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TITLE OF THE INVENTION

PIEZOELECTRIC BIOLOGICAL SOUND MONITOR WITH PRINTED
CIRCUIT BOARD

FIELD OF THE INVENTION

The present invention relates to a piezoelectric sound monitor

capable of converting acoustic waves to an electric signal.

BACKGROUND OF THE INVENTION

The “piezoelectric effect” is the appearance of an electric
potential and current across certain faces of a crystal when it is subjected to
mechanical stresses. Due to their capacity to convert mechanical deformation
into an electric voltage, piezoelectric crystals have been broadly used in
devices such as transducers, strain gauges and microphones. However,
before the crystals can be used in many of these applications they must be
rendered into a form which suits the requirements of the application. In many
applications, especially those involving the conversion of acoustic waves into

a corresponding electric signal, piezoelectric membranes have been used.

Piezoelectric membranes are typically manufactured from
polyvinylidene fluoride plastic film. The film is endowed with piezoelectric
properties by stretching the plastic while it is placed under a high-poling
voltage. By stretching the film, the film is polarized and the moleculér strgcture
of the plastic aligned. A thin layer of conductive metal (typically nickel-copper)
is deposited on each side of the film to form electrode coatings to which

connectors can be attached.

PCT/CA2003/000536
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Piezoelectric membranes have a number of attributes that make

them interesting for use in sound detection, including:
- awide frequency range of between 0.001 Hz to 1 GHz;

- a low acoustical impedance close to water and human

tissue;
- a higH dielectric strength;
- agood mechanical strength; and

- piezoelectric membranes are moisture resistant and inert to

many chemicals.

Due in large part to the above attributes, piezoelectric
membranes are particularly suited for the capture of acoustic waves and the
conversion thereof into electric signals and, accordingly, have found
application in the detection of body sounds. In this regard, sound detecﬁng
devices have used piezoelectric membranes as mechano-electric transducers
where the piezoelectric membrane becomes temporarily polarised when
subjected to a physical force with the direction and the magnitude of the

polarisation depending on the magnitude of the force applied.

EPO Patent No. EP 0 716 628 granted to Kassal et al. on
December 2, 1998 discloses a disposable acoustic pad sensor including a
piezoelectric membrane bonded to a flexible substrate for the detection of

heart sounds. The sensor is applied to a patient’s skin with an adhesive or
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electrode cream and flexes with heartbeat. Similarly, PCT application to
Gavrieli et al., published on October 21, 1999 under number WO 99/53277
discloses a device for detecting sounds generated within a patient's body
comprising a piezoelectric sensor placed on the surface of the body and an ',
electronic circuitry for rejecting airborne sounds such as speech. The
piezoelectric material in both these sensor and device is typically bonded fo
a semi-rigid substrate with flexing of the substrate being sensed via the

piezoelectric material.

Sensors have also been developed for detecting body sounds
where amplification and other signal processing electronics are located within
the sensor and/dr proximate to the sensor. PCT application (Smith) published
on May 17", 2001 under number WO 01/34033 discloses a stethos;cope
transducer comprising a diaphragm and co-located signal amplification and
filtering electronics. Similarly, PCT application (Sullivan et al.) published on
December 27", 2001 under number WO 01/97691 discloses a biophysical
sensor comprised of a piezoelectric membrane and signal amplification and

filtering electronics encapsulated in a single package.

SUMMARY OF THE INVENTION

The present invention relates to a piezoelectric sound monitor
comprising piezoelectric membrane including an inner face, an outer face,
and first and second peripheral portion. The piezoelectric sound monitor also
comprises a piezoelectric membrane support structure including an outer
face, two first mutually facing membrane-clamping walls, a first electrically
conductive area, two second mutually facing membrane-clamping walls, and
a second electrically conductive area. The inner face of the piezoelectric

membrane is applied to the outer face of the support structure. The first

PCT/CA2003/000536
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peripheral portion of the piezoelectric membrane is clamped between the two
first walls, and the first electrically conductive area is located on one of the
two first walls for electrically contacting the inner face of the piezoelectric -
membrane. The second peripheral portion of the piezoelectric membrane is
clamped between thé two second walls, and the second electrically
conductive area is located on one of the two second walls for electrically

contacting the outer face of the piezoelectric membrane.

The present invention also relates to a piezoelectric sound
monitor, comprising:

a frame defining a window and having first and second faces;

a piezoelectric membrane extending across the window of the
frame and including an outer face, an inner face applied to the first face of the
frame, and first and second generally opposite peripheral portions;

a board having a first face toward the second face of the frame,
a second face opposite to the first face, a first electrically conductive area on
the first face of the board, and a second electrically conductive area on the.
second face of the board; and

a housing connected to the frame and having an inner face
toward the second face of the board.

