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A microphone having a piezoelectric transducer element contained within a housing, the transducer element being
in the form of a diaphragm of piezoelectric material having two arms (56, 58) extending therefrom. Each arm (56, 58) pro-
vides a respective electrically conductive path to a respective part of the diaphragm. The housing comprises two mutually
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within its structure at least two guide channels each of which is provided for receiving a respective one of the arms (56, 58)
extending from the diaphragm.
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IMPROVEMENTS IN OR RELATING TO MICROPHONES

BACKGROUND OF THE INVENTION

The present invention relates to microphones and more
particularly to a noise cancelling microphone.

Noise cancelling microphones are in the main required
for communications use in environments where there is a
high ambient noise level. Such microphones are designed
to discriminate against interference in the form of
distant noise sources and to discriminate in favour of
close speech sounds. They are constructed so as to be
sensitive to the pressure gradient of the sound field in
their vicinity, thereby discriminating between close
sources which produce a large pressure gradient and
distant sources which produce a small pressure gradient.
In addition, the microphones are normally mounted on a
headset boom so as to allow close positioning to the
user's mouth and hence maximise the speech sound signal
level available.

One known form of noise cancelling microphone employs
a piezoelectric transducer in which an .electrical output
is obtained using acoustic pressure to mechanically deform
a diaphragm made from a piezoelectric material. Such
microphones are disclosed in our UK Patent Specification
No. 1,515,287 which describes both first order pressure
gradient and second order pressure gradient noise

cancelling microphones employing piezoelectric
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transducers. The noise cancelling function requires that
the construction of the inside of the microphones and the
location of their diaphragms be highly symmetric so that

cancellation of equal opposite sound pressure due to

distant interference sources can occur.

SUMMARY OF THE INVENTION

An objective of the present invention is to provide a
noise cancelling device in the form of a pressure gradient
microphone employing a piezoelectric material as a
transducer, the microphone providing noise cancelling
performances superior to that of curfently available
microphones.

According to the present invention there is provided
a microphone having a piezoelectric transducer element
contained within a housing, the transducér element being
in the form of a diaéhragm of piezoelectric material
having at least two arms extending therefrom, each arm
providing a respective electrically conductive path to a
respective part of the diaphragm, the housing comprising
two mutually engageable housing parts between which the
diaphragm is sandwiched during assembly to divide the
housing into two separate chambers, each housing part
having one or more sound vents for admitting sound to a
respective one of the chambers, the housing parts being
designed so that when they are assémbled togethér the
resulting housing defines within its structure at least

two guide channels each of which is provided for receiving
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a respective one of the arms extending from the
diaphragm.

In one embodiment two sound vents are provided in
each housing part, the two sound vents being disposed
opposite to one another such that the complete housing
when assembled may provide part of a second order pressure
gradient microphone.

In a preferred embodiment of the present invention
each of the mutually engageable housing parts have
identical features. Conveniently each housing part is
manufactured from a plastics material using an injection
moulding process.

In a specific embodiment of the present invention
each housing part has an aperture, preferably cylindrical
in shape, extending through its centre, each of two
longitudinal side walls of the housing part being formed
with a respective elongate groove portion, two other
longitudinal side walls of the housing part each carrying
a respective arm complementary with the groove portions
thereby enabling two housing parts to be assembled
together by sliding the arms of one housing part into the
groove portions of the other housing part.

In a preferred embodiment of the present invention
each arm of at least one of the housing parts has a

respective channel formed on its inside facing surface
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whereby, after assembly of the two housing parts into the
assembled housing, the assembled housing defines within
two side walls the two guide channels for receiving the
arms of the diaphragm. Two electrical contacts may also
be provided, each contact having a portion adapted to bé
received in the guide channel and having a curved end
portion for abutting against, within the guide channel, an
electrically conductive surface of one of the arms
extending from the diaphragm, the electrically conductive
surface forming an electrical path to a metallised
electrode on a surface of £he diaphragm. Each electrical
contact also has a terminal end adapted for extending out
of the guide channel for connection into a socket
associated with a pre-amplifier circuit.

