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Q (57) Abstract: The invention relates to a device (40) for automatic high-precision cutting of a layer of material joined to a substrate

N source by means of an embrittled area, said source substrate and layer forming a set which is to be cut and said device comprising

= culting means (531, 532) in addition to means (510) for maintaining the position of the set which is to be cut, characterized in that
the cutting means comprise a blade which acts upon the set which is to be cut. The invention also relates to a method for using said
device. :
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Sai nt Egreve (FR) _ BARGE, Thierry [FR'FR]; 38, rue Fel &85 {?aﬁgﬁ
F- 38000 Grenoble (FR). SQU 3IE, Alain [FR'FR]; 3, rue ier,
F-38120 Saint Egreve (FR). LAGAHE, Chrystelle [FRIFR]; 38, avenue Jean

Jean: Jhcques o o Cabi B0 B2deaciy Ad . (MTUMGANPAMERMRNINY |

Cedex 17 (FR). [Suite sur |a page suivant e] .~ (54) Title: SUBSTRATE-
LAYER ¢ tﬁi@, kot NE) MBS HCIP w20 Qe ATED, E'éué éﬁ% Dl L TR, GB, GE,
DI spos Ik, 13EB @chSé:BSTRAfﬁ, T, MeGek 2B 31

(57) AbstDBawi PMTDRES, AE,ER 1, OB GDESRGIREM 0 a dereas, Q4 o), CfiPOIGQaRWMmMRm'E SN

hi gh-p rediRsﬁﬂéﬁP EuNliSﬁgKﬁfKGaKﬂ !SZ-LﬁfU{rraterTlarTG} oined to a substrate source
by maansi‘ﬁlf ‘VE}&" ource substrate and | ayer- form ng a
“set. whi chls'i 5 rising cutti n? azns (531, 532)
in addi tly@ﬂz,iQ;M or ITB.I nt al ni ng”"fH&” d"§ff’i"”8’ﬁ‘” "R set which is
to be cut, characterlzedlnthat thectthn nmea conprise a. bl ade whiich

tres et aulres abrevia-

R ce . quitoncerii 28 CO

act'S Ypp Eudsuisn et e akifo REL GHlim, Thie LIVAG! aupﬁvo@f SRk S deoodbs o
net hod f as, M) Mz seasid sz,deyUG,eM, By it S Wirévlaond RGRmSH bova Bl cﬁr}que&m@ﬁ HhRte £005
WO 02/ 08388in (AM, A%, BT KGEZaWB, RieHi Myhbsvef natdamad PCT  AE, AG, AL, AM AT, AU,
AZ. BA BB, BG BR BY BZ CA CH CN CO CR CU CZ DE DK DM DZ
EC EE ES, Fl, GB, @D, 'GE, G4 GM HR HU .ID IL IN IS JP, KE KG
KP, KR, KZ, LC, LK, LR, LS, LT, LU LV, MA M, M5 M, M, MN M, M2,
NO Nz, OM PH, PL, PT, RO RU,  SD, SE, SG SI, SK, SL, TJ, TM TN, TR,
TT. TZ UA UG US UZ VN YU ZA ZM ZW

{57) Abrégé : L’invention concerne selon in premier aspect un dispositif (50) de coupe antomatique de haute précision d'une couche
de matériau qui est solidaire d’un substrat source par I'intermédiaire d'une zone fragilisée, le substrat source et la couche & couper
formant un ensemble & couple, le dispositif comprenant des moyens de coupe (531, 532) ainsi que des moyens (510) de maintien
de Ia position de I'ensemble & couper, caractérisé en ce que les moyens de coupe comprennent une lame pour attaquer P'ensemble 2
couper. Selon un deuxiéme aspect, I'invention concerne également un procédé de mise en oeurve d’un tel dispositif.
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PCT. (57) Abr$ge : L; invention concerneselon un premier aspect un
di spositif (50) de coupe automatique de haute preC|S|on d' une couche de
matgriau qui est solidaire d un substrat source par |'internediaire d' une
zone fragilisee, Je substrat source et |a couche a couper formant un
ensenbl e a couple, le dispositif conprenant des noyens de coupe (531, 532)
ai nsi .que des noyens (510) de inaintien de |la position de ]'ensenble a
couper, caracterise en ce que | es noyens de coupe conprennent une | ame pour
attaquer |'ensenble a cooper. Selon pn deuxieme aspect, ]' i nvention
concerne egal ement un procede de mise en oeurve d un tel dispositif. 6
Oct ober 2005 1 SUBSTRATE - LAYER CUTTI NG DEVI CE AND EMIHOD ASSOCI ATED
- THEREW TH Thi s invention generally relates to the treatnent of materials,
and particularly substrates for electronics, optics or optoel ectronics.
‘More precisely, the invention relates to a device for automatic
hi gh-preci sion cutting of a layer of material, for electronics, optics or
opt oel ect EFBEERATE of nbdYBR GITIdMee PEVIGES ANt BMPRODYEHPOCARTER enbrittl ed

area, the source

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.




substrate and the layer to be cut formng an assenbly to be cut, the
. device conprising cutting neans and neans for naintainid@CFﬁ@ebggﬁtion of
the assenbly to be cut, characterised in that the cutting neans conprise a
~blade to attack the assenbly to be cut and the nmaintaining neans are
adaptable so as to nmaintain the posétion of the assenbly to be cut only in
the cutting plane of the blade once the blade 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 October 2005 2 Note
that "cuttiAYrts nHRits Tenttiegersino thes Oppettat irefegonsitst i ngeof di vi di ng
a singkgegg_gegt(9glan .assemghé.ingo t wo sggar te ﬁarts and guaranteeing
that tRECEa G paity §51H8t Conbi-¥e aBdi i ASHT I HETEBEN, T hP8 type of
cut is doehuded iwkbhino LBSafsalemorks of s ddie, i 1ueRki-anatnan ephrittled
area. And the invention also relates to an autonmatic hi'gh- precision
cutt'i nggagdopesssfae @t ayerbiof mabénial joined to a source substrate by

means of an enbrittled area, the source substrate and the |ayer to be cut
fornmi ng an dSséidlly P osesdt cuthis heypw oeEssukodpr ilsicAgded pdéhtnoni ng of
‘the as I e _Ccu ith__respect _to_the maintaining neans, cutting of
t he Ia?@gbg¥a%§vg¥%djné%%%}nvg %Eggtggi%%daWHﬂfﬁgﬁdtﬁ§%80t i s. made using

at |east onandbliade aivdiiacautdifRg FEBNSASSOCLAL adrWhhpidi spacement
means while the maintai ning neans naintain the position of
: 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,




‘the assenbly to be cut in the cutting plane, the process _includj
insertion of the blade in a cavity of the assenbly to bé Qﬁ'to}‘)e‘i#{ﬂ’%sai d
cavity being located close to the enbrittled area and the process

i ncluding self-adjustnment along the direction perpendicular to the cutting
pl ane, of the relative positions of the assenbly to be cut and the bl ade
as the bl ade and the assenbly to beé%ut are inserted by cooperation

bet ween the cutting edge of the blade and the concave section of the
cavity. Note that the invention is particularly adapted to cutting of

| ayer s drebspattairudisody &ochundridédaniscr-aad 1edi Ckhi6”Odtagleers 205 hH2a . and
particul a I%/ to_cutting so-called "thin" layers of the order of | mcron

t hi ck. Cﬁé{ﬁ & InWpFotesiksk 1 ke those nentioned above are used to build

up |ayers (44U ngld LhaloJ0ahty b, LEaOST GLLed Logthe sauice substrate

fromwhich they were p a "target suppor GBSt fates are
usual | yuderi t ke feamof ¥ skeyeakl edcninafar shotVaf ense mayi g made from a
sem -conducting material such as silicon. It is known that an enbrittled
ar ea cdrrdisfesradd td nehele saunat ersublstmgte piam peniddh ekheg tWeeepri nci pal -
faces _of tgie fer. The enbrittled area nmay be nade by inplantation of

i ons bdMIAFGe8 5Nt e W S s HPRCE "these ions creating an .enbrittled

| ayer it thsrlﬁdggg%E%gE&%feg Bhulley wateredo ekl M4 A2sKBPRLnRY on (in
“wafers”. Wafers may be made from a semi-conducting
material such as silicon.