The first peripheral portion of the piezoelectric membrane is bent
over the second face of the frame and clamped between the second face of
the frame and the first electrically conductive area whereby the first electrically
conductive area is in electrical contact with the outer face of the piezoelectric
membrane.

In the same manner, the second peripheral portion of the
piezoelectric membrane is bent over the second face of the board and is

clamped between the second electrically conductive area and the inner face

- of the housing whereby the second electrically conductive area is in electrical

PCT/CA2003/000536
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contact with the inner face of the piezoelectric membrane.

The present invention is further concerned with a method for
fabricating a sound monitor for fhe detection of sounds, comprising:
- clamping a first peripheral portion of a piezoelectric membrane to
a first contact area such that a first face of the piezoelectric
membrane is in contact with the first contact area;
- spreading the piezdelectric membrane across a window of a frame;
and
- clamping a second peripheral portion of the piezoelectric
membrane to a second contact area such that a second surface of
the piezoeléctric membrane is in contact with the second contact

area.

The foregoing and other objects, advantages and features of the
present invention will become more apparent upon reading of the following
non restrictive description of illustrative embodiments thereof, given for the

purpose of illustration only with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the appended drawings:

Figure 1 is an exploded, top perpective view of an illustrative
embodiment of a piezoelectric sound monitor according to the present

invention;

Figure 2 is an exploded, bottom perspective view of the

illustrative embodiment of piezoelectric sound monitor as shown in Figure 1; -
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Figure 3 is a top perspective view of the piezoelectric.s'ound
monitor of Figures 1 and 2, fully assembled and attached to an external

connector according to an illustrative embodiment of the present invention;

Figure 4 is a cross-sectional view,‘taken along line IV-IV of
Figure 3, of the assembly including the piezoelectric sound monitor and

external connector of Figure 3;

Figure 5 is a bottom view of the assembly including the

piezoelectric sound monitor and the external connector of Figure 3;

- Figure 6 is a bottom, perspective view of the external connector

as shown in Figure 3;

Figure 7 is a top plan view of the assembly including the

piezoelectric sound monitor of Figure 3, the external connector of Figure 3,

~and a cable extending from the connector according to an illustrative

embodiment of the present invention;

Figure 8 is the circuit of an illustrative embodiment of

piezoelectric sound monitor including a piezoelectric membrane, a FM

~ modulation oscillator, and a RF emission circuit;

Figure 9 is the circuit of an illustrative embodiment of
piezoelectric sound monitor capable of producing both a biological sound

signal and an ECG signal; and

PCT/CA2003/000536
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Figure 10 is the circuit of an illustrative embodiment of
piezoelectric sound monitor including a piezoelectric membrane, a buffer, and
a PWM modulator.

DETAILED DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS

lllustrative embodiments of a piezoelectric, biological sound
monitor according to the present invention will now be described with
reference to the appended drawings. In the appended figures, the biological

sound monitor is generally identified by the reference 2.

Those of ordinary skill in the art will appreciate that application
of the piezoelectric sound monitor is not limited to detection of biological

sounds.

As illustrated in Figures 1 and 2, the biological sound monitor 2
comprises a rectangular piezoelectric membrane 4, a rectangular frame 6, a
rectangular printed circuit board (PCB) 8, a self-adhesive pad 60, and a

housing 10.

According to the illustrative embodiment bf the biological sound
monitor 2, the piezoelectric membrane 4 comprises a sheet 13 of piezoelectric
material used as mechano-electrical transducer. In operation, the-
piezoelectric material becomes temporarily polarized when subjected to a
mechanical stress and the direction and magnitude of the polarization depend
upon the direction and magnitude of the mechanical stress. Therefore, the
piezoelectric material of the sheet 13 will produce a voltage and current, or
will modify the magnitude of a current flowing through it in response to a

change in the mechanical stress applied thereto. In other words, the electrical
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charge generated by the piezoelectric material is proportional to. the change

in mechanical stress.

. The piezoelectric membrane 4 further comprises a first electrode
coating 12 appliéd to an outer face of the sheet 13 of piezoelectric material,
and a second electrode coating 14 applied to an inner face of this sheet 13
of piezoelectric material. Detection of voltage and/or current through the
piezoelectric material is obviously made through these first and second

electrode coatings 12 and 14.

Accordingly, stresses pfoduced by acoustic waves in the
piezoelectric membrane 4 will produce a corresponding electric signal. Of
course, detection of this electric signal requires connection of the first and

second electrode coatings 12 and 14 to a detector circuit.

The rectangular frame 6 can be made of molded plastic
material. Frame 6 defines a rectangular window 24 and an outer face. The
piezoelectric membrane 4 is applied to the outer face of the frame 6 and is
spread over the rectangular window 24. The rectangular frame 6 also defines,
around the window 24, a pair of opposite longer members 16 and 18, and a
pair of opposite shorter members 20 and 22. The rectangular frame 6 further
comprises an inner face that is hollowed out to form a rectangular seat 19 for
the PCB 8. The seat 19 is delimited at both ends of the rectangular frame 6
by non-hollowed-out portions 21 and 23 of the shorter members 20 and 22.
As illustrated in Figure 1, mémber portions 21 and 23 are longitudinal with

respect to the member 20 and 22 but are transversal to the frame 6.

