WO 2004/079801 PCT/1B2004/000940 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. 5 The invention also concerns an associated multilayer

WdPér ' Brdcesses are known for the transfer of layers tBCHiBRS#Hukikayer
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structures from materials chosen from among semiconducting materials.
10 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 15 the
said donor substrate, - bonding of the donor substrate with a receiving
substrate, - detachment at the weakening zone. WO 2004/079801
PCT/1B2004/000940 2 Following this detachment, at least one layer of
the donor substrate was transferred onto the receiving substrate. This
type of process builds up wafers that may for

PREVENTIVE TREATMENT PRCCESS FOR THE RING OF A
MULTILAYER WAFER

This Iinvention 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 alsoc concerns an  assoclated
multilavyer wafer.

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

This type o©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
receiving substrate, '

- "detachment at the weakening zone.



5 example be of the SOI (Silicon On Insulator) type. They can also be
used to make any type of multilayer wafers. And the wafer obtained may
have one or several intermediate layers between the surface layer of the
10 final wafer and the base layer corresponding to the receiving
substrate. Thus, an SOI has an intermediate insulating layer (for example
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made of silicon. 15 An example ofsuch a transfer process is the
SMARTCUT(R' 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 20
Publishéxs!} pobyarth 54 . Acpratessi0f thas tyjpean besused/to create

mylfilayel warers ke those mentjoned aboye. Ih.ean also beused ig

create wafers with an extremely thin surface layer, with a thickness of the
25'8pd&F BF &-few microns or less. It will be noted that it is possible that the
transfermfia layerdutingtbecdetasiiheant steprisf accorhpanied bydhe

CrSQé&?,ﬁl%f a1 approximately annylar, pripheral shoulder around the

wafer that was formed. 30 ThIS type of shoulder is curren y called a ring.
WO 2004187 98EAP GRAB82002/006640 to make any Lype ot

multilayer wafers.

And the wafer obtained may have one or several
intermediate layers betwegen the surface layer of the
final wafer and the base layer corresponding to the
receiving substrate.

Thug, an S0I has an intermediate insulating layer
(for example made of Si02) between the receiving
substrate and the surface layver made of silicon.

An example of such a titransfer 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" beook 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 alsc be used to create wafers with an
extremely thin surface laver, 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 is
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.



3 And it is observed that detachments made within the framework of a
SMARTCUT(R) type process can thus generate rings. This type of ring is
diagrammatically shown in 5 Figure 1. This figure shows the edge of an
SOl type wafer 10. The wafer 10 comprises a surface layer 101 (which
usually corresponds to the so-called useful layer of 10 the wafer) made of

WQatHdERMtalline silicon that overlaps an Si02 layer 10CTIBaY /40 tayers
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101 and 102 are bonded to a layeg 103 corresponding to the receiving
substrate. For example, the layer 103 may be made of 15 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. Thanihgitl Mearvbesseen inttms figiete: 2hdhis ring @éxtendsaround

the.gntie. periphary of the walgrdQr Ibis (e resylt of.a Step.for ¢,

detachment of layers 101 and 102 from a weakened donor substrate.
THI—HRJUrE st Fows that the intermediate 25 layer 102 is exposed at its

periphersi 2dge 3200 As il eiseed; Hys expasirelaftheperipheral
Pigure 1.

This figure shows the edge of an S80I type
wafer 10.

The wafer 10 comprises a surface layer 101 {which
usuvally corresponds to the so-called useful layer of
the wafer) made of monocrystalline silicon that
overlaps an 8102 layer 102,

These twe layers 1061 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
iayer, 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 wiil be seen, this exposure of the peripheral
belt of the intermediate iayer 162 can have negative
conseguences.

