METHOD FOR REDUCI NG THE TRAP DENSI TY I N A SEM CONDUCTOR WAFER FI ELD OF THE

| NVENTI ON The invention generally concerns the control of the trap

i nt er f acewdenss/dsyssbn a nultilayer sem conductor wafer. PoeaBrwsndossin can

thus be used for controlling the trap interface density in SO wafers - but

it also applies to any kind of nmultilayer ,wafer made with materials

sel ected fromthe sem conductor materials ("sem conductor wafers"). And the

i nvention finds a particularly advantageous application in the control of

the trap interf density in a nultilayer sem condluct waf er Ot?t ai ned by
s 13 : NIV AN

a transfer metMEJHORFFOR REDUYCINGTHE JRA ] ) : 3 DR erm "
transfer nmethod" refers to a nethod f o wfacturing nmultil ayer
sem conductor wafers, and inplying a transtet step during which : a top

(or "donor") wafer is bonded on a base wafer (also called "handle", or
"receiver" wafer east part of the top wafer remains with the base

at_ |
waf er after ttFéELQrfaFer'.'EmVE 408 nethod can be carried out e.g.
according to the following nethods : the Smart-Cut(tm nethod (it is
specified That a general description of this nethod can be found e.g. in
Jean- Pi erre Col i ngdhe ISehticorgeberalhs cbatemns Tthee cohtnoinobithe diaps intefacer i al s
to VLSI "", Kluwer Acadern'.c Publ i sher,, 2nd edition), the ELTRAN(tn) nethod,
etc. .. density in"a multilayer semiconductor wafer.

The invention can thus be used for controlling the trap interface
density in SOI wafers — but it also applies to any kind of multilayer wafer

10 made with materials selected from the semiconductor materials
(“semiconductor wafers”).

And the invention finds a particularly advantageous application in the
control of the trap interface density in a multilayer semiconductor wafer
obtained by a transfer method.

15

DEFINITIONS

It is specified that in this text the term « transfer method” refers to a
- method for manufacturing multilayer semiconductor wafers, and implying a
20 transfer step during which :

e a top (or “donor”) wafer is bonded on a base wafer (also called “handle”,
or “receiver” wafer),

o at least part of the top wafer remains with the base wafer after the
bonding.

25 A transfer method can be carried out e.g. according to the following
methods :

e the Smart-Cut™ method (it is specified that a general description of this
method can be found e.g. in Jean-Pierre Colinge - “Silicon On Insulator
Technologies « Materials to VLSI »”, Kluwer Academic Publisher, 2

30 edition),
e the ELTRAN™ method,
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The “active layer” of a multilayer semiconductor wafer is the layer
in which components shall be created — this layer being generally
electrically isolated from the rest of the wafer. The active layer is generally a

15 surface layer of the wafer.
BACKGROUND OF THE INVENTION

Dit is an important parameter since it has an influence on the mobility
20 of electrical carriers in the layers of the multilayer wafer. As an example, Dit
at a BOX/active layer interface of a SOI has an influence on the carrier
mobility of the active layer — the carrier mobility being in turn a parameter
which influences the electrical performance of the wafer.
It is thus desired to control the value of the Dit at a given interface of
o5 a multilayer wafer (e.g. the BOX/active layer interface of a SOI wafer), in
order to influence the electrical performance of the wafer (and the
performance of the devices that will be formed on the wafer).
More precisely, in the perspective of increasing the mobility of
electrical carriers in the active layer of a multilayer semiconductor wafer, it
30 can be desired to minimize the value of the Dit at the interface between the
active layer and the adjacent underlying layer in the wafer (it has been
shown that a lower Dit at this interface is associated with a higher mobility).



active layer and the adjacent underlying layer in the wafer (it h
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It can also be desired to reduce the variability of the values of the Dit
among the multilayer wafers of a group of wafers — i.e. a group of wafers
manufactured under the same conditions in a wafer manufacturing facility.

15 It is already known to carry out a low temperature thermal tréatment
on a SOI wafer in order to reduce Dit and its variability in the wafer. Such
thermal treatment can be carried out at a temperature up to 600°C for a
duration between 30 and 120 min. in an atmosphere which is neutral, or
contains only a small amount of hydrogen (e.g. 2% H, in a Np or Ar

20 atmosphere).

Such treatment is referred to as a “Forming Gas Anneal” (FGA). It is
mentioned e.g. in the communication “Oxide charges induced by plasma
activation for wafer bonding” — Scholberg-Henriksen and al. , Sensors and
Actuators A 102 (2002), 99-105, Elsevier.

25 It is generally observed that when a FGA treatment is carried out on
a wafer comprising more than one layer, such treatment allows a reduction
of the Dit at the first interface located under the surface of the wafer
(“interface being here understood as the delimitation between two adjacent
layers).

30 In this respect, the above-mentioned article discloses a reduction of
the Dit at the interface between a capping oxide layer which covers the
surface of a bulk Si wafer, and the underlying bulk Si layer.
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result of a FGA carried out on a SOl-type structure still covered by its
capping oxide would be a reduction of the Dit at the interface between the

15  capping oxide layer and the underlying active layer (and not a reduction of
the Dit at the interface between the active layer and the underlying layer —
which is desired).

Moreover, during intermediate phases of manufacturing, a multitayer

wafer is generally covered by a capping oxide layer having a thickness from

>0 100 to 3000 angstréms (e.g. 2000 angstroms). And tests conducted by the
applicant have shown that a FGA carried out on a SOI wafer covered with
such oxide layer of 2000 angstroms (FGA in a Ar atmosphere containing
29% H2, for 90 min. at 450°C) has no effect on the Dit at the interface
between the active layer and the underlying buried oxide layer. Therefore,

25  this option does in any case not appear as a solution.

The option which could then be contemplated would be to carry outa

FGA treatment after all manufacturing steps have been carried out on the
SOl-type wafer — including the steps of removing the capping oxide on the
wafer.

