WD 2005/ 013355 PCT/ | B2004/ 002693 1 METHOD OF

DETACHI NG A SEM CONDUCTOR LAYER The present invention
relates to a nethod of detaching a |layer froma
waedoesoiefssmat erial chosen from anong sem copgy§kRbanoreos
materials, the nmethod conprisihg the steps

consisting of: 5 - creating an enbrittlenent zone in
the thickness of the wafer, the said enbrittl enent
zone defining the layer to be detached in the

thi ckness of the wafer, - subjecting the wafer to a
treat nent fEITHOPO OBf PETACKHING e SiattaoRpeotromf LA R

| ayer, at the l'evel of the enbrittlenent zone.

Met hods of this type are already known. These

met hods PBeeniprasunt | dpersattionberobitained oM bh Aethod of

possy i ckness of -t he order. of m cron or |ess. :
15 e?a?%%ﬁ? %ra?/g %roffr%ms%mwégﬁauegopaﬁﬁf%ﬂ afhesRn from
as sitbhgoreniftmn GMARFCUEEELY i aet hothé &n@i]}o%%@:ﬁmb%iginé the
met i use of_ such steps. It is furthernore
spe%gfq?gggﬁ%%ﬁlﬁlg Sbfface of the 20 thus created

Payers shoul drgenéngl | yaconfaibRit@1¥RENt Stddifd  in  the
surf%ggkst at eg%pe ifications. |t is thus comon to
S

find FoUgRAes S Ts pet f i"CdfFons thanise ds hat il tfdement  zone

exceedibiangshe OMBybN [B5 Ko 0N+ MY SAUME) VAL M ss of
25 Rgughn SS neasurenents are generally perforned :
usi hgSak*5omi ¢ force mi croscope (AFM. Wth this

type of appamsabysctigygherss karBasyped; op syrfaces r..

canned th oint of the AFM m croscope,
16 e?%ecgyng g%é)detachment of the layerf?at the level of

the embrittlement zone.

Methods of this type are already known. These
methods permit thin layers to be obtained with a
possible thickness of the order of a micron or less.

15 . The layer may be of a semiconductor material such
as silicon.
~ The SMARTCUT® method is an example of a method
making use of such steps.

It is furthermore specified that the surface of the

20  thus created layers shouid generally conform to very
strict surface state specifications.

It is thus common to find roughness specificaﬁions
which should not exceed 5 angstroms in rms {root mean
sguare) wvalue.

25 Roughness measurements are generally performed
using an atomic force microscope (AFM).

With this type of apparatus, roughness is measured

on surfaces scanned by the point of the AFM microscope,



2 fromlxl pnt to 10 x 10 pnmt , and nore rarely, 50

x 50 pmt or even 100 x 100 pnt It is |likew se

specified that it is possible to neasure surface

roughness by other nethods, particularly wusing a

measur enent of "haze". This nethod has the

particul ar advantage of permtting rapid

characterization of the uniformty of roughness over

the whole of a surface. This haze measured in ppm
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of f by e, sur e A rop ghness

has bee%pnégtlﬁﬁg l%%héﬁgﬁéié%%ﬁg #E speC|#F€aA%3

ofmdQSapﬁeﬂlﬁﬁwmasramghnessybstotMRr|meuﬂmas, particularly

se duct or _fj n dis w | I i kew

Gt s BrarhE et e p ot 11 diorSThed TrRe o

ronghhéssibe as EhbﬂﬂgEﬂBDUS aefposspbkmlavamgthe rapid

sur 0 det a nent of the

|nven?$%E§Ef%§%a prov enﬁnéﬁo qi LHHQ§ %8FSS over the

roughhessfwhi ehrifacas honogeneous as possi bl e over

t he sur ace f_the detach 1S tao be note

t hat this sp§0|?ic aspect |s n Pm’tréafgﬁ Bvxﬁ&l%t?%ﬁhOd

netibodg, tB@C&p&ﬁdeﬂIaﬁmesth$tyopfmberU1dﬂDo&ZkﬁESéérface
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be aSSOCIatEd MAth the remai nder of the wafer after
1Cro=-rou

_@n o£tlcal

As has been mentioned, the surface state
specifications of detached layers are very strict in the
semiconductor field.

In addition, it is likewise desired according to
these specifications that the roughness be as
homogenecus as possible over  the surface of the
detached layer.

Embodiments of the invention aim at providing a
distribution of roughness which is as homogenecus as

possible over the surface of the detached layer.

It is to be noted that this specific aspect is not
treated by existing methods, such as the ones disclosed
in WO 02/05344 and EP 938 129 which do not address this
aspect of homogeneous rcughness over a detached layer of
a wafer.

