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1 METHOD FOR IMPROVING THE QUALITY OF A TAKEN THIN
LAYER FIELD OF THE INVENTION 5 The invention relates to a method
of forming a structure comprising h layer taken off from a semi-conductor
material from a donor wafer, the method comprising the following
successive steps: (a) implanting atomic species to form a weakness zone
in the donor wafer at a given depth; 10 (b) bonding the donor wafer to a
hostEvafdt; {eR s @ fdyREaLdd Yo Heth HAEE | AR tARERRoff from
the donor wafer at the weakness zone; (d) treating the taken off layer. 15
BACKGROUND OF THE INVENTION This type of layer taking-off is

I[’ nd is known to those skilled in the art. In particular,
det Fy-Be-fott many documents that have already been
pubtlishadesuch asidesexampletheiextraerangages dlrandebeihea
work "Silicon on Insulator technology: material tools VLSI, 20 secon

layerethiish, By JEIR-Bict AT CORAGESHRIbIBAERIB) atwar Aapfemrier, the
methBYRISHe S ingle:(BIBVAY P crERd Uiy $imple implantation (for

example of hydrogen) or by co-implantation (for example hydrogen and
héfuiy VARG SHRHE thecsifsmiR dPyPes YrBKnRRsarea dhdhsuians
implagtation.; 25 %p%ep (b) of the bonding of the host wafer (of the
layer taken-off) ‘typically takes place on the surface of the donor wafer

havirpinadiadoae e iwmRittarone ByWaAths of a bonding layer made of

di rgfm,ﬁ); r I ' h%ig# i

ugggt?y hiose5 s%‘f?a%%%?e%ﬁa.%%ﬂgﬁﬁt%;)@&%%ﬁg y rﬁ@ﬁ%lﬁd%r
waterggitibsioveaiaasszaster to the document "Semiconductor Wafer Bonding

Sgi chpalogy:':(QY. Tong and U. 2 Gosele, Wiley interscience
=PINE e i

;Johnson y-and Sons, Inc.) to

BACKGROUND OF THE INVENTION
This type of layer taking-off is called Smart-Cut® and is known io

those skilled in the art. In particular, details may be found in many documents
that have already been published, such as for example the extract on pages
50 and &1 of the work "Silicon on Insulator technoiogy: material tools VLSI,
second edition,” by Jean-Pierre Colinge published by "Kluwer Academic
Publishers".

Step (a) may be carried out by simple implantation (for example of
hydrogen) or by co-implantation (for example hydrogen and helium) with
dosing of the chemical types to be implanted and suitable implantation
energy.

Step (b) of the bonding of the host wafer (of the layer taken-off)
typically takes place on the surface of the donor wafer having undergone the
implantation, by means of a bonding layer made of dielectric material such as
Si0;.

The bonding technigues typically used by those skilled in the art
include initial bonding by molecular adhesicn. We can refer to the document

"Semiconductor Wafer Bonding Science and Technelogy” (QY Tong and U.
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obtain more information. In step (c), the energy is at least partially
provided, typically in the form of heat. It is therefore the thermal budget
(the temperature/ duration of the 5 heat treatment combination) that
needs to be considered to determiriz the moment when the layer to be
detached will be detached. In this way, a semiconductor on insulator
structure may be formed, such as an SOI structure (in the case of the
Godetactwildayertbsitigruadeuilisitiom), Ssitre0h(iMiteycasd ddhe, Inc.) to
detached Jayer being made of germanium 10 silicon), sSOI (in the case of
© WQ {RER !a% Eﬁ’ ing made of strained silicon), SGOI (in the case of

the nalﬁ@;pt&baﬂe@ @Q@@?&@gtﬂ%ﬁw&ﬁﬁpl‘@yﬁi@h tybichlliemahe form
trained. Si Jayer nth e f tached b
of BT e i Bt EBTAN 0 SIS o R AR B e CHIAO e
he?@t&@&@@bldﬁdam;zﬁﬁala}teﬂaﬂmbayet@m? adﬁagbmﬂfmalileaswﬁdi?the
owe alit stalline structur ur ue especially to the fact
O e L ah S T M P S oo o
befqremaa@dwwyrege@ﬂ%e;mdmm br&} mi|Mdmtmtfmrilmﬁagaﬁo? f%med
structure snown mmatica 0S a Nost waler
SR A s B e TN B OEr T () e A B S MR e g o
silibayer 8)GaUclihése ibaiée %ﬁﬁh@%‘@ﬂﬁ%@%&lérﬂaéﬁ&gdﬁ@ﬂ@eﬁ tRyreatahium

tion in the ¢ e observed that the

SiEbc et oAl AR TonEVEK, THO dereRtve Jondanes
siliCOMPBH §iistieg eiystalfifiesdefksis o taysr sisfapagingganessdd SiGe
o e e NPl s s e o S
|aybab@1ﬁ@u$@@@@eg@qﬁr@mme crystalline quallty in the layer to be
e S D e e e S e e B

layERCUREI 4Bt IeRSt Ak ofjtite seurdiganeukiBeef the laxglr taewdr Juality
crystalline structure on its surface, due especially to the fact that the
implantation and the detachment steps have taken place beforehand.

in reference to figure 1, a semiconductor on insulator structure 30 is
shown diagrammatically (composed of a host wafer 20 covered by the
detached layer 1 by means of an electrically isolating layer 5), which has, in
its semiconductor part (i.e. the detached layer 1), such a reduction in the
crystalline quality.

it may be observed that the detached layer 1 comprises a defective
zone 1A, this defective zone 1A comprising existing crystalline defects and
surface roughness.

The defective zone 1A typically has a thickness of around 150 nm for
an atomic implantation of hydrogen.

Furthermore, the implantation step may have caused a reduction in
the crystaliine quality in the iayer to be detached 1. |

Step (d) of the treatment .of the detached layer 1 is therefore
necessary fo remove this defective zone 1A, and thus recuperate at least

part of the sound zone 1B of the layer taken 1.
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For example, it is possible to use mechanical polishing or chemical
mechanical polishing (CMP) to eliminate the surface roughness, and/or
sacrificial oxidation steps of the defective zone 1 A. By way of illustration,
such a four steps method is describgd in the 5 document
US2004/0053477, in which a strained silicon layer is detached from a
donor substrate comprising a SiGe buffer layer. Step (a) consists of

makmltbfaimpﬂ@ptﬁgi@@mmﬂfé)%fegéém?@ﬁn@sﬁddnmﬁy)?&a}mical-
removyal of the part ed from the buffer layer means o1 surface
EIRAY R SR Eelett SRR O the SBLmRSa RSP oA o
sadffisisiogd Siod Respelestive giatibygemnistia particular to obtain finally
the desired Ia%/er with a good ualitfy of surface finish, without tgo high a

00 hig
risk BY ¥ QBB RAHRR S0 Be'tE SieestBR\POISHARSFhed R dhe
dotlavnever SToherokad erchinguaed ig tsiaries @licoay Hyeertain$as88d

lead to at least partial detachment problems of the bonding interface, 15
froph AR FHBERILIF LY @ A RSt e ERb ANST ettP P rBpisty of
mdRiny inHRATEHIaHRAMSE e faanipation flybe edur sfdbe@Pnsinthiay®s, the

which is to say attack the latter where it touches by the slice of the

rengpviRtupl Ereaht RS ASGRIIC I NGrPHIEHHGY e RadBGiNS 1A surface

poliERHREREOB @@L SHh (SERIBRE: IR BINHYamDStUEUFeSAsBPRSINEe
SiO2, buried under the strained Si, 20 or the case of a H202:HF:HAc
strgiggtineht [NASBERYRSHEIRVRRIONSt Rdadiakla) & aRiasy dedpithe

deStiaelrpstsiam edulieP § NI e FfaRs Blata) witheriet 1 R BSige of
and SiO2 Iaﬁers are likely to be etched under the strained Si Jayer. An

damagingi YRR BaM DRGSR O Ve bRNG RIS H6Blem 25
wouldoesteediltie theepHitin@aMiiPn seasidarad v af ksRctHOkEain

easier to control. However this solution is not satisfactory due to the fact

cagRat RIS HoeRthRAriebReiarb et IRRKS RS RidRF P InG Hierface
(bdneing &4 raigabt iflevspd B WG Adarepreth Bnsic SRRl S ehinay eap HeR/

prior preparation of the . 30 surface to be etched, typically carried out using

in pRECFARICGRPBRIRNGTIBEHS" R fhetehes AR BRAIRFIRYRrettfts's 1O
say'aaeskaRLihaeH aHAar ehikaBIPEHEUIRBRFINEUER 681 created. For

subsequently lead tg etching that is not ,
example, we ¢an meniion the case of a HF treatment on an sSOI (strained
Silicon on Insulator) structure comprising SiO;, buried under the strained Si,
or the case of a HxOuHF:HAc treatment (HAc being the abbreviation of
acetic acid) on an sSi/SiGeOl structure (strained silicon on SiGe On
insulator), where the buried SiGe and SiO, layers are likely o be efched
under the strained Si layer.

An alternative that could be envisaged to overcome the last problem
would be to dilute the efching solution considerably so that its action is easier
to control. However this soiution is not satiéfactory due to the fact that it does
not totally resolve the de-lamination problem and that the method is slightly
slowed down.

Mareover, this chemical eiching requires prior preparation of the
surface {0 be etched, typically carried out using mechanical polishing means.
In fact, this etching preparation remains necessary to correct part of the

major roughness which could subsequently lead to efching that is not



4 sufficiently homogeneous and likely to create traversing defects or
holes in the remaining layer. Whereas successive actions of polishing
and chemical etching make the post-detachment finishing step (d) (as
well as the entire sampling method) long, complex and costly from an
economic point of view. It is further megtioned that it has also been
proposed to perform the step (a) of implanting by implanting several
atomic species (typically by performing an implantation of helium and an

'QUHRAUAHEH HBGRARIY) - SiRERP B Q| r |
desigﬁate% by thé term of ?:o-irr%;ﬁﬁtatiﬂ%ﬁ%pr%%gﬁi%%?%%é)rqtgﬁtl)ens in the
iFRIBat AldAKEfor a total dose of co- implanted species to be used lower

than WhgR&lRolg SRRGSS iSdiNaedolden %d%ﬁ&mc%wm%ﬁﬂgﬁe the

thus typically represents 1/3 of the dose in sindle species implantati
reegidefashnaeint Jindsb e stctold) itap Ak @eldbe arlisersaswimghmethod) long,

delRplbieRreobii et BrhRHaHREeURYS to reduce or to simplify

the ftinishing treatments performed after detachment. However, as it has

been sKbiRAU eReRHbREEs thatdtPes appiRetomraRase Beprdomethe step
?égégrﬁr@gp r‘ﬂg%%g)r%ﬂ nﬁgg e avallg%\llg}%qjtﬁg HSLSQSH%EO%%S %Bﬁ%%]'lﬂ %@r%fog?éng an

GRANRaEon 20bsheHHET réfderfie IPDANATI0ST3IBOMeeelatidhi® dype of
irnplantation witain aSH KySkThe oy MRiaBtalign &ﬁrﬁf\smﬁﬂw help
e

minimizing roughness lead to the formation of certain defects (such as
blisters ZRMPEBBhdAn§MdRIRRatpdamd c allonmstSwitintaial tderaess co-

Fhiignieiespelic s De I AGEIREPSRY HSeRCaIRIRAR Q0N RARRIERed. The

that help minimizing said defects lead to increased roughness. In other
Jrbsloge dmpromRIBTMAEA BuisieicalvirrigTBliIghHEsSlathe fdasrtipreingte
ghthese iApfRsiatiand the recourse to co-implantation thus does not allow

as such to satisfactorily solve the above mentioned problems relating to

the presbfeHEp JEpse i deceans inidriab ugmiastecEAnssdmenasassmef the
RISRAIIINYRREOM BRAKLE LRSIURSANSAkEALR N The s SeP RAITIGLCOS ARGy the

r}ynqgg?nrgotfré;eﬁg n%g tpg]r?g rrr]r?e%uéif?g r ?jtechc d%"r g r]: té taken-off

However, as it has been shown by the Applicant in its PCT application
filed on September 21, 2004 under n° 182004003300 (and not yet published),
and which teaching has been made available to the public online on the IP.com
site on March, 1 2005 under reference IPCOMO00083333D, in relation to co-
implantation within a Si layer, the co-implantation parameters that help
minimizing roughness lead to the formation of certain defects (such as blisters at
the bonding interface, or crystaliine defects within the thickness of the taken-off
layer), and reciprocally the co-implantation parameters that help minimizing said
defects lead to increased roughness. In other words, a compromise has to be
made between roughness and formation of these defects, and the recourse to
co-implantation thus does not allow as such to satisfactorily solve the above
mentioned problems relating to the presence of defects and a superficial
roughness.

