed, for to protecting and mechanically stabilizing the wafer that is to be thinned
during the thinning process. These layer systems also perform the stated functions in subsequent
processing steps. In particular, however, they serve to stabilize thinned wafers, which owing to their
small thickness are particularly mechanically sensitive. Layer systems are used for this, comprising
materials that are the most suitable for the particular purpose, e.g. flms, other 15wafers or glass
plates. These parts of the layer systems can in their turn be combined with wax, elastomers or other
plastics. - 2 - If, in these layer systems, a glass plate or a disk with mechanical properties comparable
to the wafer that is to be thinned - as naturally in particular another wafer possesses - is used as
carrier, which in particular is to serve for stabilizing the complete layer system, it is advantageous and
in some circumstances even necessary for a layer to be present 5 between the surface to be protected
and this carrier, said layer joining together the wafer to be processed and the carrier. This layer must
on the one hand ensure sufficient adhesion between the carrier and the wafer to be processed, and on
the other hand it must be able to even out the topographic irregularities that are usually present on the
surface of the wafer to be processed. These topographic irregularities are caused for to example by
electronic components on the active side of the wafer, which of course must be protected during
thinning, as well as for example by contacts such as bumps. The bonding layer can of course also be
a layer system, comprising several different layers, which advantageously are complementary with
respect to their properties, e.g. adhesion promoting, elasticity, hardness, thermal conductivity,
chemical re&st&g%g%r@eﬁggﬁ}ﬁ@eg%g% qj HBIEF%%LM the production of very thin
wafers, thlnnmg Imposes a mechanic ing on t e wafer that is to be thlnned As the wafer
that is to be thinned-has-often-already gone through-a large number of manufacturing-steps and in
particular often already includes the electronlc components on its active side (front), also from the
economic standpoint it 20 is extremely important that breakage of the wafer and therefore rejection are

avoided as fargg pQsHiBle A4 thiURgd 'Fd?rrﬁBbTﬁMQ@%%EQ%‘M?M%MQFMF%@#Q'”9 occurs,
while the wafe { is still.in the u thnned state it is bonded t carrier. The back thﬁ\t is to be thinned
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(i.e. the side S S5 h 8P MApHiSS SR ctromecony onen ss)t SRS o O 7 PEnTLT Fee. Joining of
the wafer to |t§t6ﬁi‘H@rqg"§P§éeééllé’6fﬁdr‘Wlﬁ@!‘%%ﬁ%ﬁﬂiﬁﬁ?%%?éﬁ@tHlﬁﬁ@Gréﬁfﬁ@back, as a
result of whicho tas @leeddypangnito e pardting sésfon eeprrniiog| skabitidy sifltisiis aemapensated by the
carrier duging thinRRGANLLSHOREQHENIYnf EPSINRRtidhe carrier must provide a more stabilizing
action, the thinner the wafer is at the end of the thinning process. Accordingly, in the case of relatively
thick wafers as end product, films can also be used as carriers Basically it is 30 possible that, during
thinning, the W4ferdg already separated into its individual components. In many cases this is desirable,

as it makes a subsequent separating step unnecessary. Separating can for example be achieved by
providing, on ﬁ*ﬁetﬁ&;@e‘?n%gﬁd%llf'%ﬂééﬁl& hriern hg eivdyah SamRPNARR(AiGE) wigRiessions that

are deep enou
P %mponents or wafers from which these components are isolated. In the production and

in particular in the thinning of wafers, laminar structure solutions are employed, for
10 protecting and mechanically stabilizing the wafer that is to be thinned during the thinning
process. These layer systems also perform the stated functions in subsequent processing
steps. In particular, however, they serve to stabilize thinned wafers, which owing to their
small thickness are particularly mechanically sensitive. Layer systems are used for this,
comprising materials that are the most suitable for the particular purpose, e.g. films, other
15 wafers or glass plates. These parts of the layer systems can in their turn be combined

with wax, elastomers or other plastics.



so that during the thinning of the backs, these depressions are already reached and therefore pass
through. The company DISCO HI-TEC offers a process, called "Dicing by Grinding", in which the wafer
can, by means of thinning, also be separated. In this, structures are ground-in, 5 scribed or etched on
the front of the wafer before applying the carrier. Firese structures have a depth that is greater than the
final thickness to which the wafer is thinned. Accordingly, as a result of thinning, as described above,
the structures are opened and the wafer is thus separated. As a result of separation, the overall
risk of breakage is certainly reduced, but the toseparated components must in their turn be protected
from mechanical loading. There is always the problem in thinning that, after thinning, the carrier has to
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remain. through a large number of manufacturing steps and in particular often already includes
the electronic components on its active side (front), also from the economic standpoint it

20 is extremely important that breakage of the wafer and therefore rejection are avoided as

far as possible during thinning. For this purpose, before high mechanical loading occurs,

while the wafer is still in the unthinned state it is bonded to the carrier. The back that is to

be thinned (i.e. the side that does not comprise the electronic components) must of

course remain free. Joining of the wafer to its carrier is also called bonding.

25  After bonding, the wafer is thinned on its back, as a result of which — as already
mentioned — it loses mechanical stability. This is compensated by the carrier during
thinning and subsequently. Accordingly, the carrier must provide a more stabilizing action,
the thinner the wafer is at the end of the thinning process. Accordingly, in the case of
relatively thick wafers as end product, films can also be used as carriers. Basically it is

30 possible that, during thinning, the wafer is already separated into its individual
components. In many cases this is desirable, as it makes a subsequent separating step
unnecessary. Separating can for example be achieved by providing, on the active side of

the wafer between the individual components (dice), depressions that are deep enough



A separating layer of this kind is disclosed in WO 2004/051708. This separating layer is in 15 its turn
used in the further development of the thinning process disclosed in WO 2007/099146. In this
last-mentioned patent application, after the thinning of the wafer, a second carrier is provided on the
(thinned) back, which is to support the separating fBocess from the first carrier. Separation takes place
between the separating layer and the active side of the wafer. In WO 2007/099146, a mechanical
separating process is 20 disclosed, in which the assembly of wafer and second carrier is led over a
roll, so that the separating operation is effected mechanically. This second carrier is often a dicing film.
With this method the second carrier must be flexible, as it must be able to follow a curvature. A
problem with this method is that durin aration, the stretchable carrier for its part can undergo
Geformation i SN EHLLE QLU e AT By e ST e R 75 S e ation o ot
sufficiently coiFSHEEr PASSARTRU9%r with very thin wafers, which are of course particularly mechanically
sensitive, the method disclosed in WO 2007/099146, when using the deflecting roll, often leads to
excessive forcas REMSRYIBIAIUIELIBRGOf e walerRa t%ﬁgﬁ%ﬁﬁ% GR Wk geur, because

the stretchabl%v ctarrler daes not fulwtfollow the curvature of the rﬁ surface. As a resulé,_ the 30

|
separating front does notlie dirsc y B'Hrd‘(g?’tﬁes %uﬁpsi'?ﬁaé?tﬁﬁjé Irrblﬁ, Butle s |§ﬁtf§f%l thé”céa’ laterally. This

leads to ah inGEREE i BESEATCHPIHIARIIBRMGItheefeie 8RPREM A D FRHR WaRSE SIGCIUTRRe object of the

present inventiamensasi¢éherefiarast@eroaideaa nhetlioa thakpernids\eegartatomad tixetmaded. from the
stabilizing Car%‘%l’:cﬁ&iﬂ&l ,%HVH‘PQQJ.W&*tl«ﬁrf'ﬁﬁp&?E@Ql@séﬁ%&%ﬂ&k?e,%@%&éﬁ]?esﬂﬂé%ﬂ@%@té%(ﬁc'h'eVed by a
method for me&pan*cal separatlr’{g laminar structure from 5 a carrier assembly comprising or

.. [ warter | tus%e aral . . .
consisting of a first carrier, wherein the laminar structure comprises a wafer and optionally a second,

stretchable carrier (or consists of the wafer), comprising the following steps: a) providing a layer
system compriging tbeicaitiesmssemblyeand:thie lakviasrsikagiune bereraptingwetcobarieal stress in

the region,of the, INIRIIACHPERMRE M GATHAN P RFS SRR, S IABIRGH SITWEiYRG, SO that the laminar

structure is separated from the carrier assembly, by a method comprising the steps: i a)providing a
separating aid, i b)fixing the separating aid on the second carrier so that during the separating
150peration theeEcindlvarficheepriiefiiehivnitaetpafiting ziddirdetigasidingsa Separating front
that arises duréegg@@@raiimmeasmgkém)mﬁ@han&aﬂm separatin@_ti@esammau Bty @ Enaans;he qarri_er
assembly (1a)utlizing R-SaRAroGofrBheARUR IR G ClRWINGSTER 2 RE R RIYCIRG, 2 yibration in the

layer system,
y y the carrier does not pose any problem in the case of relatively thick wafers, for two

15 reasons:

- The relatively thick (only slightly thinned) wafer can still withstand mechanical

loading to a certain extent and

- the greater the mechanical loading that the wafer can withstand in its final
thickness, the more flexible the carrier can be. Accordingly, flexible carriers e.g.

20 in the form of films can simply be pulled off mechanically.

With carriers that are less flexible, e.g. glass plates or other wafers, pulling off in this way
is not of course possible. In this case separation is particularly difficult, as hard carriers
are used in particular with greatly thinned wafers, so that high mechanical loading must

definitely be avoided.

25 For this purpose, often layers are used between the wafer and the carrier, which as a
result of chemical or physical change, reduce or eliminate the force of adhesion between
the wafer and the carrier. An example of such a layer is wax, which becomes soft under
the action of heat and thus facilitates separation. For this, the wax is heated until it is

sufficiently fluid for the carrier to be displaced relative to the wafer. A disadvantage of this



and/or Hi) the following step: Hi)changing the temperature of the layer system or of parts of the layer
system with the proviso that when steps i a) - i ¢) are not included in the method, steps H) and/or Hi)
lead to complete separation of the laminar structure from the carrier assembly. 25The invention
comprises variants i), H) and Hi), wherein variant i)4also comprises steps i a), i b) and i c), variant H)
comprises step H) and variant Hi) comprises step Hi). The three variants can optionally be used
individually or in any combination with one another and in the latter case all simultaneously or with a
time lag. If in the following passages of the text no clear reference is made to one of these variants,
the passages of the text relate to all 30three variants. For the case when variant i) is a component part
of the method th tisc d out 2 sec nd str tchab e caryier is always provid - 6 - The wafer can
preferably be sili %or? wzt%ers %r ttl%na 95§re &Vo ed, “{X? arers oqlh ﬁéﬁgrﬁﬁﬁ %ﬁIWCX?B'CBN BP, BAs,
GaSh, GaAs, @ﬁN?'@Q‘SPM%‘EQWA%‘? Iﬁﬁh%?elﬁw%a?%@‘b?éﬁw{é’@fﬁﬁ many applications Unless
specially mentioned within the scope of the following text, the components already 5separated from a

wafer can alsgsegpuigriy: b updersioqddngiead OéﬁE@aYV%fﬁ’{e LiSJRie shRgfigtaskeAmbiptchable

carrier is in this %ontext a carrier that defomns under.the anic SEP ratin condltlons of the
%H SS unaer_t e a tion eat or. radiation. B 6% F S ere eﬁ
separating me IS carrie inparticular can beé stretc ISS retc |n |s in particular

a problerrﬁbedau@é ﬁ%" &%QﬁWcWﬁﬁ*@lFﬁ@aéel(’f SBERREIG TRURI 'Es@@‘@@[o%@?% Motsusseigtly possible
if the stretchinggmaarengent as such is not controlled. Preferred stretchable carriers are the dicing films
usually employed in the industry but also other single-sided adhesive films or films that adhere
otherwise. "lemg means, in the context of this ap Il?atlon hat a pond is produce a force acting
vertically betwg A% %egi?)ﬁgetg %Wecﬁ‘ t rre alheie offiking' are 15 tSPu?%%eholdlng by
vacuum sucticiraeel @é@%ﬁﬁéﬂﬁﬁ@*@!@ﬁﬁg.ﬁ%ﬂﬁ@ in the sense of this application expressly does not
include the leading over a roll based on a pulling force described in WO 2007/099146. The separating

front is, in conpection; Wﬂ”ﬁn‘ééﬁ@%&t%ﬁ‘%%ﬁ&#@@dc%@ %@n&éﬁ%&%ﬁﬁﬁ%” PM"QH%J%SECOP‘? of this

text, the region in which separation takes place. This 20 means, id ebomy itis a line on which the force

of adhesith b@%@é%'tﬂée?éaﬁ)?fﬂ%tBQr?é’p"é?gfeacﬁ“gﬁd'&gnW?HPgB%UFr "Y' YIESIA Bractical terms,
the separatingefratftedip AR APeBatal saaveshdoniany tigliapéentheufebc@eshadhasioltiontends from <
100% to > 0. Hhrereadraldihe sripRAbaghIEONG iaydian afieouisenthedpgidnomnersctbe dokcerof adhesion

has reached qhgggfgpes§t@,gt IS wherelt isiyst < 100%. In a usual separating 25 operation, the
separating front moves over the separating plane, until the areas to be separated from one another

have been separated, and therefore no longer exert a force of adhesion against one another.
A separating layer of this kind is disclosed in WO 2004/051708. This separating layer is in

15 its turn used in the further development of the thinning process disclosed in WO
2007/099146. In this last-mentioned patent application, after the thinning of the wafer, a
second carrier is provided on the (thinned) back, which is to support the separating
process from the first carrier. Separation takes place between the separating layer and
the active side of the wafer. In WO 2007/099146, a mechanical separating process is

20  disclosed, in which the assembly of wafer and second carrier is led over a roll, so that the
separating operation is effected mechanically. This second carrier is often a dicing film.
With this method the second carrier must be flexible, as it must be able to follow a
curvature. A problem with this method is that during separation, the stretchable carrier for
its part can undergo deformation in addition to the curvature caused by the roll, so that

25  the separating operation is not sufficiently controlled. In particular with very thin wafers,
which are of course particularly mechanically sensitive, the method disclosed in WO
2007/099146, when using the deflecting roll, often leads to excessive forces
perpendicular to the plane of the wafer, so that wafer breakage may occur, because the
stretchable carrier does not fully follow the curvature of the roll surface. As a result, the

30  separating front does not lie directly under the support of the roll, but is slightly displaced
laterally. This leads to an increase in the vertical component of the force exerted on the

wafer.



