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FLEXIBLE DIAPHRAGM WITH INTEGRATED COIL
FIELD OF THE INVENTION

The present invention relates to the field of electroacoustic transducers. More
particularly, the present invention relates to an integrated diaphragm and coil system

for use in electroacoustic transducers.
BACKGROUND OF THE INVENTION

Traditional diaphragm and coil systems for electroacoustic transducers typically
comprise an electrically conductive coil formed by a wounded wire - the wire being
wound on a bobbin. The bobbin is attached to a diaphragm so as to transform
movements or displacements of the bobbin to an acoustical signal. The coil and part of
the bobbin is positioned in a magnetic gap so as to form an electromagnetic motor for

driving the diaphragm in accordance with an electrical signal applied to the coil.

In some miniature transducers the bobbin is avoided by attaching the coil directly to
the diaphragm, thus causing only a part of the coil to be positioned in the magnetic
gap. In this way the mass of the bobbin can be avoided. However, a disadvantage is
that the part of the coil positioned in the magnetic gap will depend on the actual
position of the diaphragm. Thus, an electrical signal applied to the coil will result in an
electromagnetic force which will also depend on the position of the diaphragm and
thereby result in a non-linear distortion of the produced acoustical signal.
Consequently, such transducers are only suited for applications involving very small
diaphragm movements where the mentioned non-linear distortion problem may be

negligible.

A further disadvantage of transducers with the voice coil directly attached to the
diaphragm is that even though the weight of the bobbin is avoided an inactive part of
the coil, i.e. the part not positioned in the magnetic gap, adds weight to the

diaphragm system without having any electromagnetic effect.

An even further disadvantage is that the absence of a bobbin necessitates a rigidly
wounded coil. Normally, the coil is formed by an electrically conductive wire held
together by means of lacquer or glue. Not rigidly fixed parts of the wire will result in a
not perfect electromagnetic motor, thus causing distortioh in the produced acoustical

signal.

CONFIRMATION COPY
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A yet even further disadvantage with diaphragms having directly mounted coils is that
the stiff connection between the coil and the diaphragm is normally formed by an line
connection only, namely along the typically circular coil or bobbin periphery. This
causes problems with respect to ensuring that the diaphragm moves in a pure piston-
like manner. Therefore, normally a quite solid and heavy diaphragm is required in
order for the diaphragm to be rigid and stiff enough to perform a pure piston-like
movement with only a poor connection to the driving coil. Alternatively, an acceptable
stiffness can be obtained by a diaphragm which extends in the movement direction,
such as for example a cone shaped diaphragm. This is an acceptable solutions in a
number of applications, however for miniature transducers size is a key parameter.
Especially the height of the transducer is considered important within for example
mobile communication devices such as mobile phones. A diaphragm extending in the
direction of its movement will set a limitation to how flat the transducer can be
formed. A flat design can be obtained with a flat diaphragm. However, in case of a
diaphragm the design is a compromise between a stiff but heavy diaphragm or a light
but not stiff diaphragm.

EP 1 182 907 describes transducers with a thin diaphragm having a curved shape and
a magnetic circuit having a magnetic gap. The transducers of EP 1 182 702 are
characterised in that a thin linear conductor is formed on a surface of the diaphragm.
Only the region of the diaphragm where the linear conductor is formed is inserted into
the magnetic gap. The transducers described in EP 1 182 907 A2 relate to the field of

high frequency audio loudspeakers.

A disadvantage of the diaphragm design of EP 1 182 907 is the curved shape of the
diaphragm which is necessary for providing adequate stiffness due to the thin and
flexible diaphragm material. However, the curvature of the diaphragm extends in the
direction of movements of the diaphragm which requires a substantial height, thus
resulting in a design which by nature is not flat. Therefore, the diaphragm design of
EP 1 182 907 can not be adopted for use within miniature loudspeakers where a flat

design is paramount.

It is an object of the present invention to provide a combined diaphragm and coil
system suitable for use with miniature - especially flat - electroacoustic transducers.
The diaphragm must allow a flat design of the transducer. In addition, the diaphragm

and coil system must be suited for low cost mass production.
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SUMMARY OF THE INVENTION

The above-mentioned object is complied with by providing a diaphragm for an

electroacoustic transducer, the diaphragm comprising

- a flexible sheet comprising first and second sheet sections, each of the first and

second sheet sections defining a substantially plane surface, and

- one or more electrically conductive coils, wherein each of the one or more coils is
defined as an electrically conductive path on the substantially plane surfaces of first
and second sheet sections so as to form, for each coil, first and second coil sections,

respectively.

The second coil section may be adapted to be positioned in a gap of a magnetic
circuit. The surfaces of the first and second sheet sections may be arranged

substantially perpendicular to each other.

The diaphragm may further comprise electrically conductive portions on the first sheet
section, the electrically conductive portions being electrically connected to at least one
of the electrically conductive paths defining the one or more coils, and being

externally accessible for electrically terminating the electroacoustic transducer.