Embodiments of the present invention seek to reduce the duration, the
economic cost and the number of treatment means during step (d), of a taken-off

layer, and in particular to stop using mechanical polishing means.



layer, and in particular to stop using mechanical polishing means. 5
Embodiments of the present invention seek to avoid the delamination of
the edge of the bonding layer when the finishing chemical etching takes
place. Embodiments of the present invention also seek to create a
structure, such as a semiconductor orginsulator structure, comprising a
taken-off layer including a more weakness material than Si, such as
strained Si or SiGe. Embodiments of the present invention further seek to

make stBIPadiEReRRI fpnRiasanbiavanlier sesktier avaiththe delamination of
Erl@%@@@Fﬁe@éh@iW@}@@WMWW@%M@%%QP&%H%%RES place.

material wasted when treating the taken-off layer. Embodiments of the
inventisHMTARREIEE tNGraFRRNA BIRBHERRIFRBRSK tRoalffiestructure, such
Rkarsoh iy bRl eaiaslyoP @ NRAIROTBERRAKh S RIKUE SAMPERhcluding a
Smart-Cut(r) type method. SUMMARY OF THE INVENTION :
ERBOWRAKAES MR IR LoaR Rl SvEBrPsstiaincs\ et M Hese problems.

Accordigidinfissiaspechel tedenentieantiererptnervisiedkameatiad okuch a
forming a structure comprising a layer that is taken-off from a donor

REEFEtUtRdraBhB SRR BRI RIRg WoR 8 Wiking-off a first layer made of

a first rept@dalaBAREHATIRNAN SEMIGR NAIHHEF reatRiads ANfliB=SeReNduantity of
layer on the first layer made of a second material chosen among

HastsemArniirating Medrie i #¥8hg the following successive

steps: (hisBRIAYING 8IARUGIHRARIER TR HAEP LVIEAKRPSS NS YRMSE thRkthod of
second layer; (b) bonding the donor wafer to a host wafer; (c) supplying

bratgp Batake elinreciibahran- Ry R RERFPRIIRH HYP Wie i grampling
SARNEIRB NS (HpBRIgCtive etching of the remaining part of the first layer
with respect to the second layer; wherein the implantation parameters are
adjusted in step (a) so as to minimise the surface roughness which

spperrsRedtiadely aftengacsng out step (c), and wherein the method

comprises . _
Embodiments of the present invention seek to overcome these problems.

According to a first aspect of the invention, there is provided a method of forming
a structure comprising a layer that is taken-off from a donor wafer, the donor wafer
comprising prior to taking-off a first layer made of a first material chosen among
semiconductor materials and a second layer on the first layer made of a second
material chosen among semiconductor materials, the method comprising the
following successive steps:
(a) implanting atomic species to form a weakness zone under the
second layer;
(b) bonding the donor wafer to a host wafer;
(c) supplying energy so as to disunite the taken-off layers from the
donor wafer at the weakness zone;
(d) selective etching of the remaining part of the first layer with  respect
to the second layer;
wherein the implantation parameters are adjusted in step (&) so as to
minimise the surface roughness which appears immediately after carrying

out step (¢}, and wherein the method comprises



6 moreover a step capable of strengthening the bonding, carried out at a
temperature less than about 800C (1,472F). Other possible characteristics
according to example embodiments of the invention are: - a step capable
of strengthening the bond may be carried out prior to step (b), and
comprises plasma activation; - a step @gpable of strengthening the
bonding may be carried out after step (b), and comprises plasma heat
treatment; - another step capable of strengthening the bonding may be

GAbigsRYt AfGEstepfahian@canarsaERIAg MR besbHEAlNtlimidACout at a
heat treatment may be carried out at a temperature of between around

Jsnwgrrore 'ant Basuabesb 880 L4 AA216) between about 30 minutes

and arogiith# hostdies HiRRR% HQRENSEERAN P BcakdthbRUbAlRbdiments of the
temperature of between around 550C (1,022F) and around 800C

(mvertion ASebetween about 30 minutes and around 4 hours; - the heat
treatment, @y, ke cates SHLATEIHRE (A HAhIRaP B faMo RBRdEL step

in a same furnace; - the heat treatment may comprise a single
eI EPEBHERY O 'as e A ttvRtieBparation temperature of step (c) to the

temperaliy e @HosepLiok BF BRBhHRAHE e BERIRY MR DBLREIAGOHl after

at around 500C (1,022F) for a duration that can last up from about 30
Aoty tengtcanPosssRRsMAd S reagaBt of strengthening the

bonding mayhe caede g%l%o6?‘%%8:5%%%%&9?(@)b@ﬂcﬁﬁ‘&?ﬂﬁé@rﬁé‘t%rried out

than or equal to around 0.8 J/m2 may be obtained; - the said surface

pog ISR SO HACH sppeseshimssmateRahfieatAEestep (c) may be less than
appf?Xme?]f@'%é&Af?éé%@maﬁw%%n&%@%p%%é@ﬁ%ﬂ@ of between

atomic species implanted during step (a) may comprise distinct atomic

alenish&s Ete 1980 thuamtaigund SRR fatittichT), for between about 30 minutes

and around 4 hours;

- the heat freatment may be carried out at a temperature of between
around 550°C (1,022°F) and around 800°C (1,472°F), for between about 30
minutes and around 4 hours;

- the heat treatment may be carried out after step (c) and in continuity from
step (¢) in a same furnace; ‘

- the heat treatment may comprise a single temperature change as from
the separation temperature of step (¢) to the temperature chosen for the heat
treatment;

- step {c) may be carried out at around 500°C (1,022°F) for a duration that
can last up from about 30 minutes to around 2 hours;

- the step capable of strengthening the bonding may be carried out so that
prior fo step (d), an energy greater than or equal fo around 0.8 Jim? may be
obtained;

- the said surface roughness which appears immediately after the step (c)
may be less than approximately 40ARMS measured on a surface of 10 x
10um;

- the atomic species implanfed during step (a) may comprise distinct
atomic elements, step (a) thus being a co-implantation;

- the co-implantation of step (a) may be a co-implantation of helium and

hydrogen;



- the co-implantation of step (a) may be a co-implantation of helium and
hydrogen; 7 - the donor wafer comprising a SiGe layer, the
co-implantation of step (a) may be performed under implantation
parameters adapted to form the weakness zone within said SiGe layer
and for the helium concentration peak o be located, within the thickness
of the donor substrate, more in depth than the hydrogen spreading zone
and also more in depth than the weakness zone ; - the thermal treatment

may be prefiBmee dlAderaamisir SHbsiaRtiadlye COMO R hiPPAWREBN of step
575C and 625C ; - the dosing of helium and hydrogen may be chosen as

(BSpEAN/ I bRFAEPEIRRINYNEY 1MRIRMNRIAR PR TIRIBIE nAsiariet  toreform the

(Geattife Bt NAKINOLSRIMBIGSE MeshangalRoliRhiRglithe ¥dSceHitition peak
method may comprise moreover, after step (d), a crystalline growth of the

R b5 Rtadnitin dhe dbisRaayRl e HaRrarsEhsiaianiEREr D fierthsthan the
RpRogeY SpRamaing 065 landa¥ovhBre PraeptiRashingsenssthiesoife ;

made of elastically strained Si; - the donor wafer may comprise a supEort

substratd 108 B IRPEN D SRE GrREHREMRER! G SBRSRWS antially

eempriséipetivedn &y 2 O@harsba°second layer made of strained Si; - the
first layer meé%Z be made of elastically strained SiGe and the second layer

made 611851 992G, G PANIRANGH YRS TRRY BB ARPRSRARSFSBGEHE Y being

hivghdey e Todtlenst &id_xGeotinglaf the first layer; - the implantation of
step (a) may also be carrjed out under the first layer and the method may . .
compris@ bR GoniBEn DRBI) BRY s (89 eRiBEBSERaNKG oSN ng

fesaaiing part of the third layer with respect to the first layer; - the donor

St e BP & 38 AT RGN B R B Ry Seline growh

ebprsioohtirsideyesbof Hie seeontileans ivarentddytes thaderpf
strained Si, S0 as to be able to take pff seyeral times from a same donor
wvter, - 118 TRER HE AR RN ConaP I B0 1) 8 IBFARRBRC faver
Bfthie of elastically strained Si;

- the donor wafer may comprise a support substrate made of solid Si, a
buffer structure made of SiGe, a first layer comprising Si;,Ge, (x #0) and a
second layer made of strained Si;

- the first layer may be made of elastically strained SiGe and the second
layer made of Si;«Ge, with 0<x<1, the donor wafer comprising moreover a third
layer made of SiyGe, under the first layer,;

- the implantation of step (a) may also be carried out under the first layer
and the method may comprise moreover between step (¢) and step (d), selective
etching of the remaining part of the third layer with respect to the first layer;

- the donor wafer rﬁay comprise a support substrate made of solid Si, a
buffer structure made of SiGe, and a multi-ayer structure alternatively
comprising first iayersrof SiixGeyx (x#0) and second layers made of strained
Si, so as to be able to take off several times from a same donor wafer;

- the method may further comprise, prior {o step (&), the formation of the
strained layer at a deposit temperature of between around 450°C (842°F) and
around 650°C (1,202°F), and the treatments used between this deposit



strained layer at a deposit temperature of between around 450C (842F)
and around 650C (1,202F), and the treatments used between this deposit
8 and the detachment obtained at step (c) may be carried out at
temperatures less than or equal to the deposit temperature; - the method
may further comprise, prior to step (b)ga step of forming a bonding layer
on the donor wafer and/or on the host wafer, the bonding layer

comprising an electrically insulating material, for example such as SiO2,

r : S
e R P B e AR s s
thandh s of hesteppehtumpsraint@isulator structure. According to a
third as | ' re id emiconductar, .
insulatoe?s%uqcﬁgﬁd(?tﬁlgr?gé] gﬁ%—:ﬁ %gﬁgfr%é b§tﬂ géh o@ﬁé%s@s%(%%‘fafﬁ&“ ng @
(epoding iaanhed, Hivd ddrearravatsvimgdier comttet bettsafahettakbnndifig layer

I ad.the r ini - r. thi ucture hay .
L e T AP S S v, o
:yMNapm2, and a bonding energy greater than or equal to around 0.8

J/im2. P EJHEF E er charagcteristics, .

aims a%%l:a%(fsﬁrgitg%ezéog tQe&ihrﬁg'\)/éar?lrl%rl(?t W(h?becor%\e% c ggf u%gﬁereigdpnra%ﬁg d an
fanolidatioterfilétedesicriptiethad the tppligtiensdfusteferréer thetliodsadicn, of a

eIt Re\ OQTOQ]QM&@%?[%{R#%}?QWQS and made in reference to the
[ ich: Figure 1 shows a diagrammatical cross

appended diagrams in w
sectionfsicardérgicthdactbiron aspethtar stitetureebiamedhaiter theprovided a

%%‘wﬁ%%%é%% é@ﬂéﬁﬁ%&‘&%ﬁl&%‘?g (%989{ 6ngf¥8 rtggﬁﬁgb?c}mgih %fy tﬂ1ee steps

nique. OWS a Cross sectional view ob
dpplicarandf(a) surtticometivndr endraftdatensiricguiieectnataetiafiween the taken-

lication t of the inveptjon. Figures 3a to,3e show .
I o Bt B 8RS GO e R T e e @
singtatceercoghmdsian g hltmgethiak erbasird0AMR Bif aric@at(®d Biyuradrisioeves 10 x

9 Bﬁ%i!mea%%!lgb%%fgtre]e%er}g?tgtrreeaatterp?ﬁgn or equal to around 0.8 J/m?.

BRIEF DESCRIPTION OF THE FIGURES

Other characteristics, aims and advantages of the invention will become

clear upon reading the following detailed description of the application of preferred
methods of it, given by way of non-restrictive examples and made in reference to
the appended diagrams in which:

Figure 1 shows a diagrammatical cross section of a semiconductor on
insulator structure obtained after the application of a Smart-Cul® method
according to the state of the technigue.

