;. VWe3eKH (: 6pT391 PROCESS FOR CLEAVI NG LAYERS OF A WAFER OF MATERI AL The
present invention relates in general to the processing of materials, and
nmore particularly substrates used in el ectronics, optics and

optoel ectronics. Mire specifically, the invention relates to a 5 process
for cleaving two | ayers of a wafer along an enbrittled surface defined
between the two | ayers, the process conprising a thermal anneal for the
pur pose of cleaving the wafer conprising said |ayers. Proceimmm M m

af orenenti oned type are already 10 known. In particular, it wm mm mwn
apply such known processes in order to produce the cleavage of tupsd.ayers
of material fromthe sane substrate, between which an enbrittled surface

has been previously defined by the 15 inplantation of speci

substrate. The inplanted species may be ions or atons. Thusjmm"mmmm WMto
inmplant a substrate of a sem conductor material such as silicon it

speci es such as hydrogen or helium 20 The enbrittled surface is deternlned
wWith respect to the nature of the material, the nature of the species 2

i npl anted and the energy of inplantation (said enbrittled surface typically
consisting of a plane parallel to the surface of inplantation of the
substrate). It is |likew se possible to produce the enbrittled 5 surface by
any ot her neans known in the art, for exanple by constructing an

i nternedi ate regi on of porous material between two regions of dense
material, by formng an oxi de | ayer enbedded into a substrate (for exanple
a SCltype substrate), el se by bondin ogether two layers, 10 the
bondi ng area t &3P 536%&6&&1 ING LR ﬂ t £ WAFERr PECMATERTALt ype of

cl eaving of two | ayers det ached by an enbrittled surface can be used to
produce thin layers (the thickness of which may range between a fraction of
a 15 mcron and $Skeermaftesardr odﬂ)renaslodesnela)'em fior egearphé, to tie
docunent FR 2 681 472. This_docu i ndeed describ rocess known by
Che gener i cPRARESPENRRTERRC{ P oL BRLTVE AR THA S ¢ TSR e

SA -type stugetuifSe{Stti6RNcEN dpsidtatfHid optoelectronics.

More specifically, the invention relates to a

5 process for cleaving two layers of a wafer along an
embrittled surface defined between the two layers, the
process comprising a thermal anneal for the purpose of
cleaving the wafer comprising said layers.

Processes of the aforementioned type are already

10 known.

In particular, it is known to apply such known
processes in order to produce the cleavage of two layers
of material from the same substrate, between which an
embrittled surface has been previously defined by the

15 implantation of species within the substrate.

The implanted species may be ions or atoms. Thus it
is known to implant a substrate of a semiconductor
material such as silicon with a species such as hydrogen
or helium.

20 The embrittled surface is determined with respect to

the nature of the material, the nature of the species



20 according to the widely used English term nol ogy). The najor steps of

this process are as follows: - Oxidation of a so-called upper silicon plate
in order to create an oxide |layer (which corresponds to the enbedded oxi de
| ayer of the SO structure), 25 - Inplantation of hydrogen ions in said

upper plate for the purpose of creating,the enbrittled surface, and to
delimt, on the one hand, by neans of this surface, the SO structure
(situated on the side of the enbedded oxide) and, on the other hand, a
silicon residue, 30 - Bonding of the upper_plate onto a supportin | at e
(whi ch may BEPkapEedrasgd FE%nenBHQYa‘PEolIBPl%%B%Tﬁé‘?n met &t a@‘ﬁ‘brlt@?@?eavi ng

and det aChngBEfQEQe%E/Plfcgﬁ_l ey %ﬁ% for ¢ eﬁgﬁﬁ %ﬁggﬂ%g rﬁ%aste}feoand t he

structure conprising the supporting oxi
silicon | ayenr$ataav€édibel aweat {be 6fetﬂmed$ile!dsbn<atte and the enbrittled

surface and, on e .ot her. hand, the sj resi due situate on t_he ot her
side of the enbr#?tﬁ&jﬁaﬁ?¥&§§ Fﬂsﬁﬂ h Hﬁ%&ug%nﬁ &t | TP ot iR

