6 Cctober 2005 1 SUBSTRATE - LAYER CUTTI NG DEVI CE AND EZE%SD ASSOCI ATED
THEREW TH This invention generally relates to the treat cigper diPer i al s,
and particularly substrates for electronics, optics or optoel ectronics.
More precisely, the invention relates to a device for automatic
. high-precision cutting of a |ayer oi material, for electronics, optics or
optoel ectronics, joined to a source- substrate by neans of an enbrittled
area, the source substrate and the |ayer to be cut formng an assenbly to
be cut, the device conprising cutting nmeans and neans for maintaining the
position of the assenbly to be cut, characterised in that the cutting
nmeans conprise a blade to attack the assenbly to be cut and the
mai ntai ni ng neans are adaptable so as to naintain the position of the
assenbly to be cut only in the cutting plane of the bl ade once the bl ade
has started to attack the assenbly to be cut, leaving the said assenbly to
be cut free in the direction perpendicular to the said cutting plane. 6
Oct ober 2005 2 Note that "cutting"” in this text refers to the operation
consisting of dividing a single elenent or an assenbly into two separate
parts, and guaranteeing that the said parts do not conbine again. As wl|
be seen, this type of cut is included within

SUBSTRATE — LAYER CUTTING DEVICE AND EMTHOD ASSQOCIATED

THEREWITH

This invention generally relates to the treatment of
materials, and particularly substrates for electronics,
optics or optoelectronics.

More precisely, the invention relates to a device for
automatic high-precision cutting of a layer of material, for
electronics, optics or optoelectronics, joined to a source
substrate by means of an embrittied area, the source
substrate and the layer to be cut forming an assembly to be
cut, the device- comprising cutting means and meéns 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 and the maintaining means are
adaptable so as to maintain the position of the assembly to
be cut only in the cutting plane of the blade onée the blade
has started to attack the assembly to be cut, leaving the
said assembly to be cut free in the direction perbendicular

to the said cutting plane.




the framework of the invention at an enbrittled area. And_the invention

. also relates to an automatic high- precision cutting proc®9storsy2005 ayer . of
material joined to a source substrate by neans of an enbrittled area, the
~source substrate and the layer to be cut formng an assenbly to be cut,
the process conprising: + positi oni%g of the assenbly to be cut with
respect to the naintaini ng neans, utting of the layer by cutting neans,
characterised in that the cut is. nade using at |east one blade of the
cutting neans associated with displacenent neans while the maintaining
means -mai nt A& héhpssi {'FBRtBRI” t hn asderth| yraxd beedigirsi ntvhe thgt ti ng

pl ane, Otheera LQcess i.n&l.udi ncgfi §€er.ti.on of the Iadi.i n_a cavi t}/1 of the
assenblF HFG B8 TS d " Sai A cAVIEY BRI fy PORRt®d S¢FBERTt % h8™ enmbrittl ed
area angddhe1pr 96esS thhckugdh pge Sebd-adi ustdrenls r2rRd nhhepdicr @gLi on
perpendi cular to the cutting plane, of the Telative positions of the
assenblsgitdopbeteutic anck tdwanbilbleadgadsa.t he bl ade and the assenbly to be cut
are inserted by cooperation between the cutting edge of the blade and the
concave sectiSorfidfl thfe Tafit yihiNot BYRha®ft RBt| AFedticdndpd parthieul arly

~adapt ed,to ting of layers |less than aboyt .a hundred m crons thick, 6
Octob_e%hfoggg%%w?ran At (:luvz(aernI%)%ofloal u??i?{éjrs%-tgfﬁ &4t hin" layers of the

order of | miner athel NirentOW GAS AN R1QGLSESSahi karbhesec-MBRhaned above

are precision cutting process for 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 malintaining means,

. 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 cuttiﬁg plane, the process
including insertion of the blade in a cavity of the assembly
to be cut, the said cavity being located close to the

~embrittled area and the process including self-adjustment

along the direction perpendicular to the cutting plane, of
the relative positions of the assembly to be cut -and the
blade és 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.

NQté that the invention is particularly adapted to

cutting of layers 1less than about a hundred microns thick,




‘used to build up layers (thin or not) that m ght be tranﬁfi{)e@ed ta the
source substrate fromwhich they were pulled off to a "tAr§eres ort".
Substrates are usually in the formof disks called "wafers". Wafers may be
made froma sem -conducting material such as silicon. It is known that an
enbrittled area can be fornmed inside a wafer along a plan parallel to the
principal faces of the wafer. The “hbrittl ed area may be made by

i npl antation of ions bonbarded on the wafer surface, these ions creating
an .enbrittled layer within the thickness of the wafer to delimt an
upper ragl apaxtiruliaicd vt éxt @dnregpendicad ied theingolkyersulbsdst ratee) and a

| ower regjon %dj acent to the ion source (in this text corresponding to the
| ayer tHESWAL 1 BaERR) thEdtunent FR 2 681 472 describes an exanpl e of

such a ro i er er 2005 3.The enbrittled area
’ Qﬁeiaéecte %yrm{ge ér%%gn%gsa%sno%]_{?n%%ggl f! e Aridngd af

can al so be any se or exanpf’gebfrﬁui | di ng up

an i nt ergeli abe btiegd orugradeyelspoy ensn Nader indh§ behweenmiyn re@i ons of
dense material, by formng an oxide |ayer buried in a 5 substrate (for
exanpl &ransgerres |ticcophOnshpusatatsebetrgpe Subst wate) , theyvbyweendi ng t wo-

| ayers, the bonding arga corresponding to the enbrittled area A nmanual
“oper at &ulgfﬁi ﬁggetgh% CtATHT HEPeRhr it t | ed

Substrates are wusually in the form of disks called
“wafers”. Wafers may be made from a semi-conducting
material such as silicon.

It dis known that an embrittled area can be formed
inside a wafer along a plan parallel to the principal faces
cf the wafer.

The embrittled area may be made by 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
source substrate) and a lower region adjacent to 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.




area and formtwo separate elenments with the source 10 suggtgate and the

| ayer to be cut -But calling in a nmanual operator sets a 1§ Friebe?lve | ayer
production rate. Furthernore, in this case, reproducibility operations is
uncertain. 15 Automatic-eutting devices and processes are al so known to
overcone the above-nentioned di sadvant ages Docunent EP 925 888 descri bes
one exanple of such a device and process. The device in this docunent uses
the inpact of a water 20 jet on the edge of a wafer that is held in place.
on its two principal faces, to attack an enbrittled area and divide the
wafer into two parts. But the design and operation of such a device are
relatively conplex- In particular, specific nmeans are 25 .necessary so that

the maintainizig neafs aIsaciated whhhgach 1f whbe. pwoadpcesant the wafer
enabl e a given separation of the two parts of the wafer. Furthernore, the

mai nt ai ioyomdand tresf. afeo eoratle byhbuwidddng s tHatintes /i pF€ peri phery
Coml exi TSP (" 4SS GPUAR onararan of L ke oviiCe. M Tbhaent EP 059 503
al so di vidrges aatayial cubyi niproeivioc eaandidecebsyeBubuohed agai A, a conpl ex
arraggquﬂkukatge% o%aQ&hmple aﬁ SOI (Silicon On Insulator) type
substrate), or by bonding two layers, the bonding area
corresponding to the embrittled area. . '
A manual operator can make the cut at the embrittled
‘area and form two separate elements with the source
10 substrate and the 1ayer to be cut.
But calling in a manual operator sets a limit on the
layer productidn rate.
Furthermore, in  this case, reproducibility  of
operations is uncertain. _
5 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 wafér that is held in place on‘its two
érincipal 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 5o that the maintaining wmeans 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




particularly to maintain the position of the two parts of _th fer that
are to be separated. One purpose of the invention is to R EF ﬁ%\,\gqq?Pe :

di sadvant ages nenti oned above by cutting |l ayers, particularly thin |ayers,
in a particularly reliable and sinple manner. Another purpose of the
invention is to nmake such a cut w }hout damagi ng the correspondi ng
surfaces of the cut layer and the Substrate to which the layer is joined
through the enbrittled area. Another purpose of the invention is to have
accurate control over cutting operation paraneters to prevent damage to
waf er s "¢ o) Hgaptnifle Krgéhpes igCrepisssofdicat fomptaxitdi feer & waf er
types. dAcclorndiaplg Eoea first JA_as,c%ectd of. the invention, this purpose is

achi evéd By udihg Bt L Yor"SufSaEPe high- precision cutting of a |ayer
of material fddurRh@CtreNige, 599t iASOr dOPLDGE £Clr 0Dk $8r - JRitRedqt 0 @ source
substrate by neans of an enbrittled area, the source substrate and the

| ayer tdewWeecandf profees an assenbly to be cut, the device conprising
cutting means, and nmeans _for nmintaining the €g‘)ositi on of the assenbly to be

cut, charact®l s2HT nPRAL FhetLIThg ARSI Hpr e B8 5P38EY1 0 att ack

t he asgemliyutiarihe teUtnaiGhanactekl stk dnhalr thg cukdi pg-peang conprise a
bl ade to attack the assenbly to be cut and the maintaining 6 October 2005
4a neandeamefadaphabl ered-ada semaratain t he position of the

One purpose of the invention is to overcome the
disadvantages mentioned above by cutting layers,
particularly thin layers, in a particularly reliable and
simple manner.

Another purpose of the invention is to make such a cut
without damaging the corresponding surfaces of the cut
layer and the substrate to which the layer is joined through
the embrittled area.

Another purpose of the invention is to have accurate
control over cutting cperation parameters to prevent damage
to wafers and to adapt the kinetics of fhis operation to
different wafer types.