The diaphragm may further comprise an electronic circuit being electrically connected
to at least one of the one or more coils. The electronic circuit may be attached to the
substantially plane surface of the first sheet section. The electronic circuit may

comprise an impedance converter.

The diaphragm may comprise one coil. The diaphragm may comprise two coils. Each

of the two coils may be electrically connected to an impedance converter.

The first sheet section may take a substantially rectangular shape. The first sheet
section may take a substantially circular shape. The first sheet section may take a
substantially elliptical shape.

The second sheet section may comprise at least one part taking a substantially
rectangular shape. The second sheet section may comprise at least one part having a
curved shape.

The flexible sheet may comprise a printed circuit board. The printed circuit board may

be a single-sided flexprint. By a flexprint is understood a flexible printed circuit board
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being a laminate comprising at least two layers of material, where at least 6ne of the
layers is formed by an electrically conductive material, and where the other layer is an
electrically insulating material. The conductive material may be a metal such as
copper, aluminium, brass etc. A one-sided flexprint has one layer of electrically
conductive material and one layer of electrically insulating material. The printed circuit
board may be a double-sided flexprint. By a double-sided flexprint is understood a
laminate of a first electrically conductive layer, an electrically insulating layer, and a

second electrically conductive layer.

The electrically conductive paths defining the one or more coils may comprise copper.
The electrically conductive paths defining the one or more coils may comprise

aluminium.

The flexible sheet may be monolithic. The flexible sheet may comprise a main part
adapted to radiate acoustical waves, and one or more separate coil parts attached to
the main part. The electrically conductive path defining a coil may be defined on each
of the one or more coil parts. The one or more electrically conductive paths may
define the one or more coils and the externally accessible conductive portions
comprise copper. The electrically conductive paths may define the one or more coils
comprise aluminium, and wherein the externally accessible conductive portions
comprise copper. At least one of the coil parts may be attached to the main part by
means of adhesives. The at least one separate coil part may comprise a multi-layer
flexprint. By a multi-layer flexprint is understood a laminate of several electrically

conductive layers and several electrically insulating layers.

The diaphragm may further comprise means for suspending the diaphragm. The
suspending means may form an integral part of the diaphragm. The suspending
means may comprise a plurality of suspending means extending along only a part of a
circumference of the diaphragm. The plurality of suspending means may extend along
substantially the entire part of the circumference of the diaphragm. The suspending

means may extend along the entire part of the circumference of the diaphragm.
BRIEF DESCRIPTION OF THE DRAWINGS

In the following the invention will be explained in further details with reference to the

accompanying figures, in which

figure 1 shows a double-sided rectangular flexible diaphragm having one integrated

gap part,
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figure 2 shows a single-sided rectangular flexible diaphragm having two integrated
gap parts,

figure 3 shows a rectangular flexible diaphragm having two integrated gap parts and
an ASIC attached to the diaphragm,

figure 4 shows a top and a bottom view of a double-sided rectangular flexible

diaphragm having two integrated gap parts,

figure 5 shows a rectangular flexible diaphragm having a coil part defined on a

separate sheet, the coil part being a double-sided flexprint,

figure 6 shows an exploded view of a transducer comprising two rectangular flexible
diaphragms each having separate coil parts with two gap parts, and

figure 7 shows an elliptically shaped flexible diaphragm having a separate coil part

with two gap parts.

While the invention is susceptible to various modifications and alternative forms,
specific embodiments have been shown by way of example in the drawings and will be
described in detail herein. It should be understood, however, that the invention is not
intended to be limited to the particular forms disclosed. Rather, the invention is to
cover all modifications, equivalents, and alternatives falling within the spirit and scope

of the invention as defined by the appended claims.
DETAILED DESCRIPTION OF THE INVENTION

According to the present invention a coil may be formed by a thin and flexible sheet,
such as a flexible printed circuit board, i.e. a flexprint. Such thin and flexible sheet will
carry a predefined electrically conductive path thereon so as to form a coil-like
electrical path. As explained later, the diaphragm will also in its preferred embodiment
have electrically conductive portions. Therefore, the coil and diaphragm can be made
from a single sheet of flexprint with appropriate conductive paths, and this sheet will
be shaped in such a way that the two long sections of the coil will emerge and have an
angle of 90 degrees with respect to the rest of the integrated diaphragm/coil

structure.

