17 Cctober 2006 1 PROCESS FOR SEPARATI NG LAYERS OF NATERGTAbctdtee 2(0esent
invention generally relates to the processing of materials, and nore
particularly to substrates for electronics, optics or optoelectronics. An
aspect of the present invention provitdes 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
conprising said layers, said annealing bringing the tenperature froma
starting annealing tenperature to a final annealing tenperature,
characterised in that during the thermal annealing the annealing
tenperature is made to evol ve according to a first phase up to a
transition tenperature, then according to a second phase during which the
rise in tenperatPROEEIS FON SEPARATARG 8A8LRONGLT MADARIANIing the first
phase. Processes of the type nenti oned above are atready- known. In
particular it is known to apply such known processes for detaching two
| ayers of material comng fromthe sane substrate, between which an
enbrittlement surface has been previously defined by inplantation of
species in the Siiirst rpteserthe imgdaniead spacies] lcan ded atens ab atéss. It is

t hus known to | ant a substrate Qf a senjconductor material such as
silicon mntﬁr%? ®s ShchmalefydrlSgen 2t nBPFam PeYLECELPEIY 2068 2 And

the embrittlenpnta sy face éﬁefpkezto%ﬁregﬂe%pﬁeic% Jrunfition eek rbRgcgat ure of the

material, the nature of the
An aspect of the present invention provides a

process of detachment of +two layers of material
according to an embrittlement surface defined between
the two layers, the process comprising thermal annealing
of a structure comprising said layers, 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. _

Processes of the type mentioned above are already
known.

In particular it is known to apply such known
processes for detaching two layers 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 seﬁiconductor
material such as silicon with a species such as hydrogen

or helium.



i npl ant ed species and the inplantation energy (this enbni7tQdisbeenoocsur f ace
typically being a plane parallel to the inplantation face of the
substrate). It is also possible to produce the enbrittlenent surface by
any ot her neans known per se, for exanple by constructing an internediate
region of porous material between two regions of dense material, by
constituting a |ayer of oxide enbedded in a substrate (for exanple a
substrate of SO type), or even by bondi Ag together two |ayers, the

bondi ng zone then corresponding to the enbrittlenent surface. Such

det achment of twoahayefse deidehedibyean ambfidd | epERfetsutidfiace cay ke used
to create thin layers (whose thickness can be between a fraction of a

mcron and deWeltdionniodr §hs) nagirpscfeshei BabeF bl extdipir@tivye pdt éhe
d t FR . L.S. : t i th
ocunen %m?ﬁjéal\;}%é_r%cu%?'re%lggcugﬁﬂ Qﬁécriﬂﬁﬁaﬁtﬂﬂﬁﬁs%n@}% " Yregrs the

generic name o0 , the aimof which 1s to nmanufacture structures
of SO type (EBbritdde@enknsukébor tpptoatlngb¢ bnacxgptaec BErglaildle] to

term nol ogy). ,The major _steps_in this process are the follow ng:

oxi dati on of tges&mg’ilapéatﬂlﬁﬂe?aﬁ?a?g Btf‘gs?‘l‘t?%tbﬁgtéf)d create a |ayer of oxide
(which correspondstt 0i 4 halsemyssidied,layeb Groxmice efiet RELIPE rIkhdelkure),
ionic inplantation of hydrogen in this upper plate so as to create the
enbrittl enenBugdpfgc®yY @y t-hede|means t\%@oml psrrget ufer bgxehiseshvf ace on

other mand a“SITrERRAGe) 2 afnge Pieflalte L sSRER S hatels, BsEIA e
17 Cctober 2086wedncakbedegishif béneentwhintitcadaibebyadenstisitisgna but
al so from-another material), .
layer of oxidé embedded in a substrate ({for example a
substrate of SOI type), or even by bonding together two
layers, the bonding zone then corresponding to the
embrittlement surface.

Su¢h detachment of two layers detached by an
embrittlement surface can be used to create thin layers
{whose thickness can be between a fraction of a micron
aﬁd several microns), as is described for example in
patent document FR 2 681 472.

This document describes a process known under the
generic name of SMARTCUT®, the aim of which 1s to
manufacture structures of S0I type (Silicon On Insulator
according to accepted English terminology). The 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 S0I structure},

. ionic implantation of hydrogen in this upper
plate so as to create the embrittlement surface, and to
delimit the S80I structure by this surface on the one hand
{situated to the side of the embedded oxide), and on the

ofther hand a silicon heel,

. adhering the upper plate onto a support plate



annealing wwth a view to detachnent to first obtain an $@0Oddiber2o0s €
conprising the support plate, the enbedded oxide |layer and the | ayer of
silicon placed between the enbedded oxide and the enbrittl enent surface,
and then silicon heel |located on the other side of the enbrittlenent
surface. In this respect it is specified that this annealing can : >
either conpleting the detachnment, with the SCI and the heel effectively
exiting. fromthe annealing oven unstuck, > or, if the thermal budget is
not sufficient to conplete the annealing, to aid onIy in effecting

litting b t th |
spritting a\r’]%leegie he P eapd - ﬁnﬁ&f‘rL cJ@Ob%prd %?ﬁl%%ﬂondf\]:éo a

state precedi tachment 1 n whi eel "are st
attached by alazv derforaalos hefromeeetryipé ) bonds, or agaln by a sinple suction
effect of the two parts to be detached. In this case, detachnent is

finalised after ‘anne@PﬂﬁQllﬂér‘é%éhpﬁevﬂﬁwa*Ebn@?iﬁﬁﬁm%mFoﬁone%%@ﬂicaI
energy (introf q:l%gﬁr-{e%t@x A1 SRS Blc‘?:ﬁtr' ngofﬁ%ﬂ@?h%&?@ A &t ghe |evel

of the enbrit surface etc-) ntary oce ng de3|gned to
reduce the . entitghizes sorids ha agiend aeedoftttehelsgzérv\mm hsbligonatpelacferobm
spliitting and det achnent IS to find roughness tEECIf cations not

|
exceeding 5 ﬁﬁd@??bﬁ§elﬁmpﬁ§d9§IégggﬁcﬁP?egﬁ%ﬁﬂF Yo e Scronym

root nmean SGQuRf et)her“siﬁlécﬂ?chfaé@d 1bbatebin@mRasUr &g gs_)&ghe%sstr@e
general ly nmade by an atomc force mi croscope (AFM according to the acronym

cor r espondi egbird ttHemengl sshfaZeOct ober 2006 4 term Atonmic Force

M croscope). Wth ths Hype Qgegpéé{U”EQt rouggggg§flednegguredthis

annealing can

> either completing the detachment, with the SCI
and the heel effectively exiting from the annealing oven
unstuck,

> or; if the thermal budget is not sufficient to
complete the annealing, to aid only 1in effecting
splitting between the S0I and the heel. The splitting
corresponds to a state preceding detachment in which thé
SOI and the heel are still attached by Van der Waals
force type bonds, or again by a simple suction effect of
the two parts to be detached.

