-1 METHOD OF DETACHI NG SEM - CONDUCTOR LAYERS AT LOW TEMPERATURE DESCRI PTI ON
TECHNI CAL FI ELD AND PRI OR ART The invention relates to the production of 5
Sem - Cond sul ator (SeOl) substrates, nore spegifi OX
(Utra Thﬂﬁbggpﬁ%%&?xide) type substrates. %g&@%%@gﬁ?ﬁgﬁ
structures may be obtained after transfer_of a sem -conductor |ayer froma
donor 10 substrate to a receiver substrat®. The transfer may in particul ar
be obtained by a Smart Cutmtype nmethod or instead by bondi ng techni ques
fol |l owed by thinning. The Smart Cut nethod conprises, anong
others, the assemmyridb ¥ SdxniRe) ¢rig-ebnpudedRr LAPERYDRFrEGR W th a
recei ver substrate, the donor substrate conprising a weakened zone in its

t hi ckness, an insulating |ayer bei ngTEMRERMFURE t he surface of one of the
two substrates (or both) before their being placed in contact. The weakened
zone is formed by 20 introduction of alaom /or ionic species wthin the
donor substrate. For a nore detailed description of this type
of inplantation nethod, reference nay be nade to the work "Silicon on

i nsul ator techWBCBYYCALEFEELD|AND PRIOR/IAHT , second edition, Jean-Pierre

CCOLI NGE. In general t he nol ecul ar bondi ng between the two
substrates or their surfa S, be obtai ned aft reparatiaqn_of the
surfaces giving themeithe % %ﬁ?ﬁﬁﬁQ|Ee ?t%@dﬁ8p%8%'épcﬁ§}§f&é? of

5 Semi-Conductor on Insulator (Se0I) substrates, more
specifically UTBROX (Ultra Thin Buried Oxide) type
substrates.

Such S5e0I structures may be obtained after
transfer of a semi-conductor layer from a donor

10 substrate to a receiver substrate. The transfer may in
particular be c¢btained by a Smart Cut™ type method oxr
instead by bonding techniques followed by thinning.

The Smart Cut method comprises, among
others, the assembly by molecular bonding of a donor

15 substrate with a receiver substrate, the donor
substrate comprising a weakened zone in its thickness,
an insulating laver being present at the surface of one
of the two substrates (or both) before their being
placed 1in contact. The weakened zone 1s formed by

20 introduction of atomic and/cr ionic species within the
donor substrate.

For a more detailed description of <this
type of implantation method, reference may be made to
the work “Silicon on insulator technology: materials to

25 VLS81", second edition, Jean-Pierre COLINGE.

In general, the molecular bonding between
the two substrates or their surfaces may be obtained
after a preparation of the surfaces giving them either

a hydrophilic or hydrophobic character.



2 The use of heat treatnents to transfer a sem -conductor
| ayer to the receiver substrate or further reinforce the direct bondi ng may

lead to, f i n nunber of bonded structures, the of 5
defects agﬁ@a@m@%ﬁ% ng interface, or even at the surfacgegﬁﬁgﬁ%&%ggnsferred
| ayer. These defects are due to the degassing of by-products fromthe

nol ecul ar bondi ng reaction: for exanple ol ecul es of water, hydrogen or

hydr ocarbons. 10For a certain nunber of bonded structures, it is known that
t hese defects nmay be resorbed by heat treatnents carried out at very high

tenperatures. These tenpergluregs. ag oL exanmplbebatween 900C and.1300C and

depend on the preparation of the surfaces before 15 bonding. Unfortunately,
for other bondegnsteurduntes; tlawewsolua i dmeamsteiberendwafadteTher
limtation of hett hi cknegg o&‘ ﬁgeededone t hebosnu ifnac%aof 1 %% §%bstfroq:t es to be
assenbled or t lérp}?%%e%%le F- S ettt et el s 52 0 nstéad Yhe pr &sence
of conponent igepneiwf ntiie200assentikad ssuhstuates, thacidppatresckhe £

appear ance of defects at the bonding interface, which cannot be resorbed

later. This is98feett hettcaddSof POPHECur 8T66RAER wi Ph thEESnett EBE | ayer

transfer methogy, ficahh£h e filind A generalar  ransferdat ot o sRport 25
substrate by detaching, at relatively | ow tenperature (around 500 to 600C),

a part of a dohor BSubstegpesanda Weakensrybirses from the mglpgqudércase of
of onm heat e EEE Ferfee G Lo LR, (It SP L AR Dot ween
600C and 800C hyeadgdmw dherfdxramtdiams.3 of bondi ng defects in the form of
blisters A filmfree zongso. Thegg de{ects aQnot tge e! i m nat ecqﬁt?/ heat
treatmentslat higher tenpéer’dt Ut eSCELFIexEHBPES Phre G rﬁa:"iﬂ el isters
is favoured byithest hhppgsSshat these defects may be resorbed by heat
treatments carried out at very high temperatures. These
temperatures are for example between 900°C and 1300°C
and depend on the preparation of the surfaces before
15 bonding. Unfortunately, for other bonded structures,
this sgolution cannot be envisaged. The limitation of
the thickness of oxide on the surface of the substrates
to be assembled or the presence of different materizls,
or instead the presence of compenent in one of the
20 assembled substrates, facilitates the appearance of
defects at the bonding interface, which cannot be
resorbed later. This 1is also the case o¢f structures
bonded with the S8Smart Cut layer transfer method, in
which a film is generally transferred onto a support
25 substrate by detaching, at relatively low temperature
(around 500° te¢ 600°C), a part of a doncr substrate at
a weakened zone,
In the case of semi-conductor layers (of
thickness less than ten or so um or several tTens of
30 nm), heat treatments, at temperatures belcw 1000°C, for

example between 600°C and 800°C, lead to the formation



5 the layers. These defects render the structures produced unusable. At
present, this phenonenon |limts the production of structures of thin
(thickness I ess than 50 nn) or even ultra-thin (structures known as UTBOX)
oxi de fil W60 200¥%8 at the bonding interface. 10 The saReT/EPWORGH318s posed
for Si layers directly bonded onto Si wafers, thereby form ng DSB (D rect
Silicon Bonding) type structures. A nethad for produci ngsuch UTBOX
structures is known from docunent U52005/00118789. The 15 net hod consi sts
in formng on at |east the surface of one of the two substrates a
relatively thick oxide Igﬁe@qi npl anti ng a substrate known as_a "donor"

substrate in o?deroRe G Yerdl Fie vieitedd DAoife S50 Rd g & ko

substrates, dejaeding BhSRM weRANGE ObadHotayss fo&omihia dongyy sulskrate to
t he second substrate known as "receiver" substrate and applying a heat

treat ment. Thet¥eaanetient atr eitlgbet | Senppritvdreén Feder xemdduce thige

(1 chress of saburie oue layaand s et sbn i VPSS

structure. 25However, reat nent for ng the "oxi
t hi ckness &as deseri begern.doCeert USHH5/00148788 r egukr estivuetapplsi cati on

of high tenperatures (of around 1200C) for several hours, and thus
hecosel t at oo SHELITGRS SHAUEORIFy BRIERRIAN, A PLBCRIPRPERACE TELFRVENTI ON

The ai mof thechaverbugbtisnt @ OVEr cOBBuLLS aboueienttanedndsawhagks of
the prior art and, nore specifically, to find a nmethod for producing: 5- a

UTBOX type striuedur 0 c®pr PEi rifein PASUPaERAR | &S ckness Pér
At Comee o PR, OINED SR, bprisd, ar, g ChafeP, RS kR ure

10 The same problem is posed for Si layers directly bonded
conto 8Si wafers, thereby forming DSB (Direct Silicon
Bonding) type structures.

A method for producing such UTBOX
structures is known from document USZ005/00118789. The

15 method consists in forming on at least the suxrface of
one of the two substrates a relatively thick oxide
layer, dimplanting a substrate known as a “donor”
substrate in c¢rder to create therein a weakened zone,
bonding the two substrates, detaching a semi-conductor

20 layer from the donor substrate to the second substrate
known as ‘“receiver” substrate and applying a heat
treatment. The final heat treatment is applied in order
to reduce the thickness of the buried oxide layer and
thereby obtain a UTBOX type structure.

25 However, the final heat treatment for
reducing the oxide thickness as described in document
Us2005/00118782 recuires the application of Thigh
temperatures (of around 1200°C) fcr several hours, and

thus necessitates specific and costly equipment.



