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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 the active layeyr; Ag %uﬁ%%@%‘&@ﬁf@%&%&@ RS cctrical
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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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 values at respective interfaces of the buried

insulating layer with the .neighboring layers is sought. The remainder of_ -
st BEUSLs o the DT 10 vaioE Lo Slore b (e piie ol 10

' p%?é’ﬁﬁé(é?@%n Wwhith the substrate formation steps of embodiments of the

inven_tion heive aminﬁuem@_e_.@rtmf, M@ﬂ@@@et_@fha&t@wﬁ@@ Qrap”,
mekility. Howeyer, embodiments, of the gyeggflg% n %b%”%rﬁ' M0 race
improve the electrical 15 performances of the final substrate. Traps have
the EHF&Sy T Geld BF Feleadd chafye~CaiFs aPihtdrrscds? They have
amextremely , deletetiousimpaet:an the elettrical propestiesrafs glectronic

comporents.which argdohe.produeed on the 20 composite.substrate. The
dens%gc?;f tra%]s at an interface, referred to below asthe "DIT value" for

simpfifitation; 18 &dsed- s & Alifmber of traps/eV.cm2. The higher
the DIT Vatuer ethe wolse the eldctrict proparties of thecsubsstratel 251As DIT

ap-example, a value ofk012r.eMik.com2isa pigh valugwhieh s on which
corres o%%sﬁg_pa@oorfelectri@loproggrties for. the substrate Currgng¥,ethe
. z :

T Orma e O 8 a1 o}
bes?D values obtained “are gft oprﬁer ofT f’d‘ﬁ{e mcmE%or interfaces

betWest gty goue gl dxides: MnownFas tgee oxidest and 3otheRr has
sappertrSuch oxides@are faynd, farexaraple, mutraasistorssmemaries,

C itanc ; s.of _cqmp ts.forming integr teggg uits.
F%ﬁ%ﬁéﬁ{%@% all%gil%%ﬁ%%%e%énri&% sgtg%rs} §F %net Hh%ogg %ﬁalbricag ng an

SOy PERaBS i Ated Whidtfiskifoivh 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



35 in the art. As shown in Figures 1A and 1B, that methc_)d consists of
oxidizing a source substrate Sou to form a layer of 3 oxide Qxy at its .
surface, then to carry out atomic species implantatlon to define an active
layer Cact. The oxide layer is generally fagrly thick, of the or_der of 150 nm
[nanometers]. 5 After bonding to a support substrate Sup (Figure 1C) and

detachin%the remainder of the source substrate Sou (Figure 1D), a
oxXiue

composite sUbStrats i§55t£ﬁé§%?ﬂpﬁ§iﬁ@ &R o5Ade tayRtORyomic
interp&&SHBEwWEdH & Sempbenatd ate Sictive dayercwhieh hager CORtE!  The
interfacedritil egelr of 4 Ogtireeladter wWith Tespeqtiveiefergnag,aumesals ILs
and 129 Fﬁﬂallymgggﬁ@@@ti_on, it may be fo_rmed on the upper surface
$fthe comg_&scit .S t{))srggate ohtained, a layer intended to protect tbtlat 1)
surface during finishing Ihne%ttif’eé}n?é}ﬂg%ﬁtth%%f"d%@ Frapcér figmire
substffie i%tii‘%%Qed}U\ﬁthr&‘ﬁéfé&ive%yéﬁl@psandcthe_zaﬂssamate Sou
interfdCeuIBrisethiten that protective layesCpsa 88d:18ec BtV Y I Bl s ing
Fromihe ptiae al pasthods are iomeknguR UG CANIBRIOVE, -,

vpgi%g_, Gertai ' te substrate.

reduygey BJT at.gertgin 20 interfaces of a composi ) )

They,are lpr;ti:rtlz%i@ally' heat %a{%gn?&co%%%gﬁﬁemtﬁﬁ@@ﬁ%sw@é%e?& of
e a

“forming gas ‘anteal™ CortSRHH IR kG ber anepanneesedn Reatnd I,.
treatment &t idrideeat atoketemiperatune, of thendy asgderat-A58CsiN fhe
atmespkerescorfiairing hyeregesmmnsk ﬁ%e utra gas, %ovﬁgg\\%rr% é{%ﬁ (r)w t% ue ch
thed-is; j t il ect regardin ) nt fo th
?)Ian}%/ |ye ?ng{(%ﬁgeﬁggl%%ﬁg?nﬁg’é%e Ibg %eﬂgﬁérﬁo@&mg
Iaye},:lre pr and AR Qe eaciHRiRaton thélantstacess 2sald 1 2a be

13 oniy SeRPugife. Thik FE R eéarhénemstyed loges effectiensssial each
interfeeer fvien & eheountaredhdbusr i i ralatheely NeEMe ang the

active layer Cact.

1

fan]

From the prior art, methods are already known which

can improve, i.e. reduce, DIT values, at certain
20 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

25 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

30 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.