It is 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.




source substrate) and a | ower region adjacent to the ion ource _(in this
text corresponding to the layer that will be cut). Docuﬁ%ﬁ?m 124 1 472
descri bes an exanple of such a -process to nmake thin |layers. 6 October 2005
3 The enbrittled area can al so be nade by any neans known in itself, for
exanple by building up-an internmediate region nade of porous materials
between two regions of dense material, by form ng an oxide |ayer buried in
a 5 substrate (for exanple an SO (Silicon On Insulator) type substrate), -
or by bonding two | ayers, the bonding area corresponding to the enbrittled
area A manual operator can make the cut at the enbrittled area and form
two separate elenents wth the -source 10 substrate and the |ayer to be cut

But calling iRea JpRURl10RETALOl S8LS a8sbi Md RAatheyl ayer Reedyction rate.
Furthernore, in this case, reprodUC|b|Iltgé_operatlons is uncertain. 15
1

Aut-onat ik tiing tededf c eboamkamdce $yebualding sep kb Wites"6HéPEBMe t he
above-nqg;l ed_di sadya %ggﬁr , P; 8838 rdescribesongrexanpl e of
such a éb?%éqg%%§p%§cgés. gmggg?gghgnbgﬁgg ogUnent'uses t he i nmpact of
a wat er d2G¢ ehabaridie ebge Lfrmaingaf en tdhadei sldnedd bprpedceonaits two

bri ngi pal, faces, tq.attack an embridt! g ared Ao divhdeo.) heypafer into
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 Jjeb 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




But the design and operation of such a . device are relatively copplex- In
particul ar, specific nmeans are 25 necessary so that the %gp%Pﬁfﬂﬁﬁb nmeans
associated with each of '"the. two faces of the wafer enable a given
separation of the two parts of the wafer. Furthernore, the maintaining
means nmust also rotate the wafer sp that its entire periphery is attacked
by the 6 Cctober 2005 4 water jet, ich further increases the conplexity
of the design and operation of the device. Docunment EP 989 593 al so

divul ges a layer cutting device and process. But once again, a conplex

ar r angeer i sehecklsalry furgheri daicaepyeso thE ntalmlaHd posFt itbs of the two

parts QL*ﬁ;%pa%%fereth t are %; b% seEarated. One purpose of the invention
is to overcoms thePeat ﬁﬁ%éﬁiaé@% fEAtToned above by cutting | ayers,

particul arl yoddim@nkayes s,9sion gapardiseul afby14&d i abl eapod  Sitwphg manner.
Anot her purpose of the invention is to make such a cut without danaging
t he cordessgendndgprsoréates of the cut |ayer and the substrate to which the

| ayer is jOEP%Q though .the enbrittled area. Another purpose of the
g2lPar & COMTST BUEF Ut hg  BpdiaTTSRTBar ameters to

. . . [
II’]VEI’]'[IOI’IISutO ave

preventpdaregearly Waf elaS ndBdnt @nadaRsitdienkidielis ofot phstopgEati on 1o
different wafer types. According to a first aspect of the invention, this
the wafer that are to be separated.

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




purpose i s achieved by using a device for automatic high- gpeci sion cutting
of a layer of material for electronics, optics or optoel®PECEAT 2405 j oi ned
to a source substrate by nmeans of an enbrittled area, the source substrate
and the . layer to be cut form ng an assenbly to be cut, the device
conprising cutting neans and neans for maintaining the position of the
assenbly to be cut, characterised i that the cutti ng neans conprise a

‘bl ade to attack the assenbly to be cut, characterised in that the cutting
means conprise a blade to attack the assenbly to be cut and the

mai nt aimgang GEct admrt20@5 sta areats anénaaapt el epssiaborn oofrakheéai n t he
position of the assenbly to be cut only in the cutting plane of the bl ade
‘once t KEBIRIY Has & &ftedP at? abhet AEt hbaendlgng oof)etgﬁt blaflgayvi ng t he
said a Ly t o f in the directjon erpendicular to the said
cutti ngfshp aril:)él.e %ﬁgg?oﬁ%vétﬁ%tae&e ts?orar%tﬁ(r:ef 151?‘? e%g ed(&ﬁrYor%Pl i £8tT ve

enbodi MeRtvG nef ke A8\ CssAY AN hd Ochherioyenti @Re: & rOeE9BRr 2005 5

. the maintaining neans conprise a shim the shimis fitted, the blade is
nobi | e perpeadimitheai o nghareansl angtangaplbeae so t hat one side 5 of the
assenbly to l?_t%ocut stops in contact with them usuall%_the si de opposite
the assenbl Y ¥o HRLEUMING t aEReFOMsy PRREMILRIE, Put hdWailAfAtAL A§e neans

.ConSI Sterr@)fodgﬁeﬁ§§eg}?|Q’heofdevice according to the invention:




shinms, 10 the maintaining nmeans consi st of a single shin% t he nmi ntai ni ng
nmeans are adaptable so as-to naintain the position of the 5§§@ﬁb?@xio be
cut only in the cutting plane of the blade once the blade has started to
attack the assenbly to be cut, leaving the said assenbly to 15 be cut free
in . the direction perpendicular to the said cutting plane, the blade is
used with bl ade position adjustnent neans along the direction
perpendicular to the cutting plane so that the bl ade can be placed cl ose
tothe 20 enbrittled area of the agsenbly to be cut, the blade is
i-nstalled on automatic displacenent mneans, the.said automatic

di spl acenent neans control translation of the blade in the cutting pl ane,
25 the said controlled translation is a.uniform translation, 6 Cctober
2005 6 the Feddihd2éByiot Y HEB5A§8™REESE il ar  contour correspondi ng
to the contoyr gof the asse o be cut, the blade |eading edge covers a
quarter of the t gggpngrgP% eC%'he assenbly to be cut, the cutting neans
conprise a fi.rsthLyibizpgiseamsitand a second cutting nmeans, the device

al so conprises a sensor capable of acquiring a paraneter representing
progress with tttee cutinbpining means are arranged soO that one side

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

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

20 embrittled area of the assembly to be cut,

+ 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,



O the first cutting neans, and neans of triggering use of the second
cutting neans when ?he sai d paraneter reachegga p?edete#ﬁpﬁﬁgevgxﬁ%, t he
said paranmeter is related to a nmeasurenent of the spacing between the
parts of the wafer to be cut, 15 the first cutting neans conprises a bl ade
and the second cutting neans conprises two bl ades arranged symmetrically
wWth respect to the assenbly to be cut, each blade in the second cutting
nmeans is nounted free to displace on the displacenent neans and the

| eadi ng zO edge of each bl ade issoriented so as to attack the assenbly to
be cut tangentially on a-portion of its periphery. According to a second
aspect, the invention al so proposes a process for automatic high-precision

cutting of | ayer of material joined squr.ce_ supstraie- by neans 25
of an enbri t"(ai'l‘eed SPEATT h%g%%ur%ﬂe stt?%st{r)g?%e a(r%1 the layer to be cut formng

an asseily R rkessuhaing heo preeessntanpifi shagastepoky tionmPeg of the
assenbly to be cut with respect to the naintaining neans, 6 October 2005 /
cuttigwy.of the layer by cutting neans, characterised in that the cut is

made using at, | east .on bl. h [ PS-2SS@Ci ahed W th
displacengntth%egzgdﬁhﬁkgx¥%‘ré%@éa?ﬁﬁ%ggnggnggﬁaintain t he position of
t he assemaryt ecbeheudssamiilhe teubki ngtpl ane, the process including
insertion of the blade in a cavity of the assenbly  to be cut, the said
cavity bei*ngthecareHingo86aps (HEPTARHri% t o lar 84-and t he“pr ocess

ineludi g, s&lbrAdbyst IR tmeans,
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,




