DESCRIPTION
TITLE: METHOD OF FABRICATING A DEVICE COMPRISING A MEMBRANE
OVERHANGING A CAVITY

FIELD OF THE INVENTION

The present invention relates to the field of microelectronics
and microsystems. In particular, it relates to a process of
fabricating a device comprising a membrane overhanging a useful
cavity.

TECHNOLOGICAL BACKGROUND OF THE INVENTION

MEMS devices (MEMS being the acronym of
microelectromechanical systems) are widely used to fabricate
various sensors, for a multitude of applications: mention may
for example be made of pressure sensors, microphones, radio-
frequency switches, electro-acoustic and ultrasonic transducers
(piezoelectric micromachined ultrasonic transducers (pMUT) for

example), etc.

Many of these MEMS devices are based on a flexible
membrane overhanging a useful cavity. In operation, the bowing
of the membrane, which is related to a physical parameter (for
example the propagation of an acoustic wave for a pMUT), is
converted into an electrical signal (or vice versa, depending on
whether the device is in receiver or emitter mode).

Depending on the type of device implemented, the geometry
of each useful cavity (shape, lateral dimensions, depth), of the
membrane (thickness) and their planar distribution (inter-cavity

distance) will be different.

The publication by Lu Yipeng and David A. Horsley,

"Modeling, fabrication, and characterization of piezoelectric



micromachined ultrasonic transducer arrays based on cavity SOI
wafers." (Journal of Microelectromechanical Systems 24.4 (2015)
1142-1149) presents an example of fabrication of a pMUT device
from an SOI (silicon on insulator) substrate having buried useful
cavities. This process takes advantage of useful cavities formed
beforehand in a substrate to limit the number of 1levels of

photolithographic masks needing to be employed.

This approach is attractive, but it means that some of
the effort made designing the acoustic device must be borne by
the manufacturer of the substrate. Specifically, the
manufacturer of the substrate must be able to design and
fabricate a substrate including useful cavities conforming
precisely to the topology (geometry of the cavities, inter-
cavity spacing) required for the device. However, device
topology is often a piece of valuable and sensitive information
that the device manufacturer generally does not want to divulge.

In addition, the substrate manufacturer must develop
substrate-fabricating processes specific to each topology. The
effort required to do this makes rapid and economical development

of the device more difficult.

It would therefore be desirable to be able to provide a
substrate that can be used to fabricate a wide range of devices
based on a membrane overhanging a useful cavity, and which would
therefore not require the ad hoc development, for each device,

of a substrate-specific fabricating process.



OBJECTIVE OF THE INVENTION

The purpose of the present invention is to achieve the

aforementioned aim. It relates to a process of fabricating a

device comprising a membrane overhanging a useful cavity, which

is simplified due to the use of a generic substrate.

BRIEF DESCRIPTION OF THE INVENTION

The invention relates to a process of fabricating a

device including a membrane overhanging a useful cavity, the

process comprising:

providing a generic structure including a superficial layer
extending in a main plane and arranged on a first side of
a carrier substrate, said carrier substrate including
elementary cavities opening under the superficial layer and
partitions delimiting each elementary cavity, upper
surfaces of said partitions forming all or some of the first
side of the carrier substrate;

defining a group of adjacent elementary cavities, such that
a contour of said group of elementary cavities corresponds,
in the main plane, to a contour of the useful cavity;
removing the partitions located inside the contour of the
group of elementary cavities, 1in order to form the useful
cavity, and 1in order to free up the superficial layer
arranged above said wuseful cavity and making up the

membrane.

