;e3eN &&' , +4° +d. 6. TN APPARATUS FOR SPLI TTI NG SUBSTRATES, AND AN ASSOCI ATED

METHOD The present invention relates in general to procegg pals,
and nore particularly to processing 5 substrates for elemmwmﬂw ,W@MFics,
or optoel ectronics. More precisely, thelinvention relates to us
enabling two wafers of material initially adjoining each ot hé®¥0o be split
apart in a splitting plane. The invention also relates to a nethod

i mpl emrent e AHPARATIE FORERUTAITING AVBRSORATIRScd ADEl W AIBOQIAEER i on applies
to wafers ﬂ%ﬂari al which adjoin with varying degrees of cohesion. The
sterm "adj oi rﬁng wafers is used to nean wafers 15 positioned in such a
manner as to be The pinadesd igvmrddcion Melgtespdjviganfralndi®rs: - can still

be connect e;?&déé&eéif}f‘d M SUHE Ut st 1apPly 6% igrqaddd o ar for
waf ers that define between them a plane of, weakness as descri bed bel ow, 20

whi ch pt aneSWIstieaiiare kot &l gdaiP et e QRN G (P AREIRL ST P Heht
treatment, that M gakdemad Nl dheanivelt ideaw g detveeappdiea tww

waf ers' on either, side of the pl g% ; -, ar .on .the cont ar¥ need not be
connect ed t g EN%W%%}%%{} atﬁeﬁl% erfent 2 be nagéjnoe W?%geé?cf%r solely
by neans ofotflogeso shee hspsisitt higsserte aint es prpidi tigin @l dsaict iDme cup” ef f ect
bet ween t he, adj qinin isj.0i nt_ surf f. fier S.s and/ or Van
der Waal s flor%éergtj(%%gaa]géjp% ixcejésﬂltné%atr? iu‘—%u ar c%(% még&%n%;i%??&?al ly from
30 thelGameapprsatwag e, with a plane of weakness being defined between them

whi ch plane of weakless, fiasg b@&b@,ub&xfétﬁ%ér&f&ata%wé@eﬁot«,@ﬁéf@nt

enabling conplete cleaving to be obtajned between the two terials on
either sidePbimaterphidhigh AR HW1EBV R RGASIR TR Ay wafers t hus

forman assepbbyiseferred to below as a substrate. "2 In addition to

actual ly splitti the wafers apart, the invention.also ] handl i ng
such wafers aftéfg?h%?r%av% He l%ﬁﬁiwaé%ﬁﬁt%sI%S?%a%%e%lgﬁeﬁgﬁﬁgg t he
i nventisn appslesoted ald Sutlypesmainewafas stofbevirrphysihal aprtadfoi ning

and that are to pl i I N [l ed and preci se manner. Thus, the
i nvention thus a'glglll?és %%%s)%lrl%rtl%l n‘ggg%a% waf ers have a structure of the

silicon on insul atean(So}lthpeconmecaedotegether shyi ebRUBRUEAYt hi ng (SOA)

type, or 10-gygbnef (he Qﬁﬁf‘éé‘giﬂnﬁaéﬁﬁ’iéﬁnﬂr(P&\)wéféﬂs Nexer gbeligss, it
shoul d be understood that a_particu

arly advant ageous, application of the
i nvention aBeHESER| BREMLRI BHABT V\By""%?k%%ﬁgl P &gﬁﬁrwﬁﬁp*% °Vel ates to
splittpog aprithwaignhe o6f wsalikstypesshbesdnt 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, being held together solely by
means of forces such as those corresponding to a
"suction-cup" effect between the adjoining but disjoint
gurfaces 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
defined between them, which plane of weakness has been
subjected to heat or other treatment enabling complete
cleaving to be obtained between the two materials on
either side of the plane of weakness).
35 The two adjoining wafers thus form an assembly

referred to below as a substrate.
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15 A nethod of manufacturing SO type substrates which is known under the
generic termof the Smartcut nethod, conprises the follow ng principal

steps: - a step of inplanting species (ions or atons) to a given depth in a
substrate of seniconductor material such? 20 as nonocrystalline silicon, so
as to define a plane of weakness in the substrate; - a step of fixing the

-substrate to a stiffener, such as, for exanple, silicon that has optionally
been oxi di zed onInt §dgitigsetcandtimdd y25pl ik tdngafheg vafes st gPatparting a

fracture incgb ligehtacRakll «&f aiha iRlaRe Olandaakee s delared Atk fithe | evel
of the layer of inplanted speciéS. There is thus one wafer on either side

of the fracthed F&VE Pe&EWEPr tcdP&Sponding to the portion of the
monocrystal | i ne 3@ sid isperifulast rajae WhieC A nivasitiesn agelldelzed card 1Ipossi bl y
also fixed to a stiffener so_as to_constitute the SQ., .and d waf er
whi ch cor r eSFBTEs o ¥ grlser‘?gﬁ}?erer&fa ttﬁél‘% Ia’lrceor"la)dﬁollr’lfllgl mg%gzgz%%fl if the
two waf ers efrestilostreatseplds siprrdat édh eongirididedsiadel giradieepimanneasf. weakness

are sufficientlyghick (henselves 40 eSS 1SR v HgTUP: 1 lewely of

0
strength, then the step of fixing to a stiffener can be omtted. It is also’
possi bl e t o Wgifewsa haviei Goptauisdtrs e fdithecEiiyl igen wa dnsfrlatsyr | (F¥dad of

fixing the %%t,r%tr@ 1R Ure t3Hd fdianeion Ah exdmMigf (sdrgersidd, or
description 0f a nethod of that type can be fo% in patent docunent FR 2
681 4720 | neVER by F&CoPIHEY, FeGaYHELY AU Het&E the fracture

i mpl enent ed duri mgvidie dledd, ng.tStepulsl ¢RIkl stdoar thiaty spartial, the
two wafers remai.n, .in.practice, adhering-.t.o _each other (nerely .oy the
suction-cup t re i . given that e races o

- cup FBFEACH AN PR YRS PRRORAare i Yo CREAHET fhes of
t he waf ers slesomitedrtdel ot Way Iaf rars- riendiing reeweyslarsy bal kel cases
finally to i1t ¢t5h t JdEdeys Q) il Jd et wdfie final SO
substrate a#g) %?cl&tnt&l %{nﬁg}%?gnglancfg of r?on?g ys?’gl ine silicon, which can

be recyd ed in tHeMesiiRed Off MaAnp Ak TigcaI¥d RG SHRIFSERHES MiGHvent i on
aPpl Ih es agva@t @@Mﬁ'%ddeﬁt %ﬂiés ﬂ’é}:igp_%fe_trrrpajﬂ _su@{ mﬁﬁ@ﬁ@ m&tMbdch one

of the wafers corresponds ,_and iri particular to splitting apart
such pairs %W&&%l%@&%n@ é’rﬁﬂcc’ﬁ{%ﬂrrﬁtﬁ@cf the invention is not
limted to this appl istaid @f iHMulsntihics guealileam (Qforadhesieoron{sBvero id only
by the 25 sugction-cup.ef.fect) hetween t ers 4s,.t nd, i mer ous
t wo- waf er stgrj’b’c%urdfeée : har?‘ it S stthre‘—’ﬁ:eneo\(,:%(;ss\s,f%glycOtshcgi @cﬁol(}t Q%n%e%iﬁheélf&r}yenti on
thus a@d i estst oogyidrvtsitieg laper ts Mddifamrs, ofo @sy tot destinve sofplS@le E0A, or AOA

type. Wien theddmnsipnsd idhhaddi@yl ar the thickness) of 30 the wafers
make them fragile, and/or when the material of the wafers is not strong,

the two wafers must® mtSh 81 £ 56 npithe HRIERREe £ &itd METPr eat
precauti ons sirhae®,d fdmxigngle, rdiski odn damagitygs i dovma Maf eesseras t he

waf ers are bei.r& moyed apart_ from each cﬁtt er, where 35 necessary while also
i mpl ement i né’xd‘r %%ﬂscm DIFHRE T &tUre’©

25 - a cleaving step for imparting a fracture in at
least a part of the plane of weakness defined at the
level of the layer of implanted species. There is thus
one wafer on either side of the fracture (a first 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 SOI,
and a second wafer which corresponds to the remainder of
the silicon).

In some cases, 1f the two wafers of substrate

35 gituated on either side of the plane of weakness are

sufficiently thick themselves to present some minimum



4 This applies in particular when splitting an SO substrate apart fromthe
remai ni ng nonocrystalline silicon which constitutes a preferred, although
nonlimting, application of the inventio?, as stated above. 5 In this
preferred application, the splitting-apart operation is generally perforned
manual |y by an operator who is particularly skilled. For exanple, the

i t h bl the |ike j the ed . il
SUbStr at e | TSR0 ) THESHET Rl CORBCt BT SPESK uPF choSoTs cEBoRdSLt bLERE pl ane
of weakness)can hus orakitegdit possible by a wedging effect to split the
wafers apart. Thaf, °P§r£ié$”9§]%£§bm%é‘ﬁt,a 'e§i§o»9fa'5ggﬂf~%sé‘g$§g£§t8f rubbi ng

between the facing faces 0o and f anagi ng them
I n addition,divecthanerl thpestifoeneés irsigeay ehdfixdagythangubatsstef

producti®n t{gcgggu%?i€@g5@g thereon to a great extent. Finally,
the

particularly when racturing between 20 the two wafers needs to be
finished of f by the ¢#¥eRke of IpFeperay depechtPeianaphrd, mehBoflopées

delivered tohde spbsStéah eodepsuh® De par&e: adduhdet abrve- seNt hoped nanual
operati on becones

111-suited or_eve ngerous.. It will th be_under st ood
Chat 1t vould be U5 et Carares Hovart agcbee abere bl thebapFopdte a
nmet hod and afperattes amebénagtedfdusing tieespledvaparstegpi tkl gompékiabl y,
and re duci bl i i t t - faces of
the warils i P Ao iriep 0 B9, acaty £0RATA; B MEER-i0E TRECR OF
scrat chi ng 3dkeriig pee t¢atesobkéng(Wepetytley bhet #ectiaenscup safdchaf ers.

French pat e%h&@%ﬁ&ﬁ%f&é‘tt’f& 984 13 1é@e% hgipenerRht ! PRe APRLESABE

descri bes a nethod and apparatus seekin o satisfy that need. 35 An object

of the presehit®|¥YREPET R ¢ sCXbrPpPOPBsBMacE R} t her i nprovenent to that nethod
and apparatus, whighcthud rémalse appéssableihoaspl tateésgranantywebers, not

only of, SO S HC'UIER  aPXEe 31 5% 2he 2 Yo Ont X SELUSE Y ®he final sor
substrate and secondly the remainder of monocrystalline
silicon, 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
particular to splitting apart such pairs of wafers
obtained by a Smartcut® method, the invention is not
limited to this application.
Thus, this problem of adhesion (even if only by the
25 suction-cup effect) between two wafers is to be found in
numeroug two-wafer structures, and it is then necessary
to split them., The invention thus applies to splitting
apart wafers of any structure of S0I, SOA, or AOA type.
When the dimensions (in particular the thickness) of
30 the wafers make them fragile, 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 moved apart from each other, where
35 necessary while also implementing or finishing off the
fracture.



In particular, the present invention seeks to enable even higher rates of
production throughput to be achieved 5 (e. g. when splitting apart SO
substrates). The invention also seeks to enable wafers to be split apart
while inparting as little stress as poss?ble to the faces that are facing
away fromthe cl eavage pl ane between the two wafers. 10 The invention al so
seeks to enable the first steps of handling the wafers of each substrate

after they have B&d® spbliegpdn BagrBeWard ot SRttt a1 ySOFinal ly, it

i's SpeCIfle@ub@traQ@ﬂ%aaf&p@r@mm HetnitowWy findde, wnppﬁ@eof splitting

waf ers apart .from a em conductor substrate or e docunment EP O
867 917 i s SlOIEE s (O HE S & ST R %’%h RP% I uid | et.

It shoul d beéielisdmegd atmﬂnddmdre(d’mcﬂmanmitamtea:bfﬂuatsq&ilabém apart
in that ghay (fl U'I%Jt?{[) 2q:e e slpe Iflpﬁl],?'hqilo%{rqﬁp sgps"t%&ﬁle%dé% ]p@rtl cul ar

option. one i ni 0|dt|on [ oprowde
sophi st i cat eperedionf dars lgﬁrnhmd.ltmevanﬂmtmm enaroishlel B Y tampeperator

extrenely ag&‘flér tseﬂgql%rle(\;rul enll%}'é'keit%cf‘ jet of fluid which is applied to
t

t he edge 25 e 'SUbstrate. “That requires the wafer faces that are to be

split apart to b&oFulsi*edRd® t :ha rRayat Ahfar dispierat ¥ dytddities in
the struct ug ehd hareafiefts die adld PN, chdes teacdi r‘eﬁh&ftié‘@é Tegamrent

does not 30 rQvi any sol utiqn ena lin Iurallt fers. that have
just bdd fﬁ'& é‘g?rtc SGBEH Js':rq"hrﬂ‘gr \A@‘%l%lﬁ%ﬁ al so
rel ates to aft edakrmyss )of tInld trﬁamgqg/\aftermmaﬂe llyyaafdzwghm@tefséca'hat
docunent pr%posse 2 ty hlv%/ eC| fi c.sequence seeking to split wafers apart

i ndi vidually msubs e aéjaf h particular, provision is made for
sel ectively tur nrﬂl@tov:e:re:xaerntcan s sthatsissk tm’rér:'em:}ucnhm@ ngnpaet spbrtti ng

met hod nor e .cylRX. be@%&r??tﬂle?%@n%g) At | bes 18 Viagd aph rd R Wi g use 5

is made of ultrasaund for splitting wafers apart froma substrate. In that
case alldo, tHeS &R ELnEddeS- very specific. Furthernmore, entirely

particul ar means mﬁ%mdﬁlbﬂa 1&%@%4&@@53%&:@:&@1&&% neéhgehpf anger ati on
5p2ss00t & g gl such loasoung sl et s ol st ek ece s 1o,
exposi ng itﬂn)aﬂgﬁéﬁnnﬂxteﬁﬂm then to renmove the 15 separated wafers from
said enclosure, carnfgsRnqing {9, Nardl i A% ORSLAtE NS L AL B &L ad! Y-

20 the two wafers needs to be finished off by the process of
splitting the wafers apart, the forces delivered to the
substrate need to be large, and 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 able to propose a method
and apparatus enabling wafers to be split apart quickly,
reliably, and reproducibly, and which also avoids any
contact between the faces of the wafers while they are
being gplit apart so as to prevent any risk of scratching

30 or of particles being deposited on the faces of said
wafers.

French patent application FR 98/13660 in the name of
the Applicant describes a method and apparatus seeking to
satisfy that need.

35 An object of the present invention is to propose a
further improvement to that method and apparatus, which



Mention can al so be nmade, for information purposes, of docunent JP 09 069
552 as a docunent relating to the general context of the invention, however
t hat docunent 20 teaches no nore than apparatus for handling substrates,
and not for splitting wafers apart. To athieve the above-nentioned objects,
the invention provides in a first aspect, apparatus for splitting a
substrate apart, said substrate conprising 25 two adjoi ning wafers defining
bet ween t herhsa adlssavagd igladrle themddfdianiusppithgratrractret zaely ok hat it

conpri ses: RRANS ol dBRA NGPIdJidRTo MRS i tabR Pl MI@litys Of substrates

di sposed in a substrate-storage direction; 30 splitter nmeans for splitting
apart the wafers I6f Pagitd auestr dithes pPrafendp| invett iReYePpr? ssRP Vi ng

jaws ; and @»%@ﬁﬂi%[he&erﬂa&rég MF GHEduid iesh dirsmd Nt OTb& eddidd éved _
substrate wa(fers after they have been split art 35in a direction that is

subst antd al I\® -Far 3H&H 8B i LRI &%k 6 WY& i on; D wher eby the
apparatus i s sui tald erfvantsipn tdligtg sgeEkd thepdblialwdfend sabsérat es. '

Preferred but ,non-lim.ting aspects of e ap) tu he_ i j are as
foll ows: 5 °R l% §5a%% & rrleeanlsmpeanratb]lne& &sealv\}a el?% %%Pés%él dg gsu%és{%%%gs to be
split apart tsi ralle dremssithat are fEting avawedioendd eclervags epbart sai d

substrates R DRSSPI AR tysequentially;, - the neans for feeding
substrates conprise a pusher 10 suitable for lifting substrates stored in a

cradl e-i%pe suppdiie invent i miRe @Rk & enrb Il tha htrakpeteR® D the
splitter meas HindlPRIY Afdife €O B i Sora b Sitrd o 4 Of & Nghepnhadssenbl y

compr 5116, B deash Lo L5 vl g Lave Siiugted on el LNpr 1 de of o gap for
substrates once teHithglaws, hiavel €| Spgelf ord cclide stibst rappesratis&seacd | aw
itself Corrpr}énsoiwr}g go'rr %theanpdufspeé:soendof)osrptichr@ing wafers apart from a

15 semiconductor substrate.

For example, document EP 0 867 917 discloses
apparatus seeking to split apart a wafer by a fluid jet.

It should be observed that the technology
implemented for splitting apart in that way (fluid jet)

20 is specific and corresponds to a very particular option.

One limitation associated with that option is the
need to provide sophisticated means for holding the
substrate to be split apart in extremely accurate manner
relative to a jet of fluid which is applied 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
irregularitieg 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 technique of
gplitting wafers apart by a fluid jet.

35 That document proposes a highly specific sequence
geeking to split wafers apart individually from
gubstrates.



D the two portions of each jaw having correspondi ng concave housi ngs for
recei ving and hol ding the substrates; and 25 D the shape of said
correspondi ng housi ngs bei ng adapted so that once the first and second
portions of the two jaws have cl anped oo the substrates, t hey urge the
two wafers of each substrate apart by cooperation between the shapes of the
housi ngs of the first 30 portions of the two jaws and the second portions
of the two jaws, Tefredtiicrdiar, Pravdaiws jigwdnaste ther Selactdom assenbl y

are identi Cahyrrrirdd) RGN deaW Hfn A JtiratleL0MhAISMUAkirRAGhO! 35 the
concave housi ggs of the first and secaqnd jaw portions includes a respective

proj ecting &R ing, Qe 0L MU FEFTB Srgagi ng a substrate at its cl eavage
pl ane, said 8 mROjEETNR4E aixd defdribep a gendralt plmvhich wiseh it
extends;. - i,n, each j f_the fi conb .assenpl y: neay ousi ng
of the £ rstls] g‘\ﬁ%orc’[afi%ﬁ%afst?rl{rhéféo resggnatgtlgl r%affﬁl%ese%rcﬁos as@ré]ret rical,
conpri si ng eubsittdedre .si de of said projecting element: D a first wall

oriented at a firgt ggnerals2ngle Oftﬂécééiﬁﬂfcﬁc{ﬂ aldie 1 S, gener al
h afi

pl ane of said projecting elenent t'o co-operate irst si'de of the 10
substrat e; mcagsﬂébond wal |l oriented with a second general angle of

i ncidence rel ati & tthdhe@eneds 1 Rl 18§ Dt sl 1h P A6 i@l eFesd t o

co-operate with a second side of the substrate, ich second angl e of
i nci dertde i?rg’rvé%eéf tth&iP 'ed<f“i'erf§'t°d; He %‘dfsiar&?%%ﬂ%fe‘?‘?such
t hat during waltdnEuh ofl Yhesdundttjetnpaitt i ons of the first conb assenbly

on the substrate,_the vgaifcer of tie subst eaésteaxtth}oi 0 Fé}gefi rst side of

the substrate preIsne ¥ elgarre’e of ¥7esdom 1o ‘nove Tétative 20 to said

first portiendbsihtiea thali riestiobpdrpatid umran endlkoyarer 2T pl ane of
sai d proj ecté,&%se_ﬂr%eing Ecbalh%éaé%d,eraﬁé‘aﬁhézbec@%n%‘v@ftﬁé eedom to nove
e S I ch

presented by t S trate wafer ch I's on the second side of the
substr dt%e; Zepanatrehctriens ofrahedid SNCRHIERs AN SRPRGERI chPicave

housi ng of thaEecndjamPsid ahdurdhers piesents a profile that is
asymmetrical and conprises, on either sjde Pf sal%f%]?r o] ecti nlg elenent: a
first wall orient®&Pwh FP7Fi3LI° FF Faltdngh M3 P A REEPPRF St i ve to

t he general gff atwcwfersai b proj @ i 8L e e nndodunan: apeltat engv td sheéd second
side of Sm(%éﬂg?%ffgéﬁtéﬁgiof the invention, however that document
20 teaches no more than apparatus for handling substrates,
and not for splitting wafers apart.

