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{57) Abstract: The invention relates to a substrate detachment device (1, 2), said subsirate comprising two adjacent sections which
v={ areir contact and which define a cleavage plane therebetween. The inventive device is characterised in that it comprises: means for
— supplying the detachment means with numierous paralle] substrates, said substrates being disposed according to a substiate arrange-
¢r) went direction; means for detaching (121, 221a, 221b, 2223, 2220) the sections of the substrates, said detachment means comprising
‘G mobilejaws; and means (121, 221, 222b) for moving certain substrate sections in a confrolled manner once they have been detached

in a direction that is more or less parallel to the substrate arrangement direction. In this way, the device can detach numerous sub-

strates. The invention also relates to an associated detachment method.
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-7 February 2006 1 APPARATUS FOR SPLI TTI NG SUBSTRATES, AND IRRress286ATED
METHOD The present invention relates in general to processing materials,
and nore particularly to processing 5 substrates for electronics, optics,
or optoel ectronics.: More precisely, the invention relates to apparatus
enabling two wafers of material initiaIIy adj oi ning each other to be split

D meniad by cuen” 5o Wi 0B8R Ad P RUALARGL DA RUIRIngS

~applies to wafers of material which adj 0|n wi th varying degrees of

cohesi on. uEha, bar, v, isael Kajxe) kegk, MELELE iMRaddiitt fau BAARgAlers 15 positi oned
I n such alRdfASILUAE MaoMD.MG, MK/ BIWCAX, conteawt d la gublvel @ imveritacifspl MiANY poandib er S: :

can stlll‘ﬁg’ T%% s P SBPGHr ot iFee” el ements (as applies in

particul a t wegi .t hem a pl ane of weakness as
descri bed beI ow, 20 which pI ane of meakﬁeWrmdbmh@mma&ﬁmed to

Ig 1 f
Lregafegﬁﬁhg g el 1630y (L SRLER oot DR ;pagﬁfgﬁmggmm@ oo i "

‘eurasien (AM, AZ, BY, KG, KZ, MD, RU, ’I‘J TM) brevet

européen (AT, BE, BG, CH, CY, CZ, DE, DK, BB, ES,FI, Eu ce gui concerne les codes & deux Ieﬂres el auires abrévia-
TR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK, TR), brevet  fions, se référer aux “Notes explicatives relafives auex codes et
OAPI (B, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, - abréviations” figurant au début de chagque numéro ordinaire de
MR, NE, SN, TD, TG). la Gazet.‘.e du PCT,

. (57) Abrégé : Linvention proposc un dispositif (1, 2) de décollement de snbstrat (5), ledit substrat comprenant deux trinches acco-
1ées définissant entre elles in plan de clivage, caractérisé en ce que le dispositif comprend : des moyens pour alimenter des moyens de
‘décollement avec unte pluralité de substrats disposés paralizlement les uns aux anires selon ane direction de tangement de substrats,
des moyens de décollement (121, 221a, 221b, 222a, 222b) des franches desdits sabstrats, ces moyens de décollerent comprenant des
‘machoires mobiles, et des moyens (121, 221, 222b) pour réafiser un déplacement contrdle de certaines tranches de substrats aprés
Teur décollement selon une direction sensiblement paralléle 3 fa direction de rangement des substrats, de sorte que le dispositif est
apte & réaliser le décollement de Ia pluralité de substrats. I7invention propose également un procédé de décollement associé.




- or.on the contrary need not be connected together 25 bBiFebmars29Qct ur al

el ement, being held. together solely by neans of forces such as those
corresponding to a "suction-cup" effect between the adjoining but disjoint
surfaces of the two wafers, and/or Van der Waals forces (as applies in
‘particular to wafers comng initially from30 the sanme substrate, with a

pl ane of weakness being defined between them which plane of weakness has
been subj eeiag g shed @prathaid ealkrRAlreeNalkibngnc arebetrdrepc! eaving to
.be obtained between the two materials on either side of the plane of ~
~.weakness) MEJEOPhe two adj oi ning wafers thus forman assenbly referred to
bel ow as a subgtkaigeséntelivant i2006clataddin gankeaactaal |y splitting the

waf ers apart, the inventi.on al so | ies_to.handl kng,such fers after
Lhey have BESToEHTE TaEArE A PO SRR PEATTRATTRE v ERCCOR ARG i es to
call 5 typedsoirateeforok leatecndlcst haptace , adrobpitog lesg ropdcs.are to be
split apart inycont E}ﬂjelcq%eq_@p RHECH$&MRABE relltes ttpe‘ RugaLan thus
applies to splitting apart -“Vafers have a structure aof. the silicon on
inslilat oreneSding type vadrasalofo efterielsiipigdnldy afyORPAZI( SGAR type, or
10 even ofortae- apyLR RG1G7 Akl NG GAGPL ikYhag Meweet lelss, it should be
understood that a particularly advanta% ous .a |cat|%n of th@ i nvention
as desCrPﬁ@@nﬁépﬁwangW&?léFeﬁoﬁﬂ Pwﬂ?iﬁﬁ X BRpPESFELabPds SUF] splitting

apar tovaf eppaefatar .SO type structure. 15 A nethod of manufacturing SO
- type substrateg wigh.Laqknaun, indel. g genenl 6 heim.ot o e sgartout (1)
nmet hod, conprlsesxphe o'l oW ng ‘principal” steps: = a step of 1nplanting
~ speci es (icdnsagerdednshich adjgivewidbpvhrvang debreest @fof seniconduct or
material sygh.;2Q as nonocrystalline silicon, so as to define a plane of
weakness in the substrate; - a step of fixing the substrate to a stiffener,
such as, for ed&gpltermsi'edgednipat” wadest ienaeey beefean walers

15 positioned in such a manner as to be in physical contact.

Thus, "adjoining" wafers:

- can still be connected together by structural

elements (as applies in particular for wafers that define
'between_them a plane of weakness as described below, J
20 which plane of weakneés has been subjected to treatment, -
e?g. heat treatment, that has achieved only partial
cleaving between the two wafers on either side of the
plane) ; ‘ ‘
- or on the contrary need not be connected together
:3 25 by any structural élement, being held. together Solély by
o méans of forces such as those'Corresponding to a
"suction-cup" effect between the adjoiﬁing but disjoint
éurfaoes of the-two Wafers,‘and/or Van der Waals forces
(as applies in particular to wafers coming initially from
30 the same substrate, with a plane of weakness being o
| defined between them, which plane of Weékness has been
subjected to heat or other treatment enabling complete.
cleaﬁing to be obtained between the two materials on
either side of the plane of weakness) . '
35  The two adjoining wafers thus form an assembly

referred to below as a substrate.



oxidi zed on its surface; and then 25 - a cleaving step fdrFabmsay 2006y a
fracture in at least a part of the plane of-weakness. defined at- the |evel
of the layer of inplanted species. There is thus one wafer on either side -
of the fracture (a.first wafer corresponding to the portion of the
nonocrystalline 30 silicon substrate which has been detached and possibly -
also fixed to a stiffener so as to constitute the SO, and a second waf er
whi ch correspontis #ddihéonehni adenadly shéistlingonhel wasene egses, if the

two vafersciof SYpShE Al ?féoséq%ﬁfiﬁg 04 ﬁéhﬁﬂng deaf Lhe. Rl ape of

weakness are sufficient ensel ves to present sonme m ni mum 7
February 208y 3h3esepesn §P?ﬂéﬁg@har'f—hen the step of fixing to a stiffener

can be onmitted.rdtig Ss@éé@fﬂ@éstl%ﬁ £R0e 0L AVeAL $bh agm&a@sftbab@l directly .
on the_stiffener ff‘nSt e subpstrate t he fener. An

f g% fixi n)g g %
exanpl ® of “EPYRMRY af? E%r?ﬁt‘?%%e foh FRehod s adﬂﬁé?W?p@“ ahB& found in
“pat ent docammoREéZsﬁBit@ﬁartlihtdﬂ@ﬁtfcyDEeﬁfaﬂat bedcikegandhess of

whet her the fr e urin cl eayin t, iS. cQmm, ete 10
P e B! CIROL IO NG J08 SLERYLT SR LER b8 8 )

or only parti al ers renain, ractirce, tao each
ot her (rrervealiﬁltﬁ/ hafee sycstonctwpe ed f eiche s\hbncoheox‘lr ausuitetors (60Dl et e,

i t hat f o fers; t a th R
given thatedhe Tacesaplo dPery@l & f; %ﬁpﬁ éﬁﬂgﬂ %”‘?Qbﬂ) t#r% gs remains

necessary in all_cases finally to art 1n ofder to obtain
first}§y t Vs i S 2R0pRirat ARy Setend(HOlhetYBfai nder of

nmonocryst al | i nevesdtigoNesi oh Gasuhe }B@Cdﬁché‘ﬂstcﬂo&hﬁhﬁ’&t hod. It is also
.recalledthat al though t elnventlon i es advantageously to splitting
‘apart pai ¥ S 13 S N T oef%palg CEChafer &l o??@?%Eﬁﬂ@ g% sa ,

.and i n parddssutidred ospbw thy nepyapal tneueli st £15g oéxavah bes rébhﬁdeﬁed by a
Srm‘rtCUt(rt)o %lq%lﬁ§]eaﬂa{y€%éf&é f'oén S0I type structure.
15 A method of manufacturing SOI type substrates which
' is known under the generic term of the Smartcut® method,
comprises the following principal steps:

- a stepréf implanting species (ions or atoms) to a
given depth in a substrate of semiconductor material such

20 as moﬁocrystalline silicon, so as to define a plane of
. weaknegss in the substrate;

- a step of fixing the substrate to a stiffener,
such as, for example, silicon that has optlonally been
oxidized on its surface; and then

25 | - a cleaving step for imparting a fracture in ét
. least a part of the plane of weakness defined at the
level of the layer of implanted speciesg. There is thus
one wafer on either side of the fracture (a-firsﬁ wafer
corresponding to the portion of the monocrystalline
30 silicon substrate which has been detached and possibly
also fixed to a stiffener so as to constitute the SOT,
"and a second wafer whlch corresponds to the remainder of
the silicon).
o In some cases, if the two wafers of substrate
35 situated on either‘side of the plane of weakness are

sufficiently thick themselves to present some minimum




limited. to this application. Thus, this problemof adhediEKsbruaew2006 f only -
by the 25 suction-cup effect) between two wafers is to be found in
nunerous two-wafer structures, and.it is then necessary to split them

: The invention thus applies to splittimg apart wafers of any structure of
SA; SOCA, or AQA type. Wen the dinensions. (in particular the thickness) of
30 the wafers. nmake themfragile, and/or when the material of. the, wafers
is not strbegeltbé bweewnatdrsthust that wtalp bi lFe xgply tcapakt: iifidnet aki ng
very great reﬁ@“?m?@%eﬁo avoid running the risk of damaging the two -

waf ers as ers-are being noved apart from each other, where 35
necessary mhlleIalse &hpbe99ﬁsnhQEOtOfBmpyhﬁn@ldﬁbothUbﬁa¢EMEe 7 February

2006 4 Thig; ApRLL6SohNcRAr EEGY ahewh%ﬂ $2bigt LN 130 gckhesgﬁigeegﬁeapart

fromthe remaining nnnocrystal I ne Fi'con whi ch constituies a preferred,
al t hough n'ed- th@nﬁFFﬁﬁenﬁﬁpllcatlon of the invention, as stated above. 5 In

this preferred ﬁﬂpekéﬁb&@noftaeg§QEkbllH@s@&&bkloﬂp%ﬁahl&@th%dg%&era||y
perforned nanu ratgr(leIl 0.1is rticul arﬁé skil |l ed,  For

op
exanpl e, % ?o a@aﬁe EQBP sﬁaFﬁnBI gEUTSRtt BB Pi R8Li AS 't he edge
of the sillcon EnbshaatEybeveE m&éOhwiit hreherdleawage ptiankegwhheh

corresponde 1octbe ehavenohounakesay chUs making Li oSSl Blepby,a vedging

effect to spli ers apar opera iron~runs
i nducttg. 9HpeRls B@rtiﬁbblh§8b§WQe@ﬁfﬁh§ rewpay. f Abepreftine.two wafers,

and 15 tQQ%h@%l%?”@S'Qﬁcﬁhgﬂhefn(ﬁggéiyoﬂy that siepysh-eer akkan.i s

| engthy and fid rates of production th roug g depend thereon to
~a great exXtRFR.t n%???tuﬁﬁr%FCGP@PF?tﬁheﬁlVﬁé Fhaét Pﬁnéaﬁéﬁmégn 20 the
-two waf er scineedtsréps beréi akchede i f shyothe . process of splitting the wafers

apart, the for0f§ Qﬁllvgégglgg nggessary in all cases finally to
| 15 split them apart in order to obtain firstly the final SOI
substrate and secondly the remainder of monocrystalline
gsilicon, which can be recycled in the method.
It is also recalled that although the invention
applies advantageously to- splitting apart pairs of wafers
20 in which one of. the wafers correSponds to SOI, and in
partieular to splitting apart such pairs of wafers
obtained by a Smartcut® method, the invention is not
limited to this application.
Thus, this problem of adhe51on (even if only by the
25 suction-cup effect)_between two wafers is to be.found_ln
‘numerous two-wafer structures; and .it is then necessary
-to spllt them The invention thus applies to. spllttlng
apart wafers of any ‘structure of S80I, S0A, or AOA type.
When the dimensionsg (in particular the thieknéés).of
" 30 the wafers make them fragile, and/or when the material of .
-the wafers ig not strong, the two wafers must eaturally
be split apart while taking very great precautiors to
avoid running the risk of damaging the two wafers as the
o wafers are being moved apart from each other, where
35 'necessary while- also 1mplement1ng or flnlshlng off. the

fracture.




substrate need to be large, and the above-nentioned manuafebopay 20060n
beconmes ill--suited or even dangerous. It will thus be understood that it
~woul d be .25 particularly advantageous to be able to propose a nethod and
-appar.atus enabling wafers to be split apart quickly, reliably, and
reproduci bly, and which al so avoids any contact between the faces of the
wafers while they are being split apart so as to prevent any risk of
scratching 30 ofnhok B ﬁiiéke§nb?599igﬁﬁg§l%ﬁQnOQplﬁétﬁﬁ esnoigogai d  wafers.
French patent application FR 98/ 13660 in the nane.of the Applicant '
descri bes %UF@FE%H@aﬁEa’ébnga‘PuEhEeE?f“ﬁQn{LBg g*ailpgrysmﬁlﬁéed. 35 An
OﬁjeCt oL hheipbﬁsenichnueﬁaﬁmﬁﬁtsstabpraﬁaseea, Emthb&FhiﬁthYenegf to

t hat met hod. and. appar at us hi C ruar 006 5_is 0 .applicable to
o tting Liirfar erBblTertBify o FRAALYPELR, cab°sRrtEroBBEFEaon" or Ao
structfires. I n parthital prefeheegr epphicahvent i bhesepkittaongralpket even

hi gher rat dugt | g e L di,250e

splitting g%%?%tgéﬁ ggb%§€3%2£§?lgﬁg%?%@gﬁtPgﬁngﬁgg Ege é F%egﬁggﬁe waf er s
to be splvVpcaparpaiihirelarpdrskhglad-little stress as possible to the

faces that are fagiag.apey, free bpersteavage phasec EGEHEQE bhagkwo wafers.
10 The i nvention ﬁlso seeks %g gﬁable the first ste of han Ilng t he

)
wafers of ®achRSubtfralBtart a5 Rhvelepdd 1§ﬁ?iquﬁEFFtFo G&Sper f or ned
autonnti cakiyh Eheatlyavadgeiplspeciihedht batreshbendappar ahaspiaace known
for the purpo f itgin fer art _fr a 15 senmi¢cond [
substrate.ogdﬁg%ggﬁ%gtj %%%%ﬁﬁ%%lﬁé 398% S@ﬁgf%iggl%sgggb%%gaggkggtseeking
to split aparsphiwatlee Wyfewsfeémidtiet. 1t should be observed that the
technol ogy i nplenent 60 £0f 1 SR LAl Ngn@PAL L1l Brt DAk Weyg(Ehphdekeb)y 20 is

specific and corresponds to a very particular option.
: rubbirig between the facing faces of the two wafers, and

15 thus of damaging them.
In addition, that manwal operation is lengthy and

fiddly, and rates of production throughput depend thereon
to a great extent. -

Finally, particularly when the fracturing'betwéén

20 the two wafers needs to be finished off by the process of
" splitting the wafers apart, the forces delivered to the
substrate needrto be large,rand the above-mentioned
manual operation becomes ill-suited or even dangerous.
_ It will thus be understood that it would be
25  particularly advantageous to be éblé'to;propdse a method
' and'apparatUS enabling'Wafers'to be_split;épart quickly,
reliably, and reproducibly, and which also avoids any
contact between the faces of the wafers while they are
being split apart so as to prevent any riék of scratching
30 or of particles being deposited on the faces of said
wafers. 7
French patent application FR 98/13660 in the'namé.of,
the Applicant degcribeg a method and apparatus seeking to
7 satisfy that need. 7 '
35 ~ An object of the present inventioﬁ is to proposé a

further improvement to that method and apparatus, which



One limtation associated with that option is-the need tJ Febouwiyi2006

sophi sti.cated neans for holding the substrate to be split apart in
extrenely accurate manner relative to a.jet of fluid which is applied to .
the edge 25 of the substrate. That reguires the wafer faces that are to be
split apart to be subjected to stresses'that can generate irregularities
i X the structure of the wafers. In addition, the teaching of that docunent

does not 30 91@8'Q§?§f¥aﬁ@eUEbOQpﬁﬂégthQaéaPtU%ﬁkb&% OEoWaB%ﬂ% bat have
just been s I|t apar dl in_si e manner. JP 04 010 454 al'so

rel ates to® t%%ﬁ%?ﬁ%%e%f b%EI?%?Pnﬁfm%@%rgraﬁaﬁtSEVuStPFﬁﬁd jet. 35 That
document proposes pahtg@uyaﬁpeﬁhélpré@@ﬂen@ﬁveﬁeﬂ&hngebﬁssﬁblbnﬂ@ﬂ%rs apart
individuall from. substrates 06 6 i Si

rt . :
| mde 1 orvenl TSR SAE & R M atart Eh, SRRCudBhir aER. b8 REPiE T ki ng
the. splitf{eng. n@mamdsprEtmngpapartE$OD SuBsk4A2tabyo describes a variant

in which use Rden 0 oH'éi éogggkéOfosghéﬁignﬁat@lsranB%rt froma

substrate. In t at case a e techno used I's very specific.
Fur t her nor@p 1l Eataparly wb#lecamn@rﬁ%%ﬁsaﬂeéuttéebetreeSpﬁévpeéelbﬁé a

- conpl ex nﬁﬁ@oﬂh@ff§@@%ath99 hBe a8SOChGt £fay WELBSHAR ettéaagenglgheatnént
In particul a e to place the substrate that is to be

necessar
treated i %HW%W%I%E%rEW?OVa %&%05|ng it to ultrasound, and then to renove
t he . IEOSeparatGHBMB&ﬁWénﬁi@ﬁ1§B$d Q@@k@swé6en£bléeshénﬁhﬁgtfétebendling

oper 2| 9" 8o Ly MECL' 28 200 2 3P TRE gL kgl onERL! o
. been Spllt apart to be performed automatically.
Finally, it is specified that other apparatuses are
known for the purpose of splitting wafers apart from a
is semiconductor substrate.
For example, document EP ¢ 867 917 discloses
apparatus seeking to gplit apart a wafer by a fluid jet.
It should be observed that the technology
implemented for splitting apart in that way (fluid jet)

20 is specific and corresponds to a very particular option.

One limitation associated with that option is the
need to provide sophisticated means for holding the
substrate to be split apart in extremely accurate manner
‘relative to a. jet of fluid which is applled to the edge

_25:_ of the substrate.

' That requires the wafer faces that are to be split‘
apart to be Subjected'to stresses that can generate
1rregu1ar1t1es in the structure of the wafers.

-In addition, the teaching of that document does not

30 provide any solution enabling a plurality of wafers that
have just been split apart to be handled in simple‘
manner., ‘

~ JP 04 010 454 also relates to a technigue of
splitting wafers apart by a fluid jet.
35 That document proposes a hlghly spe01f1c sequence

Seeklng to Spllt wafers apart individually from -

substrates. '




~general context of. the invention, however that docunment DEebrusayB@ no
nore. than apparatus for handling substrates, and not for splitting wafers
apart. To achi eve the above-nentioned objects, the invention provides in a
first aspect, apparatus for ' splitting @ substrate apart, said substrate
conprising 25 two adjoi ning wafers defining between them a cl eavage

. pl ane, -the apparatus being characterized in that it conprises- neans for
feedi ng splutteinnpansiwiiibra plowvakiby df sabst fatesediespdyedyi n a

substr at e- i er l.ng apart the
waf ers of éégﬁggg gb% FgggaﬁﬁegUbFEE%E%Eﬁegﬁgﬁg%ﬁig%%ﬁﬁﬁf%%blng jaws; and’
" - neans foﬁpbettbﬁg1mgtb@ﬁtm@ﬁﬁeéoﬂpéﬁwacenent of certain substrate wafers

after they havegpegngspl blioapach d%%ck@b@sdbr%%&ﬁ%&ttﬁ%tWhic%UQ%%antla'|y
parallel to the_.substrate-storage diregtiqn; 7 Februar %5 - the

splitter ni@n@age Phevapparatts BpEPLd tEiPar ¥p L ﬁ?ﬁmﬂﬁiﬁ% Bofip- assenbl y

conpri si ngsabsteasd .t wo nDV|ng jams S|tuated on either side of a gap for

recei ving the ubstrates n su tabl e far o t he
‘substrates oncefj{lhglt'1 ?aﬁgsﬁa9g % e% “rRe”. Hﬁgtréges ggch jaw itself
conpri si ngspeesfiand second portlons the. tmo portions-of each jaw having

cor respondi NG cpREANE-BOUSI DS LOR T BSORYLNGANANALIAG ! he $ubst rat es,

and the shape of sard corres ousi ngs beli ng adapted sqo that once
the f1Pst RFAVidednanport FOMB ex mﬁ hodo Of aR ek ald Ol FEnBEFo6AEE ©the

substrat esyi tHeyusdh 981 thesbwaawateasmehteach substrate apart by

co-operation between the iha pes. of the hou5|n he %grst portions of
the two jaws ant”tRRTSEED ar'péFtFﬁnQeSFSFﬁﬁyt e F88pectively: and in
that: -.in e@b@trameothaheléltstbeonbeassdnbhyaneamblobukhefomncave

housi ngs of  the; fi,rst and,$e¢Qnd.haw BAR' LARS LACLUABYe? the

i5 separated wafers from said enclosure, corresponding to
handling operations that are fiddly.

Mention can also be made, for information purposes,
of document JP‘09 069 552 as a:document relating to the
general context of the invention, however that document

20 teaches no more than apparatus for handlihg substrates,
and not for splitting wafers apart.