30 But such treatment would mean adding another lengthy treatment at
the end of the manufacturing process of the wafer, which is of course not

desired.



2% H2, for 90 mn. at 4500C) has no effect on the Dit at the in

between the active layer and the underlying buried oxide Iayer.t$LL?g$ore

t hi s optiwo 2deB2468 any case not appear as a sol ution. Poe/rBpos/e0wszhi ch ’
could then be contenplated would be to carry out a FGA treatnent after all
manuf acturing steps have been carried oy on the SO -type wafer - including
the steps of renoving the capping oxide*on the wafer. But such treatnent
woul d nean addi ng another |engthy treatnent at the end of the manufacturing
process of the wafer, which is of course not desired. Still another option
that one coul d cotileanbihiee optioh dnéteoreacoylid mpniemptEmeuld baGasyindit ng

early stages of the manufacturing of .a SO : /
early FGA cofl iCHetreaiment FYiRg 8%”)3 stagsts: OEE%%ﬁ%@fe@{;%nggr%ﬁégé@kﬁygesum
Smart - Cut (t m, gt hod, before the bonding of the top substrate with a base

substrate. It 1s remnded that a Smart-Cut (t net hod. i ppl i.es_t he [
of a top substrat Eomiaxampleaseichusatly ot G C‘Pmds b@o&PHiqﬂgﬁﬁdoﬂl?o‘ﬁ‘gggLQ?ng

Dt at t i nterf . Lt T™h S [ '
used to tgkes?%%traggﬁp\%é }ﬁgggrlﬁé% thert g&tty@eétﬁmg?'e%g%gﬁﬁr?dggﬁagcoﬁgm e
i nsul ating (e subkirdie) withy ar base ctubstraten Iprisviesinded that ide@mark Ukt ng

e o o oot FhEIC S b BLA bR P APAETRULE BRSNS o e
ﬁPg'h' teg to the wafrgfs éhRAGhdEsd Allewséducing Dibat theanieoface. betyveand l@yeonpri se
nperature treatnments which woul d degrade the val ues of d gﬁ;ai ned
{1 ough t he_ e GRSUDSRlS ML 2 doerl e S ALTE el ot 1 P
requiri nbéa é%g%“l\llv% ?éj’ahbéaa\cliﬁ%{ﬁ?g%m lhg?lggggé?#g%!@e%¥ﬂ§b%%? F)m»hde
the buried insulating layer of the SOIl-type wafer.

But Dit is a parameter which is temperature-sensitive, and the
subsequent treatments which would then be applied to the wafer (bonding,
transfer, stabilization, ...) would comprise high temperature treatments

15  which would degrade the values of Dit obtained through the early FGA.

Thus, there is a need for a method which allows reducing the Dit and
its variability in a multilayer wafer, without requiring a significant additional
processing time of the wafer.

The goal of the invention is to fulfil this need.

20 In order to reach this goal, the invention proposes a method for
reducing the trap density at an interface between an active layer of a
multilayer semiconductor wafer and an insulating layer buried within said
multilayer wafer under said active layer, said method comprising carrying
out in a controlled atmosphere a high temperature thermal treatment to said

25  multilayer wafer,

said thermal treatment comprising an oxidation phase carried out in a
controlled atmosphere comprising at least an oxidizing species at an
oxidation temperature, and resulting in a capping of the surface of said

30 wafer with a capping oxide layer,
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- said control of the controlled atmosphere as an atmosphere
comprising in a generally neutral atmosphere at least a species whose ions
can migrate into the depth of said wafer down to said interface where
reduction of the trap density is desired is carried out immediately after said

15 oxidation phase,

- said control of the controlled atmosphere as an atmosphere
comprising in a generally neutral atmosphere at least a species whose ions
can migrate into the depth of said wafer down to said interface where
reduction of the trap density is desired is carried out as a high temperature

20 treatment applied to said multilayer wafer and no other high temperature
treatment is carried out afterwards on said multilayer wafer,

- said control of the controlled atmosphere as an atmosphere
comprising in a generally neutral atmosphere at least a species whose ions
can migrate into the depth of said wafer down to said interface where

25 reduction of the trap density is desired is carried out before said deoxidation
operation,

- said species which can migrate into the depth of said wafer is
hydrogen and/or helium,

- said species which can migrate into the depth of said wafer is

30 hydrogen,
- said final phase said controlled atmosphere is composed of at least

1% H, in a generally neutral atmosphere,
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out at a . - said thermal treatment further comprises after said oxidation phase a
stabilization phase comprising a thermal annealing carried out in a generally
neutral atmosphere and during which a bonded interface of said multilayer
wafer is stabilized,

- said thermal annealing of said stabilization phase is carried out at a

15 temperature substantially greater than said oxidation temperature,

- said thermal annealing of said stabilization phase is carried out at a
temperature between 950 and 1200°C,

- said thermal annealing of said stabilization phase is carried out at a
temperature of 1100°C,

20 - said thermal annealing of said stabilization phase is carried out at a
temperature substantially equal to said oxidation temperature,

- said control of the controlled atmosphere as an atmosphere
comprising in a generally neutral atmosphere at least a species whose ions
can migrate into the depth of said wafer down to said interface where

25 reduction of the trap density is desired is carried out during said stabilization
phase,

- said control of the controlled atmosphere as an atmosphere
comprising in a generally neutral atmosphere at least a species whose ions
can migrate into the depth of said wafer down to said interface where

30 reduction of the trap density is desired is carried out during a ramp-down

following said stabilization phase,
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deoxidation operation,
- said multilayer wafer has been obtained by a transfer method,
- said transfer method comprises implanting a donor substrate with at

least one species in order to create in said donor substrate an

15 embrittlement zone,
said transfer method is a Smart-Cut™ type method,

- said multilayer wafer is a SOl,

- the boat out temperature is 450°C,

the method is carried out on batches of multilayer w.
es while obtaining a substantially

afers, and the boat

20 out temperature can vary among the batch

constant value of the trap density for the wafers of all batches,

- for the batches, said boat-out temperatures can have the following

values : 450 — 600 — 750°C,
- the active layer of said multilayer semiconductor wafer is a Si layer,

25 - the active layer of said multilayer semiconductor wafer is a strained Si

layer.
BRIEF DESCRIPTION OF THE DRAWINGS

30 Other aspects, goals and advantages of the invention shall be

apparent in the following description, made in reference to the drawing on

which :
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10 out temperatures.