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

25 | 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;

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

» means for performing controlled displacement of
certain substrate waferg after they have been split apart

35 in a direction that is substantially parallel to the

gubstrate-storage direction;



a second wall oriented with a second general angle of incidence relative to
the general plane 35 of said projecting elenent to co-operate with said
first side of said substrate, which second angle of incidence is greater
than said first general angle of inci dente; 9 D such that during clanping
of said second jaw portions of the first conb assenbly on the substrate,
the substrate wafer on the second side of the substrate presents a degree
of freedomto nove whezabwehe apparatuRchhEpbidPbhstAREPhiEHENDi rect i on

perpendi cul abakr@ the @aneizalith ¥Fe Ribstdaddy.0j ecting el enent that is
smal l er than the _deqgree of .freedom.t,o .nove presented by.the substrate wafer -
which is on the FFESETEege B Fﬁél“&}%%ge;asﬁ?fq_ﬁ Cﬁbst QS RGE the two
waf er s apar bfdthiend nviempiong anfe tawe fdllstwsconmb assenbly on the substrate; -
n eachg aw of the bl $h190TR ARREIY Yool il by Hlld UE GaR 1 ses two

menbers "t hat are di'Spo on éi ther si ' e second portion; ' 15 - in
each jaw of sulpstiriatss donipeaspdrityl pparie ssavoifdnsaudlal i s novabl e rel ative

to the first portiqhe whhe BARS IR A1V GRMdA |lgd displ acement of

certain substrate wafers after they have been split apart conprise neans
for nmoving EHOSEEREEE F6r Hico PRIl te ARRGtaVF SENGTH 431l ¥61 ation relative to the

first Ioorlti on 0: eamR nRRectidte ﬂe{%&iirfg %diisﬂ%@dém d%ﬁrﬁﬁleﬂ‘éfh @lpisHex t he
general_ pl ane .of _sai d praqj.ecting elenent; - the apparatus rther conprises
a secord coﬁbll&??jﬂ%&frh efr'fg“io—g\ﬁélki at&h Y™ Amged d?ﬁaoéﬁt%‘g:@oe
substrat es ismggandently of the first and second portions; - the second

conb assenbly furt Q%rehlﬁ[é?&%ql%tshcg) xlirsaé i tt%%Off as Jé)éea!gpw' ng certain

waf ers to pass through € dppar at us further conprises three
stations, including aXithke sphitoerfoeanecefvihg appasacusofeMBybserate to

be split aparts; ad 50 AN Sor@R Ek b 1e CRInl ik hd eserdd e gd er
fromeach split-apart substrate; 35 - the conb assenbl y(ies) is/are nounted
to noveSr el AAWES ¢ afe Sitagtert oth e irhat Hde fbvd d%%p 9T 10 displ aci ng

sai d conb asseilMeshd Guissddateag ster with each station, selectively;

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

20 » 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

25 » 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

30 portions of the tweo jaws and the second portions of the
two jaws, respectively;

- the two jaws of the first comb assembly are
identical;
- in each jaw of the first comb assembly, each of

35 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



- each station is provided with a respective pusher; - the pusher
associated with the first station has 5 housings for receiving the
substrates, the pusher associated with the other stations having housings
for receiving respective ones of the waféers obtained by splitting apart
each substrate; - each housing of the pusher associated with the 10 first

station further, i r]:(r:.l ude a%)roj cting el enent i n}i tf m ddl e re%on for
engagi ng t h@WEGr S HeTERE ¢ %é’s&%%gpel‘a(ﬁee?er-a R & at At ¥eIcBnpti ses the .
foll ow ng aspectrsis;D t he apparatus includes a separator suitable 15 for

bei ng noved between .a é)aoﬁ'%it%%‘.éf éﬁﬁ%ﬁﬁ%@ﬁ%ﬁ‘%&%ﬁé? di sengaged from

t he separator, and a posi nin ' . attacked by the
separator; D the apparat@schueoheaveohpriesng aff Fhst féosb dewdpdirsarad to

taking hol d Qfrdine. SASIIALES: A1LSF1 521 chsubss T b sambeuecpeen attacked by

sai d separator, and conprising at |east two noving jaws; D the jaws being

suitabl e f orCHBIFHS i Kbt ede e 3 |RERT PavENBcehe®eRRped onto
the 25 substrates; ands-Dieachstawabhavbrgehiouai BESat Fat-sar geppaeed apart in

a desired manner so t.hat,é)nce sai Hj’aws have been cl ed onto_the,
Cubetr at a5 A s, e DG NS e Y8 LG e el & AP 00 & B8 e
manner; 30 -pgjattsaparalanclasta ovosseseed iwhthnatherdoraidé afptbeecting

wedge; 4 th fg S rises at |east two stations, including a station
dedi catleod tgs sp| |{ |éjn’ ELfs\ﬁtjcg'gtrat es and a wafer dedicated to unloading the

split-apart wafers; 35 -aeachobdawhéh Pripproefddedthi Bhsgcpasheenierelpusher;
- the DU_Sh?rarQ_;{lé her siradd phdediCad et d o SPEid 8G9 S4DSHI 8heSohagagusi ngs
for receiving The substrates, 11 which housings are of section

. present i ng BYGSE g e ARTPRINedt Prof 1 PRErate el bt & PRECRAaPEIBT Cai d
pusher housigigs diost Mh@pevhicle efdddhd esige] debndineoatded 18 heabeit om of
5 each usitr}%g}- t'hff rat us f#gt her corrf)ri ses.a second co havi ng | aws
sui t able for it LT e D5t rat eSS HAePERdent |y of the first
and second portions; 1B suthethbetoddr¢ngbcamphey bifickhedesiaspl deal ity of
passages for c?lédl%’ﬂé‘gofe{ﬁé"f& eééml%0?%5‘3@3%}2@1‘{9@&?‘QQbétLQEeapE?ﬂéag‘sz

al so conprises a guide for positioning the subStratés in accuraté rmanner.
In a second wfRsctof tihe | skeslt Take af BRI pFoverieshe Eraet AdbdeoPfsphetting

apart a Subsiurdte LUMPISddikd VW AehPedi P FeéASmdedi ibhe belueeget hem a
cl cavage, bl ahe..the [ELNOd belng, char got erl zgf [0 that Lt sompriges the
st eps si st9 mfi%h: p perp
- 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 presents a profile that is asymmetrical
and compriges, on either side of said projecting element:
v a first wall oriented with a first
30 general 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-operate with said first
side of said substrate, which second angle of incidence

is greater than said first general angle of incidence;



- manipulating a plurality of substrates disposed in 20 a substrate-storage
direction so as to bring theminto register with splitter neans; and -
inparting control |l ed displacenent to certain substrate wafers after they
have been split apart in a direction sub3tantially parallel to the
substrate-storage 25 direction. Preferred but non-limting aspects of the
nmet hod of the invention are as follows: - the nethod further conprises
handl i ng the splitapart sk¢krshab duringceohampingecfweabdt sresndedah bat ch

30 conpri si ng.a iiRaPed v VAl el fdMB eadeniBstdftthe atbitrgeposi ke ng
each of the two batches in a respective |ocation; - the nethod conprises

the steps coVshats wpfqy B0 ddinFenan tisls ol Ehnt I RESIds r at €35
][ecei vi ng sm@%ﬁb@m @d‘dﬁ@ﬁh&ﬁf Lﬂ&édd@tt@nﬁb\ﬁécﬁ%%ﬂv& pos t soHd of ht |h§
irst c asse ont.o eac ubstrate.in such a 1 nner as t o]
e suthtr Bes ot Bt hd B R e berpdubiiv e By nd
CO- oper at i onyeyetinade pltare sifapesi dfprdieedinirsy rgisementt hehdt rs¢ goatiens of

the two ja d.the d rd.io f avns, resp. ively;

during sai \é\@g\aaa%nﬁﬂr%g,dse%?eo%peﬁtéllloen e V\t;‘ecgeﬁr??\%\%s ap_est o? ﬁe“eﬁ%usi ngs of

the first peoubstate wafen wihijcdwsislarp Qarushisrsonide | @bl bliitsetting

bet ween the s Wafil s aﬂ‘{d each substrate in a direction perpendicular to 10
S

the cl eavage plane; - splitting occurs during said controlled offsetting; -
fol l owidRy said cl anpi g, SPhasfEPsErgadtiecbd Vahepsr ePaRs GRIERE fir st
conb assenblgl e dpesengte SO s (condd 4 aasey the slepasabetrapéers, and

the jaws of the second cqnb asseml e cla d together so as_.tg retain
only certain wafer sTHfed 3&}{;&{3}%‘? afl%?‘lte ‘5% ra%gerglaﬁ ! sﬁ%@tF%ﬁ%Ei S

retai ned, wgdrtiten ctdwgr veed e rt vioeimgnbeaco vt dye ad pessbeed andefivtherach 20
split substrate the fiidst é&{#t-&p@{é wafer is placed in a first container
and the second sp |t-aparef Wat &t 1's plf’aced in a second container; - the

met hod Ionpri ses + He Baps onottihe firsD epmpgragenbin, stbet sacendnto a

substrate 254,960 1100 wRAGSIe L BIPINY {O9ehder i the Sepe{ahor portions
onto each substrate so as to split apart the two wafers, of _each substrate;
and - the means for achieving controlled displacement of

certain substrate wafers after they have been split apart
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 further comprises a second comb
assembly having jaws that can be clampéd onto the

25 substrates independently of the first and second
portions; '

- the second comb'assembly further includes a
plurality of passages for allowing certain wafers to pass
through;

30 - the apparatus further comprises three 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 gplit-apart
substrate;

35 - the comb assembly(ies) is/ére'mounted to move
relative to the stations and means are provided for



clanping the jaws onto the split-apart 30 substrate wafers so as to hold
the wafers; - prior to clanping the jaws, the split-apart wafers are held
in generally V-shaped housi ngs of the pusher; - prior to splitting the
substrates apart, the substrates are hell® by neans of a guide; 35 - after
said jaws have been cl anped to hold the wafers, other jaws are cl anped onto
the same wafers enabling only certain wafers to be retai ned; and 13 one
waf er of eachi=spistivad esdisd resindd reexsenttdiley Gtdwr twafler beirepistewevedhby a
pusher, and for, e split . rate, the first split-apart wafer is
placed in a a|‘érrlrlstsa:gatc}:n %’ner&q%\éa“%% s'econd split-apart wafer is 5 placed in
a second cont ai ner .eagh Bt ¥eh dsphaovided iviMdntad orespect rovwdekerhe use

of a method as nmentyned, Aoy & dMcSldd it AR s Snstdad @sopbkas ned by a
Smartcut_nethod,, a first wafer of the suhstrate corresponding to an SO

waf er aml t HPUHRAH O TS 6P SHHh fF HP TR L § el dHSR%FT seni conduct or
rrgterial, suafcdbcﬁcﬁamﬁw_ o st adlid rtecme'bﬁimudﬁéwa{%x&&m_ Q’?}@uinﬁ?ﬁciér and
advant ages of the invention appear better _.on readi ng.the foll.ow ng

Gescri pt: on TRCTRE PP iR 1F (HEE (Y PSSR wi i
reference tepghi: taioopeEamnt epat assubgtsratiay which: - Figures 1 to 4 are
views of a first chi i Ng-t i o) i Al in a
first main enbodi_%na[]%w%b%%cﬁe ye, ﬁﬁ?%lles%s%?%ﬁ%ésﬁjg{ﬁnﬁgure lis a
di agr anat i cf iosalr sdtafiomtfwvidwenfindludes s3 preeleeing nelgihent view a

perspective did efdon Pﬂeé%ﬂ?ﬁéf‘%gféﬂ&g Scife | SuBstPie det ajtgd view of a
portion of the first machine in perspective |ooking along P1; 25 D Figure 3
is an even MY RIQAIBEPY ew of two el ements of the first machine as shown

in Figure 2; Figu ecHe i Sppaxietwd | cothem £ds attod hes 1 powihonagpetbe: first
machine; - Figures 5 tQ Egare gi gv\g of .%ﬁgt agr macgi ne %0 enabltia%g t he
invention to be inplenen d PRPETe&EEnd el A BnBodFhERT“6F £hé -Thvénti on.
More pregi sefigy heindesevdd durtesced Fippst fon sim wihbgh ani@ti ¢ overal | view
of the second, Mol Ngs | fy-&! @VAAPILY M-S AREPIYEarator, and a
position in which the substrates are attacked by the
separator; |
» the apparatus further comprises a first comb
20 dedicated to taking hold of the substrates after said
substrates have been attacked by said separator, and
compriging at least two moving jaws;
» the jaws being suitable for holding the
gubstrates once the jaws have been clamped onto the
25 substrates; and
| » each jaw having housings that are spaced
-apart in a desired manner so that once said jaws have
been clamped onto the subgtrates, the wafers of the
substrates are spaced apart in sgaid desired manner;
30 - gaid separator has a crogs-section in the form of
a projecting wedge;
- the apparatus comprises at least two stations,
including a station dedicated to splitting substrates and
a wafer dedicated to unloading the split-apart wafers;
35 - each station is provided with a respective pusher;
- the pusher of the station dedicated to splitting

substrates has housings for receiving the substrates,



35 ~ Figure 6 is a diagranmatic view of a substrate positioned relative to
certain essential elenents of the second nachine; and 14 Figures 7 and 8
are two diagranmatic views of- a substrate showi ng the positioning of said
substrate relative to.certain elenents éf1 the second nachine. The follow ng
description is made with reference to 5 a preferred application of the

i nvention which concerns splitting apart substrates that include a cleavage
pl ane defi niwig.dlwhowafierss aoree ofafsrctoion espeawiting e gersGtalgf f- or an
SOA wafer, V!Halpeeé Z}Lg_,cg%_th] . waf er corresponds to the remaining silicon. 10
Neverthel ess, 1"t 1 s recall’ed once nore that the invention is not linited

this application:- tte idatritlesh Swpre b %8s pppise thousingsbis? rath-

correspondi ngy 40 2 Stddirie HgeSBeir® Hoddred YRe trb B A ACA type,
having two wafers that are separated by "a cl eavage pl ane 15 (where cl eavage

ni ght bé pr £AGREANYE Nl ete such that the two wafers remain adj oi ni ng

sol ely by the suctiwe dpefdacd  forcvhereornidel sdeay agecdhdhdorb t ernati vel y
need to be finished off sinc 1otgter f.orces olf cohesi on remai n between the
{in

two wafers, X cIP FoH RS hEFEHI TIPSt THS xSt ence of
structural borgs)ratdds i snddpmdaniasicedhdatitdte avad esscaidt he substrates
that are to he.split. apart may be honpgenous or otherw se. In particular,
the wafers y i'nclude el ectronic or electro-optical conponents, which 25

conponekt s may be ithe F¢gprhetbh sfurtdrer ningl ydrerangel wral statef
Ret urni ng t g ddi QU ST &5 eth BRP AS dd b I e+ VN Ip D8 EREHLOH ; The

substrates that is to be split apart (i.e. having two_wafers t at are to be
split apart) 30 vii 1109 \3RRAFIGIHALSDIIRIBFEE 2P S ePPri nci pal st eps
of the ShartgasitiRidOth ashelesatd hest @dome. adeltdtsd m@iesrt hus corresponds
to an SO wafer, ile the gther fer corre%gonds tg a renmai nder_of the

sem conduct or nmatet iRl SEHR ASRRMoCr VAT atFTFE 9T i 2070 BE°TheSFiPst wafer
may al sié comesdpmh b f cephi SChgwedmart viheswbst fatre omferisingi twveon has been

made in the §i{dgon,; eq by. tl I re 15
the cl eavi ngasdo:’péelr at |%;{piﬁsélﬁt s%%lrg{srgc}%%?%%r\%\d ?ﬁg@g%t%%ﬁ%?@gglﬁg' type
(quartz or dirernethed dging pharagteni grdiirpdhat t Heatoupbiseat bae

conpri sing tyweyafessssidiayeg,on either side of a 5 cleavage plane, so as

to split the two wafer arf fromeac t her .
- SP - manfbu at{ng a plura fky of substrates disposed in

20 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
25 direction.
Préferred but non-limiting aspects of the method of
the invention are as follows:
- the method further comprises handling the split-
apart wafers so as to constitute two batches, each batch
30 comprising a respective wafer from each substrate, and in
deposgiting each of the two batches in'a respective
location;
- the method comprises the steps consisting in:
» bringing each substrate into a substrate-
35 receiving space; and
» clamping the first and second jaw portions of
the first comb assembly onto each substrate in such a



Wth reference now to Figure 1, there can be seen a diagramof a machine 1
corresponding to a first nmain enbodi nent of the invention. 10 It should be
understood that in all the figures, where it is necessary to refer to the
vertical direction, it is represented by%he direction Z. The nachine 1
conprises a fixed 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
associ at ed warmeheesmchiield Brde sikatmie Sd 8re R STEharevdef i ned .

on the base ylie M tdF tE-HOM KL ASSe ) Yod o8kt SV BBl Eeh OFh&DVi Ng past
each of the three stations. 20 The station STl is for recejiving a quartz
boat N suit &813PFDrodMRiRHREREDI Hh% s BRET IR & W yhyRal

content for jdues hoat thas sdowmd Bomeored eXaihd ecwd) FAwyre 1, is 25
substratses (Figure 1 shows fewer, solely for reasons of clarity). 25 The
subst r at®es eﬁ%a &2 th‘ameter of 200 millimeters (nm). The substrates S
are in alignnent 4 muhiendosid rclanpibst r ate-cppearsgeowi betvéeon the Housi ngs
are regul arl (. Sstri { - Er i for this
purpose in the e;%t-(%é);%ﬁ%hﬁ@%égﬁ%éﬁé#g%%%epﬁéﬁ%tgg l‘r'e.lg%u acr)l y at a
gi ven ref er e prlisch. caurehonNMele b eo f Bt g deetyesn o E¥anber in

whi ch the substd.al &sr S48y GBS HB) SC1L UL Mefdn 39 +pERE IBRL a1 N QT der T o

cause each substrate to cleave into two wafers, or in order to prepare it
for cl ddageRaniFHEavage gt/ the wafers being an SO or an SOA wafer

whi | e the ot her waf&sl Gof e ponesrd ahdiend efdi di dshistdiTed) . As nentioned
above, the clgﬁ%i . Of such substrates into two wafers needs to be finished
off (in ot het" Words %t he two wafers now need to be split apart from each
other) . As expl ai neel baviovg $aied neldmpieng husherakesst tapdssebbrdt pagpl it a
plurality of,substrat rk. r rall bstrates may
all be 10 SFHI'[ aprgft&%i%up?tgln%%yusﬁ% o@éﬁné%iyn%&ygbgégé%%ﬁér%?lég ?%’me

i nt er vatS bet¥kerah kgl seramt eparatens i vnddize endws udEt Fagegecendany

event, this sd@hi{dsamily dPPrOVaRpddessdEnst ¥bi gh sybsteai 8Soary split
apart conpared with prior art nethods and apparatuses. 15 The stations ST2
and ST3 are FHHCF AV tHo FRR BTV 25settes K2 and K3. The cassettes

