Title: DEVI CE FOR DETACH NG SUBSTRATES AND THE ASSOCI ATEL Keabruaeyp2006] er r ]
Abstract: The invention relates to a substrate detachnent device (1, 2),
sai d substrate conprising two adj acent sections which are in contact and
whi ch define a cl eavage pl ane therebetmeen. The inventive device is
‘characterised in that it conprises: neans for supplying the detachnent
means Wi th nunmerous parallel substrates, said substrates being di sposed

accor di ng alpaRaSEHRS FOR & PATHETRT STRRIRiEect ha; ANPaRScenTdet achi ng (121,
.221a, 221b, 222a, 222b) the sections of the substrates, said detachment

~means conpBTEORy nobile jaws: and means (121, 221, 222b) for noving:

certain substrate @e@tsie@ms iinRret td @mit mlllaeésrranngrénemee tbey have been
detached in a dlrectl re or _lLe

arrangene%Foﬁ'Fg&Pﬁbﬁl aﬁlslméy RE &EV |§e canaggi I%%%EF%% tgﬁh?
~strat és Thebistwerteison oal edetcelmtnegst,oO@Itla:ssoorrabedoeétegxthrmncsnet hod.

More precisely, the invention relates to apparatus
enabling two wafers of material initially ad301n1ng each
other to be split apart in a splitting plane.  The
invention also relates to a method implemented by such

10 apparatus.

As explained below, the invention applies to wafers
of material which adjoin with varying degrees of
cohesion. ' ' |

The term "adjoining" wafers is used to mean wafers

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

Thus, "adjoining" wafers:

- can still be connected together by structural
elements (as applies in particuiar for wafers that define
'between them a plane of weakness as described below, '

20 which plane of weakness 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

:} 25 by any structural element belng held. together solely by
o means of forces ‘such as those corresponding to a
"suction-cup" effect between the ad301n1ng but disjoint
eurfaces 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 weakness has been
subjected to heat or other treatment enabling complete.
cleaving to be obtained between the two materlals on
either side of the plane of weakness) .

35  The two adjoining wafers thus form an assembly

referred to below as a substrate.




7 February 2006 1 APPARATUS FOR SPLI TTI NG SUBSTRATES, ANﬂﬂkhmmsQ@mﬁATED
METHOD The present invention relates in general to processing materials,
and nore particularly to processing 5 substrates for electronics, optics,
or optoel ectronics. Mre precisely, the@ invention relates to apparatus
enabling two wafers of material initially adjoining each other to be split
apart in a splitting plane.” The invention also relates to a nethod

i mpl enent ed by E@c@ddiﬁiappama@gsuab$yespkathédgbehewwaﬁhesia@emtion

appl i es tOEM@ffﬁ@en@loﬂaéfébaépﬁgégg @9jﬁéﬂd§ﬁh§‘¥ﬁEﬁng dedr g

cohesion. The term "adjoinin ers Is use mean ma ers %? p05|t|oned
in such a FefNERaE ?%e%esphlﬁh@ﬁﬁéﬁ} contact. Thus, "adjoining" wafers:

can still be con@egéegpé@gﬁiéﬁrt@atStﬁé01ﬁﬁéht1@heaFﬁQ§eéa%oaaﬁhleS in
partlg%lanﬁéfr waf er s t hat geflge i en éhen1a ane ofegp Eﬁess as
described DTN, O20"ATER PF aFRESF REsah8s2HRATLTSj 8BPed
‘treatnent,are.igo beatplieaspent, int@amtha$1adhaﬁﬂegraahgepmahnak cl eavi ng
et oo b CoBECPR R IAEIo 0581t o bl el el o
t oget her stifdns gyave a structure of the silicon on 1nsulator (801)

_ type, and also of the gilicon on anything {(SOA} type, or

10 even of the anything on anything (AOA) type.

Nevertheless, it should be undergtood that a
particularly advantageous application of the invention as
described below by way.of non-limiting examples relates.
to splitting apart wafers of an S80I 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
_ ox1dlzed on its surface; and then
25 - a cleaving step for imparting a fracture in ét
x 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




means of forces such as those corresponding to a "sucti or-Eshplare2@0sct
~between the adjoining but disjoint surfaces of the two wafers, and/or Van
der Waals forces (as applies in particular to wafers coming initially from
30 the sane substrate, with a plane of aweakness being defined between .
them -which plane of weakness has been subjected to heat or other treatnent
enabling conplete. <cleaving to be obtained between the two materials on
either sidecofltbe pkasageh, weakness)y. s3eplhd EW&la@ganen@tWEEemexthus
forman as grrb Y efcgrred to below as a substrate. 7 February 2006 In
addition to ac uaﬂny spfil tting the wafers apart, the invention also
applies to handLtngssaéhonwabessbaft o gu:bwyah&uéll@@en sepisittraggart. It is

speci fied ghat.the bHV‘éHIe' QEl%@th%séhgt@ Ll oF prised k- nwaty B0t atgﬂte“ al

that are adj ol ni ng are to be split apart contro
preci se rra‘h‘he’i?heTﬁEéffFﬁ@rl nvention thus applies to splitting apart waf er s

have a StrUCthEnOexéhﬁlélbECQng@ﬁeka§|HE@EQE &$6h)oftﬁp&etﬁ6@ alrso of the
silicon on_an {n % ((:SOA% )ﬁ(g even ofp t he ané'; hi n -
anyt hi ng. (AR ¥ Revert PBQslnuPa§ﬁ86|8058m&H&eF 806 héan
particul arl y adﬂa;nt}ageouypapplfl mathod, ofret_:;hedllmsenbtﬁomfh‘B:Shedeshei bed bel ow

by way of =it _ S .aLes, t I rs_of an
SA type s l%u?ée i@gl§é%?%§ddgfhﬁé ctg&%glr‘{éhéogge e su rﬁgt%es whi ch
is knbwwn Uﬁﬁe¢nlﬁepgéhéﬁlc thentwd WhﬁeSﬁaIEm@@On)lnepﬁ@étlceenprlses t he

foll owi ng pih&ei pal + STERSH otBest ‘%ﬂe?élynB&aEhle”luéE%hﬁ‘éug' QR$eLL atons)
to a .given depth in a substrate of _seniconductor nmaterial such_ 20 as

- rmnocrystd'l’}F?Ihet]%?If’é‘?ﬂ‘ﬁtugﬁ 38 romBéPFRe FiBPEBNERBE (BEKkHEBSESI Aft he

.substrate;the an§f@:@so<£rélékﬂgelhbgysgﬂa&btﬁbe to a stiffener, such as, for
exanpl e, sili co has o tiona ized on |ts%zurface and

at bee
then 25 - a cle ‘Q/ f Fs"t]é%m‘f‘ ol ’ﬁ%ﬁ?%?ﬁﬁyalﬁ 3ﬁu?33?ﬁ Linald¥skCa part of
- the plane s line aldmes sapef £ ned cardeheto 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 thicknees).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.




| evel of the layer of inplanted species. There is thus dhigcbuie20dn eit her
side of the fracture (a.first wafer corresponding to the portion of the
~nmonocrystalline 30 silicon substrate which has been detached and possibly
-al so fixed to a stiffener so as to constitute the’ SO and a second wafer
whi ch corresponds to the remainder of the silicon) In some cases, if the
two wafers of substrate 35 situated on either side of the plane of

weakness are 5@Bib¢h§ﬁih¥stthpakhﬁﬂﬁﬁh¥e§héﬁ Bpe$eRt ngOBR Mot mum 7
February 2006 3 |level of strength, then the step of fixing to a stiffener

can be omi FEBACTRES| ePArEolpEEsFBreTEBRGRORTANSIPFESRLEGBIEFate direct!y
on the StléiBﬂebnlmﬁiehdcﬁﬁsfhKUﬂgstBepSHbétfaHe abthoughenshi-f f ener. An
exanpl e of 18 ggneral de pri Eégn g nethog og t hat Eég% cag be found in
patent docURBAE*ER 22BBI1995°7 | § tﬁ Bembf “het ABd> g 8P8LS - of

whet heb t he fraEnuthisnpreﬁenred dppimgathencleh9|ﬁglstEQHBSaoamplete 10
or only p , madhe each

‘ot her (ne?é#é§%§l% ?ﬁ%%ggﬁé EBrmbahgéﬂﬁﬁiﬁ?ragt%Eebb%ga%gﬁplete

gi ven thatwhﬁelﬁaﬁé§tb$U1@ﬁ%Ymﬁ ¢tsedre extrenely snooth). It thus remains

necessary in a'#oﬁaéﬁ§mp1@a|tﬂet@peﬁét§9|béntbﬁﬁbﬁﬁaét§h8r9r6@bdb0 obt ai n
firstly the final substrate_and secondly_the renni nder

nonocr yst aP¥i e %?$?cbﬁt°wﬁ?%he@%ﬁ B EyE¥EHC?H 4 Sﬁﬁ?ﬁﬁdﬁevFlls al so
recal ied tmﬁthatm@ougéav@@elpyaﬂélomhlahptoESeaﬁaﬁﬂsageouhbypﬂanepl|tt|ng

apart pair of ch on fer C
and in par$|cu %g ? sbl?? apa?t gugﬁségﬁ%s éﬁ gr Eﬁ% g?ﬁg
Smar t cut ( rjo nephod, th@eW$ﬁQE@taD@rts not Ilnlted to this appllcatlon

Thus, this pfObfﬁﬁ%06p@9§€§6ﬂ”r&§¥99héfrPQkyOPY1£8§c13§ §Hﬁ£b9§ gup effect)
betmeen two wafers is to be found in nunerous two-wafer structures, and.it
"is then né%%%%%?@ between the facing faces of the two wafers, and

15 thus of damaglng 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 neédé to be finished off bp the proceés 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 enabllng wafers to be spllt apart qulckly,
rellably, and reproducxbly, and which also av01ds 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 Appllcant describes a method and apparatus seeklng 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




to split them :The invention thus applies to-splitting 7dfshraary@d0érs of
any structure of SO ; SOA or AQA type. Wien the dinensions (in particular
the thickness) of 30 the wafers. nake themfragile, and/or when the
material of. the, wafers is not strong, the two wafers must naturally be
split apart while taking very great precautions to avoid running the risk
of damaging the two wafers as the wafers are being noved apart from each

ot her, whefg §§s@e§§§§§é¥bY@'t§ §b§9ttﬂH§eQBQ£tn9aQErE'nh%@'6%19ftfthe
fracture 7 Februar¥u2006 his applies’ in particular when splitting an

SO  substFat eSHpar ??%n1?ﬂ% ?eﬁﬁrﬂﬁnﬁohnﬂﬁch9§tﬁFFPﬁEur§FI|con whi ch

constitutes a pmfleatfeﬂcuaét:houge pﬁéseht mhvegtlaﬁpbee&tsl @@ @fnabme

i nvention, ated above. £ 5 ref red ﬁgﬁg % -

splitting- %ﬁ%? l%%%?at?%ﬁsrg g%h% gOBe brie nual 'ﬁVSSerator

who- |sSpartecylawmgnskpliedlngoapexan$®é sthetopeeat or can insert a sharp

bl ade or the lke {ﬁ%gﬂ%BSHeQQSOO£ Lpe éb'éﬁ&?lé“&é?é?&etbe%%' 10 with

t he cl eavage pl ane I C correspon% to the ane of weakness), thus

maki ng it PB55E Rapy whikdgingartiedtast bisplet stheshansr eoggabﬂe That
operation g&inshd heskdskeRht | RENCERSi nd dysfﬁém tHBbLMgaRghuegnahhe facing
faces of the two fers, and_ 15 thus of damaging them In addition, that

manual ope?%ﬁv?ﬁpvgh?ehﬁ?hVaEﬁHS fiddly, and rates of production throughput

depenti t her eon Tﬁé)fh@ﬁﬁtdoﬁx&k@é séeMQltg em@btecuhartyruheetebe

fracturin 20_t he t waf e b she of f b t he

b ocess ofoT SRETIng e et er b te R 1o ets abFEderniv B Re
substrate km@d &Eé)liie dpaye, tfanluletm@rmm n@mtmm’edcahﬁﬁual oper ati on
becones ill--sut even; s g iy Sa B% ndgrstogg.that it
woul d be .25 parf%gh arlfgadga Efbfea 4 e a%*%yto ?g gse % ne?hod and

eous to
appar at us YEHIB | 1R vidieraurerge %%mttliatbtaitlg ge ERF§, apart from a

15 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 jét)

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.



“reliably, and reproducibly, and which al so avoids any cohfebmuarha@@feen t he
faces of the wafers while they are being split apart so as to prevent any
ri sk of scratching 30 or. of particles being deposited on the faces of said
waf ers. French patent application FR 98/ 13660 in the nane.of the Appli-cant
descri bes a nethod and apparatus seeking to satisfy that need. 35 An

obj ect of the present invention is to propose a further inprovenent to

t hat nmet hod andiapparatuslanhi plroviEebrnuasy m20@6 for sedlesd ixeplvi cabl e to
splitting I st of SOA or A()R
structureseB?ﬁinﬁa%G%%Igggkggﬂ gyg%gﬁgg%ﬁve%#%%%kgzgfgﬂkgagﬁgbIe even )
hi gher raté@lbttpﬁde@thQﬁ mﬁr@ugﬁmaﬂeﬁe be achieved 5 (e.g..when

splitting apartgSCh sybsbhat gske @E%ck@%@%tbOQa%h%%tS%%k%hh@he%%Q|e waf ers
to be split apart while inp artlnggas Li.ttle stress as possible to the

faces Phat18rBfacPhg aliasSPHfh thE SPedTadBIpAAETShEEREEN HERE Ao waf er's.
10 The i nvenbsopadeso seeks to enable the first steps of handling the

waf ers of each sub te_after they, have lit ap rt, be perforned
‘automatical ly. i?ngb?g CREe |§5§8ec¥P|e§eFH§P ng gggé%atug‘s are known

for the puspeseionf. spllttlng wafers apart froma 15 sem conduct or _
substrate. For cu 86Z19L1 d scl0SeS$ cPRAr ffus seeking
to split apart ﬁégg?égmggg gﬁFafgﬁreP l%%sﬁouﬁ%a e oegérved that the

t echndf ogyPTapléaented ﬁo?0§ﬁﬂﬁﬁtmﬁ§hﬁﬁapﬁ PRETR&E ORay-S( PGP ipéey 20 is

specific a@gtﬁogugﬁpgmggagguﬁdvgggagaéhtcuIar option. One limtation
associ ated wi th_that og ?n is.the need to QXOV|de sophl ti cated neans for

hol.ding the subRtPareitBlBE spFi tSapareSPA ExtPe Sallfr at e manner
relative t@uhs;f&t@fthhﬂldSMthhelSrappbdedntantbﬂcéd@ﬁreZEo@f t he

substrate. That; feayirgs Lhg ¥alshal aGRS Lhah BLe bRohe SRl t

15 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;



apart to be subjected to stresses'that can generate irr &gkdbanary 2€36 i x t he
.structure of the wafers. In addition, the teaching of that docunent does
not 30 provide any solution enabling & plurality of wafers that have just
been split apart to be handled in sinple manner. JP 04 010 454 al so
relates to a technique of splitting wafers apart by a fluid jet, 35 That
docunent pr.6B8seP BN V‘e§}3§C|¢$cgfé'@quéB@éra'élééklcfﬁﬂﬁ%l%epl At hFeFs apart

i vi dual | Yol 0B HSLbAbease nbEy UBRK20AS0 LN 18ACH EYkahouatyt ST on

is made for selectively turning ovér certain strates, thereby

‘the splittiagsnstkodtadr enceriphex. sHRO 7 7a 242p afep desemvbag &hear i ant
in which usgubg |stnade of ultrasound for splitting wafers apart froma
substrate Eﬁ? ©3se also, the technol ogy used is very specific.

