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THERVAL TREATMENT OF A SEM CONDUCTOR
mmm‘“mmﬂ invention relates to a nmethod of formng
a str g ure conprising a |ayer of a sem -conductor
rraterla taken off froma donor wafer, the nethod

UM . o Louers suceessive steps: () o 1,

the dewwtr 10 wafer at a given depth; (b) bonding the
donor wafer to a host wafer; (c) supplying energy so
as to detEeMAhd REVEYIENTOAT th8ENBEGONIWAdEE Ot A YR
weakness zone; (d) treating the detached | ayer. 15
This type of |ayer taking-off is also called
Smart-Cut(r) and is known to those skilled in the
art. In particular, details nmay be found in many
docunents t hat have al ready been published, such as

or e he extea 1 of the ..
wor kTBREehgn el omeR R oodgiY farieflse cOaurising a
Myl of é@@rﬂﬂ@oﬁ&dtbroﬁlater%y tal@ANoPFeft & delor Waffer, the method
publ i shed by "Kl uwer Academi ¢ 20 Publishers". Step
compoisindhidedoheiving socesrvensispswaf er (of the t aken- of f

donor 1%?%5'%%209@5%6%9%5%‘*% R # ke 2ol 1 fe donor

nmeans of yafosth Eg @gﬁ[h made of dielectric materi al
such as SiR. 2 IS way,

seni céwd@@ndrngdheudwgrwaéﬁf t@,tarfmt Wweéerimay be for ned,

e e G ) S AT 8 G225 A Gr

t he takemeohkakaysy zdied; ng made of germanium silicon)
sSO 2—&13)3 the case of the taken-off | ayer bei ng nmade of
strai tregfing ¢amylctasted laven t he case of the taken-of f
| ayer I

)T SRRk I8 SRl e SHERCOPER kidin o
thedserskilfed inlthg ert. lre pargiculad el eddilsgeayie foojd irkmany documents

that have already been published, such as for example the extract on pages

50 and 51 of the work "Silicon on Insulator technology: material tools VLSI,
second edition," by Jean-Pierre Colinge published by "Kiuwer Academic
Publishers™.

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

In this way, a semiconductor-on-insulator structure may be formed,
such as an SOI structure (in the case of the taken-off layer being made of
silicon), SiGeOl (in the case of the taken-off layer being made of germanium
silicon) sSO! (in the case of the taken-off layer being made of strained
silicon), SGOI (in the case of the taken-off layer comprising a relaxed SiGe
layer on which lies a strained Si layer) or GeOl (in the case of the taken-off

fayer being made of germanium).
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Typically, the energy is at |least partially provided,
during step (c), in thermal form It is then that the
thermal budget (the tenperature/duration conbination

of the heat treatnment) nust Be considered to deternine
the nonment at which the layer to be renoved will be
detached. 5 It can be observed that after detachnent

of th f I v It

Fough {EFFRE R ehetlis chieact derkal, BBV Rl o8 (o)
ﬁterrrrai Udoenolt ist thesutfaadbe tHeenalsbeddet! (tye ttemfphmttra;:ltiuratron

Iant ation and the det achnent steps
P%’E\%’WSB'IOQCQ g d1eat drrptment)y st &sceorgid @reﬂuFQe dftergtrne the
ARFheanstuglion tw@u 8Pty B8 Mmdldd i eactchsa, 10 shown

di agrammati cal | conpose Fe¥r°20 cover ed
by thé d:aike)re obrfefrvedayeat aftérydeteahsieaf otutheltaken-oifdbyer, the

ol atin inits sem conductor
bi DRy haB GLit ek 0w Sraage. 45 WallanSer Aty Grysseline
t
PTClURS BRUR S tRle bdhedidlyRUANBTALORRE Y€ 1DRRINAA and
tHer detdefiment steps draee 1akaropipce befugebandit i ng crystal | i ne
surf ce rou hness. The defectjve zone

?%.eg f%e%eatot HIWR b s SEMicANGYALP-PEdNsWAtor structure 30 is
&%M%Mﬁ?&ﬁwé&%ny g&lrﬁ?éﬁd &' ﬁB 5@}’ 26%\6%&:%8;92?16?%%%-

reducti on I ne qu I'n the
cbfé lapdreh f tnekanszof Eheeldeihealty rselettmgelal;rars 5%,owbieh has, in its

I t.el fter, det nment n particular
edﬁﬁ rd rrrgc@eg E'P‘Jest@h?”\?r yﬁrtﬂelstugféeﬁ 3 “qt'QQe?f the

rFeh(h’r?a ual to take-off a layer of nore

%rk}s)toaﬂ ant tﬁ?ckness in order to conpletely elimnate

t heseltdeég desobserivad thahtt&htakgneqr&blaq@r dnsorppriées rmedefective
after et achnment . _For .i.nstance, the formatipn of a
U u?e'sc%e:}r%?tfvéa’l 4'%a 16‘0?9”2%”%?1%3%"#%’ Ctrﬁ?t@ﬁ'ne defects and
$ ke @ulghhayer necessitates the transfer of 2000 to
2500 __an strorrs and the renoval of 1500 to 2000

angst f baslefacive zage éﬁcféfpl@?”y pas pdhickeesssefl areting d 50 nm.

oL P AT 14 S g P ERp gy 4 MBucion i

tbeasgstakinkyqualiggrih dhereyet o be takem dithS def ectlve zone
1A, and thus recuperate at | east part of the sound
zone 1hedgfectine ZPa%@StﬁaPerromplat@br f@ﬁth@d Fftargtatgchment, in

SRR 816 O BeRE PR RN AR e s usua
tos talge-bff da ofalyaordfc mace drmportant thickness in order to completely
eliminate these defects during finishing operations performed after
detachment. For instance, the formation of a structure comprising a 500
angstroms thick taken-off layer necessitates the transfer of 2000 to 2500
angstroms and the removal of 1500 to 2000 angstroms, for instance by
polishing, selective etching or sacrificial oxidation.

Step (d) of the treatment of the taken-off layer 1 is therefore classically
performed to remove this defective zone 1A, and thus recuperate at least
part of the sound zone 1B of the layer taken 1.

Typically, firstly oxidation of the defective zone 1A is used, that is

subsequently removed by means of chemical etching using hydrofluoric acid
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3 HF (thus creating a treatnent called sacrificial
oxi dation) then finishing, for exanple by nechanica
pol i shing or chem cal - nechani cal polishing. Such a
treatnment step (d) of the |aper renoved 1 is
consequently costly and conplex froman economc
point of view. 5 Furthernore, the use of these

i SO AP 2. e ellpf pebtialGo0oif fen' dienog. for
EeRampheby Hﬁéoﬂf@ﬁlc@ﬂ pb%lrﬂg?‘&iﬁéhérﬂféﬁ}lﬁ@cﬂaanléﬁﬂ diReigy.ore

requires the wafers to be renoved f ron1the furnace
(i n wiueh @Heeatewnt tstemt(dkof toe Iey@pre(rnc,»venhsi fseeansequently
extra handling

B8N 850 St Se i B 6T YW s o ¢ il o

equi preRhermbR, dpeu B tofHR 38 atdscht atcanBt ﬁeq‘iﬁ}es that the
overcome these problens by including in the layer to

Béga%\fﬁ)@é@&hﬂ@é%wa@?r@e sysieMaticatie remheed ko whbéain access to

th d f ut
LSOl of e B PRakE " SR8 ke ey B st Rn e
féribséd NP ERY ﬂlrh@él§(1h3:ﬂﬂcﬁ1lﬂrﬁé REattredtntéht, ofls'ie;bxcm@@ﬁeen
of selective double etching (of the defective zone

aadiedheust wpich yarlpssvef dime ubdraahandlingy of ﬁ(ﬁJd\@éeltshend the
ngg@ggggauﬁg@?r%pqﬁ%@ndi ng on their maxi mum val ues