10 to a receiver substrate, in which there is no insulating | ayer between
the two assenbl ed substrates. To this end, the invention

rel at es tgvgggg}%kﬁqg,lfor produci ng UTBOX or DSB type strpﬁ)g%@?%%ag&;i si ng:

15- a) th y of a substrate, known as "donor"subs

substrate, known as "receiver" substrate, b) a first heat
treatnent for reinforcing the assenbly bet ween the two substrates, at
tenperature 20 bel ow 400C, carried out during the assenbly and/or after
assenbly, to reinforce said assenbly, c) a second heat

treatment at tgEBERPdPFEN 0 veIP AFENTIONEXPOSUre tine bet ween 400C and
900C being less than 5 mnutes or 1 mnute or 30 seconds. 25 The

application of the second heat treatment may conprise the application of a
t enperat ure increase ranp,Teheigvafagdra aitre st mi dif Bt &Y 90eCtagd 900C

s greater thag, 00 genBughed TRLAGAARY COMPAESG,A NI A ngugl 30, Lhe

donor substrate, so as to only ave on the receiver rate’a thin film

of material ofspéeifdomrly 5 tsubSitrdtae ndthedsEoengrhdatihgeat nent bei ng

carried Ou% after thinninQ:a UTIBCX type structure, comprising an
insulating layer of thickness for example less than 25
nm or 50 nm,

- or a DSB type structure, which comprises
a layer of material transferred from a donor substrate

10 to a receiver substirate, in which there 1is no
insulating layer between the two assembled substrates.

To this end, the invention relates to a
method for producing UTBOX or DSB type structures
comprising:

15 — a) the assembly of a substrate, known as
“donor” substrate, with a substrate, known as
“receiver’” substrate,

by a first heat treatment for reinforcing
the assembly between the two substrates, at temperature

20 below 400°C, carried o¢ut during the assembly and/or
after assembly, to reinforce saild assembly,

c) a second heat treatment at temperature
above 900°C, the exposure time between 400°C and 9200°C
being less tThan 5 minutes or 1 minute or 30 seconds.

25 The application of the second heat
treatment may comprise the application of a temperature
increase ramp, the average rate of which between 400°C
and 900°C is greater than 10°C/s.

Such a method may comprise a thinning of

30 the donor substrate, s¢ as to only leave on the

receiver substrate a thin film of material of the donor



This may be carried out by nechanical, or nmechanical -chem cal nethod,
applied to the donor 5 substrate. It may al so be carried out
by fracture of the donor substrate, for exanple by a heat treatnent at a

t enper at UM WIVBAMAWO0C. The assenbly may be preceded byPGI'EBWPQHESEt ment

step for pre-weakening the donor 10substrate. The first heat
treatnment for reinforcing the assenbly artd the fracture heat treatnent may
be conbined in a sanme heat treatnent step. The fracture

heat treatnment nmay be applied 15 for a tinme between 30 minutes and 15 h
and/or less than 5 h or between 1 h and 3 h. , Preferably, the
tenper at ure i SYHTER R el 57T oWRT Y after Fﬁ%aﬁﬁ?%Ehﬁ%ﬁ?goFaFﬁéePa98¥ from
t he donor subsifwat.e Qntm e receiver substrate, in order 20 to limt the
heat budget or thermal budget applied to the final structure.

The fracture may be carri &hisutndly pearsraficd wadkenedneehaniefthedorn t he

donor Subst 1 ate, 01 £.aIHIce 0l hend yipgy C eaLed by | ) antat i onogb.at om ¢

25 and/or ionic species or by co-inplantation atomc and/or ionic
speci es. The isgdsmaatd.on may be a hydrogen/ helium co-inpl antation.

The doses of hydrogen and _helium be between 0.5 x 10 l6at/cnR and 2 x
1016 at/cme. 6 1R Thar B A et S dte PRIChELF oot ¢ han

or equal to 6 thelUddhant /Surst it hetmpen il At nand 4xbAteeat/ a2, Only
one of the two substrates (for exanple 5 the donor substrate) or both

substrat es may? coiRe e we iksAvatd Hy J-ayldre GSSHidRngsy Pes®TerRgAes0 nm
for exanple alayer fafaSiiiLoman d§té§i%>r BRALQL 18 i P 1t odS
(Si2N4), and/or silicon oxynitride (SIXO/Nz).

10 substrate.

The first heat <tfreatment for reinforcing
the assembly and the fracture heat treatment may be
combined in a same heat treatment step.

The fracture heat treatment may be applied

15 for a time between 30 minutes and 15 h and/or less than
5 h or between 1 h and 3 h.

Preferably, the temperature is immediately
lowered after the detachment of the layer from the
donor substrate onto the receiver substrate, in order

20 to limit the heat budget or thermal budget applied to
the final structure.

The fracture may be carried out by means of
a weakened zone formed in the donor substrate, for
example of the type created by implantation of atomic

25 and/or ionic species or by co-implantation of atomic
and/or ionic species. The implantation may be a
hydrogen/helium co-implantation.

The doses of hydrogen and helium may be

between 0.5 x 10Y%zt/cm® and 2 x 10%° at/cm?.



The thickness of the insulating | ayer 10 between the two substrates may be
|l ess than 15 nm for exanple if the fracture of the donor substrate, to

obtain th%%lﬁmg{‘]% is carried out at a tenperature be{){?WEﬂ%%%ﬂ@% is
y De

t hi ckness ess than 5 nm for exanple if the fracture o e donor
substrate is 15 carried out by a heat treatnent at a tenperature bel ow
250C. In an alternative, thé thin film which results fromthe
thinning, is in direct contact with the receiver substrate: there is then
no insulating 20 | ayer on one and/or the other of the surfaces to be

assenbl ed. A DSB type sStruglur ot g1t hefh fHimdioPY adkkeChagOonidact 0k the
materi al of one of the two substrates with the naterial of the other

substrate. Thethionoer sedsrkate fray BE T criven’s r om &e2emnt &0 4l athwden
anong silicon, _sjlj consw.t urface crystalline orientation (1, 0, 0) or
(2, 1, 0) or (E?LI,%1 f,xc‘@) , Vgs%%“?én car bi de, germanium and gal |l i um arseni de.
The receiver substrate maynflgr dnkes grartthede woorsmdstiraamsa (fateexaimpdrosen
anong silicon, quartz, 30glass. 7 BRI EF _DESCRI PTI ON OF DRAW NGS

Ot her char act e’?]i‘%t?l%%oﬁrﬁijc]:éﬁﬁfrﬁe&gé%r WGt 5FarBit SFBhIEHe 20

description thatsyddidpwiRgcrades Wi &defer niR@ tenhhe sppandedor
drawi ngs, which 5 represent, by way of indication and in no way |limting,
several possi bt¥amEpdsodi nfeRier apdl $hlideehoxide | g¥i@a |l ArsIdEare diidgeams

nitride (Si3Ns), and/or silicon oxynitride (Si,OyN:).
The thickness of +the insulating layer
10 between the two substrates may be less than 15 nm, for
example 1f the fracture o©f the donor substrate, to
obtain the thinning, is carried out at a temperature
below 400°C. This thickness may be less than 5 nm, for
example 1if the fracture of the donor substrate 1is
15 carried out'by a heat treatment at a temperature below
250°C.

In an alternative, the thin film, which
results from the thinning, 1is 1in direct contact with
the receiver substrate: there 1s then no insulating

20 layer on one and/or the other of the surfaces to be
assembled. A DSB type structure 1is then formed, by
direct contact of the material of one of the two
substrates with the material of the other substrate.

The doncr substrate may be formed from a

25 material chosen among silicon, silicon with surface
crystalline orientation (1, 0, 0) or (1, 1, 0) or (1,
1, 1), silicon carbide, germanium and gallium arsenide.

The receiver substrate may for its part be
formed from a material chcsen among silicen, quartz,

30 glass.



representing the successive steps of a first enbodi nent of a nethod
according to the invention, 10- figures2Ato2Daredi agrans representing the
successi ve steps of a second enbodi nent of a nethod according to the

i nvent i onWO 2010/049497 - figures3Ato3Daredi agr ans r epr BSERPHHOHHE
successive steps of a third enbodi nent 15 of a nmethod according to the
i nvention. | dentical, simlar or equivalent parts of the

different figures described hereafter bear the sane nunerical references so
as to make it easier to go fromone figure to the next. 20In order to nake
the figures easier to read, the different parts represented in the figures

are not necesSHIRE QESGRPTION: OF DRAWINGS oy pT| ON OF SPECI FI C EMBODI NENTS

A first non limting enbodi ment conplying 25 with the invention will be

descri bed bel ow. otherl NchiBakkteed Asdicd ephasS e wthingbsiiiate 1,
known as "donor" substrate, from which derives the sem -conductor |ayer of

the final strRIE EPPIFRAHoABPMsEBSt IRSETLPESRPr itd&S oRL 1k snaur PEce an
30insulating | ayer 3ynfhe agulathpo clausle | So6ONSLd L HLEings, which
5 represent, by way of indication and in no way limiting,
several possible embodiments and in which:

- figures 1a to 1E are diagrams
representing the successive steps of a first embodiment
of a method according to the invention,

10 - figqures 24 to 2D are diagrams
representing the successive steps of a second
embodiment of a method according to the invention,

- figures 3A to 3D are diagrams
representing the successive steps of a third embodiment

15 of a method according to the invention.

