-; e3eFBBCE n34 April 2003 1 ' A METHOD AND APPARATUS FOR
SEPARAM“M&N OF MATERI AL, | N PARTI CULAR OF SEM CO\IDUQT%@ If\{AElégegAL
INTO T The invention relates i general to the fiel

materials p?%@é55|ng, and nore particularly to processing nmaterials for

manuf acturing substrates for electronics, optics, or optoelectronics, or
i ndeed for mapfachUANDIABPARASYS! €0R. SERPARATTNGURAPLAIREOFNVENT i ON T el at es

hod_and f f ' [ '
bl anes of wibnBedry n o0, Bl Bealt b " SENA Lo B RO ABa R RE B " Pt 1
controll ed and preerse. More specifically, the invention relates to a

et od And L0 aPRALALNSSFRY ARE1gLER0; ANgBnSERY LI BRLPLARGl W val er s
initially placed one agai ns varyi ng degrees of
mechani 6al tehesiieds Arbﬁ@ﬁﬁlngbh@ddomowannaacnguéaréylﬁ@onr@ﬁesﬁsugator

(sd), COWFnb%%%l%l%t ¢BrOhahiPhetli-idgl gngskeaebge@ogeaqacwoﬁlcs,
nmonocrystalline silicon wafer, a step of fixing said wafer on a stiffener

such as S|IPEéﬁcﬁhaPrh8§t869P65§PP9C?@ Béeﬁnéﬁﬁélféa BANREcsUriage, and
then a stepm&@&ogysuém@g_tmatpakeawagartakﬁé mha@ﬁtabnlea&btee gart on a

pl ane of meakn fined b e lay ant ed (I'n sone
cases, if tHE SH%CEHQSEQSaBPaF%EU?méoﬁoPFFgﬁgmngtﬁgpﬁﬁﬁgép Pstal line
siIiconowafepexatuahedonanEnestbérweaﬁaesé thespbhneubktwaaksesandr e

St Nt ¥l BALn0bN3h LNELUETRALY T PLERENLI PAAVARGTRERRRLED

strengt h, I XI'ng on a St ener can omt
of net hod, mheth&preléaﬂggélpakéy pkhceiguenbipherelater becar Berhogart

only, the twpawetens heari,a %EQCEeEQQQEQﬁ? bA Qré@bh?ﬁt&gﬁrEthQYtQOSUCt'0“
cup effect even when cl eavage_is conplete hey still need to be

separ at ed sUa§§r?0185FéPﬁlV|P%?F?dtﬁéefﬁﬁaanélt§8b§FP§FeWWﬁPch\MII

subseqqgntlwabglagbﬁeg&eést@f35emaan@ualfbahébnag treatnents, and secondly
t he remai ning no i con ycl ed |n%tEe nmet hod.

stalline.sil ¥h
 or 2008 2 B RrERbarsE e Res PR A e e e b PRy RRG nrtin
gr eat est car(80INh,ordeprtieesnauseephaf umplamblm@feoascbnegapantdephbre

necessary whileg als nggkéﬁpQgeogﬁlﬁkgﬁvﬁgfermﬁgh rB@nEQQ Bgneé&ak of

damagi ng thé two wa enera I'S operat| I'S per manual | y
by a partlcwﬁ§¢¥y0§kﬁlBééféﬁéﬁﬁtéﬂChf@ﬁ gxanppPe byatnbéﬁtpﬁglanghéVp bl ade

or thezbikebb@hookﬁalﬁéaeoaftheesgkaheelexah whth LhetRpbamrgyof separation
so that ‘separation cap be gelieved by 3 wedaing effect. ; This opgration runs
t he 9 g P P
plane of weakness as defined by the layer of implanted
ions. {In some cases, 1f the thicknesses of the two
portions of the monocrystalline silicon wafer situated on
25 either side of the plane of weakness are sufficiently
great so that they themselves present enough mechanical
strength, the step of fixing on a stiffener can be
omitted.)
In that type of method, whether cleavage takes place
30 completely or occurs in part only, the two wafers remain
stuck together in practice (merely by a suction cup
effect even when cleavage is complete), and they still
need to be separated so as to obtain firstly the final
SOOI substrate which will subsequently be subjected to
35 various finishing treatments, and secondly the remaining
monocrystalline silicon which can be recycled in the

method.
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.10 risk of causing the facing faces of the two wafers to be subjected to

shocks and to friction, thereby damaging them In additi ony, It_\hilsl %rbléaJ

operation is lengthy and fiddly, and prodguction throughputs are greatly
constrained thereby. Finally, particularly when cleavage 15 between the two
wafers is to be term nated by the separation process itself, the forces

applied to the plge,ngedatr bon Panbt Cbanly1 Dy o8t S8LrbhgeabRYeREALLONEd

manual operation becones i1 nappropriate, or even dangerous. 20 The present
i nvention t HIES3eRRS $RTHr oV eeder nk? RS ERY Blpdhar BRest Yorvahabri Fg™uch

separati on tgoher pewhordede elb 1Y, wh el é ahl ¥o NG SPRGIVEF bt Veaddige Whi Cch
al so avoi ds ané/ contact or fricti onlgbe%m%en t he vvlg]%‘lers whi Ig t hey are being
separated, afttPRds BAVHTPSKERE B5SKPhi AHTHGI DY Bfe paYei ¥RES Bei ng
deposited on the metgemefatestlois saperavafen sis Avet hermed| estually hiey
invention is_t ; e whi ch hani to an
extont that 3aetarooyirif) SRLE S codBatar THEP SoMDTe TRy (BRLEER LN O
macr oscopi ¢ @l shagugebladparribie ohie amido wilhdoedaé¢ tobvele bplage necessary

to exert excesgdyeyiohCese Op1ihe OF ab&padi¥fon | fo aclhdf SkefePECiont bEn
present invention Prow des ‘a net hod of _separating into twp wafers a gl ate
or

35 of materidf FORIFERUIRE VeSSBSt BRels- f of N EF cRRFHRF LD BpRF clsh
opt oel eg@ronai:__t;@tc1 of c}Ead)Lﬁsm%um@tfmbg%%nf@éf@y@flem 6?d>dw&\€éﬁ£5t€@e]iﬁ@g hod
situated on either, side ri of a e of, weakness, the netho
bei ng. char act i SBEET nee otk s reetr fhetabendie Y SHTRSTHS  oxerti ng
a def or nati onhémr ceImnaddit east w©mis ahandel waber st Son ass t bengtise 4md waf ers
to separate e r t id plane of

£ on i%gé' gﬁ%%@écﬁ{'or"i‘ E}?P@ug?ﬁn%&@ %é‘o rﬁtef%a

weakness; and exerti separ at1on- novenmnel fers. By means
of the inventotrdineserhengpr. def brad hy, fracei¢ulaslpothen| eleavage

local i zgd zoper Phed NEn®! BEE §0FdPs | 1 LSS o SERBIAL 4@ bYaYEe | N the pl ane
of weakness. This wave can propagate over the entire extent of the plane of

k t
weakness ei t FRPAERCEPRPERCEFR HeFDt frat Fioh FRrappI IR 1982 ot P®r el se once
t he separ at iphat@vesedt t®fbé heattbcwbd €13 dwesabegud, tiitabdvany event

extrenmely 15 quickly.and wihout any need to apply large. separation

forces. If f%?q%rélsor\}\%? e'to D %@(eerr%é%o?ro?ﬁ%%%%sf?%p%]f%égl%? t h&" wafer s over
the entire ataagewewdut having a localized start of separation, then it
woul d by necessaryn 20,£0: LAt egrad (RLES LI 1oL 08 AEN QYo

separ a?‘?on over the g%t%re sﬁ%acrgt%}ga,}g%%%t at t{/\/o&f d&élrmunt e@t{o a

consi der abl 21®r¥RPAFHS FOT | FRAPRi Rpt FitRh oTeRFR G P e the force to

be applied tgepEbhRVE SEPAUBS] OFe PIAPEF, | Snd SFSproducibly, and which
also avoids any contact or friction between the wafers
while they are being separated, and thus any risk of
25 scratching or of particles being deposited on the active
faces of said wafers.

Another object of the invention is to be able to
separate wafers which cohere mechanically to an extent
that can vary very largely, in particular wafers between

30 which macroscopic cleavage is partial only, and without
it ever being necessary to exert excessive forces on the
plate.

