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1 AMETHOD OF FABRICATING A COMPOSITE SUBSTRATE WITH
IMPROVED ELECTRICAL PROPERTIES The present invention relates to
a method of low temperature fabrication of a substrate referred to as 5
"hybrid" or "composite”, of the type conilprising at least one buried
insulating 'layer, i.e. interposed between a support substrate and an

actiye jaye! of seiconduclor, majerial derived fom.a souie. sybstiate

- At
ore precisely, the -invention relates to a method taining a

cofijositelsubstratelas frentionBd Bbeve, with substantially improved
electricalrproperiesnSait-substrates arelusessindhe fieldswofapties, 1ow
slesiranics, .2d sploplectronics- 1 the descriplion anddaims helow. the
term "15 "insulator” designates an electrically insulating materia
optivRay* hatifg Mg afefectfic pefitthviy. EuftRers R Compbsite = 1east
substratesienvisagediby theg niethed accordingitotembodimerits ofithe a

inveniion.are. all; characterized.p thatthey cangatunderge Nigh-20, ot o
temperature heat treatment without damage. They can be subdivided into

3 Groups. T first group Cormplises E6mpoSite-Sibstrates wherein at
least orécofithe seibstzates between thie donon sulbsteate andithe reegiving of

suibstrate;eannot bergxposed 250 a-temperature defined as "eised’, ofith
even o a hioh, teerature Severalypes of such donor,or receiying,
subsirafes™ can be distinguished: a) those including eléments that might
OfflRsE: 730 The 2 Faised @ mperatife sitheéAthe ferfipératire Begsridonics,
whieh diffusioreeftherelement becomes damaging. This is the case with

substratgs ingluding:, doping profiles,(of porgn.or arsepic. for. example):
35 buried metallic layers (ground plane, buried =~ ‘
“insulator” dedignates an electrically insulating
material optionally having high dielectric permittivity.

Further, the composite substrates envisaged by the
methed according to embodiments of the invention are all
characterized in that they cannot undergce high
temperature heat treatment without damage. They can be
subdivided into two groups.

The first group comprises composite substrates
wherein at least one of the substrates between the donor
substrate and the receiving substrate cannct be exposed
to a temperature defined as “raised”, or even tc a high
temperature.

Several types of such donor or receiving substrates
can be distinguished:

a) those including elements that might diffuse:

The “raised” temperature 1s then the temperature
beyond which diffusion of the element becomes damaging.
This is the case with substrates including:

doping profiles ({(of boron cor arsenic, for
example);

buried metallic lavers {ground plane, buried
gates); or

stacks of semicenductor layers having sharp

interfaces that need to be preserved (silicon (81} on
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gates); or stacks of semiconductor layers having sharp interfaces that
need to be preserved (silicon (Si) on 2 silicon germanium (SiGe), or
silicon (Si) on germanium (Ge)); b) those which are unstable or liquid at
high temperature: 5 germanium, for ex%\mple, has a melting temperature
of about 900C and cannot be subjected to temperatures higher than

750C. or even higher than 600C; substrates. comprising layers with strain

Sttt AT IS0 BE Tetaied (rlaned, OF straledin tersion 10 8P 25

cotpression) and which could be perturbed if the substrate were

exposed (o arhigh: temperature« The seeend groupIGofuprises:-campesite
sggstr%tgst\{lvpgigc_h cannot be exposed to a raised temperature after
bonlaﬁﬁg‘t?ie source substrate onto the support substrate: 15 a) either
because of 8iffePErcEs betReef HiE toeffidierits df Bfermal exparsien of ure

thgseammag@rws. This is particularly thercasenwith substeates ok theres
"silicon. an guartz’ typeknown.by. the acronym..530Q7% &) or when the

diffusion of elements from one 20 substrate towards another is to be
avoided: Mt8 prééiséry, the'dlecticapropeities Whith the mhethoa =2t
acberdingsta-embediments ot thelinveéntienlis ntesded:tonipaprove aseision
charge.density-(kaawn,by the abpreviation\Qbox) 2xipdheusieds e
?rgs%ast&in%@gsr. Obtagm}i{ng%a vglqc_eoof I SS thar% g X é ::1 gﬁar es per cm2

i$’ Hesirante; bréakdowr voitade, i%. the' véltage B&yond which the
resistivit6f the desulator falls sharply.L Sbtaipingmaxinfurd Waliessises
desirablecAsran-examplep3@ for a buded silisen oxigedayer; ajreteriad:
vBliejs a5 Floseas possible 1o 10 Mylcm Imegavolisicentimetet]; hole, .
and?or erll ctron mo ﬂlty in f?'le active Tayer. PP

a) elther because of differences between the
coefficients of thermal sxpansicn of those Ltwo materials.
This is particularly the case with substrates of the
“silicon on quartz” type known by the acronym “30Q7;

) or when the diffusion of elements from one
substrate towards another i1s to he aveoided.

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

charge density (known by the abbreviation “Qbox”)
in the buried insulating layer. Obtaining a value of
less than 5 x 10°' charges per cm® is desirable:

breakdown voltage, i.e. the voltage beyond which
the resistivity of the insulator falls sharply.
Obtaining maximum values 1s desirable. As an example,
for a buried silicon oxide layer, a preferred value is as
close as possible to 10 MV/cm [megavolts/centimeter];

hole and/or electron mobility in the active laver.
As an illustrative example, it would be desirable to
obtain an electron mobility of more than 500 cm?.v7i.s™?
[centimeter®.volt '.second™] in silicon doped with boron
at a concentration of the order of 10Y atoms/cm®;

“DIT”, or “density of interface trap” value, which

designates the trap density at an interface between two
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As an illustrative example, it would be desirable to obtain an electron

mobility of more than 500 cm2.V-1.s-1 35 [centimeter2.volt-1.second-1] in
silicon doped with boron at a concentration of the order of 1015

atoms/cm3; "DIT", or "density of interface trap” value, which designates

the trap density at an interface between two 3 layers. In the context of the
presentinveniion, an improvementis.sought in DIT valyes at the Intertace
betwéen the Buried inst apt‘ingﬁayer and the'active layer, And opcflohaﬁil, in
DITRANES G the ifteffage betvide® 5 thd insutdtinglayécandiae r face
neighbesing-dayen Thedescriptionbelow fogyses en the: DET yaluesinces ver,
IR ENS Qéé%%QE'PP'Pa'iBa@P&e_‘%rsl%%‘é"hécé‘ thesubstrate formation, . .,
steps Qth e mventP(/)n have an influence. Further, that parameter has an
cffett o 10 rHobilte). However 'émBodifehits BF theSinvéntfsh-in general

aim to imprové:therelecttical performance of the dinat subgtile vEraps since

have the capagity tofetain or release charge. carriers at interfaces;, They
have anve>§"tremely 15 deleterious impact on the electrical properties of
fiitare idctronic tBmponentsWwhich Will beproducat-on Cofipogitd”
substraten The density of traps at antatesfaces sreféreed tor beloveas the

"REL valuey for simplifications is-expressed: 29sas-the numberofsn in
traﬁgs/ev.imz. Thg higher the DIT,value, th% worse the electrical
el g io} Pectrl %

properties of the sibsifaté.” As a exarnple. & valie 61107 V--ei 276 ™"

high: 4l wRicheddtresponds to poor electrical properties for the
substrater Stiremdly etherkest D E valueswabtained 45 are ofdhe gederafarge

19&91%\%%@503 E:ﬁ%riaﬁ%eé@%e.twe%gﬁ‘ﬁzer% agygdaquagyt?g%%wnow as

"gate oxides", an eir support. Such oxides are found, for example, in

RS RESTSL At o chpatitors Sarfd- thet tifes &t CaRpoAERts FormingUce

irtégrated circuitsimponents which will be produced on composite
substrate.

