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(57) Abstract: The invention relates to a method for fabricating a substrate, comprising the steps of providing a donor substrate (1)
with at least one free surface (7), performing an ion implantation at a predetermined depth (d) of the donor substrate (1) to form an
in-depth predetermined splitting area (2) inside the donor substrate (1), and is characterized in providing alayer of an adhesive (4),
in particular an adhesive paste, over the at least one free surface (7) of the donor substrate (1). The invention further relates to a
semiconductor structure (91, 91', 92, 93, 93) comprising a semiconductor layer (1, 1'), and a layer of a ceramic-based and/or a
graphite-based and/or ametal-based adhesive (4) provided on one main side (7) of the semiconductor layer (1, 1)
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METHOD FOR FABRICATING A SUBSTRATE AND
SEMICONDUCTOR STRUCTURE

The invention relates to a method for fabricating a substrate, and to a
semiconductor structure. The invention also relates to a method for
transferring a layer of a donor substrate onto a receiver substrate.

Thin layer transfers‘between_semiconductor Substrates using state of
the art bonding 'approaches, such as the Smart Cut™ technology or other
molecular bonding techniques, require, that the semiconductor wafers or
substrates to be bonded both have a low surface roughness. For instance,
EP 1 338 030 B1 discloses methods for forming a thin layer on a thick
suppbrt, which can involve a first transfer step using the Smart Cut™
technology of a thin layer. The required surface quality for molecular bonding

‘techniques is obtained by extensive polishing processes in order to prepare
the substrates before the bonding steps can be performed. 4

Therefore, there is a need for improved layer transfer techniques. In

particular, there is a need for alternative bonding techniq-ues in the
- semiconductor industry.

This object .is achieved with the inventive method for fabricating .a
substrate, comprising the steps of providing a donor substrate with at least
one free surface, performing an ion implantation at a predetermihed depth of
the donor substrate to form an-in-depth predetermined splitting area inside
the donor substrate, and providing a layer of an adhesive, in particular an
adhesive paste, over the at least one free surface of the donor substrate.

Surprisingly, this method has been found to yield satisfying results
with semiconductor materials, as no polishing is required prior to applying
the adhesive layer. Thus, an ion layer can be implanted inside a donor
substrate, and the substrate can be attached to or with the adhesive layer.
The inventive method can thus advantageously be used for mass-production
of cheap semiconductor substrates and/or semiconductor structures.
Without being restricted to the following, the substrate can be a

semiconductor, for example a semiconductor wafer, a semiconductor
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substrate, a recycled semiconductor substrate, or even a semiconductor
structure.

Depending on the conditions, if a layer of a natural oxide is formed on
the surface of the donor substrate or another kind of oxide layer is provided
on the surface of the donor substrate, a substrate-on-insulator structure can
be formed using the inventive method. When the substrate is a
semiconductor, a semiconductor-on-insulator can thus be fabricated using
the inventiv"e method.

In a variant of a preferred embodiment, the inventive method can
further comprise the steps of providing a handle substrate with at least one
free surface, and attaching the donor substrate to the handle substrate such
that the layer of adhesive is provided between the at least one free surface
of the donor substrate and the at least one free surface of the handle
substrate.

An advantage of the inventive method is that the main surfaces or
main sides by which the donor and handle substrates are attached to each
other by means of the adhesive layer do not require a polishing step before
the attachment step or any other .surface ‘preparation step to provide a .
surface ready for molecular adhesion. Thus, the inventive method is
particularly advantageous if used in the context of transferring layers of
semiconductor materials. Also, the adhesive material can be chosen to
sustain very high temperatures (up to about 1200°C), which is not the case
for typical 'prior art oxide bonding Iayers.

Preferably, the adhesive can be a ceramic-based and/or a graphite-
based and/or a metal-based material.

Such adhesives are typically cheaper than poliehing techniques
followed by molecular bonding techniques known in the art but are still
compliant with a semiconductor fabrication environment. Some ceramic-
based and/or graphite-based and/or metal-based materials can be provided
as one or two component systems, and can be mixed with water and/or
special binder systems in order to improve the properties of the adhesive.