cl eavi ngs pr gaegace CBYERNYE ok BEEE rcRY Sctn'oknﬂn @ Hhel st weah dhfnd Mo
| ayers, vvh| ch thereby remain integral with one another. Detaching the two

| ayers, i.eby 99?§F§H¢H’n@h @%ohﬂ*é%ﬂ‘lﬁ@l@‘ﬁ%n?e%wladéﬁ tP@FPUD el teeivdianlg,
Add'“ona' BE%Q dd‘t ¢d ? 0 dée_f tehem&?e%éiac%géofgpﬂﬁgroé the SO

resul ting fron1 eaV|n nment processes rel na mnthln
this text, bhedstluyénresbé@dda@ ihetacdnesiubatndatéle(f@yeafmm;ﬂrstai t3ai-ng t hem

that are detached WI|| be demgn&teda}(y t he enerlc erm"wafer,"” 20 which
corresponds tyBet RBPREEAER) t ePPn etPE2nOYe Tortdia i 'V HS 1 he

waf ers 4 aﬂh@“ﬁcﬁiﬂirﬁ@ | gPaAt ater a%%esﬁ@ﬁﬂlﬁ&r itgeRheSRGH f1qatd pNns
being inposed with respect to the subsequent usé of the wafers follow ng

t he det achnenrfpcecess, for exanple, in order 25 to form el ectronic,
optical or optoe ectr nic cQnp S.syrface co dition.i

characteri zed, thb%r VBSIQ%,%%?%ﬂﬁ?%ﬂé%adﬁo gﬁ&%ﬁ%sgeéﬁcﬁﬁg &Hfé?b

fol I ow ng demacmﬁenéd Isurifadehecf Obe cosemn tbo pisdhcPeehfihcatdyays for 30

roughness whi ch nust not exceed, 5 Angstrons ib%)ressed as a RVB val ue
(cor r espondil hBet Bh L RENERY| PE N REF D RFY F RIS FfRien %4 arhe

measur efent g3 0f o OUGANGSS, A GRNEFGd Y, MadeqwstRigRgat GEiC J)é%{nﬁﬁ
m croscope (AFM according to the acronym correspondi ng to the English nane

of Atomi c Foncth®! decwmepe)FR 2 681 472.

This document indeed describes a process known by
the generic name of SMARTCUT®, the objective of which is
to manufacture SOI-type structures (Silicon On Insulator,

20 according to the widely used English terminology). The
major steps of this process are as follows:

- Oxidation of a so-called upper silicon plate in
order to create an oxide layer (which corresponds to the
embedded oxide layer of the SOI structure),

25 - Implantation of hydrogen ions in said upper plate
for the purpose of creating the embrittled surface, and
to delimit, on the one hand, by means of this surface,
the SOI structure (situated on the side of the embedded
oxide) and, on the other hand, a silicon residue,

30 - Bonding of the upper plate onto a supporting plate
(which may be made of silicon, but also of another

material),



5 Wth this type 'of device, the roughness of surfaces scanned by the tip of
the AFM m croscope is neasured, ranging from 1x1l un2 to 10x10 un? and nore
rarely 50x50 unR2, or even 100x100 unR. It is also nade clear that it is
possible to nmeasure 10 the surface roughpess using other nethods, in
particul ar by neans of a "haze" neasurenent, according to the w dely used
English termnology. In particular, this nmethod has the advantage of naking

it possible to quickly characterize the uniformty of the roughness over an
15 entire surface drERRVing At 3R e FNIPHpmIas thee Rengse 6f :a

met hod which utiliz I C I | |85, r.f ace

bei ng characteri zed%sa%gg%‘gﬁ%s%gné sg tljg&{adnoé;pﬁlg%egﬂbac I%r octuon%gjrﬁélfsn "

di ffused by the surfacehe byuforeasgnpbétet sthecembeddhdessidan lewanpl e of
the rel ati onship between hgze and .r.oughness, in the case of the surface of
a SO, is illustrated 3% f ia%lﬁesf.lllct"%i sfﬁﬁﬁftcasf]etal?th% R the