(‘peaks "an dependi ng on their quadratic

val ueFhéidoconest FERB,sRYBK ottdrhists 36 ok 8fRn®f tHdde FieBRens by

zone 1B.made of SiGe. 20 However, selective etchi ng
insluging in the faver take wmavedhuadags S6et pad hatween the future

SR MM Y O e
m@mjél ¢fsSi, IbRiet he ifprlveehe Wlinmlﬁqﬁép@faﬂbﬁs usedidiring eep (d),

surface of the stop | ayer une Wher eas, the
Pyuimeans & %@%e@ievﬁeﬁi%b'%fch'%@ thﬁ. fectivRezoner A and the stop

%?%Qc%h‘réﬁ §G§§léﬁ%e&%dﬂéé§ thar BHgﬁnés%Bn?éguﬁ%gr ag%ﬁdmg on

ck 25 the lyi ng soun nsi
fthepint mﬁasmmanwadimm(pmks and vadlegs)sand deppodieg drot}‘mretqmaﬁratlc

i iy Bnb3 oy GRVER el orlafatien ik pik 2oRg.iR grade of

fﬂﬁg_COﬁbl nati on of polishi ng and sel ective etching
rrakes t hese operations nore conplex and | onger, with

an edowenes setaative ledehing imoeverquetschandywipgrothe atdge of the
R N R NE ] A R
andl tie 9Bhaayéy fodghisd feinBind, €8s chBinfcal etching therefore treats
the surface of the stop layer unequally. Whereas, the latter is in general not
very thick, the first selective etching can pass through it, and start to attack
the underlying sound zone 1B considerably. In this same document, it is also
proposed to precede the selective etching by polishing in order to eliminate
some of these potential problems. However the combination of polishing and
selective etching makes these operations more complex and longer, with an
economic cost that is not necessarily profitable.
In the document FR 2,842,350, the layer removed 1 is composed of a
sound zone 1B made of strained Si and a defective zone 1A in SiGe, this

latter zone being then selectively removed with respect to the sound zone 1B.
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| atter zone being then selectively renoved wth

respect to the sound zone 1 B. 4 W find here a

probl emthat is anal ogous to the previous one when the
edge of the etching reaches4the sound zone 1 B, the
| atter being unequally etched on the surface. It is
further mentioned that it has al so been proposed to

905 LG Pety 8 peoBb T4 pfgsblls R reRbup P befhe caoe
bﬂﬂi@etoatng)rea@hebehe gBuBtons 1lmnh@ﬂét€§rlbyh93ﬁnequally etched
hydrogen). This type of inplantation is hereafter

Q@éh@ﬁdt’fé@le by the termof co-inplantation. Perform ng

o- i IPARAE ERRAPBES T GEST balo bl BfpGfiom the

siepdl(#) éﬁﬁ?ﬁipﬁntﬂng bimh@llérﬂ@h? sé&érEh%tdrﬁ‘b%pé"@é@ (tyfmcally by

co-inplantation thus typically represents 1/
aga‘@rmlﬁgsamgn@lastaé@neta‘ hakpnaam@andmplarttatncysaf hgdnogen) This

i erdFEARIEor B ol AT o 178 g, R Blon

al I owpetformingc heesendantabioni mEkbed Yallodhe fdrnd $BtddHose of co-
treatnments perforned after detachnent. However, as it

el aptashs pasmionhe tRed kpyen thanwhen a siglECIPeqies isciamplanted.

I R N Y

sadr: @p&né@bﬁw@lér@aﬂdl‘rﬁ IPeddUlte fesrhi this @8creBse ih Roe®ifnplanted
site on March, 2005 under reference | PCOVMD00083333D,

dese pedasrease %th@diafﬁﬁwmcm Gicknpshwhicd igj partigear aligys to
8&@%%&%%? n@ﬂffﬁﬁi\"ﬁ% re%ﬂﬂént? e a?ﬁ% Qgpchment

rou ess t I on

( SuchHaO/e&er dsi ishas beah shanliI}nmlen@ph@taﬁt ﬁatsePCﬁfrapphcatlon

stalline defects wthi
figiiai Sepreraa s, 20nh e Br BEATATORAG G gk vl PuPligea).

BRd Wbﬁrtéa&!’ﬂﬁ% hdebBefi rﬂé&é Zé\)égat%' & #%f 86 EpBﬁ‘c % tgg\ the

I ncreased roughness. I'n other words, a conhproni se
Fochm n‘aeleormelt/l\aﬂén 102@}ﬁmgsieran®&reoceIﬁHC@M600®8&’$3@D in

GRET Bt cBrlnGI M Tice S fira i PToliation Ravaeters
RO eI P BIMihRARE relightea88ead &) ’?He' foembfiord B?céﬁﬁﬁ fFect®such

defects and a Superficial roughness. This invention
as blistgrssat tb\edvmcgrmmﬂt@nfm oprcoysitaliime Hgfestowiskinrbe thickness

arding t.o,a first asp ect
SR BPE-Elen by BRRSEa LR P dlalSh g Rers that
& ShinfhizZfPSAN defR IR ts enereasslifduehnesd.erial s from
a donor wafer, the nethod conprising the follow ng
st epstn 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.

This invention attempts to overcome these problems by proposing
according to a first aspect, a method of forming a structure comprising a
taken-off layer from a material chosen from the semiconductor materials from

a donor wafer, the method comprising the following steps:
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5 (a) inplanting atom c species to forma weakness
zone in the donor wafer to a depth close to the

t hi ckness of the layer to be renoved; (b) bonding the
donor wafer to a host wafer;s(c) supplying energy so
as to disunite the taken-off layer fromthe 5 donor
waf er at the weakness zone level; (d) treating the

| ayer , renoved: wherein ste d) conprises a recoverin
opor 3 o RE gL BrorRie ey fytarT 8 Qo38O en Eh hendoror
taken- of fyatedit8a dépthlcldde tbhe MRS ssVhfitAe AR TS HR Rihiti/ed;
part of the donor wafer, and wherein the recovering

oper afb)obondingppe dedobyatesdme hopt wlafereat treat ment at
ate rature | ower than the re-adhesion te at ure

of “The. Sltiingr¥arayen sl ERURHSRP TG ER V6! e the
domsrwfRE af thevBgKknddRadcrel|BUdist i cs of the invention

are: - the said re-adhesion tenperature is

appr ofd) ntieating $@dayerremavestt ep (c) is carried out at a

f b 300C and 15 550C; .-.th
vEERTLr o8 nelPatreea; EopuE e PPRERRLR Boaken-off layer

tdreiel ARAVHdMthe RIKBRIGH MkEr isSstiehveeia&oRith @ r&B8Ging part
the recovering operation’is carried out in an inert

aft the sismer waferuend veerain the regovezingtepsyphien & appled-by means

ST S BeRP 214 BBel A ERMLE Bl B ) e o
prtak&tlofubydrwigPtHd rihdiding gdit ostheRidnet waled sane

furnace; - the recovering operation of step (d)
conpr P¥es chaggignsficsipdte inyentiorapesr at ure fromthe

di iting. : f . ta.th 0.
recovarengid FEBhEAD To Bre B abotBaby Bporg:

car r i etheotfiepafc) 3§ @aRtePB0LCat ar tdheieriie alasstwden 300°C and
m nutes and about 2 hours; - step (a) conprises a

@?Qﬁ?li_e i npl antation of hydrogen or helium - step (a)
CO”pr-'@%Sreém‘r‘é?rri LU AU O Bétvd@éﬂr;ﬂgﬁg sfigid.um ;

30 - the recovering operation of st I S perforned
by t hetheakcovaret teenderaturea is betperatab08Csaris 801G al | y

conbr ed betuken 2185

oﬁnl(sJI carried out in an inert atmosphere, such
as an Ar or N, atmosphere ;

- the recovering operation is carried out in an oxidising atmosphere ;

- the recovering operation of step (d) is carried out in continuity with
step (c) in a same furnace;

- the recovering operation of step (d) comprises a single change of
temperature from the disuniting temperature of step (c) up to the recovering
temperature chosen,;

