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intercalated in between the support substrate and the
t hi n (Semiconductor On Insulator) structures and the like.
The embrittlement zone can be created by implantation of species
20  within the thickness of the donor substrate. Implantation of species is
understood to mean any technique (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 concentration of the
implanted species situated at a preset depth from the substrate relative to
25  the surface of said implanted substrate.

It is mentioned here that when a SeOl structure is to be produced, a
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 layer which is to be placed, after the implantation step, into

30 close contact with the support substrate so as to form the buried oxide layer
of the final SeOl structure.
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20 The resulting structures from SMARTCUT™ type processes are used
for applications in the fields of microelectronics, 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 to a certain extent

25  conditions the quality of the components which will be created on the final
structure. Holes are thus to be as much as possible avoided.

Furthermore killing holes are killer defects; indeed a component built on
a killing hole will not function.
Shallow holes do not have such a disastrous effect on operation of the

30 components built upon these structures. However, they form defects which

it is desirable to avoid.
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function. Shallow hol es do no# have such a disastrous
effect on operation of the conponents built upon these
structures. However, they formdefects which it is
desirable to avoid. There is thus a need for a method

for producing a high quality structure conprising. a
t hi n Theyers #iussa meed feuarpethegfar paadusmgagiumgwgw structure
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f i nale detachingitiee donor substrate at the level of the embrittlement zone to
transfer a part of the donor substrate onto the support substrate, thus
forming an intermediate structure,
the method being characterised in that it further comprises the steps of:
» selecting:

- a thickness which is to be reached for the thin layer of the final
structure,

- a maximal density of killing holes to be observed within the thin
layer of the final structure,

- a finishing sequence comprising at least one operation to be
performed on the intermediate structure obtained after
detachment;

« determining a minimum thickness of the part of the donor substrate 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,
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to be transferred onto the support substrate for said
part: - to present, after each operation of the

finishing sequence, a density of killing holes |ess

than said maxi mal density,- and to reach said selected

t hi cknessarshte rearh saiddsalecied ithickhessy opeegashiaved the finishing
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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 finishing sequence comprises a plurality of shaliow holes depth

reducing operations;

- the finishing step comprises at least one treatment 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);
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| east one polishing (POL) opersation, as a shall ow

hol es depth reduci ng operation; - the finishing

sequence conprises at | east one succession of the

foll owi ng operations: rapid treatnent annealing (RTA)

- sacrificial oxidation (SOx);- the finishing sequence
conpr ithesfinishingasequences womdisesnabfeagieong| supspeagion of the

operations : sacrificial oxidation. (S - rapjd.
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Under anot her aspect, the invention also relates to

t he suhstratertbe shivchiredhusprogucaseheing saeedl §Pagicandugtor On
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wher_eitRet {#n flapers i fiermeed! eora esiticomr ihgestracture thus produced
RTA/ SOx/ RTA/ SOx_sequence of oqperations, characterized
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SUPR&/eirf the BnRhing 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?

Under another aspect, the invention proposes a method for determining

the thickness of a part of a donor substrate which is to be transferred 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 complete finishing

sequence achieved.
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said transferred part: - to present, after each
operation of the finishing sequence, a density of
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opet dt O8O gure 6 illustrate the effect of a SOx
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the hole density wthin a SO efore and after a
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by _a figetd8dliatems Ha8ifé @ ot PRI dPePatfieq a0t stritGure;
invention; - figure 10 illustrates the anmelioration
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15embodigoenB repréddeaitd Mecaffé®df sequences RTA/SOx and SOX/RTA on a
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SOl structure;

- figure 9 gives an example 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 a flow chart illustrating a method according to a possible
embodiment of the invention.

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

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 SiGe,
gallium arsenide GaAs, etc.

The substrate support can be made of silicon Si, quartz, etc.
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structure can, in general, be7any type of structure

conprising a thin | ayer of sem conductor material on a

surface exposed to the external environnent. In a non

restrictive way, the thin layer of sem conductor

material can be silicon Si, silicon carbide SiC

ger rraniAmlGaadys mentionedeantapenof 8xiBe, camlalsaubedntasaalated in
etc. The substr
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exponenti a ically the deepest holes are between
10000aand M@O amgs egpe ;but tbhwr despity defhgn yelptively weak

SRl bt BB it B fobc Y B8 skl perow 0.

