20 March 2006 1 PROCESS FOR CLEAVI NG LAYERS OF A WAFER OF MATERI AL The
present invention relates in general to the processing ogoggﬁ&{ﬂﬁ%s and
nore particularly substrates wused in electronics, optics and

opt oel ectronics. Mire specifically, herein dlsclosed is a process 5 for
cleaving two layers of a wafer along an enbrittled surface defined between
the two | ayers, the process conprising a thermal anneal for the purpose.
of cleaving the wafer conprising said | ayers. Processes of the
aforenentioned type are already 10 known. In particular, it is known to
apply such known processes in order to produce the cleavage of two | ayers
of material fromthe sane substrate, between which an enbrittled surface
has been previously defined by the 15 inplantation of species within the
substrate. . The inplanted species may be ions or atons. Thus it is known
to inplant a substrate of a sem conductor material such as silicon with a
speci es such as hydrogen or helium 20 The enbrittled surface is
determned with respect to the nature of the material, the nature of the
species 20 March 2006 2 inplanted and the energy of inplantation (said
enbrittled surface typically consisting of a plane parallel to the
surface f o inplantation of the substrate). It is |ikew se possible to
produce the erBROGRIBEFOR GLBAGNG MAYERS QM Whdh GNdWMITERIAThe art, for
exanpl e

The present invention relates in general to the
processing of materials, and more particularly substrates
used in electronics, optics and optoelectronics.

More specifically, herein disclosed is a process

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

Processes of the aforementioned type -are already

10 Aknown.
In particular, it 4is 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 spécies such as hydrogen
or helium.

20-_. The embrittled surface‘iS'determihed‘With respect to

the nature of the material, the nature of the species




by constructing an internedi ate region of porous material between two

regi ons of dense material, by form ng an oxide |ayer enb | a
substrate (for exanple a SO -- type substrate), or else bgﬁl%‘a{linﬁggt oget her
two | ayers 10 the ‘bondin y g area then correzspondi ng to the enbrittled
surface. This type of cleaving of two | ayers detached by an enbrittled

surface can be used to produce thin layers (the thickness of which may
m crons), as

range between a ifpactitQy 5 mcron and several -

descri bed, for gﬁ%l e i(r%fnt et%gogﬁﬁéﬁﬁf PR 2mpBandd@ion (s ﬁrlt
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of this gY). The prbcess argas S0l L ows
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enmbedded oxide TAYEICHILY henBodtiser UGEah &) k- - | ant ati on of hydrogen
ions in said uggercdﬂﬁ;lqlctfi%r t he ,pur pose .o?&grrl e%allfl {Tﬁbet%ten%?lft@}kwj.e
surface, and to delimt, on%K& dRd raediapbe m'ngﬂSnoéftEbg,lsO@y(rﬁgtcee . _the
SOl structure RStvggnedtea tiheyisirde gF gd‘é% enbedded. oxide) and, ot e
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other hand, a gjli \(,)\gar esi due, 30 -
supporting plate d% PR EpPpddaddentd ai busorra it ( A),5Q ,0f ré?}ilggr@&
rpose

material), 20 MgpehsaB@er3+Lheayi.ng,and detachment anneal X
g%: 8138 by bonding together two layers

of : :
10 the b i
onding area then Corresponding to the embrittled
| e

15 micro E
n and several ‘i -
microns), as de i
scribed, for e
Xample,

20 accordi : i
ing to the widely used English terminology). The

— Oxidation of g So-called upper silicon plate inp
o;der to create an oxide layer (which coriesponds to th
o embedded oxide layer of the S01 structure), i
25 f =~ Implantation of hydrogen ions in said-uppér plate
tor th? Purpose of Creating the embrittled surface and