End portion 21 is formed with central and opposite inner boss

25 and outer notch 50. End portion 21 also comprises, through the inner face

PCT/CA2003/000536
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thereof, two opposite end cylindrical holes 27 and 29. In the same manner,
end portion 23 is provided, through the inner face thereof, with two opposite

end cylindrical holes 31 and 33.

Although a frame 6 of rectangular shape has been disclosed in
the foregoing specification, it is within the scope of the present invention to

use a frame having any other suitable shape or configuration.

The PCB 8 is rectangular to fit into the rectangular seat 19 of the
frarhe 6 with the peg 25 fitting in a peripheral notch 46 of the PCB 8. PCB 8
presents a conventional structure including a non-conductive substrate 36
fabricated from plastic, non-conductive resin and/or other suitable material.
The non-conductive substrate 36 is covered on both sides with a layer of
electrically conductive material, usually metal such as aluminium, copper or
tin-plated copper. The layers of electrically conductive material are then
etched as required to provide an electrically conductive printed circuit for
mounting electronic components (not shown) and/or conducting electrical

signals.
The PCB 8 comprises:
on the top face of the PCB 8 (see Figure 1):
- alongitudinal, electrically conductive exposed strip area 42 for connection
to the inner face of the piezoelectric membrane 4, this strip area 42 being

located adjacent to a first longitudinal edge of the recfangular substrate
36;

PCT/CA2003/000536
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three central; longitudinal, parallel, laterally adjacent and exposed

electrically conductive traces 96 for connection to a connector 56 (Figures

- 3and 4);

a plurality of perforations 100 machined through the substrate 36 between
electrically conductive areas of the printed circuit on the top face of the
PCB 8, and electrically conductive areas of the printed circuit on the
bottom face of the PCB 8 to enable establishment of electrical connections

between conductive areas respectively located on the top and bottom

faces of the PCB 8;

exposed contact pads such as 101 forming part of respective electrically ‘
conductive areas of the printed circuit and surrounding respective

perforations 100; and

on the bottom face of the PCB 8 (see Figure 2):

a longitudinal, electrically conductive exposed strip area 40 for connection
to the outer face of the piezoelectric membrane 4, wherein strip area 40
is located on the bottom face of the substrate 36 adjacent a second
longitudinal edge thereof opposite to the first longitudinal adjacent to strip

area 42;

exposed contact pads such as 103 forming part of respective electrically
conductive areas of the printed circuit and surrounding respective

perforations 100; and

PCT/CA2003/000536
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- a plurality of contact pads such as 38 for connecting and mounting
electronic components to the PCB 8, these contact pads 38 being

electrically connected to the printed circuit of the PCB 8.

A self-adhesive pad 60 comprises a perforation 61 through
which the three laterally adjacent traces 96 will be exposed. Pad 60 has an
area larger than the area of the biological sound monitor 2 and is typically
made from a thin flexible non-conductive fibrous material. Pad 60 has a
bottom face 63 covered with a suitable biocompatible adhesive. The adhesive
is in turn covered by a peel-off protective backing 65 that can be easily

removed immediately prior to applying the monitor 2 to a patient’s skin.

- The housing 10 can also be made of molded plastic material.
The inner face of this housing 10 is formed with a rectangular shallow cavity
34 to fit ’the PCB 8 and frame 6 with the membrane 4 mounted on thé frame
6 and the pad 60 clamped between the housing 10 and frame 6. Housing 10
further comprises a rectangular window 58 so positioned as to expose the

three laterally adjacent traces 96.
The housing 10 further comprises:
- four pins 52 respectively located in the four corners of the shallow cavity
34 for respective insertion in the holes 27, 29, 31 and 33 of the member

portions 21 and 23 of the rectangular frame 6;

- a U-shaped track 92 to receive the connector 56; and

PCT/CA2003/000536
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- abridge member 55 to define the window 58 at the corresponding end of
the rectangular housing 10, this bridge member 55 being thinner than the
housing 10 to enable sliding of the connector 56 in the U-shaped track 92.

In order to assemble theh biological sound monitor 2, the inner
face of the piezoelectric membrane 4 is applied to the outer face of the

rectangular frame 6 and spread‘ over the window 24. .

The corresponding peripheral end portion 30 of the rectangular
piezoelectric membrane 4 is bent over the inner face of the frame member 16.
The PCB 8 is then placed into the rectangular seat 19 with with the boss 25
fitted into the notch 46 to laterally position the PCB 8 in the rectangular seat
19. The longitudinal, electrically conductive exposed strip area 40 is then in

electrical contact with electrode coating 12 of the piezoelectric membrane 4.