More precisely, complementary treatments are

usually applied to this Lype of wafer, after the
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belt of the intermediate layer 102 can have negative consequences. More
precisely, complementary treatments are 30 usually applied to this type of
wafer, after the WO 2004/079801 PCT/IB2004/000940 4 detachment step
that produces the results shown diagrammatically in Figure 1. One

purpose of this type of complementary treatment is to improve the surface

OBttt of the 5 wafer (particularly to reduce the sufaE&B8E|IPEEs) or

to modify the crystalline structure @f one or several layers, or to reinforce
the bond between the layers of the wafer. This type of treatment may
involve a chemical 10 attack and / or heat treatment of the wafer. For
example, it may include a "stabox" step. Note that, by convention in this
testetacstedygx" stegrforretkon rrwdfersorrédondsstoitie follwvwing

sequence:Rf eperations, 15 gxidation of the surface of the wafer - this
operation is intended to deposit an oxide Ia%/er on the surface of the wafer

that will BttecP 8 %ififacd” dufifiythe hERE hedttreaiRTENESEtioh,
stabifisationtheat treatrimptofea tbrdingr 20datertuti t fomexamjsladoy

a@ﬂ@%ﬂ”ﬁé&f%%ﬁﬂ@@ﬁyyf@oOig&aéEdQBQfé&é%%&e roughness} or
to modify the crystalline structure of one or several
layers, or to reinforce the bond between the layers of
the wafer.

This type of treatment may involve a chemical
attack and / or heat treatment of the wafer.

For example, 1t may include a "sitabox" 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 1s intended to deposit an oxide layer on the
surface of the wafer that will protect this surface
during the next heat ifreatment 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 soluticn with
a concentration of 10 to 20%.

It is found that when a "stabox™ type step is
carried out on an S80I wafer like that shown in
Figure 1, the intermediate layer 102 of the wafer 1is
attacked around its periphery.

This effect 1s diagrasmmatically illustrated in

Figure 2.



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 25 a concentration of 10 to 20%. It is found that when a
"stabox" type step is carried out on an SOI wafer like that shown in
Figure 1, the intermediate layer 102 of the wafer is attacked around its
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2004/079501 PCT/IB2004/000940 =5 This figure shows that the layer 102
has been affected by a removal of material towards the centre of the
wafer (towards the right in the case shown in Figure 2). 5 This removal of
material is the result of the attack on the peripheral belt around the layer
102 thatTwias ekppset bytihes etthimg sdlistiohaysed fof Zhehaleokidation

operaian.asescrined. Figute 2.alsq shows,thatbe swace layer, 101 is

10 overhanging over this intermediate layer due to this setback of the
intEtfhelifi&Tay bt WEESGse S sif9Bbgd o bEGorfthiife ethyadr the
intetmediats layer. This overhanging configuration may be harmful. In

particulagy, the poriion.1010.0f fhe Jayer 10% 15hatis fhys oyerhanging
ma¥ collapse and / or break.
tack on the perlpheral belt around the layer 102 that

was exposed by the etching solution used for the
deoxidation operation, as described.

Figure 2 also shows that the surface layer 101 is
overhanging over this intermediate layer due to this
setback of the intermediate laver, 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
plece 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 optrenics, and
must satisfy extremely strict surface condition
specifications.

Therefore it will be understeocod that the
cverhanging configuration illustrated in Figure 2 iz a

disadvantage.



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. 20 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
WOREEMelectronics, microelectronics and optronics, &fitBisHaKLisTy
extremely strict surface condition specifications. Therefore it will be
understood that the overhanging configuration illustrated in Figure 2 is a
30 disadvantage. WO 2004/079801 PCT/1B2004/000940 6 It will also be
seen that Figure 2 illustrates an additional effect of the "stabox" step. This
figure acttialty répeeisentsa ewamtiuiesof tHeydayers 101 @d-4025 the edge

of these wafershieing. SJpised angt sgparateffom the base layer 103

This curvature thus corresponds to an additional effect of the "stabox"
step to Whith thediate Pfiase StibjéCRite e alstintt 8HE6t bl tRe Yetbaek of

the aipdeemediatedayeria thenereatign oban exerhang: 1&-Fhisaddjtional

5 eff?ﬁé%@%r(gsggggggggga%rom the base layer 103.

This curvature thus corresponds to an additional
effect of the "stabox™ step to which the wafer was
subjected, a distinct effect of the setback of the
intermediate layer and the creation of an overhang.

10 This additional effect is the result of thermal
stresses applied to the different lavers of the wafer,
particularly during the oxidation heat treatment of the
wafer surface.

The different layers in the wafer do not have the

15 same coefficients of thermal expansion, and do not
behave in the same way when they are exposed to =z
higher thermal budget.

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

20 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.

25 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

36 layer 102.