Poj&dBar cm#)t has to be noted that the hole density is
simlar whether the inplantation step is carrjed out

by i Hplhastitagba BPiegl dhatpdlae ekoler dWS@bllﬁpﬁmﬁrnﬁ’hﬁﬁher the
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|QM [antlﬂgrm%asiiswb*dlfférehi spesieat ed on figure 1, the
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t h| nA 5"@19 bolpqR iFekGle ThITR dEPk IS ﬁﬁ@alﬁel éedla'ﬁgﬂ%%ﬁ pkthe thin
R&erage@clae arsm'f ?s flu3fhidC BRfigtie M ek Nkifikg S%le Perlsitf Dk is

directly related to the thln layer thickness T.

This killing hole density is thus all the more significant as the thickness
of the thin layer is low.

Hence, a thin SOI layer.presents a high killing holes density, whereas a
thick SOI layer presents a low killing holes density. As illustrated by figure 1,
a SOl layer which thickness T is greater than 1000 angstroms typically
presents a killing holes density per cm? Dk less than 0,3.

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

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

neutral or reducing atmosphere (likewise referred to as TA hereinbelow;
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SO | ayer which thickness T ig greater than 1000
angstrons typically presents a killing holes density
per cn2 Dk |less than 0,3. Several finishing steps of
the structure obtained after detachnent have already
been proposed which generally consist in a sequence of

didifcr et aopgiat inehmapmhnekling RTA),asacnifichlngxidatidn rlikewise
layer suitable for a use in the field of
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anneal [ nr%F(that is, performed over a period of several
several tens of seconds), at a high
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1300 I'n a con ere such as a m xture
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2235*5 PerabhuRBaHed SROEFS ﬁw@ﬁox%% o ettt Sens
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(typica ours el ng possib
| rtsp&aramh betvveen t he oxidation and deoxi dation st eps

Chem chanl cal oI | h| n el?’ﬂ: S an b d
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h%ﬁlﬁl@ﬁlnprhﬁéﬁBEﬁwéjﬂ?urthFé)&ﬁé%daﬁtér'd@tééﬁrﬁéntst ep of

he structure obtal ned after detachnent SOx- POL- SOx
( r-e3@r-RQL-SOs (referdor mspansiei toqublinatiR ERA 791 14%);

R IO S LS e Pt s
t ReRARBOKFEA-SBX §rsthr W Ridtance to the Applicant's French patent
application filed on July, 27 2003 under n°03 09304).

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

‘A first family concerns 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 holes
which do not extend down to the underneath buried oxide layer in the case
of a SOI structure).

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.
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depth of the shallow holes (such as shallow hol e 4a).

| nte diffusinss anth depeystadlizaiens a8 g isdschamatigally cigpsgsented on the
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oneie) WRIBreesbanBropia die K3 HaraReA, ai fneJan (yer (n tis
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represented on the right hand side of figure 2 in respect of structure 1b,
killing holes are not cured by a RTA operation.

20 Figure 3 represents the hole density within a SOI layer before (top
graph) and after (lower graph) a RTA operation. Before the RTA operation,
the SOI layer of thickness T presents more or less deep shallow holes, in a
density, illustrated by curve Cb, which depends upon the depth of these
holes. The SOl layer also presents killing holes in a density Dk.

25 As mentioned here above, the RTA operation has no effect on killing
holes. The killing holes density thus remains unchanged equal to Dk.

However, the RTA operation helps to cure the shallow holes, by

decreasing their depth and even by stopping them. As a result of the RTA
operation, the SOI layer presents shallow holes in a strongly decreased

30 density, as illustrated by curve Ca.



represented on the right hand side of figure 2 in
respect of structure 1lb, killing holes are not cured

wh00a/0RR2) operation. Figure 3 represents the hPCEIB2004/004390

10

15

20

25

density within a SO |ayer befiere (top graph) and
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holes. The killing holes density thus remains unchanged equal to Dk.

