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1 A METHOD OF FABRI CATI NG A SEM CONDUCTOR ON

| NSULATOR TYPE HETEROSTRUCTURE The pr esent i nvention
relates to a method of fabriicating a "seni conduct or

on insulator” type substrate 5 known by the acronym
"Sed". Said substrate or heterostructure is used in

pantTeobaori nathechirelds nofsraRtbaducebeCIoON ¢S ARE TvpR

SRR, 1 520, [1Ee st geer )

i nt erposedpbetepen tiwydrayers &kla&emicmnﬁUCbormethod of

Lal. Throu e renminder o scrlpt on
fa%gdg(%:%illﬁ%, ‘gt hgg{%‘g%%haflﬁéufaf)or *“SEEE}%S& ype ‘substrate
Mewingray etz aererymi 83¢0Y i nsul ating materi aI which

may hﬁ%ﬁih"hbst§a€%rnh&t'Vh%¥er§§£¥uétﬁ§eratf§ aﬁged in

fabrlcated usin conprising the fo
RAEpCUkdt dbanpie  fiehAEngosr %Rﬁkﬁﬁdltﬁﬂ%ﬁﬁronlcsr and

dpﬁﬂéxgdﬂgbdﬁyer on a first substrate termed the
"don %%{gijrat so that a 20 "connection"
inte i st¥PBePRRERTEhenfePRpRALY | AETRIGMEE at least

specieswliathing saegedonnite spdisdd abetusichy aweetWghrs of
Wﬂn%ﬂﬂﬂ?;{;ﬁgtgffg "Smart Cut TM', to form a zone

ness therein bondi ng a second substrate
ternﬁﬁhRnghtnétermﬁﬂ" r@&igubst r atfe  d@iteo tﬁmsdnxytion and

suyrikace th Suh #ol:ecu bopdi n
deféchl %theggggk p%é?%%%y% sa% %%gr ggbs ra %qyﬁte an

SIS itdel Lrone 15T didakite s la R Hetler odthalict may | iave  high

thﬁﬁehﬁjﬂngalned conprising, in 30 succession, a
supp - an |nsulat|ng | ayer_ and an upper _ active
ayered | VP TER the BGdor CSUBACRaed | Feing A method

arirprdediect roow Cf'SD]ﬂlcehdlg tsltee;sw,r frage ﬂa&lp?ky of the
active r. of se tor matetjal gr eat
! geemheangyel bt g Sege on -

I rrport ance. rec n?he roug
first substrate termed the “donor” substrate, so that a

“connection” interface exists between them;

implanting atomic species within said donor
substrate using a method  known commercially as
“SmartCut™”, to form a zone of weakness therein;

bonding a second substrate termed the “receiver”

substrate ontoc the free surface of the insulator by

molecular bonding; and

detaching the back portion of said donor substrate
along the zone of weakness. ,

A heterostructure is thereby obtained com@rising, in
succession, a sdpport, an insulating layer and an upper
active layer derived from'themdonor substrate.

' In the micreelectronics field, the surface quality
of the active layer of semiconductor material is of great
importance. More precisely, the roughness and the
absence of defects on the surface of said active layer

are parameters that must be optimized so that future
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35 absence of defects on the surface of said active
| ayer are paraneters that nust be optim zed so that
future 2 conponents which ake produced fromsaid

. heterostructures are of good quality. However,
various types of surface defects may appear

(ﬁéﬁ%ﬁ%&t rgf HH%% &Vfr&ﬁygﬁlgnkgt%Q%structures

el vi ng strat ey are in particular:
atl”r%rf@? eFPd szbstﬁ(abbr eviated to NTZ); Dblist ers

' Vg'o‘?/?ﬁow&fé’ﬁt ala pdent@feds veirdsy rabbeeMbakedst Bay appear

such defects are due to poor transfer,
FOL el ngrlesintee b oS ubfacart 1dEf dB¥STi ANERe tHES reGsiving
dayersated. tmih&tﬁ oSt rattd €ulde: t he bondi ng

it t d nt I th
et hodt Bhpi oy 1 = Pt |0 e e o e

heteroéiku&ﬂans&x such as atom c species 15
inplangﬁ%kgp or heat treatnent, for exanple. The

def ects present at bondi ng |nterfaces or connection-
i nt erf aves tvec or drécdidco ke Wher algise Wedatedo "COV”.

trapped dgﬁbng ée'f%c\t%”a%@ %ﬁ%oswn bbe rf%ta@meand to the
then expand and form COV ty IlsFers or void 20

PHARS F%r O@xaﬁ%ﬁ?ﬁcqw tﬂ%f‘é%é of athet éfrat%toruﬁct]cﬁﬁéers of

t&fmpméﬁéhgssﬂfucsmle@ssm@ ansi | beanisybsyral ety at  the
s%f ort cove£ed wth ala r‘gf t her mal, .oxj de
R4 b

ng | hjerriofeTeES bi 108 T i 2mb [8ed in

ﬁhﬂnxnaang samﬁfméméiqstmmthuaebayencbfageaﬂamnunﬁpec1es

£ t ri veral '
e'La%lZéaec e enge%stzlecﬁé/a'%% T%& }Pag& Signates a
SI | i @dve oxdeéet Sk R praeaitnedaby Imdgﬂ@ssulleterfaces or

dHHﬂBd%ioﬁ“Kﬂ%ePP@@éétb@Boﬁ&§”@&batlons where gas Dbecomes
tetraet % hosilicate (TEQS) type precursor. Said
e

H%%t §hfayagriqisnat BePF oAl 3he HiRlhrdnapgd then

eh@addna&uppﬁid&d g Hd’}gaet hel B4 edt € oS PRGIES.
ntati on ste ch i,s i.ntended to_for

h .
o2 HEREIRHE t Y Tof el (R afastbus. BPERERPETICture

'comprlslng, in succession, a silicon substrate support

covered with a layer of thermal oxide, then with a layer
of TEOS oxide obtained by LPCVD deposition, and finally
with a layer of germanium, the gdseous elements may
derive from several sources. The expression “LPCVD TEOS”
designates a silicon oxide (3i0,) obtained by low pressure
chemical vapor-deposition from a tetraethylorthosilicate
(TECS) type precursor. '
Said gaseous elements may originate from: _

hydrogen or helium supplied during the atomié
species implantation step which is intended to form the
zone of weakness, the quantify of gsaid gaseous elements
depending on the type of 1implanter wused and the
implantation conditions (dose and energy);

desorption of water molecules HhO) present at the
bonding interface between the thermal oxide and the TEOS

oxide;
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depending on the type of inplanter used and the

i npl antation conditions (dose and energy); 35

desorption of water noleculesg (H20 present at the

bondi ng interface between the thermal oxide and the

TEOS oxide; 3 the TECS oxide, if densification

t her eof,_.has suf f i cient.,: . _di

car bon-tchoent-Talﬁﬁlén:;JCS{G'LC:%SEr"rpo%fndg_i.(e"\’gjlfsllfgg#tg ﬁ%?’n it{g%ﬁéocg{]dgéa Ilmt

bestred sulidti cikatt, hi dner thedd ffysfigh | @y erca e -icangédning
: ﬁH—l’EﬁTﬂ of defects. Wien the active layer is

%%ﬁ?ck, blister or void type defects are genéral |y

ret aiffed-Ha¥ 4 hé & hpeRwkSs D6r  PRESACIIRAT | Aper, thhpRpT the

Lﬁé%ﬁﬁ}’\e_[a}a@lpf ,ea%]h@nliF@e§Utﬁ@caumAagi ]l?EU&téHfébit‘gée When the
exanpl e. of sucgh probl ems w t 10 defects. is sho Ln
%prcc%ﬁ%ﬁ%ﬁyilﬁg e %ﬂ%ﬁgrf CHureys ar'iy agﬁ%clcs are

gdratAd gy t hecebneentnatihen tCidckndds i @hstoaRactive layer,
hydr ogen_ ions re c [ in a conposite

%nl%s%)raeewealé azéﬁ%%t?%nﬁg% ﬁ%f%%%th in nanoneters -
(nm) Amhi thluesubtsveer exemedienecbby secondrrpbless with

dHLIBSS SRARLESCEPId AR mp Moy e Precheal vs  sal d

conposite substrate 1s the result of bonding between
a suppor t Tsgmser dSe ¥ YRR H OHAQ dundet g6RECEREFRAfCD C

oxi gat i pnansnd Gaydeneensubshsatquaed WBbEhimelayer in a
of Si 02 has heen deposited. The bondi ngP%O iﬁtgerfac

ngF pgﬁ%h in
rdiensUppos t (reubst wai eh andstihésowker beltangieng byo stdhendary
donor substerq%\gé Cl(g] Fi %iﬁ%ﬁ t he bonding interface

158t W tHET ?ay%‘fs of "SI02 is |ocated at -200 nm

The Mupportresubstlkiat e daid i oot d n i@ty is  the

i t 5. 25, caBRECk].Qnddt & f Lt 102 1@Y8r yhi
,f%HQ%# Sf éaﬁ?ﬁ%@cﬁéy%ééﬁeg QﬁﬁFMEE SEB§t§éQ%O(%%?r hich

i'S shown an interface is Tocated at -4

186l i enderyena shewsalhexiesiiar it helei Aopre substrate

GErSRNEWIN (E8)edoper ssubshsat ecenveaeedswikh, Si @he bonding
before bonding of the two substrates agd bef ore , .
¥§ﬁﬁqﬁaﬁqmﬁ%tgﬁpé made between two oxildes, one belonging

to the support substrate and the other belonging to the

donor substrate. In Figure 3, the bonding interface
between the two layers of 5i0; is located at =200 nm. The

support substrate is rnot shown in Figure 3; only its

.connection interface with the S5i0; layer is shown and that

interface is located at -400 nm. )

