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(54) ACOUSTIC DEVICE, IN PARTICULAR FOR APPLICATIONS IN THE AUTOMOTIVE INDUSTRY

(67)  Anacoustic device (1) for applications in the au-
tomotive industry provided with a microphone device (3)
connected to a support (2) and having a sensitive area
(5); an acoustic conduit (10) designed to convey the
sound pressure waves generated by an external acoustic
source towards the sensitive area (5); a membrane (15)
interposed between the microphone device (3) and the

terminal portion (12) of the acoustic conduit (10); a grid
(20) made of a metal material and arranged along the
acoustic conduit (10) to protect the membrane (15) from
the collision with possible bodies, which might enter the
acoustic conduit (10), and to dissipate the energy of a
pressurized fluid jet, which is incident on the device (1).
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Description

TECHNICAL FIELD

[0001] The presentinventionrelates to an acoustic de-
vice, in particular for applications in the automotive in-
dustry.

PRIOR ART

[0002] The use of acoustic devices in the automotive
industry comprising a support is known; a microphone
device connected to the support and having a sensitive
area; an acoustic conduit obtained in a housing connect-
ed to the support and designed to convey the sound pres-
sure waves generated by an external acoustic source
towards the sensitive area of the microphone device. The
acoustic device also comprises a membrane interposed
between the microphone device and the acoustic conduit
to protect the sensitive area from external agents.
[0003] Electrical and acoustic devices used in the au-
tomotive industry must satisfy the standards imposed by
the vehicle manufacturers depending on their location
(for example, inside the cabin or the engine compart-
ment). For example, devices housed inside the engine
compartment must satisfy the standards relating to the
so-called ingress protection degree (IP degree). In par-
ticular, the value of the ingress protection degree for
these applications must be equal to at least 6K7; in other
words, the device must be able to resist (meaning of the
firstterm "6K") the ingress of external objects or dust and,
atthe same time, the device must be able to resist (mean-
ing of the second term "7") thirty minutes of immersion
in a liquid at a depth of one meter. The devices housed
in the engine compartment must also satisfy the stand-
ards imposed by the vehicle manufacturers relating to
the so-called specific ingress protection degree for pres-
surized jets. In particular, the value of the specific ingress
protection degree for pressurized jets must be equal to
atleast IP6K9K; typically elevated pressure values of the
jet of water/air incident on the device are reached during
operations of washing by means of instruments, which
can generate pressurized jets of water/air greater than 5
bar.

[0004] However, the devices of a known type have
beenfoundtoresist pressure values of the jet of water/air,
which is incident on the device, from between 0.1 to 1 bar.

DESCRIPTION OF THE INVENTION

[0005] Therefore, itis an object of the presentinvention
to provide an acoustic device, in particular for applica-
tions in the automotive industry, which is without the
drawbacks of the state-of-the-art.

[0006] According to the presentinvention, an acoustic
device is provided, in particular for applications in the
automotive industry, according to the appended claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The present invention will now be described
with reference to the appended drawings illustrating a
non-limiting embodiment, wherein:

- figure 1 is a perspective and section view of a first
embodiment of an acoustic device produced accord-
ing to the present invention:

- figure 2 is a section view of the acoustic device in
figure 1;

- figure 3 is a section view of a second embodiment
of the acoustic device in figure 1;

- figure 4 illustrates a multiplicity of possible variations
of a detail of the acoustic device in figure 1;

- figure 5 illustrates a section view of two possible var-
iations of the detail in figure 4; and

PREFERRED EMBODIMENTS OF THE INVENTION

[0008] In figure 1, number 1 globally indicates an inte-
grated device 1 comprising a support 2 bearing a micro-
phone device 3 made up of a body 4, which typically
presents the form of a parallelepiped provided with a first
and second main face 6, 7 and a lateral surface 8. The
body 4 is typically made up of a structural layer of semi-
conducting material, such as silicon, whereupon con-
ducting/insulating layers can extend, not shown. The mi-
crophone device 3 is attached to the support 2 in corre-
spondence with the main face 6 defining an upper surface
and is provided with a sensitive area 5. The sensitive
area 5 can be formed inside or above the main face 6 of
the body 4. For example, the sensitive area 5 can be a
membrane delimited at the bottom by a cavity buried in
the body, or a suspended membrane or comprise one or
more layers extending above the main face 6.

[0009] The support2isshaped as a parallelepiped with
a larger area or base with respect to the plate 3.

