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Met hod for producing a Sem conductor-On-1| nsul at or
structure The invention relates to the manufacturing

w@boogersieonduct or - On- | nsul ator (Sed ) st ruct ur BGT/IE2006/003957

el ectronics or optoelectronics, |ike SO structures
(for "Silicon-On-Insulator" structure), having a high
thermal conductivity. A SgO structure conprises a
substrate, a dielectric layer and a top sem conductor
Iayer the dielectric | ayer electrically i nsul ati ng

1 Sethef sEhEral B A Sy SR sutar PbELER

di el ectric |layer which acts both as an electric
i nsul ator and as a bonding | ayer between the top |ayer
and the substrate. The said SeO structures that are

'Tt&hllr\VeﬁW l’@?éte§%‘mécﬁ1%hu1%rcﬁjrﬁ1f§;pcﬁcéé}hllc¥nm& éﬁrln%ulator

|SS|pat|n t he heat rel eased ron1conponents to
(SeOthstruakres dor elecirpeics oy pPaipelectbniche liIBeGO! strugtyres (for

“Slllcpﬁr(Slll %uﬂtk s%g{u}‘%éag\ymggke L gﬁ'ﬁaﬁ@én% #:ffvnr el ease a

uan power J uency
a%r&&@ﬂe atrsctuf'a) cohipsisesdy subsiratek rmmldzcd:rlqa rlayardend a top

.btrtvmhrrae t her mal
semigg I8y e, by ARk Blcabet ap bR A8 e B ayar from
thesSbﬁratEor t hese kinds of structures, it would be al so
s TH eitaly %%%'@é’étﬂr'@%rb%%%f incovs 8, saic
dlelebtfﬁ@\llﬁyérowﬁlbﬁ\éc@seb@thdéﬁéﬁ’%‘lédtﬁo fhsuldtéleand A8 fa béﬁdwg layer
bet ween the substrate and the top

Sis
betWP%'%'?e tQHdW@rnd thasubsiRifact uri ng of these Sed
StHUSA MR IYrUMRIrEE tHRANRFL Wl@gmﬁ tHlr @fal € d f&%r&%s‘p@%ally

fact that nitride materi al s have
usedgpo gissinating tis: feat rteé@s@dtft@n d@mnmnﬁgtsﬁpd;ﬁemmefgacttbad in

the tbé leg/%? o?gleoé‘(?éf‘?tﬁ fc%&ﬂlfj{%é Yl&tfé’r %d?ﬁ;? M ghs. tﬂtrﬁllgége

ructures wt
a Iargmqumﬂty obhelatchkevhngly polver frequ@hca/rmmnpmgnss bondi ng of

e b aplndaienaf a Sk Rt 8- el e PRy oeos

therrﬁélmﬁlaétJV|t90Iﬂ@rrdbﬂ@:r¥§tamnéIof pblyaseeline SCpr ocess of
treatlng astructure for electronlcs or
t

S obeat Kos @ STgIes licligpls PBrgE? sappseciated having a

dielectric layer that is a good conductor of thermal energy.

For this purpose, it is known to provide a dielectric nitride layer, like SizNy
or SixN,O; between the substrate and the top layer.

However, the manufacturing of these SeOl structures by wafer bonding is
difficult due to the fact that nitride materials have bad bonding properties.

SiO; has better bonding properties, but it has a low thermal conductivity.

Accordingly, there is a need for manufacturing SeOl structures with high
thermal conductivity while implementing a bonding of good quality.

In order to reach these goals and to overcome the drawbacks of the prior

art, the invention proposes, according to a first aspect, a process of treating a
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successively: - a substrate, - a dielectric |ayer
having a thermal conductivity substantially higher

wo baw/otg1e2 t her mal conductivity of an oxi de | ayrCT/mRdes/003957

of an oxide of a sem conductor material, - an oxide
| ayer made of an oxide of the said sem conductor
material, - a thin sem cgnductor |ayer nade of said

sem conductor nmaterial, Characterized in that it
conprises a heat treatnment of the structure in an
inert or reducing atnosphere with a tenperature val ue
structefed  forduglacirenics hes erppiasiedtioniasi ndghan siineiire  ePNBXigHen
e oxide layer to diffuse through the
SUCCeggwg@onductor | ayer so that the thickness of the oxide
—Iayebmdﬁereases by a determ ned value. In a second

aspe t, ventio 0s roc

- ey Bt 8o rordustuBl s oty nigher than
OfpcO e il %bmctnmyabac&tre okied [dyer tiatie | 6f eAMBXiLEESt a
the follow ng steps: (a)providing a sem conductor

I W@lcoﬁﬁwfﬁg"@t%f&"er m ned thi ckness, the seniconduct or
—! 8 8hickSadr rgaégmmeﬁasto?fhe@aﬁ&gémconemteF g 2

recei ving nprising successi vel subst rat
—aadthia sbopcmchalc&:crtlayet nhaajﬁeof samﬂsemik:oadlahteﬂ matariat
v a.ther conduct i v her than
charaglgrgd M get 1 aredtine S e e get g SRR n e el
redudiff @tiabphdre) WARGh ngmbbeatlfei alseMhse® e tikation afiesert dor
the receiving wafer such that the sai déﬁdfel ectric
incitinga @8y Mo nauaxie’n i Wise PXidee %R n 1S liffusen diiorgh the

semnc!o‘?%%to@ﬂé’yérh& HEISthe ahRknddY 8f 1RNEXIAE 18)APISRERSHsSHN G
formng of an oxide layer at the bonding interface

deteri’ﬂ!ﬁﬁé’ @luen oxi de of the said sem conductor material;

I a'sBcbhi BshOETRL vahddiChid Ss&&ﬁ”@fr{;ééé%%f%ﬁﬁlﬁééﬂu)’ﬁblé

e sald su he di ectrl ayer e OXI
structusy far edgudronins qrmpmoesl@crtrommsd claracteriage in thedll kemprises the
treatlng the said structure in an inert or reducing

followy ?%@8 ere

(a)providing a semiconductor layer having a determined thickness, the
semiconductor layer is of a semiconductor material;

(b)providing a receiving wafer comprising successively a substrate and
a top dielectric layer made of a dielectric material having a thermal conductivity
higher than an oxide layer made of an oxide of the said semiconductor material;

(c)bonding the thin semiconductor layer to the receiving wafer such that
the said dielectric layer is sandwiched between thé thin semiconductor layer
and the substrate, this bonding step comprising the forming of an oxide layer at
the bonding interface made of an oxide of the said semiconductor material; it is
thus formed a structure comprising successively the said substrate, the
dielectric layer, the oxide layer and the thin semiconductor layer;

(d)heat treating the said structure in an inert or reducing atmosphere

with a temperature value and a temperature duration chosen for diffusing an
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with a tenperature value and a tenperature duration
chosen for diffusing ananount of oxygen of the oxide

wo ay8/078182 ough t he thin sem conductor |ayer soPCHEE2004M®3957

t hi ckness of the oxide |ayer decreases by a determ ned

val ue. Thanks to the configuration of the structure,

the function of bonding (ensured by the oxide |ayer)
is separated fromthe function of electrical

i nsul ati ng (ensured by the dielectric |ayer).

