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; e3ed406>TN  SUBSTRATE - LAYER CUTTI NG DEVI CE AND METHOD ASSOCI ATED
THEREW TH This invention generally relates to the treatnent of materials,
and particularly substrates for electronics, optics or optoel ectronics.
More precisely, the invention relates to a device for 5 automatic
hi gh-precision cutting of a |ayer of material joined to a source substrate
by nmeans of an enbrittled area, the source substrate and the |ayer to be
cut formng an assenbly to be cut, the device conprising cutting neans and
means for maintaining the position of the assenbly to 10 te that
"cutting" in this text refers to the operation consisti nd@@!’@ﬂ[lﬂm@ﬁm] a
single elenment or an assenbly into two separate parts, an ng
that the said parts do not conbine again. 15 As will be seen 5t#ts type of
cut is included within the framework of the invention at itt]ed
area. And the invention also relates to an automatic hi ghawmﬂﬁﬂw@wﬂm“ ng
process for a layer of material joined to 2 a source su ans
of an enbrittled area, the source substrate and the |ayer to bB&o®ut form ng
an assenbly to be cut, the process conprising: positioning of the assenbly
to be cut with respect 5 to the maintaining neans, cutting of the layer by
cutting neans. Note that the invention is particularly adapted to cutting
of layers | ess than about a hundred microns thick, and particularly to
cutting so-called "thin" |ayers of the 10 order of 1 micron thick. Devices
and processes |like those nentioned above are used to build up layers (thin
or not) that m ght be transferred to the source substrate from which they
were pulled off to a "target support”. 15 Substrates are usually in the

form of disks callgdk"maggrsé_ Er IRy RepREe:ds AR s@mEpconduct i ng
material s . britthed area can be forned
inside a wafer along a plan paralthekevorhe principal faces 2 0 of the
wafer . The enbrittled area nmay be nade by inpl antation of ions bonbarded
on the wafer surface, these ions creating an enbrittled |layer within the
thickness of the wafer to,deligit. AN, UBPEIcdLYiONhE ntEhasneRXt of
corresponding to the 25 sourcCe substrate) and a | ower re%jon ag'acent to
the ion seuecealsn tands pexticotrEsporfdifyreseEnel Pay& THaC™ W I be cut).

Docunentoggi386§% égg%é%%%%?&%%%sa” exanpl e of such a process to nake thin
| ayers. '

More precisely, the invention relates to a device for
5 automatic high-precision cutting of a layer of material
joined to a source substrate by means of an embrittled
area, the source substrate and the layer to be cut forming
an assembly to be cut, the device comprising cutting means
and means for maintaining the position of the assembly to

10 be cut.

Note that "cutting"” in this text refers to the
operation consisting of dividing a single element or an
assembly into two separate parts, and guaranteeing that the
said parts do not combine again.

15 As will be seen, this type of cut is included within
the framework of the invention at an embrittled area.

And the invention also relates to an automatic high-

precision cutting process for a layer of material joined to



t .

t., 3.The enbrittled area can al so be nmade by any neans known in itself,
for exanple by building up an internedi ate regi on nade of porous naterials
bet ween two regi ons of dense nmaterial, by form ng an oxide |layer buried in
a 5 substrate (for exanple an SO (Silicon On Insulator) type substrate),
or by bonding two | ayers, the bonding area corresponding to the enbrittled
area. A manual operator can nake the cut at the enbrittled area and form
two separate elements with the sourge |10 substrate and the |ayer to be cut.
But calling in a manual operator sets a limt on the |ayer production rate.
Furthernore, in this case, reproducibility of operations is uncertain. 15

Automatic cutting devices and processe re knQwn fo.oveggene the
above- nefit iS%&ediss"gﬁ\Fgﬁttﬁggos". e%lﬁsher?? %ﬁ‘ 9%?%%88 %escri bes one exanpl e of
such a dgMiige andiREeaess. ardde wdevi teyen tti s bdocanentf gE$d hé™i npact of a

water 20 jet on the edge of a wafer that is.held in place on its two

pri nci papssamley 4o st CaEk BRe ARTEY EGTRF 83 'Ahd divide the wafer into two
parts. But the design and operatl o ofusuch £ evige aire nelaidael y

conpl ex. I n par Ereufaf;, 'speci fic neans are 25 necessary so that the

mai nt4ai nipgr pEANS 1ASSAhat edamst h each of the two faces of the wafer enable
a given separation of the two parts of the wafer. Furthernore, the

mai nt ai ni ng nearsthisy of sda dieaee PhHecWaf ¥l 8d Kat its entire periphery

is attacked b%otg he ;. .4 vatef ﬁ%iéﬁgi,?%efﬁérrtt%hlww eageptbhe wonpl exity

: ¥
of the design and operation of Docunment EP 989 593 al so

di vul ges catkayer ot ul dyes devi< e tamd ghcotess husdpad BREECRYal M ' conpl ex
arrangenent. i s necessary, particular]y i nLak e the, posidd ommef the two
parts of apﬁep\ﬁ‘é%?“f?fg]t}yatrcg ?thtblengsesgrcﬁéa?ég.g one” pur p%ée of the invention
i's togovergamecthe fisadvantiages nentioned above by cutting |ayers) 10

particularly thin layers, in a partjcul ar reliable i .ol e, ganner .
Anot her pur poBevbfes ha'¢ nReAtFo7F § si{]f)e nlé{}%s%u‘@'ﬁn%l%rh%s\?]? \ggljt damagi ng t he

correspondi.ng syrfaces ofipt heyeils | aypinans t hetrsubsiaat eigbtwhbeh the
| ayer is joined 15 thr ougﬁ the enbrittled area. Another T%)lyr pose of the
i nvent i on riegstterhave tac clireat EEEH r I BVEL Scutti™hg” atioh paraneters to

prevent da t ers, 1o adaptthe kinetics of this operation to
di fferentpuv\qgggro %@é.gzo Cor di gg to a first aspect of the invention,

, inv
t hi s1pur pose kabathiesedaby usiwgla devi Ebef dorautYmati e<Hhi §ﬁ‘ﬂ)?§ i sion

cutting of | ayer of material joine rce suhstralenRyimgans of an
enbr i ttled“a%eéé, -t h825607 ce™&UibstF at ea%én)da%%gewl ayer to be cut formng an

assenbl y {0 8 225560k, at hei devirce conprising cutting nmeans and means for

mai ntai ning the position of the assenpl e , ract erd,.sech i n that
the cutting né&nsttokPriie B3 aye Fg‘Jgg%(F%g?(gt ﬁlgggsscg%gl ?gt qur be cut.

inside a wafer along a plan parallel to the principal faces
20 of the wafer.

The embrittled area may be made Dby implantation of
ions bombarded on the wafer surface, these ions creating an
embrittled layer within the thickness of the wafer to
delimit an upper region (in this text corresponding to the

25 source substrate) and a lower region adjacent toO the ion
source (in this text corresponding to the layer that will
be cut).

Document FR 2 681 472 describes an example of such a

process to make thin layers.
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The follow ng are sone preferred but non-limtative 30 aspects of the
devi ce according to the invention: 5 the maintaining nmeans conprise a
shim the shimis fitted, the blade is nobile, the naintaining nmeans are
arranged so that one side 5 of the assenbly to be cut stops in contact with
them wusually the side opposite the assenbly to be cut attacked by the
bl ade, the maintaining neans consi st of an assenbly of shinms, 10 the
mai nt ai ni ng means consist of a single shim the maintaining nmeans are
adaptabl e so as to naintain the position of the assenbly to be cut only in
the cutting plane of the bl ade once the blade has started to attack the

assenbly to bﬁhcutmbl§€¥igg %ansq%ghﬁgfggbbg togkd e cut, fresmd n the

di rection per endicdulrar to thé Sai ing plane, the blade is used with
bl ade poginbivaniadjtss nEntfareanxsmal engy t el ldiimgctipoanpenperti€lted to t he
cutting plane so that the bl ade can he.placed clos o] embrittled
area of Fﬁ@lagsé‘?ﬁ#y b BETEUE, matheerlﬁllgdzbelecswﬁeﬁstgﬁg e&ggﬁoégtomti c

di spl acepeateM@tSridihe 5@ daviagatdarc dkspé adewyent meansi cont rol

transl ation of the blade in the cuttinq plane, 25 _the said controlled

t r ansb at isshst§abe udEPBr AFEFRAGI 8P 6R (S161CPMeOT eABF MG e ofPThe bl ade
has a ci r,gularcont oy COyr eIRERALNGE ISP 1hge£ONt UE Qorddiegasseably to be
cut, thg%%kagg ?gédiﬁb g%ge co&e?s a quar?er of the 5 periphery of the

assenbl y coorbepcuding tire tdt eimbgintidnd ¥iprise a first cutting means and a

second CUttlng e operator can make the cut at the embrittled

area and form two separate elements with the source
10 substrate and the layer to be cut.
But calling in a manual operator sets a limit on the
layer production rate.
Furthermore, in this case, reproducibility of
operations is uncertain.
15 Automatic cutting devices and processes are also known
to overcome the above-mentioned disadvantages.
Document EP 925 888 describes one example of such a
device and process.
The device in this document uses the impact of a water
20 jet on the edge of a wafer that is held in place on its two
principal faces, to attack an embrittled area and divide
the wafer into two parts.
But the design and operation of such a device are
relatively complex. In particular, specific means are
25 necessary so that the maintaining means associated with
each of the two faces of the wafer enable a given
separation of the two parts of the wafer.
Furthermore, the maintaining means must also rotate

the wafer so that its entire periphery is attacked by the
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the device also conprises a sensor capable of acquiring a paraneter
representing progress with the cut by 10 the first cutting neans, and neans
of triggering use of the second cutting nmeans when the said paraneter
reaches a predeterm ned value, the said paraneter is related to a
measur enent of the spacing between the parts of the wafer to be cut, 15
the first cutting nmeans conprises a blade and the second cutting neans
conprises two bl ades arranged symmeurically with respect to the assenbly to
be cut, each blade in the second cutting neans is nounted free to displ ace
on the displacenent nmeans and the | eading 20 edge of each blade is oriented

so as 10 gtack ! he assemply i, be, ciladanoant i dbindancg partion of its
p

peri pher .fﬁ&cﬁ?ﬂﬁng 0 a second aspect, the invention al so proposes a
process d&fiqltommbperat gbn psfecihel devéaeting of a | ayer of material joined

to a source substrate by neans 25 of an enbriftled e s$pyrce
substrate an&KFH@ePEyé?yt88§eE%§t ?%?%1ﬁﬁv3%g%%s§nbﬁg to Ee Eut? t he

process gopptd sinddprBesktioning of the assenbly to be cut with respect to
t he mai ntai ni ng neans, I, 7 cutting of the |ayer by %u%%gg?,neans,
char &ct eri sedutn eteg BHBiRUt i SHRAEXUATHGIE BFAde 16F e °Catti ng neans

associ at ed_wi Iispl.acenant. NeanseMyd-etiBg BRI Bhai BvBgpaBansofiei ntain the
positionp%¥t%%é}%££§2§%1y to gﬁge cgrﬁ%ﬁ tﬁe cutting plane. The foll ow ng

are sonetpe efefaredHaut amentdilne tsanar@tgspect s of the process according to

the invention: the process.includes, Lpsestion ok the,dlage i Rna notch in
t he assenbly(?Eab@ung?eth%fsgﬁﬁ ngﬁghﬂge§ng 10 | ocated close to the

enbrittl gdsad@mraddie saichtiohel i sakavapprbxi mateltinghnul @Y Sfaped not ch,

the process includes se|f-adjustnent along the.dikgctiqn_ pecpendcular to
t he @bttpﬁﬁth%&%Ebbft?Hé ?%b?ﬁ?at?geebogl ?%ﬁgggpgt%g assenbly to be cut

and the QH§Q§QQ§ﬂ§n§;blade and the assenbly to be cut are inserted, by

cooperation between the | eading edge of the hl ade and tgqﬂgqpque section
of the notch, Anetieers apaPaEEoAtwale BV S He Taysr CPo™BE° ctifCT s~ 20 ol | owed by

analysing.light t it d hrougbsbbeaphd neupahcéaces oththecwassenbly to
be cut, %ﬁ%bgﬁénf%ﬁ%%qkﬁeeg?adg disSFacené%t nmeans are slaved. to

obser vat ilapenf sepatati osubdttdie | spervhirtbe LAt , L 2%Averdnt 3°H1° he bl ade

di sp] acenent ans are 2 |_av o neasurenents of forces applied to a
nobi t& el ﬁgﬁggtn% %Ilﬁbtée?hgggééenbly to be cut, at |east one paraneter
represent at i venefhqr ogiessse ¢h the covensienliectedhdvei AT FiFst cutting

phase Ca%%h%go?ugvgy gugéfég éﬂgggtqgnnggpgmeﬁggsQQ?p%%@%Hg damage
to wafers and to adapt the kinetics of this operation to
different wafer types.