Solid curve a shows the results obtained in the
germanium (Ge} donor substxate covered with. SiC,, before
bonding of the two substrates and before SmartCut™ atomic
species‘implantation to form the zone of weakness within
the layer of germanium. The H® ions are principally found
at the bonding interface between the first layer of SiO,
and the germanium layer. _

Bold curve ¢ shows the results bbtained in the same
substrate following implantation to allow the formation
of the zone of weakness and prior to bonding with the
second layer of 8SiO;. It should be noted that the
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30 species inplantation to formthe zone of weakness
within the |layer of germanium The H+ ions are
principally found at the bogding interface between
the first layer of Si02 and the germaniuml ayer. -
BoI d curve ¢ shows the results obtained in the sane

o Sfrfl %kloﬁbagnﬁnygag&a%k%ﬁf% m"@ﬂé'y%lues oﬁly

ar ma |on e zone of weakness an prior
eni nngEEh ﬂféo wecand thayercof r&SHpRna$ t t@hdmaiadétatlon

554f¥%$h§ﬁttB%f%ré”ﬂdﬂd%ﬁ lime 8tcor@01AQkiS §n5102 In

artifact. The values only ™ begin close -200 nm a
¥%@s£@%ﬁ¥%§ﬁéﬁﬂ Cﬁéelﬂ%faﬁfﬁ@%%ﬁ“ﬂ%ar@?5&08W?n5ef%?%s not

bongi ng: t hige Sﬁﬁ@ﬂﬂufﬂa}iﬁpﬁgﬁt&tg%n Ilrévetlhe)umarjusctulaarllttie
se of germ t achnent €s_no ¢eur at. the
SRS R TaEr anp bt Bl | B0oRE DGt Eraeroa R e 60e depirve b

1 bt 550 nm, which explains the shape of curve b

below5xgy 911ndg€%é§dl hggs | #gg E%%Hh § obtalned

obt ai hed ~after bondi ng the ers an
et @c hmerdimndo hd Otwe a$1s@zerlaﬁen31@ratta Igedﬁfa?rﬂhﬁfmnt and

ﬁf%%fefJ h%fhygﬁggea{bt%ﬁﬁec' %%rqﬂa%tlunb%;@@rshow@h@n hydrogen

accunul ation at the S0 and S|02/support
SRAstat @l ebrhatEion isﬁP‘éFf EPeSICARF Tl eakS102/Ge

amdt@@o%s(%a cﬁé‘@%@@@@ﬂﬁe atonR80tNBh uhte@%&@sponds very

to the erf of the two |a ers .

b ReAlbsCint FHE. | S65eade T ¢ REPGaEn | £ of gagm: it

¢6rﬁéﬁpomd§u&@tthg bayétn@SnﬁEbréanebefS&@m dafwtcerl ayleers of
p of detachnent and transfer of the active

ge Trani um | ayer. This increase’is the source of '

def ect ssubhsidheial t encrease ansf éheonuehs iiypef fdace in the

%g&lha?ctr( nif gozlgfé nLym k!)@y%reenunékggr&t@lteesstep of

cunent 0190269 descri bes a nethod
deir et ng a@dheiéaﬁgf%ctolﬁ etBBnG iRy aermayé\&moflayer

BT MBNIHHPRIE ST 1isCORR e Sad &l ABE hotk bakrg citat eﬁﬂ@ﬂbﬂ@ after
to reduce the formation_of bubbles at the

TR I e ODMITE prBRESef§ s F%?eFﬂ?PFéb &Pg %?rmanlum
layer.

" United States document US-A-2002/0190269 describes a
method of fabricating a heterostructure comprising a
layer of germanium on silicon, said method beihg intended
to reduce the formation of bubbles at the bonding
interface. ‘More precisely, sald heterostructure is
obtained by - implanting hydrogen into a germanium donor
substrate to form a zone of weakness therein, then
bonding to a silicon receiver substrate, and finally heat
treéting‘ to detach the back portion of the germanium
substrate.

In a2 particular implementation, the author suggests
disposing a layer termed an “anti-bubble” layer of
amorphous silicon on the germanium substrate prior to
bonding, to render the bonding interface hydrophilic and

thereby reduce the formation of bubbles of hydrogen when
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obt ai ned by inplanting hydrogen into a germani um

donor substrate to forma zone of weakness therein,

then bonding to a silicon rexeiver substrate, and

finally heat 30 treating to detach the back portion

of the germanium substrate. In a particular

Rl eq’é&@ i tBEHaHLALL suggestshadli SPESI Ngr®  silicon

Ia er termed an "anti-bubbl e" | ayer of anorphous
MPPEBALBR the germani um substrate prior to 35

| bondl ng, d Ofﬁee@herr therbendbAg iint ef § aceidyedtephi khaet the

and thereb e the formati on .of bubbl_es of

R OHPBEB B & e A A S o 4 SRR b

thersivekdcomy subspoaieintn alfarebher avarbhaffen, illayiex of
u h h transferred :

5 ggggggg %r%%e& ﬁybegggggg @EB&E§ deposi ting

there@hOaEbutW@r bayeriofs géﬁﬁan@%Mﬁ@orﬁ%d yproving the

Egbﬁﬁﬂzal ogfrOV\Ell?e These i sphidions argea;884 atthe two
nBrovrn qual ity of the bonding jnterface
Be

GeERCERe TE SRS r APESSShAALE helfHeGessi tRplemental

agdgiRng ﬁh&dﬁpbéﬂpmh%btehoth@y&@,thwﬁl ch conpl i cat es
t he t hod. Iso knows r2{:ord| the

n|t #i fat
State nedo@&ﬁ@nt 08Y6 696552 A et urgrates
dbcameﬂultUSa&eréﬂ6sub§2r&1eImﬁﬂpnispﬁg mahhfacSungleof a
t II | ay a sacr l. layer,. | s 1
R B R o B s o B Bl Sinae
pnssuellaneoufieeregubﬁmhtea i aoriddicied t dakfer In  this

ﬁ@EﬁEda Rary g Ofréﬁgéééu@?tE%Eﬁ aOQoﬁer%%mQ@dﬁhess inside
SUbStrate -TO ayer for tra I ons

n .
s SPUEREd BPS LRI C SheeFasti #pl REhEPoR  LAbEdb A ATt of

danar sgybsthake. on2@ Teicsikatiersubstthes. bonded to
t he rece|V|ngHsubst ate bé u5|n an adhesive able.t

rel eas® 8 TBRE/ b§ ég?Fn oL Af- QPlPﬂernﬂOQ§e%ﬁrﬁﬁﬁmEd by
atohhts ssdasitaat ﬁzmpﬂ.hﬁtbltuo@ﬂsznsmiﬁ atmed domoirhesubstrate.

ghes 9%ter9rateu%8MaﬁgﬁdéQe r%ﬁ%iQ%céf@ﬂﬂngH£§£¥§%e by

one a econes a zo
using an adhe51ve able to release H' ions by heating.

After thermal treatment of this substrate, the H' ions
contained in the adhesive migrate towards the trapping

layer and this one after curing becomes a zone of

‘weakness.

However, this document does not apply to the
formation of a SeOI substrate and does not suggest to
realize in an iﬁsulating layer, a trapping layer which
retain various gaseocus speclies which are present at the
various interfaces of the Se0I substrate.

Finally, one knows according to the United States
document US-2004/0171196, a process for fabricating a SOI
type substrate, which similarly to what was above-
described, proposes to form an lons trapping layer in a
donocr substrate, in order to transform it later in a

weakness zone.



25 weakness. However, this docunent does not apply to
the formation of a Sed substrate and does not
suggest to realize in an insulating |layer, a
trapping layer which retain various gaseous species
whi ch are present at the 30 various interfaces of
the SeO substrate. Finally, ome knows according to
the United States docunment US-2004/0171196, a
process for fabricating a SO type substrate, which

S' e artlréﬁ%%ﬂl%ye\@%cggf?aﬁlg des R SmeRf OROS St Qnvention

forman | pping layer 1n a 35 donor substrate,
dififgrer §eem tigh it AFSPBIRYi 1Tl &Y ilfySa PoRkEkee Y drie. ugility.