Furthermore, equally strict specifications may be
associated with the remainder of the wafer after

detachment (this remainder being termed the "negative").



detachnment (this remai nder being terned the

"negative"). 3 It is certainly possible to provide
conpl ementary surface treatnent steps after the
detachnment to attain these specifications. These
conplenentary "treatnments may for exanple make use

of polishing, sacrificial oxidation, and/or

suppl enentary anneal i ng steps. However, it would be
preferable to reduce recourse to such conplenmentary
treatnments, _so_as_to,sinplLlfy, an accelerate the

| ayer mhht Sctar TAGTHY obRss Ehboai RERTLTG! Cope Srentary
i neenfeon seekithent espens 2Dtet hilse n@edachnment to attain
acggrggnge mﬁ%h attgrst aspect of the invention,

t her'€>F's B?Sviﬁgg a°ftBt hod of detachnent of a | ayer
from a Teafser cofrpiranenialy cChesetménnmseficcordutbdE make
mat er.i al

, the nmethod conprising.the steps.
ToHSPL Ty G TR PORRLLPES L0 cRafBYigne | qna/or
t heubhi.eknassryotnhbhelwatesrebhe said enbrittl enent
zone defining th | ayer .to be .detached in the
hi cknade SR he Wdier-0 SibFaeirng tRe Raf BRUES Focourse
t hebmalichr eatbatert s riperfcartmedetachoent 06 bth@olify and
| ayer, ~at the | evel of the nbrittl enent zone,
ch FS%%%WE%&W%\&FHSF DA A HLRE BF8RETON of the
enbri t tieitnezane, o8 thecalivzed ishardddlg tegirespehd to
thi%.zone i.s constituted, at the level of which the
entifi-tt 'Ef€nt zone local ly has greater

enbrittieneatcosdahlat thith startfngsteguebect of the

ion of the

corresponds to a super-entriftfed reqion of the .- -

a Jlayer from a wafer of material <chosen from
semiconductor materials, the method comprising the

steps consisting of:

- creating an embrittlement zone in the thickness
of the wafer, the said embrittlement zone defining the
layer to be detached in the thickness of the wafer,

— subjecting the wafer to a thermal treatment to
perform detachment of the layer, at the level of the
embrittlement zone,

characterized in that :

- during the creation of the embrittlement zone, a
localized starting regicn of this zone is constituted,
at the level of which the embrittlement zone locally has
greater embrittlement, so that this starting region
corresponds to a super-embrittled region of the
embrittlement zone, and

- the thermal treatment is performed so as to apply
to the wafer a substantially homogeneous amount of heat

over The whole embrittlement zone.



- the thermal treatnent is perfornmed so as to apply

to the wafer a substantially honbgeneous anount of

heat over the whole enbrittlenent zone. 4

Preferred, but not limting, enbodinents of this

method are the following: - tpe enbrittlenment zone is
preferably created by atom c species inplantation,

and the starting zone is preferably created during

the inplantation by local inplantation of an

over dosggfe AL CpEPEGES: 1:mi i det Aahumpal i
treatnenf i% préferablylther%%ﬁ éﬁnea |ng,e-mttshe0:E this
anmeahigare phef épabPyiperformed so as to apply to
the wafer ap.a it%flefn%%tt_ C%rﬁfsﬁg”% dQptCcreated
energy necessary for effecting the detachment, -

di fifieramniratpagled ehepl ansitiat,edafaciing thertwad epone
may; De, sel.ectively centr alled dupln 1 L99;

- détggﬁ%éht %& Eré erably ?n?tiategmg?g?ﬁggpggekg %?cal
t hémstlantiengonegfoandavengoaanedl ihgpic shecies,

det achnen V. e start] er

t he mholekgg?éﬁgﬂ%¥ tﬂ% e%%%#%% ghe%? §g%g?réggﬁe&%ﬁrmal
aspect s anpbpéttd, and advant ages of the invention will
becone no a rent _qn .readi t f ol l-owi.n
descripti%ﬁeogggegggP rﬁgbﬁgﬁggﬁﬁﬁgﬁtpb f?%%Eg so as to
i nveaptlivort,o nede wa fidr ref eamoget t of t heatccompasypdbnging to

dr awi ngs,,_ i ich:. - Fi-gur i.$.a.S ticC
QoD Bherbd HALERsary PN € el 3 AP NEM cnmenty
used i n - h# fifeventi digaticer respendisngsitusced ricing the

enmbodi nent of such a device, .- Figure is a nore
detf58d SBREmatre d§%é%%ﬁﬁvely é%ntr&%led during the
annealing,

- detachment is preferably initiated at the level
of the starting region during annealing,

- the detachment may propagate from the starting
zone over the whole extent of the embrittliement zone.

Other aspects, objects and advantages of the
invention will become more apparent on reading the
following description of a preferred embodiment of the
inventioh4 made with reference to the accompanying
drawings, in which:

— Figure 1 is a schematic assembly diagram of an
annealing device which may be used in the invention,
corresponding to a first embodiment of such a device,

— Figure 2 1s a more detailed schematic diagram
of a portion cof this device.

— Figure 3 1s a schematic diagram of an
annealing device which may be used in the invention,

corresponding to a second embodiment of such a device.