Further improved results can be obtained when uSing ceramic-based and/or



WO 2013/102788 PCT/IB2012/002793

3

graphite-based and/or metal-based materials in the context of
semiconductor technologies.

Further preferred, the adhesive can be based on at least one of .
aluminum oxide, aluminum nitride, magnesium oxide, silicon dioxide, silicon
carbide, zirconium oxide, zirconium silicate, graphite, copper, and silver.

~ Ceramic-based and/or graphite-based and/or.‘ metal-based materials
offer a wide range of physical and chemical properties. The selection of such
materials can be optimized depending on the required properties with
respect to temperatures, thermal conductivity, dielectric and mechanical
Strength.

' Preferably, the adhesive can be provided over the entire at least one
free surface of the donor substrate and/or over the entire at least one free
surface of the handle substrate. In this way the adhesive with or without the
handle substrate will provide sufficient stiffhess over thé entire substrate
area. ' |

In a further variant of a preferred embodiment, the inventive method
can further- comprise the step of providing a mold such that the adhesive
layer is provided with a predetermined geometry, in particular with a
geometry matching that of the at least one free surface of the donor
substrate and/or the at least one free su\rface of the handle substrate.

Using a mold is advantageous as the mold will constrain the geometry
of the adhesive to a desired predetermined form. A variéty of molds can be
fabricated, used and/or adapted to specific needs. For instance, silicone-
based compounds or silicone rubber molds can be used efficiently with a
ceramic-based adhesive as they typically do-not stick to the adhesive and
can therefore easily be removed after the fabrication process.

Preferably, the inventive method can further comprise the step of
- performing at least one annealing at a temperature inferior to a temperature
required for a detachment at the level of the in-depth predetermined splitting
area.

Depending on the material chosen for the adhesive, at least one

annealing step can be required in order to densify the adhesive layer so that
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it reaches it desired optimized properties with respect to the donor and/or
handle substrates. However, in order to prevent an unwanted initialization of
the layer detachment step brior to the densification of the adhesive layer, the
at least one annealing step is performed at temperatures lower than what is
required for a detachment at the level of the in-depth splitting area inside the
substrate. Thus, such an annealing will have the’ advantage of outgassing
water and/or organic solvehts of the adhesive paste while keeping the donor
substrate with its in-depth weakened layer substantially intact. For instance,
at least one annealing is required when using one part o'r two part systems
of ceramic-based compounds.

Preferably, the inventive method can further 6omprise the step of .
removing.the mold after the annealing stéb.

When a mold is used, the mold can advantageously be kept during
the annealing step until the adhesive layer reaches an appropriate density.
The mold may however be removed before or.after detaching a layer of the
~donor substrate, with the advantage of being reusable in a subsequent
process. For instance, silicone rubber molds can be recycled and/or reused
advantagéously when used with a ceramic-based adhesive as they typically
do not stick to such adhesives.

Preferably, the inventive method can further comprise the step of
detaching a remainder of the donor substrate at the level of the in-depth -
-predetermined splitting area.

Thus, a layer of the initial donor substrate can be transferred -onto the
adhesive layer. Depending on the preferred embodiment, a layer of the
donor substrate can be transferred to ‘form a semiconductor structure
according to the invention.

Preferably, the inventive method can further cofnprise the step of
reusing the remainder of the donor substrate as a new donor substrate.

Since the inventive method does not require- polishing of the surface
over which the adhesive layer will be attached, the remainder of the donor

substrate could immediately be reused or recycled as a new donor substrate
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in a'new subsequent layer transfer process, thereby reducing the number of
process steps. |

Advantageously, the adhesive layer can have a thickness of at least
0.1 punt.

In the case of transferring a thin layer of a semiconductor material,
not thick enough to ensure its mechanical stability alone, the adhesive layer
can provide the necessary thickness to ensure fhe mechanical stability of the
transferred thin layer. When no handle substrate is used, the mechanical
stability of a transferred thin iayer can be provided with an adhesive Iayer
having a thickness of about 20 pm to 1 mm. However, when the adhesive is
used as bonding layer between the donor substrate and the handle
substrate, a thickness of about'0.1 gm to 10 ym can be sufficient.

