; €3eC&C" " #Y% PW/&E&TE&Nf + PROCESS FOR SEPARATI NG LAYERS OF MATERI AL The
present invention generally relates to the processing of materials, and
«more particularly to substrates for electronics, optics or optoel ectronics.
More precisely, the invention relates to a process for detaching two | ayers
of material according to an enbrittlenent surface defined between the two

| ayers, said process conprising thernmal annealing of a structure conprising
said layers, the annealing bringing theltenperature from: i

anneal ing tenperature to a final annealing tenperature. Pr Wwwm%m he
type nentioned above are already known. In particular it is kno pply
such known processes for detaching two | ayers of nateri al coniﬁ@“?ronlthe
same substrate, between which an enbrittlement surface has been previously
defined by inplantation of species in the substrate. The eci es
can be ions or atons. It is thus known to inplant a sustM@mmmwmﬂmmmﬁ
sem conductor material such as silicon with a species such ag rogen or
hel i um 2 And the enbrittlement surface is determ ned as a.?ﬂ%gtion of
the nature of the material, the nature of the inplanted species and the

i npl antation energy (this enbrittlenment surface typically being a plane
parallel to the inplantation face of the substrate). It is also possible to
produce the enbrittlenment surface by any ot her neans known per se, for
exanpl e by constructing an internedi ate regi on of porous material between
two regions of d%p mat er i al b§ constituting a |layer of oxide enbedded in
a substrate (for—giﬁﬂﬁﬁezggcﬁﬁgf AT ENGt LAYERS y@R\MATREREARN by bondi ng
together two | ayers, the bonding zone then corresponding to the
enbrittlement surface. Such detachnent of two | ayers detached by an
enbrittlement surface can be used to create thin layers (whose thickness
can be between fraction aof a mcron and several mcrans)., as. i escri bed
for exanple in S'%t%eentp%ﬁosceunﬁtentlrﬁf?'bt]égl Af;?ej}e%l?lsy dolgeul(r)ra\r:lnezs dgsocrisct?%s a
process knophotdsieing heogeneite mang ,of HMARTGbHe t baraiouobrdhi chhds to
manuf acture structures of SO type (Silicon On Insulator accaording to

accept ed EngrPShra et 3 il HhHSt Il My G St Ep LT PRI 4575689 Sar e the
following: —oxi %ﬁé)np%ciisépy,calth@d iWRReTe iRAt & Dfrsd 1 £60) LR Lleate a

| ayer of oxide (which corresponds to the enbedded | ayer of oxide of the SO
st ruct ur e) , fof onled aichpingnt tw$ orl aofe sy dpdgema ier il s agppedipbatieo s@nas to
create the enbritt] enent surface, and.to . delimt the SO, s cture by this
surface on ??@f%ﬁﬁi 1an¢ (§Pfggfgd ?%gfﬂ%dsﬁ)é”%eﬂfhghgnb%wde él%?%%), and
on the ot hesahandrécsss i compheelng adbenhahgathhealppgr opl at & tomic® udesuppor t
pl ate

comprising said layers, the annealing bringing the
temperature from a starting annealing temperature to a
final annealing temperature.

Processes of the type mentioned above are already
known.

In particular it 1is known to apply such known
processes for detaching two 1layers of material coming
from the same substrate, between which an embrittlement
surface has been previously defined by implantation of
species in the substrate.

The implanted species can be ions or atoms. It is
thus known to implant a substrate of a semiconductor
material such as silicon with a species such as hydrogen

or helium.



3 called a stiffener (which can be nmade of silicon, but also from anot her
material), annealing with a view to detachnent to first obtain an SO
«structure conprising the support plate, the enbedded oxide | ayer and the

| ayer of silicon placed between the enbedded oxide and the enbrittl enent
surface, and then silicon heel |ocated on the other side of the
enbrittlenent surface. In this respect it is specified that this annealing
can . > either conpleting the detachment? with the SCI and the heel
effectively exiting fromthe annealing oven unstuck, > or, if the therm
budget is not sufPndi eifte t emboAptérmenhe Ahifadld ngs tetairdiogdy an 2
effecting spldtting b nth n h T Lt esponds
to a state prfélg?g TI%S ggefrggﬁnéﬁtﬁu?ﬁg % igﬂgtﬁaep%ala’ng&%%gﬁ#el}e%&g}tg%ﬁ% |
attached by VYapldeteWAakpetoeee type bbadsjimplamgat inby enesigyl e tsict i on

effect of the two parts to be detached. In this case, detach t s
finalised af Fé‘i’%ﬁﬁéﬁl“?ﬂ&, SPBFa‘éﬁgHﬁPé%}zfé RoHT | BULIBIF 612 ot tal
energy (introductingRafta®iBROFSELI Y ehenBhbssHet s a bl ade at the |evel
of the enbrittlenent surface, etc.), conplenmentary processing designed to

reduce the roughnéss iof eheoswpdscedlof tie Bduwd chher i qinattds! dmeah
splitting and detachpent. It is usual to, find roughnes pecitigatiQns not
exceeding 5 iﬁég FSW@W ﬁqxnfRﬂﬁﬁnfl%%ﬁr%gﬁ%%dpga FS'tﬁg%Eﬁéﬁﬁgﬁ%ag)onym
root nmean sqeanerruttihg secihtedmébabtéhas@asures pbroasghaass iane
generally made by an atom c force m croscope (AFM according to the acronym
cor r espondi n§etyeeRe tERgILCSH onsg e [ dangcoMiat tdride Myc%g@gﬁé)u.tl\wgt R this
type of instr t u S ur n S pgj nts of
ho” AR m or 6e06ne ¥ anet g Foe T 1hund (o0 X0 (g ani s’
frequently 56uksb@apaR ofe\B@T 10@pe) 100r ugRenl byi Hoakdsogpasgiclihe rt dwreasur e
the surface 5oughness gg o%her.nethods iP garticular by..the hias of a haze
measur ement , *PHCkaepi h§owi PRNEEREpt B9 BngFPER t 8P FRBEY-"9rhi'® métifod has
the particul appadyantagatokuepabking rapid characterisation of the
uniformty of roughness on the whole surface. This haze, neasured in ppm
ori gi nates from aSwebhodetieFhingenhg Phe pROperdfivessof depprckard r &M ectfivity
of the .Surfa%@b%?tpﬁeﬁgﬁ{i_a%h?rflaigd’ca‘%n%é:oﬁé §PPAAS L AN LARY Cl%lrye%se

noi se di ffused by the surface, in terns of 1ts m croroughness. exanpl e
of tie betweénhthe hddekardst hear obghbesseces shofwrndatnidr gof eal miiardrhe case
of an SO surfgce. The SMARTCUT Qrocess.can al so, be EEEd to conftitute
structures ofR8r IHEHFE0 PiFEPIE anpte 36 FSPFTERRA Of AnyERiP Gs Per

accepted Engpbhshnteqstnebegyrr siésconyon any material), or even ACA
(Anything On Anyt hing according to accepted English terninology any

materi al on any nBREfi SOCUNERE |GRVEY VT e3s @ OsTe SEet EMENUNBY T afkhéeal i ng
general Iy US§eﬂQP?E‘| | gt NAUET NGuAh& (Bld UCLYLe GORPrisi ng {he twp layers to

be unstuck froma relatively | ow starting annealing tenperature, which may
be for exanpihenofathererderuotuBs8Cpft §0a hiygler(sddtiaohmemt Irengertatur e

t hough not exceedi,ng a value of the order of 500C, with at erat.ure
evol uti on i ndtherdh %aﬂ?ﬁg38€§ﬁtﬁgco?%? Heh terminofogy) T FRE major

steps in this process are the following:

° oxidation of a so-called upper plate of silicon
to create a layer of oxide (which corresponds to the
embedded layer of oxide of the SOI structure),

. ionic implantation of hydrogen in this upper
plate so as to create the embrittlement surface, and to
delimit the SOI structure by this surface on the one hand
(situated to the side of the embedded oxide), and on the

other hand a silicon heel,

. adhering the upper plate onto a support plate



5 to a substantially constant increase of the order of 10C per m nute. The
det achnent tenperature for these detachnent annealings of the prior art
‘corresponds to the final annealing tenperature. Therefore, the known
det achment annealings are perforned with tenperature evolution according to
a substantially constant tenperature ranp, the gradient of this ranp being
of the order of 10C/ mn. But it is often noticed that the surfaces
originating fromdetachnment (that is, thHe surfaces of the two |ayers
opposite both sides of the enbrittlenent surface) exhibit a relatively
hei ght ened roaghagss. sAnd frezleat | ehyich mpant &t spéei bifc i bicess) ngucan be
made necessary to_attain the desired surface state for surfaces originating
from det achnehg® Hot™ SIS, “iaﬁecrﬁé‘]évent of detachnent of the layers of a
pl ate of material, suc i.ljcon.for _canstituyti C | et of
det achnent genera’l |y :]ae@ﬁﬁatsls”ﬁ ‘?%)Eghr‘?eg‘gf% Fher&%rt%gffggp%%nggtkggm rms
(in AFM neasabster on an f3@ & tafudOid) qungrndrssing The puppoicpablakm, othehe
invention is thuC?ﬁ!tcg1 al l.ow to perform det achnent angeal i.ngs proguci g an
F%c EhireRt- 3¢

i mproved st at®PE g*dfier nb2Xek f 408s FRSul@YSS f Pomdék a

function of gdie,edpviene aG@UHNY 40 R At RaAkhbsYkan eA8RECE UL RE AL M Of
the invention is nore particularly to reduce the roughness of the surfaces

resul ting fram debaehgapdcopelhasly el e tigtbwen pEbeessdsr 19ideddeti 6he with
t he known deé@ﬁpmeﬂge[r}]q:eas]drr}% rocesses, degradation of the peripheral
€ struc

structure of urées 'to be detached is al so observed. Figure 2
illustrates the typigal thésul teebect6 mMitcr ascopipe @bBiRsy at tivat of thhe
peri pheral edge of the surface of an SO after its detachnment by annealing
according to tHeN$R1 P9I aF3" Said peripheral region being called crown. This

observation shows, up %&r@{&uscéﬁpﬁl%ttiq{gﬁ"thﬂé r & Ainhd €S k1 Nen S cgr own.

This figure illustrates degradation of" the SO crown, sald degradation
bei ng consequehtthe héel def sebhievel aneedt img {appl tcabhenéal shguovenes of
types other than SO ). The object of the invention is also to prevent, or
at |east redlt®;"Such degradation noticed as a consequence of annealing

detachnment. To achi eveyit,hese @idbtiidhand NVISNddON PE OROSesuAECOI EhNPLb0 a
first aspect a process of detaching two |ayers of materjal according to an
enbrittl emerfiortStace et i netnpet heen the twdd aydtly the ppbEesking

comprising theriwal; ANngathogn Of i SE6HCLUKE i CRURLI SiviQ. SapgsLaygss, the
anneal i ng bringing the tenperature froma starting annealing tenperature to
a final annealimgpremzerat w estattarpctesd sey detddtaterdurimgwit heh t hlee mal

e T PEvpnn SRl | RERELIL S EuPL 1S SERRHTR b e Shafiee, Lo @
rise in tenmidingmerbdiid, Ar tadein Soptd 0808s14 hawc s ngr tder fbr st
phase. the two parts to be detached.

In this case, detachment is finalised after
annealing, for example by a contribution of mechanical
enerqgy (introduction of a projecting element such as a
blade at the level of the embrittlement surface, etc.),

. complementary processing designed to reduce the
roughness of the surface of the SOI which originates from
splitting and detachment. It is usual to find roughness
specifications not exceeding 5 Angstroms in rms value
(corresponding to the English acronym root mean square).

It is specified that the measures of roughness are

generally made by an atomic force microscope (AFM

according to the acronym corresponding to the English



Preferred, though non-limting, aspects of this process are the follow ng .
the.transition tenperature corresponds to initial detachnent, the first
phase is an initiation phase of detachnent, and the second phase is a
surface-finishing phase, t he second phase is followed by a heating
stage at a substantially constant tenperature, said substantially constant
tenperature corresponds to the final annealing tenperature, during the
first phase the tenperature rises in actordance with a sl ow average
gradient, up to around 10C/ mn, during the second phase the tenperature

ri ses accor diemgq Bbomicappdcaveragesgopai ent, greater than around 15C/mm

the starting ann eratur ess than or ual ,to 350C

final annealing ﬁéhbe?gﬂﬁreygscﬁ tﬁ%sgfaﬂ?nﬁfr%ﬁ@&9g888650me%§ﬂ§% nal
anneal i ng t eppeiatfiacR sl Ssswdpt hieyorder (firkQ0Gt the hransiitd@xdsmer ature
between the two phases is of the order of 430C to 450C. According to a

second aspe&BNEREII nVEMN i dn élsb HposEs apPll citi bh oFa IpbcdEss
accordlng t r% gegg ghgoag |Qﬂgglq%@e%tﬁobo getach two |ayers of

mat eri al an e tl'ement surface, sald enbrittlenment surface
havi ng been prodMCedsmmlh®np®$315b®peooﬂeasmm®dﬂss ofr fidve SMARTTEE L ype.

Preferred, hou on Ilnl i ng, ect.s ch an applicat] re the

f ol I owi ng ey Mgl Yhar el codrpr 196 Bhel Fleh dhydr adhe tvo
| ayers of ”ﬁb@%h@éméﬁ@ two jhayergefi] | 'CQDthonea@EebbédtMDIﬁﬁ@ﬁﬂéﬁ
corresponding to an SO, the other | ayer corresponding to a silicon heel.

O her aspect§rmahﬁt09hd advant ages of the invention

This method has the particular advantage of enabling
rapid characterisation of the uniformity of roughness on
the whole surface.

This haze, measured in ppm, originates from a method
utilising the properties of optical reflectivity of the
surface to be characterised, and corresponds to an
optical base noise diffused by the surface, in terms of
its microroughness.

An example of tie between the haze and the roughness
is shown in Figure 1, in the case of an SOI surface.

The SMARTCUT® process can also be used to constitute
structures other than S0OI, for example SOA (Silicon On
Anything as per accepted English terminology : silicon on
any material), or even AOA (Anything On Anything
according to accepted English terminology any material on
any material).