According to a first aspect of the invention, this
purpose 1s achieved by using a device for automatic high-

precision cutting of a layer of material for electronics,
optics or‘optoelectronics, 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 be cut, characterised in that
the cutting means comprise a blade to attack the assembly to
be cut; characterised in that the cutting means comprise a

blade to attack the assembly to be cut and the maintaining




assenbly to be cut only in the cutting plane of the blade once the blade
has started to attack the assenbly to be cut, |eaving tHeOsRE enbly to
be cut- free in the direction perpendicular to the said cutting plane. The
follow ng are sone preferred but non-limtative enbodi nents of the device.
according to the invention.: 6 Cctober 2005 5 the maintaining means
conprise a shim the shimis fité, the blade is nobile, the

‘mai ntai ning neans are arranged so that one side 5 of the assenbly to be
cut stops in contact with them usually the side opposite the assenbly to
be cut mmareckedt ddapteblls ade,as the maintaimi tige npasstc@nssé st thé an
assenbly of shins, 10 the maintaining nmeans consist of a single shim

't he maidtSahitig Uredifs @tle 2iaht Hbl BRGoTRET o0 nid#ai A t ReepBsREfon of the
assenbl 0 in the cuttin ape of _the bl ade. once the bl ade
has'sté%?%ii%ﬁ% Bg%gggég%té}%éégénboyaFgaE% gﬁ?,aﬁﬁﬁgﬁlﬁb%fhgesgPE’assenbly to
15 be awavfimge dre tde dideehing pey pandigul afed 0ihhensaisd reedtbhng pl ane,

. the blade is used with bl ade position adjustnment neans along the direction
per pendisgweaditolaheteuthd ngidplcaneéing phate t he bl ade can be pl aced cl ose

to the 20 enbrittled area of the assenbly to be cut,
The following are some preferred but non-limitative

embodiments of the device according to the invention:




the blade is installed on automatic di splacenment neans, _the said
automati ¢ di spl acenent neans control translation of the $Ogipber £0Ge
cutting plane, 25 the said controlled translation is a uniform
translation, 6 October 2005 6 the |eading edge of the blade has a circular
contour corresponding to the contour of the assenbly to be cut, the blade
| eadi ng edge covers a quarter of the 5 periphery of the assenbly to be
cut, the cutting nmeans conprise a first cutting neans and a second
cutting neans, the device also conprises a sensor capable of acquiring a
parameter representing progress with the cut by . _ 0 the first cutting
means, and neans of triggering use of the second cutting neans when the

sai d paraneter reaches a, predeterm ned value, . .the said paraneter is
related to a®med€urBrBhe BRI T (HRAEDSEOPRE PetwedH ™ he parts of the wafer to
be cut, 15 thetﬁkggki%ug%ipg%gggns conprises a blade and the second
cutting neans conprises two ades arranged symmetrically with respect to
t he assenbl y.tohe gdBe €3Cholbi®mde in the second cutting nmeans i s nounted
free to displace on the displacenent neans and the | eading 20 edge of each
bl ade i s orientsd seiasatoiayt aekns erassappbyd so that one side

5 of the assembly to be cut stops in contact with themn,

usually the side opposite the assembly to be cut attacked
by the blade,
e the maintaining means consist of an assembly of
shims,
10 ' ¢ the maintaining means consist of a single shim,
e the maintaining means are adaptable so as to
.maintain the position of the assembly to be cut only in the
cutting plane of the blade once the blade has started to
éttack the assembly to be cut, leaving the said assembly to
15 be cut free in the direction. perpendicular to the said
cutting plane,
¢ 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,
+ the blade is installed on automatic displacement
means, '
e the said automatic displacement means control
translation of the blade in the cutting plane,
25 e the said controlled translation ~is a uniform

translation,



to be cut tangentially on a portion of its periphery. According.to a
second aspect, the invention al so proposes a process for %ﬁ?%ﬁﬁ?gg%

hi gh-precision cutting of a layer of material joined to a source substrate
by nmeans 25 of an enbrittled area, the source substrate and the layer to
be cut formng an assenbly to be cut', the process conprising: /
positioning of the assenbly to be cut with respect to the maintaining
means, 6 Cctober 2005 / cutting of the layer by cutting neans,
characterised in that the cut isemade using at | east one blade of the
cutting neans associated-with displacenment neans while the maintaining
means mai ntain the position of the assenbly to be cut in the cutting

pl ane, the process .including insertion heg, bl ade Lp-&,cavity of the
assenbly °to-Be iﬁ??lPﬁe %%?% 6§§if§mﬁng%d%o§§ﬁed close.to the enbrittled

ar ea apd Jihe Rreeepsnaned ugh nghes etdntadijrusifment aakonglyt hee dbe ecti on
perpendicular. to the cutting plane, of the relative positions of the.
assemblly, to be cut and the blade as the blade and the assenbly to be cut

are inserted b¥%g§opeﬂ§£h91 bgﬁﬁgﬁgfgggscq;thggr@ggecgf the blade and the

concave séctpgﬁ 0 e cavit | owm ng are sone preferred but

nen- | hdp ttdrye ofaspecissaibiyhecphbecess, according to the invention: the
process includes insertion of the blade in_a. noth%jn tggaggsenbly to be
cut, the saidhqoteht B ngeaPscAWPLiFGsE t b THe SWbFit | 84757 ea,

“and a second cutting means,
s the device also comprises a Sensor capable of
acquiring a parameter representing progress with the cut by
0 the first cutting means, and means of triggeringruse of the
second cutting means when the sald parameter reaches a
‘predetermined value,
¢ the said parameter is related to a measurement of
the spacing between the parts of the wafer to be cut,
LS . e the first cutting means comprises a blade and the
gsecond cutting meahs comprises  Lwo bladés arranged
. syﬁmetrically with respecl to the assembly to be cut,
b.each blade in the second cutting means is mounted
free to displace on the displacement means and the 1eading
20 edge of each bléde.is oriented so as to attack the assembly
to be cukt tangentially'on a portioh of its periphery.
According to a second aspect, the invention also
proposes a process for automatic high-precision cutting of
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 regpect

to the maintaining weansg,




~the said notch is an approxi mately annul ar shaped notch; t@@ $ﬁ§)ess
i ncl udes sel f-adjustnment along the direction perpendicul%ﬁm © cutting
pl ane, of the relative positions of the assenbly to be cut and the bl ade
as the blade and the assenbly to be cut are inserted, by cooperation

bet ween the | eadi ng edge of the blade and the concave section of the
notch, the separation wave of the layer to be cut is followed by
analysing light transmtted through the principal faces of the assenbly
to be cut, 6 Cctober 2005 7a novenents of the bl ade displacenent neans are
sl aved to obfsefwiitimhehftheeparati B SRty IW8@s,to be cut, novenents of

t he bl i n S e aved to neasurenents_of, forces applied
308 SLSBHSETER), TRARS, LS o SO TIRETRY Fodle g

O
to.a nobiTe elenent e cut, at Peast one

par anetkehdeeps £ eheat Exet Dig preghessasdinddie Guthi sicpllaeekedtduring a
first cutting phase carried out by a first cutting means, and the second
6 Oct oBeANZoBidec e My iphadeinadacpysamgéabpéncihei Rgskbads PE control | ed

as a unetionaobthe.yalue gt Yy SpArATBLSly pilife 1 ERL GYbLLDY means is a

bl ade attacking the
including insertion of the blade in a cavity of the assembly

to be cut, the said cavity being located close to the
embrittled area and the process including self-adjustment
along the direction perpendicular tc 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.

The following are some preferred but non-limitative
aspects of the process according to the invention:

* the process includes insertion of the blade in a
notch in the assembly to be cut, the said notch being
located close to the embrittled area,

¢ the said notch is an approximately annular shaped
notch,

¢ 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 leading edge of the blade and the
concave section of the notch, _

* 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,




assenbly to be cut at a first location, and the second 5 ﬁ)u%g;bi ng%d%ans
attacks the assenbly, to be cut at a distance fromthe pa? Pcoef ai d
assenbly attacked by the first cutting neans, the second cutting neans
conprises two blades on each side of the assenbly to be cut, and noved LO
~symmetrically with respect to thi sgassenbl y Ot her aspects,. purposes and
advantages of the invention w |l Bécone clearer after reading the

foll owi ng enbodi nent of the invention, given as a non-limtative exanple.
with reference to the appended drawi ngs, wherein: 15 Figure 1 is a

di agranmati ¢ oBeremeRrten ef eVite o lgfde t KE Srdp Wit agsemsl yase a-fir st
enbodi cuttli LC C I to e.invention,,.on, which the

pl ane o %%sfzg{:t?%n% IS-ePIgaitgg%%f ?Orid,gé)g%%oens ]g (}flr}ll (;Igah}éa%e 1fﬁ/obéeecti onal

di agrarsmti ¢ 20 views along plane II-11 of a wafer conprising an
enbrittled area, placed in a cutting device |like that shown in Figure 1, +
Figure 3 is*anmeRfArBEd dfhgridfmtilads evHSRIRGARSAt oftc@Re sp#e of a bl ade
of a devicadike Fﬂégsﬁg%@nw '?o%é”e%. 1a§§1k&??‘t1§§c‘§ dopgher to cut a
| ayer fromit, Figure I'S an enlarge I agrammatic el evation'top view of
the edgd@eatna bhateavfackdaticCaslsek®lyhat sbowcjn Figure 1, close to the
wafer attack area, 6 October 2005 9 Figures 5a and 5b show a top view and

a side view* at least one parameter representative of progress

with the cut is collected during a first cutting phase

carried out by a first cutting means, and the second

-




respectively corresponding to a second enbodi nent of a cutting device
according to the invention, conprising inproved cutting $5RPEELAAY in two
successi ve phases, 5 Figure 6is aviewsimlar to the viewin Figure 3,
that diagrammatically illustrates the interfaces of a wafer on which a
cutting operation is carried out, Figure 7 is a diagramatic top view of
the nmeans in the device in Figures 5a and 5b, to cut a wafer layer in a
10 first position of the said neans that corresponds to a first phase in
the cutting operations, Figure 8is a viewsimlar to the viewin Figure
7, in which the cutting neans have a' second position corresponding to a
second phase in the cutting operations, 15 Figure 9 is a detailed view of
some cuffing neans deV| carr n t Sacand enbodi nent  of

t he Fﬁééﬁ? o%ha&ilgures 1Ga an %Fb%%gﬁgagag%%%sﬁgz%;of two possible
~shapessoh fﬁwtmiﬁﬁldﬂ;tmeanslma dﬁgﬁhﬂ; @ar2®et®¢gure 11 diagrammatically
“illustrates the penetration of a blade in_ waf er . glrstl mnth ref erence
to Figure 1, thke ffprgi‘}r ECEHIRY e{“ea&ﬁtf‘ﬁgad@%agg T CREESPEi ng*to a first

embodi § nyention,, Wweihsa watgrigl, Ihe wagemx&ﬁﬁﬂs an assenbly
to 2% g%b9 E%héx%eéﬁgealoiis |n?ended t% cut a wafer ayer along a

cutti ngtphagem@ausalalsiaq}@ tthe fascesbdl thebhafer Ik nao‘iih%‘? BYords parall el
tot h%rgtl”na t%eOfpali*lt:guorfe tjﬁe tM Igséz@(ml@edc\tﬁ.sac@e@:tb%b%hezoﬁ)ﬁrst

cutting means,

s the second cutting means comprises Lwo blades on
each side of the assembly to be cut, and moved

10 symmetrically with respect to this assembly.

| Other aspects, purposes and advantages of the
invention will become clearer after reading the following
embodiment of the invention, given as a nonélimitative
example with reference to the appended drawings, wherein:

15 e+ Figure 1 is a diagrammatic overview in elevation of
the top of an assembly of a first embodiment of a cutting
device according to the invention, on which the plane of
section II-II is defined, ‘

e Figures 2a and 2b are two sectional diagrammatic'

20 wviews along plane II-II of a wafer cowprising an embrittled
area, placed in a cutting device like that shown in Figure
1, _

+ Figure 3 is an enlarged diagrammatic elevat-ion‘view
of 'the side of a blade of a device like that shown 1in

.‘2'5 Figure 1 as it attacks a wafer to cut a layer from 1t

| e Figure 4 is an enlarged dlagrammatlc elevation top
view of the edge of a blade of a device like that shown in

Figure 1, close to the wafer attack area,



10 the horizontal plane). The layer will thus be cut fromthe source
substrate that forms the rest of the wafer 20. Note that HPclBaUEMAS on, the
viewin Figure 1 is called the top view, and consequently for this entire
.5 description, we will refer to the vertical direction as being the
direction perpendicular to the nedian plane of the wafer. The shape of the
wafer 20 is a conventional circular shape. This wafer conprises a
substrate called the source .0 substrate made of a sem conducting nateri al
such as silicon, the said substrateqgitself conprising an enbrittled area

| i ke that nmentioned above. The enbrittled area extends al ong an
internediate plane of the wafer parallel to the principal faces of this

5 wafer And the enbrittled area defines a |layer in_the ubstrate t hat
Wil be pul | td FgEHrERoRA REShafersitbra et (99 ranst S YHFS 1 ayer onto

a Largel SypReLLd1 JWR.CORCERhALAG ClF! 85 SRl bhsodaidrnety of the 20,

waf er repr sent an annul ar “chanfer 21 surrounding the wafer. For reasons
of clarictyrithe depirat iarrdstivgen tohethao ieyew]ien.t h&PTPEDFEEENt t he

chanfer .21 have been. shown at relatiye r96.Seakgsconpared with the
scal e ud&H” TPRFT it UE et &P ot ??h%w%a%%crée% ArS BRarder | located in

the sideval | . ofpijngeWafl gk, a dtied distdncecd nom thiew awerignde upper faces of
the Salghat dlagrammatlcally illustrates the interfaces of a wafer
on which a cutting operatlon is carried out,
. Figure 7 is a diagrammatic top view of the means 1in
" the device in Figures 5a and Sb, to cut a wafer layer in a
10 first position of the said means that corresponds to a
first phase in the cutting operations,

* Figure 8 is a view similar to the view in Figure 7,
in which the cutting means have a second position
corresponding to a second phase in the cutting operations,

i5 e Figure 9 is a detailed view of some cutting means
in the device corresponding to a second embodiment of the
invention,

s Figures 10a and 10b show a top view of two possible
shapes of the cutting means in Figure 9,

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 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

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

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




wafer. We will describe this chanfer and its purpose in re detail later.
6 COctober 2005 11 The water 20 is placed on the central dgEFKTGQ&HE a

- fixed and pl ane chassis 100, the said chassis also supporting a shim110
and a di spl acement support 120 of a blade 130 fixed on this displacenent
support. 5 The shim 110 is fixed (for exanple by screws) on an end part
103 of the chassis 100, the said chassis 100 actually conprising two end
parts 101 and 103 surrounding the central part 102 that is novable. The
shim 110 conprises a section 1113hat is in 10 contact with the sidewall
of the wafer. The geonetry of the section 111 is concave and circul ar,
conplenentary to the section of the portion of the wafer that fits onto
it- The section_111.] ri t] t ekt di-pgcthen (as can be
seen %W%a? g}%ﬂ$tﬁ%gé}%§egé gﬁ%'%ég%ggﬁyl%hﬁguée%%iggklll may al so have any
ot hersgeoretsupstonte whhath fidrensc obperast orf dfheswapes #Pth the wal | of wafer
~20 enabl es novenents of the wafer in the.yertical..djrection, perpendi cul ar
to the cutd%g B?ﬁhe%§f THE BIEGE - Iﬂm%afgﬁgufﬁf,%%ﬁngsgthSn 111 may have
a slight1e®0chet cdbPr vRER] ecdidncoheefieidiey faci | ittt e esglifcadj ust nent  of
the position of the wafer relative to the device gtthig.ogegg-adjustnent
aspectesETiPHerdests | BEH! | FedEFail® bEtow/ STt hCthe TGSt at iVe exanple in

Fi gur@ej{lng?tbﬁesggré@t‘f‘iorl|ﬂ3e9§eﬁﬂ@:ﬁ|&irmttd’lu§hé30fﬁ€d35al$| byhbtyofore than a
quarter o
the wafer. :

The shape of the wafer 20 is.a conventional ciréular

shape. This wafer comprises a substrate called the source

0 substrate made of a semiconducting material such as
silicon, the said substrate itself comprising an embrittled
area like that mentioned above.

The embrittled area extends along an intermediate
plane of the wafer parallel to the principal faces of this

5 wafer.

And the embrittled area defines a layer in the
substrate that will be pulled off  from the wafer (for
example to transfer this layer onto a target support} .

" Two concentric circles around the periphery of the
200 wafer represent an annular chamfer 21 surrounding _the
wafer.

For reasons of clarity, the separation between the two
circles that represeﬁt the chamfer 21 have been shown at a
relatively large scale’ compared with the scale used for the -

25 diameter of the wafer.

| This chamfer is located 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 in

cmore detail later.



25 the periphery of the wafer. In one variant, this secti over a
guarter of the periphery of the wafer. And in any case, %EFEE%E§Q¢%n nmust

cover a sufficiently large part of the periphery of the wafer to maintain
the position of the wafer being attacked by a blade (as will be described
30 below). 6 Cctober 2005 12 The wafer 20 was brought into contact stopping
against the prismatic section ill of the shim either by hand or by
appropriate automatic handling nmeans. The di spl acenment support 120 is fixed
onto the part 5 101 of the fixed éRhassis 100- This support al so supports
the bl ade 130, to Move the said blade towards the wafer in translation
(along the direction of arrow F). The bl ade 130 conprises a section 131
that will atfigckwathe waf € pi1hbés sgcthenckdtrui | babe takl ed tehe | eadi ng
Lo edge of the blade. Like the section ill of the shim .the geonetry of the
- | eadi ngfaugd 1874 spkwrraveantd sci el ar LPFhi 82t r ¢ %ﬁsyﬁeéﬂﬁf?y is then

gener al | t t hg,geQMat kY1 Sfemddie RYPbiken10b ite avaf er that
the bl a ép&???ic t§1§ﬁ¥9p?églly, t he b%adéﬂgttacks t he wafer over

appr oxi reky130 Guart em ¢hishéipekiqsreny 61PPAEC waf er. However, note that
coul O e any BEnEH LN Skhfe 1508 A VaTer BOUPEC] Sertad bervech the Shim
110 andehbe part 103 of the chassis 100, the said chassis 100
actually comprising two end parts 101 and 103 surrounding
the central part 102 that is movable.
The shim 110 comprises a section 111 that 1is in
10 contact with the sidewall of the wafer. The geometry of the
section 111 is concave and circular, complementary to the
section of the portion of the wafer that fits onto it. The
section 111 is prismatic along the vertical diréction {(as
can be seen clearly in Figures 2a and Zb)a
15. This section 111 may also have any other geometry for
which the cooperation of shapes with the wall of wafer 20
enables movements of the wafer in the vertical direction
perpendicular to the cutting plane of the blade.
In particular, this section 111 may have a slight
20 notch or projection, to further facilitate self—adjustment’
of the position of the wafer relatiwve to‘the device (this
éelffadjustment aspect will be described in detail below) .
In the illustrative example in Figure 1, the section.
111 of the shim thus covers slightly more than a quarter of
25  the périphery of the wafer. In one variant, this section
may cover a quarter of the periphery of the wafer. And in
any casge, this séction must cover a sufficiently large part
of the periphery of the wafer to maintain the position of

the wafer being attacked by a blade (as will_be described

30 below).




bl ade 130 installed on the displacenment support 120. These_ el enents are
aligned, the shim and the blade being diametrically opﬁ%@??@eﬁﬂg%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

requi red height (the position of the blade also being adjustable in height
~to attack 'the said wall -at the required height - for exanple this

adj ust mrent can be nmade by neans to adjust the position of the blade al ong
the 30 direction perpendicular tt@a the cutting plane) 6 October 2005 13 The
di spl acenent neans 120 are capable of noving the blade to bring its

"l eading edge 131 into contact with the sidewall of the wafer, and to

penet rat e.intn d.he,yaf,er LPeygRd {he, sairdtval bebfpangianidepth. 5 For
exanpl e, {%IS penetration depth nay be of the order. of one centinetre.

Howevene ptissdticheedefipnedilasch tharhimon Grhgar AetdE Yudh as the shape

of the bl ade. section_an £ grd stics of the wafer (materials from
whi chPPRERIEF R P8 ﬁﬁég}gs %%% of> the annul ar chanfer, 10 etc.). Note that

al t hough tite penepratdremtdepippary b20 ass frimed a9tabditc dfr'centinetre,
L A Byl O SR PSSR 1 N
the exghUBi&e & O@) .td Mddd SHeeSpaet bldte shapedsf thdhewvdfexelmay be adapted
translation (along the direction of arrow F).
The blade 130 comprises a section 131 that will attack
the wafer - this sedtion 131 will be called the leading
10 edge of the blade.
Like the section 111 of the shim, the geometry of the
leading edge 131 is concave and circular. This c¢ircular
geometry is then generally complementary to the geometry of
the portién of the wafer that the blade will cut.
15 Typically, the blade attacks the wafer over approximatély a
quarter of the periphery of the wafer.
| However, note that the leading edge 131 dis | not
necessarily circular, and its geomelry could be any other
shape. ‘
290 | The wafer 20 is inserted between the shim 110 and the
plade 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 ;he
biadé is displaced along the F direction of this alignment .
25 The_bladé will attack the éidewall of the wafef at a
. reqﬁired, height (the position of the blade also being
‘adjustable in ‘height ¢to attack ‘the said wall at _the-
requifed height - for example this adjustment can be made
by neaﬁs to adjust the position of the blade along the

30 direction perpendicular to the cutting plane} -




for exanple to conprise: a tip defined by two sloping faces that will
penetrate into the wafer when the blade and the wafer ar €6 Ostpbey 2045 br ought
into contact, the sloping faces acting as a wedge separating the two parts
of the wafer fromeach other, and a portion with a determ ned const ant
t hi ckness behind the tip, as shown in Figure 11, This portion wth .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 predeterm ned thickness of this part of the blade, thus 6 Cctober
2005 14 facilitating controlled cutting of the wafer. In this respect,

note that it.is inpartant that the size of the. .physic t area
bet ween t he Breadel i IHE\af nssﬁo%.ﬂzdalbee cfaf‘prﬁhtleed,Osési“ﬁlgc"relt e&%% ade nust

not cong1LALOroCRPIAGt ivst Rehlengentfal 1parinod thecxaf evitinathe s
.surrounded by the exclusion area (top view of the waf et{%i ‘Bhlg_%:rcorresponds
to the addpvalbapf dthe heaf@fer aKattni PEPERER Ul 1) Be WedY®Figure 11 thus

shows tB@-%oﬁS'etxfé R0 Lhe1 bhadesihat psneirated between the parts of the
wafer is no .0 T i car i

onger in physical contact with the wafer, the contact
bet vieen t he Bbadexamdlehe wfser pheengRtion t dartl Ry Bor Gfon™Fth width dl

of the Blade R conshaftetPlckRsSEver T SPMPUAN adPikness of the back

por t i on®dF°t & bPade _

o function of parameters such as the shape of the blade
section and the -Charaéteristics éf the wafer (materials
from which the wafer is made, shape of the annulqr chamfer,.