However, the POL operation helps to cure the shallow holes, by
decreasing their depth and even by stopping them. As a result of the POL
operation, the SOI 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 SOI structure 9
composed of a silicon layer 10 on top of a buried oxide layer 11. The silicon
layer 10 presents prior to the SOx operation a shallow hole 12. As it is
apparent on this figure, the SOx operation reproduces the shape of the hole

and does not modify its depth.
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(top graph) and after (lower graph) a SOx operation.
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killing holes in a densi t{éDi . As nentioned here

aboveHowsyesdheophueknassnot dhe 030t dayehids glegprassd biyethe SOXx

noPEERHs AR ditw TaCkisss Ao lstionEh i FaciskitR shfhess i, the
151 haéhsi@e@ﬂMIliaE_HdléSJﬂrmrsah@@abyd flogn DhehBAged curve Cb.
However the thickness of the SO |ayer is decreased b

the S&® ibjsePapamnt fRmithis Fauwet hi @kﬁ&@_pﬁaﬁ@ AR inot ¥1elp to
e
f r moréddesrelating direGtlysto 3 copsuratd dhickioess TieTf)hel p to

As for the SOx operation, a chemical etching operation reproduces the

20 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).

25 As it has been stated hereabove, a killing hole present prior to 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.
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operation, a chem cal etchingipperation reproduces the
shape of the hole and does not nodify its depth. As
for the SOx operation, this even results in an
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subsequently down to the buried oxide |ayer, and being
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integrally restopped hole 15 . O course, if Ki
hol esBasasl pedtbat akpver obsevatiens, wiften methed tarﬁcﬁrd'”g fo the
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product Based on the
above sdlsetingas ithickneshevhiat hao’ab be reachet farothiehthin layer of the
i nvention proposes to performthe steps of: -
sel elinal §HuatW i ckness which is to be reached for the

o ra D Sy WK g% e v e
t he thiri iayéatybihecfhal bucturglamst ruct ure, 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 quality 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 final structure reaches
said selected thickness.

Said finishing sequence may comprise at least 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:
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finishing sequence is general iy used on the structure
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gquality of the thin transferred |ayer (for instance by
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subst nepetition aofs severatl RMA-SOnsesyepees (suehtasafd A-BRARTA-
transég;sﬁd | ayer) so that the thickness of the thin

| ayer®uft he final structure reaches said sel ected

t hi_ckgexsPobasdx (hid sRy tepsEtbirorRig@sgmER); se at

| east one of the above nentioned operations (TA, PQ.,

SO¢; SOXARTAPOLIPXdandaay rapeiiinmseidhis seqiepce);

CoquenekeR T eRb ATY TaPB R kPl sFdiched, e T O
exanpA&senidRe®bove,  aPERTA | gperafios efg@tialmdteAg8@srally any

sequences (such as RTA- SOx- RTAS()(?; - SOx- POL- SOx (and
ar§meething anseabing tapesatienubalps) stoppingxshaliouphiolesodt is thus

(% et t] of ..t hi e Do = BT n
an raZﬁ%Q‘% |orJ1[bo isustgecﬁ)ze%cgg.&l%engr?@r%éﬁ gxove% RTA
a dPeratiper ati on (and nore generally any snoot hi ng

anneal i ng operation) hel ps stopping shall holes. It
i s t MereQy@ant HadRIusPAHCHaK Cegéltlegs,a %eﬁ%c@peraﬂon helps

coupLi Si NG ; L,0R. af ViEhi r
SRR Gy AePAF A0 SARGER Hipn 9 be miourabe
ensefpeall perfompind@ ekendcadl agiehingndera aaSrifitialy exidaiibn cfsee for
may be favourabl e befaqre performng a chem cal etching
oringtatige WR 2004/0893%t i on (see for instance WO

2004/104380dr i %ﬁ?ﬁ é?@fir&%tﬁ% el of fehhith tickiRs®) & such

remai ni ng thickhess
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 operation is effective for thinning the thin layer,
in particular 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 also 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 damaged. A POL has thus fo be as much
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finishing sequence. Hence the invention proposes to
limt tHE2HEWYEH-NE.of Killing holes within the thin

lt ﬁ?’gL-ng;tgétrégle%déé@lﬁn%“ﬁécééﬁ@rﬁé TR Et s PR AL Ring into
account the effect upon holes density of each operation of this
finishing sequence).

