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PROCESS FOR SI MPLI FI CATI ON OF A FI NI SHI NG SEQUENCE AND
STRUCTURE OBTAI NED BY THE PROCESS The field of the

w0 pooefti7’eh i s the formation of structures conpPCHEPZPOE070177

thin layer made of a sem copducting material on a
support substrate, by transferring the thin |layer from
a donor substrate to the support substrate. Such
structures are usuaIIy obt ai ned by the use of a

't§idbENCE AND

substrate -SbRUﬂgUREeOHmHmNESUBStEHEePRDCESSHIInate
contact with a support substrate; - detach the donor
substrate at the weakened zone, to transfer part of

the donor substrate onto the support substrate; treat

the said part of the donor substrate transferred onto

Lhe SyRBOE substrat ¢ L0 LRLELLg Sald WD I G. (e
sai d treatmen consrstlng of “a sequence of finrs
epenatiiens. thepiragenti on nahenpanhyeulambmerebates semi
but is not limted, to the formation of structures

ﬁPPﬁuﬁtﬁﬁﬂtrc@?%?F§a%hrnonayér IS WSHES TR S by

£95959@§§195 the Ehhﬂ hayer r§ohyela@hb¥ Eﬁ%%tEQ%@ to the
O Angstrons, and in particular |ess than

AngsprbnsubSNARTeCUT (r) type processes are an exanple

Cype SO PorHOERE TR A-Fayer o s et LeoRdugt: hg° o of 2

ﬂﬁhﬁéfék p@oaégsp@hblaubﬁgr@t@psTh@y correspond to a

preferred enbodi nent of the invention.
— Ccreate a weakened zone within the thickness of a

donor substrate;

- bring the donor substrate into intimate contact
with a support substrate;

— detach the donor substrate at the weakened =zone,
to transfer part of the donor substrate onto the support
substrate;

- treat the said part of the donor substrate
transferred onto the support substrate to form the said
thin layer, the said treatment consisting of a sequence
of finishing operations.

The invention more particularly relates, but is not
limited, to the formation of structures with a
particularly thin layer, in other words the thickness of
the thin layer is typically less than 1000 Angstroms, and
in particular less than 500 Angstroms.

SMART CUT ® type processes are an example of a
transfer process for making structures of this type

comprising a thin layer of semi conducting material on a
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The structures thus formed may for exanple be of the
Sed (Sem conductor On Insulator) type. Renenber that

WO poovla7s8tase, an oxide layer is inserted bet Wwe€&HEPI906/070177

support substrate and the thin layer. Structures
obt ai ned by such processes are used for applications
in the mcroelectronics, optics and / or Optronics
fields. After the donor substrate has been detached at

%{gﬁ%%@ke%%%s%%%e'” éj;g E8r%§ Eﬁr ooar% ?Erg?grred

substrate onto t upport strate
énnndithbat aftteat menetnofohhe sald part transferred
onto the suggort substrate is necessarg S0 as
t

creat EPEhBEEBFEUF AP Nt Ay ef OT8EENTAY L F B ﬁﬁﬁ?pﬁg “be of the

desirgnedrpachueikdkl Yont Oinsu itfid)t he,har trohetier dORQE in
substrate transferred onto the support substrate, to

bhipgchet oanhexidpgérvEhi ERnéssereqdi Pedvren Ehe sHPROTT
ég¥§EFaE8dH§S the §grfaggyr9ughness particularly to

STy sSurtrace con t'i on specrflcatlons associ at ed
W th structures usediined hey appthcatborskiel dsre used for
nment i oned above; guar antee good quality in term of
GBPé&Fét&QBFfa%% d&%%cﬂ&cﬁﬂﬁkﬁﬁ ' PSS ng PhriGighaPHe/ ©F
yppebnkayer Qi gkhe Sed structure, etc.), and also to
satisfy specifications for the application fields
nment i bhedr above dOTHIIS typetoite r bat mbserofdatreched at the

ctur.e obtained direct)] fter detachne typica
c%%gls?g 6"’ sequence oft¥ FShrh oﬁeﬁgiron ¥ %% B¥nox

Saﬂgeﬂéeejddt@lﬁ%%|ﬁdp§ﬂ¥it5hﬁﬁﬁkdﬂeSeM£rﬁé Bb€eP8 that a
aimed at thinning the structure obtained after
HeeathfABht Ctnittione2 b BaVEr alragsdiss raicdhetp gt the support

§HBQ£PE@8 Hh? B%%%S§HE§8C§b as to create the said thin

layer. Such a treatment is designed particularly to:

— thin the part of the donor substrate transferred
onto the support substrate, to bring it to the target
thickness required for the thin layer;

- reduce the surface roughness, particularly to
satisfy surface condition specifications associated with
structures used 1n the application fields mentioned
above;

- guarantee good quality in term of defects (surface
defects, defects passing through the upper layer of the
Se0OI structure, etc.), and also to satisfy specifications
for the application fields mentioned above.

This type o0f treatment of the structure obtained
directly after detachment typically consists of a
sequence of finishing operations. This sequence
judiciously 1leads to one or several steps aimed at

thinning the structure obtained after detachment, with
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of the said structure. Thinning of the part of the
donor substrate transferred onto the support substrate

W@Raoe71d8t achment, to formthe target thi cknesBCT/EP2006/070177

required for the thin layer gay typically be

i npl enented by one or several sacrificial oxidation

and / or polishing operations. However, a polishing

operation is usuaIIy not desirable. Such an operation
uces [ Ly thi 0 h

éﬁgngﬁef%ggrgg &r fhﬁ?gf gﬁ:éggggpﬁié%g{%%efg?Foﬁufgace

bﬁitheilhmdtherﬁcnusblng sequence, is inpossible to

guarantee that the standard deV|at|on of the t hi ckness

of th& tPansfer Péd I'difer PRt es8Tt hd's Alover tRaPstrate
ephhiecthbn bayer « APR UG ions @b s@r saer bt 6t aketachment,
oxi dation operation is limted. Such an operation
tené§rmotﬁ§kéa§®@§ prhel Bxiesstd ngp peferd st passhe hkbighlayer
L eadin format | F ype, def
%a tlcdﬁéfgy en%a Iaﬁﬁgl%%ﬁ§to %@7th$§énes§:of
thansfected bayeatnSnehnﬂ1mabedponmsbnderoperhtmbhsthe
formati on of such defects, an internediate thernal

anneall PHgYPer afi ok Ol SHS @Al | PRAFFE 18t wekh tweually not

saghi-hhebal xifdali onsheps . eachife{hese fdﬁhﬁéﬁ@@ty of
bei ng designed only for Iimted thinning. As

ehammhﬂqﬁn@w@hOé’theenﬁhxammaﬁn@@ laykast The$nmwhen a
anneal i n cal und co tro
AP e bR R o PR ATED Brfoq R g pPguence,

1ber palimpBBEablBg) 0. gAarahteadyhaenth@nedahmakhedev1at1on
Applicant in docunent WD 03/009366, the finishin
Pﬁeﬁ%nﬁh%@@ﬁﬁyoﬁe%eﬁfw%@%%%l ¢eY8Equenckess than

§that,couldobenrepeat £d) hpgLpding

Application of a sacrificial oxidation operation is

veral

limited. Such an operation tends to make some pre-
existing defects pass through (leading to the formation
of HF type defects), particularly when a large part of
the thickness of the transferred layer is eliminated.

In order to limit the formation of such defects, an
intermediate thermal annealing operation is usually made
between two sacrificial oxidation steps, each of these
two steps being designed only for limited thinning.

As an example of such a thermal annealing, a fast
thermal annealing 1s typically done under a controlled
atmosphere wusing a mode commonly called RTA (Rapid
Thermal Annealing).