Figure 2 shows a cross sectional view obtained by TEM by the applicant
of a semiconductor on insulator structure obtained after application of the method
of the invention.

Figures 3a to 3e show diagrammatically the different steps of a method of
the invention to form a structure comprising a layer taken using 30  Smart-Cut®.

Figure 4 shows a first time evolution of the heat treatment

temperatures that may be used according to the invention, during the
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temperatures that may be used according to the invention, during the 9
separation step and during the treatment of the taken-off layer according
to the method shown in figures 3a to 3e. Figure 5 shows a second time
evolution of the heat treatment tengperatures that ‘'may be used according
to the invention, during the 5 separation step and during the treatment of
the taken-off layer according to the method shown in figures 3a to 3e.
seTAPiER nd Bh shony digireamatially enlirshiarant aner dagoialingeto
Invention. Figures 7a and 7b show diagrammatically a second variant
thearesheid $hoovid thEGHVRRBSHORGures 8a, 8b and 8c represent cross

sectiqpalyieys.aBipines Ru bR ahfeStdenaionalsr havingdeeteatment

subjected to-a He/H co-implantation. Figures 9 10 and 11 present surfggg

terppegRibess rifalsunamehts HeRbIPerPEtIoIR s s PRV InYIRg
se%%elf%(‘ééﬂff LEAMPIHENR te-ARd S Ge thdotdrehZomoiaRly Beesralag to

ts quantification results for structures including a taken-off layer
thecoaihasdriavepdedigyesidhiP Se. DETAILED DESCRIPTION OF THE

INVENTION Examales ehembndipanis afaniadsaceariing dedbRing fo
_invention are 20 described below, as well as applications according to the

theirﬁmﬁﬁﬂﬁbased on layers taking-off using Smart-Cut(r) in type IV
mat%ﬁg'ﬁég AloyRqang é%@i’_‘&tf%@%%%fiéﬁ%%%cﬁh[ﬁ?@ﬁé‘ﬁ?é@pording
figure$ 3a to 3e, Is shown a first method of taking-off a first layer 1in -

to t@ﬁi&@é&mﬁvhere x e[0;1]) and a second layer 2 of elastically 25 strained

S fre rdongt vies 0 de aRIes el abesbalsials asseiriu by

n

the invention. In reference to figure 3a, a donor wafer 10, comprising the

TEffsviay6i donpiwaleshpwimeRaaiisuaissieshig ayde/d! asimgtiaalgion.
straippd, Sl iSgillygtraied. 39 Glassicallk FAonofNgiiekd inpksitgements
Sii_xGex comprises a solid Si . ,

notably on structures respectively including a taken-off layer comprising Si

and SiGe.
Figure 12 notably presents defects quantification results for structures
including a taken-off layer comprising respectively Si and SiGe.

DETAILED DESCRIPTION OF THE INVENTION

Examples of embodiments of methods according to the invention are

described below, as well as applications according to the invention, based on
layers taking-off using Smart-Cut® in type [V materials or alloys, and in
particular in Si and SiGe.

In reference fo figures 3a to 3e, is shown a first method of taking-off a
first layer 1 in SitxGex (where x [0;1]) and a second layer 2 of elastically
strained Si from a donor wafer 10, to transfer them to a host wafer 20
according to the invention. _

In reference to figure 3a, a donor wafer 10, comprising the first layer 1
made of SiGe, and the second layer 2 of elastically strained Si, is
iflustrated.

| Classically, a donor wafer 10 including SisxGeyx comprises a solid Si
substrate 5 on which has been formed for example by crystalline growth a

buffer structure of SiGe (not shown) made up of different layers. In particular,
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. Substrate 5 on which has been formed for example by crystalline growth a
buffer structure of SiGe (not shown) made up of different layers. In
particular, 10 the latter may have a gradual evolution in thickness in its
composition of Ge, starting from 0Ygat the solid Si substrate level to
around 100x% at the level of the interface with the first layer 1 made of
Sil_xGex (it also preferably being formed by crystalline growth). 5 A

the SEREARAPRAR S'RRRIPLRIBIBAGPMIIEES RVR EdhbsitiaRor Be,

Irst c the gro e second layer 2 Is carried out in'situ, directly

starfiognilatiafibh af the RaridaSibasTaisterizvayée BrovAkdeohdatienievel
£.2 1 ied.0 erg.light '

o B A e S L A e R

fornoegdiiglairygtaitiresgrepmidh Jayer 2 made of Si is advantageously formed by

epit ' i : ical V, itt

v e R e S e AR S ce
In eofisiressén the gevuti thybe Bectshlapiyedivyamedifsul 5igjer dirgctly
in '%85‘?%%%{?&”8?‘{%' BRRARA AR tﬂré‘ﬂa}gﬁé*r”?‘?rﬁ} of lesSoleiical Gne

that of 1ts growth substrate and thus to present internal elastic strain
graerikiondhét Benenddseaeyr o iprardefiautiafisreadightsiep Dfittspaigdpnof

00 thick. thi h ical 1 . SO o
th%e%aé(%%o% of]e tﬁ%rest%? ﬁql% rrwq ?ﬁj‘ﬁl I%%i%r’%@ﬁg\%ﬁ;r S t’fﬁ% r%gﬁm%atg%e%wa
popsinérgeter of the silicon and/or generation of faults. We can refer to the
doc n itled  Hi ility. Si iy iedri ;
e ST e oA e 1 opis
ustog riomvidldetinduess Sudijess [Howaver! iV aroparbianasdase 61\D) and
it af [ i ficiently low temperature, it may
M%é@@%&a%p%%sﬁbﬁg %%r@ ?E?ﬁ%:@c%#ﬁé ‘strained layer 2 with a greater
thicknesss{iberciiticdd vaid icdhbiclavesslisayadéb i hlkeedaoligreddey dat first

e R D L T

a weakness zone 4 Is then forme
idantthel to that of its growth substrate and thus o present internal elastic

strain tensions. It is necessary to form a quite thin second layer 2: if the layer
is too‘ thick, thicker than a critical equilibrium thickness, would cause a
relaxation of the strain in the film thickness towards the nominal lattice
parameter of the silicon and/or generation of faults. We can refer to the
document entitied "High mobility Si and Ge structures” by Friedrich Schaffler
("Semiconductor Science Technology”, 12 (1987) 1515-1549) for more
details on this subject.

However, in the particular case of a deposit of strained material at a

“sufficiently low temperature, it may become possible to form such a second

strained layer 2 with a greater thickness (the critical balance thickness is
indeed linked to the deposit temperature: it is all the more important as the
deposit is realized at low temperature).

in reference to figure 3b, a weakness zone 4 is then formed in the
donor wafer 10 underneath the second layer 2. In particular, this implantation

may be made in the first layer 1 made of Si;.xGex (not shown in figure 3b).
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30 donor wafer 10 underneath the second layer 2. In particular, this
.implantation may be made in the first layer 1 made of Sil_xGex (not
shown in figure 3b). 11 This weakness zone 4 is formed by implantation
of atomic species whose dosage, ndture and energy are chosen so that a
depth of implantation and a level of fragility are determined. In particular,
the parameters determining the implantation of atomic 5 types are
adjustad sRariedvintaisesthe sowese Wy amptsstatiiahadippranicabibeies

level of the weak 4 after detach t. In fact, th tent of the,
WhEB G RAR ARl o ABEA G RS-E R BALCLREBY R A ARALRY

andefiing WJWWQQ%Wm@a we will subsequently see. Thus,

preferably according to the invention, the implantation of atomic 1£ .
spedibPATHGUR o EE-RPIRMEIH SEROMIRIABetEs TRIAHE DI IR
typ2k AEPGREAECASHBMARIATRIE BBraEAtDe TookyIASIOs RAXACHEDBCCDS at

implantation of hydrogen, helium or argon or another raren%as or anOtQ%e

thes|auabialne. Wedleeasezans doatiesdatacIMehE ApfRchiPR2fe &
poSPsenEAmbnthaliaeaveskgess#One fdmiatpecalidainnentsapandhrters

case of a sim&le implantation (see study below). The energy of the

defininaibsibRnie Bih Use s a8 WANIK SURSSRHENPEEpth neighbouring

that pfthe g’ﬁe@g?éﬁt 568&%»96{01%@#@@%@&%@@@@@@%5@@%
of around 0.9.1016/cm2 and 20 energy of between 50 and 90 kev and

- spegienqaya ® aoiBRERRIRNHAR S SRR (06 dhe SoNaD IO A

priﬁ@?gﬁﬁ dapt ofimplantationof aEeHBRtsI0GIRR0BNFRP MSHEesHIONE CO-
~ finds here one of the advantages of co-implantation which allows for tr{ﬁ
impdaiigtion otfahniioasss JSHyR @hAEssk of ARNGa e Gakigs awiner
sulQNRY the dose to be used when a single species is implanted. The

total dose in co-implantation thus typically represents 1/3 of the single
spedizghign ﬁmdﬁ%ﬁ FesinmaetiRsuriia FREARb RAtatb 'ﬁ%ﬁ”q%&%ed

thAialows abiaining e PPsk dpiashimenhrE ol spUBNIRs SHawesthasithele
roughness obtained with :
implantation (see study below).

The energy of the implantation is chosen so as fo have an
implantation depth neighbouring that of the depth of the first layer 1.

Thus for a co-impiantation with helium of around 0.9.10"%cm? and
energy of between 50 and 80 kev and hydrogen at 1.0.10"%/cm? and energy
of between 20 and 60 kev, we can obtain a depth of implantation of around
300 o 600 nanometres.