The density of traps at an interface, referred to
below as the “DIT value” for simplification, is expressed
as the number of traps/eV.cm®’. 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 pocr electrical properties for
the substrate. Currently, the best DIT values obtained
are of the order of 10¥.ev''.cm™ for interfaces between
very good quality oxides, known as “gate oxides”, and
thelr support. Such oxides are found, for example, in
transistors, memories, capacitors, and other types of
components forming integrated circuits.

Figures 1A to 1lE illustrate the various steps of one
mode of fabricating an S80I type substrate, which is known
in the art.

As shown in Figures 1A and 1B, that method consists
in oxidizing a source substrate Sou to form a layer cf
oxide Oxy at its surface, then in carrying out atomic

species implantation to define an active layer Cact. The
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30 Figures 'A to 1E illustrate the various steps of one mode of fabricating
an SOl type substrate, which is known in the art. As shown in Figures |IA
and 1B, that method consists in oxidizing a source substrate Sou to form
a layer of 35 oxide Oxy at its surface, thén in carrying out atomic species
implantation to define an active layer Cact. The 4 oxide layer is generally
ck, of the order of 150 nm [nanometers]. After bonding to a

fairly t
B SURHAE n TPOFAICY At datichibie rémantiar OfdR of
soupce SObstrae Swrts {Fijure 1D), a composite substrate is obtained

comprising @nroxidedayes Qxy interppged betweaesta supPEaNdBgure 1C)
aclig ey, and whiahhay gfga&éwtsga_%%yawt@@e ch.otthem. with, g
respective reference numerals |1 and 12 (Figure 1D). 10 Finally, itmay
be'fotmedon therugper Stirragéd of thetdhigtsie sStbskate’dhtdinegrgrising
layer intended e yproteotthatsurfgeethutingfinishing heatippatmentsd an

cafried out n the-substratey Hence, the substrate is coyered-with a.: ¢, each

pro%ﬁecti\}/le layer C@]r and there is an 15 jnterface 13 betwein that

protective THyet Cpt andtheC aétive R§erCaRE BroMTHhE prior &tt, Pethdas
arélalrgaty khBwn which can improve, i.e. reduce, DIT values, at certain
interfaces of:a cop)pasitensupstrates 20-2ne oftheme, kngwirbytherzce of

acronym J ﬁcs% for."forming,.gas anneal;, consists in.carry "i‘%[%%% o
repair/recover ‘heat treatment of mterfaaces at aaflowatgmpera ure, of the
orHéPBﬁﬁOé%iﬁ%n%‘tﬁf@%e‘?éléé%irﬁﬁ@h?@ﬁo@%n%‘: atrfettiangas s
25:Eowewdr, whercsudiha methed is:carriedrout at 450C¢ itswgffectate is
regading improvement 1o, the-biT,valug is. .exggted.solely on the interface

13 betwe]f;n the Protective layer Cpr and an active layer Cact and not on
thénter ace I3 between thal protective laver 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.

Cne of them, known by the acronym “FGA” for “forming
gas anneal”, consists in 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
a neutral gas.

However, when such a method is carried out at 450°C,
its effect regarding improvement to the DIT value is
exerted solely on the interface I3 between the protective
layer Cpr and an active layer Cact and not on the
interfaces Iy and I, or only very slightly. That FGA
Creatment method loses effectiveness at esach 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. above
800°C or even above 1000°C. Such a treatment may improve
the DIT value at the interface I,, but cannot be applied

to a certain number of substrates, as is discussed below.
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interfaces 11 and 12, or only very slightly. That FGA 30 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 treatmént at high temperature, i.e.
above 35 900C or even above 1000C. Such a treatment may improve the
DIT valu at the mtaface 12, but cannot be aE)b plied to a certain number

of substrates> a8 P dibEissst &b 5 THis Appligs 16 céramstruttures
fohﬁ@@bgz%on@lmg*;@r toEbApbSite substrates eontaining Mmateraksattarials

arenmstable at high-tempesaturg SUCh-a5-88rMaNum (G or-sirainech Si 1 um
(sSh,.for exa This.also a Ilest substrates formed from a
pll?r% gy §frm§ter|a glhgvmﬁ s? nlf[i) cant g%rerencespm thermal expansion

coefficiert'{$ficar o Gtk 1?0? ERampiey of 3tBstrates Boftairing 2
elementslthay shduldanet-be: abowed iondiffuse; for exampleidddingences in

profiles o4 110&5%%%%I@&Q&g@l@ﬁt@"%@u%ﬂla@ﬁ U&Mt IS pot.

p053|ble % DIT |m§rovement freatments employ|

D e Y M e
useofor ifeie 15cfabricatioribanding tedhmiquesavbith ddopctmecessifatées or

high terperaiwie heat treatments. ience; fremythe atticls by-3uni et al,
"Effect o I sngctlvatlon ey hgdro}g ilic bondln of Si ang?ﬁ;pZ“
Electrochemlcal ociety Broce%dlngs olume i) f%? 2-30, a
SOISTFIE T RWN WhhCtisists flpreesding ﬂﬂegs“teﬁ@mbﬁﬁgmrtﬁé to
surfecestgbe kohded-dinto: intimate contact, by a step of plasma

activation of gl dgast one ofthe suffaces fo:be bonded.namel thatof. fe, ,

ort Sup and/or of the source Sou. 25 A high bording energy Is thus
ﬁ%a%ﬁﬁ@%&?ﬁ%w a%%%&%%z%h@m%?er@@seﬁaﬁgﬁSltate

high temperature heat treatments.

Hence, from the article by Suni et al, “Effect of
plasma activation on hydrophilic bonding of Si and 510",
Electrecchemical Society Proceedings, Volume 2001-27, pp
22-30, a solution is known which consists in preceding
the step of bringing the surfaces toc be bonded into
intimate contact, by a step of plasma activaticon of at
least one of the surfaces to be bonded, namely that of
the support Sup and/or of the source Sou.

A high bonding energy is thus obtained at the
interface I;, close to 1 J/m° [Joule/meter®], even after
an anneal at 200°C for just 1 hour.

However, plasma activation deteriorates the
electrical characteristics of the interface I:, and in
particular its DIT values, in a fairly significant
manner.