. In a preferred embodiment at least two membranes are
provided for each sound vent; one of the membranes
serving to protect the sound vent from the environment
and the other membrane serving to damp the sound before
entering the sound vent.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be described further, by
Qay of example, with reference to the accompanying
drawings in which:-

Figure 1 illustrates diagrammatically a noise-
cancelling microphone not in accordance with the present
invention,

Figure 2 is a perspective viéw of a complete noise-

cancelling microphone in accordance with one embodiment of
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the present invention,

Figure 3 is an exploded view of the microphone of
Figure 2,

Figure 4 is an exploded view of the microphone
capsule in Figure 3, and

Figure 5 is a representation of an electrical contact
which can be used in place of the contact shown in Figure
4.

Referring to Figure 1 of the drawings the microphone
comprises a cylindrical housing 1 in which is contained a
piezoelectric transducer. The piezoelectric transducer
comprises a diaphragm 10 of piezoelectric material
extending across the interior of the housing 1 to define
therein two chambers 3 and 5, the diaphragm 10 being
provided with metal electrodes (not shown) on each of its
major surfaces across which an electrical output is
developed when the diaphragm 10 is mechanically deformed.

Four sound vents 2, 4, 6 and 8 are provided through
the cylindrical wall of the housing 1 to allow sound
pressure to act on the major surfaces of the diaphragm 10.
The sound vents 2 and 8 together with the diaphragm 10
form one first order pressure gradient unit and the sound
vents 4 and 6 together with the diaphragm 10 form a second
first order pressure gradient unit. By having the sound
vents which are opposite to each other admitting pressures

to the same surface of the diaphragm 10, the resultant
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force acting on the diaphragm 10 is the difference of the
forces obtained from the two first order pressure gradient
combinations; the effective force on the diaphragm 10 is
then proportional to the second order of the pressure
gradient which is the characteristic of a second order
pressure gradient microphone.

In order to provide a microphone having a noise
cancelling performance of high quality the necesSary
requirements are to arrange for each chamber to be as near
identical as possible in its shape and volume, for the
diaphragm to be accurately mounted within the housing and
for good electrical connection to be maintained between
ﬁhe metal electrodes on the major surfaces of the
diaphragm and external pre—émplifier circuitry. The need
for these requirements has givenrrise to embodiments of

the present invention which are described below.

DESCRIPTION OF A PREFERRED EMBODIMENT

Referring to Figures 2 and 3 of the drawings a
complete microphone according to one embodiment of the
present invention comprises a microphone capsule 12 in
which is housed a piezoelectric transducer, a protective
stainless steel mesh 14 which also serves to shield the
transducer from outside electrical noise and a protective
capsule cover l6. The piezoelectric transducer is in the
form of a diaphragm of polyvinylidene fluoride (PVAF)

having surfaces coated in gold or aluminium to define

A
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metallised surfaces. The material used for the microphone
capsule 12 is advantageously CYCOLAC LA (Trade mark of
Borg-Warner Corporation) which is a low temperature impact
resistant maerial designed for injection moulding and
having a desirable coefficient of linear expansion within
the range 110 to 120 x 1076 g~1,

Terminal ends 21, 23 of electrical contacts project
from a side plate 22 of the capsule 12 to define a plug
assembly for engagement within a socket 24 of a
pre-amplifier 26, circuit 26 being of known type.

Referring to Figure 4 of the drawings the microphone
capsule comprises two identically formed, mutually
engageable plastic housing parts 30,32. As each of the
parts 30, 32 is identical their description hereinafter
will be primarily with reference to the part 30,
occasional reference being made to features of the part 32
when necessary.