Thus, in a first aspect, the present invention
provides a method of separating into two wafers a plate

35 of material for manufacturing substrates for electronics,
optics, or optoelectronics, or for manufacturing

microsystems, said wafers being situated on either side



25 limted, making it possible to achieve this separation on a path that is
extrenmely well controlled, wthout any risk of shock or frjcijon bepween

t he surfaces being separated, which is particularly inportant when the
surfaces are to becone active surfaces for which quality 30 requirenents in
terms of purity, shape, etc. are particularly critical. Advantageously, the
separ ation gfrd disrfe i evrtiie SXerdidGnet HBH betdf Shd rhdtd-M&d nid y of
an edge (or of the single edge when the(g)lat,e is in the formof a disk), 35
on at | east tg’r?é? oft t rdcsé’ss(cffhet FE HULTHRE AT o t he edge surface

t hereof, even thougkeaariray ra W ficadiias: iain tierce orApt 112003 ahd mfent i on

allow for t conhi nati on of .stresses ,hein i.ed t aces and
q;%e wné%ersl' 55,29 et &e ‘A%}%%nott%eérje%%%a% ,{}f%nﬁe i nvention

on the edge surface.” THUs, 1 n accordance w a

makes, i% pessilblachar siepd g v wdfeersladre @6 saitylmlgpleameE of weakness
that is well,dgtfrdd negd,qIn the specification, the term”plane of weakness”
means a zone of material obtained after the material has been subjected to
speci al treatnent’, S#THHBIdadREPAIRATLIY qaeent Ml waters.

perpendi cul arly tmy, sgighdlamahd O it i f aft B rtCialy GOy ficenigpl anti ng
an atom c species,, making the material. porous,  etc. Irpgqglr}%/ event, the
treat nent i <% s 1D & He® & G esst me P S4Y zone

to be rudifiied toratas & cegrstate drhatatahelmedley iglartasof vepdoieads structure in
said zone squl R1a3v5e Scea‘ha;p%ég%{gaqiyﬁ téweﬁ%%o%r&’kq!eo%iélﬁttapo%r&%eus of the
p erentia ep

i nvention takes ace pre . y 1n sald zone. ane need not be a
pl ane of thelemsstadl wesmhriass gl ther a9 isaomeshi by clefidrmatti@misand

separation capitiake gl d N Ad1GRD sidenh PN G AR dneriai gk pl ane
so 20 as to Qccupy a plurality of crystal |attice planes, depending on

i rregul arititd® itVa refetedial LePief dted F SIMIBEHT PHERRod of the

i nventijon arguiasklfoldrinsii dHuts ey HeaaPply idip iy deffdradd gy ftordie

conpri ses 2§f§arlpcplcsyi ng suction on at | east one of the wafers in a region

whi ch exten 0¢al ly close to the vicinity of an edge of the plate; the
step of applyi ng I defmramtwenre ftor dee cogrrtieske s mpploppup iiectsdicleomfat | east
one of the fers d | O 1 te to the vicinity
of the edgevggjfet 'efepqis:tog%lf)et?tee%cngﬁrgérjat &g&%ﬁéﬁnﬁ‘%%?ouasl y, under such
ci r cunst ancdcaligeshicttiagit iof ammarat ign grtilspt g dfe SigdeaRasy

great erp ¢ hand haft frdthe Mf efcrded RepSieRA alhid adh evidfly aRgeausy, the

deformation is produced by applying a force on a zone of the plate which is
si t uat ed beﬂk@éﬁ € Ieé%‘Es‘tIyec \%“”ﬁ ISR G ﬁﬁa%r“@%]ic{giadﬁ}l t toa

considerable force.

However, in the method of the invention, the force

to be applied to achieve separation proper is very

25 limited, making it possible to achieve this separation on
a path that is extremely well controlled, without any
risk of shock or friction between the surfaces being
separated, which is particularly important when the
surfaces are to become active surfaces for which quality

30 regquirements in terms of purity, shape, etc. are
particularly critical.

Advantageously, the separation start is achieved by
exerting a main stress in the vicinity of an edge (or of
the single edge when the plate is in the form of a disk),

35 on at least one of the faces of the plate but not on the

edge surface thereof, even though certain variants of the



-5 4 April 2003 secured to each other; advantageously the anplitude of the
deformation in the direction perpendicular to the main surf4ages.f)f20t0l§e
plate is less than 1 mm and preferably hess than 500 (err)mpfjhls
characteristic makes it 5 possible to control and to limit deformation of
the wafers and the faults that could result therefrom the step of applying

at def or mat i ?rhlvfeq»ftﬁ%d %nwrftcﬁg?q%éﬁ%@ﬂﬂa&b%& fcpfrk agjf@'é%oéi%@ir{gta shearl
stress I1n a as ne._region o € pl ane ol WeakKness, advant ageousl y,
this def or m&ER r}qu%orﬁﬂ Q%brﬁr%b‘ﬂ fl?ferﬁjra\ﬂcﬂé’rt 'S IS8%E TP 3fiSect i on

per pendi cul ar t o THus,sunf aceioddiczepairtdt iaomtdieap Aoigut Seshaovi ng means

suitabl e for,_applying said suyction.n a direction that 15 extends generally
transversel ﬁntvgepnttﬁem-%lmaa S of* i?é)sﬁle]ﬁ e YhéS eagdar at in%lne S ae%]‘&sonosl} sﬁgs in

movi ng & | edswlenelema nd wafadiredan tthednsisatwadn. wieteomineast at i on; t he
separation step st Siddb v | gaste HRE f Adk g7

transl ation accoGr'er?g?i edss y&rlorgi\zg%%r@'zo ~ tthe ne%loéﬁu%rﬁaﬁ_{l ncl udes a
step of rel 8&§iNTy daatzaneasit gt stialhehtaridied REtEay dhmmaferind e i on;

the nethod BHadmheubROUEETA Pt A BRRloHdHE StWteisth SAddakda s favoring
separation; and salg

application of stress js taken fromth roup 25
Compri si ng: B A F A ehiar SRS & AR SH Yy oh & retthFEan4 i br at i on,
?lpp! éi rltg) ﬁhﬂniormla deir@u%un@ntap?ryidug\m_ 't lisrtg?]fmﬂ:,fir@(h_rampiqmm a flow of
uid at hi : : r ita VOr i ration is
shear st res%%eﬁﬁ%%dn “{?é{lg"gfézﬁlr?eﬁfﬁﬁga %to‘r?ré’égderﬁ%c.\i\henrﬁégﬁﬁﬁgq;r?ﬁ%éri als on
ei t her si de tdfe ttreapimand ofs weriness tdo arstblitavdie sd warmisoelf itdieent  of

thermal expaRgiedn A i‘i’@"s%itd‘%%%e”%toerﬂ@'n%cil?trﬁé@tozataéb%d%rtee%rtat ure.

It can also be obtained by deformng the plate, e.g. eformati on tendi ng

to give the thcaf@terdary &iass faF@ess adr Ahtd s dﬁvgaaae%ba?pzne B Ahasri |
2003 The& stk Sliloab s fthe MRMGINGrSRA alHe0 R pERIT (Al @FPAHE t0 a
combi nati on .ov_et h%o%b(?:\éefc-esspe(iieﬂc ieed rset £sses, [ thlenr SaiirHJl taneouslkxe or
separated i SR, place p atly S zone. T
plane need not be a plane of the crystal lattice in the
strict meaning of that term, and separation can take
place in and can extend perpendicularly to said plane so
20 as to occupy a plurality of crystal lattice planes,
depending on irregularities in the materials.
Preferred features of the method of the invention
are as follows:
the step of applying a deformation force comprises
25 applying suction on at least one of the wafers in a
region which extends locally close to the vicinity of an
edge of the plate;
the step of applying a deformation force comprises
applying suction on at least one of the wafers in a
30 region which extends from close to the vicinity of the
edge of the plate to the center thereof; advantageously,
under such circumstances, the suction is applied by
gripping means of stiffness greater than that of the
wafers to be separated;
35 - advantageously, the deformation is produced by
applying a force on a zone of the plate which is situated

between at least two thrust points that are rigidly



-The deformation force and the stress suitable for 5 favoring separation can
both be of the sane kind and can correspond to a single opgration.oohn a
second aspect, the invention provides apparatus for separating a plate of
material, in particular of sem conductor material, into two wafers, said
waf er s 10 being situated on either side of a plane of weakness, the

appar at us b%bEQrEBaEécEQEhZ%@th tQabahkaee%ﬁeU§e%hen%ﬂ@a1Eeeehekdlng the

plate via a first wafer; stress-ap % means Suitab for exerting plate
defornatront§?r€§§O§WaFé8§t18ntpﬁed§é€6 dOWapéFPe§ﬁ&CP§ar F€ar€f or novi ng
the wafers &B@htsU&QEb%@CBfOth%rp&bQ&glé Regaetenm neehmathd Preferred but

-limti t f th t f . th foll. th
ST ess. appl SFRGCRARIY GREC HE2BoB0Paton "HidnS 25 AP 6 LaShaE: [OVSd By the
same grEpprpgssebﬁerposaontgoﬂppndgtme&bentpds§e$m3$19uctﬁomh&eens, t he
gri ppt ng MEFUEL g”%hadﬁﬁeafgﬁﬂﬁgakBti 208 e, eERAtL Wﬂ%%%f&% g directed

t owar ds sai d waf ér “possesses at | east one suction cavit ~ a single
suction cavity is pheviedes PﬁaﬁPP§Yg@§eﬁaﬁﬁﬁoéméﬁgépefpﬁc§ha§e and that is

sui table fOéd%éhﬁﬁgngs@?tB%%Ea%ﬂee@%% 689108 e&seheopeaberae@reseentral
region of the plate; means s constituted by a second 30

gri ppi ng neﬁBePte}Féﬁﬂl QesﬁﬁgﬂgﬁtpélFFepgﬁéppeP £; yepk&eSSrist gri ppi ng

nmenber 1ot headeuheagboukher, th@bUdé$ogmbd&oﬁEa@S1mplwhb&heﬁh©yfIrSt gri ppi ng

menber i s mopunt ed; ge devi ce. furt i_ncl udes neans ”3? g ently 35
Ippl

urging the FRFEETgr PG RGANEntisr amé?eFFoﬁPtﬁgrgg tfenber; 7

4 April 2008utliecdevi ce further includes nanual actuator neans surtable for

Tove the two o1 1 hOLTY. FERBGES LB g0 Calh OrRg oviAg ko S0 as Lo
sugtagge %or applying said suction in a direction that

15 extends generally transversely to the plane of the plate;
the separation step consists in moving at least
one of the wafers in translation without rotation;
the separation step consists in moving at least
one of the wafers in translation accompanied by rotation;
20 - the method further includes a step of releasing at
least one of the wafers by eliminating the suction;
the method further includes a step of applying
stress suitable for favoring separation; and
said application of stress is taken from the group
25 comprising: applying a temperature gradient, applying
mechanical vibration, applying chemical etching, applying
shear stress, and applying a flow of fluid at high speed.
If the stress suitable for favoring separation is
shear stress, it can be obtained by heat treatment when
30 the materials on either side of the plane of weakness do
not have the same coefficient of thermal expansion or
when these materials are not at the same temperature. It
can also be obtained by deforming the plate, e.g. by
deformation tending to give the plate a convex shape

35 around an elongate cap.