The known processes of detachment by annealing
generally use annealing inducing the structure comprising
the two layers to be unstuck from a relatively low
starting annealing temperature, which may be for example
of the order of 350°C, to a higher detachment temperature
though not exceeding a value of the order of 500°C, with

a temperature evolution in the annealing oven according



8 will energe clearly fromreading the foll ow ng description of an

enbodi nent of the invention, with reference to the acconpanying diagrans in
which, with the exception of Figures 1 and 2 which have al ready been
mentioned in reference to the prior art . Figure 3 diagrammtically
illustrates an annealing oven used to carry out the invention, Figure 4a
illustrates the spatial distribution of haze on the surface of an SO

havi ng under gone detachnment annealing aécording to the prior art, Figure
4b is a graph representing overall the distribution of haze on the surface
of the SO fiwor 4 haulsurdrade 1dfy whineh aitgune réasiel bilisthat esdeheospadi al
distribution of haze, wth the graph of Figure 4b specifically identifying
the average azé" 9 %e surface in question, Figure 5 graphically
represents the evgjdt 'dé!’ta@ﬁwmb%@pert@;nkbre%aQWr'engf@%t aghaeat gangahhagrcarried
out according to the prior art, and the same type of evolution for two

det achrment anedliings unferthskeRrraesordi hg Qg releopssen® itheenfinal
Figure 6 ill . i ghl i agrammatically the bonding of a | ayer of

oxi di sed andéhﬁ%rf{) an eggeg({g)le%ggﬁ],%%énd a stiffener, in a SMARTCUT type
process, FigureShéaeflaeand tdee vileuail y depicssntt t henspat imds di skei bution
of the haze on the surfgce of three SOs follow ng their detachnment by

anneal i ng, tHfe mest  middy e_t?é‘pﬁé\?ith‘éeun&é(f)éb‘ﬁé_oé‘t aRdsPaiyRe achfent
anneal i ng, thg deuhSQ1S Ofcdr GRS Bandnd Qa-avidg under geng; et aghment

anneal i ngs according to the present invention carried out according to
di f ferent nodulld tiaew, beffinguods thlb, o8deandf9b0afémgnaphs sinilar to 9

t hose of Figure overal | .show t he distriputjon of haze for_the SO and
oopective of Fi dios Th. | d8 antteed (Frneerh cbBFbepdi ng SEEA08S F gure

es 7

4b to SO amhea}iindd iaeC Frdmndet@chmkRewWn thaehnkguehe shbguees 4P tRe12 are
three simlar representations of observatjion by m croscope of the
peri pheral ddfe GRYEASeeOPB8PEER| VROED sSigfith Havéhgndergbhet dahaehnent

anneal i ng, i rre LRg, LY. ' e standard
anneal i ng (%Jr:%]%gegt éeq‘ﬂﬁguﬁteﬁg??qé‘@gi %8Vegg%hgggéggrgggfé(g%%hd to the
respective SO s a@ihdFimpirags vie8y, i8ipo rancht( Imedilf)ic Rrewieassinig ¢de bel | ow ng

description, ip this case o{ struct.uresh sugh as | ti Ifayer substrat es
conpri si ng, "b?sdeabrb’?/cee,’s%aréb PoPt8BAN orevERSAERY SHITA“PayErr'st &Cheel of
material (sidur@@rdsn trhgigasengl r86h) dethensbape of the structure is
generally that of a very fine crust designated by the term wafer according

to accepted Engl Foi terampbfogyin Afdret heVRaFerasf arde taqhqeartr agedthe
vertically '1%[){;2% oygn, aaz%fgﬂ@g‘“ of! Eﬂagééerreitaﬁi (thewaterssto; bg,spELEted

bei ng desi gna by reference nuneral 10, e oven being designated by
ref erence numwersdlit2@ingTha sS0Er t | cabp lartriangeméntdedfadhimenwaf @esema byt 0

prevent the ris of, the t. det ach | ayers o ch wafer shifting,
el ative o 18R Etoter CUAlneRS B CoF AECARRRENEO) Ad RE GURIEBE  bEbeci al Iy
duri ng handhpygmepetati easawhenihgrdebachedi wabgss. are renoved fromthe

oven. Hereinabove it has been seen that specifications of the surface state
were, in certai nTB8sesinginati @iy Ripdhs dulvantiom ad Sdhus & 119

necessary t%opﬁﬁ¥gﬂ&m9n&etachment annealings producing an improved

state surface of the surfaces resulting from detachment.

As a function of the above, according to a first
particular aspect the aim of the invention 1is more
particularly to reduce the roughness of the surfaces
resulting from detachment, relative to known processes.

In addition, with the known detachment annealing
processes, degradation of the peripheral structure of the
structures to be detached is also observed.

Figure 2 illustrates the typical result of



10 relative shifting of the two detached | ayers 'so as to avoid the risks
of any scratching on the surfaces of the two detached layers. It is also
‘noted, as illustrated in Figure 9a, that the surface roughness of a SO 11
resulting fromdetachnment annealing exhibits dissymmetry. In fact, this
figure shows a zone of the SO surface (situated between 9 and 10 o' cl ock)
in which the haze, and consequently the roughness, are increased. Such

di vergence results fromthe presence of thot points in the annealing oven.
In the case of an oven such as illustrated in Figure 3, it is nore

preci sely aboitrédheopiansbakeirontabnt hef vehel cadripnperiat edgegraidi ¢he (t he

wafers to be defached being placed in the oven_at, an orientation._of 90
relative to ?‘ﬁ]é%?‘é%rétintaat ig LotaFiYur & W4a) S ERATT R erShc MR8 9Fi gur e

4b, this ShOM@céP@i&?ef@|£hQi?EEBPUBEQD @EihagFrQbhbhﬁlsQébQ©ﬂ okihhe SO
of Figure 9a. It wll be recalled that this SO has undergone detachnent
anneal i ng acedHehgct@ - process known in the prior art. Figure 4b

illustrates that & vawge%a{:ggnav%rh%g,% h oga%\%@toﬁ@ol %t§9ct‘u§aqf t he

order of 87 ppm Is valuée 1s directly associ at an aver age

roughness vaitee@fildhitsiesOin anc tdos aeprresents a reference val ue for

measuring SO roughness, characterised by the haze rreasuremer%h.é\ Thi s haze
r

measur enent, as 1S ast GURY art Weidadfsnt d9g A e8¢ Pled eifdel ow,

are made accOrgiNg tqzlike sasg-RaQL PSR! andidipi ngohBegaane i nsdrumgat, in
this case by an instrunent of "the KLA 11 Tencor Surfscan SPI type (trade

mar k appl i eddé¢baghmasit haneeat énge (apwlticabilgurte 5strhetwwed uef ot yerst he

t enperature evai ling in the annealing oven, during three detachnent
anneal i ngs, géh% Uﬁ%’?iéo(ﬂl)o‘f tinme, has been diagrammatically illustrated.
More precisely, tiis dbhgede 60MphieSanvidhtdencury/esl&d, t&2prb3enbi cbr
correspond to three different types of annealing. The start of the

t enper at ur e @vol J€iaSH duFFFYCE hesSUChr ecdPFRA T HYS | §otdeRtli calS @

conpri sing a@m?%%%ﬁ%@%f aatm?éiaoﬁr{gc%ert%g?\%@tn.g to the annealing entry

tenperature), by a rising Tanp a tenperature having a gradient
of the order of 1L pechiewet ethesel essims asthe khowanfiom t peopoises art .
In the right_part of the figure it is noticed that over .tj

tinme the
t enper at ur es>SF°THE? hFRe %a 5 ngEP&YbI e RAFFEentt y e kBFR BAr £7Cul arl y,
the curve Shi{éustsat@sctéheaevatubiramgf ta det aghirent 1ansaal isng faceor di ng
to the prlordggiﬁed between the two layers, the process comprising
thermal annealing of a structure 10 comprising said
layers, the annealing bringing the temperature from a
starting annealing temperature to a final annealing
temperature, characterised in that during the thermal
annealing the annealing temperature evolves according to
a first phase to a transition temperature, then according
to a second phase during which the rise 1in temperature
per unit of time is stronger than during the first phase.
Preferred, though non-limiting, aspects of this
process are the following :
. the transition temperature corresponds to
initial detachment,
. the first phase 1s an initiation phase of