35 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



for deep-lying interfaces. 35 A further possibility consists in carrying out an
annealing heat 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 interfgce I,, which lies deeper. Further,
in many prior applications, a thin buried insulating layer (oxide) is desired,
for example less 5 than 50 nm, or even less than 20 nm. In that case, the
oxide-he |&ddervplays thé rokecofi mlectfigakinsyatonalons; butderasman
integedifieart obreleeizonisicarppenents whichgra tQ bedfouped on the
surface of t osite s rate. .10 Furthermore, the support Sup, .
located at tﬁgfﬁgjt;l%%ﬁ, %?6 I%%gg%r hasonlya r%e%ﬁ%ﬁ%é? fur%c):t%hl,’buﬁ%%g d
has &R “ERHCAT rittioh. Sid Lpbit Sasdwad sde mar Bptibhaligss
TonthittBuréd BtuctFesvior el@srplehang@lindmplane, or it may be
composite.Tkb Alsarresisl imprevemedds 1o thesREE yajiesat thes twWoie of
interéacaschl;aad 12nlacated eitheyside gf the:- buried insulaiing layer, are
des%eltggtlglgr\{v%/er AL |sc\évgzllltksnown that producing composite Sibstrates
comprising & very thin buned-instisirl Afer b Redifftame fiaed:her

exa Feﬁ%S?aﬁ%éPﬁ/p%OMFé@, FiBKoNkEthat the thinner the oxide

10ayer, the RugHdremeenmbénef defgsts inside tha finak sabstrate.cTBistS om,

|orinﬁimﬂsasmlt_t{lfctOt?t.lf?;e1 nmsgngberﬁz;qﬁgatﬁ%iﬁamﬁafmm{ﬁggmtiglféoi@gs an
gas.gReaRSulat ing bonding at the interface |, To improve that
bonding, oEn%e gﬁutio%%ggggis o%%é}%s?nug ggtlr\scat%?lbgfté:ﬁiégs SRe Bt %he
surfgg}é%%l%% PoHaBa2AETE 5t stHeSupRYr Stparfyermsiator
OxyI 7CHRM Bdrdifig erterdgy isayubebtaimpdsdlose to 30 1 J/m2

15 [joule/metar?] aatheuinterface Ko vevemalier an rarnealat 2006 fonjust 2.

iKN%%oH@Hﬁﬂﬁﬁé%@%”ﬁaaQHHaQQP‘¥§8§95§e%9¥%er side of the
buried insulating layer, are desirable.
However, it is well known that producing composite

substrates comprising a very thin buried insulating layer

20 is difficult. Hence, for example, for an SOI type

25

30

35

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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electrical characteristics of the interface 11, and in 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 activation for wafer bonding", Sensors 5 and Actuators A 102
(2002), 99-105, which shows the negative effect of plasma activation on
the electrical properties of substrates. Embodiments of the invention seek
té ovefcometherabdvel 62ménrtidried digadvaritages fegardingithe phier
affe JMore;presisely; enodiments:ofthe invention seekdgpravide @ri cal
mertgo% J:of pggsairflji ga U%orglg%sti%essubstrate with a thin buried insulating
Ifyer?i.e.ttﬁlnner an (?nm, or even thinner than 20nm, and which may
eveRBEas\ tin 10%s & hfn, Witegdod Bletiftal propevtias: peewithdowbove-
DIT valuesati thedwodntestaces 0f said insulatiag. ayern i accardance: .

with a figst aspect.of the invention,, there is provided a method.of . .op +,

fabricating a composite 15 substrate of the type comprising a thin

ifAtirlayeeteimed the “Rid AYEY iAtersddetbdifegH2efsete with
semiconductorisubsirate; termedithexsapport sebstrate!inandalayehof nm,

sgmiconductor;material iermeglthgractive, layer', characterized igthatit .y ;
comprises the steps of: 20 - forming or e§D(gS|t|n an insulating layer,
T e Rt thy BP° Bn SHF SR oH SURATE Bnd%n Tetlattiyiayde™

tériied thersecond tdyer't on d séconth substpdtes terrhetithe I'sburce
substsate”; - plasma activation of at least one of said first 25 and second

cubstrat oS eE B IHSICEAIEr bOnamgs Suat fat Sald i andl SE3BHA°™
indttatthgtiay Brecaredif Contdet blbtg & homting inteéridee and-wedirart e
fermm saidfinal insutatinge 30dayerinand s lifting:oft-a pertionstermedhe 1ayer,
"Qéggé%t@%e “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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source substrate, to retain only a thickness of material constituting said
active layer; the value of the plasma activation energy and the 35
respective thicknesses (el, e2) of the first and second insulating layers
being selected such that the activated igsulating layer is activated only in
its upper portion extending from its free“surface, and the thickness of 6
said final insulating layer is 50 nanometers (50 nm) or less, preferably 20
naaomefersq20 me)drlessiOthey advastagéous andaoadmitiAg nm) or

chatacteristics -of:the method.according to empodiments of the invention,
5 taken algne or |§ combination, aregts follows: the thickness (e2 of the

first insulating’lay ey $hrméed 8 de positedon Pt Stbstratd §hd e <
thigkriess (e2¥ obtheaserondinsulatingidyed formedsoro depbsited o ttie.on,
Zlean@fus@ﬁ&a&e H@éﬁ&ﬁ@%ﬁ@@rﬂ&@ﬂﬁwi'}%@'%I@n§5ifi§éﬁls>._ empl +