O delimit, on the one hand, by means of this sur;ace,

30 - Bondi '
nding of the upper plate onto a Supporting plate

e of silic '
material), o Sisicon, _bUt also of another




> cl eaving on one hand a SOT structure conprising the supporting plate, the

' il ' d bet weeRbE2008
d oxide layer and the silicon |ayer situate
Zgg:gg:d oxi de ané the enbrittled surface and, on the other aﬂg% t he

silicon residue situated on the other sidegof the err‘nrit_tledfsurl‘az:cren.51 I'n
addi tion, upon conpletion of the cleaving process, cohesive _o:c 5 &Ath
still exist 10 between the two | ayers, which thereby remain integ _

, physically disconnecting

ther. - Detachi Layers,.i.e. :
?Egn?n?n gédition to c?g%é?ﬁ%§w95%d¥?{?ﬁﬁweqqé%Fﬁ%Ht ifeetbed Puoposedute

. . q
hness efedfinPQ@n r&slidmd f 'QP e, shgaving and,
BQSagﬁnzg:fgfgc;gggs. Fbreinafté? &?;hin this text, t%é SPFSCF8F8§l§bn%e
det ached, and the |ayers 'd¥hstVRRRFRENT hehatdat the eemisked died a6l Wid 18¢er

[ y " ' ' ds to the French
[ by the generi r wa : 20, whi ch correspon
?gfh?Pﬁﬁggchg"_ Thg surfgggpcgﬁ it%gglanth%aV%ﬁeFEtP§t§ﬁeQ?FEﬁﬁny the

L he Bubequant 1ot of L hevemt er ol ot o M ARG P
t use of the wafers fo he _ :
LgaLgFeSUPﬁegrggr 25 to fﬁ?%ﬁﬁlg Enit@ndgptheasibicept et bite anituated

. Dt : ' i icular, b
conponents.  This surfaCQnEQﬂQi;b@ﬁek?éﬁF%aﬁ%%eE%éfg%ﬁkgﬁgﬁgﬁtqq;@q%%e¥ore
hness of the wafers . ! :

the surface roughness tPorrddigiiors0 npaghresplebich ISt tA8t EGRAY
common to find specificatfo | cor.respondi ng to the English actdnym
Angstrons expressed as 5r§g§ﬁéa ﬁ%ﬁ%ﬁ@ize Forces may still exist
for "root nmean square"): fc
10 - between the two layers, which thereby remain
b integral with one another.
> Detaching the two layers, i.e., physically
disconnecting them, in addition to cleaving,
— Additional treatment intended to. reduce the
e 15 surface roughness of the SOT resulting from the cleaving
' ' and detachment processes.

Hereinafter within this text, the structures to be

=

detached, and the 1ayérs constituting them that are
- detached will be designated by the generic term “wafer,”
20 which corresponds to the French termA“tranche”.

' 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 rdughness of the wafers

| following detachment.

. It is therefore common to find specifications for
30 roughness which must not exceed 5 Angstroms expressed as
a RMS value {corresponding to the English aérqnym for

“root mean square”).




The neasurenents of roughness are generally made wth an atomc force

m croscope (AFM according to the acronym correspondi ng tQO HBmkl sh nane
of Atomic Force Mcroscope). 5 Wth this type of device, roughness of
surfaces .scanned by the tip of the AFM mgroscope is rreasured rangi ng
froml x| pm to 10x10 pnt . and nore rarely 50x50 pn2, or even 100x100 pn2.

It is also nade clear that it is possible to neasure 10 the surface
by neans of a "haze"

roughness using ot hefhdret g rtigul ar
measur enent, according to t%@r\/e\}n%n%% uge FERESH  BF R rﬂﬁflﬁﬁﬁlhm made

particul ar, thi¥i%etsad mxmefadaanh@gﬁ:dﬁco@@kl [¥Qey t aEQ%%dEHQ qéleCkl y
iré surf

t he roughness over an 15 ent

characterlze t rm.t
e Ma‘;ng) B et? g b dhee Snpilish aamgevliodtohichrotdd i zes

area= Thi.s haze, sure
the optical refMBmtdsoge)qperties of the surface being characterized, and
corresponds-to an optical "background noi se" diffused by the surface, by