20 According to a first aspect of the invention, this
purpose is achieved by using a device for automatic high-
precision cutting of a layer of material joined to a source
substrate by means of an embrittled area, the source
substrate and the layer to be cut forming an assembly to be

25 cut, the device comprising cutting means and means for
maintaining the position of the assembly to Dbe cut,
characterised in that the cutting means comprise a blade to

attack the assembly to be cut.

The following are some preferred but non-limitative

30 aspects of the device according to the invention:
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I, 8 cutting phase made by a second cutting neans is controlled as a
function of the value of this parameter, the first cutting neans is a
bl ade attacking the assenbly to be cut at a first |ocation, and the second
5 cutting neans attacks the assenbly to be cut at a distance fromthe part
of the said assenbly attacked by the first cutting nmeans, the second
cutting neans conprises two bl ades on each side of the assenbly to be cut,
and noved 10 synmmetrically with resgect to this assenbly. Qher aspects,
pur poses and advantages of the invention will becone clearer after reading
the follow ng enbodi nent of the invention, given as a non-limtative
exanple with reference to the appended draw ngs,,K wherein: 15 Figure 1 is a
di agr ammat i ¢ *ovidreyimevinita isl Bgate e GOTPRASEoP OF 4N assenbly of a first
enbodi ment of a cutting device according to the invention, on which the
pl ane of sectiofd IS i'§ §éfFR3d, Figures 2a and 2b are two sectional
di agr ammat i c..ZOtH/Li ews &l angBLane I'1-11 of a wafer conprising an enmbrittled
area, placed in a cutting device [ike that shown in Figure 1, Figure 3 is
an enl arged di aghamatdt ielievameansveew af rdnmedise tgfata obkadédsf a devi ce
i ke that shown in 25 Figure 1 as it attacks a watfer to. gyt tg-;lelf_nayer from
it, SFigufethei s2eaemdilvarged g agtanthPPE eflevat i T op' View of 't he edge of
a bl ade Ofu%%‘r”vﬂ'ﬁeeéiid%e bt Shownd Micang Lo wkosait attheiwal er at tack
area, YU Figures 5a and show a top view and a side view respectively
correspongi tige td salesecond enbodi nent of a cutting device according to the
i nvention, conprising inproved cutting neans used J] ess ve phases,
5 Figure 6 i%s AM9i &@SitRPAPdt A" HE VF%WlISf]t FPgura{erPS%\Q?ﬁﬁ%lg§ o
diagrammpfigally illustrates the interfaces of a wafer on which a cutting
operation'is carried out, Figure 7 is a diagrammatic top view of the neans
in the devi ces i RhEi galesaBairanthedbs toneist Ll SinpPagef ih a 10 first
position of the said means that corresponds t8 a fkiafeSt I:Ep(pasaesi n.4he cutting
operations, Pigthe 8MpEnEARER sitRAEr PSSt h89GPEW 15 Figure 7, 1n which
the cuttlng means ﬁlaa:@%s% 2%9106@ PQS| 44 ShSIeF tes pendiBgotby aiseciond phase in
t he cuttin‘ﬁg operattlo S, f Figure 9 is a detailed view of so cutting
means i nctibeifevpteneopfespendilaget onesddend EisodidfenttHF he T nvent i on,
Eggﬁge?n%g?@gggtééngéggﬁ%f% %%Pb%l%ﬂ%?f1é%&hﬂ?§§kb%%1%h@@§§mﬁiyth@ cutting

15 be cut free in the direction perpendicular to the said

cutting plane,

e the blade is used with blade position adjustment
means along the direction perpendicular to the cutting
plane so that the blade can be placed close to the

20 embrittled area of the assembly to be cut,

e the blade is installed on automatic displacement
means,

e the said automatic displacement means control
translation of the blade in the cutting plane,

25 ¢ the said controlled translation is a uniform

translation,
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20 Figure 11 diagrammatically illustrates the penetration of a blade in a
wafer. Firstly with reference to Figure 1, the figure shows a cutting
device 10 according to a first enbodi ment of the invention, with a wafer
20. The wafer fornms an assenbly to 25 be cut. The device 10 is intended to
cut a wafer |ayer along a cutting plane parallel to the faces of the wafer
(in other words parallel to the plane of Figure 1, that is defined as 10
the horizontal plane). The layer wi kl thus be cut fromthe source substrate
that forns the rest of the wafer 20. Note that by convention, the viewin
Figure 1 is called the top view, and consequently for this entire 5
description, we will refer to.the vertical, difect,i S i he direction
per pendi cul af tida he ef€dPdn %‘P%?‘le ttﬁlg vvg %‘E?e %ags%apggggg%%e waf er 20
I's a conyent] (}”%'orﬁ‘cieégé«:'h@{n hape: hd hisnammfrerofcatpr asesmal substbat e cal | ed
the source 10 substrate nade of a semi conducti ng material such as silicon,
t he sai dwsubstrate itself conprising an enbrittled area |Iike that nentioned
above. The enbrittle rea ext.ends alon i.nt er i plranenef the wafer
paral l el to the™pfi ﬁ’giaaﬁl HEed Df e?ﬂ‘?s%lo \%J/asf e% @%\%ggt@he embrittled area
defines &) Ayelr Brt bReSubSimaLe dchate wikl be pulled off from the wafer
(for exanple to transfer this |ayer onto a target sug‘ or.t%. T\g/osconcentri C
circles around the pettpher yeehst eomir iksf ¢ LépFesERt TaRT afivii’&r chanf er
21 surrounding the wafg _nFonr1 Erte%sons of clarity, the separation between
the two &7 s€4WG H %%e%en? The chanfer 21 have been shown at a
relatively |grge,scahs cumaned Webfptheescal e sesedrf orapdiel 25 i anet er  of
the wafer. This chanfer is located in the sidewall of trhe wafer, at a
di st anceadquimite 4 uerTehdr upPRFE $aReNDPIORECES Bl WA € W Wi | descri be
this chanfer_and its purp LN ide laiegerind luddecwafrer 20 is
pl acet oh"f hE*cd tcruztltlﬁlgr 8%%85’05??%6??%3% dafnd p%gne c%assi s 100, the said
chassi s absensUpROrthog et nwidd ame asaidpPasewert’ sdFperES12d of a
bl ade 130 fixed on this _displacenent support. 5 The shim 110 is fixed (for
exanpl e ByC4ereNRI"Sh YatUend part 103 of the chassis 100, the said chassis
100 actual ly gonpii sing ty &R eparts Adikma O3 sueaoundiarg tde central
part 102 that is movabl e.” The shi m 110 conprises a section 111 that is in
10 cont aghewsphcthe Isitdewal Ithef pehbsvaf efhe T gebRebt y“df’ the section |11
is concave and circular, conplenentary to th ct] t perti on of the
waf et5that fits et of§%st S8 i O 1CO|“Espr§rS| %’naa!t ?Igh%eon%?? he verti cal
direction (asgcan. e i$6en fdLay | yebhpH @iy est@a ahtladbs . a5rFAPSdsecti on
111 may al so ﬁave any ot her geonetry for whi%[pjth cgopg{lgti on of shapes
Wi th t he syaietof coadlery X6 aifapiess FBvERBNE ST thdwafer i h the verti cal
direction perpendicular to the cutti I t heahlade. womnpadti cul ar,
this section 11F L%a?fie a8l Fg%t tsfggﬂgt %Egg?ﬁ%rgj ection, to further
facilitatgseldy aﬂjsggbaf@nbnothtehelipp%t?emntofmqa‘res veafderthee 18e1% &% o t he
device (this self-adjustnent aspect wl| be descri i idn1Bel ow) . I'n
t he BP| ustdogt iofe cegBnPLaIF nt Fi (Q%ree“%vg e assegt%i %#%ﬁ ﬂo}% '?%fa@gh %et hus
covers slightl }g_ulgvggn%gﬁﬂi@guafr{%r pfrt2bnt be pes igghempesty -t he wafer. In
one variant, this section may cover a quarter c%f t he gggtp&@ryal]%the

wafer. And i nhanprdase, thi s sEECPHA nBEPeTover ™S suffrerent Iy 1arge part

of the periphery of vaf et Q. Rjfkaicn hiBa - pestision ofutitiegnaffer bei ng
attacked prﬁp%ao “ade é%?em | 1"be described 30 bel ow) .
a layer of material joined to a source substrate by means

25 of an embrittled area, the source substrate and the layer

to be cut forming an assembly to be cut, the process

comprising:
v positioning of the assembly to be cut with respect

to the maintaining means,
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12 The wafer 20 was brought into contact stopping against the prismatic
section 111 of the shim either by hand or by appropriate automatic
handl i ng neans. The di spl acenent support 120 is fixed onto the part 5 101
of the fixed chassis |00. This support al so supports the blade 130, to nove
the said bl ade towards the wafer in translation (along the direction of
arrow F). The bl ade 130 conprises a section 131 that will attack the wafer
- this section 131 will be called the | eading 10 edge of the blade. Like
the section 111 of the shim the geonetry of the |eading edge 131 is
concave and circular. This circular geonetry is then generally
conplenentary to the geonetry_of the porttti.on %fea be wafer that the bl ade
will cut. 15 *Typreatny oft h8hl3¥eT abY acks 't e "Warfef over approxi mately a
quarter of,the fHeri-aneny tahict RRewahier i s Hosey ensimptee Hlkae e theadi ng edge
131 is not necessarily circular, and its ﬂeorretr coul dW & jany @t her shape.
20 The wafilerim) teprisgerssd abetwdéhnt A2SBRF ATITY dhd 'the' bl'ade 130

instal led on the displace IAPeRE 330:it Theser el e serarly ald gned, the
shim and"¢ IgtabjlhnglcfgJ E%a?i% ﬁcﬁg?}é???cgh y%opposi te the centre of the wafer and
t he bl adeei sutdiispltaceduakong phend direction of this alignment. 25 The

bl ade w Il attack_t sidewal | of the { equht ednhedghte (t he
position of tHE bfgggo‘élr% B&Fng Ad] u%%l%{)(l:e‘rere?in %étlr gﬁj{ to attack the said
wal | at pbgetegub s athdheirghbss hocoexamplte tthies iadpmsioent can be nade by
means to adjust the position of the blade along the 30 gi &gctiinona

per pendi cul ars t 6hehemgesisng pllaes. 1ngertipy tEﬁ‘%pP gefent neans 120
are capabl e of .noving t e i i tstheadihng edgenl3deimio contact
with thengltagvvaﬁnl {(_’) gt ﬁgé\fgkgg, tfalér)ldg%or}%etrietrate into the wafer beyond the
sai dyyval hotatadgivese depthe BuBoitekadpiesat his penetration depth may be of
the order of one centinetre. However, it wll_be defi H?ﬁalas a.fugction of
paraneters suth & tind AP b + T h& bl RHE CS4LPFon aRd the characteristics
of the wafer (materials fromwhich the wafer is made, shape of the annul ar
chanfer, "0t c. ) . Note that although the penetration depth nay be as
mich as about . ongCeRfriciekie, ihbeudkdt hsef f tdk yhysingal 2d6RBactar ea
between the wafer and the bl ade must not be ppre t%ﬁbrpe fewem khitmetres
(corr espeideR§ien t Rerhff I W15 Yhe Yo%cl USron area). I'n this respect, the
shapggof the bl adg,amy; bes adaptied &esemxanple Ho conpricsehe &ledg defined
by two sloping faces that will penetrate into the waf %rnsvé’{xl%'%dt h%ybl ade and
the waf ersaréi2tb¥adestani otight 2BPREBPEOHNEACPS £HE §*6ping Taces alting as a
wedge separating:the r of| chenmatagef b@Meachlatiremnd afd a portion
with a dé%ggr%&%géggoﬁéﬁgﬁtgﬁt Eiﬁgkngss b%ﬁi ng the tip, as shown in Figure 11.
Thi s por tdaorrawiet se251iconst ante tifitekness is the only part of the bl ade that
is in contact with the wafer after the_ti a etrat i pte the said
wafer. It hol ds e F5PPEabEOEhe et ePfat'pjrzlafycér{?1 r%gl Itged(?lll g%aci ng from each

ot her, corg aspQndi Ng,f 0 Lhe pradet ermmed thickmessdf thigigiar ttisf t he
Plade, tr;?chipal faces of the assembly to be cut,
e movements of the blade displacement means are
slaved to observation of separation of the layer to be cut,
e movements of the blade displacement means are