Creation of the Embrittiement Zone




of a portion of this device. Figure 3 is a schematic

di agram of an annealing device which may be used in

the invention, corresponding to a second enbodi nent

wofwowweissa device. Creation of the Enbritt!| geEizod@iRes

WO 2005/ 013355 PCT/ 1B2004/ 002693 5 A first step of

the nmet hod according to the invention consists of
creating an enbrittlenent zone, defining a |layer to

be detached, within the thickness of a sem conductor
mat er i alA wefierst 5 stiep wafer thay lbethdi@r acanplieg oto the

I ed -e nt
oh. foonca acopeiers dconoolmt ol LB LIVERIIAN scne,
SVAREGLT{RY a tdmesr ttei becdesbicbadofwi e re il ﬁ:hheimets of
20ng. 9B g fldactied bya mpl.gntati on of atonic

speci es ccord he®s ate of the art, such
3 npl ant aThQ)nvakxumal by, pEotorxatblsn af tsﬁllﬁiecfmne a .
uni form gongent r nof Iant ecies in
t he enbﬁ)ttgl g}r ﬁergone ﬁl S en%t nPFw ihvention which

| npbantesparidose s ta’ﬂisarmmtttﬁel ynetHodt hef seine EﬂARTCUT@
al | r softhee ri tlhe th
case%g t‘t‘:tgl PVt oNT t %‘ﬁpleg‘ﬁ’lrﬁ:%gﬁm?%t ﬁc’f‘ﬁe"-“ay be
contefﬁegt@@rhf:,ommﬂahyaltmcal by stemid Nporfies.

lantatio ver do pre erm ned re i on of
(?rrp wafer-® %nﬁnl sg?egl tg'ﬁt fogq’ t f§E,  such

recemp]aaxata’{g]rcﬁat &E dﬂ;ﬁ:&ll(lfy ap@ﬂf@rrﬁdlECISSS atshaﬂot Refine a
rerrainger of is.specified that this

t
| ocE™ ?rf)‘f‘a%‘i’rh‘“ﬁwm%&\‘?&r 885 TR R Gt e dPBGLRF rif the
i npkant i gl ddven tvafogk .

To this end, the implantétion dose is thus normally

15 the same for all the regions of the embrittlement zone.

In the case of the invention, this implantation is
on the ., contrary performed by locally creating an
implantation overdose in a predetermined region of the
wafer.

20 This region of the wafer will thus receive a
greater dose of atomic species than the remainder of the
wafer,

It is specified that this local implantation
overdose may be obtained by first implanting the wafer

25 in a spatially homogeneous manner, then by later locally
implaﬁting an overdose into the desired region.

As an alternative, it may likewise be envisaged to
displace the species beam of an implanter over the wafer
surface, so as to sweep the surface of this wafer.

30 In this latter case, the kinematics of beam
displacement over the wafer surface will be defined so

as to perform a spatially homogeneous implantation on



25 in a spatially honbgeneous manner, then by |ater
locally inplanting an overdose into the desired
region. As an alternative, it may |ikew se be

wansaaed to displace the species beam of @p,,e.00 02693
i mpl anter over the wafer surfé&ace, so as to smeep‘%he

surface of this wafer. 30 In this latter case, the

ki nemati cs of beam displacenent over the wafer

surface will be defined so as to performa spatially
honﬁ@enewasetrnﬂurﬂaﬁ?,one?@eyf)Z?QS/@$§35&e§a?ed specific
PCT/ 1B2004/.002693 . e, waf er syrface, except for the

des irgegéogp&&' Pi Ef‘%lF%g &n lisntdc?s\?vﬁlegh tet implgeti pagovgrdose
| nplaawtt addvev e@hd ok ethantmpbowies mhi £ Nintdd® 11 ABEANESE LStime
inngp%%hzed %og a tiqg ufficient to create this
overdose ST B nt e NS Ghiigar SVFBA9 S he wafer is fi xed

and it i8n thesiopiariesthbean whbChafsr disHiae8dankt it is
i's Eikemﬁsiﬁgossible to .displace the wafer in a

cont?'sl FBEIARRRErLeFh Mighalsi d28PReAA- 1 n al | cases,

the enbritt iemepkedDie gduis LAl Ldish el knkhYSrer in a
conpris regi on having.a locally greater

e
conE@ﬁFFSiﬂ%ﬂ BROGGHy| RCeRTIspeéined is locally
mani fest ed at it k@skeyeknef Jdufirs t+feglep anéhghus created

nbrittlement zone by a greater enbrittlenen
*Het Wedh tHBIY a§erPtiFped déesdREd Mvd noher 150pakty ogreater

of iacwates: con r&snapdiRgetosbbeid&Mai nder, so that
this region (which corresponds to a starting region,

as will BBigeds) lacadflva mapkfeahasy iat| sler dgiven off this

the re@iBhi t tdements Z0Rg - TR PaSiper - ittled region
is ngferably situ%ted 'Eb atet e pe??g%er?yof heggeater
waf SFLTARG 1 pEeasketvern cidre rbives poskeblietafhedeand the

1Bﬂpb%%E§B£OBfCEﬁéa%£§é£S&éﬁéesﬁéﬁafHQG@Q %%eoge%gggdgr, SO
that this region (which corresponds to a starting region,
as will be seen) is at a super-embrittled region of the
embrittlement =zone. |
_ This super-embrittled region is preferably situated

20 at the periphery of the wafer.

And Dbecause fine <control is possible of the
implantation characteristics, the creation of such a
region with a greater concentration of implanted species
is simple to perform.

