METHOD FOR OBTAINING A THIN LAYER HAVING A LOW DENSITY OF HOLES The present
invention relates to a method for producing a final structure comprising a thin layer of semiconductor
material on a substrate, comprising the steps of: creating an embrittlement zone in the thickness of a
donor substrate, placing the donor substrate into close cpntact with a support substrate, detaching
the donor substrate at the level of the embrittlement zone to transfer a part of the donor substrate onto
the support substrate, The invention relates more precisely to a method of the above mentioned

type which allows iMBIGIRRYTRE PEDUNING & THINAAYERHAVIDE tcLWVIDENSI ORtRopeesence of
holes within the thin layer, SMARTCUTTM t)é%e processes, for which more ample details can be

found in the document 'SioRSRIHEYEREPF & Hotolgy@ Nsik1esl SaobredicmgoeElitiabatrungure
Jean-Pierre Colinge demptdinyes tagatioPidiiriaisubidr 3R266hPdn 2/ @i exaMple of migthods of

the type mentioned hereinabove and correspond to a preferred embodiment of the invention

SMARTCUTTM typet r?:)Ef'oS %ggé)é:advantageously produce structures comprising a thin layer of

semiconductor material, sometsgSECtBettitnacietorcdn insWaRAssT W resard helike,  The

embrittiement zone carn b%k%r&gte@‘g&i)m&lan a%}iror% of i%ecjies Withéin"the‘ thickness of the donor

substrate. implantation of 8pecigs is UNderstood o meah ARYEORRGLYTER FAUROBE RKBFHRENt,

diffusion and the like) suitaisfadbingiitveldomy atdisicats mrtesspesias uaiBinRIGEAL ohiherimplanted

donor substrate, with | centrafi implanted species situated at a preset depth
aiaRep U coneqnt ggg%%ﬁf@&#%%& &h %etsgpparﬁ%r

from the substrate relative to the surface o implanted supbstra ' Hftfoned here that
when a Se01 structure id i b&pediinBedeiaies emorexicke isieliertalate dhiathedweenttize suppert

substrate and the thipendorbis MHRPSROE ARG MR GRRYEAMRISE R Isdonay,

superficial oxide layer which is to be placed, after the implantation step, into close con

support substrate soPZEHHBHAMRNAERE I RIBIR SR 6F thidlemulitbinater tiiurayep

SMARTCUT™ type processes, for which more ample details can be
found in the document 'Silicon-On-Insulator Technology: Materials to VLS,
2nd Edition’, by Jean-Pierre Colinge from Kluwer Academic Publishers, pE.
50 and 51, are an example of methods of the type mentioned hereinabove
and correspond 1o a preferred embediment of the invention

SMARTCUT™ 1ype processes advantageously produce structures
comprising a thin layer of semiconductor material, such as SeOl
{Semiconductor On insuiator) structures and the like,

The embritttement zone can be created by implantation of species
within the thickness of the donor substrate. implantation of species s
undersiood to mean any technioue (such as bombardment, diffusion and

‘the like) suitable for introducing atomic or ionic species onto the material of

the implanted donor substrate, with a maximum conceniration of the
implanted species situated at a preset depth from the subsirate relative to
the surface of said implanted subsirate.

It is mentionad here that when a 320! structurs is io be produced, &
layer of oxide is intercalated in between the support substrate and the thin
layer. For this purpose, the donor substrate may comprise on its top a
superficial oxide tayer which is to be placed, after the implantation step, into
close contact with the support substrate so as to form the buried oxide layer
of the final Se0l structure.



The implantation step can be performed either by implanting a single species (such as hydrogen) or by
co-implanting at least two different species (such as the co-implantation of both hydrogen and helium).
Foliowing the detachment step, the thin layer formed onto the support substrate presents a damaged
zone extending on a certain depth.  In particular, hates may be observed on the surface of the thin
layer. Some holes, which will be called "shallow holes" hereinbelow, are blind holes which extend part
of the way into the thickness of the thin layer. Taking the case of a SOI structure as an example, these
shallow holes extend in the thickness of the superficial thin silicon layer but do not extend down to the

buried oxide layer. ! . o) les may be, faitly deep. and may even extend all

through the _thickness-%g tﬁ]@%h §f§§. eséegﬁho%spv“v'llQb%éj%%"%!t{f%l{iIﬁ%g’@gf@mﬂér@im . Taking
the case of a SOlspegEsréstsarrexhyisigamese Killingdhtesaaiiven deallidasiughdhdiSeprerficial thin
silicon layer, dowp {g the ynderneath butied,ox . w.FUrthermore, one.understands that this
killing holes problepr;ng?s all the more sign?ﬁ%&%&ﬁﬁ?&ﬁe@@%ﬁ g?}fﬁ%%a%gm "low (for instance

less than 800 angstrdrREyWINTHES cdffRipi@Rictine s fhenthEMART Gumem eppe rocessestare used for

applications in th%@@éﬁ%@fﬁ%@ﬁﬁ%ﬂﬁ%&p}m&%@ﬁiﬁsceﬂé%s@ég?ﬁ?ﬁoensrgg he thir

layer quality of.the structures used in these fields are thus generally very strict
holes is a parameter WhithteHERCMRIRF dRnPeoRBRAINMEIHeNgligligHERER @bthpdhentayehich will be

created on the finghgieLGislER, HARS ARBIHLES t2iRe) asAUIel asoRasSibleAvolHsH. arglﬁlﬂ?fmme killing
a

hales are killer dg{ects; indeed a component built on a killing hole will not function. Shallow holes do

not have such a JISSSrONCEHECESH Gt B st WY cBithSreiiasimea poh e dbistayaires.
However, they fofTaidefetts whieh df ia deSiralitedeaveid. aR o Xepkis i ashagevforaduethod for

\F/)vrrcl)i?:ﬁcri:gke(;sh:tgh g%%l]tg @%%t% }%é)?r%%% ing a %}g f s_e_rpicon;ductqr material on a substrate_
pOSS| nimt ehity 2 WA AIFREGRRAE S B RE)dhe density
of those of the hoteswviicivarikii odieketagznamely the killing holes.  As mentioned here above, this
oo o n e more S8 S "B LS RS % o M1 UMPRS ke SR 1o

extend ail through the thickness of the thin layer. These holes will be called

“kiliing holes™ hereinbeiow. Taking the case of & SO! structure as an

example, these Kiling holes extend all through the superficial thin siiicon

iayer, down to the undemeath buried cxide layer.

Furthermore, one understands that this killing holes problem is ali the
more significant as the thickness of the thin layer s low (for instance less
than 800 ang-stroms).

The resulting structures from SMARTCUT™ type processes are used
for appiications in the fields of microelecironics, optics and/or optronics. The
specifications of the thin layer quality of the structures used in these fields
are thus generally very strict.

The presence of holes is a parameter which o a cerain extent
conditions the guality of the components which will be created on the final
structure. Holes are thus to be as much as possibie avoided.

Furthermore Killing holes are kilier defects; indeed a component built on
a killing hole will not function.

Shallow holes do not have such a disasirous effect on operation of the
components built upon these struciures. However, they form defects which
it is desirable to avoid.



According to a first aspect of the present invention, there is provided a method for determining the
thickness of a part of a donor substrate which is to be transferred onto a support substrate, the method
being characterized in that, considering a finishin§ sequence of operation(s) to which the transferred
part is to be submitted so as to reach a final thickness (Tf), it comprises the steps of: (1) selecting a
thickness to be transferred; (2) for an operation of the finishing sequence, checking the density of
killing holes Witeirethe tranrsterredpaitate rsdtbdpiyatwopasihi thehifieced itersditycisiigher than a

maximal denS|t M asm he thickness, to be tran ferred a eatl e while
con&derfﬁﬂ?ﬁéﬂi@ %5’3 %% S§O ﬁ%nt%fcq{ﬂ 8513 t?angfglgﬂ%% %{ QP(} g n{;lty is lower
than the pradiial ttemsinir(im)tre ity st h{2g Sowitheméxe dhmdﬁgar;nahd fnmﬁ%hhgthequence until
the finishi quence is and th transferre rt reachess id final thic 1ess (T). 4
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(RTA) - e ation
increasing the thickness fo be fransferred and repeating step (2) while
considering the increased thickness as the thickness to be transferred; if the
checked density is lower than the maximal density (D), repeating step (2) for the
next operation in the finishing sequence, until the finishing sequence is achieved

and the transferred part reaches said final thickness (Tf).