As Tﬁ'emﬁf@@f)| ggf :cf%ﬁrf Wof_ﬂ' gt Qn@@ﬁ@&{l nest Sate(&ﬁ)meh%l zone of
nvention differs fromthis trapping |layer by its
weakpert i Gircaft 1S UtEVPEytTe AL, matter of fact, it is

nOEmbBHQﬁﬂﬁﬁst@fbeﬂQﬂEp&ezene aﬁmeweakmeSﬁﬁﬂseda avoid the

for%‘a ing aclayer transf ehe E"t??g'gen{e Qf ot *Lg(egrse@péd active

ven ion seek “t8 avoi ormat1 on of ects on
lathe sBoré aoes ofsetliye defanst etvedadthievegolefperatipsy ¢f gaseous

ele%ﬁ% sel yth%efvﬁﬂéug U@ nbnen a0yl QuBhatE ofh ofrgaseeus.
el enents at the various bonding and/ or connecti on

i ntfEkeAcBSNtENeddi Hisht BTeFCThe LPF €8'ekt” | AVENt i6RKal o 2void

rec®®@Ket Oc@AVeRhd H8SRSOnt 0ot hQn@@Eﬂé&lidﬂm Qfayers (amorphous
i nt er nedi at e Iayey@Fg? buf f

h
Lavedferd) QupOSTt dd SA4E benebh TR oc between the

1nsunsuhﬂg|mgyéﬁyeﬁdanﬂethetaweiyewhayema Bbs tiset heseasgeth the

prlord a%rt tIF] 181[‘ Id%r ar Eur&?t Eg Sts Sggll?d Xeﬁn%d?%gdt'hg electrical

éctrica perties o
pro@ﬁmuce@rqi ﬂhe éeoeld%ﬁmnyﬁmrﬁh a first aspect of the

pr er%er}}cdo%gﬂ&é 0pith theperdis LRvided @h@eﬁp@éjerﬁ:f invention,
fabricating a "sem conductor on insulator” type

chetfet erosPFeittdnde 2oRfFRe ngrattabeast e Pnsucdt FRgIuctor on

J_nsluaﬁﬁf)r" %ﬁf&%&@rbgty\@@ﬂh@ substiaie ter medst h@.’le :Lnsulating
‘receiver" substrate and a Iq¥er terned t "actiyve

laviegy e ML GERYSREH FIORCED stibstHat @ ot 6r mbd T he "%ﬁnu)'reCElver
sutsltibste abed atlhgasttenme@ftsejﬂacunvaUId@Wﬁg,ldyeﬁged from a

subs%gg{:eSIt%%mgﬁl %eer t'S&E@Ld tggbel%ﬁ%pl XQ%% o\Mei Ccrf sald

an retarn t gaseous specl es present
insgtlatheg layers compr151ng a layer termed the *Lrapping layer™

which can retain the gaseous species which may be present at the
various interfaces of the heterostructure and limit the formation
of defects on the surface of the active layer of said
heterostructure, said method comprising the steps consisting in:

» forming or depositing at least one insulating layer on at
least one of the two substrates, donor and receiver, both
substrates being formed from semiconductor material ;

+ bonding said donor substrate and said receiver substrate
by molecular bonding such that the insulating layer or layers 1is
(are) interposed between them and such that a bonding interface
exists between one of the two substrates and cne of the insulating

layers or between the two insulating layers;



various interfaces of the heterostructure and |imt

the formati on of defects on the surface of the

active layer of said heterostructure, said nethod

conprising the steps consisting in: formng or

depositing at | east one insula}ing | ayer on at | east

one of the two substrates, donor and receiver, both

substrates being formed from sem conductor nateri al

bondi ng sai d donor substrate and said receiver 3

sub'st FatkAr gy napIfe AL Borrdi ridies HROEhafibeheate termed the
"relmBSHiSET NG | By@LiOrod By S d sictli@deelalft eap@sed obtain said
h tbetvveen t hem and such that a bonding interface
DetErPets " Heteen one of the two substrates and one of

t heei nsthad ivdg ngl aparscoerbeidveen thhe pwoor Nsulnidigg, said-

| avers; 7 Wi t hdr aw a-_porti.on of the_donor
LB P LrleR o et The - Pemrdas Mo et ii R only Sarepory of
atométi veetager imndtt deebtaionesaifd sdigt elrsstlrbétar éavehe said
cat%ggydolgelar&mqgarﬁgc@_relsz%ﬂn% tMe&%HOVS& oaQole % either
. sal trapping layer is formed by inplanting at |east _
1deghecehatieyony 6f the onf@nishedieedc? neasiéastngndipfinsulating
lay8ai @ni REUERL tkd Ay SiesSAlr@ GRLEE0EY, 0fr at®MElong to the

species bein selectegbso as to be eith i denti cal

r .
SAME o CERBTRT OF h&PEL SFECShec el Tondt PRt P%g thfjgatomic species
conbhsul@trignghel fyesldtinghi epet hesehdpectiesy alreé implanted.

I Méap.ta%%ang%%égusbenlo%ng Itno’ﬁjt_rbgg en%%%mgr%suno]} %Ret :tgr%rention,‘
perIOdIC fa as one 0% % € atom C Sspeci es

takepratdrteuricngnt ¢t insiany ngre @perfol howhi ch they are
'np|a£¥fg£ fGEﬁgﬁgagN@nEf§5E¥ﬁ§ layer, -a . step of fnnealing the

. non-limting-enbodi nents of the invention, taken
1nSRE P rlayR T c 6ABF ML Bh, Sadde LAIPPHIT ohiyrer dft eprried out at
a thepemngehert sapRiang hayet, rod o3t epaof aNRAaki-ey; t he
insul ating | ayer containing said trapping |ayer is :
carr i SF ol LAN o4 PR BErARGF o bf 25T PBASTEobOtof 6F de form
sailleastap®@ngi NUiyes: et heet npliantat ton Edcaneseiing@r @nterface,

ed_so as to for sai d appi | gyer_ei t her
xR a0 o Ban & o T e ™ R0, Plfgfietfe ro 10
nangistearscefhon tthe ranmgen2 nanentier.s o dDosmahonet epgnection

intifR0Rd hebgodi NGyt 6LLAGE: i A G988 19,@ GRRNEC OPne  tyo
i nterface between the insulating ayer and one of the
SubtykAtefibst rates; -~ the trapping layer is _
CORsthd UttdrByng taR=wi MBNSEEAM ituted by a two-dimensional

layer of nanccavities or nanoparticles:;

* the Insulator may be an oxide, for example silicon dioxide
(SiOz) , and the implanted Species- are thus selected from
silicon, germanium and oxygen atoms;

* the insulator may be a nitride, for example silicon nitride
(SizN;} and the implanted species are thus selected from silicon,
germanium and nitrogen. atoms;

* the back portion is withdrawn by c¢hemical mechanical

polishing;



| ayer of nanocavities or nanoparticles; the

i nsul ator may be an oxide, for exanple silicon

di oxide (Si02) , and the inplanted species are -thus

selected from silicon, germani um and oxygen atomns;

the insulator may be a nitride, for exanple silicon

nitride (Si3N4) and the inpladted species are thus

selected fromsilicon, germaniumand nitrogen atons;

t he back portion is wthdrawn by chem cal nechanica

pol Lshing:r &5 WIHQhgt 0 DOMHNGf awZORRRf Meakaessl in the

is formed in the source substrate, said zone .of 1
oWk iews taREE ni T4 FOPEcPEVECHEREE SFFOM the the active layer
fré&®mddemaahbdsal desI@Sdl rﬁ]ﬁtdﬁsbi dedtirﬁacbezd ifet dd;fted; said

said. zone of wea or.nme
ZORp et &€ ﬂ%‘fsaﬁ[taé’tg 3 Hﬁe A& %%r?]lcce%ﬁ,{g%h A rf%cian ation;

aSDEﬁtacﬁOHdecpresemta|saaamﬂ|@ﬂpeCttﬂﬁw?hespﬁﬁ@%¢@e%ﬂ%¥ﬂtlon,
thef_S m %gnd;&!oqld%g I u' ator! (YRR toket e5ost et €or”  type

nprisin 'east ™one |nsulat|ng hgyer i nterpogsed
heb@mmernc*auseabst:@w"elwgneoﬁtt heleasécei V&' sUbSHPALRS  1aver

1n£&ﬂgas%df fﬁé’@@%m GONGLICE OFs Bt e dls ank a"i:@tzfirve&er magstrate
active" layer fornmed froms n1co uct

foﬁ%@%rl afLomc harssEtEPRed I m Fﬁ%\?”&ﬁ | @43t “on a%?r shpgred the
"atﬂﬁﬂ$aneggrlfbMMéﬂ feeﬂpﬁemﬁﬁbmmuttappmngmhayer

Cons%%%%]%qeeggb%? ﬁ%no adc necnS_LI gn@l %Jleayo%’ sa(id lnFulatlng layers

nano bar ticles: trappi ng | ayer
cotyet Txgesall erappingt dyey h@ngasé@t&ﬂ dpec dsonfiepaegnal layer

ofbﬁ?%@asﬁﬁ%eét oghgagé’%éﬂﬂ%lé Al %Egécg_%ag%lﬁghe_myer being able

erostructure an formati on of defects
toopetde slref geecots tIREAECH \Wél‘F%y@Y de $4rgent at the various

1n@§iearc%§t raet wpe. ek sehasacter bséi asmot tth% formation of
i nventi on beconme %ﬁgarent ronhthe f Ilow

defeslct i pPPon HEde W SPef ePencé™to 3 lvgcconﬁanyln said
heté By tigstwhk ch, by may of non-limting indication,

EP%&P%ES%!KP&{]C%C%E ar e nt at Ifon§he| nlI;JL%tquQWI k@&‘?ome apparent

agrans show ng the vari ous
fremccgssi el stwpsy | meact abriwat mede e Hod teference to the

e }%\Irfh wh L8t At ath-on@fihheindication,
acé&%%%ﬂﬁb% ° J%Es oA fo Feﬁfg di agr ans éhom;ng t he
shqxarppqﬁg;gble 1mplementat1c>ns In the drawlings:

+ TFigures 1A to 1E are diagrams showing the various
successive steps in a fabrication method in accordance with a
first implementation of the invention;

+ Figures 2A to 2F are diagrams showing the various
successive steps in a fabrication method in accordance with a
second implementation of the invention;

- Figure 3 1is a graph plotting' the concentration € in H’
ions/cm® as a function of depth mentioned in nanometers, in a
composite substrate resulting from bonding between a suppoert
substrate (S8i) which has undergone thermal oxidation and a Ge
donor substrate on which a layer of Si0, has been deposited. The

results



10

15

20

25

30

35

successive steps in a fabrication nethod in

accordance with a second inplenentation of the
invention; Figure 3 is a graph plotting the
concentration Cin H ions/cn2 as a function of

depth nmentioned in nanoneters, in a conposite

weites toitiel Hees Ubyi Bgchbham-hondimambet weescar sy (SIMS)
§Epstrate (Si) which has undergone thermal oxi atlon

%nd a Ge donor substrate on which a | ayer of Si02

has beé&ngueposi tgl. aTHeawuegumaﬁleﬂMMW£(ﬁ%@&@@ﬂab& of a

ecid oscop Fi gu
PR oo r el SR AR o BT S crace
PIROGUgH per @l oPcBALBL dilned usidpgorat %mamxra@ elager formed

1@HﬂﬂétShé%*la§§@d|QEerén§bE@'%%d% 'eréagﬁﬁalned by
formed in the SiC2 er, where sai d photograph was

LSS EG LBy et11e§r1f§:rﬂ“s IS ORASE I EM)cr oscopy ( TEM) .