and e2 > emp2 + d2 in which empi and.ep2 respectively caorrespond to
the thicknggs@o t jécfltrgtei:r?iguIrg:‘f?ﬁS.nlgygerdgahné(; t%rltﬁg%th%&%%ég %ﬂf?e e
seesHE thstiatitgriayerthe r%’ﬁur@%ﬁ 15°WRithls Mbdifiechafterdhe plisma
atctivationstseatment, ahd-dandd2 carrespand:=toithe réspectivedunieling:
diaaneen adne rihandihe secondisiatng lavers; Jbe i ang.
second insulating layers may have density of interface trap values (DIT)
of %if‘fé%ﬁcﬁﬁl@% SPELE; Preferably several 1010 eV-1.cm2 or less, at
their respective interfaces with the dhyersrewhickedhey+amd: deposited or

fqnm%ﬂ%@%&@?sgr@t%mggef%%%%@%@iceeﬁpgéﬁgﬁ%stﬂ%t_i%e
layers ?re formed from sjlicon_dioxide (SiQ2) ; 25 the first insulating layer
I

andfor the $8cond SASUIatAE fayet Miay e Fotmedtrom Hhoxide bra
digléctiie eraterdl witle adfgie permittivity2 plasma agtvationemag tensist £

ofiapplyingsamQxygenplasma to the-first and/or the-secondinsulating ment
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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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 300 mm substrates, for a period in
the range 5 seconds to 60 seconds. 35 Fhe method may also comprise
an annealing step carried out in a mixture of neutral gas and hydrogen, at
a temperature close to 900C, for a period of at least 7 two hours, on at

|645T on& of e R Substratas covsred withSts iHSUISHTS kRt Ssaid Stspred
beikg carfied bt beféreslasmasictivaton Advantagebuslys s back out
peHionQf the seuEce, Srsuhstrats,is lifted off by grinding and/or polishing.
The metﬁn%dr nay also co,mprisﬁ}forrging{a zone of weaj%ng?]s inside the

t be 1

m
source su s?rate,%%?ﬁlgcf o ore’ e plasma activation s?ep)s,oaunldclﬁting

off'thé bagk Sporfion bf Bl sadrEe Bubstratechy detabhreht BlohySaidal0
zone of m_memmmmmlwsﬁwram @omak{@s@ is &fmeﬁfby
atamie species mplantation in,ine soutce, substrate. In, this latter, casg, it
the above-mentioned annealing step is carried ouf, it'is carried out before

tH fnplaAtHidn A5 st8p EMbodiments B the hvEAfich afd of B&rtieaIar
application tofihe fabricationof aSOt sulistrate, idewhichntbetsosiceng said
substrate is fermed.fram silicon and the first and second insulating layers
are forr’r}gd from silicon 20 oxide, In accordance W%;E a second aspect of

the invefition tHete 18 Brodidetfa Compotitd subl§iate Tharadterizdd i PY
thdtrcomprisesigteasicdrningalating layerlintegoosede betwedira fiest  In
semtconduetarsubstiate termeddhe 26 suppert substrateand ailayerofep is
semisondnclgr patefia, termed (e "agive ayer, sald nsutig jayer af,
layers JTorming dn ihsul%&ing&iayer ermed the “finar layer, ﬁa@ing a‘tota
thi¢idtess of 50 nanometers (50 nm) or less,

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:



preferably 20 nanometers or less, and having density of 30 interface trap
values (DIT) of 1011.eV 1.cm-2 or less at its interface with said support
substrate and at its interface with said active layer. Other characteristics

and advantages of the invention becomegapparent from the following
description made with 35 reference to the accompanying drawings, which
represent a possible implementation and its variations in an indicative but
non-limiting mMatfiere$n the trakinge B FHGOredEA 6= afe Bidtt akilse
repré&@senitivigsthebgrio usistepstndabricationf ohansdl typessubstateaive, in
accosdaneeiiibed kKnownspliacat ipplemeatationpiignas 24 th2E are
diagrams repiesening g eyasiounalens Iy e Jabiiegion meliad iy

: = th
accordance with a first implemen ation of thé invention; Figures 3A to 3E

“are diagrams rétﬁl@éésenjtilﬁg St 8 tHE MBS it REG H B HRS
2A tHYH! Fiddress id BRjraphrshioving thé thfeknésgesapiofn10 the
insulating layer ghichsisamotifietkatier plisma activadiopdseataient as a
furécﬁgﬂﬁﬁﬁ_irlpoaéert@%ﬁjﬁ%ﬁ?da@wﬁ% {age0gral ﬁﬂlﬂ%%g@afoéo“]j‘&;
substrates wi rept diameters; and Figure 5 is an enlarged view o
Figures 2E and (#IIE SlSﬂﬁéw%ggtﬁém%ugﬁgf?ﬁé}gdigﬁéen&egs%%gl?rsesz,&ap of

105 hoWREhaP e MEeinGd bR HSE ifeHtidn’ fiskedifsedupéirate piammed the
"Suppsttt Sabdpatet randaesdcard sulsinatein termfed biwe Psouwrcedensity Dp
subsisatel eAs wangee s£e0dn FHgUre2Bsan insdatingdayen3t 2@ termed i

the firgkinsulating; layer' is formed or deposited on the support: substrate
1 and an ir]s%latiglg Iag/er 32 termed the "second insulating layer" is
©

3 sdistPite D PHE fffe sy HetwBEAURE In<FafiRg 3E

formed on the _
15 layet®ang b ehe Suppeitisubstaits tahas seference numeral 311 and

that betweigthedagarsaz2wnd2hastiefeienerdiUmeralhe invention
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



