159159, A METHOD OF CUTTI NG AT LEAST ONE THI N LAYER FROM A SUBSTRATE OR

| NGOT, | N PARTI CULAR OF SEM CONDUCTOR MATERIAL(S) 5 Fﬂmmmmmﬂmﬂf nvention
and state of the art The invention relates to cutting ‘ thin

| ayer froma substrate or ingot, in particular of sem comiucbor
material (s) for making an electronic or an optoelectronic or an optical

- conpo t 10 | | ' ' | '
of i cr ocl bt FEATISR, OBpFUETANE: A LEASSr OBndonD, TAYMReehiS) ot cal

- operation couskshamrg DR tNansf erIN PERIICUARRr OFf SENECOMDIICTaRe ont 0 anot her

represents g kﬁé gnggation enabling nunmerous materials structures or 15
specific coWﬁg he be fabricated. The layer for transfer may or nmay
not include conponents that are conplete or in a partial state of

conpl et i;on, ggé§deégﬁehe QBvﬁ%ﬂQQOEpQ#'dC%tt'aQ@S 030RPieStg¢i N Making silicon on
I nsul at or ( Y, insulator used is Si 2 of
anmor phous struct he eﬁvﬂﬁteﬁnlﬁeﬂ§tﬁ§ttﬁb§§¢5ﬂ@9t@tdéﬁé§FtQ§eI|@6ﬂ of

nmonocr yst al h.b?@r gyahi TaysuQQ%r%tee%Qr ¥ nefott, eanipges fam e ng such
structures relies on nol ecul ar agneﬁ n techniques referred to as "wafer

bondi ng". TAE®4CPBENALGTeD4FE 1S Tt FAHHEI & St SRS K e art
and in partb@ﬁb@ﬂecthenlarerde&cbpha@alnddm@dmmﬂk '‘cSermec@aduct or waf er

bondi ng Sci ence and Technolo T

I nt er s¢i’ence Pubﬁpchwgﬁ “Fo ll%a%ﬁ%@f %gggﬁggtgﬁhggigl e§EFM£ ?% n t hat
wor k, usi ngosuahcréeleethondess, opieed@rsmomias ,( ganaealdorssi 13 con

subst rat es) at 838500 Logel el e fBeling Lnl eadstbdnford he sl i con

on |nsulator ayer urce” substrate), that is to be transferred

onto the ot Breweeul@ﬁ EREe SRS TEESs OTHE: GsE hare TeRF eSS sort K SUbst r at e

supporting $akda®Pon enabling numerous materials structures or
15 specific components to be fabricated. The layer for
transfer may or may not include components that are
complete or in a partial state of completion.
One example of such applications consists in making
silicon on insulator (SOI) substrates. Typically, the
20 insulator used is Si0O, of amorphous structure on which it
is not possible to deposit silicon of monocrystalline
gquality. One category of techniques for making such
structures relies on molecular adhesion techniques
referred to as "wafer bonding". These techniques are
25 known to the person skilled in the art and in particular
they are described in the work "Semiconductor wafer
bonding Science and Technology" by Q.Y. Tong and
U. Gosele, a Wiley Interscience Publication, Johnson
Wiley & Sons. Inc. As described in that work, using such
30 techniques, two substrates (generally silicon substrates)
are assembled together, one being intended to form the
silicon on insulator layer (the "source" substrate), that
is to be transferred onto the other substrate that thus
becomes the new "support" substrate supporting said SOI
35 layer. A layer of insulation, typically of SiO, is
previously formed on at least one of the faces of the
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35 layer. A layer of insulation, typically of SiQ2 is previously forned on
at least one of the faces of the (00002' 2 substrates prior to assenbly,
thus obtaining a buried insulator situagted beneath the SO layer. Certain
vari ants are known as "bonded SO " (BSC?) or indeed "bond etch back SO"
(BESA). In addition to 5 nol ecul ar adhesion, these variants rely on

- physically renmoving a source substrate elther by technig ugs of .the
pol i shi ng” oFURRICHA %aﬁ’r’r%]f)p?%gaT?%‘Eba%}‘ld/tb}f‘u% ]?tg%hlﬁjr?]%e% 3F*the cheni cal
- etching typﬁnsﬁléﬁwrvgit@wﬁedrhéyeamh aﬁd|S®Dn1apenDIecular adhesi on on

deser ibed i n doctmene U g ArEhols {R2ABEEsg HET) “RedR "B 050 s,
(or EP-A-0 B@dééﬂODst@p@t@hlb@Cbl@@g"ahBEﬁﬁﬁlanté@ Q@ﬁe§1©ﬂ Fadeed in
document ER, %ﬁg adﬁ§§9§%attﬂ szvgfﬁéﬁtggr@ipnan aphyciediiayer that

has 15 been porous ose T'ayer Transfer techniques present a
generic nafemevipdce ¥%@¥C%n%%b%t§@F9c?HFE§rt%YbEeﬁﬁHéqPﬁﬁtO cbiiBi ne

various tYH&§1P§h esi ahe ¥h&Ri 88 bﬁ@ tppd ahhﬁbrlbylﬁeﬁﬁh1@ﬁsslble to
make ot herw se, and in, 20 par%ﬁcula Ltion

monocr yst al PF nehe sFRFRHRA S uBEE R AEdst ¥R qua&F erAE@ﬁigﬁggtfgigs *Bn silicon,
etc. ... . J@@lﬁﬂ&@ntag@obécshah aﬁhéedthanlagparbﬂnoedbyfFagtténgayer is

to be @5 {g#gégxgréfbaésﬂnggé%s&g %g: Qemé'thgagndgger% | nP,

nesses t at exten S fron1a
fEM/ "tens oinaﬁgsmm©mss(W§—Aﬁ5a3?émﬁﬁﬂcﬁ©ﬁe58r%—@nf33mﬁﬁﬁ - vEPyAgood

uniformty.; Eyeq 9§§3R8£ EE'§K66§§989ab¢ @gé?araegsﬁsa@bﬁg 38 In addition
t o maki ng substrates here are nunerous exanpl es of appl i cations

in which Iay@Pl@ﬁ%ﬁéfé©neie@ﬁn@ﬁ@@@dcéﬁ ﬁPSVW@@taEguptaﬁﬁe 88l ution for

(separation by breaking along a buried layer that has

15 been made porous) .

Those layer transfer techniques present a generic
nature since they enable structures to be made that
combine various types of material with one another, and
that it is not possible to make otherwise, and in

20 particular by deposition. Examples are monocrystalline
silicon substrates on quartz, AsGa substrates on silicon,
etc.

The advantage of such methods having a buried
fragile layer is to be able to make layers based on

25 crystalline silicon (or on SiC, InP, AsGa, LinbO,, LiTaO,,

..) in a range of thicknesses that extends from a few
tens of angstroms (A) to a few micrometers (um), with
very good uniformity. Even greater thicknesses are also
accessible.