A fi Bstfirepl emgriteatdroms tofort her |m@n1m@?nt§oge§§r Hbedribed
| .ow h_r to ures A to lE 10 As can

bg%o% ggkgegﬁ%ln |guF§§Er fé‘tg pstrate 1 is

usedAfs| t chs t bemEd ke %d@morinsuﬁsguaEG as thhe 1B, a

s%%@%&a%@e}PrPQU%%%dth%lﬁcfév%erﬁgarHH% tﬁfoﬁgiurggbstrate

onposite substrate or heterostructure obtained
aphéhigndUes tied et ifslicas e eelohior Lupetranethemgypture

cb&p@sﬁﬁ@0|§NB£tﬁétét<ﬂﬁyheQ%rgﬁkkhbéﬁ%%ed®b{9{ned at the
anp haV|n% wo | ayers, as shown in Figure 1B.
epﬁ SE et conposed of a primary |ayer 11

coveseddwﬁbhoa $mﬁﬂtkﬂgelhyﬁéy18e Eh&mdﬁmay@kﬂdk it may

t
leayn%rltlﬁa %&%%Xaﬁ% e. %— ?Eerﬁ%\%ggp 8’er b“!;Ef}b%rtsr’at%s phown
lﬁeé@@@éﬁ §@bstrémet218|QaaeedltonaanmeHedrnﬂmacprlmary

'
1agelrnsql1at RS JrAYET B S éjepé)é%éergcgarﬂé dfégsme The

own in Figure 1B, and as is
SBEPEQPrBeI%ﬁye?S S colpreEtita | AferFace RidmRrY layer by

epetekencecpuahampd@, exi sts between the insulating

layeEug Qg,tgefgiﬁgh%egubstrate or receiver substrate 2
is used, on which or in which an insulating layer 3 is
deposited or formed, as shown in Figure 1B, and as is
described in more detail below,

A connection interface with reference number 20
exists between the insulating layer 3 and the receiver
substrate 2.

As can be seen in Figure 1C, atomic species are then
implanted in the donor substrate 1, for example within
the secondary layer 12, to form a zone of weakness 13
therein. Said zone 13 defines an upper active layer 14
from the remainder 15 of the substrate.

In the embodiment of the substrate with two layers,
shown in figure 1C, the remainder 15 comprises a part of

the secondary layer 12 and the primary layer 11.



10

15

20

25

30

35

substrate 2. As can be seen in Figure 1C, atomc
species are then inplanted in the donor substrate 1,
for exanple within 30 the gsecondary layer 12, to
forma zone of weakness 13 therein. Said zone 13
defines an upper active layer 14 fromthe remai nder

15 OFuEBﬁeﬁprhﬁa%%cokﬂahE% epbedi e Qﬁvéﬂ%lon, atomlc
substrate wth tmneggyers shown i n flgure C,

SPEmhF Adér °15 TEHfiti<Ces & phi t “of 1359R lggc&ﬁdfﬁrr 3 with
al ayew t2 &ndmihe primapyihayeénydt. 310thEwether, in

accoyda 1.t.h I nyent.i at c cies are

|ﬂp|%%tggﬁhx®%in§$%% ?%%u%igﬁﬁﬁ Ig@%rbggglPﬁ X vitdy e
supstorhibag domoappl ngnilayecedvarhe? ei hs Abecarcdimied ocut
b§e%l&ﬁa&ur%o%@’lneon%§g 1 of s 118, d WoRe5 a?%{)é AGESer 14

donor 1 and receiver 2, 1S then carrled out

1RbP edtitdrmabendi Y 2 Hy %tF%gﬁ%?t%ﬂﬁ%&ﬂ?V%JleE?rli The

bbﬁﬁ@ngnihﬂﬁt@a@@nbaﬁklébtBeEBth&%Uh@hbag kayer 3.
The bondln% i nterface arries % engf number. 4. SF
é&r 5 1is

can B2 §88n>Fn FH[Yure IFILRe b 3Gk FLEon

thhanwmthhdaamm In the particular case in which a

zonerQf e%ul Lex&g%%é %2'%1‘%& hgr%W% of weakness

correspon S tO acni ng porti on or
lemaiinder 1%2bd vAshdubwplateorSaspondet Achreitadhdng the

paERI eyes: byn appt ying Jmchani ca cﬁhe%h%alsuggtPEtﬁ Said

electrical stresses to the zone of weakness

dabeerBeEF udtur 2M-EKeH ef et eRBRL HuRBeMerhag icsdt ai pleemical
oFi gusesr28al osRrekskkystpataea»vakl alfi gBakRckBe13.

met hod_ described aboye. 20 The sane el enents
The ‘Sife. FoFBPERELOREABE . b o ST S on AR s 5
ofbtamedtie precedi ng met hod on the one hand in that an

insuﬁféi l@Z§r'€ '%ﬁde@$iJ%?¥aég forggg%gglgge in the
source’substrate 1 prior to t
ngpbei edepaplantatbercto formthe zone of weakness 25

13 iTigd deapai d18Mbstsaterapdean theeot-BeL hand, nifbers.
tha'tTh:Ls variation differs from the preceding method on
the one hand in that an insulating layer 6 is deposited
or formed on the socurce substrate 1 prior to the step of
atomic species implantation to form the zone of weakness
13 inside said substrate and on the other hand, in that
the trapping layer, which has here the reference number
6l, is formed by atomic species implantation carried ocut
within the insulating layer 6, this last one being
supported by the source substrate.

It 1s possible to form successively the zone of
weakness 13, then the +trapping layer 61, as further
illustrated in Figures 2C and 2D.

However, preferably, the implantation allowing the
formation c¢f the trapping =zone 61 is realized firstly,
before the implantation to form the zone of weakness 13.
while thus processing, the heavy contaminating elements,

which may be present during the implantation aimed to
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the trapping | ayer, which has here the reference
nunmber 61, is forned by atom c species inplantation
carried out within the inskilating layer 6, this |ast
one being supported by the source substrate. 30 It
IS possible to form successively the zone of
fowakngss 18yn¢ henft heedhragpps nglbayernrél, rasafngd helm the

tféé?@ﬂ%.&%9e&n gigu%%ﬁléctﬂﬂg %@ @Evﬁfem?nts, such as

I mpl antation aII %L ormat i on
lQﬁSt%e ﬁq%p%¥ﬁ@p%@ne0695$stFéaPFf@d %Qﬁl%ﬁYeIB§ without

poeipre-thendaptpatathoand orbenmhbhezganecof wWBRKHSSS13.
13. " whil e thus proceSS|n t he heav contan1nat|n9
el enEnt $5  Whi &F nBYTH %nhneastxent'f1 o‘iﬁ‘%??gc tifgr interface 60
ex gt @antaitwererai M@ t onddlatonm t heyegones ofanveakhessource
%9 are r tained in the trapping |layer 61, while the
dﬁ?er efenents, such as ions H+ for exanple, cross
the Imsutiaei ngmbaypeengai choushobai ngr etliove 2D, the

ﬂé\ﬂ&&{hcjﬂnﬁ E{%rmﬂhﬁoéé’n%o‘%‘c Wekness ¢ h3- s%n!et % dGnent .

be noted t a connection interface 60 exists
HepgvRlen te YRSLFatdliy | B§eP® Bl e héosotree @ trapping

lé@@ﬁtﬁﬁietﬁerFﬁnthe UED|EH§@ga&39@ Shﬂﬂg Eﬂngﬂgtﬁdmp051te
the 1.nsulatin er oes u 0 the sane
s e At pouioel Fotabira BreoSBetpSsi bl e 1o
form@a weappi agsbaper pdistibéreinnt o tivsn case, inhelating
i nal ,c d u i :
Lo Bt ¢ TSP AR S B Yo GpERoRreRS, 1o an
mmmmm atangr 5ayertGeo¢hOﬁh§ pubei-virng substrate 2,

si n%rﬁ‘ﬂﬁ i sy@n bp isulddng l|naY%ﬁg@1r%n Eﬁe doRor two
substrate Finally, as can be seen in

2E,
S §3keS sdbstPat & FTENPNIRR BondeRl %wﬁﬂ eb@nEing so

tiondi ﬂgorfﬁc@ln@} hattarbesdi ngeknkesf aégwéeaxrtﬁteﬁl bet ween
t he Adter $$h|ng he remain

er ﬁ thg
sour Fhe hESREtarEst r % org - LRGwnSoRTCe
sﬁbsﬁigﬂeelZFuhE hﬂnemdﬁntud%urbh%tsho&hrumidh@die 2F 1is

osomprises two insulating

Said heterostructure 8 comprises two insulating
layers 3, 5, interposed between two layers of
semiconductor materials, 14 and 2 respectively.

