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WD 2004/ 079801 PCT/ | B2004/ 000940 PREVENTI VE TREATMENT
PROCESS FOR THE RING OF A MULTI LAYER WAFER Thi s

of a nmultilayer wafer nmade by |ayer transfer and
conposed of materials chosen from anong

sem conductors. 5 The invention al so concerns an
associated nultilayer wafer. Processes are known for
the transfer of layers to mmke nmultilayer structures
frommaterials chosen from anong senm conducti ng
materials. 10 This type of process includes the
following main steps: - creation of a weakeni ng zone
within the thickness of a donor substrate, possibly
in association wth the creation of different |ayers
at the surface of 15 the said donor substrate,
bondi ng of the donor substrate with a receiving
substrate, detachnent at the weakening zone. WO

2004/ 079801 PCT/ 1 B2004/000940 2 Following this
detachnent, at |east one |ayer of the donor substrate
was transferred onto the receiving substrate. This
type of process builds up wafers that may for 5
exanpl e be of the SO (Silicon On Insulator) type.

PREVENTIVE TREATMENT PROCESS FOR THE RING OF A
MULTILAYER WAFER

This invention relates to a treatment process for
the ring of a multilayer wafer made by layer transfer
and composed of materials chosen from among
semiconductors.

The invention also  concerns an associated
multilayer wafer.

Processes are known for the transfer of layers to
make multilayer structures from materials chosen from
among semiconducting materials.

This type of process includes the following main
steps:

- creation of a weakening zone within the
thickness of a donor substrate, possibly in association
with the creation of different layers at the surface of
the said donor substrate,

- bonding of the donor substrate with a
recelving substrate, ‘

- "detachment at the weakening zone.



They can al so be used to nake any type of nultilayer
waf ers. And the wafer obtained may have one or severa
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10 final wafer and the base | ayer corresponding to the
recei ving substrate. Thus, ar® SO has an internediate
insulating layer (for exanple made of Si02) between
the receiving substrate and the surface | ayer nade of
silicon. 15 An exanple of such a transfer process is

the SMARMAIHR) ProSesRt@Rhthcdtdesns i pEaoR Ghet Niser of
type of process is given in the "Silicon-On-Insulator

Tethaotiogyr Mabekiaks wesVSiransfied rEdl tandi® Brokregeiving
Jea re Colinge, published by "Kluwer Academ c 20
Pu%liqﬁ)%#é?ié p. 50 and 51. A process of this type can

be usedr#ps Cﬂfﬁ@é eof Mitdddayesuibdersp | wkeethoseat may for
menti oned above. It can al so be used to create wafers

wufﬁalamlee&@ refetye tHPh Stkibeen | et switen) type.
thicknegs of Lhe % Q{d@é Ofs8yf M.LLROS Qhy! €8%pe  of

ItW|II enotedt I's possible that the
trmm$tialapérawaﬁg3$ duri ng the detachnent step i's
acconp n| F% t he crea on _of, an_ap ox i mat el

e

annul ar hefateEnhs t&‘éfleg SR PR et BF 1t 558721

for pedrmdQidhés 1 sofpshpsddlerhies surfLid | Yagalkl ek athe
ring. WO 2004/ 079801 PCT/IB2004/ 000940 3 And it is

ob§énged waf®r dendchient Bapadd aMathi gorresponding to the

receiving substrate.

Thus, an SOI has an intermediate insulating layer
(for example made of Si02) between the receiving
substrate and the surface layer made of silicon.

An example of such a transfer process is the
SMARTCUT® process, and a description of this type of
process is given in the "Silicon-On-Insulator
Technology: Materials to VSLI, 2nd Edition™ book by
Jean-Pierre Colinge, published by "Kluwer Academic
Publishers”, p. 50 and 51.

A process of this type can be used to create
multilayer wafers like those mentioned above.

It can also be used to create wafers with an
extremely thin surface layer, with a thickness of the
order of a few microns or less.

It will be noted that it is possible that the
transfer of a layer during the detachment step 1is
accompanied by the creation of an approximately annular
peripheral shoulder around the wafer that was formed.