measuremgnts that wlledSdifedroyidedand theSechB¥italeqt akeRadecand ng to

t he sane protocol and by nmeans of the same device, in this case an
instrunent of the KLA denidee SihdsdmandPIthey pd ooy stesriciret sddamgek) . |t
is |likew se indicated that,the SMARTCUT-type ,30 proces an alsq_be used to
form structures other ?rhasﬁhgdc’ts erruc?hr%s¥)%f ot%eex%ﬁ% %aéggﬁgstsPﬁgtaﬁFés
(Silicon On Anything ancoaddagiba,t hepor debyplsetofnglfi sthe Zllke@ringol ogy),
or even AQA structures (Anything on Anything according to the w dely used
English termi nol ogy). R¥KRITry afBP8ELERhnERECEAnedIdY ar 8t tbhveEidhal |y 5

carriedqgut in anneal ifg falNaggs the CORLEINT atinQrof « ML Oy | S-elkWst rated
in figure 2. Furnaces such as this are capable of si mﬁtaneo sly processing
a plurality of wafers.ifiegral xithuomrsheawotder.urality of wafers 10 10

arranged on a receptacle qléh'SUCh 6}15 a quartz boat, the wafers hei ngyal i gned

in parallel. The bodt 43 iNEel G| ol &Y § Sadert - £2 1 f aB¥5éG2LdYa door

13 fox sealing the m%ﬁéﬁnﬁé&ﬁﬂ%r@%, Tihe apsenbhy t50@16a5aRd, by the
door 13, the loader 15 12 and the boat and the wafers supported f)y t he

| oader is capabl e ofAddikignath rereatment o dmtengerdicetat r uedure 20hehi ch

[ ' b 1 i [ | ens 22 i
COPL <98, SHAHIZ PEOSSSALID SROPZLBEONRLIBLR B IRCLLISCTLATERE 22 1o
provi ded. Thend wiaetaoeshmdnt igroeessds. shown in open position. In closed

position, the assenbly 100 is jnserted.into the furnace structure 20, the
door 13 bl ocki ng ‘tH& 4 oWt ‘?u?ﬁéﬁe.tei‘%’l il e TF UL Shaf @r PEo be

detached, th@stawhddyersnd ormiengibheryaf @snéereuensd el shakhabrkhe
useful surfaces, for which it is desired to control the surface condition

in an extrerdgtaghadivel hebmedoshorapedcey Fheegenerigetesn THaferofe, it
L5 PanL B el Ao, (S EaER LeAatanthe best possble

The surface condition of the wafers is an extremely
important factor, very stringent specifications being
imposed with respect to the subsequent use of the wafers
following the detachment process, for example, in order

25 to form electronic, optical or optoelectronic components.

This surface condition is characterized, in
particular, by the surface roughness of the wafers
following detachment.

It is therefore common to find specifications for

30 roughness which must not exceed 5 Angstrdms expressed as
a RMS value (corresponding to the English acronym for

“root mean square”).



Returning to the prior art illustrated in figure 2, the wafers to be
detached are therefore arranged vertically. In this way, the tw |ayers of
each wafer being 5 detached are prevented from noving and do not nove in
relation to one another (specifically fgllomﬁng t he detachnent process,
when the detached | ayers are renoved fromthe furnace). A relative novenent
of the two layers such as this 10 mght actually run the risk of producing
scratches on the surfaces of the detached layers. And it is |ikew se very

i nportant that theeswdenerawrdisi o (aodghmegar bireul genéhelipugtatess) of

t hese | ayers,pe as even as ssible, on the s ce of the 15 layer. Figure
ST ust s at B8Nt o FaRES  Bamrectl orost &t VAFEr st ding athnos

foll owi ng aagleayhngorrBeabndieg HastheemEridh athriitof M bkonvtdonal
manner in an annealing furnace, as shown in figure 2. 20 The roughness is
repr esent edMbgra@@eRebf a haze neasurenent. This figure illustrates a

di ssy ry int o e f th st t i.Gh r s to a
Iomernngie on tH@P%gr€H£$ ?28888F ???S%FOr%H%oggﬁggwgfg2§ﬁfhé3§%8¥%%1part
of the furnacenfé¢debyo-tlad | €dp" ot chlie oRMMen St ostopet tise masdswded,s pl aced