In the two implementations described above, the
remainder 15 1is detached from the source substrate 1
after forming a zone of weakness by atomic species
implantation. 7

However, said implantation step could also be
dispensed with, the remainder 15 then being withdrawn by
a chemical-mechanical polishing step, known to the
skilled person as CMP.

The nature and characteristics of the materials
constituting the source and receiver substrates and the
insulating layer are described below in more detail.

The dcnor 1 and receiver 2 substrates are

constituted at least in part by semiconductor materials,
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| ayers 3, 6, interposed between two | ayers of
sem conductor materials, 14 and 2 respectively. 25 In
the two i nplenentations dedéri bed above, the
remai nder 15 is detached fromthe source substrate 1
after formng a zone of weakness by atom c species

ini npiantatlen. tHoweverin sabwtimepl aﬁEat ion Stepetcookdonics

aliso0 be 30 p t h, i nder -
£ %ellsan %drga!v\ﬁ b%}g‘%gpy%em i(—':ltzifif;}‘/3 n| gg §§|]-E_§§IHH (51
gescm@plunmovcﬁreko tlad 1 1 |m3e1ar1a<é¢sdﬁaé1§ v L kg néﬂft’i?@lde

(nafdd ) Char agtieldost igesmofn ithe mRignials  constituting
the source and receiver substrgt es and t

3
i nstPgt i My Halekr 4248581 i bed® bEFGw ?ﬁeﬁ%?%bﬁfét gefected
friofe dons an&ﬂd agcau\leboa sijmier atesoAr.e A nitride may

contltute | east |n hy sem cond
2‘?? al'g§%“12 fcfjﬁ 55?]{“Pcul arlltlﬁ:c%le rluﬁg:FJO% g(e SRR
oﬂyhn&telldet, r 6nicc sxafpékd gemaamumxaﬁphetrmey Fenlybe) -

si I izgon <§'>alsgerg§gég £Ce)sg 9ALLE UMb %%rén@%@hmy

gal I i umarsenid or ,§| icon germanium (Site
dizlpré riips mederglsayersiah b am%t%¥é?%?hbfsy‘3§ela§cthé‘émum

dlfdﬂ@eoxtﬁﬁéz SUCBl@&flﬁ'a' i prxlzoaxl dezlj(@c%)um Aciii Hei dezro,) ,
al so used or_ exanp | e si nrri
ta(r@a ) Hﬁn%l%(yhmwe tﬂ&?né%‘ ?ijéenaﬁﬁﬂﬁ their
n i Rietsr Lada (tﬁé)iQle)la_clltjeBS al so possible to use high
per tti 10 dlelect ic mterial "
e e L e R 5T 42 Bl Honiatmged by
arn( MQ@@),, tinerycm;urhmmMeﬂ(@tO@y t hteamteall mﬁlgytattlm ¢¢ the
o@h O@ubstt'rt Vﬁ% o} %%98% 2t BRI L iRt rt'h@?s é@% to

elr SI|ICI ulating |ayers 3
begfergedst i t ut ed by 15 an oxi de, they may be obt ai ned

by tsl'éﬁﬁnﬁlns%ma@nﬁrla@feﬂsh% SO G S USd atee dbiQfined by
t he sy port i.ch they have to be forned. Said
%w%ﬂnﬂg |0§y&><§r@l&r ewa | ¥8PRE BEPAPHE By

dep@si twaon,of oexexpbp| e fehemiddlconapbro:defposidid®mn, it is

possible to use low pressure chemical vapor deposition
(LPCVD) or atomic layer deposition (ALD).

In the case of depcsiting a SiOzllayer, it is also
possible to carry out LPCVD deposition from a
tetraethylerthosilicate {TEOS) type precursor.

Atomic species implantation to form a zone of
weakness within the source substrate may, for example, be
carried out wusing the method known commercially as
“Smartcut™”,

For more details regarding that method, reference
could be made to the document “Silicon on Insulator
Technology”; Materials to VLSI, 2™ edition, by J P
Collinge, Kluwer Academic Publishers, pp 50-51.

The term “atomic species implantation” generally
designates any type of treatment which can introduce

atomic or ionic species into the 1implanted donor
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20 By way of exanple, for silicon dioxide (Si02), it

is possible to use | ow pressure chem cal vapor
deposition (LPCVD) or atonmi¢ |ayer deposition (ALD).

In the case of depositing a SiQ2 |ayer, it is also
possible to carry out LPCVD deposition froma 25
stlest ety o tihosi hasamen (TEOSyn typlel pr eclir sorcidg ohveated

af pz?%ﬁédéﬂ@r@ﬂ{@é | QL 810 F.Q5M EhZ N Aed Vﬁﬁlf%%%s
he source subpstrate may, for exanple,

car rfi‘déanmt SHEFAG St e RetHad Yowk? céﬁfﬁerlﬁséﬂa%% layer

3, Shart @dt Thc3eh Fofhamsen deaal ksappgagdi mgyblirat 31 or 61
net hod, referencg qg@? e, made to the rrent
TO ST oh 1 e RTbr =T RO ogy 0 Nakri
VLSI ThéndL@dntl ait,, byl Rs CanItlelmgle;i Kltuvvetraékpadénff:using
g§§'9+ 50-51. The term "atom c species
|on gener ally 35 designates any type of
trealf‘cwermnqj\htl@ﬁ taarPAngodeyer atmdicter dlonirgplanting at

l§9§§'§§e'£ﬁ€b§@§¥'8?lQﬁgﬁgcd9ﬁ951é§ W§Hﬁ§ﬁr@$§ iMsthating
a maxi rum concentrati on of specl es | ocat ed a

1%1’%’6:1&%"?‘4‘1%l MEPTBEPt APEFORT t RETRY eBPLBC ST 30 e h% obfgy are

eﬁple@r esdeﬁ’@h@m_atdzon"mbér@ctml atitlg bagerf IZhéd LOomic
formtherei,n, a%rg %Ia er,31 or 61 5
SPEShett FUET - TR S YT bad- BerbW I more detail. The

| ayeroBd, pbtciiseilnt endedibo passpkdief fusi ngplgasecussingle
céPS{j&ﬁf ofoé\%grﬁg% a@;?eHQQP' &g é@&ﬁf%@'ﬁ&ﬁ%&l@n

one category atom c speci es
Wi t thhlft h@temsgam iTigherD desletat AL dtfom ensperies with

abeing el sgked-secbbay they e gtbhsr cslderattlo@falc Ofpecies

"isoelectric" with one of the atom c  speci
cephatitdt ithgT§4d Pﬁsdf%tt%%du%réhﬁif%?sé}fy FFO?%ECUE
apo@st blspddd dspl antha siemgl evisategotyiof a’iioﬁ?tfﬂd: SpeC:LeS
i n_succes 15 T |s ﬁ can. 1 umn

oBPERT P g Y Fafic, ReR RS Rpng R i
otat eger yafiddies attonsler & omree spdci é@e campmnedSPeczes

cHRBL 8L A i1 L pduce, Lheretp an "YRRRIECITi®e choice of

atomic species in that column depends on 1its chemical
reactivity towards the categories of atomic species
constituting the insulator.

Purely by way of illustrative example, into a layer
of silicon oxide (51i0;), it 1s possible to implant oxygen,
silicon and/or germanium (germanium belonging to the
column 4a of the periodic table as silicon). It is
possible to implant nitrogen, silicon and/or germanium
into a layer of silicon nitride (SizNi).

The trapping layer obtained may be constituted by
two types of traps depending on the nature of the
implanted element, namely:

+ nanocavities (voids} when implanting atoms such as
oxygen or nitrogen;

- nanoparticles, when implanting silicon or

germanium.
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atom c species. The term"isoelectric atom c species”

desi gnates any atom c species belonging to the sane
colum 20 of the periodic tabhle as one of the atomc
species constituting said insulator. However, the

choice of atom c species in that colum depends on

its Themoalladeacidyi b tewards thrieat 6g9fi @% Ofgiusted
aa%oqhﬁssgeches gonstltutln thg.l sulator. 25 Pure

by way of "PrRGSEFAPTVE | eIt fifo HdWer thes depth at
whitkhcomeoXime(iSigO2)gyet is possedl ect dwd npleddd, and the
: silic nd/ gk .ger ' ger.mani um
1%§F%§SF5§8?0 fﬁ%ﬂgbol%ﬁﬁggang$i#ﬂ%épe;¥%3icsfgglecgg the
agpllPeerytes | sofpossfbme toaheipl aphenit degentysi| pEon the

nafghartgel BBNi 8M B0 b P @i LAy efn Qfp sidicon ity de, pe
%SL N4%. The trapping | ayer obtai ned nmay be
M2ehStFtuted by two types of traps depending on the

nat une eh &hempiapl )B?&ﬁﬁp@hﬁﬂ'lﬁﬁb, sRanely: in Sihoz, with an
. Lties (vaids). [ antipng_at such_a
1§§9§§§ééﬁogre Fr%0gen’ %gﬁo qq%l§s§gmﬂ%%fiﬁﬁlénﬁﬁﬁ@ and
igplapbatoen gérsaai uim 1Zhe Theanaw! ahtati®n to 2 x 10%°
spayaieet e s, whj adj us t Loplantati on
R e e
Paféf iST% ned 28 be vdr inad, bermp the thenfirast atinfrce of

tHeseiowhi ghial lkowsihe SiAg Ofbd Ngy Siagehemerates oy o
3aton§gsrqﬁthe density of the nanoparticles or
nBRo VI e30RNIGH &% ®oMifdd tolBR NRSWEAEdclaes anrface

dexairpl epfbyoraptaahi ngxsidttem?n Si02, with an

and 20" I LA | of Wesebarn TRE FaRge S wEORPES {8t any
dgptlg16n Sth¢ chsudatiagplagekrayer i s obtained | ocated

at ardepth £l NGaLaRgeond NILLO O UREReAN thEse o5

free surface of the Si02, "said trapping [ayer béing
PPRSHRESr BRgEN? RRPEANI3 infetiiasie amtt avi 7y bheesgurce of
thegbaBaneRARtI I & SUrf ace then acts as a chemical pump.
In this case, it is also much more effective.