Fur t her rmrte% O%Jse'b‘él %’ LhftLBie ”P@Pﬁ}&gﬁqué %h esu%@t?é?&bdggcé%@

conpl ex ne operation IS assocl a suc trasound treatnent.
In parti culjaatwsiltave clegsshronte thacubidteratsambstrate that is to be
treated in an enclosure for exposing |t to %B%rasoun and then to renove
_the 15 sep&agted avafidrse ¥t GAMREIF i G Sfeé"sop%ﬁ 15" handl i ng
operati ons that are fiddly. Mentiqgn can aI so be made, i nf ormati on

pur poses,” '3? da’ﬁrﬂf?ﬁtl\ﬂn%yfo@%ﬂ% féﬁ‘ﬁ’é&ﬂlr%?ﬁr?@%‘{lr@t@’f%ve gener al

Content o1 SR o e DU o RN S PRl 1L P
achi eve t-hd:fadocatapeerctﬁ creaid @iqxa:ca@ondmg ihouesitriagen hﬁ‘-lmg c%bipueCh ga r st
ot 1 61 ng I RBCRIFBE T iaPls SeRERArR oL boracth e hrd tFbh il
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
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 flrst comb assembly may be
identical. ‘




. pl ane, the apparatus being characterized in that it conprichamsy 2@#ns for
feeding splutter neans with a plurality of substrates disposed in a
substrate-storage direction; = 30 - spligter neans for splitting apart the
wafers of said substrates, the splutter means conprising noving jaws; and
- means for performng controlled displacement of certain substrate wafers
~after they have been split apart 35 in'a direction that is substantially
parallel to the .substrate-storage direction; 7 February 2006 - the
splitter means of the apparatus conprise a first jawform ng conb-assenbly
conpri si ngt ﬁt lea?ﬁﬁ V&%’a@lﬁ)Vj[ﬁﬂ pjfa%esiﬂili@atteq;[cﬁtﬂol &iéfé@ﬁb]oﬁ%(g? Oftﬁ gap for
recei ving e substrates; e jaws being sui e r_hol di ng .
substrates once the g]éﬁgﬂhéVEM%?%. ﬁausﬁPa Pﬁgggﬁbéﬁﬁﬁgéé?a%aBﬂrﬁéRPitself
conpri & ngmiiyr tarame s eamrkpord i pnsfifike thtawo iporddyomsetof ieath j aw havi ng
correspondi : Vi QuSi recei \i.ng di bstrates;
and the sﬁgg%&ggﬁggféngé$ggg%%n%?n% ﬁgu§¥%§SF%ggﬁgﬁggggg%%gg%ﬁgfhat once
the first and second”pacr tfonst ofalhe i e® dhve Ldlrapetrpralt he

subst r at e?‘an@l%ydﬂ G& dNeed Mo ﬂﬁ‘@{;%é Qfel%%“ihze %&bsﬁ'ﬂét@eﬁ@@él BYan_e of
co-operation between the shapes of the houmg%(sé of. the first port |on§

the two j aR@idn@TOAE LdBh It ohe 6P PRET s & ‘Ei%é?;o
t hat:10i n ehehspdwitefatidre drid st conb assenbly, each of the concave
housi-ngs of the firs{ and second |j ortions ingludes respectiy
proj ecting el enent s%cl“il §§c§ﬁld;dbgef¥vo$r%ﬁ8§8| ngl ?ubsset%roar%cg ‘g‘?g%"]fas
cl eavage pkagée odi dngriciescts mpielleerenelatiévienitog thegereareata pl phanenodhi ch
| ¢ extendss,JhepsBliddieinJEansnRy geakle dheruatens #f Saldoogubstpates to
be split apart_sinultaneously. e splitter  neans may enable the wafers of

said subsPfatbe sabisd it vHpkeh SeqarAt pAKILP. Ofhe kRN ESr 1feedi ng
substy@at esgpayte@MPhb$esdid first general angle of incidence;

» such that during clamping of the first jaw

of
nd in

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 incidence;




pusher suitable for lifting substrates stored in a cradl §Febypey 2@pport.
‘"The two jaws of the first conb assenbly may be identical. 7 February 2006
8 - For each jaw of the first conb assenbly: - each concave housing of the
first jaw portion 5 may further present a profile that is asymetrical, .
conprising on either side of said projecting elenent: - a first wall '
oriented at a first jgesechl thanghierohgi OLAEEDAE ORYysaedretabndejaw the

general plane .of sai raj.ect.in | enent .t.0_cQ- qper at i a first side
of 10 th&% sc’tnrsatog ng%doﬂl%s%e‘-‘g’o d %/%sﬁmbo]rg efit e %\ﬁ"ﬁb%}g%arekceo’nc#{geener al
angl e of isndisderxiee meyfdr orl dhevedcondhe ighner il tipkanvbetrasei tapr oj ecti ng
el ement t%r“e%“}ﬂ?raa?c?e%éé 8SeCQhH 4% érﬂ{vé hfeféﬂ@i%att% sWilich second
angl e of incidence is greater than sald first general angle of _

i nci dénce;Secong pattdengurnty g & Y recina meendrulser it the
first conyedesenbii R Ure sl tg@cdilyy avi@ntofcddie isibsdanates that is
on the firi{ SkSEaOf the s Bé%r e naygpresent a deq{ e qof freedomto
nove, 20 &3t 55y o e%aﬂquﬂ1 O¥ifd Bhr St titE  per pendi cul ar
- to the geresbaltrteneafiersaid dir djseetn nfhe fahetenrtidehatf ithesnmal | er than the
~degr ee ofo%%%don1Lo ve presented by the substrate wafer which is on the

second side ofafﬁé & strate, 25 In each jaw of the first conb assenbly: -

eachi®oncave housi ng afo tae tsecorge jtdw gora ivvifetaraprrt myxigtesent a
profile tt%%mg%gfw}mg@; _%a!rts%mélol%y 2sSORBISBn @RelispRitralde of said

projecting el  first wall _oriented”wth a first 30 general angle
of ‘i nci dence réPafRFE 8% IRE derer bl rpF anembopssemp lofoj e i hgr et ement to

co-oper at powtibnspay 6669NIseStHe RémSald shPSt st ediapdsed/ o SEERE wal |
oriented ggég ng%ﬁ%n%ec%Seral ngAe of incidence relative to the general
‘pl ane 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




35" of said projecting elenent to co-operate with said fi%Eébnsrg20@d said
substrate, which second angle of incidence. is greater than said first
general angle. of incidence; 7 February02006 9 > such that during cl anping
of said second jaw portions of the first conb assenbly on the substrate,
the substrate wafer on the second side of the substrate may present a
degree of ﬂliepalamhg pai e celbt h¥echblydies) sechedipotkigdsteandith t he

di rection en Iar to th eral plane of said projecting el emrent
that is sn§$FH ad %én %ﬁ? %ﬂ% Ytreedomto nove presented by the

substrate waf er Eggh cfrtatgoanmahebef iprsvigiedewdth teheespabsivapeyshead. 10 - so
as to Urge the 1HO MRIRNS RRBEL Uty TR0 et St ngpnD assemdly

on the substrate. I'n each jaw o st co I rst
porti of 9088ﬁ59?s§°¥m63ﬁ§hﬁéﬂg PhﬁtSHP§t§ﬁ§§§seBh8nP§ﬁhﬁ€r si de of the

second porawcsbla@d ml%ﬁchhbawpértiﬁﬁlarg n&@n‘ﬁaaésmamgg rsecond
portlonrra e relative to

ortio ans for
achi evi ng %83??8%?%dr9?BﬁFﬁfgﬁéﬂ?e%f°§e?%§|Wa 85§t?§F§1 segg after they
have been- Splnttap@rﬁpa@t egorprsslestreahs .f or novi ng the second portion'of

~each jaw 20 in gtan %@ﬁé?ﬂ rskatch\ée 31 %rg%é&gﬁ%a 9ol o: ackk: rst

respective jawin a |rect on perp ner al ane of said
proj et®i ng® %H%%thFHBeapﬂéﬂaﬂ@§hﬁﬂﬁwiEh@Be@bmpgl§éewe§éCdﬁd conb

assenmbl y havd ngi daMS et o b P&l RIRRY Y Caliber 2oc SUbSt{ @k es

I ndependent|y of the_fiTst and second ™portions. The second conb assenbly
may furthefl %% ie8ePdanBlural ity of passages for al l owing certain wafers to
pass through. 30- The apparatus may further conprise three stations,
including a first stagtion for receiving at | east one substrate _to be split
apart, and two st at s 2RRAIR YIS MaveddiGhUty & sebseatiore SRR om each

spli t:-@parfior 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,




substrate. 35' The conb assenbly(ies) may be nounted to Adiebruare2®6i ve to
the.stations and neans are provided for 7 February 2006 10 di splacing said
conb assenbly(ies) to be in register with each station, selectively. Each
station may be provided with a respective pusher. The pusher associ ated
with the first station nmay have 5 housiings for receiving the substrates,

t he pusher associated wth the other stations may have housi ngs for
receiving respective ones of the wafers obtained by .splitting apart each
substrat e. wEeicthh (o ingysofate e usdrer i @s sood ed gtk td GdweFaI3Y v10 station
further may gggduggo§ Rrojecting element in its nmddle region for engaging -
t he substra cFeavage pl ane. The apparatus may include a separator
suitable 15 foﬂhﬁmdﬁ}&niﬁﬁi&kﬁN@eﬂfaSpmglpmsmanwhMusinghemaybhavatas are

di sengagedyl sRRINe CRABILL L ca0d fayPBY il ddlaih] fhehBepsuRafy gles are

attacked by the.  separator ppar at us y further conprise a first conb
20 dedicat@ﬁcpoqgﬂﬁ%ﬁﬂhold of the substrates after said substrates have

been attacked b?héala@gﬁ : 18 Qilay aRgrt BERPELRIPRY s d eaStoR MOCHRMI NG | aws.
able .fo

| The jaws n§§ be SUIt §%ﬁh0|dln% t.he ubst tes once the jaws have
 been cl anpBdVREL IAHE SHE talst Fatre 81§ﬁﬂc $have housi ngs t hat

are spacedsubpéreties andepienednirdynert $@etﬁatsmnamd%yatQﬁWB have been

cl anped ong g e3ubstrates, the. wafers of the substrates are spaced
apart in s 5 SiTed manner. 30 The separator may have a cross-section in
“the formof a phejeeceng wed@emavhéuaﬁmratwm conprusel byl ehst two

stations, ahQﬁia@‘lenQoﬁ ai%wﬁgdegkeaaﬁdws@e%el F ga%sstt@&f&@ﬁsm a
waf er dedlcated to unl oadin e split-apart wa
the apparatus may also comprises 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

,dlrectlon )




35 Each station nmay be provided with a respective pusher .7 Fcbnerp@ier of
the station dedicated to splitting substrates nay have. housi ngs for
receiving the substrates, 7 February 2006 11 whi ch housings are of section
presenting a generally V- shaped profl?2e. The detail ed shape of said pusher

housi ngs may hayﬁeamet%éaaﬁg Eugenéfa&oxﬁggfs@auamlpﬁgvmedspmlthe bottom
urther conprise a second conb havi ng

of each housi ng. qﬁ% QQ? us ma
j aws. sui t abP& L d?ﬁ%bg':tlﬁéltesm Rt efdeprrbehtFof the
first and smm@ﬂdsumgwa(ﬁnspéﬂﬁauﬁuwaﬂbﬁxﬂﬂbmnaadhnéﬁﬁgtr@cépdgna phurality

f f || f t t_hr ough d th
gppargﬁzzaggiogfr6%%5%%ki ég?éhﬁﬁ o ers s %&i%?ﬁﬁ%%?lcgtggtrateg in an

accur at e ndocetioft.net hod of spllttlng apart the wafers of a substrate

nccordi ng o tha |rs?EE RS R P TR o e 8B Re vt nod bl g
characterized in that |brxmm¢mgse§chrﬁubsﬁtﬁeecbme¢s@|ﬁgbsﬁratebr|ng|ng

each subst k-akeikhe aphst @le-receiving space; and - clanping the first
and second jaw porfi Qns of the first conb assenbly_onto each substrate in

such a manner as to”hdHPRREM b tiigiet anrd FeeRPal 2wt RETEWTRaPlrs of
each subst eakerbyseocoper &Tsls@ﬂllﬂ?t WREB bﬁehs@@me%xefté% fessiags in the

Fespect | vel§aReRe BN TR SFTt RECFRTBRE: GnredprRrrgel™s THEt hod o
~splitting aﬁﬁetsaofubatmaeebemmptesbygcomopeadpapnlbgtweher$haef|n|ng
bet veen { e 3.6l 62v29e Eoﬁgqnastﬁﬁ URENOGDE! BO-EHALACLE! KRRl g hat !

COprI’I Ses St eps consli st tl uralit subst rates
di sposed i nawg augsthat §E§p@dag@rarnp@§tpéntb@ aertaab'ﬁung them into

- 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 eubstfate; and




.register with splitter.nmeans; and - inparting controll ed Ebsprn2eitent to
certain substrate wafers after they have been split apart in a direction
substantially parallel to the substragﬁ-storage direction 7 February 2006
12 The method may further conprise handling the split apart wafers so as
to constitute two hatches,. each batch conprising a respective wafer from
each substrate, an iéiaWﬁﬁﬁ%ﬁ?FhéagﬁbWQHotqﬂ?t Wt in a respective
| ocat i onsullhbratehwdfemy conpsi 66 hakdstkpswafelisingi ng each substrate into
a substrate- .VLNg ; - cl anpi the.first and second |aw
portions of %éé?%itgtcégﬁﬁsgggg%ﬁ3?%%&@ gﬂ%hsg&ﬁgtF§P§%lyéﬁﬁﬁFe#a nner
as to hdvel ek sulpeneral indVwslypeapdrdus iegs wof tled reshéreach substrate
by co- oper at i bet useBph e iHkARTR. Auldierfpusi Bgs il g first portions
& the two j aws,

of the t égms and the second portions o ) respectively.
During st FHPF NG Yc &co perlgt ish mraneenft Re gudligpes of the housi ngs of

the first porAfitans ©4i8hgalwohalv@WhddY Al SRpEQUES HBNHM ehleeqdrpfdiset ting
between the two wafers, of each substrate in a direction perpendicular to
the cl eé(ngeef pl 32 My PRt Fﬁmj"f}wﬁu&&ﬁ e i Agrea@iediFtrol l ed of fsetting.

- Fol | owi renagaiicher |y ngert fen fwvd Bdranth I8e onrde b amedposhdons of the first

conb assenbly na§@%e Io%sened sQ as to release the separated wafers, and

the jaws of tH& §hdOot 8RBT ssIRF el ybBecrakpEiedoddenothes as to
etaln @it cadistrowat orhentite SySit dgs CreamSteg LA Bl (200
cach _sgi‘. & Bt b AEoeR 8R0S SRt B b Cra abe BRABId ™ a fir st
cont ai n&e ddade rcandesphdt capaatineaf.er nmay
' One embodiment of the invention may provide the use of a
method 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; |




be placed in a second container. The nmethod may conpri se AFebrsrgp8i6 -
bringi ng each substrate into' a substrate- reception space; - clanping

t oget her the separator portions onto each substrate so as to split apart
the two wafers of each substrate; addar February 2006 13 > cl anping the

"jaws onto the spli Wé substrate wafers s %d t he ﬁefers
Prior to clanplﬁﬁ 4%1 O t et BFW%ngp&ﬂpqﬁﬁ PHRCFEFR S
generalEerhshapeﬂqhnusengsf@teth&opﬁshﬂmiléatem to Baknhg|M@Mdubf
SubstraLgs, WUdeoddic sHbst!aLes TRLAC AL Dy LEA08, 008 00Ae pifl Lot

said jaws have b een C ers, e “cl anped
onto theasaineamf@’eole;]a@mngomprysem atn Ied 2k stWQ m@Vﬂ»GUaDﬁeﬁ? and one

waf er of each sub%; ﬁgl&?tg'gﬁ%- e ot egs $§ tﬁ%bﬁtr e, the
ace i N n

first split- apar |rs con €ra e second
split-apavie efar ¢¢@mpb@ phaoedhﬁnSﬂhﬁ&%ﬁﬁb@bn@adner One enbodi nent of

the invention %@é}ﬁsﬁ&g%ﬂ‘ﬁ U§EuLhinds P00, AS i&é&nﬁﬂg%@‘ﬁ for

splitting apart su tes obtalne y. a Snartcut a first wafer
of the dsgHdiahiane¥ eSPohBRrRgONGCaFaSd Ipferh eﬁa RENOCHEMRRE

-COVreSp@wﬁdﬂiﬁé)éubé%ﬁeﬂégr QheS%@ﬂeﬁgﬂeﬁCﬁh@ﬂéQBSﬁkatéBCﬁréw
nonocrystalline silicon. o a second aspect, there is provided an

appar at G83F6F SHITY iy 3?%% g??ég HEE e %ai d substrate conprising two
adj oi ni ng wahemetdefd mhgsibkt weengt Aperd  scibesvege: praherst hevapgareat us

bei ng CE%%% S{ ﬁf& ﬂé‘ﬁ@f%ee tt%B”R%T%iSpO g? %fQEBBEEQHQQ splitter

means wth strates strate-storage
dlrectléﬁcoﬁ%¥H9t¥9 ﬁ@%n%e¢©ﬁdsﬁﬁpﬁ@¢ngﬁﬂbe E¥@NMﬁﬁ@rstbﬁ Feitdo

substrapesngt ReSRidtd el -08aD8 SABRS % RGPV S8 {R¥S5tapd
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;




~ may be pr

- means for performng controlled displacenent of certaihFaiosy20e 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 neans for performng d&htirolled displacenent includes a
separator .suitable for being noved between a position in which the
substrates are. giggRgagdedhr amathe «SeRAT YOTan b2 RAH {ALON I n which the
substrates are attacked by the separator; _7 ngruapy 2006 13a_ the neans -
for perfofAtR§iBENERS FBYCHLipRatondInt Implementeshpil s 339Rd (MHMD
dedi cat edeiBotiaten8 Bl €hef intBatrsehst I dee Ylrifahd substnases have been
attacked ?% sai.d separator, and conprising at |east two noving jaws -- °
sui t abl e ToP*hEPdi ng the substrates once the jaws have been clanped onto
t he substrates) anidjureedchiy awdiagNguiiist NgsetdBl @ €wSPHCEHeapart in a
desired [ =S t _once said. j.aws_have been ¢l anped onto the
substrat2§£8§ﬁg @ﬁ%gggeo%ntﬁze¥55§9F3P3$th3°“§S%%@’;apart in said desired
manner. A met h&dFafgug i6t tisng aliargrawisstvatei evafef sa hawbagratecl eavage
pl ane bet usj.n a rdi nd aspect
B e e A e R e R L Eer BT AT Pl e ces ™ he
steps comeFerdngarhineprangi ng each substrate into a substrate-reception
space; - clanping together the separator portions onto each substrate so
as to split apart the two wafers of each substrate; and - clanping the
jaws onto the split-apart substrate wafers so as-to hold the wafers. O her
aspects, objects, and advantages of the invention appear better on reading
the following description of preferred enbodi nents of the invention, nade
with reference to the acconpanying draw ngs, in '