10 etc.}.

Note that although the penetration depth may be as
much as about one ceritimetre, the width of the physical
contact area between the wafer -and the blade must not be

. more than a few millimetres (corresponding to the width of
15 the exclusion area) .

In this respect, the shape of the blade may be adapted
for example to comprise:

» a tip defined by two sloping faces that will
penetrate into the wafer when the blade and the wafer are

20 first brought into contact, the sloping faces acting ag a
wedge separating the two parts of the wafer from each
other,

» and a portion with a determined constant thickness
bEhiﬁd the tip, as shown in Fiéure 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




will be defined as a function of the type of wafer to be 5 cut; for
example, it may be of the order of 5-mllinetres. The puf P69Ee3000he bl ade
is to cut the wafer, in other words as defined above to divide it into two
separate parts (actually the two parts are the source substrate and the

| ayer to be pulled off), and to guarantee that the said 20 parts do not
conmbi ne together again after this division. Consequently, the section of
the bl ade is bevelled, as shown in Figures 2a, 2b and 3. Mirre precisely, a

preferred use of the device accqpding to the invention is illustrated with
reference to 25 these figures. Note that these diagrammatic figures are
shown for illustrative purposes only, and that the scales used for the

different. el ements shown (wafer |ayers, _bl ade, other | engnts of the
devi cerakidrahiing tBO?hEO}iﬁQNHQ%ﬁilngtc9f %@aaP@%Fﬁ'ndﬁﬁay ré%resentative

of reglidder 6 £5tOPERa20Q% 15 Theserwhagrammt ke f bgue estshow that the
sidewal I" 22 of the wafer 20 that is shown_is not absolutely rismatic,
but compFices sANBAREI ATt PRLVEERedPbNdPA§IE0 Ak ERGNTEITS21. 5 This

annul ar, g Chi s %%Léﬁed bycoring ngitegether ide eewadethwdges of two
parts (6g&£n§ezdhﬂg% {He wa gr that were bonded by any process known in
i tssel for{toridi ngitdr  tbeherpntoal orpatthe ofai dhgaf ®¥Rf2D. G anhiul ar notch 21

cort ess Ppcgén ,e% tlg]ye pl%gdlegglhgggﬁf %SEEaZQ%oBeW%%“ 5fhecﬂé/nuafer)
_ithat 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 between the pérts of the wafer is no

.0 1longer in physical coﬁtact with the wafer, the contact
between the blade and the wafer being limited to the
‘portion with width dl of the blade with constant thickness.
This pqhstant thickness of the back portion of the blade
will be defined as a function of.the type of wafer to be

5 cut; for example, it may be of the order of 5 millimelres.

The purpose of the blade is to cut the wafer, in other
words as defined above to divide it into two separate parts
(actually the two parts are the source substrate and the
1ayér‘to be pulled off), and to guarantee Cthat the said

20 parts do not combine together again after this division.

Consequently, the section of the blade is bevelled, as

~shown in Figures 2a, 2b and 3.

More precisely, a preferred use of the device
aCCordihg to the invention is illustrated with ;eferén@e to

25 these figures.

) Note that these diagrammatic figures are shown for
illustfative'purpOSes only, and that the s¢a1es used for
the different elements shown {wafer layers, blade, other
elements of the device according to the invention, etc.)

30 . are in no way representative of reality.




10 parts 20a and 20b. According to standards in force, the edges of the
sém conduct or wafers nust not be sharp, to limt damage t 6 Oct h?QRﬁing an
acci dental shock; parts 20a and 20b (that thenselves form "wafers” when
consi dered i ndependently) 15 therefore respect these standards and their
edges. are rounded or chanfered. And the wafer shown corresponds to a
preferred use of the invention, in which a thin layer 201 is cut by
attacking the wafer with the blade 130 close to an 20 enbrittled area 202_
More precisely, the wafer 20 illustysated in these figures was nade such
that the -bonding interface 2.03" between the two parts 20a and 20b from
which the wafer was nade is in the i medi ate:vicinity of the enbrittled

area 25 20244 A0 0. LI 5, 6A58: e LNE-dd Pl t DRl ade 130y ef enabl y

attacks the ma?er Sba ng 1 ntertface associated wth an annul ar
‘not ch 2b#withk aaceﬂcavetsectisnsm@wmih@ aot chiasdlerted YORrdlsept 2005 16
According to one, advant ageo asp c% of the |n entlonﬁhea%hggeeglade 130

nmoves i W &REPAtTOH Al % RS- 2ot aF =17 ectd cooperati on between
the shapg of the tip of the blade (usually convex, for exanple bevell ed)
and {he 5 shape of the chanfered annulger noteh (usually qonceyel
the rounded edges of two parts 20a and 20b of the,wafer
that were bonded by any process known in itself (bonding or
other} to form the said wafer 20. The annular notch 21
corresponds to the bonding interface 203 between the two
10 parts 20a and 20b. _

According to standards in force, the edges of the
semicbnductor*wafers must not. be sharp, to limit damage to
them during an accidental shock; parts 20a and 20b (that
themselves form "wafers" when considered independently)

15 therefore respect these standards and their edges. are
rounded or chamfered.

and the wafer shown corresponds to a preferred use of
the invention, in which a thin layer 201 is cut by
attacking the wafer with the blade 130 c¢lose to an

20 embrittied area 202. ’

More precisely, the wafer 20 illustrated in these
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 wvicinity of the embrittledfarea

.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.




enabl es sel f-adjustnment of the height of the wafer with rSF ect_to the

bl ade. During the cut, the wafer is free to nove al ong t H:OCPERE?

direction 10 It can be seen in Figure 2a that there is nothing to limt
upwar ds wafer novenents The sane is true for downwards wafer novenents; as
soon as the blade has started to attack the wall of the wafer, the novable
part of the horizontal chassis 102 will 15 be pulled back to | eave the

waf er conpletely free in the vertical direction. Consequently, as soon as.
the bl ade has started to engage_the sidewall of the wafer in the imedi ate
vicinity of the bonding i nterfacdé 203, cooperation of the shapes 20
ment i oned above causes sel f-adjustnment of the position of the tip of the
bl ade facing the centre of the said interface. Note that the initial
attack hei ghtowtinchdhloage adanta@iest etbnarta®fahbe, 196" Het™ it is

appr oxi| I [ | S | f.aG her.ef , { e~pr£ci sely, and
wth ?ggg%§n§ég?% ??%u%%ﬁ%%r%ékféﬁéiﬁgﬁﬁég Fﬁ?&?aﬁ?g g??aqks the sidewal |l of
t he wefieeckhoth€, i nwedeateivi chatvyenf thae sbandi A§ that ériftacet 203, in order

L2,STYBE SRR gl PR AR LR N s o e
5 shape of the chamfered annular notch (usually concave)
enables self-adjustment of the height of the wafer with
respect to the blade. |

During the cut, the wafer is free to move along the
vertical direction.

10 It can be seen in Figure 2a that there is nothing to
limit upwards wafer movements.

The same is true for downwards wafer movements; as
soon as the blade has étarted to attack the wall of the
wafer, the movable part of the horizorntal chassis 102 will

15 be pulled back ﬁo leave the wafer completely free in the
vertical direction.

Consequently, as soon as. the blade has started to
engage the sidewall of the wafer in the immediate vicinity
of the bonding interface 203, cooperation of the shapes

20 mentidned above causes self-adjustment of the position of
- the tip of the 'bléde 'facing the centre of the said
interface.
| Note that the initial attack height of the blade was
adjusted in advance, so that it 1is 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 jmmediate vicinity of the bonding

interface 203, in order to cause cooperation of shapes




Note that the thickness of the | eading edge of the blade (in other words
t-he thi ckness of the termnal section 5 of the said bl ad® V*@h%ﬂﬁ%dius of
curvature of the tip of the blade) is of the order of ten mcrons, or even
nore The bl ade itself nay be of the order of a fewmllinetres thick
Furthernore, the distance between the bonding 10 interface 203 and the
enbrittled area 202 is very nmuch less than the dinensions of the bl ade
Thus, as the blade attacks the sidewall of the wafer, the geonetry of the
bevel of the | eading edge of the blgde produces a wedge effect that
separates the parts of the 15 waf el ‘on each side of it al ong the vertica
direction perpendicular to the cutting plane And the path of the vertical
stresses that separate the two parts of the wafer from each ot her

nat ur al betheeni the tdi@pesbpit thedbayeh @0 Xhen bipge; anddr it SViRTHhity. 20

This transfer of vertical stre S he enbrittled area 202 in the
regi on £ c;ﬁa ??EP&%§1 Pﬁﬁhi%%e?i%ég&%@%hitoﬁards the enbrittled area 202,
is illustrateeté ntkhgurae3 tHiyknkescarfsttles nleading Cedfat aferhe

v o BRoR (S MRy B TPRet BHGE T (fle S A VAT Uhen (RIS 1ine C

r eaches drhenenbri it heshanga 202, rafiths odntcumtthngrs owardse thep i @i de of the

wafer (in other words towards the left in Figure 3), the cut |line becones

coi nci dé&he hﬂ@ﬁekh%SéﬁbFP?tPéﬁeér%%‘?ﬁ?fu§reﬁgob8¥ 208 "Ore- ,

The blade itself may be of the order of a ‘few
milliﬁetres thick. .
Furthermore, the distance between the  bonding
10 interface 203 and the embrittled area 202 is very much less
than the dimensions of the blade.

