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Description
Technical Field of the Invention

[0001] The invention relates to capacitive transduc-
ers, e.g. capacitive microphones of the externally polar-
ised type or the electret type, also known as the pre-
polarised type, and starts from GB-A-2 112 605.
[0002] In particular, the invention relates to a capaci-
tive transducer of the type with two electrically conduct-
ing plates or electrodes, one of which is movable relative
to the other, which is referred to as a stationary elec-
trode. The movable electrode is mounted on a ring-
shaped member with a central opening, so that the dia-
phragm overlies the central opening, while the station-
ary electrode is in the central opening of the ring-shaped
member and insulated therefrom, and the stationary
electrode is kept at a small distance from the movable
electrode. The invention is especially of importance in
connection with condenser microphones for measure-
ment and scientific purposes with high requirements to
uniformity, linearity, stability and sensitivity to environ-
mental variations. In the following, the terms 'condenser’
and 'capacitive' are used interchangeably.

[0003] The invention relates specifically to a capaci-
tive transducer for use in a transducer such as a con-
denser microphone.

Description of related background art

[0004] A primary requirement to be met by a micro-
phone for measurement and scientific purposes is that
the acoustic performance of the microphone must be
good, meaning that, in order to achieve good accuracy
of the measurement, the linearity and stability of the mi-
crophone are good, and that the microphone disturbs or
affects the sound field to be measured in a well control-
led and predictable way. It is further necessary that the
microphone have a low sensitivity to environmental var-
iations such as temperature and static pressure. In order
to obtain reproducible results and to extend the intervals
between calibrations it is also imperative that the micro-
phone exhibits good short-term and long-term stability.
Furthermore it must be possible to carry out calibration
in a simple manner to verify the primary characteristics
of the microphone, which are its frequency response
and sensitivity. Furthermore it must be possible to pre-
dict the performance of the microphone not only by
means of direct measurements, but also by means of
calculations based on theoretical considerations in or-
der to give an independent confirmation of the meas-
ured signal.

[0005] Condenser microphones for scientific and
measurement purposes are commonly made up of pre-
cision-machined mechanical elements. The main ele-
ments of a condenser microphone are a stationary elec-
trode, also called a back plate electrode, and a movable
electrode embodied as a diaphragm which, when at
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rest, is kept at a well-defined distance from the back
plate electrode. The back plate electrode and the dia-
phragm are, and together they constitute the electrodes
of a capacitor employing ordinary atmospheric air as the
dielectric. The diaphragm, which in high quality trans-
ducers is made of metal, is usually mounted at an end
of the microphone housing. The microphone housing,
the insulator and the diaphragm form a closed compart-
ment. The occurrence of a pressure difference between
the outer atmosphere and the closed compartment
causes the diaphragm to move, and this movement
causes a change in capacitance, which can be meas-
ured electrically. The frequency response at higher fre-
quencies is determined essentially by the resonance of
the diaphragm and by its damping. The resonance fre-
quency is determined by the mass of the diaphragm and
by its mechanical tension. The damping depends on the
mobility of the air in the space between the diaphragm
and the back plate electrode, and therefore it can be var-
ied and controlled by varying the geometry of the back
plate electrode and by choosing the appropriate dis-
tance between the diaphragm and the back plate elec-
trode. In most measurement microphones the distance
between the diaphragm and the back plate electrode
typically ranges from 10 um to 30 um. For an individual
type the tolerance of the distance between the dia-
phragm and the back plate electrode must be controlled
within £ 5 % in order to get a uniform damping of the
diaphragm displacement in the region of interest. The
damping is usually controlled by having a number of
holes in the back plate electrode, which lead from the
space between the diaphragm and the back plate elec-
trode to the rear surface of the back plate electrode. The
sensitivity of a condenser microphone is proportional to
the distance between the electrodes and inversely pro-
portional to the tension in the diaphragm. As the tension
is dependent on the extension of the foil, the diaphragm
has to be fixed to the microphone housing or ring-
shaped member in a very well defined manner in order
to have good long-term stability.

