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facturing of cavities and/or membranes (24), with a given thickness d,
in a wafer said to be a semiconductor on insulator layer, comprising at
least one semiconducting surface layer with a thickness d on an insulat-
ing layer, this insulating layer itself being supported on a substrate, this
process comprising: - etching of the semiconducting surface layer with
thickness d, the insulating layer forming a stop layer, to form said cavi-
ties and/or membranes in the surface layer.
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PROCESS FOR COLLECTIVE MANUFACTURING OF SMALL VOLUME
HIGH PRECISION MEMBRANES AND CAVITIES

DESCRIPTION

TECHNICAL DOMAIN AND PRIOR ART

The invention relates to the field of
collective manufacturing of cavities or membranes or
micropumps, with high precision dimensional control.

The invention is applicable particularly to
manufacturing of components made of a semiconducting
material, for example silicon requiring a ©precise
volume control, useful for micro-fluidic and micro-
pneumatic applications.

The invention can be used in microfluidics
to make micro-pumps and membranes to control the input
of micro-volumes of ligquids, for example of the order
of a nanolitre or picolitre.

Another application of the invention 1is
manufacturing of devices for the controlled
reproducible and high precision distribution of small
quantities of liquid or gas products, particularly for
proportioning of products 1n gquantities measured in
micro-litres or nano-litres or less.

Such fluidic components are disclosed in
documents DE 19719861 and DE 13719862.

At the present time, cavities and membranes
in silicon devices are made from silicon plates by dry
or wet etching. Values of membrane and cavity
thicknesses are directly dependent on the initial

silicon wafer (its thickness and the tolerance on this
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thickness) and on the etching process used (etching
speed, process uniformity).

To achieve a high precision of the order of
one micron on etched thicknesses of several tens to
several hundreds of microns, such a process reqguires
measurements throughout the manufacturing period on a
wafer (process uniformity) and from wafer to wafer
(uniformity of wafer thicknesses and the process). This
leads to a high manufacturing cost due to the need to
carry out precision checks many different times and
with high precision instruments.

Therefore, due to tolerances on wafer
thicknesses and the process, high precision is only
possible 1f the wafers are treated individually with
frequent checks and with the risk of a reduction in the
manufacturing success vrate 1if the process 1is not
sufficiently uniform.

Therefore, the problem that arises is that
wafers have to be treated individually.

With the known process, collective batch
manufacturing for devices that require very tight
thickness tolerances (of the order of one um) is
impossible. This is due to non-homogeneity of the
etching process and non-homogeneity of the thickness of
semiconducting wafers (on one wafer and from wafer to
wafer) .

A first problem that this invention 1is
intended to solve 1is to find a process capable of
treating wafers collectively.

The known technique also requires that

precise repeated dimensional checks are carried out on
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each of the wafers during the etching process. This
type of check provides a means of determining the
etched thickness and thus determining the remaining
etching time to achieve the regquired thickness. Such a
process must also be iterative to ©prevent speed
variation effects due to the etching process used.

Furthermore, any sudden variation in the
process can cause loss of the wafer. In particular,
considering that it is a process based on the etching
time, any sudden wvariation 1in the process (etching
speed and/or etching homogeneity on the wafer) can
result in an extra thickness above the specified
thickness. The wafer will then be outside specification
and rejected.

Therefore, this technique suffers from
serious defects for mass production based on a
collective batch process. Manufacturing of membranes
and cavities for which tolerances are very tight (ultra
precise control over valve opening pressures and cavity
volumes 1in the above-mentioned application) is highly
dependent on the homogeneity and reproducibility of the
etching process used. Furthermore, the tolerance on the
thickness of semiconducting wafers is additional to the
non-homogeneity inherent to known manufacturing

processes.

PRESENTATION OF THE INVENTION

The invention 1s intended to solve these
problems.
It provides a process of manufacturing

membranes and/or cavities with a precisely controlled
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thickness, 1in particular either collectively or in
batches.

It relates firstly to a process for
manufacturing at least one cavity and/or membrane with
a given thickness, comprising:

- selection of a wafer comprising a
semiconducting surface layer with thickness d on an
insulating layer, the insulating layer itself being
supported on a substrate; for example it may be an SOI
or double SOI wafer,

- etching of the surface layer, the
insulating layer forming a stop layer to form said
cavity and/or membrane in the surface layer.

