Met hod for separating a | ayer system conprising a wafer The invention
relates to a method for mechanically separating a | am nar structure
froma first carrier assenbly, conprising or consisting of a first
carrier, wherein the |am nar structure conprises a wafer and
optionally a second, stretchable carriler. It further relates to the
use of a particular separating aid for separating a | am nar structure
and a device for 5carrying out the nethod according to the invention.
Prior art In the sem conductor industry there is a constant demand
for thinner and thinner conponents, or wafers from which these
conponents are isolated. In the production and in particular in the
thi nning of wafers, |am nar structure solutions are enpl oyed, for 10
protecting and mechanically stabilizing the wafer that is to be

t hi nned during the thinning process. These | ayer systens al so perform
the stated functions in subsequent processing steps. In particular,
however, they serve to stabilize thinned wafers, which owing to their
smal | thickness are particularly mechanically sensitive. Layer
systens are used for this, conprising materials that are the nost
suitable for the particular purpose, e.g. filns, other 15wafers or

gl ass plates. These parts of the |layer systens can in their turn be
conbined with wax, elastoners or other plastics. - 2 - If, in these
| ayer systens, a glass plate or a disk with mechanical properties
conparable to the wafer that is to be thinned - as naturally in
particul ar another wafer possesses - is used as carrier, which in
particular is to serve for stabilizing the conplete Iayer system it

i s advantageous and in sone circunstances even necessary for a |ayer
to be present 5 between the surface to be protected and this
carrier, said |layer joining together

the carrier t rﬁ“%% re sufficient
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|rregular|t|es that are usually present on the surface of the wafer
to be processed. These topographic |rregular|t|es are caused for 10
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In the production of very thin wafers, thinning inposes a high
mechani cal Eathng on the wafer that is to be thinned. As the wafer
that is to be thinned has often already gone through a | arge nunber
of manufacturing steps and in particular often already includes the
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with wax, elastormers or other plastics.




- 3 - so that during the thinning of the backs, these depressions are
al ready reached and therefore pass through. The conpany DI SCO Hl - TEC
offers a process, called "Dicing by Ginding", in which the wafer

can, by neans of thinning, also be separated. In this, structures are
ground-in, 5 scribed or etched on th&-front of the wafer before
applying the carrier. These 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 hreakage certai reduced,
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| ayer is brought
be thlnned (i.e. the 51de 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



| aser energy. Once again there is the problemthat parts of the
adhesive layer remain on the wafer surface, necessitating expensive
cl eani ng. As cl eaning neans additional expense, causes additi onal
mechani cal and often also 1o chem cal stressing of the thinned wafer
and/or it is very difficult to ensurest-hat all residues of adhesive
are adequately renoved, for many applications purely mechani cal
solutions are preferred, in which a separating |layer is pulled
mechani cally off of the active side of the wafer, so that no residues
remain. A separating layer of this kind is disclosed in WO

2004/ 051708. This separating layer is_in 15 its turn used in the
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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



separating front that arises during separation, and c) mechanically
separating the lam nar structure fromthe carrier assenbly (Ila)
utilizing a separating front, and/or ii) the follow ng step:

20i i) producing a vibration in the |layer system and/or iii) the
followi ng step: iii)changing the tenpérature of the |layer system or

of parts of the layer systemw th the proviso that when steps i a) -
i c¢) are not included in the nethod, steps ii) and/or iii) lead to
conpl ete separation of the lam nar structure fromthe carrier
assenbly. 25The invention conprises vari ants i), V) and iii), wherein
variant i) also conprises ste S [ ‘) [ and i cﬁz], vari ant ’%é“e
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that is to be separated. A stretchable carrier is in this context a
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15  its turn used in the further development of the thinning process disclosed in WO
2007/0991486, 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 2007/098146, 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 methed 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.



acting vertically between the two regions to be fixed. Preferred

met hods of fixing are 15 gluing, holding by vacuum suction, and
electrostatic holding. Fixing in the sense of this application
expressly does not include the | eading over a roll based on a pulling
force described in WD 2007/ 099146. Theé separating front is, in
connection with variant i) of the nethod according to the invention,
within the scope of this text, the region in which separation takes
pl ace. This 20 neans, ideally, it is a line on which the force of
adhesi on between the regions to be separated suddenly drops from 100%
to 0% In practical terns, the separating front will always be an
area, and wi't'hicReetH’ dheyPrEsent fruentigy (s dherdeih de iPenide g Beiid thabRsraits 009,
to > 0. The sepuhktiof of the wsfepiamathe Bibifizirgndarries durihg thinofhg trauisse réliaide pei on
where the fgg,qgaggosggfg.esi on has reached 0, and the start is where it
is just < 100% In a usual separating 25 operation, the separating
front noves over the separating plane, until the areas to be
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the layer system this interface is, in the sense of the invention,
the surface of the active side of the wafer. In the variant in which
the first carrier is bent, in order to bring about separation it is
preferable to use, as separating aid, a device that has a higher
rigidity relative to the first 5 carrier, preferably a glass plate
or a wafer. This ensures that the separating aid does not followthe
bendi ng of the glass plate and therefore the separating operation is
properly controllable. For a person skilled in the art it is

