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1 AMETHOD OF FABRICATING A COMPOSITE SUBSTRATE The
present invention relates to a method of fabricating a composite substrate
of the type comprising an insulating layer that is buried, i.e. interposed 5
between a semiconductor support substrate and an active layer of
semiconductor material. In the description and claims below, the term
"insulator” designates an electrically insulating material optionally having
arhighdiglectoe 10xpnutivityycdMarecpreeiselyrthesinventionrelates to a
method .of ohtaini c ' b s define e, whegein

the insu%i%gq%ﬁ%%thi%g}%ﬁggé? ia%]tégg ﬁ%ns(é%@g]ngn%%ocevktlgré\; ﬁf’i;ck, or
evBRTdSEhAR 2 P @B iEndieeTdAhRk Owith Baibstantiafprprising
improvecheledtiicgl propertieszSuchsa substeate i used imparticulaedn

the figldsnotoplics; eleclionics, and opiaelectionigs, A-parigular Qut, . ; v
non-limiting examgle of that type 20 of composite substrate is a substrate

BWRbyits AT U561 (sillkdhon insulator), which designates a
substratercomgrising adaperiofinsulating silicen bxidevintérposéd rm
between tve layers: of silicen. Mare presisely; the electrical, properties
Whi%h the ESOm%thod %orglingltv% embqgim ntgi%f the invention are

intended fo improve are: the ¢ argeqd%n5|f‘)rq nownlk?yc%relébbreviation

"OBHXY i #ie biiried insulating layer. Obtaining a value of less than 5 x
1011 charges persem2ds desiralle;13& dhe breakdown weltage, herthenod of

vojtage peyond, whig a#@%%si;%x@gm%ingg'aé%rfff\"%@hgw%ce wherein

Obtaining maximum values is desirable. As an example, for a buried

shiedn Xt Rjer @ greféited SaltBi§ asiciBse 1686 M °0 nm (50
[megaveltstcentimetedias passiblen3 cthe mokility0f hetes(arid/or

electronsdn e thick, with substantially improved electrical
properties.

Such a substrate i1s used in particular in the fields
of optics, electronics, and optoelectronics,

A particular but non-limiting example of that type
of composite substrate is a substrate known by its
acronym “S8O0I” (silicon on insulator), which designates a
substrate comprising a layer of insulating silicon oxide
interposed between two layers of silicon.

More preclsely, the electrical properties which the
method according to embodiments of the invention are
intended to improve are:

the charge density (known by the abbreviation
“"Qhox”) in the buriled insulating layer. Obtaining a
value of less than 5 x 10 charges per cm’ is desirable;

the breakdown voltage, i.e. the voltage beyond
which the resistivity of the insulator falls sharply.
Obtaining maximum values is desirable. As an example,
for a buried silicon oxide layer, a preferred value i3 as
close to 10 MV/cm [megavolts/centimeter] as possible;

the mebility of holes and/or electrons in the
active layer. As an illustrative example, it would be
desirable to obtain an electron mobility of more than

p R -1 o N -1 : P
500 cm®. .V t.g™t fcentimeter?.volt ™. second ] in silicon
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active layer. As an illustrative example, it would be desirable to obtain an
electron mobility of more than 500 cm™.V 1.s-1 [centimeter 2.volt_ 1.
second-1] in silicon 2 doped with boron in a concentration of the order of
1015 atoms/cm3; and the "DIT" value, or "density of interface trap”,
which designates the density of traps at‘an interface 5 between two
layers. In the context of the present invention, an improvement in DIT
v(%ues At Jgﬁ%e%g/%‘ointerfaces of the buried insulat] g%lr:{\%/egj \évi h the

N i Aoncent i . £ 10
nelg%elt)orlng3 ayers IS Bodght” The Femainder of the’ descrptioh15¢uses or

tRé OIF /T0Wall@ sk it is one of the principal parameters on which the

substrate forratian steps:of embedimentsefithe inventior haveant rap”,
Influgnce  Eurther, that narameter as, an eftect on mobility. H Sé’é?%’%%
embodiments of the invention In %en ral aim to improve E’fhe electrica (fg

peFfofRance s thefias subdtfate™ Frapa tiavetthe apagity &5 fstaih or
release tharge zarriersatintedaces. Theyhavelareexteemelysdeletarious

impact.an theselgetricalproperties of, electronic.components whichare to
be proggced on the 20 composite substrate. The derisity of traps at an

iREHARE Tretetfed f Befow as 1E 9BIT value” for simplification, is
expressedeas te number of traps/eNeem2.1The highéo thes DET valuehah@IT
worse dhe electrical prgpertigs efithesubstrate, 25As anexample, A yaluen
11012 V1,3 is.2 high value which eqrrespands o poor slecrical
properties for the substrate. 8urrent?)?,?he es values obtained are

of BYE Biide? of 1002 e .driiZ foieiRtetfaces betlkedn Ve gobd piafiyer has
oxidest kaewn @s "gate oxides" and304heir supprt iauch-exides are:

U B e i Aot g, CPSstaness s e
performances of the final substrate.

Traps have the capacity to retain or release charge
carriers at interfaces. They have an extremely
deleterious impact on the electrical properties of
electronic components which are to be produced con the
composite substrate.

The density of traps at an interface, referred to
below as the “"DIT value” for simplification, 1s expressed
as the number of traps/eV.cmz. The higher the DIT value,
the worse the electrical properties of the substrate.

As an example, a value of 10 .ev''.cm™ is a high
value which corresponds to poor electrical properties for
the substrate. Currently, the best DIT values obtained
are of the order of 10*° .evl.cm™® for interfaces between
very good guality oxides, known as “gate oxides” and
their support. Such oxides are found, for example, in
transistors, memories, capacitances and other types of
components forming integrated circuits.

Figures 1A to 1E illustrate the various steps of one
mode of fabricating an S0l type substrate, which is known
in the art.

As shown in Figures 12 and 1B, that method consists

of oxidizing a scurce substrate Sou to form a layer of
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Figures 1A to 1E illustrate the various steps of one mode of_fab_rlcatlng an
SOl type substrate, which is known 35 in the art. As shown in Figures 1A
and 1B, that method consists of oxidizing a source substra'ge Sou tp form
a layer of 3 oxide Oxy at its surface, thengo carry out atomic species
implantation to define an active layer Cact. The] oglg‘?t Ia;ger |3_g§r;§rglly
fairly thick, of the order of 150 nm [nanometers]. er bondi

su p)pl)g}r(tlsgu%s(t)rﬁ}fe SLpi(Fgahr fey ean&*ﬁu%‘f‘ad}ﬂn&%ﬁé Yefidinddrofithe
souréE EGBSFat sda(PGimn 109, debimsosite sulisiratelis pbiaicedt . The
comrising dr prideilaygetdgainierpaseeibetpesma SUPPOHARG AL o5
activgﬂ@ye{mwmgplgﬁé@eggqtgct interface with each of 10 the latter, with

espective rence numerals liand 12. Finally, after fabricatior_1, it may
gbe ?ormed (%% ?ﬁer Clﬁ)p{))ﬁledrmlsnl?rfé:c?e of WBB%@O%H@%%@%@%E@PQ@ 1c)

layef” fﬁ?eﬁcf&?ﬁ%ﬂﬁeé@ﬁaf%‘ﬁ?ﬁéﬁéedumfg ﬁhi%hh‘@mmm&tmm‘tts Bou
the sUistrare. Hénce athecsyhstiate Enisseavared with BHOlRGNEIAYE s i ng
Cpranddhet&ismdﬂt&ﬁch%l?tgﬁ%%%?tﬁ?ﬂ@&gﬁgﬁ%%@éﬁ%%ﬁﬁ#&@?

i ior art, methods are .
mremee i m Rl
com%%siteasu%%ﬁété“f]’mef Sf’é’eﬁﬁéﬁﬁalﬁﬁﬁééﬁﬁéﬁtrﬁéﬁ@? ohe dhtrerd, I,.
known as TH@AL it "feiftirwy dabramacalsrconsistof asEryiRg Atk don the
repaipipecoveny heat Uﬁamw&mﬁb@{%t@%%%%%%mn%%%%%ﬂ:agf

! inin . neutral
s e e g e el 11
regarding uﬁ%?ov“é?ﬁ%ﬁt BB P YRR IF Rt exertHaretely Hietuinterate

13 |3 HetwERKHE Prifibelive Jo-Riyer Gptearic: pandtive layer €askangdaton
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theinterface I; between that brotective layer Cpr and the
active layer Cact.

From the prior art, methods are already known which
can improve, i.e. reduce, DIT values, at certain
interfaces of a composite substrate. They are
principally heat treatments.

One of them, known as “FGA” for “forming gas
anneal”, consists of carrying out a repair/recovery heat
treatment of interfaces at a low temperature, of the
order of 450°C, in an atmosphere containing hydrogen and
& neutral gas.

However, when such a method is carried out at 450°¢C,
its effect regarding improvement tc the DIT value is
exerted solely on the interface I; between the protective
layer Cpr and an active layer Cact and not on the
interfaces I, and I, or only very slightly. That FGA
treatment method loses effectiveness at each interface
which is encountered. Thus, it is relatively ineffective
for deep-lying interfaces.