[0006] US 5854 846 discloses a capacitive transduc-
er with a diaphragm secured to a disc-shaped member
along their common periphery and in a parallel, spaced
relationship. Together with a preamplifier this structure
is mounted in a tubular housing to form a condenser mi-
crophone.

[0007] GB 2 112 605 discloses a prior art condenser
microphone, which is shown in figure 1. The prior art
microphone has a cylindrical microphone housing with
atransversal wall supporting an inner cylindrical wall co-
axially with the microphone housing. A ring-shaped disc
of an insulating material is press-fitted into the opening
of the inner cylindrical wall. A coating layer of an elec-
trically conductive material covers the central portion of
the upper surface of the insulating disc and is spaced
from the, inner cylindrical wall. The conductive material
also covers the surface in the opening in the ring-shaped
disc, where a conductor is connected to the coating. The
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wire is connected to a terminal of the microphone, which
is insulated from the housing. A conductive diaphragm
is mounted over the end of the housing at a small dis-
tance from the coating on the ring-shaped disc.

[0008] The prior art microphone in figure 1 has some
fundamental problems, which are that the entire micro-
phone must be assembled before test and characteri-
sation are possible, and that all parts in the microphone
have a great influence on the sensitivity of the micro-
phone to temperature, meaning that the materials and
dimensions of all included parts must be selected with
great care. Also the prior art microphone is costly to pro-
duce, while the invention provides a simple design, sim-
ple manufacture and lower price.

[0009] EP 371620 discloses a typical microphone for
lower cost applications. That construction has eliminat-
ed the need for a separate stationary electrode or back
plate electrode by integrating the stationary electrode
into the housing. While this is an elegant way of reducing
the number of components in low cost microphones, it
is unsuited for measurement microphones for many rea-
sons. Among these are that in measurement micro-
phone requirements with respect to tolerances require
that the distance between the two electrodes is control-
led within £ 5 %, which is not possible in this design; i.
e. if for example the microphone is subjected to a me-
chanical shock resulting from being accidentally
dropped onto a floor, the housing might deform, causing
the distance between the diaphragm and stationary
electrode to change. Also, scientific and measurement
microphones must have very low sensitivity to variations
in temperature, humidity and static pressure and this is
difficult to achieve in this design. Also measurement mi-
crophones require that it must be possible to predict the
microphone performance by means of calculations
based on theoretical considerations in order to give an
independent confirmation of the measured data, and
this will be difficult in this design.

Summary of the Invention

[0010] A problem of the above-discussed prior art is
that the entire transducer must be assembled before
test and characterisation is possible. A transducer,
which complies with the specifications, may then have
to be discarded or returned for adjustment or repair.
[0011] The object of the invention is to provide a ca-
pacitive transducer for use eg in condenser micro-
phones, where the capacitive transducer defines the
major parameters of the transducer so that possible de-
viations from the specifications may be detected at an
early stage, ie before a complete transducer has been
manufactured, whereby to obtain a more economical
production.

[0012] In the present context, the term 'electrode’ is
taken to mean an electrically conducting member in-
cluding possible means for carrying the electrode.
[0013] The two electrodes may both be movable or
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both be fixed. or one may be fixed and the other mova-
ble.

[0014] In a preferred embodiment the first electrode
is stationary and the second electrode is movable.
[0015] In a preferred embodiment the support and the
electrodes when assembled form a closed compartment
and the compartment contains air.

[0016] In the present context, the term 'closed com-
partment containing air' is taken to mean that the volume
of air enclosed by the support and the electrodes may
or may not be hermetically sealed.

[0017] When the support comprises a cylindrical tu-
bular body defining an axial direction, the body having
inner and outer faces and first and second axial ends,
and the stationary electrode is secured to the inner face
of the body at or near the first axial end, and the movable
electrode is mounted along its periphery on the second
axial end of the body in parallel with and at a predeter-
mined distance from the stationary electrode, it is en-
sured that a flexible means for holding the electrodes of
the transducer in a fixed geometrical position with re-
spect to each other is provided.