- step (c) is carried out at around 500°C for between about 30 minutes
and about 2 hours;

- step (a) comprises a simple implantation of hydrogen or helium ;

- step (a) comprises a co-implantation of hydrogen and helium ;

- the recovering operation of step (d) is performed by thermal
treatment at a temperature substantially comprised between 575°C and

625°C ;
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625C ; 6 - the donor wafer conprising a SiCe |ayer,
step (a) is perfornmed by co inplantation under

condi tions adapted to formthe weakness zone within
said SiGe layer and for theséhelium concentration peak
to be located, within the thickness of the donor
substrate, nore in depth than the hydrogen spreadi ng

g R e S e

hreplspesticsOundariigneiiohd ddaptedtolubam the waakh&®s zone within said
permtting the contact to be w thdrawn between the

ﬁa@edamrf angd foe thea AgliymRecanssptration reakidadre mﬁéeci i within the
Pﬂ;:l(ﬁ&%scgthesfo%@{r |SE6§§ Oétgc%\éﬁ% W@%%ﬂh&iﬁi?hy& n ssptrggdlng

zoné dhedchlsd nRirein GEpth thanpid weaknads Agest one of the

foll ow ng operations: CMP, chemi cal et chin

sacri fiBEareeedagi figrmabdteaimasahlis n@erforrmehg foakaiween 30
}Tﬁ%&trest(? u% Si 1_xGex where 0<x<1l; - the taken-off
ayerco 24785 1 XGex where x A and a stop | ayer

for 1% ﬁ@bqﬁrhﬂtﬂngttﬁéllcﬁgtacﬁttdbétvﬁmd@)m HAFREES 8Be $4Kdh-off
sel ective etchlngtused after the recovering operation
t

kYT Ak ihe Hestehtbr dangs wafen isvceRirctant vaftem thigerecovering

GBI 1 K3 RO Y L35 e e
B’mﬂ)e dr);f cemptigingi at |@astlunef 6ff thetfowbing & peraitor: GiCe chRBghical

per | ayer conpri si n‘g Si 1_xGex ?x F~0) 20 and the
ﬁ@i”%ﬁéf'f"?@ %@@'%‘f g8 qn@nengg, the met hod conpri ses

Tor €0V e taRERYi 5 ens: &Radd e hé%ro 1. formation
The 6%‘

of a bonding laye er and/or on the

host w&fesrakehhﬁf lalyendmmgrlis@/Sn x@emwhese REO @and a stop Iayer for
materi al, for exanple such

| L | at
SoBEN B R e, T BB BB isear Hoh S aIs sl Used Bfter

ﬂ}‘épr%%bveﬁﬁ@ dp@vmri S RHEP AR EoRACRRM Ib@@h'\mmdrg&vntJO@h the
said method of formng a structure, for formation

leken-oftlayicwittdlee oemainingneart ef ibe dﬂnoumaﬁere Accor di ng
t he invention

o come SoB3PRaker ittt d st PhoR b AR Mg o slid S,
bilifeer’ RARYSE rﬂ@d@l@ﬁ@Gé%daémué‘éérqé}/é%mﬁr@slﬁ(j’@l?‘x@ext’@s;fo

been withdrawn with the taken-off 1Tayer with

ardrilenhog walet isohade of solid Si;

- the method comprises moreover, prior to step (b), a step for the
formation of 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 SiOy, SizNg or SixOyN,.

According to a second aspect, the invention proposes an application
of the said method of forming a structure, for the formation of a
semiconductor on insulator structure.

According to a third aspect, the invention proposes a semiconductor
on insulator structure obtained after the recovering operation and after the
contact has been withdrawn with the taken-off layer with the remaining part of

the donor wafer presenting roughness of less than 40 ARMS.
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the donor wafer presenting roughness of |ess than 40

ARMS. 7 O her characteristics, ains and advant ages of

the invention will beconme clear upon reading the
follow ng detail ed descripti@n of the application of
preferred nmethods of it, given by way of
non-restrictive exanples and nade in reference to the

appen r . [.ch: [ e sent s

o mgr et | ARG BsL R, Angr v el cRTEE opVafion wi
besomat wlest Mp@hurréadlh@ atiedonrdwinlg tdetairieP|desatip@sh 0bf the
a Smart-Cut(r ) met hod according to the state of the

aepheatipne of Prgirreed Pehodsent st agivensky sway i oh aﬂonvre@thnve

SIS LN Y B L SBPLe P BEBEEST AR

of the&igmehotl obptdienisnventdiagranfingticts Gdasso sﬁctlon of a
represent diagrammtically the different steps of
AetHeRNdsctarhen; ﬁ%lﬁtqroﬁtrw@w%m’t@ng@ raftaruthe cambeatmmgvf a

S Aol T T

e evo eat

t enpeFijune €5 refsrederstyra ngastshgecdiosuahvtemgb&ﬁﬁd BNATEM by the
during the treatment of the taken-off |ayer according

eBPlgRI Péenzinicapi idener ingwater giiv@yresablamest after apmlieation
(? {hwgﬁﬁatc‘?ftﬁeﬁ%ﬂﬂg time evolution of the heat
eat men

enperatures used during the disuniting

step Elgd:rehlﬁlan@ Bhecgresattngingravhmaticaliyt tleeaiffefdnt! &¥ps of a
acco%g to the nmethod represented by figures 3a to
Ayeth @wr@ser@an tgoHR A kUSlHpR E8@ristIgos daysciekenalsing
ained by TEM of a Si donor wafer having been
JectedtoaHe/Hco|nplantat|on Figures 7, 8 and

9 not Elgluye p4 eprésentsl ghrfests tlm&mﬁoﬁﬁbnt of oheshedCtttgatment
a taken-of f er conprising. Si

I | .udi
(e aplises UEpdanE oha SR o R G T BEgr eatmaht of the
@uantdf uafqaﬁ h&dbriiRgUb tife Frithed Féﬂ)‘?é%rﬁéd b%ghﬂe”é B‘é’t@gf a
taken-of f | ayer conprising respectively S and SiGe. A
first Flgurq)&seemesemie a eennd dime wvoluticadak the heat treatment

P B RSSF R g 5 Bl AR armiF? Beattry oA eAtgRa L o the

tauEnasEiagér ddwbriingan theometisod @preshited bpeﬁ gte%nza toy/30f
material 30 renoved during the treatnent of the

t akenFigifes &ebbuanth§osierresentitreys sectional vigws pbsained by

'h':qF/I 61"%’%%&9& \ﬁ%?hgwﬁg %feen%'bje\f:'té]ogt hﬁe‘nyStlﬁ'llpllanQatlon
Figures 7, 8 and 9 notably present roughness measurements on

structures respectively including a taken-off layer comprising Si and SiGe.
Figure 10 notably presents defects quantification results for structures

including a taken-off layer comprising respectively Si and SiGe.

A first purpose of the invention is to reduce the duration, economic
cost and number of treatment means for a taken-off layer using Smart-Cut®.

A second purpose of the invention is to reduce the quantity of material
removed during the treatment of the taken-off layer using Smart-Cut®.

