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 enbrittlespnts sy face d d8tBIBNELAS @ or optdelectronics.

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.



function of the nature of the material, the nature of tha7 QcgHeadd®d
species and the inplantation energy (this enbrittlenment surface typically
being a plane parallel to the inplantation face of the substrate). It is
al so possible to produce the enbrittlenment surface by any ot her neans
known per se, for exanple by constructing an internediate regi on 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 ng together two |ayers, the bonding zone then correspondi ng
to the enbrittlenpat shef aeeribucbmdatacheficof iEWweidtayalisedetaghed by an
enbrittlenment surface can be used to create thin |ayers (whose thickness
can be bet wedtng ke Cifohhsf DatRrer 8h TAAIMEEGEFAL, Nty gridureafi dhe

described for; exampl.g '\%ﬁegfi‘ gnt 5 ﬂ@CUHRQt f:%agaﬁf?alt (i eﬁ@g%?;doc(‘é'ﬁ‘i%t

describes a pr cess kno er t generi c nane of ' SMART , the aim
of which is Embrm&mabmeDMreusfauetqusc@11§Cbeiw@e?@Sukmn@ﬂr@nlbds¢bator

accordi ng to d n l.i sh_term pol] ogy)., The or steps in this
process are t 'ﬁglonog?ﬁﬁt?g é%% %QE%FE%R §'ed upper plate of silicon
to create a Iayer Ief PXi de sbWpedks 0ard espongisodied hene ehedded 1bavar of
oxide of the SO structure), ionic inplantation of hydrogen in'this upper

plate so as Byrépegt & R Yerafrian | ReRH bw%c@eraﬁ@lrtéordexaﬁmet ke Sol

Structure bYCLALS UEGAGe O hecAReaniand LpibHatad £9-40e slde of,the

enbedded oxi t he and a SI| i‘con 4dh ering e upper
plate onto ab&upﬁ@httﬂba&egiﬁnﬁbbﬁbd@n&&OGQt%rlal, by constituting a

layer of oxide 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



called a stiffener (which can be made of silicon, but alis@dsserperot her
material), annealing with a viewto 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 enbrittlenent
surface, and then silicon heel |ocated on the other side of the
enbrittlement surface. In this respect it is specified that this annealing
can : >.either conpleting the detachmeng, with the SCI and the heel
effectively exiting fromthe annealing oven unstuck, > or, if the therna

budget is n ffici (o] t g t apne 0.4l |y
effecting Oéé\l?lt%tc{ ng %géﬁgﬁe%hgmgg&angg?hgghgrleaid?eg‘l%f SQIquC%H Bk
correspondsamsdiBmmtanpmeeedmagedeha¢hnent in which the SO and t he hee
are still attached by Van der Waals force type bonds, or again by a sinple
suction effect of thé‘ﬂﬂ%léaﬂt it b FéredcHed. d@ha(’flm@'éag@ fobett e hment

is finalise aI o) QH{ qgﬁhanlca
ener gy (|ntgbg£€t|on o] aSB?%FEE?FnSé@ kglpgsuc% é@éd I"a dt the | evel
of the enbridrdeeivient swidacdayetc- ind dﬂnplea?etakyfpsbtéssnnqﬂdﬁ&kgned to

reduce the _roughness of the surface of the SO whjch originates from
splitting aﬁﬁ*&@?ﬁbﬁﬁ@n?mbPﬁd?é ggddr a8 g ?Tﬁ@ﬂﬁ5§?‘ et i%&t i ons not

exceedi Ng 5 MPYSEKHTBs | D EdPB Mabye 1obaeEHeSRONHN Gt Ne:i ERgbirsh e onym
root nean square). It is specified that the nmeasures of roughness are

gener al | y nedéiytdemgnbnserfacee ni croscope (AFM according to the acronym

corresponding to tQ%.qu1|Sh gg;égggber 2099 specified that this

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



4 term Atom c Force Mcroscope). Wth this type of instrumantofepugimess is
nmeasured on surfaces swept by the points of the AFM m croscope, ranging
froml1l x 1 pnt to 10 x 10 pnt and less frequently 50 x 50 pm 2, even 100 x
100 pmt. It is-also possible to neasure the surface roughness by other

met hods, in particular by the bias of a haze neasurenent, in keeping with
accepted English term nology. This nethod has the particul ar advant age of
enabling rapid characterisation of thegquniformty of roughness on the
whol e surface. This haze, neasured in ppm originates froma nethod

utilising thept oRSticeFoekeOpt keakcbphb)ectivity of the surface to be
characterised, and corresponds to an "optical base noise diffused by the

surface, in ternmiigh tihis niyrorofighnessundnt exangheest tiise redsvwerd t he

haze and the roughness is sho in Figure 1, in the case of an SO
surface. Thé sMA p?%%%%s%gaﬁ: s O%ﬁF%s%% t8%c st i PP SHRSuct ur es