30 In addition to making substrates, .there are numerous
other examples of applications in which layer transfer
techniques can provide a suitable solution for
integrating components or layers on a support that is ex
ante unsuitable for making them. These layer transfer

35 techniques are also very useful when it is desired to

isolate a fine layer, with or without components, from



i ntegrating conponents or layers on a support that is ex ante unsuitable
for making them These layer transfer 35 techniques are also very useful
when it is desired to isolate a fine layer, with or wthout conponents,
from3 its initial substrate, e.g. by se%arati ng or elimnating said
substrate. By way of exanple, nore and nore conponents mght need to be
-integrated on supports that are different from 5 those i ch, enapl ed t hem
to be made. iByp idiitora @it atfents ¢h &3h HFPIRRE Y <o TRt e
- substrates magdel fubgd@sdd cs or on substrates that are flexible. The term
"conponents" is ed to an_any, m croel ectrani ¢ devi t tronic
devi ce, or senso %eﬁ%eonf?e?ﬁmélec’hemn?rceala,lr%ldn On%%hcg%‘f‘ﬁc%?n‘?%e[?%ﬁ%?
bi ol ogi cal , mEeditwe e oalegertsnt ondeimE)rithathdts dxe |§ibfepart i Broy
(processed” cdody Jdidln dapReF e d bd Udadr 18y Y of NeRifileto
integrate such conponents on flexible supports (irnconpatible with_ = making
then), it i 9ngusigim|ean deigeade |l etonpenaie? A% SRR VAT Che#: Pkrfor med

after the cqpponets davs, baehst FRdes ama: salstfadeimhé ch Tise coapat i bl e
with making them Still in the same spirit, turni% a fine {Aﬁ%/er over

whil e transf&fQTRRPIIES0 LhHIRT QUIFRAR PrOVIHECenyT neer ¢ 1% tegr ee
of hf reedombtdmioé&cpimhmwdi@rce 2 fesegpngdsticet (k es. thathawital ,

ot herw e i npossible. . Takihg ,an ur niNng . i i make it
posst bi T r ST e T E” B0 LD O o St LD SLhBBy TS
buri ed capaci¢wiee) orhaly nkbsi Tul by dom prcebsl hentpTesesEORANS} - dheblat
contrary toghe wsualocase, the £apacii g$:25 afg §BgefLssinabgriben
transferred onto anotrFler S|T| con substrate, after which the renmai nder of
the circuitsS@fle compRReRt et ¢kl iy SUPRPF &S o (1RFOTRRF 1Rk ANPEEDI i es

wi th making goHhe axt®) [ ransistgsssidhe b rsse gat Bapéracr&MBetr ansi st or

i's made usi ng conventjonal techpolo op 30 one substrate nd it is then
turned bver BRINQTF aAR¥IER rEd P %r‘ﬁg‘ie%’g'?ﬁrs%%t?%‘{‘%ov\ﬁa?% ﬁﬂ‘éeséggﬂd gat e
of the made on a substrate which is compatible with making them.

Still in the same spirit, turning a fine layer over
while transferring it to another support provides
engineers with a degree of freedom that is precious for

20 designing structures that would otherwise be impossible.
Taking and turning over such thin films make it possible,
for example, to make so-called "buried" structures such
as buried capacitors for dynamic random access memories
(DRAMs) where, contrary to the usual case, the capacitors

25 are made first and then transferred onto another silicon
substrate, after which the remainder of the circuits are
fabricated on the new substrate. Another example lies
with making double gate transistors. The first gate of a
CMOS transistor is made using converitional technology on

30 one substrate, and it is then turned over and transferred
onto a second substrate where the second gate of the
transistor is made and the transistor is finished, thus
leaving the first gate buried within the structure (see
for example K. Suzuki, T. Tanaka, Y. Tosaka, H. Horie,

35 and T. Sugii, "High speed and low power n+-p+ double gate
SOI CMOS", IEICE Trans. Electron., Vol. E78-C, 1995, pp.
360-367) .



transi.stor is made and the transistor is finished, thus |eaving the first
gate buried within the structure (see for exanple K Suzuki, T. Tanaka, Y.
Tosaka, H Horie, 35 and T. Sugii, "ngh speed and | ow power n+-p+ doubl e
gate SO CMOS', |EICE Trans. Electron.,%Vol. E78-C, 1995, pp. 360-367). 4
An identical situation is to be found for exanple in the field of

- applications associated with telecomunjcations and m crowaves. Under such
ci rcumst ances, i tAn sidemtiarall s funt konpdhdim 9 | Rty §oF FHRPIR ebf at ed

© On-a suppor typr eisleéfltdrkgf h g F &S My iddsociaigaldyh sever al
kil ohmcentineters (kQcnm at |east. However a hi 9h| y resistive substrate

i s not necesFGIYMURAGHHAE AN HEF WA EUBt Fualitty as the standard
substrates tdiatcahisdisad | yiised. pMWtdraple choy csmrhpcmmemi@ fuafial by hewi ng a

di anet er_of 200 m i waf ers .h . 300

are avait abl®® a’tntesq]%\an%cfaor} earswgs’fp%oﬁt ,p]ﬁlseerré%lsw orlg%ég% %@%’/ﬁ i Jgsygr ea?mer

than 1 kQ cmygviaid by |$everasl duitehm nedeguetteens Q. am akdlR8ALexi st ent

at 300 nm %]cﬁv%ﬁ ytd A HONR1 L Sidthide m%ﬁ@elé:oﬂ&‘?nﬁ@éésgﬁ'r:ﬁ?ndard
an en ns

substrates In erring themduring the final sta o a fine
| ayer cont & hpklorpohdhs W%r?@%mrﬁlﬁga%ht@ét?%t%h%fsizﬁ’é agtass,
?E:Lgersgg%ﬁﬁﬁﬁ& thhat tyRe. udiHM @ d&@é‘?nl C&@-i%ﬂi)gsﬂllﬁfbll'lw sw itbese
oper ations, have or ‘advant age. of decorrel ating the
proper t1®@s d’faﬁ?ﬂ’eslféﬁ‘/‘éﬁfn‘ifrtavéﬁ%‘ﬁeﬁfé %%n{)@ erﬁ’?ﬁljefppet%ﬁe ahose of the
final sgpporwaf@yfrham@bwmmmiyoftm ranea:aelvavnaa?geblle an many ot her
ci rcunst ances a nor e _speci f.icall I ni ques
based on bré%%??é%%ﬁ % ?ﬁﬁ%&Yh aJ%&Fr%é%oﬁgr ng%ggiﬁgggg%"éee ggPs"qto be
under st ood brioadly kQdchr avaléiabed:ham d¢al apotet ivpdedealeormta 2PEnam
predefined t Inor)%&'&@{& lﬁtéé’é‘ & E%hgeéamelan §6RaK 8t konnby

chem cal etc severa ni qgues are_known
15 maklng the components on standard substrates and then in

transferring them during the final stages to a fine layer
containing components on an insulating substrate of the
glass, quartz, sapphire, etc. ... type.

From a technical point of view, these transfer

20 operations have the major advantage of decorrelating the
properties of the layer in which the components are made
from those of the final support layer, and consequently
they are advantageous in many other circumstances.

Relating more specifically to layer transfer

25 technigues based on breaking or separating along a zone
of weakness ("weakness" to be understood broadly and from
a mechanical point of view) or a zone predefined to
originate separation selectively (e.g. separation by
chemical etching), several techniques are known

30 concerning the step or combination that gives rise to the
cut.