Thus, as the blade attacks the‘sidewallrof the wafer,
the geometry of the bevel of the leading edge of -the blade
produces a wedge‘effect that separates the parts of the

15 wafer on each side of it along the  vertica1 direction
- perpendicular to the Cﬁtting plane.

Aand the path of the wvertical stresses that separate

the two parts of the wafer from each other naturally lie in
. the embrittled area.202 in the immediate vicinity-

'20 This transfer of vertical stresses 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 line C reaches the ewbrittled 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.




18 This enbrittled area 202 represents a "well" for the stresses, and
“since the wafer is free along the vertical direction, tHhHeOsiaber 288st nent
menti 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 wwth the wafer except for a limted
depth within the wafer- This depth is of the order of a few mllinetres
and corresponds to the inactive portion of the LO wafer ("exclusion
area"). In this respect, the geogEtry of the blade is such that the bl ade
does not act as a "cutting" tool "that would "cut" the wafer (the "cut" was
defi ned above, and does not correspond to a slicing effect). L5 In

reality, the internal angle of the bevel of the blqpefneedﬁeto be smal |
enough” so THat aheribbidd asedaPly rpeReFsHtes?i ntolthe' Waf &P but it nust

al so e enoughs 50 t Lhe- bl aderagt ughbyq penéonaeciksifunction as a
medgegg¥%%%§%eﬁgﬁgéggggbé?a%en t%e layer 201 tdgbe transferred and 20 the
rest ofréedreiomf ehe Ente-adipudtiade mesthegah akpve FORELPEEE [Hto the wafer,
~the sl oping edges pof .its | eading.,. ed epanate sthe Layera20: fromthe rest
of th@?§%¥e$heg%5‘§ Fﬁeq$€$€P85|18?r§§??on. %ig vertex angle could be of
the osndethofcHihie252Thi s enabl es propagation of the separation wave of the

| ayer 201 over a large part or. possibly the_enti syrLagg.gaf the- wafer
(al t hough ‘f%eh%weafgl%mdg’ SEN&EPEFésl':Ea | i ggy case UhtaBgaal

was not in contact with the wafer except for a limited

depth within the wafer. This depth is of the order of a few
millimetres and corresponds to the inactive portion of the

10 wafer (“exclusion area”).

In this respect, the geometry of the blade is such
that the blade does not act as a "cutting® tool that would
"cut" the wafer (the "cut® was defined above, and does not
correspond to a glic¢ing effect).

1S . Iin reality, the internal angle of the bevel of the
blade needs to be small enough so that the blade actually
penetrates into the wafer, but it must also be large enough
so that the blade actually performs its function as a wedge
that penetrates between the layer 201 to be transferred and

70 © the rest of the wafer. Once the blade has began to
pénétrate into the wafer, the sloping edges of 1its 1eading
edge separate the layer 201 from the rest_of the wafer
along the vertical difection-‘This vertex éngle could be of
the order of 60°. _

25 ' This enables propagation of the separation wave of the
layer 201 over a large part or possibly the entire surface
of the wéfer (dlthough the blade only p?ne;rates a limited
depth intb the wafer) . .

It will be noted that the fact that there is no

310 . element that limits movements of the wafer either upwards



depth into the wafer). It will be noted that the fact that there is no 30.
element that linmits movements of the wafer either upwards®&ctebepBIS 2005 19
or downwards in the vertical direction, nmeans that the wafer can not only
automatically adjust its position along the vertical direction in which
-the blade is brought into action, but can also deformfreely and
symmetrically during 5 this separation. This facilitates snooth execution
of the cut, and reduces risks of deterioration of the layer 201 and the
substrate particularly when the substrate 20b is nade of a brittle
material such as quartz. 10 The bl dde is made froma snooth material,
fairly hard to penetrate into the wafer but not too hard to avoid
damagi ng the surfaces of the layer 201 and the substrate. For exanple, the
bl ade cowt ddpenwmdts f iomthenateriialal sdetedsiqol ywéang chrbritdeE (PVC) or
pol yet her et her ket on 1.5 (PEEK),, .or fl_on egl st ) And the
bl ade w‘%{tteﬁ:e Th élﬁ’geﬁSg}jhaE%" aetelpc 1@3 Iaz% grgE %% g%?ﬁfcclgrgnt y g}s(epar at ed
fr om t hecheesterafi chhe Matet i@ndin t ehitiar ané elelddwatid Hersepdr atnton wave of
the |l ayer 201 Bropagat es effectiv’glg over st of the gurface of the 20
TEh X

vaf er. THERFp! PEANTIhaR et Re LY apd iemesEcat Y nd  ier of 5

m | | ismetings: isspavhtable for this purpose Figure 4 shows the separation wave
D of the | ayer 201,

This facilitates smooth execution of the cut, and
reduces risks of deterioration of the layer 201 and the
substrate - particularly when the substrate 20b is made of
a brittle material such -as quartz.

10 The blade is made from a smooth material, fairly hard
to penetrate into the wafer but not too hard to avoid
damaging the surfaces of the layer 201 and the substrate.

For example, the blade could be made frdm a material
such as polyvinyl chloride (PVC) or polyetheretherketone

i5 {PEEK), or Tefilon (regiétered trademark); _

and the blade must be thick encugh to keep the layér
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 sépération wave can be defined as being the front
observed when the wafer is divided into two parts, and that
materializes the 1line along which the layer 201 divides

30 from the rest of the wafer.




observed close to the edge of the blade, for the device 10 _ 25 that
corresponds to a first enbodi nent of the invention, as d&9¢laPBeEMbove.
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 fromthe rest of the wafer 6 October 2005
20 I'n this respect, figure 2b shows an advantageous variant of the

i nvention, in which progress of the separation wave of |ayer 201 is
conti nuously displayed by neans.gf a light source 30 (for exanple an
infrared | anp) 5 placed under the wafer and ained at it, and a canera 40
| ocated on the other side of the wafer to collect light transmtted

t hrough the wafer. The |ight source can he brought_to f e wafer only
after the ERntHIS pAPEPEED: off & SF i xBd ‘3§%i§gh aé%ﬁﬁﬁggééﬁ% retracted. A

part 102;LRANSRAr efte t 0 [AGiaLLON Qut puhifrompsaufeas 3T cameal so be used.
It will be seen that the fact that there is no support elenent facing the

princiseakrhhtes whve hef whfpBer naRkbsift COREIBBRET A %%?%ﬂ&?grggrthis
separ gLign Wave ynder exgellesh qondi Liapsic L Siksrdiold theysase in
aut omatic devi Ces -accor ing to the state of the art that conprise neans of
hobdi 3 athe pmideci pak W@@@I(ﬁhdfﬂﬁwwﬁe¢tihtp0§P@i6nFaWFI?sigfso possi bl e
to sl %\é%arggée%%ntth%f (%tmeerblsa:f_jc?e of the wafer to collect 1light
transmitted through the wafer.
The light source can be brought to face the wafer only
after the central part 102 of the fixed chassis has been
10 retracted.
A part 102 transparent tc radiation output from source
30 can also be used.
It 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 in 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 't:h_é__ invention.
The displacement support can also be programmed Lo
enable continuous translation " of the blade. This is

particularly useful ‘when the structure of the wafer is

30 simple.




20 di spl acenment support 120 to observations nmade by the canera 40, by
~providing a displacement regulation |oop to obtain controPcl8et®ress of
t he separation wave. This aspect of controlling the displacenment of cutting
means of the device will be described in nore detail later 25 in the

remai nder of the text. with reference to a second enbodi nent of the

i nvention. The displ acenent support can al so be programmed to enable
continuous translation of the blade. This is particularly useful when the
structure of the wafer is 30 sinplg 6 October 2005 21 However, in the case
of a wafer made froma |arge nunber of |ayers bonded together, it may be
preferable to nove the blade forward intermttently (the regul ati on neans

menti oned above w || advantageously_be used in this e asi 5.uell) In the
case of. a MEPE?Vﬁﬁde18nt%“ir%ﬁ?ﬁa¥5n51I%%é%r ?%E%tf%?@ fgb (f3r -exanple

quart z) ,nddiCyrenayd@sneynbed pbaeededi r et hyyubdeprtfierwaler teat the
|.ocation of the source 30 in Figure 2b)t,torq£serve1;he se%%g%gion by 10
t r anspareaey thir Bhgfe t Ik A GBEEFEER L hER RS A&t

nay be

repl aceq, by ;a0 .85 SEHPL Yy Of1 SHIE(GORBULSY NBe SEYAT aln fibsed caltiemss bl ocki ng.
the wafer 1n the horizontal cutting plane but allowing it free to nove in
the vertweldl)-.direction.- 15 If the invention is used on a wafer w thout an

annul ar In the case of a wafer made on -a transparent lower

substrate 20b (for example quartz), the camera 40-may bel
placed directly under the wafer (at the location of the
source 30 in Figure 2b), to observe the separation by

10 transparency through the lower substrate.

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

15 1f 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

20 described above can be achieved.

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

This aspect will also be described with.regard to a

25 second embodiment of the inventidn.

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

devices such as a crank handle.




chanfer, it will be possible to forma concave-shaped notch in the wall of
the wafer facing the | ocation at which the |eading edge ®Pctorer #l0&de wil |
attack the wafer, so that cooperation between shapes and the :

sel f-adjustnent 20 described above can be achieved. It is also possible to
provi de several blades nmounted on the sane di spl acenent support, or
nmount ed on correspondi ng di spl acenent neans i ndependent” of each ot her.

This aspect will also be described with regard to a 25 second enbodi nment
of the invention. And in a sinplified version of the invention, neans of
di spl'aci ng the bl ade or bl ades nay be activated by manual .devices such as

a crank handle. 6 Cctober 2005 22 Renenber that in any case, it is

preferable to generate a single separation wave mhgn t.he bl ade(s) is

(are) att akkisngpeirhe thak er 1Pr ghhens™d4h afitse'dt Phe Tﬁﬁ%fﬁoﬁﬁbf t Wo

Sdifferent o Waves; | ie“Q&;ﬁ&é\h&ift«@{;@nweaca&ﬂ@nmaaemau tthe peri phery
of theé™warer and propagating 1n different directions. Thus, if several
bl adeqdaaee pricwvikded, theswatabl e configuration is the configuration in

whi ch one bl ade noves forward. i dv : e . at he=others taking
over the LEFéEi%ﬂﬁ(%ﬁnt?%E??rg% Engéﬁﬁgﬁﬁgg %? and at its sides,

cont r iBukingn 0l Pr@pagati fgerbet shoeasiepar arcondwabe PERIEYTEd by the
first blade. However, 1t 1s.PRlyesseiliirdchbah:fher valer should
Thus, if several blades are provided, a suitable
configuration is the configuration in which one blade moves
forward in advance as the tip, the others taking over the

L0 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 longitudina%

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. 7

20 It is also possible that the blade is fixed and that
‘the &shim is mwobile - 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 went ioned
above will be advantageously used.