5 the finishing sequence comprises at least one succession of the following operations : sacrificial
oxidation (SOx) - rapid treatment annealing (RTA); the finishing sequence comprises at least one
succession of the following operations: sacrificialoxidation (SOx) - polishing (POL) - Sox; the finishing
sequence comprises at least one succession of the following operations: sacrificial oxidation (SOx) -
rapid treatment annealing (RTA) - polishing (POL) - Sox; a layer of oxide is intercalated between the

thin layer andPilagestippouitsubstrattritiosioety othhs piethmecdbeingingSe0dnibeausentiictor On
Insulatoré}rftﬁructure the thin la L@/?ril‘s formed from silicon, the structure thus produced being a SOI
(Silicon !H‘idn.)(t% 'Lt Weére are also disclosed structures obtained by the method

according to thiadryentithesideh m@%@i@ﬂ@%@@@ﬁuaﬁé@/dhm@lmmﬁmg tt the first
aspect of the i ion, wherﬁ é\’the finishi gpg se prlses RTA/SOx/RTA/SOx sequence of

operations, %ha%’ rﬂ'&%ﬁs fA ¥h§%|ﬁlw ?lO(PéS "ﬁ'{'e i ;ﬂ?éfaﬂf‘ RESiAAI S re is
substantiallyhickferse to bEheses$erisad disclosed a method for determining the thickness of a part of a

ihereatter subIAY B AL A R e e N ML S8 P OBEMRIE e method
being charattterlaeddn Halsaaninifrom Wheknese thire kngosfened isaletereineddordiagl transferred
maximal do O AP FOA Gt SRR (e RAERUoh B4 SO RN THR Ny Soodbpce
achieved. ﬁjetermmed thickness;

- the thickness determination is performed by taking into account the selected

maximal killing holes density, the selected final thickness, and the effect of

each operation of the finishing sequence upon the holes density;-

- the method comprises the step of selecting implantation conditions by

selecting an implantation energy substantially comprised between 15 keV and

120 keV, and preferably between 15 keV and 80 keV,

- the finishing sequence comprises at least one shallow holes depth reducing

operations;

- the ﬁniéhing sequence comprises a plurality of shallow holes depth reducing

operations;

- the finishing step comprises at least one treaiment annealing (TA)

operation, as a shallow holes depth reducing operation;

- the finishing step comprises at least one polishing (POL) operation, as a

shallow holes depth reducing operation;

- the finishing sequence comprises at least one succession of the following

operations: rapid treatment annealing (RTA) - sacrificial oxidation (SOx);



Other characteristics, purposes and advantages of the invention will appear to the reading of the
following detailed description, with respect to the annexed drawing, given as non restrictive example,
in which: figure 1 schematically represents the héle density as a function of depth within a thin layer;
figure 2 illustrates the effect of a RTA operation an a 501 structure; figure 3 represents the hole
density within a SO1 layer before and after a RTA operation; figure 4 illustrates the effect of a POL
operation effe¢herfiaiShibgtasciuesicdgomprisgseseriasheholeudenasitiowitiinte Seldayey before and

represents FRTBIE B SR TIGHT Bl ) e obrer SRl HRA A<t CopEAiish Figote & reprosents
the effect of-setjueitiesiRg Alficand ToxiRTidesnaa BAbISHNetdIR:cHgsitnLgites flexamgple of the
amelioration brought by a method accordin a,possiple embodiment the invention; figure 10
states 1 RERH AR LTS KL SHE AL FRUGTAN St el i Soles densty; figure 1 is a
flow chart illusttasifipiarinetiedacnodingriprispessitieaetnbodineisekibe v emsidollowinghe present
o e A BRGSO R SRS R PTG pRsTer process of
polishing (POL) - Sox;
- a layer of oxide is intercalated between the thin layer and the support
substrate;; the structure thus produced being a SeOl (Semiconductor On
Insulator) structure;
- the thin layer is formed from silicon, the struciure thus produced being a
SOI (Silicon On Insulator) structure.
There are also disclosed structures obtained by the method according to the
invention, such as a Se0l structure produced by the method according to the first
aspect of the invention, wherein the finishing sequence comprises a
RTA/SOX/RTA/SOx sequence of operations, characterized in that the killing
holes density of the thin layer of the final structure is substantially 0,1/cm?.
There is ai.so disclosed a method for determining the thickness of a part of a
donor substrate which is to be fransferred onto a support substrate, said part
being intended to be thereafter submitted to a selected finishing sequence
comprising at least one operation, the method being characterized in that a
minimum thickness to be transferred is determined for said transferred part:
- to present, after each operation of the finishing sequence, a density of
killing holes less than said maximal density,
- and to reach said selected thickness once the compiete finishing

sequence achieved.



The structure can, in general, be any type of structure comprising a thin layer of semiconductor
material on a surface exposed to the external environment, in a non restrictive way, the thin layer
of semiconductor material can be silicon Si, silicon carbide SiC, germanium Ge, silicon-germanium
SIGs, gallium arsenide GaAs, etc. The substrate suppgrt can be made of silicon Si, quartz, etc. 7

As already mentioned, a layer of oxide can also be intercalated in between the support substrate and
the thin layer, the structure therefore formed being a Se01 (Semiconductor On Insulator) structure.
The description hereafter deals with 301 (Silicon On insulator) structures manufacturing, but the man
skilled in the art will understand that the invention is in no way limited to this particular example.
Figure 1 represents tHelf@ilectarastpristiesiupuioppesdenth savsiniaces 1af avsfdrreshlinrerwiThe hole

density is inverselgdyé@ogiqﬁgl r%g}ﬁgdSp@geamcg{gﬁ.{&%%%gi@ﬂaéégéﬁ%ﬁt%%igg%g@I¥ the deepest

holes are between 1000 and 1400 angstroms deep, bt their density is't . Weak (typically
the density of the HiSi@oREsAWAINI.0DTNBS PEM sasiieliy X8 mplesiparien?). It has to be noted

tha the hole densiy g seniainbhRENErSBARBIROR SRR EREIRS RUL Y paRIng A ingle

species or by co-implanting at least two different species. A killing hole is a hole which'depth is equal
to the thickness oMHITAATEV &Y hence, as it is illustrated on figure 1, the killing hole density Dk is

directly related to theigir layrisirickpess direcT bilfimydialesdensily dstbislldagsmore significant as
the thickness of the thin layer is low. Henﬁaaaéhin Oéwﬁ/er.presents.a high killing holes density,

whereas a thick 301 T4V&F prsdREE Ifolad B 0. nSHUGYEIRER AR AR S DI layer
which thickness TS grepaesitban 1000 angstroms typically presents a killing holes density per crrt2 Dk

proposed which Gendady oL AR NS B o it ELRMA IS S S SHHF Bt Forming a thin
layer suitable for a ufigire thediskbohinithedlerdaistyoptiosan 8ion Gpteorbietore and after &
POL operation. ‘
- figure 5 iliustrate the effect of a SOx operation on a SOI structure;
- figure 7 represents the hole density within a SO} layer before and after a
SOx operation; 7 &
- Tfigure & reprasents the effect of sequences RTA/SOx and SOx/RTA on 2
SOI struciurs;
- figure 9 gives an exampie of the amelioration brought by a method
according to a possible embodiment the invention;
- figure 10 illustrates the amelioration brought by the invention in term of
final killing holes density;
- figure 11 is & flow chart iliustraiing a method according to a possibie
embodiment of the invention.

The present invention can help in improving the guality of a structure
obtained by carrying out & transfer process of the SMARTCUT™ type.

The structure can, in general, be any type of structure comprising a
thin layer of semiconducior material on a surface exposed 1o the extarnal
environmant.

in & non restrictive way, the thin layer of semiconductor matsrial can
be silicon Si, silicon carbide SiC, germanium Ge, silicon~-germanium SiGe,
gallium arsenide GaAs, eic.

The substrate suppori can be made of silicon 8i, quariz, efc.