DESCRIPTION OF PREFERRED EMBODIMENTS

15 General aspects

The invention is carried out on the basis of a high temperature
thermal treatment for oxidizing the surface of a multilayer wafer made of
semiconductor materials of the SOl-type, such as e.g. a SOl This high

20 temperature treatment thus comprises an oxidation phase.

And this thermal treatment can (optionally) further comprise a
stabilization phase for stabilizing a bonded interface between two layers of
the multilayer wafer. This bonded interface can in particular result from the
bonding of two substrates in an earlier transfer method (e.g. a Smart-Cut™

25 type method — it is specified that a description of the general aspects of
such method can be found e.g. in “Silicon-On-Insulator technology :
Materials to VLSI, o edition, Jean-Pierre Colinge, Kluwer Academic
Publishers) for building the multilayer wafer.

In all cases, the invention is carried out as a “high temperature

30 treatment"'applied to the multilayer wafer. It is specified that in this
description “high temperature treatment” of a wafer refers to a thermal
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10 chemical treatment (e.g. HF etching, ...) and/or other types of treatments

(high temperature treatments being excluded for this deoxidation operation).

The multilayer wafer (which we will simply refer to as “the wafer”)
already comprises the layers that it will incorporate when it shall be finished.
This wafer has been obtained by any method known in the art.

15 ~ In particular, the wafer can have been obtained by a transfer method
— which implies the bonding of at least a layer from a donor (or “top”)
substrate onto a receiving (or “base”) substrate, thus creating a bonded
interface.

Such transfer method can in particular be a method implying

20 implanting a donor substrate with at least one species in order to create in
said donor substrate an embrittlement zone. Such method can be e.g. a
Smart-Cut™ type method.

The method according to the invention allows to reduce the trap
density at an interface between an active layer of the wafer and an

25 insulating layer buried within said multilayer wafer under said active layer.

The active layer is located in the surface region of the wafer. It can
be made of Si, or in other materials (such as SiGe, Ge, ...). The material of
this layer can be strained.

In this respect it is specified that the invention is not limited to

30 applications on wafers such as Silicon On Insulator wafers, but concerns
any kind of wafer comprising a thin active layer of material on a substrate

and for which electrical properties have to be optimized.
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is the case for a wafer such as a SO.

General aspects

For carrying out the high temperature thermal treatment, the wafer is
15 placed in an annealing chamber. The atmosphere in this chamber is
controlled — and as will be seen it is selectively controlled so as to respect
different specifications during different phases of the thermal treatment.
More precisely, in the case of the invention during the thermal
treatment and after the oxidation phase the controlled atmosphere is
20 controlled so as to comprise in a generally neutral atmosphere at least a
species whose ions can migrate into the depth of the wafer down to the
interface where reduction of the trap density is desired (interface between
the active layer and the buried insulating layer).
Practically speaking, the high temperature thermal treatment of the
25  invention which is carried out on the wafers comprise :
e A starting phase comprising :
> an entry step carried out at a boat in temperature (which is typically
between 450 and 750°C - e.g. 600°C, and which is typically the same
as the final boat out temperature), followed by
30 » a first ramp-up to increase the temperature from the boat in

temperature up to an oxidation temperature,
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carried out at a stabilization tenperature, I}

10 > At a stabilization temperature substan |aIIy equal to the oxidation

temperature (option 2),

> It is also possible that the thermal treatment comprises no
stabilization phase (option 3).
e A final phase comprising :

15 > a temperature ramp-down to bring temperature down o a boat out

temperature,

» an ending step carried out at a boat out temperature.

During the starting phase, the atmosphere is neutral (i.e. it is
compose of a neutral gas such as Ny or Ar).

20 The oxidation phase is typically carried out in a controlled
atmosphere containing an oxidizing species such as oxygen, at an oxidation
temperature between 800 and 1000°C (typically 950°C).

Such an oxidation phase generates a capping oxide layer of 1000 to
3000 angstroms (e.g. 2000 angstroms) on the surface of the wafer — and

25  the temperature and the duration of this phase is adapted as a function of
the thickness desired for the capping oxide.

The stabilization phase is typically carried out in a controlled
atmosphere which is neutral. However, as will be further exposed this
atmosphere can be controlled so as to contain a controlled proportion of a

30 species whose ions can migrate down to the interface at which reduction of

the trap density is desired.



> At a stabilization tenperature substantially greater that the oxidation
tenperature (option 1 - the respective options shall be further described
i n ref erewoeodemsticgur es la-1c) - and in this case the staljiBisbioasy phase
begins with a tenperature ranp-up fromthe oxidation tenperature up to a
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substantially equal to the oxidation tenperature (option 2), > 1t is also
possi ble that the thermal treatnent conprises no stabilization phase
(option 3). A final ph onprising : > a tenperature ranp-down to bring
t enperat ure down tg94 ! L nghe Pibndi ng step carried out at
a boat out tenperature. During the starting phase, the atnosphere is
neutral (i.e. it is conpose of a neutral gas such as N2 or Aré. The
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the trap densp%@pésﬁg{ég%gmlﬂg\g%%rg%msphere for reducing the Dt
10 The generally neutral atmosphere in which such species are injected

in a controlled proportion is typically composed of Ar and/or No.

Tests have been conducted with the injection in the controlled
atmosphere of the thermal treatment of H2 in an N, atmosphere — thus
forming a controlled atmosphere composed of 4 % H2 in N,. Such tests

15 have produced a significant reduction of the Dit at the interface between an
active Si layer and the buried oxide layer of a SOI (this aspect shall be
further commented in reference to figure 2).