In this case, detachment is finalised after
annealing, for example by a contribution of mechanical
energy (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 S0I 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}.

Iﬁ is specified that the measures of roughness are
generally made by an atomic force microscope  (AFM

according to the acronym corresponding to the English



on surfaces swept by the points of the AFM mi croscope, g itst@grbomm 1 x 1
pnt to 10 x 10 pnt and less frequently 50 x 50 pm 2, even 100 x 100 pnt.
It is also possible to nmeasure the surface roughness by other nethods, in
particular by the bias of a haze neasurenent, in keeping with accepted
English termnology. This nethod has the particul ar advantage of enabling
rapid characterisation of the uniformty of roughness .on the whole
surface. This haze, measured in ppm origginates froma nmethod utilising
the properties of optical reflectivity of the surface to be characterised,

and correspgnds, 1 dallc eBkicealibase ppL§e diffused by the surface, in terns
of its mcroroughness. An exanple of "tie between the haze and the

roughness is sh@umthi mhBisgulpd, ofn inlsé romset ofrcanh86k ssUrs atea sdhed
SMARTCUTO process._can al so _be Egeq:to constitu%e structures other than

SO, for exanpl & SIS Pedh Ay AT HY hsP be NG At JH BryTTae

t erm nol ogy rargjilgCOPr&m 1WNY Mat qmi’al ) toor eMenxAOH (At hiRg QrAnyt hing
according to accepted English te;ninolo%égfny material- on any material).
The known prid€sB€as lyf SBekachnbht, vedh ing 00gerér al | y use anneal i ng
induci ng the strygtuyge I SI t s to be unstuck froma
relativgly | ow ggag%iﬁgggﬁ %%%?ﬁéetgﬁp%%%‘%%%?&V%iéﬁfééﬁftﬁg%QJ E%%%nple
of the ordebyofot3tC m¢vhaddhi gher pdattachiient Wenpreatyase ¢hodgharet
exceedi ng a. val ue of &he order of 500C, with a tenperature evolution in

the anneal i R§3GVER™SBEor di AG 17 K&ERYE 2006th 5 t 8c§eBtiBgt antin@ililphconst ant
increase of tthaigbdsyyof 10C per m nute.

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 $0I surface.

The SMARTCUT® process can also be used to constitute
structures other than SOI, 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 processeé' 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



The detachnent tenperature for these detachnent anneal i ng@ébdrheogri or
art corresponds to the final annealing tenperature. Therefore, the known
detachnment annealings are performed 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 fromdetachnent (that is, the surfaces of the two layers ‘
opposi te both sides of the enmbrittlenents surface) exhibit a relatively
hei ght ened roughness. And relatively inportant specific processing can be

made necessagry, 0 LAt es) r tesfor, surfac o

originating F%oﬁl32%%2%2%%??1go§bé§gﬁgﬁg§$§§e§%§ égegﬁeo.ré%féﬁi&éhfzof t he

| ayers of a pleat miofitmaterial such as silicon for constituting a SO,
nerally results in roughness of the order of 80

conpl eti on of detachnent er ¢
Anggtrons rms (i n@ﬁﬁFMq?rIé‘g%eth%mbn SPRRTYCOFe 1050 i hs)de tAdmenitnei pal
ai mof the iawaBhil@ighS JUEhEO BHOW at@ PESFLPLMARIAChIENL L anngal iings
producing an inproved state surface of the surfaces resulting from

det achment . ABNgaiing: FomPofatee above, according to a first particul ar

aspect the aim of ' nti i's re particularly to reduce the
rogghness of the EIE%' %%%es/ee’ re@ﬂ?ti K ’f’?om%&étaggﬁl%%t, af‘é‘!eg?il{}gst o 2kffown
processes. |peaddihedn,wintt h tdng ko ¢letaedinBiiloraNRRA I ngPr @eeSges,

degradation of the peripheral structure of the structures to be detached
i sgal so obseﬂ}léﬂ.tai*—gbﬁ‘g‘/ LTty at eBPE Rt e i Bl eshet gspdigntcpéber

2006 6 m creREHPEEMSNSEN VAT O R ﬁfb%rp%rf' Aeral,;§dge of the surface of
an SO after its detachnent by anneal I ng
But it is often noticed _ that the surfaces

originating from detachment (that is, the surfaces of the
two layers opposite both sides of the embrittlement
surface} exhibit a relatively heightened roughness.

And relatively important specific processing can be
made necessary to attain the desired surface state for
surfaces originating from detachment.

For example, in the event of detachment of the
layers of a plate of material such as silicon for
constituting a SOI, completion of detachment generally
results in roughness of the order of 80 Angstroms rms (in
AFM measure on a field of 10*10 microns).

The principal aim of the invention is thus to allow
to perform detachment annealings producing an improved

 state surface of the surfaces resulting from detachment.

Aé a function of the above, aécording to a first
particulér aspect the aim of the invention is 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 bé detached is also observed.

Figure 2 Lllustrates the typical result of



according to the prior art, said peripheral region beingj7eatdhedopEown.
Thi s observation shows up nunerous structural irregularities in the SO
crown This figure illustrates degradation of the SO crown, said
degradati on bei ng consequent to the detachnent annealing (applicable to
structures of types other than SO). O enbodi nent can prevent, or at

| east reduce, such degradation noticed as a consequence of annealing
det achnent . Wm%eobﬁé\ﬂvﬁééonac@f)rmh@g Por tiblee mibbv @dagspett the

process of g two_] ay. er.i.al t,0 an _enhri.ttl ement
surface def?ﬁ% é?mggh a%héﬁ?ﬁ(qggggs t?%edggégégs col9 ﬁq?eﬁﬁlrnal
anneal i ng (ﬁcamnnﬂﬂgaGE)ﬂﬂuﬁQ@pI@Slagtsasd1Hapem$phbhe1amﬁqabhn@e1h@|nglng
t he tenperatu oma starting annealing tenperature to a final annealing
tenperature® Jﬁﬁ%ﬁé%?@?ﬁsed in that during the thernmal annealing the

anneal i ng tenper ahlike Y85 BL&PT dishGwko ad I r shnPhass ts%r@cttm%ail tion
tenperature, then according to a second phase during which the rise in

tenperaturelﬁ€ﬁgudﬁﬁl@ﬂestﬂﬁetM§ §Kﬂbﬁg@%ﬁ¢han during the first phase.