To achieve the above-mentioned cbjects, the
invention provides in a first aspect, apparatus for |
splitting a substrate apart, said substrate comprising

- 25 ‘ two édjoinihg wafers defining between them a cleavage
. plane, the apparatus belng characterlzed in that it
comprlses '

» means for feeding splitter means w1th a plurallty
of substrates disposed in a substrate-storage direction;

30 - - » splitter means for splitting apart the wafers of
said substrates, the splitter means comprising moving
jaws; and

" » means for performing controlled displacement of

_ certain substrate wafers after they'have been split apart
35 ' in a direction that is substantially parallel to the:

subsgstrate-storage direction;




respective projecting el ement such as an edge for engagi rigFebanacyB@iGr at e at
.its cleavage plane, said projecting elenment defining a general plane in
which it extends. The splitter neans ndy enable the wafers of said
substrates to be split apart sinultaneously. The splitter nmeans may enable
the wafers of said  substrates to_be split apart sequentjially. The nmeans
for feedi ngtBebstphiteermpeanhprose the papRaratupt AwRige | pf t FHgst
substrates s$hHeLedrinin | g2 S : o i pRE ' i st conb
asserbly ey po. oL hang; ERfiSt §s ke L RREy o4 P0°pt TR BN b hPOIRE T (ot
'conb assenbl§vws- sagvhtednoaveilibesi mjdef afhea fgapst fpawrpoeiving Bheay
further preg&g%ta Qrotile that is asymetrical, conprising on either side
of said projéc |ﬁ% &fement: - a first wall oriented at a first gener al

angl e of | "R TR LLeLahiderb? MRS SBbBEACES SRLd ] ecting

el ement to co- ITst si e substrate; and -

second wal |jows mdwel ol diped sSaconctlgenatsdtramgd 2 of i nci dence may be
relative to the general plane of said projecting el erent to co-operate
~with a secERFsiTRY drsale campitisdny fadisth AN FREANGIRP A4 dence i s i 5
greater than said first general angle of incidence; - such that during

cl anpi ng of the e RRTHIARS Rf easHs W Vg GOHAP ISP e

substr at o s T rtoR HgPar R b Mind B SRR R i
first portitirs shepe mf saiid ectrirespoelipendiaud iarge deing galeprtald gane of
Tove pr osertEl BpCEnEhe HUTa PEC A EP AR EHE Lane T 8% ERBAE b he
substrate, Axngeeaabol @k ahbkReatkbst tik@PURAS AR thic wafers of each
substrate apart by co-operation between the shapes of the
housings of the first portions of the two jaws and the second
portions of the two jaws, respectively;
and in that:
in each jaw of the first comb assembly, each of the concave
housings of the first and second jaw portions includes a
respective projecting element such as an edge for engaging'
a substrate at its cleavage plane, said projecting element

defining a general plane in which it extends.

The splitter means may enable the wafers of said
substrates to be split apart simultaneously.

The splitter means may enable the wafers of said
substrates to be split apart sequentially,.

The means for feeding substrates may comprise a
pusher suitable for lifting substrates stored in a cradle-
type support.'

The two jaws of the first comb asSembly may be
identical. ‘ ' '




- each concave housing of the second jaw portion further7Fabyuapy 2606nt a
profile that is asymetrical and may conprise, on either side of said
projecting elenment: / a first wall oriented with a first 30 general angle
of incidence relative to the general plane of said projecting elenent to
co-operate wth said second side of said substrate; and . / a second wall
"oriented with a second general angle of incidence relative to the general
pl ane 35' of said projecting elenment to co-operate with said first side of
sai d substrate, which second angle of incidence. is greater than said

first general anglmsr oéa¢1m0j§iﬁn§g tKnglg_rrlsaJ)t@ﬂpaagsan}gyyh t hat duri ng

cl anpi ng of said sec nd ortio of .t he f t caonb assenbl

substrate, the subs %éhmﬁ C%ﬁe?ﬁ8u§é88n8 ﬁ%?(ﬁiﬁ%ﬁ3%%%sP¥5E%°ﬂay
present a magr@mnﬂhdnwgnhnnnt)ampEofelatthetlafsasyMMSEmnmdlport|ons and
in the dir di t e g ra | Jecting

el enent thggﬁkgﬂgﬁgﬁf%ﬂl §E%§ rgeggﬁd %r% % %%g%gégented by
the substrate wafer>wm(ﬁﬂi%towaﬂﬁeOMMQﬂt%dd@toﬁ fh@stnﬁﬁn¢é@é and 10 -

SO as to upge1thed Wa, vadslSe %@ytbé%b@atﬁ;learﬂ% r’cglé)fgéﬁ'@rél nglaﬁ@rref
assenbly on the substrate. In each n%aM/o the first, sse

first porFFéﬂ E&?J&&ﬁ&QQN? SEHenber SCTRRETALE ¢ §% bﬁSE|§%§? gide
of theosecohd pobisitamtel5 drid each jaw of the first conb assenbly, the

second portion may he _novable relative.to. the f| St portlo Th ans
for achieving contro I§d§§Qﬁﬂ%me tOB}GEE?a uﬁ%tra n%%ﬁ%ﬁ%g%
t hey have beghespﬁiﬂnapakﬂunawwyxbmwreéaheanstbothﬂnganpnmk gb@mﬁdof

porti on. of s&28Np B R0 il L POSLAL O [} A UEaLR LATH I SeB0hHl a8 a0l each.

respective | aw i on perpendi cul ar’ 1o t gener a ane o sai d

prolectlngOEI§ﬁ€nﬁubﬂ¥¥%ﬂﬁxu%hl@hnﬁ?cpﬂﬁtﬁ@gl@omﬁw%ﬂ9%ﬁ%%%%nasconb

15 greater than said first general angle of incidence;

» such that during clamping of the first jaw
portions of the first comb assembly on the substrate, the
wafer of the substrate that is on the first side of the
substrate may present a degree of freedom to move

20 relative to said first portions and in a direction
perpendicular to the general plane of said projecting
element that is smaller than the degree of freedom to move
presented by the substrate wafer which is on the second

side of the substrate, .

25 In each jaw of the first comb assembly:

' » each concave housing of the second jaw portion
- further may present a profile that is asymmetrical and may
- comprise, on either side of said projecting element:

v a first wall oriented with a first

30 generél angle of incidence relative to the general plane
of said projecting element to co-operate with said second
side of said substrate; and '

v a second wall oriented with a second
general angle of incidence relative to the general plane

35 of said projecting element to co—o?erate with said first

' side of said substrate; which second angle of incidernce
is_greater than said first general angle of ingidence;




assenbly having jaws that can be clanped onto the 25 sub$tRehtuasy 2006 ,
‘independently of the first and second portions. The second conb assenbly
may further include a plurality of passages for allowi ng certain wafers to
pass through. 30- The apparatus may further conprise three stations,
including a first station for receiving at |east one substrate to be split

apart, and two st atijnsuckachat ofiuriggetVamgingrespeaidveenahérjiwom each
split-apart _.substr ... 35. The co assenbl y(i e may _.b nQunt to nove
rel ative ST HEN aaﬁ (;%r%e %%dfs{ﬁba%% araéssper"g‘\g]i%(eodl f%%l}e %@e%tr uary 6 10

di spl aci ng s traiontbwatsenbhy thes s etconoe sitle egf stkee wmubhktredehmatyat i on

sel ecti vel Fagh stadd ' rovi ded w tiyespygher. The
pusher_as oCi at ed %\nﬁé?ﬁ%n?%r??ersétd%ﬁ (;dc(ri:D nr%%/‘}{ageeigggﬁgug%éng?s ?or recei ving
the sdbst rgcend mRe thestreangd sotitdie diwadt iare Ramandiatign s IdPenave

houls! tntg_s fgyneﬂachl\aﬁ@ o[)f_etia%ﬁ% Ipi%j@r‘]&%r@ _etl@ae}&ﬁt ﬁﬂﬁawtx.:]salsﬂ@al@g Cod i th
.splitting_ apart each subs e. Fach housing o e pysher_associ ated wi
Lhe 11 st LR G TR Eiferd ARt A Ve SRGstaarh BT R 1 Lt S

- m ddl e regubistheteengdgmghikd Sustr ate &iddts sicleeafgdiepl ane. The
-apparatus my i nclude a separator suitable 15 for being noved between a

position in Wi € th& Subst rat es are di sengaged fromthe separator, and a
posi &i0on i n whi ch t e ssulest ree asrge & ttok otk inrs mpaxephrzng . The

appar at us JTRkGHE! BEr LFATPLISE ok 3baEARRy 230 AU Glbafstedlaking hol d of

the substrate ter sald substrates have en attacked by said separator,
and conpri si ngRaf3FBadevt iF fdve nflFalhsconheapariiney Higkiabte for

hol di ng tpertion may comprise two members that are disposed on either
side of the second portion.

15 In each jaw of the first comb assembly, the second
portion may be movable relative to the first portion.

The means for achieving controlled displacement of
certain substrate wafers after they have been split apart may
comprise means for moving the second portion -of each jaw

20 in translation relative to the first portion of each
respective jaw in a direction perpendicular to the
general plane of said projecting element.

The apparatus may further comprise a second comb

- assembly having jaws that can be clamped onto the

25 substrates independently of the first and second
portions; ' ,

The second comb assembly may further include a
plurality of passages for allowing certain wafers to pass
through. _ _

30. The apparatus may further comprise three stations,
including a first station for receiving at least one
substrate to be split apart, and two stétions, each for
receiving a respective'wafer from each split-apart
substrate.

35 The comb assembly(ies) may be mounted to move
relative to the.stations and means are provided for




substrates once the jaws have been clanped onto the 25 sluBsbruaay 2806 and -
each jaw may have housings that are spaced apart in a desired manner so
that once said jaws have been clanpedionto the substrates, the. wafers of
the substrates are spaced apart in said desired manner. 30 The separator
may have a cross-section in the formof a projecting wedge. The apparatus.
may conprld&s@nabeagtshmﬂ.&bmblQQSembﬂtheénngoab&tahl@&gdedema@a@hto
spllttlng %Bﬁtg% and & Cfier gedlcated to unloading the split-apart
waf ers. ach stati-on ﬁh e V% Yed with a respective pusher. The

pusher of the sE@@hcﬁtaﬂ&@hcaaEdmiqnswthdlﬂgthsyhsspamtmwennn3h£me housi ngs
for receiving tige shsidiabesocTaFeb Aty t%%og Fe BN doal nfgvar e of

section presenting a generally V- shaped ape of
sai d pAshehOoHBURFAgECHaYyeRaEIBI V@@hﬁb@s gakeftr khecBYELRAY be provided in

the bottomebocacdy Rl&%l 'ﬂﬁe Elaﬁeﬁpé)@é@itdi% %xz bk hﬁéu§ﬂf@3 ifse a second
conb havin ggéams suitab rates

for
i ndependent’ bYl?%er??PgFtéﬁﬁ %%%%nﬁg gggtWGEQrsTﬂgtgéES d €onb may
further ingbhdetang apartt yeasth sypasteges.for allowing certain wafers to

pass through: antkn fguaPRa" BEUENIRARG. COBELPERCA, GULS LY AT oni ng

" the substrates in an accuraté manne i'ng apart
waf erk0of L&kl r Busthpivmay anC@ﬂéhWagepp©mﬂ§tbégm€éﬁ Wid¥ er s by means

of -appar aft ARt 1h Nk Idrila AP 0te BIbDE EQ VLot the nethod

bei ng characterized i hat 1t conprlses the steps consisting in: -
bringi ng e&t$PEa®et PAEBSi-nt0 a substrate-receiving space: and - clanping
the first and second jaw portions of the

The apparatus may include a separator suitable
15 for being moved between a position in which the
substrates are disengaged from the separator, and a
position in which the substrates are attacked by the

. separator.
The apparatus may further comprise a first comb

20 dediéated to taking hold of the substrates after said
substrates have been attacked by said separator, and
comprising at least two moving jaws.
| The jaws may be suitable for holding the
substrates once the jaws have been clamped onto the

25 substrates; and

» each jaw may have housings that are spaced
apart in a desired manner so that once said jaws have
been clamped onto the substrates, the wafers of the
substrates are spaced apart in said desired manner.

30 The separator may have a cross-section in the form of
a projecting wedge.

The apparatus may comprise at least two stations,
including a station dedicéted to splitting substrates and
a wafer dedicated to unloading the split-apart wafers.

35 . Each station may be provided with a respective pusher.

' The pusher of the station dedicated to splitting
substrates may have housings for receiving the substrates,




first conb assenbly onto each substrate in such a nmanner 7 Esbruagy 2H)6d each
substrate and urge apart the two wafers of each substrate by co-operation
bet ween the shapes of the housings in the first portions of the two jaws
and the second portions of the two jaws, respectively. One enbodi nent' of
the invention also provides a nethod afisplitting apart a substrate
conprising two adjoining wafers defining between them a cl eavage pl ane,
the nethod being characterized in that it conprises the steps consisting

i n: mani puldtiiaky Ioydingd idne off sl iat gSrekapohes 4 ngeResaDB{rat e- st or age
direction gp, édtﬁg'f ng theminto .register with splitter.means; and - :
| nparting con roI e &lsplacenent to certain substrate wafers after they
have been split Thgadetiailed dihaeei of sabgt@mﬁhﬂﬁthusimgelmag hhee a
substrale gLohage, W [SGldOMN TohE0! HALY RORR A addes fBL RRdpBRY hlclener
conprise handl|ing ‘t he split apar rs so as to constitute two atches
each bat ch®2E8nBAvSIifWa respective wafer from each substrate, and in

. depositing eachThk ta@;@atr\&hmtm‘d},esmﬁtﬁeke&@&@tﬁl\é% d &0 cdis met hod
may corrprlgl t.he steps 1nglf?219f %ﬁQh sulhstrate mtod%substrate-

- recei ving $p3¢EY dAH*- S&’P&r‘?ﬁ? e cﬁr‘?ﬂ‘ $ortions of the

first conbsabsémbtysonhde@e@ﬂeamﬂstb&tehenfauem anday®inds to hold each

substrate ggg %%%% apart the two wafers of each substrate by co-operation

between th ges of the housings in the first portions of the two jaws
~and the second BBet seaengs cond may jfadhern daydodey el wlmlh@ys@fd

cl anpi ng, 68598gEa! EQP heivRenAgt BercghaPea rakst Es g%g 95 1{ N&yld 1St
portions o he"two jaws may al so cause contr ol fset g betmeen t he

t WO the apparatus may also comprlses a guide for
positioning the substrates in an accurate manner.

A method of splitting apart the wafers of a substrate
having a cleavage plane between two wafers by means of
apparatus according to the first aspect may be provided,
the method belng characterized in that it comprlses the

steps consisting in:
- bringing each substrate into a substrate- rece1v1ng
space; and

- clamping the first and second jaw portions of the

first comb assembly onto each substrate in such a manner
as to hold each substrate and ufge apart the two wafers of
each substrate by co-operation between the shapes of the
housings in the first portions of the two jaws and the
second portions of the two jaws, respectively.

One embodiment of the invention alsc provides a
method of splitting apart a substrate comprising two
adjoining wafers defining between them a cleavage plane,
the method being characterized in that it comprises the
steps consisting in: '

- manipulating a plurality of substrates disposed in
a substrate-storage direction so as to bring them into

'register with sPlitter.means; and

- imparting controlled displacement to. certain
substrate wafers after they have been split apart in a-
direction substantially parallel to the substrate storage

direction. )



waf ers of each substrate in a direction perpendi cul ar to 7 Fdbeuaty 2@0fage
pl ane. Splitting may occur during said controlled offsetting. Follow ng
said clanping, the first and second jaw portions of the first conb
assenbly may be | oosened so as to relzase the separated wafers, and the

jaws of the secppd méeﬂadaﬁ§§n?£ytnay @&nﬁkﬁgeegaﬁ@gfﬁaefhéos§§3.t;o retain
only certain wafer e Substrate., One wafer each subst may be

e
retained, WY I’i"é‘fsed%%eqro Vit 10 AT RS iRy W‘&“%sh‘%‘?‘c {"Iﬂ Lelr each
split substdoatpelrshelgf iar S:ies;mdﬂn&paiatfé&afﬁﬁonﬁ&aedlﬁ fliscetaten andi 15t

cont ai ner and the.second,splJt-apart fer may. ‘be placed in a second
cont ai ner . %ﬁ?gsﬁétlﬁlgd SeGH @Wepgt \é\@ 105 i TG RER substrate
into' a suBsie&tien.recepti on space; - clanplng ‘toget her the separator

portions onto ﬁg@ﬁgag&%gs%ﬁ@ aSptﬂ% $ﬁart the two wafers of _each

substrate; and 7 February npin gb® jaws onto the split-apart
substrate wafers sozi;bxﬂ¢mﬂm9t¢ﬁchwﬁwb$ﬁr¢t¢cﬂnt@ gl anpbhyatke j aws, the

split-apartcpafighsgmayadee hgld in generally V-shaped housings of the
pusher. Prior to splktln the substrates apart, the substrates ma

hel d by means of a gfi de.auping the £33 SeREM cl ANpRA*TESORS 6¥t he
waf ers, other fjiaws E&&hbbﬁs@e&iﬁl?doﬁlﬂboe'fa% %@l&%t\&%ﬁﬁ sirensldkh ng onl y

t f to b d f h _subst
et ai ned.  TRERSENEP CAH S aBry SPBRCFRGEY FPGL UEBR PEASA: E A EP my be
- placed _|nwafErssbfceata1m@bsamdtehbyseoeopexptubnabetwewmfehenay be
pl aced in Qhﬁﬁ%gngf‘?%%&h&% 51 niR€ 1 RTpAd! QtstOF Hﬂﬁo QVeRt iLpR ERY provide

t he use of od ‘as nmentT oned above apart substrates
jaws and the second portions of the two jaws,

respectively.

During said clamping, co-operation between the
shapes of the housings of the first portlons of the two
jaws may also cause controlled offsetting between the two
wafers of each substrate in a direction perpendlcular to
the cleavage‘plane.

Splitting may occur during said controlled
offsetting.

Following said clamping, the first and second jaw
portions of the first comb assembly may be loosened so as to
release the separated wafers, and the jaws of the second
comb assembly may be clamped together so as to retain only
certain wafers of the eubstrate.

One wafer of each substrate may be retained, with the
other wafer being recovered by a pusher, and for each
split substrate the first split-apart wafer may be placed
in a first container and the second split- apart wafer may
be placed in a second container,

The method may comprise the steps:

» bringing each substrate. into a substrate-
reception space;

> clamplng together the separator portions onto
each substrate so as to split apart the two wafers of
each Substfate; and




obtained by a Smartcut(r) nmethod, a first wafer of the slbdtuany 2006
corresponding to an SO wafer and the other wafer corresponding to a

remai nder of sem conductor material, zgch as nonocrystalline silicon.
According to a second aspect, there iS™provided an apparatus for splitting

a substrate apart, sai.d substrate_. conprising two adjoining wafers defining
between thema cl eaﬂgaé“%%é:%et HEVZp SRS Lfg"‘ibe‘?% TRt eri zed in that
it conpréskstrateeanfefrar sbeadi bg hpldttke wagesswith a plurality of

Pl tting apatiepet aararRtdr L3 Siefr apBe SPnatasrrter L ey "
conpri sibgy edd righ gensrabhy V-stepesd florusierdorof nthe st ed di spl acenent
of certain subsifa ;af.t en e it art in a
direction that | sln s%%stgg%tgirtzllﬁl gcglreta%&?%%_gg Qgéglgt’r 21:?1%- st orage

di rect i PSR T RS t BAY: bendeddl iRy ekearanefand gt¥idereans for perform ng

control | ed dirsfieaces@nd §RGLUHEY e LIRAAIALQhpSYi £8bhe1kokhedeid¥k yed
bet ween q osition in ch_the substrates are disengaged fromthe

separ at St-7Snd AP IERY Iﬁ Sampech At KhpstrRCe¥adeESat t acked by t he

- separ at emabl repramty 2006aliBavafidis RANS: fascpentar nhag control | ed

di spl acenent furthgr cogprise a first conb dedicated to taking hold of the
substrates afté ¥&&fg Shpetrhidvsiapdepmey ket reketned, ey @tdesarator, and

conpri siappiat dwastrave, metenEiraws spl Stiighte ﬁafehomgn%et W st rates
nd - .each jaw having

housi nga™t At 4 cpanEd BsRr Bor The Qe TRhGET SBATEn YR B d A o | fus
have bebe ®llagssll imm osehendubshtatiesr.the wafers of the substrates are
spaced apart oh8 AbHadfehted s RABC nvenTTbACHAY! p3BLikL! RH.ARAL! UGSt rate
. methog as mentioned above for splitting apart substrates

obtained by a Smartcut® method, a first wafer of the

substrate corresponding to an SOI wafer and the other wafer
corresponding to a remainder of semiconductor material, such
as monocrystalline silicon.

According to a second aspect, there is provided an
apparatus for splitting a substrate apart, said substrate
comprising two adjoining wafers defining between them a
cleavage plane, the apparatus being characterized in that
it comprises:

- means for feeding splitter means with a plurality.
of substrates disposed in a substrate-storage direction;

- splitter means for splitting apart the wafers of
said substrates, the splitter means comprising moving

- jaws; and | | |

— means for performing controlled displacement of
certain substrate wafers after they have been split apart
in a direction that is substantially parallel to the

- substrate-storage direction,
and in that: _

'_ - the splitter means and the means for performing
controlled displacement includes a separator suitable for
being moved between a position in which the substrates are
disengaged from the separator, and a position in which .the

. substrates are attacked by the separator; |




cl eavage pl ane between two wafers by using apparatus acdrabuagy 280G he
second aspect may be provided, the nethod being characterized in that it
conprises the steps consisting in: -bringing each substrate into a
substrate-reception space; - clanpi Agat oget her the separator portions onto

each substrate so as to it apart .the two f each substrate; and
S i | e tnzostn (it RofPobihn, comia e ShFreCeBorL { b hol d
t he meféu&th@&h@bmpmmxesa ﬁbkett&onﬁnﬁeﬂhﬁﬁﬁ@@esootakhﬁg hadentdfon appear
petter BRer SRUNG e, Toklow 0g, cdgsedint ot ol by efechedcebadimyy s of

e i nventi on, reference

e deconpanytng draw ngs,
whi ch: sagdreepenaiamarendremmpeﬁsangran kﬁﬂﬁﬁrmMOemaMHDGQJHM§|nvent|on

to be |nplenented;ébf%ffrsthgﬁdln n%pdr lgt?rong €P§g|§$lyph%% t hese

figures: > Frgure Fag? il Eh5vas first
machi nehave Weeash &'lempedpentpecthreveﬂmsr’@mt@ﬂ, #1di s defined; > Figure 2

is a more detaid.ed, gy ﬁévﬁn&%&b@'ﬂn ls e f%fétsﬁgge@anspb@tpe&eeect lve .

| ooki ng' along Pl; > Figure 37is an e en nore det al vi ew of
el enent Sle6f 1tk MaRReT naehthatasneroi® ich Fgarkave beppgGlempad a detail .

-view of opet hefe rmmwﬁa@és, t BRefl aSte 1RGN NEhe 7TsTipbt vakys2@0@ 13b -
Figures 5 to ot her. machi ne  enabling the invention to be

(ﬁ are views an
i mpl eneiPEEFS %P%ﬁ%oh% ﬁﬁrﬂ EMH6G BRI t he i nvention. More precisely,
in these figumeshod ¢ gypkibtisgaaphayr avimttim ioveraléryi bavahat ke

3?2@”2 . %’gr%gub?[ }PAr‘?é’ AL Pfle¥h oW, br URARW %y 1 QY §pfak i@ i agrammatic
accordlng to the second aspect may be provided, the method

being characterized in that it comprises the steps
consisting in:

- bringing each substrate into a substrate-reception
space;

- clamping together the separator portions onto each
substrate so as to split apart the two wafers of each
substrate; and '

- clamping the ﬁaws onto the split—apert substrate

wafers so as to hold the wafers.