Reference in this regard should be made to the
article by K. Schjoélberg~Henriksen et al, “Oxide charges
induced by plasma activation for wafer bonding”, Sensors
and Actuators A 102 (2002), 99-105, which shows the
negative effect of plasma activation on the electrical
properties of substrates.
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an anneal at 200C for just 1 hour. However, plasma activation deteriorates
the electrical characteristics of the interface I1, and in 30 particular its
DIT values, in a fairly significant manner. 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 35 and

Actuatoys A102 (2002), 99:105 which shows the negative effectof, . .
plasma activation on ?he_ elaectrllcaT properties of Substrates.’6 Further,
that &%ERSAIS0 ShEWS HATTER POssibE 16 Eorfettthe tRfdteriars-effécts on

of plasma activatiohcen the electrical proffertied of substrates by a
subseguent, EFGA-ype anpealing, reatment. That article 5 shows thatfor. ; o

a good qualitg oxide, produced on a  silicon substrate, the DST value is of

thie fderor®several T0'8°&T-. M3 hite¥ pfasntit acti/atiohHat that
unfdrtuatelyithe hoading forceddftertheé UEGAS wwéatnien- o ade reduted

E_A/era;@_&%&haﬂo%@%xfrawvaﬁﬁi&;@ @J%@ fgﬁaor&@htﬂq@i@@%@ﬁe %@?%ﬂgat

ong in QCO QSIteJ_ tructure when urse uen 1 Inning or.,, of the

SRR PSS s ARty S BrobTEmMS with Fon ttsterred

Zohes L EAibodinents ot ERe thventiBa afim 16 dverftome the 15

above-mentianed, disadvantages of the-prioiatt. More-praciselya strong
iments of invention ai ovi dugi .

o e T e A i of

gostl electrital propertiés prncipaliFattheinterface 320 te active?

layervikick itsupportsnMore: patteulasty, this.arethod is applicable to

composite;substratesdn which at least.one layer cannat systainheat.
treatments at raised temperatures of close to 400C or 500C, or even at

mﬁﬁﬁﬁﬁﬁﬁ%ﬂﬂggﬁﬂadlSadvantages of the prior art.

More precisely, embodiments of the invention aim to
provide a method of producing a compesite substrate
including a buried insulating laver, which layer has good
electrical properties principally at the interface with
the active laver which 1t supports.

More particularly, this method 1s applicable to
composite substrates in which at least one laver cannot
sustain heat treztments at ralsed Temperatures of close
to 400°C or 500°C, or even at high temperatures, i.e.
900°C or more.

Finally, salid methoed must also ke akle tTo produce a
composite substrate in which the transferred active laver
adheres very strongly to the insulating layer on which it
rests.

In accordance with a first aspect of the invention,
there is provided a method of fabricating a composite
substrate with improved electrical properties, of the
type comprising at least one thin Insulating laver,
interposed between a first substrate, termesd the
“support”, and a laver of semiconductor material, Ttermed
the “active layer”, characterized in that 1t comprises,

in the following order, the steps of:
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25 900C or more. Finally, said method must also be able to produce a
composite substrate in which the transferred active layer adheres very
strongly to the insulating layer on which_it rests. 30 In accordance with a

first aspect of the invention, there is prgvided a method of fabricating a
composite substrate with improved electrical properties, of the type
comprising at least one thin insulating layer, .interposed between a first
substrate, *[é)rnljlnefd1 the 35 '(ﬂsetﬁ)%%%t“fé%d éx‘lllayle?so ngﬁ%gb%d%v%yo?“mgt%rigl,
téfRed the "astivesla§er T ERdracterized iiF that Recomiprisesd 5f the an¢
follawingzorder, dhe stepslofci rformingear deposiing anuinsutatingdayerrate;
on a second, subsirate termed the cgouree éEb%té%tS"@%PQH%@“&%@M

insulating layer on said support substrate; - recovery heat treatment o
SHitfirdlatingdayer 5°and optlortalRFordald stfting 1dyertsrmed ohftfie
supportisubstrate; ptasma activation of at least one of the two faces

intended t?pse@%dseﬁe%t@%ﬁ»e&ct% froppthe front faceafdhe ;o faces

insulatirgge yer ogtge source s%tg)stéate and 10 Ife fﬁ%rg f@g{ﬁf ﬁf ttkﬁ:e ont
e

sbrbp%ﬁ Stbstrate or t}ﬁcénffjoencf1 face ot the instila i%ﬁ ayero suppc;fr

stbstratet - boadings By MmcleculdrB6Ading, $di¢ stppotesubditeate and
tegetherwith said-sowee substate; sueh tad ssaid trsulatinghlayerisnt face
locat ef id_support l.{b e ids . trate; and
-%i tin%gggﬁ évl\{&)%r%(%?, gtlg%é{? %ﬁ;é't?aclﬁ,% s%?dg é%%drccé% g{ﬁ?s?r%%; ,étb retain
only a thickRéssiormaterial toRstittting SaitFactive 1a7erard toPprotiuce

saith compositesydstiate. 20th aceortance with athier adwanrtagecusandat

nop- imjting, eharagieristics. accarding 10.embediments ofthe jinveption..
taken alone or in combination:
substrate and said source substrate; and

- lifting off a portion, termed the “back”, of said
source substrate, to retain only a thickness of material
constituting said active laver and to produce said
composite substrate.

In accordance with other advantageous and non-
iimiting characteristics according to embodiments of the
invention, taken alone or in combination:

the recovery heat treatment comprises an FGA type
treatment carried out by annealing in an atmosphere of
neutral gas and hydrogen, at a temperature in the range
400°C to 600°C, for a period in the range from about
thirty minutes to two hours;

the recovery heat treatment comprises a heat
treatment at a temperature of more than 900°C, in a
neutral gas atmosphere, opticonally in the presence of
oxygen, for about 30 minutes to 1 hour;

the recovery heat treatment comprises a RTA type
heat treatment carried ocut for several seconds to several
minutes, approximately;

the plasma activation treatment consists in
introducing the substrate to be treated into an

activation chamber and exposing it therein for about 5
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the recovery heat treatment comprises an FGA type treatment carried out
by annealing in an atmosphere of 25 neutral gas and hydrogen, at a
temperature in the range 400C to 600C, for a period in the range from
about thirty minutes to two hours; the r@covery heat treatment comprises
a heat treatment at a temperature of more than 900C, in a 30 neutral gas

atmo e, o tionally in the presence of oxygen, for ahout 30 mlnutes to
1T R6ur %he réo%@rygl%eatqge%tm%n?cB?n%?lrggsg gyp%e pure gas
tré‘éﬂﬁé‘h’%%ﬁrrfe’épﬁut%ﬁ@%répsé@omst%%%@raqNM|mut@§g0n (Ar) and
approximatelys 85 cthezplasmaactvationteatment sonsistsiin iiroducingy

th?v?HPéHé[?e‘éﬁ’ he,reateddnta.an, acfivation champer an ei‘BO%Jf'A% M ange

therein for about 5 8 seconds to 60 seconds to a Iasma ormed from a
puré gis® SEREE S DXy GRh 1B3): ‘?ﬁ&?oééef‘lr(l\ﬁﬁn&rfg%n (ArFand HRlium
(He) ©F esmipxturetdfesaic: gasas, Saidigas bemgrintroduced intbdhder being

cm@m@{eat@fl% rate in the 1ange-5 siandard cupiniceptimeters: per
rhute I%sc ”QJQ 10001§:cc Jhe stablished pressure ion the chflmber
ng “Nthe rang(fe milliTorr (m orn) {67200 JI‘%rr th p?g)spmé(%e%g

mi‘f%@é@ﬁﬂé@ﬂ%ﬁ#@éﬁné@‘b@%mﬂylﬁ@Qaﬁﬁj’f&%uéﬁ@y pewerinhe rafge
10 watts (W) to 10 3000 W; the insulating layer is an oxide; the insulating

layer is a htg}l;leoe{ggtg\ilyc ﬂﬁ‘?ieﬁté'ﬁﬁat_%'aér}hgﬂ% permittivity

dielectric material is 15 selected from the gronﬁ consisting of hafnium

dioxide (HfEY), yiiiiihh Bxided(Y2085 Istichtiiniafid iRt & fribkide”
(ST tatuminae@1203); zirconium dioxide (ZrO2), tantalum

pentoxide (F8208) ditapium.dioxide; {Ti0) ctheirnitrides,and their ; ¢

I|ICI es; 20 the back portion of the source substrate is lifte
S q dted trom tge group consmsfﬁng o%ah %ngum dioxide

(HfO), vyttrium oxide (Y,0:), strontium and titanium
trioxide (SrTiCs), alumina (Al,0:), zirconium dioxide
{Zr02), tantalum pentoxide (Ta0s5), titanium dioxide
{Ti0z), their nitrides, and theilr silicides;

the back portion of the source substrate is lifted
off by grinding and/or poclishing;

the method comprises forming a zone of weakness
inside the source substrate prior to the plasma
activation step and lifting off the back portion of the
source substrate, by detachment along said zone of
weakness;

the zone of weakness i1s obtained by atomic species
implantation inside the source substirate;

sald active layer is produced from a material
selected from silicon, germanium, and strained silicon;

the method includes a step of doping all or part
of one of the source or support substrates.