This type of shoulder is currently called a ring.



the framework of a SMARTCUT(R) type process can thus
generate rings. This type of ring is diagranmatically

wab@aa7snr 5 Figure 1. This figure shows the ePlgEIBM04000940
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SO type wafer 10. The wafer_10 conprises a surface

| ayer 101 (which usually corfesponds to the so-call ed
useful layer of 10 the wafer) made of nonocrystalline
silicon that overlaps an Si02 |ayer 102. These two

| ayers 101 and 102 are bonded to a |ayer 103

Orresﬁﬁﬂg'@%tf%tB%s%%%%@“ﬁﬁhﬁug§%ééhﬁent50&ade within
exanpl e, the |ayer 103 may be nade of

potier ystaalduamnk spEi conSMARECURYEr o cpmesg@ndzar’t othus
an_inter dkate | ayer, i.e. to a layer inserted
begﬁﬁgﬁa fe"sUPPace 1ayer 101 of the wafer and its

base | ayeis103pelhesrifihd 1@ scanibgra@@atidalhys shown in
flgure 20 This ring extends around the entire
ipHeeylef the wafer 10. It |s the result of a step

for de@g@ﬁﬁ@&ge&g ayel TSNleJch e]é%of rom a, yeakgnedy ype

donor ubst r at gure aIs ws that the
i ntefeedilate 25 Iayer 102 is exposed at its

h Q20._ As will b t hi .
01 tho BOFi RREFEI LOnSELat e 4 it G WAt ak &Y Fayop L 1027 ch

CaﬁsﬁéY@y”%ﬁﬂﬂé@hoﬂ&wsﬁgUQﬂ&ﬁssoh@éﬁl@ﬁe%b%@ﬁl layer of
| emrent ary treatnents are

t e wafer) made of monocrystalline silicon that
overlaps an Si02 layer 102.

These two layers 101 and 102 are bonded to a
layer 103 corresponding to the receiving substrate.
For example, the layer 103 may be made of
polycrystalline silicon.

The layer 102 corresponds to an intermediate
layer, i.e. to a layer inserted between the surface
layer 101 of the wafer and its base layer 103.

The ring 110 can be seen in this figure.

This ring extends around the entire periphery of
the wafer 10. It is the result of a step for
detachment of layers 101 and 102 from a weakened donor
substrate.

This figure also shows that the intermediate
layer 102 is exposed at its peripheral edge 1020.

As will be seen, this exposure of the peripheral
belt of the intermediate layer 102 can have negative
consequences.

More precisely, complementary  treatments are

usually applied to this type of wafer, after the



30 usually applied to this type of wafer, after the WO
2004/ 079801 PCT/ 1 B2004/ 000940 4 detachnent step that
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1. One purpose of this type of conplenentary

treatnment is to inprove the stirface condition of the
5 wafer (particularly to reduce the surface roughness)
or to nodify the crystalline structure of one or
several layers, or to reinforce the bond between the

| ayet scRhenthe swafer .tidd s bypeuebst r edldented@yts shown
i nvol ve a chem ca 10 attack and / or heat treatnent

of di herwamek icrbtyekanpleuret lrmy include a "stabox”
step. h@ﬁg tgﬁg Jg% Cog¥enE! % 'ngggés Q%%t’cgmp%ﬁmentary

" st abox rned on a ma er responds to
fotkemtmgntsequence1mbroperaﬂunnSuri5cexmmmdMM1am ¢hethe
surface of the wafer - %Stlon i S intended to

dep8sPE éHaB§FSBlP5}¥rtBanHEC PasBrERCPEORERRRSS) or

that, Wddi ﬂ%“%ﬁ@tc£9é§a§yiﬁécgtrgHEh98 Eﬁﬁ(ﬂ%%tofegbveral
tr eat nent oper ation, st abilisation heat treatnent of a

boﬁdyags 2©r|WKEHEaméordﬂnthauhqn@ byteeerathaglayess of
er at of the order of 1100C, deoxi dati on of the

OXI & Y& 8§|ted on the surface of the wafer - for

exanpl eThyschegpealomt taektmentanmély efehdge t ypechemical

solution with an HF solution with 25 a concentration
of 2atbagk apdy / or heat treatment of the wafer.

For example, it may include a "stabox" step.

Note that, by convention in this text, a "stabox"
step formed on a wafer corresponds to the following
sequence of operations:

oxidation of the surface of the wafer - this
operation is intended to deposit an oxide layer on the
surface of the wafer that will protect this surface
during the next heat treatment operation,

stabilisation heat treatment of a bonding
interface - for example by annealing at a temperature
of the order of 1100°C,

deoxidation of the oxide deposited on the
surface of the wafer - for example by chemical attack
in an HF etching type solution with an HF solution with
a concentration of 10 to 20%.

It is found that when a "stabox" type step 1is
carried out on an SOI wafer like that shown in
Figure 1, the intermediate layer 102 of the wafer is
attacked around its periphery.

This effect 1s diagrammatically illustrated in

Figure 2.