[0018] According to the invention, there is provided a
capacitive transducer with two electrically conducting
plates, one e.g. a stationary electrode and the other e.
g. an electrode which is movable relative to the station-
ary one. The movable electrode is mounted at the end
of a transducer ring-shaped member, while the station-
ary electrode is placed on an insulating body which is
secured in the interior of the ring-shaped member, and
which supports the stationary electrode at a well-de-
fined, small distance from the movable electrode. Be-
cause the ring-shaped member has both electrodes
mounted thereon or therein, the ring-shaped member
can be inserted into a wide variety of microphone hous-
ings without compromising the overall requirements
with respect to stability and environmental sensitivity.
This allows the housing to be manufactured with less
severe tolerances and in cheaper materials than before.
This achieves a number of advantages. The parts of the
microphone can be manufactured separately within the
required accuracy, avoiding the need for individual han-
dling. Selecting materials and geometry for the parts is
a less critical matter than before, because only the ca-
pacitive transducer determines sensitivity and frequen-
cy response as well as most of the environmental sen-
sitivity. Finally, the transducer can be tested for function-
ality on the two primary parameters, frequency re-
sponse and sensitivity, before being finally mounted in
a microphone housing. This permits the detection of crit-
ical parameters being outside tolerance limits or devia-
tions from target parameters and of faults and errors
much earlier in the manufacturing process than was pre-
viously possible. This will result in considerable cost
savings during production. Previously this test could on-
ly be performed when the entire microphone was as-
sembled.

[0019] When the tubular body comprises an outer wall
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and a substantially cylindrical inner supporting wall
member, which is rigidly connected to the outer wall near
the first axial end through a transversal wall, the inner
supporting wall member extending in the axial direction
of the tubular body over a fraction of its axial length and
constituting a seat for the stationary electrode, it is en-
sured that a convenient design for inserting the station-
ary electrode (possibly including its carrier member) into
the tubular body is provided. Further, it provides a basis
for ensuring that the two electrodes are kept apart at a
constant and well-defined distance, which is reproduci-
ble from device to device.

[0020] When the first electrode comprises an electri-
cally insulating carrier member carrying an electrically
conducting member, it is ensured that a convenient
means for performing the function of fixing the first elec-
trode to the support is provided. Instead of being partly
made of electrically insulating and partly of conducting
members, the electrode may be made entirely of an
electrically conducting member (e.g. a metal) or it may
be made of an electrically conducting material mixed
with an electrically insulating material at a microscopic
or macroscopic level.

[0021] In a preferred embodiment the tubular body
and the electrodes are designed as regards mechanical
construction and choice of materials so that stresses,
including thermally induced stresses, are minimized.
[0022] In a preferred embodiment the cylindrical tubu-
lar body of the support is made of an electrically con-
ducting material. Instead of being made entirely of an
electrically conducting material it may be made of an
electrically insulating material (e.g. a ceramic material)
or of an electrically insulating material coated with a me-
tallic material or the like.

[0023] In a preferred embodiment the stationary elec-
trode and the tubular body are adapted to allow the sta-
tionary. electrode to be secured to the tubular body of
the support by frictional forces between the stationary
electrode and the tubular body. This has the advantage
of allowing the mounting of the stationary electrode by
a press fitting process without the need for other fasten-
ing means.

[0024] Alternatively, the stationary electrode is se-
cured to the tubular body of the support by adhesive
means.

[0025] In a preferred embodiment the stationary elec-
trode takes the form of a back plate electrode compris-
ing an electrically insulating carrier material, whose two
opposing sides are fully or partially coated with an elec-
trically conducting layer, and the layers are electrically
connected and are spaced from the areas of contact be-
tween the back plate electrode and the tubular body in
such a way that electrical isolation between the back
plate electrode and the tubular body is ensured. This
has the advantage of providing a convenient and repro-
ducible solution that allows an easy mechanical cou-
pling to the tubular body and an easy electrical connec-
tion of the stationary electrode to other parts and of en-
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suring that the stationary electrode does not connect
electrically to the tubular body.