The force of adhesion (bond strength) between the regions can be determined by a person skilled in
the art according to DIN 971/1:1996/09 and it is defined as the "totality of 30the binding forces
between a coating and its substrate”. - 7 - Step i b) of the method according to the invention takes
place in such a way that, in the region that lies direstly behind the separating front, i.e. adjoins the
latter, but in which separation between laminar structure and the carrier assembly has already taken
place, the second carrier is compelled to follow the movements of the separating aid exactly. In 5 other
words, the (area) fixation has the result that the extensibility of the second carrier does not affect the
position of the separating front. In the method disclosed in WO 2007/099146, in contrast to the method
according to the inventjon, a stretchahle second carrier would be aple (even if anly slightly) to detach
from the defiedlig Tl (6 RGBSt e Gt iR e e 0
following of thESRRHIENEHENST TR B TIBR FIRY FeMYSHIBNE THE BENIeRALE AR GETRILAARE roll). An
object to be adlereleat bystlilgepresent invention is to overcome this negative effect. For this, it is
necessary to ensure that the second, stretchable carrier is fixed on the separating aid in such a way
that the positi%.of Lhe ts.epar‘ating front istﬁlo faltere?l br¥ tge extentsibilit}/ of the tcartrier.fAs already
mentioned, whatis deci§ive |'§\fﬁaf) thecanier is TeHReq e yr%'é‘ﬂi%aa m'gaééﬁﬁ?éjﬁ%dqf%nt, so that it
must follofv thé PABIFE AREARPYTAPTBPSEINA RGN OTHIS FIRhfg Ean \WeeteimiBerary nan At e separating
operation, e.gchymmeansveffer eold, aphiicialfixe sedtva s etentatie rearrien (@ncansatb yfatectrastatic force
directly behind s £10g9Hd-au A eplernatively and preferably, however, the second carrier is
alreadly fixed of an arga,on he sepaalingaid heforethe star of the. separatind 2 operation, and this
fixation remain duﬁng & Sepira Yng oper s owever,?ﬁls 15 NSt absoﬁ‘JrPer necessary for
implementing Bhe in/&Ash ait RFEASK/RESERRFaftalies RPN @S pae: t PRI CEPIRSN A358950n skilled in
the art wilbalsedsamiggliaiiethe sanmrahgndiure ke Senge ddrtieupsesentdnyeapoatetheituiation that the
term "the carrigf i fixad fbigalynebing thesehajating 25 front in such a way that it must follow the
movements of the separating aid" also includes the case when the separating aid does not move,
while the layer system between first carrier and wafer is influenced mechanically so that a separating
front forms. This ocBurs f8F E€Rfiple and preferably in that the first carrier is a glass plate or a wafer,
and a force is applied)thatrpugihea sspevsitie aidthe glass plate or of the wafer away from the 30

separating aid. In seigcting GIIEIRARANSDERdRdlRRs: At R BITRSRRAAING M@is-magerial and in
setting the force apglied for pushing, away, (his leads (0 8 (sloh) cunyature 1 the glass plate or of the
wafer. THiS curvature 16848 t0 a earing Force In the whole sys gm, 0 fhal'a’s araiing front forms
where the layers wit§RHSIEHARSD O AEis SR SRAR B Bhédnother come up against one another.
With the corresponding setdpratatySseih@tiayereSystiean sthisurdérdactkdsamdhassanslg @bjhe invention,
the surface of the agfivggide-phthsyualar. In the variant in which the first carrier is bent, in order to
bring about separati% /gr iﬂ %rée{qrgwblne tst?euse, as separating aid, a device that has a higher rigidity
relative to the first 5a carrief, re?erabﬂ/ a glass plate or a wafer. This ensures that the separating aid
does not3dllow the BendMgUFHAYEEEI YAt sl BheYERSPe the separating operation is properly
controllable. For a pedianiiskibddlmwiigesanb:it is immediately comprehensible that also in the separation
variant in which theifirst cagighistherpaatipl of thasepayatipdiraisadrsiaie faates. In this variant
too, if the second, stretchable carrier were to follow the to bending movement of the first carrier
(optionally parfiallyle thevies L mlddhe thay the.pasitionof e S6 R A Rl AN dhgkgfore the

forces bringin%_abOéJt sedparatlon could not pe controlled oPtlmaII with respect to their influence on the
thinned wafer. N%% ifP i %gﬁégg%rﬁﬂ%ﬁoééhﬁd?ﬂl%r \S/té?'f:at\lhf ﬁ?@ Q?ncga 'BFt58°§8E0Nd, stretchable carrier

on the separating aid can of course be temporary, it naturally being necessary to ensure that the
15fixing issalwalys @osambatebmplidn theareginnipaipandimdaiiaihentapyrocingpsepas@pag front.
Generally, in thg mgthod ¢ CRIHNGFRIGHIRERERN LS PIRIGIARIGINREDJUGIAN 1Ad A Ee
variants can optionally be used individually or in any combination with one another and in
the latter case all simultaneously or with a time lag. If in the following passages of the text
no clear reference is made to one of these variants, the passages of the text relate to all
30 three variants. For the case when variant i) is a component part of the method that is

carried out, a second stretchable carrier is always provided.



place only using precisely one separating front. Separating operations with several separating fronts
are certainly conceivable, for example with the separating aid or the first 20 carrier in each case on the
opposite sides being subjected to a bending force, but it is far more difficult to control more than one
separating front, and particularly in the region where the separating fronts come up against one
another, force conditions arise that are difficult to control. Possible separating aids are on the one
hand all objects that possess a (partially) convex 25 surface, or can be deformed to such a convex
surface. At the same time the separating aid must be designed so that the fixing of the second carrier
is provided at least directly behind the separating front. Suitable separating aids can be e.g. rolls, in
particular thosg with a large circumference or alternativel fexitIIe bendahle plates, for example
Plexigiass ciok ot b ALt Tk b DI B e P S Sl Baparating aids
can also be riditfeleVtedTsEN aBBV B SnGiaticafdswha tharddrshnAisn! B ifgilkg Ak URSeparation is
not exerted orpthferss{faratany apglioatidos. example on the first carrier. - 9 - Of course it is possible, in
the method according to the invention, for one or more further layers to be present between the first
carrier and the wafer. These further layers are in each c a component part of the carrier assembly
o o the larm U GG B TEFE Ol TIe G B L A S R PR Bt BRGS0 <houte be
assigned BepSRBRAA%TEN XWAKE GIAICApPiIaaYibn Ubieirteerdnsieaghrl 128 wadabttaibthe lowest
force of adhesiepataterich other are located in the layer system. The interface between these layers
defines the "required breaking line" for separation, i.e. the interface between the laminar structure and
the carrier assEmbI : TElerefor_e all Iayei]r_s that are on the Wﬁfe%sg'de of this in'ﬁerface are ﬁart of the
laminar structdre RS Aol SISH5RTirEt BarAdrLite aitWe S dIR L5 AlsHace are a
component paieRsTaedc@niicas St MBREPRRIIRT Bt iditiesrlirteel{atAGLBHISHBNG8reterred) that the
interface with trettbae stisreecdridhesiomastiditectyposbiére waterseraavendsuadjaaentry she first
carrier, wiich tagrefare e S8096)9f AsSignmshy, Shlagindividuakiayers doahentasraekve assembly,
are also to be .rergatlrde(tj ayers. 1§C9rqehs%?nd|nlgl}/§ thetlrz]im nar sftructure ho be ﬁep%rated can
comprise further %ycé)r%rgpear't from the wafer and the second” (sf?@ﬁ:ﬁg‘tﬁeljs%% i§r HoWever, what is
decisive for cahS/iPfyeit REmE IS sHS!pradehrdReaYRI B FCrid Sk AR IRPeRSIBptionally present in
the laminar structure to be separated are arranged so that, with respect to material, they 20a) follow a

curvature of the;separating aid (whighQpienalasartePradraasanky dHinghe,Sqnarating

operation) that is decisive fo(g formation of the se aratb _fr%ntpor if thg: seﬁ’lar ting operation is not

in
brought aboutd5y"d GRS TVETE S8H VARG LY (BHOF O Exdriite 35y REAER L SFte®itst carrien)

remain ulcun@dne|aainsobthyasearatiignaiRNarfte oBIsjalitabelsie dobfist infliAersend Bosition of the
separating froapfiydiefoexpngsiit sbauldrisoube meteddhgtdhe fixiolg eistieosespntirgafsies on the

separating aidydiractly;baiingd shpsepgrating front forming during separation” relates, with respect to
position, to the plane perpendicular to the separating front: the adhesion between separating aid and

second carrier does not, of course, occur in the separating plane. - 10 - separating front is not
influenced in ipEsiRIAtY frOMatdtiapprepienisdivivaiansdtGhdheamrifod ifechidnyg darifise permanent
or temporary anditionusithiattircidoeetbetmdala, prstralieady wepaiedaabihakee goag caviger. It is only

the region, behind {be, separating TRRtHNAHRHRRISHE. ONANRIGR IDGRBS e theisedgs f fixing, that
perpendlculag;/ to the 5 direction of seé)aratlon in the se aratlr?%eglanepéor in the czrvatur of the
a

d )
separating aid°BPEJEEINY HERPIRE RS SAMLARY DISIRE tRePRIHGT ARt ot 8L LSt Yleater than o,
wherein the wiRIIRS RR&aPERRARNTGNBr ETE rals R PrdaERphiARRFBY SiEerdsiEREMGGPUNC The
mechanical saparasiamdndbtep isepahting methsdieecardéogrie the y@ntienere the force of

adhesion has reached 0, and the start is where it is just < 100%. In a usual separating
25  operation, the separating front moves over the separating plane, until the areas to be
separated from one another have been separated, and therefore no longer exert a force

of adhesion against one another.

The force of adhesion (bond strength) between the regions can be determined by a
person skilled in the art according to DIN 971/1:1996/09 and it is defined as the "totality of

30 the binding forces between a coating and its substrate".



preferably takes place by utilizing a curvature, which either is already present in the to separating aid
or can be produced therein. As an alternative that is also preferred, the mechanical separation in Step
i ) takes place precisely because the separating aid does not follow a curvature that is brought into
the whole layer system in some other way (for example by bending the first carrier). If the separating
aid is e.g. a roll, mechanical separation takes place by rolling the roll over the surface of the second
carrier directed 15 away from the wafer. For this, the second carrier must first be fixed to the roll.
Preferably fixing takes place in this case in a region in which the second carrier projects relative to the
wafer (loose end). After fixing, the roll is led in a rolling motion over the surface of the layer system, so
that a shearing force acts upon the layer system (also.owing to fixing of the second carrier on the roll)
and thus - it S e B e e SO ] Sk SR e v second.
stretchable cafPeNsE JigPatEeECiboRe NG (B8 1SEPAREINgyEP Yy ste RHIPIBTENA IBEPcOIAIMNESFSt carrier
(together with sepgrhidih éetayerdaofithe tatigr assehebiyrtieabssenpre $entalesdiviakes when considering

segarating %r Eﬁérf]},‘é\%f_aﬁ@%hffeﬂfss&&ﬁb@g&- BRllas tﬂgmﬁrﬁ@rﬁg &%%@Q@&ﬁﬂa&%‘feﬁﬁ@éih{otm ﬁh;s;ontelxtzits
IS decisive that the fix| the second carrier on t eparating aid.(ro always locate irectly
e the SeSARG Fodle FRS Tl 8 S oo e ez e SERERTE fing must

take place imriethdtelyHae Be Rasish B BaceRaniay Eumentist etketoiraiesstidt 4Rd therefore of
the laminar stROSTUSIM46eiseparatet) iHehtovsectivelvggonkdavedioana shetavalfer ssonakkd to it are

subject to the garvaiheaIPhE RaRAMAINGIRICligRBYN BRAHST R3HY @ aBehpERighad aeparatien method, the
separating aid s {jal i, {385, Pefar RRPAIPHORI,SIER Bl AU LR Llagcpldage parts or of
the whole surface of tl(w)_e second carrier on the sepapgtln !J can 1ake Blace. é?eparatlon according to
variant i) ikedpldeetHre i HYIIRY BPER S S X s Sl "Sd Wat in the region of the separating front
(or initially, where the separating front forms) it assumes a convex curvature (similar to a roll surface
with large circumig[eneehialativeaton@dayeicry e JANCR saaiidnibenRaceAth calFies, a5 account of its
fixing, is compglled; o fallow the convex cuivatie ofihe.separaling. aid, anddhe waler ith it - once
again with appropriate 3es!gn of the ayer sys em.prccou’rse, or all'separating operantions according to
variant i) it is rrEEBSEARAE BEHSlARRHA G 8PTLUPAEF HESSRBRBANI HHE Tor BRI LCOPN/ER deformation
of the laminar strerctbitey so ttizatarshessingetohc e dainpkapsvbetvsedrtikaisathstrbetasgiand first carrier. It
should bespoinied aitanos:raaimhihaiRatic il 380dLHAbOLIRR IRPAGINELFQYishpossible
according to variant i) of Itge.rmsetpod acco[)%lr@e%o the |Qvent|% In faclﬁﬁ éJ%rtlcrzaLlltllgrgly with a high radius

of convex curvature Inthe 'reg|Qn')8?%h%ageparatlﬂ(§%%ntu b the’s %rgra ndJ Front 15 ?/\j/?derxed in the
direction of sePSPRAGH ATPllcHHIBANES ik tReP BRIV tiEFSPeE B RalRES B i iRE ¥ maller than
100% (i.e. justshirallés tngaoihe SorfeecoPdeinetiol withpetelabladtioe ¢ thiee seperdtagieid, is enlarged
until there is corapigteiceParHAN(Are ahadpaiaihg Gld Asaréetidsthe trer vagaaaeing upon the
layer sysgem 'B‘%%r%t%ﬂ% Vel SmAlRAd Qefﬁe&%'%(g %F&Qnéhgpé%ﬁ’éﬁ?‘ﬂ@%&??{%-is'ﬁ‘ paticular 15 this
has the eftect that the undesirable snap mg-QLH‘, as Is known €.g. In the unwin Ing of %’esa film, is
avoided. In otREF WY MRS TR S| dONCtRE B DB f OSFTURTT) ' MFE I BRARPANBIETY'ED the
invention, to lirm#pasidacoattokthilgyparticularly critical mechanical stress, i.e. the force acting
perpendicularly to the separating plane. This can be achieved e.g. through the use of suitable
materials for the (oplionally bendable)separalingaid by, A0means o aepioRialg spifacs geometries
(e.g. roll diametgr _ancfnatu_ral y through selection o S;/_asui ag e material for the carrier fand naturally
for the whole I2YEMEPstEfm§IAIARNEH BE BAINg s v Rt ASBY Stebted e whReF Pvariant i), the
separating aidfignfijceslionah@\sted i dhostrfoiovbh jheneaysrehsugtibe sepbpingaids dseledudsstatic charging.
These forms ahéixiag hawp the scheraiageidhaledl desiad) ay ernbruseebiptriledeird only on a
part of the sepg F?}E'P%C?'%a%’é’.’t% R\?E‘éhsc%&%%@%ﬂ].'@&ﬁly'@&%5'%”%% AR LQ% dyaniage that the fixing

r
. I
can easily be reversed again by switching off the suction or Pf)remo Ing the electrostatic charge. As

already mentiéHe 2Rk §9€ RIERBRYAEBRHIAG TS tRETRVERIBASE RFY08EbIAt stphidtEGery thin
wafers, or lamimapslirdcthat publes novr potatefative iylatinpletefer; Pbthe 8&frsawayrieemAteordingly, in a
preferredsnetReghagegrdingitostisinyeniiondpmiaieigrade of glass or a corresponding wafer

material and in setting the force applied for pushing away, this leads to a (slight)

curvature of the glass plate or of the wafer. This curvature leads to a shearing force in the

whole system, so that a separating front forms where the layers with the smallest force of

adhesion to one another come up against one another. With the corresponding set-up of



thickness is400 pm, preferablyl150 pm, more preferably80 pm, particularly preferably 20 pm and quite
particularly preferably 10 pm. - 12 - A method according to the invention is preferred in which the layer
system provided in step a) has one, two, three, four or more layers between the wafer and the first
carrier and in which separation takes place betwees two adjacent surfaces of these layers or between
the surface of the wafer and the layer adjacent thereto or between the surface of 5the first carrier and
the layer adjacent thereto. In this connection it is of course preferred for separation to take place
between the surface of the wafer (active side of the wafer) and the layer adjacent thereto. In this way it
is possible to make the active side accessible without residues remaining on the wafer that still require
cleaning 10Asalreach. mentioped ebave, particularlyin e productiop of ey tynwafgrs andin
particular when cal)fyln out vanant 1) It is advantageous for the Tirst carrier o possess hlgh mechanical
strength. Accorfgjliiforaieé method according to the invention it is preferable for the first carrier to be
a glass plate or a silicon wafer (with a larger thickness than the thinned wafer). Borosilicate glass or

quartz glass ispirfessrghashaimaieiaetindne dass inlaigeRENidgthie Ush satbRissconstructed
of rigid materials flxbneg of the first carrier during the sep ratln%.o eratlg.n is not absplu el}/ necessary,