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 arethen 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"
porti06?1:1%((a)l1‘8t%gegosuﬁ’:%er gﬁﬁr&%?%ﬁ%nﬂﬁ%’of?%%&@@ﬁw a® active
thickné5°6f <aid mi&tetaf whist tonstimess an astivet layes 20; im the foabnce
compUsie Stbsfrates efthFrefersnces numeral 4 (see Figure 2E). In said
composite substratel %&ﬂ@@ypgga@lgggﬁt%aﬁ a rg}(laé:hsanlijcaé sug ort, as

#s uswallsthgcase,inthe prior art. Further, the support subsfrafe’ ‘aléo acts
form%gpoi}pte ral part of gggﬁ%ﬁ?é’c@rﬁpéﬁeﬁ%%ﬁﬂc% WIE stpseqéentiye

be fa ricatedaoﬁ the surface of the 10 composite substrate 4. In the

context of th¥ fiWHtiort; hivhewsincer matetiakwith @ lovs DIT valug,is to be
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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
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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 30 derived
from source substrate 2 as is described bglow. Said source substrate 2 is
also formed from semiconductor material. Purely by way of illustrative
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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



25 a layer of Hf02 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. 30 Byiway of illustrative example, when
the layers 1 and 2 are formed from silicon and the insulating layers 31,

32 are foigled from silicon dioxide, the DIT values at interfaces 311 and
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and 20 deionized water. The oXi
15he

YHESIER rESPedivelharFrosnp e subseattiicandordthi soutcesd
substitaee 2, optionally followed by a post-
a second solution known by the acraonym “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)

25 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

30 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,).

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



oxidation treatment of the "forming gas anneal" (FGA) 25 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 bezpreceded by a 30 surface
passivation treatment of substrates 1 or 2. As an example, said treatment
may consist of forming several silicon dioxide (SiO2) monolayers on
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activation” of & 38acaqs Hedinberds cdxposivg: fatsurfactetbiaplasma,

- which#pay impartietlas befearsietbout ipla shambes Lrkleryacuym or at

atmasphericyresswie. J-Saidiagtivation Is cardpd qut byeontalling. oo ¢
variqys,exposure gar%[ansgtgrs such as the nature, the fI(_)w rate or the
ressure of the gas guppﬁeé?ﬁ the chamber inside which activation is
1 arried out>ad WetFhs Vit i4Bplict! pawekets miheYontkt b lHd ng
inveRfdh ofe SUbistse ecovaratewith theunsulatng layerdode activatesiisw

intrackiceddmtocthe ghambetdhen a parg83sstypicallya ox¥9eAd0Rbambe r
optignallyitroQen N2 araqQn (An.qr helium (He) or a mixture of sai
gases, slu,ch | as oxygen 20 a%é%liﬁ?n,ngglxé:é%%an%%l’goansoFﬁgﬁu%sagg €
nitrogfe%, 16 x8inple, is sent into the chamber. The flow rate of the gas
15ysed is.a fiActidrof it amlume chihelastmationrcharhbesabd thetsize of

the 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

20 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.

25 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

30 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).

35 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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extengds frg the, free surface 31 , respectively,
were ca?rie?léu Itlc?%ef)egr‘f“nslﬁlc‘—ﬂf the 20 thickness e,, of the insulating layer
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of the géwemnppihe applietbplasma .expiessed i ¥HCm?, fAkar; gures
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

30
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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
for 300 mm diameter substrates.

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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usetlunneling distance d, (respectively dp) 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
“tunneling” effect when the electronic component
fabricated from composite substrate 4 is used.

An enlarged view of the tunneling distances d; and ds
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.



An enlarged view of the tunneling distances dl and d2 is shown in Figure
5. In other words, the defects created are sufficiently 25 far away from the
interface 311 or 321 to have no significant influence thereon. The
tunneling distance dl or d2 depends on thé nature of the materials
constituting the insulator, the source and support substrates, and also
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1o2lsaunasaible.fo tinope o1 both of the insulatiig 14gefs 3132 Hgfty
after the glasma ?Ll(ﬁreatmen an Séfb?e bdfr‘m’tﬁg. Hi8tRThifd Skep i
desCribet b%?d?/v.blglh%‘ﬁy, when the insulating layer used is a high
dielectric permtivity mheariat hice. i mattetiahtpr 1wich thestelative, high
plermiteiWiéyaEzijﬁ M@@ﬂﬂwhl&h%ﬁ%}t’fé&ma{ of SLQ%;}@Q@’%’S%E&P
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as the invenfion s a plieatietd ity S 2ostred asulaeng Ider 3 <56
nmf%ﬁdrﬂ%s%%quﬁwfa’t@rewﬁsmsm Whai iftthismsulating: by eeis:
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 causing 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.
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spetiesu pielorablydnilioes) aniondipiuny ions, 50 g3 not g deteriorate
thef@@LOMQ%E%%is 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.
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advanced engineered 25 substrates”, Solid State Electronics 48 (2004), .
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defects, for example charges in the insulator {(QBOX). To
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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
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