[0010] Then, the device comprises a housing 9 at-
tached above the support 2. In other words, the support
2 is interposed between the housing 9 and the micro-
phone device 3. According to a preferred variation, the
housing 9 is made of a metal material. Internally, the
housing 9 delimits an acoustic conduit 10 provided with
a symmetry axis X. In particular, the acoustic conduit 10
is defined by an upper funnel-shaped portion 11 facing
the acoustic source and a lower portion 12. The upper
portion 11 is coaxial to the symmetry axis X and is defined
by a truncated-cone shaped surface 13 tapered towards
the lower portion 12 and itis also coaxial to the symmetry
axis X and defined by a cylindrical-shaped surface 14.
According to a further variation, the housing 9 is partially
defined by a printed body made of a standard material
for printing, typically a plastic material, such as resin.
According to a preferred variation, the acoustic conduit
10 is made of a metal material. According to a further
variation, the acoustic conduit 10 is made of a plastic
material.
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[0011] Theupperfunnel-shaped portion 11 is designed
to convey and amplify the sound pressure waves coming
from external acoustic sources towards the lower portion
12. The diameter of the cylindrical-shaped surface 14
and the angle created between the truncated-cone-
shaped surface 13 and the cylindrical-shaped surface 14
are determined so that, with an increase in frequency,
the sound waves are progressively amplified, without in-
troducing distortions in the frequency interval typical of
the sound field (e.g. between 50Hz-10kHz).

[0012] The device 1 also comprises a membrane 15,
which is interposed between the support 2 and the lower
portion 12 of the acoustic conduit 10. The membrane 15
is relatively thin and is adapted to protect the sensitive
area 5 and it is impermeable to oil, water and dust. The
membrane 15 is made of a plastic material.

[0013] Finally, a barrier layer 16 extends in corre-
spondence with the contact area between the housing 9
and the support 2 and electrical connection wires (not
illustrated) connect the microphone device 3 to the sup-
port 2.

[0014] The microphone device 3 is connected to the
outside by means of a through hole 17 made through the
support 2 and is in communication with the acoustic con-
duit 10. In the illustrated embodiment, the through hole
17 vertically overlaps the sensitive area 5 and conse-
quently the acoustic conduit 10, but it could be offset at
the side or arranged in any adapted configuration and
position.

[0015] The support 2 can be of any known type. Ac-
cording to a preferred variation, the support 2 can be
composed of a printed circuit board - pcb - made of or-
ganic material or another multi-layer organic substrate
(such as, for example a layer of BT - Bismaleimide Tri-
azine) for example of the type LGA ("Land Grid Array")
or BGA ("ball grid array"). Alternatively, the support 2 can
be composed, in turn, of a support plate made of semi-
conducting material, typically silicon.

[0016] The barrierlayer 16 can be made of a polymeric
material with low viscosity or a conducting material, typ-
ically a metal material. The barrier layer 16 is relatively
thin, for example, it can have a thickness from 20 to 50
pm.

[0017] According to a preferred embodiment, the de-
vice 1 also comprises a heating element 18 arranged in
proximity to the acoustic conduit 10. According to a pre-
ferred variation, the heating element 18 is arranged in
proximity to the connection between the upper portion
11 and the lower portion 12 of the acoustic conduit 10.
The heating element 18 is driven so that it heats the sur-
face 13 and the surface 14, so that any deposits of par-
ticles or oil on such surfaces 13, 14 evaporate without
compromising the transfer of the sound waves to the sen-
sitive area 5.

[0018] Finally, the device 1 comprises dissipating
means 19 designed to protect the membrane 15 from the
collision with possible bodies, which might enter the
acoustic conduit 10 and to dissipate the energy of a pres-
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surized water/air jet, which is incident on the device 1. In
particular, the dissipating means 19 comprise a perforat-
ed metal grid 20 arranged along the acoustic conduit 10.
According to a first variation illustrated in figure 2, the
grid 20 is arranged in correspondence with one end of
the upper portion 11 facing the sound source. The grid
20 presents a round plan shape and fully engages the
access opening 10* of the acoustic conduit 10 facing the
sound source. According to a second variation illustrated
in figure 3, the grid 20 is arranged in proximity to the
connection between the upper portion 11 and the lower
portion 12 of the acoustic conduit 10. The grid 20 presents
a round plan shape and fully engages the lower portion
12.

[0019] It is important to highlight that the heating ele-
ment 18 is designed to heat the grid 20, too, so that any
deposits of particles or oil on the grid 20 evaporate with-
out compromising the transfer of the sound waves to the
sensitive area 5.

[0020] According to the illustrations in figures 4 and 5,
the grid 20 is provided with a plurality of holes 21, pre-
senting variable dimensions, shape and arrangement
based on the frequency of the sound waves to be ana-
lyzed. Conveniently, the frequency of the sound waves
to be analyzed (and consequently, the dimensioning and
arrangement of the holes 21) is determined during an
experimental test phase based on the external acoustic
sources (and their distance from the acoustic device 1),
which generate the pressure waves, which invest the
acoustic device 1. Furthermore, the dimensions, shape
and arrangement of the holes 21 are advantageously de-
termined based on the resistance to the pressurized wa-
ter/air jet incident on the acoustic device 1, and on the
cost of the grid 20.