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 in an indicative but

non-limiting manner.
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off by grinding and/or polishing; the method comprises forming a zone of
weakness inside the source substrate prior to the plasma activation step
and lifting off the back portion of the 25 source substrate, by detachment
along said zone of weakness; the zone f weakness is obtained by
atomic species implantation inside the source substrate; said active layer
is produced from a material 30 selected from silicon, germanium, and
strained silicon:” e Méthdd ficiudes a step of doping all or part of one
of the sourcelérsipporsubstratest Gthaf eliarasteristcs & atvantages
of ¥he iipventionebecome apparens fron: thesiollewing-dessription 35 made

Wit eferepce o fhe accoRanyng, drayings, whigh represent a possible

implementation in an indicative but non-limiting mann r.]9 n these

drafg BRjiirEd @Ato IF are diagrams representing the various steps in
the fabricatibhwfaesSQhtype Substratedineaccardancepwitts arknomwmn prics

arl;g implementatian;; Figures 2Au0 25 arediagrams representing,the, ce
various s;e _lll[lst e if%bri%aﬂtllorrlltmgthgd in §acc§rdance vylth a first
implementation of the veRtiom-FigaresIa t6'3G At didgrais
representing* 90 Y&Ratighs-of tR€ abbve MethoaFhe earierssteps ©f the
methed:of fabrcating:a compositesibsyate of the invention are
described, hriefly with efetence o Figuie 3 ReferingjtoFigure 2A. L can

be seen that the 15 method uses a first substrate 1, terme e'supp(c]')rtél

substiate’ - afid &etohdstibstrate’s, teEa tHe soiFte SubstakedThe
upperdddes efisuppostt: and soutce 2 sgbsteates

Referring to Figure ZA, 1t can be seen that the
method uses a first substrate 1, termed the “support
substrate”, and a second substrate 2, termed the “source
substrate”.

The upper faces of support 1 and scurce 2 substrates
respectively carry reference numerals 10 and 20.

As can be seen in Figure 2B, an insulating layer is
then formed or deposited on at least the scurce substrate
2 and opticnally on the support substrate 1.

The insulating layer present on the support
substrate 1 carries reference numeral 31, and that
present on the source substrate 2 carries reference
numeral 32.

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

The interface between the insulating layer 31 and
the support substrate 1 carries the reference numeral 311
and that between the layers 32 and 2 carries the
reference 321.

As can be seen better in Figure 2C, a heat treatment
is then carried out on the source substrate 2 covered
with the insulating layer 32, to “recover” said layer 32,

i.e. to improve its electrical characteristics and those
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respectively carry reference numerals 10 and 20. 20 As can be seen in
Figure 2B, an insulating layer is then formed or deposited on at least the
source substrate 2 and optionally on the support substrate 1. The
insulating layer present on the support sitbstrate 1 carries reference
numeral 31, and that 25 present on the source substrate 2 carries
reference numeral. 32. The free surfaces or front faces of the insulating
e S0 3 R aNBly ety reibrenaR iterile a0 BT S58F S0 e
intéFraes between Melinsufating layerizl aad aliesoppors stibstrate 1
cartes-thecefenenge numeratkabl -and that between the layers 32 and 2

Ca”mstW%J%%%?qﬁ%%%%ﬁﬁ%ﬁfqQﬁé@egPeggﬂnggggm%zghagﬁéu.up ort
treatment 35 is then cairied o on the source sulistrate 2 covered with *F
thé Wttt layer 32, B2TelovetOssid 1ayet 820 i gR iifisode RECOVery
eléctacaltchamacteristics and those 10 of the interface 321. Throughout

theremaﬁE&ﬁfEt@%(¥§§UQ@¥5§@%nggsﬁbggﬂgﬂgg%ﬁgﬁ%gg@dstep
"r%%ojyelgy heat treatment”. If the msulatlngﬁgla er 31 is present on the

support 5 substate £t MAY optiohally alsdihder§s atecdvety Hsattaces
tredtiend Figiie 2D ilustdatss the slashacidhivationistep which ist least

castied out over atdeast anecof thedwefaqes intended:ta,be banded 10 the
eﬁ%ﬁrjstﬁfg?ﬁ&%&]eﬁglo one of the faces 320, 310 or 10 (in the

absence of the' insulating [ayer 31). Bonding by molecular bonding of the
two subsHafes 1 darry 219 tHen et tie 8 ot $6 that théib oAt faceslot tzgres 1
faee@akh nther(see dagure2E )oThe honding:l 5 interfacerhas referense 10,

nusperal a.Finally, apadion temmed fhe, hacky portiopof e, s
interface has reference numeral 5.

Finally, a portion termed the “back” portion of the
source substrate 2 is lifted off to retain only a
thickness of that material which constitutes an active
layer 21 in the final composite substrate, which has
reference numeral 4 (see Figure 2F).

The various steps in the method and the materials
selected are described below in greater detail.

In the composite substrate 4, the substrate 1 acts
as a mechanical support, as is usually the case in the
art.

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

The support substrate 1 is advantageously produced
from a semiconductor material.

The active layer 21 of the composite substrate 4 is
derived from source substrate 2, as is described below.
Said source substrate 2 1s also formed from semiconductor

material.
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source substrate 2 is lifted off to retain only a thickness of that material
which constitutes an active layer 21 in the final composite substrate,
which has 20 reference numeral 4 (see Figure 2F). The various steps in
the method and the materials selected dré described below in greater
detail. In the composite substrate 4, the substrate 1 acts as a mechanical
support, as is usually the case in the 25 art. Further, it is also possible for

the suppdrt Substrate 13 cBhtair eIEMERS WhcH WAt Songathititsof
the finalcelectroricrvonfponehts (Sueh aszglectrodes,ch grourdipiame,taes 1

chanpek, etg)«3Q Thesupport-substrate 1 is advantageously produced

from a semiconductor material. The active, layer 21 tl‘f composite .
substrate 4 issu%%%gd ?rlgk)rﬁ éé’ﬁr%% s%bstsrét@ ,éa% iggdle eribed befoly, <31 1de
Said souirce U YAt i GRsb-foRfidd Heht serhicbhidustor 35 ratertal. for

11e Purely dyavay obilustfativeraxample, varqus examples of sateralsm
thatypay Peolisegaaaﬁﬁ%%?@%}d@n%%ﬂg "8E$dab64%i%%990§&bstrat@,

substrate 1: silicon (Si), silicon carbide 5 (SiC), germanium (Ge), any
epitaxially gréwn Faer, fof SmMplREiaerdfgatmanium (Ge), silicon
germanium (8iGe} opgalitmeritride: (GalN)igrpa siligonh substrate; iamevede ) ,
a layen etstrained sHiconss seyrcegsubstrate 2:silicon(Sik; germagium ¢,
(Ge ” 1gnsil_£lcrgn csalrgiege (Si(%, flgihj_mangg%%géa%k s&icon %erm%n'um

(STGA) " Galitim drsenide (A5 eg, Brinditim phosphide thP). TEshdtiid B8
ndted it tHE sibsfates 1 and 2 may also be multilayered. 15 The
inventioniis of pattictilasly applicatiomto: preducing cemposite substratesmay
ingﬂg@gﬁéaMgﬁggﬁayered.