It is found that when a "stabox" type step is carried
out on an SO wafer |like that shown in Figure 1, the

w0 ndogonasdi at e | ayer 102 of the wafer is attack€n1B2004/000940

10

15

20

25

30

around its periphery. 30 This_effect is

di agrammatically illustrated n Figure 2. WO

2004/ 079801 PCT/ 1 B2004/ 000940 5 This figure shows
that the layer 102 has been affected by a renoval of
material towards the centre of the wafer (towards the

right inntibe £A§ErSh@MIWsN thhgurene) 1agelthi 302 el been
of material is the result of the attack on the

peRfpRetarl byl 8 Zepgavalt é Maferiad2tewardswiicegpnsesg of
oyche S1£0) N0 SRl i edri@rﬂ& NG, 48exI gaLlohnaun in

operati on, escri so shows that t
SUFﬁqueelayer 101 is 10 overhanglng over this

internmedj ate | ayer due etback of the

i nt er medi*afe ?%%%YalbéH%UQE priadi d° &dige §85BLhoRf the
theredeg oh khe b'étr%b%@'ait %eh%y%&»ouml %h@VQ%%%|1©Q that
configuration may be . particular, the

poweisonexpeeedf blie tb@ereﬂmh;nQB shlattien t ged for the
r han coll se and reak. This in
t BRI Y o bt araBae AMldlesll BEE

age. |ece of this portion
1010 i srdghaehed,altdw s:shcmsectmamuude akgoffoemiayer 101 is
potential pollution for the wafer. 20 Such a detached
pi B¥ETESBIATChe? B dopdsittegipdiate layer due to this

setback of the intermediate layer, because its side
edge go beyond the edge of the intermediate layer.

This overhanging configuration may be harmful.

In particular, the portion 1010 of the layer 101
that is thus overhanging may collapse and / or break.

This in itself is a disadvantage.

If a piece of this portion 1010 is detached, this
piece would also form potential pollution for the
wafer.

Such a detached piece could then be deposited on
one of the faces of the wafer and deteriorate its
surface condition (for example by scratching it or
remaining stuck to it).

Wafers according to the invention are intended for
use in electronics, microelectronics and optronics, and
must satisfy extremely strict surface condition
specifications.

Therefore it will Dbe understood that the
overhanging configuration illustrated in Figure 2 is a

disadvantage.



one of the faces of the wafer and deteriorate its
surface condition (for exanple by scratching it or
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invention are intended for 25 use in electronics,

m croel ectronics and optronics, and nust satisfy
extrenely strict surface condition specifications.
Therefore it will be understood that the overhanging
configuration illustrated in Figure 2 is a 30

di sadvantagei1WR1204 079801 B¢ | B2§QA#£00094Qus@rhites an

wi Il also be seen that Flgure 2 illustrates an
adaddiishanadf pédecsf ofhé&hest éE@%DX téﬁepThls figure

act ua"m&gp%@gg%sa%tﬁgﬁgg} YeB.0 ehtag, o RS AL A ene

102, the'e these wa
separat-ed Imbnkmhﬁ base Ha¥erea@a <ﬁh|$h@@kwaWMf®r$h&$ing
corresponds to an addltlonal effect of the_"stabox"

st ép1E6IRNEh SERETRALEr TKeE tEEbPacted YR dilE i net
ef f ect ?Elgh%ﬁ%¥§¥§&a0£hEQeCOEQ%%@@%H§H@b|Qﬁe%dﬂﬁilonal

the creation of an overhang. 10 This additional effect
i sefffectesuf t thfe t hetahbx"strtegsesocapphic tthet heafer was

L A Wt el T TS

don Reatt t hg surface.

The ndiefrherent el aysks iahd heewafresatdenn @tf raalv @\ﬁel'l@lanﬁb{i
same coefficients of thernmal expansion, and do not

behave FRiBhe2ddHel AL whéheFhey ar ENexgtatlt 004 thermal

stresses applied to the different layers of the wafer,
particularly during the oxidation heat treatment of the
wafer surface.

The different layers in the wafer do not have the
same coefficients of thermal expansion, and do not
behave in the same way when they are exposed to a
higher thermal budget.

This additional effect thus results in partial
separation of layers 102 and 103 at the edge of the
layer 102.

And it will also be noticed that during the same
oxidation heat treatment, the space left free between
the layers 102 and 103 due to this separation was
partially filled in by a new oxide 1021.

However, it will be noted that this additional
effect is not a major disadvantage for the problem to
be solved by the invention.