Identical, similar or equivalent parts of
the different figures described hereafter bear the same
numerical references s0 as to make it easier t¢ go from
one figure to the next.

20 In order to make the figures easier to
read, the different parts represented in the figures

are not necessarily tc the same scale.
DESCRIPTION OF SPECIFIC EMBODIMENTS

A first non limiting embodiment complying
25 with the invention will be described below.

In figure 1A is represented a substrate 1,
known as “donor” substrate, from which derives the
semi-conductor layer of the £final structure 5’. The
donor substrate 1 comprises on 1its surface an

30 insulating layer 3. The insulating layer is constituted



8 of a silicon oxide (3i02), and/or a silicon nitride (Si3N4), and/or a
silicon oxynitride (Six0yl1% . The thickness of this insulating |ayer is

| ess thanv@&zﬁgbﬁf@?‘r’ nmor 50 nm nore specifically be{!ﬁ‘f‘?/ﬁpzoﬁw&q g215 nm
[

General | y speaking, the donor substrate 1 nay be fornmed froma nateri al
chosen anong silicon, silicon with surface crystalline orientation (1, O,
0), or (1, 1, 0, or (1, 1, 1), silicon dar bi de, germani um 10 and gal |l i um
arseni de. The receiver substrate 2 may be forned froma naterial chosen
anong silicon, quartz, glass. Either may have el ectroni c conponents.

The i nsul atingot ayers 31 i oslesiidRed(sfohhe phEBeAT Lasel dbod Neisyiface of
the donor substrate 1, 15 but may very well be fornmed at the surface of the
recei ver subst f&tdla2, or ap@éerad? onsiheceur farwast tofidsot h(SuBgisat edheso t hat

t he total thiclflpf .Qn 2_SU f..t t i tLpg. .l ayers
has a thickness %&J%ﬂgﬁgzg}%g 38%5'11%1%1938%\ gaggrogesf o%éngéﬂéé@eggeﬁ@d zone
4 is then carroed2dunm tber ey el | mMorengspde Sermi-lgondattveen| dy/eend0 t o be
transferreg _on%g t he substrate 2 known as "receiver", as shown in figure

m c

1C. This s di®tor Iayer 10 may have a thickness |less than 1 ki m 25or

100 nmor 50 nm The weak@@@l_@régrlg dsbsal g exanpl eiciral 8e6sf LhdoOWINg a
step of inplantation of atom c and/or ionic species or instead by

co-inpl ant at i gFPOf P&t TRERRD t RECRt ohi BARRELBE IBHETspREPRS, SEHAsER for
exanpl e among 30, fygl agan, delidm &ty an anelo%.GheseR 13% g.functign of

or (1, 1, 0), or (1, 1, 1), silicon carbide, germanium

10 and gallium arsenide. The receiver substrate 2 may be
formed from a material chosen among silicon, dquartz,
glass. Either may have electronic components.

The insulating layver 3 is described in the
present case at the surface of the donor substrate 1,

15 but may wvery well be formed at the surface of the
receiver substrate 2 or instead on the surfaces of both
substrates, so that the total thickness formed by one
or the sum of the two insulating layers has a thickness
less than 25 or 50 nm.

20 A step of forming a weakened zone 4 is then
carried out, thereby delimiting the semi-conductor
layer 10 to be transferred onto the substrate 2 known
as ‘“receiver”, as shown in figure 1C. This semi~
conductor layer 10 may have a thickness less than 1 pum

25 or 100 nm or 50 nm.

The weakened zone 4 is for example obtained
following a step of implantation of atomic and/or ionic
species or instead by co-implantation of at least two
atomic and/or ionic species, chosen for example among

30 hydrogen, helium, at an energy chosen as a function of

the thickness to be transferred of the semi-conductor



the thickness to be transferred of the sem -conductor 9 |ayer 10 between
10 and 150 key and a total inplantation dose |ess than or equal to 6x1016
at/cnR2, nore particularly between 1 and 4x1016 at/cnR. According to the

i nvent i onWO 920488 Jerature 5 applied to obtain the fractCWERPRPQ6H#HEted to a
threshol d tenperature bel ow 400C. This heat treatnment step may if necessary
be conpleted by an input of additional emergy, for exanple mechanical, in
order to facilitate the fracture. It has been observed that this 10
relatively |l ow tenperature is beneficial to the quality of the bonding of

the layer transferred onto the receiver substrate, In a preferred nner,
the co-inpl ant'@%n wtnh RGEFBERN afd HEIG urri?@ c&FVi e®™Sut 3n HBF%EI dose

ranges around QuSsHILS i 246kl 61 £ 4 CERaANE 1% iR15%L0 16 1 0 ¢26L0LG2 He+/ cip.
These inplantation conditions may be adapted in order to be able to carry
out in the silmagen pantigulagdy beagesnaldendchibit’, 2/ EMOUt exposing t he

t t t t t 00C. I I Lb I ,
structure to a temperaturg.aloxe 400 (F0USyybhel 30POBRLDL Bkl RECESSArY

to increase the 20 doses OFéI Spécies to safisty condi tion.
I n an opti®nalapmneet , too Swiitacen prigpar afrantstep is chimitesld outoonat he

donor substrate 1 and/or on the receiver subsirate 2 for th ur pose of
their assenbl }%r‘ﬁ‘ﬁ%‘s"qﬁ etpewqqatﬁ’éfedg%%]rc?vbe%&ﬁe#'eaﬁﬁ.hﬁgt ﬁfcgfi‘%ﬁ‘ﬁngn
optional manneped h@agonor sithslyatre NMBY WWeiga < pPhe- weakamichg heat
treatment before being placed in contact with the receiver substrate. Thus,

the tenper at uradgplared tenBtstvai fAheSXaERtUr 8P il n be PEAEEB? whi ch
I's an advantage 30 {fQf; 4 hcf]hé Qyest LI ckpesses pok b%'ségvbaf%sw&higor

exanpl e, a pre-weakening heat treatnment at 250C for a 10 tine from 10

m nutes to010 twlatsivaigy Ineke drpepessirel 6 st peniefiicinhetbefper guadety
e P dfh 2 MRl ABL 8oL 2RO ST AL Bk v e
receiver substrate. In a preferred manner, the co-
implantation with hydrogen and helium is carried out in
normal dose ranges around 0.5x10*® to 2x10'® H"'/cm® and
15  0.5x10*® to 2x10'® He'/cm?. These implantation conditions
may be adapted in order to be able to carry out in the
silicon, at a later stage, a detachment, without
exposing the structure to a temperature above 400°C.
Thus, it is possible, if necessary, to increase the
20 doses of implanted species to satisfy this condition.
In an optional manner, a surface
preparation step is carried out on the donor substrate
1 and/or on the receiver substrate 2 for the purpose of
their assembly. This step will be described hereafter.
25 Also in an optional manner, the donor
substrate may undexrgo a pre-weakening heat treatment
before being placed in centact with the receiver
substrate. Thus, the temperature applled to obtain the
fracture may again be reduced, which 1s an advantage
30 for the lcwest thicknesses of buried insulator. For

example, a pre-weakening heat treatment at 250°C for a



5 Finally, the two substrates are placed in contact with each other, so as

to carry out a bonding by nol ecul ar adhesi on and thereby formthe structure

5 as repreeSifadssy figure 1D. Insulating layer 3 is beﬁgﬁggﬁg?ﬁgﬁﬂo

substrates 1 and 2. 10Before carrying out the fracture,

assi stance or bondi ng reinforcenent heat}ﬁreatnent may be carried out,

t enper at ure bel ow 400C. this way, the tw assenbl ed

at

substrates are never exposed to high tenperatures (above around 154000C).
Once the assenbly has been carried out, the structure 5 is subjected,

accordi ng to tiend nFeshi o0, nituttedead 10enbaey) , mh{ neressar ypoeerphet ed by

an input of nechanical energy, for the purpose of detaching the 20

seni - conduct ort® aye¥™if il (HRERITGISUbSIREESEY TRE d
treatment of thg pr o 0BG 1 QR il %%Plfoag%i%%%rﬁxm%%ﬁq@@r ghyre

for exanpl e between 250C an

bel ow 400C,

2ehRenthReat

preferentially between

280C and 350C.buhieedondimgtagsitdtiakceskest c25atrpeatinentmard tdws fracture

heat treat

nt may be COHEJ 1
Advant ageousl y, the detac Tent
mai nt ai ni ng t heorhiteperaith ecath act Baper abure lt@sscdhayn ot eguadbntianthe

s ] '
e a

maxi mum 30 detachnent tenperature. Thus, the detachnent as such may take

pl ace either atY a"pretetir ordiedt@udeydr FhgrePy 1orm the structure

10

15

20

25

30

as represented in figure 1D. Insulating layer 3 1is
between the two substrates 1 and 2.