i mredi ately conprehensible that also in the separation variant in
which the first carrier is bent, control of the separatin ront i
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the (advancing) separating front. Generally, in the method according
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20a) 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
exanpl e by curvature of the first carri-er) remain uncurved relative
to the separating aid and 25b) that they do not influence the
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particularly with a high radius of convex curvature in the region of
the separating front - 10 the separating front is widened in the
direction of separation, which neans that the area in which the force
of adhesion is just snmaller than 100% (i.e. just smaller than the
force of adhesion w thout the action-&- the separating aid), is
enlarged until there is conplete separation (force of adhesion = 0).
As a result, the force vector acting upon the | ayer system has a
conparatively small part perpendicular to the separating plane. In
particular 15 this has the effect that the undesirable snapping-off,
as is known e.g. in the unw nding of Tesa film is avoided. In other
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or indirectly) by spin coating, spray coating, |am nating and/or
pressing. Mdreover, this material can be crosslinked or otherw se
nodified in its consistency, in order to influence the desired
mechani cal properties. A nmethod according to the invention is
preferred in which there is at |east -@ne separating 25 |ayer between
the first carrier and the wafer. The purpose of a separating |ayer is
to permt 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
alternativel t he separating | ayer should make possible or
facilitate PiF%‘é%eét iHPOEREE: Rdedretiod GRTAIng tp &iityaaiion fayaep osPeeSi®t t he
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separati ng Iaye s .to be a plasma polyner |ayer. 25The advant age of

pl asma pol ymer® ers is that they can be applied copying a contour,
and can therefore optimally protect the surface of the active side of
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the separation requirements. met hod according to the invention
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5 preferred, wherein the |ayer system conprises the follow ng | ayers
in the stated order: a first carrier, a layer of elastonmeric materi al
as descri bed above, a plasnma polyner separating |layer, a wafer and a
second carrier. Such a |ayer systemis described in W 2007/099146,
al ready cited above, which is incorpoil@ted by reference inits
entirety in the present application. In particular the parts 10 that
descri be the arrangenent of the separating |ayer and el astoner |ayer
formpart of the present application. WO 2004/ 051708, which al so
contains information about suitable separating |ayers, also forns
part of this application by reference. In particular this information
forms part GPPHFING IS 1ok BEYesrRchYy it RIsHPR R e medenial repstigs Hidht PasAR
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Sduring rempval the first carrier can eaS| be
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met hod eecothdilangnar etructues of waenarideaconfairetthablevatibroglseperae fiom ¢hetrest bihe

i nventi on, tn@%yéwyﬁta.ﬁehépé mtpgﬁc@é?%rfi?stt bd8er AoGbthe? Wit kM quh%hgye'sse&%d
carrier ISfIX t he outer
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i s al so t hethedis cattiesh As dpaiplegeilobeen oesekiees rppeatsdlyus ithimycaatestdpiadedidiveg ai d
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met hod accog di. 0 refer whi ch t he
separ at i ng éﬁ'\dwdﬁge saepara ll'lg fnon?%us int e case of a roIFgurmg the separatmg operatlon

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 piace 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



for separating the wafer fromthe 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 nmet hod according to the invention is particularly preferred in

whi ch the separating aid is a flexiblélplate. In a particularly
preferred nmethod according to the invention, for detaching the wafer
the flexible plate is defornmed convexly at | east partially (starting
fromthe onset of separation 20 in the region of the separating
front) by applying a force that acts at |east partially
perpendicularly to the surface of the flexible plate and is directed
away from t fea fell-syrace yyithjlasge cirmgmiprepasy refaiys, oy thlaphr SYafe Onse ag2ipdita  of
the flexi bl ee@hat®ridrronmnctduet df ity Bingriatsmpmled t6 fdle the @drerdx cubvarted braiek
according t enti ef er i I ris
Fixed on'a vy QMo B ui: Hifh SohRraghl, M Bichiat sti%fs@@a%f. g
aid and the S}‘F(‘J‘?“aﬂﬁﬁmﬁﬁeaﬁ’é a%l?ﬁPa'taH'@ @P@R‘?rﬁlaécc‘ﬁ'%t‘%"%f&&ﬁ &\f@ceéﬁar}’é’ast
one shapisng easutk thitehd isteearrief does hitmgios drdoradd @nvexaidmidien dfeficolamati on

of the flex's%cﬁ;r@%@ﬁ@?a ﬁ@&r%gRﬁée%@t@op@%etlzv@éﬁ&m|9£}%tr§4ﬂ@éﬂﬁg[rsqgarﬁ§e
flexible plate and at |east one shapi ng of the holding neans (and/or

acts there). - 16 - can be applied. Preferably in each case one or
nore of t he itshayl regwintd otheicé hgeval thdt parpidutetle gadbminl @ithetseparsibb dentis s a

stud. Parti %Hs!sﬁafe' é{ccl%ﬁé & @Qﬁa)ﬁt tJﬂQheSFnBﬂ&j %Ec%roﬂﬁptgsthé %werﬁn@n V\!ﬁa}&cta
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a

S
then parti clfarfy Wé O"p%l @err%%)ﬁ%%? ﬂaér%?]aéc'{eg %B@%ﬁ %?ﬂp%l"f
PMVA, tr ade Seraratian #@rpﬁefrgﬂhe%n Ui A6 @f e\ foreecyegior actigh agen the layer
Pl exi gl as(r kystdal MER@CYMpdrativEly srﬁ’maﬁwbr))emcu@} 18 ShelR@barAIRG BRAA I particular