Referring to Figure 4, longer frame member 18 is thicker than
longer frame member 16. This compensates for the additional thickness
added to the frame member 16 by the end portion 30 of the piezoelectric
membrane 4 and the electrically conductive strip area 40 of the PCB 8 to
thereby maintain the faces of the PCB 8 substantially parallel to the faces of

the piezoelectric membrane 4.

The corresponding peripheral end portion 26 of the piezoelectric
membrane 4 is then bent over the longitudinal, electrically conductive
exposed strip area 42. Strip area 42 is then in electrical contact with electrode

coating 14 of the piezoelectric membrane.

The self-adhesive pad 60 is applied to the frame 6, PCB 8 and

membrane 4, with the three laterally adjacent traces 96 exposed through the

PCT/CA2003/000536
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perforation 61. Of course, the self-adhesive bottom face 63 is on the side of
the PCB 8.

Finally, the four pins 52 of the rectangular housing 10 are driven
into the respective holes 27, 29, 31 and 33 of the member portions 21 and 23
of the rectangular frame 6 through the self-adhesive pad 60. During this
operation, a central inner boss 48 of the bridge member 55 is inserted in
notch 50 of the rectangular frame 6 in order to center the traces 96 in the
re'ctangular window 58 of the housing 10, since the PCB 8 has already its
notch 28 fitted with the boss 25. Also during this operation, the pad 60 is
pierced by the pins 52 to reach the respective holes 27, 29, 31 and 33,
thereby firmly securing pad 60 to the sound monitor 2. The diameters of the
pins 52 and holes 27, 29, 31 and_33 are so selected that, after insertion, the
pins 52 are secured in the respective holes to complete assembly of the
biological sound monitor 2. To better secure the rectangular frame 6 to the
housing 10, a suitable adhesive (not shown) could also be applied to the
corner pins 52 prior to insertion thereof in the respective holes 27, 29, 31 and
33. The three laterally adjacent traces 96 are then exposed through the
perforation 61 of the self-adhesive pad 60, and the rectangular window 58 of

the housing 10.

After the biological sound monitor 2 has been assembled, the
end portion 30 of the piezoeleciric membrane 4 is clamped between the
electrically conductive strip area 40 and the inner face of the frame member
16. In this manner, good electrical contact is established between the
electrically conductive strip area 40 and the electrode 4coating 12. The
electrically conductive strip area 40 is sufficiently large to provide adequate
electrical contact with the electrodé coating 12 of the membrane 4. Therefore,

the electrically conductive strip area 40 serves the dual purpose of providing

PCT/CA2003/000536



10

15

20

25

WO 2004/004411

14

electrical contact with the electrode coating 12 and holding the end portion 30
of the piezoelectric membrane 4 spread over the window 24 of the rectangular

frame 6.

In the same manner, the end portion 26 of the piezoelectric
membrane 4 is clamped betweeh the electrically conductive strip area 42 and
the inner face of the shallow cavity 34 through the self-adhesive pad 60. In
this manner, good electricél contact is established between the electrically
conductive strip area 42 and the electrode coating 14 of the piezoelectric
membrane 4. The electrically conductive stri.p area 42 is sufficiently large to
provide adequate electrical contact with the electrode coating 14 of the
membrane 4. Therefore, the electrically conductive strip area 42 serves the
dual purpose of providing electrical contact with the electrode coating 14 and
holding the piezoelectric membrane 4 spread over the window 24 of the

rectangular frame 6.

As illustrated in Figure 4, the shallow cavity 34 of the housing
10 includes a raised inner face section 66 to compénsate for the additional
thickness added to the top face 32 of the PCB 8 by the peripheral end portion
26 of the piezoelectric membrane 4 and the electrically conductive strip area
42 and thereby maintain the rectangular housing 10 substantially parallel to

the piezoelectric membrane 4.

The self-adhesive pad sheet 60 is clamped between (a) the
rectangular frame 6, the PCB 8 and the membrane 4 and (b) the rectangular

housing 10. By removing the protective backing 65 the self-adhesive bottom

face 63 of pad 60 can be adhered to the skin of a patient (not shown) with the

outer face of the piezoelectric membrane 4 applied to the patient’s skin. The

PCT/CA2003/000536
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biological sound monitor 2 is then capable of detecting sound coming from the

inside of the patient’s body.

As indicated in the foregoing description, the piezoelectric
material of sheet core 13 becomes temporarily polarized when subjected to
a mechanical stress caused by the acoustic waves coming from the inside of
the patient’s body. Accordingly, the piezoelectric membrane 4 will convert the
acoustic waves from the inside of the patient's body to a corresponding
electric signal. Of course, detection of this electric signal requires connection

of the first and second electrode coatings 12 and 14 to a detector circuit.