One finds here one of the advantages of co-implantation which allows
for the taking-off of a thin layer using a total dose of co-implanted species
lower than the dose to be used when a single species is implanted. The total
dose in co-implantation thus typically represents 1/3 of the single species
imptantation dose, '

The recourse to a co-implantation will above all allows obtaining a
post-detachment surface roughness lower than the roughness obtained with
a simple hydrogen or helium implantation. This surface roughness is thus
typically less than around 40ARMS measured on a surface area of 10 x

10pm3,
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30 a simple hydrogen or helium implantation. This surface roughness is
thus typically less than around 40ARMS measured on a surface area of
10 x 10pm2. 12 In reference to figure 3c, a bonding step of a host wafer
20 with the side of the donor wafer{f® having undergone the
co-implantation is carried out. The host wafer 20 may be made of solid Si
or other materials. 5 Prior to the implantation step, a bonding layer may be

formad,siuehRe flAYRETBPHSHIhSHI s BISNA 2ShHEaY Mafen poevantipe

_ the other of the respective surfaces to be bonded. In the case of this |
sidgontihg 1698PRAEEHE0IBANES SN RN iR e?:- TRE'RIIAHIRN & RRTIRS
ouform this bonding layer may be a deposit, in order to avoid any

deterioration of the strains in the 10 second layer 2 or any diffusion

condetfiBREY Walke 20shRY Be1TeAeAbINIAGH IR PREERS0 into
contagtwith dhe Honanualer 4o tesiince sdpdrerandedonayneariblks

be prepared, using known surface cleaning and polishing techniques

a layen £OBDIERY STPs0Rkibks, DxomdzseitRRe &rds The rihangt the
redinglfigiay hesfiestlycorisgpubbymalecuias aghasionriineineshia t® be

take account of the hydrophily of each of the two surfaces o be bonded.

d. .
formprdarp HrpRab WatepldamieshniasnuseshiPofiBigpRoRIES laver
ma)PREINY guHasRS ivirBefors RoBRingng dAtelasmafcRCYatiRN IRIMESINthe

particular to create handling bonds, for example on an oxide surface, on

seeRadlaiRicls) e didusien sRosRavsoly thihedustify8bhding forces to
be rgade and reducethe nuunheral sefegtsinthe: handing Wiedaceaferas,

well as their inflience on the quality of the bonding. 25 Such

thesgurgormisg st PRIBSATBYIMERabYGRRI PSR IRfeUHB IR e ERCe

- ciegﬁ@%%@pbmrﬁ&é@&wﬁﬁﬁfegn%%ﬁngges@sism tgchespicalbriagksne
rom
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ymTater etching (used when finishing the surface of the layer taken off)
solgfigns/ei¢ delamination problems at the edges as previously discussed,

The bonding itself may be firstly carried out by molecular adhesion, by
being able o take account of the hydrophily of each of the two surfaces to be

bonded.
It is also possible to use plasma activation of one or both of the two

| bonding surfaces just before bonding.

A plasma activation permits in particular to create handiing bonds, for
example on an oxide surface, on the surface(s) to be treated, and therefore
increase the bonding forces to be made and reduce the number of defects at
the bonding interface 6, as well as their influence on the quality of the
bonding.

Such strengthening of the bonding interface 6 will also have the
advantage of therefore making this interface much more resistant to chemical
attacks from fater etching (used when finishing the surface of the layer taken
off) and avoid delamination problems at the edges as previously discussed,
which may typically appear for a bonding energy below approximately 0.8

Jim?2.
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. which may typically appear for a bonding energy below approximately 0.8
- 30J/m2. 13 In particular, the plasma activation is used so that in the end,
after bonding and after taking-off, the bonding energy is greater than or
equal to approximately 0.8 J/m2. The plasma may be obtained for
example from an inert gas, such as 5 Ar or N2, or from an oxidising gas
“such as 02. The plasma activation is typically carried out at ambient

temper law.a i T f this techniq
hord By e M BRIRHT A T 1 (RAtFRE e ICHOHRa, after
bodiffogirapGefemakiediaf, $icodtndnptenessetoaiesieinsasagsual to

apﬁ%SQ%%i%éﬁQﬁg@ 2.th_e diffusi_on 10 of Ge starts to become significant in
e thickness of the neighbouring layers for much higher temperatures,

typicalig alasmb 800¢ ke plgeihethisteamplof ioerpRsing i gamaiias as
very, quick, typically | neminute. The equipment used will be for
ArGF Pgﬁpfﬁe?gr{owgﬁd&éﬁﬁﬁ\g@a%%u%i? £

exa andard plasm Ing eguipment of the RIE or ICP-RIE
typed e plasmaAftetivsiing ssdhpcadatomnegriovt@besni)tde mmesaling.

; fl : Jimi
o A S RS SR I KRB, e

adbentagesotiantagiogingaybeatsésl atebietmsndirj{fus isgebgtiiromiibe first
-honding further in 20 or i ill inatio .
SIGRN U e R oL R T S B fgion
of Beattertidaithenprisgniiaanidrathiedtirkngsshol éneaneigfabeuring layers
equivalent result, te ures. gr [ roX| ,900C to be
for g R A i I SR C RS e o the
problémascafr@iulitil fienplasidet czatthenéioreanpigaity régnieallp deeiniian
energy.of at least 1 JIm2 after an annealing heat treatment at 200C, in

ONHE tg'of bonding being preceded by plasma activation. In reference to
figuréisel, ésysipovemthessepaititibe sep sRaR B atedasdt pyaprviditeping

eaIFFHERPIPLATHR BRseharieal IS B sfjcient to break

After using such a treatment prior to bonding, an annealing heat
treatment of less than 800°C or less than a limit temperature from which we
can consider that the diffusion of Ge in the neighbouring layers becomes
damaging, may be used later at bonding, to strengthen the bonding further in
order to avoid further still any delamination when carrying out the post-
detachment selective etching, contrary fo the heat treatments without prior
plasma activation which demand, for an equivalent result, temperatures
greater than approximately 900°C to be efficient and which cannot be used in
this case in particular due to the problems of Ge diffusion.

We can therefore typically reach a bonding energy of at least 1 J/m?
after an annealing heat treatment at 200°C, in the case of bonding being
preceded by plasma activation.

In reference to figure 3d, is shown the separation step. This is carried
out by providing heat energy and/or mechanical energy, sufficient to break
weak links at the weakness zone 4, and thus disunite the donor wafer 10 info
a first part 10' comprising a remainder of the first layer 1" and into a second
part 30 comprising the other part of the first layer 1" and the second layer 2.
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| heahyraabitRma B ah dRRPAIABH SvahI@ IR Ady

30 weak links at the weakness zone 4, and thus disunite the donor wafer
10 into a first part 10' comprising a remainder of the first layer 1" and into
a second part 30 comprising the other part of the first layer 1' and the
second layer 2. 14 This heat energygmay then be sufficient to cause, at
the weakness zone 4 level, thermal effects on the gaseous types
enclosed there causing the rupture of weak links. Disuniting may be

Tha&b%%?%ﬁ&@?“ﬁ?é?tﬂ{@ﬁ obsinessAraynd 3Gt 3RNGEE 8RS

urations of varying lengths which depend on whether the temperature is
leviehvdhaiRgb e iBedirg st (bRgeRseNETdiNRR 90FleRamJiRe TR ealesiBsdhe
rufRBrRkeeLiiads of Sil.xGex, heat treatment at a temperature of around
500C for a duration that can range from 15 to 30 minutes up to 2 hours.

10 IPiREHRE BraRmmRig pemgciamRe it Byesramwehe ks
anYoRIYEHE BisHP NG R RS INALL BREBSS AHIANHHRG thecrOMasthher

with the remaining part of the donor wafer 10'. In this last case, and

theplgipRaNgtuiR isdAarijones) Rk IBBSr HeRgRERt method directly after
the spRAcgHORsVithP UL ERmAYIngaaNyalers Bemita-oF mEmcerisiyuel

the separation heat treatment method took Elace , and without creating

9R 6f iheamdralBlId e GRe
rariB8 He%0{ SRPrPHAR RIURME L HYQFsOver, the remaining part of the

onor wafer 10' offers protection to the first and second taken-off layers 1'

and i EipaRrasal Hedaiing dsihhREiRg, FXiGRY dvomsst tigaiment, this
mAISMSy YUK QiisER e RRSSIP R AYRBIIRGIYNENaRR BRAEBRMdDWith

various atmospheres. A heat treatment could also be carried out after the
thaya@amagersser! Prydrnan éaisarded (and removed from the

detaciRRNLLITBACE) AUBISHAUIRCRR AR9 (9 R Vaanhal e e eatneis

can use a heat 25 treatment to stiengthen the bonding interface 6 directly

| mefhed séisartioaftamib asanrsatiorniRgU e iRgadEtwaTeF snfrom the

B Py
witagufﬂ;i@feﬁiimbquasaﬁgitionai handling which would be a waste of time and
would require the use of appropriate equipment. Moreover, the remaining
part of the donor wafer 10' offers protection to the first and second taken-off
layers 1' and 2' against any possible contaminants, oxidants or other such
agents, which offers the possibility of again using the heat treatment in
various atmospheres.

A heat treatment could also be carried out after the wafers have been
physically separated (and removed from the detachment furnace).

in this way, according to a variant of the method, we can use a heat
treatment to strengthen the bonding interface 6 directly after separation.

This heat treatment may be used in addition or in replacement of the
plasma activation that may possibly be used before bonding (see above).

in the case of this heat treatment being used in addition to the plasma
activation, it is therefore possible to make sure that the combined effects of
these two ftreatments achieve the desired objectives, an in particular a
bonding energy sufficient to make the bonding interface 6 resistant to

chemical attack from later etching, and thus to avoid delamination problems
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activation, it is therefore possible to make sure that the combined effects
of 30 these two treatments achieve the desired objectives, an in particular-
a bonding energy sufficient to make the bonding interface 6 resistant to
chemical attack from later etching,@nd thus to avoid delamination
problems 15 on the edges, as previously described. We can thus
combine the two treatments to strengthen the bonding interface 6 to

[ ndj re an0,.or ' & d/mg,
o e B e e e bon oo o
treftiserasriedsttaraythap ifpe koodinmicteréacebt tnabiate mgeading sherey
which Ge diffuses signifi ' thigkness of the second layer 2.
gre#%leg ﬂ?@gt ?lre%%ajnﬁo%Eﬁigs%ﬂrﬁégé&stq?s%ﬁthen the bonding sufficiently
to pheeanyt canyeriskeohdetdnamtationt dotreiredgleainihthtsosdiagiinderface
.etching that will. be used after taking-Qff. ti '
5 G CRREh Wb (LT T s, TR R alRER RS Soove
whilyiGe difarses egrafitamihphoitredlyickseBmef threskeantidayereit to
strengthen the bonding interfage 6 is carried. o %W ;
Iowgrﬂ['ﬁa %?F(e(?'ﬁeaﬁq{g arb?pggx]%n%gtge%i 8§§C‘%n ?éeaséte%é of t eaﬁénea-t:;r%iﬂ%mg
suffieisrit dbtherelomor waleriakdaheddiasinatione 30 $hi# bedggn doritgctthe
after disuniting, this heat treatment t inginte
SOl U AT LIl A B Lo i T e e et
treftomenyhichythe tusefasts 43 dncbbtaoh the frsedalies loadinge(@rinirhigher
together ggain), the re-adhesign perature being considered here,
th%i%{iﬁ%gé}g oparor me?%l%}gn i%n‘,ﬁﬁi?d based on the 20 experience of the
applitenheat SiGatnoémvier sipgroitieatdly B00GINQ prtsntaRe thés carried out

temperature T2 is gr r_than th p ish-the wafers 10
R L A HEe o hama e e Srengthen
the hortimgEseanfetheutémaimingripatindSHrefréhgudhngy ansseroeng the

oo S BRI R S S eaa o
stréedtyesntBe bundieg andrdoeutsis carried out at a temperature lower than
the re-adhesion temperature from which the two paris 1" and 1" of the first
layer re-adhere (or join together again), the re~adhesipn temperature being
considered here, within fhe scope of the invention, and based on the
experience of the applicant on SiGe, of over approximately 800°C.

Optionally, the temperature T, is greater than the temperature T4 to
which the wafers 10 and 20 were subjected when disunited.

This heat treatment fo strengthen the bonding is carried out in an inert
atmosphere (such as an Ar or N. atmosphere) that is oxidising or slightly
oxidising.

The temperature T2 may for example be situated between 350°C and
800°C, maintained for between 30 minutes and 4 hours.

The temperature T, may even more particularly be situated between
550°C and 800°C, maintained for between about 30 minutes and 4 hours.