20 The above discussed graphs (figures 3, 5 and 7) show the effect upon
holes density of each operation (respectively RTA, POL and SOx). These
graphs may hence be combined to evaluate the effect upon holes density of
a complete finishing sequence (which may have several operations
performed in a particular order, and which is adapted for thinning the thin

25 layer to the selected thickness).

The appropriate thickness to be transferred can thus be derived from
this combination of graphs so that after each operation, the killing holes
density is less than the selected maximal killing holes density. Starting from
the selected final thickness and maximal density of killing holes, it is hence

30 possible to determine, (taking the operation(s) of the finishing sequence in

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



transferred onto the support substrate and taking into
account: - the selected thickness which is to be

wo e@ocloat2d or the thin |ayer of the final strucPCr/E82004/004390

10

15 af

20

25

the sel ected finishing sequenge of operation(s) (and
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of each operation of this finishing sequence). The

above di scussed graphs (figures 3, 5 and 7) show the
effect upon hol es density of each operation
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their reverse order fr the | ast one
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sel ect ed maxi mal density is t to. 0,3 killin

per chgminphdom e nie iQWkaﬁ@é)j" ﬁ% BIre edit F%sin%é%?%% finishing

m’sc‘équtetﬁﬁg IJ?&N comprises a RTA operation followed by a SOx operation.
Graphs of figures 3 and 7 are thus to be combined. In this case, the first

operation does not reduce the thickness of the thin layer but modifies the

holes density such that the subsequent SOx operation is not susceptible to
create (a lot of) new killing holes (SOx operation as illustrated on figure 7
but starting from a reduced holes density profile after the RTA operation as
illustrated 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 killing 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.
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| owering the shall ow holes density) is greater than
the thickness for which a killing holes density of
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engiFDL bpefioprorsfigures 3 and 5).

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

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 the amelioration brought by a possible
embodiment of the method according to the invention wherein the finishing
sequence is a SOx/RTA/POL/SOx 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



bet ween 15 keV and 120 keV, and nore preferably

bet ween 15keV and 80 keV. According to a preferred
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step is carrjed c]Jassjcally so that a | ayer, of . . .
t hiebries Hauing o ]ling boRels Gl éiRe s 5Pt edisHtalledn ts fields
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accordingly to the invention so that a | ayer of
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holes not to be formed (in a too important density exceeding the selected
maximal density) by the first SOx operation.

20 Thus, in this case the subsequent RTA operation (that is an operation
allowing to reduce the depth of shallow holes, such as hole 19) will help to
cure the present shallow holes, notably by decreasing their depth (see hole
19’). This RTA operation has no impact upon the killing holes density, so
that after this operation, the killing holes density still does not exceed the

25  selected maximal density.

The POL operation will remove those shallow holes which are included
within the thickness of the thin layer which is removed by this 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 shallow holes that

30  were, prior to this operation, deeper than p angstroms. As for the RTA

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



hol es and even |l eads to the formation of killing holes
(such as hole 16) extending down to the buried oxide

wo ag0et0702These kil ling holes can not be cured bRCT/IB2004/004390
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foll ow ng RTA operation, nor Ry the follow ng POL
operation. The final SOx operation will lead to a SO
structure having a killing hole 18, and bei ng thus not
acceptable inits fields of application. On the
contrary, in the case of the nethod according to a

possi {ei:ngugw'b"@m oﬁfﬂgé st igpepatidrOBechbh@ SO)@'&%%gétfo‘Pﬁ, a thin

| ayer enoug or kil'ling holes not to
f olayed if iobtainéd aviioh grresentsdibiesdesiresk thigktiasg, hd a minimized

AR Sl A S P e o

;ﬁ%ﬁ%&ﬂﬁ%ﬁ Hefis &b e oﬁ%x\'rﬁé’l%sﬁ?.e depth of

es, such as 19) wll help to cure the
pr eselbhastalbeavotaditieat, thisssedong HYx aperatiani cagrieh oLt a sacrificial
dept.h (see hol 9' This RI, ' [ t .
OB Sl o Pt ST AR IR A Sy BiBbless i
oP§ihiat R that bg thd tHih RE/hobasasienily labtsihed! does not

excee f&ﬂe sel ected naxi mal density. The POL operation
wi || IHenowethishosecaital 30w hperedionhicaniesr @utnal mpsg important

Wit hin the thick f ot thin | ' ! .
oAb 8aBiech I coMbr B T g g ncroase
t hal508y hdstdmnsiRFPctfiaBem @RETbT BRBrartidedfyep!