20 reason of its m ﬁ&%&@ﬁﬁeé@P%@%x@mﬁc&a,oftrteherdl.ﬁj}ﬁiéﬁ\scm PsetNReN
e of a SA, is |IIustrated

haze and roughnessed h surfac
infigure 1. It is ;endlrbc%t gagt ha ‘ﬁ% % %&s'ﬂ?‘%ﬁ%ﬁ?gpﬁhéﬁ whed surisi,be

provi ded in thirangdxy aﬁmmtaloeh am?:o:f@il ngx10 Lhe sSage o
nmeans of -t he s% devi ce hi s case an i ns runment Ig?gtéhg‘%%%AYTe%g)ggﬁ

Surfscan SPI type’ ?‘?e%‘fésq 419% dewrar k). It is likew se indicated that
rrjgs]tructures ot her

D, SMATOUT(E) - yoee 4 S0aiachste cafbgt Sy 4G @ LS e U ot
accor di ng X% t kB e\,\pggf9cgs§QuEhgeBshuEﬁanabchegoﬁiﬁthods, in particular
by means of a “haze” measurement, according to the widely
used English terminology; In particular, this method has
the advantage of making it possible to quickly
characterize the uniformity of the roughness over an
15 entire surface area.+ ' :
This haze, measured in ppm, 1is the result of a
method which utilizes the optical refleotion properties
of the surface being characterized, and corresponds to an
optical “background noise” diffused by the surface, by
20 reason of its microroughness.
An oxample of the relationship between haze and
, 1 'roughness, in the case of the surface of a S0I, is
illustrated in figure 1.
| It is 1ndlcated that the haze measurements that w1ll
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 1is 1likewise indicated that the SMARTCUT®-type
30  process can also be used to form structures other than
S0I structures, for example SOA structureo (Silicon On

Anythlng according  to the  widely used English




5 term nol ogy), or even AOA structures (Anything on Anything according to

the wi dely used English term nol ogy). G eaving and detacggﬁﬂﬁdﬁﬂgﬁghsoﬁre
conventionally 5 carried out in annealing furnaces the configura

which is illustrated in figure 2. Furnaces such as this are ﬁapabLgmgfa

si mul t aneously processing a plurality of Wafers . Figure ﬁ t hus Suartz
pIuraIity of wafers 10 10 arranged on a receptacle 11 such as alg L on
boat, the wafers being aligned in parallel. The boat 11 is itse p

a | oader 12 f astesmedotoyya ,doosr 13efen Saahi n%gg&gﬂ%;slizo }H}df .gltg)g:qcneénd

19Q forned by the door 13, the |oader ~1 _ oY
the vaf ors supdbPSt Y (REaSAI8R | s tocapibbe onidetyng toed el atigi o an

i [ [ tube 21 around
truct weemdolWahyGh conprises a quartz processing _ (
&ﬁ{gﬁceasheating elegént 22 is wound. A pyrometer tube 23 equi pped mntan -
thermocoupl es is 26!PRKéMIsept odedechndite A1HnBate ofrd | @MRR ich0

it te I'nto the
itign. .clo position, .the assenbly 100 is inser .
?E?Raggsgtiﬁgtgﬁggigg ?ﬁgzdégraf§eﬁﬁ&€%|ﬁfqﬂﬂ9@%nﬁmﬁ sbnfhgutathase o025

cach ot her 90 Lhat -Lne.yselul curtaces - Tar® vy ohrPFedualebegel bhgant ol
h o that the useful sur : _ s,
{ ﬁéhsf}?fif;es cBhti FPERVLR AF eximehien neqrsgi seroeeneing asepphagedey of

. A i ly inportant to take ™Tneasures
e-to-face. 3Qrdhgerefore, it is particular té
Igcensure the. best possible surface condition (specif_-c-ally roughness)

for these useful sUF¥@Ees. 2 thus shows a plurality of wafers 10

10  arranged on a receptacle 11 such as a quartz boat, the
wafers being aligned in parallel.