Referring to Figure 3 of the appended drawings, the external
connector 56 is provided to electrically connect the biological sound monitor
2 to a external detector circuit(s) adapted to process the electric signal
produced in response to the acoustic waves from the inside of the pafient’s
body. '

Referring now to Figure 4 of the appended drawings, the
electrically conductive strip areas 40 and 42 are electrically connected
through the printed circuit of the PCB 8 and eventually through both the
printed circuit and electronic components such as 62 of the PCB 8 to the
three laterally adjacent electrically conductive traces 96. When required,
soldering ‘material is injected in the pérforations 100 to interconnect the
corresponding pairs of contact pads 101 and 103 and at the same time the
corresponding electrically conductive afe‘as and/or electronic components.
The above mentioned electronic components such as 62 can be mounted on
the contact pads such as 38 of the bottom face 28 of the PCB 8. These
electronic components, when present, extend in the window 24 of the

rectangular frame 6. In order to prevent them from impeding operation of the

PCT/CA2003/000536
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piezoelectric membrane 4 these electronic components such as 62 are
typically low profile surface mounted devices (SMD) connected to the contact
pads such as 38 using conventional soldering techniques, for example the
flip-chip soldering technique. Flip-chip soldering uses small solder bumps‘
éuch as 64 of predictable depth to ensure that the outer profile of the soldered

components such as 62 is kept to a minimum.

Electronic components such as 62 could include filters,
amplifiers, etc. for pre-processing or processing the low amplitude electric
signal from the piezoelectric membrane 4, prior to transmission thereof
through the cable such as 72 in Figures 5 and 6 where it is susceptible of
being greatly affected by interferences such as EMI interferences. It is within
the scope of the present invention to mount on the contact pads such as 38

electronic components such as 62 capable of sophisticated processing of the

~ electric signal. Such electronic components may include, for example, analog-

to-digital converters for converting the electric signal to a digital signal and a

central processing unit for analysing this digital signal.

It is also within the scope of the present invention to mount on
the contact pads such as 38 a wireless transmitter for eliminating the need for
connector 56 and cable 72. For example, optical transmission via at least one

optic fibre or radio frequency (RF) transmission can be contemplated.

Figure 8 is the circuit of a first group of electronic components
that can be implemented on the PCB 8. The electric signal obtained from the
piezoelectric membrane 4 is first filtered through an inductor 701 connected
in parallel with membrane 4. The signal across the inductor 701 is applied to
a FM (Frequency Modulation) modulation oscillator 702. Oscillator 702

frequency modulates the electric signal across inductor 701. The frequency-

PCT/CA2003/000536
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modulated signal from the oscillator 702 is supplied to an oscillator circuit

(parallel inductor 703 and capacitor 704) for RF emission thereof.

Figure 9 is the circuit of a second group of electronic

components that can be implemented on the PCB 8.

The electric signal from the piezoelectric membrane 4 is applied

“to the gate electrode 801 of a FET transistor 802. The source electrode 803

of the transistor 802 constitutes an output 808 for an ECG signal.

The drain electrode 804 of the transistor 802 is supplied from a
supply circuit 805 through a photodiode 806 and a biasing resistor 807.
Supply circuit 805 comprises a DC-DC converter 809 supplying a DC voltage
and current to a primary winding 810 of an insulating transformer 811. The
current through the primary winding 810 induces a DC voltage and current
across a secondary winding 812 through an armature 813 of the insulating
transformer 811. DC current is supplied from the secondary winding 812 of
the insulating transformer 811 to the photodiode 806, the resistor 807 and the
drain electrode 804 of the FET transistor 802 through a rectifying diode 814

and a filtering capacitor 815.

DC voltage and current from the converter 809 is also supplied
to the collector of a phototransistor 816 through a biasing resistor 817. The
emitter of the phototransistor 816 is grounded. As illustrated in Figure 9, the
collector of phototransistor 816 constitutes an output 818 for a biological

sound signal. -

PCT/CA2003/000536
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In operation, the current through the source electrode 803 of the
FET transistor 802 is modulated by the electric signal from the piezoelectric

membrane 4. This current produces on the output 808 an ECG signal.

The current through the photodiode 806, resistor 807 and drain
electrode 804 is also modulated by the electric signal from the piezoelectric
membrane 4 that is applied to the gate electrode 801 of the FET transistor
802. In response to this modulated current, the photodiode 806 produces
modulated light applied to the phototransistor 816 to produce on the output

818 an output biological sound signal.

Both the signals on the ouiputs 808 and 818 are transmitted

" through the two individually insulated conductors of the cable 72 to an

external detector circuit (not shown).

Figure 10 is the circuit of a third group of electronic components
that can be implemented on the PCB 8. The electric signal produced by the
piezoelectric membrane 4 is applied to a buffer 901 before being PWM (Pulse
Width Modulation) modulated in modulator 902. The PWM modulated signal
from the PWM modulator 902 is fina"y transmitted thrdugh the cable 72.