According to other advantageous and non-limiting features

of the invention, taken alone or in any technically feasible

combinations:



the partitions separate the elementary cavities from

one another;

the partitions are distributed in the main plane
according to a network of 9partitions allowing
communication between the elementary cavities, each
elementary cavity being delimited by an elementary
pattern of the network of partitions;

providing the generic structure comprises:

o0 providing a donor substrate,

o providing the carrier substrate including the
opening elementary cavities and the partitions
delimiting each elementary cavity and the upper
surfaces of which form all or some of the first
side of the carrier substrate,

o0 joining the donor substrate and the carrier
substrate at the first side of the carrier
substrate,

o thinning the donor substrate so as to form the
superficial layer;

providing the donor substrate comprises implanting
light species in said donor substrate, so as to form
a buried fragile region that lies between a first
portion of the donor substrate, which portion 1is
intended to form the superficial layer, and a second
portion of the donor substrate, which portion 1is
intended to form the rest of the donor substrate;
thinning the donor substrate comprises separating, via
the buried fragile region, the superficial layer from
the rest of the donor substrate;

the first portion of the donor substrate has a

thickness comprised between 0.2 micron and 2 micron;



the joining comprises bonding via molecular adhesion,
on the one hand, the donor substrate, and, on the other
hand, the first side of the carrier substrate;
removing the partitions located inside the contour of
the group of elementary cavities comprises the local
etching of the superficial layer in order to form at
least one aperture passing through said superficial
layer, and the chemical etching of said partitions via
said aperture;

the at least one aperture is made plumb with the
partitions;

an aperture is made plumb with each elementary cavity

of the group of elementary cavities;

removing the partitions located inside the contour of
the group of elementary cavities comprises the local
etching of a second side of the carrier substrate in
order to form at least one aperture opening into one
of the cavities of the group of elementary cavities,
and the chemical etching of said partitions via said
aperture;

the partitions comprise at least one material chosen
from silicon oxide, silicon nitride, single-crystal
silicon, polycrystalline silicon, amorphous silicon or
porous silicon;

the donor substrate comprises at least one

semiconductor or piezoelectric material.

BRIEF DESCRIPTION OF THE FIGURES

Other features and advantages of the invention will become

apparent

from the following detailed description of the



invention, which description is given with reference to the

appended figures, in which:

[Fig. la]
[Fig. 1Db]
[Fig. lc]
[Fig. 1d]
[Fig. le]

[Fig. 1f] Figures la to 1f show a process of fabricating a device
comprising a membrane arranged on a useful cavity, in accordance

with the invention;

[Fig. 2a]
[Fig. 2b] Figures 2a to 2b show steps of a fabricating process

according to the invention;

[Fig. 3al
[Fig. 3b]
[Fig. 3c] Figures 3a to 3c show other steps of a fabricating

process according to the invention;

[Fig. 4a]
[Fig. 4b]
[Fig. 4c]
[Fig. 4d]
[Fig. 4e]
[Fig. 4f]
[Fig. 4g]
[Fig. 4h]
[Fig. 4i]

[Fig. 4j] Figures 4a to 47 show an example of an embodiment of

the fabricating process according to the invention;

[Fig. 5a]
[Fig. 5b]



[Fig. 5c]
[Fig. 5d]
[Fig. 5e] Figures 5a to 5e show steps of a fabricating process

according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

In the description, the same references in the figures
might be used for elements of the same type. The figures are
schematic representations which, for the sake of legibility, are
not to scale. In particular, the thicknesses of the layers along
the =z-axis are not to scale with respect to the lateral
dimensions along the x- and y-axes; and the relative thicknesses
of the layers with respect to one another are not necessarily

respected in the figures.

The invention relates to a process of fabricating a
device 200 including a membrane 210 overhanging a useful cavity
230 (figures le and 1f). For example, said device 200 can consist

of an ultrasonic or acoustic transducer.

The fabricating process according to the invention
firstly comprises a step of providing a generic structure 100
including a superficial layer 10 extending in a main plane (x,V)
and arranged on a first side 21 of a carrier substrate 20. The
carrier substrate 20 includes elementary cavities 23 opening
under the the superficial layer 10 and partitions 24 normal to
the main plane (x,y), delimiting each elementary cavity 23
(figures la, 5a). The upper surfaces of the partitions 24 at
least partly form the first side 21 of the carrier substrate 20.

By way of example, and in a non-limiting manner, the

partitions 24 comprise at least one material from silicon oxide,



silicon nitride, single-crystal silicon, polycrystalline

silicon, amorphous silicon or porous silicon.