The boat 11 is itself place on a loader .12 fastened
to a door 13 for sealing the mouth of the furnace.

The assembly 100 formed by the door 13, the loader

15 12 and 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 i's 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 fprnace struéture 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. E

30 _ Therefore, it is particularly important to take

measures to ensure the best possible surface condition

(specifically roughness) for these useful surfaces.




20 March 2006 6 Returning to the prior art illustrated in figure 2, the
wafers to be detached are therefore arranged vertically. dtdifoway, the
two | ayers of each wafer being 5 detached are prevented %rom novi ng and do
not nove in relation to one another (specifically follow ng the

det achnent process, when the detached | ayer® are renmoved fromthe _
furnace). A relative novenent of the two |ayers such as this 10 mi ght
actually run the risk of producing scratches on the surfaces of the

detached | ayers. AnRetuirErg kewitses vsryok MREt a0iuLbRLeLhe; SUETaCE. o

condition (and p cul ar  the roughness) of these ayers'b
possi bl e, on tr;deﬂesu?‘f'%{(‘::e T2t the Pes- defipgheds qare 3théresorat esriffged

surface roughnesstfca1§Q  wafer after detachnment, follow ng a cl eaV| ng
anneal that has been carried out in a conventional manner in an

.anneal i ng furnace, 125 ’élhb%\nwlabf,fliqmet&o 20ades r oegheesis iwgf(eeprke ent ed

by means ofsa BazgchHERASLY T ig figure il]lustrates a di ssyme ry in
the roughness of the S egt geawrﬁ dRYEPoans tde mot| ower haze on

the part of thaedatisnr utburenéocaheahei» 29sbbe; POLAPTY pafoje18§ Lhe furnace
o9 hd-hsot t om

(the so- caIIed "Ef%ﬁ the -SA structure, whic
during anneal rng- BerR EFPE%F%d pBenh&heeidet amhedt dagAeQ@k arl dn@¥egy 3) -

Thus, it appeafsoihgéhe Ehrkfoun, detachnment anneals 30 actually nmake it
possi ble to prevent novenents. capable of leading to the formation of

scrat ches, they prddptfelative movement of the two layers such as this
10 might actually run the risk of producing scratches on the
surfaces of the detached layers.

And it is likewise very important that the surface
condition (and in particular the roughness) of these
layers be as even as possible, on the surface of the

- 15 layer.

Figure 3 illustrates the surface roughness of a S07
-wafer after detachment, following a cleaving anneal that
has been carried out in a conventional manner in an
-annealing furnace, as shown in figure 2.

20 The roughness is represented by means of a haze
measurement.

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

25 the bottom parﬁ of the furnace (the so-called “notch” of
the S80I structure, which is placed on the bottom during
‘annealing, being situated to the left, at 9-o’clock in
figure 3) .
o Thus, it appears that if known detachment anneals
- 30 actually make it possible to prevent movements capable of

leadlng to the formation of scratches, they .promote




20 March 2006 7 irregularities in the surface roughness of the |ayers
resulting fromthe detachment process. This constitutes asgigadysgiage to
which the invention intends to respond., According to a first aspect of the
invention, there is provided a process for cleaving of. two |ayers of a

waf er along an enbrittled surface defined between the two |ayers, the
process conprising'a'thernql'anneal for the 10 -purpose of cleaving the
waf er conprisragusaritieyeds thaarumtEadgedoughhkas st d thef elayerar r anged
in a subst i i I i.tion during_ the annealing process. Sone
preferred bﬁ?£%§%+¥%??§%§qﬁ%%ﬁﬁ?%%#*%ﬁﬂ? §°“Ppiocess are as follows: 15 -

the structure isTiplacedonssitetes aachadabsddvaetamen t¥0 RA3HIHI the

el ectrodes, . neans, are, provided for handling the |layers of material in a
hori zont al YPOEFRFH ¥-t%ﬁé§iq%uﬁﬁﬁﬁﬂp¢s carried out individually for each
20 wafes, said handling is carried out individually for each layer, a
plurality of wafers ane anneal ed, si mul t aneously, ~each wafer bei ng pl aced