19"). The POL operation will decrease the depth of the
shal | Mwrémiessthehprecaging, example shewsthat @pedfidds srached, in term

d . . . [

Ce 5P Bbabl P MR B erhied W 06 RHHARG, i fbro Shferaly
degsédind aRdpeatatien allbRirgNd retiutdehd aspthopkthat stelow holes) is
(second SOx operation), a thin | a{ler i s obtained which

gr pedornred 08 @dRinr layer whighndaess naharesamt iilling bgles (or at least
i | i i
anfPichiprBbe s Kiing BB 1 o fbr el PRAXIRA dUichS).

maxi nBdrikemsorey killihg Haded aldpsity dieforet baid dpératisrcisncontrolled
SOx ogerati on carries out a sacri ficial %éind?ti 0

adtignka to ain iglantating sien ARAUATRIVPSTIRTEIe 6 Dy increasing
Ergms%:tﬁgc?aﬂ%sc‘ 8gtH§ I'ﬁlggr b&inghRinsfrrdd6niblth8 sLBY6t stBstrate.
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 killing holes by a factor 5 in the
final thin layer (thickness 200 angstroms). Indeed the left hand side diagram
drawn for a classically obtained SOI structure reveals a killing holes density
of 0,5 holes/cm?, while the right hand side diagram drawn for a SOI
structure obtained as mentioned hereabove, reveals a killing holes density
of 0,1 holes/cm? only.
Figure 11 is a flow chart illustrating a method according to a possible
embodiment of the invention for the manufacturing of a SOl device.
At block 10, the specifications of the final SOI product are detailed, in
particular by selecting:
- the thickness Tf of the thin layer of the final structure,



Hence this second SOx operation carries out a nore
i nportant sacrificial oxidation, adapted to conpensate
wo evosie2a hi ckness i ncrease (+500 angstrons i NPCTHEB2004/004390

present case) of the transferrngd |ayer. Moreover, the
precedi ng exanpl e shows that a profit is reached, in
termof density of killing holes, because the RTA
operation (or nore generally speaking an operation
allowing to reduce the depth of the shallow holes) is

performg ﬂe Fhishj ﬁgﬁ“s@qh?rgcgés to‘ﬂ"v\é'ﬁ%PatQ)‘?\?@ Gphepfn@érﬁ@dlate structure

killing holes ich presents killi

hol es i mlﬁaldedsmtfgerl drarsferhafin a thisx i gasie d@nsRT/MSOX/RTA/SOX
Furthernore, killing holes density before said

oper at i G99H8NEmt rol | ed t hanks to an i npl antation step

adequat e}y %rrﬁgilff%s deﬂ@i‘t@@f KillidY Hdled BRvithin tHethin layer of the

t hi ckness o bel ng transferred onto the
5 support feabstruetuee. Fi gure 10 shows that an increase of

450 an r f, t t f nmbi ned

w th- BOPRRER AghiRAP SR Be RPase s B sristter ~°™

Opef Lbe%k 3, 'lPiélscHé?ck@@%}@étﬁér trhaede@gfyl divkimihgkidiés Rgthin the
holes by a factor 5 in the final thin I'ayer (thickness

20naﬂrcg‘sﬂheode|)or suksirate twidichdhas bead tﬁarmﬁéeﬂe ditien the support
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10 ' ght fRREdtH gfciteas e Beiiramsiefred ig ifdrbasdd (sibek €0) and block
obt ai ned as nentioned hereabove, reveals a killing

hoB@ss theneafier repeated. hol es/cn2 only. Figure 11 is a

R o e R e R

mapadaC birilock B0, aaSRTAdeparatiotisbpedrmiéd. Wse already stated
speci fications of the final SO product are detail
es, ﬂqyt helps

i nheeaabovel avchha BEARReraHon hasheo effeekprddlling hef

15 ol e U5y M PR HBEY' . of e ate st ruct ure

obt ai aedbicdk 60, tm@@bend(dﬁeraﬁmrs afathe ﬁnlshlng sequence a SOx
RTA/ SOx/ RTA/ SOX sequence), - and the [
of ORENAIPAgISHRATEIMEChAS$tAtachabeYs: rﬁchy%é%? Op&f& “PP ﬁ%ﬁﬂect've

SHAGhithfhg the transferred thin layer, but increases the killing holes density
according to the thickness consumption.