Other aspects, objects, and advantages of the
invention appear better on reading the following
descfiption of preferred embodiments of the invention,‘
made with reference to the accompanying drawings, in
which: | '

- Figures 1 to 4 are views of a first machine .
enabllng the invention to be 1mplemented in a first main
embodiment. More precisely, in these flgures

> Figure 1 is a diagrammatic overall front view of
the first machine, in which view a perspective direction

Pl is defined;
> Figure 2 is a more detailed view of a portion of
the first machine in perepective‘1ooking'along P1l;
| > Figure 3 is an'even mdre‘detaiied view of two
elements of the first machine as shown in Flgure 2;
» Figure 4 is a detail view of another portion of

the first machine;




.positioned relative to certain essential elenents of the 7Eecwnry20@chi ne;
and 7 February 2006 14 > Figures 7 and 8 are two diagrammatic views of a
substrate showi ng the positioning of said substrate relative to certain
el ements of the second machine. The fl3d owi ng description is made with
reference.to 5 a preferred application of the invention which concerns
splitting apart gybsttateschhat adchyds A ¥ %%&qfelpl igefining two

waf ers, one wafer Corresponding to an SO fer. or an SCA wafer, while-
the ot her SRaP&ingc 5heedpERAS iony tonder éﬁmlﬁ“}@tﬁq iidbr 2EFRY P HR ess, it
is recal Iéﬂb@ameﬁer eft hak thQenith\vwent | Mdres pilcilddriyt edid hisesdpl i cation.
t he mven%t can thus also apply to any substrate correspondl ng to a
structure OFUSBP: or of SOA type, and also of AOA type, having two wafers
that are separh»t@dgmreamlleaa\sagﬁar@jﬁtﬁna]&cﬁmmm ealegeofii ghe be .
practi cal chth he_two wafers r mai n adj oi ni ng solely by
t he SUCII%% %ﬁgpmg%g e\/\ﬁérf;1 he Vétda 5&5" g?ﬁl:[ ‘alternatively need to
be finished of lee“eotGher fao rddesy rfmgechias i oirew epfi an dpgbmeeatehe t wo ,
waf ers, S e.Lh t f, _th o Structural
~ bonds). \I,g%%gtg 1é%aerrp gg?‘z’%dt{)hgs&fgﬁlik § é%gl%c% 1t %&% itt%t]&?es that are
to be spl$%c%@r$aﬁhyn§e dvBdogenous or otherwise. In particular, the
vvafers may include electronic or electro-optical conponents, which 25
‘conmponents may be in a finished state or in an internediate state.
Returning to the preferred application of the invention, each of the
substrates that is to be split apart (i.e. having two Wafers that are to
be. split apart) 30 will typically have been subjected to the principal
steps of the Smartcut(r) nethod as descri bed above. A first wafer thus
corresponds to an SO wafer, while the other wafer corresponds to a

remai nder of the '




"~ .sem conductor material such as nonocrystalline silicon. 3PFdimeary20@ wafer
may al'so correspond to an SOA. wafer, where a fine wafer of silicon has
been made in the silicon substrate by.creating a cleavage' .plane, and
where 7 ‘February 2006 15 the cl eaving aqperation is itself associated with a .
stiffener of any type (quartz or other). In any event, it i's desired to
treat substrates conprising two wafers situated on either side of a

cl eavage pl ane, s agutds sr)laﬁdtéreaﬁmor@f@régmatiéome%CBfogher Wth
reference now to Figu 1, th re can he seen gramof a machine 1 -
correspondﬁﬁgstt(?aﬁefr 5“'95”1 eemﬁdrtﬁérﬂlrrﬁ % egarjrﬂ/e?rﬂl?%ﬂ-’atl% It should be
under st ood riefat iive akl ctelieafurglelemenumerfe tiHe |§ecrmﬁies[sﬁmﬂe) refer to the
vertical direction, represent .t he dj rectlon chine 1
conprises a fixlerglg Ollf 5 m%n%f:rl 74 et SRt St ]ﬁ{f e|IizjcuereoThe base
11 is Sur meupredebyed] Bppd inedewin pflzhmu@:rvaremva«m:@h recakyeet i on X
associ at ed n I qhi@n r efined
on the bag’glti?ttl\k}m% %%%5 %%ﬁ?%%e‘%s‘%e tﬁ% sin%-t%ﬁdr?g%ucl %%r@?ﬁ&n%w ng
past each SffiRdnghitwe wefeirsns On@oweﬁersmrr@ﬁpe’pmre ft&r aedE Vi ng a
quartz boawalflerseb:t abl gohoivagent, aiwhiing ahel Widld:t waCﬂexsu;l&txr o
typi cal Eteg for the.boat, 188 shown by way of exanple |gure 1 S
25 substrat@s %‘EI gGPaiRilHoRd EREr, solely for reasons of cI arity). . 25
The- subst r at es. Neegrhaedeas, dicadst ercaflled Zs@ﬁerrinidrierreﬂmts ttrar) . The
substrates a St qrage direction
Y. I—busrngsﬁgrgégrlégu arﬁggg:ié{nrleg %1&9% %ﬁ%ﬂ atiSiLé) sub lt% %%rage _
direction f8n this B@rﬁpo@@prlrsr theabm'atsubswattleatcwrxesgmm o @re

di stribut edrygguli2e! ¥rakod, or of soa type, and also of AOA type,

having two wafers that are separated by a cleavage plane

15  {where cleavage might be practically complete such that
the two wafers remain adjoining solely by the suction-cup
effect, or where the cleavage might alternatively need to
be finished off since other forces of cohesion remain
between the two wafers, which forces might be the result

20 of the existence of structural bonds). -

. It is also emphasized that the wafers of the
substrates that are to be split apart may be homogenous
or otherwise. 1In particular, the wafers may inelude
electronic or electro optical components;.which

25 ‘components may be in a finished state or. in-an

| intermediate state o
Returnlng to the preferred appllcatlon of the
inventlon, each of the Substrates that is to be split
- apart (i.e. having two wafers that are to be. split apart)

30 will ty?ically have been subjected to the principal steps
of the Smartcut® method as described above.

‘ A first wafer thus corresponds to an SOI wafer,
whilé the other wafer corresponds to a remainder of the

o semiconductor material such as monocrystalline silicon.

35 The first wafer may also correspond to an SOA wafer,

.~ where a fine wafer of silicon has been made in the '

silicon substrate by creating a cleavage plane, and where



given reference pitch. The boat N nay be taken directly fiKabrmrePidber in
which the substrates S have been subjected to heat 35 treatnent in order to
~ cause each substrate to cleave into two wafers, or in order to prepare it
for cleavage (with 7 February.2006 16 ohAe of the wafers being an SO or an
SCA wafer while the .other wafer corresponds to the remaining silicon). As
nmentioned above, the cleaving of such substrates into two wafers needs to
be fini shedhef&léaninghepewarden Sst hestuwd waberd aned ndeth to be split

apart fron§€§f$e?8£h8%)anVA@ygxpkghgg@zbgtogkhgg machi ne thus nakes it

possi ble to split a plura Stratés apar Furthernore, the
plurality of substaavesveny.alik be @@Ssyﬁdtt@paﬂﬁa§lﬁubﬁam@@@§ly or there

- may be a C@Qﬁ%?ié@ﬂ EkBEwhﬁéﬁévéthSE@@eBniQ%t%%&‘%EH%go%p%ft of two
adj acent supstrates”_In any event, this S|%ﬁ|plcant y inproves the rate at

whi ch 3ubsEte®¥adarela8pei t Sapast t@oﬁB&FEdt WopiP&PTar PPREThEFS and
apparatuseéaCQSOahgrstatlons ST2. and ST3 are for rece|V|ng two respective

cassettes K2 ang.gg. TEe cassettes and_ K3 ar%hpf th ége commonly used
for containing Ahd tta ?BSPF?nﬂoglFchﬁgﬁéﬁe} ?ﬁ@sgaga efFEE Fi kewi se
cont ai n hodisaggsmt bt aamecBOneegutarkygsppadedgapar b fligsg tbeéir inside

wal | s at tgﬁ%réiﬂgrglgghtﬂ Engeéggghence pitch for the housings in the

boat, in ecel ve €rs obtained by splitting apart the
substt@tes t hat Iussdouddbbecondaraseodi hhakeiboal INChehéigayeshe net hod of

splitting yherd5;subst hatessa rtotEgﬁérptéC%hbsv€%§itb@eélk€c€§bﬁ'| bel ow)
Each cassette thus contains the sape nupber of housings as the boat (25

in this case)ls cAEPTABERFRAY PY B1ScaiEe8FFA°Befving to receive one of the
two wafers 30 ofhaimneehbyespl tbiphfs8ssabstkatiebapartl shown in the

bottom half of the figure. The base 11 is surmounted by
15 an assembly 12 which is movable in a direction X
associated with the machine. | . -

Three stations ST1, ST2, and ST3 are defined on the
base 11 ‘ﬁith the moving assembly 12 being sﬁitable for
mov1ng past each of the three stations. :

20 The station ST1 is for rece1v1ng a quartz boat N

| suitable for containing a plurallty of substrates S. A

typicai content for the boat, as shown by way of example
in Figure 1, is 25 substrates (Flgure 1 shows fewer,
solely for reasons of clarlty) ‘

25 The substrates may have a dlameter of

. - 200 mllllmeters () . - .

The substrates S are in alignment in the boat in a

'substrate storage direction Y.
' Housings are regularly distributed along the

30 - substrate-storage direction for this purpose in the boat,

' so that the substrates are dlstrlbuted regularly at a
given reference pltch

“"The boat N may be taken directly from a chamber in
which the substrates S have been subjected to heat

35 ‘treatment in order to cause each substrate to cleavelinto :

two wafers, or in order to prepare it for cleavage (with




The boat N and the two cassettes are di sposed on their riigbecry2€06
stations. in such a manner that the storage direction of the substrates in
the boat is parallel to the storage direction of the wafers in the 35 two
cassettes. It should be observed that 1he two cassettes are disposed
opposite ways round; the H BAR of cassette K2 7 February 2006 17 faces
towards the front of the machine (i.e. is facing the observer in the view -
of Figure dle ahetkaswaherst BARgofnt heIcassaht 8CK3whdees whalar daet he fear

of the mchige, JIhe.t BoR ol Lig Dot faces Lonards ihe tront of the

machi ne. By convention, efrnes even container (e.g. a
boat or a casseltejenhievnedralspondsheoclepuwingeaf BuchbsSubktirhtesubstrates

or the wat gfei PudNearePHtRLEGE - cd0pdNESni ERe8USRFa (FANLRMAS work! Of the
substrates or all of the wafers_are disposed in parallel in a storage

di rect?on, tifetvearafare PV aredstBsPracelolr B8PashchroWafarhyf aci ng towards
-the H BAR @figef . the container. It is also recalled that the rear face of a
15 substrate is its face opposite fromits active face, i.e the face on
whi ch speci fic &Feat %%%e‘gg%ejt%WbeE%%r‘F‘aFﬁéﬂe Fﬁﬁﬁi Bg<&Fedtronic, optical,
st ructprssibldousi sgbiare plhovatedyt bit sabstregabasbyrspaced apart in

o et or ot o B RGLLED L0 caelcgorsgt o ghooflaroglhal LRl s cauel
Each %9 at i ¥nl ST1apgTR siomal tane@esty at @ Wieheamapubher, cantehliadFi gure 1
i's retractetnd iodheabasedden dife @ﬁﬂ‘@fi&)% £85Pc SEATEQB §a@5akendepl oyed
upwards 25 to engage in_openings |eft. enpty. between the structural
el enent s c%il?sﬁ?%ef%e hRUSFHEL T hetbbt t DHIPLELFRRCHY 1HBYEYEE (for the
.pusher of 'tHatdtare Sl )wioich Nsuler hotdOnarPoshl 0n Qbaeacbogpssetite (for.the-
,pUSherSi'%f%fuggﬂ%:éﬁ% methods and apparatuses.
15 The stations ST2. and S8T3 are for receiving two
respective cassettes K2 and K3.
The cassettes K2 and K3 are of the type commonly
. used for containing and transporting silicon ﬁafers.
These cassettes likewise contain housings that are
20 regularly spaced apart along their inside walls at the
same pitch as the reference pitch for the housiﬁgs in the
boat, in order to receive the wafers obtained by
splitting apart the substrates that used to be contained
| in the boat N (the way the method of splitting the _
25 - substrates"apart'takes place is described in detail
A . below) . | . |
| Each cassette thus contains the same number of
housings as the boat (25 in this case), each houéing in a
cassgette serving to receive one of the two wafers ‘
30 obtained by splitting a substrate apart.
The boat N and the two cassettes are disposed on
their respective stations in such a manner that tﬁe
storage direction of the substrates in the boat is
- parallel to the storage direction of the wafers in the
.35 two cassettes. | ‘
| It should be observed that the two cassettes are
-disposed opposite ways round: the H-BAR of cassette K2




- structural

and ST3), so as to lift the substrates or the wafers frorfi Bbrudne2@®at or
the cassette with which they are associ ated. .Each pusher can thus "pass

t hrough"” the boat. or cassette associated therewith in an upward direction
in order to pick up the substrates or1Wafers that used to be ‘contained
therein. 35 1n this respect, the pushers are also provided with - concave
- housings that extend in regularly spaced-apart nanner in the storage
direction dhcebetsubstisatbe dronheol Eebr wachi2R06 il& wafLrfscialg the sane
pitch as s i £ ve f th pusher.s assq i at d with ST1 ST3
(pushers hgggnébggr@g% gnn?’se Vge %? %lﬁFF?h gquﬁﬁeFﬁfﬁhl 5?%3 ference
pitch for Pfiet asﬁéﬁsa§§@cﬁétédCWEthOSEstthbg peshenfhdhe mashimeusi ngs) .
The bottom of e u r o0 n i S d ation
ST1 and t he boa?E% ?n%ﬁgdeg gﬁbp98%§c??ﬁsbe58§%3ﬁ§iﬁ&§&€%%%§:a oﬁgﬁﬁhe axi s
of the® holi&FR§DFEn the middl e of the concave part thereof, so as 10 to pick

‘up the substratsylaohvénehaﬂvagﬁezEDBARSabﬁlnébe%%%Q%nEpQﬁ %prnlng an
annul ar caV|téa£n t peri g8éﬁ of the substrate_ into which the pusher
S

h
edge is engly n%ﬁe?ﬁughe 8Fs8 hBTESHAGK GORh WorkesRenSsubst rat es.
or the maféhs andadepases " safdthabstibatestes oiSthef etderd tie tagsoci ated
boat or ééﬁFggnepy passi ng downwards t hrough the openings in the
enents, with the structural elenents intercepting the
subst 8t es or tReunaftrssank egofpeeaingrt halli efokler stubstraaties or t he
housi ngs V\QlleoEh@h@“@@?érgoﬂkéngfépégeﬁnﬂ% BAr-devayands o ug&% ytelz -

retracted i.n the, base By way of exanpl e,  the noving asse

nount ed oﬂl¥%??%°?unﬁ?%gr%%FaF?%? 125 ?%%hdﬁﬁéﬁFréﬁexorwpﬁheﬁﬁﬁns f or
~control |l ingaftbe ﬂacspdl@ce@mfdgf thBi B-PORt AR HEI PHePEBMLHEHer.2. 5 This
novi ng- assenbly rlses i¥o%n@ﬁ portions .121 ang %22 whi ch are

di sposed synnetrlcafl d% opposTY Pthe' 283r tage"
15 substrate is its face opp051te from its active face, i.e.

the face on which specific treatments are to be performed

(making electronic, optical, ... structures).'
Housings are provided that are regularlf‘spaced
apart in the wafer-storage direction in each cassette at .
20 a pitch that is equal to the'referencé pitch as defined
by the boat N for receiving the wafers. -
Each station 8T1, $T2, ST3 is associated with a
pusher, which in Figure 1 is retracted into the base 11.
7 The pusher of each station éan be deployed upwards
R 25' to engage in openings leftnempty between the Strﬁctural
' ‘elements carrying the housings in the bottom portion of
~ the boat (for the pusher of station ST1) or in the bottom-
portion of each cassette (for.the pushers in statlons ST2
and ST3), so as to 1ift the substrates or the wafers from
30 the boat or the cassette with which they are associated.
Each pusher can thus "pass through" the boat or
cassette associated therewith in an upward direction in -
order to pick up the éubstrates or wafers that used to be
- contained therein. ' |
35 - In this respect, the pushers are also prov1ded with
concave housings that extend in regularly spaced-apart
manner in the storage direction of the substrates or the



sides of a midplane 120 of the assenbly 12. On either si deFabiuan20(dl ane
120, each portion 121, 122 thus conprises a jaw which is suitable to nove
along. 30 a circular arc in a horizontal plane (i.e. parallel to the table
top of the base 11) by turning about al®ertical armwhich carries the jaw.
Thus, the first portion of the assenbly 12 has two jaws 121a, 121b nounted
to turn in the horizontal plane 35 on two respective arns 1210a,.1210b via
respectiVewhﬁamsupanrthelgaaa pi2thb awhisplecdrfe eat abiogfat ﬁﬁnﬂuheto their '

assac at el A, T ERBLSEL 2000, 18IS L0 5, 12108, and4210p are

suitable f urnin & revoluton ab out respective
axes of syhAEELPISd. agﬂﬁoatuﬁnpﬂhéhsﬁgy@ﬂt§0 b@i@aS@n@.rzﬁﬁbxﬂﬁngether With

the jaws 121a-Andot2iRed W@h@? a58otigidly I2EUA9 L@ HHRE FRIRECHKE -
supports. ~The turnin F he two arns 1210a and 1210b i s~ synchroni zed so

that thRe tw8 ]aW8i®9%a-and 121b are always positioned symetrical |y about

t he mi dpl ane 12@hembbﬁhomeaﬁlB&cﬁtphbﬁé&rhoh%h® 'W@lbg_h&e assembly 12. 10
As can be seen below in g E ter tail erg hp Fl ures 2 and 3,
W35 R

d
these two [5RR°HAVE § 8F35178r§ p@EI d@ébé% whi ch
can be bropghyetblﬁgcedgachhmtheexmbadsthéopgwshEZhalandflzhb are in the

cl osed Poshii,0ngs; ANPHA [HaFHOULE dnewhLGalo5phousiig. ace digsf Libuted at

the sane referencte pit menti one ove I'n I"ong |fect|on of the
j aws. 1The ﬁ@u@iﬁbsﬂpnthﬁeSPhﬁEriQQalanét§2Q%eaﬁégﬁo?0§ﬁ@wﬁalﬂn t he

di agr ammat &Te i 8% OEOEég%@-mingmﬂsanﬁgisrp&g%%?l )[n thesgdrapheggnstitute
the two 20 hlngedvgams of a co t hese_two hi nged jams bei ng

capabl e of Fo? ﬁ&FﬁEeeéEFooWhéFﬁtEhﬁl8§§ ?ﬁeeéaﬁblér SngREFFrom each
~other to open |The|pussespecaﬁ|@ﬂsbhabvéhbabnngodnra@thOﬁh@f these jaws is
defi ned assﬁggtgééggtégnthg %Qgeggrgﬁgn&epoglg Said substrates or
15 wafers in the associated boat or cassette, by passing
downwards through the openings in the structural
elements, with the structural elements intefcepting the
substrates or the wafers and collecting them-in'ordered
manner in the'housings while the pusher continues to move
20 downwards until it is retracted in the base 11.

By way of example, the moving assembly 12 is mounted
on rails running parallel to the direction X with means
for controlling the dlsplacement of this portlon belng
prov1ded , _

25 This mofing aSséﬁblyrlz Comprisés two main portions
.'_121 and 122 whlch are dlsposed symmetrlcally on opp031te
sides of a midplane 120 of the assembly 12.
- On either side of the plane 120, each pbrtién 121,
122 thus comprises a jaw which is suitable to move alorng .
30 - a circular arc in a horizontal plane (i.e. parallel to
the table top of the base 11) by turning about a vertical
arm which carries the jaw.

‘Thus, the first portlon of the assembly 12 has two
-jaws 121a, 121b mounted to turn in the horizontal plane

357 ‘on two respective arms 1210a,.1210b via respective jaw:
Supports 1215a, 1215b which are at right angles to their

associated jaws.




25 .which is parallel to the storage direction of the sulrsfebataep2@06d t he
mafers when the boat and the cassettes are disposed as shown in Figure 1,

- and when said jaws 121a and 121b are in the closed position (as shown in
Figure 1). 30 The assenbly 12 thus conpgrSses a first conb 121. In

generally simlar manner, the assenbly 12.also conprises a second conb 122"
situated beneath the first conb 121. The second conb 122 is constituted by
jaws 122a and Sﬁmizm@\Mﬁmﬁ1kﬂmﬁanﬁnﬁeﬂﬁlabtane1éunEﬁb&Hiﬂmmtal pl ane.

like the 7 e 1:3ys; ,122a and 122b are
t hus securg W%l rgg%ggﬁ&?éQEFﬁéﬁﬁgg ﬁggggggﬁﬁgg:respé%tlve supports
1225a and {2@5}1@%%@@4@8{ s rsé’?s“f}ﬂ@i‘{ﬁ}(/éc} &% U Xamhdhemnnects gidly

secured. 51Bh&at \&@1@&@&53922%9@%&22&@%@% MeS tical lahdand j@re capabl e
of turnlngwlth§ 3a%&_part of. a revolution about their, respective |ongitudinal

axes. Pn t e e SISy & SRS TYS UERAHT oni zed so
that the two j amhel 22ardmgd; B2 hay e wk) aa&mmw&mnsatncbmezic&ymmt rically _
about the Th ) 122a 122 o0 _have housi ngs on
their faceg&%hlgﬁ%géé rou%hEﬁfo ce BECH % %uﬂnibégﬁ%tﬂﬁejams 122a and- -
122b are |nlwﬁescpssedqmmad|ammmﬂtnithﬂy'hquh(ﬁhdumxﬂpﬂﬁnquﬁoshomn in
- the di agr ageBLEC rel ¥y e‘é’t%ft g x@la%‘%reﬂ t%% rﬂkﬁl}’ éf‘ .
reference point as ent i oned along t |rect| no the j aws.
Never tfel ess, tR& §ﬁ§p@eoﬁeﬁﬁe§€lﬁﬁu§mh@§QQ§eﬁm4éLﬁ ifom t he speci al
shape of thaefa@e&begeol Pi@es20 L@ 3of 18 C QR %%lv@%dv% explained in

greater hg bel o The two _conb 1 and 12 ndependent of each
other, and™PHE &S O5f 2eXERYofPEfdS PEois & aces which ca

be brought to face each other when the jaws 121la and 121b

are in the closed position as shown in Figure 1, which
15 housing are distributed at the same reference pitch as

mentioned above in the long direction of the jaws.

The hou51ngs in the jaws 121a and 121b are not shown

in the dlagrammatlc view of Figure 1.
. Thus, more precisely, these jaws constitute the two
20 hinged jaws of a comb 121, these two hinged jaws being
' capable of moving towards each other to close the comb or
awéy from each other to open it.

It is specified that the long direction of these

jaws is defined as the directionlin the horizontal plane
25 which is parallel to the storage direction of the
| substrates and the wafers when the boat and the cassettes
are dlsposed as shown in Figure 1, and when said jaws
121a and 121b are in the closed 9051t10n (es shown in
rFlgure 1). o
30 : The assembly 12 thus comprises a first comb 121.