Said cavity and/or membrane form means for
introducing a fluid to closed or semi-closed volumes.

According to the invention, one or several
wafers of specific materials, of the silicon on
insulator (SOT) type, or more generally a
"semiconductor on insulator" type, are used. In
particular, SOI wafers obtained by epitaxy, or more
generally standard SOI wafers obtained conventionally
by bonding can be used.

The semiconducting layer, for example made
of silicon in the case of an S0OI, on an SOOI wafer or on
a wafer comprising a semiconducting surface layer with
thickness d on an insulating layer itself supported on
a substrate, has a controlled and precise thickness
over the entire wafer. This is also the case for a
batch of wafers, and from batch to batch. The thickness
precision (presently of the order of one um or less

than one um) 1is greater than or equal to the precision
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required for manufacturing of precision devices. The
result 1s that the cavity or membrane made does not
require any dimensional control after etching.
Furthermore, the process does not require any control
over the etching speed, since etching is stopped when
the stop layer 1is reached.

A mask may be positioned on or above the
surface layer, before etching.

Several cavities or membranes may be made
using the invention starting from a set of wafers.

These wafers can then be positioned and
then assembled to form high precision closed or semi-
closed volumes. One of the dimensions (commonly called
the depth) is controlled by the thickness of the
surface layer, while the other two dimensions (commonly
called the width and the 1length) of the volume are
controlled, for example by the mask of the etching
process.

These wafers may be assembled directly or
indirectly, with or without the addition of an
intermediate material. The assembly may be of the
molecular bonding type.

The invention thus also concerns a process
for manufacturing, preferably collectively, of cavities
and/or membranes and/or micro pumps, comprising a
process being performed according to the invention, for
each wafer in a batch of wafers.

The invention also relates to a process for
manufacturing a micro-valve comprising:

- the formation of at least one seat of

said micro-valve in a semiconducting layer of a first
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semiconductor on insulator wafer, using the process
according to the invention,

- the formation of at least one membrane of
said micro-valve in a semiconducting layer of a second
semiconductor on insulator wafer, using the process
according to the invention,

- assembly of the first and second wafers
through their front faces, so as to position the
membrane on the seat.

Such a process can also comprise:

- the formation in at 1least the first
wafer, of at least one membrane and at least one seat
in the surface layer of the semiconducting material of
this wafer, and at least one seat and at least one
membrane in the surface layer of semiconducting
material of the second wafer,

- assembly of the first and second wafers
through their front face, forming at least two micro-
valves.

There may also be a step to make a cover in
a third wafer, for example also an SOI type wafer, and
a step to assemble this cover with at least one micro-
valve. The cover may include at least one membrane.
Membrane activation means, for example piezoelectric or
electrostatic or pneumatic or magnetic means, may be
made. The membrane may be delimited by two cavities
made in the third wafer.

Due to the precision resulting from the use
of one or a batch of SOOI type wafers, a process
according to the invention is particularly suitable for

making membranes and cavities.
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An assembly of wafers to each other using a
transfer process from one of the wafers to the other by
direct or indirect bonding, with or without the
addition of an intermediate material, for example by
molecular bonding, provides a means of making closed or
semi-closed volumes, to which access is controlled by
valves (with controlled thickness, made by a process
according to the invention), and for which the volume
can be wvaried by taking action on a membrane (with a
thickness that is also controlled, made using a process
according to the invention}).

The moving elements (valves, flexible
membranes, etc.) may be made using the described
process on any wafer in the final stack and thus enable
placement of these mobile elements inside the closed or
semi-closed volume formed. This makes it possible to
manufacture complex devices for which the mobile
elements may be controlled by mechanical or electrical
or magnetic or pneumatic or hydro-pneumatic type motor
elements.

The thickness of the membranes and/or
valves provides a means of controlling their stiffness,
and the thickness of the cavities controls one of the
dimensional parameters of the volume formed. This
stiffness defines the volume displaced for a given
mechanical action, or the pressure threshold at which
the valves close or open.

The other two dimensions of the volume or
the membranes and valves may be controlled by the
masking step, for which the precision 1is much better

than one um. For example the masking techniques wused
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are the microelectronic techniques for which precisions
of the order of 1/10 um or even less are already
possible.