The trapping layer may also be formed as close as
possible to the connection interface between the
insulating layer and the substrate. This is particularly
advantageous in the case of a deposited oxide where the
connection interface may be a large =zone for the
accumulation of gaseous atomic species. The trapping
zone then helps to reduce the concentration of gas
accumulated at the connection interface.

When there are two insulating layers 3 and 6, as in
the implementation shown in Figure 2, it may also be
advantageous to produce a trapping layer in each of the
two insulating layers. Preferably, these trapping layers
are then formed at wvarious depths sc that one is close to
a connection interface and the other is close to the

bonding interface.
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15 density of nore than 1 x 1015.cm 2. The trapping

| ayer may however be fornmed at any depth in the
insulating layer. In a first5variation, it is forned

as close as possible to the bonding interface, which

is the source of 20 the gas accunulation. It then
actﬁﬁnﬁkﬂﬁhentﬁal peEp. b thidraseyedds) s aﬁﬂé the

t T, ng | al so
RO PLE Lo Y6, The Liavplag, Leystogmy o808, oun
thewrer f asanbetlween th@hlﬁnsu$atnhgndaﬁeﬁxandttbagthen the
b&v&)ﬁg aéﬁd Thi %Ha%g%arﬁﬂé:%%ﬁ%@? fggéyt A0SVl this

the case of a deposited oxid connecti oh

20T FHE e PRy 5k &S| at §el bdfe Mor thRe masémwnl aripdrdcable

tmfngﬂsemsaﬁ@m £sSpecéesiaThed tsapping zone then
heI reduce the_concentrati n of g accunul at ed
C Phe Iorbt s ¥n Dht oPPBd CoaBIROR nomb iy Cause

tnamltai i ngrok ayetsn 3capidube @sseaus theed Pk enent ati on
sho éﬂ] H@u{ﬁaé ernﬁgngbggtgg dv%%t %%%?f%%med in

produce a tra ayer I n-eac
thes Lﬂrﬁiulﬁg‘-qlaye@%rlw ef@it]sa]bﬁﬂytattm,e tErraI[bpl s1gnd aye s them

oaFeidihen feued ate varhouss dept hg g9 1t ha& @:ﬁéf’ates of
close to 35 a connection interface and th t IS

PO 8% the bonding interface. 15 Finally, it may
be mt@@@m@eﬂaéeﬂeham@t QhOS:tHéJCf@fﬁaél@zﬁ 8rhas two-

n f t I T S
ST e e e e T I S e e
whtirdppti rgpe | ggeeoublowpeeriest,him Soantneahl ag hgtikogdehs by a

mddHdd:ed, byar{({]%d}ga%: %&%@ﬂ u%& c?%/ t hermal bal ance,

as 1s explalne of
physih¢o- %ﬁ@ﬁi“&oqﬂﬁﬁﬂﬁﬂﬂﬁf chs&hisr apyse odeeronathenthe

diGARLWSL GRS COHS SRESH S 1 e NEFt IANS M Bricles in the
nano articles, they are formed in 10 the insulator

Nemiant@ 1 Yhta ekl sone of them partially
coameﬁﬁet&epﬁﬁﬂn;sﬂabbraggEqnewaiﬁﬁm@£31@ﬂélIC%éﬁéuse it

extends over the whele surface of the structure, at a
depth controlled by the implantation energy. It traps
diffusing species and prevents them from reaching the
neighboring bonding or connection interfaces.

The chemical trapping effect corresponds to the
formation of bonds between the elements present. Thus,
for example, atoms of silicon or germanium introduced
into a layer of $i0; form Si-H or Ge-H bonds when hydrogen
is released close by. The chemical hydrogen trapping
reaction is particularly faveored in the case of germanium
implantation as the formation energy for the CGe-H bond is
much lower.

The mechanical trapping effect corresponds to
establishing a concentration gradient between the bonding
or connection interface and the trapping zone.
Coalescence of nancparticles allows the trap density to

be increased. The concentration of atoms imprisoned on
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Sai d coal escence results in the formation of a two-

di nensi onal |ayer of nanoparticles and snal

aggl onerates 15 which trapl§aseous species, in

particul ar hydrogen, by a nechanical and by a

chem cal effect. The term "coal escence” in this case
tHesfghates ttheredisssri bTthiuen andnﬁebmgankzatammnmfof free

gaeneeaggt%ss e, ST ﬁ@é@i&?f‘m@é’rface

The trapping |ayer Is two- onal ecause’i t
agdt ghgs FASPitHE WABEE- surﬂffsﬁ:epbmc@rhen@mr o@dt ytef futicm of

gQ@@bﬁs CQﬂé&QEL‘e@ohﬁrﬁEe tihiepl @At ijon enes gi’ncféaéé@ﬂf’ntll
|f u5|ng pecies and E gvents them fromreaching t

tiRi GhBBTi A %%ﬁdFﬁEHB? nnection interfaces. 25 The
ChenfnﬁéllyapptngheﬁﬂdCbeCQRﬁﬁﬁmeﬁitdxéﬂNMhen annealing
or i 0 on bet ween the ele nts
dy% % (Lﬂp %%e atons SEEPHEo ge?ﬁaﬁi%ﬁﬂed (see
Fl%@r@@ucéﬁ |amdaziwkwertbe Sﬁ@@lbmema$esH(nf(kpattlcles
ol@@@gﬁe&h%nﬁyﬂ{ oggRi1is r efﬂr?a%@td o§§1@y anf1 must be

chem cal hydrogen trappi ng 30 reaction
CpaFtEeuPali §tf avorE@SR e Ledevofthger @%uw subsequent

défplantati eneas therfDsdaabien energypbRbihie @ rFigures
The nechani cal trapping effect

%o??%s%%nﬁ%s?%Cteg?egfrshlng a concentration gradient
betmE@areherbom@mmgeaaﬁubtltm@@ecflemaante%j¢mmméﬂuies of

at tr al_es ce.of, n nopartlcl
I%r%gmaﬁ?c%e 5o gengg ette&e{' go coaa cg J.Irh %%e form of

Sity be”i ncrease
npveehttatedn ofTJaatmng npsi sonetigr 116/ theseetr &yys said

Sh&ET ea?@g@omér@yees a %wgue@e ot atenp ph-fhee bgaan&é

set kﬁ@éqetween t he bondi n or connection I nter
and ¥ t FappithgPsayiers ?ﬁe%ﬁe%ﬁeﬁonféﬁ@dﬁ%s@@ﬁlcles

b@éom@aeeeppeap&qiéaﬁeirowar U%d hepddaps hectUSate in said
v|n [ eased 5 the t{% s bec ne sat ur at ed.

nt
S BB eH Sho it b TROr SR hat eV AL Sl Fragient
1$s sodrriugd betwaéherthhe fraepungslamemyeﬁ'femmedthe gas

é@fes Fk\gg(:gg{légr:a Zp}le tcfeef Qi‘%%l %ﬂ e& d:he oxide.

ticles alned renmaln sm Sal
Smea:por}ﬁfgttWJ_on gradient 1is the derlIlg force for

trapping until the nanocavities are saturated.
Several implementations are described below in mocre
detail.

EXAMPLE 1

A donor substrate was prepared by growing a layer of
germanium on silicon by epitaxy. Hydrogen and/or helium
was then implanted in the germanium to create a zone of
weakness.

A silicon receiver substrate was also prepared by
depositing therein an insulating layer of silicon oxide
(8102) 250 nm to 300 nm thick.