30 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

35 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



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 of
weakness 22. In a variation of the two abgye-mentioned implementations,
described with reference to Figures 2 and 3, in particular if a very thin
insulating layer (of 30 the order of 5 nm) is to be made, the insulating layer
or lay@RBEBImEthéthipmediditéntheplasma trdatnénrt anskepkidr ©10,, a
Eong'ﬁ@l &C?;ds %zmapt &Iiﬁ@éﬁaﬁﬂicéﬁsﬁ hayoad i\?{lﬂ}%’c@ee"%@rég:ted
ondings to aw . Hence, it js.known tha .
beyogpll 2 tepg}nin of SQtLS%f% An@%&ﬂ%%ﬁaﬁég?g? §.’6§ tg%ﬂi\(?gf]ed: 813? ne

lasma. this eHect sfarts 1 AP it i SAPishrs tohhditely s 1fson

inning beydhd* A8 Adstisrhsa i Bfe edsé e SIOR RtDCe swatidrneay
be ugdfrdieh alnd eliniratevd skelectéd rthickness afiexidesThisasteps,
basesifare 8 Clocan sgmikise. the affesis,fdeaningand giehing of Ris e
solution, St apqther vagiation eopf the fwo abov -(r__)nenrgionéeg methods, .
described with reference to Figures 2 ahd 3, after forting msuiathg S
layers ST, 32 2nd PHorts the PR aeiv&ich sRrand Yriohto Enrming

14 tonfi@ $pREReaimplartaticiratisalo pd&Me to carry out forming 10

gasanneaﬁgmdtREQHKHHeEHBEEeSaﬁbH33Aéh@@&&@@ﬂ@@@ﬁ&iy carried
acvapiegesusl casisd 1040 a8 gB a0 ycIogeDAImgstyere
r

© OB 0C gl e LT shoute

. ur :
minutes to severéel hOUI‘S.elgcft |55a

treafREMEin>4 et SRsta & Bgaritehayarature, for example over
15900C for SIG2,3m axgen. Saikshbattreatroepisynaybeacasiad eubanmie: in

orthenﬁhe&@ub@ﬁb$#¥ﬂ5ﬂﬁ§§hé9dééﬁ§£¥g%6@@?09é¥t@?&ﬂ%?@“%@er
hasé'd% a@"%&a%%, 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

producing the bonding interface 5 at a s_ufﬁciently Iar_ge dl_stance from the
two interfaces 311 and 321, thus ret{ilnlngllow plgnsﬂy of m_terface trﬁp
values (DIT). In accordance with the invention, it is also 25 |mp0{)tand c()j
form an insulating layer 31, 32 on each_ ofysubstrates 1, _2 to be bon ﬁ ,
as otherwise the bonding interface which _vvo_uld then exist betweenDtITe
insula%g)(r and the substrate not covered with insulator would have

val uegvﬁ#?g%e}te{mm élqnnﬁlﬂ ﬁmﬁ%e@@medibsr&&i&tﬂ@aﬂh an

propetfidssntieh a¥e iisuffiviens fof the etvisaged applications. Some
particular exemeples Df dnplereentations,is, ggsgribed below. 3&%

Qn Ol type substrate with an- ox dljé?ﬁacé’rn
: i n ype | ‘
;ﬁigg%%é 253 gra@ ]%a‘.ﬁtclarmgll;:gfi(c%t)i%tn ofa gﬁﬁ i GiERStef shidopt thick

substrate was ca |e(fgﬁfto°1%rﬁ'?ﬁ1i€r‘é%n°a<iéﬁmﬁ$ﬁi@@ 5 insulating layer
of silicon oxidfe ES®PT ke simatiremarmet 5a b mﬁﬂhleksilh(i%@x@gitde
layerl#as formed 6nansiticon seusee substrats ofibes same size- c!}iexcpte
the twensuhsiraées underwent "FGA" type 10 e_mneallng hgat treatment to
arrive at thg glgctricgl properties of thg two oxides. The §|I|c§ér) stquprlce t

ubstrate then underwenta hydrogention |H1‘.E)T'£ﬁ§ﬁﬁ_6ﬁ stéisA¢artiedeou
(%Shro&g%n ﬁﬁaeq B RRE L ¥epresvering #rimplenstiorheas dzeariac out
at a AbSEVBLs R 10 6tHEcmbusing-as .implantation energy of 35 keV.
Next, the upper sunfaeeof ssid substiple was  clganed with a SC1

. . . . UIil rwgf]thea
lugy ith . SC cession. The silicon oxide Tayer
28@;@ tgsggvtgﬁusﬁz%%%ﬁaﬁjé%nthse%e@ﬁd SNt 3R SWgempriaaia the

activation treatrent apiEeior 2 EéBends at a Fawemdertsitynof 958

FOWCHiE Htsh Gkfgettprestere of SGRETOM (B P using 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

35

treatment applied for 3¢ seconds at a power density of
0.8 W/en?, 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.



flow of 75 sccm (standard cubic centimeter), at 20C. Plasma activation
modified the nature of the oxide 25 layer over a maximum thickness of

5.5 nm. It was thus observed that the thickness of the oxide, which was

15 nm, was substantially greater than theghickness treated by the plasma
plus the tunneling distance d, which was 2 nm. Thus, the

above-mentioned mathematical 30 relationship is satisfied. The surfaces
to be broudHtith chtachierd théfecleanéadsy wisingwillPEheiticdlsate
andfea sciubbingaten ibendeddysmafecttlab bandingi nalhh hesing and
treaipagntanas garried out for several 35 hours at a temperature in the
range 350 6 rate and detach th c? ck of the
source su%slﬁt%atiggrom 7 e%%trvg ré“%r 8 Eﬁe% gtacﬁ “te 30%as8