25 glaved to measurements of forces applied to a mobile

element that attacks the assembly to be cut,
e at least one parameter representative of progress
with the cut 1is collected during a first cutting phase

carried out by a first cutting means, and the second
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Ff 14 facilitating controlled cutting of the wafer. In this respect, note
that it is inportant that the size of the physical contact area between the
bl ade and the wafer should be |imted, since the blade nust not come into 5
contact with the central part of the wafer that is surrounded by the
exclusion area (top view of the wafer) that corresponds to the active part
of the wafer that will actually be used. Figure 11 thus shows that the tip
of the blade that penetrated betweery the parts of the wafer is no 10 | onger
in physical contact with the wafer, the contact between the bl ade and the
wafer being limted to the portion with width dl of the blade with constant
thi ckness. This constant thickness of the back porti. thegRlyade will be
def i ned @t tel foumdEis6n "eret kY layﬁgcﬁ’fldwﬁflgl;l?% egari% l%tc;cgnftor exanple, it
may be of, the Qrd66n0f £5: fk | ¥4 TRE 1S chikeppuspeser of the blade is to cut
the wafer, 1n other words as defined above to divide it into t separate
parts (actuald ythée fimetpantts iape nerassois ce HIPSEr A& 25K Ehd1%ayer to be
pul led off), and to guarantee that_the sald 20, partsydenpots LA ne
t oget her2&fIYaf t&r hi%u%i 9|tsiaon$l]tsgtnsggg%nt?y', the section of the blade
i s bevel Lgd;iap hawn dutdikgures 2ase@blando3be Mwie P exi $eSANEE preferred
use of the device according to the invention is illustrated wth reference
to 25 thésenfihar 8artNefe & tsatlﬁjes%s%ﬁm}d?yarﬁ{‘attaic(}:{efji% rgcsh are shown for
illustrative. pur Q?E,S only, and that the scales used for the different
el enent scgﬁgﬁpél(“\a/a er' layers, blade, other elenents of the device according
to the inventd oRneetdndord0 afietiny noeaay coppesent atige oPdSEal PRy . 15
These diagrammatic figures show that the sidewall_ 22 of_the wafeg 20 that
is shomeﬁ\@hnoﬁléﬁsolq%t el Y2%ri §ﬁﬁ‘?“|%8l,y buFoco%rr)ﬁri sce%’an annul ar not ch
cor rf@poggmgt}pcgf@y Gha eksbet5tdhisi @nmbealyot ch is produced by
bringi ng together the rounded edges of two part& 2 a %rsld 20b o&hghe waf er
that were bondelehy afRpepEdcesPKRBRA®I n dsel @ofidi Rg or other) to form
the said.wafer.20. The anpuhar -Aekebr2hreerr espands taet Helbomdnag
i nt erfacénﬁﬁggb%?mggg t%e two 10 parts 20a and 20b. Acccir,di.r%% to _standards
in forceembbaigdges aff the semavniduot of1VaRers st Not- He "Ehars, to linit
darmage to them durjn acci dent shack, 1Par 4,540 sandndbift hat
t hensel vELAFB %W%I?g?%{'er en %%nghgergg ]iﬁndepende(r;:%l y) 15 therefore
respegt these,st@ndards and o haidgredgasiar eveoundediorelchatfiere®t And t he
waf er shown corresponds to a preferred use of the inventi on, igmgni ch a
thin | ayehe2Biop sfcwn s srtdokiafy @ hel vt eF R ere Bl &dé307Cl ose to an
20 enbrittl ed area 202. e preci selysidihe ¥af enidl thbustimatedfin these
figures glﬁaedeacsct?éf%lpﬁg/g% he %ondi ng %nt erface 203 between the two parts
20a and 2@rtficamiwhithis héefvafed, was made is in the imediate vicinity of
the enbrittled area 25 202. And in this case e 11 gf s&henddade 130

; L : .
preferably at tackso4iR® wateP™0 & EhAfs tbwoondls(F’ftfzjéﬂl}(?IIJ%a{erfacaé(‘EJ associated with

an agpul ar; Nt ¢ AL phtheareoncaye sepdion dompmingng ehamflerittlqd
area, placed in a cutting device like that shown in Figure
1,
e Figure 3 is an enlarged diagrammatic elevation view
of the side of a blade of a device like that shown in
25 Figure 1 as it attacks a wafer to cut a layer from it,
e Figure 4 is an enlarged diagrammatic elevation top
view of the edge of a blade of a device like that shown in

Figure 1, close to the wafer attack area,



1 1

16 According to one advantageous aspect of the invention, as the blade |30
noves in translation along the horizontal direction F, cooperation between
the shape of the tip of the blade (usually convex, for exanple bevell ed)
and the 5 shape of the chanfered annular notch (usually concave) enabl es
sel f-adjustnment of the height of the wafer with respect to the bl ade.
During the cut, the wafer is free to nove along the vertical direction. 10
It can be seen in Figure 2a that thgre is nothing to limt upwards wafer
novenents. The same is true for downwards wafer novenments; as soon as the
bl ade has started to attack the wall of the wafer, the novable part of the
hori zontal chassis 102 wll 15 be pulled back to | eave th{% W@\a,f.[% conpl etely
free in the verkiigcalesdiseectricoréb GorequehtPyViad 889n®ag t'fie bfade has
started to engage_ the sidewall..of t waf er by t RepbATREh@t efvi ai nity of

t he bondﬁeﬁé’eicgﬁg?i%cec%f,Spgggﬁgﬁatél]cgn of "the shapes 20 mentioned above
causes sglifi-adj ugkoepE Ohctdedpesi ticon tofe t hevenpi @t t HEBI"dde "Paci ng t he
centre of the said interface. Note that the initial attack height of the

bl ade wals'EEVEsk €8 F A dURRRE, YS! tll’?at%wlot S}Jcs:é%bép{r oximately facing 25 this
interface. Therefor re pregi.seliiiandewi therefes enceritourfd gure 3, the
bl adé 103 i ni ti§1$uﬁeat{gcfs t he si devlvall of the wafer in the i T di ate

Vi Ci ni t yeioft tdiadrandangcihter f Bbest208.es ther dBECE HEehsH caodbaeéregfi on of
shapes 17 between the sl opes,_of t.he hevel q0f,the blade and the slopes of
the annuPar'HétcR 6P EREIcHE aet'fl(ﬂ.ﬁNocth‘!’{e {hat the thi ckness of the |eading
edge of the hla L0 -pther, wor dsedrettiki epessenf of heh¢ enermralisection 5
of the said bl aggg ! tﬁe raatlji uséjgzrf curvature of the_tip, of then béade) is of
the or defheofdéercaniior dhsjurers Seenndobe., FTReCBFadePESEI 12¥Hy Be of the
order of a fewmllinetr thick. .Eur 0oL t Rerdisbange ket ween the
bondi®hg Ab*Fht BPFéEéOlﬁoé%Zn%h? hés’aér?brr%ét}ﬁ ed area 202 is very nuch |ess than
the di mepsionspiefsd he bhadeutThus, opsrdthieontsi.ade attacks the sidewal | of the
wafer, the geometry of the bevel of the |eadi n%leq%% 91;1 g@gupgad,e produces
a wedge effect Fhabrsepatatasvife pHM PO G ! waf ér on~each side of it
along the vertical directiop;perpeadhcul anvko the seubhiingppkahecnAnd the
path of tHe \"/&elrj'L ﬁcaghgtrge:ggeé hat separate the two parts gf '%She waf er from
each ot heprnatpsaiing ltice a mechadenbriet ied 2t 212629 APERR™ F Mivedi at e
vicinity. 20 This transfer of vertical stresses fram.the;gabritiked area
202 i the reYi GALEEI Fg t5he? bgﬁa?hgeﬁg nYé‘F?’agg f(?g‘gt gvvarésg?he enbrittl ed
area 202, i §il l4stirat %ﬂr@SFbgHﬁﬁgstby at e coads tambiodtimenheo€ tth&t very

di agram‘ra{ll cally represents the cut |line between the two parts of the wafer
25 in thénveoknpty of the edge of the said wafer. When this line C reaches
the enbrittled area 202, and_cont.inyj owar ds; dhesf nside@afsitie wafer (in
other words tbdwarde tfie 108 fanlgnqlblbggirlg\g?)%,%e cut Tine becomes coinci dent

with the eabekt bEedharea 202 means in Figure 9,

20 e TFigure 11 diagrammatically illustrates the

penetration of a blade in a wafer.

Firstly with reference to Figure 1, the figure shows a

cutting device 10 according to a first embodiment of the

invention, with a wafer 20. The wafer forms an assembly tO

25 be cut.
The device 10 is intended to cut a wafer layer along a

cutting plane parallel to the faces of the wafer (in other

words parallel to the plane of Figure 1, that is defined as



18 This enbrittled area 202 represents a "well" for the stresses, and since
the wafer is free along the vertical direction, the self-adjustnent

nmenti oned above continues to allow the blade to continue its penetration
into the wafer 5 at the chanfer 21. W have already nentioned that in any
case the blade was not in contact with the wafer except for a limted depth
within the wafer. This depth is of the order of a fewmllinmetres and
corresponds to the inactive portiongof the 10 wafer ("exclusion area"). In
this respect, the geonetry of the blade is such that the bl ade does not act
as a "cutting"” tool that would "cut" the wafer (the "cut" was defined
above, and does not correspond.to.a i Cl: fect). tfefeald ty, the

i nt er naltPENGPEI 6Pt e BV 'ogrht élagfggdg]'lggegfsmfoﬁ%ec%@rmll enough so that
the bl ade actuahbyt panetiratesoirnsothderawf of, thatwafemit- al so be |arge

enough so that the blade actually perforns its function . as a wedge that
penetrat es b¥PhRert e ?ﬁyé@%’@#ﬂ&be%ﬁ%n‘é%%?rgg a%loéhzo the rest of the

vafer. nge the bl ade has; bpganio penssdadre liynt oot hehiaf eeptihe sl oping
edges of its 1eading gdge. separate the | ayer 201 fromthe-t.roesta f the wafer
al ong t kesveriptdah, diveectildn. TTAE Ver tt € a¥yf e Bdul & BE o't hd”or der of