This specific control of the atmosphere with a controlled proportion of

species such as He or H; injected into a generally neutral atmosphere is
20 carried out before the deoxidation operation. It could also be carried out
immediately after the oxidation phase.

And it is furthermore preferably carried out as the last high
temperature thermal treatment to be undergone by the wafer (since the Dit
for which reduction has been obtained would otherwise risk being degraded

25 by further high temperature treatments).

The controlled atmosphere such as described here-above shall

simply be referred to as “controlled atmosphere” in the remainder of this

text.

30



Some details are provided herebel ow concerning the control atnosphere with
speci es whose ions can mgrate down to the interface at which reduction of
t he trap wensidos2ics desired (whatever the option sel ect edTfiBzoos/esonyd ng out
the invention). Said species can be H and/or He. In a preferred enbodi nent,
said species is hydrogen. And the proportjon of e.g. hydrogen in the
general ly neutral atnosphere should be o\er 1% The general ly neutral

at nrosphere in which such species are injected in a controlled proportion is
typically conposed of Ar and/or N2. Tests have been conducted with the
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three options Three opt Lohs for treating nultilayer wafers - respectively
illustratldy according to the invention.

In this option, the oxidation phase is followed by a stabilization
phase, carried out at a temperature substantially greater that the oxidation
temperature.

More precisely, the stabilization temperature is between 950 and

15 1200°C - a typical value being 1100°C.

The stabilization phase aims at stabilizing a bonded interface, as
mentioned above. Such stabilization phase is known in the art as being
carried out in a purely neutral atmosphere.

In the case of this option of the invention, this stabilization phase is

20 associated to a specific control of the annealing atmosphere in the
annealing chamber, with the above mentioned injection of species such as
H. or He.

The controlled atmosphere is thus established :

e during the stabilization phase itself. In this case the controlled

25 injection is preferably performed only once the stabilization
temperature has been reached, and/or 7

e during the subsequent ramp-down. And if the controlled Hz

atmosphere is established only during the ramp-down (i.e. not during

the oxidation), the injection of species such as H, or He shall be

30 performed at the beginning of the ramp-down, when the temperature

is still in the domain of the “high temperatures” —i.e. above 950°C, in

order to have at least the beginning of the ramp-down under the
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are applicable to each of these options. Option 1 Figure la illustrates a
first optwonodems2marryi ng out the nmethod accordi ng to treTiiBMORDIRI. | N
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stabilization phas In this case the contralled injection is
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As for option 1 presented above, the stabilization phase is preferably
carried out immediately after the oxidation phase.

In this option the oxidation phase is carried out at a temperature of at
least 950°C — and it is also the case for the stabilization phase.

15 In this option, the beginning of the controlled injection of species
such as H, or He is preferably performed during the stabilization phase,
before the beginning of the ramp-down which follows it.

The controlled atmosphere can then be kept established during the
ramp-down (with a purge of the controlled atmosphere before the actual

20 end of the ramp-down in order to eliminate the species such as H; or He
and to be able to safely open the annealing chamber).

Option 3
25
This option is illustrated in figure 1c.
In this option there is no stabilization phase after the oxidation phase.
This option can be selected if it is only desired to reduce the
thickness of the wafer (the oxidation and the subsequent deoxidation
30 correspond to a sacrificial oxidation), and if no stabilization of a bonded

interface is sought.
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10 down, in order to have the controlled atmosphere produce its effects at

temperatures as high as possible.

Comment on all options

15 In all embodiments of the invention, it is important to expose the
wafer (which in all embodiments has its active layer covered by a capping
oxide layer resulting from the oxidation phase) to the controlled atmosphere
at temperatures which are in the range of “high temperatures” (i.e. at least
950°C).

20 The applicant has indeed observed that such exposure allowed to
reduce the Dit not only at the first interface encountered in the thickness of
a wafer such as a SOI (this first interface being the interface between the
capping oxide layer and the active layer it temporarily covers), but also at
the interface between the active layer and the underlying oxide layer of the

25  wafer.

This effect can be explained as follows :

o under “high temperatures” the species such as Hz or He of the controlied
atmosphere have enough energy to penetrate the thickness of the wafer
down to the desired interface, i.e. the interface between the active layer

30 and the underlying insulating layer,

o while without such specific exposure of the wafer the species would — as
in the known processes — not penetrate the thickness of the wafer
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Reduction of Dit and its variability

Figure 2 shows the reduction of Dit obtained by a treatment as

described above, on a SOl wafer obtained by a method based on the
15  Smart-Cut™ technology.

This figure shows the value of the Dit, measured on three groups of
identical wafers which have been processed under the same conditions (the
three groups corresponding respectively to “runt”, “run2” and “run3’),
except for the boat-out temperatures which were different for the three runs

20
¢ the boat out temperature was 450°C for the wafers of run1,
o the boat out temperature was 600°C for the wafers of run2,

the boat out temperature was 750°C for the wafers of run3.Figure 2

comprises two curves, each curve being defined by three point (a point for
25  each group or “run”) :
e an upper curve shows the Dit measured on wafers having undergone

a stabilizing treatment with a purely neutral atmosphere in its final

phase, as it is know. This treatment comprised a starting phase

followed by an oxidation phase at 950°C and a stabilizing phase at a

30 temperature of about 1100°C,
e a lower curve shows the Dit measured on wafers having undergone a
treatment which differed from the stabilizing treatment of the upper



t he capping oxide | ayer and the underlying active |ayer [

where the controlled atnosphere is estgbl igshed only éuri)thgdr:igpfggvv(r:\ase
f ol | owi ngwe 28dcalsedeszat i on phase or an oxi dati on phase, troe/BmosH@Uled