A third purpose of the invention consists of improving the crystalline

quality of the taken-off layer with respect to the state of the technique.
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quality of the taken-off |layer with respect to the
state of the technique. 8 A fourth purpose of the
invention is to propose a sinple nethod of treating
the taken-off layer using Sn@&rt-Cut(r) that is easy to
incorporate into the Smart-Cut(r) taking-off nethod.
A fifth purpose of the inventionis to find a neans

for ugi j r for.

| e BB TR L T ERE 2Ll 15 metnos of
tzatihg thegtakenasplgee using BratrthOwdy that ss1bas s irddryorate into
ale§(§“ ng.the properti es of the taken-off |ayer. A

mapdr W BkBg-eheaatheént ion is to make
t t
e CAHELAl a0 5 YAl By YEW 530 HelhNor e

aovedfy heaviesatnient for the s@keanbff I::P}Hrm}elrofneﬁfﬁmosphere and
invention is to nake such a sem conduct or
@it isingratsiaspeein withewphowevry %{b@éarma”z;@ltﬁangtth% properties

mqg@rgﬁ%yé}xart A ei ghth purpose of the invention
rs tod : .

erm-ne detachnent paraneters (inplantation,

ener gi)sixah powarg @fttht ievehdion it torendke segdidorditidter oA nsulator
t hi ckness_of the defective zone, to |imt the presence

%tfwd@'feécw@h Aigh erystaingi GHalily amd asuprking:lavel iHeleess that can

Ela[tﬁm esent ed bel ow exanpl es of enbodi ments of
des according to the invention, as well as
appl | Aageventh peposdidafighé mxxdmOnnye@tmake sutlageskmiconductor

¥ faéqt? éé(tgpd‘gg qg;ugr')r? %Qg?gagé\% O%eéf:g?r ttfliqr: aqta%ufc?qn:q\tfcto r part.

S' 1 X@eeﬁ;oweﬁ %s& Oof 'tﬂﬁogT\)%Pﬁaﬁelst Qof P%fﬁrﬁﬁn@adétgchment

f, iss |rst met taking o 'ayer 1n
mmmaﬂew Wmelamt%dto efneogy) aalldmnmg atethersanoe ttmamd;cb gedude the
ccordi ing i nvention.

erBeanct P15 FripsPiS Fementaoliah fiar BiFenes cnifFlegingnd to

hifmi2VeE JSiRee rédgiiessi 1 xGex to be taken off (not
shown) is illustrated. Cassically, a donor wafer 10

i ncl udfienta\&i epreesnted rigsiow esxampdes iofl egibodimiests at eashodes

f ff i
g@&v@yg g BoNars Pel dh cPPushidt™ Liedrdifado Frhntion.
thaadddesn havers tgk@dw uSINGISHARITU® int typ@kwewaté#alsto‘i alloys,
conposition in starting fromQ0% at the solid Si

ifbist pagtieulgoin| %ﬂvé’ﬁemhgﬁedwr@ 100x% at the | evel of the
I nt erlkq'%?er%égtc} H&uﬁég%%rtol ?f}/?srsmr? a first method of taking off a

layer in Si1xGex where x #0 from a donor wafer to transfer it to a host wafer
according to the invention.

In reference to figure 3a, a donor wafer 10, comprising the layer made
of Si1.xGey to be taken off (not shown) is illustrated.

Classically, a donor wafer 10 including Si;.xGex comprises a solid Si
substrate on which has been formed a buffer structure in SiGe (not shown)
made up of different layers, such that the latter has a gradual evolution in
thickness of its composition in Ge, starting from 0% at the solid Si substrate
level to around 100x% at the level of the interface with the upper layer made
of Si1xGey.
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of Sil xGex. 9 O course the donor wafer 10 may have

any other configurations for which a layer in Sii_xGCe,
either relaxed or not is present in its upper part.
Optionally, a layer of straiged Si is forned by
crystalline gromh (for exanple CVD) on the Si 1l XGex
layer. 5 In reference to figure 3b, a weakness zone 4

is then formed in the donor mafer 10 at the |evel of

its u@éeqoue%ﬁﬂ srl@Bobwatr11 G may, hag snywetiaienfiggrations for

Mlc‘?{g e?rﬂ Si”‘lx\%éé]e&ﬁ osg&édtot?%o't FEQ&%E& tlh(?tg L@)fpaerr gart.

at om C peci es nat ener

not apr’[IOhBH)GrB $@ydrh&ftstr%ed:€6i s @rmieaphachyataitne apcweh (for
level of fragility are determ ned. 10 The i npl antatlon

1‘3@9@@}:’@@@6?‘8 indsexdaY&l- sinpl e i npl antation (i.e.
an § L AIEAGNPhauRr 450k RAlhece Shaal & g&m&nﬁy&ﬁ% the

such as rexa i on of hydr

Hehomwafer 10aatehg &ses of Téweppermaammatie of Sqfx(wxom c
spemes may be a co- |n'pl antation of atomc
Bi§ WABKRATSAEI A dF Preferentiapuifonned g ﬂa@ dwptantatlon of

1 I [
AORL SPECRUTARS i aae, Rl Ry Srfhy 4 R00Y chBsgh o that
a eleiptir otiahplantatibn ahbe leaele)ftﬁrfagaltpare dgtbaninatii on, the
appl i_gant h%n observed that the weakness zone 4 is

gener AD¢ ymp RN ehalRmic Spedes S3ay Bt aasigipipinaplantation (i.e.
j [ t

chosgn s of ?meHE)%IIgl os@gﬁ)aﬁo{ﬁ’ﬁc t@%!t 3§1Jcﬂ é)fbr f%(gmple an
|dq$iante1ﬁonmf¢15'{d&3ﬁnoﬁelidm or aarergetsesbe taken off 1. Thus
for l e inplantation with hydrogen at

appr o h%r%e'lawa n %fé?r@r?eseﬁ@afsemév 59 a$o-taphastatiopfafemic
&6 (i, 8v6arf #RpIARTALR &, ﬁﬁélﬁalgfs t\%'ﬁ%rﬁw 8hdQ8sduch as for

around ‘300 to 600 nanonetres
exprmpel amtaplagtaticn of hxdrogen dellcarasubyl a0, lmplmtan@rrnr@f dredium

ner gy. vveen 50 and 90 keV and hydrogen at
%@%d%}ér?g&aﬁlg ‘energy of between 20 and 60 keV, we can
obt ai ji thedegdhoph ddmhmmtatld)r@rthefap@n@amdwé’soabsé@eﬁwat the
nanonetres. One finds here one of the advantages of

weakngasaFoaei dn inngenerally dgnegahaar it e t eksengelolf simple
thdifhsbayer using a total dose of co-inplanted
spaeci es

The depth of the implantation is chosen so that it is close to or greater
than the desired thickness of the layer to be taken off 1.

Thus for a single implantation with hydrogen at approximately
6.10"°/cm? and energy of between 20 and 60 keV, we can obtain a depth of
implantation of around 300 to 600 nanometres.

Thus for a co-implantation with helium of around 0.9.10"/cm? and
energy of between 50 and 90 keV and hydrogen at 10"%cm? and energy of
between 20 and 60 keV, we can obtain a depth of implantation of around 300
to 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
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| oner than the dose to be used when a single species
is inplanted. The total 10 dose in co-inplantation
thus typically represents 1/3 of the single species

i mpl antati on dose. In referérce to figure 3c, a
bondi ng step of a host wafer 20 with the side of the
donor wafer 10 havi ng undergone the co-inplantation is

§8é iigto- %;ﬂéhtanahethb@&%pmfwrep?r@sém P18 orgR angﬁsolsbémes
Si. Prior to the inplantation step, a bonding | ayer

myylap@tipordase, such as a |layer conprising SiQ2,

Si 3N, Si.x d/ th of t.h .
eapekt B A BB A Bondibd P05 2 bt Vatee 29, with the
$ifk sofothet dss \b@ﬂé@'l1@9hé\ﬂb@ruh@l)ardiﬁie”ﬁwe"&ﬁ-ﬁn@ffan@t% is carried

they may be fornmed by thermal oxidation or Si Q2
@étoosit. The thermal oxidation of the host wafer 20 is

I . . : o
oxt a0k REid a0 ek beMaEE PhROBTSE e donor vat er 10
nay bprigafd thednntafiorn B@Br éfbdnﬁw@ la9ér ? Heaﬁ()‘?rl‘neﬁos@ﬁw as

taken off 1 of Si, XGex ior to waf er
@ JAY @l CoOMmisTEhtSiOe, WialNa, tHhé,daner m@rnd_/m, thet h)éher of the

rf t possi bly be prepared, using
'%%8&/?& %rﬁaﬁegs t%and&gud%zice preparation techni ques
such msth8@asanef this2orsthledt ibongingoa9eks) beinh Uhads of s&Dg they
20 The bonding itself may be firstly carried out

mavé}ﬁjﬂoameéd:we@eanal OXiGIONPraziadePosit. t he hydr ophl ly
of eappy ?F]?Fr#aq c‘iy}“ﬂ’atFoW {%Pﬁw%shbﬁo\?SfeP"ﬂP%dH%@Fy ;g@gér}‘egd as it

and i n par |cular e case one or

méﬁﬁxh%bgﬂme@@@xidymgd bet ween t he donor wafer 10 and
the host wafer 20, a heat treatnment may possibly be

carri Ede diarmal xidatine of dee depphyatsseilampybe caried out at the
dueUaREL ROt ool U igisistagndt hen the bondi ng

I'n particular creatl iy coval ent |inks.
I nf or Radn Mhemdshwalﬁ@rﬂ:ﬂ ogmingcihta cpréscitwitt theagonsradafer 10,

R g e R e T riqv'vr%‘cleanmg
090051 R FALDE0 SO a1 T ndlons cronec
stlltgynsamdc.Sons, Inc.).