The object is also achieved with the inventive semiconductor structure
- comprising a semiconductor iayer, and a layer of a ceramic-based and/or a
graphite-based and/or a metal-based adhesive provided over one main side
of the'semiconductor layer. _

The invention can be optimized for semiconductor applications. Thus,
a semiconductor structure according to the invention can be produced for a
low cost and can be-used for a variety of semiconductor applications without
limiting the quality of the semiconductor layer of interest. Ceramic-based
and/or graphite-based and/or metal-based adhesives have the advantage of
being compliant with a semiconductor fabrication environment. |

In a variant of a preferred embodiment, the inventive semiconductor
structure can further comprise an insulating layer between the
semiconductor layer and the adhesive layer. Thus, the invention provides
also with cheap semiconductor-on-insulator structures for use in several
semiconductor applications.

In a further variant of a preferred embodiment, the inventive
semiconductor structure can further comprise a substrate attached to the
adhesive by an attachment surface such that the adhesive is provided
between the main side of the serhiconductor layer and the attachment

surface of the substrate. A further advantage of the invention is thus the
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cheap production of semiconductor structures comprising also at least one
other substrate and which can be applied to various field involving
'semiconductor technologies.

Advantageously, the adhesive. of the inventive structure can comprise
at least one of an aluminum oxide, an aluminum nitride, a magnesium oxide,
a silicon dioxide, a silicon carbide, a zirconium oxide, a zirconium silicate,
graphite, copper, and silver. Thus, the inventive semiconductor structure can
be specifically adapted to a particular use dependi'ng on its properties
relative to temperature, thermal cdnductivity,‘ dielectric and mechanical
strength. -

Preferably, the adhesive of the inventive semiconductor structure can
be provided on the entire surface of the main side of the semiconductor layer
and/or on the entire attachment surface of the substrate. Thus,‘ an inventive
structure, with or without substrate, is provided with sufficient stiffness over
the entire semiconductdr layer area.

, Further preferred, the adhesive layer of the inventive semiconductor
structure can have a thickness of at least 20 ym and up to 1 mm when no
substrate is used. | |

Alternatively, the adhesive layer of the inventive semiconductor
structure can have a thickness of at least 0.1 pm and up to 10 pm when the
adhesive layer is provided between the main side of the semiconductor layer
and the attachment surface of the substrate. [

| Thus, the inventive semiconductor structure has to advantage that the
semiconductor layer is provided with sufficient mechanical stability,
regardless of its thickness.

Preferred embodiments of fhe present invention can be combined in

~order to obtain further embodiments. The invention will be described in more
detail hereafter, based on advantageous embodiments described in
combination with the following figures: '

Figure 1A schematical‘ly illustrates a first embodiment of the inventive

method;
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Figure 1B schematically illustrates a variant of the product of the first
embodiment; : .

Figure. 2 schematically illustrates a second embodiment} of the
inventive method,;

Figure 3A schematically illustrates a third embodiment of the inventive
method; _

Figure 3B schematically illustrates a variant of the product of the third
embodiment. _

In the various embodiments described hereafter and in Figures 1-3,
the same reference numbers have been used for identical elements or
elements sharing similar roles. ' |

- Figure 1A schematically illustrates a first embodiment of the inventive
method. According to the inventive method, in step S101 of Figure 1A, a first
substrate 1 is provided. In the first embodiment, the substrate 1 is a silicon
wafer. However, the inventive method is not restricted to silicon or silicon-
based substrates and can be applied to other materials, in particular to any
other semiconductor, for instance SiC or GaN, or to any other
semiconductor-based material. | |

Following the inventive method, step S102 of Figu.re 1A illustrates an
ion implantation step to form a predetermined splitting \area 2 inside the
substrate 1, at a predetermined depth d with respect to one of the main
surfaces 7 of the substrate 1. The predetermined depth d is typically in a
range of about 1 nm up to several hundreds of um, depending on the
application. According to one practical example :of the first embodiment -of
the inventive method, H and/or He ions are implanted into the silicon wafer
1. However, in other embodiments, other ions may be used. |

According to the inventive method, step S102 in Figure 1A is followed
by step S103 of providing a layer of an adhesive 4 over the main surface 7
of the substrate 1, thereby forming an intermediate semiconductor structure
9. '