‘5 - the guide neans and the resilient urging neans are constituted by the
same nenber; said nmenber is a single-piece |ink member congtigiti Bgod

def ormabl e parallelogram and it furthergincludes neans for selectively 10
elimnating the suction. Oher features, objects, and advantages of the

i nvention and apparatus of the invention appear nore clearly on reading the

follow ng detail efhdescrd £ | QN ANVED Wbt e £05 L1 R Cee b Lrd hEoRCELAPANYI NG
drawi ngs, in 15 which; Figure is a, persgectl ve view of a first enbodi nent

1 {
of separ at i GIPEHFRFRWMUSL O tFHRIBIRAM DL FilfirdPPE iPemi bietal | el evation

view of a grdppideeporditienfsihel Hgueslly appadapusattadl DL wigdate 20 to

be separated intqlgjtl\/\odé/%ersn Fi gﬁjre 2b ii crosrs-sectiotn vjeéa t hrough the

assenbly of Figur VEY ]aﬂﬁ‘fel% N paer?‘ p T W ew of ?kﬁ a %]énbly of

Fi gures Ra dav@bin®Sepdguren 3zan shetlperspeitive samw oind paitcdmwrmi ng a

def or mabl e p@éﬂdé%%%sé'iéf%fef eddtiifg to the apparatus of Figure 1;
[ ep

Figure 3b is a grammatic r esentation of the deformabl e parallel ogram
ina first positi®bh;a3trcor arrede iEhe MIRPBIRRIBLOVEIRRsURIBAIOHS of the
def or mabl e padald gl OeH @M BREONSE pRsd d4 04, HWErdachBad df agment ary
section view on, a rgg:‘jl on]gl t udi nal . pl ane show‘gi? two gripping_nenbers
situated on SEPHONWUYLHMAEF AL P i TR i ﬁer@'s'se‘iﬁf tYSEY3B5 - Figure
4b is aLd r agyeimryi nettednowi e g as pdanef extEimha o f radshes se) yeli® t he
gri ppi ng menbers,_.under_ the sane circunmstances;: A April 2003 8 Figure 5
s 87 i agr A S TGS RS SOPR AT o Sey e br ot e TP THE R at o: and -
Figure 6 is a di agregans i oparshéiog vidheiphatod i s ex ohidestrberdferent  of
apparatus of the jnuentdor IvEN i an d S, desedd Qngef@l tajl, bel ow in
the non-limting context oplgl%;[lgqe 1 formed by assenbling tr%e@her a

si i con waf &tefiqrmgfian igHesaat & it diteFePnd efee s [Althe of
weaknesgs and a stidd&Nerfor mbvils aH@d ffr$idpHan, £idn tderis waadd ed

"warf er along a predetermined path.
Preferred but non-limiting features of the apparatus
of the invention are as follows:
the stress-applying means and the separation means
20 are constituted by the same gripping member;
said gripping member possesses suction means;
the gripping member includes a generally plane
element whose face directed towards said wafer possesses
at least one suction cavity;

25 - a single suction cavity is provided that is
generally elongate in shape and that is suitable for
extending between an edge region of the plate and a
central region of the plate;

the holding means is constituted by a second

30 gripping member extending substantially parallel to the

first gripping member:;

the device further includes guide means on which
the first gripping member is mounted;

the device further includes means for resiliently

35 urging the first gripping member away from the second

gripping member;



-10 bondi ng" technique, the silicon wafer and/or the stiffener being, for
exanpl e, oxidized on the surfaces) of the bonding face(s).4Typiqabbyz such
a plate is 200 mmin dianmeter and 1500 umthick, with the thlckness
general ly being shared equally between the inplanted 15 silicon wafer and
the stiffener. The plate has two main faces 3 and 3', and inside the plate,

at the depth of L.mphankield ceh sp@ il 5621 uaRLe haria 8% bl fuchln eakness
6 which defines two wafers 2, 4 that are to be sep arg& and that are

situat ed onSEitRELesitqe 8F9§§Bdt@G SHZRE ETABPEIGUFEEREE A4 WE Wt h
reference t@;alildgweall,leaepaﬁ@tm@ appakatys mofret Bdei RweNigrdppisig N the form

of a pistol or.cla t ype port ppliance 100 essentially conprising a
mai n body 15FPSHS P@%r%ﬁngcﬁr g@%gtmo branches constituting two 25

gri ppi ng menber s -3@handulde anana haddt@eBQegadue@eduwauh9amaan@g@ﬂ640 a

knob nmenber 80 -9k iUt/ @%e nag-.a rel ease pushbutton 62, whose
functions are described bel ow. anp 100 is connect ed by two suction

t ubes 50 and 52 tosélﬁaﬁﬁﬂﬁﬁﬁU#ﬁ @n@ﬂngﬂéwﬁﬁecﬁolTﬁé HEfEPeE 30 enabl es an

oper at or t0c@%@@lk%%lﬁba@pdéygﬂM&HQ%e pRanrd1 Mibgrathe ag@® hand, the
operator can use the tr| o] control the movenent, of the gripping

menbers 30 and 32, X&s§ g rbé&q HAgSt PRSI, SBAERF S Se gri ppi ng
menber 9030, e32mLmad&$ggm®é tsmc3Goadhere to a respective face 3, 3' of the
plate 1 by sucti mnth he. vacu m est@ %p i bet ween each
of said nenbers %(S’h f? YRE e S ée;%%ohdleé?t % tg%e %ESQSleface 3, 3
said suctiodHWQmmgO@tﬁ@dgaQ@@GQNUSOOéxéhﬁ ﬂ@N@@§l@ﬁab@@#@lth@nﬂM)vwﬁers to

be separ at ed, e%sﬂgﬁ%w hhed ibe) Uhe. E%qlmqytgotiefdaql%taa@gs&lmlﬁ i's secured

to the 5 han recei ves one I ppi,ng nmenbers 30 in fixed
nmanner . ThegéWW@r“@ﬁﬁpﬁeﬁgrﬁﬁﬁﬁeﬁosﬁhﬁsa@&ﬁﬁ@@P&GnﬁodFﬁylﬁﬁﬁy i@ via a
first lisnk parten22, a singl e-piece part 14 constltutlng a def ornmabl e

paral l el ogram and a second |ink part grlpp%n nenber 30 is
described in detalll@&qﬁmhmlﬁhargpéﬁgﬁgélvg ﬁP&Wr 6%, it being

under st ood bh&bdhhenmtbérs@@mheml&& ﬁ@ppmetesabﬁyt&esugwe@tu@nthis case to
be identical. The %ﬁl Q%ng er%lﬁ ggga%a 5%'%q%% %&daplane 15

el enent of generally shape A ione Texten fromthe Body of the cl anp
10 and possessippgng poctiiom @évutthye 33gurean amnaer@ttlac@ndn . dapflate t hat

faces towar @g the ek BemMeko Woh whltergutline of the caV|ty general ly
bei ng oval and Iy|n within the outline of the nmenber 30. 20 Preferably

this cavity is in H@UFﬁrﬁPoﬂsaacﬁaﬁﬁéls@ﬁaﬂOPsVEFHé§@r9P9 its ends
by a concavas@@ﬁmﬂq-wﬁlhlgﬁh% aane of the plane of the grlpplng nenber 30
that is to cone inkg cont one_of the in aces of p%ate 1,

Sy e
and that correspon E ol Fﬁeg g&}ﬁg@gtgwet eYSO annef‘S “%Hﬁas fronta
regi on situaﬁg@rh@cahlwndtZKhe edge of the plate 1 to a central reglon of

the platge 1. Wen tﬂgumeatzg 1dS ghan%%%t%hv&%% g Qpbaqtrr%@%nég Of

rests against the outline of the t hereby constituting a
t hrust poi ns defieirgtrbdee pargildiey) c3rage syiéabls é@é &iStHeO Secalise of the

rigidity of ab@axartuépbrtg FIgRker 130.