In generally similar manner, the assgsembly 12 .also
comprises a second comb 122 situated beneath the first
comb’ 121. - '

B The second comb 122 is constituted by jaws 122a and
35 - 122b which are mounted to turn in a horizontal plane like -
| 1the jaws 121a and 121b. '



. caused to open and cl ose separately and independently by7 Febpuathe2idisat ed
control neans.. Wth reference to Figure 2, the jaws 121b and 122b of
~respective conbs 121 and 122 are shown in greater detail in a diagranmmtic
- perspective-view seen | ooki ng along di2fPection P1 as defined in Figure 1.
30 The assenbly 12 is symmetrical about the m dplane 120 so that the

~ description below of the jaws 121b and 122b applies in symetrical manner
to the jaws 121&handa¥22a22Fhiesdf iigkbe aales chsisowectredcasset t es K2 and K3
35 toget he i ; i r Lve | aws
121b and 1%§%bgggaﬂgu%?g§.%ééggb%&gr%%%ggb%gfw$ﬁégf%%ﬁf§i%%@§%%%fses two

j aw porti oAg232128pdaRd25P2 tebhwWikickh they eepecspuei dhwshdpas emat are
descri bed 1bgbow%ewgﬁ%iga9cggghyedyhe first portion 1211b conprises 5 two
nenbers 12111b aﬂd 12112b which are disgosed on either side of the second
portion 1212b i AFhEYPertlEalt2dPRedlPon 22 0Phe*E6BEnHpEACPdRY1208D is al so
mount ed' t arspeepkblbBobifzetkalngr ahsbathopapar afl al re@otie ibengbout

di rection- .10 i -relati.ve to_the_jaw support 1215b via a nenber
for inpart?%ﬁléoﬁ%ggﬁkgggﬁigﬁpgééﬁgﬁPaﬁnaﬁ%gnslation such as a screw
12120b whi ch coAnethsgst hassesdnd. pbhei bnrhongt hé fhawtsoppent, iwith '
deploynentsghehfeﬁiggango eaa&rehga9h§ég;ﬁsE§§an nahﬁggﬁﬁgggs 12111b,

12112b and fhe second  jaw_portion 12 ave a plura concave

" housi Afs féyavarPysipicredpgvenchricaslbabeukehbronédrianer 8A8e pit ch.

Each of these cones¥ethoushngsiobat hadf ipsh ando RAvsessndihaw Bartions has
a central g.ec%én el ngﬁt sgcﬂ S _an. edge ﬁhlch rug; Eagallel to the
direction % #ﬁe ﬁ%ﬁswﬁb, f 6Pt RE EE?BQEE 8? AgagrRghi A-BeSul8ePat e at
' : the jaws 122a and 122b are in the closed posgition of
Figure 1, which housings (not shown in the diagrammatic
15 view of Figure 1) are distfibuted at the same reference
point as mentioned above along the long direction of the
jaws.
Nevertheléss, the shape of these housingé is
different from the special shape of the housiﬁgs in the
20 jaws of the comb 121 as is explained in greater detail
below. '
The two combs 121 and 122 are independent of each
other, and the jaws of each of these two combs can be =
.caused to open and close separatély and independently by
25 dedicated céntrol means-. _
,With reférence'torFigure'Z, the jaws 121b and 122b
of respective combs 121 and 122 are shown in greater
detail in a diagrammatic perspective view seen looking
along direction Pl as defined in Figure 1. |
30 The assembly 12 is symmetrical about the midplane
120 so that the description below of the jaws 121b and
122b applies in_symmetrical.manner to the jaws 121a and
_ 122a. _ | '
This figure also shows the cassettes K2 and K3
35' - together with the arms 1210b and 1220b on which the

respective jaws 121b and 122b are mounted.




its cleavage plane. Thus: 25 - each housing LIl b of the #Febgiary2006er 121i | b
of the first jaw portion of the first conb 121 has an edge AllDb; each
housi ng -L12b of the second nenber 12112b.of the first jaw portion of the
first conb 121 has an edge 30 Al2b; aRd - each housing L2b of the second
jaw portion of the first conb 121 has an edge Al b. Each edge thus defines
a general plane in which it extends, all of the edges being parallel to
one anot her. SEhéﬁjﬂwphamb compirii ek st heoedges pextaneisi 928 1ertnidcal pl ane,

per pendi ¢ S ce, of w [ I .Q t:he ’
substrateghgg% ?g%eﬂ %%sg%§|n§g§eg§ PE%%EE%PEEE%F%ggﬁs%%B%e cl eavage -
pl ane of tbﬁi@wbstrate when the jaw closes onto the substrate. A detailed

description of nﬁ$h?éep£§8£ééhyedgﬁé @mgsgf polRéich h¥AGH @RS igieken bel ow
with reference to Fig 3 unber of _housings in each nmenber of the

first ?aw‘ii’éi?trﬁ%fﬁbe%dl?ﬁléQcﬁngeEBF\azPa\WhﬁSPt PER, dLEPOSEEf OFably equal to
t he nunbere fhdwusi dgscf nthiesbeahdNpoabdohnithercassehkesekk? iaad K3 of
.Figure 1. These housings are distributed along the length of 10 each
menber and0fe e second jaw portion. The two members 12111b, 12112b are
fixed rel ative The machbndthertand i2labi ve tdsbheopawesupponbve2ibb, these

two member 2 andﬁlg‘%gé% §§E%Sdﬁé£’a§%§ EHPRAL 10E§CB:LQ8%%EBQ gl the

menbers 1 ext ends genera Iy I'n vertical direction
whucwi)coﬂﬁéspbﬁﬂ% x%ﬂ@%bveoﬁ@ BheegdvoAuBPOrhe 134bbt vares @gAbethe wafers

that are gQing 1;55 ;@m;@ 4t 8beled THEss2HBemaRBR! i8S thankhachousknes of the
"second portion 12b e jaw of the first_ conb. 20 Each housi ng of

t he menberd S A 58 et PR Yhpgh connects the second portion to
' - the jaw support, with deployment thereof belng

controllable.
15 Each of the members 12111b, 12112b and the second
' | "jaw portion 1212b have a plurality of concave housingé
regularly distributed at the above-mentioned reference
pitch. - | |
Each of these concave housingg of the first and-
20 secoﬁd jaw portions has a central-projecting element such
as an edge which runs parallel to the direction of the
housing, for the purpose of‘engagiﬁg in a substrate at

its cleavage plane.

_ Thus: _ ‘

25 - - - each housing L1lb of the first member 12111b of
the first jaw portion of the first comb 121 has an edge
Alib; | |

- each housing‘Lizb of the second member 12112b of
) the first jaw portion of the first comb 121 has an edge
30 Al2b; and ‘
- each housing L2b of the second jaw portion of the
first comb 121 has an édge A2b.
7 ‘Each edge thus defines a general plane in which it
extends, all of the edges being parallel to one another.
35 Said plane in which the edges extend is a vertical plane,
pefpendiculér to the surface of the jaw that is to clémp

onto the substrates: this plané thus coincided with_thé




wi th a correspondi ng housing of the nmenber 12112b, these 7 Fabpuplo®spondi ng
housi ngs being intended to.cl ose onto the sane. substrate during clanping
of the jaws of the first conmb 121. 25 More precisely, each housing L11b,
L12b of the respective nmenbers 12111b2and 12112b' constituting the first
portion of the jaw of the conb also presents a profile that is
asymetrical and that conprises on either side of the corresponding

central edgeelivlhe Al2he 3E tha fSursHtmald RdendHg W thaadd esitcgener al
angl e of %g0|de c% | ative to the general plane of said projecting
el enent so"as @%@?ate with a first side. of the substrate that the
housing is to récelle\teu\ﬂ/@ein dietse r ijpdagore lads echereeo detrit ranid edlyeas ecand fwal |

extending_phih-2 (eeand098et Al ALl LAGNGR [ 8! A ¥alod e genera

pl ane of sai proj ecting el SO as to co-opéra Wit R second side 7
Febmar § 2006 23T mwabeghsitr @msm&nm@@mﬁu mggiee off ithel ddasé i s

great er thgawsgbetflbhst a&@nﬁﬁ'@ea@?ﬁls%&;nd @Camﬂ%rae%loﬁhe ifd rst -general angle
of incirdence i.S s of the_order few degrees, such that the

bei
first mallpgeﬁ§r6g§€tﬁ8ﬁﬁi tﬁeFﬁ@hﬁWﬂQ%ﬁ'QQJHQ%§¥%W¥é€b the Pretndnber
~carrying iand. IhetheC@la@sélﬁgle% el iamed deneF iFSgmehil.arger, such that the

second wal | defines a,nore open rofil for Qusi sai d
second wal | slogﬁng ngySiﬁ prgﬁFeggﬁ& 8§F€ﬁ@gb%?F 21 t?‘hé’fhousing
toward8 theaCbrmﬁmbErngndlmfoéacheSHGQﬂd\mﬂM pofrttiba.adj acent housing. The
central edges Arhb, 002Refberdeshanad. | 9,006808, LN e oURSLEALE ERCE! vod

by the housing I n the cleavage | ane of the substrate (it s explained
bel.ow how @a€ Ot@ﬁrhéﬁ§|ﬁglﬁ§éeﬁvé§ §h§uB§Mr&P@PorThﬁéléﬁgagéﬁﬁﬁt t akes

pl ace whentibembaveref vbhag Eh@.s_algogece&e'aptents@laheuﬁgaﬁzr ates. The
concave shape OE tﬁe gagihgggfaggethemgg%%eg%elg %gggrgl edge thus

15 extends generally in the vertical direction which
corresponds to the long direction of the substrates and
the wafers that are going to be manipulated. The same
applies to the'housings of the second portioﬁ 1212b of

_ the jaw of the first comb. . '

20 Each housing of the member 12111b extends in iine

. with a corresponding housing of the member 12112b, these
two corresponding housings being intended to close onto
the same. substrate during clamplng of the jaws of the
flrst comb 121.

25 0 More preC1se1y, each housing Lllb, L12b of the
xespectlvermembers 12111b and 12112b const;tutlng-bhe
first portion of the jaw of the comb also preseﬁts a
 profile that is asymmetrical and that comprises on either
side of the corresponding central edge.Allb, Al2b:

30 - a first wall extending with a first general angle
of incidence relative to the general plane of said
projecting element so as to co-operate with a first side
of the substrate that the housing is to receive when the
jaws close onto it} and ‘

35 - - a second wall extending with a second general
angle of incidenee relative to the general plane of Seid

projecting element so as to co-operate with a second side




enabl e the first portions of the jaws of the first conb 20Feb2dary R0GENgAgE:
each substrate between its two wafers. Because of the asymmetrical . ,
profile of the housings, while this clanpjng is taking place, the wafer of
the substrate on the first side of th&3substrate has a degree of freedom
in nmovenent relative to the first portions .25 121a, 121b-of the first conb
and in the direction perpendicular to the general plane of said projecting
el emrent that khesmabkerathanwhihehdegreadobhinbrleecddminaaidradd et o t he waf er

of the S“béﬁtr gkgr""%gﬁ szlanfE?SE(:l %%%%?‘115 %g%%f JeNg Rubptfare. 30 In ot hef

wor ds, I'S € EES rel afive to the first
portions of theTher§@reeneenﬁeal eagﬁes@ﬁsﬂpaﬂdeﬂ@ﬁelwaﬁeﬁlﬂhaﬁﬁkﬁQHlthe

first sidegef thtehgréHPSEEaBefle% ee gedbetween chhe ¢t rgl-gdggiaf the
,hou5|ng and its first_wall, i.e. s wall that is at a 35 - st eep sl ope
e

rel ative t6St RE2BbLEBM B PFHEEHG‘E@PP@I‘ AP Fﬁe syt acenet (e RIEThaf er of
t he substraheryhag atcgreater degree of freedomto nove-relative to the 24

first portions the fir n.the .direction e pendlcular to t he
General pl ane. of PSaPHCBPE; BEAR R ot BIBAER R, = MHePhd REHR K
per pendi cuthatt bhehsepbadewadl tihéinaber. mﬁr@hdspe@ﬁeh@ﬂftm$Q&ﬁkas of the

substrat e ps.vedacoutelali ueiho Lheaeqien Lhab enoages 1, while the

other wafer”is potentia ry capa nDV|n first wafer.
I't isl8pecbipadeshavelielnam shanbBothemeades ﬁnhpﬁélngotl%ﬁéfdﬁg§ t he

first and P%ﬁ’@gtﬂﬁgbﬁié El3 t:ﬂe Eusgt; wQQ'lt b@ntﬁfe bhg ablehtt neRMamy.e in
-verti cal i ghnent So nbers_have the sane effect on each

substrate. In s?ﬁ?l8?nﬁﬁﬁﬁe?d9?ﬁeAﬁ695|ﬁégbLéﬁeoﬁeFH8n§QC5ﬁdeqaﬁﬁeport|on
1212b IikemnSEh@reﬁbﬁtrat@rﬁébéevéhabylShéShaayﬁﬁgt&hcaheremmavmgdc)the|r

respect | ve centigl eAg°guntPuck (D' $:5836134000 LAT RSB Aleagges Of the

15 housing receives a substrate}.

This engagement takes place when the jaws of the
first comb clamp onto the substrates. The concave shape
of the housings and the preseﬁde of the centfal edge thus
enable the first portions of the jaws of the first comb

20 121 to engage each gubstrate between its two wafers..

Because of the asymmetrical profile of the housings,
while this clamping is taking place, the wafer of the
substrate on the first side of the substrate has a degree
of freedom in movement relative to the first portions

. 25 121a, 121b of the first comb and iﬁ:the'direction
perpendicular to the general plane of said projecting _
element that is smaller than the degree.of freedom-
available to the wafer of the substraté which is on the
second gide of the substrate.

30 In other words, while thlS clamping is taking place

| .7 and relative to the first portions of the first comb, for
each substrate, the wafer that is on the first side of
the substrate is wedged between the central edge of the '
housing and its first wall, i.e. its wall that is at a
35 -gteep slope relative to the bottom of the housing.
' At the same time, the other wafer of the substrate

has a greater degree of freedom to move relative to the




are designed to engage the substrates at their cleavage 7Fdbnery 2806 e the
" second jaw portions of the first conb 20 are clanping onto the substrates.
‘Wiilethis clanping is taking place (which in a preferred enbodi nent of
the invention occurs si mul t aneously wgh the clanping of the first jaMI'
‘portions of the first conb, the jaws of the first conb 25 closing on'a
single occasion); the edges of the first and second jaw portions of the
first conbfareti poveivheabf tdlel ghmesmt cokib whlkhelﬁaﬂaeemmm that this

al i gnnent onl [ f rence-po |t| n_the fi.rst and second

jaw 30 p %ggﬁgdo ?ﬁe ggnb %enﬁﬁﬁéh ﬁ? erence E%gﬁthﬁxFéIF%e posi tion

of the jamﬁbemenbn31wh|IenthéejdmgeatlDMephngﬂndh@@ﬁblam@ dhenpilrge

together. As anLegdkl, While the first conb is clanping onto the

" substrates, each substrate is engaged by the edges of 35 the first and
secondS por t i onsTBESt henei pét theny a%ﬁrlst sfcltbgy syPspirate 1P mEKEgsry 2006 25

For each h@@ﬁaagv@ftbh@héeﬁ@mgekaWhaQrbhga?@% tilke whﬂra thRTdcHehere is to
be found in the same nanner t he edge "stee mall whi ch -

e dnon e e b aE P8 B TRARE A2, cRBablRg Shnpiune: RURYAaETL B pan® & el |

whi ch gi veSitde wafier.wafer a certain anmount of freedomto nove away from

the first waferpyhjchg %%c%ﬁ?ggeghageltﬁg %8152 %ﬁ% %%%O%glt%%r H#b@thZb

However, the. hou5|n S second portions o are of a
profile tkh@u$sng%v@fs©58réﬂaﬁtvénﬂoSeQOnﬁh@emb@ﬁﬁl@fothﬁhélN@@S|ngs of the

first porcpew@l5ﬁ shecni estoeopbrpThYs thevesteent ﬂ@lpn%bn% hgusing of

the second jaw. portion of the first conb is_in vertica nment with
t he "open"t%*%|b%¥htrﬁeﬂl%%rﬁe§ﬁ8ﬁdma ABlei AEEBFCL RB f@cﬁeﬁb‘?%réfiet he first
jaw portion of thesfhishrcaahner Syanet hbaalihys the o@pehe wakbnaf a housing

of the jaw portion 1212b likewise present a profile that is
15 asymmetrical relative to their respective central edges
Azb.

7 In this case also, the central edges of the housings
are designed to engage the substrates at their cleavage
plane, while the second jaw portions of the first comb

20 -are clamplng onto the substrates.

' While this clamping is taking place (which in a
preferred embodiment of the invention occurs
simultaneously with the clamping of the first. jaw
portions .of the first comb, the jaws of the first comb

25 - closing on a 81ngle occasion), the edges ef the first and
second jaw portionseof'the first comb are in vertical
alignment. | ' _ ' _

It will also be-seenrthat this alignment occurs only
in a reference position between the first and second jaw

30  portions of the comb 121, which reference position is the
position of the jaw portions while the jaws of the first
comb are clamping together

‘As a result, while the flrst comb is clamping onto.
. the substrates, each substrate is engaged by the edges of
35 the first and second portlons of the first comb in 1ts

cleavage plane.




second portion is in vertical alignment with the "steep" 7 Rébilarp200the
correspondi ng housi ng of the nenbers of the first portion. 20 Thus,, the

" wafer of the substrate which is on said side of the substrate, and which

~is wedged relative to the first jaw pdbtion 1211b between the central edge
and the "steep” wall of the two housings of the nmenbers 12111b and 12112b
has a degree of freedomto nove away .25 fromthe central edge Alb of the
corresponding hﬁusiBgchfhouhengeoﬁndhbawep@hﬁigawlﬂbibiomomﬁngh&way from

sane edge. ¢ ? 8EHBV v %r oL L Bebéugﬁhbﬁtﬁ '%h%egg%g ESEﬁkkyﬁ to the
second jaM/por but acdegree o dom nove fom t he
central edges ﬁﬁdﬁhéfh§b§|ﬁ§§30ﬁ t'rEeep0 Wﬁﬁﬁeﬁ@l@h WﬁégﬁErQPﬁlaM/portlon

The main 5%5982“6%‘tEBa%ﬁBEEEh§E'Céngfohh%hgﬁghh@% Lid8r andes %hbed above,
corres ondlnﬂlto afirst main enbodi nent of the machi ne of the invention.

The oper at "8hloVhiRE FAYRENERPSOHBEEr WBEGThAI 6FRTHALR 2B5YUPEf 8fence still to

Figures 1 f@eédomstarhbﬂg hwvatn arsit Akl GArsh whaifeh: whitebsgary 2006 26 -
- the boat N c 5. su been subjected to

oo (iERaRa 2al o VR bR LR BrERER Dorboaa 1AMZR e o T mechant call y.
in any event, HbeeVam waher Boukirgshosubber akecadepbathenspbift tapart in 5

accor danceg %%EQ EBﬁg;§¥§”5k°Q)'rB@%lésﬁﬁHP' gebé %@dr§ghﬁkﬁ%ewkbh and-

over the ation ng appropriate disp Facensent =i n

direcifon &h@fpr¢§al@ ¢} : thadhoughagpaes éhetﬁér§§n§§rE29n§néf12beare
spaced apagfrsdO-8fd_ open, the first operation is to cause the pusher
associated wth the station ST1 tg}nnve upwar ds. Thi s pusheraglcks up the

substrates, withBaches!iBEEFRL e"BLEngtr BcBPYEAIPNCE RBESFRGOBE #R¥ pusher
15 (whi ch psrtoobeofound Bndet tbebsubsinatertetathh$ignment with

the "open" wall of the corresponding housing of the

15 members of the first jaw portion of the first comb.

Symmetrically, the "open® wall of a housing of the
gsecond portion is in vertical alignment with the "steep™

rwall of the cofresponding housing of the members of the
first portioﬁ.

20 - Thus, the wafer of the substrate which is on said
side of the substrate, ‘and which is wedged relative to
the first jaw portion 1211b between the central edge and
the "steep" wall of the two housings of the members

'12111b and 12112b has a degree of freedom to move away
.25 _from the central edge A2b of the correspondlng hou81ng of
! ‘the second jaw portion 1212b, mov1ng away from same edge.

The other wafer of the substrate is wedged relative
to the second jaw portion, but'has a~degreé of freedom to
move away Lrom the central edges of the housings of the

30 members of the first jaw portion. -

The main structural characteristics of the machine 1
are described above, correspondlng to a first main
embodlment of the machine of the inventiom. _

The operatlon of the machine is descrlbed below with

35 -reference still to Figures 1 to 4. '

Starting from a situation in which:




pur pose, said housings furthernore being provi ded w th V-7 Edanerd 280opes so

as to forma funnel in. which a substrate is received). The bottom of each

- -housing of the pusher has a 20 central edge (thereby defining a housing
wWith a "W shaped"” profile), said edge2fhus being positioned in the-annul ar

- cavity of the cleavage plane in the substrate. It should be understood
.that the term"Wshaped" designates any shape which is generally concave.

‘and that. ..25 futhBeborficNudesntaimsofid sypstjredeiang faasth tde Wiotdlom of

its concavgaghapen Iﬂgjee%'etalb% 01 R NS ¥ QRN diyd1e pusher s

thus automati cal | y_adj usted by coq-operation between shapes (the. annul ar
cavi ty- of PHE18P§§9§gée6ﬁaﬁénéﬁ&é@ﬁh&fib“@ﬁhﬁﬁécﬁﬁﬂybfJﬂhéHQNW§ﬁ§ﬁb", and
the symmet eheakwsl @p€srsobft bacs demsthrathe sheusiongd rdihe pyshwy heing .
suffic%entlﬁ Sh?||OMItO %olﬂ the substrate in the vertical position). The

- pusher “of PHECELATFENYSTE £REs 1FYFEL4°PHé 35 substrates into a high

posi tion in whi ehthkheasertbily 6 itsheénsulesticates wliich aind kerezarmshehei ght as
the vertic . Z_Febru 7 : nt.er f sego ortions of
the Tirst ooabiop,Prt REbE0U NG ABRRbEE L R et B B et he
two jaws oflirpetéenbX12f, FiaieR fawsande spaced 5 apart, and thus open. The

jaws 121a and 121pnefj5h8 bEr sheCoBRLE212Ar Bndt HER GaWSeRh R ClAm ¢ 0get her

~in synchronoys and symetrical manner so as to close the jaws of -the-first

comb ot o BRE SHBBtrates. 10 The housings of the first comb are di sposed in
such a naoher fihat epebadfiohheém recenvies ohe pubbbhiabesddiizngd this

chosure. ALk BHE!I9aL PR SHeSyopce pigtal.on betveen the shapes of the
: This pusher picks up the substrates, with each
substrate being received in a housing of the pusher
15 (which is to be found under the substrate for this
purpose, said housings furthermore being provided with V-
shaped slopes so as to form a funnel in which a substrate
is received). . |
The bottom of each housing of the pusher has a
20  central edge (thereby defining a housing with a "W-
shaped" profile), said edge thus being positioned in the
annular cavity of the cleavage plane in the substrate.
It should be understood that the term "W-shaped"
. désignates any shape which is gehefally concave. and that
.25  further includes a profile projecting from the bottom of
its concave shape. o ' o
' The position of the substrate relative to the pusher
- is thus automatically adjusted by co-operation between
shapes (the annular cavity of the cleavage plane engéging
30 on the tip of the "W-shape?", and the symmetrical slopes
of the sides of the housing in the pusher beihgr '
sufficiently shallow to hold the substrate in the
vertical position).
The pusher of the station-STl thus raises the
35  substrates into a high position in which the centers of

the substrates lie at the same‘height as the Verticaily—




15 conb causes each substrate to be split apart into two 7 Bibsyasy A806waf ers.
As expl ai ned above, while the first and second jaw portions of the first
conb 121 are clanping together, the central edges of the housings in the
various portions of 20 the first conb 221 keep the cl eavage pl ane of each
substrate in a position that is fixed by becom ng engaged with the
“substrate.' For each substrate, the first wafer has a degree of .freedom
to nove awagnfred thatetrberfngher secenat ppetions2® Lt hdef ifigtsy awmborti ons
of the firgticonb, while the other wafer has a'simlar degree of freedom
relative to the second jaw portions of the first comb. The central
edges-in the hodi%i k§dsofighe PPEASE Banty el SEbEREtStES lde WMedg&Sengaged in
the cl eavagpeptanes;jase o30thBosemtegrnaeswol chr gagdemaaice spseddy the two
waf ers_of each subsgra%e to' nove-apart from each other, thereby causing
the suBstr&P8te BB spPPE OBfPetely apart. Thus, one of the functions of
these central etgesjaws theahansi ngdbobft hbef fristtcanmbl2R 1l ssxte0 define a
kind of 3 X itio vage f ea ubstrate in the
first and ‘g%%%nggﬁgrg i%ﬁse%f?‘%%htéggfe%?%%cggjbS%%g%ogoﬁgb%&gs y 2006 28 whil e
| eavi ng t heywatbrscefl washezubst &t &cacdegeeshef Jawseedormitey fged apart
fromeach gthsr onfBUSHeCQLBRE-at AN between the shapes of the jaws of the
first conb causes the two wafers_of each substrate to 5 becone spaced
apart10Thi s fun&PPoROBFLPAE BEénthal fddges CPRD REChBGSPRFSS df* FETF i r st
conb 121 gaembhietachhit aheB BBVihgnt heckwoeswaher subkteachk suhstwpat e
apart; mhag?cleaxage between the tw wafers is already "conplete"” (i.e.
‘when t he &8P s“oP""16-t he substrate renmain adj oi ning each other solely
under the effe8tidl dsuihgohhéaptlbgpeeor cWanpdentWaal betwefeor ¢&s), then
|t serves Lp.gauseel prcvaliest LAGTBYECARAGLw GBTRLEHE! br Lhe ahers moving

away from eac _ )
15 comb causes each substrate to be split apart into two

. disjoint wafers.
As explained above, while the first and second jaw

portions of the first comb 121 are clamping together, the

central edges of the housings in the various portions of
20 the first comb 121 keep the cleavage plane of each
gsubstrate in a position that is fixed by becoming engaged

with the substrate.’

