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Description

[0001] The present invention relates to a transfer of
thin layers from a wafer to a receiving substrate, in order
to form structures such as a semiconductor-on-insulator
structure, also called an SeOl (Semiconductor-on-insu-
lator) structure.

[0002] A first object of a such transfer is usually to pro-
duce electronic structures whose active layer, that is to
say the layer which comprises or which will comprise the
electronic components, is particularly thin and particular-
ly homogeneous through the thickness.

[0003] A second object of the transfer can also be to
produce these structures by transferring the active layer
onto areceiving substrate from a wafer comprising a buff-
er layer.

[0004] A third object of the transfer may be to provide
the possibility of reusing part of the wafer, and especially
at least part of the buffer layer, for another transfer.
[0005] The term "buffer layer" is understood to mean
a layer intermediate between two crystallographic struc-
tures with different lattice parameters, having in the re-
gion of one of its faces a lattice parameter substantially
identical to that of the first structure and in the region of
its other face a lattice parameter substantially identical
to that of the second structure.

[0006] Thus, a wafer may, for example, comprise a
single-crystal silicon (also called Si) wafer on which a
relaxed layer of silicon-germanium (also called SiGe) is
produced by means of a buffer layer, despite the differ-
ence in lattice parameter existing between these two ma-
terials.

[0007] By "relaxed layer" it is meant a layer of a sem-
iconductor material, having a crystallographic relaxation
rate, as measured by X-ray diffraction or Raman spec-
troscopy, superior to 50%. A layer having a 100% relax-
ation rate, has a lattice parameter substantially identical
to the nominal lattice parameter of the material of the
layer, that is to say the lattice parameter of the material
in its bulk form in equilibrium.

[0008] Conversely, the term "strained layer" means
any layer of a semiconductor material whose crystallo-
graphic structure is strained in tension or in compression
during crystal growth, such as epitaxy, requiring at least
one lattice parameter to be substantially different from
the nominal lattice parameter of this material.

[0009] Thus, a buffer layer makes it possible to grow
an SiGe layer on an Si substrate without this SiGe layer
being strained by the substrate.

[0010] Given that bulk SiGe is usually not available on
the market, the use of a buffer layer in a wafer in order
to have a relaxed SiGe layer on the surface thus makes
it possible to produce a structure which can thus fulfil the
same functions as a bulk SiGe substrate.

[0011] The buffer layer inserted between the Si wafer
and the relaxed SiGe layer is generally made of SiGe,
with a quantitywise proportion of germanium which pro-
gressively increases through the thickness of the wafer
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towards the relaxed layer.
[0012] Thus, it makes it possible to:

- gradually increase the germanium content from the
wafer towards the relaxed layer;

- confine defects associated with the difference in lat-
tice parameter so that they are buried;

- give a sufficiently thick relaxed SiGe layer stability
with respect to a film of different material grown epi-
taxially on its surface in order to strain the latter so
as to modify its lattice parameter without influencing
that of the relaxed SiGe layer.

[0013] For all these reasons, the buffer layer must be
sufficiently thick, typically having a value greater than
one micron.

[0014] Processes of transferring the layer of relaxed
material grown epitaxially on such a buffer layer from the
wafer on to a receiving substrate are known.

[0015] Such processes are, for example, proposed in
an IBM document by L.J. Huang et al. ("SiGe-On-Insu-
lator prepared by wafer bonding and layer transfer for
high-performance field-effect transistors”, Applied Phys-
ics Letters, 26/02/2001, Vol. 78, No. 9) and in document
WO 02/33746, in which documents an SGOI (Silicon-
Germanium-On-Insulator) structure is produced from a
wafer comprising in succession a single-crystal Si sup-
port substrate, an SiGe buffer layer and a relaxed SiGe
layer.

[0016] One process employed in a document by L.J.
Huang et al. consists in carrying out a Smart-Cut® proc-
ess of the Applicant, known to those skilled in the art,
and descriptions of which may be found in a number of
works dealing with wafer reduction techniques, in order
to remove the relaxed SiGe layer so as to transfer it by
means of bonding on to an oxidized receiving substrate,
thus producing an SGOI structure.

[0017] Despite the advantages that this process af-
fords, a few rough areas may form on the surface of the
transferred layer and a surface finishing step then has to
be carried out.

[0018] This finishing step is generally carried out by
means of CMP (chemical-mechanical polishing or chem-
ical-mechanical planarization), which may create surface
defects (such as strain-hardened regions), which may
imperfectly correct the thickness, and thus retain inho-
mogeneous layer thicknesses, and which may slow down
the transfer of the SiGe layer, and increase its cost.
[0019] The process presented in document WO
02/33746 includes, in addition to a CMP polishing step,
preliminary lapping, polishing and etching steps in order
to remove part of the wafer, thereby slowing down the
overall process of removal from the wafer and increasing
its cost even further, while not ensuring good homoge-
neity in layer thickness.

[0020] The abovementioned first object of the transfer
is therefore not sufficiently achieved in this case.
[0021] To try to alleviate this, document US 5 882 987
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and US 6 323 108 disclose an overall process for pro-
ducing SOl (silicon-on-insulator) structures from a wafer
comprising in succession a single-crystal Si support sub-
strate, an SiGe layer and an epitaxially grown Si layer
bonded to an oxidized receiving substrate.

[0022] The Smart-Cut® technique is employed and
causes, after bonding the wafer to a receiving substrate,
detachment of part of the wafer at the Si support sub-
strate.

[0023] A structure consisting in succession of part of
the Si support substrate, the SiGe layer and the epitax-
ially grown Si layer is thus removed, the whole assembly
being bonded to the oxidized receiving substrate.
[0024] Two successive selective etching operations
are then carried out on the structure in order to remove
firstly the remaining part of the Si support substrate with
an etching solution such that the SiGe layer forms a stop
layer and then in order to remove the SiGe layer with an
etching solution such that the Si layer forms a stop layer.
[0025] The structure obtained at the end is an SOI
structure with a surface Si layer.

[0026] Thus, an SeOl structure is obtained with a sem-
iconductor layer which is both thin and uniform through
the thickness, substantially identical to the epitaxially
grown initial layer, while avoiding the use of a finishing
step other than a selective etching operation.