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 15 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
WOLE80103 at the edge of the 20 layer 102. And it will&@g3Megticed
that during the same oxidation heat treatment, the space left free
between the layers 102 and 103 due to this separation was patrtially filled
in by a new oxide 1021. 25 However, it will be noted that this additional
effect is not a major disadvantage for the problem to be solved by the
inventions The disadvantage thatitbe intestich issaimed dgesalve relates to

Sh{ﬂga&%ﬂ e intermediate, ;30 layer 102. WO %%%’ )79501
PCT/1B2004/000940 7/ As we have seen above, this disadvantage may
be the résuRedt &Ehenfitalataciesnithetfafer. t Aid@y aldo bErhetesult

of acdiftarenbtypref pattack @ ihe peripharahhelt areund esrinieimediate
5 5lfgggé%ﬁggg%égéhg%agggg'attack.

An attack around the exposed periphery of an
intermediate layer of oxide of an S80I can thus be
observed, 1f this wafer has been sublected to a
prolonged high temperature heat treatment, for example

10 in a furnace in which the wafers are treated in
batches.

It may alsc be desirable to perform such a heat
treatment on wafers, for example to modify the
crystalline structure of some of their layers, or to

15 reduce the surface roughness of the wafer.

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

Note that in this fext, "high temperature®” means a

20 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

25 which a "stabox"™ step is performed (for example on an
80T type wafer) after carrying out a first "stabox"
step and polishing on the wafer.

A non-limitative example of such a treatment is

divulged in deocument WC 01/15218,



An attack around the exposed periphery of an intermediate layer of oxide
of an SOI can thus be observed, if this wafer has been subjected to a
prolonged high temperature heat treatment, for example 10 in a furnace in
which the wafers are treated in 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 15 reduce the surface
roughness of the wafer. This type of proltﬁwged high temperature heat
treatment is conventionally carried out under hydrogen and / or argon
atmosphere. Note that in this text, "high temperature” means a 20
temperature exceeding the order.of 950C, Note also that ‘prolonged”.
means a heat treatment appcltledC for a duration of more than a few
mintftds. Andtherexdamplel6ia tredttent thasftodtees disadveiages /
likegbosernentionedabove isthesgagein 25 which a "stabox" step is
performed]_t(for %arygle on an Sg)é 3.j[ggglwaf r)oafter gar&gigg gut afirskt1 R

"stabox" s éguand polis?ﬁﬁ on the wafer: A hon-imitative exa%p &'or

suchia treatmentis sdivalgebindociment Wo 01/15218. 8 This

document gesgribes-a sutace; treatment of an-SOl dypenuaterjavolying g

S€Qf§9§§;ﬁf%%goxénd 102 form a steep Dbevel following
polishing.

And this bevel shape in this case further exposes
the intermediate layer 102; this exposure is even
greater than in the case shown in Figure 1.

Figure 3b shows the same S50I, 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 beaen
modified by these new steps.

But the intermediate layer 102 1s still expossad,
and 1is therefore still subject o attack by subsecuent
treatments applied to the wafer.

Thus, 1t is clear that the treatments (particularly
chemical treatments, and / or prolonged high temperature
heat treatments) applied to a multilaver wafer for which
an intermediate layer 1is exposed around its peripheral
edge, may introduce disadvantages.

Embodiments o¢f the invention seek to overccme these
disadvantages.

In accordance with a first aspect of the pressent
inventicon, there 1s provided a process for treatment of
the ring of a mulitilayer wafer made by layver transfer and

=

composed  of materials chosen from among  semiconducting

materials, sald wafer comprising at



polishing / stabox type steps. Figure 3a diagrammatically shows an SOI
on which a first stabox step was carried out. it will be seen in this figure
that the edges of the layers 101 and 102 form a steep bevel following
polishing. And this bevel shape in this case further exposes the
intermediate layer 102; this exposure is €ven greater than in the case
shown in Figure 1. Figure 3b shows the same SOT, on which a polishing
step and then a second stabox step were carried out after the first stabox
step.<This figurershaws that the,bevelshape has peen snodified:by, thesex

new steps. But the intermediate |ayer 102 is still exposed, andis , =~ _. _
theretore stifl subject to attack by stibsequént treatments applied 16 the