[0026] When the electrically insulating material is cho-
sen from the group of materials comprising ceramic ma-
terials, plastics, glass, ruby, sapphire and quartz, it is
ensured that a spectrum of relevant materials having a
proper selection of low electrical conductivities is pro-
vided.

[0027] When the electrically conducting layer on the
electrically insulating carrier material of the stationary
electrode are made by a screen printing, a stencil print-
ing or a evaporation process, it is ensured that one of a
selection of standard methods, routinely used in elec-
tronic environments, is utilized providing an accurate as
well as an economical solution.

[0028] When the movable electrode is made of a met-
al, a metal alloy or a metallized insulator, it is ensured
that a membrane or diaphragm is provided that is well
suited for high-quality transducers, including measure-
ment microphones.

[0029] Whenalayer ofaninsulator serving as an elec-
tret is applied to one or both electrodes, it is ensured
that the part is suitable for use in pre-polarized micro-
phones.

[0030] The stationary electrode comprises an insulat-
ing body e.g. shaped as an insulating disc having an
electrically conductive coating made by screen printing,
stencil printing or evaporation techniques. The insulat-
ing body is preferably made of ceramics having the con-
ductive coating screen printed or evaporated on one
side. The stationary electrode can be coated with a thin
layer of fluorinated ethylene propylene or a similar insu-
lating material for use in pre-polarized microphones, al-
so known as electret microphones.

[0031] When the electrically insulating carrier mem-
ber is manufactured from a sheet of a ceramic material
by laser cutting or laser drilling, it is ensured that an es-
pecially economical solution is provided.

[0032] When the back plate electrode is manufac-
tured by applying a pattern of electrically conducting lay-
ers to opposing sides of a sheet of ceramics material by
a screen printing, a stencil printing or a evaporation
process, the pattern forming an array of individual back
plate electrodes, and by separating the back plate elec-
trode from the sheet by laser cutting or laser drilling, it
is ensured that an especially economical solution is pro-
vided, which is well suited for large scale production of
transducers with a high accuracy.

[0033] When the support has a reference plane in a
well-defined position relative to the second electrode
and the first electrode is mounted in the support relative
thereto, it is ensured that a precise and reproducible
mounting of the stationary electrode relative to the mov-
able electrode is provided.

[0034] When the position of the reference plane rela-
tive to the movable electrode is defined by a screen-
printing, a stencil printing or an evaporation process, it
is ensured that a very precise, easily adjustable and re-
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producible mounting of the stationary electrode relative
to the movable electrode is provided.

[0035] When a predefined distance between the elec-
trodes in a relaxed state is defined by a screen-printed
pattern on the back plate electrode, it is ensured that a
very precise, easily adjustable and reproducible mount-
ing of the stationary electrode relative to the movable
electrode is provided.

[0036] A transducer comprising a housing with an as-
sembly comprising first and second electrodes separat-
ed by a dielectric material, a back chamber with a bottom
wall and electrical terminals connected to the elec-
trodes, and means for fixing the assembly in the housing
is furthermore provided by the invention. When the first
and second electrodes separated by a dielectric mate-
rial are provided in the form of a capacitive transducer
according to the claims and the capacitive transducer is
adapted for being mounted in the housing, it is ensured
that a transducer that has a high quality, which may be
configured to a lot of different applications, having dif-
ferent specifications and different physical embodi-
ments, and is economical in production is provided.
[0037] Whenitis adapted for use as a condenser mi-
crophone by forming one or more openings in the first
electrode, the electrode being stationary, it is ensured
that a high-quality microphone that is well suited for use
as a measurement microphone is provided.