[0027] However, the SiGe layer inserted between the
Si wafer and the epitaxially grown Si layer has a typical
thickness of between 0.01 and 0.2 microns, a thickness
which is insufficient, as mentioned above, to pretend to
fulfil the role of a buffer layer between the Si wafer and
a potential relaxed SiGe layer.

[0028] The wafer therefore does not include a buffer
layer.
[0029] The abovementioned second object of the

transfer is therefore not achieved in this case.

[0030] In addition, given the order of magnitude of the
thickness of the inserted SiGe layer, the structural
(strained, relaxed or intermediate) state of the latter does
not seem defined with certainty.

[0031] Now, another main objective of the transfer re-
lates also to the production of a final structure comprising
one or more layers in substantially controlled structural
states, such as a substantially relaxed SiGe layer, some-
thing which does not seem to be guaranteed in the pro-
duction of a structure described in the document US 6
323 108.

[0032] As regards document WO 01/99169, this pro-
vides processes for producing, from a wafer consisting
in succession of an Si substrate, an SiGe buffer layer, a
relaxed SiGe layer and optionally a strained Si or SiGe
layer, a final structure with the relaxed SiGe layer on the
optional other strained Si or SiGe layer.

[0033] The technique employed for producing such a
structure involves, after bonding the wafer to a receiving
substrate, removal of the material of the wafer that it is
desired not to retain, by selectively etching the Si sub-
strate and the SiGe buffer layer.
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[0034] Although it transpires that this technique does
make it possible to achieve particularly small layer thick-
nesses which are homogeneous through the thickness,
it entails, however, destruction of the Si substrate and
the SiGe buffer layer by chemical etching.

[0035] These processes therefore do not allow the
possibility of reusing part of the wafer, and especially at
least part of the buffer layer, for a further transfer of layers.
[0036] The third object of the transfer mentioned at the
start of the document is therefore not achieved in this
case.

[0037] WO 02/15244 document describes a source
wafer, provided before transfer, comprising relaxed SiGe
layer/strained Si/SiGe layer / buffer SiGe layer / Si sub-
strate structure.

[0038] Then, the transfer consists doing a Smart-Cut®
process at the strained Si layer level.

[0039] Implanting ions in the strained layer of Si can
be difficult to operate due to the thickness of a such layer,
and can thus lead to creation of structuraldamages inside
the SiGe layers surrounding it.

[0040] In order in particular to achieve these objec-
tives, the present invention provides, according to a first
aspect, a method of producing a structure comprising a
thin layer of semiconductor material obtained from a wa-
fer, the wafer comprising a lattice parameter matching
layer comprising an upper layer of a material chosen from
semiconductor materials having a first lattice parameter,
the method comprising the following steps:

(a) growth of a film of a material chosen from semi-
conductor materials on the upper layer of the match-
ing layer, which film being of material having a nom-
inal lattice parameter substantially different from the
first lattice parameter, wherein the grown film has a
thickness small enough to keep the first lattice pa-
rameter of the upper layer of the underlyed matching
layer and thus to be strained;

(b) growth of a relaxed layer of a material chosen
from semiconductor materials on the film, the said
layer having a nominal lattice parameter substantial-
ly identical to the first lattice parameter;

(c) removal of a part of the wafer, characterized by
the following operations:

- formation of an embrittlement zone in the match-
ing layer; and

- supply of energy in order to detach, at the em-
brittlement zone level, the part of the wafer com-
prising the relaxed layer, thus forming the struc-
ture to produce.

[0041] Further characteristics of the method according
to the invention are the following :

- after step (b), an additional step is carried out in
which a receiving substrate is bonded to the wafer
on the relaxed layer side;
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- in this case, the receiving substrate is made of sili-
con;

- ineither of these latter two cases, before bonding, a
step of forming at least one bonding layer between
the receiving substrate and the wafer is furthermore
carried out, the bonding layer being formed on the
receiving substrate and/or on the bonding face of the
wafer;

- inthe latter case, the bonding layer is an electrically
insulating material such as silica;

- the embrittlement zone is formed by implantation of
species into the matching layer at a depth substan-
tially equal to the implant depth;

- before step (b), the embrittlement zone is formed by
porosification of a layer beneath the relaxed layer;

- step(c) comprises, after the energy supply operation
of step (c), at least one selective etching operation;

- in one of the latter two cases, a selective etching
operation relates to the etching of the remaining part
of the matching layer with respect to the film (after
detachment of the wafer by energy supply) ;

- itfurther comprises a growth of a semiconductor ma-
terial on the film, the semiconductor material is sub-
stantially the same as the one of the film (3) ;

- it further comprises an oxidation of the film;

- anannealing treatment is operated at the same time
or following the oxidation, this annealing treatment
being able to strengthen the bonding interface.

- in the latter case, a selective etching operation re-
lates to the etching of the film with respect to the
relaxed layer;

- the process furthermore comprises, after step (c), a
step of growing a layer on the relaxed layer;

- inthis case, the growth layer on the relaxed layer is
made of strained material;

- thematchinglayeris made of silicon-germanium (the
matching layer comprising a buffer layer with a ger-
manium concentration which increases through the
thickness and a relaxed layer beneath the film), the
film of strained material is made of silicon, the relaxed
layer is made of substantially relaxed silicon-germa-
nium (with a germanium concentration substantially
equal to the germanium concentration of the relaxed
layer of the matching layer);

- inthe latter two cases, the growth layer produced on
the relaxed layer is made of strained silicon so as to
substantially preserve the lattice parameter of the
subjacent relaxed silicon-germanium layer;

- the wafer comprises at least one layer furthermore
containing carbon with a carbon concentration in the
layer substantially less than or equal to 50% ;

- the wafer comprises at least one layer furthermore
containing carbon with a carbon concentration in the
layer substantially less than or equal to 5%.

[0042] According to a second aspect, the invention
provides an
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- intermediate structure obtained during implantation
step of a process according to the invention, com-
prising in succession a substrate, a lattice parameter
matching layer comprising an upper layer having a
first lattice parameter, a film of strained material hav-
ing a nominal lattice parameter substantially different
from the first lattice parameter, and a layer made of
substantially relaxed material having a nominal lat-
tice parameter substantially identical to the first lat-
tice parameter;

[0043] According to a third aspect, the invention pro-
vides an application :

- the productions of one of the following "semiconduc-
tor on insulator" structures : SGOI, strained Si /
SGOI, SiGe / strained Si/ SGOI, SiO, / SGOI;

- the structure "semiconductor on insulator" compris-
es a semiconductor layer containing carbon.