For each substrate, the first wafer has a degree of
 freedom to move away from the other'wafer, relative to
25 the first jaw portiéns_of the first comb, while the other
" wafer has a similar degree of freedom relative to the-
. second jaw portions of the first comb.
. The central edges-in the housings of the first comb
121 thus act as wedges engaged in the cleavage plane, so
30 those degrees of freedom are used by the two wafers of
each substrate to move apart from each other, thereby
Causing the substrate to be split completely apart. ,
'Thus, one of the functions of these central edges in
the housings of the first comb 121 is to define a kind of
35 - fixed posgition for the cleavage plane of each substrate

in the first and second portions of the first comb 121,



~because of their relative freedom 15 In contrast, when dlﬁéwmgﬁzﬁgimeen
the wafers as presented to the nmachi ne has not already been "conpleted",
it is possible to make provision for the .clanping together of the edges
to serve only to put the substrates iAfo the correct position. 20 Under
such. circunstances, the above-nentioned urging apart of the wafers is not
sufficient actually to split the wafers apart, with this being achieved
only when vhélesiesHinpaibporeiens of eRehf sHbStaetHs ar savrsd 9in

translatlogré@agmghoomgvgagbagg Eg@mr@g@heg%gegltch as 25 described in
greater detail §E|OMI is also pgSSIb|e t ?Pt the ch acterlstlcs of .

the machine (ship SofCPHBP@HGE§OHC SHYERG FEfcEnapes) afy arvFuAing

cl anpi ng, the fatetscamb eahsbscﬁﬂpleWelwafamarbi eveh fsabskrsitlstate in
whi ch gleagggg Qa ?t BQ begn conpleted. In any event, the shape of the
profile of Sard" Eages and the cl anpi ng anenents of the jaws can
be adapted so a@hte QUHCDmOboDﬁ thet hentyndt edgssofint lthe ddges rgsosi ti oni ng

only and p@§'£h8“t§9sé‘588ﬁbaﬁ§9 %teauf»%aéﬁhaftg't@% %%hﬁb%h% wedgi ng

effect), It is also possible to I ng novene of the jaws
" of the f.r@%f%ﬁﬁbOﬁneaﬁguﬁ@ESﬁﬁﬁﬁ@ra§ar5g wbezgcéﬁﬁwﬁgﬁh@EW@ﬁémstasart

under goodt@@n&a@érsnlgrQ@fehay a&@mgleaaagumgethahwafeh§ whFeRal bircul ar,
pr ovi an b nmade, t 0_associ a j aws, of %he flrs co with force

senso SYRPPFAGe cFalpRg® aﬁofﬁénﬁaﬁgcpnoF Qre§8&ﬁ T substrates
resistlng tb@ sfferygl gt Lhdetlsnehuprrtypstaﬁcean dae WEaﬂBre substrates

might be dpifioyt {ResPiitognart endcliogavbe prelersed ool nbeupt

operations in order amaging
possi bl e ternpksitely. ablde reabess mh@lngn@wéﬁefapmveaC§ub§hﬁates and

continue spdddkdsddsf hene PENBL] SUDSEN aleSa8RATT .

- 15 In contrast, when cleavage between the wafers as
presented to the machine has not already been
"completed", it is possible to make prov131on for the
clamping together of the edges to serve only to put the
substrates into the correct position. : |

20 ‘ Under such circumstances, the above-mentioned urging
apart of the wafers is not sufficient actually to split
the wafers apart, with this being achieved only when the
second jaw portions of the first comb are moved in

S translation through one-half of the referenge pitch, as

25 described in greater detail below. ' '

| It is also possibie to adapt the characteristics of.
theimachine (zhape of the edges, clamping force, ...) so
that during clamping, the wafers are split completely
apart, even for a éubstrate in which cleavage has not
30 been completed. _

In any event, the shape of the profile of said
central edges and the clamping movements of the jaws can
be'adapted 80 as to act on both of the functions of the
edges (positioﬁing only and positioning associated with

35‘ -spllttlng apart by a wedging effect).

It is also pOSSlble to adapt the clamping movements

of the jaws of the first comb in desired manner so as to




It is also possible to associate such clanping with sensbFebrairy 320G f f er ent
type, for exanple optical sensors, 15 to verify that the substrates are
bei ng split apart properly and stop the nachine if that is not the case.
The Pusher of ST1 is then |owered, enpty, and .retracted into the base 11
so that the substrates are held solely by the jaws.. .20 Wen the
substrates for splitting apart include a |ayer of naterlal such as silicon

bonded to &Pt teégewatfEgst RPeRE tnegrageas awateiok Ha Qs &1 being

defined - i Bvblg Slakizcamaant harswastrate constituting two wafers on
ei ther side of the cleavgg Iplan t.he bonding 25 interface between the

|l ayer and the stif¥ PERerEER as§F9%181ﬁna5ﬁFb$Fh§E§§b&qlﬁﬁq%ﬂlﬂﬁﬁutlonlng
of the centhal jasdges ahet e rdaausionys witttl e dder Sereams 2k when t he jaws

of the sCO .0t I t age r ch an,bondi ng i rface defines an
annul ar’ cggnggg%ggbgﬁﬁf%ﬁ ?h%%%e 3% &S venanﬁﬁ%% of rounding at
t he edgesSubS$N@tE§ygﬁSdEtsmBlcon @@roggﬁw'other material) and of the

stiffener (roun@hagrwgh% %a&tc@ﬁls%ﬁ%%edoh@ 8 hadieals 32¢ti@Rd hrough the
di sk-shaped substrate). The two rounded edges face other and thus define an

35 annul ar Migh&nber dl‘ﬁfli%‘llﬁalt? 208630P7KE APHl ilbafRYhARS eBSEAFrEdSt hat the
central edg@s1ﬁterkh9th@@&kag§oha &heo&aé&tt@oanolaldbﬁgglagcqm% engaged-in
t he ag ul ar g er. Thi s.en %genent E nag nfgy e fact that at 5
the b innFH% f3-ai ctl&rrﬁ?ng PhBOSEHELFa ¥ APS ABYnt of
freedon1tothaveunnobperatmwagesudsteateenanﬁ tbﬁt&uh&ts@ﬂattwngnthhe edges
of the fir F ggngugggg 3@% aﬁgggact wth the substrates, the substrates

y 26°the

aut omati ca adj us g05|t|ons in the storage direction of the
substrate so a&ttésfadiebi paeeibliehtengagerdnteasurhechongiing Watér f ace.

sensors of a different type, for example optical sensors,
15 to verify that the substrates are being sgplit apart
' properly and stnp the machine if that is not the case.
The pusher of 8T1 ig then lowered, empty, and
retracted into the base 11 so that the éubstfafes are
held solely by the jaws.
20 When the substrates for splitting apart include a
- layer of material such as silicon bonded to a stiffener
(with the cleavage plane of the substrate being defined
in the silicon and the substrate constituting two wafers
on either side of the cleavage piane), the bonding
25 interface between the layei and the stiffenér can assist
in achieving good initial poéitioning of the central
edges of the housings 6f the first comb 121 when the jawé
of the comb begin to clamp together. | _ '
_ - Such an bonding interface defines an annular chamfer
30 . which is the result of a small amount of rounding at the
edges of the layer of silicon (oxr some other material}
and of the stiffener (rounding which can be observed in a
radial section through the disk-shaped substrate). B
The two rounded edges ﬁéce other and thus define an.

, 35 -annular chamfer.




The Applicant has al so observed that when the jaws of theFébirpay 20@¢nb
continue to be clanmped onto the 15 substrates, the wafers are indeed split
apart on the cleavage plane. Thereafter, the second jaw portions of the-
first conb are caused to nove in transPation through half a reference
pitch. 20. This controlled novenent in translation is performed in the
direction of arrow T in Figure 3 (i.e..in a direction substanti al

paral | el to theTheofrpéigppechipenobsrriviee §llsst rice Sentsisdh adugs ing

this novemept hBushhgBshat tas. riker" ebeep’ Malkherohddtnd idijagd ssecond 25
portions a5500|ate$, ‘u,ith- tlie 'same substrate and already ~ di sposed on
opposi te sFHi8s2BPULAE SHBYLPAte nove further apart. As a result, the

central edges iwhibBeehgHgkngatofis theeseagndrpont itbas Auave vt waf er of
-each sgbs;gﬁée t hat .gO- s.gedg g,iﬁ saig hous%p $:52 %%'t%innve it

further away f?%ﬁ%?ﬂé at Rer J Rlf P t'He EﬁsFP €. it i%oned above,
t hi s- noveneartaakesmphnatecdvEreadoni sbamowet hat thber séspoegs to hal f the

reference giigchy; FhigeSLagerLpe wafers are thus-regularly spaced apart
at 35 -haI? t he %Q%e?enceep%tcﬁ,rmjth the two wafers of. the sane

substrate faci nfreackhet adgedi alt RBpr Lirght CoMPasrMe 1t SONHAE f aces

t hat have PeeR cheaygHzaparty, ZhEeBﬁBQEYaEQQGa&%oﬁwﬂieﬂlr? REEjgte first
conb i§ cl osed onto.the d has |ndeeg.caus d g%f%%ﬁother wafer to
hr o t fr

: h f
Tove S ropefit ioner Thobhs! BRRagR, ARPERL S0 PRFTARe waf er S

- With this abfsettobfAsiteésatebedchebnwagthieatl anctihenbohddent r ol | ed
offsetting.géegyg%g ot her wafer nmakes it possible to continue in '
particular}y sinplé and easy manner with steps of handling the plurality
of wafers once TheyAppyecaeenhspl isapabeervedNabatakben ithe gapessi ble to

arrange fQ5ft@§ep§{£st comb continue to be clamped onto the

15 substrates, the wafers are indeed split apart on the
cleavage plane.

Thereafter, the second jaw portions of the first
comb are caused to move in translation through half a
reference pitbh. .

20 - This controlled movement in.translation is perforﬁed
in the direction of arrow T in Figure 3 (i.e. in a
direction substantially parallel to the storage direction
of the‘substrates), such that during this movement in

. translation, the "steep" walls of the first and second

25 portioﬂs associated mith the same substrate and already

‘ disposed on opposite”éidéé of the substrate move further
apart. ' ' '
As a result, the central edges in the housings of

the second portions move the wafer of each substrate'that

30 wag wedged in said housings so as to move it further away
from the other wafer of the substrate. -

' As mentioned above, this movement takes place over a
distance that correspbnds to half the feférence pitch; at
this stage, the wafers are thus-regularly gpaced apart at

35 ~half the reference pitch, with the two wafers of the same .
.substrate facing.each other via their front or active

faces (the faces that have been cleaved~apért).




"that is novable in the direction of arrow T not to be thel Febowona0jtaw
portions of the first conb, but to be the first portions of said jaws, the
i nportant point being to obtain-controlled novenent between those two
portions. 15 Thereafter, the assenbly 2 is noved in the direction X of
Figure 1 by its control neans until it cones over the station. ST2. The
first conb 121 has taken wth it the 50 wafers that are regularly spaced
apart at half Hhweyvefresdmee pitecirzg Temtedfa arloadte gughdiheassoci at ed

With the stakeel (Shd hSol ASRESQABLD LA, IJHHRCUYAGE M thnthe bottom
edges of thgl vvaf%r:'ﬁ,alt he 50 housi ngs of this_pusher bein of fset. by hal f

the referehd&® dn@ &sdRTeacs WitGMondhRafdrst B, a9y & tion,

t he pusher tagsaeifatredwiichh thi2 AMmparts all 50 wafers. The jaws.of the

first conb 121 ?redthe_n. aus dlto %?len V)Ehili.the |.aws Qqf tlgte econd conb
122 ar& caused 6 “CFo$&°6Mt & wafers (I tHesEOpctati®ns all 50 30
waf er s conbiffisettdange ofuppertedtinert he feos ekeSTA pdeasciblef ttche j aws 122a,

122 of thecaesand Gomal?lco nas 30 disphis Dulosedy aima) fiat are

regul arly space along t irection aw, W th each

on

tooth bei n§t&BpapPat sanflamot Rlef @Ill%\ﬁﬂﬁ@yt 6dt Waer® IMCylitdeghdave .

correspondpBant eptthe keketence pitch. Each tooth has a flared slot form ng
i Vi one wafer. It will be seen (Jn particular in 7

- a housing for receiv \

FebrudPy 2006 3PSERGALAYL) ACt Adt DGR 1en&oc 68 312 iohdiaiitthe conb
121 (whi chthaselit wmevibleegnstae @itrkcthienmoddeeroagionst afo tHee thibst rat es
and, e VRLEES 9L IEY 06! Bl e BRI OBk ey Wy of 5al o
capabl e ofisappperiagnsheth s8aidd jeet s thre limporégingt @oiwitt bbedaiets t hat
are held Byr-hhg RUARSE19EaSTvelehl BYLelXepl RELWRHES BRIt ons.

- 15 Thereafter, the assembly 12 is moved in the

direction X of Figure 1 by its control means until it
comes over the station ST2. The first comb 121 has taken
with it the 50 wafers that are regularly spaéed apart at

- half the reference pitch. _

20  Thereafter, the pusher associated with the station

' '8T2 is raised so as to come into contact with the bottom

edges of the wafers, the 50 housings of this pusher being
offset by half the reference pitch, and each receiving
one wafer. o _ '

25 ' In this position, the pusher associated with ST2

‘ supports all 50 wafers. 7

The jaws of the first comb 121 are then caused to

open while the jaws of the second comb 122 are caused to
close onto the wafers (during thesé operations all 50

30 wafers continue to be supported by the pusher ST2).

N Each of the jaws 122a, 122b of the second comb 122
has 25 teeth D (see Figure 2) that are regularly spaced.
apart along the 1ong-direction of_the jaw, with each

. tooth being separated from the following tooth by a

35 - distance corresponding to the reference pitch.
Each tooth has a flared slot forming a housing for

receiving one wafer. It will be seen {(in particular in




received and held in a slot of the second conb once it 1 Febsuacy 288d. The
teeth D are separated by gaps E (see Figure 2) thenselves regularly spaced
.apart. at the reference pitch. The di nensions of these open gaps are such
.as to. ensure that they do not form an3abstacle to lowering the 15 wafers
- that have not been received in the slots of the conb 122. The pusher of
ST2 is then |owered, and 25 of the wafers remain held in the high position
by the conbBididze 1Wheemas thacet hre 2bmbaferpsisovendavh whbhcohhe pusher .

20 The co 2 hus acts Tfilter” intercepting .ev Ly h waf er :
only thosg?&éfiwélfﬁaﬁgﬁgv ﬁstlﬁeregl%F?seFlgg %%3iﬁ§ ﬁﬁe %% Sjaw _
portions obft hbef pubstrebrbd hndt thaswateoa ahenrebeyv@deinnatbhot of the.
second gﬁthQagﬁEQO s ectagl 1o£9'éﬁgg§g aLuBYR E@Eé&@% gpuafer of the

sanme ki nd strate e.g e corresponds to the SO
waf er &r tRetSem pareipnsand the wahabSapphfledreotbREciasReFaBAPSE2 (whi ch
inthis case Su?ﬁb@tmﬁ thgemafer of each substrate that corresponds to 30

t he remai nder ilic The pusher of ontipyes to npv

ownvar s unt i | 52H0 ASEE SLE18I FeB8Sbar ob4t Bt TRRE Pontirhi AGSoPFIfon i n

t he cassetbg KBe andhbasopassed Whtbugheryeothssewaéesobeasgto be retracted

intothe b 3 h s y t i r t with the.
station ST%?S?%%egeggédﬁgg§b§%bé %ﬁ Faggg %?%ﬁgétgéﬁg gg ébggary 2006 33
25 wafl€rs bhatclosgd.carrying so as to bring theminto register with this

station.. The pﬁﬁQeEeéEﬁoﬁ'Qkéds$b59a§E§ b§ g5950ﬁe¢sg@worgaresg)as to

occupy a hrgh position i n_which each waf er s by the conb
122 is reckhoBaeines Kegdlaglyf SPEREd %osﬁératTﬁEeSéoéﬁHeeeﬁbpi Shi-s then

opened so as toThel @a@ensions of these open gaps are such as to
- ensure that they do not form an obstacle to lowering the
.15 wafers that have not been received in the slots of the
comb 122. |

The pusher of ST2 is then lowered, and 25 of the
wafers ‘remain held in the high position by the comb 122,
whereas the other 25 wafers move down with. the pusher.

20i The comb 122 thus acts as a "filter"'intércepting
every other wafer: only those wafers that have not been

- offset by moving the second jaw portions of the first

comb in translation are received in a slot of the second
comb. | ‘ ' |

25 More precisely, this,oomb always retains a wafer of
‘the same kind from each substrate (e.g. the wafer which
"corresponds to the SOI wafer or the SOA wafer), and the
same applies to the pusher of ST2 (which in thié'case‘
retains the wafer of each substrate that corresponds to

30 the remainder of the silicon).

The pusher of ST2 continues to move downwards until
it has placed all 25 wafers of the remaining'silicon in
the cassette K2, and has passed through the cassette so’

- as to be retracted into the base 11,
35 The assembly 12 is then moved into register with the ..
station ST3. The second comb 122 thus takes with it the




the 25 wafers (SO or SOA wafers in this exanple), which 7bebhers2@6e t hen
hel d by the pusher of ST3. 10 This pusher is then |owered so as to pass
through "the cassette K3, thereby depositing the 25 SO or SOCA wafers in
the cassette. The pusher of ST3 is theBXetracted into the base 11. It can
thus be seen that the invention nakes it 15 possible to split substrates
apart in advantageous nmanner, and in particular with the foll ow ng- ‘
advant ages2sr atageref thi=aCcdssSiig ddmotighpudo aie wonst ey athym imcs eased
conpared wi th.priaor _ar stens.., The invention serves to split a plurality
of substrafgglésﬂ):aeﬁ %thsft% gsﬁcealé:uls%' (e.g. 25 substrates, although this
figure is not [The pusdler lasaduistastpeidth 13 sipudeb beyepeehvaedst hat it
is possib a h fode 4 ays; ,of fd [or their
rel ative p%gi {a%o%g) Q)té:r?tcliﬁb r %t ﬁlg%é‘pr%;rﬁlscsi W t hr(l)ZV,%kH\/\[/T‘??L p%é?%eipg?ge ?grrped o
t oget h&r svafgar tieddslystthe eembarle hoks sprseivaphrin & lipeated ety (al | of
the substrahes pheiheg split apart at the sanme tine), but sequentially

(i.e. the substrates being split art qne after another, w

, thtime
of fsets that ar & €orFOeFPR iden hd 5" 48 HEE tS%Lﬁ)%t?%tIé%f%ae?%g split
apart). FoehthRs purfease,(SOIovrsiSMA oafdxes nadechforexaiaigpl e, wiiorcht he
opposite | f. the first 0 ar al | when they are in the
cl osed pos??\é/l%g%,s Sl]‘:te ttgle (})1%%@;]3 aﬁtr%ewgf%héa%%e&mﬁ?’ an angl e at the apex
sel ecfl@d 35 soThhst prsderads ¢hearhd anstedifags tie Bdstirhresgh

. successivehy eneabter x@nothel-a3 W dAsi Y & 1hei g gt aspesbA oget her. 7

February 2006 34 This option can be inplenented in particular when
splitting WpaRESsdBsthst €8smRtds -ar FRE MUhAE 2o i¥S E}0t. Under such
Ci rcunst angesraict &lds 1alte0 theSHalylee 110  associ ate the cl anpi ng toget her of
tb{]ﬁejr ?WS of t heIftI rcsétn %h%%n%eogte%nt rt]:‘?'lasi:ubﬁ'}er aitn%senvgjfohn 4 (optical or
' i5 possible to gplit substrates apart in advantageous
manner, and in particular with the following advantages:
- rates of'proéessing throughput are considerably
" increased combared with prior art systems. The invention
‘serves to spiit a plurality of substrates apart
20 simultaneously (e.g. 25 substrates, although this figure
'is not limiting). |
In this respect, it should be specified that it is
possible to adapt the shape of the jaws of the first comb
and/or their,relative positiﬁns; and/or the dynamics with
25 which they are clamped together so that the substrates
are not Split apart simultaneocusly (all of the substrates
being split apart at the same time), but sequentially
(i.e. the substrates being split apart one aftef'another,
with time offsets that are controlled between two
30 adjacent substrates being split apart).
For this purpose, provision can be made, for
éxample, for the opposite jaws of the first comb not to
be parallel whenrthéy are in the closed position, but to
- form a narrow V-shape with an angle at the apéx selected
35 ~ so that the jaws of the comb engage the substrates '
lsucceSsively onelafter another as the jaws are being

clamped together.




t hat observe the substrate that is currently being split 7Bgbarary 2006g. by

. moving -al ong the substrate storage direction so as to be in register wth
- a substrate as it is being split apart under the clanping effect of the 10
jaws), thus making it possible with a sgitable feedback |oop to interrupt
clanping in the event of a problem being observed on any substrate that is
in the process of being split apart; - substrates are split apart with a

hi gh degree of TﬁﬁsaéﬁﬁEéﬁycaﬁngewhhﬁlémﬁhﬁgddﬁﬁr9@r@ﬁcﬁ§%@t%h%ﬁr t he

waf ers rticular, the inpvention S to avoid any risk
of scratch?gglFﬁénﬂa€@§r5fSPEétﬁﬁFgﬁsngﬂﬁgtaﬁﬁvg %géﬁuéﬁlFP EB; t he
i nventi on apsetnmakgsadet pu&hlbﬁechmshandbe t he 120amebep55shb&ehame been

“split apar{ _auto ticall mnth t gspecti waf ers qf ac strate
bei ng st or d° |Clg§as§§?té%a PFovPde 89Fo hl% Xﬁe aaws O% % % Fegentatlon
of the5i nventiboantanthe adhptedtas wathuncseuﬁoaf(Dpélsa@sprapsberhat are

to be Sp"EhﬁEa&B r@é EHePQEEEQQEEE tHQEnléhé §FQ§E&§I§§1ﬁ§eSB

e
corrpl et el y C eave hat 1t IS necessary lver 1t ona? energy so
as to al | oRPRKE ﬂﬁ@gmab§r§OVén5ea§ﬁn9tthﬁaﬁpbstrﬁtﬁss§9§§aﬁ|e to decide to

i mpl enent gheeet asni B ak EBebefhhSke@@ﬂ@eknwiHﬁhaasﬂﬁﬂﬁﬁétésabolﬁos't'On

the substrates 30 thereby facilitating, subsequent splittin art, but
Wi hout - actBaPPIgpPPLL FagPeREnPHaSTt CoenE ot HERPoFeEeCholEnhiEhe  t b

waf er s0apaf twshat thesunbRihgoftchanpinye WEEhjamsuﬁoghnbefeeébaok

sufhment#}g}g apar%ggrrFﬁeré%?%gﬁﬁéh% hhh Eug§traé%gb§ggsequently

bei ng spli a reference pitch between
the two pob@i6930b$erhedfOns@nﬁoﬁbbStr&F@hthhé igt insthe bndgeed oA the
—substratesbgyﬁ? g%liglg 9f-fset 7 February 2006 35 di spl acement

correspondi ng he a |t|onal energ needed for nDV|ng t he mafers apart.
Natural |y, the Tn¥eherbRta8stFepeRlabodkaEanwhbelr @ high degree of

15 accuracy, and with a high degree of safety for the
wafers. In particular, the invention makes it possible
to avoid any risk of scratching the faces of the wafers
‘that have been split apart; '

_ - the invention also makes it possible to handle the

20 wafers that have been split apart automatically, with the

‘ regpective wafers of each substrate being stored in '
cagsettes provided for this purpose; and
- implementation of the invention can be adaptéd as
a function of the substrates that are to be split apart.