The disadvantage that the invention is aimed to
solve relates to shrinkage of the intermediate

layer 102.



hi gher thermal budget. This additional effect thus
results in partial separation of |ayers 102 and 103

wa@rooth®sedge of the 20 layer 102. And it w | | PEI/BBR0GK00940
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noticed that during the same _oxidation heat
treatnent, the space |eft freé between the | ayers 102
and 103 due to this separation was partially filled
in by a new oxide 1021. 25 However, it will be noted
that this additional effect is not a major

di sadvaptage fidvd hecRHORIRL, 0 tRes SalivedvintilRe may be
i nvention. The di sadvant age that the invention is

ai bd resusbl 0& perhewmsces shtppkage bhetnafer.
i nter mngBZ}“%éfo& Ia er t11,(l)e \6/\911%90%/ 0798(§)£ff(?3ﬁe|%t type of

PCT/ | B2 aveé seen above,

di sadvart age oAy @%rﬂ§MEﬂaxubé1@faaommﬂﬁamllatéamkdlate
on the wafer. |t may also be the result of a different
t ypayst SQP?&&RV?otPhEhbérPEE@FEP belt around an

| nter meghal g 2ok AVLEoFERSI Y E LIS HdAUherAN of an

attack around the exposed periphery of
i nuetﬂemeduetleaybay@r @)(ﬁ dexoﬂeamﬁdamaﬁoﬂhusalbe thus be

obsgrved g ? fer s be n_subj ect ed v

pr 8PGAGEd hl gh te%\grsat UP&Cheat tr e??ﬁ@nt u%’éfecécf?gn'pl e @

10pk61@n§éﬁ”&ﬁ%ﬂ|téMﬁéHhﬁdﬂéVﬁﬁéﬁstﬁéﬁtméﬁateﬂoknexample

batches. It may al so be desirable to performsuch a ,

heifr & furnace 1in which the wafers are treated 1in
batches.

It may also be desirable to perform such a heat
treatment on wafers, for example to modify the
crystalline structure of some of their layers, or to
reduce the surface roughness of the wafer.

This type of prolonged high temperature heat
treatment is conventionally carried out under hydrogen
and / or argon atmosphere.

Note that in this text, "high temperature”™ means a
temperature exceeding the order of 950°C.

Note also that "prolonged" means a heat treatment
applied for a duration of more than a few minutes.

Another example of a treatment that introduces
disadvantages like those mentioned above is the case in
which a "stabox" step is performed (for example on an
SOI type wafer) after carrying out a first "stabox"
step and polishing on the wafer.

A non-limitative example of such a treatment 1is

divulged in document WO 01/15218.



treatment on wafers, for exanple to nodify the
crystalline structure of sone of their layers, or to
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type of prolonged high tenperature heat treatnent is
conventionally carried out under hydrogen and / or
argon at nosphere. Note that in this text, "high
tenperature” neans a 20 tenperature exceeding the
order of 950C. Note al so that "prol onged® neans a heat

treat nenhisapplcu@@nfolded GUNRld o Shr FREE thaRtAchEWof an
m nutes. Another exanple of a treatnent that

|nﬁpédu@§§ed|@éé@énté@@@lwlm@ t Ros S emRticene @ fabsabiox  /
oﬁﬁgglhg /Zétgg E&p S%%%%é step is performed
r-exanmple’ on an t

fer) after carrying out
a firstrigtaboga dﬁégmaamdtn@bushisgowa tlne seaf en. wAich a

non-limtative exanple of such a treatnent is

di Fairgéd Sitao 8§céﬁ€ﬁtwﬂe GEF 5288 °U® 2004/ 079801
PCT/ 1 B2Q44QQG940: 8-dhi sndeeunent; Aescripes ansuehges or

treatnment of an SO type wafer involving a sequence
oft®eaﬂmwer8pépﬂshnn@ 102t diyooe t gpes tsteapsheFejurfeldawing
di agr. tlcally shows an SO on which a 5 first

stgg 98 mas carried out. It will be seenin this

figure mhat thhie edges ofhagdeihayris tBicamdri®2rf exposes
a steep bevel following polishing. And this bevel
shapée | ANERIECEASEST utEHEE e%%%sesthls exposure is even

greater than in the case shown in Figure 1.

Figure 3b shows the same SOI, on which a polishing
step and then a second stabox step were carried out
after the first stabox step.

This figure shows that the bevel shape has been
modified by these new steps.

But the intermediate layer 102 is still exposed,
and is therefore still subject to attack by subsequent
treatments applied to the wafer.

Thus, it is clear that the treatments
(particularly chemical treatments, and / or prolonged
high temperature heat treatments) applied to a
multilayer wafer for which an intermediate layer is
exposed around its peripheral edge, may introduce
disadvantages.

The purpose of the invention is to overcome these
disadvantages.