(abbrevi @tl s t{)a%’lhe erffgg‘aqa %e ﬂﬁlc!gggab nap m T a%al %n%wﬁe% in %Xu%@bdlp? Qfe

materlals f or are ecte erson s éd in
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as | oadi ng afcotdig toak eivetion, e it LeNEINE taf paitit@larbapitdatinbargnick irae..
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accordi ng t Qe idgn di @‘é@ﬁ%fe%tetr QIQorQI’rH‘c\éﬁ‘ieP('éﬁd r%fluréllp?orméerhQiQ%y&fs L.
separating aid can al so br ought about | om ng a svve?’ 't ng body
to swell. Said swelling body must be swtably fixed on the separating
ai d, so that niethodarcobiirigrig thaliroertiob [3epraterred &t wiriah, inChriam0il nisesepdrhiing aid
separating ailed &Sk Eecgmaﬂlem Rard oﬁyu%bdn'dpgy Riaghe: of a%%sta&crc% 2hg

nmenti oned above, as an alternative nmethod it na ret erabe
for the sengeo?P Hge &1 ine bapseing adyegRar el H%S"F@stgeyfclaafﬁ HF%P P Bhe
first casri enlyod apampisthe seperatitg aid wih efess@bingolf but int preticsleptaesadva ghe

oper ati on te&am@amaw% R¥n Basibe/@ldisdd 4Qhin b Swilching bt $1sLtiBHK or Byhi S
first carrier E a glass plate or a wafer. A preferred

material fof*% '89&865?*5% °g°“3%8— isinthis case a sinter plate. In

the case of this alternatively preferred 25 nethod, it is of course

sensi bl e nofg taQeJdW?nénh@weﬁ' Wl reah&h&r adasrdfaalw Weinbdror T ik RositheNed Way
that the fixi n% does curva hod

A_ et ho
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Preferred difgmgs fid '<”§oo%ﬁ dfé(erﬁtﬁ} QARH hARKSe IRt dadodirt SRirtlchlarly
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preferably <20 um and qu:te pamcular[y preferably <10 pm.



- 17 - Said dicing film(or a conparable material) is |lamnated onto
t he back of the wafer after thinning. For this, a |arge nunber of
possibilities are available to a person skilled in the art. Usually
said dicing filmhas one side on which adhesive is applied for
sticking on the back of the wafer. Th#&2force of adhesion of the
second carrier to the wafer can be altered 5 preferably by nmeans of
thermal energy and/or UV radiation, so that optionally also the
second carrier can be renoved again fromthe wafer. Dicing filnms (as
second carri er) with said adhesives are also called "thernorel ease
films" or "UV-release filnms". Dicing filns are stretchable in the
sense of thé PIHREATEARDIC B fryespion lﬁlslﬁé‘?fW "aHElepWeﬂf’éPra%ny?maHf%’@e? &y
preferred nmetehapBasameomd] thge! urt di @nore@nd badidgen Al WaTgr antl @nd fasficagibd on

the dicing fid W%%H&a&ﬁmﬁgﬁ&i@@b&ﬂ&% 196 a@?&nt‘é@%&ées%? m@{, Faﬂa‘?s Layer

systemto bé separ at ed

Th| s ring, QRAPVEH Beprrechd ihepvalsy a'?Pe‘f‘%t‘lay%Pd%ceﬁ'l %%?‘P e, bel"‘"?‘*ﬂlg‘ﬂ&!-"ﬁ?e Egl | ed
a "dicing f teriest carfidnend thalyer hdjnsest théreiget her with the film a kind of
drum the nenbrane of which is the second carrier and wherein the
rest of the |layer systembeginning wwth the back of the wafer rests
on this nmendt BReCOPHCEIMY 5196 GOL5RF . p’qf‘?{'eﬁ fafepRratipn P |19ke ptiase epean Mt hod
accor di ng t eurfabeofitmeatdri(@tive ddeet thayeier) syshe ryearpednsinagtot Ihenidivayiing
filmis n0W|s o@&iﬁgto‘ rﬂak% tﬁé 3 Soe h&eé’gﬂa'[ec\mthkmgegldu@§Perr%ﬂn@' Rthd Ratbd xed
on a chuck r% vacuum sucti1on). Now anot her Chuck 1s fixed
on the bare™B5 re('i'f”“at é‘”' ?-cing film (second carrier), once 20 again
preferably by vacuum suction. The two chucks are preferably

posi ti ongd ag atréyap rﬁeh@aﬁe@%swéumﬁdumpmﬁe ?Bd@:’ﬂ&h efrw,hﬁrn J;a@ér@%ﬁd Iny in

top view. }] ng.o vari a 6%: he chuck on
whi ch the dP%rf‘ﬁ‘lj t ?ngmmwma % i'8 %VF@‘P%%‘JH% r“}%[ cgfierde Beashl e
(fl exible) hiaberecidnicandrendgtit. PAcgortingle anelssasmsiuomacmhla!tngm tr@ainventidnf it Isl  t he
function of plcheabrasanaritRsrrieélnd 99@% d-!iﬁ@@jr OflesH »Qdfé}gwnih% hAa&r thnﬂéﬁ@é&t' on.