The part 30 has a generally oblong shaped body which
is manufactured by an injection moulding process, the
internal and external dimensions of each part conforming
to fine tolerances. The part 30 has a cylindrically
shaped aperture 34 extending through its centre, the
aperture 34 and the internal walls of the part 30 together
defining, after assembly of the capsule, a chamber on one
side of the di;phragm of the piezoelectric material. Each

of two longitudinal external side walls of the part 30 are
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formed with a respective elongate rectangular groove
pottion 36, 38; the other two longitudinal side walls 37,
39 each carrying a :espective arm 40, 42. The arms 40, 42
each have a respective channel formed on their inside
facing surfaces, the channels being identical to a pair of
channels 44, 46 shown on the part 32. Each side wall 37,
39 is provided with a respective sound vent, sound vent 48
being shown for side wall 37, extendiﬁg through the .
respective side wall to the central aperture }4 thereby
forming a conduit through which sound waves may be
admitted to the central aperture 34.

Each of the arms 40, 42 on the part 30 is dimensioned
to be complementary with the rectangular groove portions
on the part 32 thereby enabling the parts 30, 32 to be
snugly fitted together by sliding the arms 40, 42 into ﬁhe
groove portions and to define within the side walls of the
complete capsule housing two guide channels.

The transducer element is'fofmed from a piezoelectric
plastics material such as polyvinylidene fluoride (PVAF)
and comprises two circular layers 52 and 54 of PVAF which
together form a laminate, each layer 52 and 54 having an
integral arm 56 and 58 respectively made also of PVAF.

The laminate when sandwiched between the housing parts 30,
32, so as to cover the aperture 34, serves as a diaphragm

separating the two chambers defined within the capsule
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housing. Each of the arms 56 and 58 is received in a
respective one of the guide channels defined in the side
walls of the assembled capsule housing.

The diaphragm is provided with metallised elctrodes

. on opposing sides and each arm is also metallised to

provide an electrically conductive path from each of the
metallised electrodes.

Two electrical contacts 60 are also provided for
insertion along the respective guide channels defined in
the side walls of the capsule housing. The electrical
contacts 60 are inserted into the ends of the guide
channels remote from the diaphragm and are provided with
curved end portions for abutting against and for providing
maximum pressure engagement with the metallised surfaces
of the arms 56 and 58. 1In this way compensation is
provided for any thermal mismatch between the different
materials of the arms 56, 58 and the contacts 60. Two
types of contact 60 are illustrated in Figures 4 and 5.

Referring to Figure 4 the contact 60 is formed as a
single shaped metal part having its terminal end 23 rolled
into a pin contact. The pin contact is connected to an
oblong portion 27 the width of which conforms to the width

of the groove portions 36, 38 in the housing part 30 and
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the other end of the contact 60 has its remote énd portion
25 curved in a direction away from the plane defined-by
the oblong portion 27.

Referring to Figure 5 the contact 60 is manufactured
as a two part contact, one part being the terminal end 23
which ié in the form of a solid wire. The other part
comprises the oblong portion 27 having an abutment 29 and
the curved portion 25. One end of the solid wire is spot
welded to the abutment 29 extending from the oblong
portion 27.

The curved end portion 25 in Figure 5, is considerably
longer to that of the curved end portion of therconfact
shown in Figure 4, the longer curved end portion 25 being'
found in practice to compensate better for any thermal
mismatch that may arise.

The two housing'parts 30, 32 are covered at their
ends by side plates 22, 24, the side plates 22, 24 and the
housing parts 30, 32 being held together by four long pins
70. The pins 70 extend through holes 72 and 76 formed
through the corner regions of the side plates 22, 24 and
through elongate holes 74, 75 formed through the corner
shoulders of the housing pérts 30, 32. Additionally or
alternatively the housing parts 30, 32 may be glued
together. The terminal ends 23 of the electrical contacts
60 project through holes 80 in the side plate 22 and
through holes 82 formed in a silicon sealing gasket 84;

The gasket 84 mates with a plastic housing end 25 of the

Y
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pre-amplifier 26 to prevent moisture reaching the terminal
ends 21, 23.

Four small vents 90 are provided in the side plate 24
each of which is positioned between adjacent pairs of the
holes 76, and aligned with the guide channels in the side
walls of the capsule housing via respective vents 91 in
the housing part 32. The small vents 90 and 91 serve to
equalise the ambient barometric pressure within the two
chambers defined within the capsule housing. A small
resilient ring-shaped grommet 92 is also provided for
location between the side plate 24 and the back surface of
the capsule cover 16 to serve as a pressure pad for the
housing parts 30, 32.