K2 and K3 are of 1 hsnd wef€Onabnéachis@ibdOrattoni ai hetigiasd, t wankpohéi ng
stlicon vafers; . These CaSSEld e Lo oM § % 0t B dUS  NgS b DAL 8T e
20 split substrate the first split-apart wafer is placed in
a first container and the second split-apart wafer is
placed in a second container;
- the method comprises the steps consisting in:
» bringing each substrate into a substrate-
25 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

30 substrate wafers so as to hold the wafers;
- prior to clamping the jaws, the split-apart wafers
are held in generally V-shaped housings of the pusher;
- prior to splitting the substrates apart, the
substrates are held by means of a guide;
35 - after said jaws have been clamped to hold the
wafers, other jaws are clamped onto the same wafers

enabling only certain wafers to be retained; and



20 regul arly spaced apart along their inside walls at the sane pitch as the
reference pitch for the housings in the boat, in order to receive the

waf ers obtained by splitting apart the substrates that used to be contained
in the boat N (the way the nethod of spliftting the 2.5 substrates apart
takes place is described in detail below). Each cassette thus contains the
sane nunber of housings as the boat (25 in this case), each housing in a

cassette serving t ®needEinr G afich miksidaks drs mRF i ndd dydHT t ting

a substrat e gt belhRy BealoWd @ By & MBS S i@ty g paserte on their
respective stations_ in such a manner that. the storage_ direction of the

substrates PR3 e PWREELAE G 1% (R G GRAFE WX i bh BT Wafers
in the 35 two fdassetdtaidershmd dHe sy eplimtagarer twfemssettes are
di spose oppcisicte% W%%Sa rour(n)d:d tct})en %1%%3; of cassette K2 17 faces towards
the fromt of tie hachi nese(cl ned AR ng the observer in the view of Figure
1), whereas the HrBARtfindheasmsyget thek3hapdsiarowalrds Rirvides tdiet he

mechi ne. Theidd BAR Dlhdihedoal danssdayanssd e ot afs dhesachi ne. By

convention, the H BAR nes the end of a container (e.g. a boat or a

cassette) tFabddEtaHaRiRined Ry & spantd® Bethed: sabsirgate¥adert he
wafers in the eom aiikitrakl Tiireddgbriticly & & oK Aderwapdd ofd e

substrates or _.all of_ the wafers e di scgosed in'rP rallel in a s ora(%ge
direct itdh, OfGTedriST EFELERIT thAtd HMR e T FRFHG P owar ds
the H BAR emtht@frildle cordhidemordergstadSloirecalliatbrihat the rear face of a

15 substrate is i face opposite framits active face. i-.e.. the face on
whi ch specific trc}eti{er?erﬁsspegcﬁ:ég 13 eecpﬁ’f oaf'rﬁgcﬁ Vnaarktiar%esel%fct?%%i c, optical,
st r uct urewentdousiappsar ogirtmy dud tdeding chedidlakdwinpaced apart in

the wafer- strags fAiGeid 00 idk £ach cassfiitertls 20 a i tolvddaiohs equal to
t he referenc%ggzt ch as defi'ned by the boat N for, receiving the, waf ers. Each
st at i ort35T1 e wiks Keferanis £t taF PTRARENI T EM B9 Fitftire 1 s

retracted iRfadthe base 11. The pusher of each station can be depl oyed
uprar s 25,10, en9ag8 L SPRNIgS, Leld By betpeen. b stpneyural el erent s
station STllermbliing hehebatrtwemipiosd iton ld egrlemsasssd tin (4 of itde pashers in
the boat or RS oM Wdtidehty B R PUReAIE O Dlher “can
thus "pPdss through"Fier®ohtisracdiseravnasiocpuesdlinérenct view af upward
direction i Ry der &t0 i dlp, te sl ril&s Orpaedses: 1hat q1s6dr on be
cont ai ned therein. ,
Pl is defined;
» Figure 2 is a more detailed view of a portion of
the first machine in perspective looking along P1l;
25 » Figure 3 is an even more detailed view of two
elements of the first machine as shown in Figure 2;
» Figure 4 is a detail view of another portion of
the first machine;
- Figures 5 to 8 are views of another machine
30 enabling the invention to be implemented'in a second main
embodiment of the invention. More precisely, in these
figures:
» Figure 5 is a diagrammatic overall view of the
second machine in elevation view from above;
35 » Figure 6 is a diagrammatic view of a substrate
positioned relative to certain essential elements of the

second machine; and



35 In this respect, the pushers are also provided with concave housi ngs
that extend in regularly spaced-apart manner in the storage direction of
the substrates or the 18 wafers, at the sane pitch as specified above for
the pushers associated with ST1 and ST31@pushers having 25 housings), and
at a pitch equal to half said reference pitch for the pusher associ ated
wth ST2 (this pusher has 5 50 housings). The bottom of each pusher housi ng
whi ch is associ atedFigeres he andit§ rSTvandiadgeamoatin Yhevades a

proj ecting eqag ciieh HARds tq'leo'i‘ﬂ)stir&%o@ﬁﬂr@i(@f (8 H B StGedde the middle
of the concave part thereof,” so as§ 10 to pick up the substrate in its

cl eavage zo&latdiie dx&ArFTe okd smsmtish @ farf e MAcaRE MAIRA TS t he

periphery of the mibHIIaAlRinY QeddirGbtie Ausheidedget sefwegese dhe
pushers can al s%sf[mve ack ldown W th flt h%t substrates or, the wafers and
deposi t Jai & FRHTHSSS BPLESAECH O Fhehd SRR i HThCHICTe et te, by

passi ng dowmpdrids: itrfeyy Gpgirtt keiepeEtegs thatt hevciudectaurclesetamentsanav t h t he

struct ural q_;ﬁ.{}si er ting e r at ! r ag#gI
collecting t Ter | trll'lgord“;eore‘{;‘ia n%[lnsrr}erotnl%n V%%%&ﬁosﬁegs O&%%egﬁcg %rtljs er
conti nues t orafmre 20 adoiPlamds amt iwhiilte ithe etthen etkfier tdrrpesreonds By way

of exanpl e, dNg WG @ssRMUM i*d S mounted on rails running parallel to
the direction X, with nmeans for controlling the displacenent of this

porti ortbei ng pr dAVEEEhedRsthi dthohA HERISEHISRCE Yrilds 4% nmain

portions 121 ranthtlizh WY Glorane nditeRD3ed & WppitiidLaldry: ath®pposdieish des of

a mdplane 120 qof the assenbl ]tfP On either side of the rgéane 120, each
s %2 W Vit

portion 121,°3FR4H,& 805H hak & TP A1 dng 30 a
circul ar aretrmuevwy icorgcal, praneE (Gore.tyysr,aldrel dlesd hef tZAbA et o, of t he

base 11) by NJ t venti.cal ar I ies 4 | aw. AT , the
first porti g{naqégg{j%ﬁgs%efr%syegff{thgasret véwgpjvgz}lvavs 1%%;3; alzﬁ]bé]af}vnﬁ%ve%l%gét urn in
t he horiZont@hegnearrd 357age vighte dise aitact igradsl vl xiep ey osueh sthapect i ve

jaw suppor t $H2 153 wedledl Wlnedt AR50 diri s ANAe S G H18h o @55QCHE) ed
] awns. 19 The two arns 1210a and 1Z10b are suitable for, turni ng%éhrough

part of a r&HaRE oPRIALS Kl FEPRAG B Hie L Te A Iy 528 £9 turn
t he support el Xliva sl XS idegeitrir Widdtddief ayshd@den ansnd2db

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 include
electronic or electro-optical components, which

25 components may be in a finished state or in an
intermediate state.

Returning to the preferred application of the
invention, each of the subsgstrates that is to be sgplit
apart (i.e. having two wafers that are to be gplit apart)

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

A first wafer thus corresponds to an SOI wafer,
while the other wafer corresponds to a remainder of the
gemiconductor material such as monocrystalline silicon.

35 ' The first wafer may also correspond to an SOA wafer,
where a fine wafer of gilicon has been made in the

gsilicon substrate by creating a cleavage plane, and where



5 which are rigidly secured to the respective supports. The turning of the
two arns 1210a and 1210b is synchroni zed so that the two jaws 121a and 121b
are always positioned symetrically about the m dplane 120, which remains
'stationary relative to the assenbly 12. 150 As can be seen bel ow i n 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 t he j awhel Zlseaarnichgl e raEta dm itshd teledsedgrusiitatmd asitghewn in Figure
1, which 15 i r . Sfrd e ference pitch as
ment i oned agg\%ﬁeg% éﬁl %r{é; dwééct,. Lﬂgrot%_?ﬁﬁsaq{%v\e/rsﬁ The housings in the jaws
121a and 121b ar dh@nysesient n ithd didafisatatic theat FFUlIStHate®a. Thus,
{nﬁre p[ eci ﬁ_@o\{npdrtﬂiﬁﬁ'% L% Mbitébfé&tﬁéﬂ'&i tpp e;ZiQHEmdgaeicaei ﬁyﬁtaﬁf atconF 121,
ese two hingéed jaws bei ng capabl e of nmoving towards_each other_to close
the cont® or C&\ﬁé\)’%ﬂ%rﬁ]@é@? FANES 1@ AR tt%q ttYQ Wi % i3 Pt hat T e | ong
di rection ofeaddiesateanws i s defined as the direction in the horizontal plane
25 which is paral]l.el, to the storage dirgection of the substrate d the
waf ers when the Bd&aha{rnecfteﬁeencceas%e &S G sl|dost_‘e1r1c1e a5 Cts? I%)V\kl%é iéne |gaure 1,
and when saidd gopeen i@ awctiliZzidh lareorrespwndngs dwb posiirstn nfakn shown in _
Figure 1). ?éan-gQﬁhn?esr&ergH ytlﬁjez it Suprises a first comb 121. In generally
the assenb 1

simlar manner, al'so conprises a second conb 122 situated

y . :
beneat H& he fi rstltcEiPWlA berhmndasessimpd dhintlZn sl kddw i figweedy j aws 122a

and 35 122b e iaf 6 dajtark 48, thl hd fib @ friHORtahe PP anegd bkec idre, | aws
121a and 121b. ., 20 The jaws, 122a and, 122b are thus secured on respective

arms 1220a arfd M2 3RPRASER RIS i e digiFsit®n95a and 1225b to which the
respective jaws Iza nuhikdhl ar@ngridel ya Sticted®base TIe dhowvarim di220a and

1220b extend verti galil [e-LC |l e t ' thro f
revol ution g:noéﬁ{oré ﬁ%}lrélrogf;gce}% ifvleﬁplg'gi tlﬁ{cﬁ n%%éga%%s.{% n |c§ﬂ£:%%ée) 5 so, the
turni ng-of téhe aeaerdrlr 13 Wyindhriohinethlsle tiata thieresol graws - 122a and 122b

are 10 al \Nak%s%siiatgéqpq,ggtqyrmﬁé & {ye about the mdplane 120. These two
jaws 122a and 122b al so have housi ngls eon their faces which can be brought

to face each ot hémhgferfiatel S A2 S Thd AP Bt fs 4kl Redsed PeRiti on
of Figure 1lpadd ch hQUsiHgshd v Sh9WMkddmd e 1t a9 BigTBia £t 451 & | 9% Of
Figure 1) are distributed at the samehref erence point as nentioned above

al ong the | SRy dIT RaForPH (He TRAEIIRR 1 HetFER: the shape of these
housi ng0 i s di f f effentstfation ErsSpeci fdr shapei wing e duoanst ngsoatn Whe 20 j aws
of the conmb 12 i pl.ained. i t ileb t cpnmbs 121
and 122 are sljlﬁl .eagglnédzfn?e}o C‘}Heéf}acdniol?‘:’hga{r ?E?la%daf]ﬁéfj %?Asg%}%\ée%% g%fg\?hege t wo
conbs can béyvugEd aantopen on e oatepaatgigwarky | wriepehderryley 25

dedi cat ed co rmigumans, W tis rolwseneesd o(FH HuFe 2. shds | f¥Ge221b and 122b
of respective cor%)s 121 and 122 are sh,oy}v;b In greater detail in a
g

di agr anmat | CPG PN EEIFRF RerFIoKi Ry al ong direction P1 as defined in
Figure 45 The substrates may have a diameter of

200 millimeters (mm).
The substrates S are in alignment in the boat in a
substrate-storage direction Y.
Housings are regularly distributed along the
30 gsubstrate-storage direction for this purpose in the boat,
go that the substrates are distributed regularly at a
given reference pitch.
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 cleave into

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



30 The assenbly 12 is symetrical about the m dplane 120 so that the
description bel ow of the jaws 121b and 122b applies in symretrical nmanner
to the jaws 121a and 122a. This figure al so shows the cassettes K2 and K3
35 together with the arns 1210b and 12286 on which the respective jaws 121b
and 122b are nounted. 21 The jaw 121b conprises two jaw portions 1211b
and 1212b whi ch have the special shapes that are descri bed bel ow. Mre
precisely, ohe bifr sheportiicos b2ty com@dses mnt WOArevafEmrs wiilel hhend
12112b whic r j i i of. jyon 1212b in the
vertical di Irzscg'c e‘:arog}.a%%%z%gggo%n otﬁlgﬁ it?nq%flfbeﬁég%%?g%&%{idd to nove in _
hori zontal transi& MeRtgangd abave .t kde sHgadiimsc forpusth Fyhsiegtess. '

relative 10ibfig jra MaHd nbekad v b MBged Yrf NP (kb Copira | ed

di spl acenent _in translation such as a screw_12120b whi ch connects the

second portit&§ ¥ Wefexf aapharaed hia PedshidymeRatth ¥t 97sthg
control | abl ethky)Each of the nenbers 12111b, 12112b and the second jaw

portion 1212b have a _plurali f _concave hqusin requl,arly. distributed at
t he above- ment i o;é‘eqd el’%léar’@?@?gﬁqto@h Q%’fcﬁ“aé:?mﬂ?e%}%o%%/eés Hdusi ngs of the
first and 2@oseddie jtawsapdritt enplhesld toertlr aulEtojadets repaattenent such as
an edge which ru tq.d j i f Qusi r}%;,f ryt

pur pose of en qg?ﬁﬁﬁ?ﬁﬂgkgﬁks3¥§$gﬂgkkﬁﬁgbgFggjgggﬁﬁﬁﬁne. U§QJ2 - each
housi ng0LI | PRt le@afmitr stimpdrssectmilylb aof thiers imest e pantionlsid t he

first conb 131eNasra-Rd9®Allddin tHRAEDIRAUSIHY ddd Adf iR fenber
12112b of the first jaw portion of the first conb 121 has an edge 30 Al 2b;

and - each FORSTHGHUERy ofl1 KEWYs SVEHY 1 s iFortiBh ffcatel ¥ i FRTVBD 121 has
an edge A2btheachtedge tWHitHlehimas at genafal sl ianeagdy Wi dlipdtedxt ends,

all of the eq_q: S hei %% ral lti"lf?éitso or&g anot h g 355. Said plane in which the
edges ext end it EVER "kﬂ , F?é} SR AT the surface of the ] aw
that i 450 cl anp Thet @etadtesuhSSTataesl I sy diver tteseicoingitkesl with the
respective cassettes K2 and K3.
The cassettes K2 and K3 are of the type commonly
used for containing and transporting silicon wafers.
These casgsettes likewige contain housings that are
20 regularly spaced apart along their inside walls at the
gsame pitch as the reference pitch for the housings in the
boat, in order to receive the wafers obtained by
splitting apart the substrateg 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
below) .
Each cassette thus contains the same number of
housings as the boat (25 in this case), each housing in a
cagsgette 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 the
storage direction of the substrates in the boat is
parallel to the storage direction of the wafers in the
35 two cassettes.
It should be observed that the two cassettes are
disposed opposite ways round: the H-BAR of cassette K2



22 cl eavage pl ane of the substrate when the jaw closes onto the substrate.
A detail ed description of these central edges and of their function is
given below with reference to Figure 3. 5 The nunber of housings in each
menber of the first jaw portion, and inldach second jaw portion, is
preferably equal to the nunmber of housings in the boat N and in the
cassettes K2 and K3 of Figure 1. These housings are distributed along the
| engt h of 16aceeshtowmayss &he dfragdclefsédendachinsortii.on. iFhasdngrenbers

12111b, 12112@ %%%e%%d eltEHe' VA P o%a%*lg%%efl anqHAld Whd Qr ik | aw
support 1215b, these t menber s bei ng %ﬂ )Lf%s_)ecured to _said support.