Figure 1 shows a preferred embodiment of the present invention formed by a
rectangular double-sided flexprint. Figure 1 shows the diaphragm from a lower side -
the side that will face a magnetic circuit when mounted on a transducer. The
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embodiment shown in figure 1 has one gap part 1 being perpendicular to the main
plane 2 of the diaphragm and the diaphragm/coil system is naturally designed for a
combination with a magnetic circuit having one magnetic gap. The gap part 1
comprises two separate coils 10,11 on the lower side - one on each side of the bend
that forms the gap part 1. Each coil is formed by an electrically conductive path with a
helical shape. On figure 1 a first coil 10 is clearly seen whereas a second coil 11 is
partly hidden behind the bend. A magnified view in figure 1 shows a cut away
revealing a third coil 12 defined on an upper side of the double-sided flexprint. The
upper side also comprises a fourth coil that can not be seen in figure 1. Figure 4

shows an upper and a lower view of a double-sided embodiment.

The four coils of the diaphragm shown in figure 1 could be electrically connected
either in series or in parallel or in a combination thereof in order to provide a
preferred impedance of the transducer. The electrical connection must be performed
to ensure that the current direction in all coils is the same thus causing
electromagnetic forces on all coils to act in the same direction. Preferably, an electrical
connection between two single coils is performed using plated through-holes in the
centre of the coils, thus connecting a first coil on one side of the flexible sheet with a
second coil on another side of the flexible sheet though the sheet. It should be
ensured that the coils are defined so that a current direction in the coils on both sides
of the flexible sheet is the same, thus causing electromagnetic forces to act in the

same direction if an electrical signal is applied to the coils.

The diaphragm shown in figure 1 has edge portions 20 adapted to fix and attach the
diaphragm to not moving parts of a transducer system. The edge portion 20 may also
serve for electrical termination of the coils, thus avoiding free wires that may suffer
from fatigue due to a high vibration level during motion of the diaphragm. In figure 1
the coils are connected to conducting paths 30 on the flexible sheet, these paths
extending to the edge portions 20 thus form a terminal part. External wires may be
connected to this terminal part by soldering or using conductive adhesives. In this way
external wires soldered to vibrating parts are avoided thus eliminating risk of wires
breaking due to fatigue. Hereby, the robustness and thus the reliability of the
transducer is significantly improved compared to transducers terminated by free

vibrating wires.

The edge portions 20 may comprise one or more tongues adapted for terminating the
coils. Tongues may extend from the long sides of the diaphragm with the electrically
conductive portions extending to the tongues, so that the electrically conductive
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portions on the tongues are electrically connected to respective ones of the coil wire
ends. The ends of the tongues may be bent 180 degrees so that the end of the
conductive portion becomes exposed, or a through-plated hole may establish electrical
connection through the tongue. The end portions of the conductive portions of the
tongues may thus act as the electrical terminals of the transducer. For some
applications, such as mobile phones, it may be interesting to connect the transducer
to the electronic equipment by directly soldering the conductive portions of the
tongues to conductive portions of a circuit board. Alternative to soldering, a
conductive adhesive could be used. Alternatively, the end portions of the conductive
portions of the tongues can be soldered or by other means connected to electrical

terminals mounted in a housing containing the transducer.

A diaphragm similar to the one shown in figure 1 may be formed using a single-sided
flexprint, thus causing the gap part to have one or two coils. The one or two coils may
be positioned either on the upper or the lower side of the diaphragm. Only one single
coil is necessary for the function of the diaphragm, but an efficiency of a transducer is

improved by increasing the amount of conductive material in the magnetic gap.

An advantage using two or more coils is the possibility of either electrically connecting
the coils in series or parallel. In this way it is possible to obtain different resulting
impedances of the transducer such as connecting two 16 Q coils thus obtaining a
resulting impedance of either 32 Q or 8 Q. In this way the transducer can be adapted
to the amplifier to be used in order to obtain the best match with respect to acoustic
output and energy consumption, in case the transducer is used as loudspeaker.
Connecting the coils in series or parallel can also be used for control of the acoustic
output in case the transducer is used as a loudspeaker. For example the voltage
sensitivity of the transducer can be adjusted 6 dB in case of different connection of
two coils. The connection of the coils can be determined in the wiring or it can be
switchable in a mechanical switch or in an electronically controlled switch. An
electronic chip, such as an ASIC 40, comprising this switch function can for instance

be positioned on the diaphragm, such as shown in figure 3.

Figure 2 shows an embodiment with a rectangular single-sided flexprint with two gap
parts 1 being perpendicular to the main plane of the diaphragm 2, and thus the
diaphragm is adapted for use with a transducer comprising two magnetic gaps. Each
gap part 1 comprises two separate coils 10,11. Preferably the coils 10,11 are
connected so as to ensure that the two gap parts 1 are in phase, e.g. that they tend

to move the diaphragm in the same direction when an electrical signal is applied.



10

15

20

25

30

WO 03/063545 PCT/DK03/00045

Otherwise the diaphragm will tend to tilt instead of perform a piston-like movement, if

the diaphragm is used in a loudspeaker transducer.