As illustrated in Figure 6, the connector 56 includes a housing
67 made, for example, of electrically insulating molded plastic material. The
housing 67 encloses three bent, electrically conductive spring blades such as
70 for contacting the three laterally adjacent electrically conductive traces 96
of the PCB 8. The spring blades 70 are also electrically connected to the

conductors of the multi-conductor cable 72.

PCT/CA2003/000536
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In the illustrative embodiment, the multi-conductor cable 72
consists of a pair of stfanded, individually insulated electric conductors (not
shown). This pair of conductors is wrapped in a braided electrically conductive
shield which, in turn, is encased in an electrically insulating jacket. Referring
to Figure 6, a pliable plastic cuff 74 is mounted on the cable 72 adjacent the
.housing 67 so as to improve the durabilty of the cable 72. Another connector
such as 76 (Figure 7) can be mounted on the distal end of the multi-conductor

cable 72 for attachment to an external detector device.

Referring back to Figure 4, the housing 67 comprises an outer
U-shaped groove (track) 88 for sliding on the U-shaped track 92 of the
housing 10 until the spring blades 70 of the connector 56 slide on and contact
the respective electrically conductive traces 96 of the PCB 8. The spring
blades 70 exert a downward pressure on the respective, electrically
conductive traces 96 to ensure reliable contact. An interesting characteristic
of the connector 56 is that the spring blades 70 remain connected to the
electrically conductive traces 96 even when the groove 88 is, to some extent,

partially removed from the track 92.

The fit between the groove 88 and the track 92 is such that the

connector 56 is held firmly within the window 58.

- Still referring to Figure 4, the housing 67 of the connector 56
comprises upper 78 and lower 86 housing portions. The proximal ends of the
spring blades 70 are mechanically secured, for example soldered to an
elongated and rectangular PCB 80. As illustrated, PCB 80 is enclosed within
an inner space delimited between the upper 778 and lower 86 housing
portions. From the PCB 80, the spring blades 70 are bent and guided within

respective parallel, laterally adjacent and vertically extending slots such as 82
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of the lower housing por’cibn 86. As shown in Figure 6, the spring blades 70
comprise respective arcuate portions extending from the underside of the

lower housing portion 86 to contact the traces 96.

Finally both the spring blades and the electrical conductors of
the cable 72 are connected to the printed circuit of the PCB 80. In fact, the
printed circuit of the PCB 80 electrically connects to the conductors of the
cable 72 the spring blades 70 and the traces 96 when in contact with the
blades 70. | |

Although the present invention has been described hereinabove
with reference to an illustrative embodiment thereof, this embodiment can be
modified at will, within the scope of the appended claims, without departing

from the spirit and nature of the present invention.
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WHAT IS CLAIMED IS:

1. A piezoelectric sound monitor, comprising: |

a piezoelectric membrane including an inner face, an outer face, and
first and second peripheral portions; and

a piezoelectric membrane. support structure including:

- an outer face, the inner face of the piezoelectric membrane
being épplied to the outer face of the support structure;

- two first mutually facing membrane-clamping walls, the first
peripheral portion of the piezoelectric membrane being
clamped between the two first walls;

- afirst electrically conductive area located on one of the two
first walls for electrically contacting the inner face of the
piezoelectric membrane;

- two second mutually facing membrane-clamping walls, the
second peripheral portion of the piézoelectric membrane
being clamped between the two second walls; and

- asecond electrically conductive area located on one of the
two second walls for electrically contacting the outer face of

the piezoelectric membrane.

2. A piezoelectric sound monitor, comprising:

a frame defining a window and having first and second faces;

a piezoelectric membrane extending across the window of the frame
and including an outer face, an inner face applied to the first face of the
frame, and first and second generally opposite peripheral portions;

a board having a first face toward the second face of the frame, a
second face opposite to the first face, a first electrically conductive area on

’the first face of the board, and a second electrically conductive area on the
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second face of the board; and
a housing connected to the frame and having an inner face toward the
second face of the board;

wherein:

- the first peripheral portion of the piezoelectric membrane is bent over the
second face of the frame and clamped between the second face of the
frame and the first electrically conductive area whereby the first electrically
conductive area is in electrical contact with the outer face of the
piezoelectric membrane; and ,

- the second peripheral portion of the piezoelectric membrane is bent over
the second face of the board and is clamped between the second
electrically conductive area and the inner face of the housing whereby the
second electrically conductive area is in electrical contact with the inner

face of the piezoelectric membrane.

3. A piezoelectric sound monitor as defined in claim 2, wherein the
piezoelectric membrane comprises a sheet core of piezoelectric material, a
first electrode coating forming the outer face of the piezoelectric membrane,
and a second electrode coating forming the inner face of the piezoelectric

membrane.