Each housin§ ofihtehéaﬁ@t%'étes K@fo‘ﬂ?saﬁ@wﬁ rsae it Yendiaghiig n the

vertical directi gmeVi-GARCHE @IROMIAL! Faldees |toRdid agid Cﬂtdﬁt td® the
substrates and_ the wafers that are going to be mani pul ated. The sane

appl i es % o MEMSGEsi ngs of the second portion 1212b of the jaw of the first
conb. 20 Each ho®yi rmmvferidie;rrrerﬂmr HE-ZRR] bleféitrmad s Hen dridieofivid h a
correspondin hou5|n of t he er 12112b t corresno

housi ngs bei ng il ﬁge(? ' & 658 orfto ﬁeagssaerre ?ubsl'f\/gr)catée)o"ru La|ppn<£g}gcllc§f]arrpl ng of
the jaws of t'rnehé'xfaaxrstfmﬂj pzfl tr@ﬁ auhse:rmtaﬂ sl {cheawfdrousimgehe | b, LI 2b
of the respegliue jognbers 12111b and 12112b constituting the first portion

of the jaw of the comb al so presents a profile that is asym‘retrlcal and
that coiforises oFtifvhd® Susd G AWE oraTes pddiafy TS RSN PD, Al 2b:

30 - a firsgivaldf exeerndifaMdde aifd o?ste@eiﬁﬁr;aalra@m@le ol 4 ned shesge
relative to thec%e,neral 1_quane of . sai 4 cti el ement so_as t.0

co- operat e W Qs tthg e fanse rahfe ol PR to
recei ve whewaflea jfawsirgd asevaariso une }mmmfend ofsatdonctovetd iext ending with

a second general ng_l e cif incid rt%attl ve troeat]p ancegdﬁggl pl ane of said

projecting el enen so &5 %% cocaoperate Wi tth a ‘secon 23 of the

subst r dtSe, ikt redeonics drig & aofe ionpadsitce fromyrids actinn Sadel first

general anglgdle i ARGl iibdd {8e ASNAIGe AN B OMed N5 dodiCeotfeqmal |
bei ng of the order of few degrees, such that the first wall 5 1is

practical ly (ﬁ&}%é'{%l%"iﬂ%rctr@qfh@%%e of - tHEURS®Skarrying it. The
second angl e of imgiddene di% Pidvi@Pathats uthe thajuldel pespadedal | defines

10 pr ogr css FRALF iarférﬁ?{ S ST RS G (DR Hen (R BT O Bt ng 11 m
of the 20 r sta waldcloftlidte iadjeapeit twudiangreffermentp it cledgesdéfibed Al 2b are
desi gned tokﬁnQ§g9boat N for receiving the wafers.
Each station ST1l, ST2, ST3 is associated with a
pusher, which in Figure 1 is retracted into the base 11.
The pusher of each station can be deployed upwards
25 to engadge in openings left empty between the structural
elements carrying the housings in the bottom portion of
the boat (for the pusher of station ST1l) or in the bottom
portion of each cassette (for the pushers in stations ST2
and ST3), so as to lift the substrates or the wafers from
30 the boat or the cagsette 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 substrates 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



in the substrate received by the housing in the cl eavage pl ane of the
substrate (it is explained bel ow how each 15 housing receives a substrate).
Thi.s engagenent takes place when the jaws of the first conb clanp onto the
substrates. The concave shape of the hod$ings and the presence of the
central edge thus enable the first portions of the jaws of the first conb
20 121 to engage each substrate between its two wafers. Because of the
asymret ri cawadests,| etoftheheamsugiitgd asigreaidiiet | ahgiandEe® th&i ng pl ace,

the wafer of, e @UlHdRIQQE Wi igEt e (hehstialasmdpass a degree
of freedomin nmovenent relative to the flrstérop%glchms 25 121a, 121b of the
FHEH &° e the

first comb &Y¥SiHI™He A&S & HidPe gredt e Pt of said
proj ecting eiemntfdrhathd HuIid elsddrntdie wiagr esTof (fieedoumsisanihabl e to
t he vvafssr of, t@le substr)ate which is on the second side of the substrate. 30
I n ot he worscq)s WTEFHi s cl anping is taking place and relative to the
first portions ofThehddttrat aforscH gusdewch nlssitmaatwhiaheisvaf er that is on
the first si ; rate disS edo b r ES@%‘O t he

- housi ng and ts‘?@fllaﬁ.:sr,ét%1 V\%ﬁ-} t?%e.étlsdtts vvaﬁjmt %ﬁé?ie}%éatﬁoa% sjfallécep S sopée

rel ative toRued asdrimemesige Mhidusinignd® alngsdine taxes ehetlg her wafer of

the substrat@ A i GHELMIMRAILS O Hd UMD JBMe didadore 49 4he 24

first portions of the first conb in the direction perpendicular to the
gener all%l ak® F KW 15 sasiFai%endhiity L edRIHEWT ectdv

per pendi cul &yl dawddee AIrane Afmie avfaamulmT husriwnei wfthdepawigiieryf the
substrate is ed relative tq the.. r . that, engages it, while.the other
waf er is potO t?—% Isg}lbc,sé-‘praabtlee l&%%@?%%? L}L}S&'}ﬁlf ﬂee T rst ‘\e/\r/é?aegr'?dlt is
specified that tlhevagdshersd dare addggesnave thecK Gldwusvitgs et he first and
second menb f até.jb% f i ' Lo I tigal

al i gnnment S?Lﬁ]scattr 0t dnrlreﬁr%hee?g;#a% ﬁﬂa& Eger%dge% ect on&élg%%flas%. és'tdr)gt e. In
si m | arlIman@fensd mdd mpsadinterd thrat o R RF for t(PHrPa2aTRa| i kew se
Cent ol e e e T n oHigoa. ot he. hausi ng
central edge .. I'n this case al so, e central edges o e housings are
desi gned to%ﬁ%@sﬂhé”%s‘ﬁ}eat%sr%t‘{% re%c?r%%ta%el FSheSPiY et Bfie second
j aw porti onsudstitdd ret tdoamiwae vy earcd ol g toiri tihemsidsérédeesd Wil e
this clanping is taki lLace (which in referre di t, of

i nvention o thlrr%ertsilrﬁjlr}%laegé%u% 1yn%ﬁt %%ee%crf%ﬁppf%%e%fgﬁgléﬁggtt(jga%(t)g%rti ons
of the A0 r stdwomardshaujtavls idf iherdirattadmn 2helbssaglbn a single
occasion), the eqges,df ditldrle Athe d AL PARLTPNE2 Of s thSuhLegt comb
are in vertical allignment. Tt q al so be seen that this alignnent occurs
only in a réfer@ide povitinsh Rroiadkelen tire The sdizgrlrs@eohd VW 30S@BEti ons
of the conb foMd ,coMi el Ig{erneaigsiddeanents édhechis portion being

provided.

25 This moving assembly 12 comprises two main portions
121 and 122 which are disposed symmetrically on opposite
Sides of a midplane 120 of the assembly 12.

On either side of the plane 120, each portion 121,
122 thus comprises a jaw which is suitable to move along

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 portion of the assembly 12 has two
jaws 12la, 121b mounted to turn in the horizontal plane

35 on two respective arms 1210a, 1210b via respective jaw
supports 1215a, 1215b which are at right angles to their

associated jaws.



position of the jaw portions while the jaws of the first conb are cl anping
together. As a result, while the first conb is clanping onto the
substrates, each substrate is engaged bﬁ t he edges of 35 the first and
second portions of the first conb in it$°leavage pl ane. 25 For each
housing of the second jaw portion of the first conb, there is to be found
in the sanme manner on one side of the ed%g10dé steep” wall which wedges one

waf er of the subskheattero aﬁrﬁnﬁ)rﬂ-%% Gkl e "BPRPE T whi ch gi ves

the other wahgmign Q‘IHrft! Pt of d nesfonidionerssowdashdiom the first
wafer which is we re at e to the second ortlon 212b. Ho ver, the
housi ngs of X% ‘fﬁj e i InSPMEHY 99 &° eagliﬁ%cflf % that is

reversed relitlise 4ol 12 131e, pqujeﬂkﬁemfwﬂﬂle t]’mllSjlanS Jm‘lat hend i YZIb porti ons
of the first .co Thus. th ste | f a housm ond jaw

portion gof t"ﬁél rﬁ)raﬁe corb- Q}’gﬁ#’\ﬁta tca}f i gner?é)rﬁc teh %Q%Q%%%n" wal | of

t he correspondi ngrhmwmglng cme:hlséB trventzemss of2 0w drid st23@w p»rtion of the

first conb. d Vso tg}&aat Red ht"y%é’lq‘“g la21'r'1qotégﬁ1gl fp thes second

portion is i vertl ca al 1 gnnen St ee t he correspondi ng

housi ng of talfﬂé”W%l‘blfort% Fymweg t pistali loh, abze)ltrrﬁlse nidplaneri®l: the
substrate Wiiden Seaib St otsd o hee bSid aled, tranch e @iy s vedged

relatlve to the fjrst porti 1211b bet ween the central. edge and the
St eep Ol 1 of hb T3 HHERT DO i (AR CRAEL A 51555 has. 4
degree of frsetamice rmyeFﬁgmyes?& farpdn 3 hecloedd riavo epges AZdvef t he
correspondi housi n f_the second fortio y om
sanme edge. 'rllﬁo HOU T g?/\fgfaer ofY tHe S Ab@ st |%IPV\%CFQ1;%I3 frg?é/% mf ?%
second j aw pog thooyghtutthaace dwleeaidien‘ réetiorihe jawe bbby amtﬂ;rrlzwé
central edg f O E([;resg%y ret ortion.
g i I"@m%ar acét.%&ﬁlss)c%éésﬁclfoa e nac%% ﬁmfé Bl JyeR

The nmain structural are described above,
cor r espendi MPYHLiRg fare tdhel pikiprAi e fihofoatr W?ﬁc%fp%%@‘l FFent i on.

The operati aflerod i dried W&é‘&ﬂ&l@@%ﬂ@&ﬂn@ét@i’bﬂ“éf‘ B rpdwgence still to
Figures 1 to 4. Sﬁart froma situation J the_ b
t

V\:h t N
contains 25 substTa e%o EH O Wi &P%s %ré%%b}%]ckfe%r?on%?eog?%ﬁ
(whi ch cl eavimgche gid agudmmenad ¢ yWwiwed f iFiglregl of f mechanically, in any

event, the two Wai' S, %of@%é&’f&ﬁ}?t 1 Se LPahE SHAL1 ARAL LR Puo

accor dance W th e ihven
20 hinged jaws of a comb 121, these two hinged jaws being

capable of moving towards each other to close the comb or
away from each other to open it.
It is specified that the long direction of these
jaws is defined as the direction in the horizontal plane
25 which is parallel to the storage direction of the
substrates and the wafers when the boat and the cassettes
are disposed as shown in Figure 1, and when said jaws
121a and 121b are in the closed position (as shown in
Figure 1).
30 The assembly 12 thus comprises a first comb 121.
In generally similar manner, the assembly 12 also
comprises a gsecond comb 122 situated beneath the first
comb 121.
The second comb 122 is constituted by jaws 122a and
35 122b which are mounted to turn in a horizontal plane like
the jaws 12la and 121b.



- the assenbly 12 is in register wth and over the station ST1 (foll ow ng
appropriate displacenent in the direction X of Figure 1); and - the jaws of
the conbs 121 and 122 are spaced apart 10 and open, the first operationis
to cause the pusher associated with the?Station ST1 to nove upwards. This
pusher picks up the substrates, with each substrate being received in a
housi ng of the pusher 15 (which is to be found under the substrate for this
pur pose, said hoJ¥iengaweur2Rer mice B @4s divde Bamtaed/SHaped sl opes so as

thO form af f H_'%@%Jecitﬁv‘@"ha@ﬂlsa 1&!2&)5420 ra%IaeljjﬁddkEGﬂiaVQ@sEe'Efﬁ@Fsl@‘pdﬁtéaph
ousi ng of t pushe a entral_edge (thereby. defi a housi ng
with a "V\Sh&ﬁéé’a 61‘“(?; i1|2§)55,b &8 ¢ %&%@%&W@siﬂw@ne@{% airﬁg annul ar
cavity of the2t exeagdqildne devudsel.substrate. It shoul d be understood that
the term "Wshaped" designate sh hch | ve and

5 5 T2 ST ot AP S AT Bt N e e A

that 25¥urther it ddes e projecting m-of its
concave shapee Tapakds tdforcwminiee Sulstgtatmantelcl iaveavwo tutel gusthaulti s t hus

aut omat i cal |y, aq] %Sgg&gvc‘eo-l%q%a&j& Detmean shapes (the annular cavity

{
of the cl eavage plane engagi ng on the ti'p of the "Wshape", and the
symetrical sl opds dthitsheaialasl a51, e Hougiimg iaf tHe fuskhea i iRy
suf fi ci ent | yysRald o e hQl drdte bt 143 waid icalb posd tion) . The
pusher of thé station ST1 thus raises, t 35 substrates, into a high
posi ti P i n AP tpf?egjr,te‘rﬂrﬁ"ﬁ BGF ¥ AR gy My a&%ﬁm{%{gm ght as
the vertically mhexentval]jaentiErzm aind ML Becdnub ponte dosusindgdeord i r st
conb 121. In,this high pgsition,  the t e b e j aws of
t he conb 12%,h%]:| cér:acj%a Wchalrceh scpaar%:ech ?S%{%faél{@ %ﬁd& %ﬁeusee%%%n&ﬁr%g Vf%év)\n/s 121a
and 121b of thee fawsstlXmnarnkd 1l 2dle arericdihedlaosed agsivyer ek in
synchr onous & t. 1y }_@%pj o] t t jda.y% i dirst
conb onto tr%rbglu%gm.tv&l@% eerfl%%sgr?ts %%&%rgzﬁ%ii{% co J"Q;artruiamczzl}lid:sposed in
such a Ynnétiahat dicvng Hheane éi:%ﬁ‘%ﬂ@g“ﬁ?%i Absthat LRI TR TPRSS ¢l osur e.

Still duringdihits £d4 GsdiiSiorkt WSS | Drbketveen dde shepesion éhechérst and
second jaw portions of the first 15 .conb causes each substrate to be split
apart into th' i sjoi nt wafers.

Neverthelegs, the shape of these housings is

different from the special shape of the housings in the

20 jaws of the comb 121 as is explained in greater detail
below.

The two combs 121 and 122 are independent of each
other, and the jaws of each of these two combs can be
caused to open and close separately and independently by

25 dedicated control means.

With reference to Figure 2, the jaws 121b and 122b
of respective combs 121 and 122 are shown in greater
detail in a diagrammatic perspective view seen looking
along direction Pl as defined in Figure 1.

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

This figure also shows the cassettes K2 and K3

35 together with the arms 1210b and 1220b on which the
respective jawg 121b and 122b are mounted.



As expl ai ned above, while the first and second jaw portions of the first
conb 121 are cl anping together, the central edges of the housings in the
various portions of 20 the first conb 121 keep the cl eavage pl ane of each
substrate in a position that is fixed bylbeconing engaged with the
substrate. For each substrate, the first wafer has a degree of freedomto
nove away fromthe other wafer, relative to 25 the first jaw portions of
the first comb, ViHiid ¢ avhe Bithegompifiegeshdyvan IAvwnnert duyg ek2 bl farddom
relative to1LReSeaoNG: IRWLAHd Wsefal hdddSleiimrd e s@Pinal edges in
t he housings of the first conb 12T thus act "as wedges engaged in the :
cl eavage pliﬁéFW§o 30 those degrees of freedom are used by the two wafers

of beach substlr)at EMchQe rﬁx\@:llaenﬂr;f furoam Siaedt hqichnﬁfioﬂ h%ezpﬁbf @@mpf T ged he]c )
substrate t e split ¢ et.e t...Thus, .one of .the functions of these
central 5ed92:§”q ik W%m o%lnqaﬁ?%]i%%tw G R CFJSSQ%S%‘Ef?rr\e a kind of
35 fixed powitthay fsirdd hef o hesavesegmorpd apex tofore alchl Zubist rigte verthealirst and
second porti#r}%cocf-&pe first conb 121, 28 while | eaving the wafers of
each substrate a dlegr'ee of freedomto nove apart from each other. Thus,
co-operation bet iden serorshapaet oin thal 3avss ofleshendyntsed cloprmedeisEs t he

two vafers o 8acthSHbSIFA£1 410 oh RREUE SPAS G RPA dng T Sebtii6hi op of the
central edges 1 n the housings of the first conb 121 1%qgeatly facilitates

movi ng kthe 8RS WA Fofatafe NS ata SHRROT nkhl P sBtvage BRTRREN t he
two waf ers ifpralimgaiht {'reprabeie] (éd edispeicdmentairSrais 1 ibe substrate
remai n adj oi_ni ng each ot her..sol.ely under the effect of . "suction-cup" type
or Van der \Rfal sfciﬁec‘%s])%]l%%nw}?ltg}ée‘f‘%ecf%s ctglﬁ%es?%%n%va?%F%l?% ve apart
conpl et el y, ttHee jwed engopmnti Nngvianiayddpooyreacth ohdmezobhdoaime of their
relative er%q}?g 1 contrast, when cl eavage between the wafers as
presented to t eonlala]%lnrbe' has not al ready been "conpleted", it is possible

to make Srovi si oEd@t ahethe cremprrgy Tdkktinerl dtliheandgeliet 8eg@rde only to
put the subsidatRst P 12K KIRE, 14 Pk y 20 WsieEas&iChoGh{ f4BBt ances,
t he above-nenti gned urging apart of the fers is npt syfficient actually
to split th&SBEASIAFAIETREEd Mt PR MPARTBSRIL 97y TRERTERESsecond
jaw portiongpifcHihe first conb are noved in translation through one-half of
the reference pitgh,, as described i reater detail below _lL is also
possible to adaptﬁatcﬂé %%é?ﬁé%?%r?%??%%e g&f&t‘%]en%%c%fngh? sﬁ%ﬁgt o?néhe edges,

cl anpi & f orsmsond Jaw ottatonsrhay | ceping] phejeeténg alemspti such
conpletel y apart, &YQ0 fiofcR SUbStEae 18 W cbn&! §8¥age: BASoROER30 been

conpl et ed. ' .
housing, for the purpose of engaging in a substrate at

its cleavage plane.

Thus:
25 - each housing Lllb of the first member 12111b of
the first jaw portion of the first comb 121 has an edge

Allb;
- each housing L12b of the second mémber 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 edge A2b.
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,
perpendicular to the surface of the jaw that is to clamp

onto the substrates: this plane thus coincided with the



In any event, the shape of the profile of said central edges and the

cl anpi ng novenents of the jaws can be adapted so as to act on both of the
functions of the edges (positioning onlé and positioning associated with 35
splitting apart by a wedging effect). I£2is also possible to adapt the

cl anmpi ng novenents of the jaws of the first conb in desired manner so as to
29 split the wafers apart under good control in order to avoid damagi ng the
waf ers. | n gaegvedeablapeo@isithe cabpeargdahed Fodiagt €1AReg SEDF t he
first comb whch @8 3@nsors for 5 stopping clanping of the jaws in the
event of the substrates resisting too strongly. Under such, circunstances,
one or nore substr &8¢ idieshdesedintiduiat ttg‘esﬁﬁ ﬂer&;s%s% edgrs tarﬁfafge

pr gf erred ttt_hieri_trerfrxﬁmti@@ﬁri;a iR&er _fbdélrdi?][wittm a&\sﬁeiedwmgjm@igxerelm.
substrates: it 1s,then possi to . dentify a repove t "uncooperative”
substrates and cgrrlu’tel r%’ér%% i% ﬁ"r?dlstlﬁgsotlﬁ’ereas ﬂ%ﬁﬁeerso ?ﬁ)}e. rhcltr%s al so
possi bl e t 0 jassporatiersuand liam@auh wddorsensor paftimi fifserent type, for
exanpl e optical i f t SJils! t. i split
apart prope %%faen%%;lg{);eql%g trir:g)c\r?ﬁlée %"Et{%tatoéqgl not %ﬁi lg’gs%{ee%%%her of
ST1 i s thenanshwdredheemaasetdas K raawd & gt Fidwrepdse 11 so that the

substrates are hehflohRlyeigd NEd st ABMMNen dithe Uhsd radlsc st

splitting apart include a Jayer of material, such as silicon bonded to a
stiffeddt (WG MeEReeaRsyepieard teqned Ayt Bei ng defined in the
silicon and the suRstwl enctestd taging t i Medfterro e ietdd ere Batteveoftd he

cl eavage pl ane), the bondjng 25 .interface between the | a t he
stiffener ce?r?%%ﬁt?}eﬁ r‘?rﬁfﬁé@\ﬁ Veggtoc’d q—hef 4 sp?sﬁ?]fgconﬁlgg%‘f e central
edges of thewmousmgsy ofbdimgy fiisstdlgonedPediizn ddiad jsavspaft t he conb begi n
- to clanp together j ' fd r chanfer 30
Tacth Ho A e MEIRARE st PINE

which is the resu | ""amount of " roundi . .xs of the layer
of silildon (eorteswsire gnrieralint eint die arrrtofcahedBieatirerwiik@undi ng which
can be Obserdb%%srbo%d@%@ltﬁeecltdrﬁ: AV QUL er dirsdk - Shspesh sedsinat e) . The

two rounded edges face qther and us define an 35 annéjl ar_chanfer. 30
the wafers that are going to be manipulated. The same

applies to the housings of the second portion 1212b of
the jaw of the first comb. _

20 Each housing of the member 12111b extends in line
with a corresponding housing of the member 12112b, these
two corresponding housings being intended to close onto
the same substrate during clamping of the jaws of the
first comb 121.