For example, certain combinations are based more
specifically on mechanical separation (high pressure
water jet as in document EP 0 925 888). Certain

35 techniques based on the so-called "lift-off" principle
also enable a thin layer to be separated from the

remainder of the initial support, without necessarily



30 concerning the step or conbination that gives rise to the cut. For
exanpl e, certain conbinations are based nore specifically on nechanica
separation (high pressure water jet as5in docurment EP 0 925 888). Certain
35 techni ques based on the so-called "ITft-off" principle also enable a
thin |l ayer to be separated fron1the remai nder of the initial support,

- Wi thout necessarily 5 consumn %ose net h P nerally ke use of
cheni cal et@PRFYH | hy- seTIé‘E% E/h% ag%{a?{%ﬁ Yi ‘ﬁ ?n‘éﬁ?a?gal ayer,

' OFtIOPﬁlgy @§§@$¢@¢e@t@hiﬁgti&tlﬁ@péebattbﬁeby oechabucakdf orces. That type
of method is

i d f
vari ous typﬁ%t%#m%%%%%spf%i%%uégp%gén%;? %Séé&f?Eéélw ngggg?fzngnaag
Phot oni cs Tephhitagyon Vof . m8&chd2i ¢4991prcad23) Thas evbehef exbhpfels
docurmen ayergt§g$ g?@e 4§sSGLl bes, gaﬁgfé P9n yff?aVSePém@nEéaSBUES along a

buri ed nmade” por ous by nec ani nmeans represented by a jet
of wat er unﬂ@rl©m@s@np@8agbl$@Hp©ﬁtthée©|@rn?@WP6¥ltﬁE azonéEEE be cut. A

j et of COWpfieéﬁ@Qc@ién&aQnéﬂ BRoPEnYS8dTaRNIESEY bedli n3docunenbokR 2 796
491, or it 1s also 15 possible to exert traction as in document WD

00/ 26000. 1%2%hn al so be appropriate to insert a blade. Oher exanples
rely on a zone ofsWeaknkess ektapbed dbyumentaRPadi 6B5 A8Butlesamibesobt ai ned

al ong is zone, of, weakness, -opt I 20
W h thE SpeoFriBSnEAnarar Gbphyl RO rbRalroaP rophesea, TavER PALE OF Ve
(or other siushma@ansdrand/ by mhehanatalemchnﬁgrapuﬁéenhédteréaﬂﬁﬁnts etc.

A few exanpl.es e bef d t S-A 5 374
Soa”(or EPL AL 0vah5T SE e S BB BB e e VO
00/ 61841. NageeOuS h@aﬂstcanAbéeédéﬁtéémPéeﬁﬁPégéFroFa§s§9§P b@uP?Fﬁg al ong

a zone of wepakpessyifbg [AURCEAREABNER 2 796 491, or it is also
15 possible to exert traction as in document WO 00/26000.
It can also be appropriate to insert a blade.

Other examples rely on a zone of weakness obtained
by implantation. A cut can be obtained along this zone
of weakness, optionally by combining said implantation

20 with the specific means for applying mechanical forces as
mentioned above (or other such means) and/or chemical
etching and/or heat treatments, etc. A few examples of
such technigques are to be found in documents US—A-

5 374 564 (or EP—-A—0 533 551), US—A—6 020 252 (or EP—A-

25 0 807 970), and WO 00/61841.

Numerous means can be adopted to trigger or assist
cutting along a zone of weakness. The four documents
US 6 020 252, US 6 013 563, EP 0 961 312, and
EP 1 014 452 provide more explicit explanations of, for

30 example, mechanical forces in tension, in shear, in
twisting, heat treatments using a wide variety of hot or
cold sources of heat (conventional ovens, light means,
lasers, electromagnetic fields, electron beams, cryogenic
fluids, etc.), laser ablation of an intermediate layer,

35 etc.



US 6 Q20 252, US 6 013 563, EP 0 961 312, and EP 1 014 452 provide nore
explicit explanations of, for 30 exanple, mechanical forces in tension, in
shear, in twisting, heat treatnments usjng a wide variety of hot or cold
sources of heat (conventional ovens, light neans, |asers, electromagnetic
fields, electron beans, cryogenic fluids, etc.), |aser ablation of an

intermedi ate | ayer, 35 etc. ... . 6 Technical prqblem and presentation of
t he i nvent ikashrigall Rrabhem fdyd PRESYHiGHICD ;ﬁﬁ%&mi nt roduct i on
tnﬁyer_t hel gss pE qsffgwhtla@egxlt ?jfglﬁi@ﬂ fdeg:cl}}rdir@yd:caml@ﬁqtjfon'@i:mm ques based on

i nni ng down chani ca ,_..chem ca tc, ...)_suffer_fromthe
dr awback OFHQﬁéaiﬁﬁH@Iéﬁﬂx§§€Fﬂﬁ%ﬁrﬂf%%%ﬁbseFé éﬁ\ﬁﬁ%é?%%g penal i zi ng
econom cal ldrasyeakisng. Such thinning techniques are also often quite

difficult and expensivg.ed . dd T QTefn: LOTRIARAL (RN hases an, appl i ng

extern mechani‘ca esses (shear, tw sting, bending, tension, ...)
suffer frothamiecalrlanbatic of - genedwl 18x rigeRi rihRy HEEFIDh Yol ecul ar or

ot herwi se) tdiatd e Uldd Gt 51 StdPND dibsthBa @y Oivh tuteaké ng under the
stress needed for rupturing the weak zone. A nethod for obtaining such
adhesi on i slPWl_l?aﬂl%'yseCé?}%ﬁW%ﬁﬂ]elY PR HID e act R Py Fret hods or

appl i cati onse vH fduel sl BEd & o aery ey ed £f £ spekd fandt éopsng eve.

i npossible to heat, |q$ossible to 20 use specific solvents or other

cheni cH s, 59ﬂdd§§%%ﬁ%? o apply traction to the structure because of the
risk of destroyidigp sensidny eozoapomerasplying  extrexesl anechppl ¢zt i ons,
Lechni ques hased.on (anneal | ng: and.o! her,hieas, tégalient s, conespagai nst
25 inconpati i T y W rai sing tenperature, e.g. the  tenperature of the
final suppoftomnthehidrawbrck agkroere¥al b Feebr M PIFeFleRanpl e, the new

support may(RotedElar or otherwise) that is sufficiently strong to

15 avoid breaking under the stress needed for rupturing the

weak zone. A method for obtaining such adhesion is not
always available in certain manufacturing methods or
applications which are subject to very severe
specifications (e.g. impossible to heat, impossible to

20 use specific solvents or other chemicals, impossible to
apply traction to the structure because of the risk of
destroying sensitive components, ...).

In certain applications, techniques based on

annealing and other heat treatments come up against

25 incompatibility with raising temperature, e.g. the
temperature of the final support on which the layer is to
be integrated. For example, the new support may not be
capable of withstanding the temperatures required (this
applies to plastics materials). By way of another

30 example, the incompatibility can stem from a combination
of materials, in particular because they have too great a
difference in thermal expansion coefficients which would
cause an assembly that is not sufficiently uniform to
break during a temperature rise (this applies for example

35 to a structure combining silicon and quartz) .