Preferred, thoug Neloly I nltlng, i_nents of t roc
fol | owi ng: the trangltloﬁ fenpe%gyuggaggfre 88585a%6ogln| |aF 8et§§ﬁnent

the first pbasenis asaiditididuqhiage obeidgt ackokséquand the seepad phase
is a surface-finishing phase, 17 Cctober 2006 7 the second phase is
fol | oned by9§tREBNEAY §‘t“é'§é‘11é?tg al2ppkiaaklal by SdFscamreasempler AYRES,

other than S0TI).

One embodiment can prevent, or at least reduce,
such degradation noticed as a consequence of annealing
detachment.

There may be provided, according to the above
aspect, a process of detaching two layers of material
according to an embrittlement surface defined between
the two layers, the process comprising thermal annealing
of a surface 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 in temperature per unit of
time is stronger than during the first phase.

Preferred, though non-limiting, embodiments of this
process are the following:

the transition temperature corresponds to
initial detachment,

the first phase is an initiation phase of
" detachment, and the second rhase 1s a surface-finishing

 phase,



said substantially constant tenperature corresponds to theciobgatopgnneal i ng
tenperature, during the first phase the tenperature rises in accordance
with a slow average gradient, up to around 10C/ mn, during the second
phase the tenperature rises according to a rapid average gradient, greater
than around 15C/ nm the starting anneaéi ng tenperature is less than or
equal to 350C, the final annealing tenperature is of the order of 500C to
800C, the final annealing tenperature_ is of the order of 600C, the
transition tenperatur éhﬁe%\%&’?dt RapGosphaddsvrd BY #nRedfig HHes0C to
450C. Anot hai aspeskrahtlila 197 €988kahRVeBLhHePaPLEN] des an  application of a
process as defined above for detaching two |ayers of material delimted by
an enbrittlenent * surfadd, sapdbehdritallnent comstaos haviempdsemcs eat ed
wi thin the pr.ac f e_ SMARTCUT( type. Preferred, though
non-1imti n%gggﬁgg%lnﬁgnfeg gf'gsgéﬂwaﬁmé%% f%%t{;%[ﬂp%’?aet‘f%eé foll owi ng: the
two |ayers of nateriabuedanpricke @isktiphasel ayertehperivird avieyes ah
material are two |ayers of silicon, one of the two |ayers corresponding to
an SO, th&86PRERNFSydrt tdbr PesHidti AYCERIA GiNAdd6RtheetP EPheround

embodi ment sjpakpmiand advantages of the invention 17 October 2006 8 will
energe clearly fromreading the follow ng description of an enbodi nent of
the invention, with during the second phase the temperature rises

according to a rapid average gradient, greater than
around 15°C/mm,

. the starting annealing temperature is less than
or equal to 350°C,

. the final annealing temperature is of the order

of 500°C to 8006°C,

. .the‘final annealing temperature is of the order
of 600°C,
. the transition - temperature between the two

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

Another aspect of the present invention provides an
application of a process as defined above 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.

Preferred, though non-limiting, embodiments 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 embodiments, aims and advantages of the

invention



reference to the acconpanying diagrans in which, with the7®xsepbos of
Figures 1 and 2 which have already been nentioned in reference to the
prior art Figure 3 diagrammatically illustrates an annealing oven used to
carry out the invention, Figure 4a illustrates the spatial distribution
of haze on the surface of an SO having undergone detachnent annealing
according to the prior art, Figure 4b is a graph representing overall the
di stribution of haze on the surface of the SO for the surface of which
Figure 4a illustrates the spatial distribution of haze, with the graph of

Figure 4b speg¢jfically identifying the average haze the_surface in
questi on, F‘i”gﬁ'e 5erb§’§%6f1i cﬁlleﬁ)éllé’pre ERT's tﬁ%a%’tqu ut;% i oFogiﬂ’ﬂé?gture
during detacha®ati el id Gar I kRgdoQihenfCCOHFf dithe: t antBaLRAhOr RAfEn and
the same type of evolution for two detachnent annealings undertaken

accordi ng toreherenesert hr ertgampanyiingudd sgramsydnr gheshhi ghty the
di agramati cal na a,l f 9{(1' dis nd, ,i.plant ilicon,
and a sti ffe(?l}éér%(pi#n&g %(I%/ARE‘I%%"I%% y%ea%f%cgss, |gurﬁggg7%,l%§ﬁdﬁggﬁ
vi sual |y repnaseitnddein spafidmdncg o ithigt ipariocef atthe: haze on the surface of

three SOs follow ng their detachnent by anpealing, .the SO of Figure 7a
havi ng under gone ‘st andat et achneft 2AF#ERR F HeA 1LY he 1ddSEERESSf Fiures 8a

and 9a havi nghpdes gons;edelachmenicanealicngheacaOLGE Ngn f 0 the present
invention carried out according to different nodalities, Figures 7b, 8b

and 9b are graphs simfiguneo 47 Celoderat2e06the shase bf dbsigurlentdbonver al |
showi ng the distribution o hazecfor the SO At TRSPSEL! Vgl Ehures T
detachment annealing according to the prior art,

. Figure 4b is a graph representing overall the
distribution of haze on the surface of the S0I for the
surface of ‘which Figure 4a illustrates the spatial
distribution of haze, with the graph of Figure 4b
specifically identifying the average haze of the surface

- in question,

. Figure 5 graphically represents the evolution
of temperature 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 illustrates 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
S0Is following their detachment.by annealing, the SOI of
Figure 7a having undergcone 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 modalifties,

*  Figures 7b, 8b and Sb are graphs similar to



(Figure 7b corresponding as does Figure 4b to SO annealjg:tase0od Ng to a
known technique), Figures 10 to 12 are three simlar representations of
observation by m croscope of the peripheral edge of three respective SOs
whi ch have wundergone detachnent annealing, o Figure 10 corresponding to a
SA havi ng undergone standard annealing (simlar to Figure 2), o Figures
11 and 12 correspond to the respective SOs of Figures (8a, 8b) and (9a,
9b). Previous to the foll ow ng descript i90n, in this case of structures
such as nmultilayer substrates conprising, as above, a SO (or SOA, or even