Accprding to a preferred variant of the inventive 'method, the adhesivé

is a ceramic-based material. In further embodiments of the inventive method,
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the adhesive could, however, also be a graphite-based and/or a rhetal-based

material comprising one of graphite, copper, and silver. The ceramic-based

adhesive paste ‘can be based on aluminum oxide, and/or an aluminum

nitride, and/or a magnesiljm oxide, and/or a silicon dioxide, and/or a silicon

carbide, and/or a zirconium oxide, and/or a zirconium silicate, depending on
the desired final application, in particular depending on the phy‘sical and/or
chemical properties of the chosen material for fhe substrate 1. For instance,

Ceramcast™ materials from Aremco Products, Inc. can be adapted for

various embodiments of the inventive method. - Such ceramic-based

materials can be provided either in one or two component systems. One
component systems can be mixed with water or other systems to improve

moisture resistance and can be set at room temperature in several hours,

and then baked and/or annealed at temperatures of about 90°C to about
150°C in a few hours to provide optimal electrical and mechanical properties.

Two component systems can be mixed with water and/or other components

and have varying set times and can be annealed at similar temperatures but
often in shorter times. Depending on the component, some final annealing

phases cah reach temperatures of about'250°C, but have ‘the advantage of
being faster than at lower temperatures.-

According to a preferred variant, the adhesive layer 4 is deposited
with a thickness of ét. least 0.1 um, preferably from 20 wn to 1 mm. Once,
the adhesive has vhardened, the thickness of the adhesive layer 4 provides
for the necessary stiffness required for the mechanical stability of the final
structure, as will be described in the subsequent steps of the first
embodiment. , _

Step S103 is followed by one or more annealing steps. In a practical
example, the annealing is performed for about 2 hours at a temperature of
about 100°C, which, according to the invention, is selected inferior to the
temperature which is necessary for detaching a layer of the substrate 1 at
the level of the in-depth predetermined splitting area 2 of implanted ions.
According to a variant of the inventive method, the annealing step can be

followed by a second annealing step of about 2 hours at a temperature of
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about 150°C, also inferior to the temperature of layer splitting at the level of
the in-depth predetermined splitting area 2..In further variants, depending on
the choice of adhesive material, at least one annealing step could be
performed at room temperature. The at least one annealing has the
advantageous effect of outgassing water and/or organic solvents of the
ceramic adhesive layer 4 without, howéver, substantially weakening the in-
depth predetermined splitting area 2‘inside the substrate 1. |

In step S104 as illustrated in Figure 1B, a final annealing is performed
at a higher temperature in order to detach a layer of the substrate 1 at the
level of the predetermined splitting area 2. Typically, the final annealing is
performed for about 2 hours at a temperature of about 400°C. The final
annealing temperature and its duration can, however, be adapted as a
function of the implanted ions and the substrate properties.

As a result of the method according to the first embodiment, a layer V
of the substrate 1 remains attached to the adhesive layer 4, forming an
inventive semiconductor structure 91. The layer V has a thickness of about 1
nm up to several hundreds of pym, corresponding to the depth d of the in-
depth predetermined splitting area 2 formed by the implanted ions below the
main surface 7 of the initial donor substrate 1. The adhesive layer 4 provides
for the stiffness of the semiconductor structure 91, in particular for the
mechanical stability of the transferred layer 1.

A In another variant, the remainder 1" of the initial substratebl can be
reused or recycled as a new donor substrate in a new step S101 of a
subsequent layer transfer process according to the inventive method. As no
particular surface quality is needed for the attachment surface 7, there is no
obligation to polish the surface 7 of the remainder 1" prior to reuse.