on the bottomduring anneal.ing,, heing sjtuatged tp the left, at 9-o clock in
figure 3). TAUGING( TERPeard (Hik: b B8 et - anAeXPLY3e tatial | y
nmake it posghbl &t @ RIPVQH: 1RV Nt s capable of leading to the formation
of scratches, they pronote irregularities in the surface roughness of

the layers resul ¥t ngs fabse tihedel ez rshreihatprige dss poRsid lsotst imaasewrea

i ' i Qn.i d.. d h
thi o obitberFUe, sthber s aareliERboRaehd’ BoRRsc BEPRER™ e b T 0t o

| ayers of abyahesndl ©N0a arheadr imdd o anarigcadaymEhpaionagr Wiclidiyo
| ayers, the process_conprising a therpal anneal for the purpose of cleaving

t he waf er cBﬁ%?iEPﬂbl§%iHeFﬁng§9gZO ¢RaPactérr2ey. i khigamesiod Waber is

arranged in.geSubstankiald Y HPri 2@ntidly Post ti Qo sdyijing aeas'ea'qu&%kﬁone
preferred but nonlimting features of this process are as follows: - the
structure ishatackeerizsi ddeof vaifhambey 16f béthseenotngbhnheat ione®rl eot r odes,

- npan§ﬁgreeg{9¥idgﬁ%ﬁé%erggggj ng the layers of material in a horizontal
position, - dat o nah ihg is carried out individually for each

This haze, measured in ppm, is the result of a
method which utilizes the optical reflection properties
of the surface being characterized, and corresponds to an
optical “background noise” diffused by the surface, by

20 reason of its microroughness.

An example of the relationship between haze and
roughness, in the case of the surface of a S80I, is
illustrated in figure 1.

It is indicated that the haze measurements that will

25 be provided in this text are taken according to the same
protocol and by means of the same device, in this case an
instrument of the KLA Tencor Surfscan SPI type
(registered trademark).

It is 1likewise indicated that the SMARTCUT®-type

30 process can also be used to form structures other than

SOI structures, for example SOA structures (Silicon On

Anything according to the widely used English



wafer, 20 - said-handling is carried out individually for each |ayer, - a
plurality of wafers are anneal ed sinmultaneously, each wafer being placed
bet ween two heating el ectrodes. And, according to another aspect, the

i nvention 25 proposes the application of a process such as the one

menti oned above for cleaving two | ayers®f material delimted by an
enbrittled surface, said enbrittled surface having been produced by neans
of a SMARTCUT-type process. 30 Preferred but nonlimting features of such
an applicat it@pmdnhe13gyhol | ans: evén- hBR twadRkenesof MmigiHalg cCogprise a
silicon layer, - the'two layers of material are two silicon |ayers, one of
the two | aydnytbéngespasgonging t hEosur thee | Hyerly of ugedol Boglitshire, the
ot her Iayert%%%ﬁgﬁgg ging to a silicon residue. Finally, the invention
proposes an annea |n§ &évice for cleaving a wafer, conprising a furnace
capabl e of acconundatving aind eastaciheenaf ahnealar anter cardentidhall0 each
wafer 1s held inside of a chanber. in horizontal Bosition, wth the result

bei ng that CRErdPEaitty ARnéanead 10g rf¥EP3tRSs whiPfe IHE MEFGT AR | ¢F

hori zontal Ragichi A il .- MAd 2l . riherdeyi caahsesonRIdsess negns for
handling the wafers and/or the |ayers which constitute 15 said wafers, in

hori zont al pasi tdapabl@ hef Sémulrageowblecprireessahtgady antuesitf ofie
invention wll_ beconme nore apparent upon reading the follow ng description
of one enbodPHEART of the invention, made with reference to the appended
drawi ngs in whi clrigd@eot her thian Ehgwsesal pdudaWbtgh bavewafseadyl been
commented on with reference to the prior art: - figure 4 is a schematic
repr eseh? at BdFapged oRcid i t9CeBEagher HlnFusht @3 e@vidNg fadndaat, bl i ng