at mosphere must be established while the tenperature is still in the range
of high tenperatures (as defined in this text). Effect of the treatnent )
Reduction of Pit and its variability Fi gh?re 2 shows the reduction of Dt
obtained by a treatnent as descri bed above, on a SO wafer obtained by a
met hod based on the Smart-Cut(tn) technology. This figure shows the val ue

of the Dit, neasurgg I sl @i . ! !
processed under the Sg%gwggghgid?ﬁg@zt@ﬁéhfh{ eospll:%r\:algei%srqﬁﬂst@g ‘g!ibéhﬁeen
{gslog?;'t vely \t/vﬁ' " leallrh,zmgrnh@e 4o Heriprynpu TEEE&B?Sﬁwetsr‘i'gﬁba%a?‘- gl{}ﬁ ng
ur - di . e :
i s whi C%&f@h?h%‘i@g%ﬂﬁﬂhé Bﬁa&él‘,ﬁﬁ%|gt'jh1hféinperatlhESboat out

tenperature was 4 ers of run e boat out ten‘ger ture
758h

\tAﬁZ 60$0C fo][ thengé Bitmeasurennts have been safriedapdndbe samea ' or
waf ers of run Fi re 2 conpri ses two curves, each curve bei defi
by three poi nheMalses ﬁ?tlf‘le O ng%r oup or "run") : an upper curvggshgfmlsned

the Dit nmeasured opngaigers shaws agsigmfleanatesreass abihei Ri ' |

sh&) i Dit rgduetien abaRow
purely neutral atmosphere in its final phase, as it is kgow. Thi s treat Eeﬁt
conpri sed a sb@%di ng phase foll owed by an oxi dati on phase at 9500C and a

B.t ?b%gghpgdpgﬁsﬁaﬁtg#% %@\W%&%ﬁ{ gfg%gzééﬁétoﬂtﬂae%riabmty of@it. curve shows the

The invention allows a significant decrease of the Dit (e.g. at the

10 BOX/active layer interface of a SOI), and of its variability. And this is’
obtained without requiring any additional processing time, since the
stabilizing treatment is required for stabilizing the bonded interface between
layers of the wafer.

The invention therefore provides the advantages of FGA treatments,

15  without requiring additional time.

And it is to be noted that using an atmosphere with a species such as
hydrogen on a wafer which is covered by a capping oxide layer, in order to
decrease Dit, goes against the teachings of the prior art since it has been
demonstrated that carrying out a treatment such as a classical FGA on a

20  wafer covered by such a capping oxide layer (of 2000 angstroms, as it is the
case for the wafers having undergone the oxidation phase described above)

has no effect on Dit.

Specific _comment on the stability of the results vs. Boat-out

25 temperature

The results of figure 2 furthermore show another interesting aspect

resulting from the invention.
The three runs which correspond to the three groups illustrated on
30 this figure indeed correspond to three values of the boat out temperature

which are different, as mentioned above.



treatment which differed fromthe stabilizing treat

upper | B2005/ 000434 18 curve only by the cont ?ol of [nﬁgt a'?];mtsgﬁere I n
associ at iwo 200did8246he st abi | i zi ng phase (4% H2 in a neut palr/iBtoHs@hesr e such
as Ar during and/or imrediately after this phase, in high tenperatures)
The Dit measurenents have been carried oyt in the sanme manner for the
wafers of the two curves. This figure sh a significant decrease of the
Dit (reduction of about 50%. It also show a dramatic decrease of the
variability of Dit. The invention allows a significant decrease of the Dt

(e.g. at the BOX agid v&sUitaxev
aluek &3ff Bic mevérthel8s yemains stbstastialyr equdl
And this is obtai necjé wi thout requiring any additional processi ngrtl mel '
si nce the st dbrthezitnge OreidSsent is required for stabilizing the bonded

i nterface between
oTres 055‘5 19af Gdry adiantdyednisi rebubthessiaithe pnethodes t he
advant ages of FGAtrﬂg%t E) outryre uiring additional ti rrepmA it is

to be noted tisordingrto t&e mVemthemmamtt lowssgRIEYiRg ogif; the gqurﬁt,lapd/& a
waf er whi ch on a
goes aga: Cﬁsst | Qﬁgéﬂé@é@ ee aocgr? b%gf@PfjgerrJPB‘é(r%ﬁure' Wrﬂ%q{f‘é iy drcpensk Dit,

since as been denonst r at ed
tha}] carryi ngyput yAub’ SRDIEMichEN nas only redistetabuF@lsastablecdespiteotér ed by
such a cappi ng OXI e layer (of 2000 angstrom; as it is the case for the

waf ers havi ngvanahiityofithe heabutdamrsitfeke descri bed above) has
no effect
on Dit. Specific Cg[ﬁf‘?ﬂ&s @B}g%ure gmdésbyoaiéhémf wedstsuorsas_fmmtmad

ggﬁﬁ: ature Tgso\:ee according 1o the mventlorl: rvst/|’R1€ngsrtgnﬁahlor¥¥og ica ons Io Eheer (S)ét' ng
10  out temperature, and still obtain remarkably homogeneous values of the Dit
at the interface (active layer / buried insulating layer) of the processed
wafers whatever the batch.
And in this respect it is to be noted that the invention allows to have
low values of boat-out temperatures, without degrading the Dit at the
15 interface between the active layer and the underlying insulating layer of a
multilayer wafer.
This is an advantage since it has been observed on wafers which
were not treated according to the invention that lower valued of boat-out
temperatures were much more likely to generate an increased Dit at this

20 interface.
Additional comment on the wafers

As mentioned above, the invention is not limited to the treatment of
25 SOl wafers — even if such wafers correspond to an application of the
invention.
As an example, another particular application of the invention is the
treatment of wafers of the type “strained Silicon On Insulator” (sSOI).
sSOI wafers comprise a thin strained Si layer (having typically a
30 thickness between 100 and 600 angstroms), directly on a buried insulating

layer, a support layer being under said buried insulating layer.