A further possibility consists in carrying out an
annealing heat treatment at high temperature, i.e. over
900°C or even over 1000°C. - Such a treatment may improve



interfaces 12 and 12, or only very slightly. That FGA treatment method
loses effectiveness at each interface which is encountered. Thus, it is
relatively ineffective for deep-lying interfaces. 35 A further possibility
consists in carrying out an annealing heaqt treatment at high temperature,
i.e. over 900C or even over 1000C. Such a treatment may improve 4 the
DIT value at the interface 12, but has almost no effect on the interface |I,,
whiclt ies ek per igrthér, thenany aritce apptigations, adkindiwided no
insulatitfg dayesr{(oxite) in desired. far, example, lesse than.pQ,nm, or even
less than 2 In.th e oxide no lgnger plays the rgle of _
electrical in%ﬁ%gél éilbaiegﬁj%?grlrﬁg :é%rin?gé% gﬁgrtflo %gléc?m%iﬁcl n buried

comPORERET AR HHESH bPtdififed bR heSitRdee BPthesamositess

Jubstie. PO Fifthepmordethel sgppoitBug docated at the bottom, no

longer has Tmly hanechanicat i duialsoohas anp eleptricaldupgtion o ¢
Saideawiéa@stm@u&awax189,@29n%'.'%C%t%bgﬂe%%%ﬁ}%ffspé% of

exa L)e ound plane, or jt may be composite, 15 As a result,
imp:%?/e\rcn%err%é%g tﬁ:g%ﬁ)?t{/% éess At Jfﬁ%‘ NS int&rficed AFBRE 120 168%ted

eith§PSGHBT tRE Bl d TR EI4G 18/&rs hFe Besirable. However, it is well

10nown thaf prodhehnp tempusites sppstratespomprisingea vety this bgiachm,

insgﬂmingnlayei( s ggﬁlb lﬁ@m,?fﬁegr%m%&%éi?s%n B S0 has an
subglyate, it;is ko e thinner the oxide layer, the higher the
number of def cts%ide_t%\e finégll%ﬁbgtlﬁg%?ﬁ' igf?sbﬁﬁﬁﬁgallrgﬁﬁe%ythe

preSENCS B boRtatS botitith phARRIESERG gaSoEneHpEDIkEed 25
duriBgBeYHiRg 2t the friteifbicedy Todmprowethatebonding, one solution

15consists ohsplasma=activatioaicatdaast ene of the sSpHaces 10P€ at the

20

25

30

35

bonglgsl, napasly thatofithe, support Supandiorinsylaior . o ¢ (1o

buried insulating layer, are desirable.

However, it is well known that producing composite
substrates comprising a very thin buried insulating layer
is difficult. Hence, for example, for an SOI type
substrate, it is known that the thinner the oxide layer,
the higher the number of defects inside the final
substrate. This is principally due to the presence of
contaminants, polluting particles and gas, encapsulated
during bonding at the interface Ij.

To improve that bonding, one solution consists of
plasma activation of at least one of the surfaces to be
bonded, namely that of the support Sup and/or insulator
Oxy. A high bonding energy is thus obtained, close to
1 J/m? {joule/meterz], at the interface I, even after an
anneal at 200°C for just 2 hours.

However, plasma activation deteriorates the
electrical characteristics of the interface Ii, and in
particular its DIT values, fairly significantly.

Reference in this regard should be made to the
article by K Schjélberg-Henriksen et al, “Oxide charges
induced by plasma activation for wafer bonding”, Sensors
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Oxy. A high bonding energy is thus obtained, close to 30 1 J/m2
[joule/meter2], at the interface 11, even after an anneal at 200C for just 2
hours. However, plasma activation deteriorates the electrical
characteristics of the interface 11, and i particular its DIT values, fairly
significantly. 35 Reference in this regard should be made to the article by
K Schjolberg-Henriksen et al, "Oxide charges induced by plasma
attivation:for wafer Bondidg"{ Sehsors 5 %and Actuators A 022002 e
99=105; whick shews the negative effect obplasmaactivation.o0nthe i ca1
electrical, properties of substrates. Embodiments of the invention seek to
overcome the above-%bmenﬁoned disadvantages regarding the prior art.
MEFERSTeeisely; @ntbodimentsrofahé iivention seek to provideia réthodofve -
obtainingea compeositel sybstrate withe @ thinghuriedipsulating tayer, ket .

hinher 19apY. 0. AL EVen 1iaes A ednmeand Which Bay (et +o

as thin 10 as 5 nm, with good electrical properties, i.e. with low

VBRI 41%he tii6 ftefates BPSaid stating” Bajier Sthaccortiicerit 4ith
fisstaspectofrthednventions there isgrevided asmethodrofdabricating=® nm,

composite 15 substiate. ghthetype comprising-a thin insylating layer, . s +hin
termed the “final layer", mte:)gosed between a first semiconductor

stibstraté™ terthied tha*Slipfort Substrate” PARE 8aysiof senficordidtor-°¥
natErizibtbrmedalie tactivewayer' eharcterized inthal itcomprsesithe
steps:=0f; 20 - forming or depositing an insulating layer, termed the "first
layer", nsaaid gg@gg% subst{%ltﬂgband%rj}sigsulatiré%:{;ayg% tgrmed the

" ce a ng invepntion
secon Iayer ,ona secong S s?ralte, termeg’?he source subsjtratem; - !

plasi& atfivationortt feastBhelsiSait first “25iard s8corid ASTIREIAG t e
layers;t-rzanding saidesuppod suhstratesand saidtsouce nsulating layer,
termed the “final layer”, interposed between a first
semiconductor substrate, termed the “support substrate”,
and a layer of semicenductor material termed the “active
layer”, characterized in that 1t comprises the steps of:

~ forming or depositing an insulating layer, termed
the “first layer”, on sald support substrate and an
insulating layer, termed the “second layer”, on a second
substrate, termed the “scurce substrate’”;

- plasma activation cof at least one of said first
and second insulating lavers;

- bonding said support substrate and said source
substrate together by molecuiar bonding, such that said
first and second insulating layers are in contact along a
bonding interface and together form said final insulating
layer; and

- lifting off a portion termed the “back” of the
gsource substrate, to retain only a thickness of material
censtituting said active lavyer;

the value of the plasma activation energy and the
respective thicknesses (e;, ez) of the first and second
insulating layers being selected such that the activated
insulating laver is activated only in its upper portiocn

extending from its free surface, and the thickness of
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substrate together by molecular bonding, such that said first and second
insulating layers are in contact along a bonding interface and together

form said final insulating 30 layer; and - lifting off a portion termed the
"back" of the source substrate, to retain only a thickness of material
constituting said active layer; the value 6f the plasma activation energy

and the 35 respective thicknesses (el, e2) of the first and second

irsulating kayérsilbeing sefacted. syctrthas tHedactivated: trswlatiriglayes iso »
agtivated onlyrin.its,uppergortion, extending fromiits free syface, and the
thickness of 6 said final insulating Iaé#er is 50 nanometerséSﬁ%nm or. .
less, pr§5%%® 36 NGRS 26 Hin) 'S leds "Ofher ddvARGIESES ARGt cs
noh-liniting eharatteristies cointhe hnethiod attosding tooémbbdimentsof 1.on,
tﬁ&%E’é’ﬁ“HQ%m@f tg&iaalwgi%ﬂﬂﬁ@mmfat@ﬂ@da@;aﬁﬁm? theh
thickness of the first insulating layer . formed or deposit n the
support su(ggtéﬁat%né“ncd& %%S%igl?ﬁgssgeﬁ %? thelgesc%n%nlﬁg%%%ﬁél ylear1yer
fEietPer efeposHEd on the SBurcesubsiratiinay Satisiahe 19161l6Wng
relationships: eley) empleohdl arde2e emp Had2 impwhicheampicant:ep2 -
r iyely corresppnd hi f.the first i ing | and to
e kncse of e sbcond Tulatg ayer the natLie of 16 Whigh
nfSHifed’ after the Rasma Hetivstion treatment, and dl and d2 correspond

to the respective tuneelihgedistancds efithedirst amgtheé sdgond insulating

!%M?r%ih i@lﬁ@gp%”gr%@c%ﬁ& i%@@@ﬂ%@?;}“%?%\é‘%ﬂ%@iw&f the

wggrfagfe trag V%Eues?nDI%%Lof 1011 eV.1l.cm2 or._20 less, Ereferabl

several 1610 eV-1o (B85, ArtREit PespEttivé iterfalss with tHE

|dyers snagsicly théyares depositedneiforrnédgwhen tedelatteparere of

fonmedifrom siigom and the insvlating layarsareformed frophsiicen cment,

and d; and d; correspond to the respective tunneling

distances of the first and the second insulating layers;
the first and second insulating layers may have

density of interface trap values (DIT) of 10% evi.cm™® or

less, preferably several 10%° ev™*, cm™

or less, at their
respective interfaces with the layers on which they are
deposited or formed, when these latter are formed from
silicon and the insulating layers are formed from silicon
dioxide (Si0;);

the first insulating layer and/or the second
insulating layer may be formed from an oxide or a
dielectric material with a high permittivity;

plasma activation may consist of applying an
oxygen plasma to the first and/or the second insulating
layer(s) at a flow rate in the range 50 sccm to 200 scom,
a pressure inside the chamber of 50 mTorr, a plasma power
of about 250 W for 200 mm substrates and about 500 W for
300 mm substrates, for a period in the range 5 seconds to
60 seconds.

The method may alsc comprise an annealing step

carried out in a mixture of neutral gas and hydrogen, at

a temperature close to 900°C, for a period of at least
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dioxide (Si02) ; 25 the first insulating layer and/or the second insulating
layer may be formed from an oxide or a dielectric material with a high
permittivity; plasma activation may consist of applying an oxygen plasma
to the first and/or the second insulating 30 layer(s) at a flow rate in the
range 50 sccm to 200 scum, a pressure inside the chamber of 50 mTorr, a

plasma power of about 250 W for 200 mm substrates and about 500 W
for'’30 %ﬂ‘ﬁ Subftates, %oerafﬁeﬁ&?ln Cthe Tafigd $%etohas t6 6y covered

seedrdsl 85 Thiesmketlicd malcalse compiide ansannealing stepr caaiedut

opbinca mixures ghnewtralgasiand hydrogen, at a temperature close to
900C, fo}{da perlod of at Ieast 7 two houks on @t least %nggf the

substrates covere With its’ msulatlng (fayel? “Said sPep being carrledr out
beforé prasifia hém}éﬂime Advahtageotisynthesacksoriién e thessourée

5 substrate:isiliftedcoff by grinding anster-polishing:rrihe;methad:mayalso
comprize darming.a.zons,of weakness ngide e source. aupstiale, cajlled, o
out before the plasma activation step, an |n off t ortion o

tﬁé“%omﬂ%@%d%sﬁ&ﬂélwaé&%hﬁe%alo%dsa}r& 10-76h & SFweaRnésEC X
Advantegeously} saidzonewf wedkness t=fdrmeddlya atomictspetiesy said

irggllq@tegi@nv\j@glg%éggrce substrate. In this latter case, if the
entioned anne |ng ste carried out, it is_carried out before the

above-
A L SB Bt It GRS oo Sre ot neicrred By
applestionsoahe $abricatibaof atSOnsubstidte, inowhich thelsoureece.  In

substrateds fermeckfsam silicomandithey firstand second dnsulatinglayersp is
are formegl frorp S|I|con 20 gg&dﬁlé%acc%rdgg%% ¥Véth seclcr){]dlas ect 9f

the |nvent|on P ation
step.