The invention also relates to a micro-valve
type device, comprising:

- at least one seat of said micro-valve in
a semiconducting layer in a first SOI wafer,

- at least one membrane of said micro-valve
in a semiconducting layer in a second SOOI wafer,

- the first and the second wafers being
assembled such that said membrane is supported in an
inactive position on said seat.

Such a device may comprise at least two
micro-valve seats in said semiconducting layer of said
first SOI wafer, and at least two micro-valve membranes
in a semiconducting layer of the second SOI wafer.

According to another embodiment, such a
device may also comprise a cover, made for example in a
third wafer, forming a fluid circulation chamber with
the two assembled wafers. This chamber may be delimited
by a membrane made in the cover. For example said cover
can be assembled with a micro-valve obtained by a
process according to the invention.

Means of activation of the membrane may be
provided, these activation means possibly  being
arranged in a cavity adjacent to the membrane.

All functions of a device according to the
invention can be obtained by the assembly of several
wafers.

Mechanical actions (cutting) can then be

done to separate parts from each other and to adjust
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their dimensions, guaranteeing that no pollution will
enter the closed or semi-closed volume formed, and
without damaging mobile elements of the device (for
example the valve).

Etching of the semiconductor (upper film or
lower film) is ©preferably performed on batches of
several wafers without carrying out any intermediate
dimensional check. The buried oxide layer acts as an
etching stop layer and the dimensions of the cavity
and/or membrane formed are fixed solely by the
thickness of the etched semiconducting film. The
dimensions of the created structures are thus limited
by the specifications of the manufacturer of the
semiconductor on insulator wafers, and particularly by

the thickness homogeneity of these wafers.

BRIEF DESCRIPTION OF THE DRAWINGS

- Figures 1A - 1I show a first embodiment
of a process according to the invention,

- figures 2A - 21 show a second embodiment
of a process according to the invention,

- figures 3A - 3F show a third embodiment
of a process according to the invention,

- figures 4A - 4J show a fourth embodiment
of a process according to the invention, in double SOI

technology.

DETAILED DISCLOSURE OF PARTICULAR EMBODIMENTS

A first embodiment of the invention will be
discussed with reference to figures 1A - 1E.
Starting from a wafer 2 (figure 1A) such as

an SOI or more generally a wafer 4 of a semiconducting
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material on an insulating layer 6, the assembly being
supported on a substrate 8, the invention can be used
to make cavities and/or membranes with very
well controlled dimensions, particularly for the
thickness d.

For example, SOI structures are disclosed
in document FR 2681472,

The wafer 2 may be of the S0OI (Silicon on
Insulator) type or a derivative (double SOI or EPI
SO0I), or more generally a semiconductor on insulator,
for which the thickness d of the semiconductor surface
film 4 is adapted to the needs of the device (thickness
d and tolerance).

Typically, for example, the surface layer 4
made of silicon or another semiconducting material may
have a thickness d equal to about 100 nm to 100 um,
while the thickness of the layer 6 is of the order of a
few hundred nm or more, for example between 100 nm and
2 um. The thickness d is wvery well controlled during
manufacturing of the wafer, for example within + 1 um.

A material 10, 10" (for example silicon
nitride or a metal or an oxide or a resin, etc.)
designed to form a mask for the subsequent etching
steps, 1s deposited (figure 1B) on each side of the
wafer 2. This material is structured according to first
patterns, and the semiconducting film 4 is etched using
a dry or wet etching process (figure 1C) to transfer
salid patterns 12 into the layer 4, the layer 6 forming
the etching stop layer. This technique is used to etch
the required patterns in the layer 4, with the required

thickness determined by the thickness d of the layer 4.
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A check of this thickness after manufacturing is
unnecessary because this check is done by the choice of
the thickness d of the layer 4. Similarly, there is no
need to control the etching speed because etching stops
when the stop layer is reached.

The masking step controls two of the
dimensions of the cavity or the membrane in the plane
of the wafer 2 (this plane is perpendicular to the
plane of the figure). The precisions of the masking
techniques are of the order of tenth of 1 um or less.

The initial thickness of the layer 4 itself
controls the precision of the etched patterns along a
direction zz’ perpendicular to the wafer 2.

These operations may be repeated or may be
done simultaneously and therefore collectively, on one
wafer or even on several wafers in a batch of wafers.