Techniques based on chemical etching are aggressive

and this can make them incompatible with the final



capabl.e of ‘wthstanding the tenperatures required (this applies to
plastics materials). By way of another 30 exanple, the inconpatibility can
stemfroma conbination of materials, in particular because they have too
great a difference in thernmal expansion’coefficients which would cause an
assenbly that is not sufficiently uniformto break during a tenperature
rise (this applies for exanple 35 to a structure conbining silicon and
quartz). Techuprpes dasdd dn Wireriawgr dehitpriiendd el's%%% and this can

make them i r&ﬁg&%&taé&@ Wit Ry idie ddiddnehisdinaRdd rg[wwlaahré&@ylmer for

transfer is integrated, or With conponents that mght already be
present on RELFTRyT %’l@ﬁﬁ]g]qu%Tt‘her combi nati ons, docunents US 6 013 563

5f alnd Ef‘ 1 8/14 45:|3n SeSEt | DenOF d@ﬁirmst%&?mdq%t%méz?s&dmm (ap;a)lsmsmg beans
of light_and/o ect ument, U 13 563 refers to hng a beam
of photdns HH /Egl? @c‘?r%?@o FOrRT o WA The S %?Seaggf%cu%nent EP 1
014 452\despap¢ﬁ¥ﬁngrbﬂimm oM Nﬁghﬂl&nﬁﬂmrzﬂln¢¢zpwssource of photons (X
rays, UV light, Aféwér?t hé Ahto14 dgaraddight, %ﬁﬁvﬁgeé pbiRess, etc.

...) is suitable iving rise to separation. | ement at 1 on
descri bed wIOtL@RINE ca@eelwworé‘s(aw%rdelf dferkedlp W%%e%tﬁ%%‘tlr%n of

sai d intermedi at epdAREntvi e 1(514 epsls ddwcaiidors hecs@l o weidlg daser
pul ses of relatively high po nmost preferably for ener% %:};Rj/gnsi ties

lying i+° theall?kéh‘@’éaliloog?h‘w‘?j I%‘%OE)%‘FS s c Y i HERE - ( § and 500
M)/ CVB11) anpllgﬁt,reixaﬁra/ﬁéd/ 1igg, did@tdwvds predesed) yefor durptisns |ying
in the 20 ra.&EF%?l second én to 1000 ns,_.and mosf, referably for

durations |yY O¥é%bVl %S? QIﬁFQFt3tlﬁ%e authors al so state
t hat that neidmlbrméntmtpi@medmmtﬂmdr\dq&mrmwgeaala&@ry far gexampl@t s of

energy to be..fgld ﬁsefaé&%ﬁfgti&w&@rééfdsm§@frﬁeé{%tb§ygfaeoﬁ§eﬁ 25 of
p055|bly damagi ng t ayer t Is to be transterred
leads the authors to prefer using laser pulses of

relatively high power ("most preferably for energy
densities lying in the range 100 millijoules per square
centimeter (mJ/cm3) and 500 mJ/cm3") and of relatively
long duration ("preferably for durations lying in the
20 range 1 nanosecond (ns) to 1000 ns, and most preferably
for durations lying in the range 10 ns to 100 ns"). The
authors also state that that method of implementation
requiring relatively large amounts of energy to be
delivered in order to operate suffers from the drawback
25 of possibly damaging the layer that is to be transferred.
An object of the invention is to provide a method of
cutting along a zone of weakness which does not rely on
raising temperature or on chemical etching or on
decomposing said layer of weakness (whether by ablation
30 or otherwise).
According to the invention, this is obtained by a
method according to claim 1.
In the method, a layer of weakness is cleaved by
injecting a pulse of energy into the substrate so as to
35 generate a sound wave of amplitude suitable for causing

cleavage to take place in said layer of weakness.



An object of the invention is to provide a nethod of <cutting along a zone
of weakness which does not rely on raising tenperature or on chem cal
etching or on deconposing said | ayer of weakness (whether by ablation 30
or otherwise) . According to the i nventfon, this is obtained by a nethod
according to claiml1. In the nmethod, a | ayer of weakness is cleaved by
injecting a pulse of energy into the substrate so as to 35 generate a
sound wave of anfudh wensthedbl® 3190 R HPITVEVEGATPIEHKEDI Bt i n sai d

| ayer of weaknessar S el @ BLHO1 51 @k 5P @slvant ageousl y associ ated with
the characteristics of clains 2 to 25 The invention al so provides apparatus

for inplenmentinge ETHRARLE R bFORLVIFET PRI M265°C 5 The apparatus is
advant ageoushyl &hehthend Yiiee spechdd esiroposeny, ohe wfie céhaim 2¢.to 29.
Description of the figures_ The, characteristi a es of the
invention 10 app %ra%%?¥%ﬁu?rb%1?%%9?%ﬁ$%é&%%yd£§c€?%t|%§ referring to

t he acconpasyenpfieduirsany emechf cFRgus el t® @a9section through the set
of sem conductor and insulating substrates after inplantation and
bonding; 15 Figure 2 shows the relationship for energy deposited in the
mat eri al wheasthépehenrgyfithelehtgy¥@d with a laser; Figure 3 shows the

sound wave at a gjyepnhRstestist dokhend oadv@ht dg6urye Ph¥) in28ntibhgure 4
shows the sound wave behind the br f of the %elation hip

ak.in, th or m of
P(X) ; 1ﬁigu?EP§a§h%ﬁEt%5p5F%Tu%h?o?oﬁ%%%%?$iﬁ@sﬁﬁépﬁ§oﬁyre §58F"BulSe; and
Figure 6 shons appamphnsihgrfdeposit ingwenergy 25 when using an el ectron
beam t o heat the.sHEéggg Ha er _of

S a section through the set of
semiconductor and insulating substrates after
implantation and bonding;

15 . Figure 2 shows the relationship for energy
deposited in the material when the energy is deposited
with a laser;

Figure 3 shows the sound wave at a given instant
in the form of a curve P(X);

20 . Figure 4 shows the sound wave behind the break in

the form of the relationship P (X);
Figure 5 shows apparatus for depositing energy by
laser pulse; and
Figure 6 shows apparatus for depositing energy
25 when using an electron beam to heat the surface layer of

the semiconductor substrate.

Detailed description of one or more implementations

In a preferred first implementation of the

30 invention, the procedure is as follows. The gtarting
material is a semiconductor wafer, e.g. of silicon (2)
(see Figure 1) having a thickness of about 500 um, which
is polished on one of its faces (1), and protons are
implanted in said face at an energy such that their

35 penetration depth into the semiconductor is a little
greater than the thickness A of the thin layer of

semiconductor that is to be made. For example, to make a



t he sem conductor substrate. Detail ed description of one or nore
inplenmentations In a preferred first inplenentation of the 30 invention,
the procedure is as follows. The starti ng material is a sem conductor
wafer, e.g. of silicon (2) (see Figure 1) having a thickness of about 500
gm which 1is polished on one of its faces (1), and protons are inplanted
in said face at an energy such that their 35 penetration depth into the
sem conduct dravieyr &hdt tilse akpudatlet™ FdH The RIATORFe SEEX WS K& 3R n | ayer

of  sem conydQfy dRtaHsud @ 52 KiRdR] RHoreXVTL, (Kev)make a 9 | ayer that
is about 1 pmthick, protons are used at. an ner of , about 150

ki | oel ecton vol ts"-'%'(q?eﬁ\%f.teﬁ'rer e e th SR '%esu(b@t rfate (4) is
prepared, anstdparndie exaihmire tdfeowxdnpld gl irhilsidgurea 1 Blsighsits & e of
silicon covered.in.a layer.of . S0 | NG tyvpj.cal jsckn ; few
tenths of a Srﬁebcsrtorr?e % roéé/ 'ﬁ'nlelrlecéﬁ ecf?\}b%éed" gurﬁsat rlaat%)ee gza(c_)Aft 2{4 nl?éz ?‘agrl gtgb %nded