Embodiments of the invention are of particular
application to the fabrication of a SOOI substrate, in
wnich the source substrate is formed from silicon and the
first and second insulating layers are formed from silicon
oxide.

In accordance with a second aspect of the invention,
there is provided a composite substrate characterized in
that it comprises at least one insulating layer interposed
between a first semicenductor substrate termed the
“support substrate” and a layer of semiconductor material,
termed the “active layer”, said insulating layer or layers
forming an insulating layer termed the “final” laver,
having a total thickness of 50 nanometers (50 nm) or less,
preferably 20 nanometers or less, and having density of
interface trap values (DIT) of 10 .evi.cm™ or less at its
interface with said support substrate and at its interface
with said active laver.

Other characteristics and advantages of the invention
become apparent from the following description made with
reference to the accompanying drawings, which represent a
possible implementation and its variations in an
indicative but non-limiting manner.

In the drawings:



there is provided a composite substrate characterized in that it comprises

at least one insulating layer interposed between a first semiconductor
substrate termed the 25 "support substrate” and a layer of semiconductor
material, termed the "active layer", said igsulating layer or layers forming

an insulating layer termed the "final" layer, having a total thickness of 50
nanometers (50 nm) or less, preferably 20 nanometers or less, and

having density b¥ 3¢ htéffate trdp FaRIeS(BATRBF 102 AP ¢ o s

at itsVintdrface Withsaid supportisuistrateanceat B9 intefaceswithtsaide, in
activedayer Hiber characieristcs apd advaniagesef dhe invaention;

become aphageulfrem e felosdng fesgipion made Wb, 23 "plerece
5to thgaa}:c:{:olgp%%n drgwmgs, which r%%iese_nt a possible

implémentation an8 its VarkAtore Riar HdieRine b Hontinditing HanAer.

In theidrawindd: 1 tFigurRiePARBAIE aite @fagrams represiénting the

various stepstindabreatizn obaBRESQIrtype isupsiiade rivp aeserdaneg with a
knowa priof ashireglemantalieRodIguRiseRde oF 1€ FRIAlS 2a to 2k;
representing e, 5 yajoys stens I fhe.ebrication mettjor p accordancg
with a first implementation o the invention; w&res% oSESRE e

10 diagrBhs epresdniiy d2V5hatith SR the niAsd InmstfbatinFigars 2A

to 2ECt Fiiréista epapleshoning tesitikresséaplof Ibterindetatingy De
layespphlichds modified adtes plasmapastivationstreatmentas afupnetionof ¢

the power density Dp annlied tg generate said plasma, for two substrates

with different diameters; and Figure 5 is an enlarged view of Figures 2E

and 3E 15 shoWHF the *EinfRIRG 8RS s Bigfe SARHSYs fiardnd 3E
15 methidgomte thventiornnskbing firstistisucas 1 termed the "support
substrate"Fagd@eseeonrthsubstrate: 2 teened the dseurcersubstkaietion

uses a first substrate 1 termed the “support substrate”
and a second substrate 2 termed the “source substrate”.
As can be seen in Figure 2B, an insulating layer 31

20 termed the “first insulating layer” is formed or
deposited on the support substrate 1 and an insulating
layer 32 termed the “second insulating layer” is formed
on the source substrate 2.

The interface between the insulating layer 31 and

25 the support substrate 1 has reference numeral 311 and
that between the layers 32 and 2 has reference numeral
321. _

The free surfaces of the insulating layers 31, 32
respectively carry reference numerals 310 and 320.

30 As can best be seen in Figure 2C, plasma activation
of at least one of the two insulating layers 31, 32 is
then carried out.

Surfaces 310 and 320 are then prepared for bonding
carried out by molecular bonding (see Figure 2D).

35 The bonding interface carries reference numeral 5.

Finally, a portion termed the “back” portion of the
source substrate 2 is then lifted off to leave only a



As can be seen in Figure 2B, an insulating layer 31 20 termed the "first

insulating layer" is formed or deposited on the support: substrate 1 and

an insulating layer 32 termed the "second insulating layer" is formed on
the source substrate 2. The interface between the insulating layer 31 and
25 the support substrate 1 has reference numeral 311 and that between
the layges 32 and 2 bas reference numeral 321. The free surfaces of the
insulafing layers 3T, 35 e 8ehiTaly Yark ictbrerrestamerals 310 andive
320. ?’5 gesrc%) bedf'béiRehiincFigarmpes plasnatastivatien wakat least rence
one J{RE #7 idsulating Tagense31,:32. is then carried out. Surfaces 310

and 320 arelthesaprepasagdar bandings cagjed Qgtelgrxgglgggl@r bonding{_icts

gsee Figwe § bonding interface carries reference RURTErSI 5.
eh bl QEP‘%%%I{%" poftioh o a2 sblrdd euarsatein ighe

Final%;/mgg@ortigq termed the™

then Tifted off to leave only a 9 thickness of said material which
constitutes EnrddiRie |14y 20mndhe fisabsamposite subsdrage with 4,
referente gmarhepak4 (sge Elgerdn) dn g@%gg@p@;lt‘ghslyﬁ%t@ﬁ ff the
substiaie dgeli« 2 A2 r@gg}airgggle%p nor;c,has is usually the case’in the

wpriorc%%p%lérl@%r, &g% sgpﬁ)ort subsirate 1 als6Torms %‘?F‘?nt‘éﬁr&lhﬁhrt of

electr}cl)nlc components w féh i stBs&ffe R beabriateukon tivent i.on,
surfice of the T0RdNTEdsite Yibstratelovnibe context afshedn¥enti®itained
wheféinthmaiatiakwithe b DIE vaknisiebe Qbtained  akthe interface
31llshgipveen tbedaswHatQr 31 apdthg agg@gog I§(Lg.1b{§gate 1, the nature and

the @ngggglté:p%%gtggsg%s &flthe material_cons |tut|r(1ag ggﬁéﬁﬁ&ort 15

subgfrate 1 have an influence 6 TRE- Sletirlc Aopafdinannes of sdidsupport
15 u §%ra
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electronic componediEergptHigtluence on the electrical
performances of said electronic components. For this

reason, the support substrate 1 is advantageously formed
from a semiconductor material.

Further, it is even possible for said support
substrate 1 to contain elements which will be
constituents of the final electronic components (such as
electrodes, a ground plane, a channel, etc)

Finally, it is alsc possible to have, as the support
substrate 1, a composite substrate in order to produce a
multi-layer structure, Purely by way of illustrative
example, a bulk silicon substrate with an epitaxial layer
of silicon germanium (SiGe) containing 20% of germanium
may act as a support substrate.

The active layer 20 of the composite substrate 4 is’
derived from source substrate 2 as is described below.
Said source substrate 2 is also formed from semiconductor
material,

Purely by way of illustrative example, various
examples of materials which may be used as substrates 1
and 2 are mentioned below:

Support substrate 1: silicon (81), silicon carbide

(8iC)., germanium (Ge}, any epitaxially grown layer, for



reason, the support substrate 1 is advantageously formed from a
semiconductor material. Further, it is even possible for said support 20
substrate 1 to contain elements which will be constituents of the final
electronic components (such as electrodgs, a ground plane, a channel,
etc) Finally, it is alsc possible to have, as the support substrate 1, a
composite substrate in order to produce a 25 multi-layer structure. Purely
by w&y BFMbEtrativé ¥xBnilesamiik seonGubstiatd itmanepitaxialn
layer (. &ficorw yegnbhinm (SiGe) dentaning 20060fgarmanusuHBay A,
as a stpeerdsubstrates T heragtive Jayer ?SQQng}encomposite substrate 4 is
30 derived fro eshhstate 2 as is scrlbe elow. Said spurce
ﬁubstraie 2is %E%q%ﬁrgmed fro%s%?em?condTL ctor 'm tenlai Pareh ’ByLWa)} B -
lustrative SXanTHIE” V8RodS ek aniidd 6%&@&5&%.&?\%@ belhsegmas
SubsHAIER L 135 ahdiSate nsedtdned belowisipptsabstsatel hasilieon
(Si), shicentcankideI £8iC), germanium (Ge), any epitaxially grown layer,
for 10 example @rleﬁqee hggrmanium (9¢), sjlicqn germanium ,(SiGe) or

galluér;g asi |con€ubstrate or even a a er e?s&ramed

, Slicon; sc%)urce substra e’? Shict @i)ldgeerﬁfaﬁiﬂlﬁf(’éi@y 5&lbdecarbldeonr
(SlC?xdTﬂFr'u Siftrde s ald)l dFeBnn gEfbdaiuns (SiGe), galtivmn dvsenide
(AsGayordinthge fhespiide:(IhR)HT e insitating: keyers 341 3R)are
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nitrides and their silicides.

The nature of each insulating layer 31 or 32 is
selected firstly to optimize the electrical performances
of interfaces 311 and 321, and secondly as a function of
the nature of the materials used for the support
substrate 1 and the source substrate 2. By way of
example, to produce a final substrate 4 of the GeOI
(germanium on insulator) type, a thin layer of silicon
oxide may be formed on the silicon support substrate and
a layer of HfO; on the germanium source substrate.

Preferably, the insulators 31, 32 are of excellent
quality as regards their electrical properties. More
precisely, they have DIT values at interfaces 311 and 321
which are as low as possible.

By way of illustrative example, when the layers 1
and 2 are formed from silicon and the insulating layers
31, 32 are formed from silicon dioxide, the DIT values at
interfaces 311 and 321 are 10™.evl.cm™ or less, or even
10 . evt em™? or less.

