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).
. PROCESS FOR CLEAVING LAYERS OF A WAFER OF MATERTAL

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




is |likew se possible to produce the enbrittled 5 surface by any other

It
means known in the art, for exanple by constructing an i%g{m(ﬂse regi on
of porous material between two regions of dense material, by formng an

oxi de | ayer enbedded into a substrate (for anple a SO -- type substrate),

or else by bonding together two | ayers 10 the bondin y g area then

corresponding to the enbrittled surface. This type of cleaving of two
idttt ed surface can be used to produce thin
I C

| ayers detached impiam ey ;
| ayers (the thickness of Wh “n&yerangethémpbantat fsactd ong cgm@ié% m cron
I n the docunent lfd681
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472. r This dogggggg i ndeed fescripes a process
of SMARTCUT(r), the obj 8ttiURIBptakieon 05 the smuHaglyre 801-type
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oxi de) and, on the o ﬁé’?rhﬁﬁﬁ?déeéiihtomrm%téo(fo Qndi ng of the upper
plate onto a stpper subgtphaks, Hwhigh may be made of si i COTPHue 8030 of
another ;o ! Se by bonding together two layers,

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

or the purpose of Creating the embrittled surface, and

to delimii
imit, on the one hand, by means of this surface
I

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

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




' |, for the purpose
ial), 20 March 2006 3 C eaving and detachnment anneal, _
g?FerLac?eaving on one hand a SOT structurglponpr:5|n? Lrg%§F§ (%Fagen he
: [ d the silicon | aye
pl ate, the enbedded oxi de Iayer an f ooy Phe bt hor Chand. tre
5 enbedded oxide and the enmbrittled surfaces , _ f o
i [ [ de of the enbrittled surface.
silicon residue situated - on the other si _
' ' - s, cohesive forces may
addi tion, upon conpletion of the cleaving proces b e ivtoeral with
[ [ 10 bet wege ers i ch therehy rema _ _
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[ [ . hat are detached will be
detached, and the |ayers gppstitut ng ggn1£ K . ]
dgsignated by the generic tern1"ma?er}& 20~ Whith Bdredssonbstrsenrnetii enc

) L SHiSr i Y.
term"trancRe". The surf swbectiedi toxairdeofaridier e f it'stl?érzrjp(;e%;el[ W hal}de’speCt

[ t factor, very stringent specifications being _ .
Lgpgaéagubsequent use ofophg%ﬁhpgi§r figdonitRy &hbigen acksrionie psOoesssd f or

[ ' | ectronic
in order 25 to foar il eethaPl GidAPléLalLor LRLOGL \ .
géﬁgﬁhght;. This surface conditionis ¢ aracterlzeg, A gﬁﬁu%ﬂﬁ@ﬁ? by
t he surface roughness of {Rheadgiftaan, f upbowicogpldeisnhgmt the cleaving

process, cohesive forces may still exist
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 cléaving

' and detachment processes.

Hereinafter within this text, the structures to be

e

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”).




It is therefore comon to find specifications for 30 roughness whi ch nust
not exceed 5 Angstrons expressed as a RMS val ue (correspg@ﬁﬁ@gﬂﬂmﬁthe
English acronymfor "root nean square"). 20 March 2006 4 The neasurenents
of roughness are generally nade wth an atpmc force m croscope (AFM
according to the acronymcorresponding to the English nane of Atom c Force
M croscope). 5 Wth this type of device, the roughness of surfaces

.scanned by the tip gfet Q@a,glﬁlylemeg%%scgge S ﬁ%ﬁéﬁg{eoﬁ% fyr &r:;qliél

pm to 10x10 pnt and nore rarely x50
al so made cl earvitat ant aisanpnssfblreet enlr&aﬁﬁdpe 1@Aﬁ‘1\ﬁ‘ea%%6§ﬁ‘iﬁ rqughpess
artlcul by neans of a "haze' neasu?enen

usi ng ot her met
g é‘&dénoyn} N Jﬂrsegd) qgsﬁ:o[g,h@, #B0eggh nampapti atbatc FétGe

according to the w
met hod has t he Midwardcage)Qf making it possible to quickly characterize the
uni formty gf t he roughness over an 15 entire surface area= This haze,

measured i n’ppm is"%HfE FAdd ttypie of mbthiomk whilch sidlizass the aptifals
n haracteri zed, and

reflection propgrddn@e rfa |
corresponds-to an optical %Hga r Oéﬁd &i dP-FLSRE0RY tilse maAfurmel, by