[0044] Further aspects, objects and advantages of the
present invention will become more clearly apparent on
reading the following detailed description of the imple-
mentation of preferred processes of the invention, these
being given by way of non-limiting example and with ref-
erence to the appended drawings in which:

Figure 1 shows the various steps of a method of pro-
ducing an electronic structure comprising a thin SiGe
layer according to the invention.

[0045] An example of a method according to the in-
vention will now be described below, which starts, with
reference to Figure 1a, from a wafer 10 consisting in the
first place of a single-crystal silicon support substrate 1
and an SiGe lattice parameter matching layer 2.

[0046] The expression "lattice parameter matching
layer" denotes any structure behaving as a buffer layer
and having, on the surface, a layer of substantially re-
laxed material without an appreciable number of struc-
tural defects, such as dislocations.

[0047] Thus, in our example, it will be advantageous
to choose an SiGe matching layer 2 consisting in suc-
cession of an SiGe buffer layer and a relaxed SiGe layer
on the surface.

[0048] The buffer layer preferably has a germanium
concentration which grows uniformly from the interface
with the support substrate 1, for reasons which were ex-
plained above. Its thickness is typically between 1 and 3
micrometers in order to obtain good structural relaxation
on the surface.

[0049] The relaxed SiGe layer has advantageously
been formed by epitaxy on the surface of the buffer layer
and its thickness may vary widely depending on the case,
with a typical thickness of between 0.5 and 1 micron.
[0050] The germanium concentration in the silicon
within the relaxed SiGe layer is not limited in terms of
value, but is preferably greater than 15% in order to ob-
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tain, during the next step (shown by Figure 1 b), a grown
strained Si film 3, and is typically between 15% and 30%,
but may be greater than 30%.

[0051] This 30% limitation represents a typical limita-
tion in the current technique, but this may be caused to
change in the coming years.

[0052] Withreference to Figure 1b, an Sifilm 3is grown
on the SiGe matching layer 2.

[0053] In afirstcase, the film 3 is grown in situ, directly
in continuation with the formation of the subjacent match-
ing layer 2, the latter also being in this case advanta-
geously formed by layer growth.

[0054] In the second case, the film 3 is grown after a
gentle finishing step carried out on the surface of the
subjacent matching layer 2, for example by CMP polish-
ing.

[0055] The Sifilm 3 is advantageously formed by epi-
taxy using techniques such as CVD (chemical vapour
deposition) and MBE (molecular beam epitaxy) tech-
niques.

[0056] The silicon of the film 3 is then obliged by the
matching layer 2 to increase its nominal lattice parameter
in order to make it substantially identical to that of its
growth substrate and thus introduce internal tensile
strains.

[0057] Itis necessary to form quite a thin Si film 3 - this
is because too great a film thickness would cause the
strain in the thickness of the film to relax towards the
nominal lattice parameter of the silicon and/or defects to
be generated in the film 3.

[0058] The thickness of the film 3 is thus typically less
than 200 angstroms in order to avoid any relaxation of
the strain therein.

[0059] Referring to Figure 1c, a relaxed SiGe layer 4
is grown on the strained Si film 3, advantageously by
epitaxy (for example by CVD or MBE).

[0060] This relaxed SiGe layer is produced either in
situ, immediately after growth of the subjacent film 3, or
after a soft finishing step carried out on the surface of the
subjacent film 3, such as a CMP polishing step.

[0061] The Ge concentration in this layer 4 is substan-
tially the same as that present near the bonding face of
the matching layer 2, so as to keep the nominal matching
parameter of the relaxed SiGe layer present at this level
in the matching layer 2 and preserved in the strained Si
film 3.

[0062] The thickness of this relaxed SiGe layer 4 may
be from a few tens to a few hundreds of nanometres,
preferably between 10 and 100 nanometres.

[0063] With reference to Figure 1d, a receiving sub-
strate 5 is advantageously bonded to the relaxed SiGe
layer 4.

[0064] This receiving substrate 5 may, for example, be
made of silicon or may consist of other types of materials.
[0065] The receiving substrate 5 is bonded by bringing
it into intimate contact with the relaxed layer 4, advanta-
geously effecting molecular adhesion (wafer bonding)
between the substrate 5 and the layer 4.
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[0066] This bonding technique, as well as variants, is
especially described in the document entitled "Semicon-
ductor Wafer Bonding " (Science and Technology, Inter-
science Technology) by Q.Y. Tong, U. Gdsele and Wiley.
[0067] Ifnecessary, bondingis accompanied by an ap-
propriate prior treatment of the respective surfaces to be
bonded and/or by supplying thermal energy and/or sup-
plying an additional bonding layer.

[0068] Thus, for example, a heat treatment carried out
during bonding allows the bonds to be strengthened.
[0069] Bonding may also be reinforced by a bonding
layer inserted between the layer 4 and the receiving sub-
strate 5, which makes it possible to produce molecular
bonds both with the layer 4 and with the material consti-
tuting the bonding face of the receiving substrate 5 which
are at least as strong as those existing between the layer
4 and the receiving substrate 5.

[0070] Thus, silicon oxide (also called silica or SiO,)
is a material that may be chosen for producing such a
bonding layer. The silica may be formed on the relaxed
layer 4 and/or on the receiving substrate 5, by SiO, dep-
osition or by thermal oxidation on the respective bonding
surfaces.

[0071] Advantageously, the material constituting the
bonding face of the receiving substrate 5 and/or the ma-
terial of the bonding layer optionally formed is electrically
insulating, in order in the end to produce an SeOl struc-
ture 20, the semiconductor layer of the SeQl structure
then being the transferred relaxed layer 4.

[0072] Once the receiving substrate 5 has been bond-
ed, part of the wafer 10 is removed in order to transfer
the relaxed SiGe layer 4 on the receiving substrate 5 and
thus produce the desired structure 20.

[0073] Substantially all that part of the wafer 10 on the
matching layer 2 side in relation to the relaxed SiGe layer
4 is removed.

[0074] With reference to Figures 1e and 1f, this mate-
rial removal is carried out in two steps:

A first step of material removal, shown in Figure 1e,
consists in removing substantially the entire part of
the wafer 10 on the matching layer 2 side in relation
to the film 3.