AOA) and a |l gyer of _.a_.heel of materi silicon in the case of SO), the
shape of th@/%%er UEFuFégl‘%egélr?er%YGF’f/aﬁ’ua%hB‘f’l%gvéf‘? fqlr?é:rc%ﬁ’strm“d i gnat ed
by the termmaferraecoidi s taRceeniadt i N sh duardd Nl o0gs Al tdie wafers

are thus arranged vertically in the oven, as shown in Figure 3 (the wafers
to be splittddIweE ngddesiograseangy.ngef asendecpunBiatrd 0,4k hecoveiPbei ng

desi gnat ed f.er | .20). . Thi s rtical arrangenent of the

waf ers ai nsb(%hor{e%plﬁen e%‘t%c{y%g%h%sl%s% E):)lf kgﬁ{émt g\gc%]f%%%):’d | ayers of each wafer
shifting, relatiwvwe toFrdg@arasot haw, attd he lend ofre detdanhnent dimitlhe oven or
especially during handlin operations when the detached wafers are renoved

fromthe oVERPra3&EAdREVe PE hE8SBEEAL 48BN RHatmEperiFIRat iYns B the

surface state WRfiRraln 685ka Hf CagpSe drasherll8 BAEL1 G A f @la SA) |
So it is necessary to prevent any 17 Cctober 2006 10 relative shifting of

the two det acivedgoaypedstechmsntoanpgalinghe ri sks of any scratching on the

SurfaceS‘Of the 0 Figure 10 corresponding to a SOI having undergone

standard annealing (similar to Figure 2),
| o Figures 11 and 12 correspond to the respective
S0Is of Figures (8a, 8b} and (9a, 9b).

Previous to the following description, in this case
of structures such as multilayer substrates comprising,
as above, a S01 (or SOA, or even AOA) and a layer of a
heel of material (silicon in the case of S0I}, the shape
of the structure is generally-that of a very fine crust
designated by the term wafer according to accepted
English terminoclogy.

And the wafers are thus arranged vertically in the
oven, as shown in Figure 3 (the wafers to be splitted
being designated by reference numeral 10, the oven being

' designated by reference numeral 20).

This vertical arrangement of the wafers aims to
prevent the risks of thé 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, in certain cases, drastic (in

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



two detached layers. It is also noted, as illustrated in 15 @userdaes t hat

t he surface roughness of a SO 11 resulting from detachnent annealing
exhibits dissynmetry. In fact, this figure shows a zone of the SO surface
(situated between 9 and 10 o' clock) in which the haze, and consequently

t he roughness, are increased. Such divergence results fromthe presence of
hot points in the annealing oven. In the case of an oven such as
illustrated in Figure 3, it is nore prﬁg;sely about the translation of the
vertical tenperature gradient (the wafers to be detached being placed in
the oven at an orientation of 90 relative to the representation of Figure
4a). Wth réfdidive ndniomne gof e thB, 4R sdeharBedhdavever 814 % stei bution

of haze on Lo isrhace iofot Be 30l %fcra'%ic%irng 4 dhle WildeaResT ggaldhgd that
this SO - has undergone detachnment annealing according to a process known
in the pridwoadetaEhgdr éagbrsl | ustrates that the value of the average

haze on the whole SO is of the order .qf 8 m, This,.value is directly
associated with gﬁ &?e?i&g nPSﬁShn@?slaéfﬁgrp °fhi'g %&ﬁ?rﬁnaafhgba%
represents ahef efseirgace vabugnhessmeasur ang s8@ rnqugheesstinghakaekeri sed
by the haze neasurenment. This haze neasurenent, as well as simlar

measur enent setgchacgpeanpeabl ferexihdel oy diggeumngtdd - according to the same

Protaeel oG LB e Sy PRI lowd o, Ulh SRS 508 LOEkpuTent of
for). Wth refienaned mewwtenFigguired 510t be cdvalkyt iien wHidhethe haze,
and consequently the roughness, are increased.

Such divergence results from the presence of hot
points in the annealing oven. In the case of an oven sucﬁ
as 1illustrated in Figure 3, it 1s more precisely about
the translation of the vertical temperature gradient (the
wafers to be detached being placed in the oven at an
orientation of 90° relative to the representation of
Figure 4a}.

With reference now to Figure 4b, this shows the
overall distribution of haze on the surface of the S0OI of
Figure 4a.

It will be recalled that this S80I has undergone
detachment annealing according to a process known in the
prior art.

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

This value is directly associated with an average
roughness wvalue of this S0I, and thus represents a
reference value for measuring SOl roughnéss,
characterised by the haze measurenment.

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

instrument, in this case by an instrument of the KLA



tenperature prevailing in the annealing oven, during thrne&dsisachment
anneal ings, as a function of time, has been diagrammatically illustrated.
More precisely, this figure conprises three curves 51, 52, 53 which
correspond to three different types of annealing. The start of the
tenperature evolution during these three annealings is identical,
conprising an entry stage at 350C (corresponding to the annealing entry
tenperature), followed by a rising ranp of a tenperature having a gradient
of the order of 10C per minute (or lesk}, as is known fromthe prior art.
In the right part of the figure it is noticed that over tine the

t enper at ur esteofcdrheurfiseenafr&akiypgs (evakdeemadkf &ijgpeindd yEoivbr e

particul arly, th%.c%{ve 51 illustrates the evolution of a detachnent
anneal i ng accor diig ™t §SERESNGRI BPWaFP. FRAVSGCH, abitef YRt 1 2 HAvA ng been

mai nt ai ned atemddi@ @l Yplevel 1 0hg350C fiale adnkst 185a08viNe derpgyature
evol ves according to the known gradient ranp of the order of 10C per
mnute, up tiheaddefaamment amesliings.enper at drechhdnf pfialt imenpdrag ure of
t he order f.500C. It is. nevertheless specified that the so-called

det achnment 2¥§$}Q§éﬁﬁépg 5%§?f¥¥oﬁ#gﬁﬁgﬁggﬁ%‘beginning of detachnent can
be observed, mayMbage prevdlse@yof tiHies OFdgtire OboABPG:é® 4006 ThawM Ty

anneal i ng tenperature may have a value of |ess than 350C (this will also
be the casefor 7 Gt oferclroperrasPeaniesPi ffseacesifdrrgnt o tyResprdsent

invention, jihhlugipgted by the curves 52 and 53) _

The start of the temperature evolution during these
three annealings is identical, comprising an entry stage
at 350°C {corresponding to the annealing entry
temperature), followed by a rising ramp of a temperature
having a gradient of the order of 10°C per minute (or
less), as is known from the prior art.