Accordi ngly, IS possible to manufacture a SeO wth
amotaﬂtoc?fecwsemqf thayuwdet lyer feugh Jhe (hig semieendusigr layer so
that i UHEASK! dind Bl IR1L% el R8s BPAtcinfle@9adetual T 1Y,

ing simlar to ng via an oxid

ITinpeks tpnﬂ@e@onﬁgwetimmenfoﬂoedetrwcztwer thesfunstioh fafr bonding

u dj I t h .
(ens 333 by e 0B8] 108n ke 33BRaEisey 18, MFRIPL "G, sesiisal
msuldmrrg (registnfeel meme dneleaﬂnm\,ter)( step (d)), for leaving the

AeRbidh i seRbo i Aap 3R G o et Wiy 2 ol Clevep fat
has émet;n‘ @(fdeMeﬁ@alac@’(dUdzﬁhw’ ®hitd 8nsuringhe b@mﬂdg df@\b@ﬁ Rhlity,
is formed on the dielectric

Le. aatPQ’&‘%F'W'@FW”i%EOWT‘@é“q 3y exidglaygre %{369 pace Hienade

IayerOWNéshQJs(eH' oS eéﬂs‘a@iﬂgu‘ét %nbmﬁew godd t&uélﬁyf' ¥&hneent ke
oxi de layer of step (c) is de on the dielectric

SemlPWtCHH@Yerﬁﬁdﬂ@es?émSU@Wd itds érsspls@é during éhebeebtfeatment
(stepc(g?5pfdr$<§a?mi$ﬁ1e%8l%b€fcq§ye9fas"i‘hg Q&Qr%ég@étﬁf; l Y' ur tﬁ&OI

sem conduct or T ayer thin
o iofey, Clizsacledsticst eﬁoth:prcmas sxfepa(\@r)apttmnge@@mmmm
of the donor substrate for only keeping the
sem conductor | ayer bonded to the said substrate; -

-thetobtejepaymeﬁstéw(rd)hfiormeﬁ”pnitlsesli,eldme{mlagze'step (a), a step

0 tin mc,species jn the or .wafer far
- et e ihienteder St RBRrER Bulbimereons Bk fhim Shioghductor
myeﬁayer and the said reduction of the donor wafer
nprises a supplying of energy for detachin

t h
- altespaebindiR: OSFC 1BYROT ST oA thardpioat SHager and on
the SWRAKIMEEtoF AR,

- step (a) comprises the providing of a donor wafer having the said

are:

semiconductor layer within, the process further comprises, between step (c) and
step (d), a reduction of the donor substrate for only keeping the semiconductor
layer bonded to the said substrate;

- the process further comprises, before step (a), a step of implanting atomic
species in the donor wafer for forrhing a weakness zone beneath the
semiconductor layer, and the said reduction of the donor wafer comprises a
supplying of energy for detaching the semiconductor layer from the donor wafer
at the weakness zone;

- the said temperature is firstly chosen according to a determined profile, and
then the said determined thickness is chosen for determining the said duration

or the said duration is chosen for determining the said determined thickness,
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- the said tenperature is firstly chosen according to
a determned profile, and then the said determ ned

W0 kioskrsass i s chosen for determ ning the sai d POI/E20@003957

or the said duration is chosen for determning the
said determ ned thickness,these choices are nmade for
reduci ng the thickness of 4the oxide |ayer by a
deternmined value; - the said tenperature is between
11000C and 12500C, such as around 12000C;, - the
determ ned t hi ckpess and tenperature are chosen for
thesﬁa@?%@esaa‘??eﬁ??qeeglﬁcr@pﬂﬁmgatf"é Bickpegs 6kt 9xigdReiavghiring
detethPRd(@lueef at |east about 0.5 angstrons per mnute; -
the thickness of the sem conductor |ayer is between

- theagaid M atuse isshetyren A1H0%F a0dd250Th sirf essawnd 1 AR0°C;
) ‘ . o 4 th . ._

th R SrbEneasratld FPO AR s e Ay 2 mean
reductigre rath adf the oxide kaes <lubioy veéem (A rod ah tbasd abautgs & ramgstramd
ﬁ%fn%ll’@d 500 angstrons; - the heat treatnent is
procéssed so that substantially the whol e oxide | ayer

- the thiclemssed;the senpeortduefortiageroxitdtwbeary eroursl P66 tangbtrems

o SRR e ke LR UE Y oy

per

and apatnd 200 anasfroms, e teghpergife s 2
is betweeh afdund 3 haesThe®BHmi®r | ayer fromthe substrate,
consi deri t he components to be manufactured in the

- thes gride oRYRICTaS @ (thigiess. betyger Araunf 4P angstEomgyaid pround

500 BRg&rdths;a nitride material, dianmond, alumna (Al 233) ,
alumnumnitride (AIN), sapphire; - the dielectric _

- the hgairireadmgnt saarospsaedt sa thah substapiiallyrthe whgle oxigdgslager is

remdigkness in the range of 1000 to 5000 A; - the
substrate is nade of a material having high thernal

- a paoimfilee Pxide yqyer ikleftSifter tHBRhdER IORBORIPTI ON OF THE

- R, QR 8 RS S er 0SS, 8 L AiAc
insukdingr ithe | semibehdwgtomtagdr ifeonm | thestgubbediehy coigdering the
comfpgrlular%\/itcg] ge manufactured in the semiconductor layer;
- the said dielectric layer is made of a nitride material, diamond, alumina (Al;O3),
aluminum nitride (AIN), sapphire;
- the dielectric layer comprises Si3zNg;
- the dielectric layer has a thickness in the range of 1000 to 5000 A,
~- the substrate is made of a material having high thermal conductivity, like SiC.
BRIEF DESCRIPTION OF THE FIGURES

Other characteristics, objects, and advantages of the invention will appear
clearer in reading the description below, which is illustrated by the following
figures:

Figure 1 shows a schematic cross-section view of structure according to
the invention.

Figure 2A to 2E show the different steps of a process of manufacturing the

structure.
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figures: Figure 1 shows a schematic cross-section view
of structure according to the invention. Figure 2A to

wQEBbeshmsast he different steps of a process of PCT/IB2006/003957

manuf acturing the structure.Figures 3 and 4 are
schematic cross-section views of the structure,
illustrating the diffusios phenonena. Figure 5 is a
graph show ng distribution of oxygen inside the said
structure after a heat treatnment according to the

vent i . Figure 6 _sh ifferenc f th

el anp 47, Sofriile S eion epsir I st
illushaﬁr}ig tHeedifoﬁ?m pﬁ@ﬁcggg(mmg to the invelnltl on, along the

ol e area of the asur e tr

e SIS BeSeR 0 TR ey DO e S gucture

aftef é%b?tr&atn@erﬁbbé@ﬂ%%@l@e fm@mmhl ch the treatnent
accor di the invention will be processed, i

s Frisiue o7 \Asstdlif@fﬁn%o%@e%ﬁh@'@&e% @@H@qaté&e@téb%% ina
SOI%S{e‘?CJff kG hay tlefreg’c%egg'éceﬁr‘dﬁg AW m@Qn i %i6h %megwhole

sem conduct or 1 ayer el ectric ayer
arearatibedd O¥, maewnadlbyiﬁimss?gwe&vm gher ther nal

DEFAPEHELRIPHIAG IPSE |AUER SN de | aver made of an

€ sal d sem conductor material. This
d Relfmhg itc flgalsee‘r eB@trlmiyreb&) frachewhifch dhe ireatroentrescerdirgd to

th Rg 3 : aIu AI 208) , alum numnitride

eanF jon ¥ E%%Proé’ WMkt ure 60 is aimed to be heat
t Teatsdictoe o (Scﬁrﬁ?dm/s!e@ga blusstend de, hayelectib laywn @0, an oxide
obt ai ni ng then a SeQ Ztruct ure conprising the

layeg 49 2pd @ T@er@lﬁ@%cg}r &9 | ayer 30 and a

S GRLCHBALEIO ayeMVRN isofadePshemakingl HaigS 8 Mhigeadiner @kl
| ayer 50" conprises the de-oxidized oxide | ayer 40 and

conguetivifyi thaphthpsseni @vnQieotaveryaadgof( gBeoXidguefe thep)said
sen%c{)stur%gir'e%%téhal“i’ﬁlals@%]eegﬁc{ (}:é%/%g;ig)r EEZE%dEth a nitride
mategai ararfdirrnand, lalynaina§8l:Oahiatlmioumpritrile AN v eagphils. n
O)i'lh%esttl.?(}fl?lre 6P fy éilglefj 8 ﬁb%t RA {é.oailor (Ais%af?/h*gﬂ.hgrbxide layer

40, and obtaining then a SeOl structure comprising the substrate 10, the
dielectric layer 30 and a semiconductor layer 50°. Preferably, the semiconductor
layer 50° comprises the de-oxidized oxide layer 40 and the said thin
semiconductor layer 50 (see figure 2E). Alternatively, the SeOl structure
comprises the substrate 10, the dielectric layer 30 and a semiconductor layer
50’ which comprises a very thin oxide layer coming from the partial dissolution
of the oxide layer 40, and the said thin semiconductor layer 50.