i npl enent at | iLhventian, : 25 = ..f) es 5a and 5b represent,
respectivelyg&gggtﬁgﬁngiéggébggi%ﬁspg¥£%g§£'on the surface of two SO
structures, the BBk bbatctlir ésofitfsedur @lBacchani iy loatdrgohe fasteasd ng

anmeal |0 eSS cyst QIR LLY eaed LorLiLg BT pgees acgarding Lo pri o
whil e being di spegaedakekinbaft aldoy fdgsidde h{ staEN@abicng 3, UrdiaceloagLPr di ng
to the igvqulggd the boat and the wafers supported by the loader is
capable of moving in relation to an furnace structure 20
which comprises a quartz processing tube 21 around which
a heating element 22 is wound.
A pyrometer tube 23 equipped with thermocouples is
20 likewise provided.
The furnace of figure 2 is shown in open position.
In closed position, the assembly 100 is inserted
into the furnace structure 20, the door 13 blocking the
mouth of the furnace.

25 Inside of each wafer to be detached, the two layers
forming the wafer face each other so that the useful
surfaces, for which it is desired to control the surface
condition in an extremely precise manner, are placed
face-to-face.

30 Therefore, it 1is particularly important to take
measures to ensure the best possible surface condition

(specifically roughness) for these useful surfaces.



9 Wth reference-now to figure 4, a furnace 30 has been shown which is used
according to the invention for carrying out the cleaving anneal of a
plurality of wafers 10. 5 More specifically, each wafer 10 is placed inside
a chanber 31 fornmed by two adjacent elgctrodes 32 of a plurality of
el ectrodes in the furnace 30. And these el ectrodes 32, which run parallel
to each other in a horizontal direction, define horizontal 10 chanmbers 31,
each of which is capable of acconmmpdati ng one wafer 10 to be detached, in
hori zont al posiRebwrnHeat tAagthe exdered by ld g natiech Penfet¥¥i®s?i nto t he
chanbers 3 y r eGt i ve 4l 31Q,...t hi E%aéﬁ el I heat ed
by the el e%{l?od\é@)fgg%i mﬁﬁ)n?%acﬁé?ég%%gm%ﬁe Itﬂshs ou ddttef)e %1%%)%:1 that the
"heati ng" yasthayglbe. used solely for the purpose of diffusing the heat
com ng fromthe_el ect,rodes ontq the wafers. |t y al.so _have heen
preheated, priof’t&es Vavrod cetig‘ﬁoi e Fite ?gaf%al"%cgé The ¥petific
confi gu at HetaBhedharehopigmsrivdd fubpaceHisefl asaordy ngot onlcke ifvention
for carrying out a cleaving anneal nmakes it possible to elimnate the
effects of ralaehper at@r eClf adtePEhehsi HePeRel Fed hite, Tl getR@ertiiche top
and botto t ac hi s | Lal enment in
t he evenngégeégﬁ?%ﬂetsﬁ??é%égfoﬁgﬁ;rllzelgzleo?g&%g&ﬁ%g;elr%ﬁzfﬁ%}r@tIf'u‘%ay eg(%//e been
det ached. fFnomhtbker&ganace) he effect of using a "horizontal” 30 furnace
according to the invention, for the purpose of z cl eavi n%Qanneal ,. has been
5

illustrated in #i §Gt85288 BRYEBENt Ofp Hgulee s42¥R5Rs SURE @Sstitiuti on of

haze om thg;sHEfaceuQi1q Aol aghedr Sk S ré‘ﬁé&kﬁ@irﬁ?'é%ﬂﬂ)@s canvad i onal
cl eaving annéal in a "vertical" furnace, as illustrated in figure 2. 5 This
figure, whbehfageanef ogoesdetachedrbageryeveal s a "dense region”
correspondi ng t n,Lrregul.arit.y | g LN, t lL.ovwer, r] art of
the | ayer. Conv%?@eﬁ%, l%i g&?‘f@feshnvo%@yt %gs%%%%g%t E&agy\%m%t rsflgrgaér)eoughness
of a SO debadhetonftemd dheapangidflannedie caouightiesd!) i 8fa t'Hwyd zontal "
furnace according to the invention. And_this roughness no | onger exhibits
the charact@Yfsti @efad 'eyERse?§ eFOSTLPAE of2r FBE iWE@?&%a@g dtha he sa
structiyye pf fygure 5a. 15 Thus it appears that the use of a "horizontal”
furnace according to the invention makes it possible to overcone the