In figure 1F, the patterns 20 obtained were
made 1in the layer 4 and therefore benefit from the
precision of this layer along the zz’ direction and the
precision of the masking technique. They delimit one or
several cavities 21 that are therefore also formed in
the same layer with the same advantages in terms of
precision.

The same operations can be carried out on
the other face of the wafer (the back face) if
necessary (figure 1E). Firstly, (figure 1D) a layer 14
of material 10 was deposited on the front face to
protect it when the back face is being etched.

The etching step of the back face leads to

the formation of patterns or cavities 12’ in the
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substrate 8 (or "bulk"), the layer 6 possibly acting as
the etching stop layer.

The nitride layers 14 on the front face and
on the oxide layers 10' on the back face are then
eliminated (figure 1F).

Another example component that can be made
in the surface layer 4, from a semiconducting material,
on a wafer 22 (with a structure similar to wafer 2}, 1is
a membrane 24.

Such a membrane 24 is shown in the top part
of figure 1G, and this membrane also benefits from the
precision resulting from very good control over the
thickness of this layer 4 and the precision of the
etching masks. This membrane 24 1s obtained by
performing operations in the wafer 22 similar to those
described above to make the cavities 21 and patterns 20
on the front face of the wafer 2, and to make the
cavity 12" on the back face of this same wafer 2. The
difference is in the form of the mask wused, but the
resulting precision is identical.

An example of a micro-fluidic device made
using the process according to the invention is shown
in figure 11.

Such a component also comprises at least
one valve seat 20 or a valve, and at least one membrane
24 supported on this seat.

Fach of these two elements 1s made in the
semiconducting surface layer of an SOOI type substrate
using the ©process explained above. Therefore the
thickness of each of them is determined by the

thickness of this surface layer, the precision of which



WO 2007/128705 PCT/EP2007/054106

10

15

20

25

30

13

may be high (for example be of the order of a few
tenths of 1 um, for example 0.5 um).

Such a device can allow a fluid micro-
volume to circulate applying a thrust P indicated in
figure 1I, this thrust P possibly lifting the membrane
24 and allowing said micro-volume to pass from zone I
to zone II. Such a micro-volume may for example of the
order of a few picolitres or a few nanolitres.

The procedure described above 1is used to
make such a device, both to make the part containing
the seat 20 and the part containing the membrane 24.

The result thus obtained (figure 1F) 1is a
first part of the device defining the seat 20 of a
valve. The surface layer 4 did not have to be thinned
for the formation of this seat or this wvalve, and the
layer thickness was <chosen to correspond to the
thickness of the SOI.

Figure 1F shows a single seat 20, but as
mentioned above, a process according to the invention
can be used to collectively make a plurality of seats
on the surface of a wafer or several wafers.

The other wafers in the assembly may be
prepared using the same process as that used on the
first wafer, or a similar process.

Thus, a second wafer 22 may have been
etched on the front face and then on the back face, so
as to define a membrane 24 (formed 1in the manner
already described above) that can act as a valve
(figure 1G). The seat 20 of this membrane is defined by
patterns exposed during etching of the front face of

the first wafer 2.
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The wafers thus obtained are assembled
using a direct or indirect transfer technique, with or
without the addition of intermediate material (figures
1G and 1H). The volume produced may be precise, due to
the assembly of semiconducting wafers with alignment
(along the xx' axis, substantially parallel to the
principal plane of S0OI wafers) between each of the
wafers with a precision of the order of 2 to 5 um.

The product obtained may be reworked by
etching processes or by mechanical processes (thinning,
planing, etc.) so as to obtain the final structure.
Thus the substrate 28 is thinned in figure 1I. But
these thinning steps do not concern elements of the
device for which the precision remains fixed by the
choice of the thickness of the surface layer of SOI.

Therefore the result is a valve that can be
activated by a fluid. The actuation thrust P of the
membrane 24 is determined by the characteristics of the
material from which this membrane is made, its
thickness and its lateral dimensions. The thickness is
controlled Dby the thickness of the initial surface
semiconducting layer, for example within 0.5 um.

The invention 1is not limited to the use of
standard SOI (for example thin silicon - buried oxide -
thick silicon) but may be applicable to any similar
product (e.g. Double SOI: thin silicon — buried oxide —
thin silicon - buried oxide — thick silicon). The
buried oxide layer may be replaced by any other
dielectric material (for example nitride). Materials

other than silicon can be used, for example SiGe.
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SOI wafers may be standard wafers, in other
words bonded. According to one advantageous option
within the scope of the invention, an EPI-SOI wafer is
used, 1in other words a wafer in which the surface layer
4 1is obtained by epitaxial growth, that offers even
better thickness control than a standard SOI wafer.