t oget her by twliemil grhiainessoriug Meva tastvd athat CHRetstel | known (see

for exanpl e the waideca36M,CONACt QLW Bled O HQHH N9 S haul

Technol ogy" by QY. Tong and U Cosele, a W]ey Interscjence Publication,
Johnson W &Pethssndy mrlequlampdhsiipiudbsinthé Bigdie i BYure | b.
This Dbl ock 411 hatbudpse heateathiigom die Wole Bediasmdictde wafer

sem conduct qr fer (2), i.e. f.ac 13) .sh in,Figure,l.b. The purpose
of the Hlat %ﬁ"@@q Cr])aﬁ%cee ﬁﬂeé k%’?é‘é@r X)rlk%gyv{%ic?{ggsa% IEf;‘ffect ed by

t he heating,cdsdle, tdiwi ber nhrwecesisarge | Tuloridert tan gefsrsgen thiel gouhd wave
that is to bseorlljssedh{é)r breaking the inplanted |ayer (7) 20 weakened by

i npl antati on or" by anx) other neans. To heat the |ayer of thickness so

beneat h the surf ddelg I3oduges schedeladarshaw i ipl BBHES ofP conB ¥ ose to
i npl enenti Ny SQONSE altery O WL S Hd LM q COMSH T 1N SE rdde ad B EAUSE St he
expanst f_’? bsuetmj'fchénsdtfc?tnogcwcéjgegnl2/) ,i ni .tg].e gk?é r?a?c]:ce a( 1S3O)unsqaown in
Figure 1b. The purpose of the heating is to raise the
pressure in the thickness g, affected by the heating, with
this being necessary in order to generate the sound wave
that is to be used for breaking the implanted layer (7)

20 weakened by implantation or by any other means. To heat
the layer of thickness g, beneath the surface (13), it is
necessary to implement or come close to implementing
"constant volume heating" conditions. Heating causes
expansion, but this can occur only in the form of a sound

25 wave propagating at the speed of sound. If the heating is
performed in time t shorter than the time taken by the
sound wave to pass through half the thickness of the
heated layer (of thickness equal to g,), it will readily
be understood that the center of this layer will not be

30 able to expand throughout the duration of the heating.
Heating is thus performed at "constant volume", providing
the following relationship is complied with, where C is

the speed of sound:



25 wave prbpagating at the speed of sound. If the heating is performed in
time t shorter than the tinme taken by the sound wave to pass through half
the thickness of the heated |ayer (of thickness equal to Eo), it wll
readily be understood that the center 3 this | ayer will not be 30 able to
expand t hr oughout the duration of the heating. Heating is thus perfor rred
at "constant volune", providing the follow.ng rel ati OnShl%]éalrS co

with, where C is Thenordresy of masmdude dme) fescbip B n| tude

inplied by this dahaidaansp tl'@é Qléhliﬂ'dlﬁtleﬂblbaméﬁte aesditd wad ettertt a
sound wave that 1is ver short t hree-di rre si gnal space. Specifically, it
i s deened that {HH% sfléo t}r%qué]ﬁee Wf'é}ﬁltcﬁéa GFEt9%n of the energy pul se
is less than or @pedfﬁcsaalmy,orﬁerlsasdémdiwmiu arhireeidedsdtyl sf islind wave

to pass_thr h the hlckness t he _zone that Sory Qyf of said
pul se, said i Ry B Fhe? gythseeleen e@ élﬁsceggls% b%esté\r}enaer?to t ake pl ace
in said meaktlze)rmmdmztdenrmrthe) dnsaleon reddte IR R YR i S

effective, i &ﬁgﬁ?ré’hé %hﬁ&ﬁ&@eopftwezo%@émck%@%bs&ibmmtude as
thethlckneslg ‘{o}?"c | ayer that is. to _ be detached, which is of

ni cronet er cﬁ%l%‘?gy 12f i g2 g s@il%ovﬁ'ﬁ%%ﬁuﬁ? P A RRIFTY L] con,
the speed oftdS-seuede]savigltt 2xddlde NBleds ilersasm:om:h}( nmend). The above

relationship thus_indicates that the .d |on of si_be of the
sane orH®r as or %‘ho‘??‘g RS WS tl’é%d% S ETRbT Y I%egésg%ﬁa%m {% whi ch
is extrenel yebfe@tflvé)ut1t1\/r11£meczmsdimr)aclfmev%dtusbﬁgo§pébeasam§s@ﬁ-‘§le€§r 20

el ectron beagp.. Qnee. (e abouke CoNdLLIORS A1 Sald S, he. apldtude AP

of the sounao i'h-conpressi on or expansi on ca expressed by the
G Unei sen r ébatderached - wikigh-is of mlcrometer order. It 1s also

known that in a semiconductor, e.g. silicon, the speed of
15 sound is about 2x103 meters per second (m.s"!). The above
relationship thus indicates that the duration of the
pulse must be of the same order as or shorter than 1 ns,
and preferably less than 0.5 ns, which is extremely brief
but which can be achieved using special lasers or
20 electron beams.
Once the above conditions are satisfied, the
amplitude AP of the sound wave in compression or in
expansion can be expressed by the Grineisen relation:

dE
AP = —I‘p
2 dm

25 where:
[ ig the CGrineisen constant which for silicon is about
1.5;
p is the density of the medium and is about 2.5x10® (S.I.

units) ;

30 gg is the variation in the specific internal enexrgy of
m

the medium. It is equal to the impulse heating per unit

mass.



2 dm 25 where: F is the Guneisen constant which for silicon is about 1.5;
p is the density of the nmediumand is about 2.5x103 (S.I. wunits) ; 30 dE
is the variation in the specific internal energy of dmthe nmedium It is
equal to the inpulse heating per unit #hass. 11 By way of exanple, it is
assunmed that the inpulse heating gives rise to a tenperature rise AO = 75C

[0 silicon havigg spectil ¢ ligdh of 10 75 Loul 89Per 0" A MLGROl ves: dE

5 - = 5.62x104 ( eSe values in above

equation, i§da$i0undelhali s tWPiCRlrPeessUre S st0ngegaBascahs (Mra),

or in other mor&s 1705 kilobars (kbar). It should be observed that this
wave anpl it wdéiconehaviipige mpetcad iicn hed@tt kb 0o7m ghudegapsirograims of the
same order g%BﬁEQnLtudq as the cohesion strength of the material, and that
it is ther®3 ¢ & V&5ind likely to break the | ayer weakened by ion
inmplantation. Finally, it shguld be observed that such a high pressure is
obt ai ned nerely by a nodest—35 =t &npéxattr éSrIseuritFbC at the point where
the energy is deposited, a8 that as soon as this energy di sperses into

t he thickness of {he substrate, Hhe te gé%éyre rise be%ggps l.ess than 1C.

It is thus genui AESFFEEHSE V4L F ek S E6CH= RS d&1 df nati on.
20 The soundowaveftdran depgpdsain prewsiire depddist eegagrecgyl s s(MHastri but ed

i 5 TEASCP e, il B AOSS Wt hleRapil e sener i e e
observed that this wave amplitude, when implemented in

10 the form of expansion, is of the same order of magnitude
as the cohesion strength of the material, and that it is
therefore of a kind likely to break the layer weakened by
ion implantation. Finally, it should be observed that
such a high pressure is obtained merely by a modest

15 temperature rise of 75°C at the point where the energy is
deposited, and that as soon as this energy disperses into
the thickness of the substrate, the temperature rise
becomes less than 1°C. It is thus genuinely possible to
speak of a "cold" method of delamination.