between two heaffi§refBet Fodés. T P55 an2 8RBBHI RENENS! Ittveritivant i Bre ¥R ovi des
for ‘cleaviBg grefrilqaer Sa0fh iRl afoﬁelzi@h%gﬂgb%fa%wc?gfég&!se%fs“Jface’

said enbrittl ed surface having been produce y nmeans
SMARTCUT( r Yafgpealpngcessembrétbleddsbufanentefinedgbéeataneshef tebvch an

application are as foll ows : . '
_ layers, the process comprising a thermal anneal for the
10 -purpose of cleaving the wafer comprising said layers,
characterized in that said wafer is arranged in a
substantially horizontal position during the annealing process.
Some preférred but nonlimiting features of this
process are as follows: |
15 ~ the structure is placed inside of a chamber
‘between two heating electrodes,

- means are provided for handling the layers of

" material in a horizontal position,

- said handling is carried out individually Ffor each .

20: wafer,

~ sald handling is carried out individually for each
layer, ‘

- a plurality of wafers are annealed simultaneously,
each wafer being placed between two heating electrodes.

25.
An embodiment of the invention provides for

cleaving two layers of material

delimited by an embrittled surface, said embrittled
_ surfacé having been produced by means of a SMARTCUT®-type
30?_process(

' Preferred but nonlimiting features of such an

application are as follows:



20 March 2006 8 the two | ayers of material conprise a silicon layer, - the
two | ayers of naterial are two silicon |ayers,, one of.t5§h&*81%@%ers
corresponding. to the surface layer 5... of a SO I structure, the other

| ayer corresponding to a silicon resiue. According to a second aspect of
the invention, there is provided an annealing device for-cleaving a wafer,
conprising a furnace capable of 10 accommvpdating, at |east one wafer,

characterized int ch : IS held _inskde . chanper k& ri zonta
position, with Mgt e b]é%{\ﬁég%ha?gft terdal n%&gﬁﬁ]é% Pebiiichar’ 2o
whil e the wagee,is in horizontal position. In one variant, the device also

conpri ses neans fo 15 handling the wafers and/or the, .| ayers which
constitute said Ré?eF@? 'ﬁyﬁﬁ?iQ%nPﬁFeﬁﬁgit?Bﬁ.tf?h%?l}ﬁﬁ ui@%?r%bjectives

and advant gges o@f thBe twol MR st %FEH%I?@D&E%CQDPQ%éEadi ng
the follow ng description of one enbodi nent of the invention, 20 made with

ref eredze 06 BheSGppehuedtarani f§e iothen chayeot kerresaantiggr dw 1ato 3
whi ch have_al ¢ y. . been commented on with reference to the prior art: -
figure 4 iglgiggﬁeﬁggfguéépresentation of a facility for carrying out

cl eaving anneal ascceratilidg t25. bl seeRkR! | OB s@ledihe igwentien, figures Sa
and 5b represent, respectively, spatial' distributions of haze on the
surface ofinvensdiorst rulceueed,s tpeo®Destt muctameeal ihiggutesr Baehavi ng

under gne fof! ERYL0909ESLalDe? ULIRES 5T pT Do o B0yt g
under ddrie gcedddatgimnngal 1shskteone wafer, characterized in that
. each wafer is held inside of a chamber in horizontal
position, with tﬁe'result being that the cleaving anneal
is carried out while the wafer is in horizontal position.

In one variant, the device also comprises means for

15 handling the wafers and/or the layers which constitute
‘ said wafers, in horizontal position.

Other features, objectives and advantages of the.
invention will become more apparent upon reading the
following description of one eﬁbodiment of the inﬁgntion,

20 made with reference to the appended drawings in which,
other than figqures 1 to 3 which have already been
commented on with reference to the prior art:

- ‘figure 4 is a schematic representation of a
facility for carrying out cleaving anneals, enabling

25" implementation of the invention,

- 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

30 ? for this purpose, according to prior art, the SOI of

figure 5b having iﬁself undexrgone a cieaving anneal whilé_
being disposed horiiontally inside its annealing furnace,

according to the invention.