These finishing steps generally make use of operations such as polishing (likewise referred to as POL
here.inbelow), thermal annealing in a neutral or reducing atmosphere {likewise referred to as TA
hereinbefow; such as a rapid thermal annealing RTA), sacrificial oxidation (likewise referred to as SOx
hereinbelow), chemical etching, etc.  Rapid thermal annealing RTA is generally understood to mean
rapid annealing (that is, performed over a period of several seconds or several tens of seconds), at a
high temperature (for example of the order of 900C to 1300C), in a controlled atmosphere (such as a
mixture of hydrogen and argon, or an atmosphere of pure argon, or even an atmosphere of pure
hydrogen). SOx is a sacrificial oxidation divided into an oxidation step and a deoxidation step, a

heat treatment step (tyiicagatiidupsiiongtht 2 1007T) Hefgisos3IbIg'RsBRABERIBEN tiie oxidation
and deoxidation siens,, {hemisRlrmeghanical RRIITANGHFNAGS M8 erample aharBfakoperation.

The following sequences of operations have for instance been proposed as finishing step of the

structure obtain&TaRELGHE AR SSONPISER PR YE s BIFEYS publication FR 2 797 174);
SOx-RTA-POL-SOX fgefer dasipmancesiadricasian Fid 7807 L& EHRA-SAx-REAaS (refer for

Concern holes, (REASRE-ARHEEHOER ALt L PR AR ik 6 PO AN tabeparated nto
two families. Ayishiartibroeneenedyapsiepatatiispatishealiowrmeticing the depth of the shallow
state diferenty 1628 RE LG SHTINES FE% ERIEP B0t 8 LB Ay WL NG e tayer n he
case of a SO! strugtsfee)ed iayer. The hole density is inversely proportional to the depth, and

decreases quasi exponentially. Typically the deepest holes are befween

1OOC and 1400 angstroms deep, but fheir density is then relatively weak

(typically the density of the holes deeper than 1000 angstroms is beiow 0.3

holes per om?),

It has io be noted that the hole density is similar whether the
implantation step is camied out by implaniing & single species or by co-
implanting af least two different species.

A killing hole is a hole which depth is equal fo the thickness of the thin
layer. Hence, as it is illustrated on figdré 1, the killing hole density DK is
directiy related o the thin layer thickness 7.

This kilfing hole density is thus ali the more significant as the thickness
of the thin layer is low.

Hence, a thin SO layer.presents a high killing holes density, whereas &
thick SO! layer presenis a low killing holes density. As Hliustraied by figure 1,

a SOOI layer which thickness T is greater than 1000 angs'troms typically
presenis a kiliing holes density per cm?® Dk less than 0.3.

Saveral finishing steps of the structure obtained after detachment have
already been proposed which generally consist in a sequence of differant
operations and which aim at forming a thin layer suitable for a use in the
field of microselectronics, optics and/or optronics.

These finishing steps generally make use of operafions such as
polishing (likewise referred to as POL hereinbelow), thermal annealing in 2

neuiral or reducing atmosphers (likewise referred o as TA hereinbelow,



A second family concerns those operations which do not have any curing impact on holes RTA and
POL operations are instances of the first family, whereas SOx and chemical etching operations are
instances of the second family. 9 Figure 2 illustrates the effect of a RTA operation on SOI structures
la, b composed respectively of a silicon layer 2a, 2b on top of a buried oxide layer 3a, 3b (the support
substrates not being represented).  Silicon layer 2afof 501 structure Is presents a Shallow hole 4a
which depth is lower than the thickness of the silicon layer 2a and thus does not extend down to the
surface of the buried oxide layer 3a. On the contrary, silicon layer 2b of SO! structure Ib presents a
killing hole 4b which extends all through the thickness of the silicon layer 2b, down to the surface of

the buried oxide Jayer 3. » TheiR ThRREraaRdaaa® STRYIhiagsifteal oXittitibelndicimiagly
decreasing (by a factor 2 to 3 at |least) the depth%‘ the shallow holets (such as shallow hole 4a).
Indeed these hofefageafte atoppediarelRal A REREACHHISoRSnd recrystaliization, as it is

schematically represggtgd HptharighhbBanshsEeofifiquradaliyrespirsoistrictonesia. rapidowever a

RTA operation has no effect on the killing holes (such as, hol i , ri e RTA,
through all the tHRMEAIPEA 1R E%\é%eé&am ﬂ% 'sGr a%%o§ @ﬁ%ﬁ%@g %%(?g ng(g{%gg,@ it is
schematically repsasestegantas, rght hahdsipeostfigarde exesplecodinarotiarel $)0kiing holes
are not cured by a R ration.  Figure 3 r I ity Wthl I r before
(top graph) and §ﬂ§g&%§r 'Ergp(f%ng % 8pe§§§§%§ér@§ t %%ﬁ@pﬁ%gi%%@éﬁyer of
thickness T presergsmare an lesaceigrshall qWiso RGN, 00Ty ANuairaesafFe Rl @eB, which
depends upon the g%)th f these holes. The 301 layer also presents killing holes in a density Dk.  As
mentioned here a oveg?ﬁ ' RTA operation has no effect on killing holes. The killing holes density thus
remains unchanged &6ual i BisacrifioipevxidatieR Vg 4t ARIFXIBAEaR ﬁjiﬁgsi‘?oﬂﬁ)v@ holes, by

decreasing their depthand,even by, sienping-iesn: Atp temsilioltherBEA aperaitom toecSOl layer
DT o el ndariog heawesr e aiaton an SeenbstBr e ss

Chemical-mechanical polishing (CMP) is an example of a POL
operation.

The foliowing sequences of operations have for instance been proposed
as finishing step of the siructure obtained after detachment:

« SOX-POL-S0x (refer for instance to publication FR 2 787 174}

« SOX-RTA-POL-SOx {refer for instance to publication FR 2 787 743);

. RTA-SOx-RTA-SOx {refer for instance tc the Applicant's French patent
application filed on July, 27 2003 under n°03 08304).

As concern holes, the applicant has observed that the above mentionad
operations can be separated into two families.

“A first family concemns those operations which allow reducing the depth
of the shallow holes, that is those holes which depth is lower than the
thickness of the thin layer being formed (or stated differently those hoies
which do not extend down fo the underneath buried oxide laver in the cass
of a SOI structurs).

A second family concerns those operations which do not have any
curing impact on noies

RTA and POL operations are instances of the first family, whereas SOx

and chemical etching operations are instances of the seconc farmily.



10 Figure 4 illustrates the effect of a POL operation on a SO! structure 5 composed of a silicon layer
6 on top of a buried oxide layer 7. The silicon layer 6 presents prior to the POL operation a shallow
hole 8. As it is apparent on this figure, by removing x angstroms of the silicon layer 6, thus obtaining a
thinned silicon layer 6', the depth of the shallow hole 8 is decreased. Furthermore, the thickness of
the silicon layer 6 being removed by the POL operati%n can be adjusted (being more important than
the shallow hole depth) in order for said shallow hole to be removed by the POL operation.  However
one understands that if the silicon layer presents a killing hole which extends down to the buried oxide
layer, after polishing said silicon layer will still present this killing hole.  Figure 5 represents the hole

density within a 301 kyerdefiissttargtaphifand efterRbwepearatb) aP @D bpeatioesBefore the POL
operation, the 30} layer of thickness Tb%%re ents more or Ieﬁs ep.s allow h Iel% in aiggnsity,

illustrated by cur BET\%‘IQ’ 5%%%%%‘%’ o) %3”&%%%3&8{%%9 0ies. The 3D Illa)?éjr%so presents
killing holes in a tgrsiBaDib (thsssuEmiit seddimeabovbathe rP@ESgéeation has no effect on killing

holes. The killing holes.densit r%’@dﬂ' S g I shallQy , ROL. operation
helps to cure the sha%?)l\(fvoﬁ;éei{?q;%/gdecreasiﬁg%%%%@dggtﬁ%%%nﬁg @asétopr(ﬁ]\r%‘gété%en\i\.m s a result of

the POL operatioteptie is @iviaydngprdbenisickraraoi diessilizostiarghzGeansativg desitPohs illustrated
by curve Cp (Whi%t@@%gﬁj{ﬁaéot%%uéﬁﬁ BPE@E@%@'%&E”Q}@?%@ axis due to the POL thickness
[ I i

consumption). gure ustrates the effect of a SOx operation on a SO! structure 9 composed of a

silicon layer 10 on tofdftasaseesxiddipgelayeride SiRoh MyEE plesuweshioAts g sox
operation a shallwhgle 1A% ikinAPBASRE GHHIHS MBI 3 Bhe ARG Ay ERIIOduSRR the shape

of the hole and does not modify its depth,  As it is illustrated, if the depth of the initially present

shallow hole 12 i€oiRscFIRCS 96 HEARHTRIEHRBISBXtends, after a SOx operation, down to the
buried oxide layer (kitfing vote, 13eratfdgurend repeasestsitae srirs denisity within aiB@iglayer before