. referable’to use, as separatin | a%ewcet as, a‘nigher rigidjt reIaPYe to.t %ﬁ;‘s .
as it cannot foﬂovyt e convex urvature of thé aminar structure*(consis |¥19 at east of the (thinned)
wafer andbseceHHeEaRFERPANIMYeSE AR WRiCe tHE |83 reSthabib 6 1S R5T Pt aissdeasatytit is also
preferable for fallbgidhirsbodingest thd gléiveepladeiring sepdoatior. 2pElawevesetit@iitstpcapedyr can also be
material that is apRligslordhg Yerish Skifars (Hirartly ioninoitegtly) RypRIR-RSBINGaSRLRYFoating,
laminating andAor Eressin , Mor?oveﬁ th[ﬁ nflaterial.can be cros Iipkgg or otherwise modified in its

. . the separatiorg,variant in, whi e first carrier_Is bent, confrol of the separating front,is a

consistency, in order to'm luence the desired méchanical properties. _me?ho cording to the
invention is pre¢&igel iacivhiéh e iatimeadt BRSO ar SHAK PSP GaT it NP iRt db@arrier and the
wafer. The pukposapie sepatatingddysr dsrtierpemmtaliydieriehgutie intsuitionaldyba teapuined breaking
line for separaiaficheoranklaBsaiBindirdhiRaseRARING & RN S BRRGHS alibRANISARLINCYaIkant i), during
separation. Addifionally, o alternatively, e separaiing laver should make Bossible of fagitate release
of the wafer from 1he resm%a?‘fayer)éyspem OF the carrier assem y inc?uglngathe' Sseparating layer

itself, remainin@FafRscuRgsh P2RBIISH HiHRTtheFafkret B Fesiidy BEdmable 180G HEn Poviding a
separating laysspardtieg séhsa of therseventeomoramayraeprigfesmplecimsthe sepasatngalaher to be
provided 30 th@fithessaparating aneatinducrdiby feipdimreity adincentiadhg)wafaratngsome cases,
however, it m / be preferable for the separating layer to define a separating plane, by which the first
carrier is separated from further 5 layers present in this case between the first carrier and the wafer. In
this case one or more layers would remain on the wafer, which could for example be removed by a
peeling procesz:nEhalatiehcarethedsappaiiteddih¢hievpnovisicn ok tndtledossiparatiorgtdayee, which is
directly adjacenido g Waley andudnchestablishifg thensesasatingPiyerieivern hisduther

separating layer and tne waler, which s deciaive for the peeling, 10 bigcess, The vofiaptn which st

eel
further layers Fgﬁjamngr?rﬂqe warfer (and are ere?bre acor?ﬁ%onent par‘i]a_orfl ?H%?ammarl structure in the
sense of the atBURN HeARHEGRTCAM BSPRAS KrPilfg e 80 THAETHRE tacbanieeieieaiRy! Affdfis also a
component partood tiidaimimapstalictore {avd dhe eforetaigeirse pandti@mjoptignalpencdyeoctly remains

connected to PRafRNI5RithAME SHRAIBLIRAIRYBhéSARNBGBERbRAL @ theeGREfigFeassembly
(and 15 after sd%ﬁaﬁr pocnor(])tp(yonally remains indirectly connected to the first carrier). In each case the
[ .

arrangements o f s%eparating layer required for this can easily be undertaken by a person skilled in

the art with his technical knowledge and with the information provided in the present application. It
should also bePpsiinte depatetivat dhie separatengnhpleare ahtuatly haeporstsbe Guetilly) convex

25  surface, or can be deformed to such a convex surface. At the same time the separating
aid must be designed so that the fixing of the second carrier is provided at least directly
behind the separating front. Suitable separating aids can be e.qg. rolls, in particular those
with a large circumference or alternatively flexible, bendable plates, for example

plexiglass disks, other plastic plates or thin metal plates.

30  On the other hand, suitable separating aids can also be rigid devices (see above), in
particular when the deformation bringing about separation is not exerted on the

separating aid but for example on the first carrier.



20 throughout, depending on the surfaces that are separated from one another. This applies in
particular when separation takes place between a structured region of the front (active side) of the
wafer and a layer above it. For the method according to the invention, it is preferable for at least one of
the separating layers to be a plasma polymer layer925The advantage of plasma polymer layers is that
they can be applied copying a contour, and can therefore optimally protect the surface of the active
side of a wafer and their adhesion properties can be adjusted optimally to the separation requirements.
A method according to the invention is further preferred in which the layer system that is provided in
step a) comprises, between the first carrier and the wafer, a layer of a 30hardened, partially hardened
or hardenable&lastomeric material. -h14 - h(ijs elaséomterit% materhal h]as advantao?e§ [ garticular in
bonding the (pos%?ﬂ'i)s/es'frﬁ tre Ee\/\'/ré er Sur é)ceﬁcgﬂrm'/n ch oﬁﬁrc])vnean 9”& fﬁlgré?noé Bo )e/n%Jé% éeparating
layer can be appHEdO teRPIFGRI HEtisteal ¢l 4t ealraad. A UGYaIngResa MERo@&ETarelifg to the
invention for seqéredegpaovaiendst partiautarbabigredeenady widtbnldmintaypensysieno abittprises the
fc;IIowing Ic'sllyer& lﬂéé?@t@i?&@?leﬂ{ﬂr%g tﬁeﬁuli%;ﬁ@{i(}@Wuﬂw@M%&éPfsﬁ&ﬁgi@%@g{ﬁ@%@%?%,qﬁﬁ%éibeq gibocl)\_/e, a
plasma palymer separatin r. a wafer a second carrier. Such a r system is. described in
V0 200710001 et bt e R s by Debls e R LA e presen
application. In'PEATEAREHRESHGRET (Gt RS SHEFE th & NariRdRIn BRVEPTHBESE favalfivsfia§er and
elastomer layenddrenypad wédhie pinesent sgpali@aiio ne. \WOiIRe0L/e 54iVe8n wikitimalsostocitaens information
about suitablesanréatinglaxeem i SeHeERPRAN9b A ARRII6AtAN DMdeiRkEBCRIs hidarieular this
information forns parh s aRRlicatian b Aglerenee- A alrsadly menionsdgboe, g method may
also be preferred according to the invention H inw |c'ﬁl the Fayer system contains a second separating

layer betifeeniPiB fifd F4FHBEFAE iR 18 RYEP 0P A rHineR Haffisty Waridhel SRURGdChable
elastomeric mexterid¢dEgithosaimsfeithisferet)rides dpantdifrgdayity tia dopessiblectof meleemmntiae first carrier

from the residugédayeh ysiearremaiing AfiRescpantivs, cathal e teltadiar garaasily be used
again. 20A me&“é%%@ﬁ%&ﬁ%‘?gq Ontb‘.%ﬂé{@ 9o s preiered o whigh the layer, ?é@%e.%‘ sqprises a
separating layer as describe above and between one of the two suffaces of the se%aratlng layer and
the surface (ofai¥8@r layer or of the wafer) adjoining this surface, there is a smaller force of adhesion

than in all other layers and between all other layers of the layer system adjacent to one another. 25In
this way, i) pagiiedibitivgrantlatitsenaiaing plaagihatdschrelarhbs witiked.gangdhe separating
operation. is predetgimingd-Its alsapreferabls acpardingito the jnventn, iy doe i carer on a
holding means omr_ing the separating operation, pretefa ?y Sy means of vacuum suction or electrostatic
charging. - 150"2‘5@('HQe‘iH‘o\éf"i@é{IQ&fp‘?@réf?éﬁnéw&%ﬂﬁb'%hﬂﬁéhm%WﬁbﬁYﬁrWEH”ﬂi'é‘ BE&S&rAting aid
comprises an it teakthpaatialiyctonvex s sdp@eted tie suafaed ob thetseparatpertaic matei® deformed at
least partially tgeg convex surface. Preferably the curvature of the surface (that is present) or is
provided by deformation is adapted so that the wafer does not break

20 a) follow a curvature of the separating aid (which optionally can be produced only during
the separating operation) that is decisive for formation of the separating front or if the
separating operation is not brought about by a curvature of the separating aid (but for
example by curvature of the first carrier) remain uncurved relative to the separating

aid and
25 b) that they do not influence the position of the separating front by deforming.

It should also be noted that the fixing of the second carrier on the separating aid "directly
behind the separating front forming during separation” relates, with respect to position, to
the plane perpendicular to the separating front: the adhesion between separating aid and

second carrier does not, of course, occur in the separating plane.

30 As already mentioned above, for variant i) of the method according to the invention it is

decisive that the second carrier is fixed on the separating aid in such a way that the



5during removal of the first carrier. Such a setting can easily be determined by a person skilled in the
art when carrying out the method according to the invention. For the method according to the
invention, the surface of the separating aid, on which the second carrier is fixed at least during
separation, is preferably the outer surface of a cylinder or the surface of a cylindrical segment. This is
also the case when separation 10takes place using a separating aid with convex deformation in the
region of the separating front. A method according to the invention is preferred in which the separating
aid is a roll and for separating the wafer from the first carrier the roll is rolled over the side of the
second carrier opposite the wafer and the second carrier is fixed directly behind the separating 15front
on the roll. A method accor Isngogon%ee mvgznthn |g ﬁartlg

hara ah ny art %rly Eg;%rred |Qrt\|/vh|c the seo[%%rating aidis a
flexible plate. i parﬁcu?arly preferred me thod accordlﬁ' 2 invention, for °4e acﬁlng he wafer the

flexible plate |§"ﬂ@%rﬁﬁ‘éd%%%&l@ﬁa‘ﬁ@mhﬂﬁm@lﬂﬁw deﬁHWb‘ﬁ%’é%f%ﬁB‘?@ti&ﬁﬁtZO in the
region of the separytsepdrant) dyreplying eafoecattisairctseatipasbpairtaly perpancacuabarly to the

surface of the flgxiblgcplate. addl ip diracirehaway ﬂ‘m@r@em% %ESﬁwrit%t /baiyéxmjmrmeod@&ance of a part
of the erX|bIe Qlateff om tf the first cary ier is inc eaS(?an A( method acco rding to the invention is preferred

in which tRe first carner is fi T edon a 5%%?8 orl‘?lnIn eansoé'?lexeb?grv?a € is useaeggr%ténpgargtmg aid and
the holding mEAHCHIMH P fl@(ﬂﬂ%ﬁfﬂﬁié ZE H’éﬁ/&xg{glé&‘ﬁ Bﬂépﬁﬁ%bﬁwﬁeﬁﬁbgﬂﬁét?éﬁl?é“e‘?fectlng
separation (anehtherdbfonmtitignhefalee fldnglideEiatedlaotsdestwesnl ay lbastpmetishdpimg of the flexible
plate and at least one shaping of the holding means (and/or acts there). - 16 - can be applied.
Preferably in e&lch case ane or more of. th qhs ofhthe flex é)lgc%a}deng r}] /(%reoflr'g\r)e polder is a stud.

Particularly pre era'B‘fy, S S IIr'osl 2t 2 force hat ushes them apart can be applied

between themP &/RIBRitRR7 lﬂ‘ﬂ‘i@sbébﬁ'lﬁ'%@ﬁaf"&fwrSA"‘Fﬁé‘ﬂhﬁH‘%@o?ﬂﬁ?&%cﬁﬁ?ﬁW@ﬁﬁ%n is preferred
in which the sepgaating aiitlds @n dptwatlyctrdtispaire iispiateltdrestuesthanithiscasefdhedsdparating

operation can rh@cﬂ%@éV%@rﬁﬁ’oﬂ"iﬂ@@ﬁ@@)‘@éé@'B(a@@W@H@Wb‘é’@elLsyﬂ?efQMﬂ% matggials are then
particularly sunatbth, R{olycmethé(re F{a?ac t%t(apb[ew n PMMA, trade nameﬁlFrlacré/ Vitroflex(r),

acrylic glass Fﬂemg r|\F%tacry r) or Pia ry Or AIsO poI;l/a}?' fbsgﬁtg e 'Fa%%rewa ion rade 10

names Makrol%ii‘?‘”@ﬁllﬁifeb@f‘i@&dﬁﬁ ArileCAiEeridl STorsaRsinmitiry &g éféoﬁel@éféantfﬁ'a person
skilled in the as¢aldi itstceaotoarniiythdlingghé e ents therugfseperikoesuchcasitoadartpof the wafer or

requirements gftharspRAEMINE: 0EM@8s, the second carrier must first be fixed to the roll. Preferably
fixing takes place in this case in a region in which the second carrier projects relative to

the wafer (loose end). After fixing, the roll is led in a rolling motion over the surface of the

layer system, so that a shearing force acts upon the layer system (also owing to fixing of

the second carrier on the roll) and thus — with appropriate design of the layer system —

20  the laminar structure of wafer and second, stretchable carrier is separated from the rest of
the layer system, here in particular the first carrier (together with any further layers of the
carrier assembly that are present, as always when considering separating or removal of

the first carrier). As has already been described repeatedly, in this context it is decisive

that the fixing of the second carrier on the separating aid (roll) is always located directly

25 behind the separating front. Thus, in the case of a roll, during the separating operation
this fixing must take place immediately after separation of each partial segment of the
second carrier (and therefore of the laminar structure to be separated). Of course, the
second carrier and the wafer bonded to it are subject to the curvature of the separating

aid.