~along the direction perpendicular. to the cutting plane, %%) b %{atlve
positions of the assenbly to be cut and the bl ade as the 5ipaer: :
assenbly to be cut are inserted, by cooperation between the cutting edge
of the blade and the concave section of the cavity. The follow ng are sone
preferred but non-limtative aspects of the process according to the
invention: the process includes insertion of the blade in a notch in the
assenbly to be cut, the said notch being |ocated close to the enbrittled
area, the sald notch is an approxi mately annul ar shaped notch; the
process i nclud@atEaId -ofdjthst Aaier abBngthing digsd@sti on perpendlcular to the

cuttln%hglgﬁgegﬁg éhﬁndtgh%;H§§ ﬁ%ﬁ%tlo Hb%f Hﬂgjgssenb o bgecut and the

bl ade Ade an € asse cut i nser

cooper alliade bet weer tbettbedi Agaadgeasioding ol ad@tlandntdpaac@maﬁave section
of the notch, the separation wave of the layer to be cut is followed by
anal ysFﬂﬁ@nS| M@Htlet ttélﬁs rﬂatltr’éélphﬂéu&ﬁaflﬁemabﬁflﬁéﬂpéhef REESLHEPt AE assenbly

to be ¢ %SQ%ED‘R V%F&t?uféleﬁ#"agg%ﬁ%o ghép %SQEQt means ar e

slaved SHser va |ons d? separ ion o novenent s of
t he b|adeldd$ﬂ@aﬁ&ﬁaﬂtuﬁﬁaﬁ5t&EEblSHaVeﬂ &0c@®ﬁ@wnﬁﬂ&ﬂksa@%eﬁblpes appl i ed

to a nobile elenent that attacks the assenbly to be cut,

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,




at | east one paraneter representative of progress wth t$E¥§*¥ %ﬁ
collected during a first cutting phase carried out by a e 9 ng

nmeans, and the second 6 Cctober 2005 8 cutting phase made by a second
cutting neans is controlled as a function of the value of this paraneter,
~the first cutting neans is a bladegattacking the assenbly to be cut at a

first location, and the second 5 cdtting nmeans attacks the assenbly, to be
cut at a distance fromthe part of the said assenbly attacked by the first.
cutting nmeans, the second cutting nmeans conprises two bl ades on each side
of the assemtbl§ovrempetéut of anfehso dg OEhARtETaREI T y MEiBES r éSBect to this
assenbl r.as o] vant ages .of t i nyention wll
become ca&%%ﬁrtgf?%%%%ggagﬁégt%gsf%%%g%ﬁﬁgﬂle%goégﬁeﬁgggF‘t%@ %ﬁvention,
given amta non-limtative exanple with reference to the appended draw ngs,
wherein: 15 Figure 1 is a diagrammatic overview in elevation of the top
of an assenfll yReYeREPIEstOEndtt meriad  Aicmiagrpedevite@n&cc8rgi ng to the
i nventi iC of sect] I L-]kL.LS' i ned Fi,qures 2a and
2b areS?%gfggc??bng$gg§5§#§ﬁ§%tf%f g%”%%%hsggFgﬁéapﬁgﬁe |?PP1&8 a waf er
conpri silegean enbtiittscks aieaaspleabeg kb Becdtitj ng device |ike that shown
in Figure 1, + Figure 3 is an enlarged diagrammatic el evation view

* at east 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

-




of the side of a blade of a device like that shown in 25 Figure 1 as it
attacks a wafer to cut a layer fromit, Figure 4 is an hP5f§eg2005

di agrammatic elevation top view of the edge of a blade of a device like
that shown in Figure 1, close to the wafer attack area, 6 Cctober 2005 9
Figures 5a and 5b show a top view and a side view respectively
corresponding to a second enbodi nent of a cutting device according to the
i nvention, conprising inproved cutting nmeans used in two successive
phases, 5 Figure 6 is a viewsimlar 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 diagrammtic top view of the neans

in the device in Figures 5a a D, 9 Yt m@aef & laneroliea 10 first
positFBﬁtﬁ?gtﬁga%%f“ ﬁ%g)s ﬁ%%gﬁgrf%%pén s'to a first phase in the

cuttipg apeh@tiions.of Ehgurel®e ist ahisewasbmitar. to the viewin Figure 7
“in which the cutting nmeans have a' second pgsition, c E%esgﬂgging to a
second phasetbg tiHasutPitignepdieaionss 5 PIEAGurd g 4"d de

ai |l ed view of
sone gggg@ngg}éﬁ%@n%ei&é he deyi ge, £Or nespENEh NJah@ anseconsbrenbodi ment  of
the 1 nvention, lgures | 0a and | ob show a top view of two possible
shapesuot ihheneats i aig:arsand Hen aEisgabay9to2be Mgutte A 19HF Gy tically .

i u_sgrat e%ht(ahe pengtration of a blade in @0l ef. did sidysen th reference

to Fi §aP8 1t k&*fi gur e Shows a
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 elevation‘view

of the side of a blade of a device like that shown in

 25 Figure 1 as it attacks a wafer to cut a layer from it, |
| e Figure 4 is an enlarged diagrammatic elevation top
view of the edge of a blade of a device like that shown in

Figure 1, close to the wafer attack area,




cutting device 10 according to a first enbodi nent of the _invention, with a
wafer 20. The wafer forms an assenbly to 25 be cut. The ®&¢iaber 3¢5 s
intended to cut a wafer. layer along a cutting plane parallel to the faces
of the wafer (in other- words parallel to the plane of Figure i, that is
defined as 6 Cctober 2005 10.the horizontal plane). The layer will thus be
cut fromthe source substrate that forns the rest of the wafer 20. Note
that by convention, the viewin Figure 1 is called the top view and
consequently for this entire .5 description, we will refer to the vertical
direction as being the direction perpendicular to the nedian plane of the
waf er. The shape of the wafer 20 is a conventional circular shape. This

waf er conprises a substrate called the source, .Oliﬂbstra e nggg of a
seni conduct i hg FrateEPalbas @it &b sTIvEdh, Fehe’ Wil A EUBstTHte YiSel f

oMb Stagpan: (UL { Lo Bbeaihikad hal sERGoned abme: The exbri (] cd

area exten an internediatie plane of the wafer parallel to the

princi pauttanes dévide s acdowkifrgr And the eibrentics®d aFedPHEfIMés a | ayer
in the .substrate that wl]| b%s%ﬁ'ﬁﬁdtﬁ%fsidﬁﬁgékgg fers (for exanple to

transf ef"PRPYST YR BIF &K Farget dlpport) - Two concentric circles around
the periphery afigihe 204isvaf @hclepiaseat @ arnuliaky chartgar@1s surroundi ng

the wafer. :
that diagrammatically illustrates the interfaces of a wafer
on which a cutting operation.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

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

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




For reasons of clarity, the separation between the two cjrcles fhat
represent the chanfer 21 have been shown at a relativelyéFﬁ gr 2005

- scal e-conpared with the scale used for the 25 dianeter of the wafer. This

chanfer is located in the . sidewall of the wafer, at a distance fromthe

| ower and upper faces of the said wafer. W will describe this chanfer and
its purpose in nore detail later. 6 Cctober 2005 11 The water 20 is pl aced
on the central part 102 of a fixed and plane chassis 100, the said chassis
al so supporting a shim 110 and &g 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

actual |y conmpri sing n r and r ndi-ng chbe central part
102 t %‘%’ El%rlrrzﬁ)\?zﬁﬁeprl%\ﬁ%?'sﬁlrlgnglil%%lg#p%q se%g% ?gc'? iggn 111 that is in 10
cont agbuwdd subbersidevisdd ffrutshehwafest Thehyeomdery26f the section 111 is
~concave and circular, conplenentary to the_  secti Qe t he rtion of the
waf er tha@kﬁfiSt%ﬂiothfggﬁggﬁgé%Ti6H“illeg S&%sﬁg??%eapbnggthe verti cal
di rectdPred agheCaibPevSean Ciedr kynkaghigLes f2a apdi2bentifeThis section
111 may al so have any ot her %eonetry f or mhichltﬁe coongaggon of shapes
Wi h EPREVERN OB i eV 1B T&RSHI &9 noVen¥Rt s ot t RE*Wat &7 i A the verti cal
directipn; PRLPADHESM G bOrpdiicuitig Pl ane @édise plade. cffn particul ar,
this iSCtI%? 111 may have a slight

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.