The invention is of particularly application to
producing composite substrates including a layer that
does not tolerate raised or high temperature heat
treatments. Examples of materials that can be mentioned
that can be a constituent of substrates 1 or 2 are as
follows: strained silicon, germanium, a& metallic or doped
layer, or contiguous lavers of semiconductors which are
capable of diffusing into each other.

The insulating layers 31, 32 are selected, for
example, from layers of oxide or nitride, such as silicon
oxXide (S51i0;) or silicon nitride (Si3Ny); germanium
oxynitride {GeyOyN;), aluminum nitride (AIN); high
permittivity (high k} dielectric materials such as
hafnium dioxide (HfO;), vttrium oxide (Y,03), strontium
and titanium trioxide (SrTi03), alumina (Al;0s), zirconium
dicxide (ZrCz), tantalum pentoxide (Tax0x), titanium
dicgxide (TiO;), their nitrides, and their silicides.

The nature of each insulating layer 31 or 32 is
selected as & function of the nature of the materials
used for the support substrate 1 and the source substrate
2. Further, the insulator 32 is selected in order to

optimize the electrical properties of the interface 321.
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does not tolerate raised or high temperature heat treatments. Examples
of materials that can be mentioned that can be a constituent of substrates
1 or 2 are as 20 follows: strained silicon, germanium, a metallic or doped
layer, or contiguous layers of semiconduttors which are capable of
diffusing into each other. The insulating layers 31, 32 are selected, for
example, from Iagers of oxide or nitride, such as silicon 25 oxide (Si02) or

silicon nitfide {313N4) :Getfanfum bRy ATE (Ee, Oy R dluriinbrFAitide 4 ©f
(ALNY, Kigh Iperemittivity {high k) dietectrie trateridls sach asthamiumyer of
?é@@q% &t?%@@@%;%d@é@@%&t{m@é@umg@ng %12@%@ tgl'%E@rt

rTi03), alumina (Al zirconj IOXi r02), tantalum
pesﬁltloxslg e ?#a?zd?} ,g%t%n?lu%%/eﬁoﬁéggfgﬁ)?fh eﬁhr%‘ltri%gsrfﬂgﬁl&%ﬁréirg curce
siliEiist “Fiénature of each insulating layer 31 or 32 is selected as a
function of:the mature of the matedals ausedsfop the supportsulssteate d1 1 ent
a € SOUrce.s 839 BuFurther insulat i cted i
order to,op%r%%e%%?géc%ical e%opé%%éesgg?tﬂg%r%gr{ffgg%%%é 'Byrﬂ\;lv??f:e

of RYEMIPTE 18 prodiice 8 TiRdrSiistrate 4t the Eetit (Y&rnatiurdrrface
insiatoritypl, atkindayerof siicaroexide heay be formed on the silicon

support substraie and:a tayer oLHI0Z-0n thegermaniyd Souee . vers 1
subsite. Preferably he syt 31, 32 1 of eucelent ey

regards théir electrical properties. More précisely, the iRSUlafor 32%hastYers
Dlg']valb?’é)s atinterfacee 321 Gohict afel a9 Tovi ag podsiblet 10 By Waydfues at

illustrative exangie, when the' tayers' 1cand 2 are fosmed from-siligon and
the insulating layers, 31, 32 are formed from silicon dioxide, the DIT
values at interface 321 are 1011.eV-1.cm-2 or less, or even 1010. eV-1.

CM-2 or B8t 15 NE&E itién IHESRSEIRtST id Bintokide: 46 forkted s formed

with all precautions taken to form oxides of optimum
quality, such as gate oxides. Reference in this regard
should be made to the article by Green et al, “ltrathin
(<4nm) Si0; and Si-0-N gate dielectric layers for silicon
microelectronics: Understanding the processing, structure
and physical and electrical limits”, Journal of Applied
Physics, volume 90, n® 5, 1 September 2001, pages 20886
ff.

The surfaces of substrates 1 and 2 on which the
oxide is to be formed are prepared by deep cleaning, for
example using a treatment in an “RCA” chemical, to
prevent any contamination.

"RCA” treatment consists in treating the surfaces in
succession with the following:

a first solution known by the acronym “S8C1”
{standard clean 1), which comprises a mixture of ammonium
hydroxide (NH,CH), hydrogen perexide (H:0.) and deionized
water;

a second solution known by the acronym “S8C2”
{standard clean 2), which comprises a mixture of
hydrochloric acid (HC1l), hydrogen peroxide (H,0,) and

dejonized water.
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with all precautions taken to form oxides of optimum quality, such as gate
oxides. Reference in this regard should be made to the article by Green
et al, "Ultrathin (<4nm) SiO2 and Si-O-N gate dielectric layers for silicon
20 microelectronics: Understanding the 6 cessing, structure and
physical and electrical limits", Journal of Applied Physics, volume 90, no

5, 1 September 2001, pages 2086 ff. The surfaces of substrates 1 an?z)z

o Whieh TS 25t ot e et S o B5are K e Hearifg, o5
exaRIE TSINg & FeRRRSHtIA BN "RCATeheiRBO TS gravaritanye 1 and/or
contaminatien<'REAstreatmernt consists in treating the surfaces in

successiqn,with {he fallowing, 30, & lirst soluyon known by {hg acomym e 4 1
"SC1" (standard clean 1), whichi comprises a mixture of ammonium

hytrskidie ENEHOH)“Rydrbgeh petskide FABO2) drid deibhizedPivater; ky an
seebnd solutionknowarioys thelacronpmD'SCR: 't BB ¢standard clean 2),

which comprises a mixture of hydrochloric acid (HC1), hydrogen peroxide

(Hgozzjand deionize wat%r. 13_The oxides are then obtained by an

ver £3a reatment

omﬂeachmﬁae\_ééreafﬁeﬁﬁeepeewely of the support substrate 1 and/or

the sourcéasiibstrafe® 7T he fristaditglhy@a3 L 329nay aisd serbbiEined

bys Sdowpressureahestiel vapos depesition (iRGYP) or by an atomic

layer deppsitiop(ALR) method: Rgcayery heal rgatment; Said recovery,,
treatment may be carried out in a” 10 variety of manners, as shown in
Fighf@*2C. ‘A F&tiguss iRy LORSIZLS of CaRFing 6dtsh "EBAP Fforming

gas anneatktype thdrmal amhéal FRreferablynsaid EGAdreatment sut in an

cagried ophin.an amesphiere pha newlralgas aod iydrgen, at g
temperature in the range 400°C to 600°C, preferably close
to 450°C, for a periocd in the range from thirty minutes
to about two hours, preferably about 90 minutes.

Said treatment is carried out, for example, in a
tube furnace under a controlled atmosphere.