. o . . . he

i di sposed horizontally inside its annealing furnace, according to t
PﬁbggtionP 20 March 2006 9 Wth reference now to figure 4p08¢ft SRBE 3?hhas
been shown which is used according to the invention for carrying out 3 e
cl eaving anneal of a plurality of wafers 10. 5 Mre specifically, eacd
wafer 10 is placed inside a chanber 31 fo?ned by two adjacent electrg_es
32 of a plurality of electrodes in the furnace 30. And these el ectrodes
32, which run parallel to each other in a horizontal direction, define
horizontal 10 chanietls Ikfeeanbeoindthi € ifS gcaRAD) € ijﬁﬁggﬂﬂpdiéh%%ﬁ one
wafer 10 to be detached, in horizontal positiion. Heating I S ensu 3?0
gas whi ch penePt&t eS8 PHio "hiKE disarifads %EFQﬁFWaﬁ;ofqr;??e¢hgggﬁuaggtgr

[ as its ' t r odes_ de
chamber. 11 shotl o e norad Thar tha hattiy” Yad mlynelcheed saery for

1@ ffusing the heat conming fromthe el ectrodes” onto the
rerar Pree o o : eated, prior to its introduction into

wafers. |t gmay al S%J}%Vescqﬁbfjgpjc%ﬁ&gur%qtbmqﬁeq hel "horpkamedl insfde nace

the 20 furnace. The spe ( : :
used accor di ng-hamticre Bavefdind fBY A/ YhAYa Q8L+ a Hlid \é!or&%Sa_ aégrr?%gs
possible to el imnate the effects of a tenperature gradient iTfsi
furnace, 25 5@ﬂ“§gﬁiﬂhéﬁi@Be§ﬁ60§§§téﬁ1paetéunhatée3?urnace. Ehls Ie?dfhéo

substantial inpr Meied n of .the surface roughness of tt
?ayer s, after Pﬁe%ﬁﬁave bééegrél%g:ttgg\égg %%ﬁ MRIEY Jgit Panadd & fexteasth usi ng
a "horizontal'other in a horizontal direction, define horizontal

it

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 delirditing 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 al'sxo have
been preheated, prior to its introduction into the
20 furnace. _
The specific configuration of the “horizontal”
furnace used according to the invention for carry;ing out
a cleaving' anneal makes it possible to eliminate the
effects of a temperature gradient inside the furnace,
25 'between 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 “hori_zontal”
30 furnace abcording to the invention, for the purpose of a

cleaving anneal, has been illustrated_ in figui:es, 5a and
5b. . '




30 furnace according to the invention, for the purpose of a cleaving
anneal , has been illustrated in figures 5a and 5b. 20 MapgMa280f040 Fi gure
5a shows the distribution of haze on the surface of a detached Sol '
structure following a conventional cleaving anneal in a "vertical"

furnace, as illustrated in figure 2. 80This figure., which is anal ogous to

figure 3, reveals a "dense region"” corresponding to an irregularity in _
roughness in the I ower right part of the layer. Conversely, figure 5a shows

the perfectly dHimgwtaibal slemghnese odigrShudeiached piier .3 clgaving 10

anneal carrjed. out infa "horizontal" furnace according to the ifAvention.
And this ro $$5 nBtl ofgerdeiadfitid s BRE  sivavatueei stfiad lafwing' dense

regi on" as dhsemtadddl tdi&a b Hfnde SO st ture of _figure 5a. 15 Thus
it appears that the use of a ?ﬁ%ri znont aljﬁ‘l ?ur%%]gtel%ac or o the
i nventi on; fdikEdnatesbdsi Bligure 2over come the probl ens associated with a