The substrate 10 stiffens the whole structure 60. To this aim, it has a
sufficient thickness, typically of hundreds of micrometers.

The substrate 10 may be formed of a single bulk material, like Si, Ge, SiC,
GaN, sapphire, glass, quartz, or other materials. Preferably, the substrate 10 is
made of a material having good thermal conductivity, like monocrystalline or

polycrystalline SiC.
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of the oxide |ayer 40, and the said thin sem conductor
| ayer 50. The substrate 10 stiffens the whol e

waeroogotaIBe 60. To this aim it has a suffici enPCT/IB2006/003957

t hi ckness, typically of hundreds of mcroneters. The
substrate 10 may be formed of a single bulk material,
like Si, G, SIC, @GN, sapphire, glass, quartz, or

other materials. Preferably, the substrate 10 is nade

of a material having good thermal conductivity, |ike
TROSERSUL S RrgR 1 5F NSERHDE, ShFuPL ALY B e

twolrr@eruals\miaolmdeomabnsto tisg atHeed one onto the other. The

duct t | t. .
- Shp BRI B arRhEr sl dfaidead aneGRieR B couyartetd) may
bFFthseﬁhlcoﬁd&ton@@yer%(ﬁﬁlayﬁbe(?@ﬁ& Bitl B¢, mter sabeCaa Il1-V

or anot her sem conductor naterial. The

mat@l’é@h edh\dbw&&ﬂa' &y 8notber seyicantiarRNa). e semiconductor
laye‘? @@hha%n@ma%e@rbeaa SSHREHRASH bf &g ebparpogﬁaﬁtof tamaeﬂ‘two

hese materi al s and/ or a super pOSItI on of several

of th@@@ malpepls, antier a synerpeRiinit ofrsavara stbtlayess.
ggﬂgcr%%l%rlldd?:%r %E%?.%V%a' I'lanSC EtafifiR! DEBI%tP/ﬁ Y or

oped or non-dope orous or on- pof o
amatphduso tiduey be doawyzdror BOmds»padvmwageousm-pofausned for

i Vi I { [ t t ts. ..
358, ShB<PLESHE 845D, B2 -OhE5ERPYE EOBBT R Fepray
eledtr@nﬁxhrarﬁt@@eonu@iwcbﬂfnpﬁnedtts t hi ckness is _
SRR Fele\ it D AR e a0 080 L B diihcl
thlnsﬂmtﬁl@ﬁlﬁ’é@ BRI ad\ayeigeolsifaysh @ abdin Waﬁgéﬁﬁim@%d in
around 250 angstrons and 2500 angstrons, bet ween

partiguiai gse §iena RRGRroMR PP GaER tth%r‘?@m‘m&%'ﬂﬁr 50
ma)l I'i‘§v<at higikResss BdiwkBs a?&mdcﬁtﬁﬁﬁééﬁorﬁéﬁﬁﬂ 2380 'E?ﬁés*?@ms or

hosen between 500 and 1000 angstrons, for speéd |nE
betww asoppdr2 el angsdionts anth&2@pageranae E%geé:nallnothueghlc ness

of B SEFRARESIE Y o ket BEUASR shcany 1000
angé’dn@nsxﬁodepéayeg up@he exyg‘enaiﬁmmmmle of the sai d

S%H]e salod 8>%tdgrlayert4ﬁ)r |s%uned in tthe structure 60, located between the
dielectric layer 30 and the semiconductor layer 50.

The oxide layer 40 is of an oxide of the said semiconductor material. If the
semiconductor layer 50 is constituted of several semiconductor sub-layers, the
oxide layer 40 is of an oxide of the semiconductor material of the adjacent sub-
layer.

For example, if the semiconductor layer 50 is of Si, the oxide layer 40 is of
SiOs.

This oxide layer 40 is configured for having adhesive properties. It is to be
noticed that this oxide layer 40 is not configured for having electrical insulating
properties in order to electrically insulate the electronic or optoelectronic

components to be formed in the semiconductor layer 50 from the substrate 10.
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sem conductor layer 50 is constituted of several
sem conduct or sub-layers, the oxide layer 40 is of an

wo@z2i0dm78182 t he sem conductor material of the adpErEB06/003957

sub layer. For exanple, if the sem conductor |ayer 50
is of Si, the oxide layer 40 is of SiQ2. This oxide
| ayer 40 is configured fof having adhesive properties.
It is to be noticed that this oxide layer 40 is not
configured for having electrical insulating properties

i_n order to electrically insulate the electronic or
dpesidsclayente mayhsoéht s to be formed in the

st%mhmﬂgégcwy béy&bséﬁ négsomﬁ. h@(ﬁaﬁa&mﬁg ;@%

I ayer may thin. ness- may osen ess
thickpegsn F@O@xam@éet rthiﬁﬁhlékW%SanY harbetween ammé@s angroms

I
and SLORE 00 ibeiolr®, B 3e T aloy R AR A5l Eh 48 ety epo
angsgomsangstrons and around 500 angstrons. A thickness
h t 5 d t b d

A ERNeRE Aroh R R adhonE ol Ty EprEYmdR S5 A ea

as optiraosf i€ thie dehycdmdndiondayerisd whe |Mﬁilqeirb?sferr?éan)y bynhdife
.mart t(r)..techngl o and 1f a hea rea

(via O Y AR N Pl CulREchppRgye s i mat Fagianenids
furthémﬁ\%igmehfédsfdrfﬂéﬁé GiR tﬁ@yox*il!é yes e, firdediDtthiseihfdihbsd

a Smart Cut ( % technol o ood quality (i.e. so as

may pg Papen f bﬁé &nsyiing A m @é@ghr&lﬁgw@rg%ﬂ Wvalibg(ig-
) ag'tést%lpﬂ}rb%at@f' att tiﬁe %b%céga%rﬁf fo‘}oallo'(}wﬁg ELREOVBLY of the

short dielectri ayer 30 is buried In
Ode%lals'al‘c{rQJrnea Bﬁatl\ldﬁcah@’tjtlm@tween the substrate 10 and the

d&e{e@%ﬁr Irrg? 36_ t?? bﬂh&!ﬂ ?rﬂt{e! }%tlrlécﬁéfft‘:éh%@orrlglsétemwgén %e

Iec ric erral "having a
substratedm:amd/thwoxme kgyeadBi tride of the said sem conductor
ter

( et (e i o nige e MateBat Paltg a hign

therrﬂaleioaducti\myl eed nitfide 6f e R3idisareidohavdiogmategtal, tike S,
510 A g A o S SRR gt e O

A dielectric layer 30 is considered having high thermal conductivity when
its thermal conductivity is higher than those of the oxide layer 40, or, more
particularly, when its thermal conductivity is greater than 10 W.cm™ K" at room
temperature.

This dielectric layer 30 may be thin.

This dielectric layer 30 is configured for having electrical insulating
properties in order to at least parily electrically insulate the electronic or
optoelectronic components to be formed in the semiconductor layer 50 from the
substrate 10. It is to be noticed that this dielectric layer 30 is not configured for
further having adhesive properties.