30 In an alternative and preferred separation method, the separating aid is flat. In this case,
before separation in Step i ¢) a large-area fixing of large parts or of the whole surface of
the second carrier on the separating aid can take place. Separation according to variant i)
takes place through bending of the separating aid, so that in the region of the separating

front (or initially, where the separating front forms) it assumes a convex curvature (similar



Preferably the separating aid in the form of plexiglass plate has a thickness of 0.5 - 5 mm, preferably 1
- 4 mm, more preferably 2 - 4 mm or 3 - 4 mm, depending on the 15setting of the force of adhesion of
the separating layer. Alternatively or additionally, in a method according to the invention the curvature
of the surface of the separating aid can also be braught about by allowing a swelling body to swell.
Said swelling body must be suitably fixed on the separating aid, so that it can bring about the
curvature. Of course, the separating aid itself can also be a swelling body. 20As already mentioned
above, as an alternative method it may also be preferable for the separating aid to be designed to be
less flexible than the first carrier. In this case it is preferable for the separating operation to be
triggered by a curva‘urefgget%tﬁlrgt cearrler ;hlsnfég t camgr r qrab#ysbS ng grgclassa{) gora wafer. A
preferred matefial Tor the separak n% aldp 15 e thse & sinter Efa?e R the case o elternatlvely
preferred 25 FREMBER R STRGRBILHSIBIERJE (OMRAlFS fﬂi‘f'@a‘rﬁ@r@f‘!ﬁﬂy‘fﬂ’ﬁlwrﬂ ﬂﬁ ®8ch a way that
the fixing doese¢mtrdimmper tne (te svedd elitblirvatuce. Aamethibcapooprdinglesigheotrtvendien is preferred

in which the sggqig, @if@&@k@blercargasaiﬁaaqgi@aagﬂm @éaa&aél%idamlt@nebs raedesrgakalicing films

are UV-release tape tapdard use In industr inte AdW| ﬂ? S |C|n film (or a
comparab?e matenal) i& ?am?ﬁsailt%aérgﬁ 0'the ba lﬁ ngtﬁ‘?e%:aepp efr%q]nagt;'o o?ltﬁ:\eg ala i%rge number of

possibilities ar%”é%\'?alﬁfé”ﬂété sy é‘P&ﬁFeE'leY?'ﬂf@ B‘?EW%UQW@aRﬂ“éﬁHWgaﬂﬂﬁrﬁta?ré'ﬁe side on which

adhesive is applied for sticking on the back of the wafer. The force of adhesion of the second carrier to
the wafer can per|ieres &@{@J%@%WMJ&%% Qérﬂa@ﬂn@bea%gmn&/ B4y 5%#@&'9&11@9 that

optionally also the econd arrier can be re ghved again f from the W D|C|n f|| ats second
ﬁ aCCor 9 Q varian g Q f) CC]p mg tO |nv I’ltl
carrier) with SR 2RSS Are 218 calidd Mhetnorasadetine &f H PETEags ms Dicing films

are stretchabl@aHitHarYeMirahighe s &h CAPSTCRIGHUTE JU HIR '8siaN R SERAEEY 6P Preferred
methods @accottthrgiar dhiegi freentiovidehednig the taitivaticisénperaicmgvhich extendsabéyoadahe edge of

the wafer or of{hilavge %marwaoﬁepﬁ@@maﬁadﬂaqh@@b@n étﬁﬁggﬁéﬂé(rmgﬁﬂ% @frerdng. This ring,
which can consfiﬁt of melt[ﬁl0 ﬁéoa%?tl o§ Hsual{lj\é{a lled ; dlcm gngmll'l't e frame fo ms, together

n IS en comp
with the film, a um 'the membrane of w h(‘?sat & Second carrier andewshereln tthe rest of the
layer system b%ﬁﬁﬁﬁiﬂ@ (f\ﬂfﬁetﬁe BRERIYT thO wiTet Fedts NP tRSMETBr A8 EdiRRy WSARYD In a
particularly prefeteedhasstlvoohsreiveingrtal theet iprreatidcyldh e [hpeesystinm gempingagidherdicing film is
now placed indikidrdeiBriadigtathe firRisRipRISSHyRE-om asqbuﬁm@e@er@my BYnREMBR suction).
Now another c[hucl§ i flxg\%lo (#hﬁ (k))t%ree Vk\;(ar%k qfltheO sds'| # II secon c\i/ é:%rr e[‘)n grhce %h 9gain
preferably by vacuum 'suction. The two chucks are ererably positione ey are

superimposed®SFPEIY 4 R dMVEREI 3T |WI'66’\91§W“WHE‘?1 F?PFECHE?@M ?BP‘@aFFWE"B%ﬁ' \?Hﬁ%ﬁnt i), the chuck
on which the dieinigefilorecésastng fiveatkisliprefbrabperderafrg pendabhes (fexidachmatetialaand with a

thickness suchnthagut sanbelfit téuaafaeqﬁhafémgherssﬁea@ﬁiagaﬁ;d%%w%e@m@iag teythe invention.
25For CaEBV'”Qn%%é’%réa%g')g&!‘a%et"%‘u’rPa*}%Ckéo Qidine s%eﬁ; g%&%%l%aé% ”.Qa?'%ﬂ A Wa eferab'y at

least on one surface of t evice, are that proj e’sur ace 0 r or of the
layer system. E%?W@@ﬁftﬂé%apéeg%ﬂg“ ﬂ‘i‘ﬁﬁﬁ?ﬁﬁﬁr é%a%%%gwé%m YodeiBretYEEEM a force, which

has the result that the chuck (separating aid) holding the dicing film (the second carrier) on one side is

removed fromAhﬁema@ng(MH.glanearﬁye%@.ﬁeauah tM@MEﬁtﬂ'ﬁ@s%Bémﬁ@&@nd the

desired separatlp)%fron IS forr(pn%ldCarrlelr Iti |esa Seg ctl -ty po orsbbl% égn%oo ee&rost %'Q Fgl%%e precisely, so

Se,
that the wafer Is not stressedC excesswe?y uring t & se arat%g peratio
These forms of fixing have the advantage that (|f desired) they can be used locally, i.e.
25 only on a part of the separating aid, with precise control, but in particular they have the
advantage that the fixing can easily be reversed again by switching off the suction or by

removing the electrostatic charge.

As already mentioned, with the method according to the invention it is possible to
separate very thin wafers, or laminar structures that incorporate a very thin wafer, from a

30 first carrier. Accordingly, in a preferred method according to the invention the wafer
thickness is < 400 um, preferably < 150 um, more preferably < 80 um, particularly
preferably < 20 um and quite particularly preferably < 10 pum.



If a preferred method for carrying out variant i) is carried out with a separating layer and/or the
preferred layer system described above, it is possible to ensure a clean 5 separation even of very
greatly thinned wafers without excessive mechanical loading (breakage). It is also possible to measure
the force applied and/or adjust it, so that a maximurn force is not exceeded. It is also possible, by
means of the force, to set a fixed distance of the two points/lines/surfaces on which the force is
applied. In this way, an originally flat, but bendable separating aid produces, owing to its deformation,
a to continuous separating front, since the deformation of the separating aid is propagated in two
dimensions, until complete separation takes place and the separating aid can once again resume its
original shape, As already described above, it is preferable for th o carriers to be fixed by vacuum
cuction, but bAL B e SR D OL SOATEEL 8 1 IRl B ISt B 151 & dicing
frame is used $#F& 3eirr&NBn e thtg dEEb ARG ol e SrRASMERH (NP AR I FamB'$E (YEférably
arranged so trattivevgucfasepaaticat takes folhee Sepacatingaadijeesnatsof dve drafngteser dal éosthe dicing
frame. Thus, thagieingdrams.aopitbevslamre theiales £l fallpwrthse s weipbidrena draeaipn of the
separatin% fro té Whtererirpeac%){deiq é(r) gggcigr}ﬁhntice)% they are fixed on the separating aid directly behind
the separating Font. The 28Water once égaln ofows the bending (curvature) of the dicing film (second
carrier), so that a shearing force develops between the wafer and the first carrier. As already

mentioned abovehiaracheamage iofdheomsthodfetdhedngepdiativaceotdia gk ardamtd) igyeparticularly in
its preferred eghoeinanisyihat s serRRGHIRG fanh rRreseafsradrlalively b oR Misdag@ that the
shearing forcs perpepdioylar g, ine arer surface gan,aube keptomall, tithot heing pound by a
theory, on the Dasis of the Method accor INg to the Invention atorce iStiibUton gradient develops
within the sepHIRithily ‘REHEE(F824NSrce distribution gradient perpendicular to the line of actual
separation (the end of the separating front), i.e. the line where the force of adhesion between the

surfaces {p be eparaipdhis:RanSPWhskei e depth ehdhg cerAAINA.IoNhiRREEENGR the slope of the

gradien) can be - 49 -, contialied optimally wiihin.the scope of (e mefnod according g the invention,
so that the me%ahanlcaIVYoadlng %?%pﬂonaf y very thitt Wwarets.canbe Eep% as low aspp055|%le. A

particularly préfefreieehwtitetsiessiing e 4he!inire e iMetdedrr oitins théeaiveaiidhiscomprises the
following layensdfethigestated trdenrfeadinst cgrisemptonsisiingcoh avaflaswiplatagrahiiess a layer of

elastomeric maferigkasitrschiber. fH5BsAROYRsHPIRIMARAY PSSR alingklAvgEas Hescribed

further aq(s)ve tﬁevg%fsesrﬁé}g. gﬂ?\/‘%&?tﬂé Irs chreri%(r)%dcgr?srtrrluecrfed of rigid materials, fixing of the first

carrier during the separating operation is not absolutely necessary, as it cannot follow the
convex curvature of the laminar structure (consisting at least of the (thinned) wafer and
second carrier) during separation. Nevertheless, for reasons of process safety it is also

preferable for a rigid first carrier to be fixed during separation.

20 However, the first carrier can also be material that is applied on the wafer surface (directly
or indirectly) by spin coating, spray coating, laminating and/or pressing. Moreover, this
material can be crosslinked or otherwise modified in its consistency, in order to influence

the desired mechanical properties.

A method according to the invention is preferred in which there is at least one separating
25 layer between the first carrier and the wafer. The purpose of a separating layer is to
permit and/or ensure intentionally a required breaking line for separation, i.e. a plane in
which the separating front proceeds, in particular in variant i), during separation.
Additionally or alternatively, the separating layer should make possible or facilitate
release of the wafer from the residual layer system of the carrier assembly including the
30 separating layer itself, remaining after separation, so that the wafer can be cleaned

easily.



10A method according to the invention that is also particularly preferred is one in which the layer
system comprises the following layers in the stated order: a first carrier consisting of a glass plate or a
wafer, a second separating layer, a layer of elastomeric material, as described further above, 15-a
plasma polymer separating layer, as described furttger above, a wafer and a dicing film as second
carrier. A preferred component part of the invention is also the use of a plexiglass plate, which is
arranged so that, using vacuum suction, a second carrier as described above can be 20fixed on it, as
separating aid in the mechanical separation of a laminar structure (comprising the second carrier and
a wafer) from a first carrier. Of course, for the use according to the invention, the layer system

comprising the Jaminar %tructure and the first ‘iﬁ‘ériseﬁ g% %err.ab%{ktarrap%ed as for one o the preferred

methods described ABOVE A a(é?/?(r:aet"t]ﬁalﬁgrs'fét up for carrﬁ%g';mé 'the method %rfe{ & invention

according to VAR&APHIBRRETRRRPHAMCIEEH AhAVEAFEPARIKERIRIG Breaerra RYalisdicsMprises a
means for fixiragjtaentitst toaniaieand sose pakatngoaiekeasitdesy b qulefdyable . fathilsesegparaiinng aid serves
simultaneoushs (s gragmns {efXiehiBISRCHYIFRIFIRRe ArdeVitRoReCQElingda Himiny@riion also
preferably, comprizes means for. hringlnd, about fxing by meansof eleeirastatic of sugtion force, 2
holding means ?’orsfi%ng the first carner an preferably a - 50% medns 'by whicli & force can be exerted

only on a part BPthA¥eSaratiy s P th het iR rosicuseidd Her sei3atle iy dRMeYEhdErdo convex
curvature awagetiom tlvedasiTtarkater fachackppdniet pahsistsvsioa plexighessquiateianidypsreferably can
be subjected tny@cuinrstistianiaie R ebetredRssaparaling aldabidiesmethash acergdinsnto the
invention compriging, aline free yaranisdleth 8N earanly vatant 1) qropbeyariant H or
only variants f’an ) can be used forbr ging about the complete mechanical s@paracl’ion of a

laminar stuctffeHim AR A59BITbAY! HEGEIREERSE A ARG W PR B ABIRCIE Fariants H) and
Hi) are both apphednehipaanfdoeianetdratstiwdtanibe sshsopivith aboireddagtitnderevbendiso according

to the inventiogydiall y eeavariapis ) eiiankingWilfe H) issasiabhbondht pikcanteamplied, in each
case Simultan@@&c%”ea&(%o{h\évlj@o% tgﬁ'eer Isae%aration, optionally indirectly remains connected to the
wafer) or so that the separating layer is a component part of the carrier assembly (and
15 after separation optionally remains indirectly connected to the first carrier). In each case
the arrangements of this separating layer required for this can easily be undertaken by a
person skilled in the art with his technical knowledge and with the information provided in

the present application.

It should also be pointed out that the separating plane naturally need not be even
20  throughout, depending on the surfaces that are separated from one another. This applies
in particular when separation takes place between a structured region of the front (active

side) of the wafer and a layer above it.

For the method according to the invention, it is preferable for at least one of the

separating layers to be a plasma polymer layer.

25  The advantage of plasma polymer layers is that they can be applied copying a contour,
and can therefore optimally protect the surface of the active side of a wafer and their

adhesion properties can be adjusted optimally to the separation requirements.

A method according to the invention is further preferred in which the layer system that is
provided in step a) comprises, between the first carrier and the wafer, a layer of a

30 hardened, partially hardened or hardenable elastomeric material.



Complete separation does not necessarily mean that laminar structure and first carrier are separated
spatially from one another. Rather, it may be necessary for the laminar structure and the carrier
assembly to be held in their positions during separation by 15 means of holding devices, for example
the chucks described above, to make complete separation through vibration and/or temperature
change possible. This can for example ensure good mechanical or thermal contact. Separation
means in this case the elimination of the force of adhesion at least between two layers of the layer
system (wherein wafer and first carrier in this sense are also to be 20regarded as layers). In a
preferred embodiment of the method according to the invention, variant H) is used alone or in
combination i, one,of variants ) or Hi\or i campination with variant ) and yariant (), For producing
the vibrations, it'is posgg\e fo USe any ShitdSie deviced rd? generating vibrations. The usé of
ultrasound gefEYatgrSiypisfaiaae PRAVSE BFtisiy 2 URTAMPCY REPRATAING iBYef&Aele In a preferred
embodiment cddpiednethodidcguirtiily tettivet karaation, in step H) the vibration is transmitted by direct
mechanical contact from the vibration-generating device to the layer system. The vibration-generating
device can even for.eﬁamaple %readcy bg. co?ta}Lne.d in one fof the af(t)rement'#oned hqldipgl devices or
connected therStS BidYeh f/ S SABIAASR e AVToRdY bsf RrettnfetRaniCaP EontatY of solid
bodies. This cBi¢fRsfed 2hergiRdheiRy Yoo aiEasd e 0By est Ehilekdaiad aestribed above, fix
the first carriefisndtori¢hessegendicalatasnnyrielectioslatic dhstgeoravaceium pReeferatynéor their part,
the chucks pradyge g traesmiking yiratoamiathefirst carrier and/or the second carrier. 51t may also
be preferable if the vibration is transmitted by a liquid, preferably water, preferably by a film of liquid
and particularly preferably a film of water. It is particularly preferable if the vibration is transmitted from
the vibration-ge#&ratiayed SYRMds e Tortiedaiftidf O AN PRI 4R, \ah RS e’ brBRIGh YehieArSmitted from
the vibration- geogratiteg devitedocthie wadatiralganforensgsant ap theafisesenianivenatior. fdawever, in the
tosense of theyigygatinpe Enésawgeﬂ%l%@hé%gﬂm&@gtenh@nuva&%forﬁemsfsmqrmr%meto the
invention is preferretd in Y.vhlch th Sll%gil/(aﬁ#%ghewﬁ%ﬁu%?s%cx of the natura .freggenc&l .oszflet least one of

the layers of tﬁ’éefa?{/‘era E?/'s TRTHE riatura requency of an AR b']%’trg‘ A LRt 73R formula I: n

=2d separating layers, also forms part of this application by reference. In particular this

information forms part of this application by reference.