"~ which: Figures 1 to 4 are views of a first machi ne enabl7Pghradre20G6/enti on
to be inplemented in a first main enbodi nent. Mre precisely, in these
figures: > Figure 1 is a diagrammtic overall front viewof .  the. first
machi ne,” in which view a perspective dimection Pl is defined; > Figure 2 -
is a nore detailed view of a portion of the first nachine in perspective .
| ooking' along P1; > Figure 3 is an even nore detailed view of two

el ements of thejf igFsjur@eh neh@sg SheWedd &l S Endac TcF- 988 4rig a detail.
vi ew of anot ggr ortlg\%yqf the first machine;_ 7 February 2006 13b - T
Figures 5 8 téﬁtjl"g‘@revis I5E LG RS AR hdRihFwiFidHvent i on to be

I mpl enent edellatdveeconderiain edeadimentofoft Hhesdawtehtmothidddr e precisely,
in these figures.. Ei_gur i_s..a _di.agrammatic overall view of the C
second machi ne ﬁ’?lleelfg’\'}&ﬁ o i%éav?/C r %lé%ovlés; n@d% évulfteh g%és/e%erb"f%gtzroammt ic
view off a subsefargedpepiiliioréd onelodt ithe tiovemttizim wdsisentdaicetrsment s of
the secon kne, 7 rualk 1 Eigur 75%7 i WO

di agrammat i gq\%ﬁgﬁggosﬁggtsl?b?%rtgt%glésszhg%%ﬁg%trﬁ%dﬁ%gia?_?:&rﬁ' ng o Eziac—%
substrate JPELEENFetWe waieaisn eremdiRisToforReshsssHdddchiaie. SOhe

foll owing daseti pki an koanadEew,t hniekereRcethr i 43 e ahfasba i cation
of the invEnt ggn whi ch concerigé splitting apart substrates that include a
cl eavage pl&n& “dEFMATAGEWS 'WwafEF's, one wafer corresponding to an SO

.waf el0 or an SRAveateerlewhi| étt he athearl lwaf eh:ceCatares pdrzds tHeo t he
renaln!ng'ihbéﬁganlgﬁhgxgr&Q%ﬁ%é?lth'slgpgﬁg%%kg%ngn%%éﬂ¥h énemm{he
invention is not imted this application~F the Tnvention can us al so
apply to aAgnstbyer al eoceppéypbadiany sobgtrate corresponding to a '

structure of S0I, or of SOA type, and alsc of AOA type,

having two wafers that are separated by a cleavage plane
15  {(where cleavage might be practically complete Suéh that

the two wafers remain adjoining solely by the suction-cup

effect, or where the cleavagé 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 inélude
electronic or electro—optical components,. which

25 'cémponents may be in a‘finished_staté'or-inuan'
| intermediate stéte; ' R o
Returning to the preferred:applicatioh of'the
invention,-éach 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



structure of SO, or of SOA type, and also of AQA type, Wﬁebnmgyﬁ@% wafers
that are separated by a cleavage plane 15 (where cleavage m ght be
',practlcally conmpl ete such that the two wafers remain adjoining solely by
the suction-cup- effect, or where the theavage might ‘alternatively need to
be finished off since other forces of cohesion remain between the two
wafers, which forces mght be the result 20 of the existence of structural
bonds). Itths aleevénghapézedlbhaﬁstheswaEeESS@b1EMed sudladt mat es that are

to be spllétsgfeéggaéFg gg?ggnqga ggr athefw.gs. In particular, the

mafers may" | r o-optical "‘conponents, which 25
' conponent s naylbheahy aVEnhushedlstdEeleﬁdlﬁoaﬁrEBMtembsﬂkateSstate

- Returning é&é??s@ﬁ?f E{;:BeQa%Els' catl8ReAf hN&1chRyentisanoreach of the
substrates that Is split apart_(i.e. having two mafers that are to

be. spbit ebeawgeopwpﬁ t §Pi 88l b ARYethEER Sub) wefedst 6PPRE SEPHC pal
steps of é@ehsaahégut(r) nethod as descri bed above. A first wafer thus

corresponds to g fer g Pe otheh wg% corre; onds to a
remai nder of thé' ﬁaﬁg?oPOWa 8rraP ke moioERYstal FERE §ilicon.
35 The firdiagmémeroffay mhshlner&espendspondmn@@ﬁowaféurstwheue a fine wafer

of silicon, ﬁ?éd?ﬁ%HEnggethg Egggnggbhcon substrate by creating a cleavage'

pl ane, " and ere ruary he cleaving operation is itself
assocl@t ed wit hlta skeuldeherundenapopgpbhpguant 21dr thehéipures.any event,

it is desiygd-do;itreatneubsthaleso QQEEE'ﬁb”QhEWQe%@E@éi & Hatednon i t her
side of a cleavage pl ane, so as_ to_split the two wafers apart from each

other. Wtht r%?é?%ﬂ%%sﬁﬁﬁﬁgobﬁlEﬁ?edireFEéPE €an be seen a diagram of a
machi ne 1 correpgpondadgihe a &omprisesna €nkedi prat 0ff Ehewhnyanthen. 10 It

should be understoodethat bo el the Thgurgs.. Whetg bl-hs.Reesspgry 1o
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




it is represented by the direction Z.. The nachine 1 comitFebemrn20ltxed base
11 shown in the bottomhalf of the figure. The base 11 is surnounted by

15 an assenbly 12 which is novable in a direction X associated with the
machi ne. Three stations ST1, ST2, and $§3 are defined on the base 11, with
the novi ng assenbly 12 being suitable for noving past each of the three
stations. 20 The station ST1 is for receiving a quartz boat N suitable for-
cont ai ni ngome pbfir ahe tyabérsubsinat es SOIAort ypi cah aafieentvhfide the boaf, as

shown by Weynol GXAUP! Sorblofbilerd: ch 22p8WRTNEALES CHLgure 1 shows
fewer, solely for réasons orCelari y). . Bethe-"dubstrated. may have.a .
dianeter of. - 290ngmtionpedeployan) thFhelsabingavéssschr subatakicganent in

the boat ifn@; ewbSHLALAes Shoragecdi HeCkiAsNeaHBYsi Ngn BERLeGHlALl Y
di stributed along the 30 substrate-storage_direction for this purpose in

_ ge_¢
the boat, tR% f¥atwahers Y raeed bPebai SPEibupkarke§urr F9Cht a given
-reference gtheh) . The boat N may be taken directly froma chanber in which

t he substrates 3? have., been ubi ected to heﬁt 35 Breat r’rgnt i.E order to cause
each substrate £ TR GTHT Tho WRFPICRLRS| RRBFJIBARES pFepare it for
cl eavage (mwesdnlyldetw uspyi20D6ole6rahetpfof heubateasebespgran SO or an SOA

wafer while th f Rl Ni sihihcon). As
ment i oned aboy?u¥%£ﬁ%%%’i ﬁ%h%&g%ﬁ%%fgggs{)ga%{e}g&?%?%gt{v%gym%h%rggneeds to
be fiHi she¥dPbit qwariothiEruliprrrROUSLY heot wehole engy now Aecedntaobéedpl it

apart from8achin@thel) behfedxplipd n@;?lp@wﬂ\g Lhereeshi peot hus mBkes it
possible to split a plurality of substrates apart. Furthernore, the
plurality Sdi‘b%ﬁfsqef%t esLeERPAI§VHRE 10F_pF | F1GpAFCRTY t AHEEQ¥EY, or there -
-may be a oot rnoddedht twhch hesmata bed Wwees &Heisphpatt ngoaparédof two '
,ad]acent with prior art 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




substrates. In any event, this significantly inproves t&Febataey 20060i ch -
substrates are split apart conpared wth prior art methods and
apparatuses. 15 The stations ST2.and ST3 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 wafers. These cassettes |ikew se

- contain housings that are 20 reqgularly spaced apart along their inside
wal | s at tlfecesampwpirtishtae thenteber ehee mpichdmef ari .tehe ihousidigsy in the

boat, in o r i fers obt.ai ned_hy Litti apart the °

substratesEgﬁa?gggggggoxﬁekggnﬁgfﬁé%f ?ﬁgPﬁg 6§atw'eﬁFﬁ55&g§3?ﬁéyﬁ%thod of

splitting Pheths sabserate¥3afarest skesrpbatbel sedesof g imndetei.l bel ow)
Each casset t erhAug-gaRt 8iENshkhBosaMe  pUEbeL A3 NRYSI 195, 8S Jheoat (25

inthis case)h,each housing in a cassette serving to recelive one of the
two waPer s™3674BEai ned by splitting a substrate apart. The boat N and the

‘two cassettes apg dbspesedonn thBenrpaesgegtiinke $hat ie9Rs of B such a manner
that the sto age direction Bf %he substrat es bn %gg boat is parallel to
the storagE HFFEEEF onCof - t RePRAFePY PnCPREeE5S) whhaks SOFEESPOrdsshibul d be

- observed thhe theatwbacasiebvfeshar subdigposedoopphsei twafeays ihownd; the

H BAR of casseLig §2 7 February 2006 17 faces towards the front of the

- machine (i.e. is facing the observer in the view of Figure- 1), Wwhereas the

H BARLCof the caBéettinksuthcascephaidert halleaf bhet subshchitee. oFhe H BAR

‘of the boatjifagesthowgsds-LherEr h Lhe. B ion, the
H BAR defines the end' of g cgntggﬁggé?g 5 éag%g?bgrlg §a§2g¥?§) t hat

.g. a
correspon l?%Ct%%%'"?%%rr?%Eegac%f°¥h%a§gb§9?ﬁﬁ§§t6rOFh@waﬁéhs in the
~cont ai ner.wdfefhfiscihd Sowirds CORE AINBAR edlll o6f thBecsHbsthat-es or

it is also recalled that the rear face of a
is substrate is its face opposite from its active face, i.e.
the face on which specific treatments are to be performed
(making electronic, optical, ... structﬁres).'
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‘statioﬁs 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 provided with
concave housings that extend in regularly spaced-apart

manner in the storage direction of the substrates or the




all of the wafers are disposed in parallel in a storage 7%Febacry 2006 t he
rear face of each substrate or of each wafer facing towards the H BAR end
of the container. It is also recalled that the rear face of a 15 substrate
is its face opposite fromits active faée, i.e. the face on which specific
treatnents are to.be perforned (making electronic, optical,
structures):. Housings are provided that are regularly spaced apart in-the
mafer-storagéedsreatluhelBaaacblcahsebtep@blﬁm@daaMdmé1ﬁkhaujus equal to

Lhe ref e epag piLoh.gs. det et BY e BAakal |06, GCS] Vg e el er <

Each stati I's associated wWth a i'n Flgure 1
i s retract Bauphngs) heapdset1z. PiThe sayﬁért@fh@ééhaﬂkﬂlnﬂfaxﬁnQﬁadeployed

upwar ds 25,4 pcgngagecha 9Q§HbBQ§sE%EEa%@BF%1%%1@@%“(E@ﬁfﬁ&ﬁﬂﬁk&rﬂa -
el enent s carr i ng.the housings in the bottomportion.of the boat (for t he

pusher50f sPalPBRIBIE) -or in the bottom portion of each cassette (for.the
pushers in statirpasbSt2omasd §I§h p8ghas houkiihy hmgc&uasirates or the.

waf ers from 30 the hoat sett th mh ch.t hey ssoci at ed.
Each pushe?sﬁaﬁl?ﬁﬁg EgsthﬁrS 1OPh§TEB c§?§ 388€§t€d
therewith pnoaﬂcupmgrddgerehucbnexnendedeﬁohg phekaupstbé $mh5trates or
vafers thapolsedat 0,0e, CRRLAIDedrt DRLEEDL 0L LRI 8 lesnact o e pushers

are al so provi - concave housings that “extend in régularly
spacedPapaf® PhEFneP Fhet Rebstsrbgelsi iéét répaghpgeheosghsiErdtes or the 7

February 2006a¢8quetehs, £aimine saMBnRLLER eevﬁeechhleﬂeage%ep%e&ythe
pushers aSSPCIated with ST1, and ST3 % thers havi n housi ngs), and at a .

pi tch equaPtolRaPrPSsFatretBientltc R PHFPERe® %aehée §8968Fed with
ST2 (this pushETh@aﬁusﬁeEB b@ﬂsangé)mo?bebbﬁkta&w&fwﬁaﬁhth@Sher housi ng

“which, is g@g ted mn the statlo §T1 g the boaé N i ncludes a
OSi s
e axir s of &

projecting F2n ex end‘é’af Eﬁga S?ﬁg gfﬁée n“the niddl e-

of the5con@@ﬁer@a;m therasfocsatad boat or cassette, by passing
downwards through the openings in the structural

elements, with the structural elements intercepting 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 aSseﬁblyrlz Comprises 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.




10 to pick up the substrate in its cleavage zone, said ¢ Ebnage2eisne
form ng an annular cavity in the periphery of the substrate into which the
- pusher edge is engaged. The pushers can al so nove back down with the
substrates. or the wafers and deposit si#l d substrates or 15 wafers in the
associ ated boat or cassette, by passing downwards through the openings in
the structural elenents, with the structural elenents intercepting the
substrates or tThendfer sirard lcdldectichd 2hEmare mdis:rascﬂe nesmner in the

housi ngs \A/@lulr%htrjgﬁ HRYSher, 5 RUes, tr%‘;gal\{&gg}]e ot n e until it is

retracted in ase 1 way of exa assenbly 12 is
mount ed Olafelsﬁelcé:lﬁrlﬂ'lﬁi}{ﬁ@ @aﬁ'éime*:trd’ t%%ﬁrfébtﬁlmﬂ )th%&lrpl?ﬁé%ﬁ% for

control l'ingatilkg @naolleqswnttdgettﬂaxs WY e baivg Brovided. o3, 5 This

novi ng- asse Q ﬁ{ses t wo |n p rtions .121 and 122 which are

di sposéd syﬁd‘r P Irﬂ'% SppEsarE DIFSFRAUDI Eh SRS THS 1 he assenbl y
12. On either simie mﬁlrmhelgploﬂlehﬁ&,wcsmE;mﬂm aki?dl, 1211032 ihus conprises
a jaw whic Ietom) 30a rcu in_a horizontal

pl ane (i.e gYlf)léls:rha tl%% 0 %the hta I op ofjat"h afff% ]‘g{}% Jr ng about a
vertical almawsi msgamom@sl tSb@n]@émlc'EliLisf athwtf mm npeittlisore df2Qhe

- assenbly lgnieh LuRaib@ns 121anatdlh TALRY 4P dHd hddddi, sl zontal

plane 35 on two respective arms 210a 210b via respective jaw supports
1215a101215h whP6h CarePat Seeghednll dal i atiein deksddeivattdy | aws. 7

February ZQQ@elf%nEEeth\@‘lghE&slalgalda@d 120k %rw% Sjtiisala8r Or - turning
t hrough part of a reyolution about, thei respective axes of sc%ﬁgmetry SO as
to turn t hBOYGEpPEFt & F215%Yafgets bS Fe e ft%ﬁ@ & o £3Tand 121b -

5 whi ch arber bgbodbhtseoufedet eathe otéspe ofiere tmepgm lZlEharidJMIllhg of the
o e 1aH02:AndnloL0BLy GBXICHLAN Eedrah.t HA AE.LNG | qH8 g21a and

121b are ys positione Iy about
15 housing are dlstrlbuted 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 (as 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. '
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which remains stationary relative to the assenbly 12. 10 7Ecbawny De06seen
below in greater detail with reference to Figures 2 and 3, these two |jaws
~have housings of a.very special shape on their faces which can be brought
-to face each other when the jaws 121a &Ad 121b are in the closed position
as shown in Figure 1, which 1.5 housing are distributed at the sanme
“reference pitch as nentioned above in the long direction of the jaws. The
housi ngs in theTPawsaw21a2aadahﬁlb2@beamett&hﬂwmechmeﬁhewdiagrannatic Vi ew
Of 1 9Ure dooBBs; yEDLEnA §5098) Ynd! %%bl ¥ Gaaptlbile Uie e, 20 hi nged
jaws of a co ese two hinge bei ng ca able nmovi ng towards
each ot her 1285g| 886 {R85Bof® Uhlcéwé@efﬁ€ﬁpégénv@tI@WStd2@@e@ni 't is

specified thab the k@gngyrggbhggdof these "jaws is defined as the
direction in the horizontal is parallel tqg.the storage

di rect Pon of theR§ub¥Pr 4FBS EﬁaOﬁh@nﬁaﬂg?waﬁéﬁePﬁeV86§ﬂC§ﬁ&Ytﬁ@dcassettes
are di sposadeasaphbie bfi Euguliﬁglthaﬂdghhpar&abﬂ hawsvolZtacandbbatb are in

~the closedtﬁgikt%g 8%§§1 hoYm ﬁltg ggﬁ é? 30 The assenbly 12 thus

conprises a Tirs mlar manner, the assenbly
12. al so. conpr|§asthlseceﬁd @bﬁb lzzestUMauag béneheh tibe afinssti s conb 121.

The secondg gaeﬁréazzéa genﬁhg%ﬁe R¥ol ?‘éﬁelggﬁaagﬂd %%E%Z%Qe‘m' ch are

nmounted to turn in a_horizontal plane. a and 121b. 7

arms 1220a and iﬁggé Ywd _r]gﬁae@maeaﬁapmgébsalé@ZEavénﬁo&%ﬁgst gnwhi ch the
respectlve 22a _an secured. 5 The two ar 1220a and

% g 2b are r g M gs
1220b ext eh e%ﬁr 7CaF 1 YOART “afe Eab Branbf LR uFAFRgeRAPoBGREFa RSB a .
‘revol uti ontheojaws hekrar esgeteibeatongnt udenal oaxéspokitlibhSogase al so, the

turning OfF&QSrém?,a%ﬂfcﬁshousings (not shown in the diagrammatic

15 view of Figure 1) are distributed 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 K
.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 dlagrammatlc perspective -view seen looklng
along direction P1 as defined in Figure 1.