wafef ThusHt issERsar thavtheafresitmerits (particalarty chémicak wafer,
treatments; and /.0mprolonged high temperatne heat-treatments) applied
to & multlayer water,for which an intermediate layer is exposed around it
perlp%eral eydsge, may introdtce drlnsadvantageg. Enibodiments of the
invertionseek t¢ ‘olidreometthese disadvantagess s actordancefwith anc
first:aspeet:of the.present .invention, there isprovided a.Process ol «-cxs
treatment of the ring of a multilayer wafer made by layer transterand_,
of said intesrmediate layer, by a layver of said superficial region
of the surface of the wafer in order toe prevent the attack on
the peripheral part of saild intermediate layer of the wafer
during a subseguent treatment step of the wafer.

The following are preferred but non-limitative
ewbodiments of such a process:

. the rapid thermal annealing is carried out
immediately after the transfer of the wafer,

s the rapid thermal annealing is carried out after
an additional treatment step betwesn the transfer of the
wafer and the said rapid thermal annealing,

« the rapid thermal annealing i1s carried out at a
temperature of the order of 1200°C,

¢« the rapid thermal annealing 1s carried out for a
duration of less than 3 minutes,

« the rapid thermal annealing is carried out under
a hydrogen and / cr argon atmosphere,

. the wafer is a S0I,

e the transfer was made using a SMARTCUT™ <type
process,

. the sald subseguent treatment step of the wafer
comprises a chemical attack, or a prolonged high
temperature heat treatment.

Embodiments of the present invention alsc
provide an assoclated wafer, obtainsd by & process as

mentioned above.



composed of materials chosen from among semiconducting materials,
said wafer comprising at 9 least an intermediate layer between a
superficial region and a base 'aye-, characterised in. that the process
includes the following steps: oxidation of a surface of the wafer,
stabilisation has-- treatment of bonding interfaces between the base layer

wnrntitasintermediate layer and the superficial region, dieosgation e the
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oxidised surface of the wafer; and ;g rapid thermal annealing step carried
out after the above steps to cause overlapping and 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
peripheratpart of said-intermediate layerabthewafet 2dudngsd the
subse re t ste he wafer. The fqllowing are preferred but
OE TRV i e bt o o B Erbcess oo oot Ridmalhe
anfieblifglis caffé Ot ififetiatelyrafer e fraksfer6fthaivafdrecthe
rapig-ifeseg| annealingis earied edtafter ganadditional tieanentstep

be%/ggn the tra sgear dof heee A’V%Eez{m an é e said ragjﬁdﬂthr%rpal anne%gng,

the rapldhﬁ%ern’?a “arinéa Ingis carned ou éllpgntemperaturg%?l}ﬁ% order of
1_Poectaie rapid-iifetal annealing is carried out for a duration of less

than 3 mjnutes;i.dheerapidithesmal;annealing isicarted out YpEeRing
electron microscope of an edge of an S0I wafer treated
according to a first embodiment of the invention, and
Figure 5 is a similar view of the edge of an
S80I 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 S0I
wafers.

It may also be an arbitrary type of nultilayer
wafer satisfving 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 prolenged high temperature heat
treatment), if the periphery of this intermediate layer
is exposed.

Therefore, the starting point of the process
according to the invention 1s a wafer that typically
comprises a ring like that shown diagrammatically in

Figure 1.



a hydrogen and / or argon atmosphere, the wafer is a SCI, the transfer
was made using a SMARTCUT type process, the said subsequent
treatment step of the wafer comprises a chemical attack, or a prolonged
high temperature heat treatment. Embodiments of the present invention
also provide an associated wafer, obtained by a process as mentioned

WO IR0 2004/079801 PCT/IB2004/000940 10 OtRETABHBHIE0940
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purposes and advantages of the inyention will become clearer after
reading the following description with reference to the attached drawings,
in which, apart from Figures 1, 2, 3a and 3b 5 that have already been
commented upon with reference to the state of the art: Figure 4 is a view
derived fromaddcanning elgatronimierasicope otan edgeiof ahds@d wafer

tregied, accrding 9 a frskemiqdiment afthg jpveption,;and J0.Figure 5
is a similar view of the edge of an SOI wafer treated according to a

setdhtFemtBodihatt of- thelifvehtion fthisCise theddye #8BresBRts the
"right'ietige pWhilédgheofieft edgecob the waferisahawnliabe othera

figues). 15 Notedhat as g prelimingry £ thisdgscription,

A  Rapid Thermal Annealing (RTA) type heakb
treatment 1s used. For reasons of simplicity, this
treatment will be referred to as RTA in the rest of
this text.