Before carrying ocut the fracture, a bonding
assistance or bonding reinforcement heat treatment may
be carried cut, at a temperature below 400°C.

In this way, the two assembled substrates
are never exposed to high temperatures (above around
400°C) .

Once the assembly has been carried out, the
structure 5 1is subjected, according to the invention,
to & heat treatment, 1f necessary completed by an input
of mechanical energy, for the purpose of detaching the
semi-conductor layer 10 from the donor substrate 1. The
detachment heat treatment of the present invention is
applied at a maximum temperature below 400°C, for
example between 250°C and 400°C, and preferentially
between 280°C and 350°C. The bonding assistance heat
treatment and the fracture heat treatment may be
combined in a same heat treatment step.

Advantageously, the detachment comprises at
least one plateau of maintaining the temperature at a
temperature less than or equal to the maximum
detachment temperature. Thus, the detachment as such

may take place either at a plateau cor instead during =a

a



t enper at ur ei ncr easer anp, wi t hout nevert hel ess exceedi ng t he maxi num

t enperature of 400C The tinme of the application of the

maxi mum t enper at ur ei shet ween30 m nut esandl15 h, 5 preferentially for a tine
| ess t hanW® W10/497nst ead nore specifically for a tinme Hel/RR2EM/M04HS8and 3 h.
Finally, once the detachnment of the sem conductor |ayer 10 onto the

recei ver substrate 2 has been carried outl] in a preferred manner, the 10
tenperature is imediately lowered in order to limt the heat budget
applied to the final structure 5'. Wth a detachnent obtained

at low tenperature, it is thereby possible to limt the production but also
The di 1 us| on HEGRESTS, 18 AGHEATL | o€ ¥Rat cOULHBE f oI 4EPENESBond ng

interface and ddidsditigt Rnkhese i0ph FBkpeeRdhtE0ps, 40hotransferring a
sem -conductor |ayer 10 wi thout the |east nmacroscopi c bondi ng defect, or at

least with a reduced defedbPvittijpe THe ThaafPRi+eRELME BF ERBSTREITET20 very
high quality despidethe |owthickpess af the i %LEJC%Q ng layer 3s p,

Wth the chosen heat treatnen congltl onhs, for t he treat nment
tenperat ur® r enefexcnglieaw 14000 r waet hime dukisisg tinen as$sénrbl gr obndierdg a
fracture 25 of a weaken no fo%r.ratign of rmLecuI ar y]icljr ogen t hat

d ,
woul d | ead t o HE CPESTIGR20f ThoRdi Ag “ARFeRTE EBUDbI Bs2BI T dier g) i s
initiated. Fihadeed, dricesegid tBakchhenoricH ncid kbmiereation

of defects at the bonding stenms fromthe 30 reaction: 2H20Si -> 5i02H2 (1).
conductor Tayer 10 onto the receiver substrate 2 has
been carried out, in a preferred manner, the

10 temperature is immediately lowered in order to limit
the heat budget applied to the final structure 5.

With a detachment obtailned at low
temperature, 1t 1is thereby possible to 1limit the
production but also the diffusion of gases or

15 impurities that could be found at the bonding interface
and thus, with these optimal cornditions, of
transferring a semi-conductor layer 10 without the
least macroscopic bonding defect, or at least with a
reduced defectivity. The final structure 5’ thus has a

20 very high gquality despite the low thickness of the
insulating layer 3.

With the chosen heat treatment conditions,
for which the treatment temperature remains below
400°C, whether during the assembly or during a fracture

25 of & weakened zone, no formation of molecular hydrogen
that would lead to the creation of bonding defects
(bubbles, blisters) is initiated.

Indeed, it seems that the origin of the
creation of defects at the bonding stems from the

30 reaction:

2H,0 + Si -> 8$i0, + Hs {(1).



12 The first part of (1)expresses the chem cal reaction that takes place at
the interface: a thin filmof water (thickness around several atomc

| ayers), ween the two assenbl ed substrates ts with
the Si cohﬁ??@ﬁ@fﬁg;one at | east of the substrates (forggégﬁ%?%&ﬁgﬁit IS

directly exposed to these nol ecul es of ma?er as in the case of an

oxi de/silicon bonding, or instead after 47f fusi on of water t hrough a | ayer
of oxide in the case of an 10oxi de/ oxi de bondi ng). Thi s

oxi dation reaction (second part of (1)) rel eases hydrogen, which is trapped

in turn at the bonding intef acei-dh tpgreaseof th ckegxi-deset hi gnBydrogen
may be trapped in this layer. This is not 15 possible in the case of thin

oxide, as in t@eepiesknreaqiveon ibhat ahakesnséaoentFy thhe 18%€&83C6F Rydrogen
i's probably the,[gasqn . fog"bupble” (951%1?1'1é§§ S QQ@?%Q? %%‘;ggﬁg:fé

| not her wor ds, accor di ngt oone interpretation, the nolecules o
mai nly formed aty¢emper arappsdabeiec4f0Candtvbe agaseblisdr esitdiuesites

(hydrogen, _etc,) fromthe reactiaqn, ich takes place during.the bondi ng,
onl not T afned ] n’t ECPOER SRE8 T arh ORIt EhalPheEntron o
conpl ementary £@pi dubkeabpeat (fsrapplampdeafieridrast yieecdetachierdof the

sem -conductor |ayer 10 fromthe donor substrate 1 and renoval of the
remai nder of thPs Hdisr TobSEraEE. Fapidtereatfrent™ | $PCakERSto Heafla

treatment takipg; 41des BOSIINCLURA hG, @ 4 LMRRLALYAE ARQue JDPELETLR KerY
short tinme for attaining this tenpérature, of Is, or several
water through a 1layver of oxide in the case of an

10 oxide/oxide bonding).

This oxidation reaction (second part of
(1)) releases hydrogen, which is trapped in turn at the
bonding interface. In the case of thick oxide, this
hydrogen may be frapped in this layer. This is not

15 possible in the case of thin oxide, as in the present
invention, and conseguently the excess of hydrogen 1is
probably the reason for “bubble” or Y“olister” type
bonding defects.

In other words, according to one

20 interpretation, the molecules of H; are mainly formed
at temperatures above 400°C and the gaseous residues
{hydrogen, etc.) from the reaction, which takes place
during the bonding, remain trapped in the form of Si-H
bonds.

25 According to the invention, a complementary
rapid treatment is applied after fracture, detachment
of the semi-conductor layer 10 from the donor substrate
1 and removal of the remainder cof this donor substrate.
Rapid treatment is taken to mean a tLreatment taking the

30 structure to a temperature abeve 9200°C in a very short

time for attaining this temperature, of 1s, or several



13 seconds to several mnutes, for exanple 3 mnutes or 5 m nutes.
According to the invention, the exposure tinme of the assenbly is |imted to
within the tenperature range 4000 - 900C. It is in fact in this tenperature
5 range t WA20H%f ects |inked to the presence of bondPGHERELUINE present
at the bonding interface devel op. Above 900C, these residues (H H2, etc.)
di ffuse very quickly without being able 1® formthese defects, particularly
of blister type. 10For exanple, a very rapid tenperature increase ranp is
carried out, froman initial tenperature equal or close to roomtenperature
to a treatnent tenperature Jre ter. than or_equal to lied in

900C. . A
Lo e et i A LS S D T Rt o s it PR PR,

obtai ned in ovensmte W&o AAiAd Rapi ehd hernoehe fomeat g8 ) expssdisctoped in
FR2845202, or instead in an epi taxg franme, for exanple an EpsilonTM type

nmodel of the ASM thapasyedPlynsi®eadlidlitedt GPaTMiiddel thd tREPABPLIES

Materials Co a_2Qppa y ;& sg, b t al ned;w 9P Fast
RTP" type ovrer%?d}y%gﬁw(%an a?togi gprgﬁpsl@o?l%og%gs) tﬂ(l) gg(l)% 'iS;-Qmﬁe 2e.ke