Another example of a process for making a
micro-fluidic device according to the invention 1is
shown in figures 2A - 2T.

This shows an example of an S0I, knowing
that semiconductors other than silicon can be used.

In such a process, patterns defining one or
several seats 20, 20', and patterns defining one or
several membranes 24, 24’ are made in each wafer. Thus,
figure 2I shows a device comprising two assemblies,
each provided with a seat 20, 20’ and a membrane 24,
24" supported on this seat in the rest position.

A process for manufacturing such a device
will now be described.

The first step 1s to select a first SOI
wafer 2 (figure 2A). Once again, the thickness of the
surface layer 4 is defined according to needs, and its
precision may be of the order of a few tenths of a um,
for example 0.5 um.

Two layers 10, 10’, for example nitride
SisNg, are then formed, on the front and back face of
this wafer (figure 2B).

The layer 4 is etched on the front face of
the wafer 2 to define patterns 12, 32, and therefore
patterns or pads and cavities forming firstly at least

one future seat and secondly a cavity delimiting at
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least a future membrane (figure 2C); the assembly can
then be covered once again with a layer 14 of material
10 which once again performs a ©protective layer
function (figure 2D).

A back face etching is used to form one or
several cavities 127, 32’ in the substrate 8 (figure
2E); the nitride or oxide layers 14, 10’ are then
eliminated to expose the membrane(s) 24 and the seat(s)
20 (figure 2F).

A thinning and/or polishing step can then
be performed.

The next step 1s to align two wafers with
respect to each other, the front faces (on which the
surface layer 4 of semiconducting material is located)
facing each other. The relative positioning may be done
laterally within + 2 um. The second wafer 2’ was
selected based on criteria similar to those used for
the wafer 2, and particularly in terms of precision of
the thickness of the semiconducting surface layer. A
treatment similar to the first wafer 2 was applied to
it.

The wafers thus obtained are assembled
(figure 2H) using a direct or indirect transfer
technique, with or without the addition of intermediate
material. The volume made may be precise due to the
assembly of semiconducting wafers, with a precision of
the alignment between each of the wafers of the order
of 2 to 5 um.

A thinning and/or polishing step may then

also be performed in this case.



WO 2007/128705 PCT/EP2007/054106

10

15

20

25

30

17

The product obtained may ©possibly Dbe
reworked by etching processes or by mechanical
processes (thinning, planing of one and/or both "bulk"
substrates) so as to obtain the final structure (figure
2I)y. This structure comprises at least two valves 24,
24", through which a fluid can circulate under pressure
to 1lift the membrane of the corresponding seat 20, 20'.

This example 1in figures 2A and subseqguent
figures shows compatibility of the ©process with
collective working on a single wafer, since several
zones can be made in the surface layer of the same
semiconducting material 4 with the same precisions (see
figure 2C).

Figures 3A - 3F show another embodiment of
a process according to the invention, in which a cover
80 is also made that will be assembled, for example
with a device like that shown in figure 21.

In an SOI wafer 52, comprising a surface
layer 54 of semiconducting material, a dielectric layer
56 and a substrate 58 (or "bulk"), patterns define one
or several cavities 62, 62', on the front and/or back
face delimiting a membrane 64 between them.

The layers 70, 70’ shown in figures 3A - 3D
are layers made for example of nitride, similar to
layers 10, 10’7 in figure 1C. These figures show
chaining of the steps used to make the cover.

A piezoelectric material 65 may be
deposited in the cavity 62 made in the cover (figure
3D) .

The assembly thus obtained may be placed

facing a device like that shown in figure 2I (figure
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3E), and then be assembled with this device, for
example by bonding (figure 3F). A chamber 71 can thus
be formed between the two elements thus assembled, so
as to allow a fluid to circulate from a site of a first
valve 24' to a site of a second valve 24.

The result 1s a pump or a micropump type
device in which the membrane 64 can be activated, for
example by piezoelectric or electrostatic or magnetic
or pneumatic means. Such means may be housed in the
cavity 62. For example, this activation can be used to
create a negative pressure in the chamber 71, that in
turn leads to activation of the membrane 24’, that
lifts off its seat 20 allowing a micro-volume of fluid
to pass through, for example of the order of a few
picolitres or a few nanolitres.