4. A piezoelectric sound monitor as defined in claim 2, wherein:
- the frame is hollowed out to form a seat for receiving the board; and
- the housing defines a shallow cavity to receive the frame, the piezoelectric

membrane and the board.

5. A piezoelectric sound monitor as defined in claim 2, further
comprising a self-adhesive member comprising a self-adhesive face for

adhering the piezoelectric sound monitor to a patient’'s body with the outer

PCT/CA2003/000536



10

16

20

25

WO 2004/004411

23

face of the piezoelectric membrane applied to said patient’s body in order to

sense biological sounds produced within the patient’s body.

6. A piezoelectric sound monitor as defined in claim 5, wherein said
self-adhesive member comprises a self-adhesive sheet clamped between the

board and frame of the piezoelectric sound monitor.

7. A piezoelectric sound monitor as defined in claim 2, wherein the
board is a printed circuit board, and wherein the first and second electrically
conductive areas are connected to a'printed circuit of said printed circuit
board.

8. A piezoelectric sound monitor as defined in claim 2, further
comprising mutually mating pairs of pin and hole for connecting the housing

fo the frame.

9. A piezoelectric sound monitor as defined in claim 7, wherein the
second face of the printed circuit board comprises electrically conductive
traces for connection to an external connector, the electrically conductive

traces being connected to the printed circuit of the printed circuit board.

10. A piezoelectric sound monitor as defined in claim 9, wherein the

housing comprises an opening for exposing the electrically conductive fraces.

11. A piezoelectric sound monitor as defined in claim 10, wherein the
external connector includes a housing, and wherein the housing of the
external connector and the housing of the piezoelectric sound monitor

comprise complementary track elements sliding in each other.
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12. A piezoelectric sound monitor as defined in claim 11, wherein the
electrically conductive traces are linear, parallel and laterally adjacent to each
other, and parallel to a direction of sliding of the track elements in each other,

whereby blades of the external connector slide on the laterally adjacent traces

when the tracks elements slide in each other.

13. A piezoelectric sound monitor as defined in claim 10, wherein the

opening of the housing defines a track for receiving the external connector.

14. A piezoelectric sound monitor as defined in claim 7, further
comprising at least one electronic component connected to the printed circuit
of the printed circuit board for processing an electric signal produced by the

piezoelectric membrane in response to detection of a sound.

15. A piezoelectric sound monitor as defined in claim 14, wherein said
at least one electronic component comprises a FM modulator supplied with

the electric signal produced by the piezoelectric membrane.

16. A piezoelectric sound monitor as defined in claim 14, wherein said
at least one electronic component comprises a PWM modulator supplied with

the electric signal produced by the piezoelectric membrane.

~17. A piezoelectric sound monitor as defined in claim 16, wherein said
at least one electronic component. further comprises a buffer for pre-
processing the electric sighal supplied from the piezoelectric membrane to the
PWM modulator:

18. A piezoelectric sound monitor as defined in claim 7, further

comprising at least one electronic component connected to the printed circuit
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of the printed circuit board for producing a biological sound signal and an
ECG signal from an electric signal produced by the piezoelectric membrane

in response to detection of a biological sound.

19. A piezoelectric sound monitor as defined in claim 18, wherein said
at least one electronic component comprises a FET transistor having a gate
electrode supplied with the electric signal produced by the piezoelectric

membrane, a source electrode for supplying the ECG signal and a drain

‘electrode for supplying the biological sound signal.

20. A piezoelectric sound monitor as defined in claim 18, wherein said
at least one electronic component further comprises an optical coupler for
transmitting the biological sound signal from the drain electrode of the FET

transistor.

21. A method for fabricating a sound monitor for the detection of-
sounds, comprising:

- clamping a first peripheral portion of a piezoelectric membrane to
a first contact area such that a first face of the piezoelectric
membrane is in contact with the first contact area;

- spreading the piezoelectric membrane across a window of a frame;
and

- clamping a second peripheral portion of the piezoelectric
membrane to a secbnd contact area such that a second surface of
the piezoelectric membrane is in contact with the second contact

area.

PCT/CA2003/000536



WO 2004/004411 PCT/CA2003/000536
1/7

10

N
=

I
I
L
i
I

j
E
=

oy




PCT/CA2003/000536

WO 2004/004411

2/7

s —— ) Jua




PCT/CA2003/000536

WO 2004/004411

3/7




PCT/CA2003/000536

WO 2004/004411

4/7

\ NN EN &N T
v | BARETE &
SSAVANNN AN NN VANNY)
[ \\\\\%/\r A@Mﬂ//v/oﬂ i
7 & o N //W | & .%/
NN

\ T ==L



WO 2004/004411 PCT/CA2003/000536
517

2

N

0 67 24




WO 2004/004411 PCT/CA2003/000536
6/7

Free_ .