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
Cemperature 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 is nevertheless lspecified 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



The end of this annealing conprises a second stage, at_Hhﬂﬁj&&ﬁQmm
anneal ing tenperature. In the case of this known annealing, the tenperature

therefore evolves according to a ranp. . The curve 52 represents the
tenperature evolution of annealing carried out according to the present
invention, in a first enbodinent. It is noticed in this case that after

having followed a part of the standard ranp having a gradient of the
order of 10 per mnute (or less), once tipe tenperature has been brought to
a transition value of the order of 430C a 450C, tenperature evolves

accordi ng toankes€¢ald raggcwgggg@f t he grq@%ent 'féggﬂ&fergﬂ&véﬁ%i%ggt of
the first ranp. The fwo ranps are’illustrated substantially |inear-"Mre

preci sely, tHdlseéontedapp hlas aquyrvesdi ehtandiBt.anti al |y greater than that
of thi.s second ra bei ng of the order of

of the first ra h r adi_ent

16C per ninutehpzp% %ﬂ%gggngﬁﬁf PgnﬁﬁgéﬂgtﬁﬁWpfbfgghPssg Bel Shgae.
accordi ng toathehpsesemil i mvessl Dy esmyetdcias for the annealing
represented by the curve 53, the two linear ranmps can be replaced by two
non-1inear ranps 1RoFhesiifli vl Els nenerhengesdialg ebleuttiespeiratiwe phases

det ached by @hgggfgféiégbjéggmgégég&&q%ggg%hggﬁF§econd phase corresponds

to a nore rapid rise in tenperature. ng ends with a stage at the
final annealing Tlenperatare ofepiesorderthel tédperatheccerveublohl bpstrates
a variant of _the invention in which the second ranp again has a gradient

of the 17 CcEBUEF YDA TR St Bt ACTH P henlihe REEEEDE £PHASLEPBN to
430C to 450€n a first embodiment.

It is noticed in this case that after having
followed a part of the standard ramp having a gradient of
the order of 10° per minute (or less), once the
temperature has been brought to a transition value of the
order of 430°C a 450°C, temperature evolves according to
a second ramp whereof the gradient is different to that
of the first ramp.

The two ramps are illustrated substantially linear.

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 inventidn,

in which the second ramp again has a gradient of the



In this instance, the second ranp continues up to a finaly Gasneabbny
tenperature at an even greater value of the order of 800C. Accordingly,

t he detachnent annealings according to the invention which correspond to
curves 52 and 53 are performed with a rise in tenperature conprising two
phases having different respective average ranps (these ranps can be
linear, or not) : a "slow' phase, whose average ranp can have a
relatively | ow average gradi ent of the qrder of 10C/mm or less, followed
by a "rapid* phase, having an increased average gradient (can be of the
order of 15 ( ®) o] hase ein |ntended finalise
det achnment a%%a%g gghﬁﬁi %&%hﬁggéggp%gF%éd P é%‘lﬁbroV%d4§§rFa38 state.
More precisef§@°che first phase corresponds to cl assi c anneal i ng

detachnment ranp The n1of this first phase, in the case of the invention,
is to supply the ?ol%%tﬁﬁﬁ%mhEBemFFﬁonghé?ﬁﬁlC%ﬂ%iﬁyeﬁeaﬂlﬁ@ &l nmost
to detachnenflngprgnﬁégghﬁﬁlyeﬁbékgtugge'@lgﬂ ég é agafuet52n3|t|on
tenperature corresponding to onset of a detac Iomnng t

t her mal ener@@es®ﬁ®¢ie@ft&9Q%k- waf er during the flrst phase. This onset of
detachnment is un nqgn t state art .the

enbrittl ement su??ace‘%&hgleﬁf |ve?@ iRerat SHEeﬁgyggﬁn%ﬁ?orﬂh?gtﬁ?s

det achment hese mnVeﬁpmeadwhveh kh&ﬁﬁuﬁdhdﬂﬁwl&&kﬁ@@nstuﬁkﬁC§3 dbks is

accordingly a state in which the wafer 17 Cctober 2006 14 conprises a
splitting "OUbpiumedt wikd | avefise (13 ‘emperatiweencospriasag two

phases having different respective average ramps (these
ramps can be linear, or not})

. a “slow” phase, whose average ramp can have a
relatively low average gradient of the order of 10°C/mm
or less,

. followed by a “rapid” phase, having an
increased average gradient ({can be of the order of
15°C/min or more), this second phase being intended to
finalise detachment and to end, as will be explained, on
an improved surface state.

More precisely, the first phase corresponds to
classic annealing detachment ramp.

The aim of this first phase, in the case of the
invention, is 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



In classic annealing (such as that shown by the curve 5h)yodibserdeig@chment
ranp conti nues beyond this detachnment begi nning al ong the sane average
gradient to finalise detachment (in the situation where it is preferred
to conpl ete detachnment during annealing). In the case of the present

i nvention however, the tenperature evolution gradient is increased so as
“to continue anneallng in a second phase corresponding to a second ranp,

substantially greater than the gradientipf the first phase. It is
specified that the transition tenperature, which is, as we have seen, the

tenper at ur e aaigasRandi NGy 1 16y ONeRbEaL-det achippt , 1wkl heradapted in
terns of the nature and &7nen5|ons of the wafer to be detached; this

adapt ati on EFpdtbdenadé awedrdieng to charts, or enplrlcally In this
respect, it shou n that t tranS|t| n ur
cor r esponds nDre&gr§%$§%$§ t%hgga%ﬁg P }éngltlJﬁﬁbua st ﬁﬁé %38 to the

waf er, whi cleunve t8ith, catreespendshiend Stake ebnthauwsf Qﬁeycﬂ"ﬂmlt‘hﬂsonset

of detachnent t akes glace in the enbrittl ement surface of the wafer. The
aim of the S&GRETBRAsEeAdNPENg; B9 Ub%t%%‘h%ﬁ?er‘b?efgﬁii@hﬁﬁe &g with a

surface sta&qnaQQQQQhagggcgﬁggglaIIﬁ) §g%st@$%hgkhg ”958¥ d Egla§%ve to

what is achieved from conventional neth he app cant as i'n fact
obser ved thQKEIﬁrrednt®n©®mgl$he détrathipdras ejurdfiteeenactildngiti on

tenperature such. a hat defin nd specified hereinapove, second
phase of substanglal y ﬁﬁ%%eaggd %? GEF Zﬁﬁﬁﬁnﬁ%“bag?%ﬁﬁeﬁraHPEnt t he

result is atswpbaseuss ateydifuttig @%@9@8@ | ayerig-phhgR4l sssubst aphial |y
i nproved rel ative
continue annealing in a second phase corresponding to a
second ramp, substantially greater than the gradient of
the first phase.