detachment, and the second phase is a surface-finishing

phase,



I n such annealing, after having been maintained at the entry |evel of 350C
for-a first stage the tenperature evol ves according to the known gradi ent
‘ranp of the order of 10C per mnute, up to a detachnment annealing
tenperature and final tenperature of the order of 500C. It is neverthel ess
specified that the so-called detachnent start tenperature, from which the
begi nni ng of detachnent can be observed, may have a val ue of the order of
430C to 450C. The entry annealing tenperature may have a val ue of |ess than
350C (this will also be the case for 12 annealings according to the
present invention, il lthstsgcetdbphalse digr ed 1ogednly53) heghéngndtaget hi s
anneal i ng cq leqﬁmga%%%%qq stage., at Eghéegi@gkeannealing tenperature. In
the case of this Known anneaVing, the tenperature fherefore evol ves
according to a ranp. Baddcurveub2taapiesénts tdwendtenper at vegpevatutéon of

annealing carried out according to_the present invention, in a first

embodi nent . 9YrFESHBASC&@ Fﬁet%ﬂ@aéa§@”€ﬁ§ﬂ”§fF@WpﬁééFHQefoIIomed a part of
the standard ram havifg;aOradi ent-@f ghRecorder t@hpd@apaieNtNyts (Ar

| ess), once the tenperature has been brought to a transition value of the
order of 43GCHABICE tehpler at us koevalveeedaccoraliiirntt,o Hpsdcondreang

wher eof the qugjent is different to that of the first ranp. The two ranps
are iIIustrgte §Uﬂ§tantially | i near. More precisely, the second ranp has a
gradi ent substant. al | yyugfieat erthd hascbhat pbfaskthe Hd rsé¢mpergxutdergsadi ent of
this second ranp being of the order of 16C per mnute. Al the sane it is
noted that fasicandifidankal fngraREdr iR YRFALS t HEEASHEIdnt IKG_REFonthaR wel |
as for the i o esented by the curve 53, the two |linear ranps can
be replaced%ﬂgﬁ?&%q%bﬁ?ﬁﬁﬁear ranps corresponding to the sane general

evol ution in tw sphasehedetachaedgbynachrildngi tieopetrehperatar fesshehant he
second phase correspond bq a nore rapid rise in tenperature. The anneali ng
ends with a‘E%éﬁ%“éttPh§5 i fral anneal i ng tenperature of the order of 60dC
The curve 53 illustrates #Fivan anhedh ihBetkRperhiape iB Whi ERetbedsecond
ranp again has a gradient of the 13 order of 16 per mnute after a
transition tof G 60480€.Ckn this instance, the second ranp continues up
to a final anneal,ing I r v r val.ueco h er of
800C. Accor dingl y. | ¢he detaaeal saaear nenseashke Bh B opnl PERALEEL

whi ch corresygoreddd°@,curves 52 and 53 are perforned with a rise in

tenperature conprising. tw phases having different yrespective average ranps
(these ranps can ‘be I%HEarFrGPsﬁﬁﬂP“. temperature betheen' 'the tWd

phases is of the order of 430°C to 450°C.

According to a second aspect the invention also
proposes application of a process according to one of the
abovementioned aspects to detach two layers of material
delimited by an embrittlement surface, said embrittlement
surface having been produced within the scope of a
process of the SMARTCUT® type.

Preferred, though non-limiting, aspects of such an

application are the following:

. the two layers of material comprise a silicon
layer,
. the two layers of material are two layers of

silicon, one of the two layers corresponding to an SOI,
the other layer corresponding to a silicon heel.

Other aspects, aims and advantages of the invention



a "slow' phase, whose average ranp can have a relatively | ow average
gradient of the order of 100 mmor less, followed by a "rapid" phase,
"havi ng an increased average gradient (can be of the order of 15C/ mn or
nore), this second phase being intended to finalise detachnment and to end,
as wll be explained, on an inproved surface state. Mre precisely, the
first phase corresponds to classic annealing detachnment ranp. The ai m of
this first phase, in the case of the in®ention, is to supply the wafer to
be detached with thermal energy |eading alnost to detachnent. More
precisely stwill tReéefrgest phaselgt opsrah a dd=alisid | ohkenpesal v éng
corresponding to the onset of a detachnent follow ng the thermal energy
suppl i ed t o FHEMEECdulitng2fheePPPdtmphhselt THS oABEENELOBet abhhBNnt i s

under st ood t,Q. fBaN 1§ Stale 40k MY 1P ERhmEheneR LT | gREAt cRur face
has effectively undergone detachnent,” but thi's detachnent has not spread

over the whatxeaptbin t béndritgunas ate.arthi 8 ivhiadcohdiaglal reastyat keén whi ch

the waf 14 conpr j litting "bubble" at the level of it
erbr i 1] emedte AL 1N 1 G ESAE Ginédfi A5 105ueRtas that shown by the

curve 51), the det achmarfureanp3condi agesmbeydd thi s idetiaehaeats beghnni ng
al ong the sane average gradient to finalise detachnment (in the situation
where it is PHERrired A copsiceite Feradheelt thar tAYeakkheat i ng). In the case

of the present inventign howeyer; 1@§t£§6@§r@ﬁgrgp§%%ytjjggtg};ggit_f&t, is

i ncreased so as to continue annealing in a second phase corresponding to a
second ranp,ofsulbstzant ical | yhgr eatefatbdancf heamgr adilenhaofingheuhdesgophase. |t
is specified, that the transition tenperature, ich.is, as we have seen,
the tenper at%@%ﬁﬁ%ﬁ&?&%“@o%ﬁé’@ﬁ?@t i tggt BERRENEI wi I | be adapted
in terns of the natureiapgdediqmnsions Hagherapfledta e dedachedinshis
adapt ati on could be nmade according to charts, or enpirically. In this
respect, it disdulidudlice bef nbeed thatthehesurfard tebnthenp@latinre the

corresponds r recisely.to a thermal ,transition get,.Lnp o the
waf er, whi chsqllorngtc%rnocfzr r@és:fc%ndsgtltgglrae st4§tel§?5tgﬁ§a\p/\/§ger%% \A%%:ﬁg%%set of
det achment tdikas iphaden ndfhe hamer,i t tWiementheur faephof of herwahes. Ihe aim
of the second phase i.is to finalise detachnent, by finishing up with a
surface stat®qTddqhneys E§EdAINY) Nt Emad IRRFsitovEe rarat?se to
what is achiqvefidsta@nconventional methods. The applicant has in fact
observed that in continuing the first phase, after a transition tenperature
such as that defi‘ned didugpect f gedrhérel hrbaeprelpnassddendephhigiel of

SUbStantialkaipgﬁggég%hre during detachment annealing carried out
according to the prior art, and the same type of
evolution for two detachment annealings undertaken
according to the present invention,

. Figure 6 1illustrates highly diagrammatically
the bonding of a layer of oxidised and implanted silicon,
and a stiffener, in a SMARTCUT® type process,

. Figures 7a, 8a and 9a visually represent the
spatial distribution of the haze on the surface of three
SO0Is following their detachment by annealing, the SOI of
Figure 7a having undergone standard detachment annealing,
the two S0Is of Figures 8a and 9a having undergone
detachment annealings according to the present invention
carried out according to different modalities,

. Figures 7b, 8b and 9b are graphs similar to



15 average gradient, the result is a surface state of the detached | ayers
which is substantially inproved relative to what is achieved in detachnment
"annealing in the prior art. It should also be pointed out that the second
phase, apart fromthe fact that it has an increased average gradient,
preferably also brings the wafer to a final annealing tenperature |ikew se
substantially increased relative to the final tenperature of annealing

det achnment according to the prior art (9hich are of the order of 500C, as
illustrated by the curve 51). This is illustrated by the final annealing

t enper at ur eshofset hef cEiyese 52band 31 1Anshdwi sy chhe actiertirsbiut iocaom ned
with the stron verage gradi ent associgted with the second phase, actually
results in Qaﬁgr i°Cul %Oz}d\?é’r‘?t FFERFES T Q\ge FESONES t/Re gt?rfazﬂfjg Fbughness
of the detacheduayens d@@&%_@g?sgdw?t hgs sgbdd. dpgirdtigd e det aghment at
a specific point on the enbrittlenment surface of the wafer, the divergence
i n tenperat @nacpléngi bcagriaspdeot Ackoven eeghbedwsdpl oited (for exanple the
presence of thernal g [.ent.s i nsan qQven i,nsid icht waf er s.

