1 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 stgps of: creating an

embrittlement zone in the thickness of a donor substrate, placing the

donor substrate into close contact with a support substrate, detaching the
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substrate and the thin layer. For this purpose, the donor substrate may
compri@BbRATeaRPad to a preferred embodiment of the invention

SMARTCUT™ type processes advantageously produce structures
comprising a thin layer of semiconductor material, such as SeQi
{Semiconductor On Insulator) structures and the like.

The embrittlement zone can be created by implantation of species
within the thickness of the donor substrate. implantation of species is
understood to mean any technigue (such as bombardment, diffusion and
the like} suitable for infroducing atomic or ionic species onio the material of
the implanted donor substrate, with a maximum concentration of the
implanted species situated at a preset depth from the subsirate refative to
the surface of said implanted substrate.

It is mentioned here that when a SeOl structure is fo 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 o be placed, after the implantation step, into
close contact with the support substrate so as fo form the buried oxide layer
of the final Se0l structure.



superficial oxide layer 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 SeOl structure. 2 The implantation step can be
performed either by implanting a single 8pecies (such as hydrogen) or by
co-implanting at least two different species (such as the co-implantation
of both hydrogen and helium). Following the detachment step, the thin
layer formed onto the support substrate presents a damaged zone
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to a certain extent conditions the quality of the comg_onents which w
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avoidgglng holes” hereinbelow. Taking the case of a SO! structure as an
example, these kiliing holes exiend all through the superficial thin silicon
layer, down to the underneath buried oxide laver.

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

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

The presence of holes is a parameter which fo a certain extent
conditions the guality 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 buikt on
a killing hole will not function.

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



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 components built upon these structures. '
However, they form defects which it isadesirable to avoid. 3 There is thus
a need for a method for producing a high quality structure comprising a
thin layer of semiconductor material on a substrate which makes it
possible to minimize the density of holes within the thin layer, and notably

the depsity of those of the,holes which il
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N b e
opexstipfidghda thin iayer of semiconductor material on a substrate, comprising
the steps of.
- creating an embrittiement zone in the thickness of a donor subsiraie,
- placing the donor substrate into close contact with a support substrate,
« detaching the donor subsirate at the level of the embriitlement zone o
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 io be
performed on the intermediate struciure obtained afier
detachment;

« determining a minimum thickness of the part of the donor substrate o
be transferred onfo the support substrate for said part:

- io present, after each operation of the finishing sequence, a

density of killing holes less than said maximal density,



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 4density of killing holes less than
said maximal density, 4 and to reach said selected thickness once
achieved the finishing sequence. Preferred but non restrictive forms of
the method according to the invention are as follows: - the embrittlement
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(TA) embrittement zone at said determined thickness;
_ the thickness determination is performed by taking intc 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 finishing sequence comprises a plurality of shaliow holes depth
reducing operations;
- the finishing step comprises at least one treatment annealing (TA)

‘ operation, as a shaliow holes depth reducing operation;

- the finishing step comprises at least one polishing (POL) operation, as
a shaliow holes depth reducing operation;
_ the finishing sequence comprises at least one succession of the
foliowing operations: rapid treatment annealing (RTA) - sacrificial
oxidation (SOx);



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 operationss rapid treatment annealing (RTA) -
sacrificial oxidation (SOx); 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 pperations: sacrificial oxidation
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Under another aspect, the invention also relates to the siructures
obtained by the method according fo the invention, such as a SeQl structure
produced by the method according to the first aspect of the invention,
wherein the finishing sequence comprises a RTA/SOX/RTA/SOxX sequence
of operations, characterized in that the killing holes density of the thin layer
of the finai struciure 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 fransferred onto a
support substrate, said part being intended o be thereafter submitted o a
selected finishing sequence comprising at least one operation, the method
being characierized in that a minimum thickness fo be transferred is
determined for said transferred part:

- tfo present, after sach operation of the finishing sequence, a
density of killing holes less than said maximal density,
- and fo reach said selected thickness once the complete finishing

sequence achieved.