It is 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 is to finalise
detachment, by finishing up 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



to what is achieved in detachnent annealing in the prior j7a8disbe bogoul d

al so" 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
anneal ing tenperature |ikew se substantially increased relative to the
final tenperature of annealing detachnent according to the prior art
(which are of the order of 500C, as illustrated by the curve 51) This is
illustrated by the final annealing tenpegyatures of the curves 52 and 53.
And this characteristic, conmbined with the strong average gradient

associ at ed Wit Lhe %ﬁ%&ﬁﬂxﬂhas€he @%EH?L'Xsr%§Q$ﬁ§f(ﬂaasgg{% ﬁ gkﬁayers

advant ageous surface  state, the surface roughness of the
decr easi ng fdﬁtﬁéheétﬂbwerﬁowhmdhzﬂ&ashﬂ&ﬂﬂmﬁamﬂl&tymgnmyadlnelaaunb on the

mmrmtlmmnksug%ceof iLn nper at ure

prevail i ng i nSi dé*thé o léﬁﬁxiéj§i%ﬁﬁV$@ﬁ“t(%gggé}éﬁﬁlé“tﬁ@epPéééﬁce of

thermal gradkeats in an oven inside which the wafers are arranged
vertically). In the case where the wafer to be detached has been nmade up
by bonding two | afersh %%b@n@l%%r??n@oh%@%énﬁﬁaWhaﬁhéiﬁtﬁexmgﬂlpbasehe

respective ngghapi ehpyi f e nded la ers_also influence
det achnent ofﬁthg q?%?ﬁrgﬂgTﬁ%%ﬂ?sth g dase ?Q g%xanp re?d?ASEYgrgﬁgped

accor di ng t ognapiecess pok fiehabIVARTGIT Obtrypes tine SGhBer beéibng: obtahned by
detachnent, at an enbrittlenent surface . (constituted by inplantation), of

the SO and $A2°2Hi%orterPaaidys 20 8“1§% hedrstantiily r éspeeased the
event of detaciueife #d&he final temperature of annealing detachment

according to the prior art (which are of the order of
500°C, as illustrated by the curve 51). A

This is illust;gted by the final annealing
temperatures of the curves 52 and 53.

&nd this characteris;ic, 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 initiate 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 SOf and the silicon



this detachnent does not nmean the operation consisting ofi7 ausikngo@ bond
whi ch had been created by adhesion ("bonding" according to accepted
English term nol ogy). Therefore, in the case of detachnent of a wafer to
constitute a SO, a bonding interface is created by bonding (between the
oxi dised and inplanted plate and the stiffener), and detachnment takes

pl ace at the level of the enbrittlenment surface created by inplantation,
this enbrittlement surface being distipgt fromthe bonding interface,
even if it is very close. In this case, the two "layers" to be detached are
therefore b tgg he SO itself conprising the stiffener, the oxide and the
fine slice of "Silicon, and also the silicon heel Gven the extrene

fi neness of the Odeehasd ddmpddtnein!| aper ofest | be¢ordeafadhi@ndOrl, thde SO
has mechani cal. characteristics which are assinlable to those of the

stiffener, st t9ptetHER WAy & M5 aFe thét 2EREATAEDCORRRSEERYRE | ve
mechani cal GHAGIET 1 SIS Pf HildiComaaNd heol theegtLhf eﬂ;f é&@ég{?ﬁan be

different in nature, the stiffener capable of being made fromsilicon
also of a mldBXK@n@é<ﬁtqnﬂdmngat® agyeptes Guglizh. té&rmmehegpbi nt of V|ew

f th h | terjst h of t det ached
rom the SO can B 4061 abd TESFRRt 90l JoLALBNERD SFager ! Sihi Th wor e

previously hesiad dinget her sot o makeowdinghei e erad® he detashed, wyhe
silicon layer and the stiffener). The follow ng applies to detachnment

(that is, fondinie Greturem e ordr sefeanddienbanted apkaite 1mdctivher 2006
17 i nterface), i fedii ] Vers WOLEDNALE: 235NIL! A i Mo SHIRAHAYA MO two

| ayers previou each
the embrlttlement 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 bofh 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 SOI, the S0I 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 50I can be assimilated respectively into two
layers, which were previously bonded together, to make up
fhe wafer to be detached, (the silicon layer and the
stiffener). _ _

The following applies to detachment (that is,

fracture of the previously <created embrittlement



of the two |ayers to be detached being essentially conmpagas.teer b0
materi al of one of these two layers. And with reference to the influence of
the nmechanical behaviour of the layers to be detached, the two |ayers to
be detached fromthe SO (the silicon heel and the SOT itself) can thus
have different mechanical characteristics). In addition, these two | ayers
are obviously equivalent fromthe nechanical point of viewto a |ayer of
silicon, and to the stiffener (these twyp7el ements having been assenbl ed by
bondi ng). The two such bonded | ayers are not exactly flat. There are

tol erances onntberseéf ace awpinesgeeh SHGhh | ayers é@ﬂi%g%”gi& ngp,Lwo
| ayers (oxidised and inplanted silicon S, and stlf ener R 'see Figure 6)
t oget her wasS28BnEag ot tiatt vhe v tdwousflyt bentled tegpebtiryechaker s

face one anogher,;as s, sh iagrammatical ly | he figure. In this
figure the concaJ?tié%ébflgﬁ%rgmoggon%%d‘§$§V%V§ph 7&NHeehiSSABIA2 ¥R
deeper than tompesdd tof, tard madediell oG basperdihasanyu¥ayayera. realistic

scale. During su ondj the concavities of the two |ayers are flattened

so as to bond thgp rf%EES of efRESNCRo Ity er&he ogénhdrenthe tofo | blyers of
e resul L1 gectialRia 1 anch LONSPAUBR! lohel MEJon, | AYeps Lo digdet ached.
given that it was seen that nechanically these two 'ayers Wwer€ equl val ent
to the two borelebpyenferts) b edetamshed| fight | sheprast r agseds { BEERCi @ééy in
PR ] e & T e
par rom one anot as“’'so s a ¥t ated in
a characteristics).
In addition, these two layers are obviously
equivalent from the mechanical point of view to a layer
of silicon, and to the étiffener (Ehese two elemeﬁts
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 is shown diagrammatically' in the
figure.
In this figure the concavities of the two bonded
layers have been shown nmuch 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 bondéd layers) are thus

slightly prestressed (especially in their central

region)j.



novenent of relaxing the constraints due to the abovenenti©assk-bongli ng.