As already mentioned by the Applicant 1in document
WO 03/009366, the finishing treatment step may be based
on a "basic" sequence (that could be repeated) including
a sequence consisting of a sacrificial oxidation

operation followed by an RTA operation. The Applicant has
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a sequence consisting of a sacrificial oxidation
operation foll owed by an RTA operation. The Applicant

wha®obsEsved that a single RTA operation cannoRCHEP2006/070177

efficient, particularly in tgrns of reducing the
surface roughness, when it is inplenmented on the
surface obtained directly after detachnent. In
docurment WD 2005/013318, the Applicant has proposed to

8001 datﬁ%gpatg18ﬁ§gt Rl }éﬁé%g'@?gnz%ﬁn‘égﬂgd %¥10éent

co-lnp antatiron wt treatnent step
paraitbasrty sequencs kﬁhaﬂaﬁnyuppssmélyubéatepeaUgdhess,
|nclud|ng an, RTA operation follomed by a sacrificia

BRFQatitont DpErat $BrE t The CRppiticc aitt a?@%ab%%%rgéaeCtlY

fapd,ppessptgdnin international application deposited
on Decenber 2 8 2004 as No. |B2004/004390 not yet

pUb' i Shed)dochvaenitt I@Op%%f%%l% t thesf ol i¢imk has
g?%ﬁé d t en, Elﬂeth sttlgI thJJacf e’atﬁat Qe v%eahiaened zone

ranster ‘a thin ayer rect
fegm@deﬂyt0o?mmpn hhaﬂ1bayentbnaSﬂmpmshlsqbskéataent step
structures with a particularly thin layer (thickness
Passdt haR 1600 "BAGSEr on8SIRRACHar tFEaFar I'¢YI eBESERRAY De

P00-Angst r omg)Y1ugk hgf obhowsrhroppLhgrabaverbhabu@a by a
finishing treatnent "of a thick |ayer requires severa

sacriificial oxidation operations (each designed for

limt t i.n nl A snoot 0 eratlon .
belng?g%sggiq'C%%ﬁve%%stﬁ§%§bd$g-?%Y% g g%t ented in

@ﬁ@é@hb@ﬂ@nantapﬁﬂldaﬂﬂdm/&gp¢&mhﬁ@teﬁdrknﬁmmkhe U$€e2004
ni shing operations has an

f |
SBvare Sr7B0E/0R4BRE ylbbal Teber DUPIERBoGl sosder it is
Futherppre, f he f,Ormli on.of (2 SLLUGTUre With 8y tnis

thick layer, rather than attempt to transfer a thin layer
directly, if it 1s required to form "thin layer on
support substrate" structures with a particularly thin
layer (thickness less than 1000 Angstroms, and
particularly less than 500 Angstroms).

It follows from the above that a finishing treatment
of a thick layer requires several sacrificial oxidation
operations (each designed for 1limited thinning only),
with RTA smoothing operations being inserted between the
sacrificial oxidation operations.

It will easily be understood that the use of a large
number of finishing operations has an adverse effect on
the global cost of the process.

Furthermore, the formation of a structure with a
specified final thickness leads to additional calibration
of equipment that depends on the residual thickness of
the layer to be treated. For example, calibration of the

lamps of an RTA type furnace (necessary to guarantee
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specified final thickness |eads to additiona
cali bration of equipnent that depends on the residua

wa btockme8s of the |ayer to be treated. For exaPqi/Bp2006/070177

calibration of the lanps of gn RTA type furnace
(necessary to guaranteeuni formheating of a wafer) is
calibrated as a function of the thickness of the upper
| ayer of an SeO structure. Thus, if a finishing

. nt. i.,$.nec y .r.ansf.err | ay. i .
eIt PR LY L b el et 1 i eson
aft ehedehachnens, oft tayuppenetegsar gyt anpeedor srructure.

sever al RTA,snDotth% oper ati ons between severa
t hi nn g opertatd ohs M TE6168t diTF 5 Hal L& hi'F IaPer ¥wi tH 2

arbhkekness o200 ARGty OpB: ckhe BBY olfthem D& NRCLSSAr Y000
to adapt each %TA snoot hi ng operation to each

Bhpeknens (ilmmeddlatelm eraveldiat edefpapnpei ngt may Dbe

[ .. Suc aptation n ihcrease . th :
b Sy o R R G A SRR i ppgerations
ppewathonsvelhar efotening atkeenpti dns,made bobtsiimpld f ¥inal
the finishing operation as much_as gossible, wi t hout

EBADr 6AYSFnYTtRedqbBEFEYeef Phe PPnarRIstFaBeur é5. Mpy then
bhe [context, of cfEoryang ackbhhn dBYeLsbEHehYr &pdN&ion to

finishing operation sequence sel ected as béi ng

peefer téd ckonsisst s(iofitrigpeat | Wy ¢trecdeuenci Agnet) a being
apid thermal annealin eration with a sacrificial :

b2Pakelon Hgst atl oRc-hF CLRP oFElT ol Cirhag s oFSpELexicy
edl hediRTAhSagr oxtRTALSackoxh(whet eplSaspexitdenstes a
sacrificial oxidation) has the advantage of bein%.high
per f of RRRBECT R t ePlis OFCQURFI t yS BUedPt has ERePlify the

di sadvantage, of dincdpdi ng a lange gumber, ofiy e witnout
oper at i ons. first purpose of the Iinvention is to
sbmpkohystihe fhai ghahgtst ep, thar fivalastyubyureduci ng

the n?geiﬁgfxxxmext of forming a thin layer structure,
the finishing operation sequence selected as being
preferred consists of repeating the sequencing of a rapid
thermal annealing operation with a sacrificial oxidation
operation. This preferred sequence, also called
RTA/Sacrox/RTA/Sacrox (where "Sacrox" denotes a
sacrificial oxidation) has the advantage of being high
performance in terms of quality. But 1t has the
disadvantage of including a large number of operations.

A first purpose of the invention is to simplify the
finishing step, particularly by reducing the necessary
number of operations without correspondingly risking
compromising the quality of the final structure.

Another purpose of the invention is intended more
precisely to authorise the use of a finishing treatment

simpler than the preferred RTA/Sacrox/RTA/Sacrox
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nunber of operations w thout correspondingly risking
conprom sing the quality of the final structure.

wo\p@razy78pur pose of the invention is intended P@GF/EBP2006/070177

precisely to authorise the uge of a finishing
treatnment sinpler than the preferred

RTA/ Sacr ox/ RTA/ Sacr oxsequence, particularly when
formng a thin | ayer structure . To achieve this, the

n di S for ! ti a
ét%ﬁgégge cé%%ﬁﬁéﬁﬁéﬁﬁ' ﬁﬁéa féggirfofng sgnlq{ tayer
sonductkrag material on a substrate i ncluding steps to

create a weakened zone mrthln t he .t hi ckness of a donor

subst Fat 8CE6Vhr iy T'het Yondf VEttbs PPate T G5t § nRE8CESS

cont agk Wot-haa iSuPRAT ta stbstsal.e é&hﬁ%ﬁéﬁ%@tQGtQQHOaner
substrate at the weakened zone to transfer part of

gefer efibstratemont e sinhoma tsulistlr ag,  £o tsrléatrate,

. | e substr an nt
PRSP e it e PR 6 i T HEL B R B Hippgtne
saidkheeat nenat £onsdrsdt NG ufs @ sEGUERCE @hlh@n|shengdonor

operations; the process being characterised in that: -
debPathikeht lPEOa&HFéWéHebWPEéCBpBIlFEa?r §HPBPTH REREtrate,

trealdent, tondevelep veakeni nge ofy it henynegkened 20N ne to
Wi thout initiating thernmal detachnent of the said part

ofanhéedommrisubst rtdtee; dandrameaﬂnamm oﬁtanténergypport

ul s ovokin self nalntal et achnent of t he
53$ grgjé?hetao oF subs?traa'l aﬁu f that dphRer SuBgtface

segHeneerefl binfiocshimg opesatt oesbssratsemenﬁem the said
sinmplified by elimnating the first or the | ast
bperatlifdf rof @%eﬁ%‘ﬁcér@éﬁ@?stﬁr RIS Stepdatiing® t REAUSnCe

égg%ggg%ﬁgngfd%éygyyaﬂ ngt99§r§4655%§fbébﬁgfEﬁgracterlsed
in that:

- detachment 1is achieved by the application of a
heat treatment to develop weakening of the weakened zone,
without initiating thermal detachment of the said part of
the donor substrate; and application of an energy pulse
provoking self-maintained detachment of the said part of
the donor substrate;

- and 1in that the sequence of finishing operations
is a sequence simplified by eliminating the first or the
last operation of a sequence consisting of repeating the
sequencing of a smoothing operation of the free surface
of the said part of the donor substrate transferred onto
the support substrate, with a thinning operation of the
said part of the donor substrate transferred onto the
support substrate.