arranged vertically).%?ahgﬁ% cagg wthe t%g wa é%ptohggngétac:%§L%%§ been
made up by hepdiesgntweibayer sfhasbagrvatyomg bechand ced cadear aeff ertilsd i cs,
the respective nechani cal behavi our of the two bonded | ayers al so influence
det achnent BETERBeFayer 8999hi QL | $RIRE c4sePPEL 18RanpPEST ofh &R s fdhdped

accordi ng t QnARPLBRESSePhchRenEVARICHT i hype, the SO's being obtained by
detachnment, at an enbrittlenent surface %constituted by inplantation), of

the SO and the silFiigome 106 coeealesplomdtihigs toespe§il imvting evelgrayfne

det achnent , %h%aﬁtgis detgchnent.dogs not an t operation consisting of
undoi ng a bSHENRAFEN2REGHEBHE (7 EAL LA byC AGHEST D (~ bondi ng” according to
accepted Englishot erigur@l<00y) . ather ef orerriedpbha casecat deigaduinie of a

wafer to constitute a SO, a bonding interface is created by bonding
(bet ween t h€0dgi BfsEdTHRES| hPRandled pnét 9andPhe stiffener), and

detachnent takespplgg t phepLevely 1af, ithhe gubri it gpent; synface. created by
i npl ant ati on, tth e%g??tt eﬁe%t%gh%%aéegbg%ngré st nét ronftheéﬁﬁnding
interface, eYerstirfudtturies vargh chosewulltnlbles cadest ralte st woonid@ysirsf, t o be

det ached are therefore both the S itself co ising,the stiffener, the
oxi de and t A& PPRYSsl itk Lﬁ’ﬂ égﬁ,’ 8hd eéneélor}%% s"i”)I(%l‘ii cOniAEF. °& ven t he

extreme fingaessoef mhlte raxndesandcbhe ihi ieel ayee off sdmconmef dfipesSA, the
SA has nmechani cal characteristics which are assimlable to those of the
stiffener, 8fchhehatruedurfo JisayErerdlbe Haatachbdahaee Yt Hé neespatdt ve

mechani cal d LStigs silleon f i ffe (Qndp n be
di fferent igggggﬁég%hth%§st?$?en%%9@apg%€%90f$ é?%%hﬁédgﬁ#r5%?%| ﬁ%gn, but
al so of a weEdegliahgeeofimategyal s, such as quartz). Fromthe point of view

f th hani h teristics, h of the t I b t ached
rom the SO can Bl 08| MAFATcd TS outT VBF P RATD RoLLRYL S, Tani It wer e

previously boaged 008kt . 1h0 FRKEUP3 t henhwafurrfdi® beo dekacdiad t ddde
silicon layer and the stiffener). The follow ng applies to detachnent (that

i s, fracturkednygt Hespgeeredsby cedarescenbrimerPémeft the oven being

designated by reference numeral 20).

This vertical arrangement of the wafers aims to
prevent the risks of the two detached layers of each
wafer shifting, relative to one another, at the end of
detachment in the oven or especially during handling
operations when the detached wafers are removed from the
oven.

Hereinabove it has been seen that specifications of
the surface state were, 1in certain cases, drastic (in

particular for a SOI) ; so it is necessary to prevent any



17 interface) of two |ayers which are assimlable in the sane way into two
| ayers previously bonded together, each of the two | ayers to be detached

" being essentially conposed of the material of one of these two |ayers. And
with reference to the influence of the nechani cal behaviour of the |ayers
to be detached, the two layers to be detached fromthe SO (the silicon
heel and the SO itself) can thus have different nechanical
characteristics). In addition, these tWb | ayers are obvi ously equival ent
fromthe mechanical point of viewto a layer of silicon, and to the
stiffener (tdesteidtawskleremdsofavig been rRasemlided byeoridong)s dde two
such bonded | ayers are not exactly flat. There are tol erances on the
surface evehfekd ‘er Stk ferany AFEF Hori My PhetiewoStalRFeS (ki B%ed and
i npl anted sj/d can eeagq ﬁ,telffener R, see Figure 6) together was done so

t hat the concavi t| es o e two respective layers face one another, as is
shown di agr anmatlitcald yalgo tr‘rretefd,guam 111u$thr$tefdgmeFiq1ere:0m:,avtma‘es of the

two bonded | a ers have been shown much deep inreality, nd do not
correspond 59 a T o HEHGHY i Qcaé]l e. &15.)5 ﬁg stici! g‘bﬁb‘gng

concavi ti esd@tfadl’hﬂarItW'anh@)é&&%ga'éﬁhflbatbeﬂﬁgsﬁﬂméﬁrﬁlo bond the surfaces of
the two | ayers together. The two layers of the resulting wafer (and
consequent |y t hent i dtay &hd st élﬁérﬁeﬁﬁéﬁéda 6PV@n0fh'ébe| $0hasusbafe t hat
mechani cal | S e iva o:th wa hapd yers) are
t hus slight ?/y pr esté\égs)sée‘gél es%\é%irna |1§/w|§ Jt;ﬁé;{:]ﬁ ceht% re |on)e}qa£g’l8 These

two | ayers amd |cdriussyuesitd yt eheoveuapaetst r areonacasatée@r as soon as
det achnent has been |n|t| ated in a nmgvenent of relaxing the cqonstraints due

to the abovenenti¥iedbbREIFCE THESUéRef T LM e NRF FE™HeR afhme?t af t er

the initial &G{tascrlrfﬁrtthed%%%@ali‘%ga%‘%ﬁ angd apBi eyed op gRNPL&Li oncRf the
first phase of annealing. This rélaxation phenonmenon becones useful for

det achment agcbi Hisgrated henpfegame ithwvehti on @for@nwmmmehNne@}e@tﬁtthe t wo
| ayers to dtachdcanb S|ml t.edlntotwos ic
i b%'e e & 108 SEnIne rgd 5] ecttlerﬁ‘ﬁefﬁ'éur?og a(\.j\h Ea}ﬁ% as they

previ ously en 5O ogether, y su ekt P es
ar e adj ust agh fled- ONEo aMm@L heétaMdédn pefiagenskad«ai t hbga phecessemcear dimg to the

present invention in gener it has been said that the final annealing

t enper at ur &¥ &8 A8t ef th%(h t ke latdye ahRedtithg FEERSERREAEESN0fO% he pri or
art. Mre prepiseldy) in a preferred variant of the invention beneficial
results will be obtal ‘ned with final annealing tenperatures of the order of
500C to 800C. Aﬁkitélvenefmr@qﬂ eciogel o dticprmdi ngbt o higr ebbrwed ©pti on for

i npl ementing t |nvent| the fin annea tepperatpure i s t he order
of 600C. Tﬁg’ grgtl i SHe tgflgf]ﬁé g‘e%ng Fanp 'k kﬁ Sﬁggg‘ﬁ% ?gpﬁ; r%(?r]é s not
necessari |l yilmeerdam nute. This non-limting value can be adapted; in any
case it nust be substantially greater than the val ue of the gradient of the

first ranp in tétpetathr & iseCaliad| haf, théSriAl AAfeattiRyrdtperature,
i T effectivelon 36lst! adnRLef %'E;alélc)éo%c'lli%ba@o' 3 |pyréyegsl%erkﬁdmp fPreigd assic

det achnent annealings, 1s not limted to the val ues descri bed above which
consti t ut e priefreraréd val ues

Figure 4b illustrates that the value of the average
haze on the whole SOI is of the order of 87 ppm.