Figure 3 shows an embodiment similar to the one shown in figure 2 except that the
one in figure 3 comprises an electronic circuit implemented as an ASIC 40 attached to
a lower side of the diaphragm. The ASIC 40 may also be positioned on an upper side
of the diaphragm. Other types of electronic circuits may be attached to the
diaphragm, such as single electronic components. However, a circuit implemented in
an ASIC 40 has a number of advantages. Preferably, the ASIC 40 is connected to the
coils 10,11 via conductors (not shown) on the flexprint forming the diaphragm thus
avoiding separate wires for termination of the ASIC 40. In addition, the ASIC 40 may
be connected to conductors 30 for terminating the transducer so as to enable the

ASIC 40 to receive an external input signal or to provide an external output signal.

In case the transducer is intended for use as a loudspeaker the ASIC 40 may be
adapted to receive an external electrical signal and modify the electrical signal before
applying it to the coils. The modification may be such as a filtering so as to shape the
frequency characteristics of the loudspeaker, i.e. to obtain a flat frequency response.
In addition, a filtering may comprise a lowpass filter section for protecting the
loudspeaker against large amplitudes at low frequencies. The ASIC 40 may also
comprise an impedance converter as further described below. The ASIC 40 may also
be adapted to receive a digital signal via conductors terminating the transducer. The
digital signal may, in addition to the sound signal intended to be produced, comprise
information such as a volume, a specific equalising etc. The ASIC 40 may be adapted
to receive this information and modify the produced signal accordingly. In addition,
the ASIC 40 may comprise an amplifier or a driver for driving the diaphragm

according to the received electrical input signal.

In case the transducer is intended for use as a microphone the ASIC 40 may be
adapted to receive an electrical signal from the coils and modify the received electrical
signal before providing it via conductors on the diaphragm to an external output
terminal. The modification may comprise a preamplifier adapted to amplify and if

preferred also impedance convert the electrical signal received from the coils.

The ASIC 40 may be attached to the diaphragm by adhesives or it may be attached
solely by soldering its connection terminals to conductive paths on the diaphragm. All
electrical connections to the ASIC 40 such as analog signals, digital signals, and power

supply signals may be supplied by conductive paths on the diaphragm 30.
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Two or more ASICs may be attached to the diaphragm, each of these ASICs
comprising electronic means adapted for serving different purposes such as the ones

mentioned above. ASICs may be attached to both sides of the diaphragm.

Figure 4 shows an upper and a lower view of a diaphragm formed by a double-sided
flexprint, having two gap parts 1. Each gap part 1 holds parts of four separate coils
10,11,12,13. As seen, both sides of the flexprint has conducting paths 30 extending
through to an edge portion 20 thus forming a termination of the coils 10,11,12,13.
The edge portions 20 extend along the full lengths of the two long sides of the
rectangular shaped diaphragm. The two edge portions 20 comprise a curved cross

section part serving as suspending means.

With respect to reduce a moving mass of the diaphragm aluminium may be preferred
as conductive material. However, aluminium is less suited for the edge portion since it
is less resistive against fatigue than for example copper. This problem may be solved
with a monolithic two-sided flexprint with copper on one side and aluminium on the
other side. For example a lower side of aluminium may be used to form the coils. An
upper side of copper is then used for conductors that form a connection between the
coils and a termination area. In this way a minimum moving mass is combined with a
flexible conductor for termination. Using both sides of the flexprint necessitates an
electrical connection through the flexprint between the upper and lower electrical
conductor such as a plated through-hole.

Another way to obtain a combination of a low moving mass and a good resistance
against fatigue of the termination conductive parts, the diaphragm may be composed
of two or more separate sheets. A moving part of the diaphragm may use a light
conductive material, such as aluminium, and a part comprising the edge portion of the
diaphragm may use a more elastic conductive material, such as copper. In addition, a
thickness of the conductive material may be chosen separately.

Figure 5 shows an exploded view of a diaphragm with a rectangular outer shape. The
diaphragm has a separate main part 50 comprising a substantially rectangular area 51
being adapted to move. In addition, the main part 50 comprises parts forming
suspending means 52,53. A coil part 70 is formed on a separate sheet. The coil part
70 is formed by a double-sided flexprint and it is attached to an upper part of the
main part 50 so that a gap part 1 of the coil part 70 extends through a hole 80 in the
diaphragm. The hole 80 may be formed as a slit thus only an insignificant part of the

diaphragm material is removed.
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The diaphragm of figure 5 has four flaps 20 (only two can be seen in figure 5), along
both the long and the short edges, the flaps 20 being adapted for attachment to a not
moving part of a transducer. A suspending part 52 extends along the entire

circumference of the diaphragm area 51 adapted to move.

In an alternative embodiment of the one shown in figure 5 with separate main part 50
and coil part 70, one flat sheet may form a diaphragm, and a coil part may 70 be
formed by one or more sheets each with at least one coil. The coil part may be bent
so as to form gap parts 1 such as shown in figures 5-7. The one or more coil parts 70
is then attached to the diaphragm part 51 so that the gap parts 1 of the coil parts 70
are substantially perpendicular to the diaphragm plane, and that the coil parts 70
have portions in plane with the diaphragm 51 thus allowing attachment to a lower side

of the diaphragm 51, for instance by adhesives.