[0075] To do this, a first material removal operation
consists in detachment the donor wafer in a region of the
matching layer 2 that has been weakened beforehand in
this region.

[0076] Two known non-limiting techniques may thus
carry out such an operation:

A first technique, called the Smart-Cut® technique,
known to those skilled in the art (and descriptions of
which may be found in a number of works dealing
with wafer reduction techniques), consists in im-
planting atom species (such as hydrogen ions) and
then in subjecting the implanted region, which then
forms an embrittlement zone, to a heat treatment
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and/or mechanical treatment, or another supply of
energy, in order to make the detachment in the em-
brittlement zone.

[0077] Detachment an embrittlement zone thus
formed in the matching layer 2 makes it possible to re-
move most of the wafer 10, in order to obtain a structure
comprising the remainder of the matching layer 2, the
strained Si film 3, the relaxed SiGe layer 4, the optional
bonding layer and the receiving substrate 5.

[0078] A second technique consists in obtaining a
weak interface by creating at least one porous layer, as
described for example in document EP-A-0 849 788, and
then in subjecting the weak layer to a mechanical treat-
ment, or another supply of energy, in order to make the
detachment in the weakened layer.

[0079] This weakened layer made of porous silicon is
formed within the support substrate 1, between the sup-
port substrate 1 and the matching layer 2, in the matching
layer 2 (for example between a buffer layer and a relaxed
layer) or on the matching layer 2 (that is to say between
the matching layer 2 and the strained Si film 3).

[0080] To form a weakened layer within the support
substrate 1, the porous layer is advantageously formed
on a single-crystal Si wafer and then a second growth is
carried out on the porous layer, so as to grow a non-
porous Si layer having substantially the same lattice pa-
rameter as the Si of the wafer; the support substrate 1
then consists of the wafer, the porous layer and the non-
porous Si layer.

[0081] A detachment at the weakened layer makes it
possible to remove at least some of the wafer 10, in order
to obtain a structure comprising the optional remainder
of the wafer 10, the strained Si film 3, the relaxed SiGe
layer 4, optionally the inserted bonding layer and the re-
ceiving substrate 5.

[0082] A treatment of the wafer 10, in order to remove
the porous silicon which remains after the detachment,
is advantageously carried out, such as an etching oper-
ation or a heat treatment.

[0083] If the porous layer lies within the support sub-
strate 1, alapping, chemical-mechanical polishing and/or
selective chemical etching operations are then advanta-
geously carried out in order to remove the remaining part
of the support substrate 1.

[0084] These two non-limiting techniques make it pos-
sible to rapidly remove, en bloc, a substantial part of the
wafer 10.

[0085] They also allow the possibility of reusing the
removed part of the wafer 10 in another process, such
as for example a process according to the invention.
[0086] Thus, if the part removed is the support sub-
strate 1, an operation to reform a matching layer 2, a film
3 and a relaxed layer 4 may be carried out as described
above, after the surface of the support substrate 1 has
been polished.

[0087] A second material removal operation after de-
taching the wafer 10 according, for example, to one of
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the above two techniques, consists in removing, if nec-
essary, the remaining part of the matching layer 2.
[0088] This operation may be carried out by selective
chemical etching so that the strained Si film 3 undergoes
little or no etching, this forming an etching stop layer.
[0089] The remaining part of the matching layer 2 is in
this case etched by wet etching using etch solutions hav-
ing substantial selectivities with respect to the strained
Si film 3, such as a solution comprising
HF/H,O,/CH;COOH (approximately 1/1000 selectivity)
or HNA (hydrofluoric-nitric-acetic solution).

[0090] Dry etching operations may also be carried out
in order to remove material, such as plasma etching, or
by sputtering.

[0091] This chemical method has the main advantage
of being quite rapid for thin layers to be removed and of
avoiding the use of chemical-mechanical polishing fin-
ishing operations usually employed after detaching the
wafer.

[0092] However, the chemical etching operation may
advantageously be preceded, especially in the case of a
thicker layer to be removed, by mechanical or chemical-
mechanical abrasion by lapping and/or chemical-me-
chanical polishing CMP of the remaining part of the
matching layer 2.

[0093] These techniques are proposed by way of an
example in the present document, but they do not in any
way constitute a limitation, the invention covering all
types of techniques suitable for removing material from
a wafer 10 in accordance with the process according to
the invention.

[0094] Afirstapplicationofthe inventionimplies apres-
ervation of the film 3, atleast partially, in order to produce
a strained Si/SGOI structure.

[0095] Optionally, a growth of Si is operating on the
film 3 to thicken it.

[0096] The obtained strained layer after growth should
stay below the critical thickness.

[0097] As the last step of etching the remaining part of
the matching layer 2 may have damaged or thinned the
film 3, an advantage of thickening the film 3, is to get
back the initial thickness, or a more important thickness
(still below the critical thickness).

[0098] This thick strained Silayer can then be used as
an active layer (taking thus advantage of electrons high
mobility that a such material exhibits).

[0099] Optionally, the strained Si of the film 3, thick-
ened or not during the previous option, is at least oxi-
dized.

[0100] Afirstinterest of this oxidation step is to encap-
sulate the underlayer of SiGe, avoiding a Ge diffusion
from it.

[0101] A second interest is found if an additional an-
nealing step is implemented in order to strengthen the
bond at the bonding interface.

[0102] Other advantages may be found, as for in-
stance, an improvement of the film 3 quality.

[0103] Indeed the bounding annealing step is gener-
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ally carried out within a range of temperature that can
create some defaults in the structure, as for instance pin-
holes. As describe in WO99/52 145, presence of a SiO,
layer on a semiconductor layer avoids most of problems
during annealing.

[0104] Using the Si of film 3 as the material to oxidize
is all the more judicious than Si is easier to oxidize than
SiGe material.

[0105] A second application of the invention implies a
removal of the film 3 by a chemical way, as shown in
Figure 1f.

[0106] Todothis, itis preferredto use selective etching
employing an etch solution exhibiting high selectivity with
respect to the relaxed SiGe layer 4, such as a solution
comprising atleast one of the following compounds: KOH
(potassium hydroxide), NH,OH (ammonium hydroxide),
TMAH (tetramethylammonium hydroxide), EDP (ethyl-
enediamine / pyrocatechol / pyrazine) or HNOg, or solu-
tions currently under study combining agents such as
HNO3;, HNO,H,0,, HF, H,SO,4, H,SO,, CH;COOH,
H,0, and H,0, as explained in document WO 99/53539,
page 9.