20 The sound waveform depends on how the deposited
energy is distributed in the material. If it were
possible to deposit the energy in zero time and if its
distribution e(x) as a function of depth x in the
semiconductor (2) were of exponential appearance as shown

25 diagrammatically in Figure 2a, then at said instant the
pressure would be P(x) as represented by the curve shown
in Figure 2b. 1In reality, the distribution Po(x) is
deformed by the prorogation of expansion throughout the
duration of deposition (which is never instantaneous).

30 This initial pressure splits into two waves, one
going rearwards (in the increasing x direction) and the
other going in the opposite direction, reflecting on the
free face, and then also travelling rearwards, but this
time in the form of an expansion wave. Figure 3 shows

35 the complete wave at a given instant during its



sem conductor (2) were of exponential appearance as shown 25
diagrammatically in Figure 2a, then at said instant the pressure would be
P(x) as represented by the curve shown in Figure 2b. In reality, the
distribution Po(x) is defornmed by the prorogati on of expansion throughout
the duration of deposition (which is never instantaneous). 30 This initial
pressure splits into two waves, one going rearwards (inh the increasing X
direction) apmopheatboherhyoigly the thedbypos?t e dlt e€ilbrbe rePFEYERg on

the free f ﬁéta@ﬁetbggafl§ﬂbﬁi§¥eli'@9 Flear yes she b th hilse &hfee] n the
form of an expansion wave. Figure 3 shows 35 the conplete ve at a given

i nstant duri g 7eEC12WREoRabatPRFCERRBUGHIEFR 1Y tAFeD) T 1T 9T Be
observed thgéahheespbrbibI®UESE, theehe&@ﬁn@rfﬁ bEngaisbi t hercurve, 1S

zero, which |s necessar ce the laser or_electron bl e for
the heatPng +8P% Sﬁuaswg%%rgh% TR 07 VRS the® Qe%ngﬁgglmgggﬂgégches t he
i mpl anted | Byeer whibsee biveakkhggsstesssi s assaamreeldtbObleeTT t blednt blee wave

ol e T ceFug R0 EeA el ?89&&5&%% PROUPh B E40UEE dnofiusn (he

i npul se receive ts support (4)_1s not _zero,
causi ng SaIdFPGBEQt® Ibuﬁe éP@c%@EubﬁelﬁﬁF§b%%@ bWhEP% 16YF6mé5g

exam nation ghghgy {hg & §§o£é3l4931slﬂ8ﬂ|§@r6?a&§ds1h@ ssigheussabove t hat
the heated thickhess _should be a gut 1 m corresponding to a nmass of

mat eri alOof BB0BI2t8R18L 419VafBSPEr square centineter 15 (g/cn2). Thus, in
order to achi eve therabeyeiswst hanedaminpuise dEnpewatbeefacse (dB)75€ it is

necessary foa@%ﬁgSFs 9%E§ddeni£t¥ﬁo%PéQ$ ?Oggétgha QRQU%e§t§§X1O 4 J/ cn?.

Thi s i deal Sépara ayer froma wafer
of 0 300 nm thickoakd subhil deb&oabohe 20pmaseorpaSBendnn9Ié@taomaﬁéanlto

have energy gF RatdriaiObe LBohiEds! b¥iold Jiimdeeeesainah uaacttelel gher
ener gy because O? ﬁe expans] on ich occars while ener gy
15 (g/cm?) . Thus, in order to achieve the above- mentioned
impulse temperature rise of 75°C it is necessary for the
energy density of the beam to be about 1.87x1074 J/cm2.
This ideal energy is very weak. In order to separate a
layer from a wafer of & 300 mm, it would suffice for the
20 laser pulse or electron beam to have energy of 0.13 J
(ry.

In reality, it is necessary to use much higher
energy because of the expansion which occurs while energy
is being deposited and also because absorption does not

25 take place in ideal manner, i.e. it includes a
distribution tail which is ineffective in raising
pressure. In practice, the energy needed to separate a
wafer over @ 300 mm is about 13 joules.

In order to deposit the required energy in the

30 surface (13), it is possible either to use a very short
pulse laser such as a yttrium aluminum garnet (YAG)
laser, for example, using one or two stages of
amplification and a Q-switched pilot with wavefront
steeping by saturatable plates so as to achieve pulses of

35 0.1 ns to 1 ns duration. For higher energies per pulse,
the final stages of amplification may be made of

neodymium glass. A setup of the type shown in Figure 5



i's being deposited and al so because absorption does not 25 take place in

i deal manner, i.e. it includes a distribution tail which is ineffective in
raising pressure. In practice, the ener needed to separate a wafer over
0 300 nmis about 13 joules. In order tdeposit the required energy in the
30 surface (13), it is possible either to use a very short pulse |aser
such as a yttrlun1alun1nu€§%arnet (YAG |aser, for exanple, using one or

two stages ofs I iFRtcainesh arftl &AW AHERPIAT 1 wilth IERETT it

st eepi ng by SR athe kséaﬂlﬁe@)scs@smaxmea&eemﬁal@itﬁ&@ 1 nsto1lns
duration. For hi gher ener S per se the fin sta of lification
may be nade AP It gilg‘P SR RHE YR Sh %gure 5 13

is tEen obt ad ekt A Syt dve s Igm&as eLsi,B(L@ TR NVEsng (premmlu-z@ay he beam (9)
so that the tgﬁ?n;kﬁg%/]ede%n;lnt%% &8 159 aﬁl%géreé%lb%qﬁigrgg&yeéeg dljlée sur face

(13) whose s gre mm uSi ng pres
t echnol ogy. Gneer thesmppar @iasa hesvdeamgtetcupse the 1l%e€|tmb’é1a$ﬁ he&i ng a

wavel engt h Cé&%f—‘lé& wi 00 E‘Hémé%m P%%éaé&@lﬁgmﬁ@@wéﬁam

constituting the substrate en this sem conductor.is ma
silicon, if t3he MoEn n‘ifbb%nﬁ’%‘éort‘%u‘b'éo{lsje%l ‘Eﬁ‘@%c‘?‘?fl%h‘éﬁnabﬁg 'bl?‘f' on 10

woul d take Pl age W%e@nmfbtm%as@@fdﬁb@@ttl}lﬁothnn d\bﬂs@hpti;omruch t 00
great. ]n orderH%o reduc t he thickness €% t.he ener eposiéboqh it is

necessaty td"of r%%{%eei? RCAERETht T ORS¢ e TR Ty This Cahitbe done:
15 1) by douhiaig,id rryodh ngoo qumaekitupl i g cbh@e:friecqm@yceotthehe | aser beam

ustng he naybeLlokoolp Lgehmanep abgsed onnolk || seaicelisey abates: 2)

surface doping, €. i oni cal hosphorus or enic in
order to redum@re@se S‘IIDQ’IQI?S@mtl('Z@ @ﬁu@hﬁ? ﬂ&@@h@@ é%bor ptidd @dnthe 1 m
wavel engt h; ) depositing a thin absorbent |ayer on the face

15 1) by doubling, tripling, quadrupling the frequency
of the laser beam using the now well known techniques
based on non-linear effect plates;

2) surface doping, e.g. by ionically implanting
phosphorus or arsenic in order to reduce resistivity and

20 thus increase absorption at the 1 um wavelength;

3) depositing a thin absorbent layer on the face
(13), e.g. a metal layer having at thickness of 1 um.