25 In pérticular, when the substrates are not completely
cleaved so that it is necessary to deliver additional
energy so as to allow the two wafers to be split apart,
it is possible to decide to implement the clamping of the
first comb in such a manner as to position the substrates

30 - thereby facilitating subsequent splitting apart, but

| without actually splitting them apart since the force
ﬁoVing'the two wafers apart that.results froﬁ clamping
the jaws together is not sufficient to move the wafers

o apart - with the substrates subsequéntly being split

35 " apart by the Offset.through half a reference pitch- :

' between the two portions of the first comb - with the

stresses induced in the substrates during this offset




Lor untoadins Wiegpalets glier Doy RS BECRoaBl bl 20l Ly ] ouch

inpl enmented in various different ways. 5 In particul ar, i%Fébsuap260thl e to
follow the splitting-apart operation perfornmed in station ST1l, and the
degroupi ng of the wafers that follows said novenent apart.by unl oadi ng
hal f of the wafers (one wafer from eagls substrate) not-in the station ST2,
but in the end 10 station ST3. In which case, the second wafer of each
substrate w Il be unloaded by the noving assenbly 12 in station ST2. This
makes it pagsiphlaecteniteclrmaisgdiiE ep&lati g skl iyt Ofeddeyypachi ne with

t he novi ng as%%ng inre is&ﬁ{ with the mddle station ST2. This al so

§§6Ce

makes it po 5 SEVédE Wi ARSE&r 37 % substrate is to be deposited

in each stationNatoralédyanphe, iwvemtspn tddsuy ideatl talsuhkstaaat és= t hat i ncl ude

an 20 SOr ﬁ%mekkeﬁg¥g?%§?§%hge%iE%eQE9%?m%ﬁ%;SC’ wafers in ST2 and the

remai ni ng sificon in ST3. nce the second corb 122 al ways retains the same
waf er s t he oped&t Pértarulae  michilge Deeeddlieo tise faddpedheccordingly, by
sel ecting wﬁuthliﬁgtagaw %Fe%ta%ﬁbfﬂnpfe@for%édjmrp%@a!&qﬂ tsrshoulth al so be
specified that it is possible to inplenment such a machine using only two
stations, CHFeBCIREHPBEENGTesboniPArrsSUMET dodd s st Avvesenthe
stations SZpaandb$Tanl13adi6ei heildesfwichle @@l rene ssicatizaOaime provi ded

circunstances,” a nmachi ne has &} oper at or
needs 100 t gkatawnySTBhe cassette which has just been filled. with wafers

d 35 '"repl [t A h , t .ist
eceive (ho ot hel WhTErs Troi the. mechrae B Eobru sy o008 BaWin

reference Béldwbeourigafed Byt bhg, mpHarg apskmbly d2ddscsitptiion of a second
.machi ne enghbi ng the

This makes it possible to terminate the operating
15 cycle of the machine with the moving assembly in register
| with the middle station ST2. | |

This aiso.makes it possible to select which wafer of
a substrate is to be deposited.in each station: for '
example, when splitting apart substrates that include an

20 S0I wafer, it may be desired to place the-SOI wafers in
ST2 and the remaining silicon in ST3.

Since the second comb 122 always retains the same
wafers, the operation of the machine needs to be adapted
accordingly, by selecting which is‘the first station for -

25  unloading. , ' - -

Tt should also be specified that it is possible to
implement such a machine using ohly tﬁo stations, three
not being essential. ‘ - 7

Under such circumstances, the stations 8T2 and ST3

- 30 Ycoincide" with only one station being provided for
. unloading the wafers after they have been split apart.
| Under such circumstances, after the machine has
unloaded the first wafers, én operator needs to take away
the cassette which has just been filled with wafers and
35 replace it with another cassette, an empty cassette, that

is to receive the other wafers from the machine.




invention to be inplemented in a second mai n enbodi ment. Hrebmagy 23006 a

di agrammatic overall view of such a 5 machine 2, as seen from above. In
this. case, the machine 2 |ikew se conprises a fixed base referenced 21,
.together with a noving assenbly refereéfted 22. -The fixed based 21 has
three main stations ST'1, 10 ST' 2, and ST13. The station ST1l1l is a station
for splitting substrates apart; it is suitable for receiving a boat which
may be sinilar W4 thhedfoaterits periqurter Figuuces M sto eXanpiere epeats the
situation Ifmww%h 2 ANSIHAIES H & E,Je‘i:&pch I\Racﬂpﬁ{é éﬁmr&gﬂrﬁ?élsl y or

ot herw se), which substrates are stored in alignnment at reference pitch.
The st or agddEREdCTof e HERFRaackst & r%‘%ﬁ@ﬁﬁﬁw W@W%i n Figure

5. The nachine Ziigudd kewisse, adapiretut=a ispldddidmn alHew 20F taRas Hf

substrate apa S SQOA t pe subs rates and al so substrates of any
ot her type™ h&“%ugrtraﬁ’tgf%jf For exanple, such a machine could

be used for splint tihrig. aqa&ret \mfeemcmﬁr&)& drlmgélaiorﬁrmﬁas@dianeter of
300 nn1(a|% ghb%gl r%%%qgn% dsqut lkggr t%?-ﬂ%%v1ntléggés %18

~a' waf er | ng Station recelving a casse 1@ whi ch
may be si m‘fbéﬁrﬁacesihé%assettes rrentl oned above. It may al so receive a-

cassette whi ch irpef ipiedaandouli o gaRbhes JhRls, lgRe odd Idd between the

hor i zont al _and the vertl cal .30 The station STi3 i's a station for |oading
waf er 9 whféhZha®8%&dn 3unl oaded in station ST12. This station ST 3 has
two | oadi ng staurh@nstaea@h strati @@ szuistt@ltll%rf Cffor keing tageppi ed by a

front - openi ng i ed gd (Fo pé aIbront en| ! shi p| ng hox (Fosh).
35 These cBAE ?‘Tél ?S Fifket §eﬁu€f§ 3 & %ﬁf Bt wafers
that are sphtetd ampar beatiaigaveno phicho@itn N h‘jns FU@B:et he "amif arteice
pitch”). 7e§§mﬁ9ér¥eggg§532he situation in which 25 substrates are
15 split apart (simultaneously or otherwise), which

substrates are stored in alignment at a reference pitch.

_ The storage direction of the gubstrates is

represented by arrow Y in Figure 5.

The machine 2 is likewise adapted to splitting all

20 types of substrate apart (SOOI, SOA type substrates, and

also substrates of any other type; and substrates of anhy
size) . . For example, such a machine could be used for
splitting apart wafefs of SOI or SOA that have a-diameter
of 300 mm (although this example‘is not limiting).

25 The station ST'2 is a wafer unloading station: it is
sultable for receiving a cassette which may be similar to
the cassettes mentioned above. It may also receive a
cassette which is fixed and which enables wafers to be
tilted between the horizontal and the vertiéél. | |

30 ‘ The station ST'3 is a station for loading wafers
which have been unloaded in station ST'2. This station
8T'3 has two loading stations, each‘station suitable for
being occupied by a front-opening unified pod (Foup) or a
front-opening shipping box (Fosb). | '

35 : These containers act like cassettes to store a
:plurality of wafers that are spaced apart at a given.

pitch (in this case the "reference pitch").



one of the particular features of such containers is thé&tFebheyy2806r e

waf ers horizontally and not vertically. It is also to be understood that
wafers are stored therein with their active faces facing upwards. 5 It is
therefore necessary to associate the maghine 2 wth neans 23 for turning a
plurality of wafers disposed vertically in the cassette at station ST 2

t hrough one- fourth of a turn so that the wafers lie horizontally while

continuing to b@né”o@'tﬁ@”ﬁ@ft§@@@§ﬂ ﬁééﬁﬁréé blieshonr eberanaersi eh

bet ween ang two adj acent maf rs_i i nnment ge a§%§ggh 21is
~adapted to B%tnﬁg%ﬂ %E?E%e%a ﬁBEFF?Bﬁ? ?gsBEQthe|Ve.n register with
each of ther stakieastSThd andeﬁgtaodundat WhéecenarelSDbraﬁproprlate 15

trol Th 2 h di t X sh
contro @ﬂeﬁénfﬁ%ﬁﬁeggi¥¥ug?%§vg Egcggv%gcﬁhﬁngg%ggds Irec I on shown

in Figure I'né er conprises a I''ng robot 24 for
transfBrring thetspki thapaforeaheresshay havasbeehatgepbsi egrs{et Ke

~assenbly Z%itﬂ ﬁggnétﬁﬁ ?Qgsgugnﬁﬂg EhﬁiugglBﬁyeoﬁuQégﬁﬁgthﬁpB@éﬂ put into

a horizontal position el ng turned t hrough one % g a turn on
| eavi ng- t heersigaidy ST Qheoﬁﬁﬁﬁﬁﬁtﬁréﬁ1§5?Hl§Pa§Foﬁ 8P19U86 ORE™ station

" ST' 3. The ¢ghotn24ris thus sevebhe tRet wanskatias hbrhh&nt%ﬂl@lrectlon Y.

I't is also npvable in rotatjon_about verti S .24 0 as to
aIIOM/wafewgl}ﬁ BN EHTYLIRBd P nPS tHe g&ﬁ?@ r §P5F° gtﬁ%ngg% 3, and it
is al g0 nnrabéEenﬁetpEchdbEEWEEnnanThEWQDadmgcassewayr§2l@oﬁbﬁlses a
first conb ﬁhose 0 two. jaws are symmetrically opposite each ot her about
t he nlde% 8929561 the assenbly and are adapted to close onto. the

waf ers of a pl ufhei agsefbiyba2ratesdapbfdvEP, PENMOREE BRS¥ESThEWPi rst conb

. i.s designe a fensragigtiselieh bakh asreherence pitch:
35 the hougoggtlmﬂ? Lhs Qcﬁb@em? ¢hsragiatt i p

are provided in regul arl % art. manner on
each jaM/oﬁtﬁgéoéﬁnﬁTfbraF@c%Fv?ngupa§ﬁegﬁﬁvgoxﬁégg S aPEPERRE 15 Fset by
hal f asref ebaBe81pink&hs. The assembly 22 is thus moved along the
| direction X shown in Figure 5.

The machine 2 further comprises a handling robot 24
for transferring the split—apaft wafers that have been
‘deposited by the assembly 22 in the station ST'2 and that

.20 have.subsequently'been put into a horizontal position by
' ' being turned through one fourth of a turn on leaving the
station ST'2, ongoing from said station ST'2 to the
station S8T'3. ' '

7 The robot 24 is thus movable in translatlon in the
25 direction Y. Tt is also movable in rotation about its
own vertical axis 240 so as to allow wafers to be
unldaded into the containerS‘of the Statipn ST'3, and it
is also movable in the Z direction. -

The moving assembly 22 comprises a first comb whose

30 two. jaws are symmetrically opposite each other about the
mid@lane 220 of the assembly and are adapted to close
.onto the wafers of a plurality of substrates. _

' However, in this case, the first comb is designed to
impart to the wafers an offset of half a reference pitch:

35 ' the housings which are provided in reéularly spaced-apart .

' . manner on each jaw of the comb for receiving respective

‘wafers are thus offset by half a reference pitch.




7 February 2006 38 The cross-section of the facing jaws 2PHébnamngd2@B1lb of
the first conb 221 i.'s shown diagrammatically in the view of Figure 6,

-~ which i's a diagranmatic face elevation view of the main elenents of the
assenbly 22, with a 5 substrate S posii8oned in said assenbly. It can be
.seen that in this second machine, the jaws of the first conb do not close
together by turning about a vertical axis, but by virtue of each jaw

tilting about ﬁhéesae@éiyechbohzoﬂtaheaﬁasiﬁglﬂaw522ama atd Thgbj aws 221a-

and 221b cap thus.pivot QBUE% eérShg&ﬁp§£5%¥§m@%€§cggi§egﬂ 9h803|t|on in

whi ch t he fer% 0 rs%h% subs tés"are di se osition'in which
the jaws holewthe Weders €eachivafes @e@h@gr@@@$Vé@ baceeplfERLEPAe of its

m ddl e very]cal o Axise | fla fn lo1 SRELLSPORILRG Q@gémﬁgyoﬁza i@h.alt is this
hol ding posifion that 1s shown in_ Figure 6. In this case |ikew se, the two

jaws ape t$¢?%%Fa%%n%HP%%%E%P96§01¥h%?l@h%s%%ﬁb}ﬁms remain symmetrical on
20 either side pf ¢he wedptanecB20. idhenisr séconabma@Aihbusthakgswhol d of -

th f fl th h t t...Jh d t
bel ow | ThePBagimor v 55 Srdh Machebes Lepar arparter drbnt emsBonShhing 2200
- whi ch are &ikewmt 5eahoamt ed bottly nvaboue of espeltise hitfizoataboakes 2220a
-and 2220b. on. %ﬁ%ﬁ%léé 91z6$@af19£l§ £49. Eaghpof these two separation

el enents has 2 ade. el erment dISpOS Inthe direction Y at the
referkfce 30 ﬁIh%h]@@Sthéiaeaﬁﬁ 21k hear coes PHYOCraBpeteFRGi¥h the

cl eavage p%é@ﬁééﬁlébsakéér@é@w@@ﬁnaa%@éyfﬁéﬁtyno&hléﬂbﬁhéaﬁgﬁeﬂseo@ut into
position (see detailed description belo Each of the 25 éad s of the

el enent 2208 | FUbFtrates o3t dFSHIRISD bl%’a‘% JFPPHRCEPRMERL Y so that

t he the jaws hold the wafers (each wafer being received on
| either side of its middle vertical axis in a
15 corresponding housiﬁg of a jaw) .
It is this holding position that is shown in
Figure 6. 7
In this case likewise, the two jaws are tilted
synchronously.so that the two.jaws remain symmetrical on
'20 . either side of the midplane 220. ' .
| The first comb 221 thus takes hold of the wafers
after they have been split apart. This point is returned
. to below. , |
The assembly 22 also has two separation elements.
'26  222a and 222b which are likewise mounted to turn about
| respective horizontal axes 2220a and 2220b on either side
of the midplane 220. ‘
Each of these two separatlon elements has 25 blade
_ .elements dlsposed in the direction Y at the reference
30 pitch so that each of them comes into register with the
| cleavage plane of a substrate when a pluraiity of '
substrates are put into position (see detailed
description below) .
Each of the 25 blades of the element 222a is in
'35 - register with a blade of the element 222b so that the

blades of the two respective elements face each other in




. bl ades of the-two respective elenents face each other i ¥ Febfeioy 2@ty 2006
39 pairs so as to engage the cl eavage plane. of a substrate on two
opposi.te sides.. These separation el enents are mounted to tilt (l'i kew se |n
symetrical nmanner) between a position3den 5 which the substrates are
di sengaged, and a positi-on (shown in Figure 6) in which each bl ade engages
t-he cleavage plane of a corresponding substrate S. Figure 6 also shows a
gui de 223 wphieb bo4aértangﬁ§age thie ciepvaget ipdBnef offhe asbentlaye222 above
t he substrates. gui 8 can be nmounted to slide vertically over
means 2230 §uEﬂ°a8pP8FFE (Pt°F§ "shown below in this specification that
such neans 2230TheeensEpesaEmbnabﬂemEhesgamdeHh@@t&dpt@r&ﬁﬂty of housi ngs
for receivi fgke&ggetQB DOkkLERS Ol [ABRSUSHERLRen INBBYLdBn23s thus 15
has 25 hou I NgS at are”spaced apart I rect at the reference
pitch. 5Thewbe@b|th§hapbs§raﬁﬁé gﬁﬁdélﬁ@@ga@gdzzanﬁsasﬁ@ﬁﬁtlpﬁ Figure 7. In

this.figureshbinCan bﬁaﬁ%@nsy hat, %QEhh@H%hn%lad%()elﬁ%%%e@a%hlen its bottom
portion a portion L2 wi dt h reater. than the thickness

of the subSipavadsg p ﬁBeaogoﬁ|€8FF?SPPQﬁé& P&igﬁaL§2§I in that portion
of the housing whgahel a&buabhdwgowagdebhe23um@nta1as(dmwam@edsﬁn . 25

The e s CIHaF r fohe B EHE LB B W00t LBve RBL SARLEOUIAL o7, coul d

t hus be de rrsrng-a reégron o enéfa CONVeEr gi ng
shapeiand a boThbe gegidenceh bhethBQEdgtOWEﬂthhyertaﬁ§ﬂﬂWO@VBétmeen t he

t wo reg'Onﬁegﬁg'ﬂgéén%uégpénghﬁag ?Eﬁpgs 39ohnIuEs of ahsenilows the pusher

. P of the station 5 housings that are spaced apart
"at the refépeptbipprEénnalbag ?Héhdmﬁé8ﬁ|833V aEgcRoRoB§PRE R 1the pusher is -

intended to receh¥egdiasuhskr at plufheipysBer nbuekagep rfofie revbitnages in the
' the top portions of the substrates. The guide 223 thus

- 15 has 2% housings that are spaced apart‘in the Y direction
‘at the reference pitch. '
The detail shape of the guide housing 223 is shown

in Figure 7.
In this figure, it can be seen that each housing.
20 1223 has in its bottom portion a portion L2230 of Width
which is just greater than the thickness of the substrate
S, and a conically flared portién L2231 in that portiom
of the housing which is situated_toWards'the substrate
_ (downwards) . - ' ) '
25 The diagram of Figure 7 is naturally not limiting;
| any configuration could thus be devised cbmpfiéing a
region of generally conical or converging shape and a .
bottom region of the housing, with the transition between
the two regioms having any appropriate shape.
30 Figure 6 also shows the pusher P of the station
ST'1. This pusher has 25 housings that are spaced apart
at the reference pitch along the direction Y.
"Each hoﬁsing of the pusher is intended to receive a
_ substrate. The pusher picks up the substrates in the
35 ~ boat which is placed on the station ST'1, passing through -
the boat as the pusher rises, as for the above-described

'pusher of the station ST1.



-35 boat which is placed on the station ST'|, passing thrdEdbruarh@0@oat as
"the pusher rises,.as for-the above-described pusher of the station ST1. 7
February 2006 40 A .. detail ed .di agram of the bottom of a housing LP in the
pusher is given in Figure 8. This figuse shows that the housing LP is of
generally V-shaped section. It is specified that the angle of the V-shape .
is considerably 5 'exaggerated in the figure; in reality it may be about 4
~ degrees. Mre pxegéselYedthealousi 6 cheV\bshapedofwat hotibéngsymmety i cal
bottom of the housing.includin ae AP e L.ng h eavage
“plane of tHE §ﬂﬁ§??5tesmﬂrV%nlgnt%eggugsﬁraté%ﬁs gggﬁre S#g % %h%%he _
pusher. ThehengageieatLBf isho§ gdgerah1thsSbEQadageCpﬂ@ne ﬂﬁussacts li ke
t he. above- é';@éﬁf?&? pusbeEngl andiel 0e RALUTL ShABPeS! LA ok LBe SuUbSt rate
by aut omat centerin e substrate as It t he pusher 15
Ret ur nf ng @aa%ermringnasgenﬁwumf LR §ea§§§rrbrtr} méVsBEhééoé‘tsecond comb
- (not showy ifedheefi gures) which corresponds to the second conb 122 of the
‘first. machine as descrlbeg above.  Each of % ﬁp SI%§'% qus of such a
conb 20 |ikewi MeTeonprreesiyn Fhrsheuséna. 155 AEUsPfigs ¥paded Spart at the -
- ref erence Pyt racdl -bolbogaps thkewoseispadedladianty ah tdgesade pitch
and interposed betmeen the Qusin a I e thek jwafer to
pass t hrougt” when & 5@ Eﬁ m% %VE§858§a5§ %Ea?ﬁéa¥gh %ggﬁeQﬁé g?ence
pitchids pdsseﬂuU@Mnatehlsughlngrélébﬂﬂ ththcEthﬁﬁy close in the
- sane-manner as e &080od2ee SF bKiLlLELBO I kAiLNe1EhiSLeCRTAN2L. d It

is 30 i ndependent o I rst 221, th specifi control neans
bei ng dedl%%W%da@%%rb%%ef%heo%EﬁVﬁgd§ﬁ8r6P8§|HBSP?I thé?é £61 1 ows a

. descripti oyphshoyhé hbss$€COAUoL the substrate by automatically

B centering the substrate as it is lifted by the pusher.

15 Returning to the moving assembiy 22, this assembly
also has a second comb (not shown in the figures) which

corresponds to the second comb 122 of the first machine

as described above.