[0038] The capacitive or condenser microphone con-
sists of a ring-shaped member which has a movable
electrode or diaphragm mounted on one side. Inside the
ring-shaped member, a stationary electrode also known
as a back plate electrode is mounted close to the dia-
phragm. The ring-shaped member with the diaphragm
and back plate electrode forms a capacitive transducer
unit, which can be mounted in a housing. The ring-
shaped member with the diaphragm and back plate
electrode has most of the functionality of the complete
microphone, allowing testing and characterisation of the
primary characteristics, sensitivity and frequency re-
sponse, before the entire microphone is assembled.
This means that the microphone will be simpler to make
and simpler to test and it can be manufactured ata much
lower cost. Also the microphone's sensitivity to environ-
mental variations is determined to a great degree by the
ring-shaped member with the diaphragm and back plate
electrode, making the choice of materials for housing,
internal cavity and bottom wall a less critical matter com-
pared to prior art microphones, where each part had to
be selected with care.

[0039] When the housing is shaped so that its height
is reduced to a minimum determined mainly by the
height of the capacitive transducer in a direction perpen-
dicular to the electrodes, and the area of the bottom wall
is larger than the area of the second electrode, it is en-
sured that a very flat microphone is provided.

[0040] When the bottom wall has means for pressure
equalization between the back chamber and its environ-
ment, and the bottom wall comprises a body having an
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essentially planar surface area of contact with the back
chamber, and the means for pressure equalization com-
prise a geometrical pattern extending from the surface
of the body, and the pattern overlaps the area of contact
in such a way that at least one opening between the
back chamber and its environment is formed when the
back wall is joined with the back chamber, it is ensured
that a very reproducible and precise method of control-
ling the low frequency cut-off of the transducer is pro-
vided. The pattern may be generated in a number of
standardized ways, e.g. by means of screen-printing
and or laser cutting or drilling, making it highly advanta-
geous from a production and economical point of view.
[0041] A transducer system comprising a housing
with first and second electrodes separated by a dielec-
tric material, a back chamber with a bottom wall and
electrical terminals connected to the electrodes is more-
over provided by the invention. When it comprises a ca-
pacitive transducer according to the invention and the
capacitive transducer is adapted for being mounted in
the housing together with amplifier and electronic inter-
face units, it is ensured that a system that may be adapt-
ed to various specifications and physical embodiments
may be economically provided.

[0042] The transducer housing can be made to allow
easy integration of an electrical amplifier or other elec-
tronics without compromising the overall requirements
with respect to stability, linearity and environmental sen-
sitivity. Compared to the prior state of the art this is pos-
sible because the diaphragm and the back plate elec-
trode are to be mounted in a ring-shaped member inde-
pendently of the housing, thereby making the design of
the transducer housing much less critical than before.
This can be used to shape the transducer housing in
such a way that the amplifier can easily be integrated
into the microphone without increasing the cost of the
transducer housing. With the prior art, integration of an
amplifier would still have been possible, but it would
have meant that a complicated body, the transducer
housing, would be more complicated with a higher cost
as a consequence.

[0043] The advantages of the capacitive transducer
of the invention can be summarised as follows:

* The transducer can be assembled in a much sim-
pler manner than before.

* The primary characteristics of the transducer can
be characterised before final assembly in a hous-
ing, which reduces the cost.

e The capacitive transducer consisting of a ring-
shaped member with a diaphragm and a back plate
electrode allows manufacture of transducer hous-
ings with less demanding tolerances on dimensions
and less requirements with respect to materials.

* Theinvention provides thinner transducer housings
than before, which enables new applications where
today's transducers fail to comply with requirements
to size.
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¢ Instead of complicated bodies, a transducer can be
made with simple bodies, which can be manufac-
tured separately and at much lower cost. As an ex-
ample the microphone housing in the prior art was
complicated and expensive to manufacture. In the
invention this complex body is replaced with a sim-
ple housing and a simple back chamber, which can
be manufactured at much lower cost.

* Integration of an amplifier or other electronics is
possible without significantly increasing the cost of
the transducer housing.