30 The assembly 12 is symmetrical about the midplane
120 so that the description below of the jaws 121ib and
122b applies in symmetrical manner to the 3aws 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.



synchroni zed so that the two jaws 122a and 122b are 10 alAFEpsuapp3006i oned
symmetrically about the m dplane 120. These two jaws 122a and 122b al so
have housings on their faces which can be brought to face each other when
the jaws 122a and 122b are in the clos@d position of Figure 1, which

housi ngs (not shown in the diagranmmatic 15 view of Figure 1) are
distributed at.the sane reference point as nentioned above al ong the | ong
direction of thehe|pas. 1BEbebbhpkéses the Shapeoef ibmase2ndlsiamgls | s ‘

different fromthe. sp elg%% £harg %r %'iesﬁ%i&% ”%%at ?%@ede%%ﬂl%‘@% of the

comb 121 &s TS explain grea eta e two conbs 121 and
122 are- |dﬁéb@ﬂdent of each other and the jams of each of these two conbs

can be cause%@e(}@f@cﬁgglgl 0§ﬁe8@@%et bzetae)@h Il.r—z(i%e@@%@tﬂﬂée%v 25
dedlcated control neans reference Figure 2, d 121b and

122b  of r%é&%q%r%o%%éliélaﬁﬁdlﬁézgr@héﬁév\ﬁriendglsé’éﬁé’ Fetail in a

di agrammatd Cciper sPpgd | ¥€- vhewsseendl pektign abang dir etk @erPicas defined
.in Figure 30 The assenbly 12 is symmetrical about the mdplane 120 so
that the d%%% F55t70n bel ow of the jaws 121b and 122b applies in

“symmetrical narfies secohé pawsidBlazabbd 1282alsThivsuhicgdr €calmsweshaws t he

espect ve b iR CRahQggiReh MebdLUE SO R o I ke P e T o1
conpﬁﬂ%es*ﬂWb]QﬂﬁFﬁﬁl$%h§e1?91bh9ndaW1§EE§0%ﬁléﬁlﬁbvﬁlﬁhé gsE&EAl shapes

that are descridad-t O&bnﬁ@éﬁlgae§i§%h¥ceﬁ1€ﬁtf ahSEraaghhemo;aZ &4bn
conprises 5 two nenbers &glll and 12112b %QICh are di sposed on either

side of tIRF SecHIEPot+1oh° 198560 ForRECh&r FReaPearrecPPERIONTRE second
‘portion 12k j=v adgspobunt edtht Qepbygment thereof being

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




hori zontal translation parallel to the |ong direction-of 7R8d&nide2006
jaws-relative to the jaw support 1215b via a nenber for inparting

controll ed displacenent in translation such .as a screw 12120b which
connects the second portion to the j.aa support, with depl oynent thereof
being - controllable. 15 Each of the nenbers 12111b, 12112b and the second
jaw portion 1212b have a plurality of concave housings regularly.

di stribut edlabvikhe ghever mENtHHNefiRfwIRNGherPidEh javEaQlbRfs hese concave
housi ngs o% the first and" 20 second jaw portions has a central projecting
el enment su He g rl? @& é whi ch runs parallel to the direction of the -
housi ng, for thé& Fj@rtpzosledofdeercrgagztngan rofa therst reang ratl eid@sclaeaaivage pl ane.
Thus: 25 h I f i,r st jaw
portion of P%g%f ﬁ@t&c%%gl %Qjéasn g%led‘r %leﬁ%%re%éﬁlehgg)sf% @_. 28 of the
secondSnenber 1Zhe2pusber i ﬁquﬁll']%ml@retacdh mstbere offf the EGmMSt121 has an

edge 30 A3z p@@@lbnea%ﬁdh(i&'ﬁ'e%gzﬂ—%g&;n& hews @ed dnawiRor tion of the
first conb 12 an ed ?L Al b. Each edge thus defines a general RTl ane in -

b ch it BREERGSDIY] POSAT RS SGedBHG YarKrinato 16nhenGrREr N 38 Sai d
.plane i n wahdhihhehedgessextead Kios aaldvqut |cgEaIF1@h@@e,1 per pend| cular to the
surface of the Wtht is to cla bstr i l.ane thus
coi ncided with ﬁ eblfsﬁélﬁy ?56 é %P&%"e%fe i §§‘b§fsr ate when -
‘the j&W cl eseb wambert Iaedsolﬁseaa:h_ese,ézod@t alalv\e@oatesion pti on of these central
edges and of ~thgir twﬂ&ta&ngagﬁs 191499 b?‘l'z‘i‘ﬂz‘ﬂ' Eof ghigbanee e sfeoppe 3. 5

The nunber of housings I n ea the first jaw portion, in each
~second j anepeht P§herl §ndp|'féf1éi5aﬁ|9y t@ql‘}éle faw ﬁ@Pﬁ’@Ffﬁeﬁéﬁ%oﬁbﬁﬁ@s in the

boat N two members being rigidly secured to said support.
Each heusing of the members 12111b and 12112b

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
respective members 12111b and 12112b const;tutlng-the
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'ce—operate with a second side



and in the cassettes K2 and K3 of Figure 1. These housi ngeFebkeargP@da i but ed
along the length of 10 each nenber and of each second jaw portion. The two
menbers 12111b, 12112b are fixed relative to- each other and relative to

t he jaM/support 1215b, these two nenb&Bs being rigidly secured to said
support. Each housing of the menbers 12111b and 12112b i5 extends generally
in the vertical direction which corresponds to the |long direction of the
substrateSOﬁndhethebmafate t vt clr eegoindg angliee ofariinuildatred: iEhe same

applies to_th ngs t ec QR 212b .of .t Aw of the first
2ppL1 €3 togh e Boupkags gt o besecond banl e 12430 ol e of (e
correspondlng h@hglﬁgr@ﬁ Hﬁeeﬁéﬁb@ﬂgizlpiblnphd§@06tWG5é@ﬁﬂé&pdﬁﬂﬂﬁg

- housi ngs betnghb%@a%dokoackse%edgas:@etshes%%ﬁeth%l&b%reatﬁx@tr lpg 1cl anpi ng
of the jaws of the first conb 25 More precisely, each hou3|n%‘L11b

L12b of thés Pééﬁ%é??@réyn@ﬁfﬁEPQdﬁﬂfﬁ éﬁ’dtilﬁlf%f%ﬁsﬂft N GIHE™ £ r st
portion ofchb@yhﬂy QE the conb also presents a profile that is
asynmetri cal ri.s ei t her correspon ing.

ﬁ co ? &g' si de of h%
central edge, Al FB® iﬁ@Bn 3g"d 3 Pir &€ FPCSXFSnHPﬁé AEFE f ITST? gener al
angl e of thatdEheeseebadlwelﬁodehéngenermbrplanpe@ﬁ $aild pprdjidet i ng :

el ement so £8% EHeCROQthg Fﬁﬁ&hsgcghas&aihdglopgggtQ%é§gbstrate that the

housing is {0 recelve aws cl.ose onto 5 asecond wal
ext endPng REPErassévohd §eawr *ahe kagkemop i hbedbaveingl &owpadeo titve gener al

pl ane of sgs:g eewh?cxcmgoel EHABNELi rSe aglqoo@otgeebatﬁcwntth muaeRnd side 7
-Febmary 20 % he substrate, whjich_second g@se of incidence is

greater than saFpef FRRETHLNERIFSafGLR o LPRc PEENEESIPRES tPsENGEFE al angl e
of incidenga tEesgﬁbhtxabel pgcedfretiheyorder hofisanfewndepeeed eastagle t hat t he

first vall ohals BFaghLogli Y PELEORALOULAL b9, Reas ULt Bke e HiRuerDer
15 hou51ng recelves 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 géneral 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




. The second angl e of incidence is nuch larger, such that7Fébeuase2@ed wal |
~defines a nore "open" half profile for the housing, said second wall
sl oping very 10 progressively fromthe bottom of the housing towards the
projecting rimof the first wall of the4adjacent housing. The central
"edges Alib, Al2b are designed to engage in the substrate received by the
housing in the cleavage plane of the substrate (it is explained bel ow how
each '15 houstngoredenuesratdhabstiraterombhiis ehgagdrenitilkakes pl ace when
the jaws of the .first _conb,.clanp ontq the substrates. The cancave shape of
the housi niS BRAC RETBFe SN Eo o P e e RUFAE Qg ATl ™ LESeT he 11 1o
portions otlehenjfaws.ef tihethier gt reowh o0 pe2penoiendage teadhes pismeat e
between itgrtwR.afgLs.. Because of the asymmetrical profile of the o
~housings, while this clanping is taking place, the wafer of the substrate
on thedfirst si8eusi PhRe §§b§gfﬂav@fﬁfa§ 2Ld&§resubstTRtEe dEmWeRafsl enent
~relative tpelheitéret prEt eRBer2bhh2langhdth- okt haifile sheCoHneand in the
di rection $§r endi cul ar _to ahe ggggral %Iane.of sai d ojecting elenent -
that is sn&ttel tRaR°tRBtiBY &S rEe@EnTOXIRT ABRY £ YThERTafer of the
substrat e fhirsh wsfen-the second side of the substrate: 30 In other words,
while this clanping.i 0g 5P dr ti t fir rtions of
the'first-conb?P#o?S %%%ﬁgggggtkggg,t? ewﬁg %ra¥ﬁakgfé%§_efh§hf?§§t si de of
the subst razeesingnecdfethbetien ahd seapndl meaghersf ofhéhehddgisig and its

first wallpolefonidf WaL! riPat LSmBl aRe3%n- $L8eRahORE 168hALEYGt 0 the
bott om of the housing. At the sane tine, the _other wafer of the substrate

has a grediRit degrlaaierberachairtt bhRovatrePAtPFE £8 EREN2FUPPEEE Borti ons
of the first comb &imiberdinagaeirpnchpenpandhgul apnt oft haegeaesal pl ane of

said projectin el ene Jj.e..in.the direction perpendicul ar to the plane
of the var & EonRten bab2hi THiR P cPE eGP na BABSEIA: SOFS dédged
rel ative tasyirecemendel tdbbdtengagestheirwhebpethévet hentral edges

A2b. '

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 clamping 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 single occasion), the edges df the first and
second jaw portions of'the first comb are in vertical
alignment. | ' _ ' _

It will also bé-seenrthat this alignment occurs only
in a reférence 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. 7

‘Bg a result, while the first comb is clamping onto.

. the substrates, each substrate is engaged by the edges of
35 the first and second portions of the first comb in its

Cleavage plane.



wafer is potentially capable of noving away fromthe fi r7diconafye2006t is
specified that the walls and the edges in the 10 housings of the first and

" second nenbers of the first portion of the first. comb are in vertical

~alignment so that both nenbers have tB& sane effect on each substrate. In
simlar manner, the housings L2b of the second jaw portion 1212b Iikew se
present a profile that is 15 asymetrical relative to their respective
central edges Rbb. ekoht hosstageodl she skheotentjnal pedgésnobft dehousi ngs

are designgg, E Eggﬁgetpg%esﬁgs Eabgsfggnhhﬁhf cHLeauade , phage, whil e the

second jaM/por i ons o6f e first conb clramping onto the substrates.
Wi | e t hi soaeaapilagoifs thekedgephadstenhi'cvaild thpheﬂéﬂgéé eimsodi ment  of

the 'nVentWQEeQCgﬁrEheséﬁBEE§B€@USEﬁdehhth@eo%h%¥pb@&e05nih% plelnfist JaW
portlons of the first conb, aws of the first conmb 25 cIOS|ng on' a

singl e occH@FénthFﬁegéaﬁéstBF P%BeF|W§€e§né ce&tarl PERUPSr Cifons of the
first conbfaeedbm verbeal awagl EgBiERhe Firwtl kagbgowbecheer that this

- aliignnent urs onl in.a reference Siti be the first and second
Faw 130 pobERdRe: of el AE ¥enbP1 5= ARFERST BPERaRBe JHOSPti on 15 the position
of the jaw portHowsvehi | ehehbopanwsgef ofhehti setondopbrériens! afpichg

together  £.gcrBSHb phbkeat BeobList pRARD;LS 6L YRLAD, 83D 1 the

substrat es, ‘each su rate is engage y the edges o i rst and
.seconaoporth@n@r@fliﬁeOfuﬁh@ bouBings| of éh@aﬁagétppaﬁélomSF@ﬁr@é@y 2006 25
For each hpusLpdcghnt he second ]aMlpOFtIOH of the flrst conb, there is to
be found in the _sanme nanner flsi e of the edg "steep” wall which’

wedges one  var SRUBT EBRe" SHBEPF abe: BnoPHEIBENAF LhBeSRROPEpaR% 5 wal |
whi ch glVeﬁofHEOQtBErtmafEirﬁtcebmhlﬂs&ﬂﬁUﬂérﬁﬁcalraﬁdgﬁméﬁtﬁmvehaway from
the first Mﬁferoﬂgﬁph Ifl 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:




- of the first conb is in vertical alignment with the "open" wall of the

- corresponding to a first main enbodi nent of the machi ne of the’invention.

wedged, relative to the second portion 1212b. However, tHkFﬂmmxyﬁ@@SOf t he

second portions of the first conb are of a profile that is reversed

. relative to 10 the profile of the housings of the first portlons of the
first conb. Thus the "steep" wall of a2fousing of the second jaw. portion

- correspondi ng housing of the 15 nenbers of the first jaw portion of the
first conb. Syméhei bty N chatadmen'2 watubstfrad avodsisrriofof whigecond

portion ishkR B@Eh'%ﬁb]@bkgﬁn%gtdwéé%i%@e(w%ﬁ%%pclé%ylnéﬁm%éﬁf
correspondln%§h0u5|n he nmembers of "the first portion Thus,, the

wafer of t REUSGBELLNT BoRAi AR M ehgmoe fitd TeHEIREale s st &Veltfe whi ch
i's wedged tﬁbat:wmewhﬁerbhaff ebsh Js@Wsth’faﬁzleoﬁrlazjabeée@ﬁqrt theneenty al edge
and tg stgegd ﬁﬁt ho sings of the menmbers 12111b and 12112b
 has a degr8&°8 ?P88d8ﬁ1 &7 ‘fromthe central edge Alb of the
correspondi ng heuShagaeEembhg Sécaﬁd1pawegastemnwizbendnmﬂqmiﬂmﬁy from
sanme edge. t h do t he
second jamﬁpgpﬁfgng%gu %ggogaﬁé %g@%%?&?%%%ddi ?ﬁggﬁg$%ﬁgaé§%§}onlthe
central ed§é§eéﬁlPHeXh@ﬁthg§r@f1ﬂhean§0 menbers of the first jaw portion.

The mai n structurghecharacher taki eon@k the OREhkBe LrApgescrdhsd above,

The op@rat #8f BPSEhe machine i s described below with 35 reference still to
Figures 1 the4f1r§tabpéﬁgtibﬁrma sbt vatikenthe phisbbr askelrikaiaa 2006 26 -
the boat N Cgﬂtéh 5 sgbs ﬁ?tgs S each_ of ich has been subjected to
' cl eaving (mﬁlch c?e% %6 ﬂlé 8pp XﬁaPPVaﬁ 8d finishing off nmechani cal |y,

in any event, Théstposhafepiché spchhsubsbesatretase wotheesplhit apart in 5
accor dancesubthrhbe LOYRYt Lenkivbhe:asseBly: 23 bt Lhe' Uik With and

over the
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 1nc1udes a proflle prOJectlng from the bottom of
its concave shape.
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—



.station ST1 (follow ng appropriate displacement in the ZFebsuary 006X of
Figure 1); and - the jaws of the conbs 121 and 122 are spaced apart 10 and
open, the first operation is to cause the pusher associated wth the -
station ST1 to nove upwar ds. This push&? 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 thi.s purpose, said housings furthernore being
provi ded weehtvalishepsersl ofeshso sgsorg bompignsumielthien fintdtclrcanbsubst rat e
is receiveg)q 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 posi EPoRB&S Aiche PRFAGLSN. c&lict FUbFtrREcs ddrafEtHies™e in the
substrate. thétt&hoghdsb@fUBﬂ@r&b@@dlbhatwmh@htgbmb Wrehapeded desi gnat es
any shgpe which is ﬁ]all concave. and that. ..25 further includes a
profil@ profP8tting™Fr 6AEnEPEBt om of its concave shape. The position of
the substrate rwhatguastmzuheapdsheﬂb oE thes fausamatmball2l adjeust ed by

co- operatl e a h eavage pl ane

- engagi ng 3 eB %%ﬁgggpﬁgfeﬁﬁ 3%? %ﬂ%&!ﬁk %§¥ﬁ%¥09hn§tgﬁggl sl opes of the
si des of thﬁmm@uw-ﬁgll manherpgshes b@u |¢§OS§uFflﬁCDéW§5I pIsikdle dWnsd. hol'd t he

substrate bgmghgnggrEhgagugggkgtgg) The pusher of the station ST1 thus
rai ses the 35 substrates into _a high position in i.ch the centers of the

substtltes lie EPetH@u§éﬁ€5h8ﬁgﬁpea§lFﬁ§ Gerpi B3PI 1 PPRSEFuRY 27
central ceatgagsnet thetsesendoforhieanseetithe bhestubesirat®?Budimgt hi s hi gh
posi tion, ge su strates lie between the two jaws of the conb 121, which
jaws are spat®d°5°8PAFt, and thus open. The jaws 121a and 121b of the first
conb 121 are Stlll durlng this closure, co-operation between the

shapes of the first and second jaw portions of the first

15 comb causes each substrate to be split apart into two

. disjoint wafers.
As explained above, while the first and second jaw
portions of-thé first comb 121 are clamping together, the

central edges of the housings in the wvarious portlons 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. A
" 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,