The bonding itself may be firstly carried out by molecular adhesion,
taking account of the hydrophily of each of the two surfaces to be bonded.

Secondly, and in particular in the case of one or more bonding layers
being positioned between the donor wafer 10 and the host wafer 20, a heat
treatment may possibly be carried out after the recovering operation
discussed below, to further strengthen the bonding, and in particular by
creating covalent links.

Information on the bonding techniques that may used within the scope
of the invention may be found in particular in the document "Semiconductor
Wafer Bonding Science and Technology" (QY Tong and U. Goésele, Wiley
Interscience Publication, Johnson Wiley and Sons, Inc.).

In reference to figures 3d and 3e, are described the respective

disuniting and recovering steps of the taken-off layer 1.
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In reference to figures 3d and 3e, are described the
respective disuniting and recovering steps of the
taken-of f layer 1. 11 |In reference to figure 3d, is
described the disuniting stég. This is carried out by
provi di ng heat energy and/ or nechanical energy,
sufficient to break weak |inks at the weakness zone

4, ant fré\“é?erf@estﬁ”fbﬁré '3% tl@'ﬁ%&'c%éd théy&‘suﬁltlﬁgoﬁe‘pherms is

rest of the donor wafer bri ngi ng of
earsiegyouthyf proviling beahereerghand%@;f friechamitalt energys suffiatent to

h Kk |, th I f
baBKoGE08 J0ks 0 BRovodiist RPE Faderigut Riow iR I tefen-of
MaK 1 fidnﬁllﬁe redt b el dsHdr weTe a0 TRk Unﬂ%ﬁf VEMA ARG for
required. Disuniting may be obtained at tenperatures

istansenten aufbaient 300BUSand@t dhemealGEBS tare dulaens!ottermal

var | engt hs_ whi ch on_whet he
BleriSiohl (R LT ER SRR ce Bt Letyfe qfgweak
Gads, Wathouf &y meaRBhiBal ih@iveéntloARing Fedifreiaken of f made
fromSi 1 xGex, heat treatnent at a tenperature of

ar ounliss00i0gfroay Aedbtainedat tdraperatures af etweematdind300°C

30 to 2 .h Such

ot e ST i B Ry ardSs I ndtR i gRPedd Bn whather
fHe' terMbeAtERS d ¢c§{N&U‘(IoH§éﬂ)goPﬂ1|g¥hé}e@horﬁ@r} | W@%n use, for
permt the taken-off | ayer be di sunited w t hout

@xafanzlengartawtay@om @ettamn hfftrhede &rom &y xﬁea u@abtreamﬁmt at a

owarBiEe o B0 HoCiink % BB A3 e aPerfibnts o 20

ehirfe6$ Ly to 2fHaRirs t he disuniting, w thout necessarily
renmoving the wafers fromthe furnace 20 (in which the

di surﬁw gisHaitingof & iakAp-afidenerd! frookthsl resbyf thertpnor wafer
|
Rgﬁ tah'f%egl?teﬁjsrﬁ IE) gr}yeaqd\ghltthgﬁg ﬁﬁgﬁg\}\gbg%n oqdayer 1to

feover r enai part
oé¢ Hisusited etithott breaking thbecontdat vithf thel regeof theagmarswafer 10°

ny _poss ont am ants oxi dants or other such
éﬁéﬁ'@gre gng%fﬁ Lb?faé'PE ‘the possibility of again using

t he 0
a5 LRSI arg ORISR Skouhrd Bt

aftet the disupftinge Mctdaoubnéaeysaelys*emoalngemeweaﬁerfgfropet’rm: fuomace

arried out he treat men era re T2
(hE b8 SR i8S R dreelrant Fetnsf lack 08FRb A pRott the
LAy ﬁoaléﬁp a‘éﬁftnoh@b’l%nd%n?e adheres (or joi ns toget her
again) wth the remaln

Moreover, the remaining part of the donor wafer 10" offers protection
to the taken-off layer 1 against any possible contaminants, oxidants or other
such agents, which offers the possibility of again using the heat treatment in
various atmospheres.

In this way, within the scope of the method of the invention, and in
reference to figure 3e, a recovering operation is carried out by heat treatment
at a temperature T, chosen below the re-adhesion temperature from which
the taken-off layer 1 re-adheres (or joins together again) with the remaining

part of the donor wafer 10'.
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30 part of the donor wafer 10'. 12 Advantageously,

the re-adhesion tenperature is here considered, within
the scope of the invention, %pd based on the

experi ence of the appllcanﬂ' as equal to

approxi mately 800C. This recovering heat treatnment on
the taken-off layer 1 is carried out in 5 an inert

at rmspd:jearetagsuaiiy ashanreftidhyside tampesier ¢ Hehrat ccb|$S|dered
oxjdising or slightly oxidisi n% Optionally, th
Wléh*ﬁe?%ﬁ (RCEP§ 20 §h%rla\é@ré|ont e PRsed e@ﬁaéh@t%@rwce oof the

subj ected when
di slﬁclr%ln g@%ﬂ? g’rgera ?r:ay for exanple be
si t uaThid reebvaaiy Fﬁéél@reafﬂr@hentl@n §HGkenwfibgemed carried®ut in

30 mnutes to 4 hours. The tenperature T2 may nore
parinet atAesphere SuchaAcantht Aedh BBvePhaied te@fo@ oXigising or

ce tq figures 4 and 5, are provided exanpl es of
%@&@&gﬁ@ﬁQPtherature evol utions according to the

i nvenOptionally, ithg temparatgreoMasegreatdr tHan thec trepéragurefT; to
the taken-off layer 1. Thus, in reference to figure 4,
whichitee wafaess by ﬁﬂ%fQOaweH@rfdibmm@ whendisiiied- and

”H' ”t?hé‘%’m Bfat@eOf]) Hwa? P"eﬁé‘r‘hﬁeve sgpé’tt%ﬁ BAwEEA 5B Eland

I'suniti e arrow
8@1@’@) malhmmemdumg B8aseinutesttedpesature to

approxi mately 600C to carry out overi ng eration
accor f %emegﬁ%regbz mﬁ\\/éﬂ@fyeo 'S@af'}ﬁgel %R‘r‘éFedo‘P fgen 550°C
émggé@ ure pl atform 2000). Th| S recovering operation
may then |ast for between 30 mi nutes and 2 hours. The

r ecovier refgrenespler iguree 4reyndt Susreberdvided esamplas bepdssible

for between 0 and 60 m nutes, In. reference to figure
tsmpeiatuge ﬁﬁl@'l"ﬁ@ ag6eyling {0 En?c\mrveamra Ayriag joiing phases and

,%ggpg,r”z@ Hf §ePbRL A gﬁrpa;wﬁ during a tenperature increase
(for instance at a enperat ure around 500C, at the

| evel Thds, tlnerﬁerrememoﬁgmne #ha furs@Lm@t)‘ornh@ﬁ arou@d 500°C is
SERA AT PR BIRE PG S e iy
d1asniting Satipsaeva bf thatriow WOOf)ch‘éHth iAcredelif ¢OWMBEIdIGre to
operatron step on the taken layer 1, the latter
apsaximaiely 600°C to carry out a recovering operation according to the
invention (at the level of the temperature platform 2000). This recovering
operation may then last for between 30 minutes and 2 hours.