- Figure 3b is a diagrammatic representation of the
deformable parallelogram in a first position;

30 - Figure 3c is a diagrammatic representation of the
deformable parallelogram in a second position;

- Figure 4a is a fragmentary section view on a mid-
longitudinal plane showing two gripping members situated
on either side of a plate when initiating separation;

35 - Figure 4b is a fragmentary section view on a plane
extending transversely to the gripping members, under the

same circumstances;



-A vacuum connection orifice 36 opens out into the suction cavity 35 in the
vicinity of the end thereof which is closer to the body of 4;tje. gl amg310 and
it 35 comuni cates with an evacuation dugt 37 enbedded in the gripping
menber 30 and having its opposite end opening out to the edge of the

el ement 30 that is adjacent to the 10 4 April 2003 body 10. The duct 37

i's connected to a hesa;R0 4 ofs CONPELLF AR I RPUEGE Lf s¥agesm not shown
in Figure 1). A non-return valve (likew se not shown) is interposed on the

vacuum pat h &R iRreradaiiie ForthritdptRt 3t@d by the 5 pushbutton so as to
al | ow ai rd_t o be adnﬁigfxde rs]elej.e@:]ai V&ia/gnﬂ;ﬂﬁrﬁ%ﬁzf@fwéﬁdcéﬁvé a@_de‘lal &P édhg |
correspondi ng cavity of .1he other nenber r purposes expl ai ned bel ow.
When t he suc%?%?f‘%a%?lﬁld]s’%epfts %‘ﬁtaﬁ’%ﬁ‘]ﬁa%ﬁ%t%%n&? he'HFat % ends to deform
and to pgnetrate The cirventsuot i i3 ddscaibey B35 detavekrnbdehewt fn ushe poi nt's
correspondi C | i t i i I late 1 is
general ly rP‘g?l{l:lol%rﬂl?%ﬂ%%f%é}gta%%né‘%a%%%itg?bfsy%%%%%goa}f S‘*%ﬁ%ﬁ out t he
entire plat eEogptAeNy 3 tsil sern |wafeumn ofhieh vieng &aiee p§edf convex shape

around an el ORGRLE: ERPLd LU EESPPHAY 0 FdkOne, CARsi NstPereRvELy 35.
Thi s macroscopi c deformation_of the plate 1 can be accon;fanl ed by stresses
0

favoring separ&t i dEdMIte HaferiOmndty the (3R F 4R of Wak®kness.
Alht hgughotpaacﬁﬁdﬂ}ﬂj'ng:é@mﬁj' hue3,0 tihrse régi thon mﬁnlte)Cbr?cD/cm ﬁﬂé@ flront elnd of
t he body of the a 10, the. ot her_qgri pping. r 32.is displac e
Since it s TTRAFTTE Bt Ry STt b S PR REtBh ¢ 14
that constitef eshe kmidimmbiacepeslal | eMagrem Lnhishch sa debate besl bel ow Wit h
reference to,§h o oy 3 4t Ao 25441 fn R b1 ERVIRE ObBaEyedy L hat
t he vacuum duct opening out i1nto the suction cavity of the nenber IS

connect ed t (FeMRrHokse Ping shared efitmelrY Retvween |Hie sHnel amlr@dr 32 to
move. The pasilidohas fedenel Ally et onm ar i I ne ShAaViwng havh

mutual 'y parallel |ongjtudinal_arns 16 ich are interconpected by two end
portions 17 99 @9 al o e W%l‘%%&vw%iﬂlihg’e?'18a%\kﬁ% REB ffred in this
case by portimplsamdfirspich athes dilaicat evafer editcathd e gkiess.offhis part is
thus a single %ece

provi de sui R IR P"‘gulthekf Ioc?engjﬁr?elesf %wogt“%%egia%%’bgis.é% Eliu?ﬁ fl&lf)oc‘?t iegngo
defi ni ng t hesdpamgesed8 anrde Weft et beiwedrepair £ igfheubstdntdal$agid 11
20 plane (see Figures 4a and 4b).

With reference to Figure 1, separator apparatus of
the invention is in the form of a pistol or clamp type
portable appliance 100 essentially comprising a main body
10 from which there project two branches constituting two

25 gripping members 30 and 32, and a handle 30 provided with
a trigger 40, a knob member 60 for adjusting spacing, and
a release pushbutton 62, whose functions are described
below. The clamp 100 is connected by two suction tubes
50 and 52 to a vacuum pump (not shown).

30 The handle 30 enables an operator to hold the clamp
100 in one hand. With the same hand, the operator can
use the trigger 40 to control the movement of the
gripping members 30 and 32, as described in detail below.

Each of the gripping members 30, 32 is designed to

35 adhere to a respective face 3, 3' of the plate 1 by
suction, with the vacuum pump establishing suction

between each of said members 30, 32 and the corresponding



-4 April 2003 semcircular recesses situated facing each other in the side
faces of the arms 16 close to the end portions 17 and 19 s@ &s 0 ,@eki ne
privileged hinge axes which, in Figure 3g, extend vertically. 5 This
defines a parallel ogram whose two | ong sides are fornmed by the arns 16, 16,
sai d parall el ogram being deformable in a plane perpendicular to the pl anes

of the grippiqg nenbers 30 AliAZior Nk Y add @nd Rhdegh orQidxdinal axes of
sai d nmenbers. 10 The l'eading _end 19 of_the part 14 is tigidly secured in
k‘eﬂ‘-’ri%? tHE

the link parforEesuinaP WRASIS drS phft ERRFAIEA328S whi l e t he
rear end of dde-midsdd elswrigidly engaged in the link piece 20 which is
itself rigidly fixed.to.the d f th | anp .10, 15 It wil| t%ll.ls be
under st ood t hat r%‘er%onyoqf tq%eélpc;ﬁﬁm%%&a Fhuks osfe(f%g%m%n Yri ppi ng
menber 32, thekebl el erdneideforanengff Hehearvad | gt iqgy iamg i memshrshs a3 draimer t hat
the grippi ng pP andEth . paral | . ot

accurately gfsl posg‘%%)r'zo . us@‘{%%ﬁ%ﬁbﬁnﬁnﬁ:&%ﬁf _|sggér](§{rr%$€%%c\1m ng the
di spl acenent®® dthe RePork] o2 A HPbflie RATHAhg IeriRglepiece
respectivel \odrt a4 RasARA Ind eS| dd A iiere ddven 1101 S+ R Nehdeqpbers 30
and 32 define between .them ag%gp of width that is greater than the

t hi ckness ofseé:‘f%i,ﬁ]é’tke B e Separated, and in a close-together position

where tie two grifi@ rg ipnher snedfbeand B2 dlefd swr wtdeian ddem B igepowf width
that is narr t t.hi gﬁgs of, t he ate. It shoul d, be observed at
this point t"ﬁl\gﬁ{t egf% pr}aerr{leelzg}%gkl §0 ac a}sh:lon ‘e lptr ebseelnqg e%(r}ﬂ% Set%osC?
resilient nmddwd the mfhesdanavtber e erd girafeatalplne sted ignvesd | indetlersri ned

elasticity, suchas i ri&laafdivelyy rigid plastics material or a netal. The
part is also designed so that 1ts shape at rest is that which corresponds

to Figure 3b, an T 1PPIRF HERFo s brishdl rignaralni e gy thlemshown
in Figurs 3R JSedrersiings - WHdHdE tha Pad Salddiirdp froh Ad | 2003
12 resilient retur ani%nen%gad%ﬁ return it towards its Figure 3b

posi 11 on. RO &ifp HHE 4S8 E e Pt RASTFSFohTich 3 rarir 05 (GAY THanS ( not
shown) for timarsmittding tfadehe il .ienk gpadfdce2 2 tmtd flarcess Wwavdatcetaxert ed on
the trigger tQ. dispha t : I 0 i.n Figures -3a and 3b
fromthe Fi oﬁ%ees'[gg% %‘(])Dselq:t’i ﬁcho%edgﬂtﬁé%%n%ufyet%c%&ﬁ Y .nelfyalv?%a}’y of
exanpl e, thé&sdngesyslc and divinics evidhiapptspraudtleng ikagdieomenmider G .

transmgsi o dadre®18asedild QR/i&£88 Gh & HAMRrl F adi4sRN dRber 60,
e.g. in the formof a knob having a threaded shank defining an

end- of - st r oké& 2t &k dtdede &Y W 19°NIR afisHaievadil + he
moverent t hathecarke gfether madnky dfhe gy igadiphd e meibed2 30l HEY e s

precisely, this, abutnent is design to op the .return nove t . fromthe
position of H JI'E cql%tooﬁfgfl&gcihg”%g’sioﬂeoﬁ%g%%ﬁ Jiréd' SHLR A &?"t]%ee
nmanner so agltgeddt emmidnéhaitn coveesipeenice tof threefoneree s fidve tafi gger 40,
the Sz of dhedan RelMeE el PRGBS 20 1130 34 wign they are

in their spaced-apart position. This es It possi particular, to
adapt the t &89 &Hei &Lty o tthe gaptBedwesy it afertheppdiads 1L r ecei ved
froma conmmuheracheand sdesilgned engjabed akeh e afrligipidPthedbd oo,
separation &%r@%%%%’aggﬁ%%ttQ%% %E%line of the channel, thereby
constituting a set of thrust points, which are rigidly
30 secured to one another because of the rigidity of the
gripping member 30.
A vacuum connection orifice 36 opens out into the
suction cavity 35 in the vicinity of the end thereof
which is closer to the body of the clamp 10 and it
35 communicates with an evacuation duct 37 embedded in the
gripping member 30 and having its opposite end opening

out to the edge of the element 30 that is adjacent to the



-25 size of the gap can vary depending on the type of rack. The use and the
behavi or of the separation clanp as described above when sgpgf,ati pgog plate
1 into two wafers is described belowinidetail with reference to Figures
4a, 4b, and 5. 30 The vacuumpunp is initially put into operation to apply
a vacuumto the two ducts 50 and 52. Initially, while the clanp is in a
rest positigpsphepe nenhbopeetl $708isNgAPRILed £ bhadse GaersA0, i.e. in
whi ch the gripping nenbers are in their spaced-apart 35 position, the clanp
is taken tocﬁnﬁ‘%géoﬂortosépéoéltrlc@n Ofth A U d e ﬁ%’@wlnn 1R Fdevet Tnenber
such as a rackoni-restugh amwenan ikkat ssandtnehbens 36 dmiedPoarel fom be