25 It is possible to use a pressure Sensor 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




initially be attacked at its md-point (on the longitudinal 15 axis of the
device: that joins the centre of the blade and the centre ®fctaber ¥l : the
bl ade may have an asynmmetric contour with a tip that noves 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 is fixed and that the shimis
nobile - in any case, only one of the two elenents nust be nobile. "‘And in
all cases, the provisions for self-adjustnment of the position of the wafer
mentioned above will be advantagegysly used. 25 It is possible. to use a
pressure sensor or a force sensor with the blade, in order to nonitor
forces applied to the blade during the cut., The advance of the bl ade (or
of the nobile el enent) an _al so be requl ated as f i on_of .t hese
forces.a?h?sggﬂfﬁﬁﬁﬂJpgtﬁgﬁ REDAER- (ERd™VS €576 ha |6%ﬂ§%%he¥hésregulation 6
Cct ober 5200pn43i+aS raghunet bon of the separation wave described above, or as
alternative regul ation thgres sa and 5pb, 7, 8 and 10 show.g device 50 to

i npl enent a BER6E EfbctRFrer® . of - t Be AWV etft i B i REVERe device 10

descri bedo pORUE: d MctoflVEfBoddi%e deshanedvbotul. an edge of a wafer 20_
- Figure 5a shows a diagrammatic top view. on which a shim510 and a first

bl ade 530 supior tidt Wewdiceplldc svsrribagankos20 o md& i€ mdbid%e with

respeCtdEgiéﬁgafﬁg'@uta%% edge of a wafer 20.

Figure S5a 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, in a manner 3similar to the
configuration of. the device 10 described above.
The shim 510 shown in the left part of Figure 5b 1is
fixed, and blade 530 can be brought towards the wafer to
. attack the wafer. _
i5 .The wafer itself is preférably 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 displaceﬁent of the blade 530.
It can be seen in Figure S5a that the shape of the
20 Dblade 530, unlike the device 10 described above, 1s 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



10 shown around the wafer 20, in a manner simlar to the configuration
‘of -t,he device 10 descri bed above. The shim 510 shown in tth@clobenr208%rt of .
Figure 5b is fixed, and bl ade 530 can be brought towards the wafer to
attack the wafer. 15 The wafer itself is preferably arranged between the
shim 510 and the blade 530 so that these three elenents are in |line along
an axis also corresponding to the direction of displacenent of the bl ade

. 530_ It can be seen in Figure 5a that the shape of the 20 blade 530,

unli ke the device 10 descri bed above, is such that a large part of the
periphery of the wafer cannot be’?attacked. On the other hand, the geonetry
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
t r uncedreda o asc t oi atilrok aasnat | tharcast ehethpeplpher 3 0f °Fhe wafer).
Wth reference tqQ Figures 7 and 8, it can be seen that the geonetry of the
| eadi WE &tfige 6t Phis first blade 530 6 October 2005 24 can al so be

circul ar, msordinghec€aseeof patici dallage 480eof ofhetlfevi 66?0 According to

one particul ar aspect of this second, enbodinment of fhedn tion, the
cutti?ﬁ?%%@ﬁ%“bfogiéj“B &EV?EEL@%'c&ﬁﬁri%%t%ug%cgg n%u??%néﬁ%eans, in
addi t §op; 40 56 heodpFiste bl aslec B0 dardiinRg dwnsf,i rist acdfitiing treans

the first blade 530 forming the first cutting means .

This second cutting means is illustrated by two blades
531 and 532 placed onmeach side of the median axis of the

~wafer that 1is paraliel to the displacement direction of the

0 blade 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 cutling operation,
after engagement of this wafer by the first blade 530
corresponding to a first phase.

L5 ° Consequently, the blade 531 is carried by displacement
means 521 Lo 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

20  the wafer rélatiVé to the direction A of attack of the

" first blade,

« and possibly to continue this attack around the

~wafer periphery.

And-symmetrically; the Sécond blade 532 is Suppoyted

- 25 by displacement means 522 on the other side of the axis A.

In the view shown in Figufés Sa, 5b, 7 and 8, the two

-dispiacement means 521 and 522 are arranged so as to

displace the blades 531 and 3532 along two symmetric




This second cutting neans is illustrated by two blades 531 and 532 pl aced
on each side of the nedian axis of the .wafer that is pdt 8rtober 395t he

di spl acenent direction of the blade 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 engagenment of this wafer by the first
bl ade 530 corresponding to a first phase. L5 - Consequently, the blade 531
~is carried by displacenent neans 521 to displace the said bl ade along a
trajectory enabling it to: attack fer 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 the. first blade, and possibly to
continue this attack around the wafer periphery. And -symetrically, the
second bitawdgb82 Léneupportens . 2BOMKEEHEHS| akeBRES mebRs 5B29bW t he ot her

side of the .axi the vigw shewp in Figures 5a, Sb, 7 and 8, the two
displacgﬁgll ﬁg§ﬁ§15 ﬂ%ﬁh%gzg are arranged so as to displace the bl ades

531 and 532 ahomgiﬁmeesgmdmﬁmﬁqﬂﬁW£ﬁqGhéﬂﬂﬁndsﬁzﬁtéPﬁarbh? ﬁ?ﬁ%tsectipns
B i IVALEN
or apy hiadecassesid yhteapri atogcks the wafer 20 during. a first

cutting phase.

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

The second cutting phase will Dbe 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 thé form of ah 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 gecond cutting means is used
starting from a given spacing between the two parts of the
wafer.

it is also possible to use another additiconal or

30 alternative parameter representing the cutting operation




5 at | east one blade) attacks the wafer 20 during. a first cutting phase.
A sensor nonitors progress of a parameter representing toHactebgriZ0f
operation perfornmed by the first blade 530. The. second cutting phase will
be automatically 10 triggered by appropriate control neans, as a function
of signals output fromthis sensor. The second phase corresponds to use of
~the second cutting neans (the two bl ades 531 and 532 in the exanple
illustrated here - however, the second cutting nmeans could 15 be in the
formof an assenbly conprising an arbitrary nunber of blades). The second
“cutting neans is only started af t%&r reachi ng a predeterm ned val ue of the
said paraneter representing the cutting operation perfornmed by the first
20 bl ade 530, as menorised in the second cutting phase trigge means. In
partiqukibrmeﬁiSypahanéﬂestré@ﬁ@@eﬁﬁpndfPﬁeeé@ﬂgﬁﬁgPrQﬁﬁﬁ%ﬁi?#lcarried out
by the first blgde Qégmgay be related to the observed spacing between the
two partss 6P tRe*Waf'er -’25 (or it may be the val ue of the spacing itself).
In this casaust henseeendcolati ngnyeappei sfusedicst ar rpARafEedt a gi ven
spaci ng between the two parts of the wafer.. ]t | ssi. bl e to use
anot héit S44Eti 5RAFCOIo3s ﬁhﬂFﬁ’n&?i?gaﬁ%?%ﬁﬁeaﬁ’pfgggéggn??ngﬁ%he cutting
oper atdear8tPhobelis0ds Afhe 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 wore
predetermined values.

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

15 reference 502. 7
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 senscor
associated with the first blade 530 in combination with the
sensor mentioned above. |

In ail 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.

aAnd the signal(s) from this or these sensors may also

|

be uéed to regulate progress of the second cutting means

during the second phase.



performed by the first blade 530 (for exanple progress of the separation
wave) Thus, in particular, any type of optical,. mechani caPctober 200Rer
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 w ||
only be triggered when the paraneter(s) representing progress wth the cut
10 during the first phase will have reached one or nore predeterm ned
values. If a canera is used as a sensor, it may be an infrared canera, for
exanpl e l ocated under a quartz w ndow under the wafer 20. This type of

w ndow i s shown on Figure 5b as 15 reference 502. The canera could al so be
an optical canmera operating at a different wavel ength. This adaptation of
the canera wuwhesacheri stHecsEwkst lettadg perdriscuhay | pead igeune®i on of the

nature of the source substrate of the wafer whi O.khecLayer to be
cut is tARER STF 1R dSSFngbé’aggsiHT% %%gg;g 5%9§F%eesengor

associ ate@twhtibst be best bhkades’36hé npapnbi nat kba wefért beat séhsor
mentioned above. In all cases, the sensor of the paraneter(s) 25

represerittitigkpfogress of the cut during the first phase wll be sufficient
to trigger the second phase, And the Signglds)HiEomybbi snor rihese sensors
may al so be used 10 regulaté progress of the second cutting neans
‘cutting means will continue its attack on the wafer during
the second cutting phase - therefore the first and second
cutting meané will work in cooperation during this phase.
Thus in one preferred embodiment of the invention, it

10 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 is
precisely controlled during the first cutting phase.

15 Typically, this welocity 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.

20 Thﬁs, a force ﬁeasurement system or a blade
displacement velocity measurement system can thus be used
while the first.blade is attacking the wafer corresponding
te the first phase.