{hicknoss Ti pre<BFETHENE P ILEAaREp A or 1EAEK % G, ML b e e which
depe_nds upon theslepdiow t’ftﬂé@hpleﬁ_iéaaetﬁééelaxb&rsadm presenpddllimgoaoliesiar hdeksity Di._ As
kb 2 e Gk G T L
by the unchangedight hand side of figure 2 in respect of structure fa.
However a RTA operation has no effect on the kiliing holes (such as
hole 4b) which extend, prior io the RTA, through all the thin layer (in this
case down fo the surface of the buried oxide iayer Bé). As if is schematically
represented on the right hand side of figure 2 in respect of structure 1b,
killing holes are not cured by a RTA operation.
Figure 3 represents the hole density within 2 SOI layer before (fop
graph) and after (lower graph) a RTA operation. Before the RTA operation,
the SO laver of thickness T presents more or less deep shailow hoies, in a
density, illustrated by curve Cb, which depends upon the depth of these
hoies. The SOI layer also presents killing hoies in a density DK.
As mentioned here above, the RTA operation has no effect on Killing
holes. The kiliing hoies density thus remains unchanged eqgual to Dk.
However, the RTA operation heips to cure the shallow holes, by
decrsasing their depth and even by stopping them. As a result of the RTA
operation, the SOI layer presents shaliow holes in & strongly decreased

density, as iliustrated by curve Ca.



curve Cb. However the thickness of the 301 layer is decreased by the SOx operation. As the new
thickness Tf is lower than the initial thickness Ti, the density of killing holes thus increased from Di to
Df. As itis apparent from this figure 7, a SOx operation does not help to cure shallow holes, and
result in an increase of the killing holes density (this increase relating directly to the consumed
thickness Ti-Tf). As for the SOx operation, a chemial etching operation reproduces the shape of the
hole and does not modify its depth. As for the SOx operation, this even results in an initially important
shallow hole extending subsequently down to the buried oxide layer, and being thus "converted" to a
killing hole (or otherwise stated, it results in an increase of the killing holes density). As it has been

stated hereabove, adglliing holp.pressatRsieriQ-aBfopeTaliopmteioh farBity (stebas ERTA or POL

operation), will not be cured by said operation. Hence, as it is apparent on,figure 8, sequences
RTA/SOx and SORMRISEAR & RHGUIfRYERCePRIPP O @ %’H‘Eﬁa §%@%ﬁﬁ&e§27qi#ﬁ%§‘83ga, it is possible

that the SOx opeyptiorstrarsfonmas wibidaliisafeL trapsfatipahallehahiole B8t aAllingshole 14. This

killing hole 14 will not be cured by the following PTA operation. th er , in the RTA/SOx
sequence case FRPESFHL %tlfglﬁ/}{%ﬁeo yhﬁﬂ@%‘ﬁn\ﬁnﬂjgg %{fgg?sir?dgeﬁé %i%%ﬁi%g%ré%oﬁn will
decrease its depsbi#samiote tHmnwlilaiticors @yarilbthitnehelsilibonildher sTRbore suttiagSstfucture thus
presents a quasi integrally restopped hole 15.  Of course, if killing holes are present after transfer
within the thin |a988r§?é ‘holes will not be cured and will remain, as killer defects, in the final product.
Based on the abovefbteznakioasithdoitess af dorlpiicantiryaie MedioprRipeYes RY fBfform the

steps of: POL operation can be adjusted (being more important than the shallow hole
depth) in order for said shallow hoie to be removed by the POL operation.

However one understands that if the siiicon layer presents a kiliing hole
which extends down o the buried oxide layer, after polishing said silicon
layer will still present this kiliing hole.

Figure 5 represents the hole density within a SOl layer before (top
graph) and after (lower graph) a POL operation. Before the POL operation,
the SO} layer of thickness Th presents more or less deep shaliow holes, in a
density, lliustrated by curve Cb, which depends upon ihe depth of these
holes. The SO layer also bresents kiliing holes in a density Dk.

As mentioned here above, the POL operation has no effect on Kiliing
holes. The killing holes density thus remains unchanged egual to Dk.

However, the POL operation heips to cure the shaliow holes, by
decreasing their depth and even by stopping them. As a result of the POL
operation, the SO! layer presents shallow holes in a strongly decreased
density, as illustrated by curve Cp (which is identical to curve Cb but shifted
along the depth axis due to the POL thickness consumption).

Figure 6 illustrates the effect of a SOx operation on a SO! structure 9
composed of a silicon fayer 10 on top of a buried oxide layer 11. The silicon
layer 10 presents prior to the SOx operation a shaliow hole 12. As it is
apparent on this figure, the SOx operation reproduces the shape of the hole

and does not modify its depth.



selecting a thickness which is to be reached for the thin layer of the final structure, selecting a
maximal density of killing holes to be observed within the thin layer of the final structure, and selecting
a finishing sequence comprising at least one operation to be performed on the intermediate structure
obtained after detachment. A particular finishing sequence is generally used on the structure
following the detachment step so as to improve the thallty of the thin transferred layer (for instance by
gumming out the roughnesses, insuring a correct thickness uniformity) and make it suitable for a use
in the fields of application. This finishing sequence is notably adapted for thinning the part of the
donor substrate transferred onto the support substrate (thin transferred layer) so that the thickness of
the thin layer of the finglisteupiuseaeashemheaidselestad thitkngssresSaidmishingseguaence may

t least, b t L, S h al etchi d
consist i any coTBAAAEh b1 BECEUDErI L SRRETHBITG S SHELE GRICHATE Given as.
non restrictive exantimeisuritd &dds- 8 fidfiattiorisof Beveral RTA-SOx sequences (such as
RTA-SOX-RTAS0x); l—s are 9"15%?@%&%@ t%%yE(S%%“Hgﬂs(?{yt%tﬁ%q'éegfﬁ) }a§C12Xbe-EAéP !15 -S0x (and

any repetition of this sequenc
graph) and after (lower graph) a SOx operation. Before the SOx operation,

the SOI layer of thickness Ti presents more or less desp shaliow holes in a
density, illustrated by curve Cb, which depends upon the depth of these
holes. The SOl layer also presents killing hoies in a density Di.

As'mentionad here above, the SOx operation reproduces the shape of
the holes and does not modify their depth. The shallow holes density is thus

- unchanged, and depehds upon their depth as illustrated by the unchanged
-curve Cb.
Howaver the thickness of the SOOI layer is decrsased by the SOx
operaticn. As the nhew thickness TT is lower than the initial thickness Ti, the
density of killing hoies thus increased from Di to Df.

Ag it is apparent from this figure 7, a SOx operaiion does not help fo

“cure shallow holes, and result in an increase of the Killing holes density (this
increase relating directly to the consumed thickness Ti-11).

As for the SOx opsration, a chemical eiching operation reproduces the

shape of the hole and does not modify ifs depth. As for the SOx operation,
this even results in an initially important shallow hole exiending
subsequantly down 1o the buried oxide laver, and being thus “converted” 10
a kiliing hoie (or otherwise stated, it results in an increase of the killing hoies
density).

As it has been siated hereabove, a kiling hole present priér 0 an
operation of the first family (such as a RTA or POL operation), will not be
cured by said operation.

Hence, as it is apparent on figure 8, sequences RTA/SOx and SOX/RTA
have a very different effect.