To achieve this purpose, the invention proposes a
process for treatment of the ring of a multilayer wafer
made by layer transfer and composed of materials chosen

from among semiconducting materials, said wafer comprising at



10 the internediate | ayer 102; this exposure is even
greater than in the case shown in Figure 1. Figure 3b

wWGe b 748he same SO, on which a polishing stepCHIBR004/000940
then a second stabox step were carried out after the
first stabox step. 15 This fiéhre shows that the bevel
shape has been nodified by these new steps. But the
internediate layer 102 is still exposed, and is
therefore still subject to attack by subsequent

tr eakiMmBAt mi@RRHR 142 thew¥&S & sypbidhv §egi<%rf and £18RE layer,

that the treatments ™ (particularly chem cal .
t r sharasteriged / oy prlmdongelde hpghceeaperdaduadseatrapid

treat t.S) (P t mul ti | ayer fer for -which
an%%g@r%%e&nglt%%ll@ erO%i ;%heefpa Séd ar oc\gaﬁgel tosyerlapplng and

perdndagrsall cedge, nBY i ntheducger2phdisadvagdigges.offhe said
purpose of the invention is to overcone these .
Sdi sadeamesgese tavashi e a Miaypurgfos supenfivdmli gregion
prQﬂpsﬁﬁeasu9?888328¥OEBEr%%F tiﬁfoE@%FrHﬂg ggeeent the
multi |l ayer wafer made by Tayer transfer an .
conpaset eofh maleeije ipHdiesend o ARy i98EeRrEucld Nthyer

materials, said wafer conprising at WO 2004/ 079801
PCPA BI04/ 00401 N9 edstUaRCHAERE nEdParBephy itep of the
betwgen a superficial region and a base |ayer,
characterised in that the process includes rapid
10t her mal Taeneé@bilhgwbdhgt heraaferefercadisébwyvenlappiingitative
and en%aps%lati n of the peripheral edge of said
aspects oI such a process:
the rapid thermal annealing is carried out
immediately after the transfer of the wafer,
the rapid thermal annealing is carried out
15 after an additional treatment step between the transfer
of the wafer and the said rapid thermal annealing,
the rapid thermal annealing is carried out at
a temperature of the order of 1200°C,
the rapid thermal annealing is carried out
20 for a duration of less than 3 minutes,
the rapid thermal annealing is carried out
under a hydrogen and / or argon atmosphere,
the wafer is a SOI,
the transfer was made using a SMARTCUT® type
25 process,
the said subsequent treatment step of the
wafer comprises a chemical attack, or a prolonged high
temperature heat treatment.

The invention also proposes an associated wafer,

30 obtained by a process as mentioned above.



5 internediate |ayer, by a |ayer ofsaid superficial
region of the surface of the wafer in order to
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internedi ate ayer of the wafer during a subsequent
treatment step of the waf er.240 The follow ng are
preferred but non-limtative aspects of such a
process: the rapid thermal annealing is carried out

i medi ately after the transfer of the wafer, the rapid

t her mal capeeal hBgeksstarphedodtlt i afd@fardthges of the
additional treatnent step between the transfer of the

wafleweatd onhe vl ld raprenehechslrganeaitRy, theadappd the
t h%roT_aLl w%%%?aq%%réﬁ‘%%&{ r I\N?chlgo e?érefr?cé e‘EBeF@ﬁé'T %t%fached

t he “order e rapid thermal annealing is
cadviagd nowst, 120 wWholichy dugatti ofrafi Fegsrédan, 32 sut @esd 3b
the rapid thermal annealing is carried out  _under a

hy d6deh3xfd 2L 6T HERTalTBESRERE UPRa Waftdr hedegence to

S(iHe sthe d Lanster ;was made using a SMARTCUT(R) type
25 process, the said subsequent treatnent step of the
waf er conpri éguaechenisala avieick deoivadpriviangad Stagming

br GHGE0e Chn "UCRGA K Gd Vai T, a0 Ght alngd byder treated
Pr eeesT dASgTert izoFed sabev®odile2@04/£028801invention, and
PCT/ 1 B2004/ 000940 10 . o ,

. Figure 5 is a similar view of the edge of an
SOI wafer treated according to a second embodiment of
the invention (in this case the edge represents the
"right" edge, while the "left" edge of the wafer is
shown in the other figures).

Note that as a preliminary to this description,
wafers to which the invention is applicable may be SOI
wafers.

It may also be an arbitrary type of multilayer
wafer satisfying the following two conditions:

the wafer was obtained using a transfer
method (for example a SMARTCUT® type process), and

at least one intermediate layer of the wafer
is exposed laterally and may be attacked around its
periphery by a subsequent treatment (for example a
chemical attack or a prolonged high temperature heat
treatment), if the periphery of this intermediate layer
is exposed.

Therefore, the starting point of the process
according to the invention is a wafer that typically
comprises a ring like that shown diagrammatically in

Figure 1.