60. 25 This enabl es, pronagation Ofqithe :$eRY atiOnmuee oblde bayer 201
over a Iargé pr%lr %}Pepc%?m I%/ the ent | Fae surface of the wafer (although the

bl ade onlhe peretr.ates a'limted depth into the wafer). It will be noted
that the fact that there i s no el t.tha e vereitg aef the wafer
ei t her upwar dge SE]QPSr Ogoﬁz\ﬁarwdﬁ%elrne‘{zﬁglsvegr]t(}%Ilé\%éHdtitlr%élc%?i on, neans that the
vaf er cath{it. ofl ¥k aw reatdgaddiyeadjaustulidts apesictildadaltéfg SONE “Fer t i cal
direction in which the blade is br oughgi into acrrgaitoerkliﬁtiut can al,go deform
frealy anebsyinnst rineael y odur Bng SS™EAPEAEHHI%: i'6h." Thi's facilitates smooth
executi on, of . he qut ¢ aRdshBguESse I sks folcotigtresing ati ormiofi tthed ayer 201
and the sulbstrdte - particularly when the substrate 20b is made of a
brittle amterlide sheh msnguartd .22 Fhe bl ade is made froma snooth
material, fairly hard. n te.l he, wafer sbut ineértodidtard to avoi d
damagi ng t he Tghl??f g@é?%&%ﬁeeﬂt%&er el%gtlegg%]d t he 9_§ubst rate. For_exanple, the
bl ade copl shdeomues fuamm mratadricdl toucheasrpofryRdhyfaeHi ot de'(Pve) or

pol yet her et her ketone 15 (PEEK), or Teflon (registered trademark). And the
bl adé muétfHe- t hi ck enough to keep the layer 201 sufficiently separated
fromthe restyof the wekerianleflo guex andeEnesat at héagepar & i on"wave of the
| ayer 201 propagates effectively over st .of. the f f thgr20 wafer.
The Appl Fentrdes déeer nfned Pﬁatp‘éﬁﬁﬁ?f?%gssﬁ@& t%géor greqofT(S mllinetres
is suitaple, for this-PpuwrReseniki gayer oshous thitgesepapation- wave D of the

| ayer 201, observed close to the_edge of t({1e QI ade, .f %rg,h%fdeg'hge 10 25
that correspohds conaeRE¥sE ERBGdrRem® B hE T nventton, Y as descri bed

above, Th p wavecap,pe) def inechras beingsuhednddmg observed when
t he %%f e‘rﬂgfcégd?]\g/?édlle%élnnto tnwo parts, and that materializes the Iine along
whi ch t heakayer 201 divides 30 fromthe rest of the wafer. 20 In this
respect, figure 2b shows 0QQUS s¥BLE APt o fhdthedmuenrt ite, i n which
progress of the* sEpardti ooﬁfnmcg\%\e{&g ‘I ayer SZgl i s continuously displayed by
means of .arbight 54" e6pBOséitortiexarhpinet &n AInflraaiee P IeRMF 8 pPacEd under
the wafer and ained_at it, and a canera 40| ted, o0 ey otdiercrsd de of the
waf er t oT€3Rta¥ELYi REIEr tﬁoérajatrﬁfiogéght ggévwa?aér The |ight source can
be bygught; sharbacest bge Wafesr only after the central part 102 of the fixed
chassts has b%ﬁ?slghgg%égcggdlocated in the sidewall of the wafer,

at a distance from the lower and upper faces of the said

wafer. We will describe this chamfer and its purpose 1n

more detail later.



A'part 102 transparent to radiation output fromsource 30 can al so be used.
It will be seen that the fact that there is no support elenent facing the
princi pal faces of the wafer nakes it 15 possible to observe this
separation wave under excellent conditions; this is not the case in
automati c devices according to the state of the art that conprise neans of
hol ding the principal faces of the wafer in position. It is also possible
to sl ave novenent of the blade 20 digpl acenent support 120 to observations
made by the canera 40, by providing a displacenent regulation |oop to
obtain controlled progress of the separation wave. This aspect of
controlling the displacenment of cuiting Jrea t eV WL be

descri bed i nTR6r &3dEraid® 14t & aZ%eqt 1 heT eﬁ%?tﬁrffelr h%fdct hle(%taext with

ref erence &y a secoRd serbodinaept sof 106e i niventsaonl Thesdiispl aééfrent support
can al so be programmed to enabl e continuous trﬁnsl atggtn pf,the hlade. This
i s partieswrritingséf \nifhen & Mgt (SR @S the "WBP8T i s %07 si npl e. 21
However,, { Nyt he £356.8f oA ¥R &rqaimAe dent ashgs@e .nunber of | ayers bonded
together, 1t may be preferable to nove the bl ade forward gntermttently
(the ¥ egul at i nesims Feht fonddxadovEon FRABAVANPAGEGHSTY b&™uséd in this
case as 5 |1 . In th se f ma Ny 4 I apspar enti oloower

subst rat‘én%gﬁja Forlde]sxa?ﬁ%)l gt%qeua?{l%%y\?hgbgéng?laeo4o n(gg/ be placed directly
under t hgcvafEry (@dmithies recaticonenf pdre solceasd 168 RV IH)9 t o observe
the separation by 10 trans arency.throua%q the | ower substrate. The single
shi m 110t1f’rﬁyc‘ffét?aelplp§‘5éd18$ 5Rehsse My ™ of 'shi ms conpri sing several fixed
shims, bl ockifig theiwaf €foi nednipe iResi zontsalctdont | Tl pltdné but alt owing it
free to nove in the vertical direction. 15 |f grgxe inv%n&}?no% S ised on a
waf €¥0 wi thotacarwiihiihe sdhgweel, of t thf 1 Y2 i5g pd<Si Bre™to ¥ orm a

concave- shape nﬂ?hihncg%ayy@l Lnaf dtiheuwnater chasiareritheyl osattilon at whi ch
the | eading edge of the blade will attack the wafer, so that c ogeration
bet ween shapesnanfl the metticdjustihmtwaierdéseti habsabblve tan g% achi eved.
[t 1 al 5o possible g Rrouide;seustal bhades.mouat odioact hen same

di spl acefi€hi 1%I&pport, or nounted on correspondi ng di spl acenent neans

i ndependeah bé eash cidwerly Thi Figspest2aidnd &80 be described with regard
to a 25 second enbodi nent of the inventian .And.J koRLEf{ edoversi on of
the Fhventi onTPheaRsCofHi Spt ar%allynggﬁﬁﬁoe }La]q;a}:ded%nofrj OIbt:ﬂaege?emay b% activated by
manual deyies tsHCRoapedaciankobasihpes wilR Reeewbkl ehavaf@rad§ case, it

is preferable to generate a single separati wave , wh t gs) is
(are) atteacking TRFEREFEF. Br o‘iﬂ?eerfﬁa%‘gﬁ aPi gg‘eatvetrﬁécjggngp?g%ltg? t wo

di fferen&)é %’ﬂ&?éuié‘%téét@rﬁe at,dishepenhel £ atiions aaieound the periphery of
the wafer ah propagating in different directions. Thus, gf S ral bl ades
are provided, In settalsivd2gonf Fes afic6R1PE tHe cBRYi givati ©On i =whi ch one

bladgoHD%E&CEQQ&B&QAj%d%q%ﬁoc%oa%u&Q%eEiQacﬁh@t@t@egélfE&dju;ﬂmﬁﬂﬁ t he
of the position of the wafer relative to the device (this
self-adjustment aspect will be described in detail below) .
In the illustrative example in Figure 1, the gsection
111 of the shim thus covers slightly more than a quarter of
25 the periphery of the wafer. In one variant, this section
may cover a quarter of the periphery of the wafer. And in
any case, this section must cover a sufficiently large part

of the periphery of the wafer to maintain the positicn of

the wafer being attacked by a blade (as will be described

30 below) .



10 attack of the first blade behind it and at its sides, contributing to
propagating the sane separation wave initiated by the first bl ade. However,
it is not essential that the wafer should initially be attacked at its

m d- point (on the longitudinal 15 axis of the device that joins the centre
of the blade and the centre of the shin); the blade may have an asymmetric
contour with a tip that noves forwards on one side only, and that attacks
one side of the wafer before the othgr side. 20 It is also possible that
the blade is fixed and that the shimis nobile - in any case, only one of
the two el ements nust be nobile. And in all cases, the provisions for

sel f-adjustnent of the_position of the waf t Wisk | be

advant ageous|y'ug8der 28 I‘f’a?sb]f)%%%}lltbllenttoocﬁéggg@pértgggurr%bgﬁﬁéor or a force
sensor wWith t.hehliadesebnionderi tof M tsbrinf oeteseappt itedhd @1t e bl ade
during the cut. The advance of the blade fgor of the nobile elenent) can

al so be 2egARItiedeaguaonghEs i ARG hES8 Forces . This 30 regul ati on may be
used in conbiﬁ?eti(@{gcgﬂ%&g&gbﬁ @At oo 23 asxedfunesdi eneofparhe
separation wave descri bed above, or as alternative regulation. Figures 5a
and 5b, 70p18oc&ndht0 fshew aldesice B -t dTHifpl BHRAN ta FeCon BHYIE nent  of
the inventio i t.he devi 1 sehi.Red &8s i SyLHew cen 50 i s

desi gnedtlilﬁ gh?g%hi%(ggetoofmoavem;tf er %f\g% %ilégrgetgggzhom a diagrammatic top
vi ew on whhehl & 541 maBbAgandeadf restidil ade a8330wsBpported by di spl acenent
means 520 to nmeke it nmohile with respect t.0 t shi 10- shown ar ound
the wafer 20, Th% R atenndl §PWFéFe%ogt%%c%ooﬁ!f rlg’l}r g?%n@%fﬁlt%‘a@devi ce 10
descri bed,abqugerThe shidn 546 shown3inwihe Ief tcgddred ofheFi yer@iBh is fixed,
and bl ade 530 can be brought towards the wafer to attack the wafer. 15 The
waf et0 it sdpe ¢5 prefdrdsl-y arranged between the shim 510 and the bl ade 530
so that thesepthr et?qeel t5, a6 id¥ ldHee saligngtas axbsewtrwooLorhespondi ng
to the direction of displacenent of the blade 530. It can be seen in Figure
5a that thedshapedok time 20sblcadeas80,anghl Fikeculie detitte Eéraﬁiﬁﬂ bed
above, is such that | ar ge. part, . of i r fhet beowatetr; eannot be
att acked 9°ERthe bF h%e%%£%%éy958%§$§%%%i% gl adg 530 ag seen in a
top viewchas pogebba shapethenewwget excloft whihch 25adg f #éithg FHE-wafer to
attack it (the "vertex" of the delta i u sakei1at hack a

smal I-5parfPéfat hd: pehs phetss oafetttaﬁé(swat?%r ?gfém%@% g%gr%gﬁge to Figures 7 and
8, it canphetrseepftiiad pde geavery theé vatereadi ng edge of this first bl ade
530 24 can also be circular, as in thz cgse of .the blade ;130 .0k the

devi ce 10. AcHBVEV®E t Urfe parh cdiar aSpettdof®thi s 'Second enbodi nent of
the inve@&k%@%a&@?ycHEEEHQaP?agﬁdOEtEh%e@maeyyceoﬁDdCprBhseCahﬁébond
cutting neans, 1n addition to the first blade 530 formng the first cutting
neans. shape.

20 The wafer 20 is inserted between the shim 110 and the
blade 130 installed on the displacement support 120. These
elements are aligned, the shim and the blade being
diametrically opposite the centre of the wafer and the
blade is displaced along the F direction of this alignment.

25 The blade will attack the sidewall of the wafer at a
required height (the position of the blade also being
adjustable in height to attack the said wall at the
required height - for example this adjustment can be made
by means to adjust the position of the blade along the

30 direction perpendicular to the cutting plane) .