Some preferred but non-limitative aspects of this

process are as follows:
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of the said part of the donor substrate transferred
onto the support substrate, with a thinning operation

w@Roorz78ai d part of the donor substrate transPEr/ERM06/070177

onto the support substrate. Sone preferred but
non-limtative aspects of this process are as
follows:- the sinplified sequence is obtained by
elimnating the first operation, and consists of a

t hi nnin per at. i . LAS t ywee hi . .
operati%%g;ggﬁ%%g?%%ﬁpF%%ﬁgaggeggeﬁgéggggggggiﬁggmé?atlng
ehenfthattngpothetliast apdrabvhenstandfcanshshaiofy aperation

snoot hi ng operation inserted between two thinning

OPEFAL PONSS YePRe ERodTAPhG BPePREF B8R PESa t her ma

annealipge sikpeithenmkqanneal i B9ohsadnkabphby EhermBht ing
anneal ing RTA; - the two snoothing operations by rapid

ther hmbtanneabthgnRTANEr eoneiged PhAt 6 amephgliegbaprehation
nn ing ration wiih a. hing.effect equival ent
R s T e A

oper ati ons, spevtningdobetat eohhest bi tnéngadpenathdhhg;

the thinning operation is a sacrificial oxidation ,

oper at i BR® gﬁ%mﬁér ARISBLAGEt 18f 2t REPtFehbRERELf gPnealing

fleyel opnment of weakening corresponds to 60% or nore

(and preferably 80% or nore) of the thermal budget

| eadi ng tle a tpur ebyobhérnmal detaghiens; byt k@dheat thermal

treatTent &izxdevelognent of meakenLn%lis an
u

PEOTRSI il Takhedt T n 4P 950 ™0C 1 or “a tilfat T or b anneatling

bptveenohWaiaRd at hine® thowss e Ffddie spakeneshizone hs least
E&Saﬂi%xg¥ Egghﬁgh?tgggegging RTA operations, performed
before the thinning operation;

— the thinning operation is a sacrificial oxidation
operation;

- the thermal budget of the treatment for
development of weakening corresponds to 60% or more (and
preferably 80% or more) of the thermal budget leading to
a purely thermal detachment;

— the heat treatment for development of weakening is
an isothermal annealing at 350°C for a duration of
between two and three hours;

- the weakened zone 1is created by implantation of
species in the thickness of the donor substrate, the said
implantation being applied by implantation of a single
species or by co-implantation of at least two different
species;

— the thinning done during the sequence of finishing
operations 1is designed such that the thickness of the
thin layer formed on the support substrate is less than

1000 Angstroms, and particularly less than 500 Angstroms.
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species in the thickness of the donor substrate, the
said inplantation being applied by inplantation of a

W@ pMglzi78peci es or by co-inplantation of at | eBGI/EP206/070177

different species; - the thigning done during the
sequence of finishing operations is designed such that
the thickness of the thin layer fornmed on the support
substrate is less than 1000 Angstrons, and

arti ess than 0 ccord

gnothéggggé%g% %?he |nJ%%?|§%g§éFa?§§£%o %ﬁégg%éﬁ relates
sbranBeDMAshracthmaIwm&ﬂ fadéiof laasedn medadudt iagsemi
material on a suggort substrate, an |nsulat|n% | ayer

BeMAYCT hedr PetichtnedR £ha"PRPATI SYBFTARHCT he iRbtlating

substrate; nd he fdi aknesselyche thin {ayer R 18385 the
than 1000 Angstrons, and particularly I ess than 500

Angstrofs, dHwr athérksedsi rpfi h‘abet Helidenspygrofoddmg less
QEESCtslept GokbLn Layer | gérgh%ﬂ§9r§§0”‘ﬁesSa”dthan
cul ar (IJS

nparti ess than ome~ preferred
boo nﬁ@strntﬁauidhaﬁﬁnngnﬁsaﬂ 1h|$h$krucm@r@ea@etgs(af HE
follows: - the surface roughness of the thligjayer as_ .
ﬁ%§§GF§dl@yt§E%nﬁhh@ FEFTa Surtaee WER ahr HEH eqiaf 10

ber10e10,pmi 2 i sskesgabhansp-A2RM5, over the entire
surface; - the standard deviation of the thickness of

the tﬁ@melay&ﬁaax@%sbuthamﬂ&b&mlUﬁ&ﬂvqheseﬁctseof this
Sﬁ Cg Clhe Eeg% pur poses and advant ages of
Phf 8- RYENET 5 PLheESie clear after reading the

fOIIOMAnghéetQUkEQchSEbUthQBSOfoﬁrefﬁéfedhln layer as
enbodi ments of it, given as a non-linmtative exanple
WFFHUF@ﬂePéné@aﬁﬁlﬂﬁeoﬁﬁﬁeﬁdéarﬁﬁﬁﬁr@éthmﬁéréFﬁa equal to

Ebgybep$2'§salg§Q £h5HSEr§tRﬂ9,tB@e?rgﬁgngﬁtQQe surface;

— the standard deviation of the thickness of the
thin layer is less than 5 A, over the entire surface.

Other aspects, purposes and advantages of this
invention will become clear after reading the following
detailed description of preferred embodiments of it,
given as a non-limitative example with reference to the
appended figures, wherein:

— Figure 1 1is a map illustrating the presence of
through defects in a thin layer of a structure obtained
by use of a process according to the state of the art,
particularly at the edge of the wafer;

— Figure 2 is a map illustrating the small number of
through defects in a thin layer obtained by the use of
one possible embodiment of the process according to the
invention;

- Figures 3a to 3d illustrate the different steps in

the process according to the invention;
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t hrough defects in a thin |ayer of a structure
obt ai ned by use of a process according to the state of

w0 b@7art7g7 particul arly at the edge of the waf ePCT/EP2006/070177

Figure 2 is a map illustratipgg the small nunber of
through defects in a thin | ayer obtai ned by the use of
one possi bl e enbodi nent of the process according to
the invention; - Figures 3a to 3d illustrate the

different. steps,in_th r. C ' t - -
I nventi (%Inl;g:%r%?gﬁr 284 ?s&alggﬁf%gr glrrfﬁ%]g%%?? ng?ltehegalr1 H
garnsi nft eresglaie sOUghhessedbiai nede bysthe fusen®f poreible

ossi bl e enbodi nrent of the process according to the
gﬁ%ﬂﬁ“@ﬂ? Ak %ﬁtPBHEESEbGSEPK%EH FBrFﬁlﬁggﬁv?ﬂFhon-

| ayerpsgtryehuignétihi gkpess | gasnt hap 4009 AQYSERHORS, 1ayer
and particularly |less than 500 Angstrons) , the

segueheeecof ftiMidhiasy opbeasi ofdasel ekl @Y xydeigys, and
referr nsj st.s re [ he que of
gggﬁchEgFgglﬁess ?Ean %ﬁ@&ﬂ] gtr?§§H w?ﬁ% g@ﬁ%ence of

anneal’ i ng erati
saat shiagabpexkdabhenseperatbons bhisgppeterredd consists
sequence i s al so denoted RTA/ Sacr ox/ RTA/ Sacr ox.