Such a heal treatgentthamy béeappgkifedtborlankedre fo orhiseveralseseeonds to
several m nut gs, [.n a neutr I S(Ar, %)ﬁ r oxidi ?}i ng, r duci ng éHZ?E or
et chi ng 25(H2 % gforreskléﬁﬁ SREL é%he?é?. &hén R f@ﬁ.ﬁg anResfiAg®and at
hi gh tenper at Weardlagp .t havpkiencppabcef fiegdsof re@itdclut ing tmw,,st abel ) sing
the bonding interface. Being particularly rapid, it does not allow the
mol ecul es or &5 zﬁ@y Jquickly without being able to form these
defects, particularly of blister type.
10 For example, a very rapid temperature
increase ramp is carried out, from an initial
temperature egqual or close to room temperature to a
treatment temperature greater than or egqual to 900°C. A
ramp applied in this case may attain a rate above
15 10°C/s or even 50°C/s. This may be obtained in ovens
known as RTA (Rapid Thermal Annealer), as disclosed in
FRZB845202, or instead in an epitaxy frame, for example
an Epsilon™ type model of the ASM Company ©r instead a
Centura™ mocdel of the Applied Materials Company. Such a
20 ramp may alsc be obtained with a “Spike Fast RTP" type
oven, which can attain ramps of 200°C/s to 300°C/s.

Such a heat treatment may be applied for a
time from several seconds to several minutes, in a
neutral (Ar, N} or oxidising, reducing (Hz) or etching

25 (H, + HC1l for example) atmosphere.

Such a rapid annealing and at high
temperature has the principal effect of contributing to
stabilising the bonding interface. Being particularly
rapid, it does not allow the molecules or atoms of gas

30 or impurities that are found at the bonding interface

to develop and to create defects at said interface (in



30 or inpurities that are found at the bonding interface to develop and to
create defects at said interface (in 14 particular, the reinforcenent of

t he bondiqgog&&ﬁ&hgpe t akes pl ace before the creation O£C

. pi@é;&@@ses has
the tinme to Ooccur or to have an adverse effect on the bonding)- I'nally, a
standard finishing enables the requisite_structure to be obtained.
According to an alternative, representedlﬂn figures 2A-2D, a thinning is
not carried out by fracture of the donor substrate al ong a weakened zone,
10 but by a chem cal and/or mechanical nmethod that may be carried out at

room t enper at U%&rtiéui&,_t hiiSe NPL | REGLSSREY: 1 95 CAREY 1OWK188 11MRlaREakI on in
s

t he donor sub

rate. Beginning with substrates 1, 2 of figures 15 2A and

2B, identical takehoskaed YeiprestiA arebtliRn af dbsawiblepuilescaesi édieout to

obiain 2 Struife suchas,Lhe S Luos S0e Alscaly erp

(figure 20). ons grven above for the

L neg) abgue

és 1, remai n

valid here. Agabmdimsul ating layer 3 is between 20 the two substrates 1 and
2. I nanoptional manner, asurf.ac reparatiogﬁstep_is arried ouie%n he donor
f

substrate ? and/or on thefr@@¢iver SuSSEP

gdo gt Surpos

ffei r

assenbly. Suchrggtieatdrentir-d deseld brd obehowea25 A bondi ng assistance or

bondi ng rei nforcenent heat treatnment nay be carried out,

at a tenperature

bel ow 400C. According te an alternative, represented in

figures 2A-2D, a thinning is not carried out by

fracture of the donor substrate along a weakened =zone,

10 but by a chemical and/or mechanical method that may be

carried out at room temperature. It

is thus not

necessary to carry out an implantaticn in the donor

substrate.

Beginning with substrates 1,

2 of figures

15 28 and 2B, identical to those of figures 1A and 1B, an

assembly is carried out to obtain a structure such as

the structure 5 as already explained above

(figure 2C).

The indications given above for the substrates 1, 2

remain valid here. Again insulating layer 3 is between

20 the two substrates 1 and 2.

In an optional manner,

a surface

preparaticn step is carried out on the donor substrate

1 and/or on the receiver substrate 2 for the purpose of

their assembly. Such a treatment is described below.

25 A bonding assistance

or bonding

reinforcement heat treatment may be carried out, at a

temperature below 400°C,

Once again, the two substrates assembled

are never exposed to high temperatures

30 400°cCy .

(above around



Once again, the two substrates assenbl ed are never exposed to high

t enper atures (above around 30400C) 15 Finally, a thinning of
t he donor substrate 1 is carried out, for exanple by mechani cal - chem cal
pol i shi ngWQRUNHMIAY and/ or chenical etching (TMAH or KCETRPYAHIEHSe of
silicon etching). The structure of 5 figure 2D is thus obtained, with a

| ayer 10 of material, derived fromthe dbohor substrate, which may have a
t hi ckness of several tens of mcrons, for exanple 20 microns, or |ess. As
in the first enbodinent, a rapid 10 conplenentary treatnment is applied
after thinning of the donaor, sﬂstrate . wWith the same effect as, above

2
(stabilisation of the bondiAgLi¥t et a8 2y Datt i ToF aPPYOF a8 SHERRSd t hat

does not allow the rlecWEscef, atrers &falisie Obyl MRWHEN1eS 1thakmakalf ound
15 at the bonding interface to develop and create defects at said

interface). Raptd et nefirindirakend/ormeaheal ¢rbativeRt ngaki HEE R her
structure to 3(36}?nPﬁr€hgr%a%vaoef 900G 44k B vek n@gpr’fhél BBrulfyudeSofOr

several secon to several mnutes, for exanple mnutes or 5 mnutes. 20
For exanpl &, afiMprne r it d tsenpenet urebtiaigcreease widimp ks daweired 16ut ofas has
al ready been expl ai .ned above. Fi nal | a standard finishing
enabl es, if ndt tses%]rzg%’ t‘ﬁ%mr‘é%ﬁlji §reg SPeudies t%‘y%%t%%eaﬁ n@&.lcqlnm?ﬁi s
second enbodi mepte the tsaeomeskeabrt reatseal ManL5 e applded,t o fbhe
assenbly before the thinning step. What ever the enbodi nent

envi saged, a prEPERE idh rftlfcéfﬂnr‘?eﬁtorofletsﬁe two substrates before assenbly
conprises for exanple a trpgatngnt iptended g to rendey;fdigi,r surfaceiq
hydrophilic and/or to clean the 30 surfaces of the substrates before
assenbl i n§0t herompl@nentary treatment is applied after thinning of
the donor substrate Z with the same effect as above
{(stabilisation of the bonding interface, by
particularly rapid method that does not allow the
molecules or atoms of gas or impurities that are found
15 at the bonding interface to develop and create defects
at said interface). Rapid treatment 1s taken to mean a
treatment taking the structure to a temperature above
%900°C in a very short time, of 1 s, cr several seconds,
to several minutes, for example 3 minutes or 5 minutes.
20 For example, a very rapid temperature increase ramp 15
carried cukt, as has already been explained above.
Finally, a standard finishing enables, if
necessary, the requisite structure to be obtained. In
this second embodiment, the second heat treatment may
25 be applied to the assembly before the thinning step.
Whatever the embodiment envisaged, a
preparation treatment o¢f the two substrates before
assembly comprises for example a treatment intended to
render their surface hydrophilic and/or to clean the

30 surfaces of the substrates before assembling them.



For exanpl e, a hydrophilic character surface preparation is carried out on
t he donor substrate 1 conprising the insulating |layer 3, but also on the

receiver . 5The hydrophilic preparation of t onpri ses
a Sul pho- wg@?@%ﬁﬁfxt ure (SPM and/ or Anmoni um Per oxi dgewg%ofg?ﬁg&f@PM type

chem cal treatnment and/or a treatnent enabling for exanple a cleaning, such
as a degassing heat treatnent (of water aRd/or 10 hydr ocar bons), or instead
an "RCA" type treatnent, in order to elimnate the contam nating particles.
As a rem nder, the treatnent by neans of a chem cal bath called "RCA"

consists in treating sai d{@acesesHapessi veky Whidrodbr1f firslaAathoof a
sol ution known by the acronym " SC1", (ét andard Clean 1), and which

conprises a mXeLfxCdf RPPRAF A Ny dr bXi dear NHADH) ouhydpbgeiihger goinge (H202)

and dei oni sed o - of, a | ut,i_an known
by the 20acr on%/\@né%t‘e, ](S?%mrPdralrSdlr@ eta{lne f)r%%ﬁ%q% ?%vc%grr&’i ?Zlg ;élr%%xture
of hydrochl orien achal {d¥l)verhydiragemtper2axi de (H202) and dei oni sed water.
The substrgt es are then br Shgﬁv nd/ or. rinsed (with deioni Egd wat er for

exanpl e) of even 25dried. 1 RIonEiC R L2ty of * t h8Sother 26F

comprises a Sulpho-Peroxide Mixture {SPM) and/or
Ammonium Peroxide Mixture (APM) type chemical treatment
and/or a treatment enabling for example a cleaning,
such as a degassing heat treatment ({(of water and/or

10 hydrocarbons), or instead an “RCA” type treatment, in
order to eliminate the contaminating particles.