As already mentioned above, a method may also be preferred according to the invention
15 in which the layer system contains a second separating layer between the first carrier and
in the layer of a hardened, partially hardened or hardenable elastomeric material. By
means of this second separating layer it is possible to release the first carrier from the
residual layer system remaining after separation, so that the first carrier can easily be

used again.

20 A method according to the invention is preferred in which the layer system comprises a
separating layer as described above and between one of the two surfaces of the
separating layer and the surface (of another layer or of the wafer) adjoining this surface,
there is a smaller force of adhesion than in all other layers and between all other layers of

the layer system adjacent to one another.

25 In this way, in particular in variant i), the separating plane that is preferably utilized during

the separating operation, is predetermined.

It is also preferable according to the invention to fix the first carrier on a holding means
during the separating operation, preferably by means of vacuum suction or electrostatic

charging.



15where n = 1, d is the thickness of the plate, E is Young's modulus and p is the density of the plate
material. For n= 2, 3 to infinity, the corresponding harmonics are obtained. Table 1 shows examples of
natural frequencies and some harmonics calculated from this formula for plates made of glass,
aluminum, silicon and silicone, such as are usuallyiemployed in wafer technology and in the method
according to the present invention. zo Silicon is used as wafer material and as material for carriers.
Glass and aluminum are also used as carriers. Silicone is suitable for example as material for the
elastomer layers described above. Table | n=1n =2 n = 3 n =4 Material Density Young's Speed of
Thickness modulussound Natural frequency Natural frequency Natural frequency Natural frequency -
22 -

A method is also preferred according to the invention in which the separating aid
comprises an at least partially convex surface or the surface of the separating aid can be
deformed at least partially to a convex surface. Preferably the curvature of the surface
(that is present) or is provided by deformation is adapted so that the wafer does not break
5  during removal of the first carrier. Such a setting can easily be determined by a person

skilled in the art when carrying out the method according to the invention.

For the method according to the invention, the surface of the separating aid, on which the
second carrier is fixed at least during separation, is preferably the outer surface of a
cylinder or the surface of a cylindrical segment. This is also the case when separation
10  takes place using a separating aid with convex deformation in the region of the separating

front.

A method according to the invention is preferred in which the separating aid is a roll and
for separating the wafer from the first carrier the roll is rolled over the side of the second
carrier opposite the wafer and the second carrier is fixed directly behind the separating

15 front on the roll.

A method according to the invention is particularly preferred in which the separating aid is

a flexible plate.

In a particularly preferred method according to the invention, for detaching the wafer the
flexible plate is deformed convexly at least partially (starting from the onset of separation
20 in the region of the separating front) by applying a force that acts at least partially
perpendicularly to the surface of the flexible plate and is directed away from the first
carrier. At first only the distance of a part of the flexible plate from the first carrier is

increased.

A method according to the invention is preferred in which the first carrier is fixed on a
25 holding means, a flexible plate is used as separating aid and the holding means and the
flexible plate each have at least one shaping and the force effecting separation (and the
deformation of the flexible plate) acts between at least one shaping of the flexible plate

and at least one shaping of the holding means (and/or acts there).

Moreover, the shapings in the sense of the preferred method according to the invention

30  just described are preferably projections, on which the force bringing about separation



kg/d m3 MPa m/s kim kHz kHz kHz kHz Silicone 1.2 6 71 100

10

15

20

25

-16 -

can be applied. Preferably in each case one or more of the shapings of the flexible plate
and/or of the holder is a stud. Particularly preferably, the studs are opposite, so that a
force that pushes them apart can be applied between them, which finally brings about

separation.

A method according to the invention is preferred in which the separating aid is an optically
transparent plate, because in this case the separating operation can be observed and
monitored visually particularly well. The following materials are then particularly suitable:
polymethylmethacrylate (abbreviation PMMA, trade names Friacryl®, Vitroflex®, acrylic
glass Plexiglas®, Limacryl® or Piacryl) or also polycarbonate (abbreviation PC, trade
names Makrolon, Calibre or Lexan). The materials for the separating aid are selected by
a person skilled in the art taking into account the requirements during separation such as

loading of the wafer or requirements of the separating device.

Preferably the separating aid in the form of plexiglass plate has a thickness of 0.5 —
5 mm, preferably 1 — 4 mm, more preferably 2 — 4 mm or 3 — 4 mm, depending on the

setting of the force of adhesion of the separating layer.

Alternatively or additionally, in a method according to the invention the curvature of the
surface of the separating aid can also be brought about by allowing a swelling body to
swell. Said swelling body must be suitably fixed on the separating aid, so that it can bring

about the curvature. Of course, the separating aid itself can also be a swelling body.

As already mentioned above, as an alternative method it may also be preferable for the
separating aid to be designed to be less flexible than the first carrier. In this case it is
preferable for the separating operation to be triggered by a curvature of the first carrier,
this first carrier preferably being a glass plate or a wafer. A preferred material for the
separating aid is in this case a sinter plate. In the case of this alternatively preferred
method, it is of course sensible not to fix the first carrier or only to fix it in such a way that

the fixing does not hamper the (desirable) curvature.

A method according to the invention is preferred in which the second, stretchable carrier
is a dicing film (also called blue tape). Preferred dicing films are UV-release tapes in

standard use in industry, e.g. Lintec Adwill D.
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Said dicing film (or a comparable material) is laminated onto the back of the wafer after
thinning. For this, a large number of possibilities are available to a person skilled in the
art. Usually said dicing film has one side on which adhesive is applied for sticking on the
back of the wafer. The force of adhesion of the second carrier to the wafer can be altered
5 preferably by means of thermal energy and/or UV radiation, so that optionally also the
second carrier can be removed again from the wafer. Dicing films (as second carrier) with

said adhesives are also called "thermorelease films" or "UV-release films".

Dicing films are stretchable in the sense of the present application.

Usually and preferably also for preferred methods according to the invention, during
10 lamination the dicing film extends beyond the edge of the wafer or of the layer system to
be separated and is held on its edge by means of a ring. This ring, which can consist of
metal or a plastic, is usually called a "dicing frame". The frame forms, together with the
film, a kind of drum, the membrane of which is the second carrier and wherein the rest of
the layer system beginning with the back of the wafer rests on this membrane (dicing

15 film).

In a particularly preferred method according to the invention, the layer system comprising
the dicing film is now placed in a fixture, in which the first carrier is fixed on a chuck

(preferably by vacuum suction).

Now another chuck is fixed on the bare back of the dicing film (second carrier), once
20  again preferably by vacuum suction. The two chucks are preferably positioned so that
they are superimposed on one another laterally in top view. When it is used for carrying
out variant i), the chuck on which the dicing film is now fixed is preferably made of a
bendable (flexible) material and with a thickness such that it can fulfill the function of the

separating aid to be used according to the invention.

25 For carrying out variant i), the two chucks (holding means and separating aid) have,
preferably at least on one surface of the device, a region that projects beyond the surface
of the wafer or of the layer system. Between these regions, with appropriate fixing it is
now possible to exert a force, which has the result that the chuck (separating aid) holding
the dicing film (the second carrier) on one side is removed from the other chuck (holding

30 means). As a result, the separating aid bends and the desired separating front is formed.
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It is perfectly possible to control the acting force precisely, so that the wafer is not

stressed excessively during the separating operation.

If a preferred method for carrying out variant i) is carried out with a separating layer
and/or the preferred layer system described above, it is possible to ensure a clean
separation even of very greatly thinned wafers without excessive mechanical loading
(breakage). It is also possible to measure the force applied and/or adjust it, so that a
maximum force is not exceeded. It is also possible, by means of the force, to set a fixed
distance of the two points/lines/surfaces on which the force is applied. In this way, an
originally flat, but bendable separating aid produces, owing to its deformation, a
continuous separating front, since the deformation of the separating aid is propagated in
two dimensions, until complete separation takes place and the separating aid can once

again resume its original shape.

As already described above, it is preferable for the two carriers to be fixed by vacuum

suction, but basically there are also other possibilities, e.g. fixing by means of adhesives.

If a dicing frame is used in a separation method according to the invention, the dicing
frame is preferably arranged so that the surface curvature of the separating aid can also
be transferred to the dicing frame. Thus, the dicing frame and the clamped dicing film
follow the curvature in the region of the separating front, wherein according to the
invention they are fixed on the separating aid directly behind the separating front. The
wafer once again follows the bending (curvature) of the dicing film (second carrier), so

that a shearing force develops between the wafer and the first carrier.

As already mentioned above, an advantage of the method of the invention according to
variant i) is, particularly in its preferred embodiments, that the separating front represents
a relatively large area, so that the shearing forces perpendicular to the wafer surface can

be kept small.

Without being bound by a theory, on the basis of the method according to the invention a
force distribution gradient develops within the separating front (i.e. a force distribution
gradient perpendicular to the line of actual separation (the end of the separating front),
i.e. the line where the force of adhesion between the surfaces to be separated is 0),

wherein the depth of the separating front (and hence the slope of the gradient) can be
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controlled optimally within the scope of the method according to the invention, so that the

mechanical loading of optionally very thin wafers can be kept as low as possible.

A particularly preferred method according to the invention is one in which the layer

system comprises the following layers in the stated order:

- afirst carrier consisting of a glass plate or a wafer,

- alayer of elastomeric material as described further above,

- aplasma polymer separating layer, as described further above
- awafer and

- adicing film as second carrier.

A method according to the invention that is also particularly preferred is one in which the

layer system comprises the following layers in the stated order:

- afirst carrier consisting of a glass plate or a wafer,

- asecond separating layer,

- alayer of elastomeric material, as described further above,

- aplasma polymer separating layer, as described further above,
- awaferand

- adicing film as second carrier.

A preferred component part of the invention is also the use of a plexiglass plate, which is
arranged so that, using vacuum suction, a second carrier as described above can be
fixed on it, as separating aid in the mechanical separation of a laminar structure
(comprising the second carrier and a wafer) from a first carrier. Of course, for the use
according to the invention, the layer system comprising the laminar structure and the first

carrier is preferably arranged as for one of the preferred methods described above.

A device that is set up for carrying out the method of the invention according to variant i)
also forms part of the invention. In particular such a device comprises a means for fixing
the first carrier and a separating aid, as described above. This separating aid serves
simultaneously as a means for fixing the second carrier. A device according to the
invention also preferably comprises means for bringing about fixing by means of

electrostatic or suction force, a holding means for fixing the first carrier and preferably a
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means by which a force can be exerted only on a part of the separating aid, so that the

force causes the separating aid to undergo convex curvature away from the first carrier.

A chuck, which consists of a plexiglass plate and preferably can be subjected to vacuum

suction, is preferred as separating aid.

5  The method according to the invention comprising, of the three variants i), ii), and iii),
either only variant i) or only variant iii) or only variants ii) and iii) can be used for bringing
about the complete mechanical separation of a laminar structure from a carrier assembly.
In such a case, variant i) is not carried out. If variants ii) and iii) are both applied, this can
occur either simultaneously or with a time lag. However, also according to the invention,

10  all three variants or variant i) with ii) or variant i) with iii) can be applied, in each case

simultaneously and/or with a time lag.

Complete separation does not necessarily mean that laminar structure and first carrier
are separated spatially from one another. Rather, it may be necessary for the laminar
structure and the carrier assembly to be held in their positions during separation by
15 means of holding devices, for example the chucks described above, to make complete
separation through vibration and/or temperature change possible. This can for example

ensure good mechanical or thermal contact.

Separation means in this case the elimination of the force of adhesion at least between
two layers of the layer system (wherein wafer and first carrier in this sense are also to be

20 regarded as layers).

In a preferred embodiment of the method according to the invention, variant ii) is used
alone or in combination with one of variants i) or iii) or in combination with variant i) and
variant iii). For producing the vibrations, it is possible to use any suitable devices for
generating vibrations. The use of ultrasound generators is preferred. The use of piezo

25  ceramics is particularly preferred.

In a preferred embodiment of the method according to the invention, in step ii) the
vibration is transmitted by direct mechanical contact from the vibration-generating device
to the layer system. The vibration-generating device can even for example already be
contained in one of the aforementioned holding devices or connected thereto. Preferably

30 the vibration is transmitted by direct mechanical contact of solid bodies. This can for
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example occur when the holding devices or chucks, as described above, fix the first
carrier and/or the second carrier by electrostatic charge or vacuum. Preferably, for their
part, the chucks produce or transmit the vibrations to the first carrier and/or the second

carrier.

It may also be preferable if the vibration is transmitted by a liquid, preferably water,

preferably by a film of liquid and particularly preferably a film of water.

It is particularly preferable if the vibration is transmitted from the vibration-generating
device to the first carrier. A method in which the vibration is transmitted from the vibration-
generating device to the wafer also forms part of the present invention. However, in the

sense of the invention, this must not lead to damage of the wafer.

A method according to the invention is preferred in which the vibration is the frequency of
the natural frequency of at least one of the layers of the layer system. The natural

frequency of an infinite plate is calculated from formula I:

where n = 1, d is the thickness of the plate, E is Young's modulus and p is the density of
the plate material. For n= 2, 3 to infinity, the corresponding harmonics are obtained. Table
1 shows examples of natural frequencies and some harmonics calculated from this
formula for plates made of glass, aluminum, silicon and silicone, such as are usually
employed in wafer technology and in the method according to the present invention.
Silicon is used as wafer material and as material for carriers. Glass and aluminum are
also used as carriers. Silicone is suitable for example as material for the elastomer layers

described above.

Table |
n=1 n=2 n=3 n=4
Density Young's Speed of Thickness| Natural Natural Natural Natural
Material modulus  sound frequency | frequency | frequency | frequency




least an order of magnitude above the natural frequency of all other layers. Therefore as 5a rule it is
possible to cause the other layers of the layer system to vibrate at their natural frequency without
exciting silicon to strong vibrations. Therefore a method according to the invention is preferred in which
in step H) one of the layers of the layer system is-exxited to vibrate at its natural frequency. A method
according to the invention is particularly preferred in which the layer excited to vibrate at toits natural
frequency is not the wafer. A method according to the invention is most preferred in which the layer
excited to vibrate at its natural frequency is the first carrier. A method according to the invention is also
preferred in which in step H) one of the layers of the layer system is excited to vibrate at its natural
frequency angd wherej
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Even though formula | only provides approximate values for the natural frequencies, it

can be seen from the table that the natural frequency of a thinned wafer of 50 um is at

least an order of magnitude above the natural frequency of all other layers. Therefore as

frequency without exciting silicon to strong vibrations.

a rule it is possible to cause the other layers of the layer system to vibrate at their natural

Therefore a method according to the invention is preferred in which in step ii) one of the

layers of the layer system is excited to vibrate at its natural frequency. A method

according to the invention is particularly preferred in which the layer excited to vibrate at

10

its natural frequency is not the wafer. A method according to the invention is most

preferred in which the layer excited to vibrate at its natural frequency is the first carrier.

A method according to the invention is also preferred in which in step ii) one of the layers

of the layer system is excited to vibrate at its natural frequency and wherein the layer

system provided in step a) has at least one further layer between the wafer and the first

15

carrier.