25 More precisely, each housing Lllb, L12b of the
respective members 12111b and 12112b constituting the
first portion of the jaw of the comb also presents a
profile that is asymmetrical and that comprises on either
gide 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 incidence relative to the general plane of said

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



The Applicant has observed that the central edges of the housings in the
first conb 121 then becone engaged in the annular chanfer. This engagenent
is made easier by the fact that at 5 the_begi nning of jaw clanping, the
substrate has a certain ampunt of freedémhto move in the storage direction
of the substrate. Wien the edges of the first conb conme into contact with
t he substrates, the substrates automatically adjust 10 their positions in

t he storageodi thet isovséiratife shEshy seeosd gaale rfciinaigiencaidt® engagenent

at the bondigrgarRiertage salle FARRI crMerRas adlii@ Fsameadidat, when the
jaws of the first conh continue to be _clanped aonto the 15 bstrates, the

waf ers are i ndeedP$piiitSipSenedilt REICe AFadd e P W ier PYIE second
j aw porti ongfoft Heheridersiofc @nifear dlecawsed tsmdD\Ehatn tihearsiladt ovedlhr ough

hal f a refer.ence pit.ch.:20 This nt 1ql | ve int t] '
perfor rré:_’d i ot gra |trlé:€tl|l(¥n pc?frpaern%%v(\:/h}%rn%% g:glreerggﬁl(%é% c{ﬁ@e{?ﬁe&%é%n
subst anti al lopyarisd €lt .t o the storage direction of the substrates), such

that during this v ' LiQ.adRe St %ER:"h walf s 0f diha, first
and second 25 po%o%%?go%ng%g%ﬁtlﬁt e samsl su strateg;end' a%ready

di sposed on t&ggodihee ssicgas] gfalilhdefiipss & aonsy ananthdrrldp@rctine a
result, the sentil 1RAZESH,N 418 hUSOwAN e sieeprERAprtions nove the

waf er of each substrate that 30 was wedged Jn _sai d housings so.as .to nove
it furtifer RRAPUSSSHVIEHY dest ther &otoom RE Shiss T NALHARI DN above,
thi s novenepirdjakesnd aden @ferthz distsancealilhaif adie espjatknt hdwding he
reference pitch; .at this stage, th fer re th e r apart
at 35 half the réﬁleer énce rpai],[ %nd;gevﬁ f I%e ptslm% vii}aee}gizes‘(r)_ cg tj’s%n%?%ﬁ%t rate

f aci ng each iat Hére \dubatheite fregrived vt ithe fapssing o e scleritadive been

¢l eaved apatine JH dHURNRISEIALE (e d SpICOITRd Heldp atprdgeh he waf ers

(and has in caused every ot wafer to nove through half a reference
pi t ch) 1% he oussing gigs iR shd ddsteateflers with this offset. 5 As

descri bed bel ow, 1ifiiss dridfefdntihtoft LY malded WHdisaid Nphwd &Wetlye ot her

waf er makes it possible to continu m%mul arly sinple andb:g%.sg manner
with steps df Ay SR I0EA i'ﬁ'&ﬁ i @tf%-nce'ﬂ%%én%fh%‘ée Split
apart. 10 Natfurald houdirds passidiee dresamanges fidie tdenteal édge tlsusrovabl e
in the directi of_,arrow T not .t.o _be t ecand | tio o) e first
conmb, but tc?trﬁ%ql é:l'% rsrsﬁ_’o o|rotnlsono§ Osfgﬁ:ﬁa];é'?st e tﬁ?rr%)ofrjf%%% %%Ilwnt bei ng
to obt&@h cdl ¢id ehgaseemanh Fatheadarnttehdriwean pdrs | ors . wakemHer eaf t er,

the assenbly 12 igedmidl din drhe i okt Ard?.at o Dite | housoRYe O

means until it comes over the station ST2. The first copb 121 has aken
with it the"S9MaftdHs ( HATRI ey iaring AR S8 (WatehaPf tRe reference
pitch. 20 Thengaitsie drhehuistierstassiotd aifd e tdubaerstathas Sldegses ai sed

20,2510 SO LS AOALL L ANS Lol o adges. o1 g vRLe(upiie 80
recei viaig onewgf ér2lb of the first comb and in the direction
perpendicular to the general plane of said projecting
element that is smaller than the degree.of freedom-
available to the wafer of the substrate which is on the
gsecond gide of the substrate.

30 In other words, while this clamping is taking place
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 steep 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



25 In this position, the pusher associated with ST2 supports all 50 wafers.
The jaws of the first conb 121 are then caused to open while the jaws of

t he second conb 122 are caused to close onto the wafers (during these
operations all 50 30 wafers continue to2Be supported by the pusher ST2).
Each of the jaws 122a, 122b of the second conb 122 has 25 teeth D (see
Figure 2) that are regularly spaced apart along the long direction of the
jaw, w th eddhrstoportising ofepdeatidd sfr amthd if ¢lleoWimgatdsth by a 35

di stance copesRORIiag 40 LN HPLRiRNGE PiLh dadh i fatmd | ared sl of

formng a h or receiving one wafer. | be Seen (in particular
in 32 Fi g@lement t Hate silfc & hendigsas iprp gy isaEatid athE ¢ &he B2ENG& i ch
itself is ipfedesSteiram th the mddle regions of the substrates and the

waf ers when they are in the high position he slots of said teeth receive
the 5 bottom por th & Wgﬁ%r@é%%ﬁ§&tenegruﬁs§rr@%€ad§olwee%eé}
supporting tdedmatiSa dcsltdtes e dam tlegl streyagest hitwafwdrisl & Hdte anteharel d by

t he pusher e WL r I fer i [ ahd dina slot
of the seco(r??;&f%yrrblso core{e?}\éeiféwag% a\(@eed.oﬁﬁﬂﬁer{eg[e%%\ﬂg%e sepé;féat ed by gaps
E (see Figufar®t maediesal ves regul arly spaced apart at the reference pitch.

The di mensi ons ofy i RES&ANENTF QAP e (HICRAS d QRNSHE é&bbaés tiievento not

forman obstacle to lowering the 15 wafers that have not been received in

the sl dtls omausd ngsnipfl the THafuamd sscosyd neylieieh ebovidte 1 %Hd 25 of the

\évgf erfs r errailja,rl‘tégld;l IJE ttEfé hmjg;gtpﬁﬁjrﬁb %}:él)%lr{ h;%lqpilrﬁ%zllah,igm@rﬁassd he ot her
waf ers noye down with the pusher. e C t hus act,s .as .a

"filter" int 95Ty MRIRSF SHtRere vaeersfa%lefo%bﬁﬁé’r}/vaef THREH e not

been of fset by novi regintiHenrseconctky avlporidwningd Iidke df rtdie coadond

transl ati on .ar. i ved 4 | of t C;g@l . preci sely,

this conb alj\?\a/a“;;éo?g:te%f:ﬁngljalrb\/\h/gf%zlr]géo“fl%%e&_geas}%ﬁlgir%cp' ron%ezegccljgg‘{sﬁjbﬁt rate (e.

g. the Maf eraspwimst wistale sppofdsi e the SO T iegare Bl vhecgtxrataredges and t he

same appliegdp the pusher of ST2 (which in this case retains the wafer of

each substrate that corresponds to 3Q the remai nder of the silicon). The
pusher of ST2 contl MiEsS (F Ve owiis Feriad efcig%soéﬂ%c}‘%?l waf er s

of the remaigden@ed idr dd érgghgea&smé teudCh radek has fiesised-1duwagh t he
cassette so as to b .retrafﬁetee ntqn; f he base, 11. %ﬁ he issenbl% 12 is then
nmoved into PG Eter i WD B POTHLE S ROt 492 THIR t akes

wth it2a he 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 of the first and
second jaw portions of the first comb are in vertical
alignment.

It will also be seen that this alignment occurs only
in a reference pogition between the first and second jaw

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

As a result, while the 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.



33 25 wafers that it is carrying so as to bring theminto register with
this station. The pusher associated with ST3 is deployed upwards so as to
~occupy a high position in which each of _the 25 5 wafers held by the conb
122 is received in a housing of this pu%ﬁer. The second conb 122 is then
opened so as to release the 25 wafers (SO or SOA wafers in this exanple),
whi ch wafers are then held by the pusher of ST3. 10 This puser is then

| onered so as t oFp&s§achr bayRinAeoashet FECRBI RYr BOY Ed&Ho 8L iYHE t he 25

SA or SOA watkgEscbhibt heneassekt e Hae rpusdennoth8T3ane nagihgretoracted into.
it 15 possible to

the base 11. It can thus be seen that the inventiaon, nmak

split substPHfe§?t SaPE itﬁ‘eaﬁglgﬁt &geb ?eﬁanwg\r{i ?ﬁ’l)r?&cil'hw ?gteiscﬁnaer with the
foll owi ng adwu@Brag€sthe kabesratepr anes sinnghiehoabhghp st der erc dragiader abl y

i ncreased co red.with.prior,art t ~.The | i%@;ﬁg{v to split a
plurality of"gggbg’ rl\gkleglglsgrtthfoos??lﬁl tg%%éagu% fe(@é%qé. . s&b?tsfr at es,

al t hough t hifsekkigar €oi sovet akiayi tfireg) theen fiikiss medigacthiiqh sifoul d be
specified thakgel | $RARIVR €l @rRdBRlIe pRhARR0N Jibey J s OF Lhe [irst

conb and/or t rel"ative positions, an r the dynam cs with 25 which
they are cl anpedHowgaerer the tioasinge tbhiheasesoace D3t ihs i’

E i mul t aneOU_%lil)elsea%_lm@f alriae o%u%syx@tquegQ!h@g il@il itevapadd &'Eeltah?_\ﬁéirﬁb ti Ee) :
ut sequenti y (i_..e. the substrates bei spli.t apart ane after_.another,
with ti(ir% oit?’?ep§otfl’r§te 5’&e ti'k?n?‘rob’isllé’@sbé’tﬁj\%@r‘? tdﬂﬁs@ PR St Oslﬁbtgfer at es

bei ng split fdpart combar thi s purpose, provision can be nmade, for exanple,
for the opposite jaws, of the firs t 1 I g@fg}n t‘h%warein
t he cl osed posi tiﬂgrlil,s tt):g’[e t%% orm éﬂaﬁg‘:%(?\)y%\/- sqgla%glganq{% égﬁal angl e C}at t he apex
sel ect ed 35peattimat ofhdheafd nsit dembe dieb iehgage itded Adbignegns wiidtessi vel y
one af ter angiher,as d hejiaws ik RejMe ety RAaiNe of e This option

can be inplenented 1 n particular when splitting apart, substrates which are
difficdi® t&espens gfarthe Gigat davh Rqrrtdl%t%ﬁé&% §ir9% O possible to
associ ate the cl aRpina tie@ahiRer e tipdrans0fl e & iHaisingand tind 0 t he
substrates with sensar (opti.cal or .o%e%ﬁl hat q_gse.r\ﬁﬁéhe S bestr,ate t hat
i's currentlfeﬁéﬁr‘%g%tiltonadfrtm( et PN Hhe-MUbsT F2TR st or age
directi on swads tof thd caragisgicerdivid thaussivlss tofattthagnarnbess bef nighapl it

apart under g.he cl i.ng effect of the 10 jaws), thus making it possible
"with a suitaff)rée’tfé)é%dq{)y&c%'l oop to interrupt clanping in the event of a
pr obl e@bei ng obByused Wre aRfsulsnd rdie Fukatrare Wrieh pkoce’s=did bei ng

split apart gigesWIStird esus el | tardPafhi M ts ardigey degr gei vé 45
accuracy, and with a high degree of safety for the wafers..In artlgul ar,
the inventi diselde=st 1 PO AT 1 01%9\/]3?33 % s %fc%%?’é?]ch?@uget% faces
of the waf erthd hajtdwpre vegen obltile apds thousings of the members
12111b and 12112b has a degree of freedom to move away
25 from the central edge A2b of the corresponding housing of
the second jaw portion 1212b, moving away from same edge.

The other wafer of the substrate is wedged relative
to the second jaw portion, but has a degree of freedom to
move away from 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, corresponding to a first main
embodiment of the machine of the invention.

The operation of the machine is described below with

35 reference still to Figures 1 to 4.

Starting from a situation in which:



- the invention also nakes it possible to handle the 20 wafers that have
been split apart automatically, with the respective wafers of each
substrate being stored in cassettes provided for this purpose; and -

i npl enentation of the invention can be &8apted as a function of the
substrates that are to be split apart. 25 In particular, when the
substrates are not conpletely cleaved so that it is necessary to deliver

addi ti onal energy &beabvoes 3l lcomtefas RS waketsateshd sadh afpafhiicht is

possi bl e topdaChdent @ubdRleERNt: ot 8 chamy NYHalcH Ra davisly GeEhd n such a
manner as to position the substrates 30 - thereby facilitating subsequent
splitting apREECNBL YwReRSut iadeddingy obfl imasheg iGfdmYapdm dEhh&sHe force
novi ng the twe wabeksfapar bft kalclr esWdty-afeomrel arpivey dgleiy awmdogai her is
not sufficient tq nove t.hﬁle\/\%;efer.s apart - with the substrates subsequently
bei ng spl i t 255488 hY e o dBVSHASTIH hal f a reference pitch between
the two portions -othehesfsiemdtl ycdrzb is virt lradietstr esidgds antluwesk ithe he

substrat es i t ff ; '];ﬁ;y ta. rebseglgé}pg t,0.d he
addi ti onal g‘%glrtgg?nleée eg ffoggtor‘?’ol\?ﬁﬁ a‘ﬂ ep\?\‘gTeareEfég daﬁc;sgj;lta. tur 215%L y, the
i nventi on dddeechdonafornd Fagure ilgpl @fghted in various different ways. 5

In particular, it it%eog%%ﬁsblo% @ Qldny 1A $Rld tid NAr@Padta QRErAdd on
performed in station ST1l, and the degrouping of the wafers that foll ows
sai d mienedaPRER by unl oading hal f of the wafers (one wafer from each

substrate) mole ifirdte opedldtannSia daltcdukd e iskstaidaniadsd |n which
case, the second gta%fer a%f' ea% s%gitrate wi |1 be unl oaded by the noving
assenbly 12YHrIs{EhE §Fasien wfils Hhad's v $le to terninate the

oper a_ti ng 15 cy_clThiG:f mmlerraqiuoies Wit ktltehesuh)aﬁr_rag:%,semﬁly each egi ster with
e M dal e, $BHIncThe il SASL ARG d hRRSDIS: Lehe Pshonn oh vaf er
of a substrate I's to be osited I n each station. for_eXanple, when
splittilfy agatticduist ta &e theand nndate e 20U rakd &or i #hkay be desired
to place the3dodeaf S d mqﬁﬁir@{}d 16 Hearmd e gk Sid | 90l dle B Twi 1S Wce the
second conb 122 al ways retains the sanme wafers, t_heﬁég)_eratl on of the

machi ne need$aEHEEPER &P AT HAITRIY 2 byt et if vl b FEPFRERES 1 st
station for i2b dédedadid)g. It should al so be specified that it is possible

to i mpl enent such,a i ne ing.only two stati,ons, t.hree not

bei ng~essenti al . hrllj‘r‘?d<r,$’ctsr}d’dprh O%'Srecaﬂ?%ﬁ'%“bsejsrfg tc?fc?a-:‘1 QSRS 48 sT3 30

" coi ncizde" wierft el yedgee Gtletiay bis fighjprova deehid ong unl tladd nhit he waf ers
after they %%\ﬁae@egaz@geﬂ:;eﬁpagéic%% SHUGD 16 £ EYINBE SNCESneAf 1 T Lhbe

machi ne has unl-oade ] rst warers, an operator needs to take away the
cassette whiddMHEE 9t Beaf fihe cil s ag St BaRe ahiy the substrate.

It should be understood that the term "W-shaped"
designates any shape which is generally concave and that
25 further includes a profile projecting 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 engaging
30 on the tip of the "W-shape", and the symmetrical slopes
of the sides of the housing in the pusher being
sufficiently shallow to hold the substrate in the
vertical position).
The pusher of the station ST1 thus raises the
35 substrates into a high position in which the centers of

the substrates lie at the same height as the vertically-



35 replace it with another cassette, an enpty cassette, that is to receive
the other wafers fromthe nachine. 36 Wth reference below to Figures 5
to 8, there follows a description of a fﬁ;ond machi ne enabling the
invention to be inplenented in a second in enbodinent. Figure 5is a

di agrammatic overall view of such a 5 machine 2, as seen from above. In

this case, the machine 2 |ikew se conprises a fixed bagg referenced 21
toget her wi FRDETABYFARBLEESeRBI FIrePEFERECROS510RReOfi kB8 FALEF 5P™as three
main statiopg1ST' 1, 10 ST' 2, and ST' 3. The station ST'1 is a station for

splitting substrates, apart; it is suitable for receivi a,boat which may
be sim.lar to théanQnggFﬁthaﬁFElT?fagbetﬁPéséfﬁ Peaggpggg e
situation i phehteb 35wsubst ehkesoabel2’,sphithapaws @siemsipeaeeously or

othermjﬁe), whi ch suﬁsg%ates are stored in alignnent at a reference pitch

The sto ageaBFF &t Po YthePstivstrates is represented by arrow Y in Figure:

5. The machi ne 2The Lakewlgédaadagt d@8lboodpichet fagsgleond thgdef st substrate

apart (SO, tﬁ% E&a%ea;ﬂaat E2hES, tegétatea%oiau@%ea&%o@fs @y ot her type; and
substrates o agééslze . For exanple, such a machi.ne coul d_be used for

splitting af¥PmeRaficpd BRNOEK §P 8GAtPh&LORSvEDS de¥seCdr e

(al t hough t hbspewvarpl €hes siBkthkafeki.ng). 25 The station ST'2 is a wafer

unl oading station; it is.suitahle for..receivinhg a cassette i.ch Ry be
simlar%o the cé@?e}‘f’é@lﬁgﬁt P%ngaeagé\;& FP"%&)‘?%I ?(S}slpévcse%%na Cassette
which is fisedaanérwhheh eaahl e waker seieilvest ioneedubetbueare thecing i zont al

and the ver%k&glg&30 Tge station ST'3 is a station for |oading wafers which
oad

have been u PhifStation ST'2. This station ST 3 has two | oadi ng

stations, each siSatiildndsmingbicdiforclosing osouspesarian hafineaspdiihg

uni fied podhEQUR) ¥ Al FAMTORSR BA HNPRIRY JoE idrSDE e HiaR

containers act '1ike cassettes to store a plurality of wafers that are

spaced l@par CORL £3§iSEEn SFiCc FUOSh rafies tRa e iR 14 @RATEnc 1R 1Py, 37

One of the pardtjicawtafvaffeaisures of such containers is that they store wafers

hori zontal ly and _not vertically. It is.alsq.to he understoo fers

are stored theref¥ i aﬁﬁ’tﬁ%r aé&vie\/e g‘ees aecifﬁgrE"uq:p\/\a’gflr%ss.'oe(gorftcPaqtas‘k/va

t her ef ore necessamngs tof adeodiatse tdoend@l rere? alianp imstsoPSHer, tthei ng a

plurality of fens 4. Sho [ IV it Stadhon ST 2
R R R

t hrough onefourth urn so tha wa orizontally while
conti ndithg tdebd iinstaldoghméRl dseredhgpalieagtaghglane of each

substrate in a position that is fixed by becoming engaged
with the substrate.
| For each substrate, the first wafer has a degree of
freedom to move away from the other wafer, relative to
25 the first jaw portions 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, sgo
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 position for the cleavage plane of each substrate
in the first and second portions of the first comb 121,