The recovering temperature may thus be for instance held for between
30 and 60 minutes.

In reference to figure 5, the disuniting does not occur during a
temperature platform but during a temperature increase (for instance at a
temperature around 500°C, at the level of the arrow 1000 in the figure) then
the recovering operation temperature platform 2000 is reached at around
600°C.

Surprisingly, the applicant has thus observed that by using such a

recovering operation step on the taken-off layer 1, the latter then had:
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.13 - an inproved crystalline quality inits parts

damaged during the inplantation (in reference to
figure 3b) and during dlsunltlng (inreference to
figure 3d); - a snoothed surface, in particular for
hi gh frequency roughness (HF 5 roughness); In
reference to figure 3f, the contact between the

r emai Nidd ipprdveelf cN&ﬁalhrﬂ@Waht&ﬁfrﬁrtslgart@n@arhhged during the
recover ed taken off layer 1' i's renpved, to obtain

impiantajion (i raietence tadigusv bl PBH Kl ragtdikertieg {in| rejerence to
nqer overed 1' nmade of Sil xGex and the host wafer
5 structure 30 has an inproved crystalline 10

qual ity Fheothed ULefd ce oingpaeisslar Yért hightfrdtldnag roaglindsy (HF
an sacrificial oxidation operation and w thout any

EQL@hlnEB%)ant | oss of part of the taken-off |ayer 1.

Fi ni shing ste t be .

any. ot GREEF AR RS e CHBar P EeH AR el g Bt of the
Gér){ért whidrney' dafefiesretovb el fkehaste Iffer tihes rdmoved, to obtain
taken-off layer 1', such as the use of CM, pol|sh| ng

fbmalb’h@ﬁirdaﬂur©t3@hpﬂ@wl€}ﬂglEi)tﬁi‘ielnyOff bawea;a@d recogeredaly rmede of

SR &0 3Be DBl ek TP S im0 r Sl P eblpatine

ghalitheahdvesaiuced, raughakss, ithdlt andvesy Sheedvefsr f @i ngstrificial
prior to it being taken off fromthe Si 1 xGex | ayer.

Fridatien eperation3and 2athork ANy sigtifieary pes ORiparcak e taken-off
takgﬂ off layer 1 having a |ayer of strained Si on
lies a layer of Sil xGex. The layer of Si 1l xGex

may pBﬁn&irﬁ}h doepd enmyaner fiss xamy aidey teekamiieveny slight
et chi ng glus,l n? for exanple HF; H202: CH3000H, in_order
q

v Dpeas r@ndf theafawy remeinieg cersesling driedip et B yrface of the
%ﬁgkt@ilaﬁgre? gb?n SQ’%@&&EBF CQ/TP)EJE) sl'nﬂ %?tc'hgmlcéﬂ'fé%rﬁn
€ taken-off a c

yer 1n SI'l xGe orrp I ses one or m)re
st op Oatienally, saJtayea@féllragyerbe ad@id by eiaxywdpethg 8ir.xGex
[0;1 nd . nmed .in the layer to be taken off,
'6&’?6; 3@ '%aﬂ? 'ﬁan$tfa'”€\% can advantageously carry
out aﬁl bﬁé‘?rarﬁ’cnlﬁersgrln%&h’i’é?wt%foméﬂﬁver{tfb?l”té R&Ar W tshrained Si

pol i shi not) by using known solutions and
wes rﬁo)nnnedw prier @0t pamg itekeraoff jroef thectiiveet lages Nihegstatatpre 30
0 be carried

g bt © Bt o, Sht-BdT b MRD0 P 1 Wralea

on which lies a layer of Siy«Gex.

The layer of Sij«Gex may possibly be removed (for example by
selective etching by using for example HF:H,02:CH3COOH, in order to obtain
finally a final sSOI structure.

In another specific embodiment of the invention, where the taken-off
layer in Si;xGeyx comprises one or more stop layers, such as a layer in Sii.
«Ge, where y € [0;1] and y #x (formed in the layer to be taken off, prior to
takting-off), we can advantageously carry out at least one selective etching
(combined with polishing or not) by using known solutions and permitting a
particularly effective finishing step to be carried out, as for instance notably
taught in the documents FR 2,842,349 and FR 2,842,350.
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14 This layer of Sil xCGCey may for exanple be S

el astically strained by the neighbouring Si1 xGex
(wherey =0). In fact, with the previous recovering
operation considerably reduding the surface roughness
and the non-uniformties of thickness in the taken-off
5 layer 1, it is then possible to use selective

et chi mgjstih rd>fss|qr;t5@ mbylf@fséxarﬁsl@tbecsl elastiégsaraphed bg the
state of the techni que but by also elimnating the

@@Igaav@m@§esaehéwhemw Py present (described

N S e

tﬁé%urﬁdﬂe&lrdﬂ@ﬁnbys the thpMonc@iforitldsonf tAitkAess in the taken-off
post-disuniting 10 recoveri n%@heat treatment transfer

layesdod! isHBOR Rossddeerese salestivefatchingyteat s more or less

ERUEE BBt e rueg o vl B BPE g Rad S b ftho the

dieaPenitayes tmﬂ tﬁee,nnn@s; MEESR N dOstribed PibAbOSly 34 FHIS HBEE@ment).
of figure 1. articular, it can be noted t

he
dlsprl@pdﬁfqr@ﬁc%e KNrehd, tai skwelyee A% SfGQ(Hb of 20% Ge

SRR 5eq SO oSl 0e) A BB P et ouncn
feaksesr fhda&)t%atd:ent fransfeera2 ng80°Co dhiodisr & rdcovered taken-off

Siml z;\r y, and for a sane thickness of taken-off )
Ipggerls (S0YRING Aglaver Pf Akt Phithat g@m@r@es ey dewnarystalline

1 c r r ti . t
938en Sl e TR FREFRRSS NERLLERRL, . e FpigSibotor on
iBstlaesdetioe dmiguD1i nsul at or accor d| ng to the state
of the technique. It has to be noted that the decrease

of tHa RHitiewAbsEcan benrotgdrtae tdisrsopordine beAwWpeN e dhickness
cgf%te' ci-‘éﬂeé’tweyz&#és eAVEdL YRS LDe u%?ez‘&”ﬁsr% 1%ri%ﬂ@e kS fiyAFdBhind

y co-inplantation of atomc i es
that ni:hhpaleh}echﬁcét%entdfblas/a:ct in adafeww,e todigureoBed above,

t hat h 25 tqt d t d .
hort S8Ry gharrt raserndigESes B BRERGERSEEY (i dipuse 1

ﬁd‘%reﬂéd%c?eﬁwé SoliPIzaRE B idTpRedh @detéfrpbﬂfﬁoﬁ‘{ldn%llyhﬂsthe
t he advantage, when conpared to the™ inplantation of

SGAY| ebtejrec escorﬂmgd&rtbaseverﬁ@nt Hiark medke cﬁennlhenductor on
BBl BRI e oD PROLER AShePhlore o7 reduct ng o

af t er|t gakasiEeRbtedRABUIHES dQEreB8E bRER IHICIGRIRESS the defective
measur enents made on such a SGO

zone 1A is more particularly observed when the weakness zone is formed by
co-implantation of atomic species.

This is principally due to the fact, already mentioned above, that the
total dose of co-implanted species is definitely lower than the dose to be
implanted when a single species is implanted.

Hence co-implantation has the advantage, when compared to the
implantation of a single species, to decrease the thickness of the defective
zone, which notably allows for reducing or simplifying the finishing treatments
performed after detachment.