As
RENtiBITEd B¢l oW, € i CaBFEaFs GTnpdsSithIé t'o Sipt i fynealing

thirg) figpeshicng rstep i bhaut- 4ihe Jii-Sk of ; £OMPEoNbekRdrion.
the surface roughness, of seeing through type defects
dppeari ngereAfdirst sinpkidiiecati on cosl d consist of denoted

natin | ast _operation in the preferred
E#%?§38F8§?5#g?§38F8§'sequence to use a first
si mpl 1§i echeREALSRCK OXdRIAr sequence.pdButrst hi smfd$sSible to

sinplified sequence is not satisfactory, particularl
POPPLREVT oftMEtS onf ¥l ing step without the ris of

compromising the surface roughness, of seeing through
type defects appearing.

> A first simplification could consist of
eliminating the last operation in the preferred
RTA/Sacrox/RTA/Sacrox sequence to use a first simplified
RTA/Sacrox/RTA sequence.

But this first simplified sequence is not
satisfactory, particularly for the formation of a
structure with a thin layer. This simplified
RTA/Sacrox/RTA sequence could generate "HF" type defects
with a depth greater than the thickness of the thin layer
of the final structure (so-called through defects).

As shown 1n Figure 1, these defects are located
particularly in a dense zone 7Zd located at the edge of
the wafer.

These through defects reveal the presence of holes
on the surface of the transferred layer, at the dense

zone, directly after detachment. And the roughness of
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structure with a thin layer. This sinplified
RTA/ Sacr ox/ RTA sequence coul d generate "HF" type

waelefoeotssi t h a depth greater than the thi ckneRGI/BP20061&70177

thin layer of the final strugjure (so-called through
defects) . As shown in Figure 1 , these defects are
| ocated particularly in a dense zone Zd | ocated at the
edge of the wafer. These through defects reveal the

E?gen&e%so% '%%' es QpLhe Cﬁ%rec ftt'% @z%‘gé 805 the

a er ense zone, chnment.
AndghhessoughnBSSreﬁhhnSedensetZGneaﬁéter det achnent
is greater than t he rou%hness of the renmmni nder of the

waf er TRFR| & Atfes ith FREEASItY; depeidiiy o

Qﬁe?Q@Eﬁ&'BgnQQBQbBSOB§ pfet Beepteps @HrhonAl Ret N@akened
weakened zone and of detachnent. And obviously, the

rhRAn@NG hef t Aehachyerntof Atk PPrabustvucttiee, thhener the
PR & tzgt% henqrenon, %ec?ﬁeglpr%k%lr%%%wr% The d enrﬁgre the

zone rresponds zone at” the édge of
paéeomatonhbehotletaphoebembsicni tiated. Therefore, it
is a rougher zone than the renmai nder of the wafer, and

this ERANGETE coMpFefdl yCRF Byt hEOfitrRs RPRS at the

sgpot hi pg aper atiren. J1he gxiensiye 1hinnimg.; Al saidonecq.
during a single sacrificial oxidation operation so

Tharethecendtr esubt robvhtnedoins ahahrhhbayemampdhraof the
specified fine thickness eads ,t he for t.ion_of
EBBEE  nESGH et T e o oGehal B 22 5tdn T FGugH defect =St

Rannemobeh@n@edpbyaRIAntype anneal i ng. Specifically,

the defects forned by the thinning operation cannot be
curedTBy & SFisAae 3ot hi Ad SOpet ¢ ofuring a single

sacrificial oxidation operation so that the end result
obtained is a thin layer with a specified fine thickness,
leads to the formation of HF type through defects. 1In
general, such through defects cannot be cured by RTA type
annealing. Specifically, the defects formed Dby the
thinning operation cannot be cured by the final RTA
smoothing operation.

> A second simplification could consist of
eliminating the first operation in the preferred
RTA/Sacrox/RTA/Sacrox sequence, to replace it with a
second simplified RTA/Sacrox/RTA sequence.

This second simplified sequence is not satisfactory
either. Apart from possible problems of through defects,
this second simplified sequence can also generate
roughness problems, particularly at the edge of the
wafer.

As mentioned above, a dense rough zone 1is observed

at the edge of the wafer immediately after detachment.
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A second sinplification could consist of elimnating
the first operation in the preferred

WERIW/B2108DX/ RTA/ Sacr ox sequence, to replace i tPEI/EP2086/070177

second sinplified RTA/ Sacrox/,RTA sequence. This second
sinmplified sequence is not satisfactory either. Apart
from possi bl e probl ens of through defects, this second
sinplified sequence can al so generate roughness

@ﬁgb!ggg, gﬁrtACQiﬁ{iMeaﬁﬂﬁyesﬁ%%%hqggth% @@%%gon tﬁDDOt

nent i oned ove, a dense rough zone i s observed at e
edgeecontathefwaf ehismrddeatrehyhatter adetaehdense Thenased.
of a sin%ye RTA snopot hi ng operation cannot conpensate

for this"edde POugRTESYeat tHE dERSECz o Z1eIt RFPPIems

becohsecyed thatnt heses roughmess Anghlienk enceuntered are
with this second sinplified sequencé are closely
cebaceés telptebl évs Rralsethshycairdhdey hohesathahodepsehat

150t Q‘gtﬁi Eﬁ% ?i- pol | ‘ék%ﬁ PFAUENEE u(EﬁSEg(”i ng to the
escriptiron o hi S i ive %lon, Figures 3a - 3c show
t he dréterebhgsteps ile onk quasisithlen endfodicienrt eohveheion,

rocess according to the invention. Thus, Figure 3a |
heWESE dBnor SubsiFatda I FGirExanpt@a s Pegnpossible

SMBsLE AL 0¥kdi 5edpPPcbts gHEERGend oSHREeChvERLion.
i npl antati on shown di agranmatically by arrows, of
speci EBusp cremtee a dgeakboed zoned3nawt ubgthete 1, for

thi%kTess of . the gonok gub%trate. . . _The ing]antat'on 4
of “BPom & spect 68" &Y PB& T4 TSI mpt e i it aRfatiton (1t & c° 4/
Eaphantatbonmpliaatstnghesabvan eispeants) icafior eyaapkews,
such as an inplantati on of hydrogen, heliumor rare
gasesPeThesi npf ant&#ioh of AGHL Shed¥S may #§d1pe the

@h?@kﬁ@k@nkétkﬁg donor substrate 1.

The implantation of atomic species may be a simple
implantation (i.e. 1implantation of a single atomic
species), for example such as an implantation of
hydrogen, helium or rare gases.

The implantation of atomic species may also be a co-
implantation of atomic species (i.e. successive or
simultaneous implantation of at least two different
atomic species), for example a co-implantation of
hydrogen and helium.

Some examples of implantation conditions include the

following:

® Tmplantation of hydrogen alone:

In general, the dose is between 5 and 7 x 10'° cm’?,

and the energy 1is between 10 and 200 keV. Preferably, the

-2

dose is 5.7 x 10'® cm® and the energy is 37 keV.

® Co-implantation of helium and hydrogen:
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of atom c species (i.e. successive or simultaneous
inplantation of at |least two different atom c species)

WQ 2Goo0788anpl e a co-inplantati on of hydrogen aPdI/EP2006/070177

hel ium Sonme exanpl es of inplantation conditions
include the followi ng: Inplantation of hydrogen

al one: In general, the dose is between 5 and 7 x 1016
cm2, and the energy is between 10 and 200 keV.