“of the'§0? LaBEFafha¥ ?r‘fﬂ%dt{re@tg’(‘éﬁs df %@orﬁfﬁRﬁFthWQ ﬁ‘ﬁdth@
polishiAgy: The BITEealubs’of eiterfanes 311 and 321 prior to 5 the plasma
activation traatnfaniayerecrgspectiveluptthe: wedeneha feW had pIT
L010:20Mid-crB 2. e Waeompesie substaie ohiaiaed nadh BITalues
of the nj‘rﬁ order of n]:agvnrg(ude for interfaces 311 and 321 respectively.

10 Iaentrc resUlts were obtained for 300 mm diameter silicon substrates

10ysing a floWP6PESF 8dcrhe@ididarte Erbrb seAtneteipIERANMPRE R ame ter
PrepafatiomofsarbSOtdypes substrata Witlvano¥s dxitlesthieknessagiihkam
Thespoceddrs, of Fxampje 1 was used, respectively with oxide
thicknesses of 3 nm on the support substrate and 10 nm on the source
substrate The oxrdes obtarned were then treated at 450C for about 1

aeawith an

15tre mh @rfnéal ltmtlmprove the DIT values The source

20
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substrate Thkicheogapriged Bte thigkpile 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

oxide layer, was activated by plasma at a power of 2 W/cm2, resulting in a
modification of the oxide over 25 about 7 nm. This plasma treated
insulating layer was cleaned in a SC1 solution using a concentration,
temperature and time sufficient to etch it gyer a depth of the order of 2
nm. 30 The final composite substrate obtained was an SOI type structure
which comprised a buried insulating layer with a thickness of the order of
A ok §Bad adieeRical quakeies, ihypmticulas arBtE oftheé an
orderifigevdral 808 seVAE chd 2ud5 21 EXAMPLE 3: Preparation of a
GeOl tvpe substrage withean axigedhicknessaf2QngLA L ppylayer & nerer

Hf02 wasformed.Qn a.200 mm diameter source substrate of bulk
germanium. In a variation, the %ugokur%%rsﬁjab%%%flé may'cBnREbPhisse the

mm s?l?clf)lflc\?va?eurb S hich BadySeardéetmaniuin BAS seerstokirenbyafer on
epita¥? &N nddEger of sitieonaxide (5i32pwas faores Oy siicen £5i)
support subistiae nkhe siicondaxide layenobthefupporbsybgliate LQ.then .
undegwent-an OygeNRIsMaad|yatioplrgatment applied for 30 seconds
with a pow%rh%er]ssi%%fo%%W[%nz at an oxygen pressure of 50 mTorr

6.66 Pa), with a flow Tate Of 75 sceh CAt I6CEBONARPRAL thBht ke

ut f6RSNed BARIGE bR R 5IREIRhersermonast the aermraninmasmence
substizRé byd détachiensteusing ¢he SmastGustM-methed +A4 GeOb. 4 w/cm?
subsiraterwes apianedaydh ~DUr valeobie qilet of seyeral 1R1LL a4 o,

eVl

l.cm 2 at.therinterface with E}Qe%@{manium and several 10 cm2a
the interface with the srﬂl'con. 20’1t Should be noted that the DIT value

obtained i° HigH&IEn8ATIn the Preasdibeerarhpital beradsdrubefiting off

Lothe $litatPprepdratish of gefmdniume(Ge)aneh the setectionet suitabley

insutbesfordhese maigriale@¥Rirtcut™ 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

25

30

35

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
future, a more judicious choice of surface treatments and
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).



not been completely mastered. It is possible that in the 25 future, a more
judicious choice of surface treatments and materials selected as

insulators and their formation conditions might result in lower DIT values.
The invention proposed here can be adapjed to the change in the
technology. 30 EXAMPLE 4: Preparation of a composite substrate The
procedure of Example 3 was carried out, except that the support

substrate wEshotupBtfkisiiedn sutsstraed bia echybrid 8D Istyppsubstrate,

it wastémaed 85 from asilitbnslpportsubstiatel @ ha0 N bupRd=SiO2 i con

layercaridia supesficiat 400 e sayesofisilicn (81)- 22 The gyperficial

layer of sai ri It substrate. was x(i)di ed over about 10 nm to
orm i}lgcgr%{ic?gslv%???irpa tﬁﬁ:%nesgs: o??heq%raéFgng@’}l INEREMaShh the

as
activatiSh, BSAGNG atd lifthg SHPHHES BAER borfion oF fite Satitged out as
subs#2ie Wdredrfietivutrase dederibed inrthd preceding lexamplecomposi t e
Finaly racomposites stuehure Was foroped with the;following, structure, in
succgssiy dheg, support substrate; 10 a 150 nm silicon oxide insulator; a
90 nm Si qu%r' a ZSOunmoo>éide Igye_r; a 5 nm Hf02 layer; a final Ge layer.
15 EXAMPLE B! Preparation ot & dbibR’ SOl type substrate wherein
each of the briédInSMafihd israrsasifim Bxawdgiearwas carried out
once, then-a 8eé6ndminss. usengeas the support substrate the 501 substrate
obtained 20 the firstdinae p4the gpd,af the method of Example 1. A
composne,SLgosgrqlﬁvy%Ehlisé SQQE%med containing, in succession: the

support substrate;
PP - a final Ge layer.