SOx-RTA (and any repetition of this sequence). As mentioned above, a RTA operation (and more
generally any smoothing annealing operation) helps stopping shallow holes. It is thus advantageous to
make use of a sequence comprising such a RTA operation.  Moreover, under particular conditions, a
RTA operation helps encapsulating the oxide layer under a Si layer, which may be favourable beforé
performing a chemical etching or a sacrificial oxidatign (see for instance WO 2004/079801)

However the position (defined in term of remaining thickness) of such an operation within a particular
sequence may be important (see for instance US 2004/0151483).  Furthermore, a RTA operation is
not effective for carrying out a removal of material and thinning the thin layer. On the contrary, a SOx

gfrig:ac}g)tn i:; effeg;tives:rfqhék?tmgaameébﬁu&y@, dagarticelacisibenthaintpth & 2enepetdtibris damaged
_ achment or for obtainin the selected thickness of the thin layer of final structure. The
thickness which E8R¥HETENTBY t‘ébya?é ﬁé]nsia{&ﬂ?’caﬁ;ec%ég}éﬁge%sgg{me%%? SI% and 1000
angstroms  HoygyeiimS o nerafiontischedare thllyipkrionn & dsdparatidncreases the killing

holes density. judici i .
A POL operation alsOdBs SRA G the T g ot B e e oy bt Bugh 25 DS iom resus n
a degradation of ¢helihickoesd Bivifbretyrard elratest tietMh AageeRiing Wi RRRIGAASPESL has thus to
beasmuch .t (see hole 15) while the SOx will thin the silicon layer. The resulfing
structure thus preéents a guasi integrally restopped hole 15",
Of course, if kiliing holes are present after fransfer within the thin jayer,
these holes will not be cured and will remain, as kilier defects, in the final
product.
Based on the above observations, the method according to the
invention propoeses to perform the steps of:
- selecting & thickness which is to be reached for the thin iayer of the
final structure,
- selecting a maximat density of kiling holes to be observed within the
thin layer of the final structure, and
- selecting a finishing sequence comprising at least one operation o be
performed on the intsrmediate structure obtained after detachment.
A particular finishing sequence is generally used on the structure
following the detachment step so as 1o improve the quality of the thin
transferred laver (for instance by gumming out the roughnesses, insuring a
correct thickness uniformity} and make it suitabie for a use in the flelds of
application.
This finishing sequence is notably adapted for thinning the part of the
donor substrate transferred onto the support subsirate (thin transferred
layer) so that the thickness of the thin layer of the final structure reaches
said selected thickness,
Said finishing seguence may comprise at ieast one of the above
mentioned operations (TA, POL, SOx, chemical etching) and may consist in
any combination of these operations, such as the following sequences

which are given as non restrictive examples:



14 as possible limited, and to be performed after a thinning step (such as a S0x) which less damages
the thin layer, or even after a RTA.  Typically a POL operation is combined with a RTA so as to limit
the removal of material between 200 and 500 angstroms (which helps to limit the thickness uniformity
degradation). The method according to the invention also proposes to perform the step of
determining a minimum thickness of the part of the dénor substrate which has to be transferred onto
the support substrate for said part to present, after each operation of the finishing sequence, a density
of killing holes less than said maximal density, and to reach said selected thickness once achieved the
finishing sequence. Hence the invention proposes to limit the density of killing holes within the thin
layer of the final s_trLﬁtFlAgé@X,selecting an adequate thickness to be transferred onto the support
substrate and taking into account: the selected thickness which js to be re %J{%—ﬁg orl%f thin layer of
the final structure- tFePsdiianeainRiAR) JBh0eRts o?%’éi’é‘f%(@%u(%{hc?%l% 'r(éf(i“ “ccount the
effect upon holes degsj ;of each operation of this finishing sequence). The above discussed graphs
(figures 3, 5 and 7) show the effect upon holes density ?f each operation (respectively RTA, POL and

SO0x). These graphs &y A8 B (EFHMEREITBHIGT AR G 56n holes density of a complete
finishing sequence (whiglrMARTIVE Severadt epsr adipeistipertdimedavagrarticular order, and which is

adapted for thinning the thin layer to the selected thickness). . The appropriate thickness to be
transferred can thUs%@ﬁ%?\égéﬁatrﬁ%igegg?ﬂﬁb%ﬁ?o{h%fs g'r%&pﬁ%c €6 that after each operation, the killing
holes density is less AlzanitastisatettetovaximalXilingpphotetiaterising StathgEroanaihe s&lécted final
thickness and maxim% den%i%gg #ﬁg]g]gﬁ%%ﬁ%'ﬁ iﬁ&ggc%gﬁaﬁglgﬁgig%eﬂglié@ (taking the

[ rdef an

operation(s) of TR ?r?g sequen elr réverse o starting from the last one) which
minimum thicknesdvarSiabeatsn tayenahastuseseht dereRuaNsarticalBPoRERHE arfl RUS finally which

thickness has to ggeg%ﬁerred.
Moreovar, under particutar conditions, a RTA operation helps

encapsulating the oxide iaver under a Si layer, which may be favourabie
before performing a chemical etching or a sacrificial oxidation (see for
instance WO 2004/0728801)

However the position {defined in ferm of remaining thickness) of such
an operation within a particular sequence may be important (see for
instance US 2004/0151483).

Eurthermore, & RTA operation is not effective for carrying out a removal
of material and thinning the thin layer.

On the contrary, a SOx operation is effective for thinning the thin layer,
in particuiar for removing the zone which is damaged after detachment or
for obtaining the selected thickness of the thin layer of the final structure.

The thickness which can be removed by a SOx operation is typically
comprised between 100 and 1000 angstroms

However a SOx operation must be carefully performed as it may
increases the killing holes density.

it may hence be judicious to perform a RTA operation between two SOX
operations.

A POL operation aleo helps thinning the thin layer by material removal
but such an operation results in a degradation of the thickness uniformity

and even in the thin layer being damagsd. A POL has thus o be as much



Taking the upper diagram of figure 8 as an illustrative example, the selected finishing sequence
comprises a SOx operation followed by a RTA operation. Graphs of figures 7 and 3 are thus to be
combined. The minimum thickness Ti to be transferred must take into account the fact that the
thickness of the thin layer is decreased by the SOx operation (decreasing from Ti after transfer to Tf
after the SOx operation), which results in an increas df the killing holes density. Let's consider than
the selected maximal density is set to 0,3 killing holes per cm2. The minimum thickness Ti to be
transferred must then be chosen so that the thickness Tf after the SOx operation and thus before the
RTA operation (which has no impact upon killing holes density but helps lowering the shallow holes

density) Ls greategghapsdiBItNinliness 40t vibick epﬁﬂﬁbrmbelwtéiast?rméﬁ@&ﬁﬁ(@' Imtiﬁg%(thﬁt is
greater than 100Q angstroms). Turning ngw to the lower graph of figure.8, the selected finishing
sequence Now ¢ %Q'@Fg@ﬁﬁ 865@5%%&@?&%%5@%%%&%@‘%{? “Graphs of figures 3 and 7 are
thus to be combined. Tpthisiigase? Gie fipstrafmratocodusramn vt usdiNA tucksess iohthehthin layer but
modifies the holes density such.that the subse t peration is not susceptible tq. create (a lot
of) new Killing holiéesn‘@@i 8%@3%%%35@%%%%&%%?%%%87%n&sg ar i‘?’]@%ﬁtﬁ}%} UE%SEW(E)ﬁeS density
profile after the Riha tpekaton wrsfiusinategitagstione. Ca on the lower graph of figure 3).  Hence, itis

understood that for afﬁée%%%%@?ég?fﬁ@&?s@mea iﬁ%@ﬁﬁ% 0@%’?@?& 't;{aofpléi],}rj(sggﬁhﬂ{gs, the

minimum thickness to be transterr e‘case of aR Ing sequence ferent (in the
present case low&tpEhainciiemiing s thivknassinickaeparsiéiregan wielbatonpa SONIRIA finishing

sequence. 16  Qficaupse, {Reimpriement ZARS IEreaiashin Lindiiskness ethedpngs substrate

at a depth substantially equal to or greater than said determined minimum thickness to be transferred.

According to a po¥$iBRMeABBHRREAt CRFEAIABRNIEIRIISBING iseTuarss by ARpRftAidHBISpecies
under a face of theoflonpissubsiiaiaifl R indayetsstb e AnadsiecteaugticRAdEIPlantation

can be performed by implanting a singlﬁ}species (such as hydrogen) or by implanting at least two
I

different species Rtk 3EHREES M BIFRLELRSOHAEMm and hydrogen).  According to a preferred
embodiment of the inwsmitenitieplastateneoncitens diraiselecteshsytihatdhmdmpipataticnrenergy is
comprised between 15.Key and 120 keV, and more preferably between 15keV and 80 keV.

AcCording to a prafBiTalE GAED ARt AL TR D r B CE A AP SRR deRsion from
said first family oficprerfatiense tha the aampet atibsiveltichral ks rethiciagcthendepth of the shallow holes
and helps modifying the hole i ithi ' I t R f L operation
on figures 3 and 5). ~ SQ% S%%%@v%%&%g% %g%@ﬁugx‘g %%z;gaat%g%%s@gﬁ?ﬁs{ﬁﬁﬁggﬁrﬁ gfo%ration, ora
POL operation. fina! structure,

- the selected finishing sequence of operation(s) (aﬁd thus faking into

account the efiect upon holes density of each operation of this
finishing seguence).