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. 6 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 hole density as
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chart illustrating a method according to a possible embodiment of the
inventiB@Une [rasarisieRtopiesamEly Wiihr vkl Wwerbafeyeorad after a
strugihle operation. ' .
~ figure & iliustrate the effect of a SOx operation on a SOI struciure;
- figure 7 represents the hole density within a SOI iayer before and aﬁera
SOx operation; ‘ |
- figure 8 represents the effect of sequences RTA/SOx and SOX/RTA on a
SOl structure;
- figure 9 gives an example of the amelioration brought by a method
accerding to a possibie 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 illusirating a method according to a possibie
embodiment of the invention.

The present invention can heip in improving the guality 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 semiconducior material on a surface exposed o the exiernal
environment.

In 2 non resiriciive way, the thin layer of semiconducior material can
be silicon 3i, silicon carbide SiC, germanium Ge, silicon-germanium SiGe,
gallium arsenide GaAs, eic.

The substrate support can be made of silicon 3i, quartz, sfc.



obtained by carrying out a transfer process of the SMARTCUTT" 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, ¢he 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. 7 As already mentioned, a

layer of oxide can also be intercalated in between the support substrate, .
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thus all the more significant as the thickness of the thin layer is low.
HehelesPiiF DI layer.presents a high killing holes density, whereas a

It has to be noted that the hole density is similar whether the
implantation step is carried out by implaniing a single species or by co-
implanting at least two different spacies.

A killing hole is a hole which depth is equat to the thickness of the thin
layer. Hence, as it is fllustrated on figure 1, the killing hole density DK is
directly related to the thin layer thickness T.

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

Hence, a thin SOI layer.presenis a high killing holes density, whereas a
thick SOI layer presents a fow killing holes density. As iliustrated by figure 1,
a SO! layer which thickness T is greater than 1000 angstroms fypically
presents a killing holes density per cm? DK less than G,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

neufral or reducing atmosphere (likewise referred to as TA hereinbaiow;



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 cm2 Dk less than 0,3. Several finishing
steps of the structure obtained after defachment 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
heeeioheimyvy tramoalremmedlingrissdnaetiraors@elificing ArcsEioRe flikewise
(likewise referr ' : ; id thermal
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a hggdrsgatnent step (typically 2 hours long at 1100C) being possibly
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The following sequences of operations have gc')r instance been proposed
as finishing step of the structure obtained after detachment:

« SOx-POL-SOx (refer for instance io publication FR 2 797 174);

- SOX-RTA-POL-SOx (refer for instance o publication FR 2 797 713)

- RTA-SOx-RTA-SOx (refer for instance 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 famiiies.

A first family concerns those operations which aliow reducing the depth
of the shallow holes, that is those holes which depth is lower than the
thickness of the thin laver being formed (or stated differently those holes
which do not extend down fo the underneath buried oxide layer in the case
of a 8O structure).

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

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

and chemical etching operations are instances of the second family.



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 SO[ 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,
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effect on the illing holes (such as hole 4b) which extend, prior to the
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However a RTA operation has no effect on the killing holes (such as
hole 4b) which extend, prior fo the RTA, through all the thin layer {in this
case down fo the surface of the buried oxide layer 3a). As it is schematically
rapresented 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 a SOI laver before (fop
graph) and after (lower graph) a RTA operation. Before the RTA operation,
the SOI tayer of thickness T presents more or less deep shaliow holes, in a
density, fllustrated by curve Cb, which depends upon the depth of these
holes. The SOI layer also presents killing holes in a density Dk.

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

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

density, as illustrated by curve Ca.