Prefefﬁbl%@nég%ldosef B 5h%l§P}ﬁ1QJ%gl2d§g% t he, e”SFQ%een

Is 37 ﬁplan ation o el Tum an ydro en
geﬁekan01?©m1ﬁeém@nﬁtheldﬁéenu%eh@d%ﬁ@@ Onbryy 10d6benween

2 and 3 1016 cm 2 and the energ % IS betmeen %Q6and
%6oawgv2 Or et ality o< oot Wedn 2°%"$6%6 et 2land™® x?

i0%61@”3%nahdaﬁae%%% l%béﬁkkgv)kevﬁnd ArQr P&Qrﬁgéﬂogen
the dose is between 0.5 x 1016 cm2 and 3 X 1016 cm 2

ahd ﬁ@@een@Tgpetge%@t@eénxl@oandﬂyﬂb e @p%eﬂ@rabmy and
e het n. No 1 C n
983 e%e Ut 1%053(@;@5]@ mlg ac‘p %b Q%@t h %fear 33131 dose

eneérgy a gure
wbt ebetha donar® subst raatce 1 ixS m%u;ganﬁ i Bl i etd eabout
contact with a support substrate 7 through its face 4

30Th8Vdonor substrate 1 is then detached at the

Weakeﬁﬁ uZ2eNe&s;3 sh%%stf@HéfQﬁxﬁﬁfbu9ﬁnbhewﬁgﬂ9fthe donor
substrate 1 onto the support substrate 7 .

srapewerk of tie Stratehsf - nheoartnbxn@stesmrudﬁi with a
N It P
occurshel ndotber yassisratid is ajpum@ew.t@@mm&hed at the
detachnment. Note that it has al so been proposed to do
geﬁﬁ?@ﬁg zone 3, to transfer part of the donor substrate
1 onto the support substrate 7.

In the framework of the state-of-the—-art processes,
the detachment step generally consists of thermal
annealing during which a spontaneocus detachment occurs.
In other words, it is a purely thermal detachment.

Note that 1t has also been proposed to do a purely
mechanical detachment, particularly by making a blade
move along the weakened zone 3.

This invention proposes to use another detachment
mode, namely a detachment made by:

- application of a heat treatment so as to enable
development of the weakening of the weakened =zone 3,
without initiating thermal detachment,

- and application of an energy pulse so as to
provoke self-maintained detachment of a part 5 of the
donor substrate 1 delimited between the face 4 and the
weakened layer 3, with regard to the remainder 6 of the

donor substrate.
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mechani cal detachnent, particularly by making a bl ade
nove al ong the weakened zone 3 . This invention

WQe@poO3E87 t 0 use anot her detachnment node, nanmeP@I/EP2006/070177

detachnent nmade by: - applicafion of a heat treatnent
so as to enabl e devel opnment of the weakening of the
weakened zone 3 , without initiating thernal
detachnment, and application of an energy pul se so as

to pr el.f - mai nt aj ned. de f a 5 -
e’ oot iR pars AP, B CPe OB ITRRL aCT rRaBRELe Oy Oheg in
theevweakeénedl| ayepl Bcat bt riggartthe o 2phe iremai ndeblGshed

f the d b h d il hi
Sk reheroipsbLeto ier detai L ogen L0l

appligatiras Ry the-Appliecantnpubl ighedMpder, NUBEr Sheat
WO 2005/ 043615 and WO 2005/ 043616. Unli ke a purely .
thephfntet sctivemd t herheat theat Aerelappl ivvehirariginh 1s

58t8%¥§'dimﬁg%snéngekichﬁéﬁgrHBt%Q'P%EQES det achment
S Tnitralised. R general, the weakening gevelopnent
heat tneatnenhlappheedenkthingt HevElapraatkhebtt heeatment
i nvention is designed to apgly a thermal budget ,
eBaratroltaRd™t ERpeFaPUFEOpAI P EFGsenVEltRat hér REFLINEA

E’Hdgﬁﬁlﬂ}ese%ﬁ@waﬁobﬁ@ﬁ@%t (08t PUhebYat herpBkature pair)
detachnent. Thus the thernmal budget applied in the

contextt of thhe imvem i obudgetespondssaby 60% orceppte, in a

ang regﬁrgggx 509%8% ng&g, of the thermal budget
PEAGI Mg 6 A% pur'el § -t el mal det achment. For exanpl e,

t he heatst reat mend riol deviegep weakernidigihs tdenecom-dfe of
form of an isothermal annealiﬂgcgt 350 0C for a
BOPat YRS ChetCREEs SPRY S@nd @ Hie tpupere, and preferably

80% or more, of the thermal budget leading to a purely
thermal detachment.

For example, the heat treatment to develop weakening
is done in the form of an isothermal annealing at 350°C
for a duration of between two and three hours.

It will be noted that the heat treatment to develop
weakening applied during detachment will also enable
consolidation of the bonding interface between the donor
substrate and the support substrate in intimate contact.

Figure 3¢ shows the actual detachment of a part of
the donor substrate 5 with regard to the remainder 6 of
donor substrate 1, using application of an input energy
pulse, preferably with short duration and limited
amplitude. The part 5 1is thus transferred onto the
support substrate 7.

For example, this energy input may be composed of a
mechanical stress shown diagrammatically by arrow 10 in

Figure 3c.
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It wll be noted that the heat treatnent to devel op
weakeni ng applied during detachnment will al so enable

w@o3nori7gati on of the bonding interface betweePCT/ER2006/070177

donor substrate and the suppost substrate in intinmate
contact. Figure 3c shows the actual detachnent of a
part of the donor substrate 5 with regard to the
remai nder 6 of donor substrate 1, using application

of ang,i pp r ef era h i |
duratlgﬁ g%J?nﬁﬁgﬁé ‘ﬁslﬁ%gd S%Tﬁgy%%éﬁ §§¥§Jtﬁﬁghanlcal
tnansf esr ed mmg)dquipmﬂnnnﬁlmﬂﬂﬁﬁrmmetﬁat Eonventionally

exanpl e, this ener in ut may be conposed of a
Hé%ﬂaﬁPcéFpéFPE§stg%o aFﬁg?gﬁﬁﬁtPEgEF§aE§OQrP5mﬁ1@urely

ERcEhgur ge8acnenpone himbaki ¥e- WRY+9F BBKEREt BhSmachine
mechani cal input is to use equipnment simlar to that

eonvehtd onedd) usé@etomgébaﬁépélthéOV@@ew%pﬁﬂﬁqﬁ by such
gg?%% ?Eogn Oﬂl l%a&heggagu%%g%ﬁﬁggntt&t?%ﬂﬂ&gngelf

I C separ on machi ne” i s al so used)
mechanicabl flereenhapptied by such separation equi pnent

may be sufficient to cause sel fnmaintai ned detachnent.
The deRachnmeitsBrsited i SPEaIFEfRi ntial nedSelf-maintained

partiecyharhy indhe.gensethat, unlike anpuiely o purely
mechani cal ~detachnent, there is no novenent of a too

mEthnuhelmehK@ﬁémwzdne tBenee thendetrawhamEntt i of a tool

ntaln there is no real propagation of a
chn? SWAV Eeh gteBs that coul d generate surface

rlpplS§ncEUth@eﬁaﬁa@hméhﬂcestB@ne hsinoam¥arenhet is no
any tool al ong nemﬂg created surfaces, there is no
H@@?a@éppéﬁaﬁéophé> Ut f AE@CEBREI 'RER of tHeeRUr Fagescould

5@H§r§§goéﬁgface ripples. Furthermore, since there is no
movement of any tool along newly created surfaces, there
is no degradation to the surface condition of the
surfaces thus exposed.

Thus, these surfaces have a relatively smooth
surface condition, and the free face 9 of the thin layer
5 transferred onto the donor substrate in particular has
much lower roughness than it has with classical solutions
using spontaneous detachment during thermal annealing
(purely thermal detachment), or a purely mechanical
detachment.

In particular, the Applicant has observed that the
surface roughness of the free face 9 and the density of
holes on the surface of the free face 9 are significantly
reduced at the edge of the wafer, at the dense zone 7d
shown in Figure 1.