The above discussed graphs (figures 3, § and 7) show the effect upon
noles density of each operation (respectively RTA, POL and SOx}. These
graphs may hence be combined fo evaluate the effect upon holes density of
a compiste finishing sequence {which may have several operations
performed in a particular order, and which is adapted for thinning the thin
layer to the selected thickness).

The appropriate thickness o be transferred can thus be derived from
this combination of graphs so that afier each operation, the killing holes
density is less than the selected maximal killing holes density. Stariing from
the selected final thickness and maximal density of Kiliing holes, it is hence
possible 1o determine, (iaking the operation(s) of the finishing sequence in

their reverse order and starting from the last one) which minimum thickness



According to an advantageous embodiment of the present invention, the finishing sequence comprises
a plurality of operations from said first family of operations, that is a plurality of operations that each
allows reducing the depth of shallow holes, This advantageous embodiment brings an additional profit
as it decreases the depth of the residual shallow holes, and may even help to remove these shallow
holes completely.  Figure 9 gives an example of th& amelioration brought by a possible embodiment
of the method according to the invention wherein the finishing sequence is a SOX/RTAJPOL/S0x
sequence of operations. Graphs of figures 7, 3, 5 and 7 are thus to be combined to determine, taking
into account the selected thickness to be reached and the selected maximal 17 density of killing

holes, the minimyum thickpess which is to r e farthe thin transferced Jayerdapresent, after
each of these oﬁ%?aé%ﬁs,{éé/%rerr%ftﬁ S %ﬁﬁﬁg i%g%iéle% than saict[igéelected density. In thglee top
diagram, the impidnidatibickieessearicbedmriirRRally so that a layer of thickness t is transferred onto

the donor substrate..._.In the lower dia | tadi pi | [aghrto the
Taking t%. u@@g}t +%f§g%ﬁb%f%‘&% aion SiepiimsRERod agepraiag

invention so that a layer of thickn: ngstroms is transferred onto the donor substrate.  In the
classical case, treeliaes GrispomEBnUSses FEPMITESSHAIRWRISEERE SIBVRASY @ thEformation of

killing holes (S“Cg? as AR 19LexepdingRewniqtheRiting exise dawasined hese killing holes can not
be cured by the o?lowing RTA operation, nor b¥ the following POL ogeration. The finﬁ\i Ox operation
ﬂgeﬁ% [

will lead to a 501 strddiaremivang AKHmREROIE BB ER FURb I BB IS isids of
application.  Oryihe FRAMRHRIAEeasERE tharmaleodsaseorsisgddhy frasSide epaatiiment of the

invention, the transferred layer is thick enough far killing holes not tQ.be formed. (in a important

density exceedin@ﬁ%@@@&é@ﬁaﬂnﬁﬁef?@ﬁ?@y%g ﬁ@%@oﬁ%&&éigﬁerﬁ'é&, %ﬁ%ﬁsncase the

subsequent RTArgperatiozfthairizes oparakitingllmisagitnsiduce the depth of shallow holes, such as

hole 19) will help to cure the present shallow hales, notab| reasing.thei t hole 19".
ﬁocﬁﬁﬁi & JOanR hqs kﬁéﬂﬁgs‘tﬁa Lably by %ﬁﬁ%s 0 ?t@[ i deRtNARRE

This RTA operation e oles density, so that after this operation, the killing
holes density stilkgtes pet excedththesetestadckxiasal detisibe transéarel BpELaen vl remove

those shallow holes which are jn¢lu thin-thethi W layermichets remaved by this
operation (in this %sé%hsgih ﬁtc%a% ?ﬁag{(ggrag %’gltg%fe%g‘ﬁ%ﬁéf fgﬁ%g;s%r{]ghns such as hole 19"). The POL
operation will deREdse tiszatioptiivafithe ramitsnimoRes HEPWARNGGIas B78SPePioM!BReper than p

angstroms. As fof the RTA-qoaralion. 1hRESLneRg {ligrdresel impastieddiimonalesaensity.
killing holes density of 0,3/cm* s noticed (that is greater than 1000
angstroms). }

Turning now io the lower graph of figure &, the selected finishing

'sequence now comprises a RTA operation followed by a SOx operation.
Graphs of figures 3 and 7 are thus 1o be combined. in this case, the first
operation does not reduce the thickness of the thin layer but modifies the
hoies density such that the subsequent SOx operation is not susceptible to
create (a lot of) new killing hoies (SOX operation as illusirated on figure 7
but starting from & reduced holes density profile after the RTA operation as
iiustrated by curve Ca on the lower graph of figure 3).

Hence, it is understood that for a selected final thickness and a selected
maximal density of kiliing holes, the minimum thickness to be transferred in
the case of a RTA-SOx finishing sequence is different (in the present case
lower) than the minimum thickness to be transferred in the case of a SOx-

RTA finishing sequence,



18 Finally, at the end of the last operation (second SOx operation), a thin layer is obtained which
presents the desired thickness, and a minimized density of holes, and in particular few shallow holes
and a killing holes density less than said selected maximal density. It has to be noted that this
second 80x operation carries out a sacrificial oxidation adapted for obtaining a final thin layer 21
whose thickness is similar to that of the thin layer 20 tHassically obtained. Hence this second SOx
operation carries out a more important sacrificial oxidation, adapted to compensate for the thickness
increase (+500 angstroms in the present case) of the transferred layer.  Moreover, the preceding
example shows that a profit is reached, in term of density of killing holes, because the RTA operation

(or more generally speakingan eperafgnakonsny e redicerradienihtaé thashrienchales) is
performed on a thin layer which does not present kitlegr%g oles (or at least which presents killing holes
in a density loweF@meh SHRaTRARI defsiBAPth BURRENEHRY, RAHR) AoIEE FERER ile operation

isf cr(])ntlrolIedbtha%&ﬁmg@g@mmﬁmﬁmwgwb@@I{yap@f@rmed, nota;]bly byhincreasing the thickness
of the layer being transferred onto the sypport su trate, Figur Shows that an increase of 450
angstroms of the trarfSFERENG& R A \Bﬂéﬂgc%rﬁﬂ?ﬁ8§‘erﬁfatﬁﬁzﬁwr%]“§fﬂ?§o%iﬁ‘? A%S&%é%%uence of
operations, allowsytarfiprieaserihs densibsainibng Helkes diythefaichopbsnbiteatin dcthinmbigér (thickness
200 angstroms). |ndeed the left hand side diagram drawn for a classically obtained SOI structure

ORC RIS Bl

reveals a killing Ch2, while the right hand side diagram drawn for a 501
structure obtained asSuentonédrtientdlooyearebeateddneg hylEaniHgiy af018BABSRSSE2 only.

Figure 11 is a flow chart ill tj h j [ | t jgvention for
the manufacturingcsgg § é%ngg\%é%q‘ /ﬁdﬁ%&@ﬂ?ﬁg@p@Jgﬁ% @%ﬁﬁ% %%%%p,(%%%}ftégre detailed,

in particular by sdtectngmmiastatiorrmidweiast #he MRRERRof the final structure,

According to a preferred embodiment of the invention, implantation
conditions are selecied so that the implantafion energy is comprised
hetween 15 keV and 120 keV, and more praferably between 15keV and 80
keV.

According fo a preferred embodiment, the finishing sequence comprises
at least one operation from said first family of operations, that is an
operation which allows raducing the depth of the shaliow holes and heips
modifying the holes density within the thin layer (see effect of a RTA and of
a POL operation on figures 3 and 5).

Said shallow holes depth reducing operation is for instance a TA
operation, or a POL operafion.

According to an advantageous embodiment of the present invention, the
finishing sequence comprises a pluraiity of operations from said first Tamily
of operations, that is a pluraiity of operations that sach aliows reducing the
depth of shallow holes. This advantageous embodiment brings an additional
orofit as it decreases the depth of the residual shallow holes, and may even
help to remove these shaliow holes completely.