In reference to figures 4 and 5, are provided exampi'es of possible
temperature evolutions according to the invention during joining phases and

strengthening of the bonding interface 6.
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The temperature T2 may even more particularly be situated between
550C and 800C, maintained for between about 30 minutes and 4 hours.
30 In reference to figures 4 and 5, are provided examples of possible
temperature evolutions according tgghe invention during joining phases
and strengthening of the bonding interface 6. 16 Thus, in reference to
figure 4, a first platform of around 500C is reached and maintained for
aroundt 20 pinlesdn aLdgy fyareale af heepbaodsubitiagiMdnsdeve! is
of the arrow 1000), then an increase in temperature to approximately

re®UGd &neampiota A iRtAaNREMAdNTUIRsR FTHRr BRI S ah ibARYR
disj?lgﬁ‘ffﬂﬁgi g DR VERtaR @tde18eh ofHbe IBMReralye iRladierB 200 )0

IS bo:qdlng interface 6 strengthening heat treatment may then last for 2

aphrisGteho ROMNGdR raine eulfigieat tinatagnirinisienebentbrhpnding

intd{HEg & JESAREHAUULS RIZRIBMN AL ing A\RINBRARIENIRABRAPR M
500C (at the 10 level of the arrow 1000 in the figure) then the bonding

20{Kipribis dondingtiniaiece & siretais ennd e 2oteaimeat Haavathaguast

for@ﬂ&é%Pﬂ%?Q!y’ the applicant has thus observed that by using such a
step of bonding interface 6 strengthening, in particular when it is followed

by alBorefgprnratién Sewehd tikensePugEpnt{ersanet 180cHR during a
o e O e

leveh sihobtneasamactO pirtithearfiuraghtireguéhey h?uf‘@i*ﬁ@s@’(ﬁ'ﬁace 6
str%m@%ft?ﬁ ;téﬂwgérgﬂﬂg'(?r%ﬁﬂﬁf%ﬁﬁf@%%‘é’@&ﬁ%@?‘é@ﬁ%@%?'m2

asma activation). After removal of the remaining part of the
donGiukprisinigyfrthe apploacfarithunebeesmasttnaidry asigsech a step
an ; ai einat Ot ‘2
o e e R oS 0

impianiation otpnatheetgkenyhirreredbeadeigghness, without having need
for an integmedioles POIRMhe quality in their parts damaged during the

implantation (in reference to figure 3b) and during disuniting (in reference to

figure 3d};

- a smoothed surface, in particular for high frequency roughness (HF
roughness); |

- a bonding energy greater than approximately 0.8 J/m? (without
plasma activation).

After removal of the remaining part of the donor wafer 10' from its
contact with the taken-off layers 1' and 2, a structure 30 is obtained
comprising the host wafer 20, the second layer 2 and the remaining part of
the first layer 1'. This structure 30 has an improved crystalline quality and
reduced roughness, without ha\)ing need for an intermediate polishing
operation.

In the case of an electrically insulating layer being formed beforehand,
between the second layer 2 and the host wafer 20, then a SiGe/sSOl or

Ge/sSO| structure is obtained.



10

15

20

25

30

operation. In the case of an electrically insulating layer being formed
beforehand, between the second layer 2 and the host wafer 20, then a
SiGe/sSOl or 30 Ge/sSOl structure is obtained. 17 A finishing step is
then used to remove the slight rougtmess and few remaining crystalline
defects at the surface, such as the use of chemical etching. The
mechanical 'polishing means used prior to the chemical etching to 5

reducertermisfacsy aighaessanehthersioee o ke thedifiaerit saintew

of the etching more homogeneous), do not necessarily need to be .
remaininedensRline s /e sbdnseRMiiane: couribRR iR HHEgea! cridgiica!
atcRiAlich smoother sampling surface than hat obtained by simple

implantation. Furthermore, the bonding strengthening heat treatment

alloSienBechanicghredsity o enamstairgpHRAidheChaMTIEaL AN to

redRRQVEh @130 10, DI AR NG RARAIRERBRIGY 1d MRaRE tXEC@TR%AE oY of

possibly be removed’in order to obtain a final sSOI structure. It is then

thepBiaing tHaTakoMeBeREAE sl IRReStAIR RE At PBYGHERS: In

fact® 29 TGRoNAINGYBE LW Bib XEsw Seisciiely Usisdpesaibiedo asuch
selective etching by using for example HF:H202:CH3COOH, SC1

SMQeRD EATIY DS 0Ys HAT AR folyedby firgeledmmparRiRiund 40:1
betwegmhiensiGe apd LR SRLMaYIRtRBENIRE huAh (430K KA Hiis

20 An example of concentration that may be chosen for the

roughness HA e/ rbatantalin g iminiahed- 283/ 1He s et koM maRd o

inc?é%s@r/ﬂ%w g%pg?nd 20/1. The length of the etching is directly
correlated , with'the spéed of etching. It is typically around 5 minutes for

800A N6 eheteedavien PoeayarasePiHbe/RROYRfdNRrder to obtain a
finSoaEBlaaiAlianang: the presibir sisfofd andiactsireneineaingiBeat of this
treatment having considerably reduced the surface
structure thicker by epitaxy.

To remove the layer 1' of SinxGey selectively, it is possible to use
selective efching by using for example HF:H;02:CH3COOH, SC1
(NH4OH/MH0,/H20) or HNA (HF/HNO3/H20).

A selectivity of around 40:1 between the SiGe and the sSi may be
obtained with CHsCOOH/Hz02/HF.

An example of concentration that may be chosen for the
CH3COOM/H,04/HF is such that the ratio H,Oo/HF is comprise between 1/1
(very concentrated) and 20/1.

The length of the eiching is directly correlated with the speed of

etching. It is typically around 5 minutes for 800A to be etched with
CH3COOH/H0./HF. _

Thus, the co-implantation and the possible use of bonding
strengthening heat treatment having considerably reduced the surface
roughness and the non-uniformities of thickness in the taken-off layers 1' and
2, it is possible to use more or less the same selective etchings as those of
the state of the technique, but by also eliminating the disadvantages that they
can present, such as the need to use beforehand mechanical polishing

means.



10

15

20

25

roughness and the non-uniformities of thickness in the taken-off layers 1'
and 2, itis possible to use more or less the same selective etchings as
those of 30 the state of the technique, but by also eliminating the
disadvantages that they can preseqg, such as the need to use beforehand
mechanical polishing means. 18 Moreover the bonding strengthening
(carried out by plasma activation and/or post-separation heat treatment) is

suffigient 19, SHDHS R P'aplemm A8 ainRiiPB At Bye8slans activation
mentioned earlier. In refefence to figure 2, a structure 30 SiGeOl of 20%
an@/@rw@ﬁﬁﬁw@aﬁwww@ﬂtmﬁﬁj wiisieabilicimiraing aroblems

of Helsigh&hidh single LRIohein8Red imayhich the weakness zone has

been created, and following a post-disuniting heat treatment at 600C

shod areiREaNeH 149eliowiesis .8 Ceosiickitfie 3QuiSiiabr ffe SR filSe
(pHR¥E5hBREEBGORENAY Bh iR B eipHslrdisonssacirarefgrenaede a

_figures 3a to 3e) covers a layer 10 of Si02 5 and comprises very few
singigstapricod SectS ane ivewhirhdheuyrnkassaigeneshastiganereated, and
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note proportion between the thickness of the defective zone 1A of
in o sikere Giblalfts PRURleah« (Gageal fiesid el dfane repseaRdayer 2
toz\%@_ &‘Oé'} &Eélgb@%ﬁf%&? 0 Aigurerecly ﬁgﬂpé’é{y&é"wH% BN a layer

hickneSs of takén-off layers | for figure 1 and for figure 2, the sound zone

of Bi)s maiesh gpeRERpROSBMIEHAIR YABINSIBEENiBRAThYadEBRAREABNASS
wiﬂﬂ\f%’gp%etttbaﬂ@s@%t%%ﬁm&@&uaw{ﬁgnrdﬁﬁl%‘e&ﬁ?%ﬂf@F@ the prior

art. Moreover, results of surface roughness measurements made on such
20 alBigatitdruciucenie T03eG e disemeorinnHebpphaiie dhickness
S N I . € m | ft
o B T o g

thaiofiitislarraedies| kertod hayriing s ieleganaa ng Hegdtaréatment (post

L e ) By A St e
angf o sfigorand, the sound zone 1B is much greater proportionally in the
SiGeO! obtained according to the invention than in the semiconductor-on-
insulator according to the prior art.

Moreover, results of surface roughness measurements made on such

a SiGeOl structure with 20% Ge, carried out by the applicant, are presented
in the table below. These measurements were made just after separation at
500°C for about 30 minutes foliowing simple implantations or co-
implantations, and at a bonding strengthening heat f{reatment (post
separation) at 500°C or 600°C.

The roughness was measured and the values are given in RMS or

peak to valley (PV) by AFM on surface areas of 10 x 10 ym.

it should be noted that the applicant has carried out a sufficient

number of measurements to validate the results.

Nature of the implantation Bonding Surface roughness

strengthening RMS (A) PV (A)

treatment
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It should be noted that the applicant has carried out a sufficient number of
measurements to validate the results. Nature of the implantation Bonding
Surface roughness strengthening RMS () PV (A) treatment 19 Simple
implantation 500C/30 min 80 - 85 8% H: 40keV-6.1016/cm2 600C/30 min
38 420 Co- implantation of H and He: H: 35 keV-1.0.1016/cm2 500C130
min 49 407 He:70keV-0.9.1016/cm2 33 272 600C/30 min In this table, it

can be noted that the surface roughness is less significant in the case of

Sinﬂ)@ﬁ*ﬁmﬁﬁé@iﬁﬁﬁ than in the case of a simple implangtation, Thus, t
applicant h hlighted theAHHUER B¥he nature% th 55 i plargfi on

hi
H: 40ke¥iR- $iG & Torm a wed e 4. on the|extent of the
W ng 420

post-diSuniting roughness w appearpsf: a helium - hydrogen co-

1

Co-'i'r‘(x;f gmﬂ&&w&mi%@%‘?b ghness of the SiGe 1ayer 1 to be supstantially
reduced with respect to a simggigelnydmaan implantationddn this tabledd

H: 35keNsb.Bd Bidtetmthat, in all cases (implantation pf a 10 single|species or

H e:c?g anigtigneaf several species) a recovering operatgg at 600C 272
educes by almost a third boOB3EamiERMS) gnd maximum (PV)

rouahnesses-with-respectte

roughnesses-with-respectto-a+ecovepng-operation-at-the-distrmitin
tem%%ré@ﬁetf‘é’pl)%rog(iﬁl%‘?eIp%d%?ﬁth@%lﬁgﬁngggeasc%efﬁg @snse ﬁ?a%%be i
sigRiFSarng ewen dess tham3boAimpantation-ithptartation cases cinel betorle
- 15 below 275 A PV. The applicant has thus established that there is
RIgRIAERRty less roughness when the taken-off layer 1 has undergone a
postigeparatioapbtindintcheisengtiieriterhitat infatneatofrtnefevaince tf the
img%%nt%t?gﬁ %%%glir?tgl!ggr?o?’f%:!rsnfg%Uga%geaé%egéne 4, on the extent of the

post-disuniting roughness which appears: a helium ~ hydrogen co-

~ implantation permits the roughness of the SiGe layer 1 to be substantially

reduced with respect to a simple hydrogen implantation.

In this table, it can also be noted that, in all cases (implantation of a
single species or co-implantation of several species) a recovering operation
at 600°C reduces by almost a third both the mean (RMS) and maximum (PV)
roughnesses with respect to a recovering operation at the disuniting
temperature (approximately 500°C), the roughnesses being less than 40 A
RMS, and even less than 35 A RMS for co-implantation cases, and below
below 275 A PV. |

The applicant has thus established that there is significantly less
roughness when the taken-off layer 1 has undergone a post-separation
bonding strengthening heat treatment.

In reference to figure 3e, a sSOI structure 30 is finally obtained.

in the case of one or more bonding layers being buried under the
bonding interface 6, a heat treatment may possibly then be used fo
strengthen the bonding further, in particular by creating covalent Einks.