resulting fromthe invention. The three runs which correspond to the three
groups illustrated on this figure indeed correspond to three val ues of the
boat out werrpermtisse which are different, as mentioned abouB20082@ad%/ 000434
19 The resulting values of Dit neverthel ess remains substantially equal for
the three groups. This corresponds to a wgry advantageous robustness of the
nmet hod according to the invention, since it allows carrying out the
invention with a significant freedomon the boat out tenperature, while
keepi ng the benefit of a value of Dit which is not only reduced but also
stabl e despite theé€ﬁ?‘i’%&)9ﬂh@yv‘?5¥ thip dhig %?S%ﬂttsthﬁéﬁ?é? [fves it 'Istgqné?r?'_ﬁus
possible to ph@??é§si9l%tféh6>‘é_dfi% i BFderstaCherfsrniranhiyANehpRPMUFe #@aRhEANY T O
the invention wth substantial nodifications of the boat out tenperature,
and still obtaueh as@estrbibizatiatoabe baeding interfaes. of the Dit at the interface
(active layer / buypj i i I far tever
the batch. And in H}:&gierr 2@%&%@@ Slﬂ? h iag\xg%}’b%tsﬁfé{ﬁgaq% ﬁgﬁﬁﬁg t%&%n |p\§r%ﬂa | ows
to have | o vehpping dxid®yerwin thenperfataliayer ofid 88QI rdeljlzyer wafehwhish  at
the interface between the agtive Layer and, the underlying insul atin ayer
of a nultil ayEPMREPE? . YRGS IS %H{Larg?vﬂeég@”@mc@ i1 %@égﬁgﬁo%s@r&idd on
waf ers whi ch wRugtngtlajéreat ed according to the invention that |ower val ued

of boat-out tenperatures were nuch nore likely to generate an increased Dit
at this interface. Spghi derasitiorceharsappiva axide RyPEFaN Re Made cohdy BbOvwe, the

invention is gab.ditight efet Qapfifigt 6XBERIEr 9 e.g. a layer of Si02 having a
10 thickness between 100 and 3000 angstroms.

And it is furthermore possible to form an extremely thin thermal oxide
layer (native oxide layer or only slightly thicker) on the strained layer before
depositing the thicker capping oxide layer.

Once the strained layer has been covered by a capping oxide layer, it

15 is protected from high temperatures and can undergo the method according

to the invention.



SO wafers - even if such wafers correspond to an application of the

i nvention. As an exanple, another particular application of the invention

i s the trwetnwnis24b wafers of the type "strained SilicorcnBiooswoassor”
(sSA). sSO wafers conprise a thin strained Si |layer (having typically a

t hi ckness between 100 and 600 angstrons),, directly on a buried insulating

| ayer, a support |ayer being under said %Lried i nsul ati ng | ayer. Because of
the very thin thickness of the strained layer, it is generally not possible
to oxidize it in order to performa high tenperature treatnment such as a
stabilization of a bonding interface. In order to build such a wafer, a
solution is therefore to first deposit a capping oxide |ayer on the surface
| ayer of a sSO nmultilayer wafer which conprises under this surface |ayer
(which is in éFAﬁthd Si) a buried insulating |ayer. Such deposition of a
cappi ng oxi de l'ayer can be nade e.g. by TEGS deposition. The cappi ng oxide
| ayer is e.g. a layer of Si2 having a thickness between 100 and 3000

angstrons.. And it _.is,f ] i ; f hhadgtiveher mal
oxigde Iayér ( aMQ}bogggéL&ﬁg{/@ T’r(m)e??%ﬁl @ér{;ﬁltﬁl%ﬁtﬁﬂtﬁ?g%?&%?ﬁe st.lr i ned

| ayer before depgyirtdfrgniuiiiayén sdraicoodpgtonyaben ard eayiesulating dayef dugiefai ned
| ayer has been caovered hy a cappin xide,la A diuh S t Einan hi gh
t enper at ures andvitum $& e%t'lﬁﬁ% r}g‘r’ffgf)du%dce({o%{dngd%t%ét l?&%ﬁn\%gﬁﬁgn. CLAI M5
1. Method for r iighd Bsrrwngpomeinsétcbnﬁbll@ha‘tmbepmereea trégweemperature: i ve
| ayer of a nultilayer sem conductor wafer and an insulating |ayer buried
within said nul theepaitragiment imsaif malfilRYSEWARS: | ayer, said met hod

conpri si ng%carryi ng out in a controlled atmosphere a high tenperature
thermal tratnent to said mul til ayer wafer,

said thermal treatment comprising an oxidation phase carried out in a
controlled atmosphere comprising at least an oxidizing species at an
oxidation temperature, and resulting in a capping of the surface of said
wafer with a capping oxide layer,

15
said method further comprising after said thermal treatment a

deoxidation operation to remove said capping oxide layer created during

said oxidation phase,

20 characterized in that during said thermal treatment and after said
oxidation phase said controlled atmosphere is controlled so as to
comprise in a generally neutral atmosphere at least a species whose
ions can migrate into the depth of said wafer down to said interface
where reduction of the trap density is desired.