Kkilling holes are not cured by a RTA operation. Figure 3 represents the
hole density within a SO[ 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 hojgs, in a density, illustrated by
curve Cb, which depends upon the depth of these holes. The SOI layer
also presents killing holes in a density Dk. 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
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holes in a strongly decreased dens-lt{, as illustrated by curve Ca. 1
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(lower graph) a POL operation. Before the POL operation, the SO[ layer
of thivrnadl St presentdhisdrdiog iels-deep shallow holes, in a density,

T S e e st ot soiese s (o0
graph) and after (lower graph) a POL operation. Before the POL operation,
the SO! layer of thickness Tb presents more or less deep shaliow holes, in 2
density, illustrated by curve Ch, which depends upon the depth of these
holes. The SOI layer also presents killing holes in a density Dk.

As mentioned here above, the POL operation has ne effect on kiliing
holes. The killing holes density thus remains unchanged equal io 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 & strongly decreased
density, as lliustrated 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 @
composed of a silicon layer 10 on top of a buried oxide laysr 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.



As mentioned here above, the POL operation has no effect on killing
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 stogping 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 SOI structure 9

compogh®l bt ilHiEHesydr e derbh It e initalymirseneshalionnbole 12 is

silicprndet 19 Rresssisotios b eSO%anatRliefer shalowdieridsn Afown
itis a?paren_t on this figure, the Sdoéx operation reproduces the shape of
the foiBe AMERRHAXABLANEHI WM 1 47- As it is illustrated, if the depth

Ef Ithe im%mpﬁmm@mbom& IS /rtwsmbiit i ?ss:jka@aha@fbis (top
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shape of the holes and does not modify their depth. The shallow holes

denthiy hokpiandriiepmgedmadiiuisineRnipohh shallopihalen detsitydsgipus
the YReh | SHIVELanbIOVRYEHRe tickness infdhasPblayes isnchanged

decreased by the SOx operation. As the new thickness Tf is lower than
the FHi4t thRtkness Ti, the density of killing holes thus increased from Di

to Df. Asithug-apparentiiorndbis Bgure 7sobQyepasatietreassanolheip t8Ox
a%gog%g%lggg} .hgg%ﬁg rr‘%vfietshlililzwrrnlegg liqfcérse os\ﬁe?fﬂt]%% l%welani%iggﬁﬁigl?nneségﬂ, the
density of killing holes thus increased from Di to Df.

As it is apparent from this figure 7, a SOx operation does not heip 1o
cure shaliow holes, and result in an increase of the killing holes density (this
increass reiating directly to the consumed thickness Ti-Tf).

As for the SOx operation, a chemical efching 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” o
a killing hole (or otherwise stated, it resulfs in an increase of the killing holes
density).

As it has been stated hersabove, a killing hole present prior to an
operation of the first family (such as a RTA or POL operation), wili not be
cured by said operation,

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



increase relating directly to the consumed thickness Ti-Tf). As for the SOx
operation, a chemical 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 exltgnding 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, 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 oper#toBGIERTA, ssdunappment brsfigaseigestfidheeS BT Arstion

and SR hae Ay Fon g RIRat e Tenbite, HbIbe SRR AimggURAEer 4.

€, ItIS possible OXx operation transforms an initially (after
trafféfierkiingllovlenbleniBnatdoa ruled MolberiplomiRgIiify FRFERTQRill not

be cured by the following RTArePeratieinOadheepthechsadnih sheme initially

RTA/SOx sequence case the same initially shallow hole 13 will be cured.,
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SOx i thindhsrilicanJaver Hih e Eswinaistietemiobiubpeesants sesutting
quasi integrally restopped hole 15'. Of course, if Killi QEOLF% are present
aftétfﬁﬂﬁﬁﬁ'%mﬁlﬂl:?ﬁ?@tﬁﬁqg?é””fﬁ@@‘ﬁﬁﬁggom?ﬂ % tured and will

remaincgskilleedefeisgindhs finel prrostuctiBasedsiarthdthindve thin layer,
observations, the methpd according to.the inventi o
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layesreddbe final structure, - selecting a maximal density of killing holes to
e L ISR S S acaRAOR e
invention proposes to perform the steps oft
-~ selecting & thickness which is to be reached for the thin layer of the
final structure,
- selecting a maximal density of kiliing holes to be observed within the
thin layer of the final structure, and
- selecting a finishing sequence comprising at least one operation fo be
performed on the intermediate structure obtained after detachment.