O her aspects, purposes and advant ages of the
invention wll becone clearer after reading the

wo edokovisng description with reference to the apCEHDBEE/ 000940
drawi ngs, in which, apart fromFigures 1, 2, 3a and 3b
5 that have al ready been conmeht ed upon with reference
to the state of the art: Figure 4 is a view derived
froma scanning electron mcroscope of an edge of an
SO wafer treated according to a first enbodi ment of

the invaptbeningnd 10 RirgIr e BvdSt fors) M bhar r¥beW Ofchermal
the edge of an "SO wafer treated according to a
seeongadibadiaentheofwafer iiAvesriraed iavt R thse thee of

ed represents, the._ "rj »_ed [ le t ! "

CddBTSE L hL WaTIS | S0 ShORhLTE B ofhel rPirmedylany the
Note rtipaileras adgkeloifimthar exiostl § ntesaidditaten layer, by a
wafers to which the invention is_applicable my be SO

S waf@ysr PR ﬁa?uélféé‘ebéegﬁoélr it CREy WeFSE -of mul til ayer

wafer satisgybng thefalhow agrlyo; condidrans: 20.Ethe heat
waf er was obtained using a transtfer ~nethod (for
ex amplaenenSVART CUEER). t yfiomr veasshs arfd atmpeasitppe this

i Ly 50 ot Tk el oar S T 1%, “Beri ooty by atc bt of

subseguerktt.reatment (for exanple a 25 chem cal attack

or a prolonged high tenperature heat treatnent), if
10t he per TpReAPRIf At it ePhEaFHEE [tapér the BIposeysed a

Th%%§§or8en%%§c§5§rtE@@eegininOftﬂQeegﬁﬁﬁﬁ§§ intermediate

layer, 1in terms of the problems described in the
introduction of this text.

More precisely, the RTA can make the surface layer

15 of the wafer "drop off" (in fact layer 101 in Figure 1
that corresponds to a layer of monocrystalline silicon
in the case of an SOI wafer).

And this surface layer also overlaps and
encapsulates the periphery of the intermediate layer

20 (layer 102 in Figure 1) that was previously exposed.

This overlapping and encapsulation effect 1is
illustrated in Figure 4.

Figure 4 illustrates the case of an SOI wafer on
which an RTA was carried out after being exposed to a

25 stabox step.

The fact of having the RTA preceded by a stabox
step stabilizes the bonding interface between the
receiving substrate (layer 103) and the donor substrate
(Layers 101 and 102).

30 It can be seen in Figure 4 that the intermediate

layer 102 1s entirely encapsulated by the surface



according to the invention is a wafer that typically
30 conprises aring like that shown di agrammatical ly
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According to the invention, a rapid thermal annealing
of the wafer is carried out offthis type of wafer in
order to overlap and then encapsul ate the periphera
edge of the exposed internediate layer, by a 5 |ayer
on a surface region of the wafer. A Rapid Therma

ANNQRING oQRTA) tipe Dggbr t1@Aat nBdt {1 dS@hotkted from
reasons of sinplicity, this treatnent wll be

r efsgbsedues tadlRIA Ereatieentest that mhiys hexdpPplbedhgo the
Appl.icant has observed that the RTA caused a very
benefiCi'al effect in the exposed internediate |ayer,

in ternghef Rrhe ipr eblretieddeser iaked highh&emperature for a
|ntroduct|on of this text. Mre precisely, the RTA can

S mak@ e PSEPSce | ayer 15 of the wafer "drop off" (in

fact [ayer JQl bgsg'BQr%xltré@@ﬁeﬁ9r6§3Q99q§Ofowéfer, the

| ayer of nonocrystalline silicon 1 n the case of
SOt ngafterent Ay t hés csunrfiade d>lalyeatalasot@m1t®b$r@ndf the

SoEaRaY ales Hha e Phet 0 B LS BRdLL el e

exposed.ThiRi %meﬁbammwdo@ﬁca@ﬁ% ahyarogthecdnd s/ or
illustrated in Figure 4. Figure 4 illustrates the case
of 2&YOS0R RS et -

The RTA can also be done immediately after the
wafer has been detached.

In this case, the bonding interface between the
layer 103 and the rest of the wafer was not stabilized
by a heat treatment.

But tests carried out by the Applicant have
demonstrated that this embodiment can also be used to
achieve the overlapping and encapsulation effect of the
intermediate layer without degrading this bonding
interface.

Figure 5 is an illustration of this embodiment of
the invention.

It can be seen again that the surface layer 101
overlaps and encapsulates the intermediate layer 102
that is thus protected from subsequent treatments.

And it can also be seen that the RTA has not
degraded the bonding interface between layers 102
and 103.