Next, when the insulator is an oxide, it is formed
with all precautions taken to form oxides of optimum
quality, such as gate oxides. Reference in this regard



15 tantalum pentoxide (Ta205), titanium dioxide (TiO2), their nitrides and
their silicides. The nature of each insulating layer 31 or 32 is selected
firstly to opt mize the electrical performances of interfaces 311 and 321,
and secondly as a function of 20 the natuge of the materials used for the
support substrate 1 and the source substrate 2. By way of example, to
produce féi al substrate 4 of the GeQOl (germanium on insulator) type, a
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321 pphich are ag low as g@SSlee‘_SO?Bey cha,ﬁé)f iilustrative examplé, Wiei
the layers 1 and 2 are formed from siicon &l the Insdilfihg 18582 31086
32 aré formed from silicon dioxide, the DIT values at interfaces 311 and

321 are 10 eevVUEEArR Drdéssubseven k0 10.eNdl 2Chh201iless + 35
Nextyuiben the insulioris-aexide, bisiormed uithallpresautions, .,
taken oo %q%ogopyweggagy, sgchgg gatgh%xides. Referéhce
10in this regard 11 could be made to the arficle by GreSA B itrsthin
(<4r?m) SI(‘.D‘) and’ SEORREEFHTE HiéRotric layers for silicon
microelectr&iifs: UrgaLtaAdirephel ploeessingr strttturet Aadspysieals in
andseleceical imite’], thourhal abApplied $: Physics, volume 90, no 5,
September 12 269358ag69.208 Mt sufacea ol subsatas ).pnd 2 on
Whi?E{Q%d%@geéﬁgo gef rmggia_re preparéed by deep clegpling, or '
15 exifmple us-'?f afreatment’in'aH “RCAUNEhTES, To HH¥SERRP Angmmon ium
corRAPhTRAS "REROHL athéRt eBRBISES BPHradlng e 3udadesiin oni zed
suceeksibn with the following:
a second solution known by the acronym “SC2”
(standard clean 2), which comprises a mixture of

hydrochloric acid (HCl}, hydrogen peroxide (H,0,) and

20 deionized water.

The oxides are then obtained by an oxidation heat
treatment respectively of the support substrate 1 and/or
the source substrate 2, optionally followed by a post-
oxidation treatment of the “forming gas anneal” (FGA)
type.

The insulating layers 31, 32 may also be obtained by
low pressure chemical vapor deposition (LPCVD) or by an
atomic layer deposition {ALD) method,

Said deposition may optionally be preceded by a
surface passivation treatment of substrates 1 or 2. As
an example, said treatment may consist of forming several
silicon dioxide (Si0,) monolayers on silicon prior to
depositing an insulating layer 31 or 32 of hafnium
dioxide (HfOQ,).

The characteristics of the thicknesses e; and e; of
the insulating layers 31, 32 are described below.



a first solution known by the acronym "SCI" (standard clean 1), which
comprises a mixture of ammonium 15 hydroxide (NH4OH), hydrogen
peroxide (H202) and deionized water; a second solution known by the
acronym "SC2" (standard clean 2), whichzomprises a mixture of
hydrochloric acid (HCI), hydrogen peroxide (H202) and 20 deionized

water. The oxides are then obtained by an oxidation heat treatment
respectivelyl Bfthe1&ipore stibeahien digsimrasolféasupsiale 2s
optioAafy fedwad:byrdeoste axitiatiomtreatment efribes foumitigegas
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32 ophainjwm dioxide ¢H1Q2). 8% The;characteristics of the thigkn BRC%r at
ea ann?gsBEérr'?_ msuI%%r%]I:a ers 31, 32 are described below. 12 The
nt (Figure 2C) is carried out under conditions

hich pres%?\}éjthaec‘aé’@tﬁé:%cﬁérﬁéﬁéﬁ A irPpagioutarcthbiDyT
valuE3 o tH6E irBrase etweeanttieansulkatioly layertard na the aeighorigw
layeraRlasmatactivatiensata sirfasrisydefinad,as jexpasingthat-purace
to a plasma, whichhmay,in, patticular be carried out jn a chamber unde
vacuumloireeg atmo?)herig pre%?ur%s 16° gi%]eac(i:ti?/%bn?ss cg(rarlligld Bt E)E}e

conﬁgﬁ’lng vafiols Xposure parameters such as the nature, the flow
In the context of the invention, the substrate

covered with the insulating layer to be activated is
introduced inte the chamber, then a pure gas, typically
oxygen (Oz), optionally nitrogen (N;), argon (Ar) or
helium (He) or a mixture of said gases, such as oxygen
and helium, oxygen and argon or helium and nitrogen, for
example, is sent into the chamber.

The flow rate of the gas used is.a function of the
volume of the activation chamber and the size of the
substrate.

Preferably, the gas is sent in at a flow rate in the
range 10 scom to 1000 sccm (standard cubic centimeter per
minute), typically in the range 50 sccm to 200 scem. By
way of example, a flow rate of 75 scem for a 200 mm
diameter substrate is used, while a flow rate of 200 sccm
is used for a 300 mm diameter substrate.

The pressure established in the chamber during
plasma treatment is controlled, so that it is in the
range 10 mTorr to 200 mTorr, typically close to 50 mTorr
(1 mTorr being equal to 1.33 x 10~! pa).

The plasma is initiated then maintained by
application of a RF power (radiofrequency) in the range
100 W to 2000 W, preferably close to 250 W in the case of
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r the pressure of the gas supplied to the chamber inside which
;acl:tt?vgtion ig carried out, asgwell as the applied power. 15 In the context of
the invention, the substrate covered with the insulating layer tp be
activated is introduced into the chamber,1tBen a pure gas, typically
oxygen (02), optionally nitrogen (N2), argon (Ar) or helium (He) or a
mixtu %gf said gases, such as oxygen 20 an_o! helium, oxygen and argon
or heﬁum And AtFagert for thalmpies & 286k i feschiamber 1PBedlov
rate of A8 Jhs st Rrainctivkrekite Valime ofthe taetivatien chasnoet,
and tHéasied of theulssibstrata .25 Preferably, the gas is sent in at a flow
U8, ploal, e 1o 50 Socr 300 Sours, Bl ed B bl

[ jcally.in rapge 50 sccm . ,
g]:‘lnoﬁg%%f Z;Iéy JZ';,cgtmgf())r %9268 %rrﬁ%& iankatef SaBstatelid Jed isireands -
flow rate of 20086 1367¢ UEEAFEFAB00 Mire dfarmbteresutitatendher 320

presStre-Establisivéct rothe ohalmbes dusing pasiBba Heamenkis ch I
(50 e TR B PR . 13 TP B The e s
S50 pxk Torrbei ualto 1. -1 Pa). ] _
;gitiggg Jt%rﬁn%nsgi]nig (%r?g %ggi%ﬁné’a%?&’ﬁ“ %f%ﬁfﬁ‘&\%é‘f )(radlofrequency) in
the range %‘(D)S\R/ t@fﬁgﬁ‘ Sreferabi clREBTBEW futheotasaof 13
200 G Psu biirdtes aridh iy theorangen1 @BV 16 r380Q Wulat ing
preféralsly chiseoto B0@ W thelcase Qia?}oga@';éd;ﬁ'ﬁgl?é?rrég?gté%ﬁct ion
ingul IS t sed t asma fo
gt At e aualon S Qﬁﬂl(‘}?; qﬂﬁriﬁg %?é%s?mgx} dthferfippsure

sec , referably 10 to 30 secon ma
surf%%%% ?E%lrgrar?ﬁg}:ﬁéagf“ﬁfe insulators undergo ionic bombardment

15which mofiftfds thRtreatbdngsdmrszovdra Yfckresshe. fihidkiiess solely

modified by piapma peatnent). i.e. the portion in the fiqures
which extends from the free surface 310 or, respectively,
320.
Measurements were carried out to determine the

20 thickness em, of the insulating layer which is modified by

the plasma treatment, as a function of the density Dp of
the power of the applied plasma, expressed in W/cm?, for a
period of 30 seconds. These measurements were carried
out on a layer of silicon oxide, the plasma being an

25 oxygen plasma. The results obtained are shown in the

accompanying Figure 4.

The results represented as a triangle correspond to
those obtained with substrates with a diameter of 200 mm,
and those represented by a diamond correspend to those

30 for 300 mm diameter substrates.

35

These results show that the plasma treatment may
result in a modification to the nature of the oxide layer
over a thickness of 8 nm. Complementary measurements
have shown that this thickness may be greater, for
example for a higher power density.

As a result, to prevent the plasma treatment from
affecting the DIT values of the interfaces 311, 321, it
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10 These thicknesses, with references eq. or emp2 depending on

whether they concern the first insulating layer 31 or the second 32, may

be adjusted as a function of the power used to apply the plasma and the
exposure time for that plasma. 15 Each ingulating layer 31, 32 is then
modified solely in its upper portion, i.e. the portion in the figures which
extends from the free surface 310 or, respectively, 320. Measurements

were taArfiEF 60f i detetminé the Roithfeikdvessreg, bhfrerinsuiatingilayeess e,
whiclPs ®odifiedbicthe plasmea treatmient, aha fuaetienr of the dgnsity DR o s
of theppweicokife a@miﬁﬂi@@sg}a,@@rgﬁ%m W/cmz2, for a period of

30 secondspdhese r nts were carried out on a layer of silicon
oxide, ggeﬁl%frfg'tﬁgr%s}%%%%% (grfil %|§§n%§‘?ﬁ%sr%§uﬁ‘s dirked Gfe the
Shown in the - aceompanyhg’ Eiguié £atHs fasuikareprédentbdams a
trian@%l&ﬂﬂég}ﬁﬁﬁcpﬁf those obtained with substrates with a diameter of

200 mm, aed Ethesesreprdsented by a diamond correspond to those 30 for
300 mm di@p@teémgyb,str@,}es. These results show that the plasma

treatmengay result in a modification to the nature of the oxidg layer
over a thickness of nr?m%ﬁorn%f)%erﬁézrllt‘é?xll%é&ﬁﬁ%ﬁ?é‘rﬁstﬁéve SHBWRL ing”

Cthat SHI8 TRRRAEsS PndBe i sateranst 32eranple forla higherizower 31,

densi As a result, to prevent the plasma treatment from affecting the

DIT valuesmaidhesintarianes:3kL 3Lt 1 isdgcassay {9 formap,

insuafingl the, thi |, or €2 of which is greater than'the
o ke et ey hE RO e AR Heading ot

respiectivg thL , d eaq,
preferably, thesthickHEsbEe®: At anes the B irmafatng tHyerkeds 82

13satisfy the fBlIGRMG siatioAshipst abhe dd$diiiption and claims, the

tunneling distance d, {respectively dy) is defined as
being the distance from the interface 311, respectively
321, beyond which the traps or defects created by the
plasma are not capable of being charged by the

20 “tunneling” effect when the electronic component
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fabricated from composite substrate 4 is used.