other than S@ngifgr exafplie LOAL( Sidd coroOn  MNYKhi DG §§a2PesnAC R £d
English ternminology : silicon on, any material), or_even ACA (Anything On
Anyt hing  add&aeRg 1o 8c&epP edmEngtveyh k84 s AG0ogy any material on any
material). The k .p S efac y..anneal i n eneral |l y use
anneal i ng i nduci ggm?ﬁeggggu%?%?gé%%n}%gl [E%T%%&r%)hteh \/\%“Tfaay(ge}s 4 %B]eesﬁst uck
from a rel abyebttyhd mvwmeshadsi ngnanpreadliicud atrermper aher éiashi €h gawpe for
exanple of the order of 350C, to a higher detachnment tenperature though
not exceedi AFAEWENER of t HE or JEFCRINE00C IRt h 2§CLREBEr at F0&1dwHl uti on

in the anne@g&&gngyggyaccording

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



17 October 2006 5 to a substantially constant increase qﬁ@d@&)e@gdw of 10C
per m nute. The detachment tenperature for these detachnent annealings of
the prior 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 fromdetachment (that is, the surfaces of the two

| ayers opposite both sides of the enbrittl enment surface) exhibit a

relatively h%'og@[t eﬂegtgaeggﬂf ScohRfafE! %&}l%]gfe | IPOLAENS ¢ e?ec'ff

processi ng can made necessary to aftain i red SUTFacd st ate for
surfaces ori gnerlratmlngtél:om detachnent. For exanple, in the event of

det achnment of the Iay | ate of material such as silicon for
constituting a SOc ﬁff%‘?“%%“'gf fFRRTHMERE gekfdr al 1he5e eddfitrshent
roughness of ahhéa@ﬁ.ﬂgé At BBhANGSETONE alc#B £bPreSEMIBATY € Qh & fiagl d of
10*10 microns). The principal aimof the inventionis thus to allow to

per f orm det aéﬁﬁéﬁ@lﬁ‘ﬁnefémﬁ’%’g%ﬂpﬁ%dum ng an inproved state surface of d't he
surfaces resulti 2t ac As,a fupct f the above, according
to a first partlngrllj %{? aésj‘%’ect e z’iflﬁqw%f fr&are h%ﬁ i of 3B PES

particul arl ypeofoedede wiieh rdu:gﬁpm&etﬁe t hevslurtfianes adesdihignd tbr om
detachnment, relative, to known processes. In addition, with the known
det achnent aﬁ'ﬁ%ﬁ‘?‘?‘ﬁblalp}%c‘é%%%‘éan‘ﬂeb‘?‘aﬂ‘éﬁi%‘hr%f rehe, pbhephsadiestr aft ure of

the structupgsstPaRs WelRFhAd dre AR ORENPE/nin.

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.

Ae a function of the above, aecording 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 be detached is also observed.

Figure 2 Lllustrates the typical result of



Figure 2 i

det achnent
being call

|l ustrates the typical result of 17 Cctober 20906 0c&b8t Top@SCOpPI C
observation of the peripheral edge of the surface of an SO after its

by annealing according to the prior art, said peripheral region
ed crown.. This observation shows up numerous structural
irregularities in the SO crown This fid@re illustrates degradation of the

Sa Cr own,

anneal'i ng

sai d degradation being consequent to the detachnent annealing
(appl i cabl e BiF EAFRRUT egLELLVRPEON o2 herthehape SOPerThe eslgode frerthecan

prevent, or @l east Jreduge. sopucldegradat | qu opced a5, = anssquence of

chiment’.” Ther e nay pr ovi accor € abov

aspect, a prasessligly det adie ngriow bayer sadf petephalralaceqidnn@etiagan
enbrittl ement surface defined between the two |ayers, the process

conpri sing

t F7Ealing of a surface 10 conprising said |ayers,

t he

anneal i ng  bringithg st hedfopeseisk e Bhomsa SIRrt hide phngal ishGudegprerature
anneal i ng tenperature, characterised in that during the thernal

anneal i ng t A&regndeaiiitagst anpdhat $IOL eroiwmes according to a first phase to

to a final

The r1se i n t onpbratur EXBAFCunid I0R CIERRG | GG FORGAP™L hah dulPng Phe

the rise in tenpera

e 1
uni Fng

i ch
first

phase. Prefeibed, theaph neediddddigh embadigmentsSnoéqhdns RfPCeggeare the
the transition tenperature corresponds to initial detachnent,
the first pA§§&cheelf amneadiingh phaRbigible to structures of types

fol I ow ng:

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,



detachnment, and the second phase is a surface-finishing 1phasgder H06C0ct ober
2006 7 the 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 accordance with a.sl ow average gradient, up to around
10C/ mn, during the second phase the tenperature rises according to a

rapi d average gradient, greater than around 15C/ mm the starting annealing
tenperature is |éss t & S&-8GuRN3cE 350ECLLRKCH; Ryl 2 ey 1h e tader at ur e
is of the ongen s0bs?0Q€ihA1§00Gnsthie EEH?EL@EG?@! ing tenperature is of
the order of 600C, the transition tenperature between the two phases is

of thcei order of 430C £81450C swpetaeiiakhect ebnshanpr eserntupgansnticon
provi des an I Lon_o I; ss_as_defined above for detaching two

| ayers of mat ggggpgggh %Ot fééigbglg%?e%%?? ?Jr Ié?reﬁ?mp S YESE, said

embrittl ement surfacedhainnggtheefiieseaprse W hBi Pehper Si00Re WGfseds @rocess of