[0107] This second step makes it possible to retain
good surface quality and good thickness homogeneity of
the relaxed SiGe layer 4.

[0108] Thus, a layer quality substantially identical to
that obtained during its growth (shown in Figure 1c) is
retained.

[0109] This is because this transferred layer 4 has not
necessarily been subjected to external mechanical
stresses, such as those generated by a CMP finishing
step, thus avoiding the appearance of defects associated
with such stresses.

[0110] However, in certain particular cases, soft pol-
ishing is carried out in order to remove any slight surface
roughness.

[0111] Thus, a final relaxed SiGe-on-substrate struc-
ture is obtained, and in particular a relaxed SiGe-on-in-
sulator structure (also called an SGOI structure) if the
subjacent material of the relaxed SiGe layer 4 is an elec-
trical insulator.

[0112] In one particular application of this structure,
any epitaxy may be carried out on the relaxed SiGe layer,
such as epitaxy of another SiGe layer or epitaxy of a
strained Si layer.

[0113] In the latter case, an Si/SGOI final structure
would be obtained, the Si layer being strained.

[0114] Having completed the final structure, afinishing
step may optionally be carried out, such as finishing treat-
ments like, for example, a heat treatment in order to fur-
ther strengthen the bonding interface with the receiving
substrate 5.

[0115] The present invention is not limited to an SiGe
lattice parameter matching layer 2, but also extends to a
constitution of the matching layer 2 from other types of
type 111-V materials or other materials capable of straining
the material of the epitaxially overgrown film 3.

[0116] The present invention is not limited to a film 3
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of strained Si, but also extends to a constitution of it from
other types of 1lI-V materials or other materials capable
to be strained by the underlying matching layer 2.
[0117] Finally, the present invention does not relate
only to transferring a relaxed SiGe layer 4, but in general
relates to transferring a layer of any type of semiconduc-
tor able to be transferred according to a process of the
invention.

[0118] Inthe semiconductor layers, other constituents
may be added thereto, such as carbon with a carbon
concentration in the layer in question substantially less
than or equal to 50% or more particularly with a concen-
tration of less than or equal to 5%.

Claims

1. Method of producing a structure comprising a thin
layer of semiconductor material obtained from a wa-
fer (10), the wafer (10) comprising a lattice parameter
matching layer (2) comprising an upper layer of a
material chosen from semiconductor materials hav-
ing a first lattice parameter, the method comprising
the following steps :

(a) growth on the upper layer of the matching
layer (2) of a film (3) of a material chosen from
semiconductor materials, said film (3) being of
material having a nominal lattice parameter sub-
stantially different from the first lattice parame-
ter, said grown film (3) having a thickness small
enough to keep the first lattice parameter of the
upper layer of the underlyed matching layer (2)
and thus to be strained;

(b) growth of a relaxed layer (4) on the film (3),
said relaxed layer (4) being of a material chosen
from semiconductor materials having a nominal
lattice parameter substantially identical to the
first lattice parameter;

(c) removal of a part of the wafer (10) , charac-
terized by the following operations:

- formation of an embrittlement zone in the
matching layer (2) ; and

- supply of energy in order to detach, at the
embrittlement zone level, the part of the wa-
fer (10) comprising the relaxed layer (4),
thus forming the structure to produce.

2. Method of producing a structure according to the pre-
ceding claim, characterized in that, after step (b),
an additional step is carried out in which a receiving
substrate (5) is bonded to the wafer (10) on the re-
laxed layer (4) side.

3. Method of producing a structure according to the pre-
ceding claim, characterized in that the receiving
substrate (5) is made of silicon.
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Method of producing a structure according to either
of the preceding two claims, characterized in that,
before bonding, a step of forming at least one bond-
ing layer between the receiving substrate and the
wafer (10) is furthermore carried out, the bonding
layer being formed on the receiving substrate (5)
and/or on the bonding face of the wafer (10).

Method of producing a structure according to the pre-
ceding claim, characterized in that the bonding lay-
er is an electrically insulating material.

Method of producing a structure according to the pre-
ceding claim, characterized in that the bonding lay-
er is made of silica.

Method of producing a structure according to the pre-
ceding claim, characterized in that the bonding lay-
er is formed by thermal oxidation.

Method of producing a structure according to one of
the preceding claims, characterized in that the em-
brittlement zone is formed by implantation of species
into the matching layer (2) at a depth substantially
equal to the implant depth.

Method of producing a structure according to one of
claims 1to 7, characterized in that, before step (b),
the embrittlement zone is formed by porosification
of a layer beneath the relaxed layer (4).

Method of producing a structure according to one of
the preceding claims, characterized in that step (c)
comprises, after the energy supply operation of step
(c), at least one selective etching operation.

Method of producing a structure according to the pre-
ceding claim, characterized in that a selective etch-
ing operation relates to the etching of the remaining
part of the matching layer (2) with respect to the film
(3) (after detachment of the wafer (10) by energy

supply).

Method of producing a structure according to the pre-
ceding claim, characterized in that it further com-
prises a growth of a semiconductor material on the
film (3), the semiconductor film being substantially
the same as the one of the film (3).

Method of producing a structure according to any of
the two preceding claims, characterized in that it
further comprises an oxidation of the film (3).

Method of producing a structure according to the pre-
ceding claim, characterized in that an annealing
treatment is operated at the same time or following
the oxidation, this annealing treatment being able to
strengthen the bonding interface.
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Method of producing a structure according to the
claim 10 or 11, characterized in that a selective
etching operation relates to the etching of the film
(3) with respect to the relaxed layer (4).

Method of producing a structure according to one of
the preceding claims, characterized in that it fur-
thermore comprises, after step (c), a step of growing
a layer on the relaxed layer (4).

Method of producing a structure according to the pre-
ceding claim, characterized in that the growth layer
on the relaxed layer (4) is made of strained material.