25
2. Method according to the preceding claim characterized in that said
control of the controlled atmosphere as an atmosphere comprising in a
generally neutral atmosphere at least a species whose ions can migrate
into the depth of said wafer down to said interface where reduction of
30 the trap density is desired is carried out immediately after said oxidation

phase.



said thermal treatnment conprising an oxidation phase [ [

control | ed atnmosphere conprising at |east an ox!odi zi n;agg)lag?egu;t | gna

oxi dat i onwbenwasaisar e, and resulting in a capping of thecsuBfcasieoass sai d
wafer with a capping oxide layer, said nethod further conprising after said
thermal treatment a deoxidation operati to renove said cappi ng oxide

| ayer created during said oxidation phaggz, characterized in that during
said thermal treatnment and after said oxidation phase said controlled

at nosphere is controlled so as to conprise in a generally neutral

at nospher e at3 | aeghod smecdiag tthasy pressdingn clairgr aharactargednd thalt $2id: sai
waf er down to said interface re.re ' c&;ﬁ% ' said
desired. 2. Met ﬁ@ﬂtrﬁk‘éﬁm ?@t%l%gh%tn'bo%ﬁ\%héﬁ ?@cgcq gﬁ%%ﬁgct er |ﬁz§ei!r(]1g ?hnat hat

sai d control of goherdignidutial etmetpmerphutrieastss specibsweserions 6APIMIGTAE i n a

general |y neut at nosphere at | east ' ' ' [
R e e A
density i 5 desinedyia Gl 8 Buted BeAlial duf adfd Righasirpepatutatrbatmetiase. 34
: od ac i'ng"to any preceding claimcharacterized in that said
control of the cppliedhs sdidamutisayesvefasans natotbsphishdermasriues figajment

generally neutral atpospherge at |e | e ions can m :
the depth of sai'%iCﬁﬁi\egrg@(ﬂxf‘?wardse‘a&ig?@t@[r@?e%?\\/’\%gg%z reducti on (Tf g[ Eﬁteet Irgtjo
density is desired is carried out as a high tenperature treatnment applied
to said nultilayer wafer and no ot her higynte erahre d ] ' rried
out af t erwar d4. dviethaddaaerrdindaje raa PEFCEUNS I\?én%)'ﬂbc? ég%cééﬁ%ﬁgﬁgfnéaﬁa
preceding ¢l ai m charack @d £8Atrbiled BRthossHete as an atmosphere comprising in a
' generally neutral atmosphere at least a species whose ions can migrate

into the depth of said wafer down to said interface where reduction of

the trap density is desired is carried out before said deoxidation

operation.

15
5. Method according to any preceding claim characterized in that said

species which can migrate into the depth of said wafer is hydrogen

and/or helium.

20 6. Method according to the preceding claim characterized in that said

species which can migrate into the depth of said wafer is hydrogen.

7. Method according to the preceding claim characterized in that during
said final phase said controlled atmosphere is composed of at least 1%

25 H, in a generally neutral atmosphere.

8. Method according to the preceding claim characterized in that during
said final phase said controlled atmosphere is composed of 4 % Hz in a
generally neutral atmosphere.

30
9. Method according to any preceding claim characterized in that said

oxidizing species of said oxidation phase comprises oxygen.



control of the controlled atnosphere as an atnosphere conprising in a
general ly neutral atnosphere at |east a species whose ions can mgrate into
t he dept hwofwoesaischesaf er down to said interface where reguctBzos/efosssne trap
density is desired is carried out before said deoxidation operation. 5.

Met hod according to any preceding claimeRaracterized in that said species
which can mgrate into the depth of said wafer is hydrogen and/or helium

6. Method according to the preceding claimcharacterized in that said
species which can mgrate into the depth of said wafer is hydrogen. 7.

Met hod according to the preceding claimcharacterized in that during said

final phase sqpdvuéotr atéadingt e beedetling pisedhafacirizeenat that Haid n a
general ly neutral atnosphere. 8 . Method according to the preceding claim
charact eri zed i rPXdadiondgmpsgatsEs i ’??W&Ie”rﬁpgs%n%épgoégnt rol | ed atnosphere is
conposed of 4 % H2 in a generally neutral atnosphere. 9. Method according
to any preceding claimcharacterized in that said oxidizing species of said

oxi dat i on Pphat#. Metinpdi aesordinggtenthied pregadingl caicochanagterizegnin hat cdiutingg

clai mcharacteriz LNt j i WoR tenperature is between 800 and
10000C. 11. Met hcﬁ??cg%@?h&ﬁ&erﬁgé%ﬁ@?édg?é@d‘?hg cl ai m characterized in that
during said oxidation tenperature is 9500C. 12. Method according to any
precedi ng claimcharacterized in that said oxidatipn t erature is . .
sel ected so a32t'\§e§*@ e?ﬁ‘%‘@éﬁ‘gcécbrﬂWg pfﬁ&@ﬁ’ér_'g ARIM ﬁgérq?gen& ; i"?:Qﬁ%{s_§alﬁjet ween
1000 and 3000 anggddtRme tendperallifeNRIs@6E6RIIEH s B (gepePitBCs Lapping dixiBle

characterized in that during said oxidation tenperature is selected so as

to generat®e a cdpysripving aéhickyess betweey B0k 3e4Q apgstrOmS. angst r ons.

13.Method according to the preceding claim characterized in that during
said oxidation temperature is selected so as to generate a capping oxide
layer having a thickness of 2000 angstroms.

15

14.Method according to any preceding claim characterized in that said
thermal treatment further comprises after said oxidation phase a
stabilization phase comprising a thermal annealing carried out in a
generally neutral atmosphere and during which a bonded interface of

20 said multilayer wafer is stabilized.

15.Method according to the preceding claim characterized in that said
thermal annealing of said stabilization phase is carried out at a
temperature substantially greater than said oxidation temperature.
25
16.Method according to the preceding claim characterized in that said
thermal annealing of said stabilization phase is carried out at a
temperature between 950 and 1200°C.

30 17.Method according to the preceding claim characterized in that said
thermal annealing of said stabilization phase is carried out at a

temperature of 1100°C.