t he SI\/ARTCUI'ér) téﬁe' Preferred, though non-limting, enbodi ments of such
an appl i cat PERCAFBDFRe Filt ofti rtO NBVERRIT apdirslisntmattr | B compinidse a

silicon |aygre/hibg,two layers of material are two layers of silicon, one

of the two | ayers corresponding to an SO,
] . 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



the other |ayer corresponding to a silicon heel. O her enbashdgRpgos ai s
and advantages of the invention 17 October 2006 8 will enmerge clearly
fromreading the following 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 already been nentioned in reference to the
prior art Figure 3 diagrammatically illustrates an annealing oven used to
carry out the invention, Figure 4a illystrates the spatial distribution
of haze on the surface of an SO havi ng undergone detachnent annealing

according to t prior art, _Fiquyre 4h is a graph representi.ng, overall the
di stributi pnwbpfhazeé“%lf‘gef he Céﬁfﬁg;é’e p?r?'ﬂe G ]d}gthé;%esu.nggéo‘ﬂfn%i ch
Figure 4a ilhasérap€sod hespah abnbdushehbutdéon fe haaeenwibh, t heighaph of
Figure 4b specifically identifying the average haze of the surface in

question, Fegireenscyryphiltaldscommredas slitlgaaggolint Wbhchof wikhpkhat ur e
during detac eald ng: ied o C i,ng t L and

t he sane typtgexn%gt%\g}gl %tfi o%l(ﬁ%%éétmg dﬁke{%%c%nec‘ﬂﬁj&amnngé ?n%gr%ﬁgg{tgéé%
accordi ng t anditei grieds et rafardncan,to Ehgupeicr brtstrates hi ghly

di agrammatically the bondi ng %f a_ |ayer of oxidised .ﬁnd i n‘gl anted silicon,
and a stiffener, in a tyﬁba%’%‘ﬁ’é‘%'él,cafﬂr]g%re% FH5tEatERd o

visual Iy repigsent;ddeovaPalda] i shidubh@ntgt theehazsnon the surface of
three SOs followi ng their detachnment by annealing, the SO of Figure 7a

havi ng under gone ‘st and@irghmiet 4 hivbiesttrafesd | g spatial distribution
' of haze on the surface of an S0I having undergone
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



the two SOs of Figures 8a and 9a having undergone det aclhy®abbano@sal i ngs
according to the present invention carried out according to different

nmodal ities, Figures 7b, 8b and 9b are graphs simlar to 17 October 2006 9
t hose of Figure 4b overall showi ng the distribution of haze for the SO
and respective of Figures 7a, 8a and 9a (Figure 7b correspondi ng as does
Figure 4b to SO annealing according to a known technique), Figures 10 to
12 are three simlar representations og observation by m croscope of the
peri pheral edge of three respective SO S which have undergone detachnent
annealing, o Fu%gre 1?Pcorres onding to a SO having undergone standard

anneal i ng (siHiT%r°f o FE9§GFe ), 051 bhir 88O1ANANnGNE2 Hottk A®™ P he
respective QS Rfr Rigrasr (A Apandi YO r WguRLVipusd add e,

follow ng description, in this case of structures such as nmultilayer
substrat es cOmMsUE ngl &orapgependangq agordgen, Bigeren AOA)tandQl | ayer

of a heel t.er] al ild.con. in_t as f SO the shape of the

structure ighgg%gﬁékfﬁm%%gglgg govgrggP%ﬁeg%?u%%qu%%%ignated by the term
waf er accordi ng to accdpteds Engli sh ticer mipol ogyraAnd giheanaf edisnidrag- t hus
arranged vertically in the oven,  as shown in Figure 3 (the wafers to be

splitted beiSRFSFESGHACBE b§ir ePRPBR¥ALAOMRIAY TOLCEMEWRen Hei rdde

desi gnat ed Qﬁéﬂi%ih%&%flceeaﬁger@f Zreelhigspetical 3pTanoaRY @adde
wafers ains to prevent the risks of the two detached | ayers of each wafer

shifting, relnaleirgeneodetechmecheannaealihe, end of detachnent in the oven or
eSp¢Cia|ly durin% Q%%%EE”QO 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



operations when the detached wafers are renoved from the 17qQ¥&86ber Blgigei Nabove
it has been seen that specifications of the surface state were, in certain
cases, drastic (in particular for a SO) ; so it is necessary to prevent
any 17 October 2006 10 relative shifting of the two detached | ayers so as
to avoid the risks of any scratching on the surfaces of the tw detached
| ayers. It is also noted, as illustrated in Figure 4a, that the surface
roughness of a SO 11 resulting from Wg%t achnent anneal ing exhibits

di ssymmetry. In fact, this figure showsa zone of the SO surface
(situated between 9 and 10 o' clock) in which the haze, and consequently

t he roughned§ladiye nthiddsaw. Shickhhgi veryerebarbsdl LtaYRPESMIhe2 Hr éSence’ of

hot  poi nts _initihganngahisng coven. Ji3 khe ; of 1, an s such¢
illustrat edai nltlgi gure 3, iSt IS reS praecgﬁls%gﬁ%;%a (;:lﬁl'% St \t%ggtcrgnglfat ?ign of the
vertical tenperdetrehgdadeeats(the wafers to be detached being placed in

t he oven at an rientation of 90 rel ative to.the.representation . of Figure
4a). Wth refereﬁ&elﬁmﬁ‘/&?f} ﬁP&ﬁae #5, S LR tlﬂe%18{7‘5?a?F"dit§f‘Fi but igon

of haze on the suufrdaeecof rbhghSEksof ofFi gurgoda. 1ht Wekhiibgngecalibpd that
‘this SO has undergone detachnent annealing according to a process known
in the priéetachreptganpedblng |ephilailes dirgymatnyal ue of the average