A particular finishing seguence 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 ouf the roughnesses, insuring &
correct thickness uniformity) and make it suitable for a use in the fieids of
application.

This finishing sequence is notably adapted for thinning the part of the
donor substrate fransferred onto the suppori 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 efching) and may consist in
any combination of these operations, such as the following sequences

which are given as non restrictive exampies:



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 suitabie 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
structupETeagDes said selected thickness. Said finishing sequence may

comprise at least ane of th ve. Ament erations (T C eV
cherficHiRE %H?@)&?‘r’%?fc%ﬁ%ﬁs%%g{ asn%/agc%r%%ma{%arﬁqﬁoft ﬁsﬁ BoxRTA
operati&i®¢)such as the following sequences which are given as non

restricti ples.. - 2 o iti [A-SOX
squen%@sQ (stic %%@%%géﬁ%ﬁ@%?@hgéf 8(%?% X (and any
repetitiGiOoF Thid FRGLePt) (aERERSIEIN SOR G REMISPFEYetition of
this Seaygnosta - SQERT AR aNK EReURNaidbis sequence). As
mentioned above, a RTA operatlon{and more generally any smoothin

annealif§ JpEFERRFhERRVa05hify ShiRaioRs(aNE Mgse generally’ any
advantRaRpIs 2omealif R abaERaHents SOBRHGINGSIeh a&FA It is thus

operation. Moreover, under particulf\r conditions, a RTA agperation hel SRTA
enGPENRRPHRE HidBaES el iRd8t LsiPRYeF ihidPMREE /6l aBle

pefg@mﬁ@[ming a chemical etching or a sa(.:r.ificial oxidation (see for

e SRR, SR AREL o

magheapepliiagt fseetide layer under a Si layer, which may be favourable
before performing a chemical etching or a sacrificial oxidation (see for
instance WO 2004/0G79801)

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 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.

1t may hence be judicious to perform a RTA operation between two SOX
operations.

A POL operation also heips 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



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 ig,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 carefu‘!}/ performed as it may_increases the killing holes density.
;

It m@§ Repe® BeliRdo @b BebRPRICRNS opira iNINEcHAM dSTITX as a
operRtiNGEhi i RhsaRaraliee Meansirsdhinniagdhefindayes by material

removal_but such an gperation results in a degradation of the thickness

uniformityPiEadYe FeR PHMPERYA K BRITRIRAMAGEL ARpOSPAS ! the
be asmeh df naadessidnbaiiedcanddicbe pegeimed afteion thilming limit
step,(sych as a SOx) which less damages the thin layer, or even after a
RT%‘G‘# [sIRPS H’@érgﬁr@rgﬁgﬁa@%ﬁbined with a RTA s0 as to limit the
remoyalmémami_‘iadi b@tﬁmﬂﬁm@(ie _aml Bﬂ@r&@stﬁiﬁnsﬁwbmbeﬂnqﬁﬂﬂmﬂ the
the thickness uniarmib-dearadation). The mefod Aecording e cuosirate
invention alSo proposés to performthe “step of determining a minimum
thickridsls bEthdpdre ofsnefdordr solostizeswinoh Meibrirbte tfansfeidepart to
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the Tinishing sequence, densﬂg/ of killing holés less than said maximal

denBRigsaingsdhancrrshmadeatstpisitkrrRid torfeacitrrideertpeiomibliagess

seqyaRERcHRIER the fenHaeEaraAses to limit the density of killing
holes within the thin layer of the final structure by selecting an adequate

thickneddrBeRaR¥RIRIEn BMBIRESSINBI Sibsteamity i tikng fielgs within

accemdithin layer of the final structure by selecting an adequate thickness to be
transferred onio the support substrate and’ taking info account;

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

- the selected finishing sequence of operation(s} {(and thus taking into
account the effect upon holes density of each operation of this
finishing seguence).