25 ‘ The step of constituting the embrittlement zone has
thus been performed so as to create in this zone a
localized region whére the embrittlement zone has a
greater embrittlement locally, so that this region
corresponds to a super—-embrittled region of the

30 embrittlement =zone.



region with a greater concentration of inplanted

species is sinple to perform 25 The step of
constituting the enbrittlement zone has thus been
woenésmises so as to create in this zone a | pephd-6Efo2603
regi on where the enbrittl ement?7 zone has a greater
enbrittlenment locally, so that this region

corresponds to a super-enbrittled region of the 30
enbrittl ement zone. WD 2005/ 013355 PCT/ 162004/ 002693

7 This rBgion oégidre epbri ttHemeatbziond aMdnl:  zone will
con Lonal | y.be rmed t he "start,i egion”; ,th
rrea%igﬁ\ré&g %Iha?isl % e%)rsn vrfllE ?]fmeb%cc}%? apﬁggjé{ﬁgg region”; the
herweaaft@rof Ad st hiesmr ehl bnbedomd eapgidifentct hereMarter.

zone is , 5. 1qcalized; .it may f exanple he a region )
whi ch cozi‘/nedrsqéﬂhall'ﬁ3 afgarar s@ to?g%f “?I%%Jd:r fiegF zonme  is
Seveoabliegieest atay heor pexapbes ybof at R8gion which covers
enbg}ltztil enfnt zone. I% 53{51 li kgvvi se_possi bl e,

accordiig™ o &FC At 8FnhbPvBrieh thrmitVatitle deArees at the
spepéefipheegiam thkl embOi Bt Dameht hesmeri phery of the
wafer. In thi,s case, the angul ar, sector covered by

the startingSregtoffHERF be BeSSHdR-as 3BEIIRG] (e  an
W debtefnativess’ Eegi esndaMing: a teheWNsSE3DS d Sr%?!ilén all
losl_rml | %ub%tr antially less that one centineter. 15

r eAF TR FU7 PESLRBAFENDT e ¥He%enbritt| ement zone

has thusrbeeniscease)t uted highher wabetoW thBvkled by the

starting, region, the 20 wafer is subjected to a
t r eStAEMRS WO BRHeRE F THEh| a5 cto0t- PR Fheevidih of

t h?tl@ﬂ@" | tegRiFeNtnAARy f omdhen remabades sof (hhe  opaiy,
war er . ‘
substantially less that one centimeter.

15

Treatment for detachment

Once the embrittlement zone  has thus been
constituted in the wafer with its starting region, the

20 wafer is subjected to a treatment for detéchment of the
layer at the level of the embrittlement zone from the

remaindér of the wafer.

Preferred embodiment

25 In the case of the preferred embodiment of the
invention, wherein the embrittlement =zone has been
formed by implantation with a local overdose, the
treatment makes use of an annealing.

This annealing permits causing coalescence of the

30 micro-bubbles which are generated at the level of the

embrittlement zone by implantation.



Preferred enbodinment 25 In the case of the preferred
enbodi nent of the invention, wherein the
enbrittl enent zone has been formed by inplantation

wwi 2005/|3358cal overdose, the treatnment nakespuses20bsdses
anneal i ng. This annealing pernfts causing coal escence
of the 30 m cro-bubbles which are generated at the
l evel of the enbrittlenment zone by inplantation. WO
2005/ 013355 PCT/ 1 B2004/ 002693 8 This annealing is
pr ef er abF§ief f éepedlinler iscondreforabahi chf fertrid  under

appbyhAgttond haamater p@m@%ﬁ%ﬁ?; anafEHQt Qrer  as

heat as possible. An effect in e case 0
t hehPROEARPOES 215 agGERtt AAt haaki ag Rdmsiddreal i ng,

det achrment igrdgeald ysodg@f-tt,i atedaf the lo%v%lheOfiFlérgglFion,

starting region, to then propagate over the Wwho
¥ he sBRBr itﬂ’la%erﬁbmlngorfél% o2mBeal nef f detacdfomitet &s locally

det aphpenteq The ARDI i S yha f eryed t hat
when 10 subj ecting waf er srgt%otgg" g%%%’g% ohafvors Lo then
det acRReBRte A@Wrsaltbegwhalahofhthheemarf Bris cacet zone so as

di spgsedeal: (heaRakeherOnfigat Ny el ements all

providing t me heating e€nérgy, the detachnent
was i nitThe edpatlichet| evaed ofn "featt pobsdisvedr the@t when

_ ; . _
16 €9 15 Th t gi ons correspond to, pl aces
(?n %ﬁgﬁegﬁ%&?ttﬁ%?}%ﬁg zg)t%e récei v‘ioﬁﬁeﬁgﬁ%%h y deEachment
gr eaneeadimynitn ofhicheshebeeduase ofet@ig@is@ldUB® the center

i nh Lties _kn the furnace. They are typicall ,
sit gg? gng%]”igﬁe eES%‘e’rl Srege-llL{LoIr: Y l{aﬁ\égveﬁ?? c&pPme heating
di r eotrogp) dhet hiztwahment2@vda LhetLaisel Oft athe level of

comught Rhel. SUTOUTLI Lo gebhgh, 1 oy be advisadl o

15 These hot regions correspond to places in the
embrittlement zone receiving a locally greater amount of
heat because of temperature inhomogeneities in the
furnace. They are typically situated in the upper region
(in the vertical direction) of the wafer,

20 In the case of a conventional SMARTCUT® method, it
may be advisable to use these hot regions for initiating
detachment (e.g. exploit a non—homogeneous distribution
of the amount of heat applied to the different regions
of the wafer).