f ound 4 il 2003 13 opposite_sid of. the plate, e . all the
cavities SQEF‘ﬁ VRESE™ \%‘%ﬁeﬁ%@r S'Lsarsélltt)zgg)ﬁ‘el O %8& i gr?tr%re%l%ae?}b\%, ttglet he

pl ate tBat psshkbotkan so gise tposiltliosn asghowe be RdgutsésRseleczdvelye. in
whi ch the p&ﬂ%b”ﬁhe5cgpg?30?5tn%n l;%geﬁh%5cﬁﬁﬁf§ bnRascl @-3Ment o stance

fromthe edge of the typi ca ew m ‘ters_to about one
centi met er) Ehat othies pemper PBR)sHON #UBECsSserrdd aipsd ©8d ¥upport nenber

can have fittinggheabeheeristabnt Raviitkess1Q sepakl iingd ReidRasr,i @heof the
menbers 30 and 32 relative tqo the plate to be indexed so . as to _ensure that

the menber sP3@t&ne88sat8 FREPMPRLLL REFGETASpdita SiEd SUF T4 Manner
that i 30reperagitiybBs. betwekoultealt$nruse @bdervedorratspondisiape ahet he 15
clamp, with twy.thin_and projectin r.i. ppi,ng rs i rticylarly well
adapted to f’h‘gﬁi%in?ugtfi 52“6\/\,{? Fglﬁnagggflfwgg'sggg%%ﬁ c'):lrkll%agjg‘—jtttéa ge%fsound in
successi on genereddly. rijgedopéhdtsodeafioamagppn eenppressibd vt propadatiegger 40
whi ch tends hear ippi; rs ; 32 52 I chygot her
until they g(})%(sﬁ%l? (L)lttcgrrftg aé_zltijl Ev%/ir%t%hlg;liti%%t'wg:i 19 52’%2 l% gn%n%gwgfaqﬁﬁgﬁpl%ate.

Si nce the ca&Wrvresrssmaialyhef coposdd shers RECYGH $SurdeNIZS s P oned

above, 13 suebireRdsheneanks texeHeed R Raddiek the fakatyasssoorrnds the
menbers 30 and 32 cone into contact o\éufth them 2 Undeib such ci rcu%glt ances,

the zones ofACKESEREFalELOFMaNd R thie PhP&Ee LsicBlated ATTIPR

caviti es 35bgr etexpered favotiegy aepamattian lds theewadstrabl2 simed 41 int he
cavities 35, . which vacyumexerts forces Fd on these zones serving firstly
to hold theUﬁleatpgalnﬁ3 tolk#ewg gcrrflﬁsasrid 30 secondly tending to deformthe plate
locally in two oppésonghdithecdrdpping membeird e iGbsdoied Yatsemiredpoi nt

that the pl apepess f%fontthgn!dn%kd%rﬂ‘ea%a foft Reel WA g AR, NG HEHRes 30 and

32 around the cavities 35 is guaranteed to 35 sufficient accuracy to ensure

the appr opr B&L@Pdegr BETBETs Sl ilfy HsPlRGeRblst Sifged twilth HRES &dfect i ve
faces 3 anda3'supboidie pphrdt @21to the free end 19 of the part 14 that

constitutes a deformable parallelogram, which is
described below with reference to Figures 3a to 3c. At

25 this point, it may be observed that the vacuum duct
opening out into the suction cavity of the member 32 is
connected to the hose 52 in such a manner as to allow
said member 32 to move.

The part 14 has a generally rectangular outline

30 having two mutually parallel longitudinal arms 16 which
are interconnected by two end portions 17 and 19 of said
part via four hinges 18 which are formed in this case by
portions of said arms that are of reduced thickness.
This part is thus a single piece, and it is made of a

35 material that is selected to provide suitable elastic
deformability at the hinges. The thin portions defining

the hinges 18 are defined between pairs of substantially



-4 April 2003 14 The plate, now firmy held by the clanp, can be extracted
fromits support. The operator then rel eases pressure on the,tri;096h340 so
that the resilient return force exertedihy the part 5 14 tends to urge the
two faces of the plate apart fromeach other with separation forces Fe in
two opposite directions that are essentially perpendicular to the plane of

;he plaLe- EE%;%QQ&Qi?QFFEEE%@FQGE?FG&E%@ﬂfb@ﬁ%gseﬁﬁha@@héﬁjS%p&m%%iOn
orces Fe conhine as follows: firstly, .as soon as ri ppin ers cone
into contacfl t%aFﬁé Pﬁot£%c€§m§flﬁhglﬁ§§t§9 Fﬁ@ ﬁggogﬁéﬁ%ﬁﬁ%gﬁhes,
because of thda sbape akt thede#®ink @%.iviidrdedohfiagm esmeewhiatt,i dms i n each

of the two P@fers ggougxkhe equi §quﬁ of an axis 15 of rotation extending

subst anti al g&FSng the ngfgr M daxi s 8f each cavity 35. This force, being

exerted5cl ose toTons deftihesedgperefl leRegpleat ehosek 3o tLlopessilldles to create

a localized p LAN K @§i0 i t pl f by
defining a ggg ?B?EFth'gE?btﬁgﬁki3%20H?Xagég?agggﬁﬁg%gﬁgﬁfgghkgggﬁd 4b for

reasons of ER&PLIMPlghieha ®1lpenPegremdisdiiagetC Edge PIPIETe ofl &

t her eby nmakgrgpptnpomebee st 00pe@A BRI, S aghdp parden egoed eerdi tions.
Thereafter, _when tBe tﬁhg%%r 4% is.releg&gd the separation forces Fe
exerted by tREIGFFIRG & §12533, BEMPEE S0 a separation wave within the
pl ate 10 as to prahpadeteinke enelpamabifon her partthé 4l dealnizgadilye pacatriedn O
over the entir X f _the,p of es$ 0 | at.e . Thi s
separation &gvgh%,ﬁgﬁ%M§aF% Eﬁghﬁggg;cﬁﬁgﬁgga?§§ %Pgﬁﬁgﬁggﬁﬁ ﬁ% zone O
wher e separ membrrwdg  30hidguithisy reas ¢adoofatihen Peaitcd¢. iBumleg dilivi s

prOpagatiOnenbggehpﬁgetgéeqq%ﬂwﬁxehgezga&kigﬁ 3Rd ;terdifng i@ 41yr t her
separate the_grlpplng menber s ile keeping them parallel, "al s0 ensures
that the twhikgfere &het Redyl &fe to6me185&r t Opr ogressi vel y 35 without the

faci ngibaces of thege1watens beniinde ratyod $kaef mevmestbadk thet @ag@nt act
with each o 2003 15 neliabh% av idin%_a%y shock or

t.h b 4 il .
friction thé?gg?ﬁﬁt%éﬁﬁgPﬁi§gég&h§dggtﬁ€l§€ﬁpgbge S O ‘of ¥4 faces. It
shoul d be opdereethyatieffbirmipgi nhet patraflielogaem momrsmchatla wainclext he

Zepar?tion %E Eh%pggabginga&e%%%%s J0ThYS 3bNG MaYR16ADNE9RGaLE, as
escri bed above, at e
each other as accurately as possible.

20 Thus, Figures 3b and 3c are diagrams showing the
displacements of the portion 22, and of the gripping
member 32, respectively in a spaced-apart position where
the two gripping members 30 and 32 define between them a
gap of width that is greater than the thickness of a

25 plate to be separated, and in a close-together position
where the two gripping members 30 and 32 define between
them a gap of width that is narrower than the thickness
of the plate.

It should be observed at this point that the part 14

30 also acts in the present example as resilient means,
being made of a material that presents well-determined
elasticity, such as a relatively rigid plastics material
or a metal. The part is also designed so that its shape
at rest is that which corresponds to Figure 3b, and that