Figure 6 shows an exploded view of a transducer with two diaphragms 100,110. A first
diaphragm 100 is positioned on an upper side of a magnetic circuit 120, and a second
diaphragm 110, similar to the first diaphragm 100, is positioned on a lower side of the
magnetic circuit 120. The two diaphragms 100,110 are almost similar to the type
shown in figure 5 since they have separate main parts 50 and coil parts 70 formed by
double-sided flexprints. However, whereas each coil part 70 of the diaphragm of figure
5 has one gap part 1, the coil parts 70 shown in figure 6 have two gap parts 1. The
magnetic circuit 120 of the transducer is comprised within a housing 130 made of a
non-magnetic material, i.e. plastic. The magnetic circuit 120 is fixed within the
housing. The shown magnetic circuit 120 comprises one rectangular magnet 121
positioned in the centre of a body of magnetic soft material 122. Each of the long
sides of the magnet 121 forms its magnetic poles 123,124. The body of magnetic soft
material 122 forms an annular member, here shown as a rectangular member formed
by two rectangular short legs and two rectangular long legs. Two magnetic gaps 125
are formed by the magnetic circuit 120. Each magnetic gap 125 is formed by two
plane surfaces, one of the plane surfaces being formed by the magnet 121 and one

formed by the body of magnetic soft material 122.

The diaphragm may be fixed to the housing 130, such as along the edges of the
housing or to the sides of the housing. The diaphragm may alternatively be fixed to
parts of the magnetic circuit 120, such as the annular member 122. The gap parts 1
of the coils of each of the diaphragms 100,110 may be positioned in the magnetic
gaps 125 so that they spatially overlap in the magnetic gaps 125. They may also be
positioned so that they do not spatially overlap in the magnetic gaps 125. The
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magnetic circuit 120 has a through going opening between the magnet 121 and the
annular member 122. Depending on the application of the transducer it may be
preferred to seal the through going opening so that the two diaphragms 100,110 are
not acoustically connected. It may also be preferred that that are connected via the
through going opening in the magnetic circuit, either by not blocking the opening or
by partly blocking the opening.

A double diaphragm transducer such as shown in figure 6 may be used as a
loudspeaker unit. Either a common electrical signal may be applied to the two
diaphragm and coil systems so at to form a loudspeaker with spherical sound
dispersion. The double diaphragm transducer may also be used to produce
stereophonic sound signals by applying a first electrical signal according to a first
stereophonic channel to the first diaphragm while applying a second electrical signal

according to a second stereophonic channel to the second diaphragm.

The double diaphragm transducer may be electrically connected so an electrical input
signal is applied to the coil systems of the two diaphragms so the diaphragms will
move in the same direction. In this way the transducer will form a substantially silent
vibration generator which may be used in mobile phones as signaller. At the same
time the transducer may function as loudspeaker and generate an acoustic signal if
another electrical signal is applied to the two coil systems with a phase so that the two

diaphragms move in opposite directions.

The double diaphragm transducer may also be used as a microphone. An electrical
signal may be combined from the two diaphragm and coils systems so as to form a
microphone with a generally spherical sensitivity pattern. An electrical signal may also
be combined from the two diaphragm and coil systems so as to form a microphone
with a figure-of-eight sensitivity pattern. The transducer may also serve as

stereophonic microphone.

The double diaphragm transducer may also be used both as a microphone and a
loudspeaker. Alternatively, one diaphragm may be used as microphone while the
other diaphragm is used as loudspeaker. Alternatively, both diaphragms may be used
as loudspeaker at one time while used as microphone at another time in another

mode of operation.

The microphone and loudspeaker modes of operation may also be combined with the
vibrator mode of operation. This may be advantageous for example within mobile

telecommunication equipment. Here the two diaphragm transducers may serve as
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vibration signaller, stereo loudspeaker and stereo microphone depending on the mode
of operation thus saving space and weight for separate transducers for the three

functions.

In a preferred embodiment with a rectangular diaphragm, such as the embodiments
shown in figures 1-6, the diaphragm is supported and thereby driven in its entire
length by the gap portions of the coil. Therefore, the diaphragm can at the same time
be formed thin and be stiff. Thereby, the diaphragm will be light and it will follow the
movements of the coil portion with a pure piston-like movement up to a high

frequency.

An important feature of a flexprint is that it is possible to integrate the coil system and
diaphragm. This shows a number of advantages compared to the known diaphragm
and coil systems. For example it is possible to position the electromagnetically active
part of the conductive paths of the coil so that it is always positioned in the magnetic
gap - also in case of quite substantial diaphragm movements. Therefore, an active
part of the coil will be in the magnetic gap independent of the position of the
diaphragm thus ensuring a linear transformation of an electrical input signal to an
acoustical signal. Hereby, a non-linear distortion contribution by traditional

transducers with the coil attached directly to the diaphragm is eliminated.