14. Method according to any preceding claimcharacterized in that said
thermal treatnent further conprises after said oxidation phase a

st abi | i zavoaonogaisage conpri sing a thermal anneal i ng carr iped/IB2UD5/D0V43Y
general ly neutral atnosphere and during which a bonded interface of said
mul tilayer wafer is stabilized. 15.N®thog according to the preceding claim
characterized in that said thermal annea ﬂng of said stabilization phase is
carried out at a tenperature substantially greater than said oxidation
tenperature. 16. Method according to the preceding claimcharacterized in
that said thermal annealing of said stabilization phase is carried out at a
t enper at ure between 950

and, 1200C.  17. Met hod accordi.ng in
cl ai m char act@-i%ﬂoﬂnaﬁ?@g'%itﬁl clmngh m&%‘ﬁ?ﬂﬁecgflnséﬁag %?@Dﬁf‘?@ﬁ%l og
phase is carried qubid) J $0dPREBIIAROPphEEE0E. ddrieliboitodt ac tampenagureo
claim 14 characterized in that said thermal annealing of said stabilization

phase is carri edubstantiallpegealiersaid peidation {eRPERAYRE- equal to sai d oxi dation
tenperature. 19. Method according to any of the clains 14-18 characterized
in that sald control of the controlled at nosphere as an at nosphere

conpri si ng i n19. \gethedaddeprdiagtto anyachteptiaimas 44-1& sbaragteyized Bsthahs3€ i ons
can mgrate into the depth of sai d wafer down id i ;
reducti on of th@OPF"QbOEBPf‘sP??tr?lge(ﬂ@gqurg ac,saérﬁ)iai@bg%é%ﬁﬁrﬁ ﬁsslﬁggﬁ%

stabilization p ral%ﬁnemmﬁho%Fﬁ@fedémaspa@mzcve& whesecioas raanlmigtste
characterized it that 'said contro

_ of the contro|l ed atnmpspher S an
at nospher e conprintsi the depth gesridavalerdann & Séﬂrﬁgf)ﬁ%‘feeg"g‘le?? éﬁg‘f&%Qns?)feci es
Where rediibt; on BF (T 18RS PE I ot R g e B

ranp-down follow ng said stabilization phase.

20.Method according to any of the claims 14-18 characterized in that said

control of the controlled atmosphere as an atmosphere comprising in a

generally neutral atmosphere at least a species whose ions can migrate

15 into the depth of said wafer down to said interface where reduction of

the trap density is desired is carried out during a ramp-down following

said stabilization phase.

21.Method according to the preceding claim characterized in that said
20 ramp-down ends with a boat-out temperature and no other high
temperature treatment is carried out on said multilayer wafer before said

deoxidation operation.

22.Method according to any of claims 1-13 characterized in that said control
25 of the controlled atmosphere as an atmosphere comprising in a
generally neutral atmosphere at least a species whose ions can migrate
into the depth of said wafer down to said interface where reduction of
the trap density is desired is carried out during a ramp-down following
said oxidation phase.
30
23 Method according to the preceding claim characterized in that said
ramp-down ends with a boat-out temperature and no other high



2 1. Method according to the preceding claimcharacterized in that said
ranp- down ends with a boat-out tenperature and no ot her high tenperature

t r eat nentwooeaseiced out on said nultilayer wafer beforecsaBzhosiemsssdat i on
operation. 22. Method according to any of clains 1-13 characterized in that
said control of the controlled at rmspherg as an atnosphere conprising ina
general ly neutral atnosphere at |east a ?)eci es whose ions can mgrate into
the depth of said wafer down to said interface where reduction of the trap
density is desired is carried out during a ranp-down follow ng said

oxi dati on phase ter@Beratbtehineatatardiisicagiedoouttnn paid Jedlitilyer wafen Refaresaidr i zed
in that said rar@- down ends V{A'th a boat-out tenperature and no ot her

hi ght enper at ur e PXIGHAR PP i ed out on said mul til ayer wafer before
sai d deoxi dation operation. 24. Method according to any of the preceding

clainms characterized in that said nultilayer wafer .has been abtain by a
transfer met hdd.Methodnagoesdinadeam ahthe W@F@%%&[@d’?‘ﬁgﬂ@r% 'Eﬂirjggﬁ%tri zed

(0 that sad trank] fudiEidifhieP RS beeh dotihaabytransiengiethedst rate with at

| east one speci €s 1 r to create 1n sald donor substrate an
enbrittl ement zone. 26. Method according to the preceding claim

characterized_pn.,that, said transf t j S - f; hod.
27. Met hod acglé;M?Wﬁdt 80%9{9'% tq ﬁgépg%gggﬁgg%gﬁi @&Eﬁ?gérﬁ azc(:ettdg)rr} ztggleisﬁﬁft hat
said nultilayer tyHstsr retlodBGomptResMeipiantiray @oddnor stibsteate with tateleast

precedi ng clains characterized in that the boat out K tenperat " 0C.
29. Method accorQflengPe@es iy ObstertiALreaigcinfald aongr sibELa i%eﬁiﬂ?ﬂéﬁmgg ches

of nmulti Iﬁyer waffles characterized in that the boat out tenperature can

26.Method according to the preceding claim characterized in that said

transfer method is a Smart-Cut™ type method.

15 27.Method according to any of the preceding claims characterized in that

said multilayer wafer is a SOL.

28.Method according to any of the preceding claims characterized in that

the boat out temperature is 450°C.

20
29.Method according to any of the preceding claims carried out on batches
of multilayer wafers characterized in that the boat out temperature can
vary among the batches while obtaining a substantially constant value of
the trap density for the wafers of all batches. |
25

- 30. Method according to the preceding claim characterized in that said boat-
out temperatures can have the following values : 450 — §00 - 750°C.

31.Method according to any preceding claim characterized in that the active

30 layer of said multilayer semiconductor wafer is a Si layer.



vary anong the batches while obtaining a substantially constant val ue of
the trap density for the wafers of all batches. 30. Method according to the
pr ecedi ngwol2ademsedsar act eri zed in that said boatout tenpecatBrwso@asy have
the follow ng values : 450 - 600 - 7500C. 3 1. Method according to any
precedi ng claimcharacterized in that thg active layer of said nmultilayer
sem conductor wafer is a Si |ayer.32. M @lod according to the preceding
claimcharacterized in that the active layer of said multilayer
sem conductor wafer is a strained Si |ayer. o )

32. Method according to the preceding claim characterized in that the active

layer of said multilayer semiconductor wafer is a strained Si layer.