“then caused to clanmp together in synchronous and synmet r1Eehruampnd® so as
to close the jaws of-the-first conb onto the substrates. 10 The housi ngs
of the first conb are di sposed in such -a manner that each of themreceives
one substrate during this closure. St#Bl during this closure, co-operation
bet ween the shapes of the first and second jaw portions of the first 15°
conb causes each_substrate to be split apart into two disjoint wafers. As.
expl ai ned ¥hdle, 1@AVILEIt hbef Wpseranafs eashd Splwt neéet irofedsteet Ivd first conb

121 are cl appkAgmt 88ekhoE, abhet ookl akcadaeseef, the housings in the
various portiong, of 20 the first conmb 121 kg@ e cl eava e pl ane of each
substrate in a %Bg?tISH PRET AL OF REGYEF & NF%@P@ﬁgéﬁé WIS R

substrat e. théofieacthcsmbstrates the tibstrafiafrer dfasaahdegiet refte thr eedom
to move amg¥cé&8ngém§ ﬁther @afer relative to 25 the first jaw portions

of the first conb “PRE-ot her wafer has a'sinilar degree of freedom
relative to theThsecﬁnuc]:ammporft torscehttrhe Bdgsts donttheTheusdmgs=al

edges-in (Be POUSENPS: ObokBe bh! SheGP ;1;&@3 3R n geggbyt%gaged in

t he cl eavage _pl ane, so th ose egre ree on1are u the two
~ wafers of %%Eﬁr§u%§t¢afa ﬁ@bﬁﬁvetapapﬁrFrowheacﬁl@ﬁwéae PeEves: th&usi ng

t he subst rege &@f@ﬁsspélél@@ﬁﬁ&e?@bwpaéaéb Ihés whke ehet ha rbwactirons of
t hese §entral ousi,n s of th irst conb 1is to define a

kind b %h?|§€%555§€?|6ﬁmﬁbp Fﬂé &Pé89a6€° |8ﬁ eEfSQAEﬁYs&BéFFate in the
first and skesoafifportodnssattiba-Eupst tgpabot2¥an aeEemaaaBy 2006 28 while

| | eaving t S a a r 0 e v part
"fron1eachhggﬁ@égfThgéeﬁcggo§§$§%%o%8b§ ﬁ%g gﬁﬁ &a gggsggf gengg%g%of t he
first contrewpbseseihe the Wﬁf@rs m@veaghawabsframeeaah Stbégone spaced

apart. Thisedamnedion oficihercential edgesohn the housings
- 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




of the first comb 121 greatly facilitates noving the two 7 Rebiearg 2046 each
substrate apart; when cleavage between the two wafers is already

"conpl ete" (i.e. when the wafers of .10 the substrate renain adjoi.ni ng each
other solely under the effect of "suc?|on cup" type or Van der Waals .
forces),. then it serves to cause the wafers to nove apart conpletely, the
waf ers novin fromeach other because of their relative freedom 15

I n cont rast’:‘P%\Mtieﬁ FRfEFE BERkEeNNdRE welost soad rPr dsemzEl®t ¢ he nachi ne

has not al peady beeRgimecoMlLtREers.t is possible to make provision for the
. ¢l anpi ng together o?'the edges to.serve only to put the substrates into

the correct pOS|F|Qﬁrtﬂﬁuﬁﬁ&érp§ﬁ€H816Ft6ﬁﬁt En8@de (e 3a5RFE-3tént i oned
urging apaht dhwshefwaher firstnebrbubtiitti Eotrcactzealslopst deaplit the wafers

apart, “‘tgtggbing Q%ﬂ%pg_ %%dt%glg W@en t@ o secondoka@%eortlons of the

first ¢onb ar nslatlon hrou one- r ef erence
pitch, as SEES@@@@E&b@@SﬂﬁtQﬂeat@p ﬁér@mblwelom/ It is also possible to

adapt the char aghgehStics of rcuhQ%aﬁE%Q'“%nESBép%m&% %@%§%¥¥%%s C|a”p'“9
force, ...) so that durin the wafers are split cogggete

apart, eveMiphf kesqpdiis t. ﬁompéﬁtcP@a«r&génﬁlaétnatays@eb@&ﬁ 5%t ed. In
any event, tbhensbapepef ob&@ala&@htsl enobreerdcocarbial dedges ngndrhe cl anping

nove ts of . t aws ¢ da ted to ac n bot.h-of the functlons
rovereyts Slebfeabate can, be adapted a0 as o act on both ol
splitting aharPuhyoapwedgung"eﬁﬁbstratés aﬂdabsntmnaslbbéltalagamhethe

cl anpi ng n e of the first conb in desired manner so as
to 29 splr8¥ﬁﬁ§ EuﬁgFggg%gr undér good control in order to avoid damagi ng

the wafers. |n phriEcelap, ppeeibitohocansbeinhde stohasdenipang wild j aws of
the first gapBowit Bef gr E?Lf%@EéHESt%ﬁé 5£stoRRhRAG1E! 8ERLRE10EHRBHsaws i n
the event of the, substrates resistiing too strongly.
15 to verify that the substratés are being split apart
properly and stop 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.




Under such circunstances, one or nore substrates might bEFehnidry200& to
split apart and it maybe preferred to interrupt operations in order to
avoi d damagi ng the 10 substrates: it is then possible to identify and .
‘renove  the "uncooperative" substrates38nd continue splitting the other
substrates apart. It is also possible to associate such clanping with
sensors of a different type, for exanple optical sensors, 15 to verify

that the substrZhesPrpéibapfghspl Pbsapared pheperthe siedtstedp aduesetthine if

that is nognthgoGasRgs THetRushersef cohb 131t herd GRIRG Siflged and
retracted ipto the_base 11 so that the substrates are held solely by the

jaws. . .20 0fieAPHEAEUBREFAEEs for splitting apart include a |ayer of

mat eri al such ashskl engagbasatdeditomadst ebkarer by( whish fidwe deavage pl ane of
‘t he su?str@ﬁe geinﬁ dgfingd. %n %Qe silicg%‘and t@%a%%p E{agg constituting

two wafers-“onePtherdi de ot feCPedvage 5l &ne)y “thé b61dihg 25 interface
bet ween t heeragén amdunheo$t Efkedem tenmevei sn tihe atlhireégeng good initi al

posi tioni ng; pE thg,cept LAk BAges,PL the housings of the first conb 121
when t he jaﬁs Cof ?he conb geg?n ?o cl anp together. Such an bondi ng

i nterface definBgeantBanafaescrlintbe f3gskhCOAD §oMge HESuIAEBRHE smal |

amount of wotRdthg QﬁbéB?atéggeﬁh@fshﬁgtkéféé Qﬁt&hbk@@&lﬁ@ra%gﬁﬁﬂpther
mat er 8|) ﬁnd of the.stlffene& (roundi ng ;whi ch..can %e bseryved in a
radi at ¥ sectPoht t APdughorRelBi 5REsREBEAISUBSTPEELPT ¢ etﬁﬁb Cedges
face ot hersandsttwsfdeiiheana s3Shaangbgemenhanatethe7bbelivary 2006 30 The
Appl i cant eﬁpggéved that the central edges of the housings in the first
conb 121 then becone engaged in the annular chanfer. This engagenent is
nmade easier by the fpelicaat bes sleheobegrwaiinghet waencitaepiirys the
substrate hasc@e £££LAI AoRPOMBA: Phubl £60BE LOAPYA bRrbhenst orage
direction of the substrate. . )
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 pitch. .
20 - This controlled movement in.translation is performed
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 portions associated, with the same substrate and already
‘ disposed on oppositevéidéé 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 reference pitch; at
this stage, the wafers are thus regularly spaced 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).




“when the edges of the first comb come into contact with TFebresup2@itat es,
the substrates automatically adjust 10 their positions in the storage
direction of the substrate so as to facilitate such engagenent at the
bondi ng iinterface. The Applicant has &lso observed that when the jaws - of
the first conb continue to be clanped onto the 15 substrates, the wafers
are indeed split apart on the cleavage plane. Thereafter, the second jaw
portions of theBPWeser sdmseartdiecduged e il agethsinttd dihe hr ough hal f

a ref erenceapklah (220 nEY SRR Adad dMMRIBN o i FANSd Atd Ofnde per f or med

in the di re%l%l on_of grrow Tin Figure 3 (i.e. ina direction substantially
paral l el t6PEREGR: SAdde adiredemiedTe FRHAME s & e SR MM A0 i ng

this novemeht wafetcanslcat itdris fFdest.eep” walls of the first and second 25
portions associ d al realgzetﬂ di sposed on

ted, -u.ith-.tlie 'sane bstr.ate
opposi fe si des g‘? ﬁgcgﬁkjé&r gteéo%vé%flﬁr &El@r‘:tlfﬁ’aﬁaﬁq RETG t, the
central edgéssettiihg bdusivegy oftharheradfecomekeer titomsmitd ¢ e waf er  of
each subst - t. 3 I id I ' ve it
further awg@)h?%%%gt e gﬁﬁgcﬁggﬁ@ofsqt gesﬁglgf?gtr%{? n%(s}lr%n{‘@oér%d above,
t'hi s- movenfRePEaRés hpndddngy &heg plgiraddnae ofh st fegisr espyenddharo ealef t he

- reference pekghgpatic Lpeststage, the wafers are thus-regularly spaced apart
~at 35_-half the referigce pitcgh, vvitlgbhhe two wafers of. the sane

subst M8t e faci nY2EHER ¥ her tvitd PREFHPREORC GFTRNES &°% R¥fe faces
t hat have bhRan dkeawedbapath) thé Babwewanyn?d@6 aFltdWoveverr sinde the first

move ' thr oQoCRa £ 4 PFEFeRge h Lo LLERE FOTBr Sop oW hots the wafers
with this dfifsbt postAsndesér sbed bewsw, thki $mpomtaingn pofirdoierdiald éd
of f set ti ngoBE 2 eMeE¥nLLBeN cURHEY HRIES bkt wReSSERbEe! Rwo portions.

- 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




continue in particularly sinple and easy manner with st &d&bafarin20(fl i ng t he
plurality of wafers once they have been split apart. 10 Naturally, it is
.possi-ble to arrange for the part that is novable in the direction of arrow
-T not to be the second jaw portions of2the first conb, but to be the-
- first portions of said jaws, the inportant point being to obtain
control | ed. novenent between those two portions. 15 Thereafter, the assenbly
12 is novedlgﬁrbhe) diraet s0pcX ehethmbelizbyslbaneanhrahene&w® until it
comes over

he fi nb h 0]
waf er s thagEg éw %5 éFF?Igpagegnapgggs %r H;E% Fﬁe reéerence plbéht 305 :

ThereafterofthbepashetraSSSCBaﬂedhanthehe wheni cheyS#2ei ¢nr &hsed so as to
come into g@ aﬁgsW£;pn§hetﬁ8tgg§£ sedges, ok thecwalers vkhens0 housings of
ei by halt t

this pusher sef he reference pitch, and each rece|V|ng
one waPer . bOQEOWnPPHFéoﬁésPﬁléhe vA&epEshandadsschesa LRirencsPableupport s
all 50 waf gEsgup grtgwg Qheﬁhe flrst conb 121 are then caused to open

while the jaws of ,the_second 122 are cauge % Egsg onto tE% waf ers.
(during these oﬁ@?gt?BﬁgsaPF656HBEeﬂé?E?§ WohPi Habers bBa5uppsr '64%y t he
pusher ST2py tkachuehetrhefj aus, 1ﬁiah d2@byobthhe wafendbednty 122 has 25

Leeth D (sgecElguncagh hidh gnearsoulacty.goagedonapahyalng tbe | ong

direction © aw, w each® el'ng separateé romthe foll ow ng
t oot h1By ah3s. C@psednce correspondlng to the reference pitch. Each tooth

has a flared S'@hefeéatﬁgnaabeugéﬁgréeéd Bgcgaggnﬁ QREWR Blirel byWi I | be
seen (in particular in 7 February t hat Since the conb

122 is benEa?WS?%Eeﬁoﬁﬁguiémlrmﬁpéﬁeﬁt%@@?tl@tlHh?e§?§ﬁéﬁnﬁptﬁlﬁﬁe ni ddl e

regions of theTﬁ@baﬁ_ﬁlahg%agdofheh@@ée@pemhgapghgyeaéachnabheo hi gh-
position), the_ s said teeth_.receive the 5 bojto ortions.of the
E TE% %he
Ba

[0)
waf er s, ananﬁVﬁetﬁg?EfBngc PP form an obstacle ering
.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,éomb 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




of supporting them Said slots are in register w th waf erkFdbhetry 2066 hel d

by the pusher of ST2, with every other wafer-being received and held in a
sl ot of the second conb once it 10 has closed. The teeth D are separated by
gaps E (see Figure 2) thenselves regul3rly spaced apart at the reference’

pitch. The dinensions of these open gaps are such as to. ensure that they
do not forman obstacle to lowering the 15 wafers that have not been ‘

recei ved i nst he fairet shefc tite i sCamyipihg The gpusherbofndTiZhéns iden | ower ed,

and 25 of the. fers rer{%i.n hsecla in the high position by the conb 122,

wher eas t h& “otfier 2 lvt\:/:%{’f er's Ve dSWn with. the pusher. 20 The conb 122

thus acts as a 'The terghemtescepiEtay veiidt OB hies depkeyedigwabdse waf ers

t hat have pot _be f by, BV i gk & ' iQAs:cE 4he first
conb in trg’%sla%t ?o%nogrcie@?tegei)hvle iﬁr%%alglﬁjorfgg?%ie&\ge%%% &gonb. 25 More

preci s8l y, wekes sc el albwaydier tithel 22 et ere &t 1vethel B A REFHY rofn each
substrate t@ig pilgasafer which corresponds to the SO wafer or the SOA
wafer), and the__sane applies_tq the.%) her of ST2 (which in this case

‘retains the waff®F GFEEch b tra: ¢ STt SIREY ¥ 90O THeS?Ehai nder
of- the sil thenks W epus HSOIobrSEDZC vt fiensesin o- by e=xboimibey dswhuingh | it
has pl aced .25 fers of t j.ni i } the cassette K2, and
has passedwsflgregégﬁ%%hghggs%&l{&gbé’g%aé; E{lgsrgée]l roéﬂhai(‘: ed into the base 11. 35
The adfenbly 12Thg st pawshenvds ithem dagisstast s t36 tthe passtETEIST3. The

second comb122olis of ahes eHsblurt ddiofi by Uty 200 BH2%uRf ers that

it is carrying so.as to bring theminto register wth this station.. The
pusher assBEE&Eed i tReSTISEStEEpI oyidt dpVEIRK chohs 1% Yepy a high ~
position ipewhbehegaghtef theendse Siwafers held by -the conb 122 is received

In a housing OfIt can thus be seen that the invention makés it
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 sequéntially
(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 his pusher. The second conb 122 is then opened so as to TEbemse20ithe 25

. wafers (SO or SOA wafers in this exanple), which wafers are then held by
- the pusher of ST3. 10 This. pusher is then |owered so as to pass through

the cassette K3, thereby depositing thes25 SO or SOCA wafers in the
cassette. The pusher of ST3 is then retracted into the base 11. It can thus
be seen that the invention makes it 15 possible to split substrates apart

in advantageousThmanaﬁt1oanéahnb@a&hp@ehahtwutHntBartebeWknghaﬂvantages
rates of proieSS|n rou hﬁgt are consi der abl |ncrpgsed congared w th

prior art §% tEH%ngTﬁBaFHVE PERAtES, YBdc oa§ﬁlﬁﬁ &1pHaFalPt §Pof tsubst r at es
apart 20 sapuktaneunséy gach. c2zcambsthates, ial tBougbot bosstibger €o i s not
“limting). _Ln th it sh uld cified that LS £:P9 sible to
wnpt ¢ ne 2RARETaR ey FEE Ehamby By BUpT i rC R SALBohE bpl? £ BBE0,

posi ti éns, camb/gntohehdyﬁabscga%ﬁshWZShwhlshnshey(apélcaénpedOEbgether 'S0
that the SHH%ErSBSérvérEheoéuﬁekkétépéhéts&EUEE§988H§g bé%h? FHEBG
substrat es elng split apart at the sane t equen

t he substr@&Pesthéfny- sbyuwoaﬁaetaéﬁagath@rsahatﬁéﬁe sEPERIEI e offsets that

are Controategcb@bﬂega bwoc30padiacea 1§ua§twat38abguagt§ahetaapatt)_ For
this purpose rOVISI?n can be ma t he og505|te j aws of
S

: RehntRer ey arES: AEEREE

the first tonB°hBY FBllhe2Barhl PBACHhERSt AL RIBIi REFRECCPEsER posi ti on,
but twmo foﬂawa)nathGM/makhagelmnpbsambEEQWchtatb31apBXesébedbadk 35 so
that the | of th n bsira sugces one after
anot her a5 TRR.FRvb 5r b RREng IaPbgeath et Rernt 7oEeR, BAv 5006 34 Thi s
option canb@engnpb@ﬁea@édonnaparsubataatahéhatsps|tn|hgeapa@ce§ab@£rates
~which are gifficubis anéﬁktt apart Under such circunstances, it is also

p055|ble to associate the clanp g t oget her -of the j aws _of the first
- substrates are sp it apart with a high degree of

15 accuracy, and with a high degree of safety for the
wafers. 1In 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 particular, 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