25 However, in the <c¢case _of the invention, this
initiation of detachment is already effected by the
starting region, in particular permitting limiting the
extent of the rough zone related to the detachment, and
suppressiocn of such hot regions can then be sought (this

30 allowing among others to obtain an homogensous roughness

distribution over the detached layer).

Several solutions are possible for this purpose.



detachnment (e.g. exploit a non-honogeneous
distribution of the anobunt of heat applied to the _
different regions of the wafer). 25 However, in the
weepes/oB3ss he i nvention, this initiation of det/acbhimoicos
is already effected by the sthrting region, in
particular permtting limting the extent of the
rough zone related to the detachnment, and
suppressi on of such hot .regions can then be sought
(this sonuJQﬁmlngsl&Wbﬁwgaotfheﬁt tobodiimént apf an annealing

horrageme@uﬁhi&ym@;ese wdLgt £ byt d of F‘B%\é&?okhe det ached

| ayer). Several solutions are poss rthis
pur pose. TR 200576013855 aP@I/lIeBZOM/ 00R693wafefs guin®s 1 the

Shoﬁﬁrﬁogersfofngggﬁnﬁﬁ%ePf ap %gggéﬁﬂ%gthdegef% ment of

hay be used in the Thvent annea
appFhed leyerhefwafadesinds damneggunpdsdn fure edcickness of

waf gﬁeaﬁgf; \iﬁ{:‘é_[&g Eﬂsrggﬁf&%‘%. nent. of 5 the layer of

mat er | ckKness of the waf er
by its b i devéaentl&Zzowpdé. Fheudevilcecdfibnfsdd gur ehdating

co h osure 100 for receiving one
ran%!rzgga% erg%r rk%r dé Y3 AnRdal OFhdifiteovahers T in
Iongrﬁedltralarmelai mhemhe device 10 is vertical -

hi s devi thu .of .the.verti en ty
1(§NI Il be +nkg ed ﬁl H‘:‘ellvvgf{%Ps °f %SS g%’p‘ﬁ%eﬁg is Vertlcal
ver t‘lthiﬂS)d&mdehllS enn‘soeﬂr’ehe angktielalheveAonyg | y as
in the novvnf:F) tTgt fer are received in a
§ 1%

cage 11 aUtFJp PEed2b§=2a duphct tdisposed
111veFhecalppdnt thid easlssabep savelotl bdrebestagiyhes in
thrggt 20 of the devi ce.
15 The wafers are received in a cage 110, which is
itself supported by a support 111,

The support 111 rests on a cover 112 closing the
throat 120 of the device.

Wafer retaining means 130 are furthermore provided

20 for introducing the wafers into the device 10 and
removing them after annealing.

The enclosure 100 is provided with an aperture 101
situated opposite the throat 120. A heat-conducting gas
may Dbe introduced into the enclosure through this

25 aperture.

A plurality of heating elements 140 surround the
enclosure 100.

These heating elements are disposed cne after the
other in a substantially vertical direction.

30 These heating elements may for example be
electrodes capable of emitting heat when they are

supplied with electricity.



Wafer retaining nmeans 130 are furthernore provided

20 for introducing the wafers into the device 10 and

renmovi ng them after annealing. The enclosure 100 is
wprzonsiodssds wi t h an aperture 101 situated opppeiiodidasress

throat 120. A heat-conductinglfas may be introduced

into the encl osure through this 25 aperture. A

plurality of heating el enents 140 surround the

encl osure 100. These heating el ements are di sposed

one aft F1IHE ZoiHersi @ Pegityst ariewalolfy ther ehcabsure 100,

di regti@hs Th t ‘ f.or exanpl e '
be €§%e@??%%ggbcg%gbFgéo?ggﬁg%grﬁggﬁgg?yﬁﬁen(sﬁsgga?%mber
suppeied sgduced] dat Ehest §iowee 2005/1013358%e of clarity).

PCT/ 1B2QQ4/,Q0 i e.2.0ives a better. view of .
t he encl osdlr%ezﬁ%%, Silltg‘ﬁrg \?\l/a ertéeT,yl d The” gkt nﬁgﬁeatlve
el efentEel 40 (threizuppdivbert dssindenedugedliment Sso as to
fig I-diRe Sake[f «glan ... Means not_. shown in

t he%?%%i?l&etl erm t %é% étgltel v}ééey "CoMPBE & t5RETs ppl fhese
of ederemisating el enent, so as to selectively

contr ol e ti wer of each of these, el ements.
In this J'tnrgnr#glre& tﬁ%n%%ﬁ'i cgﬁhedi &EF%BE?EonSFEt‘—’lbutlon 1is
contenti@desf dfhetlmmoumturdf deahe@ppipeidd tdethe wafers

f . .L.ng heating. The Applicant has in fact
s Sﬁfl%}gﬁ%#lbﬁé use of

observe a conventional vertica

oven w tthet Bppildeanof hdsspasifagt bthee¥d&€r Shat the use of
ures 1 and

VoL OB o8 SO EL U 10 B s
sel elo¢ i weelgrsc oetritobhl by thersupplas thd@ein Figures 1 and
2, produced a vertical temperature gradient.