This second cutting neans is illustrated by two bl ades 531 and 532 pl aced
on each side of the nedian axis of the wafer that is parallel to the

di spl acenent direction of the 10 bl ade 530 (axis A shown on Figure 5a).
Each of these blades 531 and 532 is designed to engage the wafer 20 in a
second phase of the cutting operation, after engagenent of this wafer by
the first blade 530 corresponding to a first phase. 15 Consequently, the
bl ade 531 is carried by displacenen{;neans 521 to displace the said bl ade
along a trajectory enabling it to: attack wafer 20 at a distance fromthe
part at which the first blade 530 attacks it, on a first side of 20 the
wafer relative to the direction A of attack of BT d and
possibly to EBﬁtﬁﬁﬁ@lﬁﬁ?§e%&tEﬁﬁn%r66ﬁdafﬁecﬁﬁ?%?gpétig g?§§ Eﬁg

symmet riygaldy 4 N5 isecond blada ns32dge suppdrted c2btbytdiviphatsaent neans
522 on the other side of the axis A In the view s.hq:rv\.p jdrlleFiW%lfregs 5a, 5b, 7
and 8, tdialewsd 1dishl abenmetf areand$210aRESS3 25Fe Hitangéd <o as to

di spl ace_t he bl ades_kt 232, @]iqRg Wwergymetric 25 straight line
sect | ongbecyoorll]\?te)rtglen?aigv\l‘é?fdlg t%e %Jeldi an I%gngi tudi nal axis A fr:ca #%e wafer. In
thi sssecond ewhodéxmemilenf theési messtiresiophelaatist ™yt Oeng® a (bl ade

530, or any bl ade assenbly conpri.si at. | t ere flradey aktacks the
waf er 20°HRY if aox?efr%‘?ntc%‘ﬂ Ctir% poaws%g’.éA rsletngvgr§L monitors progress of a

par anet efyfpresenti nehtde teutst | mgclopesatilon pbrber mfd bjet ¥4a st bl ade

530. The second cutting phase will, be auto i cal l 0 i ggered, by
appr opr i 28et kBht PR Fd%nsSPakA At FUrctiSn %#Taéc?lanawagfecjjrut E)rh% fromthis

sensor. fhe sacond gpasareer 1espands digapsefofthehansetandcicanidng neans
(the two ades 531 and 532 in the exanple illustrated here - however, the
secarid cetting nmeans could 15 be in the formof an assenbly conprising an

arbitrary ”“fﬂi’ogp' of , bl agq%ou'grne RCOPEh Suitriidg Means i sapnlby started after
reaching a predeterm ned val ue of the said paraneter repreﬁgnti ng t he
e

cutting epel atsorabpertf ovmedcbyt thet¥¢ r stheowRhHe $30;MasPiénbrised in the

second cutting phase trjgger ns._ .l tigul af,adehing franadet es
repr esenF?ﬁba?g%eaE%?tF’ﬁbg%%%r gﬁ?o%‘%g?r Pﬂgl Sut byathe first blade 530 may

be rel at ggd-torthe @bservedl spaci g betowespohdingotpakhs $idthehafer 25
(or it may be the value of the spacing itself). In this case, the second
cut ting ABANSXFSUTEY Rt ng froma given spacing between the two parts

of. the wafer. ltiiss alsRASSithlee shapuser atiod heraded dictyl braldept 80

alternative paranmeter representing the cutting operation 26
for example to comprise:

e a tip defined by two sloping faces that will

penetrate into the wafer when the blade and the wafer are

20 first brought inteo contact, the sloping faces acting as a

wedge separating the two parts of the wafer from each
other,

e and a portion with a determined constant thickness

behind the tip, as shown in Figure 11. This portion with

25 constant thickness is the only part of the blade that is in

contact with the wafer after the tip has penetrated into

the said wafer. It holds the parts of the wafer at a

controlled spacing from each other corresponding to the

predetermined thickness of this part of the blade, thus



performed by the first blade 530 (for exanple progress of the separation
wave). Thus, in particular, any type of optical, nmechanical or other sensor
can be used to characterize progress of the 5 separation caused by the
attack of the first cutting neans, or the spacing between the |ayer to be
cut and the rest of the wafer. In all cases, the second phase will only be
triggered when the paraneters) representing progress with the cut 10 during
the first phase will have reached ame or nore predeterm ned values. If a
canera is used as a sensor, it may be an infrared canera, for exanple

| ocat ed under a quartz w ndow under the wafer 20. This type of windowis
shown on Figure 5b as 15 referen r | dral senbe an opti cal
caner a dcﬁ‘étlgtli:ﬁbl%? a4 Scfr g[frlgﬁt g\gvgj%%gpﬁ? _ﬁIE_E;IQE g%%gﬁati on of the canera
char act eidsphies Wokk hearade: past iopbarbyt ashatf tet 19eofot hePRat ure of

t he source substrate of the wafer fromwhich 20, th ayar. t cut is

t aken ofthiysicahoufetdSo BESPoRT VI o@ﬂge%alei‘doer cgn!sientg{)er gglgggi ated with
the fi rs%loplllgldebgsqiim@tggnbig}iq{d'eontmbt hbitdie seasor noent¢omediabeve. In all
cases, the sensor of the paranmeters) 25 representin %’%OQ%%SCS f. the cut

duri Ag tdwerthictst wphhseth | | CHeE 2 f iRGiTént o tPF ggh e §6cond phase. And

the signals) framthi Zuper LNesEs RENSOF S, MayoRl S0eheoBsetet ovategul at e

progr ess of {he second cutti ng means during the second phase. i1 27 Note
that theHdtr storowispongsmeanshamgchave | ReEr | At pHag "2l g hi"s ‘decond
phase, so that a wedge .effect conti PecuUr betweand kg pard s of the
waf er t FREEYA L tbz?ck‘%(?fj'SfFlﬁHr%ngivgir{lﬁgn%&i t i's al $o pogsi ble that the
first cuiiing dreanpenicti-acent baueeen st t pekt Hrof Hehaefaredurs AY t he second
cutting phase - therefore the first and second i ngyreans,Mdd work in
coopér atienpedur iRg RIS Ciaseo s ?Vﬁggng%ﬁr e\‘qgé?%ltebl gr}?bodi ment of the

i nventiof, ided0chs POSSAd! @t enat ralrddi speasgnenimisfedt heof iFlxt bl ade 530
inan initial step, such that it attacks the wall %f %hgh\l/\/g}zgésgll by

i tsel f. poteidrhatitthheidicbpPacefehbe vt #ds t5! dF TREBlrade s preci sel y
control l gd. durin ' St t LAg cphasfcklpobpoaaldty, ttidislad ocity will
be betwerg}ﬁ1 : o%%%‘g%?rr%gg%%nd. I't is also possible to superpose additional
means onwihe Bendofihbdt atr pgderstihe SEcoRG phaSe O owacfﬁegtck T haT each
cutting phase_takes pl.ace.smothly. 20.Jhus,3.8 Ler eenieastsenent system or
a blade gPEbI%%rer%?ﬂ”%\}gl’o&i%t r;rllg%naiéf}élucr)%ment system can t hus be used while the
first blade immatiagidsrgdrhehwabeéndeot s esporeti rigia oafiee  f FPsPtBﬁﬁse. In
this case, the force applied by the first, bl 2. ddro2akt agksst he waf er,
and/ or iW@r‘éﬁv%l%c%eﬁﬂé}eéjgiaﬁ?,vecéﬁ’ gévégﬁt%%ugﬁﬁ?/ t\3’5§Ori od dur i n% the first
phase, sq,tpatiidisntiktsh phase can beneassiede owtbsndetre oped nithf
conditions. It would also be possible to use rreatseureg_g stffléo%larige sensor
that tridgees tie e apsl}¢dnobt wedRdt He Y3t Eand second phases, to

pr ecﬁfel ¥a§9§t %19' di splasenenigekneachqghl ader dur ing < kévphase. associ at ed
he ade.

W th sal The fact that two cuttin ans are i.-npl ted
sequenti al | y, Conhsdaudre: Inas sdge Sacshrehetf FP@tg}@n&ﬁsl? g“f\ﬁeel dggg%nd neans

being controlled By, a JPasHr efPnid epr esenting

More ©precisely, a preferred wuse of
trated with reference to

the device

according to the invention is illus

25 these figures.
Note that these diagrammatic figures are shown for
and that the scales used for

blade, other

illustrative purposes only,
the different elements shown (wafer layers,

elements of the device according to the invention, etc.)

30 are in no way representative of reality.



progress of the cut during the first phase, nmeans that the separation wave
can be nade to advance fromone end of the wafer to the other under optinmum
conditions. This also provides a neans of preventing the formation 10 of
several separation waves. Figure 6 illustrates the position of the bl ade
530 with respect to the bonding interface of a wafer to be cut. Once again,
the bl ades of the two cutting neans will be prepositioned approximtely
facing this bonding 15 interface. Aml once again, after the attack by the
first blade, the support placed under the wafer will be retracted so as to
| eave the wafer free along the vertical direction and thus to enable the
sel f - adj ust t _nenti oveg . Fi e a dhagrammaticakky
illustrate gﬁﬁgﬁev?é\?\ﬁggﬁg?pjt%ef% mg%:%t t%l%vé Eggﬁs during the two cutting
phases. dfhusie iwafkirguoe thatt he dhsphatenent AEAASUESSORAEF W th the first
bl ade 530 bring the blade into contact, wt naf t deack its wall
and to g}%ﬁefﬁ‘%’rés%pﬁ?a?ﬁ%‘ﬁ%%&ﬁ%( Fg\grﬁkgp%ﬁgéé\@eggl&%uc%eﬁi ve positions
25 are shown in this figure and in Figure 8?. As can be seen in the figure,
the bl ade 530 may have a "crescent" shape w Ebh curved Itegditg%&edge to
attack the wadbés cverlarcamifuobd PAPHUGETI £ parifishéry. “°° 29 An
approprigte sensly fgé%@gvso{: he .Br QO 8sS Ofa tAheé sepabat ivdre waviee:D, and/ or
any ot her paraneter representing the progress of this fi rs%, cutting phase.
The secorithicwdriengpomdadsby andy t eeed o7 i@ d@cdhdest c PPNy PrHdse) is
activated when the_signals o t L tJy s sahneaeh mtphedet er m ned
thr eshol‘%jlt}\l/eaﬁe)ueE sefé)r%i Stuhree g%PalAéﬂarfrg?ti%Un'efg%o%e, t he second phase can

al so be &diggeredisunder thdieboodinol ioktesifgaal @08utsltesy it er®nt 10
sensors representing different aspects of progress with the first phase. In
t hi t%ask?* 'ohe %t aglgng conposite signals generated from el enentary

si gnal s fromgdhe diif.herent ssansarascam béoused. tAs i ¢fast r atfedthd Figure 8,

during the second phase 15 the first blade 530 can. be.] Llis and
remai n i pepbetndusoat “’iatf§rﬁa%‘iuﬁ1§rrpé36v§ﬁcé’f%66pnt EPe&éﬂé%nggg%Jﬂ% tgﬁe first

phase, why . secqnd GuthibRgaMeanscks atidrwatead, dad t hebcaseatescri bed
her e, tméﬁeggﬁéﬁiutti r?g ﬁeansacorrpri ses the two_blades 5 1E%?d 532 t hat

are rovethbysehee20 foomr ebpohai nly niwrs 52PSAAET 522 YCREPIER RS wafer in
turn along. a FON 1 ollBd Lf al RELOT Yo FHLANRSS Af [ Bk bl ademicaanabe
ur

controll e ing each phase by signals output froma force sensor, in
order torawoded applohang eexcessi ve force to nmake the bl ades penetrate 25

into the wafer, causing a risk of q_q@g'; t he wafgr.reTheqgsepar alri on wave D
continues to Zﬁ)‘?%g‘?}éesswﬁﬁrers%oprll num co (ﬂrﬁ%sons as pgrer ees_ult of the attack
made duripg thevsacond phasewhFegure Sipnovildesraddfti okl qUif oPati on

about the 30 configuration of the blades | he ond, cutting ngans, 30
these twathRralEd beilfy ity céﬂl.thNottgeal égaéﬁatf?ﬁe wo bl ades are roved

symgsricablycmdh £.85pegt, to the |ongitudinal A axis of the wafer, by
their correspondi ng di spl acenent neans that are sl av%d t oget tkenr.
More precisely, the wafer 20 illustrated n gse
figures was made such that the bonding interface 203
between the two parts 20a and 20b from which the wafer was
made is in the immediate vicinity of the embrittled area
25 202.
and in this case, the tip of the blade 130 preferably

attacks the wafer 20 at this bonding interface associated

with an annular notch 21 with a concave section forming a

chamfer.