probl ens associBiedrai 3hidlugengeeseghonsusffaceugiongbsess wéntd ¢itdd above

w th respec Lor ar ying s, 20 | i ti it J.ndi cat ed
t hat provi%’%%‘%’fg g%ggﬁl sgkﬁéhﬁgn#h tfﬁgrigg%égof% tct%e%a%ﬁgl i zaomeaall' ‘JThua(rjcnace of
figure 4, haspressant canyisdvesent iof thecdmyatisi ovid T hmaingletr pioduce
scratches, in particul ar when the det a,cheg__ | ayers are being unl oaded from
the oven. 28N¢aliRgstveRacdy, 28 R nift r AF has been shown in figure

4, whigh is capmble @ughness is represented by means of a haze
measurement.

This figure illustrates a dissymmetry in the
roughness of the SOI structure, which corresponds to a
lower haze on the part of the SOI structure located at

25 the bottom part of the furnace (the so-called “notch” of
the S0OI structure, which is placed on the bottom during
annealing, being situated to the left, at 9-o’clock in
figure 3).

Thus, it appears that if known detachment anneals

30 actually make it possible to prevent movements capable of

leading to the formation of scratches, they promote



- individually grabbing . Dthe wafers in order to introduce theminto the
furnace, and 30 D the detached | ayers, in order to take them out of the
oven after cleaving. In addition, it is also possible to anticipate
carrying out only a cleaving 11 anneal w thout conpleting the detachnent
of the wafers, it being possible to conplete this detachnent outside of the
furnace after the robot 40 has unl oaded the cleaved wafers (for exanple, by
nmeans of a nechanical action), 5 - and of noving in one direction 41 (as
wel | as iniaregelerdchiesdirecthen perfrerli corghnerer @) the okagerso carry
out the necess | oadi ng, and | ' ons (while processing each
waf er indi5Faﬂgﬁ¥9?,%f?miEﬁgdgggagﬁﬁ%ggiﬁpgégé%ase where the 10 det achnent
of the two | ayerriof tdwmswakereiss actuaisydeantigd oub dwhirg antieal i ng,
the two | ayers of the wafer that are detached may be unl oaded by the robot
separ at el yInVANERPE 1BEEPES FReT8FRPAZ: of the robot which grabs the wafers

and/ or ghe | ayers MYaLomily SeeacHEans; SUGhRTtivky SURLI Ofhfitn. £apabl e of
bei ng placed under partial vacuum sel ectively, or else a neans handling the

waf ers by pheppsedges proagsierfon ghab daelvilngyerf separ dngkysf odma he | ayer
fromwhich it has,been_detache ar, el se a ns enabl.ing t t | ayers to
be handl edwg%ﬁﬁl ?éﬁBSué‘Py S %ﬁ}%}éeg \ﬁuer%atcgn?é)trglﬁ%n%geﬁ“f%rﬂ gcfhes;,@éo of the
furnace. Thgyweker %h@ngslﬂcﬁsé@ss Esnpe 1511y | Z0Bhakmhi benkhe rfekottH is

carrying out these handling operations. In addition, if the above exanples
wer e descrPBEROGRt IPT eFépaNéBat o-he cWaaern AP Etinth FakAnglaxepossi bl e 25

to pr ce ur i rti ar 0 ﬁ%ﬁﬁl -type
proce§§? tﬁga?%%gﬁ ?g%&angieghgg tﬁgyclégg%%geg?§aﬁ§réﬁl' ctuSngﬁ¥ch
i ncl udes anmubabantibetlyshotizcentaki pgsitiposdebing tanmdedliimd. | ayers. 12