The Applicant has observed that the RTA caused a
very beneficial effect in the exposed intermediate
layer, in terms of the problems described in the
introduction of this text.

More precisely, the RTA can make the surface layer
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 S0I wafer).

And this surface layer alsoc overlaps and
encapsulates the periphery of the intermediate layer
(layer 102 in Figure 1) that was previously exposed.

This overlapping and encapsulation effect is
illustrated in Figure 4.

Figure 4 illustrates the case of an S50I wafer on
which an RTA was carried out after being exposed to a
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).

It can be seen in Figure 4 that the intermediate

laver 1CG2 1is entirely encapsulated by the surface



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: 20 . the wafer was obtained using a transfer method (for
example a SMARTCUT(R) type process), and at least one intermediate
layer of the wafer is exposed laterally and may be attacked around its
WORPIHER] by a subsequent treatment (for example a 2BC@HBHi¢MAack or
a prolonged high temperature heat jreatment), 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 30 comprises a ring like
that shown diagrammatically in Figure 1. WO 2004/079801
PCEAB20D2/00094114l 1 Kecoording 2o the invientionpectapiddbierhalm

anpealing ot the wafer.is carried.qut.gn this type of g“?‘?ﬁ%i@ 0{9655%

overlap and then encapsulate the peripheral edge of the-expose
int&Fiiediate layer, by a 5 layer on a surface region of the wafer. A Rapid
ThermalzAangaling s RoBA} type dreat atreatmedit is usedr Forreasons:of

5 sirggggi,gypg}gogt_eatment will be referred to as RTA in the rest of this text.

In the case o¢f a treatment of an SO0I wafer, the
treatment may be carried out at a temperature of the
order of 1200°C for a period of less than 3 minutes.

This RTA is carried out in a hydrogen and / or

10 argon atmosphere.

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

15 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

20 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

25 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

30 wafer has been detached, or during a subsequent step.



10 The Applicant has observed that the RTA caused a very beneficial
effect in the exposed intermediate layer, in 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
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encapsulates the periphery of the mgermediate layer 20 (layer 102 in
Figure 1) that was previously exposed. This overlapping and
encapsulation effect is 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 staboxestepldHea factiof Hadnd e RFEApPrébeded by R&faboxn step

stalulizes dhe dyndingsiniedace Reiwegn the sreceiying substrate (layer
103) and the donor substrate_ (layers 101 and 102). 30 It can be seen in
Figure 4 Ra¥TRETRtermSdiate 1556t 102 isBhtindy ertapsuISts®Pbythe

sufacedAG 2004/073801 PQT/[BRE04/00CS4AR 12 tayerlkQtxrThedayer
102, isdhuspiotgetad frop -subsequentheat ireatments thatimay he,

ap{)lied to the wafer.
he wafer.

Note that wafers concerned by this invention are
not limited to S0I wafers.

According to the invention, it is possible to
overlap and encapsulate several intermediate lavers in
the wafer rather than a single layer.

In general, use of the invention causeas
overlapping and encapsulation of a sﬁrface reglon of
the wafer by a layer. In particular, this layer may be
the surface layer of the wafer, as shown 1in 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 treaiments like those
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
the invention is not used.

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

This polishing step would at least partially

destroy the protection applied to the intermediate



The RTA is carried out at a high temperature for a 5 short period. In the
case of a treatment of an SOI wafer, the treatment may be carried out at
a temperature of the order of 1200C for a period of less than 3 minutes.
This RTA is carried out in a hydrogen and / or 10 argon atmosphere. The
RTA can also be done immediately after the wafer has been detached. In

WQRIS4EER! the bonding interface between the layer 108EABX§&H8&t00f the
wafer was not stabilized 15 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 20 interface. Figure 5 is an
illubtegiontof thiscemboelirnerit of thetinudrtion: icanbecseed agaiyhthat
the: syfacedlaver 101 averlaps.andencapsuylaes theintermediate layer
102 25 that is thus protected from subsequent treatments. And it can also
be SEET TR He RFA s not degraded the bonding interface between
layers 102 and 103. The RTA can thus be used immediately after the 30
wafer has been detached, or during a subsequent step.