Each of the sound vents is covered by a sound damping
membrane 94 made from a polyester cloth and each membrane
94 is covered by a further membrane 96 mounted in an
oblong frame.

The membranes 96 serve to protect the sound vents and
the membranes 94 from the outside environment but must
also be sufficiently compliant to allow sound to be
transmitted into the sound vents. The membranes 96 may
suitably be formed from a silicon web moulding. The metal
mesh 14 (see figure 3) serves to both shield the
transducer from outside electrical noise and to protect

the membranes 94, 96 from dirt and thereby aids cleaning.
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CLAIMS
1. A microphohe having a piezoelectric transducer
element contained within a housing, the transducer element
being in the form of a diaphragm of piezoelectric material
characterised in that the diaphragm has at least two arms
extending therefrom, each arm (56,58) providing a
respective electrically conductive path to a respective
part of the diaphragm, the housing comprising two mutually
engageable housing parts (30,32) between which the
diaphragm is sandwiched during assembly to divide the
housing into two separate chambers, each housing part
(30,32) having one or more sound vents (48) for admitting
sound to a respective one of the chambers, the housing
parts (30,32) being designed so that when they are |
assembled together the resulting housing defines within
its structure at least two guide channels each of which is
provided for receiving a respective onercf the arms

(56,58) extending from the diaphragm

2, A microphone as claimed in claim 1 characterised in
that. two sound!vents (48) are provided in each housing
part, (30,32) the two sound vents (48) being disposed
opposite to one another such that the complete housiﬁg
when assembled may provide part of a second order pressure

gradient microphone.

3. A microphone as claimed in claim 1 or claim 2
characterised in that each of the mutually engageable

housing parts (30,32) are formed with identical features.
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4. A microphone as claimed in any one of claims 1 to 3
characterised in that each part (30,320) is manufactured
from a plastics material using an injection moulding

process.

5. A microphone as claimed in claim 4 characterised in
that the material has a coefficient of linear expansion,

substantially within the range 110 to-120 X 10’6
-1
K™=,

6. A microphone as claimed in any one of claims 1 to 5
characterised in that each housing part (30,32) has an
aperture (34) extending through its centre, each of two
longitudinal side walls of the housing part (30,32) being
formed with a respective elongate groove portion, (36,38)
two other longitudinal side walls (37,39) of the housing
part (30,32) each carrying a respective arm (40,42)
complementary with the groove portions (36,38) thereby
enabling two housing parts (30,32) to be assembled
together by sliding the arms (40,42) of one housing part
(30,32) into the complementary groove portions (36,38) of

the other housing part (30,32).

7. A microphone as claimed in claim 6 characterised in
that the aperture extending through the centre of the
housing part (30,32) is substantially cylindrical in

shape.
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8. A microphone as claimed in claim 6 or claim 7
characterised in that each arm (40,42) of the housing part
(30,32) has a respectiverchannel (44,46) formed on its
inside facing surface whereby, after assembly of the two
housing parts (30,32) into the assembled housing, the
assembled housing defines within two side walls the two
guide channels for receiving the two arms (56,58)

extending from the diaphragm.

9. A microphone as claimed in claim 8 characterised in
that two electrical contacts (60) are provided, each
contact (60) having a portion adapted to be received in
the guide channel and having a curved end portion (25) for
abuiting against, within the guide channel, an
electrically conductive surface of one of the arms (56,58)
extending from the diaphragm, the electrically conductive
surface forming an electrical path to a metallised
electrode on a surface of the diaphragm, each electrical
contact also having a terminal end (23) adapted for

extending out of the guide channel for connection into a

socket associated with a preéamplifier circuit (26).

10. A microphone as claimed in ény Qhe of claims 1 to 9
characterised in tﬁat at least two membranes (94,96) are
provided for each sound vent, (48) one of the membranes
(96) serving to protect thé sound vent from the _

environment and the other membrane (94) serving to damp

the sound before entering the sound vent (48).
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