The above discussed graphs (figures 3, 5 and 7) show the effect upon
holes density of each operation (respectively RTA, POL and 50x). These
graphs may hence be combined 1o evaluate the effect upon holes density of
a complete finishing sequence (which may have several operations
performed in a particuiar order, and which is adapied for thinning the thin
layer to the selected thickness).

The appropriate thickness to be fransferred can thus be derived from
this combination of graphs so that after each operation, the killing holes
density is iess than the selected maximal Killing holes density. Starting from
the selected final thickness and maximal density of killing holes, it is hence
possible 1o determine, (taking the operation(s) of the finishing sequence in

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



- the selected thickness which is to be reached for the thin layer of the

final structure, - the selected finishing sequence of operation(s) (and thus
taking into account the effect upon holes density of each operation of this
finishing sequence). The above discussed graphs (figures 3, 5 and 7)
show the effect upon holes density of'8ach 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
adapiegifolapinningsthertisianidyeivte theadiekdapioitioss)amhdhus finally

appraopriate thickness to be transferred can thus be derived from this
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lowering the shallow holes density) is greater than the thickness for which a
killing holes density of 0,3/cm? is noticed (that is greater than 1000
angstroms).

Turning now to the lower graph of figure 8, the selected finishing
sequence now comprises a RTA operation foliowed by a SOx operation.
Graphs of figures 3 and 7 are thus fo be combined. In this case, the first
operation does not reduce the thickness of the thin layer but maodifies the
holes density such that the subsequent SOx operation is not susceptible to
create (a lot of) new kiliing holes (SOx operation as ilustrated 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 seguence.



RTA operation (which has no impact upon killing holes density but helps
lowering the shallow holes density) is greater than the thickness for which
a killing holes density of 0,31cm2 is noticed (that is greater than 1000
angstroms). Turning now to the lower graph of figure 8, the selected
finishing sequence now 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 susGépHniBt e REPAtRBHM R REIiRy HeRIB{ IOt driakeRsss of the
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after the RTA operation as illustrated % curve Ca on the lower graph of
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co-implantation of helium and hydrogen). According to eferred
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the ypplantation energy is comprised between 15 keV and 120 keV, and

more preferably between 15keV argj g_o L .
According to a preferred embodiment, the finishing sequence comprises

at least one operation from said first family of cperations, that is an
operation which allows reducing the depth of the shallow holes and helps
modifying the holes density within the thin iayer (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
operatfion, or a POL operation.

According fo an advantageous embodiment of the present invention, the
finishing sequence comprises a piurality of operations from 'said first family
of operations, that is a piurality of operations that each allows reducing the
depth of shaliow 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 mathod according o the invention wherein the finishing
sequence is a SOXRTA/POL/SOx sequence of operations. Graphs of
figures 7, 3, 5 and 7 are thus fo be combined to determine, faking info

account the selected thickness to be reached and the selected maximal



keV. According to a preferred embodiment, the finishing sequence
comprises at least one operation from said first family of operations, that
is an operation which allows reducing the depth of the shallow holes and
helps modifying the holes density Withirﬂ the thin layer (see effect of a
RTA and of a POL operation on figureszs 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
saiddfﬁrﬁifam_ilki%f@b@h@idh@,rtﬁ@im@@ Pigsiiepeiepedtdadembaaiired for
alloys racihgrlendapth af S iucbaleS S AHABIARALS operations, =
embodiment brings an additional ‘profit as it decreases the depth of the
residgapiiyaidiline laslegasn Hipeiaid Relpied<iRbSEYihese shallow holes

completelyEighyaid Hvashp pxamiaieh e aioelisrrlichup et o that

possible embodiment of the method according to the invention wherein

the friYRGT falgesrstis FansiaRanass.! BRGEeNREAS operations.
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trangfierceshdosubstthie, transferred layer to present, after each of these

operations,.a_density of killing.holes | ha | lected ity,. |
the topocll'?ag?grﬁ:, %ﬁg%ﬁl}p gﬁ?ati%gr? s%ésp{ei?gérr%é %ﬁﬁﬁa@%@aﬁﬁ {s]c? \%eatggallow
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hole
structure having a killing hole 18, and being thus not acceptable in ifs fields

of application.