According to a first advantageous embodiment, the
partitions 24 completely separate the elementary cavities 23
from one another. As illustrated in plan view in Figure 1lb, the
partitions 24 advantageously form partitions organized in a grid
in the main plane (x,y) making it possible to separate each
elementary cavity 23 from the neighbouring cavities thereof and
therefore delimit each elementary cavity 23.

The elementary cavities 23 are, in this case, represented
as being square-shaped, but alternatively they could have a

rectangular, circular or any other geometric shape.

According to a second embodiment of the invention, the
elementary cavities 23 are not separated from one another. The
partitions 24 are distributed, preferentially in a uniform
manner, in the main plane (X,y), according to a network of
partitions 24, like the example illustrated in figure 5b. None
of the partitions 24 mutually meet and they form local partitions
and/or pillars. In this embodiment, an elementary cavity 23
refers to the cavity inside an elementary pattern 23e of the
network of partitions 24. In the example of figure 5b, the
elementary pattern 23e corresponds to a square pattern
fictitiously defined by four adjacent partitions 24; the
elementary cavity 23 is delimited by the four adjacent partitions
24 and corresponds to the interior region of this elementary
pattern 23e.

The upper surface (in the main plane (x,Y)) of a
partition 24 is represented in this case as being square-shaped,
but it could have a rectangular, circular or any other geometric
shape. The partitions 24 could also be distributed according to
a grid network or another uniform distribution. By way of

example, and in a non-limiting manner, the dimensions of a



partition 24 in the main plane (x,y) can be approximately 5

micron, 7 micron, 10 micron or 15 micron.

The manufacturing process then comprises a step for
defining a group 23g of adjacent elementary cavities 23, the
outer contour of which, in the main plane (x,y), corresponds to
a contour of the useful cavity 230 (figures 1lc, 5c). Of course,
reference is made in this case to the definition of at least one
group 23g of elementary cavities: indeed, in the case of a
generic structure 100 formed from a carrier substrate 20 with a
diameter of between 100 mm and 300 mm, a plurality of groups 23g
will be defined, according to a determined distribution, in the
main plane (x,V).

This defining step depends on the type of intended device
200, and, in particular, it depends on the required lateral
dimensions of the useful cavity (cavities) 230 in the main plane
(x,v); these lateral dimensions can wvary from a few tens of
microns to a few hundred microns, or a few millimetres. The
defining step also depends on the spacing between useful cavities
that 1is required for said device 200: this spacing can for
example vary from a few tens of microns to a few hundred microns,

or a few millimetres.

It will Dbe noted that this defining step and the
subsequent steps can be preferentially performed by the device
manufacturer, the substrate manufacturer being only responsible
for providing the generic structure 100. Alternatively, the
substrate manufacturer can implement the defining step at the
request of the client and according to specifications set by the

latter.

The fabricating process according to the invention then

comprises a step of removing partitions 24 located inside the
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contour of the group 23g of elementary cavities 23; said

partitions will be called temporary partitions 24g hereafter.

The removal of the temporary partitions 24g
advantageously comprises the local etching of the superficial
layer 10 in order to form at least one aperture 13 passing
through said superficial layer 10, in the defined region of the
group 23g of elementary cavities (figures 2a and 2Db).

Such local etching may be carried out by photolithography
and dry or wet chemical etching. In particular, a mask (not
represented) deposited on the free side 12’ of the superficial
layer 10 makes it possible to delimit the regions to be etched
in order to form the apertures 13, and to protect the rest of
the free surface 12’. It will be noted that alignment marks,
defined on the periphery of the carrier substrate 20 and/or in
regions provided for cutting lanes on the first side 21 thereof
and/or at the second side 22 thereof, during the formation of
the elementary cavities 23 and of the partitions 24 on the
carrier substrate 20, allow a precise positioning to be achieved
with respect to said partitions 24 and buried cavities 23 during
this removing step. These marks can also be used for subsequent
steps requiring an alignment with respect to the useful cavity

(cavities) 230 of the device 200.