5 conb onto the substrates with a sensor (optical or othefFebradmp0@bserve
the substrate that is currently being split apart (e.g. by noving al ong
the substrate storage direction so as to be in register with a substrate-
as it is being split apart under the glsanping effect of the 10 jaws), thus
making it possible with a suitable feedback |oop to interrupt clanping in
the event of a problem being observed on any substrate that is in the
process of digipngcepleric aRalssporslibst tal aharRIG idnapaiie M h a high
degree of 15da§ﬁ§rac5f and @ﬁth a high deQ%fe of safety for. the wafers.
I'n particuPEF S th& O nTEN Sh "k &8 i 58 e to avoid any risk of

scrat ching the Natesadflyt,hehsafieventtilmat deesce itbeeh Sphdd @parde t he

i nvention %E%@eﬁ%%%%dﬁ& possiiRle 1 drandl s the o 20 wafers that have been
t i cal i

split apar utomatically, with the ‘réspective wafers of each substrate
bei ng $tored i nIncRsFéfred agrovicdés Porstifile mer fosldovaridie i nplement ati on
of the inveptiiericanabe 2dapkedtasn pehliashicen iof 4ihe ;sibsdrat es,d hat are
to be spllt'apgét. 25 In par%%culgr, when the substrates are not
conpl et el y “BFedF8¥B 1 PAaLLi £hes WREEESs &Rt & e e SaEiMAVEERE ener gy so
as to all oaptlre bywounwabessngohhbe fsplfi thapasifersd t(dne REFHDIfA-dn0 decide to

i npl ement ¢ he, cLanpi the .first i h t it
‘e subst r SPEL S0PEKEReR) PaE: iy kPEn5Tamelo bR SplT ot Wh s but

wi t hod0 acsbakliipnsgIBtting them apart since the force noving the two

vaf ers apart thah Lgsubl SaLomELagRLofg (H2kAls LOOR! e dcsal

sufficient to_nove t ers a e substrates subsequently

bei ng spl i ¥13% BparlegdeRebyf Foet mpHiBdghsRambly Adf dmesé@tgionch bet ween
the two pogtrpons of the first conmb .- with the stresses induced in the

substrates durinﬁ~ this offset 7 FeEruary 2006 35 di spl acenent,
correspondi ng t 0"t fie™ad8ft FonBPEEABF Gy FOnEEYRANASE ﬁgﬁiﬁﬁeFﬁélﬁﬁfers apart .
Nat ur abl y, cybkei afebheonadhsaei beédhabheemoatinbeassembly 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.




i mpl emented in various different ways. 5 In particul ar, i%Fdbsugpp28itle to
follow the  splitting-apart operation-performed in station ST1, and the
degroupi ng of the wafers that follows said novenent apart by unl oadi ng
~half of the wafers (one wafer from ead® substrate) not in the station ST2, -
but in the end 10 station ST3. In which case, the second wafer of each
substrate w |l be unloaded by the noving assenbly 12 in station ST2. This
makes it possi bMd tio redlaranatee Heleovoper Higwrds Tywod e8 ofthidwee nachi ne with

the moving (a33eM % IR JBGIRI W I Jde 1 dell & Blatd oS ls also

makes it possible to sel ectélv:\Lhinch wafer of a sﬁ%stra.trgﬂlj s-l;t?%_%iggdeposi ted.
in each stafWERLIOE toekanpi®l afeatashlin t3 meepd tnasubstkadigneiat i ncl ude
an 20 SOT wafer pilguay Be desiikbefd drhdt A et SOy Maf ess durh 2 and the
remai ni_ng sil }B‘COH i.n ST3. Sin t he ,second conb 122 al ways retains the sane

waf ers> t hBeGB&PSt iPon 36 SEFE QA @N&eds to be adapted accordingly, by
sel ecting whi chIns thhe fdasst, shet mawiore 25 ikdwiagh ngpmptishowd d al so be
specified th it i.bl i mpl it . chi.ne usin nly two
hatione, fheg bask BEERAALEAL xR H S M LA e Y
stations SFeigmgnSFd 230 "coincide" with only one station being provided

for  unloading bhe yalets pALLEr sihewhave heen oplddaapard cinder such

Ci rcumstanc_es|2 after the nachine has unloaded the first wafers, an oper at or
needsfo t ke2and@Pd fé3cassette which has just been filled. with wafers

and 35 'repl aceThe wrhiianothen casseldtatidh et paassalde, that .is to
receive the gtgg/%r wafers fromthe nmachi February 2006 36 Wth

reference B8 £5°Ei §RPEL 51018, St"lﬁgrag) L (%qrmﬁfca? et i1 of a second -

machi ne enablitchgmbirebel suenflrontbo the boplte derted iigure Secandl ndiis

énbOdinentexample repeats the 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 substrates 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 statiomn: it is
suitable for receiving a cagsette 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").




Figure 5 is a diagrammtic overall view of such a 5 nacHi Febniyry 2806seen
fromabove. In this. case, the nachine 2 i kewi se conprises a fixed base
referenced 21, together with a noving assenbly referenced 22. The fixed
based 21 has three main stations ST'1,3710 ST' 2, and ST13. The station ST11
i-s a station for splitting substrates apart; it is suitable for receiving
a boat which may be simlar to the boat Nin Figure 1, and this exanple

repeats the sitygation tﬂeW@éﬁbl@éléﬁbﬁééahﬁésabﬁ shBhspbhtadpars is
(S|nultaneously or ot herw se ates .are storgqclg i gnnment at

~a referenckhdftehey %F%r§t%?%§ﬁsdb?€éF?8ﬁ %;YtﬁgdsBBEtyg 65 T5 Fépresent ed
by arrow Yrtnifi guse bo Bheundehsheod thati kefiese adepsedred splitting al

20 types Oépsgggéra% Su%s%g%?ﬁivgcgagggefgggégrg%Qgrdgnd al so substrates

of any oth es of "any siIze r exanple, such_a
machi ng could bt usedtherefepei nerngsapsr towapersiatesbBeomaghiiendt have a

~di amet er ﬁoﬁe (ﬁétPSPQBuEHhﬁgeéaﬁEhﬁa&§t905f|wa&bk@ghls§6536e station
ST'2 is a' ma? oading station: it 1s suitable receh;?ng a cassette
I

which may B@r§iﬁﬁ1hY iB thﬁe¢@§§§€??e§tnﬁﬁ?FbﬁBdsgb3v§hrPP9 so receive

a cassetteswbighoEsafided apdemhtchhenghfesswaler hotrdzbataflilit ed bet ween
the horizontal and the vertjcal. 30 The statjion ST1 t f or

| oadi ng watBtie GRPEHHAUE bReR°uniod éanwﬁnstapﬁgﬁés?ifgt %is%ggatlon

ST' 3 hes twaféﬁadcegp$tah|besweeachngtawwondsaceablGaféms Bai fdeoccupi ed by
a front- opeg ng untfled pod (Foup) or a front-opening shipping box (Fosh).
35 These cOntainersact |ike cassettes to store a plurality of wafers
that are spacedThpasssarblyglPehs Bﬁﬁﬁﬁeélﬁothﬁsm@3§@ PREWEES &MEnce

. pitch”). pEs%yaﬁg EQgéeéer@a@yoint B@g@@&bkcuhah Baahubes tok such
ContalnersskgtléngtST'f agéoé%'z un er t Zogégkk%l g%%r%%&&%%ally
‘15 control means. 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.




1t is also to be understood that wafers are stored ther €iFebwarin200sei r
active faces facing upwards. 5 It is therefore necessary to associate the

- machine 2 with neans 23 for turning a plurality of wafers disposed
vertically in the cassette at station 3" 2 through one- fourth of a turn so
.that the wafers lie horizontally while continuing to be in alignnment
spaced apart at the 10 reference pitch between any two adjacent wafers in
the alignnent.THdecassenbtyt 28ni sf atapt £dctogbgawnvedlbestndeR2iino

positions respectively in register w e . iops.SI" 1 and”
ST 2, undé?gtééﬁc%%ﬁ?%lc% a%%?oﬁ%[%@%Q?Sgg%%?%%+$§%%%%?§T g gggenbly 22'is
t hus novedvidwngt thtguderéct voiclX shoandizoFegoreis. fAe aherRrReC2 furt her

conprises a; handking. raboh 2fenlff stEANSHET L5 08mbDe 5P| i figRast wafers that
have been deposited by the assenbly 22 in the station ST 2 and that 20

have sBbsedthRMtTFtDeBrPpdttiftedal RoF#ZONTEFEPBLYti on by being turned
t hrough one foufg hc®f Betyesnoshheavhnghidesesondi @acking, ohgojagsfrom

said statio T12 o the tation ST: 3. The robot 24 is th ' le in L

transl ati ont i ¢ helT2% ﬁ??@c ?OWOV.C}?S?st%?gggﬁﬁvé%l%ufﬁlg t 3 ¥§€ about

—its own vertéralcaki sx240 ot asytoiathewfaderks jawbeilninadedoint o t he

-cont ai ners_ of i ' nd. i i | s able in the Z direction,
a re%ﬁ%%?i%%'@%ﬁ%ﬁbﬁtaf Q¥i§ 2éf0§ %%g@%.

The novi ng ass rises a f1rst conb ( 30 two. jaws are
symret@i cal | y oBposiawes ea’ha oaheér23bbutan hehusi Bpvaheabont ofhehE assenbl y

and are adapled i p,Cl 838« POt Rechng YBELESCRTiA PhucR! thy Rhreubsbrates.
However, in this case, the first co s deilgned {o. art. to, the wafers

an of f set o#e halPsEr 2et2r 2he el pFeedrgeds IR
regul arly spacpsr@pasid omeNesfOns edshich avadértbeingnbefotvedcenvi ng

esnect Ve VRLersi g oL hugpofast oo hel L p (slergce oy oh. 7 February
15 corresponding housing 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 separation elements has 25 blade
_ .elements diéposed in the‘direction Y at the referencé
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

[
dﬂ%?hb%oﬁﬂgﬁhwa?ghprovided in .




of the first comb 221 is shown diagrammmatically in the Vikshnoky Z0Gfure 6,
which is a diagrammatic face el evation view of the main el enents of the
assenbly 22, wi-th a 5 substrate S positioned in said assenbly. It can be
seen . that in this second machine, the paws of the first conb do not close
toget her by turning about a vertical -axis, but by virtue of each jaw
tilting about a respective horizontal axis 2210a, 2210b. 10 The jaws 221la
and 221b CpﬁlfbU§ophﬂotoaéﬁghgéhehé cleapacii y@aaxedrbel wedntaspesition in
which the wafers o substrates are di sengaged, and a position'in which
the jaws h8PdtWﬂeORB?§ﬁ§ (gégﬁ waf er being received on either side of its
m ddl e-verti cal Thekes sapara51onreésm@ndsngrhougmngedft@ jradt. It is this

hol di ng_PORi 1180; L0l 3,aap0sL, FEANES) OpokBictl s gass dikewise, the tuo

jaws are ti sync so t jaws remain symmetrical on
20 either @hu@hoth@héuhﬁéﬁﬁﬁﬁé aze. dfFenprgsed. i 22PoEAGd “Fakes hol d of

the wafers sgbiRr ihheygharesheen gpkich éB%thlE@bSe&%b@bsl%h@eturned .to
bel ow. ‘The assenbly 27al sg has two separation_elenents 25 222a and 222b

whi ch are FLiReVRIe RbEREeATt 8 COFRCIBONLI NP SHOSEF?E NG i zont al axes 2220a
and 2220b on ei rhgurai deadkot bhowsdpl gned22023Fati chf isheseahwedsdpar ation

B

ref erence aPTead cOMEs |nto regi ster wth the
cl eavage pl ane Bhia gubder abs hhemounpkdr &bi sy} ide V§Mb§@ﬁéﬂ§$©§ﬁé‘put into

posi ti on (rgs&ngeﬁéebegucﬁeagrwaugn (B! 98 <rBREN ;R e n2Erhkades of {he

~elenment 222a 1S In | ster e of the el enent 222b so t hat
"the .bladegeeififatian k£ §EeéPPVem6ﬁ§ﬁeﬁ?§0f§€§ BeEheSERBE PR )7 February

2006 39 pairs Ssghasgh9dengageat peueheavragerphanginglk &cosuksteakéng
' 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.




-on two opposite sides. These separation el enents are nourit Bebroavy 200G
(likewise in symretrical -nmanner) between a position in 5 which the
substrates are di sengaged, and a position (shown in Figure 6) in which each
bl ade engages the cleavage plane of a4gorresponding substrate S. Figure 6
al so shows a guide 223 which i;4-arranged in the top portion of the
assenbl.y 222 above the substrates. 10 This gui de can be nounted to slide
vertically overa amesnsl223Qisgehmasfr ahksboitoinsoshawnoheliay L tibi s

' speC|f|cat on that such neans 223Q.are _ngt esgenti-al T i de _has a-
‘plurality ot a?%ﬁsl?ole%EeFV|gégufﬁegtopﬁggﬁth érgfggﬁg%s§25trates.
The gui de 223 h®w81ng5hhass26fhgasangélyhﬁksaﬁaedpaegﬁl@partItnlﬁhe Y

di ookl on oalct hecRelienhePhbale The fe! 3l Lnghapgeobonbedaudn,housi ng

223 is sho igure 7 ure, it c be seen that each
housi rfy. @RI hed in Fhe Bégﬂéﬁvpéﬂtr@ﬁlatyoﬁFu@ﬁYL§?36b8Ptmndth whi ch
~is just greages-dban the thlckness of the substrate S, and a conically

‘flared portion L2231 in tha rfio t he hgus ich is.situated
omar ds e sutoracertabRanky dohe Rous indaia Ao PaiEsr. FgiPe B |
- naturally gymmétﬁiéangbotaﬁm cﬁnthguhahsmngcmnbduﬁhng Bl ddgiesad conprising
regi on of generall coni nv 95 h t egi on of
the hou5|hg m??%a?ﬁn tran5| e%v?ﬁe ﬁ&ghg t%oggg ?Q%E%ﬁgegng%gﬁé
appropmlatEhskﬁmhﬁtB@tﬁlgarbeﬁnalé@fshdwbythQEpﬂgﬁéﬁrP of the station

- ST'1l. This pUShﬂé ?gfgeHQH@'BEStBQQt A58 %Ba%qsaeareava@te phankef erence
e alrec ‘

pi-tch alon%%th Y. housi ng_of the pusher isS |ntended to
receive at s@@%ﬁellﬁﬁetbﬁsﬁEPVﬁr@R§CﬁﬁbﬁﬁeP§§B§Fr8§e§ tntthe 35 boat

~ which is pl@pesk ophé hsostietbanoSTthe pabsirgrbhboughtomheibaatiyas the
‘pusher rises a3 e he: B0 edesSL! DY PYSELaOLy! PRSEALKRR STL. 7
February -gping the Y
15 Returning to the moving assembly 22, this assembly
also has a second comb (not shown in the figures) which
cérresponds to the second comb 122 of the first machine
as described above. '
Each of the two oppogite jaws of such a comb
20 likewise 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 pitch is 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 'indepéndent of the first cbmb 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 p081t10n of the substrates that are being




A . detailed diagramof the bottomof a housing LP in tlidepusie?0los given
in Figure 8. This figure 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 figare; in reality it may be about 4 -
degrees. More precisely, the housing i's Wshaped, with the symetrical
bott om of the housing including of edge AP for engaging in the cleavage

pl ane of tdel spibgtaa¢ ik | @adfethehsubssr as ewé Bl bebngrbiié@daby the

pusher. The e fﬁ’ enment of this edge in this cleavage plane thus acts Iike
t he above-Ef¥&%t7bed pusher of ST1 to adjust the position of the substrate
by autonati cal | Thusererdagctheedubsioat eahshotgh sthé f fedsbycohle plsher. 15

Ret urni ng t 1DV, i aks S econd conb
(not showné]?n %gl%%%@émﬁé%rgc%r%@%%@%égﬁétlﬁe se%%]gg %%1 (%2 of the
first.5macHiaeukstgeses i ved tpoveliEaehenfandet i vioy oppesng elfavBlt of such a

conb 20 l4 élea@pfsmrbé@@eéﬁ Eﬁéssﬁéﬁés of 26h & LB RESE S PEEeehapart at the
ref erence pitc and -- 25 gap

ewi se spaced apart at t

and i nt er po¥8Y BRk v%‘&i’t%%rh%ﬁi}?l‘@%ngot%§ $‘gb%1tF’F% vy 95 %‘Ehnf &af er to

pass throwmmﬂMMﬂuﬁtdﬁﬁn@ftﬁ@mmaﬁné5ceﬁ@a@3daape¢toﬁitherﬁafheugeference

pitch is passed down throough this c n the
~same- mann Y ¢ r%rlli n%rt%ygﬁl?tlr%%u ke Jfllllreml%flr %é(g%érlrb 221. d It

is 3010 ndewid:em z),f cihéféra::st mm:bs 2&2&@ WQW@gécfcﬁxcpwébim@@ing means

bei ng dedl%esd_h @Sfé)[gdogggl 54 0Sh &g dbare There follows a

f how t

description o I's second ma |ne oper at es. Before the_description,
it is recalled ¥hats mevesthekbeshehpled? heed sthl | thibRpieerd splitting

apart. subsiiaiescal Bargg hhBnsiansowheseitding Apper tamsteasdabilize

‘'t he positiogn of the substrates that are being 7 February 2006
, .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—substrates 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. | | '