Table | shows that the natural frequency of a glass plate can differ markedly from the

natural frequency of an elastomer layer. If a glass plate of the stated thickness is used as

carrier in the method according to the invention, on which an elastomer layer is applied,



15Said separation that does not take place on the surface of the wafer is mainly advantageous when
the side of the wafer opposite the first carrier is structured in such a way that mechanical separation is
only possible with difficulty, without destroying the wafer, owing to the form closure between the wafer
surface and the adjoining surface of the carrier syst@m. This applies to all variants i), H) and Hi) of the
method according to the 20 invention. The (residual) layers of the laminar structure that possibly
remain after separation (as described above) can then be removed from the wafer in a suitable way,
for example by peeling or similar. Similar considerations as for the elastomer layer also apply to the
separating layer as described above and other layers of the carrier assembly. 25Table | shows, for the
example of all%rr]ninym, that the naturaltgrée%u\e/:igrca)ﬁeof tk1e fir%zt cra!;rier can rl?lg]valiie f allgminum is used

. . e. SS plate can. be.excl at. Its natural frequency. .[he elasjomer er . .
as first carrier Of if the firat cartier is ponded 1o alumintm or other ma S §§vatA ESmmon vibration

system (an ostRIEE0RPS Pete R TR APIE ISAED fRelIRMey B¢ BeSIBECEMGeledd Beset in such a
way that it coressguiaths totthesorataraAdfreqeancynetbheiclastenses ldauetopr igfhileersépasktsag layer, or

30so that the {ijsleGaige GRR B/ GIGANRH.BR RegHrbaHita Nahd RtdreeLBBGEEAN I natural
frequency,of its yibrafion, system) e akoye e natiral egusncy of he elasiomer,, 3 Javer, so that
the latter still d)oes Aot resonate o excitation of the first carrier In the range o its na?uraf‘frequency.
With an approfHafethBRIE OEISYIEBF T 40 e WISEIMBIPTBRBH {REvibration system), the vibration
can be transmitted to the interface with the wafer and separation of carrier assembly and wafer takes

place betweenrfaegikfacapidhewatan Bkt adircrirewiras ol e Gagiss mRly. It should be
pointed out that the D teﬁfe red ?Ig\tsma po%mer S%Pﬁgaatmg rllayer?, are set up in such a way that they

. rrer € laye em IS exclted 1o vi atural frequency. . . .
correspond in their vibratioh befyavior to e etastormer I'ayer OF form 8 Vibration system together with it.
Therefore a method according to the invention is preferred in which in step H) the layer of to the carrier
assembly direstlyanpacenbidiiseowiedenisnaxcite gdaiodlargteratetie datuwiaEtfireguanaysyatenethod
accordingto theifventionids PAtiGMAHY porfsited inyybich seRaialing, ffFaifiehassroably and wafer
takes place behtw en the surface of the wafer and the ?d acent surfd’;lce of tpe carrier assembly. In

ardenable elastomerjc, materi etween th II’%K rrier_and the wafer, a SCI’I%%S
another preferred em oc'ﬁmen_ of the'metho acg:orcﬁng o the invention, varlan? ﬁ IS"15 used alone or
in combinatiorfYAYR: MRESF Saridh i FieER0L) ASEARIESNID IRAIIRIG IR { H1eaiEl CaRBISOVERER H). In this
case a mechagial stressttisrpe gudedbhie tineiaygensyster ibyechan gingetizestempearatupas the layer
system or of putsdehting irMeLeNs e awhichdaagsie or contributes to separation of first carrier and
wafer (and therefore of carrier assembly and laminar structure). zoThe separation of layers of a layer
system by altering the temperature according to the method of the invention is based exclusively or
essentially on $iE GIFRRENPEOERICHISES BPtHakMAELP ARSI fIYTase \RiriBas Wakkleifal®@dPhe individual
layers of the layesarsygtens, ioeexanle dirskcedrie nppesonths aparating inyeicelastarnamnlayer,

separating layge ARt WatRRMRERINE JRMRSTEHY BLBRIGRMARI IDeJANSTS iRicsMEigvelop, so that
the layers 25 svmuld e>ﬂoand by, vargn&grgounts In the directjon of t(pgﬂgla es of th surf?ces. In

. afer, owing to the form etween the wafer surface ar joining surfage .
contrast, sideways expa%smn of the ayers is onﬂl possi STe™to & fimited exXteft of ot at a owing to the

force of adhesishoBERTSET R TRy ERPIBY & 36 VAt e Hidtddhr ABha PP thecerEtiee Whthsis way, strong
shearing forceswdetn@ioT lxetinatiuih elsuwrtacesiaf theilayesspvinehrecanpteadiyo weparatien of the layers

between the S%@%@@EM@@@WS&% ﬁ%@?&'ﬁd%@Q%@%rﬁéU@d-fr@r@%@ Jifersin earibrARSyat least by a
factor of 2, preferabl artlglularl ££1%Lerably 6 and quite particularly preferably 10 from the

4

F 1S ?Y ! .
coefficient of therma %xp%{ﬁselo'rqgo any Sther layer of the layer system. However, this does not include
any layers that are provided on the side of the wafer opposite the first carrier. A method according to
the invention iSialgd considerations as for the elastomer layer also apply to the separating layer as

described above and other layers of the carrier assembly.

25  Table | shows, for the example of aluminum, that the natural frequency of the first carrier
can be varied. If aluminum is used as first carrier or if the first carrier is bonded to
aluminum or other materials so that a common vibration system (an oscillatory system) is
formed, the natural frequency of the first carrier can be set in such a way that it
corresponds to the natural frequency of the elastomer layer or of the separating layer, or

30  so that the first carrier can be excited well, as needed, but its natural frequency (or the

natural frequency of its vibration system) is above the natural frequency of the elastomer



Spreferred in which two adjacent layers of the layer system have the stated different coefficients of
thermal expansion. Naturally, temperature changes can also lead to changes in the physical properties
or the chemical structures of the layer materials. Separation methods that are essentially based on the
fact that the binding forces between the layers of 2@ layer system or within the to layers are relieved
completely or essentially by changes of the state of aggregation of the layer materials of solid
substances to liquid, gel-like or gaseous substances are expressly not the subject matter of the
present invention. However, the present invention also relates to methods in which a part of a solid is
the part of a layer material that undergoes transition to the liquid, gel-like or gaseous state. 15

However, not more th nl&Q t,.%, preferably not more than, 5 wt.% rticularly preferably not more
than 1 wi.9% ai oS eHie el sl doss ok esonqie dniiaion el sttt R taud. avers

between whicR ¢ PRNFCFESepaGi AkaP IR REY G ENFESPAHS TSRS AT PR SAEOfo the liquid,
gel-like or gasteudbsttie sysibe) miethvitlagiccordihg taribeire setitelinterfmenithbbsedfenasdparation
ochc'ugring becaseﬁﬁa%@&lfﬁeff@om@rois@ém%;if%d w)aiehtaﬁéﬂw&_% @éfﬁé%ﬁqgé};&ﬁacf SPReSRMIC a fglrce,
which overcomes this force (mechanical separation). ti an be effected using any suitable
evices, Pretel N e REre Fy B B B Ao SR Ao (b R M roferably
consists of solFfA%edriBRSTHirfehEHtEEPFB IRt ariEs \ifth tRe v cBuRPANRifR%he action of
shearing forcestlaapagt ithéhéiaribsuidade el ibreditse ctasiende kgetood domageviordhenvsgsemin a preferred
method accorgigater thieipvention, there is - as described above - therefore at least one further layer,
preferably at least one elastomer layer and/or a separating layer, in the layer system between the first
carrier and the wafer. As a rule elastomer layers have coefficients of 30thermal expansion that are
markedly diffef@REfRIAREBERATCREANBIIHR AP RIGHAR SIS GRSINCHUHCIFOIRerh Bl 1aysé oefficient of
thermal expansmoatder besearidddiyapprdpeateto- B6 waéleidiercoédnateibedid reaipreteureld method
according to thednvention thesris sbeseinge Bt irashanrrlagtometlrysr hetyeanithefitst carrier and

the wafer. In a Qreferred ]method accogping o) tI'tJe inventipn the{e is atkleas one# er that consists
S é)ri\raﬂon carrier asser|n al Wg er takes aCF b? ween e syriace o ?(e V!L)a§l’ .
completely or partially of a’silicone elastomer between the Tirst carrier an e wafer. ilicone

elastomers ar@HarRLEAFESYHAR tREIFFIEE REFRERNproperties, in particular their strength and
hardness, only change to a particularly slight extent when there are temperature changes, and

therefore even a4 igk ISRRRERIUFAS RRAT® I BRUKEA ST L6 SRR AHE hARRIERI QR AL EAME

circumstances, th Xstil 0SSess s fficienﬁ strength to withstand the force .that.(geve.lorﬁ.hrough
. li/l dsecf { n Il COF{I Ination Fl\llt one %I’Ia{'ltSI Qr 1), or In. compination, wi varia | .
shearing. Materials that soften too much when to the temperature rises would absorb and neutralize

the shearing fGREEY MY @BEMNIALIDE. CRRR 2RAfieReIRBLFRET TP eLpeRTSIBANST I3HRESHERTaSYomers is
about an ordetlehgiagthiude @vave thfab ofagdicoyntancdglapsitsof thatdhe pystductiditiofestiesses and

shearing forceg thrQabiRDRESIHIRIShaNgssReVERM IRYS & Bllkane hraleiialgsagdmyjlicon and

glass layers is paiicylary effectve.

20  The separation of layers of a layer system by altering the temperature according to the
method of the invention is based exclusively or essentially on the different coefficients of
thermal expansion for the various materials of the individual layers of the layer system, for
example first carrier, second separating layer, elastomer layer, separating layer and
wafer. When the temperature changes within the layers, forces develop, so that the layers

25  should expand by varying amounts in the direction of the planes of the surfaces. In
contrast, sideways expansion of the layers is only possible to a limited extent or not at all,
owing to the force of adhesion between the layers together or to the first carrier and to the
wafer. In this way, strong shearing forces develop between the surfaces of the layers,
which can lead to separation of the layers between the surfaces of two layers adjacent to

30 each other.

Therefore a method as described above is preferred in which the layer system contains a

layer (including the wafer and the first carrier) whose coefficient of thermal expansion



15A method according to the invention is further preferred in which there is at least one separating
layer between first carrier and wafer. As described above, the separating layer endows the layer
system with a required breaking point, upon which small forces of adhesion act, therefore making easy
separation possible. This is also an advantageous Zmbodiment when carrying out variant Hi). A
method according to the invention is 20 particularly preferred in which there is at least one elastomer
layer and a separating layer between first carrier and wafer. In this case the elastomer layer can serve
for production of the shearing forces and the separating layer can serve as the required breaking point.
It is then most preferred if the layers of the layer system are arranged in the order first carrier,
elastomer layey, separating layer and wafer, as described apove. The separating 25 _layer is then
oroferably o pGIe DRy oAS TR 0! SRS o P D LR el cses hermal
expansion beliforasiistilaier ety e 68 e agat oRNeiai R RIRE IR § toAheT idY@ntion is
further preferretitire Vabeclsytbrere arsvatdealst tiveseqanating ydeydre tha encfipsivideadion eved wafer. A
method accordjgg dpiHRereRHpRs iR PR ticsaEiRrefaHar:mn WRiciHh esqrs AlcRlRARMANlayer and two
separaling layers 30 bemween fist carrier andwaler, it is most prefetned (e layers.of fhe laver
system are arfan ea in the order first carrier, seconcs1 sepyara |¥1g fgyer, elastomer layer, separating
layer and waféPeaE RS QiBEa M ERANSYY - With such an arrangement, separation of first carrier and
wafer (of carrier assembly and laminar structure) can take place on the separating layer or on the

second separgfipgdmy fEmbdmfirdhanyefetiedidh At ihigAHANI MRS &@%@E@Q{r lpyer brings
about the prodlfjlction of th shea}rmé; forces durilng segaration cc r(ij]int to varian HD. The 5
e I eB oas t agag ly ba

. chemical strucyres (0] ayelr. meat%rla SYS ration me e essential Se.
separating layérs sérve not only as required breaking points, as above, but also ensure that any

residual layerS 8BS aii) Ciaren SRS in dUeEsTRARSVATEE BXRTBY ariBin Heiring
processing of laydersietheidase reruplectiare eftentslpBoteehtedarngbeterperfaygegminatwois. It is

therefore impggiantihiatitRetayed sysiemede RalidelamibateandibysHmirlEsasdy deadsig separation of

first carrier anqo\{vt%ger uring ‘_{Zoeorc sing of tpe Watflce)rr]. Because, as described above, elastomer layers

subject the laminar stracture p%r ic aer?ﬁqdrng\fgnstre'sses and shearing forces when there are

temperature variations, appropriate precautions must be taken to prevent separation of first carrier and
wafer during progessintye ibdseneihedtiaocosdirgatestenirtention whittesgiancopeeteliveid wherein the
layer system pavided PstrR @G MRS, RIIALE RIS IRERIUIBYSE ARG WaaRmRdUesd. In such a
way that, in the la %rsxgt%rgrgtihexaf&%qj , flemperature tbeg%eﬁnnZé)m(;t and 200 Hnorg]geer%gﬁnlcal stresses
develop between the SUPrACES oF the dladtdmer %))ér?i)nanot e adj'a%éar?t StirfatéS and’the elastomer

layer is hardeMeHMFTHRNJr et 8Bt e e Ay HiRVirRge ISPk avi S H{rde imey sTasEakPstomer
between the achakceritttayérgecf tHeanesminaicstrarctuirehiab theptearipe nakere @dorhidy thederghould be

freedom from glesRASoM B iamRaRHY fylfdhRnREEIesabY selpgted so that the laminar structure is
preserved at all processing temperatures applied. In particular the laminar structure should remain

stable at room temperature. The hardening temperature depends 25 on the material, so that in order to
reach a desiret"feRAIG A EIWAILIF METRNISHRIURA I8 AFPERABITFRBATSHSIBERID PR skilled in
the art witb modhéyftihe: elasitiemsic miaterialidotrespgadinglythehasedppeseinethodragcarding to the

invention is preferssd Whessinthesanaiatieadakesplace or is supported by - 28 -

Heating can be effected using any suitable devices. Preferably the entire layer system is

heated.

As described above, the first carrier preferably consists of solid materials. Direct contact
25 of the carrier with the wafer could, through the action of shearing forces through the hard
surface of the first carrier, lead to damage to the wafer. In a preferred method according
to the invention, there is — as described above — therefore at least one further layer,
preferably at least one elastomer layer and/or a separating layer, in the layer system
between the first carrier and the wafer. As a rule elastomer layers have coefficients of
30 thermal expansion that are markedly different from the coefficient of thermal expansion of

silicon. Furthermore, the coefficient of thermal expansion can be varied by appropriate



stresses develop between the surfaces of the elastomer layer (4) and the adjacent surfaces, or
(incooling the layer system or parts thereof to temperatures that are at least 100C, preferably
150C below the temperature at which no mechanical 5stresses develop between the surfaces of the
elastomer layer (4) and the adjacent surfaces As-a2gsult, the temperature at which separation is
performed is sufficiently different from the temperatures at which the wafer is processed. A method
according to the invention is also preferred wherein the layer system provided 10 in step a) contains at
least one elastomer layer containing or consisting of silicone, which was hardened in a range from 80C
to 220C, preferably in a range from 120C to 180C between the layers of the layer system, separation

being carried out 3t terperatujes I the fange 1o 2006 0400 preferably In e pange from 250
to 350C. e INVention 1S explaiRed In more detal Delow on the Dasis Of drawings and an example.