Brief Description of the Drawings

[0044] The invention will be explained more fully be-
low in connection with a preferred embodiment and with
reference to the drawings, in which:

Figure 1 shows a prior art condenser microphone,

Figure 2 shows an exploded perspective view of a
condenser microphone using a capacitive trans-
ducer according to the invention,

Figure 3 shows an exploded view of a cross section
through a capacitive transducer according to the in-
vention,

Figure 3A shows the capacitive transducer in figure
3 assembled,

Figure 4 shows an exploded view of the microphone
bottom wall and the internal cavity piece, and

Figures 5a and 5b show another use of the capac-
itive transducer of the invention in a condenser mi-
crophone.

[0045] The figures are schematic and somewhat sim-
plified for clarity, and they just show details, which are
necessary for the understanding of the invention, while
inessential details are omitted. Throughout the following
description, the same reference numerals are used for
identical or corresponding parts.

Detailed Description of the invention

[0046] Figure 2 shows an exploded perspective view
of a condenser microphone using a capacitive transduc-
er according to the invention, and figures 3, 3A and 4
show details thereof, where figures 3 and 3A show the
capacitive transducer used in a condenser microphone,
and figure 4 shows an exploded view of the microphone
bottom wall and the internal cavity piece of the micro-
phone in figure 2.

[0047] The microphone 100 (figure 2) comprises a ca-
pacitive transducer 1 (figures 3 and 3A). The capacitive
transducer 1 comprises a ring-shaped member 12 with
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a bottom wall 13 and two upstanding concentric ring-
shaped walls with a radial space therebetween. The out-
erring-shaped wall carries a diaphragm 11. The free end
of the inner ring-shaped wall is recessed below the free
end 15 of the outer ring-shaped wall, and it accommo-
dates a stationary electrode also referred to as a back
plate electrode 17 therein. Together the ring-shaped
member 12, the back plate electrode 17 and the dia-
phragm 11 constitute the capacitive transducer 1.
[0048] The ring-shaped member 12 is an electrically
conducting cylindrical body made of metal. The inner
ring-shaped wall 16 is so dimensioned as to allow ex-
pansion, when the back plate electrode 17 is inserted
therein, so that the back plate electrode 17 is retained
in its position by means of frictional forces acting be-
tween the inner surface of the supporting wall member
16 and the outer surface of the back plate electrode 17.
[0049] Outside the outer periphery of the diaphragm
11 the ring-shaped member 12 has a free surface 14
acting as a reference plane for precise mounting of the
ring-shaped member 12 against a corresponding refer-
ence plane 23 inside the microphone housing 21. The
reference plane 14 of the ring-shaped member 12 and
the corresponding reference plane 23 inside the micro-
phone housing are matching surfaces and are prefera-
bly plane faces, but the faces may be slightly conical,
whereby the transducer of figure 3A will be centred in
the microphone housing 21.

[0050] The ring-shaped member 12 has an upstand-
ing outer ring-shaped wall with an end surface 15 for
mounting of the diaphragm 11. The surface 15 of the
ring-shaped member 12 has a rounded outer edge and
also serves as a reference plane for mounting the back
plate electrode 17 in the ring-shaped member 12. Dur-
ing mounting it is important to place the back plate elec-
trode 17 precisely at the desired distance from the dia-
phragm 11. This is done by using the surface 15 as a
reference plane. With proper equipment this mounting
can be done with a precision of + 1 um or better. The
back plate electrode 17 is mounted in the ring-shaped
member 12 by being pressed into either end of the ring-
shaped wall 16, which is dimensioned so that the ring-
shaped wall expands during the insertion of the back
plate electrode, which is then retained therein by fric-
tional forces, or the back plate electrode is inserted into
the ring-shaped wall 16 without deforming this, and is
retained therein by means of glue or other fastening
means.

[0051] The back plate electrode 17 has a body 20 of
an insulating material, eg a ceramic material such as
Al,O,, with a conductive coating 19 (in figure 3) on the
top side facing the diaphragm 11, and a conductive coat-
ing on the bottom side (not shown) opposite the dia-
phragm 11. Other insulating materials can be used for
the disc-shaped body 20, such as ceramic materials,
plastics, glass, ruby, sapphire and glass. The conduc-
tive coating 19 can be deposited by any suitable process
such as screen printing, stencil printing or an evapora-
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tion process. The back plate electrode has through-go-
ing holes 24 for establishing damping of the movements
of the diaphragm.