Actuation of the membrane 64 in the reverse
direction provides a means of circulating the fluid in
the chamber 70, to a second site of a second valve 24
that it forces open when its pressure is sufficiently
high.

Another embodiment of the invention will be
described with reference to figures 4A - 4J.

In this case, the objective 1s to use a
"double SOI™ type wafer 400 or more generally a double
semiconductor on insulator type wafer comprising two
films 404, 440 of semiconducting materials each with an
adapted thickness. As shown in figure 4A, a double SOI
structure comprises a first layer 404 of semiconducting
material, for example monocrystalline silicon, under
which there is a first buried layer 406 of insulator,

for example silicon dioxide. The precision of the
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thickness of the layer 404 is the same as the precision
of layer 4 in figure 1A, which will have the same
advantages as those explained above, namely a
guaranteed precision for every component (membrane or
cavity) made in this layer by an etching process, the
layer 406 acting as a stop layer.

This buried layer 406 1is itself supported
on a second layer 440 of a semiconducting material, for
example monocrystalline silicon, which is itself
supported on a second buried layer 446 of insulator,
for example silicon dioxide.

The assembly 1is supported on a substrate
408, itself also made of a semiconducting material, for
example silicon.

For example, the thicknesses of layers 404,
440 are typically about 1 to 100 um, while the
thicknesses of layers 406, 446 are of the order of
1 pm, for example between 0.1 um and 2 um.

A material 10, 107 (for example silicon
nitride, or a metal, or an oxide, or a resin, etc.)
designed to form a mask for the subsequent etching
steps, 1s deposited (figure 4B) on each side of the
wafer 400. This material is structured according to
first patterns and the semiconducting film 404 1is
etched by a dry or wet etching process (figure 4C) to
transfer said patterns (or pads and cavities) 412, 432
into the layer 404, the layer 406 forming the etching
stop layer.

The layers 10, 10’ are then eliminated

(figure 4D).
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A wafer 1like that shown in figure 2F 1is
also made, in accordance with the explanations given
above with reference to figures 2A - 2F.

The next step is to align these two wafers
with respect to each other (figure 4E), the front faces
(faces on which the surface layer 404, 24  of
semiconducting material 1is located) facing each other.
The relative positioning may be done laterally within
+ 2 um.

The wafers thus obtained are assembled
(figure 4F) by a direct or indirect transfer technique
with or without the addition of an intermediate
material. The volume made may be precise, by the
assembly of semiconducting wafers, with the precision
of the alignment between each of the wafers being of he
order of 2 to 5 um.

The product obtained may be thinned by
eliminating the semiconducting substrate 408 (figure
4G), after protecting the back face of the second
substrate by a layer 100, for example made of nitride.

The back face thus exposed on the first
substrate can then be etched over the thickness of the
layer 440, to expose cavities 412, 412’ (figure 4H),
for example by wet etching or by dry etching with a
stop layer.

A cover 40 can also be made as described
above with reference to figures 3A to 3F, and can be
positioned (figure 41I) facing a device 1like that in
figure 4H, and can then be assembled with this device,
for example by sealing (figure 4J). A chamber 471 is

formed between the two elements thus assembled so as to
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allow a fluid to circulate from a site of a first wvalve
424 to a site of a second valve 24. A piezoelectric
material 65 can be deposited in the cavity made in the
cover.

The advantage of this embodiment 1is that
the device is thinned simply by eliminating a
semiconducting layer 408 of the double SOI substrate.

Therefore the invention relates to a
process for collective manufacturing of <cavities,
and/or membranes, and/or valves, and/or micro-ducts
and/or micropumps in semiconducting wafers with a high
precision (tighter than or equal to a few micrometers,
for example tighter than or equal to 2 um, along the
three dimensions). This process can also be used in
batches, with no control during manufacturing.
Manufacturing in batches enables several wafers to be
machined at the same time 1instead of the known
individual process used wafer by wafer.