15Drawings affdSRaApRsRRs BYRr PewesieinaeheitdhietMé fivention. Fig. 1 shows a layer
system to be separated, comprising a wafer after thinning. Fig. 2 shows a layer system to be

separated, which is alieasy, fxed fordhm sePHatNE AR AN AREY AW SHIG SAYRIsSYStem to be
separated durl:ngntkllee&egaratln yoggegaglfl)cndngoelfégfoérln grhgg\t/s a nschematlc model for an |Q£|P|te vibrating
¢

plate. Fig. 5 SO LM eh BCS e linear expansion ang‘?ﬁetrheesfJ"ifélr(ff’1 g ?(ragggstiﬁ g%ody. The

reference Symbtieeat/eRE 611 310t e BAATYs N 1HPS tibaiFriepehcaY iIRIORYEE P BlyPAHIEHIB'example
given in Figs. théo S)aiptetastomendayesnly 28angd # a particularly slight extent when there are

temperature changes, and therefore even at high temperatures, as are required for the
separating operation in some circumstances, they still possess sufficient strength to
withstand the forces that develop through shearing. Materials that soften too much when
10  the temperature rises would absorb and neutralize the shearing forces by deformation.
The coefficient of thermal expansion of silicone elastomers is about an order of
magnitude above that of silicon and glass, so that the production of stresses and shearing
forces through temperature changes between layers of silicone materials and silicon and

glass layers is particularly effective.

15 A method according to the invention is further preferred in which there is at least one
separating layer between first carrier and wafer. As described above, the separating layer
endows the layer system with a required breaking point, upon which small forces of
adhesion act, therefore making easy separation possible. This is also an advantageous
embodiment when carrying out variant iii). A method according to the invention is

20 particularly preferred in which there is at least one elastomer layer and a separating layer
between first carrier and wafer. In this case the elastomer layer can serve for production
of the shearing forces and the separating layer can serve as the required breaking point.
It is then most preferred if the layers of the layer system are arranged in the order first
carrier, elastomer layer, separating layer and wafer, as described above. The separating

25 layer is then preferably a plasma polymer layer, as described above, which in its turn

preferably possesses thermal expansion behavior similar to that of the elastomer layer.

A method according to the invention is further preferred in which there are at least two
separating layers between first carrier and wafer. A method according to the invention is
particularly preferred in which there is an elastomer layer and two separating layers
30 between first carrier and wafer. It is most preferred if the layers of the layer system are
arranged in the order first carrier, second separating layer, elastomer layer, separating

layer and wafer, as described above.
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With such an arrangement, separation of first carrier and wafer (of carrier assembly and
laminar structure) can take place on the separating layer or on the second separating
layer. It is further preferred if, with this arrangement, the elastomer layer brings about the
production of the shearing forces during separation according to variant iii). The
separating layers serve not only as required breaking points, as above, but also ensure
that any residual layers (as described above) can easily be removed from wafer and/or

carrier.

During processing of wafers, the layers used are often subjected to large temperature
variations. It is therefore important that the layer systems do not delaminate and thus
already lead to separation of first carrier and wafer during processing of the wafer.
Because, as described above, elastomer layers subject the laminar structure to
particularly large stresses and shearing forces when there are temperature variations,
appropriate precautions must be taken to prevent separation of first carrier and wafer

during processing.

A method according to the invention is therefore preferred wherein the layer system
provided in step a) contains at least one elastomer layer and was produced in such a way
that, in the layer system at exactly a temperature between 20C and 200TC, no
mechanical stresses develop between the surfaces of the elastomer layer (4) and the

adjacent surfaces and the elastomer layer is hardened.

The preferred method for achieving this state is hardening of the elastomer between the
adjacent layers of the laminar structure, at the temperature at which there should be
freedom from stresses. The temperature is then preferably selected so that the laminar
structure is preserved at all processing temperatures applied. In particular the laminar
structure should remain stable at room temperature. The hardening temperature depends
on the material, so that in order to reach a desired temperature, at which there is the
stated freedom from stresses, a person skilled in the art will modify the elastomeric

material correspondingly.

Therefore a method according to the invention is preferred wherein the separation takes

place or is supported by

0] heating the layer system or parts thereof to temperatures that are at least

100<C, preferably 150C above the temperature at wh ich no mechanical



29 30,311533 34 separating layer structured front of the wafer back of the wafer separating part
of the layer system, comprising the first carrier wafer (front and back) laminar structure (in the example
given in Figs. 1 to 3) adhesion-promoting side of the second carrier layer system to be separated
(without second carrier) second carrier - 28 -

stresses develop between the surfaces of the elastomer layer (4) and the

adjacent surfaces, or

(i)  cooling the layer system or parts thereof to temperatures that are at least
100<C, preferably 150C below the temperature at wh ich no mechanical
5 stresses develop between the surfaces of the elastomer layer (4) and the

adjacent surfaces.

As a result, the temperature at which separation is performed is sufficiently different from

the temperatures at which the wafer is processed.

A method according to the invention is also preferred wherein the layer system provided
10 in step a) contains at least one elastomer layer containing or consisting of silicone, which

was hardened in a range from 80T to 220<C, prefera bly in a range from 120 to 180C

between the layers of the layer system, separation being carried out at temperatures in

the range from 200C to 400<C, preferably in the ra nge from 250C to 350C.

The invention is explained in more detail below on the basis of drawings and an example.

15 Drawings and examples are not, however, intended to limit the invention.
Fig. 1 shows a layer system to be separated, comprising a wafer after thinning.

Fig. 2 shows a layer system to be separated, which is already fixed for the separating

operation and
Fig. 3 shows the layer system to be separated during the separating operation.
20 Fig. 4 shows a schematic model for an infinite vibrating plate.
Fig. 5 shows schematically the linear expansion and the resultant stresses in a body.
The reference symbols have the following meanings:
1 first carrier

la carrier assembly (in the example given in Figs. 1 to 3)

25 2 elastomer layer



dicing frame holding means for fixing the first carrier separating aid alternatives for direction of action
and point of application for the force bringing about separation separating front end of the separating
front aedge length of the body or volume element a+sedge length after length change through heating
plate thickness zoMore detailed description of the deawings Fig. 1 shows the layer system to be
separated 19, 20. A first carrier 1, which is preferably in the form of a glass plate, is bonded to an
elastomer layer 2, which in its turn is bonded to a separating layer 3. The separating layer 3 is bonded
to the active front of the wafer 4, 5. The force of adhesion between the separating layer 3 and the
wafer 4, 5 is the smallest 25 within the whole layer system. The second carrier 20 is fastened to the
back of wafer 5, Said secong calrrier can be in the form of dicing film, which is clamped in a dicing
frame 21. Fig. 5’ shows ?H%rfi'a{g‘/%rag)elétem to be separated 19, 20 in the state ready for separation. The
first carrier is fifed on &'WadRS FOPFXiRY Wrlsfirst carrier 28. The layer system to be 30 separated,
which comprises the fitstkafier Gafstill has full-surface bonding with the wafer (front and back) 7. The
separating aid 29 is bopdedflat jatbesesgadsasiesfRurdsHligaedparallel to the second carrier as
well as to EFhe first carrive\:/r ee\r;%\(]vtsaﬁg) an 31 show - 30 - possible directions of action and points of
application for the force%af Brings apout separation. Fig. 3 shows the separating operation, in which
the layer systef to be SBPRFSEHYE BUIHE S6HaRSBHSHIB i gdf B the layer system to be separated,
comprising the 8irst caaibeg§db-ardhtited ainervdtistnectunec@zd. This is brought about by the force
applied in the ggion ofgerysh Whichbaathewrsslt thattheseparating aid 29 is moved away on
one side from ége holdisrégormde(%rr]ﬁ;eﬁor fixing the first carrier 28 and so also from the first carrier 1. This
causes curvature of the separating aid. This curvature is followed completely by the second carrier 20
and hencd alsttby the WHIRF'#¥M&s a result, a shearing action develops 10 in the layer system to be
separated 19,28hich abtidingheaegfonfivhtitees@paratiag front 33. At the end of the separating front 34,
the force of adiwesion kehye@ngtha part of the layer system to be separated 6 and the wafer 0. In the
present examplefie SeRARIAZ A B3 LR a5 EARRNRGBIARE R4S EBISR, e wafer 7

and the separating layer 3. _
about separation

15 33 separating front
34 end of the separating front
a edge length of the body or volume element
a+s edge length after length change through heating
d plate thickness

20 More detailed description of the drawings

Fig. 1 shows the layer system to be separated 19, 20. A first carrier 1, which is preferably
in the form of a glass plate, is bonded to an elastomer layer 2, which in its turn is bonded
to a separating layer 3. The separating layer 3 is bonded to the active front of the wafer 4,
5. The force of adhesion between the separating layer 3 and the wafer 4, 5 is the smallest

25 within the whole layer system. The second carrier 20 is fastened to the back of wafer 5.
Said second carrier can be in the form of dicing film, which is clamped in a dicing frame
21.

Fig. 2 shows the layer system to be separated 19, 20 in the state ready for separation.
The first carrier is fixed on a means for fixing the first carrier 28. The layer system to be
30  separated, which comprises the first carrier 6, still has full-surface bonding with the wafer
(front and back) 7. The separating aid 29 is bonded flat to the second carrier 20 and is

aligned parallel to the second carrier as well as to the first carrier. Arrows 30 and 31 show



Through the area fixing of the second carrier 20 to the separating aid 29 (also) 15 immediately
adjacent to the separating front 33, optimum transmission of force is ensured: the vertical forces acting
on the wafer are relatively small and increasing within a gradient over the separating front 33 up to the
end of the separating front 34. As a result, particulady in the region of the separating front 33, a virtual
curvature angle is produced, which approaches infinity and therefore loads the wafer 7 as little as
possible. 20Fig. 4 shows the vibration system that is present on excitation of the natural frequency of
an infinite plate. It is a model for the vibrations of the layers in the layer system. The natural frequency
of such a layer is calculated to a first approximation from the formulaf. =2d where n =1, d is the
thickness of the I%}e,gE ist.Younfg'stmoduIéJs antd pfis th ensit ({ﬂ‘ Z?the H-I‘atteo materE;lI. tThe natural
frequency thu$ ‘depends essentiafly only on the matetial properties and the 1ayer thickness. - 31 - Fig.
5 shows the b&#VAIPHf a volume element of a solid body that is subjected to a volume change
because of a change in temperature. The diagram on the left shows a free volume element, in which

the volume elengentasformsssymelisaiviandhsiassaitagyPa theight ayolme sloment is shown,

which is fixed at tolp and boﬁtom. TT%ls as smghﬁe%re resentation of the ﬁlttg.atlon of a layer in the
separated Into the It of t Iayer S S{ m to % eparate Comrﬁ)l’l II’]? fhe irsf carrier 6 .

layer system t0 Be'Uge ‘daccording to the’invention on the assumniption that the volumes and interfaces

of the othér lafefsedampEnge R RetPtHoisdripevail AP XA M desiores aRped EHARGRIIRe¢Esentially only

still possible iratiogr direchion HEarpenesouhat chthesprp@rgeid o vsen dnta riaee oindiesdisgeion of the

interface, stregaefdifvglaRaRerRURRJNRIHed aHIdRe8 S k@RBAULRAIASHE AR KliRgar diension.

Delamination ocaurs op tnese nigriacss when,ipeforce, produced gy lng stiesses,on (e interfaces
exceeds the fOTCe Of adhesion betwden the ﬂwfierfaces.clgxamples: xampﬁenlp&eﬁargtlon according to

variant 0: The Te6PRbA" RafBrr1ENeAS Slige BhieHIEIETHe Alcttrstic TEMAPUIEMIECAIISRR, is 15
coated byoPEGMER Vaiter ayplasmebpshpaereselsaratiicigaey ér thEhsy®epdtatingpayand sradjgsted with
respect to its aghesion BreResties amdhailt haseiatvely dauasnssiar oththasidedacipe the wafer,
whereas there s hjoh,3dnesion. g inc, Avel,applies spPseaueniby on ng sids fuped auay from the
wafer. This lastmentioned I%lyer IS, in the present examBIe, A silicone elasto \er Cagye , Which is first
applied on a gFasY'pidbatdierieragicanie e RaMeshdRer T Bohaktiie tResAraa i)y Upblied separating
layer on the separating layer side with the elastomer layer applied on the glass plate. It is now a layer

system comprigingdhewalpestheiseRAralingdavsr . dhaslastagendaysranf dhs £1ass alate as carrier.
Bonding can he effgct d with tr!?l(f‘al plonds known from tpe rior art, For details on 25greparat|on of
15 mm |ate}6 a Jac% o the se ratm%CIrO t 3 r%thurP w6m|33|on of force IS
the layer system described, réference maf € made for ekample to
ensured: the vertical forces acting on the wafer are relatively small and increasing within
a gradient over the separating front 33 up to the end of the separating front 34. As a
result, particularly in the region of the separating front 33, a virtual curvature angle is

produced, which approaches infinity and therefore loads the wafer 7 as little as possible.

20 Fig. 4 shows the vibration system that is present on excitation of the natural frequency of
an infinite plate. It is a model for the vibrations of the layers in the layer system. The

natural frequency of such a layer is calculated to a first approximation from the formula

where n = 1, d is the thickness of the plate, E is Young's modulus and p is the density of
25  the plate material. The natural frequency thus depends essentially only on the material

properties and the layer thickness.



2007/099146. Next, the wafer is thinned on its exposed back. Thinning is carried out by methods
known from the prior art. During this, the wafer is thinned to a thickness of 50 km. After thinning, the
layer system, which comprises the wafer, is transferred to equipment in which the 30back of the wafer
is further processed by etching. The etching servesgin particular for correcting surface damage of the
back of the wafer, which was caused during thinning. - 32 - The etching operation takes place
according to the prior art, e.g. by a wet chemical process by means of an etching bath or a dry
chemical process by means of plasma. In particular, etching completely removes damage in the form
of flaking and cracks and the wafer acquires higher mechanical and thermal resistance. 5Then a dicing
fim, e.g.: Lintee Adwil s aminated with 15 adnasive side onia the layer svster. ow the laver
system was plage ina separa?lng eVice, m which the back ﬂwe glass plate is ﬁxeol(by means of a
vacuum chuck/ Q8BS RN SEAG T Rr HENASO D IPNesEd AR VR dIRPEUAR, ThiBR eefvgists of a 3 mm
thick plexiglasteelatins niewditad wiscaparatimgeaidomtdefbacksphtherdidingridsietAder the vacuum
has built up orpihéEvRMaGUITFEWHReR TOraRRATRMNHIGHIRLD dhe plane e, watersis applied on
one side Qf the plexiglass RIS, TS foce causes | eaf'%’%?"?np'r?&'%'asr.ss?é's?éren to,agnd, and the
bending leads to or_ma{lgn o? a separaﬂng ront In the layer system. This Separating #on? runs in the
plane betweeftHEHHOSPIHRY GRARS ARG RESUBIBLPALTR 1858P!UTIRS BRhIIREASE R PRediftfiass plate is
convex relativeyershie ficstidngamien Wheneasaine waiegeand thierse coad)e @ vgsefoiddyotie continuous

bending of thesplexialass plajie (vastiem shyekdidhis is net thepeasadvidhdhentesi@f thedryer system,

which is fixed ((j)lpe('[:lt"lng fig?tt carrier The resultant shearin af%rec%grfi&gé QPP% Sthc%1 sne(ﬁ)%h%]qon of the wafer

he_jntérface, strésses develop, pbe
from the separat!nP Payer.erhe force can be aajus{écf)so ﬂwat even very thin waters as I the present
example With 290 HiRkAESSSP 5P BRI Beoseya it df s iaGs MM PTsPOIHTES. This occurs
because the septiratiregfesonthasrEcehewesle the faratahgdhesiacbaveontnelistbtesyseed. Finally the
front of the wafer is freed from the rest of the layer system. After separation, the vacuum of the two
vacuum chucks can be switched off. Now the wafer, laminated on 25a dicing film, can be removed and

les: ) . -
transferred to SuDSEGUENt processing steps, e.g. separation by dicing.