The Applicant has thus observed that use of this
detachment mode provides a means of making a simplified

finishing treatment, and particularly a finishing
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Thus, these surfaces have a relatively snooth surface
condition, and the free face 9 of the thin layer 5

W@ e@n9fEsT ed onto the donor substrate in partiRCI/BP200&870177

much | ower roughness than it;fas with classica

sol uti ons using spontaneous detachnent during thernal
annealing (purely thermal detachnent) , or a purely
nmechani cal detachment . In particular, the Applicant

F?éaQ éﬁ{vegﬁ%gbihge %%”ae%]etr{e%ug :5s pf Lhe é%eeﬁecond
ace and the densi'ty of holes on e surface of the
Eiepliaced9 areegiugncéiscant hgnteduead at abheegdge efithout

the wafer, at the dense zone Zd shown in Figure 1

TREPARPI FeaAt haS this" VbservBtItHatS usd of SPRFET1Ng  any

det-achneploonderproyi des a means of meking a
sinplified finishing treatnent, and particularly a

fini shhagireanhienn akedrdrpgosdsethepmphestirst or

secon L npljfied sequences _nent.i oned above, wi t.hout .
compr SmSrnG ERE BeT T ag8 FolaT e cer ans ser g Ay
through typerdeheels. ThgeLhyention s, proppsesitQiariy
conbi ne: the detachnment node nenti oned above

cohbirnipged beodntreobkedthinhermak weakéatad) and

(particularly interrupted before detachnent is . .
i ni ti 4t edfeandrPlocalr18pplafcati®r Binaddeeeonal tepgpgying

“EE%QQE'99t5§ﬁ£5ﬂ”8£ﬂ58h889£ Q?Bﬁ&hﬁﬁgtgéhQQ ehh€one,
weakened zone, > wth a treatnent "step tor the

st ruckune tabtai nedaahéet detacmentticonst stithgrof oBtained
sequence of sinplified finishing operations. Therefore

M ERT T EFEPEREE 0 FIHUrE St Phe astTURtUNE obt afnBglificd
af hecnhdetacheenpt ibrgated by the said sinplified

Therefore with reference to Figure 3c, the structure
obtained after detachment treated by the said simplified
sequence is the structure including the support substrate
7 and the part 5 of the donor substrate 1 transferred
onto the donor substrate 7.

In particular, the purpose of this sequence is to
thin the part 5 to obtain the target thickness for the
thin layer, to reduce the surface roughness and guarantee
good gquality 1in terms of defects. The end result after
this treatment is the required final structure including
the thin layer 8 (particularly with the target thickness)
on the support substrate 7 (see Figure 3d).

According to one particular embodiment, the
simplified sequence 1is the first simplified seqguence
mentioned above, namely the RTA/Sacrox/RTA seguence.

Note now that this first mode is advantageous in the
framework of the formation of structures with a thin

layer (thickness less than 1000 Angstroms and
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sequence is the structure including the support
substrate 7 and the part 5 of the donor substrate 1

WO ean®fsT ed onto the donor substrate 7 . |In PCT/EP2006/070177

particular, the purpose of tjhis sequence is to thin

the part 5 to obtain the target thickness for the thin

| ayer, to reduce the surface roughness and guarantee

good quality in terms of defects. The end result after
.S nt,is.t requhped, f i uct -

PP LA EE R s ML b b Bt i ey o

tangeti tt hbirokness) comddres suppordvenbsita at ke 7appseerance of

Figure 3d) . According to one particul ar enbodi nment,

Fﬂgoggﬁpﬂ?fﬁéassequence is the first sinplified

sequengeppeRt baned, abave, eandt e i he RTALSasheXxhRiént can
sequence. Note now that this first node is

adedntagebas fpumeheonr afferoPkVofimt Heafmek Awt FeA 6t ructure,
ru res with ' r i.cknes e h 000.
i%és&%gﬁé'éﬁ%%a??}%€+£rF@Xﬁeésggﬁéﬁj3035gm%@?%%ﬁng leCk
padt ifeu aftdych nthbadeints iprow eSHRA" negps afe freweni s n@gess
t he appearance of through defects. In particular, the
bsenof this fi P& &isodi M8ht canCFead $6° % he f&rSfati ohlan
of ,a530Q-mm di agpeter SO structure, for which the
silicon thin layer is 350 Angstrons thick and for
whi chThheprdedstt yoof of HEY Rypeadetectsgi smhedsathanm after
Qsél$9&§%%g b &2y Phchnsh less than Q. g detegts [ em
27 " The pr dtton"or “8R "RTA Bhnda |ﬁg inﬁgalapely g
ahter appekbfrafmaient aifnedic1¢ef achient @5@©vd despan neaps after
avoi di ng the %ppearance of holes that could open up
éPPéFCéngPcétio%h%fsﬁﬁél§é€ﬂ?ﬁi&%ﬁdQEHQﬂH@EﬁFath“- The

QEQBQBiOQT%ThgnﬁggPﬂﬂgRﬁéu@”ﬂ%&hianﬁ%ﬂkaﬁnt%%”pE%E% of

the cure o
residual defects, while slightly further reducing the

surface roughness of the thin layer.

And use of this first embodiment can typically
achieve a roughness of less than 5 A RMS (as measured by
a 10*10 pum? scan).

Figure 2 1is a map similar to that in Figure 1
illustrating the small number of through defects in a
particularly thin layer (thickness 350 Angstroms)
obtained by use of this first possible embodiment.

As a variant to this first embodiment, the invention
also plans to use a single annealing operation, instead
of two RTA annealing operations; this single annealing
operation having an equivalent or even better smoothing
effect than two RTA operations.

In other words, two RTAs are combined in a single
furnace annealing operation used before the thinning

operation, this annealing operation 1in the furnace
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resi dual defects, while slightly further reducing the
surface roughness of the thin layer. And use of this

w0 20030 7E88bodi ment can typically achieve a rougPCEEB2006/070177

less than 5 A RVM5 (as neasured by a 10*10 nm 2 scan)
Figure 2 is a map simlar to that in Figure 1
illustrating the small nunber of through defects in a
particularly thin |layer (thickness 350 Angstrons)

: his fi f :
R R
prans to use a single annealing operation, instead of

two RTA anneal ing operations; this single annealin

g
oper af Pbn SHATPRG arr Wit vaPeRe 16r BV betd epperation may

spRetbing, ef featathag twp RTA OReIAL T 9BSsol epthel vBatch
words, two RTAs are conbined in a single furnace

anneal ' ng Bper atiaml skl beforeendre ttHigmi mgnsists of a
?BS:’&%&&O”’}?&“&? a%%%'a'ﬂ%ﬁpp%ggg%bﬂ thj‘s%}le%x%ze?o by e

urnaceperform ng a snoot hi ng ect "equ
keast fi woaRTAsi dkot oexappkerisuch a singl e annealing

operation may consist of annealing in a furnace (also
cal | efioT B&EEAPARNealPat Chhe® 875t 119 ed™8BqiEn ¥ theder a

G0Rshsta Oin@-ﬁh§fﬂ§hxﬁﬁicﬁt%%%?%%E%9 pperati Qration of
followed by a sacrificial oxidation operation. For

branpte, f1Bat vhnAhaeabndgfonmayhberdene under a

hydrogen aggn/_ roargon atnosghere ﬂ&% a duratj.on _of

r
bet weeh“fT Ve di nut es™ and°Foul “hotur's’ lcecore&‘lbr?éi%moen%ﬁe the

seepndfpessi Heuendodiinent het heesbm@! isfingd iFaquUENEEgIBnCe
the second sinplified sequence nenti oned above, nanely
PRBt SaBPEXARTAE SaBrBR L Eefli@neacrox/RTA/Sacrox sequence.

Note that apart from the fact that this embodiment
prevents the appearance of through defects, it also
provides a means of achieving particularly low roughness
at the edge of the wafer.

The use of the "self-maintained" detachment
discussed above according to the invention, leads to a
reduction in the density and depth of holes at the edge
of the wafer. This reduction 1s accompanied by a
reduction in the roughness at the edge of the wafer (the
roughness at the centre only being slightly modified).

Since there are no longer any problems of holes and
roughness at the edge of the wafer, it becomes possible
to use the Sacrox/RTA/Sacrox seqguence.

Figure 4 shows a measurement of the roughness R
obtained by a scan across a 30*30 pm? area of the thin
layer of the final structure, using an atomic force
microscope AFM at the edge of the wafer (see round marks)

and at the centre of the wafer (see square marks).