A volume thus made 1is controlled by a
precise preliminary check of the thickness of the
etched film - made possible by the use S0I wafers and
other wafers with a semiconductor on insulator
structure. The other dimensions are controlled by
making a mask with precise dimensions. Therefore, the
invention can be used to ©precisely control the
dimensions of cavities and membranes created,
independently of manufacturing conditions. The buried
oxide or dielectric layer - that forms the stop layer -
eliminates the effect of wvariations 1in the etching

process (etching speed and homogeneity), the etched
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thickness being defined only by the thickness of the
semiconducting film, for example made of silicon.

The presence of the buried oxide layer
avoids the need for any dimensional check during the
etching process.

The invention enables collective or batch
manufacturing.

An ultra precise control over the
dimensions of cavities and membranes is achieved and is
limited only by the tolerance on the thickness of the
surface film of semiconducting material at the surface
of the chosen wafer, and this tolerance can be less
than one micrometer.

The dimensions obtained are independent of
the chosen etching process and its variability.

A process according to the invention also
enables very good reproducibility and very good

manufacturing homogeneity.
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CLAIMS
1. Process for making a closed or semi-
closed volume, involving a first and second

semiconductor on insulator type wafers, each of these
wafers comprising at least one semiconducting surface
layer (4, 404, 440) on an electrically insulating layer
(6, 404, 406), this insulating layer being itself
supported on a substrate (8, 408y, this ©process
comprising:

- in each of the first and second
semiconductor on insulator type wafers, etching of the
semiconducting surface layer, the insulating layer
forming a stop layer, to make at least one cavity
and/or membrane,

- alignment of said two wafers,

- assembly of said two wafers.

- a thinning step performed on at least one

of the two wafers, after assembly of these two wafers.

2. Process according to c¢laim 1, said

wafers (2, 400) being SOI wafers.

3. Process according to claim 2, said
wafers (2, 400) being EPI-SOI type wafers, obtained by
epitaxy.

4. Process according to claim 1, one of

said wafers (2, 400) being a double SOI wafer.
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5. Process according to any one of claims
1 to 4, also comprising positioning of a mask on or
above the surface layer of said first and/or second

wafer, before etching.

6. Process for manufacturing a micro
valve, comprising:

- the formation of at least one seat (20,
207) of said micro-valve in a semiconducting surface
layer (20, 20’) of a first semiconductor on insulator
wafer (2), this insulating layer being itself supported
on a substrate (8, 408), by etching of said
semiconducting surface layer, the insulating layer
forming a stop layer of said etching,

- the formation of at least one membrane
(24) of said micro-valve 1in a semiconducting surface
layer of a second semiconductor on insulator wafer
(22), this insulating layer being itself supported on a
substrate (8, 408), by etching of said semiconducting
surface layer, the insulating layer forming a stop
layer of said etching,

- assembly of said first and second wafers,

so as to position the membrane (24) on the seat (20).

7. Process according to «c¢laim 6, also
comprising:

- the formation of at least one membrane
(24 1in at least said first wafer, and at least one
seat (20) in the surface layer (4) of the
semiconducting material of said first wafer, and at

least one seat (20’) and at least one membrane (24’) in
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the surface layer of semiconducting material of said
second wafer,
- assembly of said first and second wafers,

forming at least two micro-valves.

8. Process according to any one of claims
1 to 7, further comprising a step to make a cover (80)
in a third wafer (52), and a step to assemble this

cover with said first and second wafers.

9. Process according to c¢laim 8, said

third wafer (52) being an SOI wafer.

10. Process according to claim 8 or 9, said

cover (80) comprising at least one membrane (64).

11. Process according to c¢laim 10, also
comprising the formation of activation means of said at
least one membrane, for exemple piezoelectric or
electrostatic or magnetic or pneumatic activation

means.

12. Process according to c¢laim 10 or 11,
said at least one membrane being delimited by two

cavities (62, 62’) made in the third wafer.

13. Process according to any of claims 1 to
12, said two wafers being assembled by direct or
indirect bonding, with or without the addition of

intermediate material.
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14. Process according to any of claims 1 to
13, said two wafers being assembled by molecular

bonding.

15. Process according to any of claims 1 to
14, further comprising an etching step of the substrate

of said first and/or second wafers.

16. Process according to any of claims 1 to
15, the semiconducting surface layer of said first
and/or second wafers being made of silicon (Si) or of

SiGe.

17. Process according to any of claims 1 to
16, the insulating layer of said first and/or second

wafers being an oxide layer or a nitride layer.
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