According to a first wvariant, illustrated in figure 2b,
the (at least one) aperture 13 is made plumb with the temporary
partitions 24g.

According to a second variant, which can be used in
particular for the first embodiment of the invention, the
aperture 13 is formed plumb with at least one of the elementary
cavities 23 of the group 23g of elementary cavities (which is
not represented).

For the aforementioned variants, it is possible to re-

plug the (at least one) aperture 13, for example by depositing
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polycrystalline silicon, wunder vacuum or in a controlled

atmosphere.

According to a third variant (not represented), removing
the temporary partitions 24g may comprise forming at least one
aperture 13 by local etching the second side 22 of the carrier
substrate 20, up to the cavities of the group 23g of elementary
cavities 23. Advantageously, such etching at the second side 22
is carried out at the end of the fabrication of the MEMS device
200, in particular when the carrier substrate 20 is thinned for
example to 400, 200, 100, 50 micron or less. This allows an
aperture 13 of small size to be produced while remaining within
ratios of etched thickness/dimensions of the aperture that are
accessible using known chemical etching techniques. It will be
noted that this wvariant allows the membrane (portion of the
superficial layer 10 located plumb with the group 23g of
elementary cavities 23) to be left intact by avoiding passage of

the aperture 13 therethrough.

In either of the stated variants, a dry or wet chemical
etching suitable for attacking the material of the partitions 24
is then performed, wvia the aperture 13, in order to eliminate
the temporary partitions 24g (figures 1d, 5d) and free up the
superficial layer 10 (forming the membrane 210) across the entire

useful cavity 230.

At the end of the step for removing the temporary
partitions 24g, a device 200 including a membrane 210 overhanging
a useful cavity 230 (figure le) is obtained.

The fabricating process according to the invention for
this device 200 is simplified by the use of a so-called generic
structure 100, which does not require, during the development

thereof, knowledge of the geometry and of the distribution of
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the useful cavities 230. The generic structure 100 includes a
plurality of elementary cavities 23 and a plurality of partitions
24, some of which 24g are temporary since they are intended to
be eliminated, in order to form one (or more) useful cavity
(cavities) 230 defined from one (or more) group (groups) 23g of

elementary cavities.

In the first embodiment of the invention, in which the
generic structure 100 comprises elementary cavities 23 separated
from one another by the partitions 24, the membrane 210 located
above the wuseful cavity 230 following the removal of the
temporary partitions 24g is held over the entire perimeter
thereof by partitions 24 (figures 1d and 1le). In the second
embodiment of the invention, in which the partitions 24 of the
generic structure 100 do not mutually separate the elementary
cavities 23, the membrane 210 located above the useful cavity
230 following the removal of the temporary partitions 24g is
held locally over the perimeter thereof by partitions 24 (figures
5d and 5e). Either of the embodiments can be envisaged depending

on the type of intended device 200.

The generic structure 100 therefore has the advantage of
being able to be used to fabricate a multitude of devices 200
based on varied topologies of useful cavities 230, which can be
formed from a group 23g of elementary cavities 23.

Moreover, the development of the useful cavity 230 by
removing the temporary partitions 24g is advantageous in that it
only requires a small elimination of material, the partitions
having a reduced width, and this 1limits the etching time and
makes it possible to achieve precise dimensions for the useful

cavity 230.

The fabricating process (irrespective of the embodiment)

can also comprise additional steps for fabricating the device
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200 on the superficial layer 10 and in particular on the membrane
210 and at the periphery thereof. These additional steps can
notably comprise steps of photolithography, etching and
depositing insulating and/or electrically conductive layers in
order to define and form, for example, electrodes 220, above

each membrane 210 (Figure 1f).

It will be noted that these additional steps can
alternatively be performed before the step for removing the
temporary partitions 24g, in order to utilize the mechanical
strength of the superficial 1layer 10 as a result of said
underlying temporary partitions 24g, across (in the main plane

(x,v)) the entire structure 100.