20 reason of i t&ngilogorfogghniss. pAh ©xampk e ofmt hend e o] |
haze and rougppness in the case of the surfa{éIél of a %%Eé I}%J}GRIYI f‘]r’tso\é\(?@t ed
in figure 1 Phoft et P PHA0 tprﬁ'é -haze neasurements that will 25 be

provided in this text ﬁéeai§3ﬁﬂaﬁécéﬂégfukﬁé{tfgals possible to measure
10 the surface roughness using other methods, 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




protocol and by neans of the sane device, in this case an instrunent of the

: i k). 1t b§mdr l0ge
Surfscan SPI type (registered trademar
Fhﬁilg?ggrthat t he SMARTCUT(r)-type .3? Prgigiglgagcgyzgrggtﬂfgs Egirﬁgg;
structures other than SO structures, fo _ ures (S
i i dely u$ed English 20 Marc _
On Anything--.. according to the w _ e hi ne Sacording to
inolo , or even AQA structures (Anything on y

:ﬁ;nhpgelgytsed English term nology). Ceaving and detachnent anneals are

. : : ; i fur confiaur.ation of
conventional | y te&miaralicery)out on asneal i agaf u éﬁﬁ%&? a{ﬂenygcgﬁéﬁ e

i is i ted in figure 2. Furnaces suc _

2?Hﬁrt$ﬁebhgrig%$%§%§ﬁ ng 3XGATHEA t y tef ﬁhéerSWﬁdEE?ureuﬁeigugmﬁﬁgﬁﬁéa
i feriing - .arranged on a receptacle suc

Etgiallﬁg O&argrs bgﬁgggiﬁigned in parallel. The boat 11 is itself place on

i i f e.
a | oader 12 fastenegleﬁﬁlagddﬁwiL@etamhmmﬁﬂlagnéhﬁsn?%kﬁéagﬁé t}éH%ga “nd

| oader
e tarers Lup SRR M et Rl i i enmgomo o
the waters . ) ; 7. 01 i.ng tube 21 arqun

i mace st uct WhechO s o s syors oo B opERgag LB 25 B
thgfnncouples Fge §6pﬁgh§Mﬁ§% PN trroUy fproeees g f Agplard1isy shewn in

open position.wat8rgl osed position, the assenbly 100 is inserted

Figure 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. -

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

(specifically roughness) for these useful surfaces.




into the furnace structure 20, the door 13 blocking the nouth of the .
furnace. 25 Inside of each wafer to be detached, the two b@uﬁﬁ grnlng

t he wafer face each other so that the useful surfaces for
desired to control the surface condition in an extrerrely pr eci se rranner

are placed face-to-face. 30 Therefore, it s particularly inportant to

take neasures to ensure the. best possible surface condition
(specif_-c-ally roughness) for these useful surfaces. 20 March 2006 6

Returning to the priRgtuming Itmsttrmé qdriarfaggrglgus&gu@e&va% rs.to be
ertically hi's way, i‘i\ﬂ Fayérs of

detached are thgyef o&g arrang
each wafer bei ng 5 %aﬁ‘ued are Br evihiadigd ompevi higjenafiotle ngfrgyggdl n
det achnment procéss, -

rel ation to onerearwmitdidri{.specifically follow ng the
when the detached Iayers are removed fromthe furnace). A relative

novenent of the two Flay%li’%sswébfrastmml gwolOlayghé @Gt Ushdy %@eghe?élgk of
pr oduci ng ssraaglr&%%h%@ tgllﬁe 5?% of t he detached | ayers
that "t he su add oM gRRY 1 napdndid nopar tiboel ain t he

| i kewi se very |ngortant - f ain |
roughness) of tRée&iohaygps bﬁeaSaﬁMﬂ‘i as t rface of the
? ) ofs RepeLd fea Ieo Winght diheaf t er

15- | ayer. F|g il strates t he surface Toug ness
det achnent , #%Eag%‘e& cPE]GPR. alheal tbﬁatdetmeueamy@arsr i0d Qundvap

convent i onal nﬁﬁmrthg 8firna@dneal i ng furnace, as shown in figure 2.