The insulating layer which underwent said treatment
thus has relatively low “DIT” wvalues at the interface
with the substrate on which it has been formed.

The “DIT” values achieved are below 10'.ev'i.cm™, or

even below a few 10!, eVt om™,

A seccond possibility consists of carrying cut a high
temperature thermal anneal, i.e. at a temperaturs of nore
than 900°C, or even 1100°C, in an atmosphere of a neutral
gas (for example argon) or a neutral gas and oxygen, for
about 30 minutes to 1 hour. Said treatment is carried
out, for example, 1in a tube furnace under a controlled
atmosphere.

This second possibility is clearly only employed if
one c¢f the two substrates can tclerate such treatments
and saild treatment is only applied to the substrate,
optionally covered with an insulating layer, which can

tolerate it.



15 temperature in the range 400C to 600C, preferably close to 450C, for
a period in the range from thirty minutes to about two hours, preferably
about 90 minutes. Said treatment is carried out, for example, in a tube
furnace under a controlled atmosphere. 28 The insulating layer which
underwent said treatment thus has relatively low "DIT" values at the
interface _with the substrate on which it has been formed. The "DIT"

values achieVed & h&OWPEG L BYEL. 632 bP RVEn Below R TR To1hY eXF
1 cemr2.<26 Agecond possibilihptensists of taryiiglout eghighent, and
tepperatuie thermal gnaneal; i.e. at a temperature of more than 900C, or

even 1100C, in an atmosphere af a neutral  gas (for example argon) or a
neutral g%%%%%i%(’ygjémcn,f%ﬂrogﬁc%ut %rrﬁ?n%?égs %gf %oﬁﬁ aid ?rlgja?r%ércf{]ié tae
carhied SORR, fof ekamphe in atiBeé furratédnderaeofiftblléy carried

atmasphere: dihisisetendnpassibilitya$ clearlyrordy) employeddfone afithe

twg.subsirates can;tplerate such treatments nd said freatmenLis only ;
a%ﬁg t% the substrate, 35 optionally covered with an insulating layer,
w ca

Tidlerdte i1 14 SSAMGNR iiiperatlivs TredtheRt fdy dpfionafy-
bel Bamiedauias a complement to the FGA treatment, and preferably
before it. Finally, it should be noted that in a variation, the 5 two types of

th mglmaannaecag qu\;e ?QQV‘%{%&‘ tzba%r(f rried out in rapid thermal annealing
(Rgé%?qmpn—remjl%'re—appmmmate—gﬂ' ; iration of the recovery anneal
method iShthug ¥roTi3ed€ral $8Ednds forseverahhinfesy ysically) 30
secondse 30 Plasma astivationittedtmentwHie plasmesactivationdreatment

(Figwe2D) 5 scarried out upder.gonditions which preserve e ¢ e pry
values of the interface between the insulating layer and
the neighboring layer (if such a layer exists). In fact,
these values have already been reduced {and thus
improved) at the end of the preceding recovery treatment.

“Plasma activation” of a surface is defined as
exposing that surface to a plasma, which may in
particular be carried out in a vacuum or atmospheric
pressure chamber.

Sald activation is carried out by controlling
various exposure parameters such as the nature, the flow
rate or the pressure of the gas supplying the chamber
inside which activation is carried ocut, as well as the
applied power.

In the context of the invention, the substrate
covered with the insulating laver to be activated is
introduced into the chamber, then a pure gas, typically
oxygen {0}, optionally nitrogen (N}, argen (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, from which the plasma

is generated once the power is applied.
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electrical characteristics and in particular the DIT 15 values of the
interface between the insulating layer and the neighboring layer (if such a
layer exists). In fact, these values have already been reduced (and thus
improved) at the end of the preceding rek®very treatment. "Plasma
activation” of a surface is defined as 20 exposing that surface to a
plasma, vy ich#gaﬁhin Eg;articular e carried out in a vacuum or

atmosphéfic p &thaniber "S&idEdtivaTSiis darfied BUthy °n ©f the
controlling varicusexysusuve patametersisgeh as the hatusd, 2zhe DWW 25
rate.@rsthepressure of the gas supplying the chamber inside which

activation,is.Gartied put, aswel s the, applied power. In the sontexg of ; , o,
the invention%e substrate covered with fhe insula%nggfayercfo be

activafedl i$ B0SRtrBdiced-Mtd tHe ERambéy thEha plré a8ty icafly £1ow
oxygen (0Z), optienatly nitrogen{N2);argork (Ar)or. helisne: (He) erndvstrate

mixturg.of said gases; such as oxygea .and:helium,oxygen and.argen or

heliu %nd nitrogen, for example, is sent into the chamber, from which
thg%%sn%%% is generated once the power is applied. 15 The flow rate of
the gas Ubed is atfahéticiheftthenahme of ilte aétivationrchambérainiahe
siza akthe substraternPreferabhn the gasds sen ilﬂﬁﬁ@ flow rate imthe, &

ra 1000.sc By way of example,.a flow . rate of 75 scc
o bt ot A ate TR B 300 ot s ot Tom®

for'a J60FhM damEier Supstrae. Thé estadiished Bressure in the
chamberTiuzingl 46rpdasma treatmentis contralled; sotthahi ds imthepplying

range L0y 0t Z00-m] orip plcally.closedto Sl ofo §1 Ll bewg o,
equal to 1.33 x 10-1 Pa). The plasma Is initiated then maintained by
aﬁﬁﬁﬁarably close to 250 W in the case of 200 mm diameter
substrates and in the range 100 W to 3000 W, preferably
clese to 500 W in the case of 300 mm diameter substrates.
The surface of the face to be bonded is then exposed
to the plasma for about 5 to 60 seconds, preferably 10 to
30 seconds.
It is also appropriate to limit the exposure time
for the plasma treatment to what is strictly necessary.
Preferably, this iz 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
insulator {QBOX), which will counter the improvements in

electrical performances discussed in the introduction.

Lifting off the back portion of the source substrate:

Said lifting may, for example, be carried out by
grinding and/or polishing.

In a variation, said back portion is lifted off by
forming a zone of weakness.

This variation is illustrated in Figures 3A to 3G,
in which elements identical to those described above

carry the same reference numerals.
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RF (radiofrequency) power in the range 100 W to 2000 W, 15 preferably
close to 250 W in the case of 200 mm diameter substrates and in the
range 100 W to 3000 W, preferably close to 500 W in the case of 300 mm
diameter substrates. The surface of thelface to be bonded is then
exposed to the plasma for about 5 to 60 seconds, preferably 10 to 20 30
seconds. |t is also appropriate to limit the exposure time for the plasma

treatment [ wWhBETS StictlFASCERaN “Pret&rably, s idess MarFené ce
mitlute torddetter stikk feiss ithan B0secohdsePrblongedZexpbsune wolikc R5
risk.causing an accumulation of electric charges in the insulator and an
increase jn the charge.density of the insulator (QBOX), which will counter. .
the imprgv%e?nezrﬁgeln Se e&ﬁ(\{albpeer o?%%%éet?%is%cu gegc? inth&“"e’ o this
infr6@iaction. 3019fiRG G theBAER portisin 8fthesoulice sabstrite: Said

lifting maya fnrexamyie g camied outdybgringing andtey pelisbing. kia
variafion..said hackportion isdifted.off by forming.a zone efweakness; 35,

This variation is illustrated in Figures 3A to 3G, in"which elements
idehticdt ?61%‘?0%%% S<2rBBG Heve *Rstry helSHife rétetendéShitititials. 16