T oS3 bl 34 DAy £ 1 T potip Lpdareet
represents dsituated between 9 and 10 ofclock) in which the 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 roughness,
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



reference value for neasuring SO roughness, characteri geddybdrheodhaze
nmeasurenent. This haze neasurenment, as well as simlar neasurenents to be
speci fied herei nbel ow, are- made according to the same protocol and using
the sane instrument, in this case by an instrument of the KLA 17 Cctober
2006 11 Tencor Surf scan SPI type (trade mark applied for). Wth reference
now to Figure 5, the evolution of the tenperature prevailing in the
anneal i ng oven, during three detachnent annealings, as a function of tine,
has been diagrammatically illustrated.}!Mre precisely, this figure
conprises three curves 51, 52, 53 which correspond to three different

types of anmealdmgurfiseasnt 8PT ofpthdttradpemnakkr gpeVidditf@rn during these
at 350C

three annealings _j.s . identical, conprising an entry stage

(corr espondi ng tglFﬁerﬁgﬁéﬁpFﬁgnﬁﬂtFQ Fﬂ%ﬁﬁ@rétu?%ﬁ,e? YoV By e sing
ranp of a taemgiAatiee haybpgi piggadientrif theeandgy obvdQC Rafr-fnyute (or
| ess), as is known fromthe prior art. In the right part of the figure it
is noticed tihdgtee glafrachimestt Renneaniparaaures of fthetiomeefanrsal, i fygss evol ve

differentlythQ{%iE%ESR%gL§EIYl thflcugggtg& illustrates the evolution of
a det achnent” anneal i'ng accoralnﬁ to the prior art. In such annealing,

after having beemomsi piraiciedlg, tHies eRigyre evehppis850€nkee adived stage
the tenperature evolves according to the known gradient ranp of the order
of 10C per nilmut¥: up® t'g et AcHPERend ahfedhirthg défberabtr YRR fdfhal

tenperatureaghe%ﬁgngtder

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



of 500C. It is nevertheless specified that the so-call ed j7dedaihnesg start
tenperature, fromwhich the beginning of detachment can be observed, nay
have a val ue of the order of 430C to 450C. The entry annealing tenperature
may have a value of less than 350C (this will also be the case for 17

Cct ober 2006 12 annealings according to the present invention, _
illustrated by the curves 52 and 53)_ The end of this annealing conprises a

second stage, at this final annealing tienperature. In the case of this
known anneal ing, the tenperature therefore evolves according to a ranp.

The curve 52 Jr@RhesaRLS thecheArarat ung evelutio z%% n@nnethgguggrrled out

according to the preSent invention, in a first 5di ment . IS N6t i ced

inthis caselﬂﬂaﬁtaﬁtéﬁ havihg choveonsd angdrd) cﬁ t he standard ranp havi ng
te (or less once the tenperature

has been br ought TBCaTT oRE HRAR PARSELIRYl RRnPEraks 3 #5066 SHE06:

has been brought _
tenperature ewvokué¢s ACLCHI dimM@edDing S g whereof the gradient is
different to that_of the first ranp. The two ranps are illustrated

substantial ly |inSartharaEssreti ey, keewn sevwead ingnp thes tamgeadicane

substanti al | yngregates dha,dbhat ﬁkf%; the gradient of this
second ranp being of the order‘% f% J nfﬁhgp the sane it is noted

that for this amﬁmﬂiqurvauﬁﬂnxﬁpmpsqnﬂ$ejmre&mpbremmeatb@ﬂluaiomebf as for
the _anneal i D8nL Plrne‘:_?ecn;rer%ebc}/ cguhte ggéalredfr% ttoh%h%m%rlalsgg?:r invention,
in 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



ranps can be replaced by two non-linear ranps
general evolution in two phases

cor r espondi7igetdser Phes sanme
detached by a transition tenperature,

where the second phase corresponds to a nore rapid rise in tenperature.

The annealing ends with a stage at the final

order of 600C. The curve 53 illustrates a variant of the invention,

whi ch the second ranp again has a gradient of the 17 Cctober

anneal i ng tenperature of the

in

2006 13 order

of 16 per minute after a transition to 430C to 450C_In this instance, the

second ranmp continues up to a final annealing tenperature at an even

greater valug,gf, L qrdene of, BROC, Aggordingl y, Lhe detachyopt apneal i ngs

according to

e | nvent| whi ¢ correspon to CUI’VG

per f or med mnﬂﬁOéCrlse in tenperature conprising two phases having

s can be_linear, or not)

different respectjve gyerage ra éthese ranp

a "slow' phase, sEPLVet @Ea?qu B Rggand r?@PaFPOEF?“?%mPBV§PaQe
gradl ent of theaprdehe8lidQCkERpePhtl88Sar T4l eétefagbﬁ Cp%se
having an increased aver age, gradlent (can be of the order mn or

more), this Seeoneiphase H Wg intended to
Il be expla royed surface stat More pregisel
??rgt phase zgrrgg%%%d?qu%pc:aéél%eaﬂﬁgg??ﬁgaﬂa? ﬁﬁﬁﬁﬁta?gﬂﬁg#%% Pm of

finalise detachnent and to end,

t he

this first phaseinvanthencat@chf ddigedgentt®Ncutsed 053URRlY thespafer to
be detached with thermal energy. |eading al nost to detachnent.