20 At block 70, following the SOX operation, and similarly to 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 yes, at block 80, it is checked whether it is possible to decrease the

25  thickness consumption of the SOx operation (performed at block 60). This
is done by taking into account the selected particular finishing sequence,
and the selected final thickness Tf.

If the thickness consumption can be decreased, the SOx operation is
performed (block 60) according to this newly set operative conditions.

30 If the thickness consumption cannot be decreased, then block 40 is

performed (that is increase of the transferred thickness).



At bl ock 20, a thickness to be transferred is

selected. At block 30, it is checked whether the
walemwsiotoz2of killing holes within the part of tPeT/tRor004390

substrate which has been trangferred onto the support

substrate is higher than the sel ected nmaxi mal density

DM or not. If yes, the thickness to be transferred is

i ncreased (block 40) and block 30 is thereafter

repeated. If no, the first operation of the finishing

o4 Airle® bREK ftgrﬂi@tch 7O NiftthE ISR of HilliRG HeS Bifter the SOX

RTA opera nis pertorned. As already stated _
heyeabiore is fowdr thaRTiheopeximal atertsity Dha tbefrext aperation of the

killing holes, but helps uci ng.,the depth, of th
stfﬁ]iq;l'ﬁgﬁ hB@4ENCEt (B‘Pr@c% G%F’Et RRCIAEBn Y rdﬁe’lsor?ogf consume

t RRickhass Ry F& 1AMSY Mol dehsityeis! paened at
Arslﬁlsc?b\?%%raa oeé,sggﬁ@ﬁﬁgd@b( ope?gqi on is ef fygctiee for
5 t block 8Q. the transferred thin |ayer, but increases the

B R g it 10
ggﬁbs(ﬂ(gﬁéor?fitl?(? t&eblReforRBd Whids frBeskrithrviet iheset performed

It ng holes within the part of the donor
sukspeativelybi binckag0 badrBQ. Falowing e FAx operatios, gpdmrovided

SaPat i oM Rl Pt sl 56 ebB R fonsty
| tDy, SthROf I @ praddecssisn thed Bpsdimeioneqdefingd abblock 10)

of the SOx ogeratl on (performed at block 60). This is
ddaebtginedlat htpckrii3®. account the sel ected particul ar

£ini shi . | . ,
i ot e B oRf g RdeblRt Faf BiEobLiaL of BEKGTTHs purely
SQugPRivat bR that Biss Tesdst hbbatdn 6O)byancandang lindited to the
this newly set operative conditions. |If the thqukn SS

coersbagiments ciesadbe andsepwseated. ik thamansidted & the art wil
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15 £ BREEE, rsFinel? SO fRSE PR Bftb RO i ¢y of
killing holes after the SOx operation is | ower than
.the maxi mal density DM the next operation of the

finishing sequence (here a RTA operation which does
not consune

10



t hi ckness and does not nodify the killing holes
density) is perfornmed at block 90. A SOx operation is

wao b@ceaikeer perfornmed at bl ock 100. At bl ocks RADIE20H004390
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120 operations are perfornmed which are simlar to
those perfornmed respectively at blocks 70 and 80.
Foll ow ng the SOx operation, and provided that (block
110) the killing holes density is |lower than the

maxi mal density DM > the final SO product conformto
the specifications (definedTHE GLABKS10) is obtained
at block 130. O course, it wIl Dbe understood that
the flowhart of figure 11 is purely illustrative and

e onbEiEnet pioBlERed 1 PR oo ok igyer o

ski éém‘ii:drmddt@r dateridl loh dsulsdite! @orhr])_hﬁlg B8 %teps of:
alternatives or nodifications there AII\/Bl

Met hoticleg@tingrastiembntiiemant zane dn the-thigkness @b @i dangy substrate,

thin I S n r.