. Contrary to layer bonding or layer transfer techniques by molecular
bonding, which require bonding surfaces with a very low roughness, and
thus polishing 'steps prior to the layer bonding or layer transfer steps,
according to the inventive method the surface quality of a main surface 7 of
the substrate 1 does not have to be as good as to enable bonding via

molecular forces. Thus, an advantagje of the inventive method is that a main
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surface 7 of the substrate 1 does not require a prior polishing step or any
other surface preparation step to provide a surface ready for molecular
adhesion. A further advantage is that an adhesive material is simple to
provide -in the required thickness, in particular in order to obtain a desired
mechanical stability of the intermediate structure and/or the inventive final
structure. |

Depending on the desired final structure, a layer 11 of a naturaI»Oxide
or a deposited dielectric, such as Si02 or the like, may be present on or over
at least the main surface 7 of the substrate 1 prior to the step of providing
the layer of adhesive 4. Thus, depending on the chosen material for the
adhesive layer 4 and the substrate 1 and the experimental conditions, the
* product of the inventive method can be a semiconductor-on-insulator (SOI)
type structure. For instance, in the variant of the final product of the first
embodiment as illustrated in Figure 1B, a silicon-on-insulator structure 91'is -
obtained, wherein a layer of a natural oxide 11 forms an insulating layer
between the semiconductor layer 1" and the adhesive Iayef 4.

A second embediment of the invention is illustrated in Figure 2. Steps
S201 and S202 of the second embodiment represented in Figure 2
correspond to stepsv S101 and S102 of the first and seeond embodiments. It
is‘therefore referred back to the description above. Like in the first and
second embodiments, the materials used for the donor substrate 1 and the
implanted ions used for the in-depth predetermiyned splitting area 2 are oniy
used for illustrative purposes, and other materials and/or ions can be used in-
further embodiments.

According - to an advantageous variant of the inventive method, the
second embodiment further comprises step S203 illustrated in Figure 2 of
providing a mold 3. Whenlusing ceramic adhesive materials, like for instance
in the first embodiment, silicone molding compounds, like e.g. EZ-Cast™
silicone rubber molds, can be adapted to various embodiments of the
present invention. , ‘ P

Such a mold 3 made out of a silicone rubber compound has the

advantage that the deposited adhesive layer 4 that will be used later in the
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process does not stick to it. The mold 3 is cast from a master form such that
it comprises a pattern 6 with a geometry matching the geometry of the
substrate 1. In the second embodiment, since the substrate 1 is a silicon
wafer, the pattern 6 of the mold 3 thus métches the geometry of such a
wafer, in particular the geometry of the main bottom surface of the pattern 6
in the mold 3 matches the geometry of the at least one free surface 7 of the
substrate 1, and the depth of the side walls 1.0 of the pattern 6 can be
adjusted to the desired value depending on the desired thickness of the
adhesive layer 4. ‘

As illustrated by step S204 in Figure 2, in the second embodiment, an
adhesive such as the adhesive used for the first embodiment is applied on
the entire main surface of the pattern- 6 of the mold 3, and fiI'Is at least
partially a predetermined thickness of the pattern 6. Thus, an adhesive layer
4 is formed with a geometry based on the geometry of the pattern 6, in
.particular with a geometry matching the main surface 7 of the silicon wafer
or substrate 1. In the second embodiment, the adhesive layer 4 is has a
thickness of at least 0.1 unu, preferably from 20 ym to 1 mm, which is inferior
or equal to the ‘depth of the side walls 10 of the pattern 6 inside the mold 3.

As can be seen on Figure 2, step S204 of the second embodiment is
followed by step S205 of placing the substrate 1 with the in-depth
predetermined splitting area 2 of implanted ions on or in the pattern 6 of the
mold 3 such that the entire surface 7 of the substrate 1 is in contact with the

- entire surface of the adhesive layer 4 present inside the pattern 6.
‘ In the second embodiment, and as illustrated in step S205, the
. adhesive layer 4 covers the main surface of the péttern 6, but does not
necessarily fill up to the thickness of the side walls 10 of the pattern 6. A part
of the side walls of the pattern 6 can thus partially overlap with the side walls
of the substrate 1 so that an alignrhent between the shape of the substrate 1
and the adhesive 4 is achieved.

According to an advantageous variant of the inventive method, the
second embodiment further comprises a step S206 after step S205, as

illustrated in Figure 2. Step S206 comprises a first annealing phase followed
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by a final annealing or detachment step, which are similar to step S104 of
the second embodiment, and present similar functions and advantages. It is
therefore referred back to the description above.