20 notch or projection, to further facilitate self-adjustggp o¥ t he
position of the wafer relative to the device ('this self® 8&@?5 aspect
will be described in detail below). In the illustrative exanple in Figure
1, the section IIl of the shimthus-covers slightly nore than a quarter of
25 the periphery of the wafer. In one variant, this section may cover a
quarter of the periphery of the wafer. And in any case, this section nust
cover a sufficiently large part of the periphery of the wafer to maintain
the position of the wafer being afitacked 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
appropri ate gnd opRtde handki pgaseansn The dieaprarepent sapporft a120 is fixed
onto. the part 5 101 of the tixed chassis_ 100. Igiaaiggport q}so supports

- the bl addxe80, 2rd NPYE S heclid bl 448+t ohBFdsSEH i %ransl ati on

(al ong tstlﬁg?%%%ﬁéiQnSQImaii_@V‘éEafaTa§s | a6nek30 rksegoacgect i on 131

that wll the wafer - this section 131 will be called the |eading
LO edgebdhdehe3 bl fideed ik &htihed seetdamant] sypPPeHle- shim the geonetry of the

goncPally GO oTRAT aPy 0 4ot R gRorer Fy P Pl Re Bor tion bl the ol er 1 hat
" the bl adadwigdricut0d5 oFypiical khasthe hloade it asksdt ivbaggfier Wer
apprOXig%%SL¥l$ cgggéiggnéﬁtégméﬁgwégiﬁgylgq é@& %@geEUrrounding
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).




However, note that the leading edge 131 is _ not necessarily, circular, and
its geometry could be any other shape. 20 The wafer 20 i OF%@%?# bet ween
the shim 110 and the blade 130 installed on the displacenent support 120.
These el enments are aligned, the shimand the blade being dianetrically
opposite the centre of the wafer and the blade is displaced along the F

direction of this alignnment 25 The blade will attack the sidewall of the
wafer at a required height (the position of the blade al so being
adjustable in height to attack the said wall -at the required height - for

exanpl e this adjustnent can be made by nmeans to adjust the position of the
bl ade along the 30 direction perpendicular to the cutting plane) 6 Cctober

2005 13 Thg,di F&*&Cgﬂemggns@@égﬁeoi@@ Sanakice sebppovdg ngyd hest bl ade to
bring its leading edge 131 int0 contact with the sidewall of the wafer,

and tohpemetsattac setbithelhhfef theyadt itd tosr dPWard™t % Yf ven depth. 5
For exanple,. this penetratj By be of the order of one centinetre.
However? PREYEYS aﬁeoﬁék%ﬁe gggpgﬁifunction of paranmeters such as the shape

of the bl are: &seepioruendt themwhdr ater ist ifézedf opke WdferP{faterials from
1% hobh Phe Wendt et Ghaein Ty bebe FoBbel a8 Shottone Lenti et r e,
the wigthpofad hesphysi aalve cant actidnaadeettweends hehsvakefemniint he bl ade
nust not be o .
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} -




more than a fewmllinetres (corresponding to the width of 15 the
exclusion area). In this respect, the shape of the bl ade Wtqg@r%qpépt ed
for exanple to conprise: 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 as a wedge separating the two parts
of the wafer fromeach other, and a portion with a determ ned constant

t hi ckness ‘behind the tip, as shown in Figure 11, This portion with .25
~constant thickness. is 'the only part; of the blade that is in contact with
‘the wafer after the tip has penetrated into the said wafer- It holds the
parts of the wafer at a controlled spacing fromeach other corresponding

to the predeternined thickness of this part_of .the bl 3 6 Cctober
2005 14 faciThe ot} TRy I'“Ed?‘“c?ut]t%ongalg‘? TSRS ecfﬁ? in, tr}# glﬁer espect,
note thgi ht s LPPRstant thabihbhecahzerof iheo physigalwidntdet area
bet ween the bl ade and the wafer should be |limted, singe the_bl ade nust

not coneifiavall ceft ddte WPERSE he 3¢t ¥l PEAFETRTS t RB Rafel® t WatST s

.surrou BY; axclushop.areg; {tomyi@aw of the wafer) that corresponds
to the gg?%@ %%%1%a§1)‘&ct he waf er :hat wléTi% actually be used- Figure 11 thus

shovs that tiertkpavplehe thilsadpentierapieret fapeld Fetweeh e pafts of the
o e LR YRRt Ly e YL e cnt act
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




portion with width dl of the blade with constant thickness. This constant
t hi ckness of the back portion of the blade will be defi fe@ckEenddi&ncti on
of the type of wafer to be :5 cut; for exanple, it may be of the order of
5-millimetres. = 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 Ilayer to be pulled off), and to
guarantee that the said 20 parts do not comnbi ne together again after this
division. Consequently, the secti,on of the blade is bevelled, as shown in
Figures 2a, 2b and 3. More precisely, a preferred use of the device
according to the invention is illustrated wwth reference to 25 these

figures. Note that these diagrammtic figures are sho f .Jllustrative
'purpo%%%ﬂ%ﬂﬂ%ﬁlnﬁnchﬂ5f0¥%%dsé%ﬁ€§ﬂﬁSe8ff&F“Ehgagﬁffergﬁtquéaents shown

(waf efedavar s, nbl @denaot her il eaphtsardf (e deneceiaecefdimig: to the
invention, etc.) .30 are in no way representative of reality. 6 Cctober
2005 disyShesle @Pafrafmerie® f PGGFESTsHAW t RAEEhTY dEREI I"HFT of the wafer

20 that 184S | apsglut 6lye PLi SARL ikt babt CeBREI SAR@n annul ar
notchg%%#ﬁ%sggﬁg%%gmggithe chanfer 21. 5 Tth annul ar notch is produced by

brd ngtomrdogetiah the r oantedl edgest ofoft wdhgar #8£2ba ©if 201° of t he wafer
tho. sHUH AR 200 TS, SRROFar Rorghpy tob! YAkl (RondhinGuteriother) Lo Torm
_that corresponds to the active part of the wafer that will '
actually be used. Figure 11 thus shows that the tip of the
“blade that penetrated 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-bla@e 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.




corresponds to the bonding interface 203 between the two 10 parts 20a and
20b.- According to standards in force, the edges of the s@ Rctabsb M or

waf ers nmust not be sharp, to limt danage to themduring an accidenta
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 emrittled area 202_ More precisely, the
wafer 20 -illustrated in these figures was made such that the bonding
interface 2.03 between the two parts 20a and- 20b from which the wafer was

made is in the | di Vi,Ginit) ‘ abritd | eds aLeaew£br 292. And in
this case, tEge?gggﬁ%g%qgm%PégéE%ﬁg&gig?érabfy att%cks pﬁe waf er 20 at
‘this bordi ngrei Ra€etace aBsociatsdowmi t4h aot anpedlartedot ghri2kakilfh a concave

section formng a chanfer ‘6 October 2005 16 Accordi hq.to or dvant ageous
aspect 5¥¢tﬁ8mgﬁ%%?ﬁi?ﬂnanQﬁaafh@o%F§d8°f§6sﬁ%%%§mqn(%ggﬁéfggﬁgﬁ al ong the
hori zontzal. direction F, cooperation between the shape of the tip of the

bl ade (usuallg_convex for exanpl e bevel | ed) ang)the,S shapet%f t he
chanber ed anikiar apBRERT (BSG&R yicoRtadejed by bringing togethex

the rounded edges of two parts 20a and 20b of theewafer

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 df the wafer in the imediate
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

12,575 SRR gl AR AN e R e e of e
Note tshapet her t Rheknessnfofrddheaheatihng redge ofuddsdly 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
Jinterface.
| 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




bl ade (in other words the thickness of the ternlnal section 5 of the said
bl ade by the radius of curvature of the tip of the bIadé§CF§m8T 240% or der
of. ten mcrons, or even nore The bl ade itself may be of the order of a few
mllinmetres thick. Furthernore, the distance between the bonding 10
interface 203 and the enbrittled area 202 is very nuch less than the

di ensi ons of the blade Thus, as the bl ade attacks the sidewall of the
wafer, the geonetry of the bevel of the |eading edge of the blade produces
a wedge effect that separates the gﬁrts of the 15 wafer on each side of it
along the vertical direction perpéendicular to the cutting plane And the
path of the vertical stresses that separate the two parts of the wafer
fromeach other naturally lie in the enbrittled area 202 in the i medi ate
V|C|n|tpetﬁeeﬂhtbetﬁhmgﬁepfotheeb©V@%ﬂ0%ﬂ3§%§%§dﬁr%ﬂ@t?ﬁ?eﬁ&ﬁ???Ied area