10

15

20

25

30

Note that apart fromthe fact that this enbodi nent
prevents the appearance of through defects, it also

WEe@viotkes87 a neans of achieving particul arly | oRCT/EP2006/070177

roughness at the edge of thegwafer. The use of the
"sel f - mai nt ai ned" detachnment di scussed above according
to the invention, |leads to a reduction in the density
and depth of holes at the edge of the wafer. This

reduction.i.s ac ni. r 1 in the
rough%égstgﬁjihgggggejgg ?éggmé$%$£?%%¥§'rgug ﬁ@ggnétlayer
thehcent seIontyubeung shitghtl yhorhéseddf. 1GD0CERntherems.

are no | onger any probl enms of holes and roughness at
the edgesof "PHESWAT PN PedditesS polsiihl EOTIugesSt fE the

§ﬁ§ﬁ°§é§gé/§@§ﬁﬁﬁ ﬁ@@U@@C%heFEQ%Eﬁiﬁiéaowgcéox/RTA/Sacrox
nmeasur enent of the roughness R obtained by a scan

A¢n6881AI3PBYIaNA? &P £howiNg helethichmeayercotfeteing with
pnal structure,. usi L.c for 1 CrQscope :
L gL o b N P LRI SRS R R fREE a
eegtire of the wafepw(sgeasguareynmahkshalThetbbhnehaygtase

is nore precisely a silicon layer with an SO
Btratt e Wehta*Phf¢RRESs?Of 1000 Angstroms. This

Fi gure. 4 comar escLhe purf age ropghness pfefhed hifles not
| ayer during use of the sinplified Sacrox/RTA/ Sacrox

piravshengngegaenceuf okl gaingidetravhheatsconf bhai agntre.
with that . disclosed in.the_invention (case A, at th

ort Ph EFGUF) AT of Foweily ' pir Sy RS dGfe OF the
fdetragbment {oasa Bognatidhel riegiedin &t gwnre 4edige Idf the
can be seen that use of the invention does not provide
dAYepar tREUFRMIGAER Si R tr SUFhifesE AT tHee ceptee. LennPRet00

ptBer %%nd%héé £an D& 306N hAt S USE, Of R EANLs 4 AVERT L0Buence
has a beneficial effect at the edge of the
can be used as a finishing sequence.

In any case, it will be noted that a homogeneous
roughness 1s observed over the entire surface of the
wafer after the simplified sequence has been used.

Within the framework of the invention, the rapid
thermal annealing RTA operation 1is conventionally done
for a duration of a few seconds or a few tens of seconds
under a controlled atmosphere.

In order to make an RTA annealing of the structure
obtained after detachment, the said structure is annealed
at a high temperature, for example of the order of 900°C
to 1300°C for 1 to 16 seconds.

The controlled atmosphere may be an atmosphere
comprising a mix of argon and hydrogen, or an atmosphere
of pure argon, or an atmosphere of pure hydrogen.

Within the framework of the invention, the
sacrificial oxidation operation is broken down in a

manner conventionally known in itself into an oxidation
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waf er. The roughness at the edge of the wafer is not
too high, so that the sinplified Sacrox/ RTA/ Sacr ox

W@ eiaemce’ can be used as a finishing sequence. PCTHER2996/070177

case, it will be noted that ;3 honbgeneous roughness is
observed over the entire surface of the wafer after
the sinplified sequence has been used. Wthin the
framework of the invention, the rapid thernmal

l RT
%B?gfli%ﬂr?ofa nggpgﬁéﬁ‘&é@fohs gonventionally [4ong id g{ t peing

ew seconds or d few tens of ‘secon
undertadcortwekhedhat nosipharienn |9ty dend t ohaake-ariBiAion
anneal ing of the structure obtained after detachnent,
fhePsaid structure is anneal ed at a high tenperature,

for exgaplgiefactikg osdey of 900 AG 1101309, 0Cfonuk to 4
16 seconds. The controlled atnosphere may be an

é@ﬁﬁ@phéﬂéec@ﬁprEWﬁ@Da7ﬁﬂxcoﬁndrééﬁoaﬁd hydrogen or
an at ppsp) e.argon,_or er r
hydroggn QSV d?ﬁé P?a%%m%?i g%@P% ﬁgenté%é@p?%egnder

gaeébﬁ50|@ky@@mﬁakuonaopeéatimethSdbro&ﬁm downdlre ain  an
manner conventionally known in itself into an

Bki'daP6AsSt EPNARA" A HeYBXFHat FBAUS! ep, a heat

treatqpot beknRg,kASErt ed hefd %ﬂfiheﬁ&?datéPQOSteBontaln
and the de-oxidation step . The oxidati'on step is

bvéteﬁhbbylcaaﬁﬂéd bgthaunadtgnmetéodrendflbewaEemevbod.
0C an one by, t hod (for

exanpl & und“lk§5§gbu§¥8ngen? towg%lgm% %r%a%ﬁon of an
@XQH§|anéraﬁnatﬁésQHEEQCQOBEatHénghﬂﬁtEéy&ﬁpour)

The oxi dati on at nosphere nmay al so contain hydrochloric
aci d, Thet heph EF?aH@?HBdméﬁdb?ncﬁéflﬁﬁtHBH at constant or

variable temperature. The heat treatment is preferably
done at a temperature between 1100 and 1200°C under an
oxidising atmosphere.

The de-oxidation step performed after the heat
Lreatment removes the oxide layer formed during the
oxidation step. For example, it 1is done by immersing the
structure for a few minutes into a solution of 10% to 20%
hydrofluoric acid.

In the above, we have mentioned sacrificial
oxidation as being a preferred form of a thinning
operation. However, the invention is absolutely not
limited to this preferred form, and includes other types
of thinning operations, for example such as dry etching
(for example plasma etching) or wet etching operations
(chemical ©Dbath adapted to etching, for example of
silicon; in particular an SC1, KOH, TMAH, etc. bath).

It can be understood from the above that with the

invention, a simplified sequence <can Dbe used as a
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The oxi dation step |leads to the formation of an oxide
| ayer on the surface of the thin [ayer. The heat

W@ e@avmest may be carried out at constant or vRECT/EPR1086/070177

tenperature. The heat treatngnt is preferably done at

a tenperature between 1100 and 1200 OC under an

oxi di si ng atnosphere. The de-oxi dation step perforned
after the heat treatnent renoves the oxide |ayer

gQEﬂEgngr'”Qe&H8n8§'daﬁh°” SLER. FQE exapple, | hikferent
one by rmmersing the structure for a few mnutes into

ambobutheonsof 10% to 20% hydrofluoric acid. In the

above, we have nentioned sacrificial_ oxidation as

bei ng" A prefBrFed i of '& t h'AniMyl bpetad i gweration is
Howevgeq the | Ryentin i iaRsolddglonnot dimied t9r the
this preferred form and includes other types o .
thif harAgt opawariiewst sf-orl texadpreusudy sas diey et cheng thin
xanp| I et.chj.ng r hi .oper ati ops
{Cher bal’ ek SdapFed L0 orehi Ag: Tor exangie of O che
shlitkoassi niparbecukas anadCh, AKOH, TMAH, etc. bath)

I't can be understood fromthe above that with the

i nventPBhCUal i nplFf if@d SSeqeende Carf b s ed- a5 Layer on
§E%Eb§9'n9u§§9999§9 i Breachyebst heggqdi phereptiiarly  seor
enbodi nrents . Furthernore, note that no polishing
eperatioasi shtpcingdedoy nuske dfi ntshi Py osegsenctecdndany to
gﬁ t?e g'fferené ggbgginegggh Lt is thus possible to

oFm thin Fayers, “guarant8&FRg that the standard

devi ation of the thickness will be less than 5 A .