WO 2004/004411 PCT/CA2003/000536
7177

FM_ MODULATION
20t OSCILLATOR

44— RE EMISSION

02 o4 703

N\ @0 VIR g5
A

gl 53 égg 7
f915 1 509
412 413

817 woocicl, )
806— SOUND SICNAL
A 818
N v y16 K
%_4 . a7 808
o (a7 . e
it |
802
| FEr=_4
g PYM MODULATOR
//
‘—-—>
b N\ 02
il BUFFER 7
¥




INTERNATIONAL SEARCH REPORT .ntemat.o.ppucauon No
PCT/CA 03/00536

CLASSIFICATION OF SUBJECT MATTER

A.
IPC 7 HO4R17/00 B06B1/06 A61B7/04

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 HO4R BO6B A61B GO1H

Documentation searched other than minimum documentation 1o the extent that such documents are included in the fields searched

Electronic data base consuited during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data, PAJ, INSPEC

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A GB 2 358 546 A (NIPPON ELECTRIC CO) 1,2,21
25 July 2001 (2001-07-25)

page 2, line 1 -page 3, line 23

page 5, 1ine 4 -page 6, line 4

page 6, line 23 -page 8, line 23; figures
2-4

A WO 01 78059 A (ANDROMED INC ;NGUYEN VAN 1,2,21
CONG (CA); LANZO VITTORIO F (CA))
18 October 2001 (2001-10-18)

page 24, line 13 -page 29, line 25;
figures 6-8

D Further documents are listed in the continuation of box C. Patent family members are listed in annex.

° Special categories of cited documents : - , i . .

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*A" document defining the general state of the art which is not
considered to be of particular relevance

*E" earlier document but published on or after the international *X* document of particular relevance; the claimed invention
filing date cannot be considered novel or cannot be considered 1o
L doc#rr;]ent V;I[hlgftl ma;t/ tglqohwtﬂoubt% lon prior(ijty claim(s) or involve an inventive step when the document is taken alone
which is cited to establish the publication date of another *v* document of parti . i i i
e : . particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the
*O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such dopu—
other means ments, such combination being obvious to a person skilled
*P* document published prior to the international filing date but in the art.
later than the priority date claimed *&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
3 December 2003 11/12/2003
Name and mailing address of the I1SA Authorized officer

European Patent Office, P.B. 5818 Patentfaan 2

Nl|_ — 2280 HV Rijswijk |
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, .
Fax: (+31-70) 340-3016 Tsapelis, A

Form PCT/ISA/210 (second sheet) (July 1992)




INTERNATIONAL SEARCH REPORT

InforiTiation on patent family members

Internatio

pplication No

PCT/CA 03/00536

Patent document Publication Patent family Publication
cited in search report date member(s) date
GB 2358546 A 25-07-2001 JP 2000152385 A 30-05-2000
GB 2343811 A 17-05~-2000
us 6427017 B1 30-07-2002
WO 0178059 A 18-10-2001 AU 5602001 A 23-10-2001
WO 0178059 A2 18-10-2001

Form PCT/ISA/210 (patent family annex) (July 1992)




THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RBA

IPCH &

CPCHES
REBHLHE(F)
LR
ShERaEsE

BEG®)

EEFELUNRCOEEDE  ZEEESERNRE , ARAURE—H
FoHNEID, ERFEFUNBRTSEEBEIRLEN , ZEBEXE
S£HEENRE , BNE—HEENNERSE  £-S8XE , i
BoHEENMERSENE_SBXE, FREENARENATX
BEWHNNRE, ERBENE—BIBoREFRNIE—BEZERE , F—
SEXUTHANE—BEz—+L  ATHEMEESSENNRE, 558
ENE—ALBIREANE-_RE , E-SEXEVTRANE R

FE B84 W) 75 U 0 25 5 Bl e B AR
EP1518442A1
EP2003711767

ANDROMED
ANDROMED INC.
MasimoZs &]

LANZO VITTORIO F
NGUYEN VAN CONG
CYBULSKI GEORGE
ADAMS LARRIMORE A S

LANZO, VITTORIO, F.
NGUYEN, VAN, CONG
CYBULSKI, GEORGE
ADAMS, LARRIMORE, A,, S.

patsnap

AFF ()R 2005-03-30

RiEHR 2003-04-08

A61B5/00 A61B5/025 A61B5/0428 A61B7/00 A61B7/04 BO6B1/06 HO4R1/46 HO4R3/00 H04R17/02

HO04R17/00

A61B7/00 A61B5/0002 A61B5/0428 A61B2562/0204 BO6B1/0688

ERBESM

10/180518 2002-06-27 US

Espacenet

Z—Lt , BT aEpMEEEENARE,


https://share-analytics.zhihuiya.com/view/ed986513-9697-4305-ba73-cb9f361a631f
https://worldwide.espacenet.com/patent/search/family/029711358/publication/EP1518442A1?q=EP1518442A1