Therzadde of weakness 22 formed inside the source substrate 2 delimits
the activgdayes2d, frame baske pomtions23.4the,zone.22 may be formed,

by. a poroys zane; in this .5 regard, reference should be made to the
arﬁrgé%yn%?ééﬁggfc%} ot glgl%gEf%raOnTrﬁ by Bplitting Por8Us %3 gt}/)elrg",%%r cgen
EREfdERehithl SBeibfmc PPIg-3, SilicohC oflfrisildtor tdchnblogycanidie 32
depees, PibuHempaent, pp 117-121. 10 However, the zone 22 is

advantagenuishe fomed By ipplagtatigatliebtatomic species. pieferably; o

hydrogen, and/or helium ions, so as not to deteriorate the oxide 37

e made to the article by C. Maleville and C. Mazuré,
“Smart Cut™ technology: from 300 nm ultrathin SOT
production to advanced engineered substrates”, Solid
State Electronics 48 (2004), 1055-1063, which describes
the SmartCut™ method used here. '

When atomic species implantation is used, this is
carried out after the recovery heat treatment of Figure
3B.

The step for detachment of the back portion 23 along
the zone 22 consists of applying stress of thermal or
mechanical origin, for example an anneal treatment or
introducing a blade to said zone of weakness 22.

Two particular implementations will now be

described.

EXAMPLE 1: Preparation of a substrate the active layer of

which comprises a ground plane (known by the acronym “GP-

SOL”, or “ground plane silicon on insulator”)

This example will be described with reference to
Figures 3A to 3G.
A silicon support substrate 1 was covered with a

deposit of a thin layer 60 about 1 um [micrometer] thick,



(see Figure 2C). Reference regarding implantation conditions should 15
be made to the article by C. Maleville and C. Mazur e, "Smart Cut TM
technology: from 300 nm ultrathin SOI production to advanced
engineered substrates”, Solid State Eleétfonics 48 (2004), 1055-1063,
which describes the SmartCutTM method used here. 20 When atomic
species_implantation is used, this is carried out after the recovery heat

tre et of BiyTre “S8-CrieCSiep foraétabhmentsr the BHER portion 58

alolsd ithe zene2ucwhsists o applyirgfistress of thermal or 25 mechanical
origin, forexample.an anaegldreatmeat of, datroduecing.a bladetosaid £ ¢
zone of weakness 22. Two icular implementations will now be
A I L S Pt iratin of AR A HE Ao e TR R <o
5 whigR'EBmMprises BRGBUNE Prarks (kv By thesstoffif "epl serder it
"graunekplanésilicontorbinsdlatar') This example will be described with

reference,fo Figyres 3A &9&{%:%5 dysilicon.suppart sybstigle 1 was.

covered with a, deposit of a thin Iayer'60 about 1T pm [micrometer] thick,

17 BIGHIG dopeb Wit 5ordRREEe Figiffes 8A antFER) 16 Uefieta Grothdh
plasetereina Thischighlyadopedriayerinad & froat face600RME ) bordimg cally

10 (see Figre BC)r i waspelished orsrmagethed to 5 reduce the roughness
of said s &a%%ggro agdsferidecr i}l cgcr}nlpraég)leswjéh Pgnging As shown ig
Figure 3D, the support Substrate 1 “Covered With 1hé aclllo(f)eczi Ié’l“&?aesf 60" theh
uriterieAtd high demperatdetthefmalanicaling tidatmeht(RTARYer 32 of
typitally 2i0-aitl 05D G for @bheut 1@ secondsq Furthes a silicon source

substrate,g was,ysed, ;oxidized by, dry axidation, fo:cover jfwith a layer 32
15 O%reatment, at 450°C, for about 1h30, (see Figure 3B).
The oxide 32 had DIT values of several 10°.ev'.cm™?.

As can be seen in Figure 3C, the substrate 2
underwent hydrogen ion implantation using a does of
5.5 x 10*® H'/cm®, and an implantation energy of 37 keV, to

20 define the zone of weakness 22.

The free surface 320 of the oxide layer 32 underwent
plasma activation (Figure 3E}. The substrate 2 was
300 mm diameter, and the following parameters were used:
oxygen plasma, 200 scem flow rate, 500 W power, 50 mTorr

25 pressure, for 30 seconds.

After bonding by molecular bonding (Figure 3F) and
detachment of the back porticn of the source substrate by
heat treatment close to 500°C for a short period, the
composite substrate shown in Figure 3G was obtained. It

30 should be noted that the post-bonding heat treatment was
deliberately limited to prevent any boron from diffusing
into the oxide or into the active layer, which would run
the risk of reducing the electrical performance.

Said composite substrate had DIT values of several

35 10 evi.em™.
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Si02 about 50 nanometers (50 nm) thick. The layer 32 then underwent an
FGA type recovery 15 treatment, at 450C, for about 1h30, (see Figure
3B). The oxide 32 had DIT values of several 1010.eV-1.cm-2. As can be
seen in Figure 3C, the substrate 2 underwent hydrogen ion implantation
using a does of 5.5 x 1016 H+/cm2, and an implantation energy of 37 keV,
to_20 ef|ne he zone of weakness 22 Thfree s%rface 320 of the oxide

3W@|meerarmqhettelldwmezbafpémetetsweﬁeeeed @W@écn of oxide
plasma20Q secm flow rate, 500 W power, 50 mTorr 25 pressure, for 30
seconds.IAfger (gnndln%2 molgc?)t%%bgndlng (Flgu%glg) aned in Example

detachment oft portion of the source substrate heat treatmen
cldse' 560 %&y%heﬁt%eﬁad %eeéa’rﬁ%sutélsuﬁeee SREFATE Figurewith

3G wasszolatamedo it 30fshould be moted that the postrhonding:heatas carried
treatment was, deliberately. limited fo prevent any berqthfrem diffusing

into the oxjde or into the active la er w |ch would run the risk of reducing

thé F&ica hetfornhancd “S&id e SSiibstiate (rad Bt Yaftis gty co-
selerala8% 20ty ¢ ofcrhelwrrEXAme 20Pteparation bf arcdnipositegen
supstrate émprisirg an active layer of silicon on a stack of oxide and

quartz T%%?@We sougc sttratg 2 %st aty %d in ﬁgéamPIe 5 1w was

employed and it Ghdérwent the sam treatments with “the exceptlon 0

thé te&‘;vet?%a%rﬁeﬁtfwﬁeh%éleéﬂﬁ.eueaat ByLa Pigh refiperaturen using
arrieal at 1 10QC cand the=formatian ahthe:zanefefrweaknessanas carried

out by coftt@ptaatgmqaf hem@rgee%ﬁce%a%@dmdr%%ge at

(1 x 1016 H'/cm?2)". Further, a quartz support substrate 1 Was used the

fr&ﬂefa&éliﬁ%W\ﬁﬁct?ﬁﬁﬁ’@rﬁent}&fas%g&nﬁdﬁﬂn% giiicon of the

order of several 10*% evi.cm™.

In accordance with the invention, the fact that the
recovery treatment was carried out systematically prior
to plasma activation meant that the bonding energy was
not recduced but the “DIT” values were kept extremely low.
Bonding was thus strong, and subsequent thinning of the

source substrate was facilitated.