CLAIMS 1. Process for cleavin | ayers of ,a wafer _along ap enbrittled
surface defi nedg%‘f’me%ﬁe{e%r‘?‘goﬁ?v'gyer"é,nltlﬁlétﬁf‘ficeg?:at%ﬁﬁ?igs?ﬁg tHher mal

anneal forpthecpYrppseasfrslesving the wafer conprising said |ayers,
characterized 5 in that said wafer is arranged in a substantially

hori zontal directi®he duwirgciure adifealPlagegr oéegide? oPr cresthamb®st ding to
t he ppﬁ§ed' g.& gig%ocﬂgg (24 réfgg%fg é@at the structure is placed inside a
3&? Be ﬁ i e ec?

chanber™ ( weén two heati ng rodes (32). 10 3. Process according
to one of the preaeting alai nBrovidedctferi zeandhindattheeahsyé49) «f e
provi ded fggtggggiigg ;hgoifggégaffpégﬁgqggﬂ in a horizontal position.
- said handling is carried out individually for each
wafer,
20 - said handling is carried out individually for each
layer,
- a plurality of wafers are annealed simultaneously,
each wafer being placed between two heating electrodes.
And, according to another aspect, the invention
25 proposes the application of a process such as the one
mentioned above for cleaving two layers of material
delimited by an embrittled surface, salid embrittled
surface having been produced by means of a SMARTCUT®-type
process.

30 Preferred but nonlimiting features of such an

application are as follows:



4. Process according to the preceding claim characterized in that said
handling is carried out 15 individually for each wafer. 5. Process
according to one of the preceding clains, characterized in that said
handling is carried out individually for each |ayer. 6. Process according
to one of the preceding clainms, 20 characterized in that a plurality of
waf ers are anneal ed si nmul taneously, each wafer being placed between two
heating el ectrodes. 7. Application of a process according to one of the
precedi ng cl ai n8, tflor ¢theavlagetsw ofaymeatenfalatcempalis?2b delsinii@ch by an
enbrittled, surface, said enbrittled surface having been produced by neans
of a SNART&fW?pre process. 8. Application according to the preceding

claim characteriggd t@othajetdeot WRatayEess Die MBIEId il i CHPId w30 a
silicon | ayer. 13 9. Application according to one of the preceding

cl ai ns, chapracPérihedtie tlsarersheomws sPapeigdoftondher isalrface thyet |i con
| , £t t | i t : SO
ayers,s Onggotahe ¥‘Pr1]191¥§£§, Cgﬁée%%%?n%};& Qgﬂf%’%%gﬁglﬁgﬁgro %{) a

structure, ot her T'ayer correéespon 0 a Si resi
Anneal i ng dévicenfoestdleavi ng a wafer, conprising a furnace (30) capabl e of

accommodating at, | east one wafer, characterized in that _each fer is held
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In one wvariant, the device also comprises means for
handling the wafers and/or the 1layers which constitute

15 said wafers, in horizontal position.

Other features, objectives and advantages of the
invention will become more apparent upon reading the
following description of one embodiment of the invention,
made with reference to the appended drawings in which,

20 other than figures 1 to 3 which have already been
commented on with reference to the prior art:

- figure 4 1is a schematic representation of a
facility for carrying out cleaving anneals, enabling
implementation of the invention,

25 - figures 5a and 5b represent, respectively, spatial
distributions of haze on the surface of two SOI
structures, the S80I structure of figure 5a having
undergone a cleaving anneal in a furnace customarily used
for this purpose, according to prior art, the SOI of

30 figure 5b having itself undergone a cleaving anneal while
being disposed horizontally inside its annealing furnace,

according to the invention.
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plurality of electrodes in the furnace 30.

And these electrodes 32, which run parallel to each
other 1in a horizontal direction, define horizontal

10 chambers 31, each of which is capable of accommodating
one wafer 10 to be detached, in horizontal position.

Heating is ensured by a gas which penetrates into
the chambers 31 by way of respective inlets 310, this gas
itself being heated by the electrodes delimiting each

15 chamber.

It should be noted that the “heating” gas may be
used solely for the purpose of diffusing the heat coming
from the electrodes onto the wafers. It may also have
been preheated, prior to its introduction into the

20 furnace.

The specific configuration of the “horizontal”
furnace used according to the invention for carrying out
a cleaving anneal makes it possible to eliminate the
effects of a temperature gradient inside the furnace,

25 Dbetween the top and bottom parts of the furnace.

This 1leads to a substantial improvement in the
evenness of the surface roughness of the layers, after
they have been detached.