Results of surface roughness measurements made on such a SGOI

structure with 20% Ge, carried out by the applicant, are presented in the
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structure with 20% Ge, carried out by the applicant,

“are presented in the 15 table below These

nmeasurenents were nade just after disuniting at 500C
for 30 m nutes follow ng sinlpﬁe i npl antati ons or
co-inplantations, and recovering treatnent at 500C or
600C. The roughness was neasured with an Atom c Force

bt BERAMRET KNfMnegsufatReRs Werdthile er@t?affélﬂrdlﬁﬁﬁtlrfg 88500°C
and are given in RVB or peak to valley (PV) val ues.

ﬂqr SAontidutes feltawdng hsimpltheimpipitations drasodamptardationg and

suff.icien rements to validate the
rreggl\jpflgg trﬁﬁim?@y%b&{qwg ?r@ﬁﬁ tati on Bondi ng Surface
r oughmﬁé$ou§rwee§§9x/5§ﬁ1erégu%\«ﬁm\hn9\\{om Fofdegialdi®stope (AFM)
Sinple inplantation H 40keV-6.1016/cn2 500C/ 30 m n.
S0eepidf 186010 GOGFCBaosi are38, @rDaredgiven nip RAME atrripeakdd velley
@dgd}—g 500C¢/ 30 min. 49 407 H 35keV-1.0.1016/cn®

% n. 33 272 He: 70keV-0.9.1016/cnR2 10 In this

tabl ey ifs famde,sel et‘Haf hﬁé prbedhcéh htagece?rﬁéﬁsout a_suffigient
(i mpl antation of a Ci co-I nplantati
fsmbeabf seasueshenta to eaehﬂ/aieltm@ réquitat mrent at  600C
reduces by alnost a third both the nean (RV5) and
maxi mum (PV) roughnesses with respect to a recovering

NGfRE B e frﬁ;?l%h%%ng%“ ?éﬂ@% 15 drsuni TeRgraEE TRGSHIESE

(approxi mat e ng a single species

i npl antation, the rougsinerggiesnibgi ng | es&RMSBIdh) 40 |V (A)
RMS, and even | ess thap 35 A RVS for ¢o-inplantgtion
cases and bel ow 275 AT®Mefle applicapht has thus

ﬁE ?W\,\%ﬁm[ therg 1S Si gnitrcantly Iess

en the taken-off layer 1 has undergone a
Heéﬁb«e&V@n’gﬁ/tcaﬁt ment . | 380°A/B0 nins t abl e30i-t83ray gl&d

be observed that therep—ts-t-essroughness—in
600°C/30 min 2 |38

420
Co- implantation of H and
He: 500°C/30 min. 49 407
H: 35keV-1.0.10"%/cm? 600°C/30 min. 33 272

He: 70keV-0.9.10"%/cm?

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

The applicant has thus established that there is significantly less

roughness when the taken-off layer 1 has undergone a recovering treatment.




the case of a co-inplantation than in the case of a
single inplantation. O her roughness neasurenents on a
sSl structure (for which a strained Si |ayer has been
deposited on a Si Ge |ayer cdifprising 20% of Ge) nade
by the Applicant are presented hereafter. These
results nore particularly concern certain detachnent

par angi s tageditiespblay 5&WBkalvedothat Mdrantaésohoughness in
paranmeters. One rem nds hereunder the different

phe beemsl @ aedupteataivnihan in ther eassgofa singlecimplantation.
conprising a Si | ayer taken off froma donar wafer .
ccor TG raudnesRaegr i tasa of Poe STLCurE (B which 2
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Furthermore, locally, the bonding energy may not be sufficient to allow
the detachment of the donor wafer. Certain zones of the taken 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).

fn 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 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,

when helium is implanted sensibly at the same depth than hydrogen, these

nano-cavities type defects (located beyond the defective zone, but as much



undesirabl e than the defects present in the defective
zone) are observed wthin the thickness of the taken
of f layer. The appearance of these defects
necessitates the renoval aftldr detachnent of a

thi ckness of material nore inportant than necessary,
and thus necessitates the taking off of a thicker
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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 close 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



dept h than hydrogen, so that the hydrogen contai ning
region may bl ock the diffusion of helium It is nore
preci sely a question of controlling the
co-inplantation paranetersjé% that the heliumpeak is
| ocated nore in depth than the hydrogen spreading
zone. However, it has been shown that the roughness
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didfepiop efhaliuRYdr ogen. This signifies that the
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the dose of each species (the helium dose accounting
fos9hABEoxi mately 40%to 60% of the total anount). By

car ry,h\n,&)lgtlign tnlﬁ@r(lrsré %pp@gsiglgnbmeﬁ‘&é)rge thys EtQ)'blem has already
i mpl anti ng according to these paraneters, a

graposeddnothe Applicantiin & Claapplicatibouaitedsyt meetioned previously
ro ne and formation of fiects,, The exper| t
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gfoéégtﬁbec}igs (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
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 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- inplantation typically of helium
and hydrogen, in a |layer of SiGe, according to

i npl antati on paraneters adaﬁksd to shift the
concentration peaks of heli and hydrogen, in
particular so that the helium peak is |ocated nore

i n-depth than the hydrogen spreadi ng zone, but also 5
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% oe’h hydrogen peak. As an exanple, for the
tions of inplantation dose and energy presented

in Ake tor %Er@trn@mpbi patt asunidn srecearingdlatngebimeent at a
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beyond the defective zone in the taken-off | ayer,

t he
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rédthEtiid1e roughness post detachnment, the nunber of
def ects of the blisters type and the nunber of
def ecBuclf oand embedimenhi slakess ibf pphgibleakion- sirengly reduce

roblﬁpef%e[g re%g%ﬁ] Stbose &LF fﬁ%(itgethe %ﬁé%l&ffln%d(ﬂtion
lbRdisghnessad Inddpehgast frém tﬁéﬂ‘l@huh’lm;ﬁlbﬁtdﬂl@&tdepth It is thus
detachnment finishing operations (polishing, selective
rassthiagWwitiac ther framgwork of this embodiment, to implant helium more
deeply than hydrogen, which makes it possible to limit the formation of
blisters and crystalline defects beyond the defective zone in the taken-off
layer, the diffusion of helium in the transferred layer being blocked by the
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 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 to simplify, the post-

detachment finishing operations (polishing, selective etching, sacrificial



20 oxidation, etc). In particular, it is then
possible, in order to forma structure including a
taken-of f | ayer of 500 angstrons thick, to only take
off a thickness of 1500 angstrons, and consequently
to reduce the thickness of the zone to be renoved to
approxi mately 1000 angstrons. Figures 7 to 9 represent
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each one of these figures 7 to 9, one has represented
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profilometry using the Dektak® tool of Veeco Instruments Inc company.

On each one of these figures 7 to 9, one has represented results of
roughness measurement expressed 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 7
on which columns relative respectively to 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 60 keV - 1.010"%/cm?



He: 52 or 60 keV - 1.01016/cnR 21 As concerns Si Ce,
five wafers were studied, nanely a wafer subjected to
an inplantation of Honly (H_ 30 keVv, 6.1016/cnR), and
four others subjected to a e/ H co-i npl ant ati on
according to the follow ng paraneters: H 30 keV -
1.1016/cnmR2 He: 48, 52, 56 or 60 keV - 1.1016/cn®
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well as in SiGe with a 500°C treatment.

The results presented on figures 8 and 9 confirm these observations.

The behavior in co-implantation, during a treatment at 600°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 implantation energy was
increased (helium peak shifted more in-depth than the embrittlement zone).

in reference to figure 10, the Applicant also carried out measurements
aiming at noting the number of defects (ZNT type, blisters) present in the
various transferred layers.