51n this figure, the blade 532 slides in tw rails 532 and 5322 that
guide the trajectory of the blade. In the configuration in Figure 9 in
which the rails are vertical (in other words are in the direction
perpendi cular to the cutting plane of the wafer), this 10 bl ade al so forns
a right angle such that its |leading edge is oriented parallel to the
hori zontal cutting plane in which the blade is guided by the rails. It is
al so possible that the rails shoul dype placed one above the other, so as to
support the blade 532 in its 15 horizontal cutting plane. In this case, the
rails are turned towards the wafer and the bl ade 532 does not contain a
ri ght angle el bow.  Thus, the bl ade 532 can attack. the fer . tangentially,
fol lowing it ﬁﬁﬂ%?ﬂﬁﬂ%u%?yo%?oiﬁﬁPQ¥ﬁ%§PPfoﬁSE§C§fO%t{}%z ﬁé%ﬁphe?y (the
bl ade 53l stid | pPaidg APt att aclkntheat waf esl atg a sy rimetizicedlalportion Pl
of its periphery). Figure 9 shows a preferred enonépeg% of ;the (bl ade 532,
shown asdirestoldl st FoPPeTH 1M K5 RS 1D of "t he "&Foss- sect i on of
the 25 | epdi pg.8d9e,532019f bhsep! aderi Sxbagndedeltbeedni dndr os® section
correspoﬁglng fo tﬁg crosg-ﬁatcﬁed part of the blade_in Fn%yre 3), so t hat
thi s Dl adeagan gfeneche atahamfesetheanpilar wehett Aeti¥k @S ng damage
toit. Note that this_blade 532 e ot trat e ot i aaf er unti
S hPQRRE &t e hdt Qe 30 wa

the two ParP e%stﬂé ag‘ﬁgjﬁﬁgé geﬁhgepargﬁéd 31 by the first blade 530.
Thus, theebpase B32rdoesanet performa function to initiate separation, it
sinply propagates separation initiated by the first ade. Furthernmore, the
shape” of the P& 59% asusech™fr Y %ra5§v§rﬁ§ytﬁ1Q%R%éqgf?éﬁlar
(correspoadi ngat 3 dreefitbincal downwar ds vi ew of the blade 532 al ong the
direction of the arrow V in Figure 9). Thus, Figure 10an3@§ﬂ? a top view of
a bla@le 532 fBE @ chet AeeBhaper 8FUERe? ebbdihgtBUlge 13 RPFculdar Tn this 10
view. |f ags Wt A eehangyl ar- shaped top view (or any ot her
shaped tégmgke Wt sﬁ%rp gﬁges) is used, there would be a risk_of
att acki ng t heTwaf ermei tire t heusi deredivB32es IR &H SPBYHRE tHhat *Fs at the
front of the blade 15 displac wot hithesivgde wedge S82¢kebet ween
t he saidSPSPefﬁlqgﬁbgbgﬁf tﬁ%gggg%rggéthe Bl ade t hat actual ly forms the
| eadi ng gdger(seReFingusiel A0 rt The descrdptiantadboesehe £PPstiémbodi nent,
particularly related to the wafers to bg cu i [1.20c ghanfgr shet he
geone®ry P&f HW%%eﬁe§@F§gtéﬂg%g%ﬁetﬁ%ﬁbW%g%g éﬁﬂg?ﬁggéél%-adjustnent of each
bl ade andcthe-waf gfrédiseddf. during the attack by each blade, and the
assenbly of shins - therefore in this case shim510 - a qual |y,
appl i cabl e t 0CPRFEIEHEO Y eﬁﬁod?ﬁﬁht?52§§ﬁhdggﬁg% %ﬁsthégageconé
enbodi ment. the s @310y ober ARG @b L€ ot i Dgnddiimatd nsitcigutt™ ng phase
and/ or the sécond phase, when sone bl ades are foed.%$V&F r%gg{%ﬂge to
Fi gure 1Dbft helte dbagfanaatinégrEpcshcifs -a PR IVe ¥ eW'Si M'1ar to the
view,hn Flgur d 8,,520d QN Ahisghsambhader53Bchamdiedmn of
diag?gnnﬁFggéﬁﬁgé %%f%ghé%#F not e that%if ?he bl ade can penetrate to a
depth (dlthe d2)ipdunf ngtlidhe lwdeeqiabing appe oxdaret®l yOF7 nhiet Hi% Yept h does
not correspond. to the length dl of the contact area between the bl ade and
the "int “A%&l'ls of the 5 wafer.

Note that the initial attack height of the blade was

adjusted in advance, so that it is approximately facing

25 this interface.

Therefore, more precisely, and with reference to

figure 3, the blade 103 initially attacks the sidewall of
the wafer in the immediate vibinity of the bonding

interface 203, in order to cause cooperation of shapes



This contact length is typically only about 2 mm while the bevelled part
of the tip of the | eading edge can penetrate by a length d2 equal to
approximately 5 nm w thout causing any contact between the blade and the
10 wafer. After initial penetration of the blade into the wafer (during
which the pointed tip of the leading edge is actually in contact with the
wafer), thus only the constant thickness part of the blade is in contact
with the wafer 15 over a contact |epgth of about 2 mm This contact

mai ntains a controll ed spacing between the parts of the wafer that is to be
cut. And the length dl of this part is equal to approximately the depth of
the wafer exclusion zone that is 20 the _periph REd Ci rea of the
waf er t haeteean itha §derssnel sl 1P e(?tfs;g{l?ﬁﬁg‘{l uralsrﬁigjetthﬁe%ég ,egand after
the initjalpengtyhati-ofot theblade dakhyeeopperates with the wafer inits
exclusion area (in which there is no risk_of daagjsalg‘i ng Cyseefg% r.egi ons deeper
in the waf er )Not25 Timis, the ghPprEReSs oAt c it nig EnbiiEs operating fully
aut omat i %ilj\(lig Eﬁ'p &'g'xefrorﬂg?gsi preach; afndshe ofwehenbeghivetit ssedBovirously, the
devi ces descri bed above may be used to cut wafer |ayers for any urpose.
Layers cofil thbeseid blndse B0 theansfiéppedf oftbY A LG gt Kiippgdrt ' ke t hat
nment i oned 3 ov.e r layer d 0 dtegelher. can be cut
(for exaﬁBFebf%&?bse néﬁ%t it(%ﬁ ?5@%%2?%&%%(1{“2%?2%%&%% s required again, so
that these | aygss arebeibsated ragai beaf 0r tleromdideironPhg)e £§%Y34 CLAI MBS
1. Devi ceélo, 50) for automatic high-precision cutting of a |ayer of

mat eri al ™ él‘)*e'fﬁf%éa"%-a source substrate by neans of an enbrittled area
(202), the soprge,Substr at ecpad tdiesdaayer tioebecaut fben ngoedirdsenbly to
be 5 cut, the device conprising cutting neans (130, 530’m§§%’lé§g) and
meanso ( 1i0resiaye {3 ral ttélien?ﬁlﬁrﬁh%l%‘gsﬁ‘?aor?o the®adsenbly fo be cut,
characterised, | he cutt | _conprise a blade to attack the
assenbl yt;l%%bgh%u{i%é%@\?i (E:Stg gg%olrgg%% to claim1l, char acter'%sed in that
10 the mai ntathing aeanse doktd settacklsi mhe3 sigeyrtd 9EcbRAi KETEd cl ai m 2,
characterised in that the shimis fit 1 4.q:Deviegecaggordinglta@eone of
cl ai ms 14“8 §’,eoﬁlﬁgpéc?ér'fs%}?\ﬁe]t h%ﬂt L{}ﬁeg 163"5%55) 'elﬁg (are) mobile. 15 5.
Devi ce aggeuding to wayof ecfainsthat osépacharactari sedtien ¢hatPfhe

mai nt ai ni ng neans are_arranged_so, t hat one .side a abky oho be cut
st opd5 udiFarFy $he S&icHe %bcgeosﬂfe 1%eaa§§1%nbtl%ye tgg %igﬁ gi??acked by the

bl ade, i nLQRMASEUMAE NS hage JmitAhai plage means. 20 6. Device according to
one of the above clains, characterised. in thgt t he r’r@%ﬁg&ai&i g-reans

consi st of anPadsémsl it shf nEhe7VepbiFee &EE6FETRg €6 t he above clai m

char act er'hseegvﬁo” that the. |ai pi@iningeans 6enst statodrallsi fglee ishi m 25
(110, 510). 8. DEVi ce accor di ng to claim6 or 7, characterised in that the

mai nt ai nitge redrs tal ed agapt A% IS0 the LBMART AERIHHE Position of the
asseg%ly to b%hg%tt9Q£¥féP épev&§gﬁééﬁJstresses from the embrittled
area 202 in the region facing the bonding interface 203
towards the embrittled area 202, is illustrated in Figure 3
by the constraint line C that very diagrammatically
represents the cut line between the two parts of the wafer
25 in the vicinity of the edge of the said wafer.

When this 1line C reaches the embrittled area 202, and

continuing towards the inside of the wafer (in other words

towards the left in Figure 3), the cut line becomes

coincident with the embrittled area 202.



i ', 35 plane of the blade once the bl ade has started to attack the assenbly
to be cut, leaving the said assenbly to be cut free in the direction
perpendi cular to the said cutting plane. 5 9. Device according to one of

t he above clains) characterised in that the blade is used with bl ade
position adjustnment neans al ong the direction perpendicular to the cutting
pl ane so that the bl ade can be placed close to the enbrittled area of the
assenbly to be cut. 10 10. Device agcording to one of the above cl ains,
characterised in that the blade has a vertex angle of the order of 60. 11.
Devi ce according to one of the above clains, characterised in that the

bl ade is nounted on automatic 15 déiplacqgeqksneangmﬂﬁz. &g accordi ng
to the above T8 MPERRF BT e?TSR0° P THRAESTTE ®adt omati ¢ di spl acement neans
control ¢ranslati opofsthe hliradesdmert hies cotdd nglgiqnene 18erDevdke accor di ng
to the above claim characterised 20 in that gg)said cgn%&oélg@
translatdtﬁﬁdbioa,uﬁhﬁo?ﬁ%fT%ﬂﬁH%ﬁﬁeﬁﬁ.mﬁﬁ?lTﬂﬁﬁ °¥Ec6PHIrNG T one of the
above claj e, Ghanacter it%egohﬁimétiwepér?@éiiar&goadgat@f thhewbfade has a
circul ar coﬁ%our corresponding to the contour of the 25 assenbly to be cut.
15. DBevi e @ocahdimigrt 1t he above claim characterised in that the bl ade

| eadi ng edge covers a .quarter of .the.peylphery asgenBhyato be cut.
36 16. Devi cd'actdi i QFSYOHEHE%OP%% gé%€e§él3?%BFQ§%a§acpe(ised in that
the cuttifg mBans coaPiife awfil Stheuttifeyg reaest(530) andigiséeond cutting

means (531, 532). 17. Device accordi 0.t he_above j hapacterised 5
in that @?P%@§6”8Hﬁpﬁﬁ§e§a5e§eﬁgﬁ?5éggﬁgléso?fagﬁii?ﬁ%glgkpgraneter

repr esenti 09: O LSH MR rbBBosas t EBgrePetwddwinvebypardieohi pst t&at ti ng
means, and means of triggering use of the second cutting nmeans when the
sai dl(par aabeer (teadhesoa predet erm ned val ue. 10 18. Device according to

the above cl aj r Lsedcip ek RO RAr aivRs eplade r ekatedtit o a
measur enent O#Im[ ﬁgbgpgg%ﬁé %’et vveentg'téﬁ)e par?ts of the wafer to b ut. 19.

Devi ce aehatding badnelwds tire alsovest ir d6UEEaRas, tePard@eri¥ed i n t hat

the first cutting neans rises a_15 e thesecand cuttin
means coﬁﬁPF§e§h$W%a%T%d§§ﬂ%5gﬁg'5?5% 3?%§ﬂ§%g§§€%nb???%a|ly with respectg

to the agggﬂ@gyoﬁ@thﬁecuﬂic2ﬂg eftce according to the above claim

characterised in that each blade in the second. c [ ang ispdounted 20
freel%o displ&%eréﬁlﬁh%'dFQBId&%ﬁ§HPEn€5ﬁ§e( 1yﬁé3ggyggnd t he | eadi ng

edge of @aghebhadesi so0bkeBkad: Senasqt Osat task the adsémbhytralbe cut
tangentially on a portion of its periphery. 21.. Process r g&@gﬂtic

hi gh- pr ePEBRERaEES t 11 dthea W erayBRt of C bt Er iHISY %Fnz t g %gsource
substrat e by, qrapg. of1 4k ekl edear 6ams thes souredosubst ravedaad the

| ayer to be cut formng an assenbly to be cut, the rocgss ggngﬁhsing:
posi t i onithgtopenherassestyaes sEechey @ t A0} dspdt B0 6t he“mai nt ai ni ng

”Eanio the rest of the wafer. Once the Dblade has began to
penetrate into the wafer, the sloping edges of its leading
edge separate the layer 201 from the rest of the wafer
along the vertical direction. This vertex angle could be of
the order of 60°.