[0021] Different geometries are possible, for example:

- asinglethrough hole 21 coaxial to the symmetry axis
X with variable dimensions(figures 4e and 49);

- a plurality of holes 21 with non-uniform dimensions
(variable) and uniformly distributed along three cir-
cumferences coaxial to the symmetry axis X

[0022] (figure 4a);

- a plurality of holes 21 with non-uniform dimensions
(variable) uniformly distributed along the whole grid
20 (figure 4b);

- a plurality of holes 21 with uniform dimensions uni-
formly distributed along the whole grid 20;

- aplurality of holes with non-uniform dimensions (var-
iable) distributed along three evenly spaced diame-
ters of the grid 20, wherein the holes 20 with a larger
width are alternated with the holes with a smaller
width, alternatively made in the middle or along the
edge of the grid 20 (figures 4f, 4h); and

- a plurality of holes 21 with non-uniform dimensions
(variable) distributed along three evenly spaced di-
ameters of the grid 20, wherein the holes 20 with a
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larger width are alternatively made in the middle or
along the edge of the grid 20 (figures 4f, 4h) ; and

- a plurality of holes 21 with uniform dimensions dis-
tributed along three evenly spaced diameters of the
grid 20 (figure 4d).

[0023] Itis clear that a multiplicity of other hole 21 ge-
ometries are possible.

[0024] Furthermore, according to a first embodiment
illustrated in figure 5a, the holes 21 are provided with
axes 22, parallel to one another and parallel to the sym-
metry axis X. According to a second embodiment illus-
trated in figure 5b, the holes 21 are provided with axes
22’, parallel to one another and inclined with respect to
the symmetry axis X. According to a third embodiment,
a group of holes 21 are provided with axes 22, parallel
to one another and inclined with respect to the symmetry
axis X, and the remaining group of holes 21 are parallel
to one another and parallel to the symmetry axis X.
[0025] According to a non-illustrated variation, the mi-
crophone device 3 is attached to the support 2 in corre-
spondence with the main face 7 defining a lower surface,
interposed between the housing 9 and the support 2. In
this case, the microphone device 3 is directly facing the
acoustic conduit 10 and it is not necessary to make the
through hole 17 through the support 2.

[0026] The device described above presents several
advantages. Firstly, itis simple and cheap to manufacture
and the grid 20 and the membrane 15 allow the strict
standards imposed to be satisfied effectively relating to
the ingress protection degree and the specific ingress
protection degree for pressurized jets.

Claims

1. An acoustic device (1), in particular for applications
in the automotive industry, comprising:

a support (2);

a microphone device (3) connected to the sup-
port (2) and having a sensitive area (5);

an acoustic conduit (10) designed to convey the
sound pressure waves generated by an external
acoustic source towards the sensitive area (5);
wherein the acoustic conduit (10) presents a fun-
nel-shaped portion (11) to convey and amplify
the sound pressure waves coming from the ex-
ternal acoustic source towards a cylindrical por-
tion (12) in communication with the sensitive ar-
ea (5); and

a membrane (15) interposed between the mi-
crophone device (3) and the cylindrical portion
(12) of the acoustic conduit (10) to protect the
sensitive area (5) from external agents;

the device is characterized in that it comprises
a grid (20) made of a metal material and ar-
ranged along the acoustic conduit (10) to protect
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10.

the membrane (15) from the collision with pos-
sible bodies, which might enter the acoustic con-
duit (10) and to dissipate the energy of a pres-
surized fluid jet, which is incident on the device

(1)

The device according to claim 1 comprising a heating
device (18) arranged in proximity to the acoustic con-
duit (10) to heat a surface (13, 14) of the acoustic
conduit (10) and the grid (20).

The device according to claim 1 or 2, wherein the
grid (20) is arranged in correspondence with the con-
nection between the funnel-shaped portion (11) and
the cylindrical-shaped portion (12) of the acoustic
conduit (10).

The device according to the claim 1 or 2, wherein
the grid (20) is arranged in correspondence with the
end of the funnel-shaped portion (11) facing the ex-
ternal acoustic source.

The device according to anyone of the preceding
claims, wherein a number of holes (21) greater than
or equal to one are made in the grid (20).

The device according to claim 5, wherein the acous-
tic conduit (10) presents a symmetry axis (X) and
the holes (21) are provided with respective axes (22’)
parallel to one another and inclined with respect to
the symmetry axis (X).

The device according to claim 5, wherein the acous-
tic conduit (10) presents a symmetry axis (X) and
the holes (21) are provided with respective axes (22)
parallel to one another and parallel to the symmetry
axis (X).

The device according to anyone of the claims from
5 to 7, wherein the holes (21) present a width and
an arrangement, which can vary based on the fre-
quency of the sound waves to be analyzed generat-
ed by the sound sources, which invest the acoustic
device (1).

The device according to anyone of the preceding
claims, wherein the support (2) is interposed be-
tween the membrane (15) and the microphone de-
vice (3); and wherein the microphone device (3) is
connected to the outside by means of a through hole
(17) made through the support (2) in communication
with the acoustic conduit (10).

The device according to anyone of the claims from
1 to 8, wherein the microphone device (3) is inter-
posed between the membrane (15) and the support

).
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The device according to anyone of the preceding
claims, wherein the acoustic conduit (10) is made of
a metal material.

The device according to anyone of the claims from
1 to 10, wherein the acoustic conduit (10) is made
of a plastic material.

The device according to anyone of the preceding
claims, wherein the acoustic conduit (10) is obtained
in a housing (9) made of a metal material.

The device according to anyone of the claim from 1
to 12, wherein the acoustic conduit (10) is obtained
in a housing (9) made of a plastic material.
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