202 in.the eglon faC|n he b ace 203 towards the enbrittled
area 20? é Fat'® E 8 |g§$éﬂgﬂh%%£?%e constraint line C that very
-dlagrannatlcaéia th&@resenuSnkhaesatdﬁ méubeﬂﬂﬂéwngh@dgﬁméfpa?ﬁ% of the
wafer 25 in the vicinit e of t i is line C
r eaches PrRESe bl PtheEd Qﬁ 55 tﬁﬁ%&“%%%f?ﬁ&?%bqﬁgaég S % %?%%@lde of the
waf e (igp Qh@egawgrﬂﬁadé(B%H&httﬂuﬂﬂu%fbfl@uEwguuee3of tie Ttut ¢fne becones
coincident with the enbrittled area 202 6 October 2005 18 ThIS enbrlttled
ar ea 20%heepladehtis £ el orfgF $heten microns, or even m

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.




stresses, and since the wafer is free al ong the vertical _direction, the

" sel f-adj ust ment mentioned above continues to allow the bf 2§ebe62Wnt i nue
its penetration into the wafer 5 at the chanfer 21. We have al ready
mentioned that in any case the blade was not in contact with the wafer
except for alimted 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 geonetry of the blade is such

t hat the bl ade does not act as a, “cutting" tool that would "cut" the wafer
(the "cut" was defined above, and does not correspond to a slicing
effect). L5 In reality, the internal angle of the bevel of the bl ade needs
to be small enough so that the blade actually penetra Lgto t he waf er,
but it nu§ﬂuéiSﬁﬁﬁetFéﬁéeaeﬁéuéﬁzséePﬁﬁfe?%% Bl el Act %ﬁly Performs its

functjpp.as. & wegge,  Lhat jpenglal ess betueenid kﬁaeﬁrezeic@ be
n

transferr he rest of the wafer. Once the bl ade has began to.
penet datectitm tthe maléfadjwﬂimﬁnﬁpmﬁgtedg%@ Pdfove $PEABIRY “Bdge separate

~the Ig{f?% 1 frfgge QF res g&eta eétnfgg%glggg VeEt ,qakdi rection.

Thi s néfe cou 25 Thi s enabl es propagation
ofs t het separdatdroerwave of the Iayer 201 over a large part or possibly the

entire surface of the- wafer h the_bl a NLYeP ates a limted
dept h i nt "¢ HERRrEEady RN 885 g#gg fﬂa?Hthg?gc%MthE?SP%ere is no 30.

el emephist hat lidn tsnumuenents ehet hereaf erxceiptheforipaardsited
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
penétrate 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 pene;rates a limited
depth inte the wafer) . .

It will be noted that the fact that there is no

30 -element that limits movements of the wafer either upwards




6 Cctober 2005 19 or downwards in the vertical direction, neans that the
waf er can not only automatically adjust its position al on§Ociaber ¢&% i cal
direction in which the blade is brought into action, but can al so deform
freely 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 ade is nade froma snpoth
material, fairly hard to penetrate into the wafer but not too hard to
avoid dammging the surfaces of theé9ayer 201 and the substrate. For
exanpl e, the blade could be nade froma material such as pol yvinyl
chloride (PVC) or polyetheretherketone i5 (PEEK), or Teflon (registered
trademark) Anenwdelsl ade Hmstvwé:itdﬁlckd'ermigimﬂo lkfe@ﬁﬁthbaflayfé‘re 201

~suffici entljt(% sgparated fromthe rest 1?; hgswaf EL s(g { &, avaantee that
t he separation Wave of 't he ]lla er pro agat es e |veI y over nost of
the surfaee wiritikal 20reatbsn ﬂ'xhewb%pﬂhltmtbrmk diet elnmmﬁut tira:to a thickness

of the order of 5mII|rretres S U|t ble for this ure 4 shows
the sepdfttio¥n Gae“H! ot Ih&etaysr ﬁﬁ‘ify ?HJ%&Y\V‘@&':EF%L I%IEdge of the
bl ade, fiar:id @gpgggtp@n 10 25 that corresponds to a first enbodl nment of the

invention, as described above. The separation wave can be defl(gled as being
the front = This facilitates smooth execution of the cut,

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 when the wafer is divided into two parts, and that materializes
the line along which the layer 201 divides 30 fromthe r@&Sctoger 24 wafer 6
Oct ober 2005 20 In this respect, figure 2b shows an advant ageous vari ant
of the invention, in which progress of the separation wave of |ayer 201 is
continuously displayed by means of a |ight source 30 (for exanple an
infrared | anp) 5 placed under the wafer and ainmed at it, and a canmera 40

| ocated on the other side of the wafer to collect light transmtted
through the wafer. The |ight sourge 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 to radiation output fromsource 30 can also be used.

It will be seen that the fact that there is no_support enent facing the
princi pal Facedist tREPHEFer Mkes P fﬁ“ﬁﬁ%sﬁﬂlég‘gn%iié?ve this

separ gti.9n Waves unged excrldelh, condi t iansk thisgiessnotoft hehease in
automati c devices according to the state of the art HhatdpQgFrise nmeans of
hol di mgremet pei neapal of aéegcbf 20 helGafEPtiRUPEEI% i VPP s Rl so possibl e

to slave noyement ;af the bl.adeg ggogiéﬂééﬁﬁgEQﬁ SHPROFdd 120nd)0 observati ons
made Dy {'fie “carer a 50,'by provi ding a displacenent regulation loop to

obtai placedt toldeed Yhrogrdss ofnd heimsbartat Lbn wWaYe?2 THET4spett of
cont Syt e, dhgPl QSRPTLig G Vb9 JRBSPlcectevi g 1 be
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 thé_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.




25 in the remainder of the text with reference to a second _enbodi nent of
“the invention. The displacenent support can al so be progr&R§iodet #05%nabl e
continuous translation of the blade. This is particularly useful when the
structure of the wafer is 30 sinple 6 Cctober 2005 21 However, in the case
of a wafer made froma large nunber of |ayers bonded together, it may be
preferable to nove the blade forward intermttently (the regul ati on neans
nmenti oned above will advantageously be used in this case as 5 well) In the
case of. a wafer nade on a transpargnt |ower substrate 20b (for -exanple
quartz), the canera 40 may be placed directly under the wafer (at the

| ocation of the source 30 in Figure 2b), to observe the separation by 10

transparency through the | ower substrate. The sipgl i Q,.aBY be
repl aced by 5ﬁw3§%gan9 S HFHES ¢ 8 r|S|ndﬂ§eW3$gl% ?@e %lﬁgg bl ocki ng

the waf gfurer e 1QEirzonbabcauttbigaghplanet biby abkowrngertbleegct o nove in
t.he vertical-direction.- 15 If the invention .is use n a mafer wi t hout an
annularfméﬁaﬁﬁérblﬁﬂevﬁ¢qwﬁﬁ9[ﬁﬁﬁﬁqﬁlétFBt}ﬁrﬁF%F(ﬁﬁ%ﬁi? rSRaped Rotch in

the valludfc kheanabsie FAOIN AR 0E8LLED B WRC i eadicngsedge of the
bl ade will attack t wafer, so that cooperation between shapes and the

sel f sadjwssitirent 20 descrlbed above can be achieved. It is also possible to

provi de Seve&%léﬂéﬂ%ﬁ%gmyptgdwafer made on -a transparent lower

substrate 20b (for example quartz), the camera a0 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 wmounted on
corresponding displacement means independent of each other

This aspect will also be described w1th 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.




on the same displacenment support, or nounted on correspondln di spl acenent
nmeans i ndependent of each other. This aspect will also HeOgeber 2498d wi t h
regard to a 25 second enbodi nent of the invention. And in a sinplified
version of the invention, neans of displacing the blade or bl ades nay be
activated by nanual .devices such as a crank handle. 6 Cctober 2005 22
Renmenber that in any case, it is preferable to generate a single
separation wave when the blade(s) is (are) attacking the wafer Problens
can arise at the junction of two_different 5 waves initiated at different
| ocations around the periphery oOf the wafer and propagating in different
directions. Thus, if several blades are provided, a suitable configuration
is the conflguratlon i n which one bl ade noves for vance as the
tip, the okéremderakthgtover t3E LO3t-ack fof 1?heplf¥\€%lfatbll “ade Qbehl nd it and

cat its 9% Kelo) téggyt% 1 ORI PPRLAL T AGehherisan®lsapasat iign wave
|n|t|§Fe8 y t fie b However, it is not essential that the wafer
shouldarenlateﬂdmﬂn@etaEta@k@d at its nid- point (on the longitudinal 15

axi s of the vice that_joins_the centre of, the hladeapnceida centre of the
shin; thebf @“haj”have n asyﬁ%%tg'n contour with a tip that moves

f of Wake§eonin DNEatsidetonliy ferand 1dedt amtsacksouodet B deeBIPNe” waf er before
the OggeEheS$§¥%r"%%dl%rggagégfhéxﬁﬁﬂé¥€%erggk &Pgeégfﬁk%' s fixed and that
Thus, if several blades are provided, a su1tab1¢
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 longltudlnal