25 This enables propagation of the separation wave of the
layer 201 over a large part oOr possibly the entire surface
of the wafer (although the blade only penetrates a limited
depth into the wafer).
It will be noted that the fact that there is no

30 element that limits movements of the wafer either upwards



37 cutting of the layer by cutting neans, characterised in that the cut is
made using at | east one blade of the cutting neans associated with

di spl acenent nmeans whil e the maintaining neans naintain the position of 5
the assenbly to be cut in the cutting plane. 22. Process according to the
above claim characterised in that it includes insertion of the blade in a
cavity of the assenbly to be cut, the said cavity being |located close to
the enbrittled area. 10 23. Processyqaccording to the above claim
characterised in that the said cavity is an approxi mately annul ar - shaped
cavity. 24. Process according to one of the above two clains, characterised
in that the process includes self:aq%u tnent. 15 a t ir ion

per pendi€ul 8PYREREHRe &0t tiHy Prahes? f%%ﬁ%CF%Iatibggg%sgﬁﬁgnsgﬁé t he

assenbl y, 41 be Guthcandntihe abk ader asathe dijfade and pheiassenblyngo be cut
are inserted, by cooperation between the cuéiin% edgg o& ﬁpeigégde and the
concave SRtV igR 1t Ke TesGi Y. 120 H5ChpEBEed2dRcof dPhG 0" ofie of the above

four clais,Lharactehi sedoiqeididl dkeiyepanaty@euavalol theihgyer to be
cut is followed by analysing light transmtted through the principal faces
of the assentlgpatetbencut. 26. Process according to the above claim 25

CharaCteriseqﬂhg tpgéi 1%§ﬂ£ﬁt$m8 tﬁh%mgb@ggogi§glagggenﬁnneaaadare sl aved
to observation of separation of the |ayer to be cut. 27. Process according

to one ofedinecabpoveksi f cldaitrsiocharact efi $b¢ ilmyehat?20dt Fedsthéne

parameter representative 30 of progress w th the c i atjron is
coIIecteﬁuQﬁ§EQHf - §E§§15U$PF2¥ EﬁgTiE%ep‘§¥§1€§Fr?2§ ggt%ggéabFirst

cutting geansS:tianchatheiseconch i tquagtphase made by a second cutting neans
is controlled as a function of the value of this para t.en. 28, 4Process
accordi ng t o Gite WRdene sapede EFamme, SBoehEr Bt eridsed i tRat the first

cutting HSaE%n£§r§tQ|%9ﬁm{5éQ% attackimg ther assenard otbe aoutidat a first
| ocation, and the second cutting neans attacks the assenblétto be cut at a

di st ancedémaginhehparsurépcenectailty dsyerbP)latRackEd BYStRE First cutting
means. 10 29.pProgess, accordi ng 10 thenabake (har agiey isathddrdhat the

second cutting nmeans ‘conprises two bl ades on each side of the assenbly to
be cut, andhnmevedsymetyli catlor et h(PéSpect tolyRF5easERPISLONANL. A 1Y
'A'AhéAE(PégK !rdJM%é l%n'%¥e§f§t£%éé“@%ademark).
And the blade must be thick enough to keep the layer
201 sufficiently separated from the rest of the wafer and
to guarantee that the separation wave of the layer 201
propagates effectively over most of the surface of the
20 wafer.
The Applicant has determined that a thickness of the
order of 5 millimetres is suitable for this purpose.
Figure 4 shows the separation wave D of the layer 201,
observed close to the edge of the blade, for the device 10
25 that corresponds to a first embodiment of the invention, as
described above.
The separation wave can be defined as being the front
observed when the wafer is divided into two parts, and that

materializes the line along which the layer 201 divides

30 from the rest of the wafer.
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Tt will be seen that the fact that there is no support
element facing the principal faces of the wafer makes it
15 possible to observe this separation wave under excellent
conditions; this is not the case 1in automatic devices
according to the state of the art that comprise means of
holding the principal faces of the wafer in position.
It is also possible to slave movement of the blade
20 displacement support 120 to observations made by the camera
40, by providing a displacement regulation loop to obtain
controlled progress of the separation wave.
This aspect of controlling the displacement of cutting
means of the device will be described in more detail later
25 in the remainder of the text with reference to a second
embodiment of the invention.
The displacement support can also be programmed to
enable continuous translation of the blade. This 1is

particularly useful when the structure of the wafer is

30 simple.
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However, in the case of a wafer made from a large
number of layers bonded together, it may be preferable to
move the blade forward intermittently (the regulation means
mentioned above will advantageously be used in this case as
well) .

In the case of a wafer made on a transparent lower
substrate 20b (for example quartz), the camera 40 may be
placed directly under the wafer (at the location of the
source 30 in Figure 2b), to observe the separation by
transparency through the lower substrate.

The single shim 110 may be replaced by an assembly of
shims comprising several fixed shims, blocking the wafer in
the horizontal cutting plane but allowing it free to move
in the vertical directiomn.

If the invention is used on a wafer without an annular
chamfer, it will be possible to form a concave-shaped notch
in the wall of the wafer facing the location at which the
leading edge of the blade will attack the wafer, so that
cooperation between shapes and the self-adjustment
described above can be achieved.

It is also possible to provide several blades mounted
on the same displacement gupport, or mounted on
corresponding displacement means independent of each other.

This aspect will also be described with regard to a
second embodiment of the invention.

And in a simplified version of the invention, means of
displacing the blade or blades may be activated by manual

devices such as a crank handle.
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generate a single separation wave when the Dblade( is

(are) attacking the wafer.

Problems can arise at the junction of two different

(o}

waves initiated at different locations around the periphery

of the wafer and propagating in different directions.

Thus, if several Dblades are provided, a suitable
configuration is the configuration in which one blade moves
forward in advance as the tip, the others taking over the
10 attack of the first blade behind it and at its sides,

contributing to propagating the same separation wave

initiated by the first blade.
However, it is not essential that the wafer should
initially be attacked at its mid-point (on the longitudinal

15 axis of the device that joins the centre of the blade and
the centre of the shim); the blade may have an asymmetric
contour with a tip that moves forwards on one side only,
and that attacks one side of the wafer before the other
side.

20 It is also possible that the blade igs fixed and that
the shim is mobile - in any case, only one of the two
elements must be mobile. And in all cases, the provisions
for self-adjustment of the position of the wafer mentioned
above will be advantageously used.

25 It is possible to use a pressure sSensor or a force

sensor with the blade, in order to monitor forces applied

to the blade during the cut.

The advance of the blade (or of the mobile element)
can also be regulated as a function of these forces. This

30 regulation may be used in combination with the regulation
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as a function of the separation wave described above, or as
alternative regulation.

Figures 5a and 5b, 7, 8 and 10 show a device 50 to
implement a second embodiment of the invention.

5 Like the device 10 described above, this device 50 1is
designed to cut an edge of a wafer 20.

Figure 5a shows a diagrammatic top view on which a
shim 510 and a first blade 530 supported by displacement
means 520 to make it mobile with respect to the shim, are

10 shown around the wafer 20, 1in a manner similar to the
configuration of the device 10 described above.

The shim 510 shown in the left part of Figure 5b is
fixed, and blade 530 can be brought towards the wafer toO
attack the wafer.

15 The wafer itself is preferably arranged between the
shim 510 and the blade 530 so that these three elements are
in line along an axis also corresponding to the direction
of displacement of the blade 530.

It can be seen in Figure 5a that the shape of the

20 Dblade 530, unlike the device 10 described above, is such
that a large part of the periphery of the wafer cannot be
attacked.

On the other hand, the geometry of this blade 530 as
seen in a top view has a delta shape, one vertex of which

25 is facing the wafer to attack it (the "vertex" of the delta
being truncated so as to attack a small part of the
periphery of the wafer) .

With reference to Figures 7 and 8, it can be seen that

the geometry of the leading edge of this first blade 530
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can also be circular, as in the case of the blade 130 of
the device 10.

According to one particular aspect of this second
embodiment of the invention, the cutting means of the
device 50 comprise a second cutting means, in addition to
the first blade 530 forming the first cutting means.

This second cutting means is illustrated by two blades
531 and 532 placed on each side of the median axis of the
wafer that is parallel to the displacement direction of the
plade 530 (axis A shown on Figure 5a).

Each of these blades 531 and 532 1is designed to engage
the wafer 20 in a second phase of the cutting operation,
after engagement of this wafer by the first blade 530
corresponding to a first phase.

Consequently, the blade 531 is carried by displacement
means 521 to displace the said blade along a trajectory
enabling it to:

e attack wafer 20 at a distance from the part at
which the first blade 530 attacks it, on a first side of
the wafer relative to the direction A of attack of the

first blade,

e and possibly to continue this attack around the
wafer periphery.

And symmetrically, the second blade 532 1is supported
by displacement means 522 on the other side of the axis A.

Tn the view shown in Figures b5a, 5pb, 7 and 8, the two
displacement means 521 and 522 are arranged so as to

displace the Dblades 531 and 6532 along two symmetric

10bb 10bb
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straight 1line sections convergent towards the median
longitudinal axis A of the wafer.

In this second embodiment of the invention, the first
cutting means (blade 530, or any blade assembly comprising

5 at least one blade) attacks the wafer 20 during a first
cutting phase.

A sensor monitors progress of a parameter representing
the cutting operation performed by the first blade 530.

The second cutting phase will be automatically

10 triggered by appropriate control means, as a function of
signals output from this sensor.

The second phase corresponds to use of the second
cutting means (the two blades 531 and 532 in the example
illustrated here - however, the second cutting means could

15 be in the form of an assembly comprising an arbitrary
number of blades).

The second cutting means is only started after
reaching a predetermined value of the said parameter
representing the cutting operation performed by the first

20 blade 530, as memorised in the second cutting phase trigger
means.

In particular, this parameter representing the cutting
operation carried out by the first blade 530 may be related
to the observed spacing between the two parts of the wafer

25 (or it may be the value of the spacing itself).

In this case, the second cutting means is used
starting from a given spacing between the two parts of the
wafer.

It is also possible to use another additional or

30 alternative parameter representing the cutting operation
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performed by the first blade 530 (for example progress of
the separation wave) .

Thus, in particular, any type of optical, mechanical

or other sensor can be used to characterize progress of the

5 separation caused by the attack of the first cutting means,
or the spacing between the layer to be cut and the rest of
the wafer.

In all cases, the second phase will only be triggered
when the parameter(s) representing progress with the cut

10 during the first phase will have reached one or more
predetermined values.

If a camera is used as a sensor, 1t may be an infrared
camera, for example located under a quartz window under the
wafer 20. This type of window is shown on Figure ©5b as

15 reference 502.

The camera could also be an optical camera operating
at a different wavelength. This adaptation of the camera
characteristics will be made particularly as a function of
the nature of the source substrate of the wafer from which

20 the layer to be cut is taken off.

It would also be possible to use a force sensor
associated with the first blade 530 in combination with the
sensor mentioned above.

In all cases, the sensor of the parameter(s)

25 representing progress of the cut during the first phase
will be sufficient to trigger the second phase.

And the signal(s) from this or these sensors may also
be used to regulate progress of the second cutting means

during the second phase.
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Note that the first cutting means may be fixed in
place during this second phase, 8O that a wedge effect
continues to occur between the parts of the wafer that it

attacked.

e TIn one variant, it is also possible that the first
cutting means will continue its attack on the wafer during
the second cutting phase - therefore the first and second
cutting means will work in cooperation during this phase.