Since the coil and diaphragm are by nature integrated the best possible rigid
mechanical connection between the coil and diaphragm is obtained. All means of
attachment that could possibly introduce a flexible connection such as glue etc. is
eliminated. According to the invention it is possible to use several shapes of the coil
which allows patterns giving a large degree of support of the flat part of the
diaphragm by the perpendicularly mounted coil parts. This gives a diaphragm/coil
structure which is very rigid in the direction of movement.

The diaphragms according to the present invention have excellent properties with
respect to miniature transducers such as used in mobile telecommunication
equipment. However, the design also has advantageous properties for example for
application within long and slim transducer elements. Long and slim transducer
elements can be produced with a very stiff diaphragm with an excellent coupling to
the coil system compared to traditional transducers. Hereby, the total length of even a
long diaphragm will move in phase also at high frequencies. This enables applications
such as hi-fi loudspeaker systems for example as high frequency drivers which are

highly directive. Highly directive loudspeakers are advantageous in a number of
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applications since this is a way to minimise a negative influence from the acoustics of

the room in which the loudspeaker is positioned.

An important parameter regarding the gap portion of the coil is the portion of the gap
filled with conducting material contributing to the electromagnetic motor. In order to
increase the filling portion of coil material in the magnetic gap, the coil paths can be
made quite wide. This will increase the sensitivity of the transducer traded for a low
impedance of the transducer. In case the impedance is too low to operate with
traditional electronic amplifier equipment used for instance within mobile phones, an
impedance converter contained in a chip, such as an ASIC, 40 can be mounted on the
diaphragm. An embodiment with the chip in form of an ASIC 40 mounted on the coil

side of the diaphragm is shown in figure 3.

A large filling portion is important with respect to effectively utilise the space available
in the magnetic gap. In case of a one-sided flexprint with a single conductive layer the
filling portion is largely influenced by the techniques used to form the coils, e.g. the
techniques used to remove conductive material. The best efficiency is obtained if
conductive material can be removed in very thin paths thus leaving conductors with
substantially rectangular cross section. Conductive material may for instance be
removed using an etching technique. Conductive material may also be removed using
a laser technique.

With a given technique to remove conductive material for forming the coil a given
minimum space between the single conductive paths of the coil can be obtained. In
order to optimise the filling portion the number of spaces must be reduced. Therefore,
an optimum filling portion is obtained with a coil with only one single winding.
However, a low number of windings will produce a coil with a very low electrical
impedance. In case the diaphragm is used in a transducer which is used as a
loudspeaker the impedance may be too low for the loudspeaker driver or amplifier
intended to drive the loudspeaker. This may be solved by connecting an electrical
impedance converter between the amplifier and the loudspeaker coil. By using a multi
layer flexprint it is possible to form a very compact coil system by use of only one or
at least only few windings per layer and still obtain an acceptable electrical

impedance.,

The embodiments shown in figures 1-4 are all bent so as to form edge portions along
the two long sides of the diaphragm. The edge portions comprise portions adapted for

attachment to a housing such as the one shown in figure 6, for example by means of
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adhesives. The edge portions may also be attached to other not moving part of the
transducer. The edge portions also comprise portions adapted to provide a flexible
suspension allowing the diaphragm to move perpendicular to its main plane. Thus the
edge portions serve to fix the diaphragm in a position of equilibrium so as to ensure
that the gap portions of the coils are positioned properly in the magnetic gaps in a
vertical direction so as not to touch the sides of the gaps, which would cause
distortion. In addition, the edge portions also determine the horizontal point of
equilibrium of the diaphragm around which the diaphragm will move when an

electrical signal is applied to the coils.

The resilient properties of the edge portion, hereby the possible stroke of the
diaphragm, is influenced by the flexprint material, the chosen dimensions of the edge
suspension portion and the shape into which the flexprint is bent. In figures 1-4 the
suspension part of the edge portion is bent to form a curved or rounded cross section
which is preferable with respect to the resilient properties of the suspending means.
The suspending means may also be formed to have a triangular cross section, or it
may comprise more bends thus forming an accordion like suspension part of the edge

portion and thereby a softer suspension allowing a larger stroke of the diaphragm.

In figures 1-4 the shown embodiments have edge portions along the long sides of the
diaphragm. If preferred, the long edges of the diaphragm may be fastened to the
magnetic system of the transducer or to the casing by means of an adhesive. It may
be preferred that the short sides of the diaphragm are free, whereby a narrow slot is
provided giving access of air between the two sides of the diaphragm. The slot can be
tuned to have desired acoustic properties influencing the acoustic performance of the
transducer, in particular at low frequencies. The edge configuration may significantly
influence the natural frequency of the moving system thus forming an important

design parameter of a transducer.