WO 2004/079801 PCT/IB2004/000940 13 In particular, it has been seen
that the RTA can be done after a stabox step (see Figure 4). In general,
use of this RTA during a prior step il a means of securing the
intermediate layer for 5 subsequent heat treatment steps that may be
applied to the wafer. Note that wafers concerned by this invention are not
limited to Sol wafers. According to the invention, it is possible to 10
overlap and encapsulate several intermediate layers in the wafer rather
than a single layer. In general, usé-8fe invention causes overlapping
and encapsulation of a surface region of the wafer by a layer. In

particular, thisdayer mayihehaihe swtareolayeraidhs Wateras.shourin

the. gxamples llustated and commented upon, above, Note tnatin.all.,
er%rboéimenfs Qrf)(iﬁe inven |orﬁhe ?ﬁl pro?ec?sgihe in ermeq’iﬁte ayer of
tPRIAWEIEF SUMBREINS 7 laRshagdaisIedBiayky freditpRe ftsunesifrb seaipy and
raeatiohked ahtheckegimnmgotibetexystodhisswiketolidnipactierdar, a wafer
treated aeearcing 4Q s daveRtipasan be subjected to a prolonged high
temperaiyeieel heaimet, wije his bipe of Leaiment would ave .,
degradé e’'Intermediate layer I e Invention 1s hot used.
the intermediate layer and the superficial region,

deoxidation of the oxidised surface of the wafer;

and a rapid thermal annealing step carried out after the above steps to cause
overlapping and 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 is carried out at a temperature of the order of 1200°C.



However note that in this case, a polishing step (possibly CMP) should
not be done between the RTA accggding 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 WO
2004/079801 PCT/IB2004/000940 14 layer by the invention, such that the
prolonged high temperature heat treatment could degrade the
intermediate layer. 15 CLAIMS 1. Process for treatment of the ring of a
multilayer wafBFIsRsa St R O PR FE NS AP RGN TRILR LOPRFREIRAIL" that
tiospit ftenmamnong serisicemdd clih tpractertds, obaiRs hafet vowipsising at
least an intermediate layer between a superficial region and a base layer,
characterised in that the process includes the following steps: oxidation of
a surface of the wafer, stabilisation heat treatment of bonding interfaces
betweefr the bBSE9SY/EFRHANHHR ﬂﬁ‘feﬁfn@aiﬁPé’Yﬁﬂ?"&ﬁ’onﬁéag%?B%?ﬁéri‘a at
lbgiompide thddationroktiegoyidisedsurfat euofieheavafiérogerd andgidargon
thersaahaanealing step carried out after the above steps to cause
overlapping and 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 ofihe watarcdsringrerdisaisangearittieaimentatep efarastarigrs ipthat
RroGrss acearsling to claim 1, characterised in that the rapid thermal

8. Process according to one of the above claims, characterised in that
the transfer was made using a SMARTCUT® type process.

7. 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.



annealing is carried out at a temperature of the order of 1200C. 16 3.
Process according to one of the abgye claims, characterised in that the
rapid thermal annealing is carried out for a duration of less than 3 minutes.
4. Process according to one of the above claims, characterised in that the
rapid thermal annealing is carried out under a hydrogen and/or argon
atmosphere. 5. Process according to one of the above claims,
characterised in that the wafer is a SOI. 6. Process according to one of
the above claims, characterised in that the transfer was made using a
SMARECUT (rPiyepeocesig/ toPratess abeardingad onbabftteepahoged

%H@ms%ﬁa@%@ﬁ?ﬂemgﬁf omsis?(aiéf %um?@gmiﬁﬁeiﬁ&mt% @fd@‘hiaf
gr.comprises a chemical attack, or a _prolonged high temperature heat
}érlgétr%ioﬁt? L}raeg{.) Cr%@é)gesﬁé%nc%f %3% %féim 7, characterized in that the
prolonged high temperature heat treatment consists of a heat treatment

exceeding the order of 950 C for a duration of more than a few minutes.