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




the shimis nobile - in any case, only one of the two elenents nust be
nobile: And in all cases, the provisions for self-adjust®®stobgf 205
position of the wafer nmentioned above will be advantageously 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 blade (or of the nobile elenent) can also be regulated as a“
function of these forces. This 30 regul ation nay be used in conbi nation
with the regulation 6 Cctober 2005,23 as a function of the separation wave
descri bed above, or as alternative regulation Figures 5a and 5b, 7, 8 and
10 show a device 50 to inplenment a second enbodi ment of the invention 5

Li ke the device 10 described above, this devicg [ esighed to cut an
edge of 2§ ﬁa#%ﬂcﬁﬁ?n 9’9&%8 BEPLHOW S "Gi'Eg r%ﬁﬁa %%bté%?%% ew. on which a

shln15lglg@@hgtjdéwyéggha330530 supported by di spl acenent neans 520 to nake
it nmobile with respect to the shim are 10 shown argund th fer 20, in a

manner simi |Bowest i 2kt PRur dti 6n B tHe N ¢ 6Vﬁ%scr|be8 above. The

shim 510 ?f gﬂts@%ohef LoPaiindfc Fiowhe BRvésciddixed, and bl ade 530 can
- be brougﬁ towards the wafer to attack the wafer. 15 The mafer itself is

preferably aﬁﬂangédfbhﬁme@n1@h@es§ﬁﬂh¢€1®b%ﬁ% tHe DI 53¢ %5 d % hat  t hese

three eLemenis, are c.jinaki Bg8! 87% A Soal so corresponding to the

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




of displacenent of the blade 530_ It can be seen in Figure 5a that the
‘shape of the 20 blade 530, unlike the device 10 descri bedlOalobee2005s such
that a large part of the periphery of the wafer cannot be attacked. On the
ot her 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 truncated so as to attack a small part of the

. periphery of the wafer). Wth reference to Figures 7 and 8, it can be seen

that the geonetry of the Ieading edge of this first blade 530 6 Cctober
2005 24 can also be circular, as??in the case of the blade 130 of the
device 10. According to one particul ar aspect of this second enbodi nent of
the invention, the cutting nmeans of tie 5 device 50 conprise a second
cut t | @gh NEBAS, bé ncadditdmn 49 in hehd | gase bphdehs3p! 143 rﬁng% Phe first
cutting neans This second cutting neans is illustrated by two bl ades 531
and 58% §I¥¢&§ Of-each side of the median axis of the .wafer that is
paral | el tddaidiySplacement paitieatlion atpedie bifadehB580sEERNS A shown on
Figure 5a). Each of these blades 531 and 532 is desjgned t ngage the
mafere@@P.%?@Qtse@Bndjﬁha§8V8thﬁ%'cﬁ#?inﬁu%%ﬂF%tPgﬁ?gagﬁérgg%gagenent of
this ywafgle byo tAGnfdist Dl aderbBluadmiespend ndnt additierst tphase. L5 -

Consequently, the blade 531 is carried by displ acenent
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
meaﬁé 521 to displace the said blade along a trajectory
enabling it to:

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

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




means 521 to dlsplace the said blade along a trajectory enabling it to:
attack wafer 20 at a distance fromthe part at which the Prioger #l0&de 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 -symmetrically, the second blade 532 is supported
.25 by displacenent neans 522 on the other side of the axis A In the view
~shown in Figures.5a, Sb, 7 and 8, the two displacenent neans 521 and 522
are arranged so as to displace thq¥plades 531 and 532 along two symetric
6 October 2005 25 straight |ine sections convergent towards the nedi an
| ongitudinal axis A of the wafer In this second enbodi nent of the
invention, the first cutting nmeans (bl ade- 530, or g bl ade. assenbl y
conpri sigtgai§hat flénst onetbinfle)certerdestt hEOWAFS? 20M8urPRg 2R first

cutting phas n et ops RLegress of a paraneter representing the
cutting opéPgFgéﬁggég orne%f v the first blade 530. The. second cutting

‘phase will b&namhmaaeecamdyemﬂdﬁmmﬂggeﬁbdibyJ@Wﬁﬂéh@ﬂatéh%oﬁ%¥%T means, as
el i Tt iy g
in the exanpifst i bheishbiaded heteckshehevemferheosebondiacuat fagskheans coul d
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




15 be in the formof an assenbly conprising an arbitrary nunber of
bl ades). The second cutting nmeans is only started after 6&Q@eebgr?§0a
predet erm ned-val ue of the said paraneter representing the cutting
operation perfornmed by the first 20 bl ade 530, as nenorised in the second
cutting phase trigger neans. In particular, this paraneter representing
~the cutting operation carried out by the first blade 530 may be rel ated
to the observed spacing between the two parts of the wafer 25 (or it may
be the val ue of the spacing itse%%?. In this case, the second cutting neans
"is used starting froma given sgaci ng between the two parts of the wafer.
It is also possible to use another additional or 30 alternative paraneter
representing the cutting operation 6 October 2005 26 perforneg by the first
bl ade tB3Eofford bxafpke fprogr bdsdef 53PhdfeBparathth REREISFhUS, in
particuylar, an tt%P%%%% optical,. nechanical or other sensor can be used
to chardct&Fr28"progress of the 5 separation caused by the attack of the

first cuttirAgspreansparticofatheaspatiyng bét wesacehe hagbrnierbe cut and the
rest of the wafer. In all cas second.

: s, th h 1 I e triggered
when FﬁéOﬁ&?ﬁnﬁ?%??%)a?bﬁ?%égﬁﬁiES 6?35?%%%?%%%ﬁﬁﬁﬁgk%%tggl%h%uring t he
figst Rhasarwbhl chaver ngaahed seracer ofivtke predeteartringdnganses.

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.



If a canmera is used as a sensor, it may be an infrared canera, for exanple
| ocat ed under a quartz wi ndow under the wafer 20. This t6/getobgr 2h0Rdow i s
shown on Figure Sb as 15 reference 502. The canera could al so be an
optical canera operating at a different wavel ength. This adaptation of the
canera characteristics wll be nmade particularly as a function of the
nature of the source substrate of the wafer fromwhich 20 the |ayer to be
cut is taken off. It would also be possible to use a force sensor
associated with the first blade 530 in conbination with the sensor
mentioned above. In all cases, the %kensor of the parameter(s) 25
representing progress of the cut during the first phase wll be sufficient
to.trigger the second phase. And the signal(s) fromthis or these sensors
may al'so = benusedthetr egul af erpr oguessngf ndwmsseeandbeutiixfg meBns  duri ng
t he second phase.. 6 tober. 2005 27 Note tha e fir CUL ki means na

be fixedlAqe ﬁ?ﬁ&@gdﬁﬁpﬁb FRFE"SeFOR ephé?%,Egéptﬁbtw%iﬂ%dégkgggect g
cont i NUESH@nQES UL o beEveENLENRPAr tBe Obathe waf ehethafertthattatked 5 In
one variant, it is also possible that the first cutting neans wll

cont i nuetite§kgtit ack on the wafer during the second cutting phase --

therefore the firstand sepond  Culding.yaans Wikl cwatkcho eeomeration
(6]

during this phase us Tnoné preferred e i ment of the invention, it
‘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 Thus, 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