S as ?Léyﬁ‘aﬂ il Wt ekt Gy B EHiRs T R e T R LS
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the | ayer sysh® durind@ie/pdrating@6&atloR e r@ﬂ@asow_ieme@eﬁnoagﬁeetnaotff&mshw it
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(separating ai carr 3 one
side is renBRFERF $aTM ‘i“ﬁ"ég HPABtone H@u‘@l’(‘h%'?’ﬁélféf fﬁ@“B%)ﬂ*dﬁ?@?S safaly é'sreé%’ul t,
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- 18 - It is perfectly possible to control the acting force
precisely, so that the wafer is not stressed excessively during the
separ at ihg HPEIVa IgiiTs! qarrieacagralsp dp matpriahitahis aPRiat ortias MyPTRYTeRGH AP ant
i) iIs carri edndigbtiyWof Bpi caERA Akl BEatihd Yefining Aavor tphasify. efoedavadthisayer
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separation even o I nned wafers W thout excessive
nechani cal Fhﬁéﬁﬁ"ﬁ%m(f‘fﬂaé' Ejé?r“eslt is al so possible to measure the
force applied and/or adjust it, so that a maxi mumforce is not

exceeded. | Fl\ nha%o@ Iaécgrcﬂﬁstéfh lln%entlg lsrﬂ? fad 91f wrmf'lqherrg L %?Iﬁagt ?né&éa&l'rigi xed
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t wo dlnen5|ons separation takes place and
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e.g. fixing S}fymeans of adhesli ves. dicing frame is used in a



frame is preferably arranged so that the surface curvature of the
separating aid can also be transferred to the dicing frane. Thus, the
dicing franme and the clanped dicing filmfollow the curvature in the
region of the separating front, wherein according to the invention
they are fixed on the separating aid-threctly behind the separating
front. The 20wafer once again follows the bending (curvature) of the
dicing film (second carrier), so that a shearing force devel ops
between the wafer and the first carrier. As already nmentioned above,
an advantage of the nethod of the invention according to variant i)
is, particularly inits preferred enbodi ments, that the separating
front repre¥dRt Broydipgp AeRA(RANY Iayes inhe sanexof tapinyantian. & May B eiglerahls lor ces
per pendi cul &k stmrdtihglay@iiese poudeacethaan bhetidgephe Btiddubed BNittihdiettlybei ng

bound by a 5 £R8ho t nma{fé}elnté@l%b %as%fs, J}our@veqﬁ{ Haﬂbea&SfQFa% '?(9 t]]ieosetpgr%tmg

invention a force distribution g evel o ops

separating FYgnP dEff"eea S%Earlaw?gc@a'}?r §¥ PPhisuthedist griasn 'éﬁ?pa{ﬂé‘?dpié% Efrar to
t he | i nesof lagat pabers dpidis atseovetydeh aheetivet @friet trel hepateatin iy dasonte or | . e.
the line whgpe IE% me&l&‘?en?Jm W%SWQ& Q:ﬁlkl’{"%&fh fh@xaitlid 8E SsndvBd tB?a
separated is %g §Le| n the deg % Lhe sep arat| neg front %an
hence the sP%Fg RIPCetth e "y PURI CEhES) SURRAReHRY 1 ePr&?@S' A B FERBEF DY el | y
wi thin the wtidpé dfectyhedigretthiodthec@dr dindgrhich dskablishesy et eparatingoplarieat

t he mechani Séi\lveénQﬁg‘fd?ﬁerOJepQ'BﬁHQQEﬁl' Iab(d \ﬁ%rm)’aférh\lv}ﬂcﬁ’\@fo%ﬁ@v&ﬁﬁ tlﬁepeléf?r@t as
| ow as ROSSI bl e.

eferred
oventi OR T eoes TRl W e 1 Gt e s B B B Rt kit
| ayers in tpenpopent eaft ert@é?mln@-sﬁuqﬂlw wtthegangg of thecabad definiting) efn t@ﬁngieass
plate or a wWadngéd so that théiYeﬁ,fua@fse[%l'a'ﬁﬁé QR §|sc5ratcemb@1leme}ﬁndﬁ%nmﬂﬁ

further aboy, t?u’cture V\g?tp lhelse%ge Qf%r x%)arahcsnf 93?:‘ oarigl g{ ||gd1re8ﬁﬁ/ remalr%scoqge% erdltg%d

further aboV t hod
according t Uaf?%éf phipeline wa@mlav% isgf} &R9BRRE P%”U?fétﬂq ‘gﬁ”fﬂf éﬁ‘SéF“P'écﬂarids one
i n whi chst hefter sytaratiery stienallg @ffaihk FRBecty Conhediddawhagirdt 8348drS In dhch Base

stated orde I fer,
S S econd Se%gragarfghéﬁrﬁts 6aht begaaiaﬁ@cﬂﬁm fofba %l s Glr2as L hrlendy 47
descri bed f Eﬁr%qﬁle‘ifﬂlll%ia)% 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

achesion 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.



15- a plasma pol ymer separating |ayer, as described further above, -
a wafer and -a dicing filmas second carrier. A preferred conponent
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 20 fixed on it, as sepatéating aid in the nechanical
separation of a lam nar structure (conprising the second carrier and
a wafer) froma first carrier. O course, for the use according to
the invention, the |ayer system conprising the |am nar structure and
the first carrier is preferably arranged as for one of the preferred
met hods descri bed above. A device that is set up for carrying out the
net hod of t Mis | YAFEMED AR MET FEVa 596t Haticylar inpBonging othe oPPSLlYar t
of the i nvesticred) \Ivaferpsaﬁztcemmlvﬂnrchspnmhala adﬂmmo@ma@semaﬂnﬁame&mﬂnefor
fixing the fijial GREEd, gﬁtloﬁé']pﬂa’%ﬂéﬁ}aﬁ.{gﬁtl ng aid, as described above.
This separating aid serves simultaneously as a neans for fixing the
second carrier. A device according to the invention also preferably
conpri ses naensinglyr a lirettogiangradyotihe hydnfign oy sepeang oivalet Batartiogaryt i ¢
or sucti ?y Er@fe?rgd mﬁe#@ﬂltﬁg Bk Q}%@ﬂﬁcofnﬁﬁtsé(s 11 B8bwing Saybs fisthe gl@{eﬁ Ioffer-and