Silicon was then i1mplanted in the Si0, layer to

create therein a two-dimensional trapping layer. Said
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10 carried out at a tenperature below that of the

subsequent detachnment step, carried out after

bondi ng (see Figures 1E and72F respectively). There

are thus a multitude of small agglonerates of a few

angstrons which start to coalesce in the formof 15
imphepantichesvadr appimiged S crd neitpahhy eersteddiy 0.5 to

5S I 0 tes u 1@ J.aw.t her

AP ancar “VASACTHE FrapChr & hansoall {ite, if e ghe

partieles rbé@bhedtrappedhﬁherﬁﬂﬂmafﬂm@ spétles layer of

n@g6paut ate.kn saigl, Mol ds buniedy n thes igsul atel. A gy
concentration gradient 20 I1s set up between the free

(gagowpkeras ARBSRRE GAS Ipefdess of dilf netf: i pise with a
tHeteabsscigated tangbezoxindeo 3Sahkd concentration

gr adj isth Vi force for trap until the
PonoRSUT T s i e T hPGRARER, AShorA T St | Srcs ibed

aiveedésceobedchbebowinhnBigur2s detadl 2. EXAMPLE 1 A
donor substrate was prepared by grow ng a | ayer of

er mani um on silicon by epitaxy. Hydrogen and/or
E H#1 230 was then inplanted in the germaniumto

creafeg@r-g0ne o Neakness p%bueea M8CH V8 photograph
substrate was al so prep aredcJ eposi ting thereln an

ohhatnati RY I HPESTHS 9T c%ﬁes¥Fa§ TESFOSTFOPY0 hirttlo which
sBOPs N t hirelopids; S&hy@@g pesmelenid mpl ankedri n:laﬁ h&io, by
create therein a t |on

5 SEp RS gﬁﬁﬁcoga.aat SRR P VL] ag dse of
lat B ’en®i'glerdf 0. Satid BrkeWingt lea yhos € 30f aﬁo;xedeH.Sas a
af fxer X1 104053l ¢ gQﬁﬁdéggﬂofT%hﬁ cesubted 1n the

ormation o a er o nanoparti cl'és [ ocat ed

bet weeht1es, nrﬁ&bﬁﬁs 4 WigrAe SC@ﬁéﬁ@ﬁet@%) tsendathrinhae the

r§Mdje§aC@f0f eh@§g§b92 Layer idihdadiickngss i nd heyse  in
ran run to nm Bondlngsand det achnent  were

pﬁ%ﬁi\g?éﬂgou?h%s tedRPiBed 1al6ve FReRonhBeti HRSWrehor was
ré&sgucesvdlandsi2icon dioxide (Si0;) or silicon nitride

{SizN4) . The values are given below.

When fthe insulator was silicon dioxide (8102}, the
implanted species were selected from silicon, germanium
and oxygen.

In this case, either only one o0f the categcries of
atomic species mentioned below or saveral of them in
succession may be implanted:

silicon atoms with an implantation energy in the
range 0.5 keV to 5 keV and an implantation dose in the
range 5 x 10 to 5 x 10  Si*/cm®. Under these
conditions, the layer of nanoparticles is located 15 nm
to 40 nm beneath the bonding interface. Increasing the
implantation dose allows to increase the surface density
of the traps and thus modulate the total quantity of
atoms of gas imprisoned on said traps.

germanium atoms with an implantation energy in the

range 0.7 keV to 10 keV and an implantation dose in the
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10 EXAMPLE 2 Figure 4 is a drawi ng produced from a

phot ograph obtai ned by transmi ssion el ectron

m croscopy (TEM which show8 a trapping |ayer forned

in a layer of Si02 by inplanting silicon at an

energy of 1 keV and a dose of 15 1 x 1016 Si +/cn®.

rSapd t¥appialg ltayet 811appeard/as’.a cmrrkcaar bemeandum  is

ddl f i E were

b%gﬁ%%d oﬁ?gton&)e]tag{r%n%daﬁle éﬁé%e% energ| e}s)rgager o
peapLannattiioh géseet wﬁs@ampw@m@mglnhethe appineg depth
rkAyer when the insulator was 20 respectively silicon

di oxi de (Si 02) or S|I|con nitride Si 3Nd). The )

val uesCAreeyi véPTel BWhwith tRe leRsalrdesr sRergy in the

=8hbeCon it deo (S G2 de abmimgladan eaowerdn The ~ T

sel| ect msilican 1r-mn| um_and o
“FRPS ¢ se gltheﬁ' ogliy gﬂne of “t he"cat egﬁ?esp%sfltlon the
tatopiogspesires neht i died bekow ordegever absof Helfeme,n  the

lﬁgpgﬁﬁﬁlt%n”@ﬁe dJ'EPixff‘cﬁ‘c%ﬁd is %é&%@%ﬂ @”%hWtE:z—%Qa with

antati on ene Int range
rapdesh tﬁpsahtﬁpnohmﬁégétﬁﬁmﬁe as3QxXygRie 15 %lgt)tsrto

5 x #R48 Sine cpRsubhdst theseigendint i:0nSsidde b@yﬁ%

of _nanoparticles is located 15 nm to 4Q_nm beneat
li’t“ﬂéaBBﬁEh n'?;pef‘?ﬂtee?féég Fﬁ&?&&??ngft% Slﬁ’ﬁlcé’ﬁtfatg%hmamum
adaseiakbows heomBCcrease the surface densi ty of the

traﬁ’gnang1 thus m)duellte the ;ot %I qu tt
at o g&s ST son Sat d ffaps. er%?wju% species
categsrith amerttlmtra&d at |b@|iceher gy i ns¢hera¥angde@epf in

=KeMt05109 }fl§¥ aad; Blgfl{gg@nt ation dose in the 18

range 5 Xx olx I7°Ge' /cnR. Since germani um
is he&@ﬂé?ont I@éqm’@pl‘éhtlét i°6h Bhetyytiige PeeBBgader the

réﬁ ep@slalmth@ Bl aRe o%naara@p?{]rt@%@@attbrt htaogarre_tn the
rangs XyQ atony, W an | nmplantati on
r@ﬂg?g Knl hetorg é‘ %{él ¥eVTh-3 keV and an

i npl angyathenidasetbnst kdth an implantation energy in the
range 0.7 keV to 10 keV and an implantation dose in the
range 5 x 10% to 1 x 10Y7 Ge'/cn?;

nitregen atoms with an implantation energy in the
range 0.5 keV to 3 keV and an implantation dose in the
range 1 x 10* to 1 x 10*7 N'/cm®.

The 8Se0I fabrication method of the invention can do
away with all defects due to the accumulation of gas at
the bonding or connection interfaces of a
heterostructure.

The method of the invention is applicable to the
fabrication of semiconductor on insulator substrates with
any type of semiconductor material since the trapping
layer is formed in the insulator. The advantages are
clearly more marked in the case of Ge0OI, since SIMS
profiles show that a large quantity of hydrogen is

present in the oxide.



range 1 x 1015 to 1 x 1017 O+/cnZ. To position the
trapping zone at the same depth as before, the

i npl antation energy window is reduced in this case
with 10 respect to silicon inplantation as oxygen is
lighter. Wen the insulator js silicon nitride
(Si3N4), the inplanted speci% are selected from
silicon, germanium and nitrogen atons. In this case,
either only one of the atom c species 15 categories
ngitiMened bel ow or several thereof in succession may

1. ben %ltﬁeaegf £8bti&aNnat @B suhi foraiudtapl ant ahsoator” type
energy in the range 0.5 keV to 5 keV and an

het ¢ ANCANTBN GOBE TR The “rand&®8tx 1915 to 53167 '2V°*
1ntéipd5§@2beﬂﬁee@EHTENMS&WBEEODQIMMdIhhan"r$¢ﬂ¥ﬂﬂiﬂt59h5trate and

a lg{z}%{ anetrmted pge théa§§y tcﬂeﬂgeEGYr@rﬁ]da %bsti%’rie? termed

Iron dose range 5 X 15to 1 x 1
the G&"dbonZ; snbstoegeen aabn@eﬂpthoalﬁ |Qﬁ3| %c’m%t FoRuEHdRgy lavers

P g 4 ange 0.5 key tR.3wke anLap| apt ath ok
Com% € Jh;%,n % ReTezg range 1 X 101%@2@1 xylgﬂ?l? N o retain

thema;ﬁesw_@l spagteTaich FBYhBY WIeSCRE PhvEt iGit 104 Horertaces
of %H@yh@téfbéﬂﬂuc@a&@Cbﬁddmemim~mh£:amﬂnnmbﬂtoﬁndefeqpmson the

at the hondin nnection.in erfac
STt er Vet TS V550 e fet AR oF ST Ry Py, pid method
comlapmaiﬂgabhe Is‘geﬂsme:onfsabtim@tlmn of sem conduct or on
i nsul at or. substrates n e S 0
3 R p3uRRt T AL i) lwﬂa 28NV JYR 95? eﬂ%s‘%ﬁ%@%% Tayer

|ng l'ayer is formed in
on &nsldasttopne Thie tétﬁ/a:wpa@@@‘faﬁraéesel ey apgr ecfatiedd PR,

sub%plea&ass%eggg qecgmec@ﬂ%ﬁ SLMS éi)@ldﬁﬁ@f)k'rﬁétéﬁﬁw Ehat a

arge quantity of hydrogen is present in the oxi

19 GrANBa| 5336 rARTRG SBPS Fab cafl Agch Tecever =i Serate

ﬁéi@dﬂmyiucbéﬁdiﬂbl nRsghat ora t;tﬁﬁ@ 1h§mfﬁumﬁg'aeyareor layers
BTG N JNET N e
exiBfél between one of the two substrates and one of the insulating
layers or between the two insulating layers;

+ withdrawing a portion of the donor substrate termed the
"remainder" to retain only said active layer and to obtain said
heterostructure, '

the method being characterized in that prior to bonding,
said trapping layer is formed by implanting al least one category
of atomic species in at least one of said insulating layers, said
category of atomic species being selected so as to be either
identical to one of the atomic species constituting the insulating
layer in which these species are implanted, or to belong to the
same column of the periodic table as one of the atomic species

constituting the insulating layer in which they are implanted.