1

<

15

EXAMPLE 5: Preparation of a double SOI type substrate
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;
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
30 of its interfaces, even the deepest, which could not be
achieved with a final FGA type treatment.
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a 25 nm silicon oxide insulator; 25 a 50 nm Si layer; a 25 nm silicon

oxide layer; a 50 nm final silicon layer. The composite substrates

obtained in accordance with Examples 4 and 5 had good electrical
performances at each 30 of its interfacesj even the deepest, which could
not be achieved with a final FGA type treatment. 23 CLAIMS 1. A method
of fabricating a composite substrate of the type comprising at least one
thﬂwhgﬂl%ting layer, termed the "final layer", interposed between a first 5
seémichnductop substrateptetnedithe "suppertbsuistrate’ kand-a tayer of the

Sefm%n%ﬁg&m%ala@rwgst@eS%tivsq_@/e{h%@@ﬁ@ﬁ;%@éw it
com%nse the steps of: - f%rmln%pr de osmrzjg an jnsulating layer, termed

the “fiFst Tayet® on"sald suppéit substrite dit & 10 suiaing fayér, " S*
tesrpind tha tsatond |ayers tor assecoadrsybstiate, tenmed te sousderate”,

subsirate”] » plasmar astivationof at teast.gne of said first andsecead  z ot ive
in Lélagng Iaycehhra;r- %anedrin g%id,sryp ogttsu]pgtrate arl}q saig source, t1@5 s of:
substrate foget eraby molecular bon ing, suchthatsaid Tirstand Second -
insulating |y&F8 areirPéotaBralbhd ad baRding SHtbFfaée andag§éthef ¢ rmed
formesaidfiraldnsulating layer; andaq liting-eff a portion terredthe an

"bfﬁlé,'{;f’ﬁ*l%g?ol%%}\!;{ e SHQ?%%%E’ 19,retain only the, thickpess of, material, , 4

constituting said active fayer; the value of the plasma attivation energy

arftHthE" Fadisective tRigkndéSes (BR€0Y Bf HERELANE sécond insulating
layers being Selectedisudhrthat the acdtivated 28 snsutatingolayerisd first

acfiyated.onlydn its Mpper parion; extending from its free surface, and the

thickness 0{3 said final insu)afin Iaé/er is5 nanometerséSO nm) or less.
- bonding said 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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30 2. A method according to claim 1, characterized in that the thickness
(ei) of the first insulating layer formed or deposited on the support
substrate and the thickness (e2) of the second insulating layer formed or
deposited on the source substrate satisfy the following relationships: 35 el
> empi +dland e2 ? emp2 + d2 24 in which empl and emp2
respectively correspond to the thickness of the first insulating layer and to
the thickness of the second insulating layer the nature of 5 which is
muodifiediafterdhg plasihaactivatiopdreatmeny; and déd amadrd? correspond

tothe regpectivg ftunneling’. distances gt the firstand the second, 1.
insulating layers. 3. A method accordlng to claim I or claim 2, 10

chrarhCterized iff that e fifst and seeBhd frisuisting Yay/erd have 4RSSy 6f
intérfade tiap (O} Vakesaof U@l 1t Y- lohsReordess, préferably sevdragnt,
1Q1Qiedr10m?2 ay lessy ratdheir sespective inftedaces with the: layges oR g~
which, they are dgp site%%gocrmed V\g}leé] thes% atter aSr%iLg forme

I gfrom
glstan S 0O S Al eCon in 1 ers.,
siliconm and the fhsu atinglayers are?ormed $rom silicon dlox&e (@io )aX.

A method according to any preceding claim, characterized in that the first
insulatingdayesangdéero 20 the seeond insulating dayardssre an oxide. 5. A
methad.aceardipado any-preeeding clain, <haractstized jp at e ireh,
insulating layer and/or the second insulating layer is/are a high i 1
periti/ity 25 8ietscidic aterall 6 LA Théthod ateBrdin to cldfm 8es of 10
clafacterizeddn thats the bighfreratittivity: dietectric iatériall/is setectedr 1ess,

from the group camprsing:hafpium- dioxide (HD2), yiium,3Q 0Xide, njcn
(Y203), stront;glm and titanium trioxide (SrTi03), alumina (A1203)
[

ZiFConium dioXiGe ¢20 25 Tahtaldi “ BeftoxiteSTa208) Sit Aiuh? dickdde
(TioZpcthieif nitrides lanebtheirsilicides. 85571 e mistigod. acsordingte claimmed
4 schaxactenized in that the dirstang/or the second oxide layer(s) are

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



10

15

20

25

30

35

25 obtained by thermal oxidation of the support substrate and/or the
source substrate respectively. 8. A method according to any preceding
claim, 5 characterized in that plasma activation consists of applying an
oxygen plasma to the first and/or the seggnd insulating layer(s) at a flow
rate in the range 50 sccm to 200 sccm, a pressure inside the chamber of
50 mTorr, a plasma power of about 250 W for 200 mm substrates and 10

abaut 500 W f}9g399@}%ﬁb§§{§% fora perieg,In @Spﬁ?cﬂg@ 286865 .