According to an advantageous mode of implementing the
invention, the step for providing the generic structure 100
firstly comprises providing a donor substrate 1. The donor
substrate 1 has a front side 11, intended to be joined to the
carrier substrate 20 and a back side 12. By way of example, and
in a nonlimiting manner, the donor substrate 1 will possibly
comprise at least one semiconductor, for example silicon,
silicon carbide, etc., or a piezoelectric material, for example
lithium tantalate, lithium niobate, aluminium nitride, zinc
oxide, PZT, etc.

Secondly, the step for providing the generic structure
100 comprises providing the carrier substrate 20 including a
first side 21, intended to be joined to the donor substrate 1,
and a second side 22. The carrier substrate further includes the
elementary cavities 23 opening at the first side 21 and
partitions 24, the upper surface of which forms all or part of
the first side 21.

By way of nonlimiting example, the carrier substrate 20

can comprise silicon, glass, sapphire, etc.
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The shape of the elementary cavities 23 in the main plane
(x,y) can be circular, square, rectangular or polygonal. The
lateral dimensions of the elementary cavities 23 in the main
plane (x,y) are advantageously less than 50 micron, or less than
25 micron, or less than 10 micron. The spacing between elementary
cavities 23, corresponding to the width of the partitions 24,
can vary from one micron to a few tens of microns. By way of
example and in a nonlimiting manner, the width of the partitions
24 can be be approximately 5 micron, 7 micron, 10 micron or 15
micron. The upper surface of the partitions 24 can have a
circular, square, rectangular or polygonal shape.

The depth of the elementary cavities 23, along the z-
axis normal to the main plane (x,y) (also corresponding to the
height of the partitions 24) can vary from a few tens of
nanometres to a few tens of microns, or a few hundred microns,

depending on the intended device 200.

Thirdly, the step for providing the generic structure
100 comprises joining the front side 11 of the donor substrate
1 and the first side 21 of the carrier substrate 20. The joining
operation preferentially comprises direct bonding by molecular
adhesion. The principle of molecular adhesion, which is well
known in the prior art, will not be described in further detail
here. It will be noted that the substrates to be joined must
have a very good surface finish (cleanness, low roughness, etc.)
for a joint of good quality to be obtained.

Advantageously, 1in order to guarantee a joint of good
quality, the Jjoining step comprises cleaning the to-be-joined
surfaces of the donor substrate 1 and of the carrier substrate
20, before said surfaces are brought into contact. By way of
example, a conventional sequence used in microelectronics,
especially for silicon-based substrates, comprises an ozone
clean, an SCl clean (SCl being the acronym of Standard Clean 1)
and an SC2 clean (SC2 being the acronym of Standard Clean 2)
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with intermediate rinses. The surfaces to be joined will also
possibly be activated, for example using a plasma, before being
brought into contact, in order to promote a high bonding energy
between said surfaces.

Optionally, the donor substrate 1 and/or the carrier
substrate 20 will possibly comprise a bonding layer, on the front
side 11 and/or on the first side 21, respectively, in order to

promote bond gquality and the bonding energy of their interface.

Fourthly, the step for providing the generic structure
100 comprises the thinning of the donor substrate 1 so as to

form the superficial layer 10.

According to a first wvariant of this advantageous mode
of implementation, the thinning of the donor substrate 1 1is
carried out by mechanical grinding, by chemical-mechanical
polishing and/or by chemical etching at the back side 12 thereof.
At the end of the thinning step, the superficial layer 10
arranged on the carrier substrate 20 and having a thinned free
side 12’ is obtained (Figure la).

According to this wvariant, the thickness of the
superficial layer 10 can be between a few microns and several

tens, or hundreds of microns.

According to a second variant of this advantageous mode
of implementation, the thinning is carried out using the Smart
Cut™ process, which i1s based on an implantation of light ions
and a detachment at the implanted region.

Thus, according to this second variant, the
aforementioned step of providing the donor substrate 1 comprises
implanting light species in said donor substrate 1, so as to
form a buried fragile region 2 that lies between a first portion
3 of the donor substrate, which portion is intended to form the

superficial 1layer 10, and a second portion 4 of the donor
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substrate 1, which portion is intended to form the rest of the
donor substrate (Figure 3a). Preferentially, an intermediate
layer 5 is arranged on the front side 11 of the donor substrate
1, before the implantation. This intermediate layer 5 can be
retained, removed and/or replaced by a bonding layer prior to
the joining step.