An enlarged view of the tunneling distances d; and d,
is shown in Figure 5.

In other words, the defects created are sufficiently
far away from the interface 311 or 321 to have no
significant influence thereon. The tunneling distance d;
or d; depends on the nature of the materials constituting
the insulator, the source and support substrates, and
also depend on the types of electronic components
produced (since the tunneling distance depends on the
electric field around the interface) .

The skilled person will be able to determine the
value of d; and d, depending on the values of these
parameters. As an example, the tunneling distance is
approximately 2 nm for an oxide of Si {Si0z) on silicon,
in the voltage range used in CMOS technology.



e2 > e, 2 +d2in which d, and d2 respectively represent the "tunneling"

10 distances of the first and second insulating layer 31, 32. Each insulator
is thus thicker than the portion which can be perturbed by the .plasma
treatment, taking at least the tunneling disiance as a safety thickness. 15

In the remainder of the description and claims, the tunneling distance dl
he distance from the interface 311,

respectively d2).is defined as being t _ i .
Eesp%ctivelyylér?febre’yo%]de Wﬁ?&h%ﬁ%%’?&p?bfﬂ%f@@% (,fré’éﬁé_?d b?stﬁéat‘mg
plasm&E ot RAbIY of beirgeragett bythe!20 “anneling hefidett ing
wherlrﬁhrteéIe’l‘:@roﬁt@cdﬁmrermdabsicatedafmﬂh@omﬂetm@gﬂg & ist
usedt i eniasged viaw of the tunpelingsdistanges diand d2. s showpin, .,
Figups-e sl athey wyds, fhe defects gr%%tegmgrgrsufgmentl 25 ar8 £‘a;way
from the interface 311 or 321 to have no_si hificant AifudHee et o,

The %unrlllgli'ng %cihs?antcelalk'?)‘?%& Fpdhds ohtha hakapest themmrordsately
constftatifgRARdfstatsh ehe vourde andesubpart substrates;,and: algould

depéad ontthe types oi*elegﬁrcafni@@oplamg?_tﬁ %p@dgwggq@iiqﬁl;%@t%h Sf
tunngliag distanse [depel the elestrig field around the in e).

105%@@53;;&%@1@”&%&?%%% tgﬁrgin%%h%aq%gﬁj% ot qfaaftr!(? 2% epéndiig®
on the valyes of these %a(r)gr%éfeorré. A8%n e?ﬂﬁﬁ)lé,hﬂﬂ%“thﬁ%eﬁﬁ@@é{&nce
is 3 %%%F&Qﬁ?at@ﬁfl?%m for an oxide of Si (SiO2) on silicon, in the

voltage rafige a5ed, in"OMO S bechindogy 15 gFusher thedhickpess gl oh
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I r termi Jotai ickpess of the fin;
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routine to convert its thickness e into the “equivalent
oxide thickness”, "EOT”, using the formula:
EOT = (€gi02/ €;) .e
Insofar as the invention is applicable to forming a
20 thin insulating layer 3 (<50 nm) regardless of its
nature, it is understood that if this insulating layer is
formed by a layer with a high dielectric permittivity,
this can result in a very low EOT.
It is also appropriate to limit the exposure time
25 for the plasma treatment to what is strictly necessary.
Preferably, this is less than one minute, or better
still less than 30 seconds. Prolonged exposure would
risk causihg an accumulation of electric charges in the
insulator and an increase in the charge density of the
30 insulator (QBOX), which will counter the improvements in
electrical performances discussed in the introduction.
Respective management of plasma activation treatment
parameters and the thicknesses of the two insulating
layers 31 and 32 can guarantee that the defects created
35 by the plasma treatment will be far away from interfaces
311 or, respectively, 321.



corresponds to the sum of el and e2. However, it should be noted that it is
also possible to thin one or both of the insulating layers 31, 32 slightly,

after the plasma 10 treatment and before bonding. This thinning step is
described below. Finally, when the insulajipg layer used is a high

dielectric permittivity material, i.e. a material for which the relative
permittivity Ez is significantly higher 15 than that of SiO2 (for which C. is
close to 3.9%1t isheoutime eoenhueritdts thickness=:info fhe Feguivalentp and
oxideZickresstaBOBY using the feraula: EQT =(Esie24Es )2 k@gﬁgted

as th@ﬁtﬁvm,ti(g}'@@gpgg:agg }g;ogggipgs%izo thin insulating layer 3 (<5
nm) regardlgss of jtg, nature, it i understoo?ﬁhat if this insulating layer is

formed py a layer wit 3‘8%8!% dierb e SE ittty Sthid dhR Fekdltin a
very %’W%r@ Rt id Qo' GPPFRSpride 46 lidht thelaslpodirestimet 25 fowthieh
plasf@tfe&frentnodifaEis, strotly:aecessaryi Rreferably, thisis)ess
thanromecimnytea o6 besler stilldess than.8Q sgconds. Prolonged exposure

would risk ' latign of electric charges in the insulator
ool %Cgégmidqen%ﬁ?/uoﬁhé%'o RsOfdtSr FOBIPRYRGATEN 22

and an iggreas in the charge
will Counter TH inBrovEmn én ST BR it foeternianceSadidcassed infthe

L0introtrRtiBR S Reigeaniivesmbhagentantef Dlasmazrtivatiantreatsnent

parametersaneglithethiaknessesof the two insulating layers 31 and 32

can guarantee thatthe sefects,cre the plasma treatment will be
far guay, from int gagegei%l‘z?or r%%%gﬁge ; 331.8%0}1nsth‘ze°ne’ in this
implementation ilustrated in |'§j£']ﬂe SDMSIF 2E° tHd Bk pisrden o the

sourée 88 Sttes iiited Fdtt by irkingRhdlfor ipalighing.ul vatiatiopafs”
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stepsihichtor technology and devices, P.L. Hemment, pp 117~
121. In this case, the porous zone is formed prior to
depositing the layer 32.

The zone 22 is advantageously formed by implantation
of light atomic species, preferably hydrogen and/or
helium ions, so as not to deteriorate the thin oxide 32.

Reference should be made to the article by
C. Maleville and cC. Mazuré, “Smart Cutn‘technology: from
300 nm ultrathin S0I production to advanced engineered
substrates”, Solid State Electronics 48 (2004), 1055-
1063, for implantation conditions.

It should be noted that, although it is not shown in
the figures, it is also possible to'carry'out the atomic
species implantation step taking care to deposit or form
& protective layer of oxide or nitride on the insulating
layer 32.

The nature of said additional protective layer is
selected so as to facilitate its selective lifting off,
without ruining the subjacent insulating layer. This

lifting off may, for example, be carried out by selective
etching.



10implanigtion step takinlg care to deposit or form

have been modified, concerning lifting off the back portion, are_descrlbed

in detail. As can be seen in Figure 3B, a zone of Weakness 2_2 is form(_ed

within a source substrate 2. Said zone of 10 weakness delimits the active

layer 20 from the back portion 21 of substrate 2. The zone 22 may be )
formed by a porous zone; in this regard, refgrgnce should t_ae madf,\ to the
article by K ,Sakaguchi et al, "Eltran(r) by spl_lttlng porous Si Iayers [ 15 o
The Electro‘éﬁe?ﬁicgﬁgeﬂe?y Ind P'\)‘%-é?ngééﬁqyn-ﬁﬁgmmonteMOgyt is
and 8&AceS 1 L peisrRTittpp Ut hvehis opse, He POIAUSZORS IS 1 de
forméd pribrito dEpbsitingtha:layes 3Rajbe ngdgggaggm%%plﬁ%y
formed yiimplaatagions 20:0f light q;gmﬁeeggt%%)preferably hydrogen

g | i | OXi ference
nd/or heli sQ,85 Dot 1o deteriorate the thin oxide 32. Re
5:ho d pe n%@:jg%?hgra?ﬁig% N ‘é.5\7?31%6n|ésarfaeé‘?m%r§9%ﬁﬁmtwa

ay: from 300 AnT URfHARPSOYproddction trdevarced account

teencg;]igglé‘ofgb)ég‘?]seﬁmm fodteatble Solid Stdte E:IE&Hmaiq&A&fZOM), 1055- 1063,
for implant§ﬂd:uicpndi§_iﬂ_r15aj;t ﬁagoula_ mc@@@dttgag%wpg%g%g: |%S ggz fé%e
shown in dhgfigigsait i3 AlSRosgble 0 %rr%gg%nﬁfoqégmﬁ,?r%ﬁid
oxide é?}nitri e on the inSTaAnG2a5ar %E??H‘é%u?@f&h@ﬁiqeaﬁdmnnal
pro%@:%ﬂ\?leif(‘%er is selected so as to facilitate its _select!v_e lifting off,
without ruifilry theasulojagent instiating kyepcHaisrn3p g@|@950f£?éa>f@§185
exaomple; belcalried oUIbYSelBcve, siging. L1 As an example. f fhe
insulator fermed i%§i02, it is. ossllblce to depasit a protective1dye "
nitride (Si3N4). This protective e setpetigide specific

15 Zilliir%%]%?endl BoPirthabdRamgPsteptaken to ensure the elimination

of particles and metallic contaminants which can generate
defects, for example charges in the insulator {(QBOX). To
clean Sio, surfaces, as described above, a “RCA” solution

is used, this solution comprising a step for cleaning

20 using a SC2 solution (which is known to eliminate these

contaminants) .