conpr 1 SERIShe G SUEHFAR I RES Bhe BanBRt B Rl Fsubstrate,
zone i getartirighirekdess spbstrattoaicthedebsitafahe emhpitédarnsgt zone to
the donor substrate into close contact with a sup

subst r aesfer gepaid 19f Age drBoGsWRStraia Lo e sHPPeMh éugé%ﬂe thus
gf thef gﬁpﬁégbllmgd é]gtrﬁau].éansfer a part of the
onor su e onto e suppor't substrate, thus

f grmeme&ﬁbd bergerhiratieristd umtha‘tet further oetbrisedtHiengieps of:

c aracter| sed in . that it further conprises the steps

of . %% @@tmw HhighiIcsr ash ipite fbey EeacheddloF dh faln 1avar of the
theth1: M RyRf the final structure, selecting a

maxi ma o,ensn ty of killing holes to be observed within

t he thselettiyga nfaxirhal density oftkilling hodes tes beentisemgechwithin the

finishjng sequ e ing at | east one operation
to be %@?ﬁﬁeg@gﬂ%ﬁ]f'@%ggrﬁ%ﬁﬁedl ate structure obtai ned
after, ;

SELEGATR N LS SR PN oot o b

the p transferred onto
t he supgdotmad bstthairiefmedigts stryciute obtained after detachment;

« determining a minimum thickness of the part of the donor substrate 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.

2. Method according to the preceding claim, characterized in that the
embrittiement zone is created in the thickness of the donor substrate at a
depth substantially equal to or greater than said determined minimum

thickness to be transferred.

3. Method according to the preceding claim, characterized in that 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



- to present, after each operation of the finishing

sequence, a density of killing holes |l ess than said
worenoeoBi22@density, - and to reach said sel ect edPCT/IB2004/004390

t hi ckness once achi eved the fim shing sequence. 2.

Met hod according to the preceding claim characterized

in that the enbrittlenment zone is created in the

t hi ckness of the donor substrate at a depth

substantially equal to or greater than said deternmnned

m niimpharitatiek 6eagitivNs beaptedrisr @rfefaﬂﬁﬁ tRe diitiitdément zone at said

according to the preceding claim characterized in

t hatdetei@nipgad thicknesfent zone is created by inplantation

of species under a face of the donor substrate from

which the thin | ayer nust be made, according

t oi npl angtodastcondify tid ang oadagfttnd ﬁr@d&edﬁhg@lalm bh@ractenzed in
enbrittl enent zone at sald deternined thi ckness.

5vet Hbat Hiee Hrieknapst detarpingtien ds nemt@rmeélcbmtalgnmlatmaccount the
h ﬁn
;e?;%?éne&%d ﬁginjn%l klhﬁp t‘[ogéf‘saé%r‘é% t ggl?ie: ectﬁ%ttwggnéfgﬁ and the

ki | |gfiegt bf)e@@h dpemtlbm of tHUEflmShlﬁgt%i]u%hﬂémpbhlthhTh@iés density.

and the effect of each operation of the finishing
sequence upon the holes density. 5. Method according

Lo any \&fio fac‘b'o?dlﬁ?gftg’ Sagpeoéhel ﬁga%;ﬂrﬁp%a rzﬁdché]ratc@rfzehtln that it

conprises the ste atio
1ocogd:ommr$elslbmeseieecbf Bgleghng ﬁMMtaﬂommoeigiﬁrogm Ey selecting an

subst apti e e en 15 and 12 eV. 6.

et HOB AR TP AT oY SUBF Rk, Camaraed DERwen 18 keNaand haD keV.

i npl antation energy is substantially conprised between

15 keV and 80 keV. 7. Method according to any one of

cl ai6rs Method 6acaohidingctoeclaine &b,i charaaterizid ihi thad thegimplantation

sequence Cco ses, at | east shal ept h
e iEeTy ERERaRL ComiRehaatusTr ikeY Fe0 BOAEN 7,
15Char acterl zed in that the finishing sequence conprises

a plurality of shall ow hol es depth reducing
oper/at Matbod @accondindthitsdany one of stpime tatoy6 oelwrattecized ins that the

! o?nnlshln%h%eaﬁer?cré %8rg1p'nge§ a7 leasq one shallow holes depth reducing

operations.