Method of producing a structure according to one of
the preceding claims, characterized in that:

- the matching layer (2) is made of silicon-ger-
manium, the matching layer (2) comprising a
buffer layer with a germanium concentration
which increases through the thickness and a re-
laxed layer beneath the film (3);

- the film (3) of strained material is made of sil-
icon;

- the relaxed layer (4) is made of substantially
relaxed silicon-germanium, with a germanium
concentration substantially equal to the germa-
nium concentration of the relaxed layer of the
matching layer (2).

Method of producing a structure according to the two
preceding claims, characterized in that the growth
layer produced on the relaxed layer (4) is made of
strained silicon so as to substantially preserve the
lattice parameter of the subjacent relaxed layer (4).

Method of producing a structure according to one of
the preceding claims, characterized in that the wa-
fer (10) comprises at least one layer furthermore con-
taining carbon with a carbon concentrationin the lay-
er substantially less than or equal to 50%.

Method of producing a structure according to one of
the preceding claims, characterized in that the wa-
fer (10) comprises at least one layer furthermore con-
taining carbon with a carbon concentrationin the lay-
er substantially less than or equal to 5%.

Intermediate structure obtained just after the imple-
mentation of the step (c) of the method according to
one of claims 2 to 21, comprising in succession a
substrate (5), a first layer having a first lattice param-
eter, a film (3) of strained material, and an upper
layer made of substantially relaxed material having
a nominal lattice parameter substantially identical to
the first lattice parameter, characterized in that the
free surface of the upper layer exhibits features of
post-detachment embrittlement zone surface.
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Application of the method according to claims 1 to
20, to the productions of one of the following "sem-
iconductor on insulator" structures: SGOI ; strained
Si/ SGOlI, SiGe / strained Si/ SGOI ; SiO, / SGOI.

Application according to the preceding claim, char-
acterized in that the structure "semiconductor on
insulator" comprises a semiconductor layer contain-
ing carbon.

Patentanspriiche

1.

Verfahren zum Herstellen einer Struktur, umfassend
eine diinne Schicht eines aus einer Scheibe (10) er-
haltenen Halbleitermaterials, wobei die Scheibe (10)
eine passende Schicht (2) mit gitterartigem Parame-
ter umfasst, umfassend eine obere Schicht aus ei-
nem Material, das ausgewahlt ist aus Halbleiterma-
terialien mit einem ersten gitterartigen Parameter,
wobeidas Verfahren die nachfolgenden Schritte um-
fasst:

(a) Wachstum auf der oberen Schicht der pas-
senden Schicht (2) eines Films (3) aus einem
Material, das ausgewahlt ist aus Halbleiterma-
terialien, wobei der genannte Film (3) aus einem
Material mit einem nominalen gitterartigen Pa-
rameter besteht, der sich im Wesentlichen vom
ersten gitterartigen Parameter unterscheidet,
wobei der gewachsene Film (3) eine Dicke auf-
weist, die gering genug ist um den ersten gitter-
artigen Parameter der oberen Schicht der dar-
unter liegenden passenden Schicht (2) beizu-
behalten und somit beaufschlagt ist;

(b) Wachstum einer erschlafften Schicht (4) des
Films (3), wobei die genannte erschlaffte
Schicht (4) aus einem Material besteht, das aus-
gewahlt ist aus Halbleitermaterialien, mit einem
nominalen gitterartigen Parameter, die im We-
sentlichen mit dem ersten gitterartigen Parame-
ter identisch ist;

(c) Entfernen eines Teils der Scheibe (10), ge-
kennzeichnet durch die nachfolgenden Ar-
beitsgange:

- Bilden einer Versprédungszone in der pas-
senden Schicht (2); und

- Zufuhr von Energie zum Ablésen in der
Hohenlage der Versprodungszone des
Teils der Scheibe (10) umfassend die er-
schlaffte Schicht (4), wodurch eine Struktur
zur Produktion gebildet wird. ,

Verfahren zum Herstellen einer Struktur nach vor-
stehendem Anspruch, dadurch gekennzeichnet,
dass nach Schritt (b) ein zusatzlicher Schritt ausge-
fuhrt wird, bei welchem ein aufnehmendes Substrat
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(5) mitder Scheibe (10) auf der Seite der erschlafften
Schicht (4) verklebt wird.

Verfahren zum Herstellen einer Struktur nach vor-
stehendem Anspruch, dadurch gekennzeichnet,
dass das aufnehmende Substrat (5) aus Silikon be-
steht.

Verfahren zum Herstellen einer Struktur nach einem
der vorstehenden beiden Anspriiche, dadurch ge-
kennzeichnet, dass weiterhin vor dem Verkleben
ein Schritt zum Bilden wenigstens einer Klebe-
schicht zwischen dem aufnehmenden Substrat und
der Scheibe (10) durchgefiihrt wird, wobei die Kle-
beschicht am aufnehmenden Substrat (5) und oder
auf der Klebeflache der Scheibe (10) gebildet wird.

Verfahren zum Herstellen einer Struktur nach vor-
stehendem Anspruch, dadurch gekennzeichnet,
dass die Klebeschicht ein elektrisch isolierendes
Mate

Verfahren zum Herstellen einer Struktur nach vor-
stehendem Anspruch, dadurch gekennzeichnet,
dass die Klebeschicht aus Kieselerde besteht.

Verfahren zum Herstellen einer Struktur nach vor-
stehendem Anspruch, dadurch gekennzeichnet,
dass die Klebeschicht durch Thermaloxidation ge-
bildet wird.

Verfahren zum Herstellen einer Struktur nach einem
der vorstehenden Anspriche, dadurch gekenn-
zeichnet, dass die Versprédungszone durch eine
Implantation einer Art in die passende Schicht (2)
bei einer Tiefe gebildet wird, die im Wesentlichen
der Implantattiefe entspricht.

Verfahren zum Herstellen einer Struktur nach einem
der Anspriche 1 bis 7, dadurch gekennzeichnet,
dass vor Schritt (b) die Versprédungszone durch Po-
rosifikation einer Schicht unterhalb der erschlafften
Schicht (4) gebildet wird.

Verfahren zum Herstellen einer Struktur nach einem
der vorstehenden Anspriiche, dadurch gekenn-
zeichnet, dass Schritt (c) nach dem Energiezufuhr-
Arbeitsgang von Schritt (c) wenigstens einen selek-
tiven Atzarbeitsgang umfasst.