"dense Ekegi on" < of ness._as ntioned above with respect to prior art
cl eavi ng anneal g'tnlfogf{% a04i f’?’&ﬁgeilﬁ PHoedred tRafigiesidi oimvenls al so

made, in tle Tdsesef tdwiodor iceertabonhyhgace, ofyf i gy pr.event any
novenent of th Ia)éer_s whi ch m ght groducg scréatnches,ggﬁl%airﬁ]cullnar when

the det aché§®PEYEPS dPethBelAyelinFbadedrarbnef ehovlaye25 In this regard, a

i vi dal 1y or 2051 oo 2" e WiYERS 1 or A&MOPE | ntPoduCERRERTM o t he
symmetrical roughness of a SOI detached after a cleaving

‘10 anneal ;arried out in a “horizontal” furnace according to
the invention.

And this roughness 1o 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 régpect 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
scratdhes, in particular when the detached léyers are
7 being unloaded from the oven.
25 In this regard, a handling robot 40 haé been shown
' in figure 4, which is capabie 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 CIeaving




furnace, and 30 - the detached layers, in order to take themout of the
oven after cleaving. In addition, it is also possible -t 9y a?alti'(ﬁbpate
carrying out only a cleaving 20 March 2006 11 anneal \/_vithou]tVI conpleting the
detachnment of the wafers, it being possible to conplete this detachnent
outside of the furnace after the robot140 has unl oaded the cleaved wafers
(for exanple, by neans of a nechanical action), 5 - and of nobving in one
direction 41 (as well as in a "vertical" direction perpendicul ar thereto)
in order tanmeal withotdthecompessany kthadidegaahteunl @Fdidlg: opefstd Ons

(whi |l e processi ng each wafer individuall y%t,]‘ > it is added that, in the case
wher e the 1:Ltostlf“e]t Rtk the taPlalereity delachient jutacidmies

carried outyurfnghAneakiog, chbe rbBt! aves Ofudie e ahe thal,

detached may be unl oaded by the robot separately. 1In this regard, the arm
42 of the relderswiifolr grabdlehebywabens afdaonechsni eykractayn)conpri se a
means sgch as a 1 uctd on_cup capable of bein aced under partial vacuum
sel ecti \g/el y, or e ggi ?f'né“é’r\’énﬁa%& PR fiﬁ]éeﬁg?’% S‘Ht)y El'%e‘f('?l €' i%h order
to grab eaclvdrayenlsepnraie o rpgrpdredi dwer ' therded Wahchrigerhas been
detached, or else a neans enabling the two |ayers to be handl ed

si mul t aneo FHLF YWY B¢ PEFIY g’rﬁ%ﬂﬂ%gﬁ%e‘#ﬁlﬂﬁ@i% Qferatd oM nace.

The waf ers a ixN i | 5 whi robot 40 is carrying out
t hese handl(?ﬂﬁgl%pgsgﬁfrgﬁggbl ﬁggf&d?tgi@%ﬁ, l%{@i{rﬁ%&%g%()e‘ exanpl es were

described with refeienceést oaddetieawvhay, ophi atilen mEddag wHereoSiHel e 25 to

producge.a SO structure, ip particular by neans of a SMARTCUT(r)-type
pr ocesi{? tﬁl@tiaﬁg?@ﬁpltor?%pﬁﬂ?eélwtoo }aers) ehvithg ofatRly &6 @Gtied Whi ch

inC|UdeSva%a%@@éﬁtbhgdduring 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 detachéd, or else a means

enabling the twe 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 addiﬁion, if the above examples wére described
with reference to a cleaving operation making it possible
25 ‘to produce a SOI structure, in.pérticular by means of a
SMARTCUT®-type process, the invention applies to the
cleaving of any structure which includes an embrittled

surface makiﬁg it possible to delimit layers.