If preferred, the short edges of the diaphragm of figures 1-4 may also be fastened to
the magnetic system or to the casing, such as shown in figures 5-7 or, alternatively,
the slot can be closed with a flexible substance so as to allow the short edges to
move. However, the flexible substance prevents air from going from one side of the
diaphragm to the other. It may also be preferred to fasten the diaphragm using edge

portions extending from the short sides only.

The acoustic output from the transducer depends on the chosen edge configuration.

The best sensitivity is obtained with air-tight edges, however the low frequency output
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may benefit from a tuned gap. In addition, it may be advantageous to omit edge
portions on the short edges, for example in a configuration where several similar

transducers are used to form a line element.

In case the diaphragm system is used in a transducer system with a housing, such as
for example shown in figure 6, the edge portion will form one of the factors
determining the acoustical performance of the transducer with respect to natural
frequency of the moving system. Figures 1-4 show preferred embodiments with the
entire lengths of the long sides of the diaphragm to be attached to the housing.
Additional edge portions on the short sides of the diaphragms can be attached or such
portions may be bent from the flexprint sheet in the same manner as shown for the
long sides of the diaphragm, such as shown in figures 5-7. By applying additional
elastic material it is possible to seal the entire edge of the diaphragm, if preferred
from an acoustical point of view. On the contrary it is also possible to use only a minor
part of for instance two opposite sides of the diaphragm to fix the diaphragm thus

leaving a significant acoustical opening along the edge of the diaphragm.

According to the present invention an embodiment may be formed by a single
rectangular flexprint bent so as to form one gap portion, the gap portions being
perpendicular to a major plan of the diaphragm. In this way the gap portion of the coil
supports the diaphragm in its entire length, and it is possible to produce the
integrated diaphragm/coil system using one single component. If a very stiff
diaphragm is necessary the flexprint may be bent so as to form a double diaphragm.
The two layers may be attached to each other by an adhesive. Alternatively, a stiffer
diaphragm may be obtained by applying a second sheet of material on top of the

flexprint diaphragm so as to form a double layer diaphragm.

Since the diaphragm/coil system can be formed monolithically, for example using one
piece of flexprint, the number of single elements is reduced compared to traditional
diaphragm/coils systems. Hereby, possible production errors due to mismatches by
attachment of the coil to the diaphragm is eliminated. Therefore, transducers
according to the present invention are attractive regarding low cost mass production.
In addition, a single sheet implementation provides a minimum of possible poor
connections and a minimum of possible broken connectors, thus increasing the
reliability of the transducer. A large degree of reliability concerning termination of the
transducer can be obtained using a flexprint where the conductive paths are formed

by copper. This is due to the fact that copper has mechanical properties allowing small
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bends of the conductive portions connecting the diaphragm part and the fixed portion
of the edge that occurs during motion of the diaphragm.

For the embodiments with the diaphragm formed by two or more separate sheets the
sheet material may still be a flexprint. This allows the diaphragm to have integrated
conductors for electrical connections to the coil parts either by means of soldering or
by means of conductive adhesives. Integrated conductors on the diaphragm may also
be advantageous with respect to attachment and connection of electronic devices,
such as ASICs, to the diaphragm. Apart from the mentioned advantage of choosing
independent conductive materials for different parts of the diaphragm embodiments
using two or more flexprints also allows for selection of independent sheet types with
respect to sheet material and sheet thickness. It is possible, for example, to use a
thicker and thereby stiffer sheet material for the gap parts than for the diaphragm
part thus providing a stable coil part. In case of the diaphragm to be used in a
loudspeaker the materials may be chosen so that the diaphragm material is thicker

and thereby stiffer than the gap part thus providing a stiff diaphragm.

A simple embodiment of the diaphragm is rectangular in shape, such as the ones
shown in figures 1-6. This includes possibilities of a long and narrow diaphragm or a
substantially quadratic diaphragm. A large variety of alternative diaphragm shapes
may be chosen. This allows the diaphragm to be shaped so as to give the best
possible utilisation of a space available for a transducer to be used in applications with
very narrow dimensions. In this way it is possible for a transducer to have a large
diaphragm area compared to the space available for the transducer in a certain
application. The diaphragm may have other shapes than rectangular such as circular,

elliptical or any other shape that may be suitable for special applications.

Figure 7 shows an example of an elliptical diaphragm having a separate main part 50
and coil part 70. The diaphragm of figure 7 has an edge portion 20 extending along an
entire circumference of the diaphragm. The coil part 70 is double-sided and has two
gap parts 1.