preferab a force can be exerted only on a
part of thef'fétebaéﬁ'%‘l*tFrﬁj’ehf’fde'aﬁ%“et”ﬁdfla‘?’ﬁb a% cS'F%,céb“iE‘ai‘J@é% & ﬁ@sreaeﬁa'vra ing

ai d t o undesgeratmrisex acwfev ada ecendayrién om the first carrier. A chuck,
whi ch consists of a plexiglass plate and pref erably can be subjected
to vacuum suction, is preferred as se aratin 5The nmet hod

according t 5UGHE YR RET T h 9e6rRsHiS Ry - O(Efog%g ?'WF@’ec'\?ﬁraP?i’ﬁt whiph is
and iii), eintdigmatehbyrefesancaitits leptirely inahé preseat applidatiéd. )n mwrticalad the paisi ant s

Slji)e g.rng.t ch))l)’l %?fhg@&rbé‘ﬁ@%&r%@ma{t g a@m%géygﬁaé]fj e%?ﬁﬂlaﬁ&ﬁer WE@Wf%l

[ i
come & et aRteee ameiar MRIAPRLEF: Fon Wb A5 RoLRL RS RERR Ao B0,
appl i ed, thbpacting braaralwi omer pai nﬂJihtsammmnybsoremeh la nartigwan .

However, al pRrAdie@iothd\@itloPinis Applitdiée b leRfencd Oal | three variants or
variant i) with H or variant i) with H) can be applied, in each

case sinultaneously and/or with a tinme |ag. Conpl ete separation does
not necessaf$ dleadsementiphegtabpyend mathos mayialsapeeprefpriedfdceasdingcta the) ieventipne

separ at ad smalhicahrleyayfer@sibmemm fL6nd SBErARG layéribefiBYn BEfIBEGRBEMIY f Or
the |am nar ns‘tl;uaE %yeru%% r ene t?aﬁ[alkrrrlla? enéle %re I?gj%%fide elb&c)fnenc métgnat. %EI

posi tions dlr'i'h

exanpl e t hememdwf%%egm S@éfﬂat@sdﬁwer it F@Oﬁ%ﬂ&%wdelﬁ?ﬂeéheeflrg@@a'ﬁaftf% Fhe

t hr ough vi brearamammyar@ét@m rbiRdey afted Eepadiion) Ge td Tl fidt @arridihdas cadilp beor
exanpl e ensyre good nmechanical or thernal contact. Separ ati on
means in this casé the elinination of the force of adhesion at |east
between two | ayers of the |ayer system (wherein wafer and first
carrier 2bn hhicthos @b@adirarte tal isentton iDge2Oédig amde theasyel a)RMSJomprises 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 ancther,

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.



In a preferred enbodi nent of the nethod according to the invention,
variant ii) is used alone or in conbination with one of variants i)
or H) or in conbination with variant i) and variant Hi). For
produci ng the vibrations, it is possible to use any suitabl e devices
for generating vibrations. The use oflad trasound generators is
preferred. The use of piezo 25ceramcs is particularly preferred. In
a preferred enbodi nent of the nethod according to the invention, in
step H the vibration is transmtted by direct nechanical contact
fromthe vibration-generating device to the |ayer system The

vi brati on-generating device can even for exanple already be contained
in one of tReMEfSt Endish PEiEEI REToHINgglodBY ivatiop i YHisRdRe aeParalet éldo.
Pref erably 8@thigesvdnit &hstpartially convansnfate @ chelsyrfabercette seracatisgaid edn be

contact of §obdddRPELESaridil}itS aCoRek Qlirfacs. Pidierabif ¥RMNELRGH He dHSR the
hol di ng devi ces or h(fe first carrier

chucks, ‘as described above, fix t
and/ or t he. SR BrREFERl FLFOMFa BY CRYPEMdR OEP e e b valeg o ot resi
Pr ef er abky, dfriop renbrevalrof rerfirst cérhie. Bush ekeetiipy omtueeilyore deteamiser ity & breson

vi brations tgel hand 4 @enGatyilg@it tRHERSd dcB&diREL HdnveRIohi er. Slt may
al so be preferable if the vibration is transmtted by a |iquid,

preferably water, preferably by a filmof liquid and particularly
pref erably Horftid metidd agedréing to kite inventipartbe safbeerdf the semfatingiitl enivhich e
vibration i gechhBfertid Bdfdt @bt ey shhAlidON geRRbtdenslid avise da t he
first carrlerij n@thqg in mh”ch.t[e V|Q&gﬁ|on ig transmtted §ron1
the vi brat i 8A"9H8NEF P74 HR Y EE RCePRE Wal%P 5P &8 P8t HECpPE by t he
present 1P nviakes riage udiongesappratingrpic ik cprysedriemetontirhibe fegipe pitthepseparatings

must not | egshtt o damage of the wafer. A nethod according to the
invention is preferred in which the vibration is the frequency of the
natural frequency of at |east one of the |layers of the |ayer system
The nat ur al Afrreghgd @ereydingfto e invadtion istrefertedtirewhieh e bepatatingeald Sagph #ndr nul a
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20 in the region of the separating fronl) 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) acis 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
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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.

5 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

10 names Makrolon, Calibre or Lexan). The materials for the separating aid are selected by
a person skilled in the art taking inte 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
15  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.

20  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

25 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
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
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
filmy).

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
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.

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

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

5  separation even of very greally 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

10 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.