Verfahren zum Herstellen einer Struktur nach vor-
stehendem Anspruch, dadurch gekennzeichnet,
dass sich ein selektiver Atzarbeitsgang auf das At-
zen des verbleibenden Teils der passenden Schicht
(2) beziglich des Films (3) bezieht (nach Abldsen
der Scheibe (10) durch die Energiezufuhr).

Verfahren zum Herstellen einer Struktur nach vor-
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stehendem Anspruch, dadurch gekennzeichnet,
dass es ferner ein Wachstum eines Halbleitermate-
rials auf dem Film (3) umfasst, wobei der Halbleiter-
film im Wesentlich dem auf dem Film (3) entspricht.

Verfahren zum Herstellen einer Struktur nach einem
der beiden vorstehenden Anspriiche, dadurch ge-
kennzeichnet, dass es ferner eine Oxidation des
Films (3) umfasst.

Verfahren zum Herstellen einer Struktur nach vor-
stehendem Anspruch, dadurch gekennzeichnet,
dass eine Hartungsbehandlung zur gleichen zeit
oder nach der Oxidation durchgefiihrt wird, wobei
die genannte Hartungsbehandlung die Klebeflache
verfestigt.

Verfahren zum Herstellen einer Struktur nach An-
spruch 10 oder 11, dadurch gekennzeichnet, dass
sich ein selektiver Atzarbeitsgang auf das Atzen des
Films (3) bezlglich der erschlafften Schicht (4) be-
zieht.

Verfahren zum Herstellen einer Struktur nach einem
der vorstehenden Anspriiche, dadurch gekenn-
zeichnet, dass es ferner nach Schritt (c) einen
Schrittzum Wachsen einer Schicht auf der erschlaff-
ten Schicht (4) umfasst.

Verfahren zum Herstellen einer Struktur nach vor-
stehendem Anspruch, dadurch gekennzeichnet,
dass die Wachstumsschicht auf der erschlafften
Schicht (4) aus einem gespannten Material besteht.

Verfahren zum Herstellen einer Struktur nach einem
der vorstehenden Anspriiche, dadurch gekenn-
zeichnet, dass

- die passende Schicht (2) aus Silikongermani-
um besteht, wobei die passende Schicht (2) eine
Pufferschicht mit einer Germaniumkonzentrati-
on umfasst, die sich durch die Dicke hindurch
erhoht, und eine erschlaffte Schicht unterhalb
des Films (3);

- der Film (3) des gespannten Materials aus Si-
likon besteht;

- die erschlaffte Schicht (4) aus im Wesentlichen
erschlafftem Silikongermanium besteht, wobei
eine Germaniumkonzentrationim Wesentlichen
der Germaniumkonzentration der erschlafften
Schicht der passenden Schicht (2) entspricht.

Verfahren zum Herstellen einer Struktur nach den
beiden vorstehenden Ansprichen, dadurch ge-
kennzeichnet, dass die auf der erschlafften Schicht
(4) produzierte Wachstumssicht aus gespanntem Si-
likon besteht, um den gitterartigen Parameter der
darunterliegenden erschlafften Schicht (4) zu kon-
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servieren.

Verfahren zum Herstellen einer Struktur nach einem
der vorstehenden Anspriche, dadurch gekenn-
zeichnet, dass die Scheibe (10) wenigstens eine
Schicht umfasst, die ferner Kohlenstoff mit einer
Kohlenstoffkonzentration in der Schicht von im We-
sentlichen weniger als oder gleich 50% enthalt.

Verfahren zum Herstellen einer Struktur nach einem
der vorstehenden Anspriiche, dadurch gekenn-
zeichnet, dass die Scheibe (10) wenigstens eine
Schicht umfasst, die ferner Kohlenstoff mit einer
Kohlenstoffkonzentration in der Schicht von im We-
sentlichen weniger als oder gleich 5% enthalt.

Zwischenstruktur, die nach Durchfiihrung des
Schritts (c) gemal dem Verfahren nach einem der
Anspriche 2 bis 21 erhalten wird, umfassend der
Reihenfolge nach ein Substrat (5), eine erste Schicht
mit einem gitterartigen Parameter, einen Film (3) aus
gespanntem Material und eine obere Schicht, die
aus einem im Wesentlichen erschlafften Material mit
einem nominalen gitterartigen Parameter besteht,
derim Wesentlichen mitdem ersten gitterartigen Pa-
rameter identisch ist, dadurch gekennzeichnet,
dass die freie Oberflache der oberen Schicht Merk-
male einer Versprodungszonen-Oberflache nach
Ablésung aufweist.

Anwendung des Verfahrens nach Anspruch 1 bis 20
bei der Herstellung einer der nachfolgenden "Halb-
leiter-auf-Isolator"-Strukturen: SGOI ; gespanntes
Si/SGOI, SiGe/gespanntes Si/SGOI ; SiO,/ SGOI.

Anwendung nach vorstehendem Anspruch, da-
durch gekennzeichnet, dass die "Halbleiter-auf-
Isolator"-Struktur eine Kohlenstoff enthaltende Halb-
leiterschicht umfasst.

Revendications

Procédé de production d’'une -structure comprenant
une couche mince en matériau semi-conducteur ob-
tenue a partird’'une tranche (10), latranche (10) com-
prenant une couche de mise en correspondance de
paramétre de réseau (2) comprenant une couche
supérieure d’'un matériau choisi parmi des matériaux
semi-conducteurs présentant un premier paramétre
de réseau, le procédé comprenant les étapes
suivantes :

(a) la croissance sur la couche supérieure de la
couche de mise en correspondance (2) d’'un film
(3) d’'un matériau choisi parmi des matériaux
semi-conducteurs, ledit film (3) étant constitué
d’'un matériau présentant un parameétre de ré-
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seau nominal sensiblement différent du premier
paramétre de réseau, ledit film (3) développé
par croissance ayant une épaisseur suffisam-
ment petite pour maintenir le premier parametre
de réseau de la couche supérieure de la couche
de mise en correspondance (2) sous-jacente et
ainsi étre contraint ;

(b) la croissance d’'une couche relaxée (4) sur
le film (3), ladite couche relaxée (4) étant cons-
tituée d’'un matériau choisi parmi des matériaux
semi-conducteurs présentant un parametre de
réseau nominal sensiblement identique au pre-
mier paramétre de réseau ;

(c) le retrait d’une partie de la tranche (10), ca-
ractérisé par les opérations suivantes :

- la formation d’une zone de fragilisation
dans la couche de mise en correspondance
(2) ; et

- la fourniture d’énergie pour détacher, au
niveau de la zone de fragilisation, la partie
de la tranche (10) comprenant la couche
relaxée (4) formant ainsi la structure a pro-
duire.