A relative 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 1n 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 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 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 The roughness is represented by nmeans of a haze neasurenent. This
figure illustrates a dissymetry in the roughness of thes®ar&i sodst ure,

whi ch corresponds to' a |ower haze on the part of the SO structure

| ocated at 25 the bottonlpart of the furnace (the so-called "notch" of the
SA structure, which is placed on the bottomduring annealing, being
situated to the left, at 9-o'clock in- figure 3). Thus, it appears that' if
known det achﬁﬁﬂﬂuhm“eigs vl a‘ehealaqrfm rougbeesbl &f 0 thweeviayers

novenent s fe roation of scratches, they pronote
20 March 20]8%9‘??#}??@ ]f ?ﬁ%gﬂ‘%‘%‘% eegﬁr?ﬁ%%e?%‘ughness of the | ayers
resul ting from tTielsdet eochseftupeecess. dhsadeansdidd utes awdiizadvapigge to

whi ch t he Jnventlon Jnte‘ﬁ% to respond According to a first aspect of the

i nvention, MEFRELIPR KRR -for-cleaving of two |ayers of a:
waf er al50ng an enbrittled surface defined between the two |ayers, the

process conpris a thermal anpeal for the 10 rpose of cleaving the
waf er conpri si né‘ gSFﬁllPayéf’s e ackePegRdotnt Elﬁatlf‘éfﬁfﬁ%:ertlil%r%lrranged

ina subsﬁ_antprexﬂeaefaprlaogt ceeeSIféenc@eawa t he W&?aiégg progess. Sone
preferred but nonlimting features. of this process are a 31 ows” 15 -
the structdpéersappagedni awbgétbled ehafiber dbéfmednbewwehaathrgtwo

el ectrodes, neans are provided for handling the layers of material in a
horlzontallﬁaﬁqﬁHN$ € 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 preferred 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 leyers of material

delimited by an embrittled surface, said embrittled

_ surfaee having been produced by means of a SMARTCUT®-type

30?_process(

' Preferred but nonlimiting features of such an

appllcatlon are as follows:




-- said handling is carried out individually for each 20 wafer, said

handling is carried out individually for each.-layer, a plgﬁghﬁ&ygmﬁs\mafers
are anneal ed sinmul taneously, each wafer being placed between two heating
el ectrodes. 25 An enbodi nent of the ingention provides for cleaving two

| ayers of material delimted by an. enbrittled surface, said enbrittled
surface havi ng been produced by means of a SMARTCUT(r)-type process.

Preferred but nonI tlt% ffg&g(_,gs (9}[ M a%ﬁgl ap, eéf:féé on, aE?l?éoIlOl | ows

20 March 2006 8 the wo | ayer rise a silicon ayer, - the
two | ayersiaiempterial are two silicon Iayers,, one of.the two Iayers
corresponding. to, the %griace uct ur t he ot her

|
| ayer correspondi Rt b §Y?Fﬁoﬁ%r@gFﬁﬁéagAﬁEﬁrHVﬂgsf 1608 {83KAT Sspect of

the invenphaneort RREE th® AQPErdetHMrANGRIINY WeKE dQFrabeavipsra wafer,
conprising a furnace capabl e of 10 accommodati ng, . at | east one wafer,

char act®r i 26d a rSQhastregthrenf &he other Lagedecorrasppagiag ite hadri zont al

posi tion, '__g bei ng that the cIeaV|ng anneal is carried_out
whil e the ﬁé# ?& %%f oélzontal position. In one variant, the device al so

conpri ses weanSA&@brdhig}wan@d ng at heswaleris andiRicd heod ayems which

constltute
invention, there is provided an annealing device

for cleaving a wafer, comprising a furnace capable of
10° accommodating. at least one 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 dlsposed horlzontally inside its annealing furnace,

according to the 1nvent10n.