Step S207 of the second embodiment consists in removing the mold
3 such that the inventive structure 92 is obtained. The mold 3 can either be
discarded or recycled or reused in step S203. Thus, in the second .
embodiment, a layer 1’ of the initial semiconductor substrate 1 is transferred
onto the ceramic-based adhesive layer 4, and a remainder 1" of the initial
“substrate 1 is detached during the detachment step in order to obtain final
semiconductor structure 92.

In further embodiments, the remainder 1" of the initial donor substrate
1 can be recycled, without necessarily going through a polishing step, as a
new donor substrate in step S201. In further embodiments, an insulating
layer may have formed naturally or have been deposited at Ieaét on the
surface 7 of the substrate 1, such that a semiconductor-on-insulator layer is
transferred onto the adhesive layer 4, similar to what is illustrated in Figure
1B for the first embodiment. ‘

" In the second embodiment, using a mold 3 has the advantage that the
geometry of the deposited adhesive layer 4 is constrained and providés the
final structure 92 with sufficient stiffness and mechanical stability over the
entire surface 7 of the,transferred layer 1'. Furthermore, the mold 3 of the
second embodiment has the advantage that the adhesive layer 4‘does- not
stick to it so that the step of removing the mold 3 does not risk damaging the
final structure 92. A further advantage is that such a mold 3 can be reused or
recycled, which can save further productions costs. '

Figure 3A illustrates the inventive method in a third embodiment,
comprising steps S301 and S302 of providing a donor substrate 1 and
implanting ions inside the substrate 1 such as to form an in-depth
predetermined splitting area 2. Steps S301 and S302 of the third
embodiment are similar to steps S101 and S102 of the first embodiment and
to steps S201 and S202 of the second embodiment. It is therefore referred

back to the description above. Like in the previous embodiments, the
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materials used for the donor substrate 1 and the implanted ioné used for the
in-depth predetermined spliting area 2 are only used for illustrative
purposes, and  other materials and/or ions can be used in further
embodiments.

As illustrated in Figure" 3A, the third embodiment further comprises
step S303 of providing a second type of mold 3'. This step is similar to step
S203 of the second embodiment. It is therefore referred back to the
description above. However, the patterh 6' of the mbld 3' in the third
embodiment is different from the pattern 6 of the mold 3 in the second
embodimént, as in the third embodiment the pattern 6' extends through the
entire thickness of the mold 3',-forming a hole with side walls 10' in the mold
3, the méih section of pattern 6' matching the surface 7‘ of the donor
substrate 1, for instance the silicon wafer of the first embodiment.

The third embodiment further comprises step S304. In this step, the
donor substrate 1 is placed at least partially in the pattern 6' of the mold 3',
overlapping with the side walls 10" and Iéaving at least a predetermined
thickness of the pattern 6' for applying an adhesive layer 4. The properties of
the adhesive layer 4 are similar to those describe m the previous
embodiments. It is therefore referred back to the description above for
details. In the third embodiment, the adhesive layer 4 covers the entire
éurface 7 of the substrate 1 and has a thickness of at least 0.1 pm,
preferably frbm 0.1 ym to 10 ym, which does not fill the remaining portion of
the pattern 6'. In other embodiments of the inventive method, the thickness
~ of the adhesive layer 4 cén be more important, it can even be at least equal
to the depth of the side walls 10'. In further embodiments, the mold 3' can be-
placed over the substrate 1 such that no side wall 10' of the pattern 6'
overlaps with the substrate 1. All these embodiments can be combined to
produce even further embodiments. /

Then, step S305 conéists in providing a second substrate 5. As
illustrated in step S305 of Figure 3A, the second substrate 5 is attached by
one of its free surfaces, in particular an attachment surface 8, to the

adhesive layer 4. In the third embodiment, the geometry of the second
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substrate 5 is such that its attachment surface 8 matches the geometry of
the main surface 7 of the first substrate 1, and the thickness of the ceramic-
based adhesive layer 4 is such that the second substrate 5 also overlaps
partially with the side walls 10' inside the pattern 6. Depending on the
embodiment, other situations may require that the geometry of the
attachment surface 8 of the second substrate 5 is different than that of the
main surface 7 of the first substrate 1, and/or that the substrate 5 is placed
on the mold 3', in particular over the pattern 6', but does not overlap with the
side walls 10" of the pattern 6. In the third embodiment, the second
substrate 5 can be another semiconductor wafer, for example comprising
silicon” and/or quartz and/or any other semiconductor, or a plastic-basedy
material, or the like, or a ceramic-based material like aluminum nitride or the
like, or-a metal like molybdenum or the like. |