Additionally, the dielectric layer 30 is configured for conducting a

determined amount of heat.
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particularly, when its thermal conductivity is greater
than 10 Went 1 .K 1 at roomtenperature. This

walc@Beegist ¢ | ayer 30 may be thin. This di el ect PCTIB28§6003957

30 is configured for having electrical insulating
properties in order to at least partly electrically
insul ate the el ectronic og optoel ectronic conponents
to be formed in the sem conductor layer 50 fromthe
substrate 10. It is to be noticed that this dielectric
er 30 is not nf i for further havin adhe3|ve
p% Pﬁ?e&éﬂc Re 59 6 %H of prutrige dnatetial ke Hebl+). barnend,

alunfﬁﬁaf(AB@E)e@lJrﬁ’ihuﬁpﬂlﬂibVet All %é&%hﬁé ”?té‘ﬁﬁ'cl@ié@é‘%a;%e similar
thedlelectrlc is made of a nitride

to Oh‘&t\'\@n 'aai pPPO& angsimNas, "kedn dnFrngeal ARA-HROQ AngsiMs. Also,
this %Wﬁhé‘éﬁnnﬁ‘éﬁ rHed%e{vﬁéé}?] ’aré hige an{;ét?orﬁ@ %rlﬁﬂea?éuﬁl?w 038
strons

simlar toor |ower Oang eln
angsteaige of Gebven0eraiings20® m;gstmns@ angdharsundisORrnagstiomns. lits

thnclaﬁa"s 5‘5933%7‘539\5%{5\%%&9 and around 1000 angstromns

en aroun an s roms and around 500
ah@semnsthlsl dlslettlnncdzkymrsm isepyeferaidy lemet! far having a uniform
. .an Mor,eov, thi,s dielect Layer 30 is
tnicE8 TR BorabRHTRISFLI Welbe MASHSSH 15 VPwRhess. The
o'ﬂihalmmﬂjfatﬁuﬁny ot this valitterarey sy ok d'dne Bﬂ/%%afe@\b%hdmg
he nu[!act r| ré% @Q‘rﬁthl s structure 60 may be done b
e

techalfw&f é | Potfe o 25 ihateen & At ovaler dAranda
secdr \aﬁerggtv\een a first wafer 70 and a second wafer 80.
Especially, with reference to figure 2A, the
nEﬁB?%l@'bu Wikgrefaiense o e 24, ripe dnanfaeturipg meovbelifiraly
t t
o @ioleSt b BrAIainS Lkt A 7R AE RS, LpRaR Y ghB e
saidishi¢lagiria laysp 30 atperdielpetria |@yea§f3©rheaw efdpldyeent , t he

U s Blfed MEbotRekt, HEL s W05 Bt 08
subditate 4. d| electric layer with a predeterm ned thickness
f‘?lrme fp%rrpggsré%f ﬁl] % Iec;(%nc(:]I Ifgrgdatltonelsltgsgrlc)eltde a buried dielectric
layer with a predetermined thickness for forming, after bonding, the insulator
part of a SeOl structure highly conductive of thermal energy, the insulator part
of this structure being the dielectric layer 30.
The dielectric layer 30 may be a nitride layer formed by nitridation of the
top of the substrate 10.
For example, if the substrate 10 has a superficial layer made of Si or SiGe,
a SizNy4 layer 20 may be formed at the surface by nitridation.
Alternatively, the dielectric layer 30 may be formed by deposition (e.g.
CVD) of aggregates made of the dielectric material.
For example, SisN4 or Diamond aggregates may be deposed.
The parameters of the dielectric formation (like temperature, gas flows) are
confrolled such that the dielectric layer 30 is a dielectric barrier between the

components to manufacture in the semiconductor layer 50 and the substrate 10.
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part of a Sed structure highly conductive of thernal
energy, the insulator part of this structure being the
wale@Bmeds c | ayer 30. The dielectric |ayer 30 PEIBRE06003957
nitride layer formed by nitridation of the top of the
substrate 10. For exanple, if the substrate 10 has a
superficial layer made of, Si or SiGe, a Si3N4 [ayer 20
may be formed at the surfiace by nitridation.
Alternatively, the dielectric |ayer 30 may be forned
by deposition (e.g. CVD) of aggregates made of the
Par’fwl@]lxeélﬂ@ mtmletheéhlckmﬁs erdeyeaiuatly Biinbinsidi sinmtere, of

be deposed. The paraneters of the
ltare}g.gF ctric ?Wnatlon (like tenperature, gas flows) are

ﬁoattm bkl re:dilcedutl’ratttltnatdlelhemd|layee(30r|s ook ainegd 80bé & bnding

layerg i, FE 44, PUOF Rl Aeod BRtEO R BT Gy r Mapeing! rhonding
interfacdysindaitsequilityRamietterl arly, the material, the

hi ckness, and, eventu IIy the intrinsic structure, of
PRGIOREDR o e dieletii s ar@tion t PR@MEeBe CABt PecaNesey Tor

imprdviiep tiik ehteehed GuitraYiRs s3@sirsten @b, %W@'ﬁ’wgt thedefadtensgt e
layer, like in the prior art. Accor di ngly, no defaults

'nterf%?% anddppBaring agose Hirkessiasmaganeityand its quality is
ek iRickn &M iithe B@lédfmc @r gb %%ﬁ%h“bef IBIEREHAA s%andard

~ paraneters can hose roving the inter
tthkwaSmfta@mlﬁV@fte 10, Iowerl ng the defaults at the

FEA RSB P el B e R RIS ey 30
For amyn;ilae‘tmebaheleotwrlaymm ehast artbizkdedshiaflendoadiol, detween

T T TR TR

aroureks0phegstidns, dir eb&den 350 aye508ang&tforas. t hi ckness,
fter bonﬂ]ea bet n ar ound 1000 and 5000 angst.rons,
a

e BRI nd thasnaisani® Be cRbcisnity” thick for

cond @Ry the MeterfindRAMBGR &@Qerﬁ‘m engfyangstronms. O
course, the dielectric layer 30 has also to be

Y\itht refeance Jo fialec2Bop seshrd ctemgonsiets Rétespvidinadhe said
secoRd R 8D WE IR se RN fictor layer 50 within, the semiconductor

layer 50 lying at the surface of the second wafer 80 defining a front layer.

The second wafer 80 may be of a single bulk material, the semiconductor
layer 50 being then in the bulk material or grown on it.

Alternatively, the second wafer 80 may be a composite wafer comprising a
hoider substrate and a multilayer structure (not shown). in particular, the second
wafer 80 can include a buffer structure between the holder substrate and the
semiconductor layer 50 arranged for adapting the lattice parameter between
these two elements and/or for confining defaults. For example, the second
wafer 80 comprises a Si holder substrate, a SiGe buffer layer with a Ge
concentration continuously increasing in thickness from the holder, and a SiGe
or Ge and/or a strained Si semiconductor layer 50 over it. Some Carbon can be

added in these materials.
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Wth reference to figure 2B, a second step consists of
provi ding the said second wafer 80 with the

wa@eossomsigrct or | ayer 50 within, the sem conduckPCr/IB2ag603957

50 lying at the surface of the second wafer 80
defining a front |layer. The second wafer 80 may be of
a single bulk material, tfpe sem conductor |ayer 50
being then in the bulk material or grown on it.
Alternatively, the second wafer 80 may be a conposite

h bst d [t
S RrranEoERise hemnioRay e 43hss BoEn Bo B dlvgiBhe,
8@ naAAllihd GHAEA oiﬂtrké-lérﬁlt%i%aﬁlafyeﬁhwwhél@ yeeNolithidel alstherthe
substrate and the semn conductQ

50 d 1
kno%atﬁﬁhwgueﬁheoﬂ LPDI && paranshes s B A AARISS e
(resiETBR! i PhadeIDERHN] NOhEIRIcaH! ¥ snour0DeB3SHIBN,© and

con vva er 80 conprises a Si holder substrate, a
Molﬁu@&ﬁﬁm&pltaé\ﬁer with a Ge concentration continuously

(IR Ty A S0 B A A5 B pon RS s e
70 tbt theSsexmnCanbten Shsutie tisatdde $emichedeactor layer 50 faces the

. teri al s. Advant ageously, the semi conductor |ayer 50
dneleﬁ%c ¥8‘h§%p| taxially grown. Crystalline growth of the
epidi/antagkoligly ehe Ihsapldlhg\'&ﬁﬂsﬂfe nnmbhminltm:dbwwiemgnb\he bk)nd'mg

t echni ques .of LPD . LRCVI
techgicyierpEeer dh&XeMp Sgoﬂ{ﬁ‘sﬂrlsﬁ’ ﬁ) \éf%pég NG ns c'ence and
Tecm&gﬁ% @qufon@eémﬁut G@Beleand Wle@qn’te%c@ﬁﬁﬁpubhcatlon,

taxy). Wth reference to figure 2C,_a third st
Johisis VWY % fSonBnerg [TTBOI FeielSint RSO XaIHEICs BEaRar

bonmﬂé%rf hZﬁ O?Hﬁlh sufated Hes HRRES AAHEFE@ hyddYRilic Pihyf B @Sne.

tric layer 30. Advant ageousl t he bondi ng
i $Vell-krawry cieﬁpinerséensemabpemplewﬁmjmh@ior@bondmg

LERPHINED, 158 LmBITI o POk BRRY Ohe WS lpces
to Hedseheded, fllgWwedyby mbevestionac anpediingcat iR tkatmeiin (rapid
nore details). Thus, for

Wley & Sons,.lnc - for . ,
ther%ﬁ'ﬁ?%a,“ I'%&{U'I)Spﬂ'eﬁgaﬁjdi ng of hydrophilic surfaces or
swifragfsranesde rf@dr@?.d:r et ishidcoxiay Idgerdtneras Métrhed ruafore

bonglln?;?rcl)lnnt essteeml“?:orqg1 ctor lang 158 rg%rc]it/oerdoA ‘%ﬁ’é dPe(?ec(%rlc lati/%rr]%’l r,]%r
being buried at the bonding interface after bonding.