On the contrary, in the case of the method according to a possible
embodiment of the invention, the transferred laver is thick enough for kiliing
holes not to be formed (in a too important density exceeding the selected
maximal density) by the first SOx operation.

Thus, in this case the subseguent RTA operation (that is an operation
allowing fo reduce the depth of shaliow holes, such as hole 18) 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
selected maximal densily.

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

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



extending down to the buried oxide layer. These killing holes can not be
cured by the following RTA operation, nor by the following POL operation.
The final SOx operation will lead to a SOI structure having a killing hole

18, and being thus not acceptable in itslgfields of application. On the
contrary, in the case of the method according to a possible embodiment

of the invention, the transferred layer is thick enough for killing holes not

to be formed (in a too important density exceeding the selected maximal
density) by the first SOx operation. Thus, in this case the subsequent RTA
operatigméiatds the eperatidhe dietvingatined (sectng Gpthapfeshiidiow a thin
holes, such as hole,19) will hel CHI nrasen llo (ST
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this case; Jhoseeles fhabatsiless deardhans pastomansdehirkinies is
19"). The POL operation will decrease the depth of the shallow holes that
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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 conirolied
thanks to an implantation step adeguately performed, notably by increasing
the thickness of the layer being fransferred onto the support subsirate.

Eigure 10 shows that an increase of 450 angstroms of the transferred
laysr, when combined with a finishing RTA/SOX/RTA/SOx sequence of
operations, aliows to decrease the density of killing holes by a factor & 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 SOl
structure obtfained as mentioned hereabove, reveals a killing holes density
of 0,1 holes/cm? only.

Figure 11 is a flow chart illusirating a method according fo a possible
embodiment of the invention for the manufacturing of a SO! device.

At block 10, the specifications of the final SOl product are detailed, in
particular by selecting:

- the thickness Tf of the thin layar of the final structure,



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 deﬁ%h 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 controlled
thanks.to ahdipigiitatisesiepaadefvatiytoairefcienipighydsjate structurs
increasing _the. thickness of,the layer hei an ed,o BLPR®
substrate.#i’ 90 g?%{/vst[tﬁg an in@fegg]e%of %%gar%s?fgrﬂﬁg%f the A1SOX
transferredsdayencahen combined with a finishing RTA/SOx/RTA/SOx

sequence -gﬁfg‘%%%ﬁﬁg%ﬁ%ﬁmr%%@ SenRiiRTklpgNelRS B the
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drawn for a SOI structure obtained as mentioned ,hereab?ve, reveals
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for the manufacturing of a SOI device, At block 10, the specifications of
e HETIEE ErPURIET A2 b AR Hh aRTR By S g o
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sequence of o ration%fthe intermediate structure obtained after
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tran i Y SOx/RTA/SOX sequence), and the maximal

density [6frkillithg Hiok > Pivatidthinfthiest finishing eetveninabsperdairest in this

block 20. g thigknesg o be ansteied s seleCiiltormed. As aiready stated
hereabove, such a RTA operation has no effect on killing holes, but helps
reducing the depth of the shallow holes.

At Block 60, the second operation of the finishing sequence, a SOX
operation, is performed. As stated above, such a SOx operation is effective
for thinning the transferred thin layer, but increases the killing holes density
according fo the thickness consumption.

Al biock 70, foliowing' the SOX operation, and similarly fo block 30, it is
checked whether the density of kiliing holes within the part of the donor
substrate which has been iransferred onto the support substrate is higher
than the selected maximal density Dy or not.

If ves, at block 80, it is checked whether it is possible to decrease the
thickness consumption of the SOx operation (performed at biock 60). This
is done by taking into account the selected pariicular finishing sequence,
and the selected final thickness T1.