15 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 direcily behind the separating front. The

20  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

25  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),
30  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:

5 - afirst carrier consisting of a glass plate or a wafer,
- alayer of elasiomeric material as described further above,
- aplasma pclymer separating layer, as described further above
- awaferand
- adicing film as second carrier.

10 A method according o 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,
15 - aplasma polymer separating layer, as described further above,
- awafer and

- 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 sucticn, a second carrier as described above can be
20 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)
25  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
simultanecusly 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.

The method according to the invention comprising, of the three variants i), ii), and iii),
either only variant ii} 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 if) and iii) are both applied, this can
occur either simultaneously or with a time lag. However, also according to the invention,
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
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

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
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
the vibration is transmitted by direct mechanical contact of solid bedies. 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, aluminumn, 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




647 863 Alum num 2.7 113 000 6469 2500 1294 2588 3882 5175 Al um num
2.7 113 000 6469 9700 333 667 1 000 1334 Even though formula | only
provi des approxi mate values for the natural frequencies, it can be
seen fromthe table that the natural frequency of a thinned wafer of
50 pmis at |east an order of magnitug®- above the natural frequency
of all other |ayers. Therefore as a rule it is possible to cause the
other layers of the |ayer systemto vibrate at their natura
frequency w thout exciting silicon to strong vibrations.

kg/dm® MPa m/s Hm kHz kHz kHz kHz
Silicone 1.2 6 71 100 354 707 1061 1414
Silicone 1.2 6 71 130 272 544 816 1088
Silicone 1.2 6 71 1504 236 471 707 943
Glass 2.5 60000 4899 6001 4082 8165 12 247 16 330
Silicon 2.3 110000 6871 50] 68 710 137 420 206129 274 839
Aluminum 2.7 113000 0469 6700 483 966 1448 1931
Aluminum 2.7 113000 6469 10 000 323 647 970 1294
Aluminum 2.7 113000 6469 15 060 216 431 647 863
Aluminum 2.7 113000 6469 2500 1294 2588 3882 5175
Aluminum 2.7 113000 6469 9700 333 667 1000 1334

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 pm is at
least an order of magnitude above the natural frequency of all other layers. Therefore as
s arule 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 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 tayer
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,
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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.

25  Table | shows, for the example of aluminum, that the natural frequency of the first carrier
can be varted. 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
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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 elasiomer 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



to the tenperature rises would absorb and neutralize the shearing
forces by deformation. The coefficient of thermal expansion of
silicone elastoners is about an order of magnitude above that of
silicon and glass, so that the production of stresses and shearing
forces through tenperature changes bef%een | ayers of silicone
materials and silicon and glass layers is particularly effective. 15A
nmet hod according to the invention is further preferred in which there
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- 28 - stresses devel op between the surfaces of the el astoner |ayer
(4) and the adjacent surfaces, or (ii)cooling the |layer system or
parts thereof to tenperatures that are at | east 100V,
preferably 150V bel ow the tenperature at wh ich no nechani cal
5stresses devel op between the surfaced/of the elastonmer |ayer (4) and
the adj acent surfaces. As a result, the tenperature at which
separation is perforned is sufficiently different fromthe
tenperatures at which the wafer is processed. A nethod according to
the invention is also preferred wherein the Iayer system provided io
in step a) tains at | east one el gstoner er._cont ai r
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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.

15 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 20T and 200C, no
mechanical stresses develop between the surfaces of the elastomer layer (4) and the
adjacent surfaces and the elastomer layer is hardened.

20 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

25  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 elasiomeric

material correspondingly.

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

place or is supported by

30 {i) heating the layer system or paris thereof to temperatures that are at least

100C, preferably 150C above the temperature at wh ich no mechanical
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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
100C, 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 80 to 220, prefera bly in a range from 1207T 1o 180T

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

the range from 200T to 400T, 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

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

25 2 elastomer layer



to 21 28

29 30, 31 15 33 34 separating |layer structured

front of the wafer

10

15

20

25

30

-29 -

3 separating layer
4 structured front of the wafer
5 back of the wafer
6 separating part of the layer system, comprising the first carrier
7 wafer (front and back)
8 laminar structure (in the example given in Figs. 1 to 3)
18 adhesion-promoting side of the second carrier
19 layer system to be separated {without second carrier)
20 second carrier
21 dicing frame
28 holding means for fixing the first carrier
29 separating aid

30, 31 alternatives for direction of action and point of application for the force bringing

ahout separation

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

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 elastorner 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
within the whole layer system. The second carrier 20 is fastened to the back of wafer 5.
Sald 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 o be
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 paralle! to the second carrier as well as to the first carrier. Arrows 30 and 31 show



back of the wafer separating part of the |layer system conprising the
first carrier wafer (front and back) |am nar structure (in the
exanple given in Figs. 1 to 3) adhesion-pronoting side of the second
carrier |ayer systemto be separated gmﬁthout second carrier) second
carrier dicing frame holding nmeans foBO0fixing 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 vol une

el enent a+sedge length after |ength change through heating plate

t hi ckness zoMor ai |l ed descri tlon of the dr shows
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preferably isepardtien.f orm of a glass plate, is bonded to an el ast oner
| ayer 2, mhich in its turn is bonded to a separating | ayer 3. The
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fixing the talssd c@dire F thdSsepdrbithgl A/ EMhis SR & olldRed completely by the
second carrier 20 and hence also by the wafer 7. As a result, a shearing action develops
10 inthe layer system to be separated 18, which acts in the region of the separating front 33.
At the end of the separating front 34, the force of adhssion betwsen the part of the layer
system to be separated 6 and the wafer 0. In the present example, the separating layer 3

ensures that the separating plane runs between the wafer 7 and the separating layer 3.