10 reference pitch between any two adjacent wafers in the alignnment. The
assenbly 22 is adapted to be noved between two positions respectively in
register with each of the stations ST'1 and ST' 2, under the control of

appropriate 15 control neans. The assenBPy 22 is thus noved al ong the

direction X shown in Figure 5. The nmachine 2 further conprises a handling
robot 24 for transferring the split-apart wafers that have been deposited
by the assendliyledqayimge theamadiersTef S7¢h MPrata & daESRfuedt |y been

put into a Fdam o RRSid IaPardty MRIMeddl rRethenr ough one fourth of a turn
on leaving the station ST'2, ongoing fromsaid s ationr?iT'zté_‘to.the st ation

ST' 3. The robot Z244% (i€ @ Beests TS fhaRes I iYn Y. It
is al so novaMee fiirgtotainorcalymsg ties town weefidrnscalf adch Bbsoratse tto al | ow
wafers to be unloaded into_the containers of the station ST'3, and it is

al so novabl E§FthEPGT & a}rg:n'. The novi ng assenbly 22 conprises a first
conb whose 30 twdliswst et isymmoeft rilealdentopposidgesedch Wiehdrowbings t he

m dpl ane 220,01 A Aanenblnh A AL AP0 Gaae R thd engadgs s of a

plurality of substrates. wever, I's case, the first co I's designed

to inpart toafrravtferendin vildsfatats Fnrant a wheePRavaae Betweeer Hehe

housi ngs WhitGhy aF£r ¥ PVi et ddhdye I il De tspaced-apafie i e rwfe £ACHE ] aw of
the conb for .recei.ving respectjve fers are thus offset halé%ﬁ
d 221b of

referende pittheh SUPsiFafife XN ABqigHng 3 Ay § By
the first caie 2Xlfds sddOweutiaigiraramd daldey om dre déreWadldi gure 6, which
is a diagra tic fa el evation vi of_.the i h enbl y
22, with a g%glﬁcbesst)r’aft gqeél plotsi efro\fleesldeﬁ:%n cgaalll% agsl;{siéeﬁ%afeéy&?[g %a‘ﬁé%ée S %?ﬁt hat

in this secormnpietieite, the yaiwsrfmahiond iaway cordm dagltoethese t oget her by

turning aboyf, &, &L ti£qlpaxi Spe Ut -RY Midd Mg, Of each jaw tilting about a
respective horizontal axis 2210a, 2210b. 10 The jaws 22l1a and 221b can thus

pi vot about thei rit uefaste Haan peksE@ara RRISIIIDCLS WRfehSt#® wafers of
the substr atse adier £l SEENJAPE dna@ithad OSiddOR1 Feady Ghedhie j aws hol d the
waf ers (each waf beinhg received on either ski:de of jts mgddle_ vertical
axis in a 15 YR es'ﬁfa‘ud'i it TR AF 0118 FAIERT PTLV 1 RR hoPHi higCposi ti on
that is showlampinguwegdchdn dhitshe asdyds ks serve hentwot apst atketi |t ed
synchr onousl t ' [ rqu&gri cal on 20 either side of
the m dpl aneglﬁ%égﬁéesfﬁ%%%éhb%g{?tgo%% es hold of the wafers after
they had@ been spVidempsueh Threupstances, ridiarakeve oneetsenedherassenbl y
22 al so has jMo-separatd op, £l ANy sndo 4228 Aeh@ 228 uhi of ebegpikew se

nounted to turn about respective horizontal axes 2220 anfl 2220 og ei t her
side of the %H%kw%§@;§2@9art, w1th this being achieved only when the

second jaw portions of the first comb are moved in
translation through one-half of the reference pitch, as
25 described in greater detail below.

It is also possible to adapt the characteristics of
the machine (shape of the edges, clamping force, ...) so
that during clamping, the wafers are split completely
apart, even for a substrate 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 so as to act on both of the functions of the
edges (positioning only and positioning associated with

35 gplitting apart by a wedging effect).

It is also possible to adapt the clamping movements

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



Each of these two separation elenents has 25 bl ade el enents di sposed in the
direction Y at the reference 30 pitch so that each of them cones into
register with the cl eavage pl ane of a su?strate when a plurality of
substrates are put into position (see détail ed description below). Each of
the 25 bl ades of the elenent 222a is in 35 register with a blade of the

el ement 222b so that the blades of the two respective elenents face each

other in 8Plpai EBesWaiereoapaghgdndRE SRSy 5§8tEPAnd ToPTAeLulSt rate on

two opposi tgvgllaeaamggegg sepakaifieed el enents are nounted to tilt (likew se

n symmetrical manner bet en a position in he subst.r tes are
Idlse%gagedI and éané%FFSH @§hoﬁﬁgvﬁgﬁ:§uFén6% |H@%ﬁ|%ﬁ 3§%ﬁmbla§b engages

the cl eavagehpl gaesobfather fdspandiomy sttt rf@treeSseEnsgmse f®ral so shows a
gui de 223 whi.ch i.s_arran in .t t or:ti of |y 222 above
t he sub tratsegppjf@gTﬁELa“mg(ig1 o Q 9%“’% e VteE’e § e

e “Can founted 1o Sl vertically over means
2230 such asubstiratgist riesisttdwmy mQQMﬂﬁn¢nBHYS specification that such neans

2230 are not esseplyeal )sucﬁhel%ﬁﬂret%e%e% Plofealdrt Ynfe @%et&escefsor
receiving the top_ portions he substrates. The .gui de hgﬁ %{]as 25

housi ngs thﬁ*tlgﬁltteb§p§é&§1§|b‘&rtt tlon sprd by agarc 3neh tch.

The detail shapateirrifpe Gpedethens ne 23S t@mudﬁ dén@;gﬁg? tHen
this,fiqgure, it can be s en tg$% each h% S|Eg{20 L has n |ts bott om

portionla pSHRSEFALES30 1 e Wgh S %hi ckness

of the substhat eu&commératamm"caidnstfrlaareeﬁapmitqcmtﬂrﬁﬁﬂbphttmatg;td‘reti on of
t he housi ng i ch |%Sscl %t ec% q_;@_ards the substrate ( downwards ) . 25 The
di agr am of E’gure uraF1y not limiting, any configuration could thus
be devi sed conprilgi ngs @hse;glmsdfblgerter #AdspTiotic Audy dewrimg it tdhape and

a bottom regiondfs e NUF fiheW iy dde ddransidnie RvRan tdnddms r egi ons

havi ng any appropriate shape 30 Figure 6 also shows the pusher P of the

stati od5ST £0 e fyudhat fde B IFatRTE ARl FRIGH 3Rt at the
reference pigrehpedlignarichestdiy atid amchidzact hotesd rhgs afott hehepusdese . i s

intended to receiye a _suybstr The > R sherlor)lecrkesd u%; rates in the
35 boat which |ST§1 Cadet? O% Stlati%n I,” passi’ng lTﬁ%roug CEhe boat as
t he pusher metesctas] fiortd htheabimse ddscra tté’cbtpuﬁtferSLdfsulf%t@ a¥eon STI1.
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 plane), the bonding
25 interface between the layer and the stiffener can assist
in achieving good initial positioning of the central
edges of the housings of the first comb 121 when the jaws
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 (or some other material)
and of the stiffener (rounding which can be observed in a
radial section through the disk-shaped substrate).
The two rounded edges face other and thus define an

35 annular chamfer.



40 A detail ed diagram of the bottom of a housing LP in the pusher is 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 figure; inreality i?onay be about 4 degrees. Mre
precisely, the housing is Wshaped, with the symretrical bottom of the
housi ng includin% an edge AP for engaging in_the cleavage plane of the

n
substrate while Thet APPIdssntatias; §DFEINEY ithedd the e &I/
engagenent @het Biotis@tg® iif tihieS fGlreavagmbphiane thius baeiond id@ydde in
above-descri bed pusher 05 S‘El to adjust the position of the substrate by
aut omat i cal F¥€cé g §bstrate as it is lifted by the pusher. 15

Returning to theThiy rRcas@ablty 122 maidel ®azdeeniyy tdles ates tthage@ind conb
(not shawn in the f.igures) wmhich corresponds t 0 122 of the
first nachi ﬁgeagegéé‘%‘rlingec?faﬂg\‘fe.c EIEH %%ee %\}\%’@%6{%&% It]%%g{vrfsb of such a
conb 20 |i keeirse inompousks dfn firdesiomase moves imoddiengs oxpesed apart at the

ref erence pidti(ijé;ctﬁ'&‘i‘xh‘ofzih%a%ﬂs‘;ti%%‘ﬂies.e spaced apart at the same pitch and
i nt erposed beiween the housings so as to allow every 25 other wafer to pass

t hrough when a s&thesr the wspass cfpided st A hAT QR GXIEHERE pitch is

Che comh 12 o by ol et e L rat b ot e e 30 Telependen
the co qQr by tilting li the first co : i.S i ndependent
of thelf r sEhedmh PRSE g 1§’pé"§ﬁ iSRS a%rr?ec&i‘sorbé?%gt}beeﬁ%ba%er %ereto
f or openi ng san@dscltesiffag iiltitabieersndioldrssyemedas et pthieorbaridiioyy t hi s second
machi ne oper.a%%s,r. Before the description, it is recalled that the 35 second -
machine i s W d:lg&_'ed to splitting apart substrates of |arge di nensions
where it is inporfhentAppd isteaisi [Hage allse posianvwad dthathevhambsihataws hat are
being 41 gt gl cﬁq%&ﬂ{'rﬂf}@%d H%T Mhide S VRS d18d as possi bl e.
Thus, as des%([:yr itttl)leeg%bierltsoewf& a thouglt e first conbﬂeof the first machine 1

serves 1§ nulsuiscaadiae + cheare e e 5 ndred ARt Eh PR %Pl it them
apart, by neKidagrddee fAfar@0- operati on between the shapes of the el enents of

the conb not only . for splitti t he substrates apart but .al sg. for
posi ti oni ng them)&'(h[er?@ ]?'altr}%dggeescocﬁé)tjl?é” \Paqlft&%l%o?gi%%% %%rn Fibuting to

this result)conn dree csecmt] 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
tranglation, the "steep" walls of the first and second

25 portions associated with the same substrate and already
disposed on opposite.sidés 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 was 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 corresponds 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 apart).



10 machine 2, different neans are provided for positioning the substrates
and for splitting themapart. It is neverthel ess enphasi zed that this
second nmachi ne can be inplenented for sglitting apart substrates of any
size. 15 The starting situation is thus3hs follows: - the boat present in
the station ST'1 contains 25 substrates S which have been subjected to

cl eavage (which in this case also either needs to_be finished off or else
has al ready beenHbwavehedinte, thadfinsangombent chessed PRFOntitSn enabl es

the two vaf @5§egfs @agl BHBSthabed! abigedPkivbraPathkbr walfle asseiley 22 is

in register wth and overlies the station ST 1 (hy bein ved

appr opri at eFYrarehghehE & reEErsReR Pﬁtﬁgéuré )2%§ﬁ f%”gPPﬁgjqﬁﬁgaﬁ t he
first and segengagembswotht baipneliifset2 are open. Fromthis position, the
pusher P of ST' 1 is.caused t.o ve u rds. s t Q Ppi t 25
substrates from F‘ﬁedﬁgﬁf.lg§s R?mig%l giwr?%gd%ge 3%%%%&5%@%?}1&%? W shaped
confi gur at i ofifebtthaghotisengsyi nthee pafker masash isupstgsdtd g $0

automat i cal | r ' ' e hts Jhausi-ng, and Jes- hald,

substanti al Fén\%/gﬁﬂgcgﬂ ?gr%‘agug]&gﬁgr S?ﬁé’% tao%a%ﬁi h posﬂl tion in which the
top 35 port Bbrpsf ofabhndlbsgr she pduredditved®fi wafefsusingg ([LFEY dfathe gui de
223. 42 TB%e&“% gk rshapecof the housings L223 serves to ensure that the
top of each substrate Renetnates into the "bottom'dgn ion.of th

(upsi dé9%own) holatHgaldper dby 1F POSFUHE F&si ARG Ye T RFG he
substrate. Bhotnae Wb&apae tinokhef difiedidicdromfofarder Stibsitr ate bes tHleso
fixed by the ed%%hi.n t he battom ft he us ercoh usib ec; | 1 e
under st ood ERECUEHPIEYsERTES S Contr Sl tHE pdsiti'on of eac s&bstrate
accur at el y, fiirsit poetsonst oft eatiidug avesyi fdendnfocsddor teeiny tbengdve 10
si deways. This . Leqhard Yoo, f t I .

di nensi ons. %he\?é?lt %é%%ltgg%ﬁl%gr 35“05 S tg{in@e&ﬁe@%i@iﬁﬁ ?ﬁoult:tiaiicgﬁs of the
substrdtes into fMheresdsierys tdle @seqiAlded 233 MR riisgi ng the

substrates yghiigaldny ¥ BraBULERAY 1 byl @ ddwerdl didaed gt fgaitst the
bottons of the housings_of the guide (see Figure 7) .g{ﬁ\ief@avoi ds_stressing
the substraCOReSWRIVER &iSs St fent s that Eite & V139 Ny

fragi |l e. Ongatihe tsuhst mat es fare glartadmeddonlrerin Hfaqgpodidpant athe
separator el eag{%nt 2226f ar(led %ZZQLta}:re caused to tilt so that the bl ades of
these el emefs T TS Bt Wt the peripheral side walls of the
substrates. |t | Shepeciftiesy et nushempissemieten o while SEaki*R@par at or

el ements ar gty I1£d.J:$LOMJ Ald % Hohd! $nt53 a6 200 0w fih t GhENSHE ot hat
they do not yet penetrate 1nto the , : .
edges of the wafers, the 50 housings of this pusher being
offset by half the reference pitch, and each receiving
one wafer.
25 In this position, the pusher associated with ST2
supports all 50 wafers.

The jaws of the first comb 121 are then caused to
open while the jaws of the second comb 122 are caused to
clogse onto the wafers (during these operations all 50

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

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 long 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



t hi ckness of the substrates; at this stage, the separator el enents serve
only to constitute additional neans for holding the substrates. The
positions of the substrates are under full 30 control at this stage. The
substrates are thus centered exactly in32he desired manner. Thereafter, the
tops of the substrates are separated fromthe housings L223 of the guide
223. This can be the result of controlled raising of the guide on the neans -

35 2230, or Rigaineedult thetcerincsl Ithe Icombr iL3g df beacaddembley cedlst it ut ed

by the pusheniP @ad dhe t3@A% alPlin 143 igkFeRlSn( BRNhildiR helfieHy ovi ded
for performng such lowering). It shoudld al so_be understood that a guide

such as t he Sfuitde Z¥PstaiRtaskancs & hse Werksremshedd thisvh aXse 51 ine 1 as
descri bed abﬂ\ﬁel @i&%i&h@m | ehd mrcﬁlslofslg@hda t@eitte I(Eﬁﬁaia@ir;die in
positioning,t substrates a rately. In any. even Qn t he substrates
have betn GRSETIERTASTR B GRruemEers) AE SEE FH RGP
control | ed mEhmappdortting pishver and by the separator el enents. The
separator el enments. . t used AN rth 7 | RSides of
the substrates stg’%tlﬁd;lfsltq%?ba%gedégl &Iﬁ%tlﬁécgg &ﬁgﬁeﬁ{aséeﬁggéﬁ %ésu sltq{reat es
at their 15by ddheageighleanes SMA.s widtt goeryc atheghsiafer peddissi ng t he bl ade

to penetrat &dQ & AERIHY He1¥ il MRLAGLOIHE  HN R AR IdHngkngRse oft the
peri phery of the substrate. The separator elenents are caused to tilt so as
to obtdih t Fe¢2F1RER%-ed depth of penetration. This attack results in the

two wafers of eacihesuhsdtiale el n@pHddtle @M igapsh B hised auipfinte d)he
crosssecti o

of the separat.or el enents. can he adapted to form prajecting
wedges whic %%Vﬁ%&quﬁa&%yhfpac%ﬁ@% %1 g%ees roefgeﬁeéms%t?sﬁj‘rcg? ‘es. By
di sengagi ng t he diisstdimesss foromafelpiadepdan dJepgpess Huel as the t wo

substrat es L Jve ApAr LfdPHEACh QAT oMU 1A S8l Yioied Nayd o

waf ers of each substra a spl'it apart fromeac ,
agai nstl® he Wadfais @t Hewomamhsen e assirvass pohdilgy Horlst rﬁgg/i‘th he pusher
P. The only &lgmenty of the assenbly 22 with which the wafers co-operate are

then the housings in the pusher P. Because of the general_ V-shape of these
housi ngs, 35 the T RRFS Of %H%Gﬁﬁq&%%'tm@&%&ée Fn a
V- conf i gur atwafe e ddmea hotiaima ofn the dorgltespondiingh by the comb 122,

whereas the other 25 wafers move down with the pusher.

20. The comb 122 thus acts as a "filter" intercepting
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 comb 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
gsame applies to the pusher of ST2 (which in this 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 cassgsette 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



44 housing LP on either side of the central edge in the housing. Wile the
substrates are being attacked by the bl ades of the separator elenents,
sensors for neasuring 5 force and/or strqke are associated with these

el enents so as to neasure the resi sta.nc§3put up by the respective
substrates against being split apart (and/or against the bl ades advancing).
Means nmay be provided for interrupting blade 10 penetration or, for adapting
the speed of2pefrdiaks itdtasita FUMATOANE RAF ARKEHEMRE™ AR the case

of the firstr-diididie wiascrdibesd sahmben when splitting apart substrates that
i nclude a bonding_interface (with a stiffener_ or, so ot her ite the 15
initial attack of AR a?ﬁﬁ%cjiasteﬁ%r"fjotr DL Apined f‘é%‘“é,@%th

stresses subseqrenid ywdmipyy 4 raingi esoseit tan tire wi edvasgpclpl@hechd izl eaf t er,

the jaws. of first re S o tiJt i S .t hese | aws
cl ose ‘3’?\5 the' %Segéerlacfcebgp 2%‘%%03%5. i nlcée %ceé%glﬁ%i%g%ag%léiegsé ] aws
are spaced dpurs mtshetf the reference pitch, this clanping together of the

' f the first f i g t at
jaws o e rrs Tk%”@ep%}%kteo&ﬁ@ ﬁzz s o érﬁ%ﬁﬁé%édé& he ofdset a

hal f the 25 reference ,_and - subsequent] , sald wafers regularly
spaced apartthe Zaivafiers r (§&F Qi SP twaf ey tH tHel ¥R Flces" iR he

waf ers fromygpetd e Sthst Nl By thentdachigh&addr odter (as is the case for
the machine 1). 3Q In order tpo erkablérthe fers to be offset in this way

to hal f*% he refer RHIRSE (35 N er VO HErS el Brt RES C¥Bugh hal f
t he referendehepidadeattd 3 ditlestalpn depost iy cdre e3H080E cwbS@Aantially to

t he storage vgaltf]egf% ;l\c/%g)ag%tgs E&ls aﬂg thesSupst £ %ﬁ.@%ﬂ&35 the | ong

di rection of , thé entrances 0 e housings in e Jaws of the
first conb aretfdched intas-mdrare Bl enent encouraging this di splacenent

of every other wafier.d;s dihgs Factsdn tgawad el i Bed g bRchiped {9 the
housi ngs of the pusher once they have been split apart, and thus enjoying a
degr ee ©f f rReForle to split substrates apart in advantageous

manner, and in particular with the following advantages:

- rates of proéessing throughput are considerably
increased compared with prior art systems. The invention
gserves to split a plurality of substrates apart

20 gimultaneously (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 positidns, and/or the dynamics with

25 which they are clamped together so that the substrates
are not split apart simultaneously (all of the substrates
being split apart at the same time), but sequentially
(i.e. the substrates being split apart one after another,
with time offsets that are controlled between two

30 adjacent substrates being split apart).