To deposit the energy, it is also possible to use a
pulsed electron beam (10, see Figure 6) obtained using a

25 pulse diode (12). To ensure that penetration in (2) is
of 1 um order, the energy of the electrons needs to be
limited to about 30 keV. For a surface of & 300 mm, in
order to deposit energy of about 3 joules, and taking
account of the better absorption by the medium (2), the

30 current delivered to the diode should be 150 kiloamps
(kA) which is achievable.

In another preferred implementation of the
invention, given by way of non-limiting indication,
energy is deposited by means of a 1.06 um laser beam as

35 described above directly into the implanted layer (7)
where it is desired to fracture the semiconductor (2).

The description relates to the case where the



(13), .e.g. a netal layer having at thickness of 1 m To deposit the energy,
it i's also possible to use a pulsed el ectron beam (10, see Figure 6)
obtained using a 25 pulse diode (12). To ensure that penetration in (2) is
of 1 morder, the energy of the el ectror3r§ needs to be |imted to about 30
keV. For a surface of 0 300 m in order to deposit energy of about 3
joules, and taking account of the better absorption by the medium(2), the
30 current denierethawot he)diiodecatgul s 180 %ilismarps IR viiath is

achi evabl e. d.y gogt het dﬁ@}{&f rech AP AITRN AL 11 e ofad %vélré/rﬂjﬁh onit gi ven by
way of non- I|mt|ng In ati on, energy IS ﬁEpOSIEﬁ} ?/ means_of a 1.06 m

| aser beam as® FPIERNG bl ERRe W SAYSE i htlo 1h Shted 9 (7
where it is gagdy e t o )f naet irvuhires sed conduet arhe 2£)ace Thoes )desrcrukm ion

rel ates to t he case ere sem condu e
silicon.®> G VREPIFHLE 95 Co%‘?‘éa‘?taaf%eer %&aaﬁ%ep%réegn%t rﬁ)“f%ééﬁ £ éerngth
it is possiddind mataa:cahllwenm@lyenoz(é)hlghlyheamlmnmfthm the ack (2, 4)
by |IIumnat1n h f r %ﬂg %Q&F antage is
taken of the |$Fp afnt%dy%%e/le’r erlg @enrgtlulﬁgﬁ nmuc £§eg I g 1frg?éjafabsorgent
than the insind prosens, elenisnehse r@ﬂ%’i’ﬂkalﬁ!d?pllsncﬁ)@#%ﬁn@bﬁ usi ng
protons. It éﬁs&f?@lcﬂ?s%%ﬁgif WC{ #nt {18y f&@@r&flﬂ&b@mﬂ% Yoby

pho

i npl anting ions sphor us ‘or arsenic or_ of any her abl e

el enent10t ehairgenye %S%ch’ v%%IYtCPl e{m%‘e%' g?ﬂc% %}?‘E‘%}ﬁ%tani she uje(5

expansi on e eplsd ek &dl tﬁa@h@:@dei%@@ht@ﬁtc@b@t@&:ﬁ\@@b; nt}télee:mmsammg case,
ot her paraneters re entlcal therm)e € tation is
sinmplified sfht® ?Ym#s %o S ?%%g%‘?l%%cesas%r?/b%%l%%&slr]}r)lje é;t the layer
where the er;eregcyedmglecp@setedtherplaeaametpemtmmalenlmlmle*@ilqi%ﬁyer si nce
they are now, &P@h%ﬁﬁggoayf$ 1Rk 5e GE $O9s] 'QPM§d§fhe@r§§§8éslﬁhfsaﬁaantage

of not requiring hdi operation ose traction strength nust be
very high. longer necessary to ensure that the layer where the

energy is deposited is parallel with the implanted layer
since they are now the same layer. This disposition also
presents the advantage of not requiring the bonding '
operation whose traction strength must be very high.

20 Each of the two portions that result from cleaving the
implanted layer (7) receives a clean impulse. In other
words, the bonded interface (3) is subjected only to a
compression wave, providing the face opposite to the
surface (13) has deposited thereon a mechanically

25 matching medium enabling the compression sound wave to be
received so that it does not reflect in expansion from
said face. This damper can be constituted by a plate of
silica having a thickness of 10 mm or 20 mm which is
permanently or temporarily bonded to the face opposite to

30 the face (13).

The invention can be used for industrial manufacture

of a substrate of the SOI type.



20 Each of "the two portions that result fromcleaving the inplanted |ayer
(7) -receives a clean inpulse. In other words, the bonded interface (3) is
subjected only to a conpression wave, Eroviding the face opposite to the
surface (13) has deposited thereon a ne ﬁanically 25 mat chi ng nedi um

enabl ing the conpression sound wave to be received so that it does not
reflect in expansion from said face. This danper can be constituted by a
pl ate of sidUAd¥Shaving a thickness of 10 mnmor 20 mm which is pernmanently

or tenporarijly sbepdedd ot heifacr eppasdse ihe 3hittha deae fbd a The
i nventi on can_be used for, indusftri al marluf act urgft% of a.substrate orf t he SO

type. 15 CLAWSETIALEA GfetiigPtoff TR E &M EadCTomd (HG TEC Fom a
substrat e ogthglledtaioniing &l epmntcalorcampoglestt ronisengor o ptheelmedthashi ¢ or

opti cal conponent Qr _sensar., t t.hod bei ized.din that the
fol | owi My st&pdare @ 3pi%ermen Cgéznnecfh%%mtglf géo\r}gamgféﬁgtfé#%gaﬁr el enent, the
t hi ckness dfmgllemamtald:zone corresponding to the thickness of the |ayer

that is to be cut, gffun@aRfl dlGedRG1d NG idHiA AichSIEMIHe & PldiGR N
energy of duration short'er than or of_ the sa orge,r as the ration

d
needed by a ofoume WA tZPFRSORIRRRIIE e B4 egshe absor bi ng

the energy ofyyadd dHYH s tsadd qud sefheiaigi of an energy that is selected
to cause 15 cleavage to take place at.s |ed Wetak zane, 2<§f A et ngofaccordl ng

to claith 1, characteiSdih YA 53k Worfe H's™ % por ous 720 3/ A
met hod accordlirer ton diedrhel; tdiear ant evfi 28tk isanehairdetheasvedke zone is forned

by depositiop. 4/. A net dc? of di ng 4 9, £l@1dB Ly shanacd gy 286k in that  the
weak zone iSC{LFroaﬁ:njiaod.1 brile%}?r% gbﬁfa%i on. %3’ ]pa 89 ,

thickness of the zone absorbing the energy of said pulse,

said pulse being of an energy that is selected to cause

15 cleavage to take place at said weak zone.

2/ A method according to claim 1, characterized in that

the weak zone is a porous zone.

20 3/ A method according to claim 1, characterized in that

the weak zone is formed by deposition.

4/ A wmethod according to claim 1, characterized in that
the weak zone is formed by implantation.

25
5/ A method according to claim 4, characterized in that
the implantation is implantation of phosphorus and/or

arsenic and/or protons and/or rare gases.

30 6/ A method according to any preceding claim,
characterized in that the substrate or ingot forming
element is made of semiconductor material (s) and/or LiNbO,
and/or LiTaO, or of a composite material based on these
materials.