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, 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 liitle as possible.

20 Fig. 4 shows the vibration systém 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 [ayer thickness.



30 separated, which conprises 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 - 30-3'possible directions of action
and points of application for the force that brings about separation.
Fig. 3 shows the separating operation, in which the |layer systemto
be separated 19, 20 is separated into the part of the |layer systemto
be separated, conprising the first carrier 6 5 and the | am nar
structure 7 s, br ought abo t f a Ired |
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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 pm. 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.



totheir |inear dinension. Delam nation occurs on these interfaces
when the force produced by the stresses on the interfaces exceeds the
force of adhesion between the interfaces. Exanples: Exanple 1
(separation according to variant i): The front of a wafer, i.e. the
side on which the electronic corrponen?% are located, is 15 coated by
PECVD with a plasma pol yner separating layer. This separating |ayer
is adjusted with respect to its adhesion properties so that it has
relatively | ow adhesion on the side facing the wafer, whereas there
is high adhesion to the Iayer appl i ed subsequently on the side turned
away fromt 0 t he resent
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damage of the back of the wafer, which was caused during thinning. -
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vacuum has bith¢ wvaferdroorihg $eeareting layacuum chucks, a force perpendi cul ar
to the
The force can be adjusted so that even very thin wafers as in the present example with a
20  thickness of 50 pm 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 sieps, e.g.
separation by dicing.



pl ane 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 |ayer system
This separating front runs in the plane between the front of the
waf er and the separating |layer. The b@hdlng of the plexiglass plate
is convex relative to the first 15 carrier. Wereas the wafer and
the second carrier follow the continuous bending of the plexiglass

pl ate (vacuum chuck), this is not the case with the rest of the |ayer
system which is fixed on the first carrier. The resultant shearing
force bring abou t he separ Ilon of the wafer fromthe separating

| ayer. The FSrteteRRPAERdigSred-8 Hat even very thin wafers as in
the present exanple with a 20 thlckness of 50 pm can be separated
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that coulkd gg@fribute to separation of the layer system 10 are
exerted on this chuck. The glass plate is fixed on the (alum num
chuck so that there is a conmmon Vi bratl on system which is about 4 mm
t hi ck. Thi sEkanpedistoachtion 4 ygise of 1 MHz. After about 10

m nut es, the wafer |s separat ed fromthe carrier assenbly. Separation
t akes pI ace between the additional plasnma po er. and t he gl ass
bl ate. "The VRIS et et b B! Pa VAo AD By o e Yo
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t akes pl aceSegaratigDtakesablenedietweei thedllaggamatymel layee and dehva@federiedamindien
the layer SRR dak bdkne®R 1 dinp RAY o BE caBRABRIbAN, the | ayer
systemis heated to 330t for 10 m nutes. Separation takes place
bet ween the plasnma polyner | ayer and the wafer. The | am nar structure
can be renmoved by sinmply lifting fromthe carrier assenbly.




Clainms 1. A method for mechanically separating a | am nar structure (8)
froma carrier assenbly (Ila) conprising or consisting of
a first carder (1), wherein the |lamnar structure (8) conprises a wa-
5fer (7) and optionally a second, stretchable carrier (20),
conprising the follow ng steps: a) p_r%vi ding a |l ayer system (la, 8)
conprising the carrier assenbly (la) and the |aminar structure (8)

b) creating a nechanical stress in the region of the interface

bet ween carrier assenbly (la) and the |am nar structure (8), so that
the lam nar structure (8) is separated fromthe carrier assenbly (1
a), by a method conprising 10 O the steps: i a)providing a separating
aid (29), | WQhimxi ng the separating aid (29) on the second carrier
(20) so that during the separating operation the second carrier
(20) remains fixed on the separating aid (29) directly behind a
separating front (33) that arises during separation, wherein fixing
does not i nct ude AR f £4BPGHY L SepaTrNNg apg)inar Yyt Bblicmaa parler fsprpbl éiake,
and c) nechani eeurrisingoeqeesistng ickvdirst datser|(uwheareiy thesleminac stusti@e EBRpmifises awe-he
carrier assenbl y fef (7pand etiorbiiy zisevondpstr@crbiSedayier D corRRAk ik fol@ing @at  (33),
and/or ii) the fal | ovie\ging kR sybibn) ﬁ&.@%ﬁbrgsgg e M8l 1d) BncliflGardiBY €T
system (la, 8), gwugtmegpe provi so that when steps i a) - I c) are not
included in the pethod, ste 1% | eads to. conpl ete separation of the

. 1

| ami nar structurd frofmtHe "(%5'1;?' SBT3 SSRHBTQ) © e SRS REFREY P Eired
in Gaim1, wher 8P7Y Arawespsiicys @gsodiHhg oger siuctis @dgsepnmpied frem Yeeenied
carrier (20) by taemrltha e neied eamptisipeneans of el ectrostatic charging.
3. The metflod as claimed in one of Claims 1 or 2, wherein the wafer
(7) has a 30t hi cikipesgs:0f 5 150 pm preferably 5 80 pm particularly
preferably 5 20 jpm angd, @ 4 L,4PatklaGdgl arly preferably a thickness of 5
10 pm ib) fixing the separating aid {29) on the second carrier (20) so that during the separaling

operation the second carrier (20) remains fixed on the separating aid (29) directly behind a se-

parating front (33} that arises during separation, wherein fixing does not include the leading
15 over a roll based on a pulling force, and

ic} mechanically separating the laminar structure (8) from the carrier assembly (12) utiliz-

ing precisely one separating front (33),

and/or i) the following step:

50 ’ ii) producing a vibratlon in the layer system (1a, 8),

wilh the proviso that when steps i &) - | ¢} are nol included in the method, step i) leads to
complete separation of the laminar structure from the carrier assembly.