Qovi ously, the invention also covers "thin |layer on
support substrate" structures, and particularly SeO
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structures obtained by use of the process according to
the first aspect of the invention.CLAIMS 1 . Process

wWo 200708t or mati on of a structure conpri sing aP@HEP2006/070177

l ayer (8) nmade of a sem conducting material on a
substrate (7), including steps: - to create a weakened
zone (3) wthin the thickness of a donor substrate

(1); - to bring the donor substrate (1) into intinmate
contact with a support substyate (7); - to detach the
donor substrate (1) at th ned zone (3) to

transfer part (5) of the donor substrate (1) onto the
support substrate:égg; - to treat the said part (5) of
the donorrSGBEerat® r ah8fer riEtF Gt heCSupgor t Structure

sYRsLiat 8t & TRt heweal d (8N Ralqayess (8) ,sdhe 88hlucting
treat ment consisting of a sequence of finishing
opeeatiponsn eheuppbtess Béi ngichardéner pSedsin that: -

det acanﬁt L§.achl e%ggkgﬁéd. E*&Seaf?gki %Ehgﬂ Qgeatﬁ%kness
treat ment to %eve?op weakeni ng of e weakened zone
038) a, dehthostibsnirhtat ilmgy; t hermal det achnment of the

said part of the donor substrate, and a i cation of

|
an enérdV)pﬁF%%g(f6¥5p9808ﬁ|ﬁf@ﬁﬂqqﬁ%iﬁ5&nﬁﬂfo intimate

dehaghpent . af ot Bepgal-d RapLckal<Of 7§ he donor
substrate; - and 1n that the sequence of finishing

oper ati bnas des aghsédueercercgi mplbi St oy (el | af nahenyebkened
eration of a s

6 Fersaht g THE Chuditiing Of <5 ERBOUAIRG OperacToR ()
ehtbhentr egpputtasepkrate (7);

- to treat the said part (5) of the donor substrate
transferred onto the support substrate to form the said
thin layer (8), the said treatment consisting of a
sequence of finishing operations;

the process being characterised in that:

- detachment is achieved by:

° the application of a heat treatment to develop
weakening of the weakened zone (3), without
initiating thermal detachment of the said part of

the donor substrate,

° and application of an energy ©pulse (10)

provoking self-maintained detachment of the said

part (5) of the donor substrate;

- and 1n that the sequence of finishing operations
is a sequence simplified by eliminating the first or the
last operation of a sequence consisting of repeating the

sequencing of:



10

15

20

25

30

of the said part (5) of the donor substrate
transferred onto the support substrate (7), wth a

W@ bioriai¥1g7 oper ati on of the said part (5) of theCHBP2ING/070177

substrate transferred onto the support substrate . 2 .
Process according to claiml1 , characterised in that

the said sinplified sequence is obtained by

elimnating the first operation, and consists of a

t hi nni ng operati Jinserted betwee snoot hi n
operati onst . 3000 BB He s Getichdl g t 6o8 AL SUEEace  (9)
charagkericsed ishithatoddte sed)d sdplihdedasgguensapksrate
obtained by elimnating the |ast operation, and

consi §¥3ngfearsApBAPNGBpErAPPER PHBEEFEEShét veen two

thinning operations.. 4 . Process according to.one o

the above BrH e, CBAGFAERerFecd irt H LR SHbRURFRG ()
oper abifORhieS @ ntoherdil s aeald Mths ferrdd 06€SS the support
according to the above claim characterised in that

t he t RBPRAFaAAneal ing is a rapid thermal annealing

RTA. . S [ claim 5y, 14, conhinatd -
with %fa?5$g8$§cﬁ§%§%%gfﬁgeg8iﬁh%hg% %he(?%o snﬁ%?ﬁ%%g H
opetat itbrs byaidpi dinhbet MkdanseaiuengeRTA sar eoes geed by
into. a slngle batch,annealing ogeration with a,
ShoBtRfhg" ffEE? eaar§5|eﬁpe.at PP eadt%t weOrgpres ot @
thenmahganngad i ng STA apekaticens, pperdonmed hef osgobheing
thi nning operation. 7 . Process according to one of

pherabévesel ai ms, characterised in that the thinning
oDeraglogrbéegs according to claim 1, characterised in

that the said simplified sequence is obtained by
eliminating the 1last operation, and consists of a
smoothing operation inserted between two thinning
operations.

4. Process according to one of the above claims,
characterised in that the smoothing operation is a
thermal annealing.

5. Process according to the above claim,
characterised in that the thermal annealing is a rapid
thermal annealing RTA.

6. Process according to claim 5, in combination with
claim 2, characterised in that the two smoothing
operations by rapid thermal annealing RTA are merged into
a single batch annealing operation with a smoothing
effect equivalent to at least two rapid thermal annealing
RTA operations, performed before the thinning operation.

7. Process according to one of the above claims,
characterised in that the thinning operation 1is a

sacrificial oxidation operation.
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sacrificial oxidation operation.8 . Process according
to one of the above clains, characterised in that the

wae b@red78budget of the treatnent for devel opneP@T/BP2006/070177

weakeni ng corresponds to 60%pr nore, and preferably
to 80% or nore, of the thermal budget |leading to a
purely thermal detachnent. 9 . Process according to
the above claim characterised in that the heat

treatgenﬁfégesgeV%kgﬂﬁﬁﬂgg E8C e?nkﬁg tﬁ a%bove claims,

i sot her ma anneallng at or a duraftion of
betivweencetwoedndnt hhee hbar sheiflalPboadgss afCOhdlngeéﬁment
ang one of the above clains, characterised in épat th

k

EREG 2BRENE3P T YeEFEREY 1B IRt At i'oh of° °oF nore,

shecies ddrdiheg, t Rbckaess of hbesdongr substiatend{il) budget
the said inplantation being applled by inplantation of

acsilhgbetspecbescdy byecorapfaneabinontef at |east two
diffegent species. L1, Rro eSS ?ﬁcorgﬁgg to,ong of the,,

above clalns char acteri se € thinning done
duaragteheseequeneeaefﬂMeﬂhﬁnﬂmﬁfemﬁmem@nSOrSdevelopment
desi gned such that the thickness of the thin |ayer (8)

PO HEG K6M 1t e STUpPBr tH SHHOSTTEtle I7)CF 51 1esstt Harl £006°T

éﬁQ§EEQHBofaBQtQééB'EwbaéhM L 8881180200 Angstrons.
Sed structure with a thin layer (8) nade of a

seh1 t@ndﬂc@cﬁgsna@ecoaﬁlog atsupport subst phtet), above
aansulagi Ia er |q9 gsert d bet ween the %%IH(B) is
Fa ertand né su e th|c hels?of ?ﬂe Chitn

bayetebemg ir@@ﬁaﬂii@@ldﬁongﬁgﬁéd’ﬂf@S iandnparth Celhggdy of
| ess than 500 Angstroms, characterised in that the

Hefisi 491 of F%ﬂﬁﬁﬁ%%%% |ﬁ)thetbﬁlﬁ*F%?eﬂm9§qn§§§iﬁﬁhnbelng
QpBf a2 And b RasL GHl & 15 1898 1khaf, 0. 2AeM2 .y co-

implantation of at least two different species.

11. Process according to one of the above claims,
characterised in that the thinning done during the
sequence of finishing operations is designed such that
the thickness of the thin layer (8) formed on the support
substrate (7) is less than 1000 Angstroms, and
particularly less than 500 Angstroms.

12. Se0OI structure with a thin layer (8) made of a
semi conducting material on a support substrate (7), an
insulating layer being inserted between the thin layer
and the substrate, the thickness of the thin layer being
less than 1000 Angstroms, and particularly less than
500 Angstroms, characterised in that the density of HF
defects in the thin layer is less than 0.3/cm?, and in
particular is less than 0.2/cm?.

13. Structure according to the above claim,
characterised in that the surface roughness of the thin

layer as measured by scanning over a surface with an area



13. Structure according to the above claim
characterised in that the surface roughness of the

w0 io/orEager as nmeasured by scanni ng over a surPGEEP2406/670177
an areaequal to 10*10 nmm 2 i, less than 5 A RM5, over
the entire surface . 14. Structure according to one of
the above two cl ains, characterised in that the
standard devi ation of the thickness of the thin |ayer

E&u5§8§otq%alé ﬁmﬂ q%?ﬁéggaéﬂgﬂr§.?U@%§F80ver the entire
surface.

14. Structure according to one of the above two
claims, characterised in that the standard deviation of
the thickness of the thin layer is less than 5 A, over

the entire surface.