This wvalue is directly associated with an average
roughness value of this SOI, and thus represents a
reference value for measuring SOI roughness,
characterised by the haze measurement.

This haze measurement, as well as similar
measurements to be specified hereinbelow, are made
according to the same protocol and wusing the same

instrument, in this case by an instrument of the KLA



19 only. Also, the profile of tenperature rise in two rectangul ar ranps
represented in the curves 52 and 53 constitutes only a particul ar node of
utilising the invention. In fact, a general characteristic of such
annealing carried into effect according to the present invention is that it
conprises . A first phase during which the tenperature is brought froma
starting annealing tenperature (which can have a value of |ess than 350C,
as has been nentioned) to a tenperaturgjcorresponding to a starting
detachnment tenperature for the wafer. It is specified that the onset of

det achnent r | e rv, |_lLow.ng, .usi any nmeans known
in and of I %2?%10 %W&hﬁr %ﬁ%ga(gtg[g% ft')n%ﬁt}){I &Bg%ﬁgrggg "by the

det achnment annedlitig daf@mearreemiom trid eentres G, f abe debilnedobyoiEnphant ati on,
t he gaseous bubbl es origi nati. 9 from the combi nation of mcro-cavities
formed in tHERETAUSHST e%ﬁ Viaﬂ'gl Bt edi nERFt LTPRAE r SV PhasdUEoFPesponds
to the firsthsdowsaapnidnt henkbaYesgS52 aRd adFundraldroved byn@, speend phase
during which, instead of stabilising t he tenperature as in known detachnent
anneal i ngs,bean g fagrammatiadlilyg itldmsdrattede corresponding to a tenperature
which is only sljahtl reater than_t tarting detach t ture,
not only is the Mrolq‘ﬁsee ﬂg %asrr(%léf’at EE}%Sc%ﬁtg?ﬁ%ed%o“gjurtlseevsen&?ﬁ%e grgg\%tg%gi n
tenperaturesis pAcreasedipar cotirespnd M dhreandbefconsi deyeeds t beref ore
that . the first phase corresponds to the nechani cal 20 triggering of
det achnent ,2N¥@#A Y% he second intensive annealing phase allows . - not only
finalising of thig datachientyne Pehpalseupbt 8i51Ag; §@SqalkLhg Penexe! ai ned
in detail hereinbelow) a very good surface state, this second phase

corr espondi ngres andeal shjngi phadent iibel st apmp ngs ted aemnent ry eapagat ur e,

whi ch corres Ongi%Ot"%tth transitign t enper at ur.e betweenlt.he t wo gnneal i ng
phases, carfvary % er A§°5f StR8 EhAPact &Y stits of PHE N Puct GPE Yo be

det ached. lyergideaturd)he foaliusicef MB30C £0s ARPCG amptdongdrakpueat araot
strictly limting: in terns of characteristics such as the materials) of

t he struct dtaintheadds@ddrninptfantaei ordererqly 4P ¢i Ped duriHg t hercreation

of the enbrjéé%)gn%rg.i%urgn%%% (fir%mt t&@lec §go\ﬁhg%_thi s surface has been

created by 1 nplantation), this tenperature nay vary to a certain extent.
In the right part of the figure it is noticed that

over time the temperatures of the three annealings evolve
differently.

More particularly, the <curve 51 illustrates the
evolution of a detachment annealing according to the
prior art.

In such annealing, after having been maintained at
the entry level of 350°C for a first stage the
temperature evolves according to the known gradient ramp
of the order of 10°C per minute, up to a detachment
annealing temperature and final temperature of the order
of 500°C.

It 1is nevertheless specified that the so-called
detachment start temperature, from which the beginning of
detachment can be observed, may have a value of the order
of 430°C to 450°C.

The entry annealing temperature may have a value of

less than 350°C (this will also be the case for



For exanple, if the enbrittlenent surface is created by inplantation, then
before the thermal budget is supplied to cause initial bubbling of
detachnment it has to be adapted when the inplantation energy is nodified.
Figures 7a to 9a illustrate the differences in spatial distribution of haze
on the surface of three SO s which have undergone detachnment annealings
according to three different nDdaIitie%: Figure 7a thus illustrates
distribution of haze on the surface of & SO which has under gone cl assi c
det achnment anneal.ing, corresponding to the curve 51 of Figure 5. This
figure is tGTBEaddRPEr ed 23CEOEAGHLe 760 whithts, f AMTBRAMY t i B of
Figure 4b, ihhuskrates globak cugdedi sbribytion of haze on the surface of
the SO, and an average value of the order of 87 ppm Figure 8a illustrates
the spatial di st Fhbuendnodf thdze aomeadild reurdoape iglesa aSAeapict hs thage,

under gone d%%agﬁnen%ianTealin% accoEding tg the invention, with a

t enperat ure €evo &Fionnéor?ggs %ﬁpﬂg tEPTha"turve 52 of Figure 5. This
figure is to be canmppeedate® &Fguhes8hnofin oamned Cin@n @veregephazaival ue of
the order of 73ppmon the surface of the SO is deduced. A substanti al
decrease i s thetréedei RVphBevapteobfindefage MR and, consequently, of
roughness on the r of »t uli i C . Fi es 9a
and 9b correspongﬁgogg%g?hgg g%f?é%%éﬁﬁgkﬁﬁg%?g%%ghgg%gc neﬁ%:gﬁkea i ng
accordi ng t enaenéipgr ahureedvolitit eonoadtngdingthe phesaur vimbBhtoforki gure 5.
In this case, as shogn nﬁrgéﬁgrticularly in Figure 8b, the average val ue of
haze on the *Suff 4¢E56f TR Dfs of the order of Sppm This corresponds to
an extrenmely sigpifigantndeceeaseihn thessuedace ropmghnesse0f Hahei P
Figures 10 to 12 illustrate the evolution of the state of the crown of

t hree respedeilvevwsd 8 pArEhohatkeuatiendend witmchareimny ahrzddimntacehbr di ng
to the threeg,res ive dal.ot i es _descri hed abqve .(cqrrespondi ng.to the

t hree respegpfve8%§%$esogg,%gZ, §§rbfnpfﬁﬁfé gfﬁrTH%§€)Vigﬁ¥g§31%jF% 12
illustrate aespgrhtucanhadepeeaserbnghhetpedipheial t degradatd af afhd he SO
structure (the nost dsggaded structure corresponding to classjc annealing,

the best pr&&8rVelistricture 18 CosgGRSTG S CafiYeNissy d6ve Hdoridi ng t o

the present ;i nveRhON A0 AU FESPONGE NGrhQithe ¢urve £33 rahe Firgurg ) - 22
It is specified that although the abovenenti oned exanpl es have been

descri bed i afr&her éhcet t pameet achnent, thus generating a SO, the invention
PP LS L0 e SoREnk A OLDET, PLILELAEE, SRS TP LgTent whih

More precisely, the second ramp has a gradient
substantially greater than that of the first ramp, the
gradient of this second ramp being of the order of 16°C
per minute.

All the same it is noted that for this annealing
according to the present invention, as well as for the
annealing represented by the curve 53, the two linear
ramps can be replaced by two non-linear ramps
corresponding to the same general evolution in two phases
detached by a transition temperature, where the second
phase corresponds to a more rapid rise in temperature.