For this purpose, provision can be made, for
example, for the opposite jaws of the first comb not to
be parallel when they are in the closed position, but to
form a narrow V-shape with an angle at the apex selected

35 gso that the jaws of the comb engage the substrates
successively one after another as the jaws are being

clamped together.



5 of novenment in the direction Y. Finally, sinmultaneously wth clanping
together the jaws of the first conb, the pusher is caused to nove downwards
so as to release the wafers progressively, thus enabling themto be stood
up vertically and to be spaced 10 apart 34t half the reference pitch. At
this stage, the wafers are thus regularly stored wwth an offset of half the
reference pitch in the jaws of the first conb. The pusher of ST'1
termnates its da\zmi\mm@tsldmkmnlﬁaeanmplﬁnreettr@btied pamuictltﬂeazbaﬂeerﬁl The

assenbly 22815)”63@_ st g{ﬂl by ttséh %hs-léxje dﬁ‘ﬂec\ﬁt@ Cpnsp'iT {2 Where

it is positi ers are de roupe “e.” every
ot her waf er alP@IttakerﬁJrsiﬂa@-tC@l mmtmﬂmnmﬂ) tite 12 & eEtQﬂaelehl%‘ltCz) Thi s

degroupi ng GaRRE N ft(?ferr%qa‘rr{blr@e SR\ IEN @ tHhals desaided ahove with
reference to the nmachine 1, tRl's case |ikew se by usj ng]ht he sac ]?Bd conb

and t he Susk&mbentice %ﬁ% L e 14 \RETRTer d into
the cassett et %Bs%rv\midre tdidiite &ar@fﬁ s:uﬁmitrw]edehngm dgdteithi gh

position by the se onb. The ause the wafers to tilt (so
that their &3%e Vg dﬂ\‘ﬂag‘éﬁ ﬁ%’ rs':heerfs\’ ¥ IHe 30 robot 24.
Thi s robot sﬂﬂmmem Is;q ate s ides ntrhe:emfsaresr iwi tdnea cfultdteratontas ner s of
the station,ST.3 suring t o i zont al
posi tion. Thes (%Dt%enrg Z?l rEf e Igf‘re q%e%n:r%e%lev@c}rﬂﬂfeé pus{?egrﬂg of ST' 2
whi ch 19 raijses) withus helsigeond qores idpleniwigh or Wi aiple pbsedbackie For
this purposq,o%gcgoq%rﬁiptﬂcl%@ww S NAHsinGse (g redl fset by

half the refe Itch housi ngs that are used for |owering the
first 25 vvafh@rlé'lgoé?k??g?li‘fﬂcerqreévéﬁ PRSAT ] H HousT ngs W FFATeSS Used for
| owering thediast 48 Mafeisct ]t is also possible to nount this pusher so
that it is novable H}hgrra slatjon i the d|rect1t nrhéo gause, it to
nove in translatiorft Fdt5e t C R entd q'blatckhlg S AT rect| on so
as to ddne |an:tcmﬂa3:y,egirsi eviti teh It:ih_:fhwtégar& tdlatsaatay nfon the second conb.

| n whi ch casg, PUS o Als S 2 NEAEL e NG, ZmallOUiSL D050 5RA6EE apart

at the ref erence p|t case, SO possi b
provi si on fdro javaisl BNy rm%ecQﬁ]cBmﬂﬁWG:l‘th% e ohroughvabers 15 a

reference pidiglt |1{h.\;g1qoe\@rg|g§_pl Upartimilarly, the cassette of the station

ST' 2 can be offset a reference itch in the djrection in order to
recei ve. t he mafers_tﬁe 1nvent10n also mi&es it p0881bie to hangie the

20 wafers that have been split apart automatically, with the
respective wafers of each substrate being stored in
cassettes provided for this purpose; and

- implementation of the invention can be adapted as
a function of the substrates that are to be gplit 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
moving the two wafers apart that results from clamping
the jaws together is not sufficient to move the wafers
apart - with the substrates subsequently 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



This second batch of wafers is then handl ed by the 20 neans 23 so as to be
put into a horizontal position, while sinultaneously being turned through
half a turn so that their active faces are on top. The robot 24 acts in the
sanme manner as on the first batch of waf3érs, bringing these second wafers
and 25 depositing themin a container of the station ST'3. In this second
mai n enbodi nent of the invention, it is possible to adapt the configuration
of the vari dispdlerenrs: ddtissspdelimee s ofthrotatd ioniafal hengregy of the

first conb 22 he separator ve different 30 orientations. In
ipé%déﬁ“%égﬂégt%pqéﬁ%e ﬁéfé§514§5€§.

addi tion, 'S possi e provi'sitonn only for one pair of
separ at or el ementNatasralilonn tihe Firglent ikn Fescridied @bevegleamibey of pairs,

with the conf] i f ; rat bei ng adaptable. 35 It
e R T e

wi || be under iS secon chine enabl es the same advantages to

be achi éved as t HEs@FRHIBRIY abfovie® RATFE Hefertehdet Y He® i r st nachi ne.
47 In this egse alis-dgartts qnssdtich tpe oapied hitn Sl o ETT) s@egi tion,
and/ or the iﬂgeed of cl a inC%]f of, the conb %oékﬁ;{ substrates so that the
substr at es ARIZOP I i9E A ViSOV O S A e BT T Abart 5
sequenti al | yapdrt dfdiunlorgdimg theel Sesfontherachfaws (dree sypetef | Cromans f or
hol di ng t he sulyst t i i ch re.l e nabl e t he
substrat es teoalé%‘e %Lﬁgasgclsﬁa}qgegd A;Oﬁtdvﬁe’%& Eg%%%ﬁn%l%fbgp%gﬁ#?ﬁedg??nel y, 10
thus meld ng dttatgowsidM®. to split apart substrates of large dimensions with
a high degree of Baliey ldads, SAREIddathd e dl thoudlRng.08: Foee
onis to enable a

advant ages of the Inventi arge nunber of substrates to be

split apart “Witlk ke srkoadest By e JreRSi FRSeREr i 3 b2 SEdkirates

si mul t aneougddp (or with a controlled tinme offset), other enbodi nents of the

i nvention can be jnplenented for splitting apart individual substrates

t aken separ at el y,T}b‘i%éﬁr’TFﬁf?‘%tlti I‘Féo%%&i?i%gc %W‘Jg?ﬁta?itbkh% YRR HRchi nes

and the st agesld @0 theimadpetatwiorh arles advahtagesssnbhy t hensegveseri n

such an errbqlpiigﬂaq%h? rﬁ&ﬁté)f%ggglo&g ~are increased relative to the way
pTi a

substrates are’s t apar present, in particular when they are split
apart by hand. |tThig |akee unakey e pesriBieotl tPriechewhholnyadar 28fi s not

limited to theamhodig@nis €essd | Besha it slet o | cabRVSEadlenpersen skilled in
the art can thus adapt its teachjng: for ex le, the rel atIVi venment s of
the pushers SFRIMR}R ofRR WLhemd APIFe FResedesiRt htacLtEnepan

obt ai nexh notsdly wetfeur NGl t oWey | 169 ddwei pais hes spBlcé ovlae dsoTewafienseianent s of
telhgrrenﬁfgl. ness41§32c%_n9b§i\%ﬁé .%émglultlirrlgesg{eﬂéggl ané(ﬂ% ower i ng/ rai sing said

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 unloadisg.

It should also be specified that it is possible to
implement such a machine using only two stations, three
not being.essential.

Under such circumstances, the stations ST2 and ST3

30 "coincide" 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, an 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.



1. Apparatus (1, 2) for splitting a substrate (S) apart, said substrate
conprising two adjoi ning wafers defining between them a cl eavage pl ane, the
apparatus being 5 characterized in that it conprises: - neans for feeding
splitter means with a plurality of subs8Pates disposed in a |
substrate-storage direction; - splitter means (121, 22l1a, 221b, 222a, 222b)
for splitting apart the wafers of said substrates, the 10 splitter neans
conpri si ng movi n§itangetfaagncenbsaow £21 Figpres 2249 & 0th88 or mi ng

- control | ed dixaplAacererlesRhrigehibal Brsubsbiang WalelinaldRbltiiey thave been
split apart ,in a dlrectll%(r% hat is substantially paral,lel OC{JE‘?

subst r at e- sEEVERE IR & P6n 1TPE SRRELERY 1Th & §§[§/&I’éﬂ; Fe 4% SR S or
splitting apart tFHeupleuraliist 1 @fi aguhsimagties ovaraAipariawiofcuaritdiang to

cl ai ml,5 chara t.eri72ed in that the s Iivtter means enable the wafers of said
substraties 35905 “¢pA% S§|§§lrtfr§”hﬁ£toaﬁéousl y. 3. Apparatus according to
claim 1, charactdm zéds matdeat thiee mehiitiee?2 Addkewiswalanntieamfaers of said
substrat es ldd AR, tially : mg;g égﬂmg,to any
one of cl ai trj;g’%%t %%f{e char gtgtngr%:alzjgdq”i %&tgﬁgtk%?hélln%g% or %}%gﬁlg
substrat es aefsusseed @Psher suitable for lifting substrates stored in a

cradl e-type suppaife RBQea HAJERE PAd Hfs HMdd inl2G rARAHL Rorsdiist raf e
conprising two adj oi ni ng waf ers defining between them a cl eavage pl ane, the
met hod ¥ei ndTHar &% Zéd in that it conprises the steps consisting in: 35
- mani pul ati ng a mldraldtipmofsubsiy af es atiispoSed: igpla tsudrsd r at e- st or age
direction so_as .to bring _them. nto register Wt i ... and 49 -
i nparting c 6t &Ixiaet(?sdiag)ﬁrgdenlé:ntlst ()SL%Lé:r ba(@ajﬁenv}gsou s]iseféa lé\;Jf\}{/a? regragp%r‘ er they
have been spihitchapeayt Hen ssimdilegr tbcork hsulistadntN &l Figuee |l ard tteis

subst rat e- starage dizseldan - d AGARIA Ngs taiderp egesiag
claim char éeg{e_ I Zegcfreﬁf]eta![ 'att t e%lrrt@t oy}?urt her conprises, handling the
split-addart amfidr @partas(ignddmuaaqualy O Barameseleadhbt ch conprising a

respective wafialt f4tn H-Lagh Lsitd atie.grivichd deposd tden@achivéht he two
batches in a respective |locatjon. )
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 (SOI, SOA type substrates, and
also substrates of any other type; and substrates of any
size). For example, such a machine could be used for
splitting apart wafers of SOI or SOA that have a diameter
of 300 mm (although this example is not limiting).

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

30 The station ST'3 is a station for loading wafers
which have been unloaded in station ST'2. This station
ST'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").



7. Apparatus (1) according to any one of clains 1 to 4, characterized in
‘that: 15 - the splitter neans of the apparatus conprise a first jawformng
conb assenbly (121) conprising at |east two noving jaws (121a, 121b)

situated on either side of a gap for regdéiving the substrates; - the jaws
bei ng suitable for holding the substrates 20 once the jaws have cl anped
onto the substrates; - each jawitself conprising first and second portions

(1211b, 1212b); onkheft whepparitdenlefr dachuraw bdvisnghcconéspmediendsconcave
housi ngs (LLLbB, L % SE%E% E%.er%c%ﬁqugniQQI§5agﬁ!% H%Q@lgggg&rates and

- the shape 01 "said“corréspondi ng housi ngs bei dapted so that “once the
first and sé@tong pdma &es bef Wﬂﬁ@rﬁn@qda aﬁa\vfélf@lr§m§éG 6%oFecthe substrates,

they urge “&g‘qetr\@q Qi @S t@ﬂ‘eﬁafafat%%ﬁfra@e% %@%&hgbhp%x@@eratl on 30 between
t he shapes o the ousi ngs e first portions of the ﬁ “456 nd t he

second Portions &ft tife ttl'\f%?ej é\ﬁ:? nte&eﬁé@tryvéloy asgociabe fg to
the precedi RQ t8 &elins323CIRIGhAIHiZzRd o rplhhfatllttlye otfvxmra;fm ofi sidesseld r st

conb assenbly are | ent,i cal ar |ther one of
the two pr eé’é i e t&"r?arczf'cgtsﬁ%ltfe@%l a%d’toq %’%% jré’vl\}g e first
conb assenblfysux&ax:lmfofa ttherre erec ankes th duse m@s?em‘s tlhee horrsizcmt@Eecond ] aw
P ada nCth'H%S C%nt%%%%gj\{% PLsel qI eav Qf\l rﬁg sal d’tﬁir%))ectsfﬁg

as an edge oy engaging a it etat

el ementlodef maﬂ@gremcgaelmﬂ‘aﬂh mem@am amyt dtwa tadéumm Walf@rSAGrShrtd't
according tg n@'rﬁ;CEdl ng claim 10 characterized in that in each j aw of
the first cor%’o assembl y: - each concave housi n of the f| rst %aw ort| on

(1211b) further ghesaRsSemPIF F3 |J@t%¢aﬁtpq%dats%/ fmavesd b
ei ther side sﬁaﬂcdusorﬁs%cédﬁgfeemrmﬂtregh%texa“fumsteami lofordtent ed at a

first general_ _angle of,jincid elat o the 2ner, |.a id

proj ecting é"lt&’@%t 0412: o%écfgle%rm tﬁ% Si'de c)t%n a&)spu%ogi %tsea and 0
a secord waldorgrdadntreshiva t h 'Jéhssaﬂxmink@ané’rzallszal'amglr@\(ﬁd icigeride rel ati ve
to the genergl eql@l%q{ %?d"ﬂ" plrﬁ)lﬁgﬁdf@ £l ement to co-operate with a second

side of the Sub strate, second angle of incidence is greater than said
first general andihe gfadhigiaiehcirtheydpuawisafrd ipnddms iPRAT t3e fir st

jaw for transferring the split-apart 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 ST'3. '
The robot 24 is thus movable in translation in the
25 direction Y. It is also movable in rotation about its
own vertical axis 240 so as to allow wafers to be
unloaded into the containers of the station ST'3, and it
ig 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
midplane 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 gspaced-apart
manner on each jaw of the comb for receiving respective

wafers are thus offset by half a reference pitch.



25 portions of the first conb assenbly .on the substrate, the wafer of the
substrate that is on the first side of the substrate presents a degree of
freedomto nove relative to said first portions and in a direction

perpendi cul ar to the general plane of sdfd projecting elenent that is 30
smal l er than the degree of freedomto nove presented by the substrate wafer
which is on the second side of the substrate. 11. Apparatus according to
the preceding cl & cIosshaession o&d tihe £R&L G JedEh 423w &MA KA rst conb

assenbly:  oFl theedah FORGRHEE 2PAUSINGHHwr! 3 23LCARE i 108F tiroRHel 212b)
further presents a profile tha ,%1 asymmetrical arid Qf%?)l’l AT ei t her
side of sai §iSMoP&cFlITE EmemticH &5 o SE ARHARL e £ i T VR HiF s t
general 5 ar“ylglefw f iUhed drniee al@n@dt\eﬁ difo titee awfo&l_ydmlm?mjﬁ:_fhdsaai g
projecting e nt .to _co-operate wi.th said second.side of said substrate;
and a sé:’con(i”‘%%lra&fi éntpé’(fp ioped dat 5t @ﬁg’reg]bqé’rigl e of incidence
relative to the genersal he amerofthsda dnl@hirsojsectangy melchiers, ttheg-aoffer at e
with said fir i ' at g, [ 4,219].8, 19 idisd gdence s
greater thar?fzg-'lh% '%Lﬁrrgt Eggrrlrgjr gﬁbg{n%ﬁae?qgfs [ r%& ence; -yasu_c %tf?at duri ng

cl anpi ng of asaieftdsedn@Xiav port ihyisgituenef igagh deth tsldeifd 2R he

substrate, theckpertistd Moy Wafrialondike 3aeend iy of the substrate
presents a degreé_ of ,freedomtor{}iove rel ati v%to s,ai%r Sag%ov.ﬂ:d ortions and
p

in the i recti on 1 P&t Adid 3% dfdRy&RE 4795 & deting
el enent t hatrdspedtaldeeraidimnmdthedieq et foreedomiiamuie preSerd edf by t he

20 substrate wafer which is on the first.side of the suhstrate:..and - so as
to urge the%l}\ﬁ) %s&rsact ar&lredtﬁ]isf%q%afga%i b t%oeselftllrogf lcrg 1<31c§gerrt)l y on
t he subst r atthe Zmwk?. hoApbartat v feacor GBawh tve fay i fradmi eéd eorpr ecedi ng
claims, charga i ' at, i1 j f t hefd rst Lonb assenbly, the
first porti gﬁccz:h%rr#pfﬁ%gie%s%%%nse' eﬁlc%&%&fb,all%llzéb) that are di sposed. on
ei t her 1§ de wsfragmp et porineh A ZkAwW) 30 13. Apparatus according to

any one of the fow i eggdi b1d Bl poshAActidzeds ighdhatinn each jaw of
the first conb assenbly, the second portion is novable relative to the
first porti g9 & Apparatus according to the preceding claim

characterized in Irhathidecamarisi Kewisehi v nogve ojdwsldeel 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

25 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 disposed in the direction Y at the reference
.'30 pitch so that each of them comes into register with the
cleavage plane of a substrate when a plurality 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 '



52 di spl acenent ‘of certain substrate wafers after they have been split
apart conprise neans for noving the second portion of each jaw in
translation relative to the first portion of each respective jawin a
direction 5 perpendicular to the generaB9pl ane of said projecting el enent.
15. Apparatus according to any one of the eight preceding clains,
characterized in that the apparatus further 10 conprises a second conb
~assenbly (1Rajrkasbngs| ans engagec ahebe lebarged pdane ife as Edstatads

i ndependent Ly of ot %@P%i sk andesecond portions. 16. Apparatus according to
t he preceding clai § characterized in that the second conb assenbly

further includesThegruFgPRER PN EIEHGES Sf GeaMOsRtRE && tailt wafers to

pass throughi i kéwiARPAhAlYsnREEacdiINthand ey bitrelin thedn iyreceadi ng 20
clainms, characterized in fhat the apparatus further, conpri,ses three

: r
stations, iHERGH f7hSa SHREEFaSER PoE p&,selng@&e\%i,n&ng 3 + substrate to
be split apashowandnt wagsirat iEonsn eackl eadhetdiadengrayagespeaedia ve waf er

fromeach split-apart .substrate. 25 18 ing to th

pr ecedi ng CELalleﬁnvagﬁaP&@fl& i“zed icr?rtrﬁgtpotrhé%%{)%l%zsst?eé%r%'i gs) oi s/ gr e
mounted to nove Fébatrievé tad sichehsiwat isogstisted 228and iale i euithnrpgdrin

di spl aci ng %ﬁ%gt%%p"%oﬁ%ﬁ_%qpl&f( I83) dxhB1y 20 B e dibfasdt & ation,

sel ectively )paratus according to er'ther one of the two preceding
cl ai ms 10char act efiiéad Gud densare &eh maugtssh b sl gear bt by (¥&pect i ve

pusher. 35 ZQanAPR3RA WL e Hia d o fthe Praced e Idwaiin s acteri zed in
that the pusher associated with the 53 first station has oggtngs for

recei ving t RESSHFSGRAISD Yt MR A% e W 10 e Bh ati ons
havi ng housi ngs frtle recieiey ity reegiantd e yores nfudireywaf@r sredw Bvieg by
splitting a%@g ég%ﬂ%5%€¥%ﬂ§u§% the substrates. The guide 223 thus
15 has 25 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 1,223 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 portion L2231 in that portion
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 comprising a
region of generally conical or converging shape and a
bottom region of the housing, with the transition between
the two regions having any appropriate shape.
30 Figure 6 also shows the pusher P of the station
ST'l. This pusher has 25 housings that are spaced apart
at the reference pitch along the direction Y.
Each housing 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'l, passing through
the boat as the pusher rises, as for the above-described

pusher of the station ST1.