35
7/ A method according to claim 6, characterized in that

the substrate or ingot forming element is made of silicon



5/ A met’hod according to claim4, characterized in that the inplantation
is i-nplantation of phosphorus and/or arsenic and/or protons and/or rare
.gases. 30 6/ A nmethod according to any greceding claim characterized in
that the substrate or ingot forming elé&fent is made of seni conductor
material (s) and/or Li NboOG3 and/or LiTaO3 or of a conposite material based
on these materials. 35 7/ A nethod according to claim®6, characterized in
that the sabdfpat 8i6r anddor felai agdérsnenf redNaEeCaAN &P/ ©8nSi6Cand/ or

Si C and/ or GaAy2nBLOLnknBrandheh, Gah ASE/ QI &b Ge oramst of LGanpouiity  Li NbGB
and/or LiTaQ3, or of a caonposite "material _based on these materials. 5 8/ A
met hod accoP@rRgied RAyepr eRelPR§ScMaFRFiatRaracterized in that after the

weakeni ng step, said elenent is bonded onto anot her support, the energy

pul se heing,injected.nto the resulting bl 10 9/ .A nmethod according to
claim7, chg/agt@F%§88 PR CPRar ot K SSXdPﬁﬁggglgén ?ﬁéﬁgf t he nol ecul ar
adhesi on typeaeacteyimedninothat adhesi tbegheekehdhgAskerhodad€cording to

claim?7 or [ , +15 ractekized dcRethatipbheth! egl esulti prifseom sai d
bondi ng inc%gggghg ﬁéyg%ggfﬁéggﬁoo?ggkgﬁ4h ona éonbingtion of these two
material s. being rokegedcdord et Fegm tprec®dPsE ¢l aim 20 characteri zed
in that the energy pulse is deposited by neans of a |aser beam 12/ A

nmet hod according to _any one of, clainsll,to710, characteg %%'in Ehat t he
ener gy 10ul s€/i & g&Y EFBF BEHIELN S I61 ™ The RGP ECELASha™ T3PTA et hod
accordi ng t @hanpopiaeediing bolndiimg ofhahac trerliezed aim adhats itdre tdweatoron of a

pul se is Ie%@ el L"%n $Qnesive glue.

10/ A method according to claim 7 or claim 8,

15 characterized in that the block resulting from said
bonding includes a layer of Si0O,, of Si;N,, or a
combination of these two materials.

11/ A method according to any preceding claim,
20 characterized in that the energy pulse is deposited by

means of a laser beam.

12/ A method according to any one of claims 1 to 10,
characterized in that the energy pulse is deposited by

25 means of a beam of electrons.

13/ A method according to any preceding claim,
characterized in that the duration of a pulse is less
than 1 ns.

30
14/ A method according to any preceding claim,
characterized in that the pulse is a single pulse.

15/ A method according to any preceding claim,
35 characterized in that the pulse is repeated a plurality

of times.



14/ A.method according to any preceding claim characterized in that the
pulse is a single pulse. 15/ A nethod according to any preceding claim 35
characterized in that the pulse is repeated a plurality of tines. 17 16/ A
met hod according to any preceding claiml” characterized in that the energy
pul se is deposited via a face that is perfectly polished. 5 17/ A nethod
according to claim4 taken on its own or in conbination wth any one of
claims 5 to 1, Xhetdsikrdzending thatamhereredpynputlssins deposited via

the Same faGs,, A% dNAL, AT Qualk i il | AR 00k {akespooea 148 A

met hod acco ng to any one alnms 1 to1 characterized in that the
energy pul s€dee depdsitePeriart hed e *hposite the face through which
inplantation is perforned. 15 19/ A method according to any preceding

claim har rized in that the ener ul i,s. deposjted el ective
absor pti%n dﬁr:}eia IT?%hOC?r?eC% %ﬁteo o&l‘-’l1 R E\%%]ferﬁgt@l? Jz%gz%‘?%Ao}fserf od
accor di ng t call@imtlin ohirtaciey i@ed oh ¢hatms thecsel ect ¢hvargcdsbrent
nature is ohtai opi | coLging to, £l @d e 18
characteri zte)ld—?i n %hgﬁmgt%%%%%%gﬁﬁon c|ﬁjs performed In aaC?ret al

| ayer. 25 22s Al Hdurudorwhiigh t Bnel & Phon chfeetelde®d in that the

sel ective absorption is obtained within a deposited |ayer. 30 23/ A nethod
according to claim21, characterized in that the se|ective a}t;iorpti on is

obt ai nekP wi tHh A PR \#HRREAHD P 1388 PRT P heetA 1B i &l
i mpl ant at i oneh 24 ctfe 1iet & di racelnd i tige tenayy ppeledi hy déposit8® from

et Pathe AT oIS £ e PHLEE L 2rSRBRSIASEh L hSlankdliGh paTt of 2

performed.

15 19/ A method according to any preceding claim,
characterized in that the energy pulse is deposited by
selective absorption directly on the weak zone or its

vicinity.

20 20/ A method according to claim 19, characterized in that

the selectively absorbent nature is obtained by doping.

21/ A method according to claim 19, characterized in that

the selective absorption is performed in a metal layer.
25

22/ A method according to claim 21, characterized in that

the selective absorption is obtained within a deposited

layer.

30 23/ A method according to claim 21, characterized in that
the selective absorption is obtained within a layer whose

properties have been modified by implantation.

24/ A method according to any preceding claim,
35 characterized in that the energy pulse is deposited after

all or part of a component has been made.



25/ A nethod of making an el ectronic or optoelectronic or optical
component or sensor, characterized in that it inplements the nmethod
,according to any preceding claim 5 26/ Apparatus for inplenmenting a nethod
according to any preceding claim chardéterized in that it conprises neans
suitable for generating an energy pul se of duration shorter than or of the
sane order as the duration needed to pass through the thickness of the
zone absor biaty tFhenetl® e gyeloifing #m QUASEOTREY P RRTAUIL HEIHR RF to

eodi U dopah s o o e F o ol e o ooy o e A
( . or _delivering pul ses, o uration
that 15 is adﬂlfglrﬂﬂeﬁj‘é(ﬁjstﬂye Jrhed %Wdil%rﬁ%@&g&?r%ﬁg a‘%aﬂf%'
aCCﬁrdlngfto fla|n126, characterized in that said nmeans conprise |aser or
a sheet of soljd lasers. 20 29/ arat us accaor.,di t I ,
charact €¥ | ze?os)i PPRIAL Y ﬁz‘?ﬁzlﬂﬁ%ﬁg CHut s cﬁ‘egt eoc?slléb%é)%%lsegna%ge?rg at or
del i vering aihessdinig etlectm onshdwea ngr tzatlirat | Omofilt reensecens weades .
suitable for generating an energy pulse of duration
shorter than or of the same order as the duration needed
to pass through the thickness of the zone absorbing the

10 energy of said pulse.

27/ Apparatus according to claim 26, characterized in
that said means comprise a YAG or a neodium-doped glass
laser suitable for delivering pulses of a duration that

15 is advantageously shorter than 1 nanosecond.

28/ Apparatus according to claim 26, characterized in
that said means comprise laser or a sheet of solid
lasers.

20
29/ Apparatus according to claim 26, characterized in
that it includes a pulsed diode type pulse accelerator
delivering a beam of electrons having a duration of

nanosecond order.