As a variant, the second substrate 5 could be first placed in the mold
3" at step S304 such that the adhesive 4 would be applied to the attachment
surface 8 of the second substrate 5 before attaching substrate 1 by its main
surface 7 to the adhesive layer 4 in step S305.

In step S306, according to further preferred variants of the inventive
method, the third embodiment further comprises performing annealing and
detachment steps which are similar to step S104 of the second embodiment
and step S206 of the second embodiment, and present similar functions and
advantages. It is therefore referred back to the description above.

After the detachment step in S306, the remainder 1" of the initial
donor substrate 1, for instance the silicon wafer of the first embodiment, is

: removed and can be reused in step S301 or recycled. Like mentioned
above, for the reuse no additional polishing step is necessary.

After step S306, like step S207 of the second embodiment, step S307
of the third embodiment as illustrated in Figure 3A also comprises a step of
removing the mold 3' which can then be recycled, for instance in Step S303
or discarded. In step S307 of the third embodiment as iIIustra‘Eed in Figure
3A, afinal semiconductor structure 93 according to the invention -is obtained.

The semiconductor structure 93 comprises a thin silicon layer 1' attached to
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a handle substrate 5 via the ceramic-based adhesive layer 4. In the third
embodiment, according to one aspect of the invention, the geometry of the
adhesive layer 4 matches the geometry of the thin layer 1' and/or that of the
handle substrate 5. In particular, the adhesive layer 4 is deposited over the
entire respective attachment surfaces 7, 8 of the thin layer 1' and the second
substrate 5. ‘

Similar to tHe first embodiment, dep;ending on the experimental
conditions and the user requirements, ‘a natural oxide may have formed or a
further insulating layer 11 may have been provided over the surface 7 of the
initial donor substrate 1 such that a final structure 93' as iIIustréted in Figure
3B is obtained. The product of the inventive method according to the third
embodiment and its variants can thus be a semiconductor-on-insulator (SOI)
- structure comprising an insulating layer 11 provided between a thin layer 1'
of a semiconductor substrate 1 and a ceramic-based adhesive layer 4 to
which a second substrate 5 is attached by an attachment surface 8.

In a preferred variant of an embodiment of the invention, the
adhesive, in particular the ceramic-based compound used for the adhesive
layer 4, can be chosen depending on its constant of thermal expansion
(CTE). For instance, if a further application of the final substrate or the
semiconductor structure (91, 91', 92, 93, 193" according to the inve.ntion
requires epitaxial deposition on the thin Iayer 1', a requirement for selecting
the proper adhesive, in particular the proper ceramic-based adhesive, can
be that its CTE should be compatible with the CTE of the epitaxial material.

Thus, the inventive method provides with an alternative technique ‘for
attaching a layer of a donor substrate 1, for example to a handle substrate 5.
An advantage of the inventive method is that the attachment surfaces 7, 8 of
the substrates 1, 5 to be attached do not require polishing steps prior to the
attachment step. Preferred variants of the inventive method use ceramic-
based adhesives which can advantageously‘be selected in order to be
compliant with the thermal and/or mechanical and/or conductive properties:
of the substrate 1, and which offer the necessary stiffness for the mechanical

stability of the transferred layer 1' of the donor substrate 1. Further preferred
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variants of -the inventive method have the adva_ntage of using a mold 3, 3'
“which, depending on the chosen material, can be reused, in particular
recycled for further embodiments of the ‘inventive method. Further
advantageous embodiments of the invention allow recycling a remainder 1"
of the donor substrate 1. The invention further provides with abdiversity of
inventive structures, for instance semiconductor-on-insLllator structures,
which have' advantageous applications in various technological
environments. |

The embodiments described above and further variants of the same
embodiments can be combined in order to realize even further embodiments

of the invention.
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CLAIMS

1. A method for fabricating a substrate, comprising the steps of:
providing a donor substrate (1) with at least one free surface (7),
performing an ion implantation at a predetérmined depth (d) of the donor
substrate (1) to form an in-depth predetermined splitting area (2) ihside the
donor substrate (1), and characterizéd in providing a layer of an adhesive
(4), in particular an adhesive paste, over the at least one free surface (7) of

‘the donor substrate (1).