Each of the two oppogite jaws of such a comb

290 11kew1se comprises in this case:

- 25 housings spaced apart at the reference pitch;
and
- 25 gaps likewise spaced apart at the same pitch
and interposed between the housihgs so as to allow every
25 oﬁher wafer'to pass through when a set of 50 wafers
rspaced apart at half the reference pitchois pasééd_dOWn
through this comb. | _ '
This comb may close in the same manner as the comb
122, or by tilting like the first comb 221. . It is
30 'independent of the first comb 221, with SPecific.control
means being dedicated thereto for opening and closing it.
| There follows a description of how this second
machine-operates.
. '~ Before the description, it is recalled that the
35 ' second machine is well adapted to splitting apart.
~ substrates of large dimensions where it is 1mportant to

stabilize the pOSlthn of the substrates that are being



machi ne operates.- Before the description, it is recall ed %4Featuarh200635
second nachine is well adapted to splitting apart. substrates of |arge
di-nmensions where it is inportant to stabilize the position of the -
substrates that are being 7 February 2606 41 split apart in a manner that-
is as well-controlled as possible. Thus, as described bel ow, although the
first conb of the first machine | serves sinultaneously to take hold of 5
the substrapes: afsht®© 5Pl & tméhesraphat, ibyaseke - vsecpblTodoperation

bet ween the sh s of the elenents of the conmb not only for splitting the
subst rat ePHpEIt Hut also for positioning them (the central edges of the
various housi nijsusords i desengbed balswr eslthugh nthdef segondodd edichi ne 2,

different (rans;Ate oyiged oL, posi Ligel Bneblior Subst Lakesnand dor

splitting them apart i5 neverthel ess enphasi ze at_this second
machi ne carhdesuhptenes® eand oko sppbl i i RgcapaparsubaY raglesng ofsamgt si ze. 15

The- Startlwépéf@éi&m Ibétxxr@é'ﬁ @ﬁefghégg% of t'Elli@ HDShePE £SEN thE the
station ST'1 contains 25 su S%rat S have been subj ecte

cl eavage (SPVeO% PRyY sEehseP Ll sbiRPt Hag % 2T HePRR T S ?O or else
has al reads/o:bqaﬁsittmﬁh@ thém apfei tentyakvedded hef 20he nventows enabl es

the two fers, of eac bstrate to S art) senbly 22 is
“in regist WP Andove rl Tt 9t he & ]?a |oéh)s'$il’: (an hef néggcfer%r\?%
appr op? i ateghiateon), tdtﬁeffemmiemtm:@ms Xare LFI@W@E@)fOJarmIO%tIOthJ aws of

the first. %@%%l%@@@baﬁn@ffép i‘f‘t‘?@i gh%.g s as. . Fromthis position,

t he pusher I's caused to nove upwar 0 pick up the'25
substrates fromt hes buaterBoehesexprahaetrod| dnt vetbtisieet dhe W shaped

machine can be implemerited for spllttlng apart substrates
of any size.
15 The starting situation is thus as follows:-

- the boat present in the station ST'l containsg 25
substrates S which have been subjected to cleavage (which
in this case aiso either needs to be'finished off or else
has already been finished off, and in any event the

20 invention enables the two wafers of each substrate to be
split apart); '

- the assembly 22 is in register with and overlies
the station ST'l (by being moved approprlately along the
direction X in Figure 5); and

25 - - the jaws of the first and second combs of the
machine 2 are open. ' '

From thisg position, the pusher P of ST'l is caused
‘to move upwards so as to pick up the'25—substratés from:
the boat. | |

30 As explained below, because of the W-shaped
conflguratlon of the housings in the pusher, each
substrate is automatically centered in the middle of its
‘housing and is held substantially vertically.

7 The pusher rises to a high position in which the top
35 " portion of each substrate is received in a housing L223
~ of the guide 223. | | '




configuration of the housings in the pusher, each subst r7febriasy 2006
automatically centered in the middle of its housing and is held
substantlally vertically. The pusher rises to a high position in which the
top 35 portion of each substrate is rggeived in a housing.L223 of the
gui de 223. 7 February 2006 42 The funnel shape of the housings L223 serves
to ensure that the top of each substrate penetrates into the "bottont

portion of the fﬁ{@sf@ﬁnQPV\@haBQUétnghet hetehyigs %Ry shap0sid i on of the
top of the substrate. Since the position of the bottonlof the substrate

is also fen@EHDYRMe %H@etPH PﬁeeBSPtﬁﬁpéFr?ﬁ§ PESREFANTFuSY 5 wi l | be

under st oodr it orh i §o§’@i&ﬁsofOthéomilp@hdtah@omsI ticwiz ik, eatlarsityst r at e
accurately, wth the subsfirate % % hSV|ng free on1t% tilt or nove 10
si devays. YT sERRrRPELFAPTYC ng Pt 5RP Pér ChGnSTPRCES ™ | ar ge

di mensgons. Neveimdwel elss, poaieibs dakehedboicngnt bifs tiet codwtiiade isf the
substrates 0 S t d v dHy nging the
subst rat es” %é%t?c ?hg?nkgg n% Qﬁ g%% §§t§%ﬁ5%§ giregﬁghn agai nst the
bott ons cﬁhQ¢ﬁﬁm@uslﬁg@11bfb@hen@ar§§09§e§hﬁﬁgGPéS7FerﬂﬁSstéVO|ds stressing

the substigi@es,: v%m@f?@gﬂéibﬁugg gheReRLBsthak cak@crah-egl Y wifdmne and
fragile. Once the substrates are guaranteed to be in.20 position, the

separ at or %ﬂ%ﬂﬁ#ﬁ%tQQQ% BRAS 2boB L BN HEEFIO™ &% T s 6 BV he bl ades of
t hese; @l er@méﬂ@m iThDs genpactiviulhriheipeoipheralfosi debsaldesesf the
substrates # ec ified that the anplitude through which the separator
el enents ate 1319% @e%%h??%rled at this stage 25 so as to ensure that
t hey do not yeﬂ%peﬂethelessntoarhelsht@kneséu@ﬂnehehS@bgmﬁﬁpﬂycﬁyﬁmkns
stage, the s qﬂﬂé n e SCQ’s u tiognal, means
for holdlng e su %%?%f%% R%ﬁé E%§|§?%%§hg ?@ekgﬁ%gf?gggi are under ful
avoid bringing the substrates vertically in abutment in

15 an upward direction against the bottoms of the housings

of the guide (see Figure 7). This avoids stressing the
substrates, which constitute elements that are extremely
fine and fragile.
Once the substrates are guaranteed to be in
20 position, the separator elements 222a and 222b are caused.
to tilt so that the blades of these elements come into |
contact with the peripheral‘side walls of the substrates.
It is specified thét the amplitude through which the
separator elements are tilted is controlled at this stage
25 so as to ensure that they do not yet penetrate intoethe,
thickness of the substrates; at this stage; the sgeparator
elements serve only to constitute additional means for
holding the substrates. '
The positions of the substrates are under full
30 control at this stage. The substrates are thus centered
exactly in the desired manner.
Thereafter, the tops of the substrates are separatedA
from the housings 1223 of the guide 223. This can be the
_ regult of controlled raising of the guide on the means
35 2230, or the result of contrélied lowering of the - ._
assembly constituted by the pusher P and the separator



30 control at this stage. The substrates are thus cent er édfebesagy 2066 i n t he
desired manner. Thereafter, the tops of the substrates are 'separated,
fromthe housings L223 of the guide 223. This can be the result of
controll ed raising of the guide on the4®eans 35 2230, or the result of
controlled |l owering of the assenbly constituted by the pushér P and the
separator 7 February 2006 43 el enents (neans then being provided for

per.f or m ngebagdntd oeeang) theét shbdugdpabsddbd Gndepsrdodmihgt Sacui de such
as the guj de 223 gan | i kewi se be inplenented with the 5 machine 1 as
descri bed ‘above and shown in Figure 1. Such .a guide can assist in
posi ti oni ng t hel'subkonhd esl sackarapdeystpadarpabvansuighc8UfRe38ubst r at es

have been (gl sghgageshiromnt hexavi e, bEhexpaeRentih! wpesi thened in 10
“controll ed manher by the pusher _and bg th gggarator .eIenthS.STh

separ a¥or BrENERE sl afe ERERTERELeaPPE L A FPher Fodlrds 't he Fﬁgides of

~ the substratesise tdmtatbescbindpssotibheng ehemsnbstattaeck the substrates
at their .15 cleavage planes. This "attack" can consist in causing the
bl ade to Penet?ate’to a depth of nillineter order into the thickness of

" the periphery ofntdmysebshtatencdhechesephetrates| bavat ¥egre caused to tilt

(S0 as 10 OblalNalheq 20 ggsthedadenth PhepeheLr ation. pdBis ahtackn esults in
the two waiers eac Substrate elng Split apart. In this respect, the
cr 0ssl0 seceoBirol 1 efenanpar dbvr the chBfher caRdpRY alibft EGPEE2F8Fm proj ecti ng
wedges whiLhepdge !l unged into-the cleavage 25 planes of the substrates. By
di sengagi ng the_substrates frog1the %uide,tk% IS goas%blgiigr the two
substrates to nbve APEFTFPonteaBA LBt AEF. “NBPe“pretisely, *once the two
waf ers of @&ether towards the insides of the substrates so that the
. blades of these elements attack the substrates at their

.15  cleavage planes. _

Thig "attack" can consist in causing the blade to:
penetrate to a depth of millimeter order into the
thicknese of the periphery of the substrate. The
separator elements are caused to tilt so as to -obtain the

20 desired depth of penetration.

' This attack results in the two wafers of each
substrate being split apart. In this respect, the cross-
section of the séparatoi elements can be adapted to form
projecting wedges which are plunged into the cleavage

25 * planes of the substrates. o ‘ _ '

By disengaging the substrates from the guide, it is
posSible'for the two substrates to move apart from each
‘other. More precisely,  once the two-wafers of each
substrate are split- apart from each other, they fall

30 -against the flanks of the bottom of the corresponding

housing in the pusher P. _
' The only element of the assembly 22 with which the
wafers co;operate are then the hbusingé in the pusher P.
‘Because of the general V»shape'of.these housings,
_35 ‘the two wafers of each substrate are thus disposed iq a-

V-configuration in the bottom of the corresponding




substrate are split apart fromeach other, they fall 30 -7&ghiuagyt2G0e f| anks
of the bottomof. the corresponding housing in the pusher P. The only

el ement of the assenbly 22 with which the wafers co-operate are then the
housings in the pusher P. Because of the general V-shape of these"

housi ngs, 35 the two wafers of each substrate are thus disposed in a
V--configuration in the bottomof the corresponding 7 February 2006 44

housi ng LPneasengher shdeiehethgigentraknedgentprathedgrousi nghe Wil e the
substrates_are being attacked by the blades of the separator el enents,
sensors foP°HE48Hring 5 force and/or stroke are associated with these

el enents so aswWhaleeabur eubbeérnesisstarcbeputy aptbykele byespecti ve:

SUbStratesb%%éggsgfb%h%gsgggkgéggar&e&@ﬂgéorsgggbgﬁtFbgemég§%¥¥ig i
advanci ng) . ans ‘may be provide or Intefrupting bllade 10. penétration or
for adapti figrcheasdded etrpipebrst P6RCgdakedf WAL bhe6F SUEMSREss Foement s.

As in the gase ofpchberbi tsk FRchLREndesplhibag ahovee rehgprcephidting apart
substrates that include a bonding interface gmnthﬁz stiffener or. sone

ot her itenfubgh&atssi aPRiREtabeall 6Pt he2Bap5r ARBFEOFs &St said
interface, piwhtiBsstBessesngibsequently being transferred> to the cl eavage
pl ane. Thereafter, the ja of the first co are.caus t tilt inwards.
so that these j n@l@ﬁ% g% Pﬁ@vggegengaﬁgggfﬁuﬁgﬁgﬁs%qgﬁﬁte the 50

housi ngs opehbesatiawnsocar €ospadeptapar theatpheatlf of hpenetardicos gist éh, this

“clanping t [0 ] (Eirst conb on the wafers: - causes
t he wafers%tggE gogf%ge%ngP ﬁ%%FB%ﬁEQEZ ‘reference pitch; and subsequent |y

hol ds 'sai d waf eRs Reguhar Ppsspadedine Apapt machape fRECréPECeRERVSIt ch,
with the a%ﬁbﬁesbﬁﬁ%ﬁing apart substrates that include a bonding

interface (with a stiffener or some other item), the

15 initial attack of the separators is performed at said
interface, with stresses subsequently being transferred
to thé cleavage plane. ,

‘Thereaftér, the jaws of the first comb are caused to
tilt inwards so that these jaws close on the 50 separated

20 wafers.

Since the 50 housings of these jaws are spaced apart
at half the reference pitch, this clamping together of
the jaws of the first comb on the wafers: |

- causes the wafers to be offset at half the

25 . reference pitch; and ‘ ,

- subsequently holds said wafers regularly spaced
apart at half the reference pitch, with the active faces
of the wafers from any given .substrate then facing each
othef {as is the case for the machine 1). o

30 In.order to enable the wafers to be offset in this
way to half the reference pitch (i.e. every other Wafer
must move through half the reference pitch in the
direction Y - which corresponds substantially to the

o gtorage direction of‘the'wafers and the substrates and to

35  the long direction of the jaws), the entrances of the

‘housings in the jaws of the first comb are flared.




of- the wafers from any given substrate then facing each Tdtehmrary 2006i s the -
case for the machine 1). 30 In order to enable the wafers to be offset in
this way to half the reference pitch (i.e. every other wafer nust nove

t hrough half the reference pitch in thes dlrectlon Y - which corresponds
‘substantially to the storage direction of the wafers and the substrates
and to 35 the long direction of the jaws), the entrances of the housings
inthe jaws of Aﬂ@tﬁéfSél@ﬁﬁhtaéﬁcBhﬁﬁgdng7tEQbrd&%pl%&@ﬁe%& Aot her

el ement encouragl t hi s_di spl acene eyery her f.er is the fact of
t he waf er sShefhg® Q&ﬁEIWﬁgﬁr ﬁ ﬁg hgﬁggnag gg tW@ ﬁﬁghgglnﬁbe they have
been splltlm@himedand thashenpmygagoﬁ tbgr pesbkrf peedomh®yofiavevenent in

Lo e £r et YepFl 20 Xee ! Ml RAGGUSHYOUGLY 6 BUELAG Legerheladde ] Rne

of the firs sher T's "cause SO as to rel ease
t he me$er30©r@gV@@%nVeiy thﬁuélr@ﬁﬁbpﬂn§ themto be stood up vertically and

to be spaced 10Fﬁ9§11y9tsmﬁhfttﬁﬁgoﬁ§i renes PibaRindl tbietnehagee t he
wafers are thus re uIarIy stored an offset of g%! t he reference

pitch in tHE"§ a%6 FhesFngwbcoHBe FPHEPBYshEr C81S8F £ BFYihates its
downwar d sd¢whRardd Q@dabSthkéaéhéd théOwhherba@eoaiesﬁhaea$semhb$ 22 is

- then noved fromthe tat on, ST' the st tlo ST
p03|t|onecf3 9?1?%| ?Tak?oﬁe £ 80 rgegrecaegV dWQ%'% P?%??y ot her
waf erlis taksEnt sat asald hbeerdbemenneoptiheh.20 cassette of ST ' 2). This

degroupi ng_can be el Lo e n\ihgewaegﬁswgggeﬁhuésregﬁaaqg%et%e@dabove

with reference to Is case |1 kewse b¥§35|ng t he, second
conb and tmetlpmwf&ethefsbaﬂ-ﬁo‘ﬁhe"reéenrﬁeﬁeypﬁwe W e dPESt Rk
| onered i i therst £3asette of ST12, while the other 25 wafers renaln hel d

- The pusher of ST'l terminates its downward stroke
15 and is retracted into the base 21.
The assembly 22 is then moved from the station ST'1
to the statlon ST'2 where it is positioned.
At thls‘statlon, the wafers are degrouped {(i.e.
 every other wafer is taken so as to move down into the
20 cassette of ST'2). N |
| This degrouping can be performed in the same manner
as that described above with reference to the machine 1,
~ in this case 1ikeﬁise'by using thé_secoﬁd comb and the '
, pusher of the station. :
25 : Twenty five wafers are thus 1owered 1nto the
:'cassette of gT'2, while the other 25 wafers remain held
in the hlgh position by the second comb.
The means 23 then cause the wafers to tilt (so that
their active. faces face upwards) and present them to the
30 robot 24.
' - This robot subéequently_deposits the wafers in one
_bf the containersrof_the.statidn_ST'B while ensUring that
the wafers remain in the horizontal poéition.
_ | The other 25 wafers are then retrieved by the pusher
35 of ST'2 which is raised, with the second comb openlng for .

‘this purpose.




in the high position by the second comb. . The neans 23 t/HghrueguZ®ot he
wafers to tilt (so that their active. faces. face upwards) and present.
themto the .30 robot 24.. This robot subsequently-deposits the wafers in

..one of the containers of the station &' 3 while ensuring that. the wafers

remain in the horizontal position. The other 25 wafers are then retrieved
by the pusher 35 of ST'2 which is raised, with the second conb openi ng.

~for this purpoggy chsF§Q£$§§¥ 20Q6 sE@E bhi gTpYr pasenat/Bespusher of
ST' 2 can have 50 housi ngs : -

hat are, o f% bﬁ hal £ the refgéegce pitch
with the h%%%?hﬁgstHaﬁtaﬁ€euggﬁs?5rbYoV% GPEnESFEFSPCSsPHAFEr s bei ng
lnterleaveﬂlbntmn@nhbhgthQStngs shichsadefbrusedetongl oher Engsthesl ast 25
waf er.s. ossi.ble to_no hIS pushe t ble in
R I e e A L

translatld%a cause Ve IRy ansl ati on
t hrough hahéédt herr ébeeenng phEChaSh Eﬁlwaﬂerectlon so as to cone into 10

register witht E m@fg Pég Eﬁﬂ@'@o' obfle éﬁﬁgnﬂugﬁgP sol Bhwki 6B case,
t he pusher of S nee Rave 2 ou5|n S sgace apart. at the :
‘reference p$t@ﬁvabhemhﬁchréé§éati@nl%naFgé 6§§F fent & ndRe pPovision for .

it to be t8§u§8098dtBOHBvéhhﬁhtténgpa@ﬂohhtﬁﬂghghahalfIﬁha reference pitch
inthe Y direction. Sim]arl the_cassette of the station.SI'2 can be

of fset by ﬁ%ﬁ?rﬁnFﬁfEFEﬁEelﬁlFEhslﬂlFﬁﬁtﬁ?Peﬁ?lGﬁ ¥9i i°"Gr 4BF°t o recei ve
the wafer syredhisesenond batcwabérsatras rembhenihanbeedebyntheom20 means 23

so as to bgﬁguﬁﬁgﬁ;ggngg zon&g%a?oggtéenac?gghlg ganggnggusly b$|ng

“turned thr err rve s are on top.
robot 24 aotesingshepsasd apaneratstba ragerense bakeh-of wafers, bringing

these second wafgr§napfl <25, 0EPPSi 418G HBERIbReArEORARENBECOLsER] Station
T3 for it to be the seécond comb which is moved through half
15 a reference pitch in the Y direction.
7 Similarly, the cassette of the station ST'2 can be
offset by half a reference pitch in the direction Y in
. order to receive the wafers. . '
. This second batch of wafers is then handled by the

20 means 23 so as to belput into a horizontai position,
while simultaneously being turned through.half a turn so
that their active faces are on top.

The robot 24 acts in the same manner as on the first
‘batch of wafers, brlnglng these second wafers and

25 '“dep051t1ng them in a containér of the station ST'3.

- In this second main embodiment of the invention, it
is possible to adapt the configuration cf the various
elements: thus, the axes of rotation of the jaws of the
first comb 221, and of the separator can have different

30 orientations. In addition, it is possible to make -
provision not only for ohe pair of separator elements as
‘shown in Figure 6, but also for a plurality of pairs,
with the configuration of the separator elements being
adaptable. |

.35 . It will be understood that this second machine
‘enables the same advaﬁtages to be achieved as those

mentioned above with refererice to the first machine.




In this second main enbodi nent of the invention, is possi7dlebruaty ZW&pt t he

. configuration of the various elenents: thus, the axes of rotation'of the

- jaws of the . first conb 221, and of the separator. can have different 30
orientations. In addition, it is possilal7ze to make provision not only for
one pair of .separator elenents as shown in Figure 6, but also for a
plurality of pairs, wth the configuration of the separator elenents being
adapt abl e. .35 Ity wihlils kesundarsst,oad tikapddaiibiseconddmehitie enabl es the

sane advantages to.be .achi eved. as th nti oned, ahove w t.h reference to
Pherr v RaER 2na® dRRRIS USRS sy TR sPaed atesiafihd Sl Tire {9
adapt the takeapemnht batd shesistibetradrd/ eo tthetspded sobadtrapEsangsf the

| comb onto LBE SUISLEALES 504N AR SURSNGL OB ! GrcOho1d

| pldd  apart
"sinmul taneously, but~are s apart sequenti a . In"a é:ition, in the

secondSmackeagentheldyeci fic neans for holding the substrates and the way
in which they aheaamkament ag erabl-edh@ saRstital esHed R csiraki |1 zed and
their position to be_ controlled fl&l‘?’le%‘é , 10 thus making .t Qs%loble to
split apar e&fFstrAt #1609 5?‘(56:8 PRETEIt6ETs ANt g i hld’ed“ﬁ’ééj f safety.
It is specithiegdatreat mplehenglkdoreabll et kb cadvbrtagess aks Hee invention is to
enabl e a | arge.gunber of ubstrates .to bhe it apart _at A. me tinme by
15 processis’ﬁg’%éri&g?%e ngf t@&%éft Pifes lsolnm%IOt %%egﬁéﬁ%f%(lgre%mft%%%@gcont rol |l ed
ti me abf sethusotasingnbisdpwestiblef tohepliltveprirdn sedrstiyétiesplcdnent ed f or
splitting ndivi-dual - substrates R separatgly, given that the
specific cgﬁ?\g&u%ﬁgg\éégo t.hg mac%i %le a?%gtehe stsagegnof 20 their
operation are ad¥adfagesgdiigd: hbatePtEROUDR onehofakbenBoNRERCges at es of

‘throughput ogr enengheasedoheliat ikve enh®1khe wWayqsubsinbatesrare split apart at

‘present, 1q  Rarticular phen they are Sht! tn2Path.PYfand,

15 processing a series of substrates simultaneously (or with
a controlled time offset), other embodiments of the
invention can be implemented for splitting apart
individual suﬁstrates taken separately, given that the
specific configurations of the machines and the stages of

20 their operation are advantageous in themselves: in such
an embodiment, rates of throughput are increased relative
to the way substrates are split apart at present, in
particular when they are split apart by hand. 7

It will naturally be understood that the invention

25 is not limited to the embodiments described in detail

: above. The person skilled in the art can thus adapt its -
teaching: for example, the relative movements of the ‘
pushers and the other elements‘of the machines'déscfibed

- can be obtained not by raising/lowering the pushers

30 towards certain elements of the machines (combs, ...),

but respectively by lowering/raising said elements.