10 is possible to control displacenent of the first blade 530 in an
initial step, such that it attacks the wall of the wafert @Ffoben2005sel f .
“Note that the displacenent velocity of the blade is precisely controlled
during the first cutting phase-- 15 Typically, this velocity will be between
0.5 and 5 mmisecond It is also possible to superpose additional neans on
the sensor that triggers the second phase, to check that each cutting
phase takes place snmoothly 20 Thus, a force neasurenent system or a bl ade
di spl acenent vel ocity neasurenent system can thus be used while the first
bl ade is attacking the wafer corfBsponding to 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_%irst phase, so
that ddidnd f phstephase parcheetar coetirolt dipEbACHII MM cGREM i ons. It

woul d al so be possjble to use neasurepepts QUR;shei8ensor that triggers
the tPkafs tFBH HetRER TR %%%%ﬁ}?%%&-gg Et%etrar 9005 28 second phases, to

preci sel y gent rrgl-rdi sphacerent @ictdagh mekade @Kﬂirﬁﬁﬁ”@?eﬁﬁéée associ at ed

with the said blade. The fact that two cutti re. Fpkement ed
 sequesr@ErIELaldivt h i kE 68?5&6@5?9%n%FWB %??szgﬁggﬁggfg ?ﬁe@BS second means

e e D e cenar at | on veve. oan be made.t o advance
fr om pnegessb off tthe cut during the first phase, means tha e
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.




wafer to the other under optinmum conditions. This al so provides a neans of
preventing the formation. 0 of several separation wavest Opiohgear 2006
illustrates the position of the blade 530 with respect to the bonding
interface of a wafer to be cut. Once again, the blades of the two cutting
means will be prepositioned approxi mately 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 |eave the wafer
free along the vertical direction and thus to enable the self--adjustnent
mentioned above. Figures 7 and 8 diagrammatically illustrate a top view 20
of the two cutting neans during the two cutting phases. Thus, in Figure 7,
t he di spl acenent neans associated wth the first blade 530 bring the bl ade
i nto cont act Awi tdpprvhe inbé erse2@otro &t} lavie it§6mmﬁpgéﬁﬁst6ﬁbeﬁ%%%te a

separation waye D (for ich.sever al c ' it sedPifke shown in
this fi Igﬁf’rpéaré‘\l"{iaoffn&ﬁ'%u Ay gyd % 20y PGS Finemely! Heg’l%?e?gtéh‘gém ade 530

may havela prefessentt tshiapeiwsthcatcimyegehdseadi ng edge to attack the
waf-er over a continuous part, of its per,iphery. 6 _Octoher 2 An
appropri ate g@ﬁsd%*?ﬁﬁléﬁ?%ﬂﬂ?;ﬁ@ﬁﬁgséagg ﬁ%ﬁ%eggﬁgraqﬁ%ngggeégD, andf or
any at her, Ranamehflsel AL St ed Rehdif Ogiessighalhi sutpuist feunt i ng phase.
The second cutting nmeans. (and therefore the second .S cuttin ghase) is

act i vat edihenenger sirgaghs duPpeHeErEH Nehi FIEREBIIr et SF det er ni ned

thresho&@dgﬁyg)(see

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,



Figure 8)_ As nentioned above, the second phase can also be triggered
under the control of signals output by different 10 sensbPstope ent i ng
di fferent aspects of progress with the first phase. In this case, one
or.several conposite signals generated fromelenentary signals fromthe
di fferent sensors can be used. As illustrated in Figure 8, during the
second phase 15 the first blade 530 can be inmmobilised and remain in
position at its maxi num advance point reached during the first phase,
while the second cutting neans is activated. In the case described here,
this second cutting neans conpri3®s the two bl ades 531 and 532 that are
noved by the - 20 correspondi ng neans 521 and 522 to attack the wafer in
turn along a controlled trajectory. Progress of the blades can be
contrpohled dusi nygagashpphaseibynsignial siaut patsd roma EdBEcéWSensor, in

order to avoid applying excessive _force. mak bl gdegpenetrate 25
i nt o Phedomf eRre cafdisy a??W@?“ﬁFa&§¥agVﬁégth5e§5%g§. #ﬁe separation wave D

conti ggg&i,‘g‘gﬁg{_ﬁgrﬁﬁxwd@f t@Rt ivamarGondi tilons ascarasgsuidingf the attack
-made durtng the second phase. Figure 9 grovides addi tional information
about di spla@snarinfiegufatiah ¥Fe tHeVBlaleds ¥ he second cutting means, 6

Cctober 2005 30, 'E%%%&Y‘Ptﬁ ‘agesadeing shdentki cal cwdokei lal s2that the two
blades are noveé;sy trically with respect to the
~and 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 Pl 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




| ongi tudi nal A axis of the wafer, by their correspondi ng displacenent
means that are slaved together. 5 1n this figure, the bl a@@coBer 205es in
“two rails 5323 and 5322 that guide the trajectory of the blade. In the
configuration in Figure 9 in which the rails are vertical (in other words
are in the direction perpendicular to the cutting plane of the wafer),
this O blade also forns a right angle such that its |eading edge is
oriented parallel to the horizontal cutting plane in which the blade is
guided by the rails It is also possible that the rails should be- placed
one above the other, so as to suppéft the blade 532 in its 15 hori zontal
cutting plane. In thls case, the rails are turned. towards the wafer and
the bl ade 532 does not contain a right angle el bow Thus, the bl ade 532 can
attack e vmaf efifangential |530. fa%hemjanitb¢eﬂeiﬁ@@usﬁyeerdwﬁd a portion
P2 of its 20 periphery (the_blade 531 stil]| n to, k the

waf er aPeal et r it B§F¥béﬁ i bR PIPBFES 6&?35%”8/5‘ Fi Stur e igﬁﬁl’?{)

pr ef er r gd, erhadismeabaeht 166 bhadear&B2y shewniast ablerdess- section. In this
figure, the shape of the cross-section of the 25 Ieadle%ied lge 5320 of the
bl ade is rodivdederirrEesatrbiecFhesesbt it d9rEs poifdidty S0t he Tf oss- hat ched

partg Ofa}sﬁs hhade isd RLOUEE Q1480 (hatebpbsablpdeocan peneical e into the
waf er w t hout any ri sk of causing damage to it. Note that this blade 532

does nodowemaidaat\eawnm tihe 309RafeR adehp the fi%e%%ﬂqu% ¥ tHe wafer have
been segar ep ggtober ?OOS

gure 9

Thus, 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 eop ﬁiew with sharﬁ_edges) is used, there
would be a risk of attacking the wafer with the eide 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 put, their

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




31 by the first blade 530. Thus, the bl ade 532 does not erforma function
toinitiate separation, it sinply propagates separation 4 Qrtobat €Sy t he
first blade Furthernore, the shape of the blade 532 as seen from 5 above
may al so be' circular (corresponding to a vertical downwards view of the

. bl ade 532 along the direction of the arrow V in Figure 9). Thus, Figure

- 10a shows a top view of a blade 532 for which the shape of the |eading
edge is circular inthis 10 view If a blade 532 with a rectangul ar--shaped
top view or any other shaped to? view with sharp edges) is used, there
woul d be a risk of attacking the’fafer with the side edge 53210 of this

bl ade that is at the front of the blade 15 di splacenent, or wwth the side
wedge 53211 between the said |ateral edge and the part of the bl ade that
act uasHowrf,ormste t hbat eadi nghedgbadsesari RATELFEEY. “The® dESEFpti on about

the fjrst odi nent , artjcul y. Le tohe watgrschasbe cut, their
20 ch érgg?tﬁgréggn%ngcg %ﬂgéie%%iﬁg&ggaé ot the bl ades and the
sel f -@djwstdmnt ofc eaghrchicadd and thee hsaleh diselff théurdangae attack by

each blade, and the assenbly of shinms , .- therefore . ,n this .gase shimb510 -
are edfuE | Heapptt céBFesb%taélet h?%dsébSnd &5 Frrentvsal-l%S gAnd “so in this

secongl enbodi ment, the shim 510 may be made nobile during the first
cutting phase and/or the second phase, ﬁfen,sqpe bgaggszp%glfixed. W th
ref'er ence ThdsFi gereadt LRBRETHI agt amdBEFBALYy OB1Y 209 ‘