Finally, as shown in Figure 3E, the step for
detaching the back portion 21 along the zone 22 consists
of applying stresses of thermal or mechanical origin, for

25 example an anneal or introduction of a blade at said zone

30
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of weakness 22.

In a variation of the two above-mentioned
implementations, described with reference to Figures 2
and 3, in particular if a very thin insulating layer (of
the order of 5 nm) is to be made, the insulating layer or
layers 31, 32 may be thinned after the plasma treatment
and prior to bonding.

Care is taken not to 1lift off a thickness beyond
which the “strong bonding” effect of the plasma would be
lost. Hence, it is known that beyond a thinning of 5 to
10 Angstroms in a layer of Si0, activated by plasma, this
effect starts to disappear. It disappears completely



5 If said protective layer is retained during plasma activation, its thickness
should be taken into account when selecting the suitable plasma power.

Said power may be selected to be higher, all the while paying attention to

the tunneling distance, said 10 higher poyer in some cases producing

higher energy bonding. The plasma activation and bonding steps are then
carried out as described above (see Figures 3C, 3D). Prior to carrying out

the plakfain frbatiieny dperificil3 ¢léaning precautidns aretakeretaf Si0,, a
ensusCtheseliminationmef pagticles angbmetalic saataminants whigh £afe creqg

genegie fafests, fer gxample es| insulator ( X). To_clean
SiO2 surfaces, as Sdeggrib?éoab?}/?e{,ga %I;C%C%]'%gﬁjgtfsno?s%_ggi,c)ﬁﬂs C?m rne
solution comprising & step for A8anFy 26 bSnE St SBiictPAtiEANs
Known to elTRin3RE thsde Cortaiinants. Finallwes showsrneriyira oF,
the st forddetadbing ilieBaek ortie 2Acalong the Zhier22 cpnsists f
appl;&mg«sﬂesse&gﬁ@hq][ﬂi@%lm&:megh | Qrigifr;, fg@kzgr% thgzra@ o the
anngg] QL nfrogucti af sgid zane qf weakness 22.Ina |
vari%nfgﬁhe two'%%gv(ﬁrr%g%%nge%? i%ﬁfgrﬁe%n?ati%%, %Sggréﬁ GedRyith ©°
referents 10 Figurds 2 Hnd 3, i parRQis hsdrg tRmiRguRithgliayei tef

1030 1P Srdett Binkyns té beavmelet the' REAMting layer or layers 31, 32

may be thisreidiaftectite plasma ieaimant and PHERLR BEBGING. CRES; oq
takepuiotia liff oftadhickngss beye igh the, {5irang, bonding” effect

of th@eﬂ%@@&‘ﬁ’?% Idcq% 835& 1‘I:osté F@%ﬂ%@%ﬁo%v%ﬁ%%%%%né}% thinnin

of 5 fo 10 Anigstroms in & layer of Si02 &dkivAteE by Padmat Hisrafee from

starR83Uisah dH i GiSapBearyesmblételrs3 upon thinning beyond 40
15Angstroms! in iffe sdse afSi02pa=SEd selulign sudy berusad oretoiman® in

eliminatewcselectats at a higher temperature, for example over
900°C for Si0;, in argon.
Said heat treatments may be carried out on one or
the other or both substrates 1 and 2.

20 The method of the invention has the advantage of
producing the bonding interface 5 at a sufficiently large
distance from the two interfaces 311 and 321, thus
retaining low density of interface trap values (DIT).

In accordance with the invention, it is also

25 important to form an insulating layer 31, 32 on each of
substrates 1, 2 to be bonded, as otherwise the bonding
interface which would then exist between the insulator
and the substrate not covered with insulator would have
DIT values which were too high and would thus have

30 mediocre electrical properties, which are insufficient

for the envisaged applications.

Some particular examples of implementations is
described below.

35



1

thickness of oxide. This step based on SC1 can combine the effects of
cleaning and etching of this solution. 5 In another variation of the two
above-mentioned methods, described with reference to Figures 2 and 3,
after forming insulating layers 31, 32 and pdor to the plasma activation
step and prior to any atomic species implantation, it is also possible to
carry Qy forming gas anneal type treatment, "FGA". Said "FGA" heat
treatmefitis-adhy dhAcafied loitnn $0de utral g asuarnd hyokogerh an
atmo$phsit aiay samphiatkne stosefta 8506 for a period in the range from
about 30 mihitesnta seyerakiauis. 16 I is glsopossible fo carry. out a

heat weatmentdin aneutral gas At a hi Q}gr@gg]ngrgrgtu?g? %er%xga;n%l‘éo&qr
g00C;for $j02..in argon. Said heat treatme & al M ERRicd &0t BR orleick
or the other of both SUlSstratés S 4ha% 20tReE niéiRd of the invention

has the advihtdyeSéfttadusingtte bendifigrintetiacels at aisufficientiyc

large! distanee frofvthestiveinterfaces3kl and 324, s retaininglowy
densityngf iBtesface trap values (DIT). In accordance with the invention, it

is also 25 iq@@}gggnk oef rmoagdgsu_lating layer 31, 32 on“each of
Substrates L 2 16 be bonded, 3s dtH&iSe WrsisaHamy HtehActwwhich
would Then 'édist ffbehtifatnslatep @wrthessuistiaie natsovered with
insuREEP&BLiEIRave Dfevdlvesanhishswere too high and would thus
have 30 meHwcea eﬁg&rﬁc@cpm@@rg%s\@@gg ear%rilrésuffici nt for the

envispged ARPlicaEONS AUNE Rarticular examples of implementitichs is
desgrihed. gaee‘c}g(\)/g{isd%lg EXAI\?I[Ii-l’ll_?:‘nl:S ﬁ?@par&ﬁ‘c?ﬁ HFANCSO| Wigwugh the

substrate with an ™ o%ideier FrolEies9ot 25 nnihéanakoxidatioaof a

OOROLISTH ,"‘ O19

t5200ART dRM&BE SikoR dose of 5.5 x 10 H'/cm? wsing an

implantation energy of 15 keV.
Next, the upper surface of said substrate was
cleaned with a sCi1 solution then with SC2 in succession.

The silicon oxide layer of the source substrate thus

20 prepared then underwent an oXygen plasma activation

25

30
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treatment applied for 3¢ seconds at a power density of
0.8 W/ecm?, at an OxXygen pressure of 50 mTorr (6.66 Pa), a
flow of 75 scem (standard cubic centimeter), at 20°C.;

Plasma activation modified the nature of the oxide
layer over a maximum thickness of 5.5 nm. It was thus
observed that the thickress of the oxide, which was
15 nm, was substantially greater than the thickness
treated by the plasma plus the tunneling distance d,
which was 2 nm. Thus, the above-mentioned mathematical
relationship is satisfied.

The surfaces to be brought into contact were then
cleaned by rinsing with chemicals and/or scrubbing, then
bonded by molecular bonding.

Finally, heat treatment was carried out for several
hours at a temperature in the range 350°C to 600°C to

Separate and detach the back portion of the source
substrate from the active layer.



substrate was carried out to form thereon a 10 nm thick 5 insulating layer
of silicon oxide (Si02). In a similar manner, a 15 nm thick silicon oxide
layer was formed on a silicon source substrate of the same size. Next,
the two substrates underwent "FGA" typen10 annealing heat treatment to
arrive at the electrical properties of the two oxides. The silicon source
substrate then underwent a hydrogen ion implantation step, carried out
through thé SShoriehas tgateovding itk fraprantdtici:was0ls enhidd abe
at a dase 0f 515 kD16l HYcm2-egingodn siteplantbtionienergyrofidh keVand
Nextdhe sippgh surface of said substrate was cleaned with a SC1
solution (he ity 3CEJysiccsrsian. . Toe Sllicon,axige Javey,obihe. .+,
20 prepared then underwent an oxygen Basma

Sactivatorit éatiierft ApbTiREGR 3breatsifdd al's FowWE RS 6 .91 the

WicAider anfoxygeerpréésurevot B@imTorr (6.66 Pa), a flow of 75 sccm
(standard qukic tentimeterpat 206 . Ripsmaactivationinedifieskthernature
of th:9xide 2% IayRr Queta Baximue thickness 9L S, 0my 1L was thus 31,
obsgrvg%%nf\t EQae théclénesslof the oxide, which was 15 nm, was

sub&fantia y greastgr an the thickness treated by the plasma plus the

10tunneling dideiedSh LwkraWas Y9wR. PhESihediove-Althtiohediameter

c cH - at 2Ly etCK—1 0 a 0 ) Sl ee  SH 0
15 actigsildyget:20c Aftes detdchHibent; the surface of the SOI substrate

20
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mathéatival Sloretatidrshipsd satisfiédoWhe sutfaces dabe (erougi o
contag weredhenneleapsd by rinsing with chemicals and/or scrubbing,
then bonded by molecular bonding. Finally, heat treatment was carried
out for sereraI 35hours at a temperature in the range 350C to 600C to

.s:-" An-"- TH He i an

The procedure of Example 1 was used, respectively
with oxide thicknesses of 3 nm on the support substrate
and 10 nm on the source substrate. The oxides obtained
were then treated at 450°C for about 1 hour in an
atmosphere formed by 2% hydrogen in argon (FGA treatment,
forming gas anneal) to improve the DIT values.

The source substrate, which comprised the thickest
oxide layer, was activated by plasma at a power of
2 W/cm, resulting in a modification of the oxide over
about 7 nm.

This plasma treated insulating layer was cleaned in
a SCl solution using a concentration, temperature and
time sufficient to etch it over a depth of the order of
2 nm.

The final composite substrate obtained was an SOT
type structure which comprised a buried insulating layer
with a thickness of the order of 11 nm and which had good
electrical gualities, in particular a DIT of the order of

several 10'%.evi.cm™@.