This bonding strengthening heat treatment may be carried out here at

a temperature of over 800°C, given that there is no more SiGe or Ge in the




20 In the case of one or more bonding layers being buried under the
bonding interface 6, a heat treatment may possibly then be used to
strengthen the bonding further, in particular by creating covalent links.
This bonding strengthening heat trggtment may be carried out here at a

 temperature of over 800C, given that there is no more SiGe or Ge in the
20 structure 30, and that there are therefore no more problems of

strifiueionobae tithanerairderabibeding IAves briBdnkheentappierte

removed). Possibly, a subsequent step pf crystalline growth may be used

(therepnaaladRIOMBE R IS ehiAYNS RRERGPIRRISES FEMINGDS strained
Si. PHRSIIIUARESSHRBPLISBENES oAbl (fery e dsed (ffor

strained Si layer has been deposited on a SiGe layer comprising 20% 0

examayaldBE Y XA spicn indirkesntaa srreatdpyeralstadind Riore
partislany eopfRissseriaia dparbmantparamesersand retally SRURA! a

co- irEgIantation parameters. One reminds hereunder different problems

straingsd iéaa@wﬁqtf@%iﬁ@p%s&%kﬂm@o%iﬁisrfgmg@mrg@%?%sﬁ(wf Ge)
mald8M,deRer WalsIapeoKIng R-actkRn plbraeess Thidi: results more

Smart-Cut(r)type. These problems (and a solution to cure them) have

| parissiptsseasEinreaiiappatasiv et PafFReiash andRiablyrtryral co-

EmﬂQﬂYﬁi@r?zgé{YQ}ﬁQt@@thg have been made available to the public on
March, 1 2005 under reference IPCOMO000083333D. The recourse to a

co-iprRifeaTts e dreTauaaar aiters th e reRieans eBFBIRRI VIR ERTIRG
a sitpiace ndRidsiestsaiin (Brdhickngssh tAenrkeareH A&%8kding to a

Particles or organiC substances present on one and/or the other of the

takamfets Rese BoRHEE AR preCeiPiE Do aRRS tBBE IemRda M Bisalution fo

cursPHSEANOn RIRNREE A SERIBIE GBSO RBS BAREND IMfeHBS et already
implanted species may then diffuse to the weakly bonded bon%gl}%&g he

memienase bivhs ABIIC KB IREhB¥se PEFhTRARIIAYHA
puBTH S INoIS lacedisthrRendiagrRer oy v nobbgssfgient to allow

the detachment of the donor wafer. Certain zones of the taken off layer

may! ffefe Ao e tha ks farBPGHIG iR et Wideptiead e fpgnation of
blitSPMMNAY bonding interface and of defects within the thickness of the

taken off layer.

Particles or organic subs’sénces present on one and/or the other of the
wafers to be bonded can prevent the bonding to be carried out in a satisfying
manner at certain regions of the bonding interface. The implanted species
may then diffuse to the weakly bonded bonding interface regions, forming
blisters at the level of the bonding interface.

Furthermore, locally, the bonding energy may not be sufficient to allow
the detachment of the donor wafer. Certain zones of the faken off layer may
then not be transferred onto the host wafer (these zones are communally
designated under the term of “non transferred zones” or ZNT).

In addition, crystaliine defects of the nano-cavities type (presenting a
diameter of some nanometers) may be observed, depending upon the
chosen co-implantation conditions, within the thickness of the taken off layer,
beyond the defective zone. These defects may result from an agglomeration

of Silicium or Germanium atoms displaced during implantation. In particular,



designated under the term of "non transferred zones" or ZNT). In addition,
crystalline defects of the nano-cavities type (presenting a diameter of
some nanometers) may be observed, depending upon the chosen
co-implantation conditions, within té thickness of the taken off layer,
beyond the defective zone. These defects may result from an
agglomeration of Silicium or Germanium atoms displaced during

whisRPIRtaHO™ impritikidaseRdibwhentheligatie inypantedsenglnbpanfitaese
same depth than hydrogen, these nano-cavities type defects (located h
naBRElRR HBR SRECSHID BRI LRI RaSSIE0 e Whe Hiasnue

undEeRaMdN thendafectivrzaneraserabienved daftitibezdnelnass oberved
_taken off I%%r. The aFEpearancE{?f these defects necessit%he the ¢
withinn itk aetaeh MenEsPa Bliclades SPmARPRRTABRE FhPromhffas

nefeseesRY taBd-thysaecaasitatas shemtaking eff tfcxteiskesf Imerial more

_ reference to the views of figures 8a, 8b et 8c obtained hy TEM, ,
'm%ﬂﬁrﬁléhﬁéﬁ&@?ﬁmmwﬁgﬁdfh%rBSEﬁ%ﬁ'@@?d%F%ﬁ%@ ?%r ?geatéﬁ@%e‘

jayeff of a layer following a thermal detachment treatment is represented.
Figure 8a represents a view obtained by TEM pthotography of a Si or
wafdP HRIRE5E P s Sedd (8 é’%‘r‘f@\% %Né c8§i§'glgﬁ’@{'i‘ﬁgcﬁyh it @

conp ByfEasanoTha distapdtingded feesthspsliedivbthediickoe sseotdken off

donor wafer is perceptible (see dark points) on this figure 8a. After
of BURURARUH PG SFoAr AT DL HTIEENS (S ES eRLAion at the

levelgfithe wieaknesscrrsa (sraigueidel Dguredcpirptegrsayinf a Si
reversed sight compared to figure 2) the taken-off layer after dgét%g%ment

doppl waiRfePBrita MR HIIPESH tHRSRGIECHES offé BaRnElaRRNoN of
hefigiedlive rpne st e suiaen, cutMelbashndy esansentidaiestsf the

(dark points) in the thickness of the taken-off layer. Each of the implanted

dogge¥adas aisRIaRIPIG/ (808 HRrROINSSBHINE TgURe Sfafer, according

to a pgpartiiondmgfile havingsa srirading Frimalithiaawhish theagpediettie
~mainly concentrated and presenting a maximum co _centrzzéi '51 pF[;:,ak. '
disvrirnpricitay lenelréiallfol ak e eR aZR s SEaNn PHERI 5 eseldiig £°

represEis! de vislionrddedipinacerith srigadinganne yner eiken-off layer after
detachment and transfer onto a host wafer. On this figure 8c, one can notice
the defective zone close to the sufface, as well as thé presence of defects
{(dark points} in {he thickness of the taken-off layer. |

Each of the implanted species is distributed, within the thickness of the
donor wafer, according to a repartition profile having a spreading zone within
which the species is méinly concentrated and presenting a maximum
concentration peak. More precisely, the repartition has a quasi-Gaussian
profile presenting a standard deviation (defining said spreading zone wherein
the species is mainly distributed, for instance within which one finds 70% of
the implanted species) and a maximum concentration peak which notably
depend upon the implantation energy. _

The helium atoms diffuse within the Si matrix more easily than the
hydrogen atoms. Hence if helium is implanted ciose to the bonding interface,
the risk increases that blisters or crystalline defects beyond the defective

zone form. A way to cure this problem consists in implanting helium more in



the species is mainly distributed, for instance within which one finds 70%
of the implanted species) and a maximum concentration peak which
notably depend upon the implantation energy. The helium atoms diffuse
within the Si matrix more easily tha#idhe hydrogen atoms. Hence if helium
is implanted close to the bonding interface, the risk increases that blisters
or crystalline defects beyond the defective zone form. A way to cure this

depifotteam byosizisiin supfwititi Helinogaorecnta@inte peyitamiaydbosn the
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CO'?Q} IfiRatibiFof tHPR gf?& ot°Bhgted ded’é‘?re%%sén the'Bast '
indepeardetetts fosdimtitioriiod theughriase sougtineserAsidation bisking ibnd
ible to.overcome this problem has already proposed by the Applicant
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cormaaenis@i bdiedenhthpuidist graMaretets 2005mEztiteradfy thpetimgtitiis of
. Solution consists in precjsely controlling the relative position of the
DISIRERoRER Rt AL e el PHBTLRIEH oo TIhr G Hace
rouggalebeing located at the level of the embrittlement zone and more in-
depth than the hydrogen spreading, zone), and in_jointl ntrolling t
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0- jmplanting according to these parameters, a satisfactory, compyorj
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Generally speaking, this solution consists in precisely controlling the relative
positio'n of the hydrogen and helium peaks in the implanted donor wafer (the
- helium peak being located at the level of the embirittlement zone and more in-
depth than the hydrogen spreading zone), and in jointly controlling the dose
of each species (the helium dose accounting for approximately 40% to 60%
of the total amount). By carrying out the step of implantation by co-
implanting according to these parameters, a satisfactory compromise can be
found between roughness and formation of defects.

The experiments carried out by the Applicant on the detachment at the
jevel of layers containing Ge (typically layers of SiGe comprising more than
15% Ge) led to surprising results with regard to the roughness and the
formation of blisters and crystalline defects beyond the defective zone. |

A possible embodiment of the process according to the present
invention is as follows: |

- to carry out a co-implantation, typically of helium and hydrogen, in a

layer of SiGe, according to implantation parameters adapted to shift the



The experiments carried out by the Applicant on the detachment at the
level of layers containing Ge (typically layers of SiGe comprising more
than 15% Ge) led to surprising results with regard to the roughness and
the formation of blisters and cryst@fine defects beyond the defective
zone. A possible embodiment of the process according to the present
invention is as follows: - to carry out a co-implantation, typically of helium
cangkhirdtiogepe itk a dietinhSiGe hadeopding moﬂmﬁtathmtbatamemwm

ted to s |ft the 23 entrati s of hellum drog en in
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shytmose dmstacingezénés ndaitsd reoihdntiettalitapdbk ietobdatdement
more in-depth than the embrittlement zone 5 - and to implement a post
Sunion recovering heat treatment at a temperature about 600C (+/- 25

- Ce)nd:b be nmmaxmd feonp St nifisutes mprdodesritguls dor texaim@etdating
mat he,implantation ete are adapted
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kes it po |bIe strongly.reduce ug sses (in particular those of
?ﬁgt@ﬂ@ﬁf@ %'%) Q WL%P/ %Bmt%ﬁ P&?@E}]R%%EES independent
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framewor of this embodiment, to im heliu
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doﬁysmm&et@ste heyieaththeptetesttvesonne 1rmtf'ma@@ﬁ2 lyietothehat
diffusion of helium in the transferred layer being blocked by the
being restrictive.

Such an- embodiment makes it possible to strongly reduce
roughnesses (in particular these of high frequencies), and makes in addition
low roughnesses independent from the helium implantation depth. It is thus
possible, within the framework of this embodiment, to implant helium more
deeply than hydrogen, which makes it possible to limit the formation of
blisters and crystaliine defects beyond the defective zone in the taken-off
tayer, the diffusion of helium in the transferred layer being biocked by the
hydrogen spreading zone.

Consequently, this embodiment makes it posszble to minimize at the
same time the roughness post detachment, the number of defects of the
blisters type and the number of defects found in the thickness of the taken-off
layer. This results in authorizing the taking-off of a lower total thickness,
which makes it possible to reduce, or all at least {o simplify, the post-
detachment finishing operations (polishing, selective efching, sacrificial

oxidation, etc).



hydrogen spreading zone. Consequently, this embodiment makes it
possible to minimize at the same time the roughness post detachment,
the number of defects of the blisters type and the number of defects
found in the thickness of the takenZdff layer. This results in authorizing the
taking-off of a lower total thickness,  which makes it possible to reduce, or
all at least to simplify, the post- detachment finishing operations (polishing,
seldetingaicingosattificiaprosetdtionsesy) r@hehigures todHnmesweserst-
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| he bondi ively at 500C and 600C duri _
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maliﬁt?ﬂﬂﬁ% aft bf igtag‘eequeﬁﬂes darirer apirbyisvetelying respecthalyrise in
surface area of 2*2pm2 and a surface area of 10*1Qpm2 using a AFM

oG TR 1 AR RRa e Tt AR D1aB R as a (t0
strérepibenciepsarpeddng by resplicinelyy usindblE Oekial(r) 600°af Vdadog

Instr,um(fﬁrbt(s Ing company. On each one of these figures 9 to 11, one has
ap%‘b’f@@ AR of roughness measurement expressed on the left in

averigarealgeatRMIS iams ropr dae mighidasmairents véluestatatemanitigh
On these figures, one has showed the result of measyrement carrieg out
e RIS AN S A B SF e DG L Feras (AP heuras
an@navhighnsumes relativererpattivelido Si ARMIMSiEssaopeledityure 11
represents measurements of roughness at low frequencies carried out by
profilometry using the Dektak® tool of Veeco Instruments Inc company.