performed with a "rise in temperature comprising 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



More precisely still, the first phase stops at a transi tiQibspesat ur e

corresponding to the onset of a detachnent follow ng the thermal energy

supplied to the wafer during the first phase. This onset of detachnent is
understood to nean the state in which a part of the enbrittlenent surface
has effectively undergone detachnent, but this detachnment has not spread
~over the whole enbrittlenment surface. This is accordingly a state in which
the wafer 17 Cctober 2006 14 conprisesia splitting "bubble", at the |evel
of its enbrittlenment surface. In classic annealing (such as that shown by

the curve omprik@sdes acientt 144D “¢RBbiBues beyend thige;detachpent
begi nni ng al ong the sane average gradient to finalise detachment (in the
si tuati on westittlegenpr giefped-to conpl ete detachnent during annealing).

In the case of t P t i ti.on _hoyever, the  tenperature eyol ution
gradient is incrggségﬁg%ﬂéé ?&gggéﬁpﬁnugggﬁhegﬁint“?h g%gggodavpﬁﬁse
correspondi rgidve asipecand r aspachmbatantam | yogteates thayhdde tgriadi ent of
the first phase. " is specified that the transition tenperature, which

| t
is, as we h&rEasbBRNtt REILBRIEKatA ML oFhesPpoMdi AYCrede t HEABASRE &P

detachment, mMinhh ke adaphefmbAct ergys ofipeth i@ﬁ%ﬂigna”QhQE engiong of the
wafer to be detached; this adaptation could be nade according to charts,

or enpiricareferradt ho scompbete, détashoeid disingennetédnghat t he
transition tenpegat%he corresggggiﬁnpreffrecisel to a_ thernmal transition
budget inparted t9 tR& Vi, Owni"QF iMFeIUWn ERFTUESIBhdROYSVEr st &P8 of the
waf er in whitehpeRsebre evolution gradient is increased so as to
continue annealing in a Secbnd 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



of detachment takes place in the enbrittlenent surface of;7 dhishapab®y . The
ai mof the second phase is to finalise detachment, by finishing up with a
surface state (roughness especially) substantially inproved relative to
what is achieved fromconventional methods. The applicant has in fact
observed that in continuing the first phase, after a transition
tenperature such as that defined and specified hereinabove, by a second
phase of substantially increased 17 Cctoper 2006 15 average gradient, the
result is a surface state of the detached layers which is substantially

| nproved el abk¥agel & Rlors aciLeyaduh 48! aci®ni, ANNGRALE 00N che priof
art. It should al So be pointed out that the secon pahase, apar romthe
fact that itdréischadi deyveasedihevdr dge swratdingrital 1gr efwprableyl aledatbriengs t he

wafer to a final nneal_ing tenperatyure |likew se substantially increased
relative to é: e “PRGartSt é’r%ﬁlgreé’te re”bf&jeatr‘?r?é‘ﬁ\&l“ﬁga&é’feﬁ‘gﬁﬁﬁntm &EEOPHLRE to the
prior art (wakeh are of the order of 500C, as illustrated by the curve 51)
This is illustrated by the final annealin tenperatures of the curves 52
and 53. And this Ehafaeiddiatse, beopdimest vitth thee ﬁm@@coadephlgeelgr adi ent
associ ated w h o] p ual,ly sults.in a particularly
advant ageou\gbégﬁa?ﬁﬁgtgﬁ%, tthe sﬁﬁfq%cziér olﬁ‘éﬁnésns %)?Cf%aég%ét aéhtd9Fayers

decreasi ng faraéieentst i pire (Eeabiiyt | at ®o derangsentheatwafspeeobf i£ pohal on the
enbrittl ement sur{ace of the wafer, the divergence in tenperature

prevailing i PSFa tHe SRBRLR/FYE expksrieqg 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). 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



(for exanple the presence of thermal gradients in an oven7adsicsdeomhi ch the
wafers are arranged vertically). In the case where the wafer to be detached

has been mnade up by bonding two | ayers having varyi ng nechani cal
characteristics, the respective nechani cal behaviour of the two bonded

| ayers al so influence detachnent of the layers. This is the case for
exanple for SO s shaped according to a process of the SMARTCUTO type, the
SO's being obtained by detachnent, at ap enbrittlenment surface '
(constituted by inplantation), of the SO and the silicon 17 Cctober 2006
16 heel. In [’tlehiﬁ respect in the event of detachnent, then this detachnent
does not mean the operation consisting of wundoing a bond which had been

created by adhesimh thibondidigctacter dihag &ee@ccept etk degidesht ,t eciémol ogy) .
Therefore, in the case of detachnent of a wafer to constitute a SO, a