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




shows a perspective view simlar to the viewin Figures 3 30 and 6, and on
whi ch a bl ade 530 has been diagrammatically 6 October 200%OcBbesPifn, note
that if the blade can penetrate to a depth- (dl + d2) during the cut equal
to approximately 7 mm this depth-.does not correspond to the |ength dl of
the contact area between the blade and the "internal™ walls of the 5
wafer. This contact length is typically only about 2 nm while the
bevell ed part of the tip of the |eading edge can penetrate by a length d2
equal to approximately 5 nm without causing any contact between the bl ade
and the O wafer. After initial peﬁ%ﬂration 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
cont act awbth, t he hafers. Bhavehad beanabendedgtthasthgbode2 B¥mYhis cont act
mai. nt ai a controlled spaci we ts th r ghat is to
be cut.qiﬁa t%ﬁ”ﬂgﬁbtﬁodi %ﬁoé%%éyﬁgar?QY%quﬁgf ?ggkgbp§8§?%§tejy t he depth
of the wafaireachysinn zonehhhattlese Ztdydie pani phetuindsgberdd ¥l al area of
the wafer that can_jnclude sonme. snmall defects; thus during the cut, and
Cafter BRESENFEFA Y@ ion, the bl ade only cooperates with the wafer
in its exclusion area (in which there is no risk of damaging usefu
regi ons deeper in the wafer). 25 Thus, high precision cutting assenblies
operating '




fully automatically can be fornmed in each of the two enbodi nments

Obvi ously, the devices described above may be used to cul OfiePer2008yers for
any purpose. Layers could be cut to be 30 transferred onto a target
support |ike that mentioned 6 October 2005 33 above, or |ayers that had
been bonded together can be cut (for exanple to recondition layers to

whi ch access is required again, so3fhat these |ayers can be bonded again
after reconditioning). 6 Cctober 2005 34 CLAIMS 1. Device for automatic

hi gh-precision cutting of a layer of material, for electronics, optics or

.optoel ectronics, joined to a so LLrs bstrate by means of an enbrittled
~area, the source substrate and ﬁ%@§¥é§er,to be cut formng an assenbly to

be cut, the device conprising cutting neans and neans for nmintaining the
position of the assenbly to be cut, characterised in that the cutting
nmeans conpki se Rewlcadefqno attaekt thehagsgnbiol dierbecitgimnt £ he

mai ntaj ning means are _adaptable so as to maintain the position of the
assenb! 3 %o bemgc]ut 8"ﬁF§r’r¥1¢ he &BFti nGifich¥endfsyhe birddecsonceot he bl ade

he? S RS (OB D B B AR L e
Devi cemgpdartdieng atreac| ait® lsochay aghiest S0k | fudhahe 1ayer 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 and the
maintaining means are adaptable so as to maintain the
‘.position of the assembly to be cuf only in the cutting plane
of the blade .once the Dblade 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.




t he mai ntai ni ng means conprise a shim 3. Device according to claim
characterised in that the shimis fitted. 4. Device acco @WQBE%OQ%e of .
claims 1 to. 3, characterised in that the blade(s) is (are) nobile. 5.
Devi ce according to one of clains 1 to 4, characterised in that the

.mai ntai ning neans are arranged so _that one side of the assenbly to be cut
stops in contact wth them usual I%/Sthe si de opposite the assenbly to. be
cut - first attacked by the blade. 6 Cctober 2005 35 6. Device according to
one of the above clainms, characterised in that the maintaining neans

consi st of gan assenbl yado i & ORYI G5 agpar difgyd 0 Lihggbove claim
characterised in that the nmaintaining means consist of a single shim

Devi cehacaoteihged oinnehaft tite atowe: Lildings , nehay agdesisedoFnakhat the
bl ade is used with blade position adjustnent means along the direction
per peadbewbhy ¢H shens.cutting pl ane so that the blade can be placed cl ose
to the enbrittled area of the assenbly to be cut. 9. Device according to
one of the abowﬁaclal ns, cQar acterised in that the blade has a vertex

angle of tRe oPBRFCHIAGELTHAY BEVitEE aREBF of Myl D stterREedbove cl ai ns,
char aghe%hgﬁethg &Qf‘ﬁt&?&%aﬁg |Ss 0 unt ed op automalt hd| spl acenent
means. 11. he rﬁ e s

Ice accordin

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




characterised in that the said automatic displ acenent neana

control -translation of the blade in the cutting pl ane. 10 EE@F%%X%kcording

to the. above claim characterised in that the said controlled translation

is a.uniform translation. 13. Device according to one of the above cl ai s,

~characterised in that the | eading edge of .the blade has a 6 COctober 2005
36 circular contour corresponding t%& the contour of the assenbly to be cut.

14. Device according to the above claim characterised in that the bl ade

| eadi ng edge covers a quarter of the periphery of the assenbly to be cut.

15. Deymire8186COEEPGuL O ONEr MpdRBndPOoVR Clala s oo ngharacteri ggd in that the
cutting means conprise a first cut i ng means ang a second cutting neans.

16. Devisembagcos dbg-dto t he above claim 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
triggeringldse BeEvicheasewohHhadrt thg sbans wheimt hehasaiatepdisadet er reaches
.a predeterm ned value. 17. Device according to the above claim

char acPerftadd PR tHade nkeading pafdfret@vers rel suedtes hesdar ement of

t he sggg?ggﬁgggﬁgggm%ggse%%ﬁiiﬁé the wafer to be cut. 18. Device according

to on ve t Rréee LS Haracterised in that the first cutting
means conprises a blade, and the second cutting neans conprises two bl ades

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




arranged sumetrically with respect to the assenbly to be cut. 19. Device
according to the above claim characterised in that eactf BCiQRer 2995 he
second cutting nmeans is nounted 6 Cctober 2005 37 free to displace on the
di spl acenent neans and the | eading edge of each blade is oriented so as to
attack the assenbly to be cut tangentially on a portion of its periphery.
20. Process for automatic high-precision cutting of a |layer 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

Pr OCe$5eeCRBPHIShdce/ onPRAL! LABLIGcOhahNCnAZSEMBAY LR DEoCHln th  present
to the maintaining nmeans, / cutting of the [ayer by cutting. neans,

char actigei s€deach thbidd hiss cutidr-atade WSl ng atctheasthenasbkageyof the
cutting neans associated with displacenent neans while the maintaining
neans “RePht @ tHWeIddiadilgnonf @ poet s enbliyFst ebépbatyin the cutting
pl ane, the process including insertion of the blade in a cavity of the

assenbly tg,be e id . cavity heing |ocated close.to he enbrittled
area and t%g'prggéggégng %Lﬁ?ﬁf%ﬁﬁﬁq}%% SERERT LA off tYﬁ%gd?%e%tion

per pendiyeul 8f h@réREaTUidim ©) aResoQfct heuk et Aldy e, pogilionsyof the
-assenbly to be cut and the blade as the blade and the assenbly to be cut
are ansembedttbydcooper athen sbetrweesublse ratitt iamgl edige lofydheto bl ade and
t he concave_section of the cavity.

- be c¢cu 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.




21. Process according to the above claim characterised in that the said
cavity is an approxi mately annul ar-shaped cavity. 6 QOct dbegetopen2i03g 22.
Process according to the above four clains, characterised in that the
separation wave of the layer to be cut is followed by analyzing |ight
transmtted through the principal faces of the assenbly to be cut. . 23.
Process according to the above clai 88 characterised in that novenents of

t he. bl ade di spl acenent neans are slaved to observation of separation of
the layer to be cut. 24. Process according to one of the above six clains,

characteris in t..at | east..one paraneter representative of progress
with the cu??ingp%ééhﬁﬁi(ﬂ?ﬁquégﬁleg?edggﬁriﬁ OE? ffé%? ctt# ™y phase

- carri edhotdctyriasdd rist mﬁﬁiﬂﬁe”?ﬁ?&at?&@ §d&e SSEOKEQFCtLj%geQQ {Rhase made by

a second cutting neans is controlled as a function o val ue of this
par aneleer cups isPripddswedc dar dimgl =0 nonel afhtt herabove: teai thsoudghar act eri sed
inthat the first cutting neans is a blade attacking the assenbly to be
cut at "¢ FRYNCIPGLatroRS Ghdthe Heseabdidteukbei sigt means attack the assenbly
to be cut at a distance fromthe part of the said assenbly attacked by the

first cutting meang.-6 Cbt{?gg 4?% 39, 26. F ocess_accor di to the above
: . : . r t
claim characterised in that t egiecond cu ?ng ﬁg&ﬁ? co s
characterised 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.
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26. Process according to the above claim,
characterised in that the second cutting means comprises
two blades on each side of the assembly to be cut, and

moved symmetrically with respect to this 'assembly.