15 By selectively controlling the supply to the
heating elements 140, a spatially homogeneous amount of
heat may be applied to the wafers T over the whole
extent of the embrittlement zone of each wafer.

This can be visualized, for example, by

20 measurements of haze produced on the ~surface of the
| layers, after their detachment.

Typically, the lower heating elements will be
supplied more than the upper elements, so as to
compensate for the natural tendency of heat to rise in

25 the enclosure and thus generate higher temperatures in

. the upper portion of this enclosure.

It is thus ensured that the global amount of heat
applied to the wafers is homogeneous over the entire
embrittlement zone of each wafer.

30 - The installation of Figures 1 and 2 corresponds to
a preferred embodiment of an annealing device which may

be used in the invention.



heati ng el enents 140, a spatially honbgeneous anount

of heat may be applied to the wafers T over the

whol e extent of the enbrittlenment zone of each
woeberors3Fhi s can be visualized, for exanple, pB¥ig288 002693
measur enents of haze producedlén the surface of the

| ayers, after their detachnment. Typically, the | ower
heating el enents will be supplied nore than the

upper elenents, so as to conpensate for the natural

t endencyl@fevrint €6 risealmo2Ppddsdbdncliosunehasdet Bsh 2

gen ] r r in_.the upper portion of
T SR g aeAre R Tl 8F e oA ThaIRie Grobgrt wsing
anodiatferepeatnstadgleitddnso the wafers i s honpbgeneous

over thepentite senfyjttlenent zone of each wafer. 30
The i nst af%%er on of PgurrdS™t afd 2°¢dFPespBnasapable, of

pr eberfenninp ozt nemeadfingn sanwrealingg tdevhee iwhb£0i dYon a
be gt .nvention, . W 2005/ 013355

PCT%E%BO@’/ OJC])“ZeE%)E;aL fi%ﬁ%@%r?gi‘t’a %%l so possible to
achi eve Bz hwafehbmipgerenids appieatbonyohoai ghebally, in
anoun . t usin Lfferent installations. Figure

3T hubedr YrtiTiiEs bt

us s tapable of 5 perform ng an

anneal i nthacooridisuyet dst peoviveat k@RhO0BnaapWefefe 1201 for
107 QF '19' ural ity of wafers. The wafer(s) extend
&nt's

subs TS 9 Hor2 8t &1 PSR T rond He &G §§Sencl osur e

200. Therlenc| aewtieei s P ovirded WhkhtaRg apeditdhe8+201 shown
the introduction of a heat-conducting gas.

for
Thecajég?%%l%% &Y FELRFRRCRI #hents shown
col l ectiThadse patehgr ene@erdd may be disposed solely above

the wafers, but it is equally possible to duplicate them

15 by similar heating elements situated below the wafers,

The heating elements 240 may be a series of
individual heating elements (for example, electrodes or
heating plates) extending in the same horizontal plane.

Each heating element can then be a circular ring

20 placed _concentrically to the others, the different
elements having different diameters.

The elements are then likewise placed
concentrically to the wafers when these are in the
annealing position.

25 Here again, means (not shown) are provided for
selective and individual control of each heating
element.

It is thus guaranteed that the global amount of
heat applied to the wafers is homogeneous along the

30 embrittlement zone of the wafers.



These heating el enents nmay be di sposed sol ely above

the wafers, but it is equally possible to duplicate

them 15 by simlar heating elenents situated bel ow
wiohwosvadass. The heating el ements 240 may be parseionfizeo3

of individual heating el ementl® (for exanple,

el ectrodes or heating plates) extending in the sane

hori zontal plane. Each heating el ement can then be a

circular rin 20 pl aced concentrically to the

ot hers, The gﬁﬁiéﬁ@nﬁle@¢QMEnﬁé0haﬁyn@i&EWieeehe a single

di anBLerSoqdhe £l né h L kew | aced. i s
concent(igallyffo the g%%%géémﬁgﬁk%heggggrgniHﬁpﬁgl 1t ds
ann®gSERELpote t ¢t rdd5 tHer & eapairafune afiss {midtutsloawn)

are provided,f ect | d.indiyi | .control of
each heatingS %ﬁ%ﬁéﬁﬁg(hqégﬁga%hﬁg gﬁé#%§$e%&Ftﬁ%ﬁmeP%§ 240
gl obal canbuptled imEmtregpplaigd,t chtheewadetisvd Supplies of

ho 0 a t 0 tittl ement zone of the

o B e 1 B B 80503 15 The

heat i ng ahénehtmer240 2y olfi lkdwicteolle aysé ngf@ example, as
el ect the "heating plate" pe in.which it .s

s e BEEREE e Rt T Bl e ehdoraruPE GPERHBL TG iptrared
I s liakew, serhdassi iatevide repbptendtieas) enentsn248apdle of
y |l ed..infrared | anps, the respective suypplies

lgf (i\%%%g%yaraedjiurﬁn’&lvr/‘fgduﬁef ;/nglgﬁflligolcf“gd. ei‘fﬁd 3WPereRt o the
240 cobrékettnade tzppe (foraexarpl eondsit€ONCeNtHddgeneous
circ be conbined with infrared | anps,

whi@'kggéc%ﬁgg%ﬁg%%éﬁﬁﬁfary heati ng capabl e of 10
local Iy afdj usti sgstheiameunt @ibdiBatenaBpliredhio itth@ntion,
enbrittlenment zone.so gs to constitute a honobgeneous
the heating device 1s capable of effecting homogeneous
15 heating of the wafers, so as to apply a homogeneous
amount of heat to the embrittlement =zone of these
wafers. _
.It is recalled that this specific aspect is ignored by
previously disclosed methods, such as the ones of WO
20 02/05344 and EP 938 129.