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

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

performed (that is increass of the fransferred thickness).



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 the selected maximal density DM or not. If yes,

the thickness to be transferred is increz%sed (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 RTA operation has no effect on killing
holes, but helps reducing the depth of the shallow holes. At block 60, the
secondeperatibaaf thebinikhing Behactmesity SOKbpehalen, ader the SOX
performed. As stated,above, such. jongds.e [ ;
RGNS ok P oy o eSS, A HER o dion of the
actiotdiugtosthaugiciendbsreors URTRiopP Bt KT CTolRARg Rk gesRume
opgrauan.end Arlarly 4o bigsliOus Safifiecherky beay e denmibrel
killing holes within the part of the’donor substrate which has been -
trahisfekr8@.onto the support substrate is higher than the selected

maximal densiiy i B ehdieer askdDeittnehacke dydiodkerit Band
possible to decrease the thickness consumption of the gho%éﬁgeratio
n

(pEtBSRREERINBEK B19). PRI TERbnE i tafi%y Fitlate s s&%‘f Aged
partigWafipishingpeenyencende theiorlegted Bk iskatss, Bndf previded
thickness consumption can be decreased, the SOx operation is. . :
e AP BICEI60) 3 A LR NG 6 R Ty S SR e Ak Jsty
thephjickiresa @OUMptan: camforbécdberspseifictiion s dekimist block 10)
per,forraed that i% in&rqgae of the transferred thickness). 20 Coming back

to BYot t%@, | t%te ensity of killing holes after the SOx operation is lower
than.the&fraxinsal demiityesDM dretoeckttomciag sowstiag einfigurRy 11 is purely

sequence (ere.a BLA geraian which,Aass ROLGORUMEaMIGARES abthe
doc(yii"r?:’]([)?tgt rh%di%%wm%% h%%s density) Is perfor?noed at , i
embodiments described and representad, but the man skilied in the arf will

be able fo bring many alternatives or modifications there.



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 SO[ product conform to the specifications
(defined at block 10) is obtained at block 130. Of course, it will be
understood that the flowchart of figgt}re 11 is purely illustrative and that the
present invention is by no means limited to the embodiments described
@ndirdpresented, but the man skilled in the art will be able to bring many
alternatives or modifications there. 21 CLAIMS 1. Method for determining
the thickness of a part of a donor substrate which is to be transferred onto
a support sutietadeion defrBrisaepdmidarst ©riz A P AN SIHETT a
\timgzhiyg) seqresce-af &%e raafgigmﬁ)l §e§m@tg ﬂ’(;erﬁfﬂﬂﬁf%ﬂg ﬂﬁﬁﬁdz&rﬁ@a@@?
ubmitted so as o reach a final thickness (Tf), it comprises the steps of:
) SRTEARG SRR 1 505 ShSTETPRA ) Yob B ope AU Bt
tfirtishihgrisied ve ace, chackinupthis deessity Of kitimprivetabewithinothe
transfgffggegﬁﬁgaj{g{c@églst{:@ggq{gg%ﬁgg{ if the checked density is higher

than a maximaf density (DM), increasing the thickness to be transferred

and répefifg SrSpAEeP Whiks dBrdide g iRenttedia thRmEE O as ine
Kbieknass aetansianed afiét tar cheakes, deasity is lower than the
maximal densit repeating s 2) for the next operation in the. |
finishi'hb%g‘eeq‘ﬁ*é%%% '\égr?tﬁ"t‘ﬂlesa%gﬁitﬁ%g%é%%ﬁ%‘éﬁge%sé%ig\?&g IR the
tristerradparkeretictedsasdidefipainhiskness Wille2caysdaphth&mithesdass
glaimed fanpraducing a finalstictre comprising a thin layer of

semiconductor material transferred from a donor substrate onto a support

substrateth irske4ctaiiing 18 Rl RomBHRIFG the Stepe gepeatng Step

(2) for the next operation in the finishing sequence, unti] 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:

L3

« creating an embrittlement zone in the thickness of a donor substrate,

« placing the donor substrate into close contact with the 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, thus forming an
intermediate structure,

= applying & finishing sequence comprising at least one operation on
the intermediate structure obtained after detachment;

« selecting 2 maximal density of killing holes to be observed within the

thin layer of the final structures.



creating an embrittlement zone in the thickness of a donor substrate,
placing the donor substrate into close contact with the 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, thus
forming an intermediate structure, applying a finishing sequence
comprising at least one operation on the intermediate structure obtained
after detachment; selecting a maxhal density of killing holes to be
observed within the thin layer of the final structures. 22 4. Use according
to the £laim Bsandaesritmihe treation Divaien Hitement atnesiabiEement
shickness,olihe.dongr subsirale s peronmed &' 2 depih gl o Ok
greaPer than said determined minman thickness o be transferred. b Use
thecerdidgieondigfnnivyierdiviihrs sembristhapiRsticzone 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 “SrSAIERERIN oMk 2P SaTa Y e MMEU RSk ARRS S6THkE ™
agtending tof amcienendbthefalainishs forby wiiarein fherthibkheds thin layver

determination is performed b ing.int nt legt [
e Thoiel SBaaT I RIR R RS o R e
spertimrBizs friskideicsatigefeekupBn the holes density. 7. Use
according to any one of claims 5 or 6, further comprising the step of
selecting implantation conditions by selecting an implantation ener
comprised VRSN TSRS ARG KRB g A TR s
iehersinthe iimptémam)hye‘uaéi@/iigo (a@cqpm't%el mm:mmw&m gﬁes
KS\ord- dSE RECOTHING A0 2R% ONB LIRS 3408, Whetsin hefinishing,

sequence comprises at least one shallow holes depth reducing
EeEratoRO™ e desdeadifting to claim 9, wherein the finishing sequence
comprises a

7. Use according to any one of claims 5 or €, further comprising the step

of selecting impiantation conditions by selecting an implantation energy comprised
between 135 keV and 120 keV.

8. Use according to claim 7, wherein the implantation energy is
comprised between 15 keV and 80 keV.
9. Use according to any one of claims 3 to 8, wherein the finishing

seguence comprises at least one shallow holes depth reducing operations.

16, Use according to claim 9, wherein the finishing sequence comprises a

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.



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. 23 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%d. wherein the finishing sequence
comprises at least one succession of the following operations: rapid
treatment artﬁ&adirmgréﬁ@éd arsaciificialigxid atiart (Seherebdht) Saisdagraing
to an laims in t finishin u el t
O RS WA B R R SOSa
¢s@aonrapid treatment annealing (RTA). 15. Use according to any one of
claims 3 to 9, wherein the finishing sequence comprises at least one
succession of the foIIowmg operations; sacrificial oxidation, (SOXx)

polishifty (PO &8 & 2o Rt B any Bne SPESIL™ l%nbghmg
vehesgin tdstenﬁnmlmg ismum@cemmqwse&" athle dstionmsuncession obthe
oII Wi I ) - rapid treatment

arﬁ?tea tgm? qﬁ%‘?st%%ﬁ L%Q%S&Cg)giIll §78%5@ according to any one of
claims 3 to 16, wherein a layer of oxide is intercalated between the thin

layer angd the gupRestSEbsaley the strughe thus predusad BeinghaseOl
é&ﬂ emiconductor Onelnstglator) structure. F1§7ﬁu§$f£accord| to clalm&\g
BRI OB BN Iafer1E" Bt Trom ™ sh e StiFctir ‘H‘é pYSaUSE
ity on SEUX(Sitqoh Oatrstlaterisy Bk,
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 {SOx) - polishing (POL) - SOx.

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) - SOx.

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 subsivate, the struciure thus

produced being a SeQl (Semiconducior On Insulator} structure.

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

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