Example 1 (separation according to variant i):

The front of a wafer, i.e. the side on which the electronic components are located, is
15  coated by PECVD with a plasma polymer separating layer. This separating layer is
adjusted with respect to its adhesion properties so that it has relatively low adhesion on
the side facing the wafer, whereas there is high adhesion to the layer applied
subsequently on the side turned away from the wafer. This last-mentioned layer is, in the
present example, a silicone elastomer layer, which is first applied on a glass plate as first
20  carrier. Then the wafer is bonded to the already applied separating layer on the
separating layer side with the elastomer layer applied on the glass plate. It is now a layer
system comprising the wafer, the separating layer, the elastomer layer and the glass

plate as carrier.

Bonding can be effected with typical bonds known from the prior art. For details on
25 preparation of the layer system described, reference may be made for example to WO
2007/099146.

Next, the wafer is thinned on its exposed back. Thinning is carried out by methods known
from the prior art. During this, the wafer is thinned to a thickness of 50 um. After thinning,
the layer system, which comprises the wafer, is transferred to equipment in which the
30 back of the wafer is further processed by etching. The etching serves in particular for

correcting surface damage of the back of the wafer, which was caused during thinning.



- 33 - Example 2 (separation according to variant H): Example 2 is carried out as for Example 1 (up to
the start of actual separation), except that during building of the layer system an additional plasma
polymer separating layer is applied on the glass plate before applying the elastomer layer and is
adjusted with 5 respect to its force of adhesion sc 8t it adheres more firmly to the elastomer layer
(after preparing the layer system) than to the glass plate and so that the force of adhesion between the
glass plate and this separating layer is the least between two layers in the layer system. In addition, a
normal chuck is used for fixing the dicing film instead of the flexible plexiglass disk. No forces that
could contribute to separation of the layer system 10 are exerted on this chuck. The glass plate is fixed
on the (aluminym) chuck so that there is a common vibration system, whjch is about 4 mm thick. This
o excited with 15 SRR SN A R SR T0 P o T b TR the carrir
assembly. SePEteRrSPYAREIS|Ac Atee AR Al A HAMASRE S BEAY &Y AlkdtRe!Ylass plate.
The laminar stracituiter catphivg rempleety sempledydiflitng from toen cdifiaingssemisiskéglag shéSplate).
Example 3 (sepacrtiehAeShiBihiaNaian bt YaraaLslihis carried out as for Example 1 (up to the
start of actual separation), but without using the dicing film and plexiglass disk. Bonding in the
preparation of the layer system takes place at 150C, wherein the elastomer layer is hardened. Then
the layer Systeieis 20TubIEA. to PO Fofdub B 4G MAE Iy kY §yaM8RsTYs RaRHadSI0E for 10
minutes. Sepanatian. tadie shplager bgtweemthadotasma qepbyatiey dexereainohvtheh wiafeack bigHaminar
structure can b e pavediRyiPTRBANEIG TRTLINentakiS AR SERPRG 16ndér bEIRMNY 1-A method for
mechanically separating a laminar structure (8) from a carrier assembly (1a) comprising or
consisting of a first carrier (1), wherein the laminar 5structure (8) comprises a wafer (7) and optionally
a second, strefcsrasial ¥asHeP @UPkcHBIAG IR TOIR NN StepsXidasradidirgnauet $pstem (la, 8)
comprising theqaitietipssemiky {dcapand diedeminar structure (8) b) creating a mechanical stress in
the region of the interface between carrier 10assembly (1a) and the laminar structure (8), so that the

laminar structure (8r)] is separated from the carrier assembl%SIaIl), by a method comprising
10  After the vacuum has built up on the two vacuum cks, a force perpendicular to the

plane of the wafer is applied on one side of the plexiglass plate. This force causes the
flexible plexiglass plate to bend, and the bending leads to formation of a separating front
in the layer system. This separating front runs in the plane between the front of the wafer
and the separating layer. The bending of the plexiglass plate is convex relative to the first
15 carrier. Whereas the wafer and the second carrier follow the continuous bending of the
plexiglass plate (vacuum chuck), this is not the case with the rest of the layer system,
which is fixed on the first carrier. The resultant shearing force brings about the separation

of the wafer from the separating layer.

The force can be adjusted so that even very thin wafers as in the present example with a
20  thickness of 50 um can be separated undamaged from the first carrier. This occurs
because the separating front runs over the whole separating surface at controllable

speed.

Finally the front of the wafer is freed from the rest of the layer system. After separation,
the vacuum of the two vacuum chucks can be switched off. Now the wafer, laminated on
25  a dicing film, can be removed and transferred to subsequent processing steps, e.g.

separation by dicing.



the steps: i a)providing a separating aid (29). i b)fixing the separating aid (29) on the second carrier
(20) so that during the 15separating operation the second carrier (20) remains fixed on the separating
aid (29) directly behind a separating front (33) that arises during separation, and i c)mechanically
separating the laminar structure (8) from the carrieB®ssembly (Ia) utilizing a separating front (33),
and/or H) the following step: 20H)producing a vibration in the layer system (1a, 8). and/or Hi) the
following step: Hi)changing the temperature of the layer system (1a, 8) or of parts of the layer system
(la, 8) with the proviso that when steps i a) - i ¢) are not included in the method, steps H) 25and/or
Hi) lead to complete separation of the laminar structure from the carrier assembly. 2.The method as
claimed in C'@a%’ he eein rt{[&le rs]‘,eg%r%%nqoa\i/g 2 )i is fixed on the second carrier (20) by vacuum
suction or by mg. 3. ‘method as claimed in one of Claims 1 or 2,
wherein the wafer (7) has a 30thickness of150 pm, preferably80 pm, particularly preferably20 pm and
quite particulaHyaprngiéerablyaaitiaickinassopfEkanmie. 1-(35 to 4hel frarme thvachbsepladte) isxospe of the

preceding claifs, WhSIHNEHS 6 iha1dpasl, s RIRSRABRY FRHRERNAINYdayari{F)heteen the first

carrier (1) andatprﬁe\gagﬁrt%)'glass plate before applying the elastomer layer and is adjusted with

5 respect to its force of adhesion so that it adheres more firmly to the elastomer layer (after

preparing the layer system) than to the glass plate and so that the force of adhesion
between the glass plate and this separating layer is the least between two layers in the
layer system. In addition, a normal chuck is used for fixing the dicing film instead of the
flexible plexiglass disk. No forces that could contribute to separation of the layer system
10  are exerted on this chuck. The glass plate is fixed on the (aluminum) chuck so that there
is a common vibration system, which is about 4 mm thick. This is excited with a frequency
of 1 MHz. After about 10 minutes, the wafer is separated from the carrier assembly.
Separation takes place between the additional plasma polymer layer and the glass plate.
The laminar structure can be removed simply by lifting from the carrier assembly (glass

15 plate).

Example 3 (separation according to variant iii):

Variant iii) is carried out as for Example 1 (up to the start of actual separation), but without
using the dicing film and plexiglass disk. Bonding in the preparation of the layer system
takes place at 150C, wherein the elastomer layer i s hardened. Then the layer system is
20  cooled to 20C. For separation, the layer system is heated to 330C for 10 minutes.
Separation takes place between the plasma polymer layer and the wafer. The laminar

structure can be removed by simply lifting from the carrier assembly.



5. The method as claimed in one of the preceding claims, wherein the layer system 5comprises,
between the first carrier (1) and the wafer (7), a layer (2) of a hardened, partially hardened or
hardenable elastomeric material. 6. The method as claimed in one of the preceding claims, wherein
the layer system comprises the following layers in g2e-stated order: a first carrier (1), 10a layer (2) of
elastomeric material as described in Claim 7, a plasma polymer separating layer (3), a wafer (7) and a
second carrier (20). 7. The method as claimed in one of Claims 4 to 6, in which separation takes place
15between the surface of the plasma polymer separating layer and the surface of the wafer. 8. The
method as claimed in one of the preceding claims, wherein the separating aid (29) is a flexible plate. 9.
The method a cll%ismed in Claim 8, wherein the first carrier (1) is fixed on a holding 20means (28), the
flexible plate ( d the holding means (28) each have at least one shaping and wherein the force
acts between at least one shaping of the flexible plate (29) and at least one shaping of the holding
means (28). 10. The method as claimed in one of Claims 8 or 9, wherein the separating aid (29) is a
plexiglass disk.. 251A.. Trie¢hodethiochesheatéintip sapaaingf Llamirsbd sout@yrevii@rdionthe leyeersystem (1a,

8) provided in step (@)MMasmREQSUeRMHIGRHEh RWRYH 3L dnithelavar aysigiirdiban8)ahigxactly a

temperature betwee ZQC to 200C, no mechanical stresses qfevelo - §6 - beﬁwqen the surfaces of
5 sirycture coan;jrlses a warer an Rptlona ¥ a S an Stl’eﬁi aple carrier
the elastomer layer 4“% and the adjacent surfaces’and the elastomer layer i1s hardened.
, comprising the following steps:

(20

a) providing a layer system (1a, 8) comprising the carrier assembly (1a) and

the laminar structure (8)

b) creating a mechanical stress in the region of the interface between carrier
10 assembly (1a) and the laminar structure (8), so that the laminar structure (8) is

separated from the carrier assembly (1a), by a method comprising

i) the steps:
ia) providing a separating aid (29).
ib) fixing the separating aid (29) on the second carrier (20) so that during the
15 separating operation the second carrier (20) remains fixed on the separating aid
(29) directly behind a separating front (33) that arises during separation, and
ic) mechanically separating the laminar structure (8) from the carrier assembly
(1a) utilizing a separating front (33),
and/or ii) the following step:
20 i) producing a vibration in the layer system (1a, 8).
and/or iii) the following step:
iii) changing the temperature of the layer system (1a, 8) or of parts of the layer

system (1a, 8)

with the proviso that when steps i a) — i ¢) are not included in the method, steps ii)
25 and/or iii) lead to complete separation of the laminar structure from the carrier

assembly.

2. The method as claimed in Claim 1, wherein the separating aid (29) is fixed on the

second carrier (20) by vacuum suction or by means of electrostatic charging.

3. The method as claimed in one of Claims 1 or 2, wherein the wafer (7) has a
30 thickness of < 150 um, preferably < 80 um, particularly preferably < 20 um and

quite particularly preferably a thickness of < 10 um.



12. The method as claimed in Claim 11, wherein separation takes place or is supported by 5(i)heating
the layer system or parts thereof to temperatures that are at least 100C, preferably 150C above the
temperature at which no mechanical stresses develop between the surfaces of the elastomer layer (4)
and the adjacent surfaces, or (i)cooling the layer sgstem or parts thereof to temperatures that are at
least 10100C, preferably 150C below the temperature at which no mechanical stresses develop
between the surfaces of the elastomer layer (4) and the adjacent surfaces. 13. The method as claimed
in one of the preceding claims, wherein in step (H) the vibration is produced by a vibration-generating
device, preferably by ultrasound generators and particularly preferably by piezo ceramics and is
wansmitted by, L5ditget mechanical conjagt.of solid.badies,or contact mediaied by aliguid from the
device to the layer system Iaa, §). X he Method =8 TTaimed i one of the preceding cfaims, wherein
in step (H) the carriéP{ PiaE RH¥at0Somsrate LRYAISRI ISR (i FaticAliR e anAd aedte. 15. A device
for carrying out a m@fhod as claimed in one of the preceding claims, 20comprising a holding means
(28) for fixing the first carrier (1) and a holding means for fixing the second carrier (20), wherein the
holding means (28) 1 fdngdhe seresditardast (@0)piedesigreshas vheepatadingaidyctd), as defined in
one of the;preceding, (I a5dRBHANAN NGRS IPANEREINAMIR YLV B 2RY/QL-IGY, generating

vibration of the layer system. _ _
partially hardened or hardenable elastomeric material.

6. The method as claimed in one of the preceding claims, wherein the layer system

comprises the following layers in the stated order:
a first carrier (1),
10 a layer (2) of elastomeric material as described in Claim 7,
a plasma polymer separating layer (3),
a wafer (7) and

a second carrier (20).

7. The method as claimed in one of Claims 4 to 6, in which separation takes place

15 between the surface of the plasma polymer separating layer and the surface of the
wafer.

8. The method as claimed in one of the preceding claims, wherein the separating aid

(29) is a flexible plate.

9. The method as claimed in Claim 8, wherein the first carrier (1) is fixed on a holding
20 means (28), the flexible plate (29) and the holding means (28) each have at least
one shaping and wherein the force acts between at least one shaping of the

flexible plate (29) and at least one shaping of the holding means (28).

10. The method as claimed in one of Claims 8 or 9, wherein the separating aid (29) is

a plexiglass disk.

25 11. The method as claimed in one of Claims 5 to 10, wherein the layer system (1a, 8)
provided in step (a) was produced in such a way that, in the layer system (1a, 8) at

exactly a temperature between 20C to 200C, no mec hanical stresses develop
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between the surfaces of the elastomer layer (4) and the adjacent surfaces and the

elastomer layer is hardened.

The method as claimed in Claim 11, wherein separation takes place or is

supported by

® heating the layer system or parts thereof to temperatures that are at least
100<C, preferably 150C above the temperature at wh ich no mechanical stresses

develop between the surfaces of the elastomer layer (4) and the adjacent surfaces,

or

0] cooling the layer system or parts thereof to temperatures that are at least
100<C, preferably 150C below the temperature at wh ich no mechanical stresses

develop between the surfaces of the elastomer layer (4) and the adjacent surfaces.

The method as claimed in one of the preceding claims, wherein in step (ii) the
vibration is produced by a vibration-generating device, preferably by ultrasound
generators and particularly preferably by piezo ceramics and is transmitted by
direct mechanical contact of solid bodies or contact mediated by a liquid from the

device to the layer system (1a, 8).

The method as claimed in one of the preceding claims, wherein in step (ii) the

carrier (1) is excited to vibrate exclusively by a vibration-generating device.

A device for carrying out a method as claimed in one of the preceding claims,
comprising a holding means (28) for fixing the first carrier (1) and a holding means
for fixing the second carrier (20), wherein the holding means (28) for fixing the
second carrier (20) is designed as a separating aid (29), as defined in one of the
preceding claims and optionally means for heating the layer system and/or for

generating vibration of the layer system.