Thi s benefits continuing detachnent after the initial detachnent described
above and achieved on conpletion of the first phase of annealing. This

rel axati on phenonenon beconmes useful for detachnment according to the
present invention of any wafer whereof the two | ayers to be detached can
be assimlated into two slices which have previously been bonded

toget her, by subjecting themto pres‘trezgi ng as they are adjusted to one
another. Wth reference to the process cording to the present invention

in general, it h been_said_that th final annealing tenperatures are
greater than the finar CARnLa¥FHY i"é?rﬂ)ertg‘ﬁ‘ﬁr dLF fhePYe orPaFE . LRBRe

precisely, iona @iefiess ek Vaddrants Qfe t@imd 1V enld dRhenghicia drgéu‘l;\t s will
be obtained with final annealing tenperatures of the order of 500Cto
800C. And eVBW SRR pr 8€i sel®y)axddgor dily t sonspraietsedduept itan fohe

i mpl ement i ng, it headLYEBALD final annealing tenperature is of the order
of 600C. The ,gra(ﬁllent 0 —tk?tedhgjélg nd ranp known as the rapid ranp is not

necessarily 16 pdthim nuberefihis noontimiihgg dealavenmean be@dapt eghein any

case it nust. be . substantially greater than the value of the gradient of
the first ra e‘ilﬁz"sjte %\iaa‘frlﬂeé%ri Gesgifqdyy 13botge Fnhal a@hirsd ngen

temperat ur e cdplaffdicim el sekeet glaRbeher ahhyasppgtantially higher than
for classic detachnment annealings, 1s riot [imted to the values described
above which consflitig e ¥plefatrian vaphresoridn@et obero@d86 uk2fonl y.fl so, the
profile of Qﬁﬂﬂ&ﬁﬁ&#ﬁ? ghégra{hévwﬁo 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



rectangul ar ranps represented in the curves 52 and 53 cansbdbbdresoenly a
particul ar node of utilising the invention. In fact, a gener al
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 val ue of |ess than 350C, as has been nentioned) to a tenperature

corresponding to a starting detachnent jgnperature for the wafer. It is
specified that the onset of detachment can for exanple be observed by
foll ow ng, usj any neans known in and of itself, the diameter of gaseous

bubbl es geneorna ed by the detachnent annealing froman enbrittlenent

surface defined bwiisapl arthat i Profihe w@eo%n&mlﬁ% orgginatjng %‘58”‘ t he
combi nation of mcro-cavities formed in the structure by inplante
inserts. Thi FH9YOOUIREs X ¥R T espBNESendetheir | Ebe slwwesanp? ahd hg3curves

52 and 53, FE a on . i ng whjch, . instead. of .
stabi | i sing t%gsﬁ\gﬁglgr%t u?gfgs ?n iEEnot\'(/e\ﬂLﬂf%Ji et aérhor(fl@nt Ognn'égjrfh_ﬁé?gatt%efl nal
anneal i ng 't enpereattire. corresponding to a tenperature which is only

slightly greater than the starting detachnent tenperature, not only is
the rise in tenperit %F‘&ttcoﬁti%”éfdia RhFRAGT e HS tigr Gt Fuah tamperbing e i s

| nor eased petcatiba0intbnes rbit cabcheasngstderad Lherslora,ydial; o e, first
phase corresponds to the mechanical 17 GCtober 2006 triggering o
det achnent, CHREI étt femBeEd®® i nt ensi ve anneal i ng phase

. 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 és in known
detachment annealings, at a final annealing temperature
corresponding to a temperature which .is 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



allows not only finalising of this detachment, but al so opt@imhdraobd@s will
be explained in detail hereinbelow) a very good surface state, this
second phase corresponding to a finishing phase. The starting detachnent
tenperature, which corresponds to the transition tenperature between the
two annealing phases, can vary in terns of the characteristics of the
structure to be detached. In effect, the value of 430C to 450C nenti oned
above. is not strictly limting: in ter f characteristics such as the
material (s) of the structure, the dose of inplantation energy utilised

during the r ion aof th nbrittlement surface (in the case where this
surface has gégﬁbggggﬁeakbée?ﬂ%ﬁgﬁPgtion), this tenperature may vary to a

certain extent. Fer exanple, ihetheeeshaitihesmifvsurfateiimnLr eabed by

i npl ant ati on, @hen before the thermal budget is supplied to cause initial
bubbl i ng of G&t8¢Ament it has to be adapted when the inplantation energy
is nodified. Figures 7 o) i t ifferences in spatia

di stribution of haze oﬁo%ﬁ%ggﬁr#ggéi%gif%rgg éhj%;dé%%§§WEH§Ve under gone
det achment anneal T ngs ketordisng totathise diafsf ewent wedabipiLsnedi gure 7a
t hus iIIustrg&ggigi tributiaon of haze on the surface of a SO which has

under gone cl assfe&T dEtECHIRHO Ennéal IVG§Y cBPPEs potekafs t Stelie cukbéssl of

Figure 5. Thiscbh@uiitads dorhesgaidaiedd o FHiguig i i ophiseh,  following the
exanpl e of Figure 4b, illustrates gl obal 17 ébtobér928§%%82l distribution
of haze on the suffitaice 8FarhéngQ , daichdmerdver agempatatenaf, t hewhider of

87ppm 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 wvalue 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 utilised 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 enerqgy is modified.

Figures 7a to 9a illustrate the differences in
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 SOI which has undergone classic
detachment annealing, corresponding to the curve 51 of
Figure 5.