The macroscopic observation (in grazing light) makes it possible to

detect the defects of the ZNT type or blisters. One regards here the sum of



The macroscopi c observation (in grazing |light) nakes
it possible to detect the defects of the ZNT type or
blisters. One regards here the sumof 22 these
defects (ZNT + blisters) as 4¥ing representative of
the specific defects related to the inplantation and
observed post-detachnent. A significant nunber of
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(d) treating the taken-off |ayer; 10 wherein step (d)

conprises a recovering operation of the taken-off

| ayer used while the taken-off layer is still in
contact with the remaining pgaart of the of the donor
waf er and wherein the recovering operation is applied
by heat treatnent at a tenperature |ower than the
re-adhesi on tenperature ofcitAimstaken-off |ayer with
the remaining part of the donor wafer. 15 2. Method
according to claim1, wherein the said re-adhesion

t en”peﬁ af A Sod B 38 ng 29080 %m%éﬁ%ggaac Fﬂeﬁl—%“g iléss%r Uhbsen

one of " the precedi ng”cl ai ns, er tep

aeohgr ksl aémicdnelibier ainteriatonfpdins ed derioneanfst0dGeamsethod
550C. 4. Method according to any one of the previous
ePraphsingiie fellaving sucoersiecyersi ng t enperature is

bet we . d . . r di

of nE 7 B8 e erShiet bl i SRR B Bpg T A8 Tonor
t enper atyfer ks arRprense R heathitkBEOC T the IMpéMBDe taken off;
according to an}y@one of the previous clains, wherein

the (dondinthgf Beclonor wiaferstocanestavpfelit in an inert

vt ol SUBBIIE britfalile s, 3 ST B TRRENEN s from the

ddeor welepwethdgeapessatzome; i s carried out in an
oxi di sing atnosphere. 8. Method according to any one

of t hesl)greabinguse éalamelf 1ayger ei n the recovering
SREEPL D 0 B S ST er o

RAPOEHE tikehooff eepliestilonoptast Mithwherrehaiting part of the of the
recovering operation of step (d) conprises a single
denpiemafar eanchaMyrrels the oifcoMeingi aafiatiohdgst eppligdatyr deat

t‘?éat?‘r‘ieﬁ‘ﬁ,étcg t%ﬂwﬁg?&%f%&a{ﬂérneth%h%s—gghé Sn tth%p:szra’ture of the

recoveri ng. accor di ng to the previ ous
takan+off lalier with tbe epméin)ng gart af thiestbnoowtafat. ar ound 500C

ar ourtt MaTshradccHing W 3o Bor BTG T o By Ghelgpchesion
et ePaRiYe QISrdtindl d0pecwherein step (a) conprises a
sinple inplantati on of hydrogen or helium

3. Method according to any one of the preceding claims, wherein step
(c) is performed at a temperature comprised between 300°C and 550°C.

4. Method according to any one of the previous claims, wherein the
recovering temperature is between 350°C and 800°C.

5. Method according. to any one of the previous claims, wherein the
recovering temperature is between 550°C and 800°C.

6. Method according to any one of the previous claims, wherein the
recovering operation is carried out in an inert atmosphere, such as an Ar or
N> atmosphere.

7. Method according to any one of claims 1 to 5, wherein the
recovering operation is carried out in an oxidising atmosphere.

8. Method according to any one of the previous claims, wherein the

recovering operation of step (d) is carried out in continuity from step (c) in a

same furnace.
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10 12. Method according to any one of clains 1 to 11,
wherein step (a) conprises a co-inplantation of
hydrogen and helium 13. Method according to any one
of the preceding clains, wheéfein the recovering
operation of step (d) is carried out by thernal
treatnent at a tenperature substantially conprised

bet wegnifeftréd @@QQ@Z?CIO ke Istevitdbt hellindC adEERiIAGtHeO recovering
claim 12 and claim 13, wherein the donor wafer

opefatioses§ atesi (@ damrisesandinglertempesetept shangecas ficsa the
t di i nplant at d
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f&doveRgghel i um concentration peak to be located, in
the thickness of the donor wafer, nore in-depth than

t Ee hgrta)r Wgdodsarasading do ﬂmm@reum;n@am veherei: slept (k) tsheatried
B ETRE RSB Br A80B el ot LB AESRL 20T Qi prounc

bajursreatnent is inplemented for one |length of tine
rangi ng between 30 m nutes and four hours. 16. Mt hod

accor dif niethodapscondiagde anbieons: elcibei prgvierai mswidiesein step

25 step making. i Si. bl it Wt he cont act
g':’f) R R Fflg'rgé/gﬁ%?@?%ff Egéﬁ%gt\gﬁe&%emﬁider of the
donor 1paf/Rithdd Bccdrding fontyeBRBtEdIgRiser th e, nataresT 519 (a)
operation of step (d). 17. Method according to the

pPeeEgeng corimpigntatient ef hydragerpnAA@IHE- wi t hdrawn t he

conta f f r . . ' .
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esyBveting Sofdrali@ast see (0§ id harfed loo g treparattreatsient at a
CWP, chemical etching, sacrificial_oxidation,  thernal
tainReratyTg supstantiglly samBtethReednyy 3’6 a638E of t he
precedjn - - he - Y
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aayerarenrises| aabiGe thyeq abid, whdrerrestepldigs taked owtf dccording to
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ectively etched wth respect to the layer of
the domerdwal®ir, made inMéepib dhare the bydrggeo spngading zenetars more

BTG RLB Y PRy R gy Lakemoft Laver (1)

15. Method according to any one of the preceding claims, wherein the
recovering heat treatment is implemented for one length of time ranging
between 30 minutes and four hours.

16. Method according to any one of the preceding claims, wherein a
step making it possible to withdraw the contact of the taken off layer (1) from
the remainder of the donor wafer (10 ') is implemented after the recovering
operation of step (d).

17. Method according to the preceding claim, wherein, after having
withdrawn the contact of the taken off layer (1) from the remainder of the
donor wafer (10 '), step (d) further comprises at least one of the following

operations: CMP, chemical etching, sacrificial oxidation, thermal annealing.
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10 selective etching, and in that step (d) conprises

such a selective etching inplenmented subsequently to

the recovering operation, Qgiafter having w thdrawn
the contact of the taken off“1ayer (1) fromthe

remai ning part of the donor wafer (10 '). 22. Method
according to any one of the preceding clains, wherein

the 18 Wettesd wed®tinglo)arsoons bbte prebedikg Slaiswgppbietein the
substr at e, abuffer structure in SiGe, and a top

fakparoftlavpr (Biiadn Si+aGeearit <8 < hind wherei n what the
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SﬁWér-°(¢§|s'Tﬁrs%Vr%rd Sk 30,3 e&DltK Dk xa step for
rorm ng bondi ng | ayer on 20 the donor waf er (10)
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SL the nethod of the previous claimto the fornation

0 a seni conductor on insulator structure. 25 25.

Seni c3hdMetimd aecardingl tataoy e qﬁth@rmeoediag igeadmaf weerein the
t he recove Jn

BN HotPrat boraG 65 Sy oone 0l *ahafiy 1 73183 Ber to

S oA B ol B st g
(m;ﬂepnermd rsubsefaertly dughaessopéring eperaticam argl AReR. having
withdrawn the contact of the taken off layer (1) from the remaining part of the
donor wafer (10 ).

22. Method according to any one of the preceding claims, wherein the
donor wafer (10) comprises a bulk Si support substrate, a buffer structure in
SiGe, and a top layer comprising Si1xGey (x78), and wherein what the host
wafer (20) is in bulk Si.

23. Method according to any one of the previous claims, wherein it
comprises moreover, prior to step (b), a step for forming a bonding layer on
the donor wafer (10) and/or on the host wafer (20), the bonding layer being
made of an electrically insulating material, such as for example SiO5, SisN4 or
SixOyN;.

24. Application of the method of the previous claim to the formation of
a semiconductor on insulator structure.

25. Semiconductor on insulator structure obtained after carrying out
the recovering operation of step (d) of the method according to any one of
claims 1 to 23, and after withdrawing the contact of the taken-off layer (1)
with the remaining part of the donor wafer (10'), with surface roughness of

less than 40 ARMS.