On each one of these figures 9 fo 11, one has represented results of
roughness measurement expresséd on the left in average values (RMS) and
on the right in-maximum values (statement).

On these figures, one has showed the result of measurement carried
out following implantation in a layer of Si, and in a layer of SiGe (see figure 9
on which columns relative respectively fo Si and in SiGe are clearly
distinguished). |

As concerns Si, two wafers, subjected to a He/H co-implantation, were
studied. The co-implantation parameters were as follows:

H: 30kev-1.10"%/cm?
He: 52 or 80 keV - 1.010"%/cn?

As concerns SiGe, five wafers Were studied, namely a wafer subjected
to an implantation of H only (H: 30 keV, 6.10%%/cm?), and four others
subjected tb a He/H co-implantation according to the foliowing parameters:

H: 30 keV - 1.10"%cm?



distinguished). As concerns Si, two wafers, subjected to a He/H
co-implantation, were studied. The co-implantation parameters were as
follows: H: 30kev-1.1016/cm2 He: 52 or 60 keV - 1.01016/cm2 As
concerns SiGe, five wafers were st@flied, namely a wafer subjected to an
implantation of H only (H: 30 keV, 6.1016/cm2), and four others subjected
to a He/H co-implantation according to the following parameters: H: 30
keV - 1.10HcmB 25 He: 9866 %ah6-01.60Ranz1.10'6/cm2 Figure 9

confirms the very.int ti ofit in te f high f i )
oS e SRS A S A AR D B B e gcies
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roughness are even weaker when a co-implantation is carrie%r:)]yt. In
[
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alta¥hatiwas oRSRIMBG NS tptsinessteptsdemnereasgavhersae Dglilgn of
peak is located more in-depth than the embrittlement zone, On the other
FOUGLINESRifHm BHE TrYFRAFO 7 %@%‘@H@EF&R&B I$r&athRhPHEF600C,

roughnessifivsensbyneveadified when so6 Dplittacheliimsyeh thailar
the helium peak is located more deeply than the, embrittlement

A P L A Rt ot RGBS

peAPREEEHY Fisennagenel e N RiGamisR NG Heatment. The results
presented on flgures 10 and 11 confirm these observations, The behavior

in c&Atnplght il a4EvBVdhRg TrREREGaPe GO A1 sthptRGHfure
tre ISRIAL 28 BEDROCROMARRR NeieddHaisn e Dy iR APRlicantmghimPIants
hei];Lar;]neg\{;ocrIL( Otfhaatdqt%taé: hhmeelirtljtn? ¥ ég%lI(evgl %galtagg ' ?r}cosreia deeply than the
embritttement zone. One observes here an unexpected behaviour, in
opposition against what was observed in Silicon, as well as in SiGe with a
500°C treatment. |

The results presented on figures 10 and 11 confirm these
observations. '

The behavior in co-implantation, during a recovering treatment at
800°C, is surprising insofar as the phenomenon noted up to now by the
Applicant within the framework of a detachment on the level of a layer of Si
were that of an increase in roughness when the helium implaniation energy
was increased (helium peak shifted more in-depth than the embrittiement
zone).

The phenomenon of post-detachment surfaces smoothing is thus
related not only to the temperature of the recovering treatment, but also fo
the types of.materials present in the donor wafer. In the experiments carried
out, the difference lies in the presence of Ge in a wafer in SiGe, a Si wafer

being obviously deprived of Ge.
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were that of an increase in roughness when the helium implantation
energy was increased (helium peak shifted more in-depth than the
embrittlement zone). The phenomenon of post-detachment surfaces
smoothing is thus related not only26 the temperature of the recovering
treatment, but also to the types of materials present in the donor wafer. In
the experiments carried out, the difference lies in the presence of Ge in a
wafé irefaeace O fivaiey 1Riteohyslicsiideipoveshot Seulmdnggiersast
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being increased). -

According to a second va;iant of the invention, in reference to figures
Ga and 6b, the donor wafer 10 comprises prior o taking off a first layer 1 of
strained Si, then a second layer 2 of Si;Geyand a third layer 3 of SiiGey
that is situated underneath the first layer 1. The weakness zone is then
formed according to the invention under the second layer 2, for example in
the third layer 3. Selective etching of the Sii.xGex may then be used after
separation in compliance with what has been already seen, so as to create
finally a SGOI structure 30 (Strained Silicon On Insulator structure, as shown
in figure 6b) with a first layer 1 of strained Si and a second layer 2 of Sii.xGey,
Optionally and alternatively, a second selective chemical etching of

the strained Si may be carried out, for example by means of chemical types
based for example on KOH (potassium hydroxide), NH;OH (am'monium
hydroxide), TMAH (tetramethyl ammonium hydroxide) or EDP (ethylene
diamine / pyrocathecol / pyrazine). in this case, the first layer 1 made of

strained Si only plays the role of a stop layer protecting the second Sis..Gex
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separation in compliance with what has been already seen, so as to
create finally a SGOI structure 30 (Strained Silicon On Insulator structure,
as shown in figure 6b) with a first layer 1 of strained Si and a second
layer 2 of Si1_xGex. 10 Optionalléand alternatively, a second selective
chemical etching of the strained Si may be carried out, for example by
means of chemical types based for example on KOH (potassium
|layehysinpxidethdViitéObheamnitaoaitmekhydiBiGiL)) Binidti@aniatiyshown) is

ammanium hydroxide) or EDP, (ethylene diami la:
therb RARES IR Sash SERTTRG: oy 8P e 1Y Ay S e
this :Egvfcpbettr@::aea_to@'ﬁ@yen@me@ﬁ reptlee seetber Sjlakesr@talliyer strisoinre
e first chemical attack. A SiGeOl strycture 30, (not sh is th
thaf’bﬁiﬁiﬁé‘-ﬁ:@’ %ryir@ﬁ}gﬂ%&’ @i\/b%%glyéb 5oLkin yh(é:r"]r{go)‘wsn 8:?%35}@2&, this
?he%mth f'm;gllm/grtﬁacrvl}mhﬁﬁrhaybtladamt@m' joalitin oefstedtine Strligunes 7a
an the first layer 1 which has previously b tched. 5 [
ons T o e BT T T R
stm\g{ﬁl%r éﬁ_beﬁgnt@[w@cnﬁlg E@@;@aﬁmggfamm ABjet Gtz mlt8inddiee(X
rising first layers B 4 D, 1E in Sii_ XGe. (X, EF~EQ
=0kaBaPRYMS D DB D E 32 et et G R Sery
out BURIPAESF Ekinrsreit srecaistinging thetinyémtiamtidrorirdne e tendonor

walert b1 S5 BOR WAL B TH SHAEr ) BIE 2o ST LR
padﬁ%@gwgﬁ%aggﬁfﬂﬂ dodeand fa@@medtsfﬁf)a spewttaiBgBivilidhis
wayg %aﬂ%ﬁtﬁ@i’e %t&&fﬁ&%%@%#ﬁé%@ f%ﬁt%o %fgtgk{ﬂﬂ'?gr
el daremisdimgn o tamoten oty wamod pereiioge
taught-yER AGHERCR, Qﬁ&%‘}’f é%ﬁiﬁgp wafer izn?hiczlf: \;thiEh ’isztg éa§ 0
}gaéﬁiggﬁi?{}@a?@ﬁﬁ]@gﬁgﬁmmi@;nssaimﬁmuomanmgimemﬁmxatmbf
Sy RIS T AE e B e 0 B
ancft3am p@?twgmf EWeereEIRroRTuAe!Y 45000 diXl B3DE dunargnaih is
thic?(?p\ggirctﬂ? ig.l?éBgaeyo'%gta rllt %Ea)lscaalllyrere?g’tcs\be?ytrgﬁwﬁgasn?fthickness without
having the relaxation of its elastic strains. This has been made possible
thanks to the formation by low temperature epitaxy. For example, a layer of
strained Si deposited at temperatures of between approximately 450°C and
650°C on a growth support of SipeGeo2 can typically reach a thickness of
between approximately 30 nm and 60 nm. _
If such a thick strained layer is formed in this way, then care must be
taken not to exceed a certain limit temperature (which is situated around the
deposit temperature) in the following treatments, and in particular the
treatments occurring between the de.posit of the layer and the detachment of
the latter, carried out by Smart-Cut®, in order to avoid relaxing of the strains.
Thus, in this case of thick strained layers, plasma activation prior to
bonding (as discussed earlier) will be advaniageously used and typically
carried out at an ambient temperature lower than approximately 100°C.

Furthermore, at least one layer of dielectric material bonding, such as SiOg,
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. between approximately 30 nm and 60 nm. If such a thick strained layer is
formed in this way, then care must be 25 taken not to exceed a certain
limit temperature (which is situated around the deposit temperature) in
the following treatments, and in pa%ﬁcijlar the treatments occurring
between the deposit of the layer and the detachment of the latter, carried
out by Smart-Cut(r), in order-to avoid relaxing of the strains. Thus, in this
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ienf temperature lower than approximately 100 ermore, at
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this layer m ctric material subsequently helping (i.e. after

ademam)ﬁmsm@ the ceparitseamnsratuenapiaindhico &H@!p%ﬂﬁ&er
in tHRSREOD ﬁ&{ﬁgbg %@%g%mt at a temperature T2 is 5

~advantageously osit temperature of the thick strained
|ay@f mquseamnakﬁkmbingtwaﬂo@mg hsiliidon peserdee tipgntion

pres skilled in tB@ea{é%Qﬁezl e FASRRSA @‘@'Hioé’trﬁ %@Bﬂvﬁé? he

her materials tha exor strame §j diven th ws the
know@ﬁmmaﬁmpbwd&b!gyawaégrsra@euchlaﬁ@@éqﬁhmmatﬁn%r

I
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to figans GAG dortihnsgabilatihe dheosdscadonoeatfa foalsssectirg 30
f f
malfVBf 4G A B R AR B PR A st taver
1 :armmfers:ﬂ@elﬁmdnﬂamdecdﬂ@flm@sé areithotéassal 1Hyee roplastales
desgklb EE y re O%yt e 8?% féfﬂc@ém“'?% W\%(Sf%%c% éf’gmfhe

oves e remam by using known selective
remetcitiag teoftigués: smh|thd)swssnddayer@abﬂ-bﬁﬁﬁ@smadmﬁm@éa‘b20 by

e TS G B e T L R D G et e
rerrsendesl Staf Qgarg nmlafo&maalwtdlerammmgd@M%@sbe provided
in t@iﬁ%%%}‘?yeé' A&ﬁﬁcture GaN-on-insulator can be for example

manufactured from a donor wafer 10 comprising a first layer 1 made of SiC or
Si (111) and a second layer 2 made of GaN. One or several stop layers
made of AlGaN and/or AIN may possibly be provided in the GaN layer. After
removal of the second layer 2 made of GaN, a selective etching comprising
the removal of the GaN located above the stop layer can be used.

Thus, for example, dry etching using a plasma gas comprising CHa, Ha
and possibly Ar, can etch the GaN quicker than AIN.

We can then possibly remove the stop layer to obtain finally a layer of
GaN with little surface roughness and very homogeneous thickness.