As a reminder, the treatment by means of a
chemical bath called “RCA” consists in treating said
faces successively with:

15 — a first bath of a solution known by the
acronym “3SC17, (Standard Clean 1), and which comprises
a mixture of ammenium hydroxide {NH40H) , hydrogen
peroxide (H:0;) and deionised water,

- a second bath of a solution known by the

20 acronym “3C2”, (Standard Clean 2}, and which comprises
a mixture of hydrochloric acid (HCl), hydrogen peroxide
{Hz02) and deionised water.

The substrates are then brushed and/or

rinsed (with deionised water for example) or even
25 dried.

In an coptignal manner, one or the cother or
both surfaces to be assembled may be subljected to a
plasma activation treatment, under an inert atmosphere,
for example containing argon o¢r nitrogen, or under an

30 atmosphere containing oxygen. This activation, if it



both surfaces to be assenbl ed may be subjected to a plasm activation
treatnent, under an inert atnosphere, for exanple containing argon or
nitrogen, or under an 30 at nosphere contai ni ng oxygen. This activation, if
it 17 tanes2080/89897 i s carried out preferably after a cPEERPAGEP/064308

The techni ques descri bed above according to the invention may be further
inproved to obtain a very 5 thin insulating |ayer, of thickness for exanple
| ess than 10 nmor 5 nm of very good quality, or for exanple an SO with a
| ayer of oxide of the indicated thickness. To this end, a structure is
produced 10 accqrding to a nethod according to the invention,_the insulator

bei ng an oxi déaXffer , PFdrSexanpl e CGFTERACKAYs 1S Y10 TS b8t ween

15 nmand 20 Mleaning. The partial dissolution of this oxide is
then carried out to bring its thickness to the final 15requisite thickness,
| ess than | Onm The tacBndgokat deacrébhdi goevesaRABHRALRE 0RPt he

S5 e o s DTN b G FLASED A O s I 6 P89 I
US2005/ 00198781 ir20ikeul exangl daykele sif uchilcknesst rfeat eskamplee néateal

at nosphere, caonprising for exappl e argaqn, and/or hydr ogen reduci.n
at nosphere, wi't'Hh \}gryml“mﬁrox ge‘?i“fco??%en‘(?@fi (%’0?1< U%gﬁw' afd af®

tenperat ure subsimitd adh ysbet weel 110Q0Geand£1200(e and £BE andicated
thickness.

'To this end, a structure 1is produced

10 according to a method according to the invention, the
insulator being an oxide layer, for example of
thickness less than 10 nm or between 15 nm and 20 nm.

The partial dissolution of this oxide is
then carried out to bring its thickness to the final

15 requisite thickness, less than 10nm.

A dissolution technique is known from the
document of O. Koncnchuk et al. “Internal dissolution
of Buried 0Oxide in S50I wafers”, Solid State Phenomena,
Vol.131-133, p.113-118, 2008 or US2005/00118789.

20 For example, the structure 1s treated in a
neutral atmosphere, comprising for example argon,
and/or a hydrogen reducing atmosphere, with a very low
oxygen concentration (< 1 ppm), and at a temperature
substantially between 1100°C and 1200°C, and for a

25 duration of between some minutes (for example 2 min or
5 min or 10 min or 20 min or 30 min) and scme hours
(for example 1 h or 2 h or 5 h or 10 h) for example.
During this heat treatment, the oxygen present 1in the
layer . of buried oxide is dissolved in the treatment

30 atmosphere Uthrough the thin film of semi-conductor

material. This is for example made of silicon, the



25 duration of between sone mnutes (for exanple 2 min or 5 mn or 10 mn
or 20 mn or 30 mn) and some hours (for exanple 1 h or 2 h or 5 h or 10 h)

for exanp this heat treatnment, the oxygen preg @pﬁ | ayer of
buried oxi'de’ts }ﬁﬂgsol ved in the treatment 30 at nosphere 1;13%%6'2?%6 thin

filmof sem -conductor material. This is %or exanpl e made of silicon, the
18 oxide | ayer Si02 dissolved then transtdrns into Si of good quality.

In the case of an SO with a buried oxide of 20 nm obtained according to
one of the techniques 5 according to the present invention, it is possible

to obtain a thipnkdglghetheioXi deskg1achi Ralent N GkiRasTrEhosan for exanple
at 5 nm dvant ageously, this heat treatnment under neutral
at nospher e andI@®d v@#ad itgly oxygen concentration 10 is continued at |east

until the whol e thickness I%f grpge égygrogf aglmsq)el fvplrtrgsd OBuEQSdS Q?ﬁ@f t he

donor substrate is dissolv ot her enbodlnent o
present inventodHn2WM hin, n@btlaan(éetscarad@e:dimgt h:cr ebrex enfethe frieghmesuddk to 15
3D. The sa el enen ar %Fe sane n neri cal refer§pces as-fogltpg

©N&Pt her

b
pr ecedi ng & B O TEH N Ao wHTE RO B8t o teatriBed 1t 15 Bosst

t he donor subsgweden 1a( farHE A o ROk Heheok BLei ver subshiat @ hd ckhiegur e 3B)
conprise a 20 surface insulating |ayer. Indeed, it is sought in the end to
form a struct UFROKOWPBSHASSE St fctire. Moreover, no inplantation is

carried out. AV e,%%uewpara%i@nh%ton@r@m{l@att%d@&her of
these two substrates nmakes it possible’tfo 25 confer a hydrophobic type

character to tﬂn@utr@at@ldnmlfm arfd)ratemmm elcacmenﬂg Qg caEm tyiEk ioast "
t echni que 80n5|st|n in a cl eaﬁln ggeycg g h sl &R gf ¥h%%g |s a
i gtl 45t pﬁ di Pu g et ar ©

cl eani ng By meahsCd utt on°&8ht &l hf hg &r . ThI'S
known layer of oxide formed on the side of the donor

substrate is dissolved.
Another embodiment of the present invention
will now be described with reference to figures 34 to
15 3D. The same elements bear the same numerical
references as for the preceding embodiments and will
not be re-described.
Neither the donor substrate 1 (figure 33)
nor the receiver substrate 2 (figure 3B) comprise a
20 surface insulating layer. Indeed, it is sought in the
end to form a structure known as a D3B structure.
Moreover, no implantation is carried out.
A surface preparation of one and/or the
other of these two substrates makes it possible <o
25 confer a hydrophobic type character %to the treated
surface, for example according to an “HF last”
technique consisting in a c¢leaning sequence, the final
step of which is a c¢leaning by means of a solution
containing HF diluted in water. This well known

30 cleaning enables the surface to be rendered



30 cl eani ngenabl est hesur f acet oberendered 19 hydrophobic. The techni que
taught in patent application FRO606311 may al so be used. For exanple,the
hydr ophobi ¢ surface preparation conprises a surface deoxidi sing

t r eat nent WOR201¢{0494¥ case of a silicon surface, it may bRCEHERZ0SAMSASOBIF t ype
chem cal attack. Once the surfaces of the donor 1 and receiver
2 substrates have been cl eaned then activated, the substrates are assenbl ed
(figure 3C) so that the 10 sem -conductor layer 10 is in direct contact
with the receiver substrate 2, in other words without the internediary of
the | east bonding layer, formng the structure 6 as illustrated in figure
3C. Finally, tHWeMPCHCeatiient-oab@ddend a8 51 Ph8aFRTENEPBALIFELABPI i ed to
the assenbl ed stydigune &y R186dee Leehei nforce the bonding between the two
substrates placed in contact. According to this heat treatnent, a

t enper at ure between 250C &pd 400€amBlappl itdte f ohvarorebiet we€nr80CHi nut es

and 15 h, 20 ferentiall . i h . . A
mechani cal th%%%%ﬁé%%¢q§1%$lruf%%étﬁzs gﬁ%?éségg?%g%%l?g(FFSSF@egfﬁ is
then carri®d adut .the seme cahductidri doayenrf@cef atomag 26 pmithudcKNBEES nay

t hereby be created. 25The optimal heat treatnent conditions enable the

transfer of at§@ﬁﬁfgﬁﬂﬂﬁ@§0FtF§§gr 10 of very good quality, with a |l ow or

even zero nunber of defecbhsced £getl vuenatBe rgeei vee sybgbtate 2znand thus
enable a final DSB structure 6' of very high quality to 30 be obtai ned,

despite the a¥iRdesst hewistgatapehavas beenusteared ithepi garévabed,
the substrates are assembled (figure 3C) so0 that the

10 semi-conductor layer 10 is in direct contact with the
receiver substrate 2, in other words without the
intermediary of the least bonding layer, forming the
structure 6 as illustrated in figure 3C.