The thickness of the first portion 3, and therefore of
the future superficial layer 10, is dependent on the implantation
energy of the light species (hydrogen or helium for example).
Advantageously, the implantation energy is chosen so that the
first portion 3 of the donor substrate 1 has a thickness of about
0.2 micron - 2 micron.

The donor substrate 1 is then Jjoined to the carrier
substrate 20 in accordance with the joining step of the process
(Figure 3b).

Still according to this second wvariant, the step of
thinning the donor substrate 1 comprises separating, at the
buried fragile region 2, the superficial layer 10 (formed by the
detached first portion 3) and the rest 4 of the donor substrate
1 (Figure 3c). This separation preferably occurs during a heat
treatment at a temperature comprised between a few hundred
degrees and 700°C. It may alternatively be mechanically assisted
or achieved after the heat treatment, by means of a mechanical
stress.

At the end of the thinning step, the superficial layer
10 transferred to the carrier substrate 20 is obtained (Figure
3c). It will be recalled that the Smart Cut™ process allows thin
layers having an excellent thickness uniformity to be obtained.

In certain cases where the thickness of the superficial
layer 10 transferred using the Smart Cut™ ©process 1is
insufficient, it is possible to again increase this thickness by
depositing an additional layer on the free surface 12’ of the

superficial layer 10, for example by epitaxial growth or other
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known deposition processes, during a finishing processing that

is mentioned below.

In both the thinning wvariants stated above, when the
superficial layer 10 is arranged on the carrier substrate 20,
the thinning step may comprise finishing processing aiming to
improve the crystal quality (removal of defects from the layer),
the surface quality (removal of residual roughness from the free
surface 12’) and/or to modify the thickness of the superficial
layer 10. This finishing processing will possibly include one or
more heat treatments, chemical-mechanical polishes, chemical
etches, -epitaxial growth, and/or deposition of additional

layers.

Example of implementation

In the present example, the intended device 200 requires
a silicon membrane 210 having a thickness of 1.5 micron
overhanging a useful cavity 230 with a square shape of
approximately 104 micron per side and one micron in depth.

The fabricating process according to the invention
firstly proposes the provision of a generic structure 100
including a silicon superficial 1layer of 1.5 micron and
elementary cavities 23 with a square shape of 20 micron per side,

one micron in depth and spaced apart by 8 micron.

The donor substrate 1 is a substrate made of silicon
(Figure 4a). A silicon oxide layer 5, for example of about 100
nm, is formed (for example by thermal oxidation) on the front
side 11 prior to the implantation of the 1light species. The
implantation energy is set to 210 keV, with hydrogen species at
a dose of 7Fl6/cm2. Thus, a buried fragile region 2 is formed,

which lies in the main plane (x,y) between a first part 3 and a
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second part 4 of the substrate 1 and located at a depth of
approximately 1.9 micron.
The oxide layer 5 will possibly be preserved or removed

prior to the step of joining to the carrier substrate 20.

The carrier substrate 20 is a substrate made of silicon.
A thermal-oxide layer 24a having a thickness of 2 micron 1is
formed on said substrate 20. This thermal-oxide layer 24a 1is
formed on the first side 21 and the second side 22 of the
substrate 20. The thermal-oxide layer present on the second side
22 will possibly be entirely or partially preserved or removed
depending on the circumstances. Alternatively, an oxide layer
will possibly be deposited (using a known deposition technique)
solely on the first side 21 of the carrier substrate 20.

By photolithography, a mask 25 is then defined on the
first side 21 of the carrier substrate 20, including unmasked
regions at which the thermal-oxide layer 24a will be able to be
etched and masked regions at which said layer 24a will be
protected (Figure 4b). It will be noted that alignment marks are
also defined on the periphery of the carrier substrate 20 and/or
in regions of the cutting lanes, for the subsequent
photolithography steps that will be aimed at re-determining the
coordinates of the elementary cavities 23, when they are buried

under the superficial layer 10.