1

was finished (i.e. steps of stabilization, thinning and polishing). The DIT
values of interfaces 311 and 321 prior to 5 the plasma activation treatment
were respectively of the order of a few 1010.eV"1.cm"2. The final
composite substrate obtained had DIT valyes of the same order of
magnitude for interfaces 311 and 321 respectively. 10 Identical results
were obtained for 300 mm diameter silicon substrates using a flow of 150
afd ScudiE deatiafeien X AMEIE 2t Preparaliohoftan 8Qh an

type ubistiaté Withkar s5 ekiddthiekness of 11 nm The procedure of
Example 1 was usgd; ssapectivelyr yyith axide thicknesses of;3 nm on.the ter
suppQi.sHbstratg, and. 19 nm 050 ?g source substrate. The oxides

btained were then treated at 250C for about 1 hour 1R ah G atmokpheréhe
orméd’ B)gcé%b%%?&ﬁ&jfﬁw Argorf G ASreafmeént ¥orming s ernedlfto on
impro(et e BI'Ii%IRJ’és?fhmcémhamtbﬁwhicﬁoemaﬂrisgdébetaxy.
thickest oxilellayen Wayaetivatesiby phasma ata Rewer PF&W/eled on a
resuling iesnmegdificatiop0f the Qyide oyer 25 about 7 nm. This plasma

treated insuilggn%ﬁ%‘eg v%a%g!{e ned in a SC1 solution using a
oncentration, températire and “timeYSHigent i e PR OTEr SUtssthGR

he orB&PoFH R SBLTRE fifkYE6M pobieney bstiate abiainet neas @S Ol
type aRiEHG@ Which3dbmprised a buried ingideidng Baes i with sethickn@ss.m2
of thetorder ek & @nckwhich had W%ﬂ@trg%ql&uaggif’s, ‘iqnjE@%rt‘iacugro .
a DIT afdhg order g%grgyeg%l ]g)dw,, eV 1l.cm2. 3521 EXAMPLE 3:

Preparation of g,GeOI tvpe substrate with an oxide thickness of 20 nm
Bonding was then carried out followed by lifting off

15 the upper portion of the germanium source substrate by

detachment using the SmartCut™ method. A GeOI substrate
was obtained with a DIT value of the order of several
10", ev . cm™? at the interface with the germanium and
several 10%.ev'.cm™ at the interface with the silicon.

20 It should be noted that the DIT value obtained is

higher than in the preceding examples, because currently,
the surface preparation of germanium (Ge) and the

selection of suitable insulators for these materials have
not been completely mastered. It is possible that in the

25 future, a more judicious choice of surface treatments and

30
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materials selected as insulators and their formation
conditions might result in lower DIT values. The
invention proposed here can be adapted to the change in
the technology.

EXAMPLE 4: Preparation of a composite substrate

The procedure of Example 3 was carried out, except
~that the support substrate was not a bulk silicon
substrate but a hybrid s0I type substrate. It was formed
from a silicon support substrate, a 150 nm buried SiQ;
layer and a superficial 100 nn layer of silicon (Si).



A 5 nm layer of Hf02 was formed on a 200 mm diameter source substrate
of bulk germanium. In a variation, the 5 source substrate may consist of a
200 mm silicon wafer on which a layer of germanium has been formed by
epitaxy. A 15 nm layer of silicon oxide (SK32) was formed on a silicon (Si)
support substrate. The silicon oxide layer of the support substrate 10 then
underwent an oxygen plasma activation treatment applied for 30 seconds
with a powertferidifFeto.a Wlcrhay at anfoxen prassire obspamTorr
(6.665Ph} Wittt & flow rate of 78dscove ratkPOG + Boading wastben Garged; con
out followed Dyditing offi dkibs Jpperytign &f the gesmapium source
substrate ta nt_using the SmartCutTM. method. A GeOl

ubstrat bvé\fgg %b@cpg%%mﬁitﬁ%%ﬁﬂ\%lﬁré’o t‘ﬁ%glolr’&%r pdetdfai 112 EY the
{cm 25 thB IRt At With TR SR MIGHPIIE & erar 20 £0 84 BeimeR it as
the iRRFRICENRIN e Silicapr @0ddshoukkbembted thariheIRIT Yalienposi te
obtaintechist higherdhandaribe precedingexamples;: REcavse cHently;
the surface;preparation of germanium (Ge) and the selection of suitable
insulators f_orétpleseS matgrigls have not been completely mastered. It is
possible that in the 25Ruture *5 More fudiicious choice of surface

10treatments ard ‘matdihIs skiciead esiidsulnensiate their formation

conditions mighf¥esuit HiloierdiiT values. The invention proposed here
can be adaptedzo the change i, {hi-technology. 30 EXAMPLE 4:
Preparation qf a compes! e _sLtéb%tlrjate The procedure of Example 3 was
carried out, except that tHe suppoft substrate was not a bulk silicon
substrate bufa hybfit §8 ﬁiﬁé%ubstrate, it was formed 35 from a silicon

15support substrate, a 150 nm buried SiO2 layer and a superficial 200 nm

lay gnaftsidors(Sipr2dathe supeticial layehaksaid DFSLSURRAIL rate
wherein each of the buried insulating layers is thin
Example 1 was carried out once, then a second time
using as the support substrate the SOI substrate obtained

20 the first time at the end of the method of Example 1.

A composite substrate was thus obtained containing,
in succession:

* the support substrate;
a 25 nm silicon oxide insulator:

25 *a 50 nm Si layer;

30

" a 25 nm silicon oxide layer;

@ 50 nm final silicon layer.

The composite substrates obtained in accordance with
Examples 4 and 5 had gocd electrical performances at each
of its interfaces, even the deepest, which could not be
achieved with a final FGA type treatment.
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substrate was oxidized over about 10 nm to form a silicon oxide with a
thickness of the order of 20 nm. Next, plasma activation, bonding and

lifting off the 5 back portion of the source substrate were carried out as
described in the preceding example. Firtally, a composite structure was
formed with the following structure, in succession: the support substrate;

10 a 150 nm silicon oxide insulator; a 90 nm Si layer; a 20 nm oxide
Ia%tzf“lg% nm Hf02 layer; a final Ge layer. 15 EXAMPLE 5: Preparation of
a tlouBlenSOhtypecsubstiate. awherein eactvofithe buried uhsilating:layérsthie

is thin. Example 1 yyas carried out opge, then,a seconddime ysing.as the
Sl,#é)%lort subtstrate\ he 5 Iibstra;,e obtained 20 the first time at th ,endtof

the ThERAd ot Exammpla 1. K éshpositd sTBstate Wasthiis obtained * S
coTaining; dnsuetessiont e supporryasstidte; 4 28wpe siticonoxideate”,
ingulator; 25,50 AmsShlayer; o 25 nm shican oxide layeried SRM  zct ive
fi aEA sgicgn Iac%er. Tg% cgjrpgaogitg sugﬁg%tef tobé%irr[]leg: inS g%cocrganceﬁgvitg of:
Exal%p es’4 and 5had gooci3 elec?rica performanceps ateach 30 of its* ’
interfaces, éerrtHeddéepestPwRith totilPRot Besadidvedwith &efinal termed

FEAdype treatmenty 23~ CLAIMS:1.0A method of talisieating & composite
5‘&%%@1%99?‘1‘5 yRe-compusing at Jcer???t 0985‘%‘%”%‘5@%’1@' layer, termed,, 4
the "final layer”, interposed between a first 5 semiconddctor substrate,

teﬁﬁgaﬁﬁér§Updgﬁ%Qﬁ%n&ﬁ@:“source substrate”;

- plasma activation of at least one of said first
and second insulating layers;

- bonding sald support substrate and =said source
substrate together by molecular bonding, such that said
first and second insulating layers are in contact along a
bonding interface and together form said final insulating
layer; and

- lifting off a portion, termed the “back”, of the
source substrate, to retain only the thickness of
material constituting said active layer;

the value of the plasma activation energy and the
regpective thicknesses (e;, e} of the first and second
insulating layers being selected such that the activated
insulating layer is activated only in its upper portion
extending from its free surface, and the thickness of
said final insulating layer is 50 nanometers (50 nm} or

less.

2. A metheod according to claim 1, characterized in that
the thickness (e1) of the first insulating laver formed or
deposited on the support substrate and the thickness (e;)
of the second insulating layer formed or deposited on the
source substrate satisfy the following relaticnships:

e 2 =T i d; and e; = @z T dj
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and a layer of semiconductor material, termed the "active layer",
characterized in that it comprises the steps of: - forming or depositing an
insulating layer, termed the "first layer", on said support substrate and an
10 insulating layer, termed the "second ayer", on a second substrate,
termed the "source substrate"”; - plasma activation of at least one of said
first and second insulating layers; - bonding said support substrate and
said source 15 substrate together by molecular bonding, such that said
first ant sebordnssitating:layers=aredn cortagt alongss bondingantertace

and togstherfopn saifinglinsulating, layer,and ; Jiiing offa portap,

termed.the "back”, of the 20 source substrate, to retain only the thickness

of” Wﬁéﬁ&sc%n%gtuﬁﬂﬁ SARFaEive Ay 8r- the eIk of e plsaniig ture of
activiation ‘ehergylarid the aéspectiveahicknessesyel; 823 bt the firseanident

seeqndajnsiHating lavers being-seleetedrstichdhatthe ﬁ@&vategraézmg"
m&ulaﬁl I%yerl a%Hﬁc (:]é)sr’]ée/olg gglé{%eré)ortlon extendin from g sayers'

fréa sur ace, and the Ilnsuﬁfgtlng r%lyer IS
nanometers (50 nm) or less. 30 2. A method according to claim 1,
cmaramaﬁi@eddmt@&dbedm@gne&s teixatthe first ingulating layer formed

9§98§1E%q:% E&‘PQ%%UQ% alg ¢ Qtth%*%c%%%sén@zl Afihe 5 ng

second insy atlng ayer formed or e osited on the” source substrate .
satisfy e Bw.r@%wo‘hsﬁﬂésléé%fféa%ama andFé2 émpes ¢ 10
24 Vit winich empllarekemp2 ¢éspedtivelyscorrespond 10 thev thicknessoaf 1ess,

the firstinsulating layer and to.the thickness, of the.second.insulating layery,
the nature of 5 which.is od|f|e afteré!;[ plasma actlvatlaﬁtreatment

ahd 8y a‘?’faedflgé’r?@%to% {37thé FEE5&ctivE *UhneliRG® distanéss 6fihe

first and ¢the seoorefinsulatingtayerbe insulating layers are formed
from silicon dioxide (8i02).