In operation, the annealing device according to the
invention thus applies a homogeneocus amount of heat to
the embrittiement zone of the wafers.

The amount of heat received by each wafer during

25 this annealing corresponds to the amount of eﬁergy
necessary to detach the layer from the wafer.

Whatever the type of installation made use of for
effecting this annealing, there is obtained for each
wafer a local detachment of the layer from the wafer at

30 the level of the starting region.



gl obal amount of heat. In any case, in all

enbodi nents of the invention, the heating device is
capabl e of effecting honbgeneous 15 heating of the
weelEg33s80 as to apply a honogeneous anount pedyév8adeozess
to the enbrittlenent zone of filRese wafers. It is
recalled that this specific aspect is ignored by

previ ously disclosed nmethods, such as the ones of WD

20 02/05344 and EP 938 129. In operation, the

anneal i nfhitkevi cénactar di ngettachnent | nvigntr on ddunsancously

: ' S t of k to . the

o DPrEPRERERT SERE e MR eBPe e ehdnr e digato the
r eceufEdicbyneammwf erf tertngpplbed his @rnealfieng
correspohds he_a nt of_ ener necessary to _, .
Got aoh tTES| el TEBPHAL DSl ol Y hhtovstio in

bnstral kathbonenadepaseiofifidry i eatnfag et Rictighness of the
ann%%I in i.s obtai.ned for each wafer a | ocal

a 1% dt aer er 5 t
det AShAERTS of ¥ He 15yErfPoh t he wafer at 30 the
| evel ofThhe sdwghrierg riegifamthWEmd0O5hOlEBhous, which is
PCT/ 1 B2004/ 002693 .13 This i i{)i aJ. detachment then
spofit SAEOHSTS Pt 5&2B68r DY P EentLon.

enbritt|emeabnzeast, due thet hesssubfi gheny @méb'ﬁtveﬁf:jdonal
eat ied to the_ wafer. The Applicant has observe

1P et P BC R SR cARRESLAITE () o Sl avBaPe, PRI Lement
| owzsHef apmpragghness etathengdetaghed l@uergéSachment is

obt ai ned. This roughpess is furthernore honbgeneous,
whi ¢ALFS2ted sPRETRY cEhRn@tReabbi%i dedths feesl of the hot

i NVeBhiORs héniCMdRSbovkn the case of using a
conventional = /10 detachpent annealing, on a wafer
whose enb?i thi&netse, it 1s generally observed that-: the

15 local roughness of the detached layer is greater at the
level of the hot regions than the general layer surface
roughness. '

In the case of the preferred embodiment of the
invention, this inhomogeneity of roughness is avoided.

20 The invention thus proposes, in its preferred
embodiment, an alternative -of a conventional wversion of
the SMARTCUT® method:

- in the <case of a conventional SMARTCUT®
method, implantation is performed stbstantially

25 uniformly over the surface of the wafer, and during the
detachment annealing, the detachment 1is generally
initiated by inhomogeneities of the amount of heat
applied to the wafer,

- in the case of the alternative of SMARTCUT®

30 corresponding to the preferred embodiment of the
invention, on the contrary a non-uniform implanfation is

performed with localized overdose, and during the



zone conprises no starting region, the detachnent is

initiated during the annealing at the |evel of the

hot regions nentioned above. In this case, it is
woS@ldssy observed that the 15 |ocal roughp /ﬁﬂﬁLﬂWﬂES

the detached | ayer is greaterléat the |level of the

hot regions than the general |ayer surface

roughness. I n the case of the preferred enbodi nent of

the invention, this inhonogeneity of roughness is

avofldeachm@tt Taensaliant | the t bS] PEAPESESHE | Hs h8mogeneous

prefer mbodi.ment, an alternative of )

con%g n%llﬁ%%% Vgrr%eia%n el po?ﬁjeb%?\/l}ﬁré%f( P"’)a%ﬁﬁt o dSoygqt -

the case of a conventional SMARTCUT(r) et hod,

I mphaptation i.s rformed substantially 25 uniformy
ove@gﬁﬁgigﬁﬁﬁéﬂéﬁgithe waf er, and during the '
Betachnmeid anmesd dmgl, t e defachpBsdinie gener abdyioy  the
initiated, by inho enei ties _of the anpbunt of heat

appt e e’ h@cﬁﬁggg?gi Ot FAROS<BepES t e taPterhatiirpm  the

of  SMMIEEE I nbSPirenrt expeRabBEdiNgtHe Riehetifthtive of
enbodégggf of the invention, on the contrary a
nonZu THi%pietestion is perforned with 1ocalized

over doseacai@igiy 11g thesOrOOP 33054 starting region
ECTLIB§O%4/002693 14 detachnent annealing the
1Qpptfcat FGHLBF ALCRGRBgERed® LeVednoit the Rahrisslement
possbhé eotro e waker, | spgoughttne O beLy e%?odd.ﬂgené’éaéting
As nentioned, it js possible to enploy the invention
accbPE My t bhenBBEF Hentemedits famentbatusert fee layer to be
pr efiet 4 &k & Mo ”@Hét %;ég{a%a%d' 59 tRean b d.Lernati Y&cal1y

of a SMARTCUT(r) ne .
super—embrittled so as to define a starting region.