20 8. Method according to claim 7, characterized in that the finishing
sequence comprises a plurality of shallow holes depth reducing

operations.

9. Method according to any one of claims 7 or 8, characterized in that the
25 finishing step comprises at least one treatment annealing (TA) operation,

as a shallow holes depth reducing operation.

10. Method according to any one of claims 7 or 8, characterized in that the
finishing step comprises at least one polishing (POL) operation, as a

30 shallow holes depth reducing operation.



finishing step conprises at |east one treatnent
annealing (TA) operation, as a shallow holes depth

WO eabao7a2eo oper ati on. 10. Method accordi ng to aPyT/mBe04fo4390

5one 1& Methogwmcrording;

clainms 7 or 8, characterized i that the finishing

step conprises at |east one polishing (PCL) operation,

as a shall ow hol es depth reduci ng operation.11. Method
according to any one of claims 1 to 7, characterized

in that the finishing sequence conprises at |east one
SUqulS%Hé’tﬁoﬁfachleﬁg’ltd Qﬁg BHe W RNANSONED 7 Hlirblcterized in that the
treat nent anneal i ng - sacrificial oxidation

( SOfinishiryg  sesuirDde mmﬁeﬁgat deaniyonmsuctession af thet following

CompHeCRoTR; g ey healneubblR T “ReBF Rl Ginron (s00.

operations : sacrificial OXI dation (SOx) - rapid
treat ment anneal ing (tRTA) 13. Method according to an%/
0 enycaetdclaies 1 to 7heharagierized in that the

of "PRETE RERIRRES EMRIssRcR Has TR TRCRGHGE o8 rollowing
( SOgperatifs Séddﬂﬁc(aP&q}jahm%SOxM rapﬂ(&&@ﬂnéﬁﬁéﬁrﬁhdﬁggt(RTA)

any one of clains to 7, characterized in that the
finishing sequence conprises at |east one succession

of 4 MabAUASARSHALHIBRE FRRLIKIELRT, ALSAEH, in that the

( SOX) rapl nnea ing 'hQ
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1 to 14, characterized in that a layer of _oxide is
i nt @PeEAtipnsy spe melmmlqnm&@x)ayw IsfHeg {ROLS uSsdFt
substrate, the structure thus produced being a Sed
(Sem conductor On Insulator) structure. 16. Method

accdrzldiM@hbd ddeerdihgitoram oneludrciadingrd ®el, dcharadtetizédin that the
t hi ver is formed fromsilicon, the structure thus
pr oglueg@%eﬁeﬁgeaceeoneelaeﬁc@h legst |9f§JIS§P%?§S'@1 9 cihgr following

t h t
ogEElcTe GRS Do el i R
seqnehsiangc(ﬁ’@h)s@()& RTA/ SOx/ RTA/ SOx sequence of

operations, characterized in that the killing holes
density of the thin layer of the final structure is

SUbﬁ“Saﬂﬁétﬁbe&oﬂdlﬁﬁ'T@ a%? OH@BPQQHEQW ﬂﬁﬁ@r&%eﬁrﬁz% in that
t hi ckness of a part donor sub

a layer of oxide is mtercalated between the thln layer and the support

substrate, the structure thus produced being a SeOl (Semiconductor On

Insulator) structure.

16. Method according fo the claim 15, characterized in that the thin layer
is formed from silicon, the structure thus produced being a SOI (Silicon

On Insulator) structure.

17. SeOl structure produced by the method according to any one of claims
15 or 16, 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?2,



which is to be transferred onto a support substrate,
said part being intended to be thereafter submtted to

wa@2@eloaze@ed fi ni shing sequence conprising at | PEEIB200#004390
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operation, the nmethod being characterized in that a
m ni num t hi ckness to be transferred is deterni ned for

said transferred part: - to present, after each
operation of the finishing sequence, a density of
killing holes |ess than said maxi mal density, - and to

r eatd. Nritifod §bedettmining khedhickness tfie partpdfea elonor substrate
fini shing sequence achi eved, ) )
which 1s to be transferred 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 complete finishing

sequence achieved.