bondi ng i nt értEt G SR edIP BEnAITE (HEr RBERERBN 0RPBP SBHI AROL

I npl ant ed p'@ic@oﬂ%@ the psid f fugnen) . HaRd %%%ﬂChE%@ cbakegy pl 368. 8f ok he

| evel of the enbrittlenent surface created by inplantation, this
enbrittl ement™iserdiasE’ Feiouydiirst itec tadoeptretth&€nbondhngermimetdageke, even if

it is very close.,ln this case, the?two "layers"” Eeoget ached are
'i)lhepr r,

t
therefore both tHE G el ¢ ¥ hg°fh egf"FPF‘é’ﬂ £he"bi'detAnd t he

fine slice dordditaas andseiso 4 heonsiihljComnheetadd var t Becgxbaensy
fineness of the oxide and the fine |ayer of silicon of the SOT, the SO
has mechani d¥indidgitar&atetaest itbs Wrildh sade aadsiimplanted tbla R sandfthhe

stiffener, syghdhal )t he,jgoqbayshichl RGxdE 3908 NAVe he 1evel 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 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



t he respective nechanical characteristics of silicon and (7abhctéthe 2664 T fener
(which can be different in nature, the stiffener capable of being made
fromsilicon, but also of a w de range of materials, such as quartz). From
t he point of view of the mechanical characteristics, each of the two

| ayers to be detached fromthe SO can be assim | ated respectively into
two layers, which were previously bonded together, to make up the wafer
to be detached, (the silicon layer and the stiffener). The foll ow ng
applies to detachnment (that i-s, fracture of the previously created

enbrittl ementintdrEstobenr2008, 14ykhRterfiace) Qéetﬂgshﬁxgé ghd' Bh&
to

assimlable in the sane way into two | ayers previous get her,
each of theS#W® W%ﬂye#rstq ot"bé ]a%t%etreb@mglesbenﬂeal tygetbaposedcnf t he

mat eri al of e t ye nd re ence to the influence of
the nechani §g| ‘g{%a\r}l ou \‘AS? %% Féye@ h(fé{ a@ﬁ’é&g t figsephdatdyers to
be detached &omopostde cﬁOth(et meltSEIrlJJaQOfd)fh@)@le o&ndhébé el 15?@%) can thus

have different rrechcﬁml cal characteristics). In addition hese two | ayers
are obviously edtidalBhthfr SRFERENREChAT cafhooi Anféreniew taf a tager of

si i con, andné&lérhﬁ:aa_tlﬁéﬂk?{o&ﬁ hgge (o Péofélfy‘ o %}’:d?%ac en, as e”b' ed by
exact!ly

bondi ng). The two such bonded | ayers are n ére
t ol erances ofiv® hbayns doe ey edmiosshad Suoh tHeays Aﬂdab@ﬂdidftg]tﬂi@elvw

| avers (o dagdiandabiplantad) sibicen.S and sfiflencr B sce fgure o
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.



face one another, as is shown diagrammatically in the figun&ebdrnoddi s
figure the concavities of the two bonded |ayers have been shown nuch ‘
deeper than in reality, and do not correspond in any way to a realistic
scale. During such bonding the concavities of the two |ayers are flattened
so as to bond the surfaces of the two |layers together. The two | ayers of
the resulting wafer (and consequently the two | ayers to be detached,

given that it was seen that nechaniCaII¥ these two | ayers were equival ent
to the two bonded | ayers) are thus sligﬁtly prestressed (especially in

their central region)., 17 tober 2006 18 These two layers will thus tend
to nove apart frgﬁ?e%%et% 0 ﬁg?r%swéggnt§§5déF§EhHEhﬁmWﬁ% peent i Aremated in

a novement efershaxhag éémsdaﬂﬁﬂdYaéﬂéﬁﬂﬁéﬁtt%a%h%eeﬁb9§§Q§QEE8n§9 hondi ng.
Thi s benefits contan|ng detachnent after the initial detachnent deéescri bed
0

above and acM &M on C&onpled@i*dndof i fiepsstphases of darneald ngth&hi s

rel axation p@ﬁggg&g?gcgﬁgp ful for detachnent according to the
present invention of any- wa éﬁﬁ%ﬁereof the two | ayers to be detached can
be assimlated iTtic t woes¢fites whbahihavegpr enitousiytnbeen flandeghe

toget her, by, subjecting themto prestressing as they are adjusted to one
anot her . thf{]];teffaglr en%%t‘?cg‘.“leﬁ’é: prqf‘r?é‘srsl%hor"i‘ﬁ%‘ge t Afthe apreseart iewvention
| n general , ddngian. aenaid (hakc! PRaski BRI 1ARDSERLHQY temperatures are
greater than the final annealing tenperatures of t prior art. More

precisely, in a phdfserreslagatiiamt ofhemenenon 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



i nvention beneficial results will be obtained with final17amﬂg@ﬁaogg

t enperatures of the order of 500C to 800C. And even nore precisely,
according to a preferred option for inplenenting the invention the final |
annealing tenperature is of the order of 600C. The gradient of the second