In this case, the force applied by the first blade as
. 25 it attacks the wafer, and/or its advance velocity, can be
continually varied during the first phase, so0 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 firstAand




during the second phase. 6 October 2005 27 Note that the first cutting
means may be fixed in place during this second phase, sd& ©nigben2088dge
~effect continues to occur between the parts of the wafer that it attacked
5 In one variant, it is also possible that the first cutting nmeans wl|
continue its attack on the wafer during the second cutting phase --
therefore the first and second. cutting neans will work in cooperation
during this phase Thus in one preferred enbodi nent of the invention, it 10
is possible to control displacenent of the first blade 530 in an initial
step, such that it attacks the wafl of the wafer all by itself. Note that
t he di splacenent velocity of the blade is precisely controlled during the
first cutting phase- 15 Typically, this velocity will be between 0.5 and 5
MM sesaishd t phssed sotpopseblieety soperpbsdiagtr¢swidl Yeaf€<Bn the sensor

that triggers the second phase, .t heck, t gachigytting phase takes
pl aceP tqﬂ3¢“§0t$ﬁu§?a é%%ﬁ%ﬂ?ﬁ%%&?u%%ﬁ%ﬁ?%éf?ten1or a bl ade displacement

vel oci ty RBasUrGEeNt tEy6t eaveanutdtinemesed e | enleePEstl bl ade is
Tor ceseiiog 1y neChi FO BPaRRIastr 28 T1° VAR TRE Wl o andl or i s
aqyangéhg%H(Mééﬁé-H%qggbgontrolled by a measurement representling
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 thé other under optimum conditions.
This also provides a means of preventing the formation -
0 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 Cwo cutting means will
be prepositioned approximately facing this bonding
l5 - 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 f and 8 diagrammatically illustrate a top view
20 of the two cutting means during the two cutting phases.
Thus, in Figure 7, the displacement means assogiated
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
25 are shown in this.figure and in Figure 8). |
| As can be seen in the figure, the blade 530 may have a
“crescent” shape with a curved leading edge tO attack the

wafer over a continuous part of its periphery.




continually varied during the first phase, so that this first phase can be
carried out under optimumconditions. It would al so be pdsSctober 2@95use
neasurenents fromthe sensor that triggers the transition between the
first.and 6 COctober 2005 28 second phases, to precisely control

di spl acenent of each blade during the phase associated with the said

bl ade. The fact that two cutting neans are inplenented sequentially, with
t he passage fromthe first means to the 5 second neans being controlled by
a nmeasurenent representing progress of the cut during the first phase,
means that the separation wave carr*be made to advance fromone end of the
wafer to the other under optimumconditions. This al so provides a neans of
preventing the formation. 0 of several separation waves. Figure 6

i1 lustrates Bhe grgsicpiroatef semeoll afel188¢ Whe hrrespeet F t RetHondi ng

interface of a.wafer to_be_cuj.. Once ' a e bwo cutting
nmeans vm'ﬁeip%él%b?%pgg}'? i %he%néal}p%rr o%‘?ra?%?e? %%%anbngt? ki ggg%’%ie%g %5
i nterfacthe AdyeBEE @PaiHis ahitrer thethtd gdledsy the first blade, the

support placed under the wafer will be retracted_ so to_l t he waf er
free al ong t ABeveEaSRsl Gtedd ofcad (ROE ta%’egr?gﬁ’lrg ﬁjee scsafa?s%-{(gdj ust nent

nMent isoned, @hoWe phaEeguries Zotane 8 ddiaghanRs | cadhyld | buspuat éramt op vi ew 20
of the two cufting nmeans_during the two cutting Bhﬁ es. . Thug in Figure 7,
the di spiicenesesoeansagisori aFedetaronnehe FIFstobf ad® %0 BFPRg the bl ade

.i n.t o] CO’H:?g‘?}feWiash

As mentioned above, the second phase can also be

triggered under the control of signals output by different

10 sensors representing different aspects of progress with the

first phase. In this case, one or several composite signalé

generated from elementary signals from the different

Sensors can be used. '

As illustrated in Figure 8, during the second phase

157 the first blade 530 can be immobilised and remain in

- position at-  its maximum advance point reached during the
first phase, while the second cutting means 1s activated.

In the case described here, this second cutting means
comprises the two blades 531 and 532 that are moved by the

20 = 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
;25 into the wafer, causing a risk of damaging the wafer.

The sepafatidn 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

30 configuration of the blades in the second cutting means,



the wafer 20 to attack its wall and to generate a separation wave D (for
whi ch several successive positions 25 are shown in this &0Ogigber 2068 i n
Figure 8). As can be seen in the figure, the blade 530 nay have a
"crescent” shape with a curved | eading edge to attack the wafer over a
continuous part of its periphery. 6 October 2005 29 An appropriate sensor
follows the progress of this separation wave D, and/or any other paraneter
representing the progress of this first cutting phase. The second cutting
nmeans (and therefore the second S cutting phase) is activated when the
signals output from this sensor3feach a predeternined threshold val ue (see
Figure 8) As nentioned above, the second phase can also be triggered
under the control of signals output by different 10 sensors representing
di ff efgote aPECHSa8ES PHOURGS Sdvht hcdhe Mdvstalhrasehat nthfdi §9fase, one or

several conposite signals generat fro | enen signal.gf romthe
di f f ebbagesendbes BaFbe %gﬁﬁﬁjﬂ§aﬁﬂVusF£§ edg?ﬁ%%%%urEQS,tdSring t he

secongogggﬁgai,gé the,fi& steblade 3@ rgambechaimbidisegcamid ngemai n i n
‘position at 1ts maxi num advance point. reached during the first phase,
whi | edihplaseoend CEROFNEhAeaRES i aYe YaFRW i n the case described here,

this seconf, GytLl ngqTpaNScROMPIAGesNe140esblAdes: 53 and:B32 that are
' ang 5322 that guide the trajectory of the blade.

In the configuration in Figure 9 1in 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 1in
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

15 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
l20 periphery {the blade 531 still being able to attack the
:wafer‘at a symmetrical pcrtion P1 of its periphery)-‘

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

In this figure, the shape of the cross-section of the

25 leading edge 5320 of the biade is rounded (the sald cCross
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

30 wafer until the two parts of the wafer have been separated




20 correspondi ng neans 521 and 522 to attack the wafer in turn along a
contralled trajectory. Progress of the blades can be cont® &ciobar d#5 ng each
" phase by signals output froma force sensor, in order to avoid applying
excessive force to nake the bl ades penetrate 25 into the wafer, causing a
ri sk of damaging the wafer. The separation wave D continues to progress
under optinmmconditions as a result of the attack nade during the second
phase. Figure 9 provides additional information about the 30 configuration
of the blades in the second cuttin% means, 6 Cctober 2005 30 these two

bl ades being identical- Note also that the two bl ades are noved
symmetrically with respect to the Ilongitudinal A axis of the wafer, by
their correspondi ng displacenent neans that are slaved together. 5 In this
figure,bfherel ader&32p3kiddessim. t Wausai |she53RBadand3332d0¢hat"Pui de t he
trajectory of the blade, In the confjquration in.Figure 9 iJ ich the
rails BFECAY t ifcalF U PFhiBEnelOwot Yt HFE i FPRE %?%tti%h {%Qﬁgghdicular to
the cuthingqlane sebatheidal a6)siddds byl thkaderat saldder.ms a right angle
such that its |eading edge is oriented parallel to the horiﬁggﬁal cutting
plane in wHEkheRBOBEadéhes SGaPgedthy Endede o34 5% i%<b Possi bl e that

the Jal gééQOHLQ hasPhiaced; reNeaAPAV-eriBepOLdiRig 66 as tersupgort the
bl ade 5 I'n 1ts 15 horizontal cutting p]ane, In this case, tq%Eralls are
downwards view of the blade 532 along the direction of t
arrow V in Figure 9}.

Thhs, Figﬁre 10a shows a top view of a blade 532 for

which the shape of the leading edge is circular in this
10 view. _

If a blade 532 with a rectangular-shaped top view {or
any other shaped ﬁop ﬁiew with sharﬁ_edges) is used, there
would be a risk of attacking the wafer with the side edge
53210 of this blade that .is at the front of the blade

15 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 10b). _

The description about the first embodiment,

particularly related to the wafers to be FUt‘ theilr

20  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 agsembly -of shims
- therefore in this case shim 510 - are equally applicable
to this second embodiment. .

L - 25 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

30 and 6, and on which a blade 530 has been diagrammatically




turned. towards the wafer and the blade 532 does not contain a right angle
el bow Thus, the bl ade 532 can attack the wafer tangential8 QPtObﬁbi’Q‘%\M ng it
continuously around a portion P2 of its 20 periphery (the blade 531 stil
being able to attack the wafer at a symmetrical portion Pi of its

. periphery) Figure 9 shows a preferred enbodi nrent of the blade 532, shown
-as a cross-section. In this figure, the shape of the cross-section of the
25 | eadi ng 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 bl ade can penetrate into the wafer without any risk of causing damage
toit. Note that this blade 532 does not penetrate into the 30 wafer until
the two parts of the wafer have been separated 6 Cctober 2005 31 by the
firststhade &30 Thas, ifhe:ls adbads2 cdpePaict raper fior nt aFihction to

initiate s ration, i _sinpl opag eRaLgt i 9n i tihaked by the
firstﬂﬁiddgggugPﬁéPﬁnké? Fﬁg é %%% %? %ﬁ@ﬁgﬁgﬁgeggz as seen from 5 above
My al§ribelocti et afor(espoespandithg tlengthedii odl théowdwdrds vi ew of the

bl.ade 532 al ong the dir%%}ion o 5%ggf,arﬁp@éV'in_Fh‘g;eog)thr us, Figure

10a sHows BetopEwi ERfofPladn atfe or PSHPEA 't HE' shape of the | eading

edge jsesircular in this 10 view If a blade 532 with a rectangul ar- - shaped

tqp VIem,%&Uj; 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

0 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 bléde is in contact with the wafer

5  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 length di of ¢this part is equal to
approximately the depth of the wafer exclugion zone that is

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 wafeﬁ).

25 Thus, high precision cutting assewblies 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 1like that mentioned




any other shaped top view with sharp edges) is used, there would be a risk
of attacking the wafer with the side edge 53210 of this ®Osthbet 205 i s at
the front of the blade 15 displacenent, or with the side wedge 53211
between the said |ateral edge -and-the part of the blade that actually
forms the |eading edge (see Figure |lob). The descri ption about the first
embodi ment, pafticularly related to the wafers to be cut, their 20
chanfers, t he geonetry of the | eading edge of the bl ades and t he

sel f - adjustnent of each bl ade and the wafer itself during the attack by
each bl ade, and the assenbly of shifs - therefore in this case shim510 -
are equally applicable to this second enbodinent. -25 And also in this
second enbodi nent, the shim510 nay be nmade nobile during the first

cutti ngaphase andleyethethsechad bhasebonded $ometBradEsNal® fT%ed. with
reference to Figure 11 that_ diaqr. y o] pe I V& Vi ew
S|n1Iar%?8 trﬁf%ﬁ B |%0Ff§ﬁFgmﬁ%H§%gaibgg%£ tﬁb g%l%ﬁic%éggﬁ%ade 530 has
been dlggqamﬂaﬁlaghiy,Gsﬁbt@berﬁﬂﬁﬁh Eﬁy$m@mnannbEehﬂﬂﬂedfaﬂmﬁlblade can
penetrate to a depth- g + d2) during the cut equal to approximtely 7 nm
this déﬁFﬁrdB%%oﬁﬂﬁt 'P@dpond to the length dl of the contact area
between the blade and the "internal" -walls of the 5 wafer. This contact
length is typically onl'y about 2 mm- while the bevelled part of the tip of
t he | eadi ng edge can _




penetrate by a length d2 equal to approximately 5 mm w thout causing any
contact between the blade and the 0 wafer. After initial® Peiebes2iGoon of
the blade into the wafer (during which the pointed tip of the | eading edge
is actually in contact with the wafer), thus only the constant thickness
part of the blade is in contact with the wafer .5 over a contact |ength of
about 2 mm This contact maintains 34 controlled spacing between the parts
of the wafer that is to be cut. And the length di of this part is equal to
approximately the depth of the wafer exclusion zone that is ?-0 the

peripheral superficial area of hgﬁ%ﬁgier that can include sone. small
- defects; thus during the cut, a r ~the initial penetration, the bl ade

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

preci sion clutti rifpvessenstt esuopertatd ngi gl thteriatitoenatitadlddy €anabe forned
in eaqp of the two enbodipents Obviously, the devices described above may
be used¥YF cut waf BPEFRYVRts fofohny puSsdgenicayers @woulas be eut to be 30

transf&gﬂgaieggggngcgarﬂgi %?uggné | i ke tha nen%io ed 6 Cctober 2005 33
r S 1
above, or |ayers that had been bonded together s Snggemﬁﬁ?s ¥ ot exanpl e to
recondinbirdn tlayerssehy WheChsAcEasSshiSst F ORI 84 afai 04,89 thatyd hese layers
can be bonded again ,

cut forming an assembly to be cut, the device comprising

cutting means and means 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 and the

maintaining means are adaptable so as to maintain the

.position of the assembly to be cut only in the cutting 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

pPlane.