35 a force for bringing it into the position shown in

Figure 3c gives rise to stress within the part acting as



. nmonment when the operator rel eases pressure on the trigger 40, or else

(depending in particular on the size and the shape of thes4cgwitl @9p3from
t he nonent when the gripping nmenbers came into contact with the
-correspondi ng faces of 10 the plate to exert deformation forces thereon, or
el se propagati on can happen as a m xture of those two nodes. O her possible
enbodi nents_of. the pr ggg} [ | {00 @ 8g dEs Cré theth bet ovowdhds, iFsgure 6
shows a sec%%sdllelrﬁ)%tgilﬁen. %f‘ﬁléf/ e 15 invlg%ti on conprising a fixed support 11
fitted in thegpresdhtPexEwpP® - with jaws 31 designed to hold the periphery
of the plate 1 oply Ovahpthe dpsghtrofiddé bothoheoved ebrangfishecpl ate 1,
or over a fraction only of sapd height.. opWef er 1k skSpaptedata a
gri ppi ng 20"@@Abefn22 EArdYo %rt%r% ) l;—??]t?édg?o tﬁe abovg-descri bed
clanp, ktsebpfedined fortbeckorted endtbé ariegehct8bfe 8Fnt22 or the Iike,
and whi ch npyes. rel ative SURBRALT i d1ri BuleBBBACANHGBL Eeain thet he
moverment s of LERE2PErt Eza%ge{“ﬁgyﬁggﬁré Icl a%p relative.to the clanp body
25 10. |n arvguransb pheiplianetewasdspEhfeFdIBret AE PPR&G 8lpport 11 by
teans of a wax, gy |geed Dyahlag gRegberbaast akhccombainengndevice, I
conventional manner. This second enbgdi ment. LS PaLLL gyl ggk,xc%u'btdggdto 30
aut omat i ng eppraprdaseohinkagRuPAcPurPhG®l AR Brural Ity of separator
devicegocanohhgscgﬁ dirsposaapsi de by side, and the arns 12 can be
robotized. The feeding. of plates t e geparated,, and trhen @rowalkneb wafers
after separati onTBEnagﬂélﬁtE‘ n&ief'“fegrgrer%déi%rﬁ_ %tj?omatni c 35 manner by suitable
feed and remBvahgmeanhreedesethesk defisnnidonal epracé R&X@ng devi ces,
etc.). In particular, th r .eagh fdrm 12 kS 19Uichablagplatusemati nge 4 Apri |
2003 16 the g‘ren%’v\ﬁfacrﬁle%hg%gﬁggpi ng menber 32 hol.ds,. after separation,
and for takimoyeiento thasi car de perforared &Y. HengertRHEera St0rage “6r for
procesg_igﬁg. Mgget Ge3AMR 1hi Ne%i of RS UG desclddiemhen tto Sppefesr éice to
Figures™ to 5 can formpart_ of a roboti.zed r%c%%?‘ﬁgab%%sqgmj%dseach
gri ppi ng nemséueiney SRsTED |t FYy & rPé’sr?éd‘rﬂe on & robot arm and serving
to put down he peafieridd JPolrksnald &b sepadgtisdmbile amIEpEr &5t i &% ecepti on
vessel . On this topic, it is possible to.1ake hal d1f dheygdated that is
to be separ SEEHT| r?d‘otrﬂey agjnseen(b)':lfe t%fg%rl pﬁf}]r%g, menber.s, gjrad tocﬁppl y the
other gri ppigke nEMeeof ¢Hdaiay deswetty Wi BHRMMY "SeRTRI1Y, 2 Wuner ous
variantgs can pe nade,tq t Y ed 0. dISidnt poel wiedror nethion f orces
can be 2aoppl :Beié "’Ehoerf ﬁtehe& a%t}:eveit'h rrelans?%%her t han cfuct:fitor?edtacgcgli n
particul ar wiakes |itquasgiddi véd iBRE AT 12Tl osed by a nenbrane
and within V{B%}b%ﬂ@f&,i@omi@b Hetwdeat nod pyceverel alee®eskary, the

be 20

forces can acconpani ed by forces of ad i ASSQChat eghavh tdnaisi ng an
adhesi ve or EEGRMVHEtIERRR 3 HE ?rbplf%(fsg]{ rr%rﬁggeéf%gia d the two faces of the

plate. |n adgitderandtieenufbersaparahipe PAred@esucyven citiBe® 35, and

i ndeed the shape of t.he grippi gpgrb 39 @deB2 €w@pe vaf yradkel y.
Thus, if3teat of %% T n%a% (g%ﬁgYe e%%?%lt%?%ﬁ&start in ?!?lee vi irni ty,of an

edge of the plateThétuss podsthe oelbavieht @ t WBS oF SHRFRL$TURhCS8PRr &t on

starts that é\égcéﬂ?&&da@@@étwhéﬁiéépéf}athﬁgV&CﬁDhtg of isepdtedgeafersi ndeed
to create a Separation , . . .
is desgcribed below in detail with reference to

Figures 4a, 4b, and 5.
30 The vacuum pump is initially put into operation to
apply a vacuum to the two ducts 50 and 52.
Initially, while the clamp is in a rest position
where no force is being applied to the trigger 40, i.e.
in which the gripping members are in their spaced-apart
35 position, the clamp is taken to a plate for separation
that is contained in a support member such as a rack,

guch a manner that said members 30 and 32 are to be found

in



-30 start that extends continuously over at |east a portion of the periphery
of the plate. In all cases, it is preferable to generate a4d§gﬁrlr@roiogn
stress gradient so that these stresses decrease fromthe edge of the plate
1 towards the nore 35 central zones thereof. In addition, the nmovenent of

t he nmoving gripping nmenber can conprise pure translation, as descri bed
above, 4 A idppdiiTel idled RELathd ARAL 018 BN WdHe rotati on,
providing, naturally, that separation takes plac t each point on the
blate with SPEaER R s TG &M NTRAHY & et Sebct RIECAHe 1ot ary
conponent nmustl atake plcadhe mEibmet thrataxiss dihatlars i tthet gebsaiviaiyorf rom t he

pl ate, pref %%?’f%’ﬁgf %ﬂe%alﬂ% t%o%si te ef.r c_)Lr;% %%&10']:%&;3%%{& paration

starts, so est ‘speeds df separation take pltace at that |evel

and so that smdspadat ?'@n v ittheess faraatd cretwdask 9 eleglr abjetkar® Mor e
general ly, thenficHd ididd U Ahest %%3%65(%%&1*1%/ Rl atRp i depghds-on the

shape and size of the wafers 2, e separated, on the nature of the
bonds bet wedt® EROUalEs CERtAMELGF )a so on the |ocations) at which it is

desired to causeazepdiial ig@irdto Siftardhould Aes @babtardaganitsithe t he appar at us
of the invention can be associ ated '.tt vario %Lﬁroc ssin trptaagls.f r
participati r?élgpr?rse&? STorF 3t ¥0r° coEiﬁ'I%?ggl nga Y5y, 5 Jf}%er ce
exerted by temabdepay dther paeiitceorcart bdec ordvibsets G et Gce g3 g itvat
contributes gf Jeagh 4% idy B b )Féc?%\éa%% gols) té?%xﬂ%i%acg gigakness, and

in particular heat "treatnment or chemc treat nent. at treatnent can

encour age t emhers Gdnamd 2 mng ddwy itliade a1 orutaladdwadged it idned
separation phane nEnAdt anrausly Mddbde repar ator apparatus is being

i npl emented. The 25 apparatus is then used, by applying the gripping nmenbers
30, 32 to the pldte S%Oéﬁﬂi Sé’aiieng%%’?é:vﬁdr é‘?%ﬁ%ﬂ@%@?ﬂé}% §§Peso that the
two nemzer s dlemg,t ovidy ewapatiin Sd e jas: tdehke jrapdicie esntesrmd ndi gh, the
two nenbers_30, .32 .remain cl.ose t%%%Qer As SQ9N, . as t he heat .treatnent 30

has gi ven ripsagttlguslu |Yci""eenl @Idgé)vage, R ﬁ:ehesesﬁarua HISH 1SS pal|o‘—"|c}-1else by the

two menber IOramgr@ratderasgiesttosdeh folveal dge sandasrdon miredi ateslly space
apart the two sepgfaipl YRiR! %hetrh%rpﬁaqﬁt%o%geﬁés‘%ﬂ@ ¥ AYHAIIG J i 1@5ses of

time associated in a conventional process with 35 the two waf ers sticking
back toget h@highaiterdst & MOHP Hhife WO IO AREPAFars0. and 3%ori| 2003 13
Thus, the cleawsirag 2RdHSRpHat g 19! epeRiemdidHALRRISAE GarH ek so as
to Sinplifyt%%efg%%%f%c%%g gg %&O% %Frﬂate. Since the cavities 35
are then exposed to a vacuum source, as mentioned above,
a suction force is exerted on both of the faces as soon
as the members 30 and 32 come into contact with them.
25 Under such circumstances, the zones of the two faces 3
and 3' of the plate situated within the cavities 35 are
exposed to the vacuum that has been established in the
cavities 35, which vacuum exerts forces Fd on these zones
serving firstly to hold the plate in the clamp and
30 secondly tending to deform the plate locally in two
opposite directions.
It should be observed at this point that the
planeness of the inside faces of the two gripping members
30 and 32 around the cavities 35 is guaranteed to
35 sufficient accuracy to ensure the appropriate degree of
sealing at their interfaces with the respective faces 3
and 3' of the plate 1.