We can also in the same way adapt the method according to the
invention to other taken off layers in HI-V or li-VI alloys. '

We can also exiend all of these materials to those including carbon in

small guantities (around 5%) or doping agents.
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removal of the second layer 2 made of GaN, a selective etching
comprising the removal of the GaN located above the stop layer can be
used. Thus, for example, dry etching using a plasma gas comprising CH2,
H2 25 and possibly Ar, can etch #& GaN quicker than AIN. We can then
possibly remove the stop layer to obtain finally a layer of GaN with little
surface roughness and very homogeneous thickness. We can also in the
same way adapt the method aEtdkéihg to the invention to other taken off
layers in llI-V or 1I-VI alloys. 30 We can also extend all of these materials
to those including carbon in small quantities (around 5%) or doping
agentil Ao LA Brind/etsud it fercimypaisingctute yemtbesiisg takape pff
that is taken off from,a donor.wafer, the donor.wafer, comprisi (8]
O HGTH AL P T WA GOaF I LB o ot i der
of arfiaterialscnat chessnnthiayersemiteniistioy enatbasecond anseenal [ayer

osen among semiconductor 5 materials, the method comprisi
on i St oo RO TR chiase <RRaG o aiiagh ilfetor
mateiealsness aatbathdemphieisgchaddiyerinthyborekisythetelosior wafer to a
host wafer; (c) supplyinﬁ energé/ SO as(go d{;sunite the taken-off Iagers of

the(@0 ddRMBFMRY aft @\R/e fEES 2 e; ?H)nse?ecW\?(? Qgﬁﬁ]gzoﬂ%eunder

the EyBaHtingyeart of the first layer with respect to the second layer; wherein
the implantation parameters are adjusted in.step (a) so as to minimise the
surfggg’?@% IHIR %ﬁﬁézﬁ:’s&hﬁﬁ%dﬁé& after carrying.out 15 step
(c).(and whereinitie snetgydscompisesisnoitohe astep-cipébjeraf of the

strengthening the bonding, carried out at a temperature less than about
don@ﬁ(‘)\@gf ¥ .‘ﬁ%ﬁ@ﬁ‘%gzgg@mding to the previous claim, wherein the

stepdgapablseefiwirengiheniog the bentdingrig qeartedfotiierivstdayep ()th
and comprises 20 plasma activation.
respect {o the second layer,

wherein the implantation parameters are adjusted in step (a) so as {o
minimise the surface roughness which appears immediately after carrying out
step (c), and wherein the method comprises moreover a step capable of
strengthening the bonding, carried out at .a temperature less than about
800°C (1,472°F).

2. Method according to the previous claim, wherein the step capable
of strengthening the bonding is carried out prior to step (b) and comprises
plasma activation.

3. Method according to any one of the preceding claims, wherein the
step capabie of strengthening the bonding is carried out after step (b) and
comprises a thermal treaiment. |

4, Method according to the previous claim, wherein the thermal
treatment is carried out at a temperature comprised between substantially
350°C and substantially 800°C, for a durafion that can last up frdm_SO
minutes to around four hours.

5. Method according to the previous claim, wherein the thermal

treatment is carried out at a temperature comprised between substantially
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3. Method according to any one of the preceding claims, wherein the step
capable of strengthening the bonding is carried out after step (b) and
comprises a thermal treatment. 4. Method according to the previous claim,
wherein the thermal 25 treatment #)carried out at a temperature
comprised between substantially 350C and substantially 800C, for a
duration that can last up from 30 minutes to around four hours. 5. Method
550rccadth i iamrewods otdimfovhereiortitethatrablctreatasén s frarmed0
temperature_ comprised between substantially 30 550C and
m‘%ﬁ%%t ﬁgﬂ'}'ﬁéb%}g I%?Lé uration that can last up frorxtt 30 minutes to.
a{%“ﬂﬂ@#bb%@ﬁﬁilrl:\/batbCah@m@ﬁﬂw@thr&eqnmoédh&gtbtamrenbdmgt
claims, wher the thermal, treat carr t after and |
the QR A R OIMEid o A e AL ERELSS Mol 2 P

(c) Preceskng tlaacavherein the thermal treatment comprises a smgle
temperature change as from the dlsunltl eratu of ste othe ,
b e N A e R i

treegfﬁéﬁtﬂlﬁggﬁtﬁimyvfé\erﬁtﬁ?ﬁem(ﬁb@@ﬁme@hw@@t @ arornd iSO flsforitng

uratjon that can Jast rom 30 mjnutes to ar Method
teMRESEHIT SR Eah oA BRASAN e e wfﬁ&?@% Eﬁ%"“g?fy%aeﬁﬂﬁ%of
strepothethiod H&@mﬂ@mim@qﬁrmamgtammwn@@n giep do)eseryyied
greater than aor equal to aroundé%s J/m2 is obtaj

out HEBHE BPUe b A F e R ABa R a T RS A0 SRR R o ptgund

. 2 hilhigh appears immediately after step (c) is less than approximately

40ARMS d i 10 x 10pm2. 11. Method
ek MR AAFGHEBHE BrcBamg ol IR T RoSpedRe

ste;!j’f&%alﬁatﬂg dﬂ@ﬂﬁﬁ@@ﬁeﬁ?ﬁhgwrw@%@m distinetietosnchad siementsestép),

us being a co-im anta ion. 1 a cord to the preceding

an Efé‘?ﬁgyvﬂ{@?éﬁ{ thergrifaHa tgtﬂfﬂ ’\itgb 3&5’1% e E’b %ﬂtﬁé:ttatlon of
heliym apgthydrea@drding to any one of the preceding claims, wherein

~ said roughness which appears immediately after step (c) is less than

approximately 40ARMS measured on a surface area of 10 x 10um2

11. Method according to any one of the preceding claims, wherein the
atomic species implanted during step (a) comprise two distinct atomic
elements, step (a) thus being a co-implantation. |

12. Method according fo the preceding claim, wherein the co-
implantation of step (a) is a co-impiantation of helium and hydrogen.

13. Method according fo the preceding claim, wherein the donor wafer
comprises a SiGe layer, and wherein the co-implantation of step(a) is carried
out according o impiantation parameters adapted to form the embrittlement
zone in said SiGe layer, and for the helium concentration peak to be located,
in the thickness of the donor wafer, more in-depth than the hydrogen
spreading zone and more in-depth than the embrittiement zone.

14. Method according to the preceding claim, in combination with any
one of claims 3 to 7, wherein the thermal treatment is carried out at a

temperature comprised between 575°C and 625°C.
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13. Method according to the preceding claim, wherein the donor wafer
comprises a SiGe layer, and wherein the co-implantation of step(a) is
carried 25 out according to implantation parameters adapted to form the
embrittlement zone in said SiGe laygr, and for the helium concentration
peak to be located, in the thickness of the donor wafer, more in-depth
than the hydrogen spreading zone and more in-depth than the

ittl t : t . . _
o e R DR e R o e
dogeeafnehitis cndebycdnogea acenpbastiane avrplivedasfiacbsl7sCamund

D'Q%QC%JA ajr%' M%%ﬁ‘ﬁ" gﬁﬁ@f%"%&%‘ﬁne of the two preceding claims,

wherein the dos um and rogen are chosen as being
respéctivetnad arocmiditgoitoasicmeand diarptatediog Gidomzwherain,

Method according.to one qof t edi ims., '
e R e Sk EmPE AR JURKRY AAIR
Methpdh\etardiagtordmgooeasfithmpreddbingotaiatiny odaéimsit woehein it
omprises, after ste rystalli s e 0 eri :
o g P eed I e R oSSl B
on thre sefcibredpeseedm gneléntise Wdterethither 10 first layer is made of

Sil x With 0<x<I gnd the second layer is made of elastically strained
. TUF THENSE A RN onRD 0B i A 5 AT o ANAERGE the
firswajer comydises SisippoRitubskataambtie elouhdIar bigftaaglyugture

| made of SiGe, §_ﬁrst layer of Sil_xGex with 0<x<1 and a second layer 15
elajlicAlY TG |Iy strained Si. 20. Method according to any one of claims
1 to 19, Méieerindtesfsiglayesns roadedfadasticallyostrainga Siae rddbeor
econd layer is made of Sil XGex with 0<x<], and the donor wafer
R R R U Y g R < R

made .S dethofirseicegesting 30 {Gepiatedingdlaing, avbeseitithgamplantation
f sfte ci also carrj l.out under the first layer gnd the method further
ma@%r?]p?%é? @Mﬁ‘é@ﬁ%ﬁj (c) and step (d), a selective etching of the
remaingegrasti oiderthing to any one of claims 1 to 17, wherein the first
layer is made of elastically strained SiGe and the second flayer is
made of 3i,Ge, with 0<x<1, and the donor wafer moreover comprises a
third layer made of Si;Gey under the first layer.

21. Method according to the preceding claim, wherein the implantation of
step (a) is also carried out under the first layer and the method further comprises
between siep (c) and step (d), a selective etching of the remaining part of the third
layer with respect to the first layer.

22. Method according to any one of claims 1 to 17, wherein the donor
wafer comprises a support substrate made of bulk Si, a buffer structure made of
SiGe, and a multi-layer structure alternatively comprising first layers made of
Si1xGex(x #0) and second layers made of strained Si, so as to be able to take off
several times from a same donor wafer.

23. Method according to any one of claims 18 to 22, further comprising,
prior to step (a), the formation of the strained layer at a deposit temperature of
between around 450°C (842°F) and around 650°C (1,202°F), and wherein
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layer with respect to the first layer. 22. Method according to any one of
claims 1 to 17, wherein the donor 25 wafer comprises a support substrate
made of bulk Si, a buffer structure made of SiGe, and a multi-layer
structure alternatively comprising figgt layers made of SilxGex(x 00) and
second layers made of strained Si, so as to be able to take off several
times from a same donor wafer. 30 23. Method according to any one of

theClAURSHER O 22cfHHBEISOMBIISING pBER RSt (AethishipEmalionohdae at

strained layer at a deposit temperature of between around 450C (842F)

stepn® hen8E56E PUDGERPBRErAHERSIHESS (et dimeHR RhbdtRReN!

ten’iB@rQﬁP@?it and the detachment obtained at step (c) are carried out at

temperatures less than or equal to the deposit temperature. 24. Method
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watanhidiofarelenbrs sueHats BODORHERG GySHAOTNZSPS, ApsiestEPoY

instISHmgiRAtAEoring daihie etﬁ,@ﬁgmi@%jésé@qghsr frmaton of a

semiconductor-on-insulator structure. 10 emiconductor-on-insulator
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forfEBALASCOLAGINGIAER. Inafd et WrieyiAe. the contact between the
taken-of

layers and the remaining part of the donor wafer, this structure
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surface of 10 x 10pm2, and a bonding energy greater than or equal to

theastri® (6)8 (Whanda@sTRike MmethodHEcensicac s BRETheand aitpsremoving
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rom a donor watfer, the donor wafér comprising prior to taking- off a first
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nder the second layer;
to around 0.8 J/im®.




(b) bonding the donor wafer to a host wafer; (c) supplying energy so as to
disunite the layers taken off from the donor wafer from the weakness
zone; (d) selective etching of the remaining part of the first layer with
respect to the second layer. The method comprises moreover a step
capable of strengthening the bond, carried out at a temperature below
around 800[err]C (1,472[err]F). The implantation parameters of the
implantation carridB&TRASEF)R) T HiFe RId G5tEBSRES to minimise the
surface roughness which appears immediately after carrying out step (c).
Figure 3d -

The invention relates to a method of forming a structure comprising a

layer taken off from a donor wafer, the donor wafer comprising prior to taking-
off a first layer and a second layer in different materials.
| The method comprises the following steps:
5 (2) implanting atomic types to form a weakness zone under the
second layer,
(b) bonding the donor wafer to a host wafer;
(c) supplying energy so as to disunite the layers taken off from the
_ donor wafer from the weakness zone; ' |
10 (d) selective etching of the remaining part of the first layer with respect
to the second layer.
The method comprises moreover a step capable of strengthening the
bond, carried out at a temperature below around 800°C {1,472°F).
The implantation parameters of the implantation carried out in step (a)
15 are adjusted so as to minimise the surface roughness. which appears

immediately after carrying out step (c).

Figure 3d