41 spllt apart in a manner that is as well-controlled as 7Enbs£1rj02@)6 Thus,
as described bel ow, although the first conb of the first machine | serves
simul taneously to take hold of 5 the substrates and to split them apart,
by maki ng use of co-operation between fthe shapes of the elenents of the
conb not only for splitting the substrates apart but also for positioning
them (the central edges of the various housings contributing to this

result), in then%@C@&&QnéQ 8R&H énéfzthé' hbekenGs"eans %re@:v@'s()\ﬂcded for
positioning the substrates and for splitting them apart

‘nevert hel e3%SWEpHaRTE ke h’é?Ptﬂﬁseé‘@EloﬁHbsﬁﬁéﬁl n?%rﬁ‘@%%n&?&% for

splitting apsttogubséraies oef taay (apzedelBolhg &b&rshmgg sitetatbdyon i s thus
as foll ows; t he boat <gresent %he station,ST' 1 cQl %I ns 25 substrates

S whi ch. h%’v’é”b%eqp%u%? tEiatt 8L cFBSVEGR Phni-ER Sub Sthi's “case al so eit her
needs 30 be finished ohé pcosétsen bﬁsthbr badyobe@n‘f fribiei st tafafte disd i n any

svent the £0.4 nvepl gﬁge%g' 8ghNgn! tRMBEEESPbeCREHL il e to be

split apar‘?t1 isin reglster th and overlies the
station S'IT'lquﬁ(hygbelhgwhblebeappdgﬁﬁtﬁpél ‘ljhéltoﬁélltsh@ewﬁsréﬁl on Xin

Figure 5);.ande-gh end @obﬁwoﬁfokh@aahr shbandagecardgems of Wies machine
2 are open. Fromthis ‘posjtion, ' P of ST'1.is caused to nobve

upwar ds sd-i $EPH EXRERpEERE: IZSVéBEsPPaEE?efiPB’mtf)héll}&ator 36VAs expl ai ned
bel ow o beC@w@N@st hern¥ shapegare oot gul gt iapoat ahhe foausiubgs Hateshe
pusher, %%1 substrate is automatically centered in the mddle of its
housi ng arftf i ¥ 1&F A EUPeEARYPal Iy vertical ly. The pusher rises to a high
posi tion in whiNdwvehehse bpss35cpoet isntakesadhrdngsthdise ling nogesitidd in a

housi ng. L%%@ §Het£@bgyfggeg2§ntg EﬁQrH8&¥1%8960f the guides 223 to

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 into the,
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




42 The funnel shape of the housings L223 serves to ensuriFdbhsry 2006 t op of
each.substrate penetrates into the "bottom' portion of the (upside-down)
housi ng, thereby fixing the-position of the top of the substrate. 5 Since
the position of the bottom of the substdate is also fixed by the edge in
the bottom of the pusher housing, it will be understood that this serves
to control the position of each substrate accurately, wth the substrate

t hus havi ngléawefiteetoanho thét beinpverdvidedefayspreThpsmingpgrchicul arly

i nport ant {&mefygﬁtrates of large dinmensions. Nevertheless, care is taken
during thisTIntr ction of the substrates into the haousings of the guides
223 to -avoi d brisgeuhdt abseubst vadessierdi EbrFyai guAHGt FBAE AR 15 an

upwar d di rgedion; @gabnst Lhei brifo8E BE thg1beustagswieh the guide (see
" Figure 7). This avoids stressing the substrates, ,which constityte elements
that ate &xtfilehesyl ??n@e%ﬂﬁlb?ggﬁpﬁVecﬁe fHe"BubBt F4PY¥ECate gidFant eed to
- be in 20 posqhien, ciheasepstainrpebeneohsnd?fheandbdl2htase caused. to
tilt so that the biades of these elenents cone into contact with the
peri pher al*s7¢e*WatYs of the substrates. It is specified that the anplitude
~ through which the asgpevetbr eheaenhs arbstirhted haveoleeslled at this

stage 25 80,8%410.8NELS LHA!oLIBY dPnBp! el spene! paberiBhad! ha thi ckness
XS I's sta%e, th

of the substrat at t e separator elenents serve only to
const1® ut ecerigrel bedl magaes PyrthaoPdphgrt ABdshpstRat 88P2FAECHosi ti ons of
t he substraf&gea¢&. under full 30 control at this stage. The substrates are

thus centered exactly in the gesired manney . Thereaftgr,ttgg tops of the
substrates are TRpIFRFEYLOTT ﬁ??ﬂﬁshﬁﬁgiﬁégnL§§§88? Re“gurde 223. This
can be thefurgsstttofacant tiodl edsidesi af ohet hebguirdeeensphehatahbe35 2230,

e SolAegh SEOEELL oL RIGE APl e oSRTbL oA Lied b the
.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.A 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 eiements can be adapted to form
projecting wedges which are plunged into the cleavage

25 © planes of the substrates. ‘ ‘ _ '

..By disengagiﬁg the éubstrateé from the guide, it is
possible for the two substrates to move apart from each
‘other. More precisely,  once the two-wafefs 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




43 el enents (nmeans then being provided for perfornng sudFebhuane2dtig). |t
shoul d al so be understood that a guide such as the guide 223 can |ikew se
be inplenented with the 5 nachine 1 as described above and shown in Figure
1. Such a guide can assist in positioniang the substrates accurately. In
any event, once the substrates have been disengaged fromthe guide, they
are still positioned in 10 controlled manner by the pusher and by the

separ at or hgh,eABat $.» TheeseparakadeebEMERLS caherbheadeauded the tilt

further towards the insides of the substrates so that the blades of these
el enents at'PHCR™Fhe substrates at their .15 cleavage planes. This "attack"
can consi st i n waidenghtheubkadetts amenbedageatbaakdépbW'@henilIineter

0ot o P et iec kREO800, LOG, PRILANREY OLehBE,SUBS fheoulifig Separator

el ements are cause S0 as to obtain desire
penetrétloﬁ0r¢hlsndﬂpacﬁtrékﬁlﬁselﬁsﬁﬁ§lﬁﬁédmﬂﬂ§hstbﬁséa@ﬁe“§ﬁﬁ§%ﬁ%&e bei ng

split apargg EB &Ebéu&%SEﬁetre%H%t%heéspuaeﬁbl99 ehet he sprRariator elenents
can be adapted to form projecting

pl unged into-th
cl eavage 2§uﬁﬁ5ﬁé§eaf aﬂﬁén§ﬁb?ﬁﬂgﬂe§PlB§ épééﬁgéapﬁéoffh@%@&ﬁﬁtr S from ,
the guide, pitdes apesscbhg)for the two substrates to nove apart from each
other. More pre |sely e the t fers of eagc trate are split
apart fron1each&899§r a¥h§§ PﬁPVlggdfgﬁ i ASEeThe? Pﬁgﬁkgig t he bottom of .
t he cmorespendtmgt1buu9rn@ornaﬁhpt@ushEhePsp€hé ofil peslesmentiosf ashe
~assenbly 2% Hhtgoﬂhb?h hgﬁ mg@%gﬁgwggtgperate are then the hou5|ngs in the

pusher P. ecause O e genera shape of these housin 35 the two
waf ers of each &@bswy ghe Qﬁéetﬁﬁsthﬁs§é§éﬁ Wﬁcalnv-déﬁﬁFl P Sirn the

bot t om of %ﬂ@nCQbHQ§EQﬂ§'Bﬂathggbéﬁkﬁtagoﬁhat 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 the cleavage plane.

Thereafter, 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 actlve faces
of the wafers from any given .substrate then facing each
other (as ig 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
must move through half the reference pitch in the
direction Y - which corresponds substantially to the

‘ gtorage direction of‘the'wafers and the substrategs and to
35  the long direction of the jaws), the entrances of the

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




44 housing LP on either side of the central edge in the 7Hsheiang2006hi |l e the
substrates are being attacked by the blades of the separator elenents,
sensors for measuring 5 force and/or stroke are associated w th these

el enents so as to neasure the resistamse put up by the respective
'substrates agai nst being split apart (and/or against the bl ades

advanci ng). Means may be provided for interrupting blade 10. penetratlon or

for adapting thenspred efepenet eatbopagsng thusctiepleicesissit mEasurenents.
As in the case of the first nacE ne_.de crlbgg abo*e S $Qpn splitting apart
substrat esSYRRY PHRFLIE25SBon i b Fﬁ? r PECETEWRAS ff&her or sone

ot her itemnclheedSinnthieahoattiagk of the pephaeat onse s$heer ferveed at said
o 200 bl 151 1 €585, 81PSRA ALY RELOIn NSLEEEET ot 2oLRCH! cavage

pl ane. There irs are ause t ti i nwar ds.
so tha® th@%@m¢%@mentose bhet Aérsgtsepa¥at ed 20 wafers. Since the 50

housi ngs of theﬁfn&f%? aé@mﬁ@@ﬁﬁgoﬁﬂﬁytw1€h BQE&p&B@ E%b%&%@&edﬁé(ﬂ1 this
cl anpi ng together o th aws of gt conb on tglh fers: - causes

t he maferslﬁ%ﬁb%fo¥m§efléﬁ hﬁPWbthEhGZBu? PEr &Fc&2PEECh Mg Subsequent |y
hol ds sai dawehwes8ds egul asl yospatedse ahar Waﬁérhabﬁfoghresrs&f\@rl@ncah}mlst ch,

~wth the actiyve.fac fers fron1 yen_substrate facin
each (ﬁrmﬁn?%g %ﬁ%m g@eg?o? PRd n%cﬁlne %?Qigbapn Q%d%% £ a%%gble thg

waf ers0to iﬁﬂtﬁf&@thahfthhe rméyrEDCEapitche reference pitch (i.e. every

other wafer msl fpye LPLAUON pé'&akgﬁers£srﬁﬂﬁg Ebbﬁﬁa&ﬂyt%%orgﬁreCt'on Y

- whi ch corresponds subst ant storage difection of the wafers
and t he su%sﬁhaﬁ@soéﬁﬂeEOOQShﬁﬁﬁ Fbﬁgrﬁf?ééﬂPGnPéFcbhénj&W@)Jaﬁﬁeoéntrances-
of the housdngs+i &g aws of the first conb are flared. 7 February 2006

- 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 : Twanty 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.




45 Another el enent encouraging this displacenent of everiFebruaey 2006f er i s
the fact of the wafers being inclined in the housings of the pusher once
t hey have been split apart, and thus enjoying a degree of freedom5 of

. movenent in the direction Y. Finally, sémultaneously w'th cl anpi ng together

the. jaws of the first conb, the pusher is caused to nmove downwards so as
to rel ease the wafers progressively, thus enabling themto be stood up

~vertically and ?erb€h§eaﬁﬁgpé9e p@ﬁé ﬁashékfofhgTﬁ@f@aﬁnﬁav@lsoh At this
stage, the wafers are thus re with_an offset _of half the

sto
ref erence PPEEhngA Fﬁétjéﬁg Bgfs?ﬁe Yl?@i%cﬁﬂﬁ rehEr BUSReP1bF2sT 1
terninat eswits gnwnwenediabsokRat 15randsed Fetr acwedingt ohehéibase221. The

assenbly 22 t hen.noved, fromthe station S n 2 where
it is pOS|Y?tﬁﬁﬁ.ge%P9tﬁPEergg?v%g B?ﬁgeﬁ%fggg %%gs%ﬂéroﬂﬁéﬁﬂ(? E. every
ot her %af enséd fakehowerasgt bhepVastodh wafershe 20 cassette of ST 2).

Thi's degrOUpanIEastSIBSr%8 Qgﬁlé”t&hﬁoﬁﬂHEEHEQnﬁﬁshé§ kBatndesgti bed

above with reference to ine 1, IS case kewi_se by using
‘the, secondigonbvahdet he pushetabionhensthei ehrect 28nTHentPdf Fe wafers are.

thus | owereg,iat ot P8. moveassetisnsiaSIdR, tubblight he1ethre 25 wafers remain
held in the_high position_ by econd, conb. . Pe neans, Zggthen cause

the waf er sSTE6SFFRES(BoEFRat™ F%é?rgé BELEOTf 5Re@S FRcEUBWAPHS). and present
them1io theegBQtéﬁb@ﬁtB4theThaSef9bﬁhasubsmqmanmhytuepsebbsdthemhafers in

one of the co ners of | 0N '3 i r that. the wafers
‘remain in fﬁe ﬁ6$FZSﬁFSF p05| ﬁ%ﬁérTﬁe 2“Qéé§ 8$§ shggg ? en retrieved
by the pusheusiBgsobp&Fed abarh &t thﬁseﬂfemﬁnﬁethét§bcond conb openi ng.

tor this pur posf. whlthSQEE?r¥t2996also possible to make provision
| 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.




46 For this purpose, the pusher of ST' 2 can have 50 houdikiegsarshzi06ar e

. offset by half the reference pitch, wth the housings that are used for
~lowering the first 25 wafers being interl eaved between the housi ngs which
are 5 used for lowering the last 25 wafters. It is also possible to nount
this pusher so that is novable in translation in the direction Y, and to
cause it to nove in translation through half'-the reference pitch in this

direction so as ThO t&QRe dae0 a1GJ, editstiey pMsIéi]:ilhae t\&ﬁfael’a@tt hate remain in the
second conb case, ST 2 n n have 2 housi ngs
spaced apaf‘:‘fnaé’te t\reg‘er EF@Pé’ﬁc}«gl}?lnt cl"f‘n%le/r ir Wlh@h SEASE, amﬁln@ pc%sm ble to
make provi shen combr ont-ct dhiee sulbe tsederd scorthawhitde |ssﬂ:rmeﬂ:et8hrcmfgh hal f

15 a reference _pit Is Is | I Y o deNegassetdgs.of the

"station ST?@% i %?)1 Ef 1;ag)t%trllo\éy%hfrgﬂ%fq 51?1%8 3 ?nc%rugl tagrﬁ [ ﬁﬁqh E]Itl‘ectl on Yin
order fo r@@@iu‘@@ttlﬁél\hﬁaf ers. This second batch of wafers is then handl ed by

the 20 neans Zgnsgdﬂﬁtﬁgnbe1@“%hbn%%d%nﬂohbé®ﬂh%| Q%@‘éﬂ@blfﬂ@“'e
si mul t aneousl y bei ng turned th rough half a turn that th active faces

are on topme"f‘l‘?é B0t 4186 Shen étéfé‘ﬁv?snﬁ"ﬁﬂert 1rC§“[ bat ch of
waf ers, br thgyngrtehes@lée@mémham%amhe %ﬁb’s’td@.}t@%l tuongpet hemin a

co.ntaine'r o h t|o ' I n t.hi.s_seco mai_n t t he
i nvention, ftglbﬁgs} %1_1 ptoﬁéltcgn ?‘gur%aet |c8r?to%ri?%gf \ri%?ll oys' el enent's:
t hus, 10he &kes mhka@gamtop'oafsmﬂe jrawspdfitt hparti ssbstarye22 DL and of the

separ at or ia&lpaamm@hg Oﬁmflgg kg ahkeg&%e bt adgikhon, it is possible

to make provision not one .Separator “el ements as shown in
Figure 6, but aII§01150|SP§CBIf&|eé1I tl’ﬂf?*toﬁl &PP@ ofet Rt kdec GVPGEHRASSoN of the -

‘separator glregpat § HkehRdonddaptabkean1d5al tawykl nbeperdesrst ood that this
~second machi g@ enabl es t he sanme advant age? to be a%hl ev%d as those
ment i oned SBEOSEIRIER FOf EFefPd 1o 2PRE Y PrstMalRMTe b1

i5 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 descrlbed
- can be obtained not by ralslng/lowerlng the pushers
30 towards certain elements of the machines (combs, ...),

but respectively by lowering/raising said elements.