a layer ternmed the "active" layer, derived froma
substrate ternmed the "donor" substrate, at |east one
of said insulating layers conprising a |ayer terned
the "trapping layer", which can retain the gaseous
speci es which may be present 4P the various
interfaces of the heterostructure and limt the
formati on of defects on the surface of the active

2. lAaygecels saieh aker o8t racdiw €1, sahdkambhoded in that after

-conprising the steps consisting ip: formng Qr . .
fonaler%sﬁ% ng- 2P "Gaste ¥5iTe i%sﬁtf‘%:ti?]g PRy TN \e [ Etating
layane afmtbheityo sibkst rabesingdontyyveand ikecebveted batt at  a
tem%gp%%gatg§ gFH%%.%ogg@q}E%ongﬁ%@asgoggqgﬁ&&egateriw

B Eibon&ing Sai'ddondr- substrate and said recei ver

substrate by nol ecul ar bondi ng such that the
3 'ﬁsﬂéﬂ{dc{]gaéwingr tloaycﬂ_rasim 1S C(Iar@oaﬂnptﬁr POsedcterized in
bet ween them and Such that a bonding interface _
thafextiy sipdenEahl omeP B HHETAWG TS uBST PEltEs ShdSore drm said
tragdi@ig NsybatiRge kayeisd WonbehyeRiteihecd wo insul ating
| ayers; wthdrawing a portion of the donor substrate
termed the "remminder"” to retain only said active B
4. lmyeetantl tocobiaid sai dclaiet €7 ,0sthanciatregizetle imet biock  the
bei ng .characterized.int riaor to- dj '
Era IR CF ager P br Nedt by S Br At Engia: - Takse” aoreters
to dhtregoryten Fonitbesperiiew iintetfaceast one of said
insulating |ayers, said category of atom c species
’ bei ng sel ected so as to be either identical to one,
5 i B st ROTEPBEI 8 IRt tlutIth gk HE irsuthabargerized in
thaﬂba?d'% iirr@)l‘éﬁilﬁgbi&he@@raﬁtll&@r@Sfa&éﬁsél’@&t_’iﬁg_esd) .aQsl'bltToO form said
elong.to the same _colum of the perjodic table as
traphindos LEKE atice spci s COBRSELONE [ HY Thacs Detween the
insulnsuhgt Laged aydr ohé ahittle theyswrserehpd anted. 20 2.
A net hod according to claim1l, characterized in that
after  forming the trapping |ayer, a step of _ _
6. dnresthaty adverdasal &ci may Ireperdéont al diithg ekdpcterized in
thatl I @BRI NG AVeY | Sa¢aF rised euts@lnReqt epperat ups-fnedsional
| east  350C for at Teast 30 m nutes. 3. A nethod
layege Odr BPRSLYE HdIegi AT 1NBRORAEI A28 - charact eri zed in

‘that the inplantation paraneters are selected so as

~to formsaid trapping |layer clgse to. said hondi L
7 bR oporH LB KB RTeor g th ol i ACeldeized in
thatchheattsriazed is dhatxicke '

8. A method aécording to any one of claims 1 to 6, characterized

in that the insulateor is a nitride.

9. A method according to claim 7, characterized in that the
insulator is silicon dioxide (Si0,) and in that the implanted

species are selected from silicon, germanium and oxygen atoms.



trapping layer is formed at a distance in the range 2

nanoneters to 10 nanoneters fromthe bondi ng

interface. 5. A nethod according to claiml1l or claim

2, characterized in that the inplantation paraneters

are selected so as to formsaid trapping |ayer close

to a connection interface befieen the insulating

| ayer and one of the two substrates. 6. A nethod

according to any preceding claim characterized in
10. trhatetthbe trappihg |ayerldisy constiaratesrigeds in that silicon

two- di mensi o er. of [t :
Ly e
keV ¢loaibrrke¥ hattdctaay ilmpdanpatidradoshels ngid geapei s N0 to 5 x
106 0xi+dg,2 8. A nmethod according to any one of clains 1

to 6, characterized in that the insulator is a

nitride. 9. A nethod according to claim7,
11. @GhakagberiZeddinet bat cidien d,nsubaiOfedivesi ihcoilat germanium

di oxi de 102) and_in that the |nplanted species ar
atomsg |3 Et é&gf?%ﬂ%%iﬂ 1 glé[\pr]fﬁﬁf?ﬁ#ﬁn%nnqe oXyden nafc (l'slr?s .r%ﬁe 0.7
keV 1d. 1A ket hoithaccot dp hanitar ichaidns®, irchapacaerd 2ed 10 to 1 x
1917 tdéa}cmsi licon atons are inplanted with an

implantation energy in the range 0.5 keV to 5 keV

with an inplantation dose in the range 5 x 1015 to 5
2. % 8aSiadeMEind leo AcBINOY, acrQF&HNG itz@dClial Mt oxygen

characterized in that germanium _ atons are  inplanted
atomg eean PRI R atiion BEnerByerh?tiR® rdifgeYo P tRevregIe O0-°
kev 1@ keVew tirrand npbantedtiiom dese in the maaggel 5 x0Y to 1 x
1oV 1025 fo 1 x 1017 Ge'/cnZ. 12. A nethod according to

cl 4'M"9, characterized in that oxygen atoms are

inplanted with an inplantation energy in the range

. 5 V, t - i Ak oplant at LN ;th
3. et e R B B e P T Raetnad et the
inswdetordiing tidiclosi migrichar @delri 2 i k0t hagtt hge implanted
spediBsUL AL Ofe el FEQR Ntifdode (Sh3N)uaRddl pi thafert B€oms.

i npl anted species are selected fromsilicon,

germani um and nitrogen atonms. 14. A nmethod according
14. 1720 melrabm i3costialgacberilaed iB, tdatrsitkircond at ormtarsdlicon

I mpl_ant.ed.wi t h an. i.nplantation_energy i r.ang
atons 2re HPf g S oV Wt 14 alﬁ“%lr?%tgﬁ St %%élg%;sg%ﬁ Hhgange 0.5
keV rangek5vxwil0lGt grnblrntation dose in the range 5 x 107 to 5 x

10'% gi*/cm®.

15. A method accerding to claim 13, characterized in that germanium
atoms are implanted with an implantation energy in the range 0.7
keV to 10 keV with an implantation dose in the range 5 x 10% to 1

x 10Y Ge'/cm®.

16. A method according to claim 13, characterized in that nitrogen
atoms are implanted with an implantation energy in the range 0.5
keV to 3 keV with an implantation dose in the range 1 x 10 to 1 x

10Y N'/cm?.



1016 Si'/cnZ. 15. A nmethod according to claim13,
characterized in that germanium- atons are inpl anted
with an inplantation energy in the range 0.7 keV to
10 keV with an inplantation dose in the range 5 X
1015 to 1 x 1017 Ge'/cnZ. 16;2 A nmethod according to
claim 13, characterized in that nitrogen atons are
i mplanted with an inplantation energy in the range
0.5 keVto 3 keV with an inplantation dose in the
7-r 4ngEtao% 209%HRI e AP PIERRI 2daing chpgrdisgized in
thaaccsm@ll Ngadio arpoacedisng wekadrwt hagyactaied edl ifechanical
lt at_ the back portion is w thdrawn by
PO~ thei%al - mechani cal  polishing. 18. A nethod
according to any one of clains 1to 16, characterized
18. IZQ n'feht tdpglt:ﬁgrél%é;b%%d or@e @%lggmwkﬂ%esl% I 2haracterized
forme urce s bstrate, salrd zone
in weaknessodetdnbrgdihe, aét izpeel aieﬁﬂeakngmt hé formed in the

souf@%dﬂa@%&a@é sgh £l sihsd rat %vegﬁﬁééémcﬁeﬁl@uﬁ@ whi hQ&@lV% layer
A met hod’ accordi.ng to claim_18, characterized ,

fro@tﬁ%ﬁ FRE2 SRR q@fSﬁéﬁk?ﬁﬁﬁ$qa§ef6??ﬁﬁfqutatBﬁ1W9thdrawn
speC|es |nplantat|on 20. A "sem conduct or on
hetero tructure co risin | ea
0. I Redl et vty s Fhe ol phbed ot ke % Beipel
of wgammedstiﬁafomaeelNprdtqmabsspemeSf@mptﬁhﬁaunmn
sem conductor material, and a |layer terned the
"active" | ayer forned fron1 sen1conductor mat éri a
20. dhdraeiephdedrdm orhansatatersttygaehofe wyitgucture Comprlsmg

at Rautatdng |AYErS GRPLLSES ant;éa&mer&g bé¥®len a substrate
constituted by a. two-dinensional ger of

LeTTRh oA t i 6% B VRARopaTSEFBES Cpst 4 r appithg  Pelfeonductor

matdnyang abl® &0 I8fad NtbhRegasweus"spaRces Wiah FBy¥med from
ent t t.h va |ous i nterface

s SRR ERCT TP hnd AT LRt O rlt o "of “BEF GEi Of said

inswWrtthe sewkase cofipthesacti teapbpymy lafesai gonstituted by a
two—lzﬁ'ingﬁgf’&ﬂ%t W&er of nanocavities or nanoparticles, this .

' trapping layer being able to retain the gaseous species which may

st
th '
ghe zone

~be present at the various interfaces of the heterostructure and
limit the formation of defects on the surface of the active layer

of said heterostructure.