This oxide layer 40 is formed by specific means on the semiconductor
layer 50 and/or on the dielectric layer 30.

The oxide layer 40 may be formed by oxidation of the top part of the
semiconductor layer 50.

For example, if the semiconductor layer 50 is of Si or SiGe, SiOz layer 40
may be formed at the surface by oxidation.

Alternatively, the oxide layer 40 may be formed by deposition of
aggregates constituted of the oxide material on the semiconductor layer 50 and
/ or on the dielectric layer 30.

For example, SiO; aggregates may be deposited.
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Optionally, a plasma treatnment of one and/or the other
of the two surfaces to be bonded, foll owed by

weoeomsergidBonal anneal i ng or RTA treatnment (rapiBCT/B00@103957

annealing), is inplemented. Wth reference to figure
2C, the said oxide |layer 40 was formed, before

bondi ng, on the seni condugtor layer 50 and/or on the
dielectric layer 30, for being buried at the bonding
interface after bonding. This oxide |layer 40 is forned

b_l\ghs peci fic means on the sem conductor |ayer 50 and/or
9 Raramelpscef the fpay@tlonsfef thgaxidsx pigecondipdied sochdljatisbe

omdé%ﬁ4@3ﬁs%'%ﬁi I@% Eﬁlc‘éﬂﬂ c,ﬁ( fbfr érﬁ?nng a sufficient

nduct or
adhesivitydwihween the ﬂlray@md secang vedfersi 703803 Ge Si 2 |ayer 40

PRl Ol B Endl GIRs RhhBisEy 1 pBihES B rosespegn the
first d/&p:fes i70, dhe ochhia@ gaga@*anezraacsomﬁdalsgrﬁrdlwftlyt ﬂmtckofgrd?/OIdlng
proiies Aagages i VSR SRE ARl e e A5 dong Rodabeal

that b@n depesid semahstepratian@sianiss @rﬁd/bh@utfmwm ﬂh@rseafncdrfa@otor
xide are control |l ed such that the oxide layer 40 is a

'aye'b%Q]HPW@g Pé&'@?e%ﬁ'ﬁhéﬁtetfﬁqtvef‘hl ck for ensuring a
SOhfthEioEMdr Retest i E)ﬁéfé?%l\é’etﬁat %rhse tﬁlbl(rﬁ—:fssngwo‘f P Rtyh for

waf ers 70-80. Especially, if Smart Cut(r) technadl ogy
avoigigg ém%tﬁh‘éélsﬁéluﬁén @ﬁ@b@%@i@@nt \ﬁStSHQOﬁW@TUmaf er 70, the

oM ABxibiaY&ferHd RES Ha@ebaeth%kg)gé§ bEBw ¥od Qhﬁ%trcgrﬂé or helow

avol di ng problens assocl ate wat er par'ticles
500 engstraresl citbetweeh@dbiang G008t angstiomst fibe preliergdribichness is

oriBReg e ddehaloinianl b andiroypbl es n the

Semi-cond. equent heat
tWithtrefengnce@o ftgluuee acChtwe stm:ndd wdfer 80 pneé ther fist Wateln&m are

t hi ckness ot tpo, hi f.or, avoi di.n t t he
bondg, Bagether s e tiet e B P A0 s S IS Bt PerBfering. as
previdUsieexXpiiesd.40 may have a thickness bel ow 600

angstrons, or bel ow 500 angstrons, or between 200 and

5@9“%[}?&}&{ @Brh%astm@ pteer e Reainchisc RAdisanplly mplemented  for

reinforcing the bonds at the interface.

Referring to figure 2D, the said structure 60 is obtained by reducing the
second wafer 80 such that a rear portion is removed. Only the semiconductor
layer 50 is kept.

Any technique of wafer reduction may be used, such as chemical etching
technique, lapping then polishing, Smart Cut® technology which is known per
se to the skilled person (see for example « Silicon-On-Insulator Technology :
Materials to VLSI, 2nd Edition » from Jean-Pierre Colinge in « Kluwer Academic
Publishers », p.50 et 51), taken alone or in combination.

In particular, if using the Smart Cut® technology, the second wafer 80 is
implanted prior to bonding, with atomic species (such as hydrogen, helium or a
combination of the them, and/or other atomic species) at energy and dose

selected for producing within a zone of weakness at a depth close to the
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bet ween 350 and 500 angstrons as previously expl ai ned.
Wth reference to figure 2C, the second wafer 80 and

wo b@srsist wafer 70 are bonded toget her such tPet/IE20e5/003957

oxide layer 40 is located at the interface, as
previously explained. Optionally, at |east one step of
heating is additionally ipplemented for reinforcing
the bonds at the interface. Referring to figure 2D,
the said structure 60 is obtained by reducing the
second wafer 80 such that a rear portion is renpved.

thickpgps of Hie sRicendériet Ber §9erTf@ompéan¢@qmn maybe e@iigH qué
befoRJ o?’\@ft&" foFrﬁﬂﬁ%éQﬂlc{éa% Qle4(9'5?-‘ﬂ'\allg ? eﬂﬁ‘]e t%ar@ rTagjf‘t\as been

tchi ng techni que, |ng the
cam@@tqu.t) meﬁhtawhwhiogh G%anemupelrymesmltauimenetgw (likel

enB0 B8 S5 RN, fr P, 0 35 3, gpe o
weakiesss - icbthus dedshdhinge thenrear ISbrtivar 60ATadiee GePliddridsibr $ayer

50. P- 50 et 51), taken alone or in conbination. In
particular, if using the Smart Cut(r) technol ogy, the

sk wptionalf ﬁép8@f fisishing! @yt pelishingdr Ce, tm:élmnﬁ@ Whidy be

as hydr ogen hel i um or

‘mp'%'BﬁBﬁeﬁa?R tg? gﬁ?ﬁ‘q'ﬂ'én?te ndf‘oPFQﬁrhé‘? havénic %‘b%he@?d

homagerRitiis Benacshdless 18 r95U Wlsfﬁ?ﬁSMﬁ?)QEé‘b' M8 Wbtlmpibné?ented
zone of weakness at Ei&Od close to thet i ckness of
e

priorttp ©r SHe f@sﬁ@aétreatmeav@uex saigefnpl ant ati on nay be
CGfief Ao mayChRbLO é)rg\gtd@(?,ngvﬂﬁ M ArfitfiorHcBErd R the

~40. Finally, "once t as been carrl
invergipx.t Cut (r) technol ogy conprises suppl yi ng suitable

O Wielot Bul TR ARfges Tehan el EneiBNaofy e

I'ng t onds” a € zone
diele@b‘tcaayerrﬁj) tieeoxidaiayeor0) amd e thlrmenmb@wca&mmaymﬂﬁa or
optignal ste offln hi n I n
C@%eatctlr%aémeﬁbagcorgmﬁég SﬂB% Pr]Vﬁ.B l% eq pgqcﬁe#e{f gcg regumrqg
or ren@sliref thenhiskriids dfth@bgige 14y@ragve a smooth and
hormlgeneous sem conduct or | ayer 50. This finishing

sthgpheatjregimentis drlsmanteft inin NEMey redicig BimOsRbSte, like
argoh/d? &AL RERbEPhIE S5 &l h&Eire of them.