The annealing ends with a stage at the final
annealing temperature of the order of 600°C.

The curve 53 illustrates a variant of the invention,

in which the second ramp again has a gradient of the



23 CLAIMS 1. A process of detachnent of two |ayers of material according to
an enbrittlenment surface defined between the two | ayers, the process

- conprising thermal annealing of a structure (10) conprising said |ayers,
said annealing bringing the tenperature froma starting annealing
tenperature to a final annealing tenperature, characterised in that during
the thernmal annealing the annealing tenperature is made to evol ve according
to a first phase up to a transition teggérature, t hen according to a second
phase during which the rise in tenperature per unit of time is stronger
than during eterfiest lpflager MinfHes prbtess aad wiraiitddn it hé3precésdi ng
claim charagg ésed in that the transition tenperature corresponds to the
onset of detachnent. 3. The process as clained in any one of the preceding
clai ns, characterirsethif ihetaride filistsphase® rsma detachuesnt upnkbi ation
phase, and the second phase is a surface-finishing phase. 4. The process as
clainmed in anydheddretht"Pr ERBARYL BT Qi AL, AUt 9TRET nVehae Phe

second phaseis §idowed dpor heating stage at a substantially constant
tenperature. 5. The process as clainmed in the preceding claim

characterised i nAdratirdsiangd ysubsteanie ad¢lynemnseantat emper atapedéngr E€sponds
to the final_annealing.te rature. 6. The process _as clainmed Ln any one of
Lhe preced: g o1 a KENCEHar HOL6P| SO TR dor FAG” Ehe O 1t phasd thhe

t enper at ur e gdsRsrm@cCOoRditRg KO Aiskowiaver ratdfrgr adn@iti,s iext engong up
to around 10C/ mn. 7. The process as clained in any one of the preceding
cl ai ms, charRitasas skavindt Haf faGENhg HasPesddord PHAISIS hEanRipdtBEEre ri ses

accordi ng toﬁaqngsacp};aq1 q)veerﬁg]%agra%irerplto,t)gr.eater t han around 15C/ mm 8. The
c

process as armed 1 n any one Of the preceding clains, characterised in
that the starting annealYsipuenpesat yr ehbsel eaye ralygan rempeqeat hoav85aC. 9.
The process as clained jn any one of the preceding clains, characterised in
that the findt!laHniEly Pt enper2der §XREL6R Tt e OHEB00E 18 E6OE. 10.
The process @s idgd,med in the preceding claim characterised in that the
final annealing tenmperature is of the order of 600C. 11. The process as
claimed in any orte of fitddopecceddng @ ai Yeaptiar achesesed havinmt &he

transition t Ay e petween Lhe kg, phases IS of 4 hear dgr 4af. 4?90 a

enper
450C. 12. Aﬁp i'Cation 6f aaﬁﬁocéss as clalneﬁ in any one or norée of the

precedi ng clld T/ rfior det ackeng ttwd d ayecsndf phater italindel 1 mt ¢ edie dy tan

enbrittlement, surface, said enbritt{lenent surface vi ng been created
within the §%6ﬁﬁjﬁﬁ ékHFH§@§§toF”Fhé“SNﬁ@ﬁ(lﬁstVb%raﬁ%.g*ﬁgaéﬁﬁgicapion as
clainmed in the MBRANG G AR s¢hgkacterised in that the two layers of
material conprise a layer of silicon. 14. The agplication as clainmed in any

one of the precediorg clraiers sedliar acher i sédsitn phaset heorresPapers &P
b 0 2V R T LR LA R T S
heel . The aim of this first phase, in the case o0f the
invention, 1is to supply the wafer to be detached with
thermal energy leading almost to detachment.
More precisely still, the first phase stops at a
transition temperature corresponding to the onset of a
detachment following the thermal energy supplied to the
wafer during the first phase.
This onset of detachment is understood to mean the
state in which a part of the embrittlement surface has
effectively undergone detachment, but this detachment has

not spread over the whole embrittlement surface.

This 1is accordingly a state in which the wafer
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second ramp, substantially greater than the gradient of
the first phase.

It 1is specified that the transition temperature,
which is, as we have seen, the temperature corresponding
to the onset of detachment, will be adapted in terms of
the nature and dimensions of the wafer to be detached;
this adaptation could be made according to charts, or
empirically.

In this respect, it should also be noted that the
transition temperature corresponds more precisely to a
thermal transition budget imparted to the wafer, which in
turn corresponds to a state of the wafer in which onset
of detachment takes place in the embrittlement surface of
the wafer.

The aim of the second phase 1is to finalise
detachment, by finishing wup with a surface state
(roughness especially) substantially improved relative to
what is achieved from conventional methods.

The applicant has in fact observed that in
continuing the first phase, after a transition
temperature such as that defined and specified

hereinabove, by a second phase of substantially increased
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average gradient, the result is a surface state of the
detached layers which is substantially improved relative
to what is achieved in detachment annealing in the prior
art.

It should also be pointed out that the second phase,
apart from the fact that it has an increased average
gradient, preferably also brings the wafer to a final
annealing temperature 1likewise substantially increased
relative to the final temperature of annealing detachment
according to the prior art (which are of the order of
500°C, as illustrated by the curve 51).

This is illustrated by the final annealing
temperatures of the curves 52 and 53.

And this characteristic, combined with the strong
average gradient associated with the second phase,
actually results in a particularly advantageous surface
state, the surface roughness of the detached layers
decreasing further still.

To 1initiate detachment at a specific point on the
embrittlement surface of the wafer, the divergence in
temperature prevailing inside the oven can be exploited
(for example the presence of thermal gradients in an oven
inside which the wafers are arranged vertically).

In the case where the wafer to be detached has been
made up by bonding two layers having varying mechanical
characteristics, the respective mechanical behaviour of
the two bonded layers also influence detachment of the
layers.

This 1is the case for example for SOIs shaped
according to a process of the SMARTCUT® type, the SOIs
being obtained by detachment, at an embrittlement surface

(constituted by implantation), of the SOI and the silicon
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heel.

In this respect in the event of detachment, then
this detachment does not mean the operation consisting of
undoing a bond which had been created by adhesion
(“bonding” according to accepted English terminology).

Therefore, in the case of detachment of a wafer to
constitute a S0I, a bonding interface is created by
bonding (between the oxidised and implanted plate and the
stiffener), and detachment takes place at the level of
the embrittlement surface created by implantation, this
embrittlement surface being distinct from the bonding
interface, even if it is very close.

In this case, the two “layers” to be detached are
therefore both the SOI itself comprising the stiffener,
the oxide and the fine slice of silicon, and also the
silicon heel.

Given the extreme fineness of the oxide and the fine
layer of silicon of the S0OI, the SOI has mechanical
characteristics which are assimilable to those of the
stiffener, such that the two layers to be detached have
the respective mechanical characteristics of silicon and
of the stiffener (which can be different in nature, the
stiffener capable of being made from silicon, but also of
a wide range of materials, such as quartz).

From the point of view of the mechanical
characteristics, each of the two layers to be detached
from the SOI can be assimilated respectively into two
layers, which were previously bonded together, to make up
the wafer to be detached, (the silicon layer and the
stiffener).

The following applies to detachment (that I1is,

fracture of the previously created embrittlement
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interface) of two layers which are assimilable in the
same way into two layers previously bonded tocgether, each
of the two layers to be detached being essentially
composed of the material of one of these two layers.

And with reference to the influence of the
mechanical behaviour of the layers to be detached, the
two layers to be detached from the SOI (the silicon heel
and the S80I itself) can thus have different mechanical
characteristics).

In addition, these two layers are obviously
equivalent from the mechanical point of view to a layer
of silicon, and to the stiffener (these two elements
having been assembled by bonding).