2. Device according to claim 1, characterised in that

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.

5. Device according to one of c¢laims .i to 4,
characterised in that the maintaining means are arranged so
that one side of the assembly to be cut stops in contact
with them, usually the side opposite the assembly to be cut

first attacked by the blade.




after reconditioning). 6 Cctober 2005 34 CLAIMS 1. Device for automatic

hi gh-preci sion cutting of a |ayer of material, for eIect@GﬁF@§f2%¥ﬁics or
optoel ectronics, joined to a source substrate by neans of an enbrittled
area, the source substrate and the layer to be cut formng an assenbly to
.be cut, the device conprising cutting neans and neans for maintaining the
-position of the assenbly to be cut3® characterised in that the cutting
nmeans conprise a blade to attack the assenbly to be cut and the

mai nt ai ni ng neans are adaptable so as to maintain the ‘position of the

assenbly t@.be outie8l Yabdbtd¥LUkhi Ngnp! ke @het henblade.jonge the bl ade
has started to attack the assenbly to be cut, leaving the sal d assenbly to

be' cuharhceerised hénditheet it pﬁilﬁﬂadlrﬁlﬂgarmééhé heosai €k cott bag pl ane. 2.
Devi ce according to claim 1, characterised in that the maintaining neans
conprﬁ§éeab%hi%g=¥ﬁﬂﬁevice according to claim2, characterised in that the
shimis fitted. 4. Device according to one of clains 1 to. 3,

characterlged 'B that the b is (are) nobjle. 5. Device according to
one of clai'ms 1°F¥*4S ACHAEH gé sé&elﬁb?ﬁ%tc%?%mrnﬁqﬁﬁﬁQQeﬁdsﬁéans are

ool LRE!n@NE 20091 nilf, A03EILY P D% i i/ 1 contact with

t hem ~usua e sl dée opposi asse

8. Device according to one of .the above c¢laims,
characterised in that the blade is used with blade position
adjustment means along the direction perpendicular to the
éutting plane so that the blade can be placed close to the

embrittled area of the assembly to be cut.

9. Device according to one of the above claims,
characterised in that the blade has a wvertex anglé of the

order of 60°.

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

displacement means.

11. Device according to the above claim,
characterised in that the said automatic_displacement means

control.translation of the blade in the cutting plane.

12. Device according to the. above claim, characterised
- in that the said controlled translation is a uniform

translation.

13. Device according to one of the above claims,

characterised in that the leading edge of .the blade has a




first attacked by the blade. 6 Cctober 2005 35 6. Device according to one
of the above clains, characterised in that the naintainﬁ%éc & onsi st
of an assenbly of shinms. 7. Device according to the above claim
characterised in that the maintaining neans consist of a single shim
~Device according to one of the above clains, characterised in that the

bl ade is used with bl ade position 3&djustment neans along the direction
perpendi cular to the cutting plane so that the bl ade can be placed cl ose
to the enbrittled area of the assenbly to be cut. 9. Device according to

one 0%1&3@l§povgoﬁ£§uﬁ3’cof%ggﬁﬁﬂdﬁrbSEQLJniﬁﬂgu dohg pl-adgehaga vertex

angl e of the order of 60. 10. Device according to one of the above clai s,
char aekseembed tH Bdhatut.he bl ade is mounted on automatic di spl acenent
means. 11. Device according to the above claim characterised in that the
said automati c displacenent neans control-translation of the blade in the
cutting pl dde. PEVlEEv@Qﬂpnﬁmnwrdpngheoabhee aboive clteimactehdisadt eri sed in
‘that the said contraolled translation is a uniform translation. 13. Device
accor dPng-13f oﬁ@e Plede altRALng aPfge iaTact er iWedtes tdht thRe | eadi ng

edge Beribﬂgry o Iﬂg%s%embggtggeée%g%?

15. Device according to one of the above claims,
characterised in that the cutting means comprise a first

cutting means and a second cutting means.

16. 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 cﬁtting meansf and means of triggering use of
the second cutting means when the said parameter reaches a

predetermined wvalue.

17. Device according to the above claim, characterised
in that the said parameter is related to a measurement of

the spacing between the parts of the wafer to be cut.

18. Device according to one of the gbove three claims,
characterised in that the first cutting ﬁneans comprises a
blgde, and the second cutting means comprises two blades
arranged summetrically with respect to the assembly to be

cut.

i9. Device according to the abowve claim, characterised

. in that each blade in the second cutting means is mounted




36 circular contour corresponding to the contour of the asEP to be cut.
14. Device according to the above claim characterised WQ? 2092 bl ade

| eadi ng edge covers a quarter of the periphery of the assenbly to be cut.
15. Device according to one of the above clains, characterised in that the
cutting neans conprise a first cutting nmeans and a second cutting neans.
16. Device according to the above cdaim characterised in that it also
conprises a sensor capable of acquiring a paraneter representing progress
with the cutting operation by the first cutting neans, and neans of

trlgg@ﬁ:éegt65%19£>1a&£leoﬁeeﬁeddngﬁbegmé@@nﬁemgn é‘etﬁé" %8@5? ter reaches

a predeterm ned val ue. . Device according to t ove cla

char actigei s€deacin mlﬁmetiﬁadmnehtmaraﬂfkfﬁ tos ateéhakedhtoaasamBSYr enent of

t he spaci ng between the parts of the wafer to be cut. 18. Device according
to ong%‘Pet%‘ét doveentiadd Y PRI asPorehen af drtissegriiphehnt the first cutting
nmeans conprises a blade, and the second cutting nmeans conprises two bl ades

arranged s t h respect_ ta he asse cu 19. Device
accor di ng ?gnfhﬁkgﬁ%%% c afﬂf“% aﬁébggr%'géec%ﬁl?ﬂa?uﬁgiﬂgb? ®in the

secondageit bAgmABAASa1 SjHDAEH e 62 O5bebes 2005t 34 d NS¢ o8l sptace on the
-dlsplacenent nmeans and the | eadi ng
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
present to the maintaining means,

v 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, the process
including insertion of the blade in a cavity of the
assembly to be cut, the said cavity being located close to
the embrittled area and the process including 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.

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

annular—shéped cavity.




edge of each blade is oriented so as to attack the assenbl to be cut
tangentially on a portion of its periphery. 20. Process foPcabentidbi c

hi gh-precision cutting of a layer of material joined to a source substrate
by neans of an enbrittled area, the source substrate and the |ayer to be
cut . formng an assenbly to be cut, the process conprising: /. positioning
of. the assenbly to be cut with presént to the maintaining neans, / cutting
of the layer by cutting nmeans, characterised in that the cut is made using
at | east one blade of the cutting neans associated with di spl acenent neans

whi | e the ngjntajning reans. mai.ntain t_hlgﬂgosi tion of the assenbly to be

cut in the cutting plane, > Tie prdcess | uBPRES i nERPE i ol D™ he bl ade i n

~a cavi t¥apdctde sassenbiyat o ke §H£ar£@ﬁ§%9v@a¥%tY:h%eil%grelroq% ed close to
the enbrittled area and the process including selt- adjustment along the
di r ectP®ncpér pendicddioardt @yt henaciutiingg 1ipfhane; rafsatihe gdel gdogyposi ti ons of
t he asslganbl ~tq be cut and the blade as the blade and the assenbly to be
cut argh®i &3 byCedoPRIRS v sEbIEefiothe ewtting edge of the bl ade
and the concave section of the cavity. 21. Process according to the above

claim chasactefigedd n that the said cavi is an approxijmately
annul ar-shaped cavity. 6 October 2005 22.E1¥%r ocgg)s?vgccorcci’iéﬁdn’to t he above
four ofldmmsterised in that movements of the blade displacement

means are slaved to observation of separation of the layer

to be cut.

24. 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 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.

25. Process according to one of the above claims,
characterised in that the first cutting means is a blade
attacking the assembly to be cut at a first location, and
the segond cutting means attack the assembly to be cut at a
distance from the part of the said assembly attacked by

the first cutting means.




characterised in that the separatlon wave of the layer to, be cut is
followed by analyzing light transnmtted through the prld%pﬁgpe$%¥E% of the
-assenbly to be cut. 23. Process according to the above claim '
characterised in that novenents of the. blade displacenent neans are

sl aved to observation of separation of the |layer to be cut. 24. Process
according to one of the above six c}%ins, characterised in that at |east
~one paraneter representative of progress with the cutting operation is
collected during a first cutting phase carried out by a first cutting
means, and the second cutting phase nade by a second cutting neans 1is
controlled as a function of the value of this paraneter. 25. Process
according to one of the above clains, characterised in that the first
cutting neans is a blade attacking the assenbly to be cut at a first

| ocation, an t econd neans atta the senbl be cut at a
di stance fro%1tﬁ%ﬁm§ %ﬁ%ggggﬁgasseﬁbly g acke y thg ?grst cutting
nmeans. eh@reobeméélﬂ)SlﬁQ tzﬁxt Rtlm@esecaﬁdorcdjﬂtgntgo hdenabovapel aem

char act rls that the second c ttlng nmean ses two bl ades on
each si &thgza§§enﬁﬁ9 hy §igle Hﬁdaﬁﬁﬁﬁg} ;ﬂﬁepﬁléat Gy ﬁ? h respect
to thi Sm@&é@”@g{nﬁmetrlcally with respect to this assembly.