With reference to figure 2E, the heat treatment is processed such that the
oxide layer 40 reduces in thickness or is entirely dissolved, by oxygen diffusion
through the semiconductor layer 50.

The final structure 100 is a SeOl structure, with an insulator part formed by
the dielectric layer 30 and eventually by a thin remaining part of the oxide layer
40.

The semiconductor part 50’ of the SeOl structure 100 is the semiconductor
layer 50 and the de-oxidized part of the oxide layer 40. During the said heat
treatment, it is to be noticed that a part of the semiconductor layer 50 may have

been evaporated away by the inert gas treatment.
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O her steps may al so be provided, with no [imtation
according to the invention. The obtained structure 60

W@ 0wp/07Hes successively the substrate 10, the PCT/IB2006/003957

dielectric |ayer 30, the oxide layer 40, and the thin
sem conductor |ayer 50. A heat treatnment according to
the invention is then progessed for reducing or
renmovi ng the thickness of the oxide | ayer 40. The heat
t r eat nent is i npl enented in an inert or reducing

at nosphere, |ike argon or hydrogen atnosphere or

rﬁ%'wséw@ﬂgtt% FRAUgiEm of Hieprife dayes 40 Yisrte xwgen w&f%a;m
figurbé @Wghm ré’é’p%%ﬁ\?e?}‘?g c?é%%hséd't*%alt\h&N %Hrféesth%mé 68%one

reduces in thickness or is entirely dissolve
dur'rw@'ﬁéﬁoﬂlaﬂﬂﬂiﬁ eiver Afteugfiusine. seni conductor | ayer 50.

| nsu%tlrﬁlﬁure%d%&@émgt\,@gglﬁuﬁ@ % nStructure, with an

at or par or med ectric layer 30 and
—eieﬁrwdmltbgswlc@ndmmr Iagaaﬁ(mja:rg:l part of the oxide |ayer

40. Tk rt 50, aof the SeO structure

~ 10t deetégg%té%?d@ g'@ﬁ%?'q 2Y873Bp and the de-oxi di zed
sepapatet BYf the RRidexhys 40ayiet a4fickddysidig the said heat

treatnment, it is to _be noticed that a part of the

dtnis @ssHmedothal dhe Mifitsion of HRVEEB el ninevad slireasioRmythe

dlffuggntelaga{,&grstthms treatnment. For illustrating the
reduction of the oxide Iayer 40 due to oxygen

di ffusion, figuresc&,and 4 sirokstpspectively a cross

sectional view of e st PUEUT ez 60 urgi one during

di ffusion and the ot er after |ffu5| on. The structure

6®hem1txaaxns; ektmddnfa‘nssemllydwmnmshayef plaafets, diaddts( drigin at
uct or

0 substrat.e 10
the ESTREREN bRlaeLBYST 48, hndds Aaited b, Mermodf A g e
semiéBnididtor lay&MBa; langgs tigo negatlvb vatueinsheediktiSudbtrafeet 0.
diffusion of oxygen is in one dinmensjon - the

dbPs dkis dhe exyean C&H‘C?@,tr%tf%hat tipe ¢ argl abx.

D(T) is the diffusion coefficient of the oxygen in the semiconductor (unit:
cm?/s).

Fig.5 schematically shows distribution of oxygen in the structure during a
heat treatment.

If the top semiconductor layer 50 is sufficiently thin, some oxygen of the
oxide layer 40 diffuses through it and evaporates in the atmosphere at the
surface of it.

This diffusion is accelerated by the fact that the atmosphete is chosen
inert, as it can be deduced from the boundary conditions.

In particular, the following reaction occurs at the surface of the
semiconductor layer 50 if the inert atmosphere contains hydrogen and the layer
is in silicon:

SiO; + Hz — H20 + SiO7 if atmosphere is Ha
Si0, + Si — 2Si0T if atmosphere is Ar
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where: x-axis extends transversally to the | ayer
pl anes, has its origin at the center of the oxide

WO 20081078182 and is pointed to the positive val UBCT/IB206t003957

sem conductor |ayer 50, and to the negative value in

the bul k substrate 10. C(x, t) is the oxygen

concentration at tinet ggd at x . D(T) is the

di ffusion coefficient of the oxygen in the

sem conductor (unit: cnR/s). Fig.5 schematically shows

di stribution of oxygen_ in the structure dgriqg a h%%t

t Ferdnereasing|the effisiangy of éis dBivgios: 8Pre\Qies degxidation of the

ffeiCl i t he oxide | ayer 40

surfagliéfd;f hire Qé‘ﬁﬁlg\SnHUﬁ&lf Ita§§rg%0 gi%(/%endéﬁe. y

uses throug porates in the atnosphere
athe lielsairi¢ dayer X0 preverisi fsordithe iiffusion dravgiethe auksiraly
10 the fact that the atnosphere is chosen inert, as it
" can be deduced fromthe boundary conditions. In
PEHen, caffears, déteeminet| tomeé mgdritétet thickness wf shatsetrtigponductor

surface of the sem conduyct I 50 f ' t2
laye o partl i SoREChroyoRRl FESeh, ishOfy (BRI, the
appns;ia}étj é‘egésl.;l?lt@d_ct?aﬁhéﬁiffdﬁ(anﬁhﬁé@A?c'chfepaf_\UESphe_re is H2 Sio2
+ S | i f atnpsphere.is, or, increasin o
elf‘fth'éil%ﬂﬁsﬁfth?rﬂ%gergl' g &ng i 2oyt isoﬁga%%‘g‘figg@t?‘on
ah duR oHEfBARS tH sibhgy Beliscfdueber | ayer 50 may be

done. The dielectric Iaé_eI 30 prevents fromthe
di ffusion through thé BUISa(B¥€Ese10. Then, after a

det er mpede! i e ﬁ{édthibgt(né&eoftthé%bﬂmdgﬁto? R§er 50

sem conductor lTayer 50 I's smal|l with respect to the

oxygen whdreusCah) | isngthle (eilibriune  oxygrn applubiitintin  the

cal cul : ' ion tinme is acceptable. In
sem Pgu?tgégfj%@iégaﬁm{g Eegmgéer%{ebr}*?n ned tine is about 100 s, at
OxidebdistollA60 te lfor deckasiogdhti oride tidyers4k dulgkridsgxdd Py a

defi ned, as: ere; dSe is the thickness of the
reciimvabs Abadser 50
dSe*Adax
D(T)*C(T)

time = *N

where: N is the concentration of oxygen atoms in oxide.

For example, if the semiconductor layer 50 is of monocrystalline Si then N
= 4.22e22, and the oxide layer 40 is of SiO,, and if dse = 1000 angstroms and
Adox = 20 angstroms:

time = 1.86e-12 * exp(4.04eV/KT)

The applicant demonstrated that the main parameter affecting the time is
the anneal temperature and the thickness of the top semiconductor layer 50.

For examples, and based on numerical simulation, the minimum annealing
conditions to dissolve 20 angstroms of interfacial SiOz, with 1000 angstroms of
top Si layer, in a Ar or H, atmosphere, are:

— 1 100°C for 2hr, or
— 1 200°C for 10 min, or
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where Co(T) is the equilibriumoxygen solubility in
the sem conductor at annealing tenperature. xide

waleasobsisti on time for decreasing the oxide | ayRPeT/E2006/003957

t hi ckness dox by a predeterm ned val ue Ddox, is: t ne

d* *NDT)* C(T) where: Nis the concentration of

oxygen atoms in oxide. Fors exanple, if the

sem conductor |ayer 50 is of nonocrystalline Si then N

= 4. 22e22, and the oxide layer 40 is of SiO, and if

dse = 1000 angstrons and DdOc= 20 angstrons: tine =

1. 86e-1256°CelopdanindeV/ kT) The applicant denonstr at ed

t ' r : [ i | S e

1 R 2RO BT DR O LAty onosen
for is@ting endaroowmt dfagergebOof Reroxideagyeest0 @ndiffoas didroagh the

nuner i ca1l siul ati on, the m ni nrum anneal i ng condi ti ons
Sem&C8H§lI'C§%ro?\y/%r angstrons of interfacial SiQ2, with
104D, aing shiclavessodf thexile lagyen0 dedreasAe W a btedetermined
at nosphere, are: - 1 100C for 2hr, or - 1 2000C for 10
%in, or- 1 250C for 4 min. The tenperature and the
dadcatidriamy ofhet thickmeas of e sERSonaliBol MJer BOaRY 4196 have
inciting an _ampunt of oxygen of the oxide layér 40 to
beeryehasgseWhan &IgHNg Hefos dieribe seigdifugier. 50. Then, the

t t Lde r ; r y

Ftléergg@gﬁ)?ﬁ (r?f(]e% va lﬁ)eéfsgAaﬂdﬁ%{f@o%arﬁcgﬁ&tjﬁg?tel a?/%kn@ssangf the
tempetiatuse of dlos dget dreatragrir dgerming thesveaawedueon e Dérihe

x5 7B G BELIES ML B o

rate.50 and the tenperature of the heat treatnment determ ne

t 5 e%?nnplé,es%% 'ﬂ'lliglpnersgta%d%mtpré%ture may be predetermined such

valu

that at least about 0.5 angstroms per minute of oxide layer 40 mean reduction
rate is reached. To this purpose, for a temperature of about 1200°C, a thickness
of a (110) Si monocrystalline layer 10 is chosen less than 2500 angstroms.

Only the duration of the heat treatment is then necessary to control for
accurately reducing the thickness of the oxide layer 10 by a predetermined
value.

Alternatively, the thickness of the semiconductor layer 50 has been
chosen for reducing the oxide layer 40 by a predetermined value by
implementing the heat treatment with a predetermined duration and a
predetermined temperature.

The predetermined temperature may be chosen about 1000°C — 1300°C,
and especially around 1100°C or 1200°C.

The thickness of the semiconductor layer 50 may be between around 250
angstroms and around 1000 angstroms, the predetermined temperature is
about 1200°C and the predetermined duration is between around 5 minutes and

5 hours.
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oxi de | ayer 40. More the thickness less the rate. Mre
the tenperature nore the rate. For exanple, said

wo boogkrsass and t enperature may be predet er m neRPCHIE2006/003957

that at |east about 0.5 angstrons per mnute of oxide
| ayer 40 nean reduction rate is reached. To this

pur pose, for a tenperatu&g of about 12000C, a
thickness of a ( 1 10) Si "nonocrystalline layer 10 is
chosen | ess than 2500 angstrons. Only the duration of
the heat treatnent is then necessary to control for
dbeuneatelrgatmentids nyocdrset hioc keduwging fthe loxidsxiayer 140y by a

A erm ned value. Alternatively, the
pred%t%rﬁnéﬁgg@% eSt%he sem conductor | ayer 50 has been

&yoadinstiray prexikady rige tgarametade df diierhetd tbaatment, it is then

t erm, ned.val ue by inpl t.ing.the heat t t

possfiis i i deaivay e RciBn S RHIENE b dGeiar e pkE RO ot
finally AEVIAE ahwxiie Aher 40 RatAtedasiragthitiemger ature may be

chosen about 10000C - 13000C, and especially around
1ee0Eing tq 2hganvemtion Hi ik ikars Pepsiblgetas anEenBIRSSSY the

thickh@3553f tRE) oY I1Bferet yresgpar ound 250 angstroms and
around 1000 angstrons, the predeterm ned tenperature

iRarigdarty. tXppcssiblg to rempye et whote geigedayertd®bn i s
Qﬁfe\‘\ﬁﬁi@e?,r F&Ui%dpéss'ﬂﬂlatigqga@é‘% hirf Qe %gsr tkﬁaébcrut 10-100
or g oxl de

treatnment Is processe reduci ng t ayer 40
angsbiyma) pir edtier do inpeavet theclecical Bypertes st ity interdades dley to

rlﬁrieters of the heat treatnent, it is then
decr%)%s%stﬁglé to control precisely the reduction of

raddétionally,i thet bending desstivagre thd Genficonductal leyeh&0i agd ame

xjde layer 40 wi.th a desjred i ckness.  Accor di to
subsiils Tt £ giine it orid Y554 BrENE s BiskpPor Sreatel the
a limirtaickesdsybéytihd Whizknesdedbrnidtionfi tHe demiesndilt@rf lape o
Particularly t is possible to renpve the whol e oxi de

i
and buRplgs %rG.aVR!C{eé’r natively, it is possible to | eave a
tHirhemibde asaysils éPde@RSitiod &f 389 semiconductor layer 50 are

decreased, the thickness of the latter can also be decreased, while still
respecting manufacturing specifications.

Thus, the components to be manufactured in the semiconductor layer 50
may be more miniaturized and have lower power consumption than the prior art.

A main advantage of the invention is that the dielectric layer 30 is
maintained in its initial configuration, even if the diffusing heat treatment is
implemented. Indeed, the dielectric layer 30 is not used for the bonding, and its
initial dielectric and thermal properties can thus be maintained.

The dielectric properties of the dielectric layer 30 can then be initially

calibrated very precisely, without taking account of the next heat treatment.
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angstrons) in order to inprove the electrical
properties at the interface (i.e. to decrease the

wmeaop/078addi ti onal |y, the bondi ng between the PCT/IB2006/003957

sem conductor |ayer 50 and the substrate 10 can be
done with an oxide |layer 40 having a thickness greater
than a limt thickness begyond which the defornmation of
t he sem conductor |ayer 51 and bubbl es are avoi ded.
Furthernore, as risks of deterioration of the
sem conductor |ayer 50 are decreased, the thickness of
the latter can al so be ddMSised, while still
respecting manufacturing specifications. Thus, the
conmponents to be manufactured in the sem conduct or

1. Proggses obiteating dhelruniure fot aleatranics edopiedidetiorick otherstipoise

an the prior art. A main advantage of

Com@ﬁ%ﬁ#g@éedﬁ%?lg%@l s that the dielectric layer 30 is
—nvéﬁmhstrrmwl inits |n|t|al configuration, even if the
di ffu heat tr eat is inplenmented. |Indeed, the
—digF % laygy bavigg 4 erﬁ'@i‘ta' GRRH Ay ?%@t%ﬁdwﬂ@gh%{ﬁaa”
i tifel thelhal c@lh@u&ﬁﬂt{/' &f @Hdoilﬁérlﬁ%r PRRRE | &% d%@c!b tdpug
be mai nt ai ned dielectric properties of the
dlﬁﬂf@@@fﬁdl@tqra{y@tﬁ“@b can then be initially calibrated

+ St MEEbAE el e BRSaB S phndedRgRRl
~Std thin serancbnduabeleyelomlads wsandmoﬂd:@mubmnimaierialhe
onee St G o SF LR AU el oo Ro 5 o nen
redusings hddphltey viting Beferﬁ;f)?é\ﬁtdré evdlle refml aCamvdteh i sHdsenofor
an oxide | ayer made of an oxi de of sen _conduct or

incitifgt @ amount & eRage Phybe Rude ByetriooRdEe ofroyah the
sem@aha'uasm(?fyen%%sf tHERfiERRs of the [dide ﬁa%} CREMAARES by a

ayer sal d sem conductor materi al
deteﬁh@edwm zed in that it conprises a heat treatnment of
the structure in an inert or reducing atnosphere wth
a tenperature value and a duration chosen for
2. Process of manufacturing a structure for electronics or optoelectronics,

characterized in that it comprises the following steps:

(a) providing a semiconductor layer having a determined thickness, the
semiconductor layer is of a semiconductor material;

(b) providing a receiving wafer comprising successively a substrate and
a top dielectric layer made of a dielectric material having a thermal conductivity
higher than an oxide layer made of an oxide of the said semiconductor material;