In this regard, the effect of using a “horizontal”

30 furnace according to the invention, for the purpose of a
cleaving anneal, has been illustrated in figures 5a and

5b.
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5 This figure, which is analogous to figure 3, reveals
a V“dense region” corresponding to an irregularity in
roughness in the lower right part of the layer.

Conversely, figure 5a shows the perfectly
symmetrical roughness of a SOI detached after a cleaving

10 anneal carried out in a “horizontal” furnace according to
the invention.

And this roughness no longer exhibits the
characteristic of a “dense region” as observed in the
case of the SOI structure of figure 5a.

15 Thus it appears that the use of a “horizontal”
furnace according to the invention makes it possible to
overcome the problems associated with a “dense region” of
roughness as mentioned above with respect to prior art
cleaving anneals.

20 In addition, it indicated that provisions are also
made, in the case of the “horizontal” furnace of figure 4,
to prevent any movement of the layers which might produce
scratches, in particular when the detached layers are
being unloaded from the oven.

25 In this regard, a handling robot 40 has been shown
in figure 4, which is capable of :

- individually grabbing :

> the wafers in order to introduce them into the
furnace, and

30 » the detached layers, in order to take them out

of the oven after cleaving. In addition, it is also

possible to anticipate carrying out only a cleaving
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h& ()-y!'y@hd0¥ak&atk- ufter the robot 40 has unloaded the cleaved
wafers (for example, by means of a mechanical action),

5 - and of moving in one direction 41 {(as well as in a
“vertical” direction perpendicular thereto) in order to
carry out the necessary loading and unloading operations
(while processing each wafer individually),

» it is added that, in the case where the
10 detachment of the two layers of the wafer is actually
carried out during annealing, the two layers of the wafer
that are detached may be unloaded by the robot separately.
In this regard, the arm 42 of the robot which grabs the
wafers and/or the layers may comprise a means such as a
15 suction cup capable of being placed under partial vacuum
selectively, or else a means handling the wafers by their
edges in order to grab each layer separately from the
layer from which it has been detached, or else a means
enabling the two layers to be handled simultaneously with
20 a view to detaching them outside of the furnace.

The wafers and layers remain horizontal while the

robot 40 is carrying out these handling operations.
In addition, if the above examples were described
with reference to a cleaving operation making it possible
25 to produce a SOI structure, in particular by means of a
SMARTCUT®-type process, the invention applies to the
cleaving of any structure which includes an embrittled

surface making it possible to delimit layers.
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cleaving the wafer comprising said layers, characterized
5 in that said wafer 1is arranged in a substantially
horizontal direction during the annealing process.

2. Process according to the preceding claim,
characterized in that the structure is placed inside a
chamber (31) between two heating electrodes (32).

10 3. Process according to one of the preceding claims,
characterized in that means (40) are ©provided for
handling the layers of material in a horizontal position.

4. Process according to the preceding c¢laim,
characterized in that said handling is carried out

15 individually for each wafer.

5. Process according to one of the preceding claims,
characterized in that said handling is carried out
individually for each layer.

6. Process according to one of the preceding claims,

20 characterized in that a plurality of wafers are annealed
simultaneously, each wafer being placed between two
heating electrodes.

7. Application of a process according to one of the
preceding claims, for cleaving two layers of material

25 delimited by an embrittled surface, said embrittled
surface having been produced by means of a SMARTCUT®-type
process.

8. Application according to the preceding claim,
characterized in that the two layers of material comprise

30 a silicon layer.
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are two silicon layers, one of the two layers
corresponding to the surface layer of a SOI structure,
5 the other layer corresponding to a silicon residue.

10. Annealing device for cleaving a wafer,
comprising a furnace (30) capable of accommodating at
least one wafer, characterized in that each wafer is held
inside of a chamber in horizontal position, with the

10 result being that the cleaving anneal is carried out
while the wafer is in horizontal position.

11. Device according to the ©preceding claim,
characterized in that the device also comprises means (40)

for handling the wafers and/or the layers which

15 constitute said wafers, in horizontal position.