Thus in one preferred embodiment of the invention, it
is possible to control displacement of the first blade 530
in an initial step, such that it attacks the wall of the
wafer all by itself.

Note that the displacement velocity of the blade 1is
precisely controlled during the first cutting phase.
Typically, this velocity will be between 0.5 and
5 mm/second.

It is also possible to superpose additional means on
the sensor that triggers the second phase, to check that
each cutting phase takes place smoothly.

Thus, a force measurement system or a Dblade
displacement velocity measurement system can thus be used
while the first blade is attacking the wafer corresponding
to the first phase.

In this case, the force applied by the first blade as
it attacks the wafer, and/or its advance velocity, can be
continually varied during the first phase, so that this
first phase can be carried out under optimum conditions.

It would also be possible to use measurements from the

sensor that triggers the transition between the first and
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second phases, to precisely control displacement of each
blade during the phase associated with the said blade.

The fact that two cutting means are implemented
sequentially, with the passage from the first means to the
second means being controlled by a measurement representing
progress of the cut during the first phase, means that the
separation wave can be made to advance from one end of the
wafer to the other under optimum conditions.

This also provides a means of preventing the formation
of several separation waves.

Figure 6 illustrates the position of the blade 530
with respect to the bonding interface of a wafer to be cut.

Once again, the blades of the two cutting means will
be prepositioned approximately facing this bonding
interface. And once again, after the attack by the first
blade, the support placed under the wafer will be retracted
so as to leave the wafer free along the vertical direction
and thus to enable the self-adjustment mentioned above.

Figures 7 and 8 diagrammatically illustrate a top view
of the two cutting means during the two cutting phases.

Thus, in Figure 7, the displacement means associated
with the first blade 530 bring the blade into contact with
the wafer 20 to attack its wall and to generate a
separation wave D (for which several successive positions
are shown in this figure and in Figure 8).

As can be seen in the figure, the blade 530 may have a
vcrescent” shape with a curved leading edge to attack the

wafer over a continuous part of its periphery.

1

f
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An appropriate sensor follows the progress of this
gseparation wave D, and/or any other parameter representing
the progress of this first cutting phase.

The second cutting means (and therefore the second
cutting phase) is activated when the signals output from
this sensor reach a predetermined threshold value (see
Figure 8).

As mentioned above, the second phase can also be
triggered under the control of signals output by different
sensors representing different aspects of progress with the
first phase. In this case, one or several composite signals
generated from elementary signals from the different
sensors can be used.

As illustrated in Figure 8, during the second phase
the first blade 530 can be immobilised and remain 1in
position at- its maximum advance point reached during the
first phase, while the second cutting means is activated.

In the case described here, this second cutting means
comprises the two blades 531 and 532 that are moved by the
corresponding means 521 and 522 to attack the wafer in turn
along a controlled trajectory.

Progress of the blades can be controlled during each
phase by signals output from a force sensor, in order to
avoid applying excessive force to make the blades penetrate
into the wafer, causing a risk of damaging the wafer.

The separation wave D continues to progress under
optimum conditions as a result of the attack made during
the second phase.

Figure 9 provides additional information about the

configuration of the blades in the second cutting means,

"109%& () -
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these two blades being identical. Note also that the two
blades are moved symmetrically with respect to the
longitudinal A axis of the wafer, by their corresgponding
displacement means that are slaved together.

In this figure, the blade 532 slides in two rails 5321
and 5322 that guide the trajectory of the blade.

In the configuration in Figure S in which the rails
are vertical (in other words are in the direction
perpendicular to the cutting plane of the wafer), this
blade also forms a right angle such that its leading edge
is oriented parallel to the horizontal cutting plane in
which the blade is guided by the rails.

It is also possible that the rails should be placed
one above the other, so as to support the blade 532 in its
horizontal cutting plane. In this case, the rails are
turned towards the wafer and the blade 532 does not contain
a right angle elbow.

Thus, the blade 532 can attack the wafer tangentially,
following it continuously around a portion P2 of its
periphery (the blade 531 still being able to attack the
wafer at a symmetrical portion P1 of its periphery) .

Figure 9 shows a preferred embodiment of the blade
532, shown as a cross-section.

In this figure, the shape of the cross-section of the
leading edge 5320 of the blade is rounded (the said cross
section corresponding to the cross-hatched part of the
blade in Figure 9), so that this blade can penetrate into
the wafer without any risk of causing damage to it.

Note that this blade 532 does not penetrate into the

wafer until the two parts of the wafer have been separated
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by the first blade 530. Thus, the blade 532 does not
perform a function to initiate separation, it simply
propagates separation initiated by the first blade.

Furthermore, the shape of the blade 532 as seen from
above may also be circular (corresponding to a vertical
downwards view of the blade 532 along the direction of the
arrow V in Figure 9).

Thus, Figure 10a shows a top view of a blade 532 for
which the shape of the leading edge 1is circular in this
view.

If a blade 532 with a rectangular-shaped top view (or
any other shaped top view with sharp edges) is used, there
would be a risk of attacking the wafer with the gside edge
53210 of this blade that is at the front of the blade
displacement, or with the side wedge 53211 between the said
lateral edge and the part of the blade that actually forms
the leading edge (see Figure 10Db).

The description about the first embodiment,
particularly related to the wafers to be cut, their
chamfers, the geometry of the leading edge of the blades
and the self-adjustment of each blade and the wafer itself
during the attack by each blade, and the assembly of shims
- therefore in this case shim 510 - are equally applicable
to this second embodiment.

And also in this second embodiment, the shim 510 may
be made mobile during the first cutting phase and/or the
second phase, when some blades are fixed.

With reference to Figure 11 that diagrammatically
shows a perspective view similar to the view in Figures 3

and 6, and on which a blade 530 has been diagrammatically
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shown, note that if the blade can penetrate to a depth
(d1 + d2) during the cut equal to approximately 7 mm, this
depth does not correspond to the length d1 of the contact
area between the blade and the "internal" walls of the
5 wafer.

This contact length is typically only about 2 mm,
while the bevelled part of the tip of the leading edge can
penetrate by a length d2 equal to approximately 5 mm,
without causing any contact between the blade and the

10 wafer.

After initial penetration of the blade into the wafer
(during which the pointed tip of the leading edge 1is
actually in contact with the wafer), thus only the constant
thickness part of the blade is in contact with the wafer

15 over a contact length of about 2 mm. This contact maintains
a controlled spacing between the parts of the wafer that is
to be cut.

and the 1length di1 of this part is equal to
approximately the depth of the wafer exclusion zone that 1is

20 the peripheral superficial area of the wafer that can
include some small defects; thus during the cut, and after
the initial penetration, the blade only cooperates with the
wafer in its exclusion area (in which there is no risk of
damaging useful regions deeper in the wafer).

25 Thus, high precision cutting assemblies operating
fully automatically can be formed in each of the two
embodiments.

Obviously,'the devices described above may be used to
cut wafer layers for any purpose. Layers could be cut to be

30 transferred onto a target support like that mentioned
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above, or layers that had been bonded together can be cut

(for example to recondition layers to which access 1is

required again, so that these layers can be bonded again

after reconditioning) .
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CLAIMS

1. Device (10, 50) for automatic high-precision

cutting of a layer of material (201) joined to a source

substrate by means of an embrittled area {(202), the source

substrate and the layer to be cut forming an assembly to be

5 cut, the device comprising cutting means (130, 530, 531,

532) and means (110, 510) for maintaining the position of

the assembly to be cut, characterised in that the cutting
means comprise a blade to attack the assembly to be cut.

2. Device according to claim 1, characterised in that

10 the maintaining means comprise a shim.

3. Device according to claim 2, characterised in that
the shim is fitted.

4. Device according to one of claims 1 to 3,
characterised in that the blade(s) is (are) mobile.

15 5 Device according to one of claims 1 to 4,
characterised in that the maintaining means are arranged so
that one side of the assembly to be cut stops, usually the
side opposite the assembly to be cut attacked by the blade,
in contact with these maintaining means.

20 6. Device according to one of the above claims,
characterised in that the maintaining means consist of an
assembly of shims.

7 Device according to the above claim, characterised
in that the maintaining means consist of a single shim

25 (110, 510).

8. Device according to claim 6 or 7, characterised in
that the maintaining means are adaptable so as to maintain

the position of the assembly to be cut only in the cutting
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plane of the blade once the blade has started to attack the
assembly to be cut, leaving the said assembly to be cut
free in the direction perpendicular to the said cutting
plane.

5 9. Device according to one of the above claims,
characterised in that the blade is used with blade position
adjustment means along the direction perpendicular to the
cutting plane so that the blade can be placed close to the
embrittled area of the assembly to be cut.

10 10. Device according to one of the above claims,
characterised in that the blade has a vertex angle of the
order of 60°.

11. Device according to one of the above claims,
characterised in that the blade is mounted on automatic

15 digplacement means.

12. Device according to the above claim, characterised
in that the automatic displacement means control
translation of the blade in the cutting plane.

13. Device according to the above claim, characterised

20 in that the said controlled translation is a uniform
translation.

14. Device according to one of the above claims,
characterised in that the leading edge of the blade has a
circular contour corresponding to the contour of the

25 assembly to be cut.

15. Device according to the above claim, characterised
in that the blade leading edge covers a quarter of the

periphery of the assembly to be cut.
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16. Device according to one of the above claims,
characterised in that the cutting means comprise a first
cutting means (530) and a second cutting means (531, 532).

17. Device according to the above claim, characterised
in that it also comprises a sensor capable of acquiring a
parameter representing progress with the cutting operation
by the first cutting means, and means of triggering use of
the second cutting means when the saild parameter reaches a
predetermined value.

18. Device according to the above claim, characterised
in that the parameter is related to a measurement of the
spacing between the parts of the wafer to be cut.

19. Device according to one of the above three claims,
characterised in that the first cutting means comprises a
blade (530), and the second cutting means comprises two
blades (531, 532) arranged symmetrically with respect to
the assembly to be cut.

20. Device according to the above claim, characterised
in that each blade in the second cutting means is mounted
free to displace on the displacement means (5321, 5322)and
the leading edge of each blade is oriented so as to attack
the assembly to be cut tangentially on a portion of 1its
periphery.

51. Process for automatic high-precision cutting of a
layer of material joined to a source substrate by means of
an embrittled area, the source substrate and the layer to
be cut forming an assembly to be cut, the process
comprising: ‘

¢ positioning of the assembly to be cut with respect

to the maintaining means,
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e cutting of the layer by cutting means,
characterised in that the cut is made using at least one
blade of the cutting means associated with displacement
means while the maintaining means maintain the position of
the assembly to be cut in the cutting plane.

22. Process according to the above claim,
characterised in that it includes insertion of the blade in
a cavity of the assembly to be cut, the said cavity being
located close to the embrittled area.

23. Process according to the above claim,
characterised in that the said cavity is an approximately
annular-shaped cavity.

24 . Process according to one of the above Two claims,
characterised in that the process includes self-adjustment
along the direction perpendicular to the cutting plane, of
the relative positions of the assembly to be cut and the
blade as the blade and the assembly to be cut are inserted,
by cooperation between the cutting edge of the blade and
the concave section of the cavity.

25. Process according to one of the above four claims,
characterised in that the separation wave of the layer to
be cut is followed by analysing light transmitted through
the principal faces of the assembly to be cut.

26. Process according to the above claim,
characterised in that movements of the Dblade displacement
means are slaved to observation of separation of the layer
to be cut.

27. Process according to one of the above six claims,
characterised in that at least one parameter representative

of progress with the cutting operation is collected during

10 10
1k
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a first cutting phase carried out by a first cutting means,
and the second cutting phase made by a second cutting means
is controlled as a function of the value of this parameter.

28. Process according to one of the above claims,
characterised in that the first cutting means is a blade
(530) attacking the assembly to be cut at a first location,
and the second cutting means attacks the assembly to be cut
at a distance from the part of the said assembly attacked
by the first cutting means.

29. Process according to the above claim,
characterised in that the second cutting means comprises
two blades on each side of the assembly to be cut, and

moved symmetrically with respect to this assembly.
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