25

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 s 150 ym, preferably < 80 um, paricularly preferably < 20 um and
guite particularly preferably a thickness of < 10 pm,



- 35 - 4. The nethod as clainmed in one of the preceding clains,
wherein there is at | east one plasma pol ynmer separating |ayer (3)
between the first carrier (1) and the wafer (7). 5. The nethod as
claimed in one of the preceding clains, wherein the | ayer system
5conpri ses, between the first carrler3§1) and the wafer (7), a |ayer
(2) of a hardened, partially hardened or hardenabl e el astoneric
material. 6. The nethod as clainmed in one of the preceding clains,
wherein the | ayer system conprises the following layers in the stated
order: a first carrier (1), 10a Iayer (2) of elastomeric naterial as

d bed d I separatin
ey sheon e e GBI EL aBR e BB 2 i bl
Clains 4 to 6, P WWO&@preﬁeaaratmg lawerl«(@sbemea@@e lishearrioe &handike wajerf ace

of the plasma pphyner separating |ayer and the surface of the wafer.
8. The method as clainmed in one of the preceding clains, wherein the

separating gid q’l?egl)neth(?d & Jlel rﬁéﬂ lp Ioﬁe B t?iﬁmce%ywpzﬂgﬂsnﬁﬁgg ﬁtﬂ%ﬁay%l %}S%d in

Claim8, wherein
means (28) theCCf“I'Pé'i‘?SbPPéWﬁPéheé"s(‘ 2@5‘% @4 He wals! @) ﬂb”‘y?fé%)r?éa(‘?ge)”eéach

have at | east op®tictipaptangd artdrdshaieadadtotrleae haeiee act s bet ween at | east
one shaping of the flexible plate (29) and at | east one shapi ng of

the hol di nggheange hefdd asldhimddig oH@thF?éjpr@édﬁb %ﬁam%dwhé?en‘?ﬂ\% kg,fer &h@ins 8
or 9, wherein tQc?mpsngé?saheafodow%g%yers(n thg stated ordé3 exi gl ass disk

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 8, 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 Glaim 8, wherein the first carrier (1) is fixed on a helding
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 ieast 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 20T to 200, no mec hanical stresses develop



2511. The method as clainmed in one of Clains 5 to 10, wherein the

| ayer system (la, 8) provided in step (a) was produced in such a way
that, in the layer system(la, 8) at exactly a tenperature between
200C to 200 C, no nec hanical stresses develop - 36 - between the
surfaces of the elastomer |ayer (4) aA@l-the adjacent surfaces and the
el astoner | ayer is hardened. 12. The nethod as clained in Caim 11,
wherei n separation takes place or is supported by 5(i)heating the

| ayer systemor parts thereof to tenperatures that are at |east 100C,
preferably 150t above the tenperature at wh ich no nechani cal

stresses devel op_between the rfaces of the elastoner |layer (4) and
The'ad acent - suPTEEe rscteot b6 pRRGRpRvel Qa5 ARl s it He

t hereof to tenpéesiererdayetihbardesed at | east 10100C, preferably 150C
bel ow the tenperature at wh ich no nechanical stresses devel op

bet ween t he 1sur Tec @rthall dsh@aigbdsi @ 11ayweereinddepadatibnt taResapih@C ents
surfaces. 13. Tg% Hﬁh@gd as clainmed in one of the preceding clains,
wherein in step FI) the vibration is produced by a

vi bration-generating device, preferab%¥ QX ul trasound generators and
particul rly pr &k er X550 BY 3YFeY e OF BMSCRTEN ° 1PEPERUIFS A P& IRFS!
15di rect nechanii@al, pedanakdct508f aboed ihel tdrpdiagse @rwhcigno@wmechaschl ateseksby a

liquid fromt hed@%MhE&w&éﬁ th\Ririh @Y Bf thSHSHMBr (aéh(4)Bhe thd 4djacbRBuAREE0d as
claimed in one of the preceding clains, wherein in step (ii) the

carrier (1) is glxci ted to vibrate exclusively by a

vi bration-generating device. 15. A device for carrying out a nethod
as clainmed in one of the preceding clainms, 20 conprising a holding
means (28) for fl xi§P§'NSHES faysr System oF pasis thergof %Bmaefﬂfaweaiﬂﬁgarﬁeaéﬂ?ésff or
fixing tlhe secon® arefdrgnly {52@) helonhibe &impetatves dioihdémgp medasica| &B8psdsor

fixing the secopdepgbdthédn theditades odRSISGTE: RFerde) SRPAE Bljhdaf Bhded 29) .
as defined in one of the preceding clainms and optionally nmeans for

252{ Ierr]ng t he‘I\JS.ay‘?fge %Xt‘?‘uéc? arg ecalgll%/eg Fn (];n%rof eenpeng(%%l]ng %Iai\r/t%spgvﬁé[nleig?n gt]:ep Eii?%el ayer
vibration is produced by a vibration-generating device, preferably by ultrasound
generators and particularly preferably by piezo ceramics and is transmitted by

15 direct mechanical contact of solid bodies or contact mediated by a liquid from the

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

14. 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.

15. A device for carrying out a method as claimed in one of the preceding claims,
20 comprising a holding means {28) for fixing the first carrier (1) and a holding means
for fixing the second carrier (2Q), 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.