The RTA can thus be used immediately after the

wafer has been detached, or during a subsequent step.



whi ch an RTA was carried out after being exposed to a
25 stabox step. The fact of having the RTA preceded by
w@2@uasalr step stabilizes the bondi ng i nterf aP€Ir/1B2004/000940
between the receiving substrgte (layer 103) and the
donor substrate (layers 101 fd 102). 30 It can be
seen in Figure 4 that the internediate layer 102 is
entirely encapsul ated by the surface WO 2004/ 079801
PCT/ 1 B2004/ 000940 12 | ayer 101. The layer 102 is thus

protect a¢ fgomisubsequent hisabebheald®ntisndhatndBRTRE can
applied to the wafer. The RTAis carried out at a

hi dpie tdem@eraaitmreaf Gitagpox5 sglewr t(Sper |FG{§IUIIGn 4he case of
a treat nent S f treat.
5 gep er al %kew%fethlsf%F d%}l " ogﬁ%f%bétep is

carried ou atenperature o

form a mednod of I es&utrliaq 3 ﬂnmutmteﬂzheﬁlwé\ | 3ayer for
carried out |n drogen and / or 10 arg

5 at RESFRGUENET e A e s Beerone B a7 abe #PRided to

t he , W3f8f.has been detached. In this case, the

bonding 1 nterface between the |ayer 103 and the rest

of the\Mﬂha WM&inmaferabpbmzedneﬁSkny ghheatnvention are
treat 4 §kﬁ car ied out by the Applicant have
deﬁ@ thi &%eiSdi nent can al so be used to

achi eveAtd@@x@ielrgl appi nghand rergaisod at iien e§f esdsofble to
10th%verlap and encapsulate several intermediate layers in
the wafer rather than a single layer.

In general, use of the invention causes
overlapping and encapsulation of a sﬁrface region of
the wafer by a layer. In particular, this layer may be

15 the surface layer of the wafer, as shown in the
examples illustrated and commented upon above.

Note that in all embodiments of the invention, the
RTA protects the intermediate layer of the wafer so
that it is then possible to apply treatments like those

20 mentioned at the beginning of the text, to this wafer.

In particular, a wafer treated according to the
invention can be subjected to a prolonged high
temperature heat  treatment, while this type of
treatment would have degraded the intermediate layer if

25 the invention is not used.

However note that in this case, a polishing step
(possibly CMP) should not be done between the RTA
according to the invention and the prolonged high
temperature heat treatment.

30 This polishing step would at least partially
destroy the protection applied to the intermediate



internmedi ate | ayer wi thout degrading this bonding 20

interface. Figure 5is an illustration of this
werediasent of the invention. It can be seen BUHIB2004/000940

that the surface |ayer 101 overlaps and encapsul ates

the internedi ate | ayer 102 25%that is thus pr ot ect ed

from subsequent treatnents. And it can al so be seen

that the RTA has not degraded the bonding interface

bet ween | ayers 102 and 103. The RTA can thus be used

| medicat by ahteridha ti¥h wWakeenhhasheermdebashgdged high

during a subsequent step. WO 2004/079801

PCHemB2OB4/ 030940 ea3 | ntpeatment ar, childas blegwasleen the

th t ! a done after a stabox step (see

Fi%&ﬁgﬁﬁf{ éﬁgbgﬁgggf, use of this RTA during a prior

step is a neans of securing the internediate |ayer

for 5 subsequent heat treatnent steps that may be

applied to the wafer. Note that wafers concerned by

this invention are not |imted to SO wafers.

According to the invention, it is possible to 10

overl ap and encapsul ate several internediate |layers in

the wafer rather than a single layer. In general, use

of the invention causes overlapping and encapsul ati on

of a surface region of the wafer by a layer. In

particular, this |ayer may be



15 the surface layer of the wafer, as shown in the
exanples illustrated and comment ed upon above. Note

W baott/0798081 | enbodi nents of the invention, thePCRIB2004/000940
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protects the internediate Iaxf of the wafer so that
it 1s then possible to apply eatnents |i ke those 20
mentioned at the beginning of the text, to this wafer.
In particular, a wafer treated according to the

i nvention can be subjected to a prol onged high
tenperature heat treatnent,cmhiye this type of
treatment woul d have degraded the internediate | ayer
if 25 the invention is not used. However note that in

this case aphollshiing step,.Lagssibl ¥ OVBLShould nate

be done betweén t according to e inven

anchutlivd lpryelrongded rhinglle bgnperatrurte dngdlert peat mendpos3d of
Thi s pol.i hinahste woul d at |east partially destrgx
t h&3b 6t o %%%‘F)i &d°To A neePnEaRdretgy materials,