Finally, the heat treatment according to

15 the invention is applied to the assembled structure 6
in order to reinforce the bonding between the two
substrates placed in contact. According tc¢ this heat
treatment, a temperature between 250°C and 400°C is
applied for a time Dbetween 30 minutes and 15 h,

20 preferentially for a time less than 5 h.

A mechanical thinning by grinding of the
denor substrate 1 (figure 3D) 1is then carried cut. A
semi-conductor laver 10 of around 20 pm thickness may
thereby be created.

25 The optimal heat treatment conditions
enable the transfer of a semi-conductor layer 10 of
very geod quality, with a low or even zeroc number of
defects, directly on the receiver substrate 2, and thus
enable a final DSB structure 6’ ¢f very high quality to

30 be obtained, despite the absence of bonding layer, as

illustrated in figure 3D.



20 As for the quality of the interface obtained in the case of
a DSB structure, the sanme effects occur as in the case of the other

enbodinengf??gﬁﬁgﬁggd above, with the presence of an inﬁghﬁﬁhﬂgmﬁ%ﬁyg&.

As in the dinment, a rapid conplenentary treatnent 1s ap

after thinning the donor substrate 2 with the sane effect as above
(stabilisation of the bonding interface,ZBy 10 particularly rapid nethod
t hat does not allow the nolecules or atons of gas or inpurities that are
found at the bonding interface to develop and to create defects at this

level ). Rapid treatnent isd akgm-torRBaAN Qudiriest ment takbng itbhe shedcture
to a tenperature 15 above 900C in a very short tine, of 1 s, or severa

seconds, to sevRfainefnitestheorcas@nmpife 38 MUt 65THFTBIAI NUtS. SFEE
exanpl e, a Veré(ff%gﬂ[% %ﬁg@?r%uﬁ HHd e@(;é%%rélﬁpthé %@'hrege%nﬁ%tdim%%tgl ready

expl ai ned above. case of figur the thinned structure my
under go an annéascnigpamdebolrgdr ogerh theanpeps¢emxy fifanen atinsulenpenat ur e
of 1100C far aiound 1 mnute in order to reinforce the bonding interface.
25Exanpl e ayer. This exanple relates to a nethod as descri bed

above in fiQures 1A- 1E As in the Ad@noremhsinaie 1 gadeapfiasilicon
(1, O, 0) is thermally oxidised on the surface so as to forma 30l ayer 3 of
silicon oxi de QMY E YT FRPERPRSs1s Applied after thinning the

donor substrate 2 with the same effect as above
(stabilisation of the bonding interface, by

i0 particularly rapid method that does not allow the
molecules or atoms of gas or impurities that are found
at the bonding interface to develop and to create
defects at this lewvel). Rapid freatment is taken to
mean a treatment taking the structure to a temperature

15 above 900°C in a wvery short time, of 1 s, or several
seconds, to several minutes, for example 3 minutes or
5 minutes. For example, a very rapid temperature
increase ramp 1s carried out, as already explained
above.

20 In the case of figure 3D, the <thinned
structure may undergo an annealing under hydrogen, in
an epitaxy frame at a temperature of 1100°C for arocund

1 minute in order to reinfeorce the bonding interface.

25 Example 1:
This example relates to a method as

described above in figures 1A-1F.
A donor substrate 1 made of silicon (1, O,
0) is thermally oxidised on the surface so as to form a

30 layer 3 of silicon oxide (SiQy) ¢f 8 mm thickness.



A step of co-inplantation of heliumand hydrogen at respective doses of
1x1016 Hef/cnR and 0.9x1016 H F/cnR, at respective energies of 40 and 25
key, is then carried out in order to create a 5 weakened zone 4 within the
donor subWO¥Wi@04#49% her eby del imiting a seni-conduct or P&EYEP2049064308270 nm
t hi ckness. An RCA type cleaning of the wafers is then applied
for the purpose of the assenbly of the 1Blsubstrate 1 with a receiver
substrate 2 nade of silicon (1, 0, 0). During the assenbly, a heating
around 120C is applied to the totality of the surfaces of the substrates.

The treatnment according tgo the invention.is 15 then carried . aut b ppl yi ng
a tenperature of 300C for®2 #t%ko & ecé’s_sl@‘ﬁﬁlaé‘BaEfLPﬂct%#e%llﬁﬁ‘ki %‘Bgit

possi bl e to defaphhddie sen reepduetot | ayseslOofromidié dasdricrfubshrate 1
and to transfer it qQnt o the .recei ver substrate 2 while Ilmtlng t he nunber
0

of interface 20 eflect sH' /gmd t has eRGBPRAG 1At r BASTERSBf S&ni 4€ona@deét or
| ayer of hi gheéd}au%é\f,y- is then carrfdddldut tfe f)l:gé{ WPBOX fatpe structure

5' is subject to a treatnent to reinforce the bonding interface. In this
speci fi c case,wddkerfachatorst r dctwwiteis the sidyj@ct edostorat¢ elrpertaeurbyof

1200C for 30 sgconds,. in an RTA aqven, the increase in. tenperature attaining
around 50/ s, éf?éjﬁfﬁ:slrﬁue BxposiHe S LR a t EHPRT at &be b%{weérq%486b and
900C i s aroundtliGknedd.nally, the structure 5 is subjected to a finishing

30 treatnent conprising sacrificial oxidations and anot her RTA (Rapid
Thernmal Anneal) type treaffefCh P9 (CiRHerYedttharetRESdéfeltrdity

after detachmep,iis.d eduged coupared,to. kngpn teehnLguesi1 Fxagpl etde
10 substrate 1 with a receiver substrate 2 made of silicon
(1, 0, 0). During the assembly, a heating around 120°C
is applied to the totality of the surfaces of the
substrates.

The treatment according to the invention is

15 then carried out by applving a temperature of 300°C for
2 h, to the assembled structure 5, making it possible
to detach the semi-conductor layer 10 from the donor
substrate 1 and to transfer it onto the receiver
substrate 2 while limiting the number of interface

20 defects, and thus enabling a transfer of semi-conductor
layer of high quality.

Finally, the final UTBOX type structure 5’
is subjected to a treatment to reinforce the bonding
interface. In this specific case, the final structure

25 is subjected to a temperature of 1200°C for 30 seconds,
in an RTA oven, the increase 1in Temperature attaining
around 50°/s, and thus the exposure time at a
temperature between 4£00°C and 9200°C 1is around 10 s.
Finally, the structure 5’ is subjected to a finishing

30 treatment comprising sacrificial oxidations and another

RTA (Rapid Thermal Anneal) type treatment.



5This exanple relates to a nethod as descri bed above in figures 1A-1E.
A donor substrate 1 nade of silicon (1, O, 0) is thernmally oxidised at the

surface i forma layer 3 of silicon oxide (Si
10thickne§?&hﬁﬁb“ﬁ97 A step of co-inplantation of ﬁe/Fgﬁygﬁﬁgﬁydrogen

at respective doses of 1x1016 He/cnR and,Q.9x1016 fit/cnR, at respective
energies of 40 and 25 key, is then carri®d out in order to create a 15
weakened zone 4 within the donor substrate 1, thereby delimting a

sem -conductor |ayer 10 of 270 nm An RCA type cleaning of the

wafers is then applied forrtt hes puppesecaf thhe assenbkyeefitheysualzstrate
wWith a receiver substrate 2 made of oxidised 20 silicon (1, O, 0) and

havi ng i niti al 8§taehesitde & Hieskiress COMPar6GndC3XARTN TRECRLKRTGES t he oxi de

t hi cknesses is around 11 nm around 1 nm of which may be etched during the
cl eaning steps before bonding, i.e. a thickness of insulator in the final
structure 25around 10 nm EXxampdet Bent according to the invention is carried
out, by apglying a tenperﬂ%yre of 300C for

_ _ ( f h, to_the assen?he% structure
5 (figure D), enabling tH& Seni<XBHulict of SFaYeF 16% 0 De et 3ehed *From t he
30 donor substaaderibandBord riangfiefudels aat-oethe receiver substrate 2 while
limting the nunber of interface o

A donor substrate 1 made of silicon (1, O,
0y is thermally oxidised at the surface in order to
form a layer 3 of silicon oxide (Si0z) of 8 nm

10 thickness.