The unmasked regions are defined according to the size
and the target planar distribution of the elementary cavities 23
of the generic structure 100. At these unmasked regions, dry or
wet chemical etching of the thermal-oxide layer 24a is carried
out right through the thickness thereof, i.e. 2 micron (Figure

4c) . The mask 25 is then removed (figure 4d).

Typically, in this example, each elementary cavity 23

measures 20 microns per side, and partitions 24 distributed in
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a grid, of 8 micron in width, separate the elementary cavities

23 from one another (figure 4e).

After a cleaning and activating sequence, the front side
11 of the donor substrate 1 and the first side 21 of the carrier
substrate 20 are brought into contact and bonded by molecular
adhesion (Figure 4f). It will be noted that the direct bonding
will possibly be carried out under ambient atmosphere or under
a controlled atmosphere (pressure and nature of the gas). An
anneal for consolidating the bonding interface may be applied to

the bonded structure at a temperature of about 350°C.

The separation via the buried fragile zone 2 is carried
out during a detaching heat treatment, at a temperature of about
500°C.

This then results 1in the generic structure 100,
comprising the superficial layer 10 arranged on the plurality of

elementary cavities 23 of the carrier substrate 20 (figure 4g).

Finishing processing operations, such as a thermal
oxidizing process and a chemical-mechanical polish are
preferably carried out in order to guarantee that the transferred
superficial layer 10 has a good surface and structural quality

and to obtain a thickness of 1.5 micron.

The step for defining at least one group 23g of adjacent
elementary cavities 23, the outer contour of which, in the main
plane, corresponds to a contour of the useful cavity 230, is
then carried out. As illustrated in figure 4h, a group 23g of
sixteen elementary cavities 23 is defined in order to form a
useful cavity 230 of approximately 104 micron per side. The
partitions separating these sixteen elementary cavities 23 are
the temporary cavities 24g intended to be eliminated during the

next step of the fabricating process.
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For the step of removing the temporary partitions 24, a
mask 14, for example made of silicon nitride, is defined by
photolithography, using the alignment marks provided on the
carrier substrate 20, in order to delimit unmasked regions at
which the apertures 13 passing through the superficial layer 10
will be formed, the rest of the free side 12 of the superficial
layer 10 being masked and therefore protected. Dry or wet local
etching of the superficial layer 10 made of silicon is carried
out in order to form the apertures 13, the cross-sectional area
of each aperture 13 here being chosen to be smaller than the
upper surface of the partitions 24g (figure 4i) and being
positioned at intersections of the grid forming the temporary
partitions 24g.

In the presence of the apertures 13, a chemical etch,
for example a dry chemical etch, based on hydrofluoric acid (HF)
vapours, 1is carried out to remove the thermal oxide from which
the temporary partitions 24g are made, and thus free up the
superficial layer 10 across the entire useful cavity 230 in order

to form the membrane 210.

The mask 14 may be removed, before the chemical etching
of the temporary partitions 24g or at the end of the step of
removing the partitions 24g.

It will be noted that, depending on the process chosen
for the step of removing the temporary partitions 24g, over-
etching can be carried out at the partitions 24 defining the
useful cavity 230, and therefore substantially modify the
dimensions of said useful cavity 230 and of the associated
membrane 210. It will therefore be necessary to take into account
these potential effects of over-etching and/or adapt the process
chosen for the step of removing the temporary partitions 24g, to

obtain a useful cavity 230 with the right dimensions.
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The apertures 13 may then be re-plugged if necessary.

This results in the intended device 200, including a
membrane 210 overhanging a useful cavity 230, and the thickness
of the superficial layer 10 (membrane 210) and the geometry of
the useful cavity 230 are compliant with the specifications set

out above.