surface making it possible to delimt layers. 20 March 2006 12 CLAI MS 1.
Process for cleaving two |ayers of a wafer along an enbrbdifs4, Raef ace
defi ned between the two | ayers, the process conprising a thernal anneal
for the purpose of cleaving the wafer_conprising said |ayers, _
characterized in that said wafer is a}?anged 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
chanmber between two heating el ectrodesAIM® 3. Process according to one of
the preceding clains, characterized in that nmeans are provi ded for
handling the |layers of material in a horizontal position. 4. Process
accordi ng to tha . pmreeedisRg felal qgkgrgégg.' t j ling is
carried out 15 individually fgrn-egggﬁﬁrwaf er .l : Pér orbcfega'z1 %%%% galfng o one of

t he precedPlg e®Paiis ledcharierer fgédned bhavesai thbamed i hayéss carltd ed out

i ndi vi dual (NCT Tod A =Y/ T gcess according to,one of the preceding
clainms, " ZEBEE:D];?%r‘C"gcterl}‘szIgL(f%lnr%I that "2 P raalqrﬁ?qof Waf EE@ B'EPRRfedted

si mul t aneoudkypyiegcthwafwerf dyeidugng iagiedy baeimeem oy, heali g &lecdd odes. 7.
Application of Er ocess according to one of the preceding clainms, for

cl eavi raﬁ[g t w8 Igsé s BflfHat BRTSF 25 derranged bin ard entbatiardd addnf ace,
sai d enbri hbledonbniagerbavi 89 HSEMETOLUC ' 0 SMARTCUT(r) -t ype
process. B. Applicati onraccor di ng to&tﬁggp%%lﬁﬁ%ﬁgﬁ%‘char acterized in
that the two | ajer Brofesst edcaiorcldmy i seo the preceding claim,

characterized in that the structure is placed inside a

chamber | between two heating electrodes.
10 3. Process according to one of the preceding claims,
characterized in that means are provided for

handling the layers of material in a horizontal position.

4. Process according to the precéding élaim,

characterized in that. said handling is carried out
15 individually for.each wafer.

5. Processfaccording to one of the preceéding 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 ére 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 C§mprise

_‘30. a silicon-layer.




30 a silicon-.layer. 20 March 2006 13 9. Application according to one of
the preceding clains, characterized in that the two Iayeﬁéﬁcﬂrﬁ@ri al
are two silicon layers, one of the two |layers corresponding to the surface
| ayer of a SO structure, 5 the other |ayer corresponding to a silicon
resi due. 10. Annealing device for cleal#ng a wafer, conprising a furnace
capabl e’ of accommpdating at | east one wafer, characterized in that each
wafer is held inside of a chanber in horizontal position, with the 10
result "being that npelekeavibRy FPOSA; rried o ile the wafer is in
hor.i zont al Eosi.ti on, 911. Devi ce accorﬂlﬁ%g%t%o the p?%c&ggngprﬁ?%?qiﬁng
char act eri Ze8 it FRErEREegdvide ial shatorprd 28® MEARS:s TOF ipg the
waf ers andgee thg,d aygyg@hch Hh constitute said wafers, in horiZontal
position. 20 March 2006 124~ PROCESESFOR SREAVPHG LAYERStES A MARER OF
MATERI AL ABSTRASHOMHEng neenttilon sekases t Process of@r ¢l eavi ng two
RS e Y i,

| ayers ©f fer along an enbrittled surface define e two
I ayers,éjt hgh%?%@é%]é @%ﬁ%ﬂ%‘?ﬁ’@e%@%fﬁ&%lto anrsgdlidoor red gur,pose of

cleaving the waf@er memai Sidg 1d.layers, characterized in that said
wafer is arranged in a subdsjt anﬁ%éy h?hrzontc Caiiifget i én diRiteg. t he

anneal i ng PBcesEnarhd i fwemdon al so egpabrs b the-GRdaation.ef this
process ang 4} aoqqseoq’jﬁeerd %%Valrcaect 30). 10 FIGURE 1 TP a? .

rrzed 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 c¢laim,

characterized in that the device also comprises means
for handling the wafers and/or the

15 .constitute said wafers,

layers which
in horizontal position.