-In the sanme manner, treatment by chem cal attack in 5 channels fornmed in
the plane of weakness can be conbined with separation in agcgy,danggowi th
the invention so as to sinplify the progass in that case also. In each case
(heat treatnent, e,g. by inserting the separation apparatus carrying the
plate into an oven, or 10 chem cal treatnment in a bath, or other

treatment), the vkl g) atcel eneit $i9hiheclaParatnen ;apkey, aldss dee naturally
designed to withstand the environnment associated with the treatnment in

q
question (i BXSEPCEER &FoMeryér SUBPET Sypi cal |y several hundreds of degree
15 Cel sius. or theeChparedbragten) refeakker pakeesutec bnadtiet itariggetr eat ment

can cause auxiliary stigsses q;he. applied Lhat, favar eparathon .t s can
apply in particﬁ)l ar to sound~or “uftrasonic vibration, to tHerma psahock,
etc. 205 n yét tandgshéo wadieatthe hest fearsbefappl pdate tipenyl oM via at

| east one g%h% i%@h%&emﬁQ%fg%% raEHo%?%%%%@%yFedﬁhf%%%nbp iéj es of he?t
can be supplied to the two different faces of the plate. re generally, it
i s possi bl e dddeshtispsotdiay eFe25sperRe 1gdd Yoperpendis ulaged fthehe pl ate

com ng intopa@meacts Whieh i@ edri ppi ng nenbers to apply controlled
tenperature gradients to the p i ther i n particul ar,

|.at e, Qi ng .up or wn. |
the above- menti ol lat}?(?rvﬁﬁISp§ﬁégliLe9a el§é’r55?grlf°éld fﬁg‘:&?i %@ G"%pi ng member s
t hat hawe 3Qepaevitdds] fohees EFeolcethblinea alselfpdiatvgr:e fliewel vt ham tdomn of t he
pl ate. Anot her f re n_al b ner by .appl.yin fl ow of
fluid (gas e |t&’)§5%§§1p§§ iS%m%%ersd Bl ﬁé‘gg’d%é’ﬁt&g‘%tth}é’lg?‘attéem%é”?’e t he
separ ati on $eges iof the3Pliadem tiet ketfhemptdion Berggsi nbessade @fpenetrate

into the sepgathanec0aF 2HeSCRNidgel!, LRHLEP €M 0 LAYk pottARKd 2003 19
propagation of the separation wave by neans of the Forces it exerts. Al so

advant ageoudPy 2ache ofe SAfattvon YA FEFaPROUST thife AN ERLEST Odn A néPdde a
sensor 1fs0r Ensita thike @&@e@ﬁi&gs%@@rs@bmaalm%/vman@heh\éai@rj@rzn@@q 4, e.g.
by means of a.contacto |nterg,o %d on, the path of the novi n%[dﬁrllppl ng
member, so é‘écltgo"();pﬁaﬁﬁ"zé’atvﬁrt ué put "BAE &5 ' oVEMERp GG TN E IS8 Far at ed
wafers 2 antdodone afy tieaesigelsabimtylet phatien ma&ekor tapplsyiilg eatno | i ary
stresses. 10, IO al 50 1BKes. 4 Lo %rs:%‘tz'cﬁ t(geg\i%do(}fi'ihbftﬂehgﬁa%@e Jdgengt h of
time during Which stressés are applied, an 0 act i n optinum nmanner for
each plate Yeajfinees thatheaphradedininges ear Varlpfi hepohét tbetagsa
functi %dof c9RRRLRGCARJIF RRS 04 a28nA h¥NEbioreabohie dfalahestly being
rocessea.
P which is open to the adjacent edge of the plate, thereby
making it possible to open this gap under good
conditions. Thereafter, when the trigger 40 is released,
the separation forces Fe exerted by the griping members
25 give rise to a separation wave within the plate so as to
propagate the separation from the localized separation O
over the entire extent of the plane of weakness of the
plate. This separation wave S, shown in Figure 5,
propagates from an origin zone O where separation was
30 begun by the deformation forces.
During this propagation, the force exerted by the
part 14 and tending to further separate the gripping
members while keeping them parallel, also ensures that
the two wafers of the plate come apart progressively
35 without the facing faces of these wafers running any risk

of coming back into contact with each other, thereby



By way of exanple, the method and apparatus of the invention can be used in
non-limting nmanner to make silicon on insulator substrateg.adhg iogggntion
applies to separating along planes of waakness obtained in any 20 manner
what soever, with or without heat treatnent, and in all kinds of material,
and in particular in sem conductor materials. 4 April 2003 20 CLAIMS 1.

A rTe]E hod of J:S@lpl.'mb v rbgrdirz;]gimg vthyfvaa‘r@fcsc 3P| At i oforradiedd ahilgf;mf _

manuf acturin substrates or ectroni cs, opt.ics, r opro ectronics, or

for manuf actSH T YA he S A e o1 T PP o1 t her . st de

of a plane of wedknessyulichdaretdeed-veaiat Sinigs tdwei st e toftlexestaaty a

def ormati on | Vi I Q in a

regi on ext er‘llcl I neg P%tm C oésﬂeq’lq‘loesg%ea%eéloﬁéﬁéﬁgﬁaﬁ%e%gae%:2%%%\?‘;%%? eof in

a zone situdfles beieerper dasnfrapagatn.uss phignsihethtabeee righ die secur ed

to each ot hgforkh@syHeh dafOrdpsalthatrd 1@ase OG-S BFe aS1 &ﬁ@r@pﬁgg‘?@se the
pl a

wafers to separate fromeach other in a zone of the plate at sai ne of
weakness; arff X3 t§1RF glHRINSdishridt iRFF iR O i eS 1Ef edd Bl The

met hod accorgliape tef adisd redviiess)ei firdnh e Hee Ghaie v twhiah Whe hgsapslirsgict i on
is applied to exert the deformation force i.s a radiall S trical.region
relative to "éeéﬁbae rpsi T8 3O COHN AT walcctgb rtz}%gc ?rorecﬁpa%/ﬁﬁggnﬁ%?eeﬁ nOfsai d
separ ati®on nhenEite s obixareddidrmaviary fmearess ftdrerappl yiow slsel suction
in a directiandhale o4 ends anaraldy d AMNSHSPId thddle Rlang Ao the
plate. 4. The rret od accordingto clai m"%, ereln sald separati o?n' movenent
i s obtained by mthry aogsidzle Gastinagnd saffertdig presERlt atrentdahout
rotation. 5.z7heid®ihiskaaeorsli hg to claim 1, wherein said separation
novenent i s obtained by novin aLk‘Ieast one (g t he ferséitg transl ation
acconpani ed by rotdtSorf. 19U %prsi OWRHF3 SPLB* ﬁﬁ‘gj‘?fg‘?ﬁfht dfing to claim
1, furtiger cdconritsiory ddgsitssimopfa ridheabisupmird dastf e dfid ethenvaf er s by
elimnating the suctio 7. The nethod .acgor.ding, to ¢l ai wherein said
step of exer3$en§geng: c?e)?agﬁrpr%aet iwolnlﬁ} oree ?jsl iOfr%rapl ne(rﬁ e (si'llofrlu ttglnneeousl y wWth

cl eavage tr ammimiterih athahs aletef Wweakdneswyeand/ler haitdhta ft ggheof appl yi ng
stress sui t 3l dpryduors R SERATALAN1 8 .or R dPthad Aacasdlidi f ol al m
7, wherein sal: apﬁflcatlon of stress 1s taken fromthe group consisting of
appl yi ng a tEhgeiahe gr ddieitoP aifisf df metmat 4o i RN appl yi ng
chem calo et elinihr &WIIHNDFRRAM SIRSSf iAHERMYI WHY abdomfcdinddl at

hi gh Speed'clamp, itself fixed to the bottom end of a retractable
arm 12 or the like, and which moves relative to the
support 11 in a manner ildentical to the movements of the
part 22 of the Figure 1 clamp relative to the clamp body
25 10.

In a variant, the plate 1 can be held on the fixed
support 11 by means of a wax, or indeed by using an
electrostatic retaining device, in conventional manner.

This second embodiment is particularly suited to

30 automating operations on a manufacturing line. A
plurality of separator devices can thus be disposed side
by side, and the arms 12 can be robotized. The feeding
of plates to be separated, and the removal of wafers
after separation can then be performed in automatic

35 manner by suitable feed and removal means (cassettes,
conventional plate-handling devices, etc.). 1In

particular, the or each arm 12 is suitable for removing



9. An apparatus for separating a plate of material, in particular of

sem conductor material, into first and second wafers, saidswgf,ens bgkng
situated on either side of a plane of weakness, the apparatus conprising:
means for holding said plate via said first wafer; stress-applying neans
for exerting deformation stress on at |east said second waf er by applying a
suction forathed wafezone wifi dihechd a;mmingatrminﬂmt vieerha@itdd ,eaesﬂtéw) beari ng

poi nts t hat arearra{ |dIy secfzuged 4.9 &8 each other, é ed izooln d% % rom
close to an €dt e, &8 dEht'dr 6t ot said de orrra on stress

creating a Ilwwalzetcersmp%trcma% dzetﬁmterplsmetbwda‘fgaxs Wi t hi n a centralized
portion of said 769{13:}%‘ ﬁ\ r?erk.e Oéché/"ecailﬁ}ﬁpg%e&}dlﬂg’cﬁ%tﬁ?r movi ng the
ac

wafers apart frome predeterm ned path, said |ocalized
separ at i ®n p‘%ezfpsﬂdgaat%gwawd@i%% dl mOam’e G vﬁéatr{%é%%rt oy aprelotires 22 10.