15 . During the treatment aimed at detaching the layer
from the wafer, this starting region will in all cases
permit - initiating detachment, so that this then
propagates over the whole surface of the embrittlement

Zone.



According to those enbodi nents, a starting region 10
is likewi se created at the | evel of the enbrittl enent
zone of the wafer, and at the level of the starting

woegisanssst he enbri ttlenent zone between the beyBir061R02693
be detached and the remai ndei>Sof the wafer is
locally super-enbrittled so as to define a starting
region. 15 During the treatnent ainmed at detaching
the layer fromthe wafer, this starting region wll
in all cases permt initia€CLAgM8etachnent, so that
this then propagates over the whole surface of the
enbrittl enment zone. WO 2005/013355 15
PCT/ 1B20D4/ 002688d CLARBathméethad of bhqteacl‘tffmm Dfwafer

| I) of _nat L
gem?%ggé{m?gég el(rarg 6! )én?h%l[rgrrr%er 3 88%‘%‘%‘%%%&%‘6“5‘1&

st eps cors: snahm@doﬁomprmaaynﬂge agt@ﬁ)bbhtaheﬁfm gone

in the 5th|ckn of the waf er,

enbrittlement” zo%§]§gdef| hi ngeWéﬁtgﬁg?nﬁo et athed the

5 n thickimégkness dfe théewaf elihe sl estiig-tHiR@ent zone
to.a t re er f or m det achpent

o et R L BR  PB R e e iess o

zonEhec:lmafealc,t erized in that - during the creation of

the enbrittl enent ﬁone alized starting region
of this zone %§7Eb Js?gtfulf‘eedwa S the ITRImAdt thRREReDT to

t hepenboiht Heﬁﬁﬁlﬁmmeof ogdld V1 ps-, 1529 @Bk ENevel of the
nbrlttl so that this starting region
cor ?@%ﬁfﬁ er‘feﬁ‘% “Stper-enbrittl ed regi on of the

enbritt!| emerdctzonesdang thipe: thernal treatnent is
per for msg ggrlar?g tt%ea%erle)étlon of the embrittlement zone, a
localized starting region of this zone is constituted,
at the level of which the embrittlement zone locally has
15 greater embrittlement, so that this starting region
corresponds toe a super-embrittled region of the

embrittlement zone, and

— the thermal treatment is performed so as to apply
to the wafer a substantially homogenecus amount of heat

20 over the whole embrittlement zone.

2. Method according to the foregoing claim,
characterized in that the ebrittlement zone is created
by implantation of atomic species, and during the

25 implantation the starting zone is created by local

implantation of an overdose of atomic species.

3. Method according to the foregoing claim,
characterized in that the detachment treatment is a

30 thermal annealing.



to the wafer a substantially honbgeneous anount of

heat 20 over the whole enbrittlenent zone. 2. Method
according to the foregoing claim characterized in
widabs/dibsssebrittl ement zone is created DY  peras2004/002693

i mpl antation of atom c speciesf and during the 25
inplantation the starting zone is created by | oca

i mpl antati on of an overdose of atom c species. 3.

Met hod according to the foregoing claim

characterized in that the detachnent treatnent is a

30 therngl an Ling. 05/013355 . X
PCT/ | B2004/ ooggeg%loalﬁa%fgoﬁ/g%ﬁ%d Rcobdf ngf F89atge  claim,
f or egoirngteraied imhahaict ehezednealihgt ishpeannamdd Ngo as

IS r apply to the fer an anount_,

of ﬁ§5%3@2§332ggﬁﬁﬁﬁég?bggg%Fﬁ BEN8F gV e CETTEPOPGing to
ef f aédiei pgerhe meteachmentorsefifethdgy ageordditaghienany

of the foregoing clainms, characterized in that

different heating elements situated facing the wafer

are sel ebti vedgthoont aobbeding0 6o Metpoth@cewedi Frb@oing
onecgfithe éhgeetione% ing %%gigg characterized in
t hat™ Gat'2e NARHIE T ST &0 dPed ST @el Ne5t-irge e 1ement s
st amstiitng -ed ofeciduy ithg th€canaeal s8ectirely MBHRP11e4.
1$ccording to the foregoing claim characterized in
hat the detachnent propagates fromthe starting

zone, over thetwd ecextenhgotol Bge SMHH W8N Eoregoing
zone., _, . . '
claims, characterized in that detachment is initiated at

the level of the starting zone during the annealing.

15 7. Method according to the foregoing claim,
characterized in that the detachment propagates from the
starting =zone, over the whole extent of the

embrittlement zone.