The two such bonded layers are not exactly flat.

There are tolerances on the surface evenness of such
layers.

And bonding the two layers (oxidised and implanted
silicon S, and stiffener R, see Figure 6) together was
done so that the concavities of the two respective layers
face one another, as 1is shown diagrammatically in the
figure.

In this figure the concavities of the two bonded
layers have been shown much deeper than in reality, and
do not correspond in any way to a realistic scale.

During such bonding the concavities of the two
layers are flattened so as to bond the surfaces of the
two layers together. The two layers of the resulting
wafer (and consequently the two layers to be detached,
given that it was seen that mechanically these two layers
were equivalent to the two bonded layers) are thus
slightly prestressed (especially in their central

region) .

10
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movement of relaxing the <constraints due to the
abovementioned bonding.

This benefits continuing detachment after the
initial detachment described above and achieved on
completion of the first phase of annealing.

This relaxation phenomenon becomes useful for
detachment according to the present invention of any
wafer whereof the two layers to be detached can be
assimilated into two slices which have previously been
bonded together, by subjecting them to prestressing as
they are adjusted to one another.

With reference to the process according to the
present invention in general, it has been said that the
final annealing temperatures are greater than the final
annealing temperatures of the prior art.

More precisely, in a preferred variant of the
invention beneficial results will be obtained with final
annealing temperatures of the order of 500°C to 800°C.

And even more precisely, according to a preferred
option for implementing the invention the final annealing
temperature is of the order of 600°C.

The gradient of the second ramp known as the rapid
ramp is not necessarily 16° per minute. This non-limiting
value can be adapted; in any <case it must be
substantially greater than the value of the gradient of
the first ramp in temperature rise.

Similarly, the final annealing temperature, if
effectively selected preferably substantially higher than
for classic detachment annealings, is not limited to the

values described above which constitute preferred values
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v invention.

In fact, a general characteristic of such annealing
carried into effect according to the present invention is
that it comprises :

. A first phase during which the temperature is
brought from a starting annealing temperature (which can
have a value of less than 350°C, as has been mentioned)
to a temperature corresponding to a starting detachment
temperature for the wafer.

It is specified that the onset of detachment can for
example be observed by following, using any means known
in and of itself, the diameter of gaseous bubbles
generated by the detachment annealing from an
embrittlement surface defined by implantation, the
gaseous bubbles originating from the combination of
micro-cavities formed in the structure by implanted
inserts.

This first phase corresponds to the first slow ramp
of the curves 52 and 53,

. Followed by a second phase during which,
instead of stabilising the temperature as in known
detachment annealings, at a final annealing temperature
corresponding to a temperature which 1is only slightly
greater than the starting detachment temperature, not
only is the rise in temperature continued, but even the
growth in temperature is increased per unit of time.

It can be considered therefore that

. the first phase corresponds to the mechanical
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triggering of detachment,

. while the second intensive annealing phase
allows

- not only finalising of this detachment,

- but also obtaining (as will be explained in
detail hereinbelow) a very good surface state, this
second phase corresponding to a finishing phase.

The starting detachment temperature, which
corresponds to the transition temperature between the two
annealing phases, can vary in terms of the
characteristics of the structure to be detached.

In effect, the value of 430°C to 450°C mentioned
above is not strictly limiting: in terms of
characteristics such as the material(s) of the structure,
the dose of implantation energy wutilised during the
creation of the embrittlement surface (in the case where
this surface has been created by implantation), this
temperature may vary to a certain extent.

For example, if the embrittlement surface is created
by implantation, then before the thermal budget is
supplied to cause initial bubbling of detachment it has
to be adapted when the implantation energy is modified.

Figures 7a to 9a illustrate the differences 1in
spatial distribution of haze on the surface of three SOIs
which have undergone detachment annealings according to
three different modalities.

Figure 7a thus illustrates distribution of haze on
the surface of a S0OI which has undergone classic
detachment annealing, corresponding to the curve 51 of
Figure 5.

This fiqure is to be compared to Figure 7b, which,

following the example of Figure 4b, illustrates global
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distribution of haze on the surface of the S0I, and an
average value of the order of 87ppm.

Figure 8a illustrates the spatial distribution of
haze on the surface of a SOI which has wundergone
detachment annealing according to the invention, with a
temperature evolution corresponding to the curve 52 of
Figure 5.

This figure is to be compared to Figure 8b, from
which an average haze value of the order of 73ppm on the
surface of the S0I is deduced.

A substantial decrease is noticed in the value of
average haze and, consequently, of roughness on the
surface of the SOI resulting from detachment.

Figures 9a and 9b correspond to another SOI, having
undergone detachment annealing according to a temperature
evolution according to the curve 53 of Figure 5.

In this case, as shown more particularly in Figure
8b, the average value of haze on the surface of the SOI
is of the order of 5ppm.

This corresponds to an extremely significant
decrease in the surface roughness of the SOI.

Figures 10 to 12 illustrate the evolution of the
state of the crown of three respective S0Is which have
undergone detachment annealing according to the three
respective modalities described above (corresponding to
the three respective curves 51, 52, 53 of Figure 5).

These fiqures 10 to 12 illustrate a significant
decrease 1in the ©peripheral degradation of the SOI
structure (the most degraded structure corresponding to
classic annealing, the best preserved structure
corresponding to annealing done according to the present

invention and corresponding to the curve 53 of Figure 5).
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It is specified that although the abovementioned
examples have been described in reference to detachment,
thus generating a SOT, the invention applies to
detachment of any other structure comprising
embrittlement which effectively delimits the layers to be

detached.

10
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said annealing bringing the temperature from a starting
annealing temperature to a final annealing temperature,
characterised in that during the thermal annealing the
annealing temperature is made to evolve according to a
first phase up to a transition temperature, then
according to a second phase during which the rise in
temperature per unit of time is stronger than during the
first phase.

2. The process as claimed in the preceding claim,
characterised in that the transition temperature
corresponds to the onset of detachment.

3. The process as claimed in any one of the
preceding claims, characterised in that the first phase
is a detachment initiation phase, and the second phase 1is
a surface-finishing phase.

4. The process as claimed 1in any one of the
preceding claims, characterised in that the second phase
is followed by a heating stage at a substantially
constant temperature.

5. The process as claimed in the preceding claim,

characterised in that said substantially constant

temperature corresponds to the final annealing
temperature.
6. The process as claimed in any one of the

preceding claims, characterised in that during the first

phase the temperature rises according to a slow average
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gradient, extending up to around 10°C/min.

7. The process as claimed in any one of the
preceding claims, characterised in that during the second
phase the temperature rises according to a rapid average
gradient, greater than around 15°C/mm.

8. The process as claimed in any one of the
preceding claims, characterised in that the starting
annealing temperature is less than or equal to 350°C.

9. The process as claimed in any one of the
preceding claims, characterised in that the final
annealing temperature is of the order of 500°C to 800°C.

10. The process as claimed in the preceding claim,
characterised in that the final annealing temperature 1is
of the order of 600°C.

11. The process as claimed in any one of the
preceding claims, characterised in that the transition
temperature between the two phases is of the order of
430°C a 450°C.

12. Application of a process as claimed in any one
or more of the preceding claims for detaching two layers
of material delimited by an embrittlement surface, said
embrittlement surface having been created within the
scope of a process of the SMARTCUT® type.

13. The application as claimed 1in the preceding
claim, characterised in that the two layers of material
comprise a layer of silicon.

14. The application as claimed in any one of the
preceding claims, characterised in that the two layers of
material are two layers of silicon, with one of the two
layers corresponding to a S0I, and the other layer

corresponding to a silicon heel.