Figure © gives an example of the amelioration brought by a possibie
émbodiment of the method according fo the invention wherein the finishing
sequence is & SOXWRTA/POL/SOx seguence of operations. Graphs of
figures 7, 3, 5 and 7 are thus fo be combined o determine, taking intc
account the selected thickness to be reached and the selected maximal



19 the finishing sequence of operation(s) of the intermediate structure obtained after transfer On this
case a RTA/SOx/RTA/SOX sequence), and the maximal density of killing holes Dm within the thin
layer of the final structure. At block 20, a thickness to be transferred is selected. At block 30, it is
checked whether the density of killing holes within the part of the donor substrate which has been
transferred onto the support substrate is higher than he selected maximal density Dm or not.  If yes,
the thickness to be transferred is increased (block 40) and block 30 is thereafter repeated. If no, the
first operation of the finishing sequence is performed. In this case, at block 50, a RTA operation is
performed. As already stated hereabove, such a PTA operation has no effect on killing holes, but

helps reducing thgepihcpidiiashaliey thelesniméniackr@dsthmistciond bparatisfeebthivfinishing
sequence, a SOx operation, is %crarrformed. As stated %bov , such a S£O operation is effective for
thinning the transfefrdBitnivAETET Bt PSe ARl R RERNIAT HoRa e itf/ﬁ'ggﬁo%%@bg Re fhickness

C%nsﬁmptriond Aehlaskof Qilfiekonong thes3r2X epieratimutemdasisitarly to block 30, it is checked
whether the density qf killing -holes withip the part of the donor substr hich. ef. iransferred
i’fﬁ?& %;P“ Egramy IB}% gnsg(ﬁaéﬁt tn&m step is C Eef@ 5@%&&%@19@@ 1!?1&

onto the support sub cted maXximal dens m Of NO yes, at block 80,
it is checked wheth@iviérsibgsthlestot detrradentt thickinessdaurssubgtiaie of the SOx operation

o emon e AL B PURIRASRIN e S ot oty s
operation is perfomentithiosk 86t dayeing thitisersniys eperimmascénimpbsigred onto
the donor substrate,

in the classical case, the first SOx operation does not cure shallow
holes and even lsads to the formation of kiling holes (such as hole 16)
extending down to the buried oxide layer.

These killing holes can not be cured by the following RTA operation, nor
by the following POL operaiion. The fina! SOx operation will lead to a SOI
structure having & Kilfing hole 18, and being thus not acceptabis in iis fields
of application. '

On the contrary, in the case of the method according to & possibie
embodiment of the inveniion, the transferred layer is thick enough for killing
holes not to be formad (in & oo important density exceeding the selecied
maximal density) by the first SOx operation.

Thus, in this case the subsequent RTA operation (that is an operation
allowing to reduce the depth of shallow holes, such as hole 18) will help 1o
cure the present shallow holes, notably by decreasing their depth (see hole
18}, This RTA operation has no impact upon the Kiling holes density, so
that after this operation, the killing holes density still does not exceed ths
sejected maximal density.

The POL operation will remove those shallow holes which are included
within the thickness of the thin layer which is removed by ihis operation (in
this case, those holes that are less deep than p angstroms, such as hole
19"}, The POL operation will decrease the depth of the shaliow holes that
were, prior o this operation, deeper than p angstroms. As for the RTA

operation, the POL operation does not impact the kiling holes density.



If the thickness consumption cannot be decreased, then block 40 is performed (that is increase of the
transferred thickness). 20 Coming back to block 70, if the density of killing holes after the SOx
operation is lower than .the maximal density Dht" the next operation of the finishing sequence (here a
PTA operation which does not consume thickness and does not modify the killing holes density) is
performed at block 90. A SOx operation is thereafter performed at block 100. At blocks 110 and 120
operations are performed which are similar to those performed respectively at blocks 70 and 80.
Following the SOx operation, and provided that (block 110) the killing holes density is lower than the
maximal density Dm, the final SOI product conform to the specifications (defined at block 10) is

obtained at block 130,.,,0f Goise,ik Wil e widersipmsbinasdbsritpwchagpebdigie Bliisrpurely

illustrative and that the present invention is by no means Ijmite%,tckthe embodiments deSﬁribed and
4

represented, butakernimeaiaiRediniiehRRREDE Bk (iR TMEK)SaterAlt B YPMERRcations

there. 21 CLAIMgietiodies detgeminihartbedhieknessaiapasieaf asoroidimstratesvhich is to be
transferred onto a support substrate, the method b_einggchar cterized in that, considering a finishing
[

sequence of opé?‘ﬁﬂ%\tﬁ(é??@ meﬁ%%%ﬁ&?é#@%‘&ﬁ 4989 submitted so as to reach a final
thickness (Tf), it comprisesdhe: siepsiafiat thi€liaeladtBOradhiskiiosscizs trahsfeasicial

oxidation adapted for obtaining a final thin layer 21 whoss thickness is
similar to that of the thin layer 20 classically cbtainéd.

Hence this second SOx operation camies out a more important
sacrificial oxidation, adapted to compensate for the thickness increase
(+500 angstroms in the present case) of the transferred layer.

Moreover, the preceding example shows that a profit is reached, in term
of density of killing holes, because the RTA operation (or more generally
speaking an operation allowing to reduce the depth of the shallow holes) is
performed on a thin layer which does not present killing holes (or at least
which presents killing holes in a density lower than a maximal density).

Furthermore, killing holes density before said operation is controlied
thanks to an implantation step adequately performed, notably by increasing
the thickness of the layer being transferred onto the support substrate.

Figure 10 shows that an increase of 450 angstroms of the transferred
layer, when combined with a finishing RTA/SOX/RTA/SOx sequence of
operations, allows to decrease the density of Kiliing holes by a factor & in the
fina! thin iayer (thickness 200 angstroms). Indeed the left hand side diagram
drawn for a ciassically obtained SOI structure reveals a Kiliing holes density
of 0,5 holes/cm?, while the right hand side diagram drawn for a 30i
structure obtainad as meniionad hereabove, reveals a killing holes density
of 0,1 holes/cm? only.

Figure 11 is a flow chart iliustrating a method according to a possible
embodiment of the invention for the manufaciuring of a SO device.

At biock 10, the specifications of the final SOI product are detailed, in
particular by selecting:

- the thickness T7 of the thin layer of the final structure,



(2) for an operation of the finishing sequence, checking the density of killing holes within the

transfgrred pqrt after sa_id operation; and - if the checked density is higher than a maximal density
(D_m), increasing thle thickness to be transferred and repeating step (2) while considering the increased
thickness as the thickness to be transferred; - if the checked density is lower than the maximal

density (Dm), repealing step (2) for the next operatiolf in the finishing sequence; until the finishing
sequence is achieved and the transferred part reaches said final thickness (Tf). 2.Use of the method of
claim 1 for producing a final structure comprising a thin layer of semiconductor material transferred
from a donor substrate onto a support substrate. Use according to claim 2 comprising the steps of:

creating an embrittlement.zaRg i@ 4RiIkREs Lo R SanRehabstrRie. indaaiagithe epnotusabstrate into
close contact with the support substrate, detaching the donor su a I of the
embrittlement zone to trab&rEFd pafiast (@ asiRor §Hbs§§ﬁé &ﬁﬁ%h@su@?&#@?ﬂgﬁ}é@w forming
;nelmg:pneed(;?;esSt::JucCt;Jurkgée%%?g%ee)g%p;tlgirng ?fir;]ishing seguence comprising a'g least one operqtipn on
holes to be observed wiftfif e W@% ‘g’f‘%(iég rﬁ]fglhg?ﬁ,@ﬁ]? Zﬁ@%&%%@%ﬂﬁ@ﬂ?%'{%&f ling
final structure. '

At block 20, a thickness to be fransferred is selected.

At block 30, it is checked whether the density of killing holes within the
part of the donor substrate which has been fransferred onto the support
substrate is higher than the selected maximal density Dy or not.

If ves, the thickness o be transferred is increased (biock 40) and block
30 is thereafier repeated.

If no, the first operation of the finishing seguence is performed. In this
case, at block 50,-a RTA operation is performed. As already stated
hereabove, such a RTA operation has no effect on killing hoies, but helps
reducing the depth of the shallow holes.

At biock B0, the second operation of the finishing seguence, a2 SOx
operation, is performed. As stated above, such a S0x operatiori is effective
for thinning the transferred thin layer, but increases the killing holes density
according to the thickness consumption.