4. A method according to any preceding claim,
characterized in that the first insulating layer and/or

the second insulating layer is/are an oxide.

5. A method according to any preceding claim,
characterized in that the first insulating layver and/or
the second insulating layer is/are a high permittivity

dielectric material.

6. A method according to claim 5, characterized in that
the high permittivity dielectric material is selected
from the group comprising hafnium dioxide (HfO;), vttrium
oxide (¥:C:}, strontium and titanium trioxide {SrTil0s),
alumina {(Al;03}, zirconium dioxide (ZrQ.), tantalum
pentoxide (Taz0s), titanium dioxide (Ti0;), their nitrides

and Ttheir silicides.

7. A method according to claim 4, characterized in that

the first and/ocr the second oxide layer({s) are
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3. A method according to claim 1 or claim 2, 10 characterized in that the
first and second insulating layers have density of interface trap (DIT)
values of 1011 eV-1.cm 2 or less, preferably several 1010 eV-1.cm2 or
less, at their respective interfaces with the layers on which they are
deposited or formed, when these latter are 15 formed from silicon and the
insulating layers are formed from silicon dioxide (Si02) 4. A method

acgordingda any preceding claim, gharactgtized,in that the fir SE'HBB'@PQ%

layer and/or 20 the second insulating layer is/are an oxide. 5. A method
a@c%‘?zlﬂﬁ & dhy HrEE&TinG WRimT a&f‘ar&&%ﬁ?&f in‘fhd¥ the first insulating

layer and/or the second insulating layer is/are a high permittivity 25

digleciricmeterial -6. A methed @Scﬁﬁ@liﬂq)@e@éi@l agcharasterized in that

thgkha{%h germlttlvne( dlele |c ma erlal IS se ted from ther(I]rou
comlprlsmg%a%nlum OXI a(It—|f yﬁlrlum oxi e tlrontlum and

titA Ry iokider (SHosIn aardrﬁﬁfaa(AqQogblezur@éﬁm‘m amlfdér(zm@), second
tantaduma pentpxide d:a205) a titaniumaslioxide £T102) ;-theirnitriges sands com

th I 7. j

e TSt and5r e Soobe SN oIS} are o8 dhiaiad by bormal o=+
oﬁ&éﬁ?ﬁo?ﬂﬁ‘é%pﬁgrt%‘éﬁa@ H@/cﬁqﬁe%@)@ré@‘suﬁéﬂ%ﬁéates and
respectively.(8.7A methabaceordingteotarypreceding claipe biod in the

cilaé{a}gtgngeg dn.that plasma activation.consists of applying an oxygen

plasma to the first and/or the second insulating layer(s) at a flow rate in
the range 50 sccm to 200 sccm, a pressure inside the chamber of 50
mT ord: anplasath powercfialiout 250\ for 208 dimsubstrates and 10

awﬁ@@t\é&f% 380 mmgubstratesg for-a peried i-thes range-5 seendsi ng

05950005, 8,/A Tgthod accpiding fo any preceding claim,

hydrogen, at a temperature close to 900°C, for a period
of at least two hours, on at least one of the two
substrates covered with its insulating layer, said step

being carried out before plasma activation.

10. A method accerding to any preceding claim,
characterized in that the back portion of the source

substrate is lifted off by grinding and/or polishing.

11. A method according tc any one of claims 1 to 9,
characterized in that it comprises forming a zone of
weakness inside the source substrate, carried out before
the plasma activation step and lifting off the back
portion of the source substrate by detachment along said

zone of weakness.

1Z2. A method according to claim 11, characterized in that
it consists, after forming the second insulating layer,
in carrying out a step for atomic species implantation
inteo the source substrate to define therein said zone of

weakness.
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characterized in that it further comprises an annealing 15 step carried out

in a mixture of neutral gas and hydrogen, at a temperature close to 900C,

for a period of at least two hours, on at least one of the two substrates
covered with its insulating layer, said step being carried out before

plasma activation. 20 10. A method accofding to any preceding claim,
characterized in that the back portion of the source substrate is lifted off

by grinding and/or polishing. 25 11. A method according to any one of

claiins 4 to9; lehdractenzed imthat itcomprise$ ferming &, zarteagfacterized

weaknesscinside the souice-substiate, ;carred ovthefore; the plasma yarogen
activation step.and Ilftlngigoﬁt e b@_% portion,of the source s.ubsérate g

détachifiieht afong Said 30°7one of Weakneds! T2 R éthod Aee F‘d?ﬁga%oim

claimer 1, characterized in that it consists, after forming the second

insulating layer, in carrying out a step for atomic species implantation 35

iniqltheAscI)n%rg%%gbstrate tg defin%herein said zone of Wi?krijﬁess. 26 13.
t

. o) . 3
A method accor mé}ﬂ {0 claims 9 and ff,yct%rraegtgn%élég in that the

arhedling stép fitAedtfal gaRtandtin IR 6g&rT Is BarfiedFout PFiok o fHetng at
atomie _*spenie_s dx‘flplﬁm@atm ste.paﬁdlége%mﬁﬁhddxaadmdmgowers ,
preceding.claim, charactegized in thatit.comprises.a, step forthinning &t 1o

least one of the first and second insulating layers, carried out after
plasma activation and prior to bonding. 10 15. A method of fabricating an

SOt tyge sulistrate caccoeding te bny preceding. claimecharheterizéd in

that the souice sHbstrate isformed from siligon and the fitst ;andisegond, a +

In%H§n2g$?§g53£ gggg%%”g@5%%¥ggd from silicon and the first
and second insulating lavers are formed from silicon

oxide.

16. A method according to any preceding claim,
characterized in that the thickness of said final

insulating laver is 20 nanometers (20 nm) or less.

17. A composite substrate, characterized in that it
comprises at least one insulating layver interposed
between a first semiconductor substrate, termed the
“suppori substrate”, and a layer of semiconductor
material, termed the “active layer”, said insulating
layer or lavers forming an insulating lavyer, termed the
“final” layer, having a total thickness of 50 nancometers
{50 nm) or less, and having density of interface trap
(DIT) wvalues of 10* . evi.cm™ or less at its interface
with said support substrate and at its interface with

said active laver.
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15 oxide. 16. A method according to any preceding claim, characterized

in that the thickness of said final insulating layer is 20 nanometers (20

nm) or less. 20 17. A composite substrate, characterized in that it

comprises at least one insulating layer iaterposed between a first
semiconductor substrate, termed the "support substrate”, and a layer of
semiconductor 25 material, termed the "active layer", said insulating layer
orjlayers fopming.an insulating layer, termedithe ,"final" layer, having a

total thickness of 50 nanometers (50 nm) or les$, and having density of
intetfacatrar (B valués of 16218Vt B iedd at ¥ fiteftace 38Swith e
sdid support substratecaridiat. its interface with said active layer. 27 18. A
composite substrate according to claim 17, characterized in that said
insulating layer or Jayers are formed from an oxide, 5 19. A composite .
SobSte SR Qe L5 D1 S B P habtori?dd It oy ©12im
insdlatifg dife? or fayers are folrnéd Hrohs aHigh parmitivityaislectiic Layers
materiat.o 2QeA compositersubstrpteraceordingdo anyone-efclajme: 404k 1 .
to 19, characterized in that the active layer is produced from a material
selected from silicon (Si), germanium (Ge), silicon carbide (SiC), gallium
nitritle {GaRNERA SR o geThiahim 1SISE 15215 A Gohipssife ©f claims
substriate aécording-tocamyrane of dlaima 17 toh20,chatacterizegein that

thg tatal thigkness.of. said-final insulating layer is 20:nanpmeters (20:nm)

of less. 20 22. A composite substrate at,:cordmg to any one of claims 17

10 EharatteriZ6d in that S48 inaR iMufing “fhyér h48 Jéndiy of-tride
inteifaee tea (BT valuvesysfrseverall 010LE¥1.cm 2 or less.

21. A composite substrate according to any one of claims
17 to 20, characterized in that the total thickness of
said final insulating layer is 20 nanometers {20 nm) or

less.

22. A composite substrate according to any ocone of claims
17 to 21, characterized in that said final insulating
layer has density of interface trap (DIT) values of

several 100.evili.cm™® or less.



A METHOD OF FABRICATING A COMPOSITE SUBSTRATE Abstract
The invention concerns a method of fabricating a composite substrate (4)
of the type comprising at least one thin final insulating layer (3) interposed
between a support substrate (1) and %active layer (20) of
semlconductor materlals It |s remarkable |n that |t comprlses - formlng or

depositing=aa-H | 3 :
insulating layer (32) on a source ss,&s({atﬁ;@) plasma actlvatlon of at

least one of [ e ondln the wQ substrates (1, 2) by
molecular biﬁ%ﬁg&] ?ﬁ;tﬁ%%#qgséégﬁvger?nssu PGSR gﬂhtﬁﬁ?&bﬁg a
) ir

a-back pomPonJ( erdsurtd) sQbsirhfe B2P%o FomRT ARSIt least
active I13)&r BUP &topdiudasiatiingmiagetivation enesgypandih®etween a
respectinptiicknesses: (alre2)(af) thenasalptinaoyers 43437 Being:

selecteg@uqbg@ﬁ;égg@qgga@gléqgulatlng layer is activated only in its
upper port|orz‘.g and the thlcknatgss of said flnal insulating layer (3)is 50

nanometers nm) Brhedkebte R SRat it comprises:
- forming or d8p051t1ng an insulating layer (31) on

10  said support substrate (1) and an insulating layer (32)
on a source substrate (2);
- plasma activation of at least one of said
insulating layers;
_ ~ bonding the two substrates (1 2) by molecular
15 bondlng via their respective lnsulatlng layers; and
- lifting off a .back portion. (21} from the ‘source
,substrate (2}): to retain only said active layer (20);
the value of the plasma activation energy and the
. respective thicknesses {e1, e;) of the insulating layers
20 (31, 32) being selected such that the activated
insulating layer is activated only in its upper portion,
and the thickness of said final insulating layer (3) is
50 nanometers (50 nm) or less. -

25  FIGURE 2E