(c) bonding the thin semiconductor layer to the receiving wafer such that
the dielectric layer is sandwiched between the thin semiconductor layer and the
substrate, this bonding step comprising the forming of an oxide layer at the
bonding interface made of an oxide of the said semiconductor material; it is thus
formed a structure comprising successively the said substrate, the dielectric

layer, the oxide layer and the thin semiconductor layer;
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inciting an anmobunt of oxygen of the oxide |ayer to
di ffuse through the sem conductor |ayer so that the

wo boogkrsass of the oxide | ayer decreases by a deCEIBRO®3957

val ue. 2. Process of manufacturing a structure for

el ectronics or optoel ectronics, characterized in that
it conprises the follow nig steps: (a) providing a

sem conductor | ayer having a determ ned thickness, the
sem conductor layer is of a sem conductor material;

i, di .
U Bl i3l St BER Sriuiinbhn S0k Helieing impgphere
with @dﬁnp%ramrtdi\ﬁdlwﬁgfcat Em;ﬂmraﬂire Feavativ idéﬁbggmgiffusri]ng an
conduct i vi
amoypt g ozsygqrhéf ﬂﬁgax'g%ﬂ?% %é{?%‘cof‘g‘)'d%%i'eﬁéo

that Eﬂéeth’idk'nﬁs§ Smh‘é%éclb?ér deay@ésetsqa;maet@ﬁﬁmewwamwaf er
such that the dielectric layer i's sandwi ched between

the thin sem conductor | ayer and the substrate, this

3. Pm%gﬁ%gg%r@ G&ukh&(fo%lﬂb hg c%fmaz1 vheréa thé‘l’)%ﬂe

ter ace nmade of "an oxide of the said
Iayesemteprﬁdbetf@memreheadl@ewlcllwetrhus formed a structure
conpri sing successively the said substrate, the
dielectric |layer, the oxide layer and the thin
4. Peeess of thartufactlringea s{rdgtuteeatcardiegtto epimt vdwirein the oxide

structyre in an, inegrt, or reducin tnosphere with a

layef 8{1%8PZPUF50%%%“ EWothg' Steé?fﬁ%'?éd{c%?rjawr ati on chosen
for diffusing an anmount of oxygen of the oxide |ayer
t hrough the thin sem conductor | ayer. so

5. Pfcmeéﬁﬁé@?,arwfatheﬂﬂgoaﬁH@C%@@?CO&@@Bé%@m%,r@eaéi?@lﬂ%%@&

layeV 8t §18p (8) lsﬁ”ﬁéﬂ‘eeéﬁ tHef digRBicaASYeH dnAb rAthe tsehfitdHdRictor layer.
according to claim?2, wherein the oxide |ayer of step

(c) is forned on the dielectric layer. 4. Process of

A6F Wl (ﬁﬁg{ 'écétchﬁ CQ&WI?M? tBoor?éb s rBla"}ms 2 to 5,

erein the oxi ayer of step on
whetdinnstepnfa¢ modyxises thaywovidig 6k aeé@mrowafmmﬂ\/m lha ﬁgld

sorf 5} a8 ks YOG Brtifel b degr

stepo(t)tdrel stepi @pnaluedumtioh af ehe d’ﬁ)noPlsobsisaie dor only keeping the
seryrg el St HoRiio By “BEHRERTRE (he providing of &

donor wafer having the said

7. Process of manufacturing a structure according to claim 6, further
comprising, before step (a), a step of implanting atomic species in the donor
wafer for forming a weakness zone beneath the semiconductor layer, and
wherein the said reduction of the donor wafer comprises a supplying of energy
for detaching the semiconductor layer from the donor wafer at the weakness

zone.

8. Process of manufacturing a structure according to any of claims 2 to 7,
wherein the said temperature is firstly chosen according to a determined profile,

and then the said determined thickness is chosen for determining the said
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sem conductor |ayer within, wherein the process
further conprises, between step (c) and step (d), a

wo e@aotrsiesn of the donor substrate for only keepChiB26003957

sem conductor | ayer bonded to the said substrate. 7.
Process of manufacturing a structure according to
claim6, further conprising, before step (a), a step
of inplanting atom c species in the donor wafer for
form ng a weakness zone beneath the sem' conduct or

lLayer, .and_wherein the [re tion t he. dgnar .
durgifiep tBsPRoRLBOh iSRG BF SEfmiind ind GeiddRRigines
thickriegss theise @hdicet @re haerfof reducidiethdanieknawf efrthatoxidedayer

kness ;zone. 8. Process of manufacturing a structure
bya:@%@?ﬂ'”ﬁﬁ"?@ €any of clains 2 to 7, wherein the said

tenperature is firstly chosen accordl ng to a

determ ned profile, and then the said determ
9. PregeserfyuanyactHieg A srt&cttaeta&cmqﬁng@ Elpim @a“@‘@iﬁ'ﬁt’fh%ﬁa‘d

temBéra‘tLﬁ}% i$ Bét@ve‘éWﬁbb@@ aha 102%@5’% ”stNasd&bSﬁHHQb@Q: the
sai d determ ned thickness ese choices are made fo
reduci ng the thickness of the oxide |ayer by a
i f
10. LB ALt FLORES ScilB B 9 @aerem
deterenimet tickness en@&mmtmem@@ham k2 3@00g & oeanasduction

nd 1200C 1 Prq cturl a st ture
rate o KoK G et B 3 T bh P bt A e ot s e
minditel ckness and tenperature are chosen for having a nmean

reduction rate of the oxide |ayer during step (d) of
at |east about 0.5 angstroms per minute. 11. Process

11. F¢668dd Adr@ingny aHy 61 aialfhs H {0 77 whehsih &hé thidRness of the
t hi ckness of the sem conductor Iayer i s between around

sempenAyREps t layeis s etueu T8t 2%th Fhgpbams amé around 5000
ang%ﬁ%@r@ﬁéjrtgmﬁérﬁ@%ufs %Eg&gﬁ%@g‘tﬁtzﬂﬁ MY JutARdnl & between

tween around 5 m nu ours. 12. Process
arowrstdminvigs wod afyouwss. clains 1 to 7, wherein the oxide
| ayer has a thickness between around 100 angstrons and
around 500 angstrons. 13. Process according to any one
12. fhrotdes acoewvdiogido @hgiafslaimdset ¢o 17, wWwerdiadhe oxide layer has a

thickness between around 100 angstroms and around 500 angstroms.

13. Process according to any one of the previous claims, wherein the heat

treatment is processed so that substantially the whole oxide layer is removed.

14. Process according to any of claims 1 to 12, wherein a part of the oxide layer

is left after the heat treatment.

15. Process according to one of the preceding claims, wherein the dielectric

layer has a thickness sufficient for, after step (d), electrically insulating the

-semiconductor layer from the substrate, considering the components to be

manufactured in the semiconductor layer.
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treatnment is processed so that substantially the whole
oxi de layer is renoved. 14. Process according to any

wobkooslzsias 1 to 12, wherein a part of the oxi dect/meee6/003957

is left after the heat treatnment. 15. Process
according to one of the preceding clains, wherein the
dielectric layer has a thiockness sufficient for, after
step (d), electrically insulating the sem conductor
| ayer fromthe substrate, considering the conponents
to be manufactured in the sem conductor |ayer. 16.
Process according to any of clains 1 to 15, wherein
16. PMeS@bcbaﬂdlebeohny of lckyras 1hiasi A wHeesindhe saiddlielecivictlgyer

17 rocess according to
has aﬁ@ergfal EP%?@VE%'SW?@'“%@\@ t I@ said dielectri g
| ayer is nmade of nitride, di armnd al um' na (Al 233),
alum numnitride sapphi re. SS, .
17. %@@sﬁﬁawrﬁlagéwnwé%mﬁ Helo fﬁga@mrﬁ@ tog é?'ﬁ‘sfﬁe'ﬁﬁté'Pé?Wr
is nde Urehgfde, | GahdNEr aﬁlﬁ’rmfa' ?R§O§)3'\Hum31%m RRigRRS $AIN), or

according to one of the two preceding claims, wherein
sapphie. di el ectric layer has a thickness in the range of

1000- 5000A. 20. Process according to one of the

precedi ng clains, wherein the substrate is nmade of a
18. lAmicess atcdrdingrig ahy ghetdfiherpieceding wiaimei wherein the dglectric

layer comprises SizNa.

19. Process according to one of the two preceding claims, wherein the dielectric

layer has a thickness in the range of 1000- 5000A.

20. Process according to one of the preceding claims, wherein the substrate is

made of a material having high thermal conductivity, like SiC.