said wafers, in horizontal position. O her features, objectives and
advant ages of the. invention will becone nore apparent upgnif&siigad t he
foll owi ng description of one enbodi nent of the invention, 20 nade with
reference to the appended drawi ngs in which, other than figures 1 to 3
whi ch have al ready been commented on with Peference to the prior art: -
figure 4 is a schematic representation of a facility for carrying out
cl eavi ng anneal s, enabling 25. inplenentation of the invention, figures 5
and 5b represent, rispiectiefelrgncspaidwdl to FHighidufions zZe he
surface of two, SO s}lr uctures, the SO struc?ﬁlﬁgbo‘%'f?gu%rr%%eha\gﬁn as
under gone a cl B&V ng SHRedNICh 45t Wspsteaceetdimg ity thediBfcherohhirs

pur pose, accor gPe iy PELOr t f _figure 5b haying itself

under gone a cl ea%g%nn%gltl\?\éhi(fle%ﬁ@enl%?gang}es?&osf%g %é’ﬁi"f@ﬁt‘&ﬁ’l ¢ti Wafaesits

anneal i ng furnb®e, according to the invention. 20 March 2006 9 Wth
been shown which is used

reference mow to figure 4, a furnace 30 has (
according to the i nverﬁi%eqjogrlcag;yr’yi%‘?gﬂbdfaﬁ% £ ebvi mpeedeahside aa
plurality of wdfeser 101 Srdduei specidisahlyacaeh Walfer 10 is_placed
inside a chamﬁ]r ﬁl f or med by two?adj_acent yae?e%lltc“r ot es&fﬁ?dgﬁ a3£)plo ratity
of el ectrodes H BurHa&d estrodre ihetbeefernrode3032, which run
parallel to each otahgr dHd2 hord | djyecti.on, define haorizontal 10
chambers 31, each of which irsagé'gtg%}dé%sog 4c A4 hdaHd sdafter st o be
det ached, in Kdfezontial posibévizontal direction, define horizontal

io0 chgmbers 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
gsed solely for the purpose of diffusing the heat coming
from the electrodes onto the wafers. It may aléo have
been preheated, prior to its introduction into the
20 furnace.
The specific configuration of the “horizontal”
furnace usgd 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 between the top and bottom parts of the furnace.
This leads' 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-purpdse of a
cleaving anneal,‘has been illustrated in figures,Sa and
5b. . '




Heating is ensured by a gas which penetrates into the chanbers 31 byway of
respective inlets 310, this gas itself being heated by thepk@ciopgdes
delimting each 15 chanber. It should be noted that the "heating" gas nay -
be wused solely for the purpose of diffusing the heat comng fromthe

el ectrodes"” onto the wafers. It nmay al 48 have been preheated, prior to its
i ntroduction into the 20 furnace. The specific configuration of the
"horizontal" furnace used according to the invention for carrying out a

cl eaving anneal Higkes: | baposisivd ethe edigirabecide o8f fcls of, a

inside the furnace, 25 between the top and ot t om

tenperature r%crji ent k
parts of thHE F T ace®t Thits I¥RARCH a 84bst aftriugituirepr edrtentinign tde
hey have been

evenness ofcdersurdmge dl%MQ%S%ﬂeé¢%A aﬁ'eﬁéénﬁ%%%’bn%% aceyn %1 nace

detached. In this regard, the effect of using a

accordi ng tid upd nabeshtinof igae 2he purpose of a cleaving anneal, has been
.20_March 2006 10, Figure 5a shows the

illTustrated in fhqur a_and, .5b.
distribgtion of g%e%éﬁgfﬁé WgﬁFBaig gRagodetachedf Barre t3 uctawes ¥l | owi ng
illustrated in