Procédé de production d’'une structure selon la re-
vendication précédente, caractérisé en ce que,
apres I'étape (b), une étape supplémentaire est exé-
cutée dans laquelle un substrat de réception (5) est
collé alatranche (10) surle c6té delacouche relaxée

(4).

Procédé de production d’une structure selon la re-
vendication précédente, caractérisé en ce que le
substrat de réception (5) est constitué de silicium.

Procédé de production d’une structure selon 'une
quelconque des deux revendications précédentes,
caractérisé en ce que, avant le collage, une étape
de formation d’au moins une couche de collage entre
le substrat de réception et la tranche (10) est égale-
ment exécutée, la couche de collage étant formée
sur le substrat de réception (5) et/ou sur la face de
collage de la tranche (10).

Procédé de production d’une structure selon la re-
vendication précédente, caractérisé en ce que la
couche de collage est un matériau électriquement
isolant.

Procédé de production d’une structure selon la re-
vendication précédente, caractérisé en ce que la
couche de collage est constituée de silice.

Procédé de production d’une structure selon la re-
vendication précédente, caractérisé en ce que la
couche de collage est formée par oxydation thermi-
que.
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Procédé de production d’une structure selon l'une
des revendications précédentes, caractérisé en ce
que la zone de fragilisation est formée par implan-
tation d’'une espéce dans la couche de mise en cor-
respondance (2) a une profondeur sensiblement
égale a la profondeur d’'implant.

Procédé de production d’une structure selon l'une
des revendications 1 a 7, caractérisé en ce que,
avant I'étape (b), la zone de fragilisation est formée
par porosification d’'une couche située sous la cou-
che relaxée (4).

Procédé de production d’une structure selon l'une
des revendications précédentes, caractérisé en ce
que I'étape (c) comprend, aprés I'opération de four-
niture d’énergie de I'étape (c), au moins une opéra-
tion de gravure sélective.

Procédé de production d’une structure selon la re-
vendication précédente, caractérisé en ce qu’une
opération de gravure sélective concerne la gravure
de la partie restante de la couche de mise en cor-
respondance (2) par rapport au film (3) (aprés déta-
chement de la tranche (10) par fourniture d’énergie).

Procédé de production d’une structure selon la re-
vendication précédente, caractérisé en ce qu’il
comprend en outre la croissance d’'un matériau
semi-conducteur sur le film (3), le film semi-conduc-
teur étant sensiblement identique au film (3).

Procédé de production d’une structure selon l'une
quelconque des deux revendications précédentes,
caractérisé en ce qu’il comprend en outre I'oxyda-
tion du film (3).

Procédé de production d’une structure selon la re-
vendication précédente, caractérisé en ce qu’un
traitement de recuit est opéré en méme temps que
I'oxydation ou apres celle-ci, le traitement de recuit
étant capable de renforcer l'interface de collage.

Procédé de production d’une structure selon la re-
vendication 10 ou 11, caractérisé en ce qu’une
opération de gravure sélective concerne la gravure
du film (3) par rapport a la couche relaxée (4).

Procédé de production d’'une structure selon 'une
des revendications précédentes, caractérisé en ce
qu’il comprend en outre, aprés I'étape (c), une étape
de croissance d’une couche sur la couche relaxée

(4).

Procédé de production d’'une structure selon la re-
vendication précédente, caractérisé en ce que la
couche de croissance sur la couche relaxée (4) est
constituée d’'un matériau contraint.



18.

19.

20.

21.

22.

23.

21 EP 1 522 097 B9 22

Procédé de production d’une structure selon 'une
des revendications précédentes, caractérisé en ce
que :

- la couche de correspondance (2) est consti-
tuée de silicium-germanium, la couche de mise
en correspondance (2) comprenant une couche
tampon avec une concentration en germanium
qui augmente a travers |'épaisseur et une cou-
che relaxée sous le film (3) ;

- le film (3) en matériau contraint est constitué
de silicium ;

-lacouche relaxée (4) est constituée de silicium-
germanium sensiblement relaxé, avec une con-
centration en germanium sensiblement égale a
la concentration en germanium de la couche re-
laxée de la couche de mise en correspondance

).

Procédé de production d'une structure selon les
deux revendications précédentes, caractérisé en
ce que la couche de croissance produite sur la cou-
che relaxée (4) est constituée de silicium déformé
de maniére a préserver sensiblement le paramétre
de réseau de la couche relaxée (4) sous-jacente.

Procédé de production d’une structure selon 'une
des revendications précédentes, caractérisé en ce
que la tranche (10) comprend au moins une couche
supplémentaire contenant du carbone avec une con-
centration en carbone dans la couche sensiblement
inférieure ou égale a 50 %.

Procédé de production d’'une structure selon I'une
des revendications précédentes, caractérisé en ce
que la tranche (10) comprend au moins une couche
supplémentaire contenant du carbone avec une con-
centration en carbone dans la couche sensiblement
inférieure ou égale a 5 %.

Structure intermédiaire obtenue juste aprés la mise
en oeuvre de I'étape (c) du procédé selon I'une des
revendications 2 a 21, comprenant successivement
un substrat (5), une premiére couche présentant un
premier parametre de réseau, un film (3) constitué
d’'un matériau contraint et une couche supérieure
constituée d’'un matériau sensiblement relaxé pré-
sentant un paramétre de réseau nominal sensible-
mentidentique au premier parametre de réseau, ca-
ractérisée en ce que la surface libre de la couche
supérieure présente les caractéristiques d’'une sur-
face de zone de fragilisation aprés détachement.

Application du procédé selon les revendications 1 a
20, aux productions de I'une des structures « semi-
conducteur sur isolant » suivantes : SGOI ; Si con-
traint/SGOI, SiGe/Si contraint/SGOI ; SiO,/SGOI.
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24. Application selon la revendication précédente, ca-

ractérisée en ce que la structure « semi-conduc-
teur sur isolant » comprend une couche de semi-
conducteur contenant du carbone.
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