Of course, the invention is not limited to the described
modes of implementation and examples, and variant embodiments
may be introduced thereinto without departing from the scope of

the invention as defined by the claims.
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CLAIMS

1. Process of fabricating a device (200) including a membrane
(210) overhanging a wuseful cavity (230), the process
comprising:

- providing a generic structure (100) including a superficial
layer (10) extending in a main plane (x,y) and arranged on
a first side (21) of a carrier substrate (20), said carrier
substrate (20) including elementary cavities (23) opening
under the superficial layer (10) and partitions (24)
delimiting each elementary cavity (23), said partitions
(24) having upper surfaces which form all or some of the
first side (21) of the carrier substrate (20);

- defining a group (23g) of adjacent elementary cavities (23),
such that a contour of said group (23g) of elementary
cavities (23) corresponds, in the main plane (x,y), to a
contour of the useful cavity (230);

- removing the partitions (24g) located inside the contour of
the group (23g) of elementary cavities (23), in order to
form the useful cavity (230), and in order to free up the
superficial layer (10) arranged above said useful cavity

(230) and making up the membrane (210).

2. Fabricating process according to the preceding claim,
wherein the partitions (24) separate the elementary

cavities (23) from one another.

3. Fabricating process according to Claim 1, wherein the
partitions (24) are distributed in the main plane (x,V)
according to a network of partitions allowing communication
between the elementary cavities (23), each elementary
cavity (23) being delimited by an elementary pattern (23e)

of the network of partitions.
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. Fabricating process according to one of the preceding

claims, wherein providing the generic structure (100)
comprises:

providing a donor substrate (1),

providing the carrier substrate (20) including the opening
elementary cavities (23), and the partitions (24)
delimiting each elementary cavity (23) and the upper
surfaces of which form all or some of the first side (21)
of the carrier substrate (20),

joining the donor substrate (1) and the carrier substrate
(20) at the first side (21) of the carrier substrate (20),
thinning the donor substrate (1) so as to form the

superficial layer (10).

. Fabricating process according to the preceding claim,

wherein:

providing the donor substrate (1) comprises implanting light
species in said donor substrate (1), so as to form a buried
fragile region (2) that lies between a first portion (3) of
the donor substrate (1), which portion is intended to form
the superficial layer (10), and a second portion (4) of the
donor substrate (1), which portion is intended to form the
rest of the donor substrate (1),

thinning the donor substrate (1) comprises separating, via
the buried fragile region (2), the superficial layer (10)
from the rest (4) of the donor substrate (1).

. Fabricating process according to the preceding claim,

wherein the first portion (3) of the donor substrate (1)

has a thickness comprised between 0.2 micron and 2 micron.

. Fabricating process according to one of the three preceding

claims, wherein the joining comprises bonding by molecular

adhesion, on the one hand, the donor substrate (1), and, on
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the other hand, the first side (21) of the carrier substrate

(20) .

. Fabricating process according to one of the preceding

claims, wherein removing the partitions (24g) located
inside the contour of the group (23g) of elementary cavities
(23) comprises the local etching of the superficial layer
(10) in order to form at least one aperture (13) passing
through said superficial 1layer (10), and the chemical

etching of said partitions (24g) via said aperture (13).

. Fabricating process according to the preceding claim,

wherein the at least one aperture (13) 1is made plumb with

the partitions (24q).

Fabricating process according to Claim 8, wherein an
aperture (13) 1is made plumb with each elementary cavity

(23) of the group (23g) of elementary cavities.

Fabricating process according to one of Claims 1 to 7,
wherein removing the partitions (24g) located inside the
contour of the group (23g) of elementary cavities (23)
comprises the local etching of a second side (22) of the
carrier substrate (20) 1in order to form at least one
aperture (13) opening into one of the cavities (23) of the
group (23g) of elementary cavities (23), and the chemical

etching of said partitions (24g) via said aperture (13).

Fabricating process according to one of the preceding
claims, wherein the partitions (24) comprise at least one
material chosen from silicon oxide, silicon nitride,
single-crystal silicon, polycrystalline silicon, amorphous

silicon or porous silicon.
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13. Fabricating process according to one of Claims 4 to
12, wherein the donor substrate (1) comprises at least one

semiconductor or piezoelectric material.