The shape of the gap parts 1 of the coils shown in figures 1-7 are rectangular. These
parts 1 may be chosen to have other shapes such as part of a circle or part of an
ellipse or any other shape by choice. In figure 1-7 the gap parts 1 are shown to be
substantially flat and in case of more than one gap part 1 the gap parts 1 are shown
to be parallel. This shape allows a monolithic implementation. However, in case the

gap parts 1 are formed on separate sheet parts 70 they may have other shapes than
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flat parts. The gap part 1 may be curved and in case of more than one gap part 1 the
gap parts 1 may form different curved shapes. More than one gap part 1 may be
formed by flat parts not being parallel, they may for instance intersect under the
diaphragm. The different configurations may be freely chosen so as to allow the
diaphragm to be adapted for application within a large variety of magnetic circuit
configurations. Configurations may also be chosen so as to ensure a large degree of
support of the diaphragm thus providing a stiff diaphragm even though it is flat and

formed by a thin a light material.
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CLAIMS
1. A diaphragm for an electroacoustic transducer, the diaphragm comprising

- a flexible sheet cémprising first and second sheet sections, each of the first and

second sheet sections defining a substantially plane surface, and

- one or more electrically conductive coils, wherein each of the one or more coils is
defined as an electrically conductive path on the substantially plane surfaces of first
and second sheet sections so as to form, for each coil, first and second coil sections,

respectively.

2. A diaphragm according to claim 1, wherein the second coil section is adapted to be

positioned in a gap of a magnetic circuit.

3. A diaphragm according to claim 1 or 2, wherein the surfaces of the first and second

sheet sections are arranged substantially perpendicular to each other.

4. A diaphragm according to any of the preceding claims, further comprising
electrically conductive portions on the first sheet section, the electrically conductive
portions being electrically connected to at least one of the electri-cally conductive
paths defining the one or more coils, and being externally accessible for electrically

terminating the electroacoustic transducer.

5. A diaphragm according to any of the preceding claims, further comprising an

electronic circuit being electrically connected to at least one of the one or more coils.

6. A diaphragm according to claim 5, wherein the electronic circuit is attached to the
substantially plane surface of the first sheet section.

7. A diaphragm according to claims 5 or 6, wherein the electronic circuit comprises an
impedance converter.

8. A diaphragm according to any of the preceding claims, comprising one coil.
9. A diaphragm according to any of claims 1-7, comprising two coils.

10. A diaphragm according to claim 9, wherein each of the two coils are electrically

connected to an impedance converter.
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11. A diaphragm according to any of the preceding claims, wherein the first sheet

section takes a substantially rectangular shape.

12. A diaphragm according to any of claims 1-10, wherein the first sheet section takes

a substantially circular shape.

13. A diaphragm according to any of claims 1-10, wherein the first sheet section takes

a substantially elliptical shape.

14. A diaphragm according to any of the preceding claims, wherein the second sheet

section comprises at least one part taking a substantially rectangular shape.

15. A diaphragm according to any of claims 1-13, wherein the second sheet section

comprises at least one part having a curved shape.

16. A diaphragm according to any of the preceding claims, wherein the flexible sheet

comprises a printed circuit board.

17. A diaphragm according to claim 16, wherein the printed circuit board is a single-

sided flexprint.

18. A diaphragm according to claim 16, wherein the printed circuit board is a double-
sided flexprint.

19. A diaphragm according to any of the preceding claims, wherein the electrically

conductive paths defining the one or more coils comprise copper.

20. A diaphragm according to any of the preceding claims, wherein the electrically

conductive paths defining the one or more coils comprise aluminium.

21. A diaphragm according to any of the preceding claims, wherein the flexible sheet

is monolithic.

22. A diaphragm according to any of the claims 4-18, wherein the flexible sheet
comprises a main part adapted to radiate acoustical waves, and one or more separate
coil parts attached to the main part.

23. A diaphragm according to claim 22, wherein the electrically conductive path

defining a coil is defined on each of the one or more coil parts.
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24, A diaphragm according to claim 23, wherein the one or more electrically
conductive paths defining the one or more coils and the externally accessible

conductive portions comprise copper.

25. A diaphragm according to claim 23, wherein the electrically conductive paths
defining the one or more coils comprise aluminium, and wherein the externally

accessible conductive portions comprise copper.

26. A diaphragm according to any of claims 22-25, wherein at least one of the coil

parts is attached to the main part by means of adhesives.

27. A diaphragm according to any of claims 22-26, wherein the at least one separate

coil part comprises a multi-layer flexprint.

28. A diaphragm according to any of the preceding claims, further comprising means

for suspending the diaphragm.

29. A diaphragm according to claim 28, wherein the suspending means forms an
integral part of the diaphragm.

30. A diaphragm according to any of claims 28 or 29, wherein the suspending means
comprises a plurality of suspending means extending along only a part of a

circumference of the diaphragm.

31. A diaphragm according to claim 30, wherein the plurality of suspending means

extends along substantially the entire part of the circumference of the diaphragm.

32. A diaphragm according to claims 28 or 29, wherein the suspending means extends

along the entire part of the circumference of the diaphragm.
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