This figure is to be compared to Figure 7b, which, -

following the example of Figure 4b, jillustrates global



Figure 8a illustrates the spatial distribution of haze ardhesuobace of a
SA whi ch has undergone detachnent annealing according to the invention,
with a tenperature evolution corresponding to the curve 52 of Figure 5.
This figure is to be conpared to Figure 8b, from which an average haze

val ue of the order of 73ppmon the surface of the SO is deduced. A
substanti al decrease is noticed in the value of average haze and,

consequently, of roughness on the sur’fgge of the SO resulting from
detachnent. Figures 9a and 9b correspond to another 501, having undergone

det achnment j ccor di to at erature evolution according to the
curve 53 of |gurieg|%l‘nn ?ﬁi'ggégseo,“ A ShBWALADTE e Cpartticc ut® yaidh fhgure

8b, the averagerawmd uelofe hazeamn dde s acppf. the SO is of the order of
5ppm Thi s corresEp_onds to an extrenely significant decrease in the surface
roughness of the ESEUFer 8r dd LT e tes | thastspatd al hedisvol ihitdmnof o f he

state of the,Lrowy,pf iy eg Jaspecti a ich.have, _undergone
det achnent anneal i ng accor%? ng to tk?\éfet E‘r e_e%o\ypegg‘ég ivgaﬁodﬁ?g‘ff%‘%ﬂe

descri bed atstteqhowmrte spongi nigid cactdhed {i eeor espediHiwa GV esyiah 52, 53
of Figure 5)t' se figures 10.to 12 illustrate a significant decrease in

The 1
the peripheral PaEgradst i o Bitie Serrespridinge ter Hhgrosurdeghddert
structure carigespondi ng to classic annealing, the best preserved structure
correspondi ng to_anneal i ng done according to the present invention and
correspondi ng toThRé dUrgrees3isf thi due ecBpardd (ot oPegu2O08b, 2X ddm i S

speci 11 ed t it oAl Lough,Lhe AAUCTRNLLONS (@} AURLSS DAV Reen, dese i bed i
surface of the SOI 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 cerrespond to anothef 501, 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 SO1
is of the order of Sppm.

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 SOIs 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 figures 10 to 12 illustrate a significant
decrease _in tﬁe 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).



t hus _generating a SO, the invention applies to detachmgnto@bbeanyogt her
structure conprising enbrittlenent which effectively delimts the | ayers
to be detached. 17 Cctober 2006 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 conprising said |layers, said annealing bringing the tenperature
froma starting annealing tenperature t© a final annealing tenperature,
characterised in that during the thermal annealing the annealing
tenperature i s mage ta, evol r oy t firs hase up to .a
transition terrpergtgur%j ;é%éa\r(fgfg%gigrg?%g tagt}Osu&honéhgha Ovd%ﬁ”?‘fdo\mﬁch t he
rise in tenperapliee peveubieenofdeisiortbiesl St QgRIrehan (dUdetg dhh@ntf i r st
phase. 2. ThghBrocesé% as.claimed in the preceding claim characterised in
that the tranditi o temperdfure® coPlespdits tHYHE TS et 2P s achment . 3.
The process astgtbbBhaed | nggny oggyof t recedi i s, r.acterised
inthat the first phase is a det gchnedr’lt'?mi{ﬁi ti gtg?rggt% %se, Cgﬁl %tlﬁgngecond
phase is a §@PF&E€WW‘¢W%H¥W@®%@@C¢V% drlogess ahecllaiyerd ko Bay one
of the precggtgghgé_ai ms, characterised in that the second phase is

foll owed by a heating stage at a substantially constant tenperature. 5.
The process as clained in the preceding claim characterised in that said
substantially constant tenperature corresponds to the final annealing

t enper at ure.



6. The process as clained in any one of the preceding C|laﬂ®aobqr2006
characterised in that during the first phase the tenperature rises
according to a slow average 17 Cctober 2006 24 gradient, extending up to
around 10C/ min. 7. The process as clainmed in any one of the preceding
clainms, characterised in that during the second phase the tenperature
rises according to a rapid average gradient, greater than around 15C mn.
8. The process as clainmed in any one of §h¢ preceding cl ains,
characterised in that the starting anng ling tenperature is |ess than or
equal to 350C. 9. The process as clained_in any one of the preceding
clains, characterised in that the fingﬁélﬁﬁneallng tenperature is of the
order of 500C to 800C. 10. The process as clained in the preceding claim
characterised in that the final annealing tenperature is of the order of
600C. 11. The protess %s RIS i9f amelomnehtt hof ptecedilngeckai b,

characteri seg.,{ t ‘ansitjon tenperature between the t phases is
of the orde%%? %%%Cagggggé)gglftd A%BI ica rilé:%lgf“e& prd CSsIBFANREd in
any one or bereeai the pmecebtipgre] aichie fafodisacdbme 19%hd aYRE Sma Of

material delimted by an enbrittlenment surface, said enbrittlenent surface
havi ng been %ﬁQﬁéiﬁPiﬂ Pﬁiﬁ’tﬁéru§585§ of a pFOEBREESHNTt IF@iGVARTTENSF) type.

13. The appldsel i ofinas: phq! BB Pnbnenl! 426l cuelaidonthar at e § 5d 11
that the two layers of. nmaterial Conprise l'ayer "of "si'licon: . The
appl i cati on ded dintedt¢mpanytwne b whefimprlecadhem] algi tempeharaes eri sed

: ![ Ret P\?\:) t he'cl{[avﬁclt%yr%rssed()fin W@BEEI E%:luralrn% ti\:l\ﬁ)el %%g%?lagf asnlnlela(l:n(]?_rr]l’g V%}Eeh one of
annealing temperature is made to evolve according to a
first phase wup 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.

z2. 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 is
a surface-finishing phase.

4. The process ‘as claimed in 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 thét during the first

phase the temperature rises according to a slow average



| ayers corresponding to a SO, and the other |ayer corregpondhddohe a
silicon heel. ABSTRACT PROCESS FOR DETACH NG LAYERS OF MATERI AL A
process of detachnment of two |ayers of material according to an
enbrittl ement surface defined between the two |ayers, the process

conprising thermal annealing of a structure conprising said |ayers, said

annealing bringing the tenperature froma starting tenperature to a fina

anneal i ng tenperature, characterised in2yhat during the thermal annealing

the annealing tenperature is made to evolve according to a first phase up

to a transitgoadi¢eupesatenicing hgh @8 COFAiRP 1100 cInggcond phase during

which the rise in ,tenperature per unit of tinme is 'stronger than during the
n?nverﬁ'?%n PRIOSE Sfon@ér nslammegpl ircatangn bk usitngehehi s

“first phase. The

process. Fiﬁﬂé@ééﬁng claims, characterised in that during the second
phase the temperature rises according to a rapid average-
gradient, greater than around 15°C/min.

8. The process as élaimed in any one of the
preceding claims, characterised in that the starting
annealing temperaturé 1s 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 isrof the order of 500°C to 800°C.

10. The process as claimed in the preceding claim,

. characterised in that the final annealing temperature is
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 in 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.