ranmp known as the rapid ranp is not necessarily 16 per mnute- This
non-limting value can be adapted; in any case it must be substantially
greater than the value of the gradient o the first ranp in tenperature
rise. Simlarly, the final annealing tenpérature, if effectively selected
preferably suq§gantially hi gher than for classic detachment annealings, is
riot linmited 10 %he values described above which constitute preferred

val ues 17 Cctober A2Q06 t9eoniprolizo, dhe psRbdta- ffe t enperatyre rige in
two rectangul ar ramps represented in the curves 52 and 53 constitutes
only a parti GiiGRnsderof LAMRS | §ERGeskatednyvient tba. durvieact 52 a agenes al

i sti fi s i i intq effect. according to the
orasent 1 nvent o TERaTABRRY! 08 SRLELARAN hld Poe “BEPL 5T chithe

t enperat ure iisivemtoeght froma starting anneal i ng tenperature (which can
have a val ue of Izgs th?n 350C, as .has been nenti oned to a tenperature
n

correspondi ng to &"staFtin§ d&ELRerfthatashsarigtice Horsudle aurerling i s
speci fied thatrfiedonset etrdetashpsplicgniboine egﬁé@%]& ?ﬂp&ﬁ T yed by
T, the diane

fol | owi ng, using any neans known in and”of itse er of ‘gaseous
bubbl es genéhégedtbyomhélaéﬁachnent anneal i ng from an

. 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



enbrittlement surface defined by inplantation, the gaseouso&uhbhess
originating fromthe conbination of mcro-cavities forned in the structure
by inplanted inserts. This first phase corresponds to the first slow ranp
of the curves 52 and 53, Followed by a second phase during which, instead
of stabilising the tenperature as in known detachnent annealings, at a
final annealing tenperature corresponding to a tenperature which is only
slightly greater than the starting det ment tenperature, not only is
the rise.in tenperature continued, but even the growth in tenperature is
pe considered therefore that the first

i ncreased per, i tige, It can
phase corres&gﬁgggfghghggﬁ%% ahi'tal 17 october 2006 20 triggering of

detachment, while t hewsetondhat eBsi¥Rdanneedh HPhagme AliloNs gﬂl%fseon' y
finalising of éhis detachnent, but also obtaining (as wll be explained in
detail herei AB&PYR) *a very good surface state, this second phase
corresponding to a finishing Phasga1 . tarti detachment tenperature,

whi ch corresponds to the traﬁs?ti%n1$§W%é$%1%ﬁ%§tﬁ%%ﬂﬁgmephé two annealing
phases, can vary in tebas eflsheobthananyer(ast i wsl Df beheaghTAGIdH €1H0 be

det ached. Ind§££§ft, dhe val.ue of 430C to 450C mentioned above is not
strictly linftragr i FTerhSis) criar ¥6rer i 9PPds SWchree tHa@teat ekhak(s) of

t he spructurEecoﬁ&mpﬁkgééé&rﬂéﬁﬁéﬁﬁfﬁéqﬂaQPQﬁQMs%HE&L gdsduring the
creation of the enbrittlenent surface (in the case re

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 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



this surface has been created by inplantation), this tenpesabssreosmy vary
to a certain extent. For exanple, if the enbrittlenment 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
di stribution of haze on the surface of three SOs which have undergone

det achment annealings according to thr ¢ different nodalities. Figure 7a
thus illustrates distribution of haze on™ the surface of a SO which has
under gone cl i C. it achnent _anneal i ng, corresponding to the curve 51 of
Fi gure 5. Thc:%z Ilclgl?}ggl?ns ?g'bgzgor%‘ar t BUEFQGT eOFb ENGHi AL, 2@l | 8% ng t he

exanpl e of Rwguraydbraldd ust raies@abals Bt ober 2006 21 distribution
of haze on the surface of the SO, and an average value of the order of

87ppm Fi gure 8a HHIW& r & ed hlves tpdeisal tlig stspalbaeil ordioft rikars con dhe
surface of §23@ Wy chhas 4ndergone - detachiyent  anpealing according to the
invention, with a tenperature er%ol S)tfi o% corresggrllggng 3 tﬂﬁg?:ﬁ?%gSZ of
Figure 5. Thied-afdhgemg |snnen biemgoapasedii® Eoguwhe Shwdntamn, Whiiah an

aver age hazeE \{ﬂaleuetcglf the order of 73ppmon the surface of the SO is
deduced. A sUDStaRti4lC deErehstP? sCRABFPERANfANEhE v iR BRIVaySPagef haze

and, consequERfulrye, 5Qf roughness on the surface of the SO resulting from
det achnent. Figures 9a and 9b correspond to another 501; having undergone

detachnent anneallPA§ sl ngst ¢ca benpemaburd to Figure 8b, from
~which an average haze value of the order of 73ppm on the

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).