2OQQEQFgﬁgﬁefc%bh%%QQQEQOQﬁﬁole%ét|QM?riQMekﬁgdiate layer

i nvention, such that thé prolonged high tenperature
hedetwesat nent sopedfdegeradereheoni ntegydredt at babayerlayer,
MDC%QQ%{QLQS%% CT/IB%:Q§/OOt9§O 150CgéINB c#'d rapid
Pr 6CESS T "t éat mént o .Ehe ingng &> St gySF P
wafrele ride dnndaayerg ioransfefvaged compeese@ efverlapping and
mat eri al s _chgsen from anpong sem conducting material s, i
encapsulation of the peripheral edge of said
intermediate layer, by a layer of said superficial
region of the surface of the wafer in order to prevent
the attack on the peripheral part of said intermediate
layer of the wafer during a subsequent treatment step

of the wafer.

2. Process according to claim 1, characterised
in that the rapid thermal annealing i1s carried out

immediately after the transfer of the wafer.

3. Process according to claim 1, characterised
in that the rapid thermal annealing is carried out
after an additional treatment step between the transfer

of the wafer and the said rapid thermal annealing.

4. Process according to one of the above claims,
characterised in that the rapid thermal annealing is

carried out at a temperature of the order of 1200°C.



said wafer conprising at least an internedi ate | ayer 5

bet ween a superficial region and a base | ayer,
w@bmnarser i sed in that the process includes raptTiB2004/000940

thermal annealing of the wafer to cause overl apping

and encapsul ation of the per%ﬁheral edge of said

internedi ate | ayer, by a layer of said superficial 10

region of the surface of the wafer in order to prevent

the attack on the peripheral part of said internediate

| ayer of5 t he paafRis sduldcde @ ngu ke PN 2 eRd MBNYveSt@Riims,

of the wafer. 15 2. Process according to claim1,

chahggreettisydded niphahathethapirapiberrhgrremheahnaglisg is

carrjed out i di_at e] fler e transfer, of. the

narar e oy R T S T la TR 2 oeha: Jrdesad

20 in that the rapid thernmal annealing is carried out

after an additional treatnent step between the .
Stransfef- of PERESRE SICCRFE1NNe QA s &5 dhehepye claims,
anReal NG 4. &§O§§S%H%%x%ﬁ%nga.Qdﬁm%égmire ﬁgggﬁing is
clains, 25 characterised 1n that the rapi tﬁerna
anmearing icit carddred duydraigea teewbet atureergein teHeosphere.
order of 1200C. WD 2004/079801 PCT/1B2004/ 000940 16
5. Process according to one of the above cl ai ns,
char act gr,i se¢riceskataddediaR ¢d kergs amealddi@® idlaims,
carried out for a duration of less than 3 mnutes. 5
106, dhegesderasst dimghad dhe orfiate idev S -ai s,
characterised in that the rapid thermal annealing is
carried out under a hydrogen and / or argon
at nosphér.e. Process according to one of the above claims,

characterised in that the transfer was made using a

SMARTCUT® type process.

15
9. Process according to one of the above claims,
characterised in that the said subsequent treatment
step of the wafer comprises a chemical attack, or a
prolonged high temperature heat treatment.
20

10. Multilayer wafer made by layer transfer and
composed of materials chosen from among semiconducting
materials, the wafef comprising at least an
intermediate layer covered by a superficial region

25 (101), characterised in that a layer of the supeficial
region of the wafer overlaps and encapsulates the
peripheral edge of at least one intermediate layer

(102) of the wafer.

30 11. Wafer according to the preceding claim,

characterized in that said layer (101) of the



7. Process according to one of the above clains, 10
characterised in that the wafer is a S(r)l. 8. Process
waewandisng t o one of the above clains, characPE&r/iB0wt/000940

in that the transfer was made_using a SMARTCUT(R)
type process. 15 9. Process a&@ording to one of the
above clains, characterised in that the said
subsequent treatnment step of the wafer conprises a
chem cal attack, or a prolonged high tenperature heat

trepid@ti.ci?ll 18egMht i bpyvelayf @ ddach¥sh8%BEs several
transfer and conposed of nmaterials chosen from anong

senird@ynastiiate Ietenrd &ifs theherafefer conpri si ng at

| east an internedi ate | ayer covered by a superficial
region 25 (101), characterised in that a |layer of the
supeficial region of the wafer overlaps and

encapsul ates the peripheral edge of at |east one
i nt er medi at e | ayer (102) of the wafer. 30 11. Wafer
according to the preceding claim characterized in
that said |layer (101) of the WD 2004/ 079801

PCT/ 1 B2004/ 000940 17 superficial region overlaps and
encapsul ates several internediate |ayers of the
wafer. 5