It will naturally be understood that the invention 25 i Febfuaky2006ed to

t he enbodi nents described in detail above. The person skilled in the art
can thus adapt its teaching: for exargple, the relative novenents of the
pushers and the other elenents of the nachines described can be obtained
not by raising/lowering the pushersdﬂ%fM@wards certain elenents of the

- machines (conbs, ...), but respectively by Iowering/raising said elenents.
7 February 2006 48 CLAIMS 1. Apparatus for splitting a substrate apart,

sai d subhstrate conprisin ), adj oi nin fers defining .between thema

ol eavagel pI TR ohvhr SPOLEE o onc RAPSEEaEEy S0 AR/ NALT (SRR Dee: -
means f aorfReid gy sphid t edjdeansgW tvAfarpl uaakihynef béetirsé atgsendi sposed
in a substrate-storage direction; splitter neans for splitting apart the
waf ers dHleggiage RibReat€Re apeaspinet beingarbagarprrirhg %ﬁvﬂ%@ﬁidﬁs; and
- nmeans for..perfarmng controlled displacenent of certain substrate wafers
after they have been split apart in a direction that is substantially

parall el to théens Sust r ebedshgr ags divect nensi nwitiat a -plheadptyt ted means
of the apparatus conprise a first jawformng conb. assenbly conprising at
| east two noVERPEETIER® 1IRRIRAY Wh i TURIC A ORI SSC i ving t he
substrates; the. jaws being suitable.for hol di t S tes: 0 t he

j aws have bl%ﬁwﬁéf%%tgﬁﬁﬁg subst ¥ %é?l% cﬁ%%%%i §%I%g%%%%rféﬁnggigrst and
second portigisstrdtes, t vhepardliateoimeath cewphdwing aorviaspondwag
concave housings for receiving and hol ding.the substrates; and the. shape
of said corr%@%onding housi ngs bei ng adapted so that once the first and

second PorllD3n0f £h0e i iR g B6h £ HIAMRE b P12 deiferit RSt " BLERas A NEY

urge the two wafers of “eac
substrate wafers after they have been split apart in a

direction that is substantially parallel to the
substrate-storage direction,
in that: |

- the splitter: means of the épparatus comprise a £first
jaw-forming comb. assembly comprising at least two moving
jaws situated on either side of a gap for receiving the
substrates;

- the jaws being suitable for holding the substrates once the
jaws have clamped onto the subétrates;

- each jaw itself comprising first and second portions;

- the two portions of each jaw having corresponding concave

- housings for receiving and holding the substrates; and

- the shape of said corresponding housings being adapted so
that once the first and second portions of the two jaws have
clamped onto the substrates, they urge the two wafers of each
substrate apart by co-operation between the shapes of the

housings of the first portions of the two jaws and the second




substrate apart by co-operation between the shapes of th& FehoagiH§6é of the
first portions of the two jaws and the second 7 February 2006 49 portions
of the two jaws, respectively; and i4Bpthat; in each jaw of the first conb
assenbly, each of the concave housings of the first and second jaw
portions i nclnmdsicns ofs pdet twe prejectiesgeekémehy; such as an edge for
engagi ng ! sJ._l{,lbsc rgte at its cleavage plane, said projecting el enent
defining a general plane in which it extends. 2. Apparatus according to the

precedi ng clrigacichamwaeifethzedirt thab hBeetly] avsclfof hehéi ¢shcrard
assenbly are identical. 3. Apparatus_according to any of claims 1 to 2,
char act eri F8s1gsy 12k the eddKsFaRist $eeend r davcprBtassentimpludesych

concave ho%_«%'s%c@fivtehﬁrt)ﬁéé‘:ih@weﬂgﬁtehgns Hht ?Eranpéﬁggnkéraeﬁ’&g{;i#é that
is asymetrical, conprising on” elther side of salid projectingéfenent; 0 a
first wall aoplubstedtat at fitsstlgemegel pdagke ebidi prodleatingekhémyett o t he
general pl .0f _said projecti elenent to,co-operate wwth a first side
of the subggﬁégg?gaﬁdggng 2 cBﬂ%nﬁafP BPiEht L ﬁffépégsecond general angle
of incidence relative to the general plane of said projecting elenent to
co-operate with a second sjde of the substrate, which second angle of

i nci dencé - APPREALRF aGearEaIdtei e Rraradinghsdrdn. ofhareraentesd dich t hat

during clagpi RHeOfwbneadd rsf ﬁgv]pﬂE L ORSm9f ad a1} T : nmbly on
t he substrate, ?hewwa %r o(? t%e su és‘%rate t Etélt |sl}}or?slt gl H%%%%'de of the
substrate presents a degree of freedomto nove relative to said first

portions din di rection perpendi c&ar to the general plane of said

proj ect i %gangﬁEﬂgu? hatc?s | FRraRhat t FEAHRYr ket o2 1 rRiRr Lol 3R e

pr esent edn byh&Hei § UbsdH af v o &TheME Gt i tdientagand side of the
substrate. 7 February 2006 50 4. Apparatus according to claim 3,

char act erizeshd¢n -thatave éacsing of the first jaw portion further
presents a profile that is asymmetrical, comprising on
either side of said projecting element;

_ O a first wall oriented at a first general angle of
incidence relative to the general plane of said projecting
element to co-operate with a first side of the substrate; and

0 a second wall oriented with a second general angle of
incidence relative to the general plane of said projecting
element to co-operate with a second side of the substrate, which
second angle of incidence is greater than said first general angle
of incidence; '

- such that during clamping of the first jaw portions of the
- first comb assembly on the substrate, the wafer of the
substrate that is on the first side of the substrate presents

a degree of freedom to move relative to said first portions

- and in a direction perpendicular to the general plane of said
projecting element that is smé.ller than the degree of freedom
. to move presented by the substrate wafer which is on the

second side of the substrate.




jaw of the first conb assenbly: - each concave housi ng of7 Rehmage2dd | aw
portion further presents a profile that is asymetrical and conprises, 5
on either side of said projecting elepent: .~ a first wall oriented with a
first general angle of incidence relative to the general plane of said
proj ecti ag appamablist@cEn-Des dbecaim Sactiagecoadisedeiwithedi finsardt r at e
and 10 (c) a second wall orjented with a second general angle of incidence
rel ati ve J&Y e thendizetprame 8Fss®P4Yprojecting el ement to co- operate
with said firg Si Sl S ] f&g & e of incidence is
greater thaneéngc ?ngeggﬁg?gﬁg éﬁg %eo?¥?%@? enCQ?QES- such that during
cl anpi ng of <airtheequresdie poddfods that He asymeetchrbdl avderdiipr i@es.he
substrate, the suggl]terate waf er on. the,second sjde og t he substrate
presehts a d8%r E&CBFTT P8RoRt TR ARECTBFtIYSS 18" ¥hid second portions and

in the directiono gerpesdi gall BrotPefited ofmes al filaite difnearild Qprgljeeetfi ng
el ement 20 that is smaller than the degree of freedomto nove presented by
t he substingidepsterelatdiiei soorhe hgeneral rlare 7t t9rld IFEIGH Y and so as

0 U 08 bhenkhR VAT 86SoRballe U LLlATIB8A0k s % F £olq SamRAssarbly on
t he substrate.” 2 . paratus according to any one of the preceding
clainms, ambBaracterized in that in each jaw of the first conb assenbly, the

first portion conprises two nbers that are disposed on _ejt [ of
he Lohond port| DA Shsand el arinted ot e FREaRg gpientl Hlg st ng
clains, jphpRAREET kBt ive HEIthd fatdrdPWRInd F fddist pafecassenbly, the

second portion is novable relative to the first portion. 7 February 2006 51
7. Apparelementcbedtagoperataiiteh wtiad atieat q of wRid mREHIEe f or

have: beotregh st ieEh st S ok TEIGAE S PRM Blta PRLEE SRR They
angle of incidence;
15 - such that during clamping of said second jaw portions of the
first comb assembly on the substrate, the substrate wafer on
the second side of the substrate presents a degree of freedom
to move relative to said second portions and in the direction
perpendicular to the general plane of said proj ecting element
- 20 ‘that is smaller than the degree of freedom to move presented
by the substrate wafer which is on the first side of the
substrate; and

- 80 as to urge the two wafers apart during clamping of the first

comb assembly on the substrate.

25
5. Apparatus according to any one of the preceding claims,
rcharacterized in that in each jaw of the first comb assembly, the
first portion comprises two members that are disposed on
either side of the second portion.

30

6. Apparatus according to any one of the preceding claims,
characterized in'that in each jaw of the first comb assembl_y, the

. second pcrtion is movable relative to the first portion.




t he second portion of each jaw in translation rel ative t @ Rehmary 2006t

- portion of each respective jawin a direction perpendicular to the general
pl ane of said projecting el enent. 8. paratus according to any one of the

preceding clains, 10 characterized in that the apparatus further conprises
a second conb assenbly -having jaws that can be clanped onto the substrates

i ndependent I . q oL | . r ing to
A A e R e S
i ncl udes farpl ackietingf cpassaddedf atispdldomviend cef t @emrtadhe railst yedss

t hrough. 1Q. r at accordi,ng to any one of the.precedi ng clains
o ot eredere SEt et Pheay REuS LA Pl S Ohab? i BE Sl ot g, o
incl ugli ngnhe Gebshdspatkt@Bnf 8F E8ERI YaWOid! t1&3S1at0in wahadinal ed aHee split

apart, and two statrons, each for receiving a respective wafer from each
spl i t - ap&ArssprEtien of19achyespertd vackayw dnmy diseetaPm DX PRKRHALRET i zed

in that e 5 S y(kes) ;i ve relative to the
stati onsttg’nah%eg%ggg?g %?%@%dég ?%%aéélgépf%m n3§ g%%%ﬂ(}ﬁb assenbly(ies) to
be in register with each station, selectively. 12. Apparatus according to

either one Qf the two preceding clains, 30 characterized.in that. each
Statton Pe Boprrast At G D o ToBY saenrt GRS RESLEMiNE SHedrBing to

cl ai 1§ 12¢haPaeeetesédeth ithdthathd BeparEehEuan YL ROP6cOpr isher saeond at ed
with the first station has housings for receiving the substrates, .the '

pusher age®Ri AEETIh PR¥iBGhel avst dthaths RV R§ hBLRTRGS IS eddVi ng
ti bt ai.ned |jtdi bstrate.
14 P hopeb ipEEFEeds ipepdGIELY UE I MEE Add, S R R ReS R et

t he pusher associated with the first station further includes a projecting
elenment in its mddle regign for engagin t he substr_atg at ig{si cl eavage
pl ane. 19- 18PPRArHEEH oACEPrIINgt FPnglaphr £+ t FBRRAFERE1EEAa 1By k8RFafB8®havi ng

a clgavage. ph@Rendel ¥6&RT PE MR HRES] Y1 RS P uAPPRERLYSpadbsislicg 1o any
one of the preceding clains, the nmethod being
allowing certain wafers to pass through.

10. Apparatus according to any one of the preceding claims,
characterized in that the apparatus further comprises three
20 stations, including a first station for receiving at least one
substrate to be split apart, and two stations, each for receiving

a respective wafer from each split-apart substrate.

11. Apparatus according to claim 10, characterized in that the
25 comb assembly(ies) is/are mounted to move relative to the
stations and means are provided for -displacing said comb:

assembly (ies) to be in register with each station, selectively.

12. Apparatus according to either one of the two preceding claims,
30 characterized in that each station is provided with a respective

. pusher.

13. Apparatus according to claim 12, characterized in that the .




characterized in that it conprises the steps consisting i7iFebfary206i ngi ng
each substrate into a substrate-receiving space; and - clanping the first
and second jaw portions of the first 5c24[)nb assenbly onto each substrate in
such a manner as to hold each substrate and urge apart the two wafers of
each subgtusiiesr bys@6c tatapewathortlizet fikestt ltaghapesha$ hhvshogsi fg in the

first portiagns of the tw jaws and the second portions of, the t j aws,
respect | FAGIVIED FhROEHERCEALGT oi Y S eeh RPTBC ehapatt b i Pt Shthar
during 2%asdolsChafingghotinger abi Ofebei veey tdepstepes dfed e hbusi ngs
of the first portions of the two jaws al so causes controlled offsetting
bet ween #R&EerFochsprdredobYetbhistbRY raprF reaChli §18$5%3 2 per pendi cul ar to

t he cleavage plane. 30 17. A nmethod according to claim 16, characterized in
that “splitting occurs during said controlled offsetting. .18. A nethod
accordi ng.4t.oAppyrates cfcedd ity ¢e pletwdi hg adiaaianserizeBebn uchat 2608 53

characterized in t foll owng said_clanpin the first. .and econd j aw
or t1 onsDERSCRE PF e EBieHe BERREYSEFS T HobaREd FS5 ot R e e
separ at ednwafiges, a b i irdve1ehehhei s e thi qeaebragsenbtor drejagiiagped
together so as to retain only certain wafers of the substrate. 19. A

met hod atber avbgtratehat piedcdlervadaimangaracterized in that one wafer
of h substrate is retained, with the other wafer being recovered by a
pusher, and for each split substrate the io first split-apart wafer is
pl aced i bsa A meshodoof aspibtt @i hipartsthewh &ptd bfapastbstafare hevphgeced in

a second container. 20. The use of a nethod acgording to any _one_of clains
15 to 197 COPYRER 1 APapRPwesBs tiet o4 ttiis R¥d T5PHF SRhr FRRAZRVHE | o
net hod, FcébfinyaiSrarif &ﬂéeo%ueﬁérﬁfecégidﬁgwpmwg d1e aethdd beahgr and

the other wafer corresponding to a renmai nder of sem conductor naterial
such as ®hoeetyerbied mon sthatcort OMPIAgssy Ahgs st@pss glonsEsRgnd dbbstrat e

Perish o caVBgRi i Eaqth AR SRS Ry SRR R VA B gBoE
and :

- clamping the first and second jaw portions of the first comb
assembly onto each gsubstrate in such a manner as to hold each
substrate and urge apart the two wafers of each substrate by

20 co-operation between the shapes of the housings in the first
portions of the two jaws and the second portions of the two

jaws, respectively.

16. A method according to claim 15, characterized in that during
25 said clamping, co-operation between the shapes of the housings
of the first portions of the two jaws also causes controlled’
offsetting between the two wafers of each substrate in a direction

perpendicular to the cleavage plane.

30 17. A method according to claim 16, characterized in that

splitting occurs during said controlled offsetting.

18. A method according to any one of the three preceding claims,




conprises; neans for feeding splitter neans with a pl ural?Keprwty 2&bst r at es
di sposed in a substrate-storage direction; 25 - splitter neans for
splitting apart the wafers of said strates, the splitter neans
conprising noving jaws; and means for performng controlled displacenent
of cert aidharsytisprigesl iaf ditmtafficdl owieny readed belammigid t sarkinst ango
direction that, i.s.substantially..parallel to.the t e

di r oot | oRecnt Pt R Epeo L Bt Skl Koe Rt IRL 408 180 554F 591 g

control | ed EoFebleaey 2RA6:Sdaxlitsal acehend, iaml wtes jawsephrhorssundbl e
for being npoved between a position in which the substrates are disengaged

from t he CS8PaREEEFPLEATe PMEDROPRTRRTCHC 2° (i TebBIPr FREE SHEE3T acked

by the seR3aOhbr the wepRs LeL perfornming controlled displacenment further
conprise a first conb dedicated to taking hold of the substrates after

sai d substrates have been attacked by said separator, and conprising at

| east t noyi ng, J a 10 suitable for holding the.substr the j aws
have b\é\gr? 'c?{a“ﬁ%%%o%ﬁrﬁcoccf nguggttFl?;\? égs]feca%%u%c tiaj:"g\lv ﬁfé%?%‘gé%%%?%glg‘e t hat
are spacedaépaié wafed S SachubBiiiite 58 tdwd it ewsahdjeavshbawe fzeen

cl anped onto the substrates, the wafers of the substrat e]% are sepa(‘hed apart
in 15 sBPdNge¥rFeUcKEANBY. 2 2pusheparaed stk corelt miPtiF quhshzate the

chargpterized 5910akpspt daABPAIRLARRS B 6f 93856 CCbhO kel LR frofm of a
proj ecti ng wedge. 20 23. Apparatus according to either one of clainms 21 and
22, chasacosdi splitraphat waierpipanatased oimpra ssacond |asad@imngs . st ati ons,

including a station dedicated to splitting substrates and a wafer

dedi cated to unloading the split-apart wafers. 25 24. Apparatus accordi ng

to clai @@S,Tﬁ@ai@@tcﬁfriazadthadt&@éowgz\g 16 alriynieSoff VA tked 16 tto a9
respective pusher. 25. Apparatus according to claim24, characterized in
t hat t hefor splitting apart substrates obtained by a Smartcut® type
15 method, a first wafer of the substrate corresponding to an SOI
wafer and the other wafer corresponding to a remainder of

semiconductor material such as wonocrystalline gilicon.

21. Apparatus for splitting a substrate apart, said
20 substrate comprising two adjoining wafers defining between them
a cleavage plane, the apparatus being characterized in that it
comprises:
- means for feeding splitter means with..a. plurality of
substrates disposed in a substrate-storage direction;
25 _'A- splitter means for splitting apart the wafers of said
substrates, the splitter means comprising moving jaws;
and
- means for performing controlled displacement of certain
7 - substrate wafers after'they have been split apart in a
30 direction that is substantially parallel to the
substrate-storage direction, |
'and in that:

- the splitter means and the means for performing controlled




pusher of the station dedicated to splitting substrates HdEb8arh2zd6i ngs for
receiving the substrates, which housings are of section presenting a
generally V-shaped profile. 26, Apparafus. according to claim 25,
characterized in that 'the 7 February 2006 55 detail ed shape of said pusher
housings is a Wshape, ‘a central edge being provided in the bottom of each
housi ng. 27. iﬁ%ﬁ:ﬁr@e cc i 0 any, cl aj t T d
characterized | tahal'gh%t %e g%‘g%{r;g?%s fu)réfe g?a?éﬁpr%ﬁa%feseggﬁlg bcfiﬁg havi ng
j aws sui t abl edfved blee rgeeth arpepo ot o hénsulisielat €ébe | sdeperdssd | yref t he
first and secqond portions. 28. Apparatus according to claim27, .

~char act eri ze§HIRIEY %Oniot}é%cgﬁaaﬁﬁﬁ‘ﬁrf uPPRe? BRI UG o2 WPAFPLy of

passages for taledl @WbRéragekt ar8 WRtEEReBObPaERet BEQYBRL0RP. Apparatus
according to any one of the preceding clains 21 to 28, characterized in

that the appdhst ireagissdogopenifoeniaggrictéroliefiodippdrtemanhgfunther

substrates i curate nner. . 30 t hod of ,splittin part _substrate
waf er s havi ngogl (]::Ilggvfge 1{)?%n8°8§t \&@éﬁci%%%rEagwgsihr?gd:p%%rgﬁﬁs
accordi ng t osabyteneesofafithe pecedsigselated Rivbo bddn tdhecdamtdddbpei ng

- characterized 20 in that it conprises the steps consisting in: - bringing
- each substraf8lPnEPETaLBE: r 8DE. (COEERHiSdRYIs fdceeast Iuphrevindgettier t he

sepaj@t or - pogaheaslen%rem@%t§% esuSOr AScd9 SREL! @RAT{afhenino vafers

of each substrate; and - clanp Jjaws onto the split-dpart substrate
“wafers so 2beas tbahped omeo waiersubSdrateswetdrotl according to clai m 30,

characterized ig that, prior_ to cl arrEi ng the jaws, the split-apart wafers
are held i h GBRBr 3PV PEXIhHOMS IRGSsFREE e tThaqak FERTt3H132 ek ikechod

according tomghhBer sBerak bReePLatadyasChalve® piln (A dhbed RAIRL g zed in

that prior to splitting the substrate apart, the substrates are held by

means of a genbetratesbrile yazede &b 3@ swubaetrhbds s spacgdt apanty ione of

the ﬁ!ecedlngagaaaggiggdtganner.

22. Apparatus acc¢ording to claim 21, characterized in that said

separator has a cross-section in the form of a projecting wedge.

20 23. Apparatus according to either one of claims 21 and 22,
characterized in that the apparatus comprises at least two
stations, including a station dedicated to splitting substrates

and a wafer dedicated to unloading the split-apart wafers.

.25 24, Apparatus according to claim 23, characterized in that each

station is provided with a respective pusher.

25, Apparatus according to claim 24, characterized in that the
pusher of the station dedicated to splitting substrates has
30 housings for receiving the substrates, which housings are of

section presenting a generally V-shaped profile.

26, Apparatus‘according to claim_25, characterized in that the




32, characterized in that after said jaws have been cl andefebiwry 2@lcd t he
wafers, other jaws are clanped onto the sane wafers 5 enabling only
certain wafers to be retained. 34. A 4®thod according to claim 33,
‘characterized in that one wafer of each substrate is retained, the other
waf er being recovered by a pusher, and for each split-apart substrate, the
10 first dgfpitedpahapreadlrsasd mushar ihvugingsstiscantashape and adidradecond

oy o 86 Bthy 8-y RGE] LR Bnd RI0CoR O AIM nlgsdle USe Of & et hod

according to any e precedi ng ‘or splitting apart
substrates obtained by a 15 Smartcut(r) type nethod, a first wafer of the

substrat - €O reslpondi ng to %3 SO wafer and the_ot her, waf er correspondi ng
to a renti’'nderPRst cBRGREEImat @r i3 sQBR o= noH st &l iR %Sirl i con.

20 365 ApRatrabbsrfLEQTth NthA© Y 9P rakusl 2liPBhdrt Sodfr £88s %l dondd.
characterized in that the splitter "neans enable the wafers of said

subst r at eempohdel ngplfiawsapritabileuf ou ey ylagpedApphpative stdwdrmdited t o any
one of claj i 0 5 e ter. in that the splitter
hg{igg?%%é&&r%fld%ﬁ& hrdséu%%?rsé égog{cf‘%)cgrreelspdsi't apart sequentially.

means ena wal sal
38. Apparatus according to any one of clainms 1 to 14, 21 to 29 and 36 to

37, characterized in that the neans _fqr feeding 30 substrates conprise a

pusher stift PRA¥YTIS i FIGHG b gladm 2¢; o?lé%glr"t“l’lt%rk?%ﬁljé‘lt% hpport .

10 second comb further includes a plurality of passages for allowing

certain wafers to pass through.

29. Apparatus according to any one of the preceding claims 21 to
28, characterized in that the apparatus also comprises a guide

1s for positioning the substrates in accurate manner.

30. Amethod of splitting apart substrate wafers having a cleavage
plane between two wafers by using apparatus accordirig to any one

of the preceding c¢laims 21 to 29, the method being characterized

20 in that it comprises the steps consisting in:

- bringing each substrate into a substrate-reception space;

- clamping together the separator portions onto each substrate

so as to split apart the two wafers of each substrate; and

- clamping the jaws onto the split-apart substrate wafers so

25 . as to hold the wafers.

31. A method according to claim 30, characterized in that prior
to clamping the jaws, the split-apart wafers are held in generally
V—éhaped housings of the pusher.

30 |
-32. A method according to either one of the preceding claims 30
t6-31, characterized in that prior to splitting the substrates

_-apért, the substrates are held by means of a guide.
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33. A method according to any one of the preceding claims 30 to
32, characterized in that after said jaws have been clamped to
hold the wafers, other jaws are clamped onto the same wafersg

enabling only certain wafers to be retained.

34. A method according to claim 33, characterized in that one
wafer of each substrate is retained, the other wafer being
recovered by a pusher, and for each split-apart substrate, the
first split-apart wafer is placed in a first container and the

seccond split-apart wafer is placed in a second container.

35. The use of a method according to any one of the preceding
claims 30 to 34, for splitting apart substrates obtained by a
Smartcut® type method, a first wafer of the substrate
corresponding to an SOI wafer and the other wafer corresponding

to a remainder of semiconductor material such as monocrystalline

‘gilicon.

36. Apparatus according to any one of claims 1 to 14 and 21 to
29, characterized in that the splitter means enable the wafers

of said substrates to be split apaft simultaneously.

- 37. Apparatus according to any one of claims 1 to 14 and 21 to

29, characterized in that the splitter means enable the wafers

of said substrates to be Split apart sequentially.

38. Apparatus according to any one of claims 1 to 14, 21 to 29

‘and 36 to 37, characterized in that the means for feeding

substrates comprise a pusher suitable for lifting substrates

. stored in a cradle-type support.