Thedappar at Lﬁrc@f@éﬁldigwgaésbnmw Mehcvhps 1@m@in¢brﬁﬁé@s&emlmml@ans and
sal novi ng

ns, are const t ut ed the same a first, gri nber 11.
The appar at LR‘Y [iMPE T 14 f fﬁ%%e@rré?'n asrﬁcﬁegﬁ‘fld%i 1439 "Bbssesses
suction msartshe bia f ebhel apperdat usf taeac apayatiore | iai mril ipmhepeiat 4 he
gri pping Menheto inelyidas, & genesaldy; plansr. ol qment yhoss, face, digect ed
po t Vity. )

t owar ds sai ssesses at | east sdct| oni ¢ ‘ he appar at us
accor di¥Q tdIQ:]lChMﬁ I;he Whlesrtesi rtfaitsﬂlfglte) fectdenprahdd oy Lpiyigely that s

general |y elgngaie dfr haR% B ddidlerds, Sd ald eaﬂpplfy eensling bet ween an
edge region of the plate and a central region of the plate, said single

suction cavidsiRRinE HeRheH ISP g}ﬁn@ﬁq%ﬁn]ﬂel%‘khﬁﬁé}‘%@@e}fd plate. 14. The

appar at us accor diNdg:draldlai AubdroMie el drites saat i e tho deforms the
plate to give the plate a convex shaped around an el ongate cap. 15. The
apparatus a Ei:r?d)r{'o claim12, wherein the holding neans includes a
second ¥ i ppi ng rieimserl yex tudved idef camiestiaont i fddoeparaal |ked dpplsied tHa r st

01 i pDi g MMl 116 o TS ARRAIAT U AGCULDG Q. Gl P, 5 f ur t her

conpri sing gul de means on Irst gripping ne I's nmount ed. 23
4 April 200PaALicHamppar & sl @b fignj vast cllrauamCEflmurttfrﬁL igonpri si ng

nmeans for residdeNtdy dHin@ndd-die drid sédeifd R RASorpwWay lgffﬂnﬂéd"e
second gripping nenber. 18. The appa oHJé)dl ng to claim further

conpri si ng S Fat ot SHEan¥ r%Y;? he BSSCt i%5pi ng menber

agai nst2eai chamsigdranid Mygiﬂtgrdmamf soltass ifon rssvaatkd iwisth adirgecond

gripping ne@nerasdk}e%%’ed%reaacma% Ztween the gripping members and the
two faces of the plate.

In addition, the number and shape of the suction
cavities 35, and indeed the shape of the gripping members

25 30 and 32 can vary widely. Thus, instead of creating a
single separation start in the vicinity of an edge of the
plate, it is possible to create two or more such
separation starts that are spaced apart, still in the
vicinity of said edge, or indeed to create a separation

30 start that extends continuously over at least a portion
of the periphery of the plate.

In all cases, it is preferable to generate a
deformation stress gradient so that these stresses
decrease from the edge of the plate 1 towards the more

35 central zones thereof.

In addition, the movement of the moving gripping

member can comprise pure translation, as described above,



-19. The apparatus according to claim 17, wherein said guide neans and the
resilient urging nmeans are constituted by a common menber. 428, -{Thego3
apparatus according to claim19, wherein7said common nenber is a

singl e-pi ece link menber constituting a defornable parallelogram 21. The
apparatus according to claim 12, further conprising neans for selectively
el i m nat i ngotrhé ngeek Ql?ran%ZaU&omaTcm%mfedSm&m&idt@taopﬂ atperoafidimigri al for
manuf act ur i n sub;ﬁr at %El for el _ec ron| 1(cmmecro;ié\ste L W vvafers sai d
waf ers bei n§o&HEG SHaSi CREATETAE o 255 Bnd St weakﬁJ s £°Y e et hod
conpri sing the stleps efitherespeeg &hdéf dismabitorzefror.ce Ibywa|d|dl yieng suction
to at |east one,af jhe cyakersd f'}o%arr?g'c%ﬂ\ Sregdipacl cEReclased 0 one edge

of the plate to a center thereo met er of sal i on deflned by a
plurality oﬁb@alﬁ:elans@P‘ﬂ&cél'@éntléctsllﬁglaﬁ&dntaé’aﬁfhétroa‘r éhe @wtylsecur ed to

each other; %@fretrta%gygwlda@t&qa&u MQRE Froa thide 2epfe s whaneé 4
April 2003 23a at |l.east one of rmation force and said separation
movenent cr 85PRG 4 o SLPTEEEd §'é’p§ | E’Qb@lr\ﬁé‘gﬁ%alsge\ﬁgferog within a

central porkeparetisa dakegipdacendtathsai deplednendf seeazkaess, said
| ocal i zed s%%rg%tl olnnlo | thl n%e ANRACEENelely %%etgssglngo «%g%r tion novenent, a
separation ﬁropagatl ng over Pan %entiy €°6ext efit "o “sai pl'ane of weakness
to sepdate sai dMaakegsnerAlRyA Abhe ASsArfibution of stresses over

AYF_ASE. Ay, é@hlé%fesA@de?@ﬁ%sA& RB%_oALbeAUNE A YE RHLE WAYerS
. Ayy. As(?. A%l

the wafers 2, 4, and also on the location(s) at which it

to be separated, on the nature of the bonds between

is desired to cause separation to start.

15 Also advantageously, the apparatus of the invention
can be associated with various processing means for
participating in separation or for encouraging it.

Firstly, the force exerted by the separator device
can be combined with processing that contributes at least

20 in part to cleavage in the plane of weakness, and in
particular heat treatment or chemical treatment. Heat
treatment can encourage the development of microcavities
and of cleavage in the separation plane simultaneously
with the separator apparatus is being implemented. The

25 apparatus is then used by applying the gripping members
30, 32 to the plate 1 and releasing the stress on the
member 32 so that the two members tend to move apart. So
long as cohesion forces remain high, the two members 30,
32 remain close together. As soon as the heat treatment

30 has given rise to sufficient cleavage, the separation
forces applied by the two member 30 and 32 can assist
such cleavage and then immediately space apart the two
separated wafers, thereby specifically avoiding the
losses of time associated in a conventional process with

35 the two wafers sticking back together again after they

have been cleaved apart.
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act 1n optlmum manner for each plate 1, given that

separation times can vary in practice as a function of

operating conditions or as a function of the batches

15 being processed.
By way of example, the method and apparatus of the

invention can be used in non-limiting manner to make

silicon on insulator substrates. The invention applies

to separating along planes of weakness obtained in any

20 manner whatsoever, with or without heat treatment, and in
all kinds of material, and in particular in semiconductor

materials.
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y9" 1096RE! () - VB | H y9" 109! () - MBI C y9" 1094 M & () - MBI M y9" 100RR& () - VB! °
y9" 109VE°E) - MBUYZZZZZZ[ oML! | C y9" 109%RR! S9" 10%' ()-s3!v y10% ' ()-m 10Rr Rr
10Rr Rr exerting a deformation force by applying suction to

at leaét one of the wafers in a region extending from
close to an edge of the plate to a center thereof in a
zone situated between at least two thrust points that are
rigidly secured to each other so as to deform said at
least one wafer and thereby cause the wafers to separate
from each other in a zone of the plate at said plane of
weakness; and

exerting guided separation movement on the wafers.

2. The method according to claim 1, wherein the region
within which said suction is applied to exert the
deformation force 1is a radially asymmetrical region

relative to said plate.

3. The method according to claim 1, wherein said
separation movement 1is obtained by  moving means for
applying said suction in a direction that extends

generally tranversely to the plane of the plate.

4., The method according to «claim 1, wherein said
separation movement is obtained by moving at least one of

the wafers in translation without rotation.

5. The method according to «claim 1, wherein said
separation movement is obtained by moving at least one of

the wafers in translation accompanied by rotation.
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weakness and/or with a step of applying stress suitable

for favoring separation.

8. The method according to claim 7, wherein said
application of stress is taken from the group consisting
of applying a temperature gradient, applying mechanical
vibration, applying chemical etching, applying shear

stress, and applying a flow of fluid at high speed.

9. An apparatus for separating a plate of material, in
particular of semiconductor material, into first and
second wafers, said wafers being situated on either side
of a plane of weakness, the apparatus comprising:

means for holding said plate via said first wafer;

stress-applying means for exerting deformation
stress on at least said second wafer by applying a
suction force in a zone of the plate situated between at
least two bearing points that are rigidly secured to each
other, said zone extending from close to an edge of the
plate to a center thereof, said deformation stress
creating a localized separation between said wafers
within a centralized portion of said zone at said plane
of weakness; and

means for moving the wafers apart from each other
along a predetermined path, said localized separation

propagating along said plane of weakness.
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1rgt gripping member.
11. The apparatus according to claim 10, wherein said

gripping member possesses suction means.

12. The apparatus according to claim 11, wherein the
gripping member includes a generally planer element whose
face directed towards said wafer possesses at least one

suction cavity.

13. The apparatus according to claim 12, wherein a single
suction cavity 1is provided that is generally elongate in
shape and that 1is suitable for extending between an edge
region of the plate and a central region of the plate,
said single suction cavity being radially asymmetrical

relative to said plate.

14. The apparatus according to claim 12, wherein the
suction cavity deforms the plate to give the plate a

convex shaped around an elongate cap.

15. The apparatus according to claim 12, wherein the
holding means includes a second gripping member extending

substantially parallel to said first gripping member.

16. The apparatus according to claim 15, further
comprising guide means on which the first gripping member

is mounted.
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gripping member away from the second gripping member.

18. The apparatus according to <claim 17, further
comprising manual actuator means for urging the first
gripping member against said resilient urging means so as
to move said first and second gripping members towards

each other.

19. The apparatus according to claim 17, wherein said
guide means and the resilient urging means are

constituted by a common member.

20. The apparatus according to claim 19, wherein said
common member is a single-piece link member constituting

a deformable parallelogram.

21. The apparatus according to claim 12, further

comprising means for seiectively eliminating the suction.

22. A method of separating a plate of material for
manufacturing substrates for electronic microsystems into
two wafers, said wafers being situated on either side ol
a plane of weakness, the method comprising the steps of:

exerting a deformation force by applying suction to
at least one of the wafers in a region extending f[rom
close to one edge of the plate to a center thereof, a
perimeter of said region defined by a plurality of wafer-
surface-contacting points that are rigidly secured to
each other:;

exerting guided separation movement on the wafers;

and
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separation initiating, in response to said separation
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movement, a separation wave propagating over an entire

extent of said plane of weakness to separate said wafers.,