7 February 2006 47 In this case also, it is possible to gdaptuath2006shape,
the di sposition, and/or the speed of clanmping of the conb onto the
substrates so that the substrates areeg not all split apart sinmultaneously,
but are split apart 5 sequentially. In addition, in the second nachi ne,
the specific means for holding the §ul$isates and the way in which they
~are inplenented enable the substrates td be stabilized and their position
to be controlled finely, 10 thus making it possible to split apart
substrates of _large dinmensiops.with a high degree of safety. .1t i

spect {1 ekt R RO ubH onB L SFEENE gueagese GPaEne RCh s BiF e
enabl e admges itgberof adsebstinhat eaarerbe gpFihiapartedteédhe e td me by
15 processing a series of substrates sinultaneously (or with a controlled
ti me of fSIVaIs Rk ot PeaPB2 bR tehebeiRgerbrEACESA LB AP et dF f or
5p|ittir5bﬁ?§¥§es§ ndi vi dual substrates taken separately, given that the
specific configurations of the machines and the stages of 20 their

oper ati on argesgyaficageddedingt heyieel teas: meansuohi tlan senpbdicakhty rat es of
throughput are increased relative to the way substrates are split apart at

present, in SPefEreteardigrereddr # SR A OBRIhEHF eI M |
natural ly be der stood _that.the inveption IS t_Limte o]

enbodi ment’s %éik%? %dnﬁﬁnaeﬁgFT S%g%gg}nghgpéng&Hﬁgkﬁﬁkgg%iﬂxéhggggt can
t hus adapt idsbsteficds hgtheorsp¥atare, médes r ebapirie iy emenirsy ofiavbe
pushers and the other elenents of the nachines described can be obtained
not by raisﬁﬂﬂ?lomering t he pushers 30 towards certain el enents of the

e Wi ol AP RSP S0 Bk 00 Spkagherent s
sai d subst r aduwbstaomps | safigrs wafadroithiayy vwaferiseeef spilag glamenin hem 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




cl eavage pl ane, the apparatus being characterized in that/ Februagoi¥bi ses: -
nmeans for feeding splitter neans with a plurality of substrates di sposed
in a substrate-storage direction; spldtter neans for splitting apart the
wafers of said substrates, the splitter means conprising noving jaws; and
- nmeans for peEftdansngicoher 6Wwbedadissplresprentvelycertain substrate wafers
after th%%{_dm\{letth%q:tr} split apart in a direction that is substantially
parallel 10 the &Y )strate-storage direction, in that: - the splitter neans

of the appamateslcgaps ofethef Fight cowbf AEBRABLFONBacRSSENBhY E6HVsi Ng at
| east two noving jaws situated on either side of a gap for receiving the
substrat es P%%ga/vso%&% SarehbraS oFedndi hgvt ROrEEBBEr dTEE Wiede & he

| ane ave eamaed 08! prbfRcRuRy! ETLREN: 3Gl B hhoghheCPUR LAKNG:HAT St and
second portions; the. two portions o? each jaw having correspondin
concave héusiuhgsrabe récékei njeamdghopdiang, t beidupsbiatesngaatlenthe. shape

of said cory ndi ng_housi ngs. bei ng_adapted, so that once the first and
second porfjiegfsrl'glggp ?hgep%ajlﬂa%aﬂ%vgn ‘ﬁﬁg‘ﬁ%eﬁto‘?}’%e‘?(%% 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 72FePPRAFILRIFECRFdisg: Epokie dregrding clads, sharreteytrsd imand in

that; incgaehchavegb §86s of SEneophy 805aHMb Yas L8N Pladds ffiGANG . hOUSI NgS

of the first and secohd Jaw portions includes a spective projecting
el ement such as an edge for engaging a substrate at its cleavage pl ane,

said projecting element defining a gener | ane in which it extends. 2.
Appar at u%'a%@%gﬁ?% St%c?%gﬁ%c%‘gi?’l‘byc‘?gi ‘?jraﬁﬁ%\r%lc’i%rg'zeﬂ“??ﬁc‘fﬁz?%e t wo
jaws of ihethit SinCofdh afsedY Wi e i dantd e .askenfiRar at us according to

any of clains 1 to 2, characterized
- each concave housing 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.




in that in each jaw of the first conb assenbly: - each cOrEcbuanh2006i ng of
the first jaw portion further presents a profile that is asymetrical,
conprising on either side of said propecting element; 0 a first wall
oriented at a first general angle of incidence relative to the general

pl ane of 4sanfpptarastadeprEiemest claine ophagbetarihed fn tdatsidesasth t he
substrate; and o_a second wal]l oriented wth a second general angle of

i nci dencdaverdt ithe ddrekecgBRerarePPite of said projecting element to
co-operal e Wethya36ea0d ALHELAL LECRUPSLEGNE Jabi sk faFond angle of

i nci dence is greater than sai irst genera aﬁble of 1'ncidence; such that
during cl anpifngthertpweddntst ajrawiide tbhat icf asyremetfrical eodcmeidssy on
the substrate, the wafer of ]tfhe .(iubstrate.that is gn the first side of the
substfate pr8LeRifhey gigretl of2Hd REBHTEL IOV T At ve to said first

portions and inpaadiFiesti A1 PesPRAt SRl dith G tihiergenfiradrall angylef ofai d
projecting element that is snmaller than the degree of freedom to nove

pr esent ednsydenesesagdarive waf erevtierdral BhaRG Ol SRFHhPEIREOMS he
substrat g: bruary : r cQt dLngrt O; £h AlBshrate;

char act e%lzeégﬁ:én&?h{% %ﬁg]g%c% WA’cﬁtaw o] d'&tfltﬁ%% ?l?s%g%ng assenbl y: -raeaech
concave hadsi ng of the second jaw portion further presents a profile that
is asymmetrical and conprjse 5.0n_either. side of .said proj i

Celenthtt .~ o fifst SRHIRhERLA QB ORERAT 1 & SEEREPATCaRETE TI91T B dence
rel ativejheibbacaepelat it e e kb RID S bf &gePrdjeqadmeperate

wi th said second side of said substrate; and 10 (c) a second wall oriented

with a setemengeher ap-epgratoiwitivisrit o Fegtatdide f B Y *35ane of
o PSR LETRRe L G 0RO Tl Bl pteepliam,
general aAfpeeodf ihafdaewnee; 15 - such that during clanping of said second
jaw portions of the first conb assenbly on the substrate, ;the substrate
waf e¥5 on - such that during clamping of said second jaw portions of:u t%e
' 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 side of the substrate presents a degree of fr &dtbbmaryt2006ove
~relative to said second portions and in the direction perpendicular to the
general plane of said projecting ele t 20 that is smaller than the degree
of freedomto nove presented by the Substrate wafer which is on the first
side of the substrate;. and so as to urge the two wafers apart during

cl anpi ng -of éﬁﬁéchBQ‘Etingsts@ggledm% Eﬂ§r§epélﬁl{§é&iﬁ2é1at5théﬁrﬂg%ir§ us
according 't ny one of the preceding clains, characterized in that in
each | awfolr tdehievisig corbtasidetl digdiacdrernst @br cestadonprulsdsratno
menber s tr‘_l&t are_di s%glsedbon either.sjide of the second or%i On'ov%,% 6.
Appar at u¥AEEE A TRE LAY BRPE PR b AREEH RTRF AP S eh AP A ™ ed i n
that én eaehseawnal pbReibhr 8 a8k %éﬁeﬂ@t‘{raﬁé‘&tﬁ&ﬁlmwﬁd Qo ithetovabl e
relative to the first portion. 7 February 2006 51 7. Apparatus_according to
clai m 6, férgtaeerion et epemaespretivaiav fora dinEEGing ROMasliadar

a-

di spl aceggnt.,af ?%}elé_rrgipﬁgggétgft gaiﬁﬁé%%f??%%ﬁ%fém {lave been split apart

conpri se means novi the seco each jaw in translation
relative to the first portion of each respective jaw in a direction

erpendicular to the general plane of said oj ecting el.enent .. 8.
Rppgr at u§ - aPEPIANY St cf‘g%ﬁﬂf o'fotﬁBYpP&?ed%flgL%?a?ﬁgf:ediﬁgcﬁz}la&g'tséri zed

in that therapeerssed fnrdhe tHRMBPHSes tasS PP OPBMPSERID |y deaddindg | aws
that can be cl anped onto the substrates independently of the first and '

second pePl oriEsemblappRAFHNY adete dithpt o @hai RES, CEREPERt 1R d ¢ { hat
the 15 $869 a&é’é‘v\ga%rgc?%&%%&éfné :{Sf(r)t&%eﬂ?lll{%‘?:s Rgid()'éérc@ddt ngtégggs'ages for

al l owi ng-certain pas paratus according to any one -
of the preceding clainms, characterized in that the apparatus further

conprises three 20 stationg, including a first station for receivi D at
| east on2- 2PBRF7EER RECPEILPY| FCaphri™ &ndchabastsrisrd, 1BakthaFofF

r eceigVi Ngecdnd GIRBCASYENR FurkheP SACTLRN Lis ARAE1i Sy BE pabSagdd for
Apparatus according to clalm10, characterized in that the
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 .




25 conb assenbly(ies) is/are nounted to nove rel ative to 7tHebruatya2d06ns and
nmeans are provided for displacing said conb assenbly(ies) to be in
register with each station, selectively. 12. Apparatus according to either
one of the two preceding clains, 30 (:2haracterized in that each station is
provi ded puishiera asspetdied wptbhdthe 18irdppatatisnachas dhrgsiongs! fom 12,
characterized_i.n that the 7 February 2006 52 ushe ssogci at.ed wihth the
1ot st HFE1iRg ROGsFHERTFores s dcls RuRpshasBibenraRot op nute ek ' "°
associ at e awibhst havahehoustagkoRsr haytagv ey siagsedoive eais/iofy the
respective ones of the_ wafers obtained by splitting apart each substrate.
14. Appamafe¥saebspdrsg Py ePAikFing 2warhcerdh ABPFH At each housing of
t he pusher associated with the first station further includes a projecting

elenment in its mddle region for engaging the substrate at its cl eavage

pl ane. 10415Appanathstaforsiilig tionglapari3 t havafores igiedais sty seebhavi ng

a cl eavage pl.ane petween two wafers neans ,of arat us, . according to any

one of ¢ BRI BOCR S R FRECRLRHER Bathg e RAPRE: B RoAcl Neihas | |

conpri segnkNadske prdsdtsili@lefentdin d MG ec26816HDE dngyaiging a

- substrate-receiving space; and - clanmping the first and second jaw
portionstbe cHESErate ebnbts agkeai¥age dnta®ach substrate in such a manner
as t:go hol d each substrate and urge apart the two wafers of each substrate

by 20 co-operation between the shapes of t-he housings in the first

portionsisf A methwd pfivephitt i aperontheordaficons off atdebstmtqg haying

respecti-vely. 16. A nethod according to claim 15, characterized._li
B o ik £

t hat
during 25 CHERTAGEARARE PECBRERatEh Rk SES DY hdiheat oPPPREARERS] ngs

of the fhssdr@Dhd i NBBf e olFWBhia¥Be 3b§Pn§ WELEMS O HHO e@thodobbsagt i ng
bet ween the two wafers "of each substrate in a direction perpendicular to

t he cl eavhepagientzedoin 7that it sdrpricesdithyg ©&episaiopnsd StéRgr dBteri zed in
2y AL A S Y080
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,




7 February 2006 53 characterized in that follow ng sai d 7dfchmprngQ0& he
first and second jaw portions of the first conb assenbly are | oosened so
as to rel ease the separated wafers, the jaws of the second conb
assenbl y-are clanped together so as t0 retain only certain wafers of the
subst r at @hap®ctgmigedod raddertdifieg towiree gait edianpigicai he et éatGed in

that one wafer. of _each,substrate is..refaine Wt e ei ng
oaover el ot JherBERIARS SR thd Bl IRl ARt AP o UBIEL o0
split-apaid reatrelebseptheesepdratdd meifeant aimethandavbeof sele@ngkcond
split-apart wafer is placed in a second container. 20. The use of a nethod

accor di NG aAFCBRLYoRTR | RhafPets trgethers §p 3pIha EARGLIRpIRLY STt es

obt ai ped Q¥ 3SR et SL¥RerkEeMethod, a first wafer of the substrate
corresponding to an SO wafer and the other wafer corresponding to a

remai nder of sem conductor nmaterial such as nonocrystalline silicon. 21.

Apparatus foyr splitting a substrate apart,.said,_2'0 sub . rj sing
two adj oiir?i'né t\r/l\g'f%?é a(fgeefcirrﬂslﬁlé’ %8?‘?@% Jf%ce%ﬁ?% Icég&ggecﬁ?’i%ée?éfﬁggggﬁiar at us
bei ng chahaet®ié¢ Zaderof Bakhi dubrgid sesrettdehnsd f ai thadd ogheplwdfiear neans
with a plurality of substrates disposed in a substrate-storage direction;
25 - spl PeiBg FESR¥SKSH Byl At PVFRERpARA  Fer vedeh SRFL L f4ps dt%s, the

sp! ‘1}& erﬂ?@ﬂseﬁﬂ?ﬂ?{;gﬁfe WG d MBS HERNSSE Ofomes {1981 41 qot rol | ed

di spl acenent of " cer substrate wafers after they have been split apart
in a 30sdiosdt sphithapars wabst ad ildgedaimld ededand wntadpgr.at e- st or age
direction, and in that:. the splitter neans and the neans for perform ng
controlled 7 February 2006 54 displ acenent includes a separator suitable

for beingo. myeddetareanmatR8ai ddehrd nghi s hrihensubst £ B4 eds ar® talilengaged

fromthe_separator, and a position in which s the substrates are attacked
by the sEp&rapPditting 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




the means for performng controlled displacenment further 7Rebmary 286a first
conb dedicated to taking hold of the substrates after said substrates have
been attacked by said separator, and,conprising at |east two noving jaws
10 suitable for holding the substrates once the jaws have been cl anped
onto the substrates; and each jaw having housings that are spaced apart in
a desired t Ld la ee d 0,.LE

substrat es, n?ﬁe%%’ml/aa%%ﬁse%gf {Qﬁ‘gf‘g‘é%ét r%t \eggpg?é%g%acgﬁfg%ﬁa?% ifr%n:I 1E;aggrqd

desi red mannewvezR. bédppaemt as pesbtbmg ino whiathn 2be chassictarezedren t hat
said separatar has a cross-section in the formof a projecting dge. 20
-23. Apparat u§2EELYREERy r@%iﬁﬁ%rsﬁﬂﬁr%o’éi afPfRe #1 tz{?,n i:lﬁa'r"ﬁgFgrized
in that the appakabésra@BRr b¥eSadtakfa8t by Wohe SEabhPRSor} NCl Uding a station
dedi cated to splitting substrates and a wafer dedicated to unloading the
split-apart Wifemsanzs fpr papfarstiog sovsrdiligdt disbarmep8ntcharabesri zed
in that each tatign is_provided,wih .a respective, pusher.. 25, ar at us
accordi ng toccc:)?“ im 24,2 ¢ %F%%t 5?1“9e eldr}ciaﬁa?td the gﬁﬁgﬂgr%&ld{zh%f ??g?i on
dedi cat ed t osapkittrhitag el adLisd hasbSordosisi Revel Wedrecet badiged hey

- substrates, which housings are of section presenting a generally V-shaped
“profile. 26, SApHarsPasataEecopBhFoMprdisdng 2% lafitackwR iBRW RN I1#WE 'the 7

Febryary 2006,58adekairded RNp& Ll ¢ iQulBé@P%EeQOHﬁEEQ%HeS FalY sHape, a

central edge being provided inthe bottom of each housing.” 27. Apparatus

~accordi ng tobaay ohampédcortosti2d swoIratedvaract eri zed in that the

appar at us_furthgr .conprises_a second conb having jaws suitable for being

cl anped onf 0®BA8 $ABSFEIE NFdEgENBBAE | 37 VSRARES APSETanl délsHiged

portions. 28mahRRAr abughaeca%@engaala ﬁ'a%ﬁh%%e HaAAChes it d hale the
ura

10 second conb further includes a p 'ty of passages Tor actjl oW ng

certai n waf epebebrpbes. ttheowglier2%f Ahsasubasratesrafegpragedngpante iaf t he
precesdi ng cl-g'é. 81 to .28, characterized in that the apparatus al so g
conptl ses a garde S PE FrHFeTE 1 oni ng the substrates in accurate manner.

30 . A method of splitting apart substrate wafers having a cl eavage

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




pl ane between two wafers by using apparatus accordi ng to 7febrng20Wf t he
preceding clainms 21 to 29, the nethod being characterized 20 in that it
conprises the steps consisting in: - &¢inging each substrate into a
‘substrate-reception space; - clanping together the separator portions onto
each substrate so as to split -apart the two wafers of each substrate; and
- cl anpi Agtehéeflagbapntof t#rid mushepdoussmyst igt @ Watkrresr TBitaglio hol d
t he wafe 3. cor dj i m 30 citerized in that prior
to cl arrpl’%lr?jll t %glﬁg\qg%g?ﬁ%gép%t{-:g%a%(?tt\g/\é’/arﬁegr%s %a}celghe 1%JTnncg'gener ally

V- shaped housings of the pusher. 30 32. A nethod according to either one of

t he precgsin claims 30 to 31, characterized in_that prior_to splitting
the substrat fPPHFAMS ARETBIEr at®s APe RBEd B EdiS™Of 24 gtf d&8:7

Febr uary cBA08cBErBBed AR AL AUHRE 1S 2A¥tRAE QbmbhesPs aceiddpc! ai ns
30 to 32, characterized in that after said jaws have been clanped to hold

t he waf eFSTPOAEIng davsartithhipefovhainhelsapednanbesthes simitatgsonl y
certain mﬁgéé?%g?ﬁgfr‘g%g{ﬂﬁg?iéét élém%&s)%bcgt ?og{t i ng, .t o cl aim 33,

characterize er- of eac € 1S retai ned, the other
waf er being recovered by a pusher, and for each split-apart substrate, the

10 first_gspljt-apart wafer s placed in a first container and the _second
split-apaft atus ACGIfing £564848 ¢dnt Ehverct el zaf cinyddiads thenet hod

accofdi NgedOndMrd®NeuPfhdPe NSRS é‘?uluﬁ:]a@'i% 3P ﬁ%%s%_@esf B6r $AhicktihRy apart
substrates obtained by a 15 Smartcut(r) type nethod, & first wafer of the
subst r at eeriedin espiarl iy trasmh BQouwgf.er and the ot her wafer corresponding
to a remai nder of sem conductor nmaterial such as nonocrystalline silicon.
20 36. Apparatus according to any one of clains 1 to 14 and 21 to 29,

char act ez9 zeghgaratthat atberdphitt€ranyeans ehalleepireeedahgr 81a0hs sai do
substrates to be split apart simultaneously. 37.  Apparatus according to any
one of c*%i Rheracserd ipn thgt Phes8rpaFafaR tak5Y PR kIR & FEiEHI i tter

means engbl et MRS tiYf St Y 13 63008 FRkidk,apart sequentially.

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.




38. Apparatus according to any one of claims 1 to 14, 21 hkebpgry 2% 36 to
37, characterized in that the neans for feeding 30 substrates conprise a
pusher suitable for lifting substrategg .stored in a cradle-type support.

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

5 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
10 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
15 Smartcut® type method, a first wafer of the substrate
corresponding to an SOI wafer and the other wafer corresponding
to a remainder of semiconductox'maﬁerial such as monocrystalline

‘gilicon.

20 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

25 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
30 substrates comprise a pusher suitable for lifting substrates

. stored in a cradle-type support.