a convent isonallenkeavidgiditheabrirBsponMenli cad " Fure .
figure 2. 5 This figyre., which is, gnal oggus toafnl gggggg?f%é%/%%l s a "dense
regi on” corPBSpBRTPNdTt 6hanlpPreEgtiaht tyath of cuhniesged.n the | ower right

part’ of the |ayebnvEpoyeysel yeiflgure 3g shqys the Q%gfecgéﬁfectly
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




symmetrical roughness of a SO detached after a cleaving 10 anneal carried
out in a "horizontal” furnace according to the inventiony,fnditdtog
roughness no | onger exhibits the characteristic of a "dense region" as
observed in the case of the SO structure of figure 5a. 15 Thus it appears
t hat. the use of a "horizontal" furnac%laccording to the invention; makes
it possible to overcone the problens associated with a "dense regi on" of
roughness as nentioned above with respect to prior art cleaving anneals.
20 I'n addi tdrorali twitidbwiat edmphatipgovhsi crsazhecaksof ngde, wafetde case of
the "horizontal", furnace of figure 4Eet$ot revent any novenent of the

| ayers whi ¢ MG frotfidkele stf at t et e P Y tfel dfetaic hed
layers are tihei fAg-iidoagdedofremt hepeveny 3Rd rhr{lmaaerec?g?{ c ling

robot 40 has been shown in figure 4, which is capa - individually

gr abbi ng : wafiars Widfoar $xampdiedebyt meansr ousemetleamica b ddisiof)yr nace, and
30 - the detached_| ayer. in_order to take themout, of the oven after
5 ang %fiS{HOVlngl 30 °po gilﬁ?cé‘h?%-gfahﬁ c‘f‘ap]rt\l'll €%art i ng out

cl eaving. In addition, I'S 50 pos
only a cl eawieng i2Q 1Mardihe 26i6oril lp@npead s 1w utheesepd et LAY ok-he rdatachnent
of the wafers, it being possible to conplete this detachnment outside of

the fur nac&3fFeCYhd Yorsicatraias nadaernhamleadioy amets qfcor
CHADL©, DY RIS p R RTRRIRGLER! udebolhatSiaudlH £l Toving 11 one
> it is added that, in the case where the
10 detachment of the two layers of the wafer is actually
' carried out during annealing, thé two layers of thelwafer
that are-detached may be unloaded by the rébot separately.
In this regard, the arm 42 of the robot which grabs the
wafers and/or the layers may comprise a means such as ar
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.




"vertical" direction perpendicular thereto) in order to carry out the
necessary | oadi ng and unl oadi ng operations (while processhRfr@jasnaf er
individually), > it is added that, in the case where the 10 detachnent of
the two | ayers of the wafer is actualli carried out during annealing, the
two | ayers of the wafer that are deta fed may be unl oaded by the robot -
separatel'y. In thi's regard, the arm42 of the robot which grabs the

waf ers and/or the |layers may conprise a nmeans such as a 15 suction cup
capabl e of being placed under parti atLABesium selectively, or else a neans
handling the wafers by their edges in order to grab each |ayer separately
fromthe layer'" - romwhich it has been detached, or else a neans
enabling the twa .l #rekssko e hand) i taég%qlésl j t view to
det achi ng them outsi de of the fu%%gggé#g V\J/éf ers a&r{lfd a‘vy%eﬁegror%lrr%ﬁ{i

hori zont al @8phier®rifé lefopyriagei defanedi hgtweaent bles et anbd yeus opetet i ons.