At biock 70, following the SOX operation, and similarly to block 3C, & is
checked whether the density of killing holes within the part of the donor
substraie which has been transferred ento the support substrate is higher
than the selected maximai density Dy or not.

if yes, at block 80, it is checked whether it is possible to decrease the
thickness consumption of the SOx operation (performed at block 80}, This
is done by taking info account the selected particular finishing seguencse,
and the selected final thickness TT,

If the thickness consumption can be decreased, the SOx operation s
performed (block 80} according fo this newly set operative conditions.

If the thickness consumption cannot be decreased, then block 40 s

performed (that is increase of the transferred thickness).



4.Use according to the claim 3, wherein the creation of an embrittlernent zone in the thickness of the
donor substrate is performed at a depth equal to or greater than said determined minimum thickness
to be transferred. .Use according to claim 4, wherein the embrittlement zone is created by implantation
of species under a face of the donor substrate from which the thin layer must be made, according to
implantation conditions adapted for creating the emBfittlement zone at said determined thickness.

6. Use according to any one of the claims 3 to 5, wherein the thickness determination is performed by
taking into account the selected maximal killing holes density, the selected final thickness, and the
effect of each operation of the finishing sequence upon the holes density. 7. Use according to any

one of claims 5 or 6 yrlier gamPHsiBRARCAICh ghealsntng ImplARiRceoBionyGele-ting an
implantation energy comprised between 15 keV and 120 keV. E %se a%g&ordin to cl 'rwtb?. wherein the

implantation eneyggraiiconhiReer HaaTets THREPANHBE RePre DENS aRY B%e of claims 3
o 8, wherein t.“%iﬁ@ﬁfﬁ@%%%ﬂfé%@? GRRprisexahleastrrpshalio: hotessdenth tedscimg operations.
House accordm%;[i%kcnggg g’n\ghdecggén éfg)? ];Irigg?fg] %h%eﬂﬁi?ﬁgc%g%@pc{lasn%sﬂﬁ is periormed at
block 8C.
A SOx operation is thereafter performed at block 100. At biocks 110 and
120 operations are performed which are similar o those performed
respectively at blocks 70 and 80. Foliowing the SOx operation, and provided
that (biock 110) the killing hoies density is lower than the maximal densify
Dy, the final SOI product conform to the specifications (defined at block 10)
is obtained at block 13C.
Of course, it will be undersiood that the fiowchart of figure 11 is purely
ustrative and that the present invention is by no means limited 1o the
embodiments described and_ represented, but the man skilled in the art will

be able to bring many alternatives or modifications there.



plurality of shallow holes depth reducing operations. 11.Use according to any one of claims 9 or 10,
wherein the finishing step comprises at least one treatment annealing (TA) operation, as a shallow
holes depth reducing operation. 13 12. Use according to any one of claims 9 or 10, wherein the
finishing step comprises at least one polishing (POL) operation, as a shallow holes depth reducing
operation. 13. Use according to any one of claims 3 to 9, wit-rein the finishing sequence comprises
at least one succession of the following operations: rapid treatment annealing (RTA) - sacrificial
oxidation (SOx). 14. Use according to any on& of claims 3 to 9, wherein the finishing sequence
comprises at least one succession of the following operations: sacrificial oxidation (SOx) - rapid
treatment anpgalingdRTA). 15. Use according to any one of claims 3 to 9, wherein the finishing
sequence comprises at least one succession of the following operations: sacrificial oxidation (SO0x) -
polishing (POL) - SOx.

M

1. Method for determining the thickness of & part of a2 donor substrate
which 1s to be transferred onto a support substrate, the method being characterized in
that, considering 2 finishing sequence of operation(s) 10 which the transferred part 1s
10 be submitted so as to reach z final thickness (T}, it comprises the sieps of:

(1) selecting & thickness to be transferred; '

(2} for an operation of the fimshing sequence, checking the density of killing
holes within the transferred part after said operation; and

- if the checked densiry is higher than a maximal density {Dy), increasing the
thickness to be transferred and repeating step (2) while considering the increased
thickness as the thickness to be transfarred; '

- if the checked density is lower than the maximal density (D), repeating step
(2) for the next operation in the finishing sequence, untll the finishing sequence is

achieved and the wansferred part reaches said final thickness (T1).

Z. Use of the method of claim I for producing 2 final structure
comprising 2 thin laver of semiconductor maierial transferred from a donor subswrate

onte & SUpport substrate.

L3

Use according 1o claim 2 comprising the steps of:

+ creating an embrittlement zone in the thickness of & donor substrate,

+ placing the donor substrate intc close contact with the support
substrate, _

* detaching the donor subsirate at the level of the embrittlement zone to
transier 2 part of the donor subswate onto the support substate, thus forming an
intermediate structure,

+ applying & finishing sequence comprising at least one operation on
the intermediate struciure obtained afier detachment;

+ selecting a maxima! density of killing holes to be observed within the

thin iaver of the final swuctures.



16. Use according to any one of claims 3 to 9, wherein the finishing sequence comprises at least one
succession of the following operations: sacrificial oxidation (SOx) - rapid treatment annealing (RTA) -
polishing (POL) - SOK. 17. Use according to any one of claims 3 to 16, wherein a layer of oxide is
intercalated between the thin layer and the support substrate the structure thus produced being a SeDI
(Semiconductor On Insulator) structure. 18. Use according to claim 17, wherein the thin layer is
formed from silicon, the structure thus produced being a 501 (Silicon On Ingulator) structure.
METHOD FOR OBTAINING A THIN LAYER HAMING A LOW DENSITY OF HOLES Abstract The
invention proposes a method for determining the thickness of a part of a donor substrate which is to be

transferred onto a stipport selastradieSaithpaeiheing Hatended debrihereadist-submitied to a selected
finishing sequence comaprising at least one operation, the method.being g%aracterizeﬂd in that a
minimum thi&?ﬁéé@%&”ﬁ@’% bR e G PR AR erler ?’ R pFERATR, after each

S T e IR E S e N A
operation of thenfiaishisrgrsepiencepadbnsitysfikilingehgles:tess than said maximal density, and to
reach said selected thickness once the complete finishing sequence achieved Fig. 9
3. Use according to claim 4, wherein the embrittiement zone is created by
implantation of species under a face of the donor substrate from which the thin laver
must be made, according to implantation conditions adapted for creating the

embrittiement zone at said deiermined thickness,

6, Use according to any one of the claims 3 1o 5, wherein the thicknsss
determination is performed by taking into account the selected maximal killing holes
density, the seiected final thickness, and the effect of each operation of the finishing
sequence upon the holes density,

7. Use according to any one of claims 3 or 6, further comprising the step
of selecting mmplantation conditions by selecting an implantation energy comprised

between 15 keV and 120 keV.

g, Use according to claim 7, wherein the implamation energy is

comprised between 15 keV and 80 keV,

9. Use according to any one of claims 3 to & whereir the finishing

sequence comprises at least one shallow holes depth reducing operations.

10.  Use according 1o claim 9, wherein the finishing sequence comprises a

piurality of shallow holes depth reducing operations.

11, Use according to any one of claims 9 or 10, wherein the finishing step
comprises at least one freatment annealing (TA) operation, as & shallow holes depth

reducing operation.
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12, Use according to any one of claims 9 or 10, wherein the finishing step
comprises at least one polishing (POL} operation, as a shallow holes depth reducing

operation.

13, Use according to any one of claims 3 to 9, wherein the finishing
sequence comprises at least onme succession of the following operations: rapid

treatment annealing (RTA) - sacrificial oxidation {SOx),

14, Use according to any one of claims 3 t¢ 9, wherein the finishing
sequence comprises at least one succession of the foliowing operations: sacrificial

oxidation (SOX) - rapid reamment anneaiing (RTA).

15, Use according to any one of claims 3 10 9, wherein the finishing
sequence comprises at least one succession of the following operations: sacrificial
oxidation (SOUx) - polishing (POL} - SOx.

16, Use according 10 any one of claims 3 to 9, wherein the Onishing
sequence comprises at least one succession of the following operations: sacrificial

oxidation {SOX) - rapid weamment annealing (RTA) - polishing (POL} - SOx.

17.  Use according 1o any one of claims 3 to 16, wherein a laver of oxide is
intercalated Detween the thin laver and the support substraie, the structurs thus

produced being a Se0I (Semiconductor On Insulator) suucture.

18, Use according 1o claim 17, wherein the thin layer is formed from

silicon, the structure thus produced being & SOI (Silicon On Insulator) structure.