to 60 seconds. 9. A method according to any preceding claim,
CRHtSétFizEd At FGriR8PSomphised &1 %ﬁﬁEéIVr?gl 45 step carried out

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

fog a periad: REat |§é‘§bt1‘:‘\69iﬁ%ur§® 0R-2} least ong of the-twg rsubstrates

CO\@ered with its mgz Iatln %ye iald step bel%%arrled out before of
plasma R ACtVANSN 20 TO 08 Heeording ing to any prece?ilng cﬁal

cf@é?ﬁéﬁém@d @ﬁ‘tﬁa‘fﬂ@é?baé% portoN of the soliices Substiate s fifted sfcond

by gending ang/arapedishing. 26 11. Aumethod-accordingdo any@nessf scom
claims, 1 4o §cé%!?ar%0t§%%ds %Qaﬂ%sc?%m@ﬁé f%gﬁtﬂ\%é‘rz%? A mrorr,
weakness inside ‘the source substrate, carried out before the plasma

adtivativs stepand ﬁ%n@kiﬁf%e%kw pgﬁr%n%{%hé%oﬁf‘é‘é%ifﬁ%ﬁ%‘@e Byd
detachmeht alongsaid B00zone efweakneasss 12 fAmethpdaccdrding tde

clggnl%% eharacterizedinthat it consists, after forming the second

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

into the source substrate to define therein said zone of weakness. 26 13.

A ‘method<deorting toocldims 9tanda12, chatacterized 4d that the

annealingsien n-neutralgasand infydragen ds gariedout priog 10, Hiel i ng

wggg%sgggggggpgggugg a mixture of neutral gas and
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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step. 5 14. A method according to any preceding claim, characterized in

that it comprises a step for thinning at 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 SOI type substrate according to any
preceding claim, characterized in that thé source substrate is formed from
silicon and the first and second insulating layers are formed from silicon

15 oxide. 16. A method according to any preceding claim, characterized
inlthat therthidkndss of:said final insutatingekayér im0 Aanometers (2@ rized

nmy, 0’6_1%%@- @%%-rﬁ&&_gmﬂﬁ)é_it%§HBSt£%ten§%%r§8¥r@§§ i%H&?ti'h hydrogen
comprises at least gne msulatln% I§¥]er interpased between a first

semicondnictor stbirate  &tmed tha = <tippbrt subStrate” “and' tayer bt

sérhig@nductor 25 material, termed the "active layer", said insulating layer
or layers forming an insulating layer, termed the "final" layer, having a

total thickness of 50 nanometers, (50.nm) or less, and having density of
lttace s BT PG et B0 et erk Se Bt At e TAiace 30 with

s&ibxUpPOR Stbstate and atits intéiPFE witls Ssaid attike fayér. 27i18ipg at
cdrapeasitersubsirate accarting-toaclding &7 rehatacterizediinghatsaid s ,

insylating laygr.or layers age fopmed from, an pxide, 59, A compasHe, . ;g

substrate according to claim 17 or claim 18, characterized in that said

insulating layer or layers are formed from a high permittivity dielectric

material 120- Acdnegositelsubstrateraceorditig o anyonsadfolaiats: 10 17

to,19, charagte @ée% Wyt_hﬁ‘i:@@e@ﬁth’& layeriis preduced from amateral that

S%Egegggggg”§8g§§gét@ is formed 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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germanium (Ge), silicon carbide (SiC), gallium nitride (GaN) and silicon
germanium (SiGe). 15 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 nrhy or less. 20 22. A composite
substrate according to any one of claims 17 to 21, characterized in that
said final insulating layer has density of interface trap (DIT) values of

semeral, 110 eMl.em 2,00 less., /A METHOR iEO'%%B'Sh%AEE' NG A

COMPOSITE SUBSTRATE Abstract The invenfion concerns a method of
fabheatiig & “dciposdite Shstrate t4) of the tyge-BmpAdiAg at fedt BRes are
thirofimad dnsufatingi fayex (8)anterposed between a support substrate (1)

and an active layer (20) of semiconductor materials. It is remarkable in

th%lt rs}?;%e J(%»rml or de %;smnc%ancpépulat%ng IaXer Sr%lyf)ns?galgl sim

suppor A nsura ing Iayer 2¥ on asource substrat
(23; 8p|a§r1?l@ra?e¢°99ﬁéﬁ oflat leasterie vhsaidlimsulbding tayekgyeloridind avers

thetworsuhstrates-th 2), by melepulan ihanding viadheir sespectiveaterial .
insulating layers; and - lifting off a-back portion.(21) from the source
substrate (2), to retain onli{é%ald active Iayer (20); the value of the. plasma

actiatiBn EHBRGFARE tiFe respeeiive tHickes8d (610e 2y of the Shstifatingg ims
layérst (31, B2) heing: seleetegksuichrthatithie adtivated: insulatingdayerss

actvated-anly 0 s upper portion; and the.thigkpess, ot.said 5'5‘5}' LS

insulating layer 53) is 50 nanometers 50 nm) or Iess FIGU
germanidm {Ge), silicon car , galllum nitride

{GaN} and silicon germanium (SiGe).

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

~2

several 100.evili.cm™® or less.