In additio i h Dqgg_y- ; I were descri.be ifh reference to a
cl eavi ng oggﬁg%'fgtgn%na | ﬁ%lﬁg’agsgﬁgf%a‘%?ﬂ?% o‘gcﬁfc\gdcgesﬁurgf’ﬁﬁct@r e, in
particul ar chypameags thk aaBRUIAH1)singesMPCRSFard NechAneRtd O Rpplies to .

the clgeavi,ng gg ré.my structure which includes an enbrittled surface nmaking
it possi bl &'t ot88Fi nPEifay¥pEeT 20 Rar @Rranged 1210 @ MSubstRddedd yf or

cleaving twerkayges1ofigempish &L e i 144 S, e defined between
the two | ayers, the process conpri si nigﬁl% t eérér#’aﬁrﬁgg neé{e Oor the purpose of

cleaving the wa?er_Pc@ﬂ@ﬁmi rEaicddnigayets, dfsr acpeesé@ingi n dikamm, sai d
wafer is aéﬁgggggeffzgdsggsﬁgﬂﬁ!a%ﬂg 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 ther
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.




hori zontal direction during the annealing process. 2. Process according to
the preceding claim characterized in that the structUreszagg{im i nsi de
a chanber between two heating el ectrodes. 10 3. Process according to one
of the preceding clains, characterized in that neans are provided for
handling the layers of material in a hb3izontal position. 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
t he precedi ng cbai applichanaat exd ;4. that said ndling is carried out
i ndi vi dual I)i for eacﬁ | ayer. 6. (Ilécr;%gdeisrgb arc%or ' Ag thgl g&?@ oPrefrAr@cedi ng
clains, 26 8ABPactOar26deira zedatina tpladr alhidt yewef MEf&FS @f%g{%}eﬁ:{led .
si mul t aneodsky, ©ach wajerL hei g%r}pl aced between two heating electrodes. 7
Appiication of a process according t’é on®%f Che Wrecedwng clajarms for
cl eavi ng t @@rrageesdbhgnuverttsd sRbraedi My rittled surface,
sai d erg)riE é‘gg 1§urffce havi ng been producgggb?{fneaé;ngggf S&%’ﬁ%ﬁf@d’l’(r)-type
process. B. PFReht T oA R CCOF B FRPRY Rh & ree cidiingrc lraisTiduechar act er i zed i n
that the two | ayer sade i al meis 30 a.sili,con-.layer. 20 March
2006 13 9. | jcation éa]%%gjr di n%&?%g%neefo?r t h&5P8d8 ng 2 cl #rier, '
characteri F¥Siat at heuxmwoce ayer s ofapatb s i ale @é&r&mas,%ilﬂgco%tl ayers,

o) S :

one of thedng | gyer rrespondi ng to the surface |ayer
structure, éaﬁ%fé?i éié%aé%eéized 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.




5 the other layer corresponding to a silicon residue. 10. Annealing device
for cleaving a wafer, conprising a furnace capable of acgomwpeaidosy at

| east one wafer, characterized in that each wafer is held inside of a
chanmber in horizontal position, with the 10 result being that the cleaving
anneal is carried out while the wafer,js in horizontal position. 11.

Devi ce accordi 0 _the prec'edi ng cl ai]n4 characterized in that the device
al so conpri se F LAKERZaOEr 5 mmtmro.w hmmm(ﬁ whi ch 15
constitute said wafers, in horizontal position. 2 ~14 PROCESS
FOR CLEAVI NG LAYERS OF A WAFER OF WABBERAGT ABSTRACT The invention rel ates
to a Process for cleaving two Iayers of a wafer along an enbrittled
surface defi ned between the two |ayers, the process conprising a thernal

anneal for the p@;@nﬁlmi a@liatg:d e WAoo said | ayers,
characteriggd in C%]ﬁag w}%? fer is arrangeél) i %pafb?u%'g“fagﬁtlpal F¥Ohori zont al
di recti on ‘during éfav%%r%be‘%@rlmeldnmamfaeﬁ aegeonegl ates to the
appl i cat i dretofeert hitge ReC 4SS eaiad ac’heai&%%'e%t ed device (30). 10 FIGURE 1

$ Comprising a thermal
anneal for the purpose of cleaving the wafer comprlslng

5 said layers, characterized in that said wafer is arranged
in a substantially horizontal direction during the
annealing process.

The invention also relates to the appllcatlon of
this process and an associated device {30).
10

FIGURE 1