A step of co-implantation of helium and
hydrogen at respective doses of 1x10'® He*/cm® and
0.9x10® H'/cm?, at respective energies of 40 and
25 kev, 1is then carried out in order to create a

15 weakened zone 4 within the donor substrate 1, thereby
delimiting a semi-conductor layer 10 of 270 nm.

An RCA type cleaning of the wafers is then
applied for the purpose o¢f the assembly of the
substrate with a receiver substrate 2 made c¢f oxidised

20 silicon (1, 0, ©0) and having initially an oxide
thickness of around 3 nm. The sum of the oxide
thicknesses is around 11 nm, around 1 nm c¢f which may
be etched during the ¢leaning steps before bonding,
i.e. a thickness of insulator in the final structure

25 around 10 nm.

A treatment according te the invention is
carried out, by applying & temperature of 300°C for
2 h, to the assembled structure 5 (figure 1D), enabling
the semi-conductor layver 10 to be detached £from the

30 donor substrate 1 and to transfer it onto the receiver

substrate 2 while 1limiting the number of interface



23 defects, and thus enabling a transfer of sem -conductor |ayer of high

quality. Finally, the final UTBOX type structure 5 is

subjected to a treatnment to reinforce the bonding Sinterface simlar to

that of eYWAMHMYOP4'RTA 30 s, 1200 under B2). It is obsePYEEP2AU64i0fie

defectivity after detachnent is reduced conpared to known techni ques.

24 CLAI M5 1. Met hodf or prod2igi ngUTBOXt ype structures
conprising: 5a) the assenbly of a substrate, known as

defects, and thus enabling a transfer of semi-conductor
layer of high quality.
Finally, the final UTBOX type structure 5’
is subjected to a treatment to reinforce the bonding
5 interface similar to that of example 1 (RTA 30 s, 1200°
under H:).
It is observed that the defectivity after

detachment is reduced compared to known techniques.

10

10



"donor" substrate (1), with a substrate, known as "receiver" substrate (2),
at | east one of the two substrates conprising an insulating |ayer (3) of

thickness‘¢ %ﬁwhﬂ 50 nm 10b) a first heat treatnent £8ﬁ%g%%9&ﬁ&ﬁing t he
we , C

assenbly be en the two substrates, at tenperature bel ow arried out
during the assenbly and/or after assenblé, c) a second heat
treatnent at tenperature 15above 900C, t & exposure tine between 400C and
900C being |l ess than 30 seconds. 2. Method according to claim
1, the passage fromthe first to the second heat treatnment conprising 20
the application of a tenperature increaggrm@np, the average rate of which
bet ween 400C and 900C i s above 10C s. 3. Method according to
claiml1 or 2, 25 conprising a thinning of the donor substrate, so as to

| eave on the receiver substrag,pnky agbin tilm,c10 _ofu%gbﬁriakygg t he
€

donor substrate, the second heat treatnent being carried out aft
thi nning. 25 structures compkisieighod according to claim 3, the thinning

bei ng car ried out by mechan cal, or, echqnl cal- ghemcal,, et hod,  apglied to

“"donor” substrate (1), with a substrate, known as
“recelver” substrate (2), at least one o¢f the two
substrates comprising an insulating layer (3) of
thickness less than 50 nm,

10 by a first heat treatment for reinforcing
the assembly between the two substrates, at temperature
below 400°C, carried out during the assembly and/or
after assembly,

c) a second heat treatment at temperature

15 above 900°C, the exposure time between 400°C and 900°C

being less than 30 seconds.

2. Method according to claim 1, the passage

from the first to the second heat treatment comprising

20 the application of a temperature increase ramp, the
average rate of which between 400°C and 200°C is above

10°C/s.

3. Method according to c¢laim 1 or 2,

25 comprising a thinning of the donor substrate, so as to
leave on the receiver substrate only a thin film {10)

of material of the dcnor substrate, the second heat

treatment being carried cut after thinning.

30



5. Method according to claim3, the thinning being carried out by fracture
of the donor substrate. 106. Method according to claim5, the assenbly

bei ng preceded by a heat treatnment step for pre-weakening the donor
subst r at eWO 2010/049497 7. Method according to cl ai PBEP0PRR64308f r act ur e
being carried out by a heat treatnment at a tenperature bel ow 400C, for
exanpl e between 280C and 350C. 8. Method2@according to claim?7, the first 20
heat treatment for reinforcing the assenbly and the fracture heat treatnent
bei ng conbined in a same heat treatnment step. 9. Method according to one of
claims 7 or 25 8, the fracture heat treatnent being appli.ed for a tine
between 30 ninutes and 15°% ad@d1°d esICTHER I h 58 bé‘ﬁ\ﬁé&‘n 1°h aﬁhe3 h

10. Method acaq{idifithd 0 ®REnef CkakbBed t 00309, Yihe hrMPEMALENe bebrg
imedi ately |owered after the detachment of the layer of the donor
substrate (1) Wathae ae dheddiopdr sddthoste (FRLISH ortder 011 APPOFhe heat
bijdget applied, hothg final structure (5'). 11. Method according to any of
clains 5to

5
5. Method according to claim = 3, the
thinning being carried out by fracture of the donor
substrate,
10 6. Method according to claim 5, the

assembly being preceded by a heat treatment step for

pre—weakening the donor substrate.

7. Method according to claim 5, the
15 fracture being carried out by a heat treatment at a
temperature below 400°C, for example between 280°C and

350°C.

8. Method according to claim 7, the first
20 heat treatment for reinforcing the assembly and the
fracture heat treatment being combined in a same heat

treatment step.

9. Method according to one of claims 7 or
25 8, the fracture heat treatment being applied for a time
between 30 minutes and 1% h and/cr less than 5 h or

between 1 h and 3 h.

10. Method according to one of claims 7 to
30 9, the temperature being immediately lowered after the

detachment of the layer of the donor substrate (1) on



5 10, the fracture of the donor substrate being carried out by a heat
treatnent at a tenperature bel ow 250C, the thickness of insulating |ayer

bet ween tthEM@m%H9§trates being less than 5 nm 1012. P@E&ng@&%ﬁkding to
[ t e,

any of clalns 0 11, the insulating | ayer (3) being an oxi or exanpl e
a silicon oxide (Si02), and/or a silicon_nitride (Si3N4), and/or a silicon
oxynitride (SixOyN,). 1513. Met hod accoraﬁng to claim12, further
conprising a step of thinning the insulating |ayer, by treatnent in an

at nosphere havi ng an oxygen concentration less than 1 ppm and at a

tenmperature supgiapbiallyrbethiveenadd 008 and, 12006, 20 14milethadnageordi ng
to one of clains 1 to 13, the donor substrate (1) being forned froma

mat eri al chosehu@a®h@Erpligdio dilld ddmadi sitragefiz€e (Bf ystal line orientation
(1, 0, 0) or (1, 1, 0) or (1, 251, 1), silicon carbide, germanium and
gal lium arseni de. 15. Method according to one of clains 1 to 14, the
recei ver substrate bei ng fldr.maetetflraain acomtdamaalt € hasgnoanohgiss| bcaw,

juartz, gl ass. . .
q 9 % 10, the fracture of the donor substrate being carried
out by a heat treatment at a temperature below 250°C,
the thickness of insulating layer between the two

substrates being less than 5 nm.

10 12. Method according to any of claims 1 to
11, the insulating layer (3) being an oxide, for
example a silicon oxide (8103}, and/or a silicon

nitride (Si3Ny), and/or a silicon oxynitride (Si O\N,).

i5 13. Method according to claim 12, further
comprising a step of thinning the insulating layer, by
treatment in an atmosphere having an oxygen
concentration less than 1 ppm, and at a temperature

substantially between 1100°C and 1200°C.

20
14. Method according to one cif claims 1 to
13, the donor substrate (1) being formed from a
material chosen among silicon, silicon with surface
crystalline orientation (i, 0, Q) or (1, 1, 0} or (1,
25 1, 1), silicon carbide, germanium and gallium arsenide.

15. Method according to one of claims 1 to
14, the receiver substrate being formed from a material
chosen among silicon, guartz, glass.

30