10

13

20

25

30

the parameters used in Example 1 for substrate 2. The composite
substrate obtained had DIT values at 15 the interface between the oxide
and the silicon of the order of several 1010 eV-1. CM-2. In accordance
with the invention, the fact that the rec&)\gery treatment was carried out
systematically prior to plasma activation meant that the bonding energy

ot reduced but the "DIT" values were kept extremely low.
Bonding was thus strong, and subsequent thinning of the source
stibstraféswas facilitated> 10 CELAIMS 2. FOTeffod6f fableating e with
composite substraterwith limpreyed-elestricabgropesdtiesy péthestypei sing at

comprising.at Jeast ong MinJpgylating layer, i”‘i%%%ipeé’s%‘%}"‘@&@&%ﬂr%t
substrate, termed the “support”, and a layer oflseqn onductor material,

térmed the 2R tive tyert Schsidctefized iHRP it comprisesdinithgc s ©f
fellowiing nondet,thersteps-af: 3 forremgred depesiting: anwmsulatirg-fayer on

a:10,second spbstrate, termed; the 'spurcesubstrate”r and pfipnally, an
insulating Ia%er on said support substrate; - recovery heat treatment of

Al isalating 18yer°8nd optionally of said insulating layer formed on the
support-substraten d 5¢ipldsma activatioreof dtieastoneraf the two faces:

intended te be bongded togethar selected from-the frat sfacgofthe anq

irg)su_lgt(ijn If\¥er 0];3 the squ %%s%bstﬁage a{)d :tqhesfarlon fg%e og the support. . .
substrate or the Tront face © %heginsupé%ng?ayer of the sggpor subs rat'te; ’
20 - bordifG WMol cifat honbfiit Bait s ipport stbstrate te§ather Wither
saittisaurce substrates suelz that : said insulating: layerris fecaied between:

s%gwrg&y@,g&rgt@eand said source substrate; and - lifting off a

portion, termed the "back", of said 25 source substrate, to retain only a
thickness &FfaiFiaictivation of at least one of the two faces

intended tc¢ be bonded together, selected from the front
face ©f the insulating layer of the source substrate and
the front face of the support substrate or the front face
of the insulating layer of the support substrate;

- bending, by molecular bonding, said support
substrate together with zaid source substrate, such that
sald insulating layer is located between sald support
substrate and saild source substrate; and

- lifting off a porticn, termed the “back”, of said
source substrate, to retalin only a thickness of material
constituting said active layer and to produce said

composite substrate,

2. A method according to c¢laim 1, characterized in that
the recovery heat treatment comprises an FGA type
treatment carried out by annealing in an atmosphere of
neutral gas and hydrogen, at a temperature in the range
400°C to 600°C, for a period in the range from about

thirty minutes to two hours.
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constituting said active layer and to produce said composite substrate. 2.
A method according to claim 1, characterized in that 30 the recovery heat
treatment comprises an FGA type treatment carried out by annealing in
an atmosphere of neutral gas and hyd?@gen, at a temperature in the
range 400C to 600C, for a period in the range from about thirty minutes
tq twg hours, 20 3 A method gecording fo glaim 1 g glaim 2,
characterized in that the recgvery heat treatment comprise$ a heat

treatheAt §ia tEMperatlre?df rhbfe thaRcIeee, inslrelitfaasent
atmasphere; optiorally inthe Smpresence af @ygenforabout BOminytesnan

tg,pour. 4.A methad according o glaim g or claim 3.; charaeterized n .

that the recovery heat treatment comprises a RTA type heat treatment
e BGETor 10%86VEFl setBhdS i sevetdl Mitites: Approximately. s. A

method according any preceding claim, characterized in that the plasma
agtivation.treatment consists;in. introducingthe subsirate tg be treated

into an 15 activation.chamber and exposing it therein for about 5 seconds

(6 SO et 5 el G B OFCR DaFe g eleh&d MR bxygen
(OR)umiticgeh NDTargorc@Anand Heliadi4e)orcimpitare ofdaid gases,
said gas being: intrpduced dntodhe chamber at a floworate: indthesange 20

10 sccm to 1000 sccm, the established pressure in the chamber being in
the range 10 mTorr to 200 mTorr, the plasma being initiated then ‘
n%’ain?aiﬁ@diﬁﬁ‘épﬁw ﬁ‘é&féfr@ﬁ&feﬁ’é@ﬁﬁ&ﬁéﬂﬁ the ¥afige $66 17 0 3066
Wn2% baA mathqdiaccondiag ahyqreceding elaime charasterizedsinithat

the insulatingayeris an exide..7..A method according to.any ane of

claims 1 to 5, characterized in that the jnsulating layer is a high 30

perhiticity diRlectic riaterddl o8 SKHwthod atlordibgroiclainty, 2Pout 2

charavteizedbindhaseconds to a plasma formed from a pure gas
selected from oxygen (0O:), nitrogen (Ny), argon {Ar) and
helium (He) or a mixture of said gases, sald gas being
introduced inte the chamber at a flow rate in the range
10 scem to 1000 sccm, the established pressure in the
chamber being in the range 10 mTorr to 200 mTorr, the
plasma being initiated then maintained by applving

radiofrequency power in the range 100 W to 3000 W.

b. A method according any preceding claim, characterized

in that the insulating laver is an oxide.

7. A method according to any one of claims 1 to 5,
characterized in that the insulating laver is a high

permittivity dielectric material.

8. A method according to claim 7, characterized in that
the high permittivity dielectric material is selected
from the group consisting of hafnium dioxide (HIO:),
yvttrium oxide (Y.03), strontium and titanium trioxide

(SrT7Ti0s), alumina (Al-03), zirconlum dioxide (Zr0s),
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the high permittivity dielectric material is selected from the group
consisting of hafnium dioxide (HfO2)335 yttrium oxide (Y203), strontium
and titanium trioxide (SrTiO3), alumina (A1203), zirconium dioxide
(ZrO2), 21 tantalum pentoxide (Ta205), titanium dioxide (Ti02) , their
nitrides and their silicides. 9. A method according any preceding claim,

G%FB%CtenZEd 5|n th%te?e bac%ggrthn %ft SQuree syl traferi%lkftedthe r

y rlnalng and/or po |sh|ng A method according to any oné of
c?éfﬁi’sﬁlq%% 2gkarhbetized i tiat fcomprises forming a zone of 10
weakness inside the source substrate prior to the plasma activation step

and lifting off the back pertion %‘?1 f%&{%% strate; by defachment. ; ;e

a,lon%sald zone of weakness. 1 A metho accordud%sto claim 10,

cHara&tdfized i tharf thE 26hé OF weaknEss R0btamed By atbmic sﬂi&mes
impfartatiorfinside theisolice sabstrate. 12. A afethgd according any
preceding claim, characterized 20 in that said active layer is produced
fra material selected f om S|I|con rmanlu and stralnqd |I|c 13.
el et stk 4 e Y-

thod &etst naécé:ny prec dlng &&im, Characterizéd i that the © /

m@macrﬁ@maé@@ stép bhdéping alBHparEss oﬁ@ﬁ@bﬂﬂweaso"{%@ oft
SUppRisubsiateSie the source substrate prior tc the plasma

activation step and lifting off the back portion of the
source substrate, by detachment along said zone of

weakness.

11. A method according to claim 10, characterized in that
the zone of weakness is obtained by atomic species

implantation inside the source substrate.

12. A method according any preceding claim, characterized
in that said active layver is produced from a material

selected from silicon, germanium and strained silicon.

13. A method according any preceding claim, characterized
in that the method includes a step of deoping all or part

of one of the scurce or support substrates.