2. The method according to claim 1, further comprising the steps of proViding
a handle substrate (5) with at least one free surface (8), and characterized in
attaching the donor substrate (1) to the handle substrate (5) such that the
layer of adhesive (4) is provided between the at least one free surface (7) of
- the donor substrate (1) and the at least one free surface’ (8) of the handle

substrate (5).

3. The method acCording' to any of claims 1 or 2, characterized in that the
adhesive is a ceramic-based and/or a graphite-based and/or a metal-based

material.

4. The method according to claim 3, wherein the adhesive is based on at
least one of aluminum oxide, aluminum nitride, magnesium oxide, silicon
dioxide, silicon carbide, zirconium oxide, zirconium silicate, graphite, copper,

and silver.

5. The method according to any of claims 1to 4, wherein the adhesive is
~provided over the entire at least one free surface (7) of the donor substrate

(1) and/or over the entire at least one free surface (8) of the handle substrate

(5).
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6. The method according to claim 5, further comprising the step of providing-
a mold (3) such that the adhesive layer (4) is provided with a predetermined
geometry, in particular with a geometry matching that of the at least one free
surface (7) of the donor substrate (1) and/or the}at least one free surface (8)
of the handle substrate (5).

7. The method according to any of claims 1to 6, further comprising the step
of performing at least one annealing, characterized in that the annealing
temperature is inferior to a temperature required for a detachment at the

level of the in-depth predetermined splitting area (2).

8. The method according to any of.claims 1to 7, further comprising the step
of detaching a remainder (1") of the donor substrate (1) at the level of the in-

depth predetermined splitting area (2).

9. The method according to claim 8, further comprising the step of reusing
the remainder (1") of the donor substrate (1) as a new donor substrate, in
particular without any further polishing step of the surface at which a

detachment occurred.

10. The method according to any of claims 1to 9, characterized in that the

adhesive layer (4) has a thickness of at least 0.1 ym.

'11. A semiconductor structure (91,91, 92, 93, 93" comprising:

a semiconductor layer (1, 1'), and

a layer of a ceramic-based and/or a graphite-based and/or a ‘metal-based
adhesive (4) provided over one main side (7) of the semiconductor layer (1,

1.).

12. The semiconductor structure (91, 91', 92, 93, 93') of claim 11, further
comprising an insulating layer (11) between the semiconductor layer (1, 1

and the adhesive layer (4).
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13. The semicondu‘ctor structure (91, 91', 92, 93, 93') of any of claims 11 or
12, further comprising a substrate (5) attached to the adhesive by an
attachment surface (8) such that the adhesive is provided between the main
side (7) of the semiconductor layer (1, 1') and the attachment surface (8) of

the substrate (5).

14. The semiconductor structure (91, 91', 92, 93, 93') of any of claims 11to
13, wherein the adhesive comprises at least one of an aluminum oxide, an
aluminum nitride, a magnesium oxide, a silicon dioxide, a silicon carbide, a

zirconium oxide, a zirconium silicate, graphite, copper, and silver.

15. The semiconductor structure (91, 91', 92, 93, 93") of any of claims 11 to
14, wherein the adhesive is provided on-the entire surface (7) of the main
side of the semiconductor layer (1, 1) and/or on the entire attachment

surface (8) of the substrate (5).

16. The semiconductor structure (91, 91', 92) of any of claims 11to 12, or a
combination of claim 14 or claim 15 and any of claims 11 to 12,

characterized in that the adhesive layer (4) has a thickness of at least 20 pm!

and up to 1 mm.

17. The semiconductor structure (93, 93) of any of claims 13 to 15,

characterized in that the adhesive layer (4) has a thickness of at least 0.1

Hm and up to 10 pm.
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