5 21. Apparatus according to the preceding claim characterized in that
each housing of the pusher associated with the first station further

i ncludes a projecting elenent in its mddle region for engaging the 10 :
substrate at its cleavage plane. 22. A #®thod of splitting apart the wafers
of a substrate having a cl eavage pl ane between two wafers by neans of
apparatus according to any one of the fifteen preceding 15 clains, the

met hod bei ng chahadecaiied dnaghatn pf tbepbpsesmt hé §tgp§5é®§sﬁ§iﬂﬁg in: -

bringi ng eacfq._s te.igt bgt - geceir)i; Bg G2 sRbha tEla@Npi ng-
the first ag esggghé?j g\?v EEQ?F?O% g%@?&g %0 f:r}llg?’ g%%% asgenblsétqr?to each
substrat e i hheubRuainanhBr i8scfoIrBryada¥hVsabarest 825kd8r-ge Iapd™t the two

waf ers of egpgh-syhelr ahetb¥neoangeeabiroRhBetwBBApENE sSkapeS defrallg housi ngs
in the first portions of the tV\/oHLlavvs and the,second porgjlor%Pof the two
jaws, r8speBEpgERyated 33 tRAe LiAYdCacdfr dFAJIEE &itt ABY &Fe 3P YThe two
precedi ng chatlggreebaracterized in that during said clanping, cooperation
bet ween the shapges_of the.housin of the first pQrti L the,two | aws

al so causes cont §8FFe8r§518FfuL¥ét fg’i%ﬁgkﬁ’gfc’\%élgnl hgp%\%\l%lp\%a ’e(r?"'fslto %gléach
substrat e i syamdtréctilobopeppendi theahous inge ivicdaddge pirarsslge2 AP A net hod
according t h [ [ ctgrized d Rphat dddd Rehiaeeurs
during saidggg ggﬁ%ggﬁgeggbg EQEPF%S%E% %ﬁa?%-gg %ethod according]io any
one of 10he theesupstradiendschbsimg, lekiedcbar thed Bushedat fol | owi ng sai d

clanping, the firgk andasReRAE FWLRAK lceRe Qh the o idiHaverd Asgrnbly are
| oosened so as to releasé the separated 5 wafers, .and the, ja of the
second conbtE¥SeRBl Y éﬂéecltgﬁpégof"@g@leﬁ&r &%?“@@erretoaélﬁ%n}l%} certain
waf ers of thajsehsthat posdfioh @t howe autertdiang foy téheqgueacediliy claim 10
et gk g NS00 Bty ST Sy Sl LD 0
first 4plitapart Reglening ploatde movdnd estsesditaidfor tdHE tareerdrbnd
split-apart jwafef s Placedd s qeRd GRRKAINEthel Figures) which
cdrresponds to the second comb 122 of the first machine
as described above.
Each of the two opposite 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 housings so as to allow every
25 other wafer to pass through when a set of 50 wafers
spaced apart at half the reference pitch is paséed down
through this comb.
This comb may close in the same manner as the comb
122, or by tilting like the first comb 221. It is
30 independent of the first comb 221, with specific control
means being dedicated thereto for opening and closing it.
There follows a description of how this second
machine operates.
Before the description, it is recalled that the
35 second machine is well adapted to splitting apart
substrates of large dimensions where it is important to
stabilize the position of the substrates that are being



27. The use of a nmethod according to any one of the five preceding clains
for splitting apart substrates obtained by a Smartcut type nethod, a first
waf er of the substrate corresponding to an SO wafer and the other 20 wafer
corresponding to a renmai nder of seni conttict or material such as
nonocrystalline silicon. 28. Apparatus (2) according to any one of clains 1
to 4, characterized in that: 25 - the apparatus |ncludes a_separator (222a,
222Db) suitaﬁPélFoﬁPBEFngnnﬁv@ﬂnBGFMEBﬁtalﬁoéﬁtW%ﬁlrﬁoﬁﬁFeﬂlPﬁea§ubstrates '
are di sengagggdsipdelthe separator, and a position in which the substrates

are attacked b e separator; .30 -.the a tus, further_c risesca first
conb (221a, 22{b§"ﬁH§di gﬁt 38896155% HSTHHr 833%?%%%& %&F‘Sgn%f’{%r %éfai d
substrates bhgefhesn mathtkedlbyesacd sépalabtnepuahg tonprksi hgldt ofeast
two noving [aws; . : the, jaws_heing Lta f | di.ng u rates 35
once th ja&gehsggsgggﬁgglﬁﬁgeéooﬁﬁg&%hghgﬂbgé?g?és?Qaﬁéﬁﬁnga?%%i%& havi ng
housi ngs t hab-aperspaoedbepureni hha dbsbeedofimhher edemenss ofcé&hsai d j aws
have been clagpef] gﬁlgn BrFQ§é§EQEE??Eﬁ%éshﬂgtfﬁE@%Sa%%r%h%uiugﬁgkates

are spaced apart In said desir mann paratus accordi,ng to the
precedi ng cEaFnposishapapgerhead (Fhet Rartyaidedepar 8ot iRay3d 1U6ss- sect i on
in the formelisdnBeoLeatirAguRHgEe Lo38hiAPRAEANLYS ,a6B0kHiengelcond t her one of

the t dir | «Ch terized_ in_that .t t. 1Q [
at | eadf twBRSHATPors, SAACFAAT TS EParT nPUBIREsted FoPOpErRES

substrates ahd substentdedaadt €drt eplikoadgngheme applitt.- apart wafers. 31
Apparat us accor dr00 1LopkhE ReIedind Ehald oo L B8ie il g that each

»
station is provi ded W ‘a respective Agparatus according to
t he precedi ngcbiaencachbeadtpleredtied Chat sphdtidse apairtt walbataatas

dedi cat ed ngtgnﬁp%ggg[ng substrates has housings for receiving the
substrates, whic ousi ngs are of sectign presenting_a generally V-shaped
profil @5 33. Appah&t 8523E4HdISAG Ues 10Re 1r 88 R§ EP4LOWS25 characteri zed

in that the detail gheshape pfresend pushee Reusibgs ST9 18 Arafwpss 25 central
edge being BL%%E?%%eE”stQ ic%?%%ggo e%%?gu %%%t@% to cleavage (which

in this case also 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
gplit apart);

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

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

From this 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
configuration of the housings in the pusher, each
substrate is automatically centered in the middle of its
housing and is held substantially vertically.

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.



34. Apparatus according to any one of the six preceding 30 clains,
characterized in that the apparatus further conprises a second conb having
jaws suitable for being clanped onto the substrates independently of the
first and second portions. 35 35. Appar42us according to the preceding
claim characterized in that the second conb further includes a 56
plurality of passages for allowing certain wafers to pace through. 36.
Appar at us accor drng €anasy shepef ofhehei gblspngeetlitng Seclhvasntp

characterized in_t t f

Che subst r aPBSUFR HBBhr hoe hainar. 2330 RuhelRaleopeletiees, thebr Fhe o "o
substrate mﬁbetSOmavpngtaomOO£leaeaquphdﬁedpwnmeé@uSWngaﬁ §eby usi ng
appar at us ag?&&ﬂéeghEOPBEXtQIBﬁ gk the 'EbBeoI%r egedisNg-chaites, the method

bei ng characteri conprises the steps conS|st|n% n: -
bringi n§ each suBinFat henpesatiepsefatber eEheMoR 15 ep &8O TERARp iy

together thgiggparakar bQO'Ehleoéﬁg%ntlﬁ e@l@hb@w@w @tfet$1fé ausherspl it apart
the two wafers of each Substrate; .and - cla % ams onto the

split-apart §HE§PBatét2H1%éfPﬁsu§§e5§t98dh5 ¥938° A et hod
according teohbeomr @ﬁédpaglth@hmofCIé&b&CtselbIst&dtlen aIch:amraerellq'r, twd. t&l anpi ng

t he jaws, S s._are he en raII 25 housi ngs
of the pushgﬁe gﬁbsﬂr Sga @SW&PﬁQHP |Fﬁ% %ne o%jiﬁghtwo precedi ng )
cl ai s 10chasadeerniyzed EhiBhaB pairgr cud agPlyi titripey tieng Ss tudsdsadgdr t, t he
substrates g%elgg d Qx pans.@f a 30 guide. 40. A method according to any
one of the three rece Ing clainms, characterized in that after said jaws
have been cl anpedeverhbiedesife Wafer 35 SR [CAVRNG & NdiShipdd WE 185" t he

same waf er s enablel RGHARINA LR it \&@feellﬁadsﬁr@% I aleduides 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 that 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 separator
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 separated
from the housings L223 of the guide 223. This can be the
result of controlled raising of the guide on the means

35 2230, or the result of controlled lowering of the
assembly constituted by the pusher P and the separator



57 41. A method according to the preceding claim characterized in that one
waf er -of each substrate is retained, the other wafer being recovered by a
pusher, and for each split-apart substrate, the first split-apart 5 wafer
is placed in a first contai ner and the §dcond split-apart wafer is placed
in a second container. 42. The use of a method according to any one of the

four preceding clains, for sﬂg}litti ng apart substrates aqbtained 10 by a
Smartcut typeemEnksd, (means dhepaied Ngr Prvy idess fes @e&#f‘fé‘%% to an

SO wafer andykhenghher wafer corresponding to a remainder of sem conductor
mat eri al such as rmngcr )_/Lstal | i ne silicon.
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#10%44&;()_Ggquqqﬂpe¢gﬁp@g gpiidHepart. In this respect, the cross-

section of the separator elements can be adapted to form
projecting wedges which are plunged into the cleavage
25 planes of the substrates.

By disengaging the substrates from the guide, it is
possible for the two substrates to move apart from each
other. More precisely, once the two wafers of each
substrate are gplit 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 housings in the pusher P.

Because of the general V-shape of these housings,

35 the two wafers of each substrate are thus disposed in a
V-configuration in the bottom of the corresponding
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10 penetration or for adapting the speed of penetration as a
function of such measurements.
As in the case of the first machine described above,
when splitting apart substrates that include a bonding
interface (with a stiffener or some other item), the
15 initial attack of the separators is performed at said
interface, with stresses subsequently being transferred
to 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 active faces
of the wafers from any given substrate then facing each
other (as is 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 substrates and to
35 the long direction of the jaws), the entrances of the

housings in the jaws of the first comb are flared.
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with an offset of half the reference pitch in the jaws of
the first comb.

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'1l
to the station ST'2 where it is positioned.

At this station, the wafers are degrouped (i.e.
every other wafer is taken so as to move down into the

20 cassette of S8T'2).

This degrouping can be performed in the same manner
as that described above with reference to the machine 1,
in this case likewisge by using the second comb and the
pusher of the station.

25 Twenty-five wafers are thus lowered into the
cassette of ST'2, while the other 25 wafers remain held
in the high 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 subsequently deposits the wafers in one
of the containers of the station ST'3 while ensuring that
the wafers remain in the horizontal position.

The other 25 wafers are then retrieved by the pusher

35 of ST'2 which is raised, with the second comb opening for

‘this purpose.
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10 j_ 1 a reference pitch in the Y direction.

Similarly, the cassette of the station ST'2 can be
offget by half a reference pitch in the direction Y in
order to receive the wafers.

Thigs second batch of wafers is then handled by the

20 means 23 so as to be put into a horizontal 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, bringing these second wafers and

25 depositing them in a container of the station ST'3.

In this second main embodiment of the invention, it
is possible to adapt the configuration of 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. 1In addition, it is possible to make
provision not only for one 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 advantages to be achieved as those

mentioned above with refererice to the first machine.
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thus making it p0381b1e to split apart substrates of

large dimensions with a high degree of safety.

It is gpecified that although one of the advantages
of the invention is to enable a large number of
substrates to be split apart at the same time by

15 processing a series of substrates simultaneously (or with
a controlled time offset), other embodiments of the
invention can be implemented for splitting apart
individual substrates 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.

It will naturally be understood that the invention

25 is not limited to the embodiments described in detail
above. The person gkilled in the art can thus adapt its
teaching: for example, the relative movements of the
pushers and the other elements of the machines described
can be obtained not by raising/lowering the pushers

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

but respectively by lowering/raising said elements.
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parallel to the substrate-storage direction,

15 whereby the apparatus is suitable for splitting apart the
plurality of substrates.

2. Apparatus according to claim 1, characterized in that
the splitter means enable the wafers of said substrates

20 to be gplit apart simultaneously.

3. Apparatus according to claim 1, characterized in that
the splitter means enable the wafers of said substrates
to be split apart sequentially.

25
4. Apparatus. according to any one of claims 1 to 3,
characterized in that the means for feeding substrates
comprise a pusher suitable for lifting substrates stored
in a cradle-type support.

30
5. 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:

35 - manipulating a plurality of substrates disposed in
a substrate-storage direction so as to bring them into
register with splitter means; and
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in a respective location.

7. Apparatusg (1) according to any one of claims 1 to 4,
characterized in that: _
15 - the gplitter means of the apparatus comprise a
first jaw-forming comb assembly (121) comprising at least
two moving jaws (12la, 121b) situated on either side of a
gap for receiving the substrates;
- the jaws being suitable for holding the substrates
20 once the jaws have clamped onto the substrates;
- each jaw itself comprising first and second
portions (1211b, 1212b);
- the two portions of each jaw having corresponding
concave housings (Lllb, L12b, L2b) for receiving and
25 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
30 between the shapes of the housings of the first portions
of the two jaws and the second portions of the two jawsg,

regpectively.

8. Apparatus according to the preceding claim,
35 characterized in that the two jaws of the first comb
assembly are identical.
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characterized in that in each jaw of the first comb
assembly:
- each concave housing of the first jaw portion
(1211b) further presents a profile that is asymmetrical,
comprising on either side of said projecting element:
15 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
O a second wall oriented with a second general
20 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
25 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
30 smaller than the degree of freedom to move presented by
the substrate wafer which is on the second side of the

substrate.

11. Apparatus according to the preceding claim,
35 characterized in that in each jaw of the first comb
assembly:
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gaid substrate; and
O a second wall oriented with a second general
angle of incidence relative to the general plane of said
10 projecting element to co-operate with said first side of
said substrate, which second angle of incidence is
greater than said first general angle of incidence;
- such that during clamping of said second jaw
portions of the first comb assembly on the substrate, the
15 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 projecting element that is smaller
than the degree of freedom to move presented by the
20 substrate wafer which is on the first side of the
substrate; and
- so as to urge the two wafers apart during clamping
of the first comb assembly on the substrate.

25 12. Apparatus according to any one of the five preceding
claims, characterized in that in each jaw of the first
comb asgembly, the first portion comprises two members
(12111b, 12112b) that are disposed on either side of the
gsecond portion (1212b).

30
13. Apparatus according to any one of the four preceding
claimg, characterized in that in each jaw of the first
comb assembly, the second portion is movable relative to
the first portion.

35

14. Apparatus according to the preceding claim,

characterized in that the means for achieving controlled
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16. Apparatus according to the preceding claim,
15 characterized in that the second comb &agsembly further
includes a plurality of passages for allowing certain

wafers to pass through.

17. Apparatus according to any one of the ten preceding -
20 claims, characterized in that the apparatus further
comprises three 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.
25
18. Apparatus according to the preceding claim,
characterized in that the 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
30 register with each station, selectively.

19. Apparatus according to either one of the two
preceding claimg, characterized in that each station is
provided with a respective pusher.

35
20. Apparatus according to the preceding claim,
characterized in that the pusher associated with the
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10 strate at its cleavage plane.

22. A method of splitting apart the wafers of a substrate
having a cleavage plane between two wafers by means of
apparatus according to any one of the fifteen preceding
15 claims, the method being characterized in that it
comprises the steps consisting in:
- bringing each substrate into a substrate-receiving
space; and
- clamping the first and second jaw portions of the
20 first'comb assembly onto each substrate in such a manner
as to hold each substrate and urge 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.
25
23. A method according to either one of the two preceding
claims, characterized in that during said clamping, co-
operation between the shapes of the housings of the first
portions of the two jaws also causes controlled
30 offsetting between the two wafers of each substrate in a
direction perpendicular to the cleavage plane.

24. A method according to the preceding claim,
characterized in that splitting occurs during said
35 controlled offsetting.
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pusher, and for each split substrate the first split-
apart wafer is placed in a first container and the second
split-apart wafer is placed in a second container.

15
27. The use of a method according to any one of the five
preceding claims for splitting apart substrates obtained
by a Smartcut® type method, a first wafer of the
substrate corresponding to an SOI wafer and the other

20 wafer corresponding to a remainder of semiconductor

material such as monocrystalline silicon.

28. Apparatus (2) according to any one of claims 1 to 4,
characterized in that:

25 - the apparatus includes a separator (222a, 222b)
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;

30 - the apparatus further comprises a first comb
(221a, 221b) dedicated to taking hold of the substrates
after gaid substrates have been attacked by said
separator, and comprising at least two moving jaws;

- the jaws being suitable for holding the substrates

35 once the jaws have been clamped onto the substrates; and

- each jaw having housings that are spaced apart in

a -desired manner so that once said jaws have been clamped
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dedicated to splitting substrates and a wafer dedicated

to unloading the split-apart wafers.

31. Apparatus according to the preceding claim,
15 characterized in that each station is provided with a

respective pusher.

32. Apparatus according to the preceding claim,

characterized in that the pusher of the station dedicated
20 to splitting substrates has housings for receiving the

gsubstrates, which housings are of section presenting a

generally V-shaped profile.

33. Apparatus according to the preceding claim,
.25 characterized in that the detailed shape of said pusgher
housings is a W-shape, a central edge being provided in

the bottom of each housing.

34. Apparatus according to any one of the six preceding
30 claims, characterized in that the apparatus further

comprises a second comb having jaws suitable for being

clamped onto the substrates independently of the first

and second portions.

35 35, Apparatus according to the preceding claim,

characterized in that the second comb further includes a
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plurality of passages for allowing certain wafers to pass
through.

36. Apparatus according to any one of the eight preceding
claims, characterized in that the apparatus also
comprises a guide for positioning the substrates in

accurate manner.

37. A method of splitting apart substrate wafers having a
cleavage plane between two wafers by using apparatus
according to any one of the nine preceding claims, the
method being characterized in that it comprises the steps
congisting in:

- bringing each substrate into a substrate-reception
gpace;

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

- clamping the jaws onto the split-apart substrate
wafers so as to hold the wafers.

38. A method according to the preceding claim,
characterized in that prior to clamping the jaws, the
split-apart wafers are held in generally V-shaped

housgings of the pusher.

39. A method according to either one of the two preceding
claims, characterized in that prior to splitting the
substrates apart, the substrates are held by means of a
guide. |

40. A method according to any one of the three preceding
claims, characterized in that after said jaws have been
clamped to hold the wafers, other jaws are clamped onto
the same wafers enabling only certain wafers to be
retained.
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41. A method according to the preceding claim,
characterized in that one wafer of each substrate is
retained, the other wafer being recovered by a pusher,
and for each split-apart substrate, the first split-apart
wafer is placed in a first container and the second

split-apart wafer is placed in a second container.

42, The use of a method according to any one of the four
preceding claims, for splitting apart substrates obtained
by a Smartcut® type method, a first wafer of the
substrate corresponding to an SOI wafer and the other
wafer corresponding to a remainder of semiconductor

material such as monocrystalline silicon.