evol ution according to the curve 53 of Figure 5. In this jgas®bea30§h0Wn
nore particularly in Figure 8b, the average val ue of haze on the surface
of the SO is of the order of 5ppm This corresponds to an extrenely
significant decrease in the surface roughness of the SO. Figures 10 to 12
illustrate the evolution of the state of the crown of three respective
SA s whi ch have undergone detachnent anneal ing according to the three
respective nodalities described above (cgrresponding to the three
respective curves 51, 52, 53 of Figure 5). These figures 10 to 12
illustrate a signifi t 21 | he ripher degr adati on of the SO
structure (thenngs g%grg % g§?§?§th$%£cd$ﬁggﬁ%ﬁbiﬁéetcé£?ﬂ%ﬂﬁﬁa}°£ﬁﬂealing,
the best presarmpliest haveubeencaesesribrdi rig e RReR NG ARGk Ng to
the present . inyention and correspgnding to the curve 53 of Figure 5).. 17
Oct ober 2006792 | FETENEE% i € t R al tHBughl R MBSV endhpl bpad texanpl es
have been dedethbkdent refogrencgpl,0 dejaghrent str&@f:’érgenerc%}n}p@gsgnso , the
invention applies to detachment of any other structure conprrsing e
enbrittl ement™RRi Ehlengriet¥Vetly <iefeeitwelhaldbyerts tthehdaydetsachede 17

Cct ober 2006423644 M5 1. A process of detachment of two |ayers of

mat erial 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



anneal ing tenperature to a final annealing tenperature, gchasaedrennsed in
that during the thernal annealing the annealing tenperature is nade to
evol ve according to a first phase up to a transition tenperature, then
according to a second phase during which the rise in tenperature per unit
of time is stronger than during the first phase. 2. The process as cl ai ned
in the preceding claim <characterised in that the transition tenperature
corresponds to the onset of detachnent. . 3. The process as clained in any
one of the preceding clainms, characterised in that the first phase is a
detachnent initiation phase, and the second phase is a surface-finishing
phase. 4. The process as clainmed in a of the preceding clains,
characterised in that the second phase is followed by a heating stage at a
substantial ly constant tenperature. 5. The process as clained in the

precedi ng claim char%ct@ﬁ@@ﬁﬁﬁlrpfruﬁeﬁﬁﬂhmeywbspénttablylagassanbf
tenperat ure gofLesppnd fi nal anneal.i nper at The process
as clained in any one éfggﬁanspﬁggeépng c aﬁﬁgemgﬂﬁrdﬁf EV§%d8?ﬁlFﬁ§t
during the fbe@ﬁeemhahe Hhe>tbap@rﬁlutaenpmﬁtgggxﬁ&ﬁgghgfhgi§h@yhgyerage
17 Cctober 2006 4 %lent extending up to around 10C/ mn. 7. The

process as cl1'dt Qhy dnE SPCERES precedFABPEL alfg, f%ﬁa#ab@bersed in

that during ddwed ssﬁ@éwluwaﬁ@lﬁ&@nge%ﬂér I%%zfaltg%% gGeerding to g rapid

average gradient, greater than around 15 Theé process as 2 ai ned
in any One(ﬁnQQﬂilng 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.

z2. The process as claimed in the preceding claim,
characterised in that = the trénsition 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



precedi ng clains, characterised in that the starting anneabiBgertiropper ature
is less than or equal to 350C. 9. The process as clainmed in any one of the
preceding clains, characterised in that the final annealing tenperature is
of the order of 500C to 800C. 10. The process as clainmed in the preceding
claim characterised in that the final annealing tenperature is of the
order of 600C. 11. The process as clained in any one of the preceding
clainms, characterised in that the transiyi on tenperature between the two
phases is of the order of 430C a 4500C 12. Application of a process as

clai med in agyadient presoseiafg thie © esesifg 1¢l-@i/a5,f or detachi ng two
| ayers of material delimted by an enbrlttlerrent surface, said

“enbrittlenent surface H¥i RFwEss cigat edawinedi nirt henyscope obfa prnecess of
the SMARTCUTGFgcdd dBipthe ti-on as clai i n the preceding
e t &aﬁﬂlsedal tﬁﬁgeg\‘FéPg EBrpresend | ayer

claim characterised in that t ayers
of silicon. Hmasqh@%meMaMQSrmm necco By Qe OEaEEﬂ? abLeggdi ng

cl ai s, char%cécﬁlré&ed in that the. two Iayers of material are two [ ayers

of silicon, ong ot THE T wdleTt [t o é%/ﬁ@)]rm-l ng to a SO, and the

other layer cormespomtiengpt8cassi | bgonci?ﬂ OPROCE S FOR
DETACH NG LAYERS OF MATERI AL A process of det achrre Yot %o Phyerlse of
material adtSiEHER océﬂlléﬁbrl@wmmrmd ade dehhpedcihet waesriigy two

| ayers, the c85% her San ealing of a structure conpri sing
sai d | ayers, sai d an negﬁPéﬂlg}gf‘%g an or equal to 350°

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.



the tenperature froma starting tenperature to a final amneabbdr2006
tenperature, characterised in that during the thermal annealing the

anneal ing tenperature is nade to evolve according to a first phase up to a
transition tenperature, then according to a second phase during which the
rise in tenperature per unit of time is stronger than during the first
phase. The invention al so concerns an application for using this process.

Figure 5 ‘
25

ABSTRACT

PROCESS FOR DETACHING LAYERS OF MATERIAL

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 temperatdre from a_starting temperature to a final
annealing temperature, characterised in that duriﬁg the
thermal annealing the annealing temperature is made to

- evolve according to a first phase up to a transition
temperature, then according te a second phaée during
which the rise 1in temperature per unit of time is
stronger than during the first phase.

The invention also concerns an application for using

this process.

(Figure 5)