[0052] The coatings on the two sides of the back plate
electrode are in electrical contact with each other
through a vertical electrical feed-through 18 in the back
plate electrode 17 or through one or more of the through-
going holes 24. The coating does not reach the edge of
the insulating disc, whereby a suitable insulation is es-
tablished between the conductive coating 19 on the
back plate electrode and the diaphragm 11 on the ring-
shaped member 12. Alternatively, the back plate elec-
trode 17 can be a metal disc with a rim of an electrically
insulating material to establish insulation between the
metal disc and the ring-shaped member.

[0053] The diaphragm 11 is welded, using eg a laser
beam, or soldered onto the surface 15 of the ring-
shaped member 12 for optimum long-term stability. Be-
fore welding, the diaphragm 11 is stretched to achieve
the correct tension required for the desired sensitivity
and resonance frequency etc. The back side of the back
plate electrode 17, ie the side opposite the diaphragm,
and in particular the conductive coating are directly ac-
cessible on the capacitive transducer shown in figure
3A.

[0054] As illustrated in figure 2, when a diaphragm 11
and a back plate electrode 17 have been mounted, the
ring-shaped member 12 is inserted into a microphone
housing 21, using the reference plane 14 for a precise
mounting of the ring-shaped member against the refer-
ence plane 23 of the microphone housing. Following
this, an internal cavity piece 31 is inserted into the mi-
crophone housing 21 with one end in contact with the
end 13 of the ring-shaped member. By increasing or de-
creasing the inner diameter and/or the length of the
housing and the internal cavity piece 31 the size of the
back chamber volume in the microphone can be adjust-
ed. Following the internal cavity piece 31, a microphone
housing bottom wall 41 of an electrically insulating ma-
terial is inserted, having a pressure equalization channel
42 with a well-controlled airflow resistance. An electri-
cally conducting body 43, eg of metal, is inserted
through an opening in the microphone housing bottom
wall 41, which body 43 is made so that it will be in elec-
trical contact with the back side of the back plate elec-
trode 17 when the parts are properly assembled. This
allows the electrical signal to be transmitted from the
back plate electrode 17 through the microphone hous-
ing insulating bottom wall 41. Also the bottom wall 41
determines the volume of the back chamber together
with the internal cavity piece 31. The ring-shaped mem-
ber 12, with diaphragm 11 and back plate electrode 17,
the volume piece 31 and the microphone housing bot-
tom wall 41 are held in place in the microphone housing
using a ring shaped body 51. This can for example be
made with a thread fitting or as a spring as shown in
figure 2. The exact realisation of the ring shaped body
has little importance for the performance of the micro-
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phone and is not shown in detail.

[0055] Figures 5a and 5b show another condenser
microphone using the capacitive transducer according
to the invention. Figure 5a shows a full view and figure
5b shows a close-up of the central part of the micro-
phone in figure 5a.

[0056] The condenser microphone illustrated in fig-
ures 5a and 5b makes use of the possibility of inserting
the transducer 1 shown in figure 3A into a microphone
housing with a shape differing from any previous meas-
urement microphones without compromising overall re-
quirements with respect to stability and environmental
sensitivity. Like in the embodiment in figure 2, the trans-
ducer 1 is inserted into a microphone housing 21. The
microphone housing 21, however, is shaped so that the
overall height is reduced to a minimum determined
mainly by the thickness of the back plate electrode 17
and the ring-shaped member 12. A protecting cover 45
may be used to protect in particular the diaphragm 11.
By increasing or decreasing the inner diameter and/or
the length of the housing the size of the back chamber
volume in the microphone can be adjusted. The bottom
wall 41 of the microphone housing is made with the
same overall considerations as before, only in this em-
bodiment the diameter of the bottom wall 41 is larger
than the diaphragm 11.

[0057] For use in this embodiment the ring-shaped
member 12 has one or more radially extending openings
in the outer cylindrical wall near the bottom wall 13.
When the microphone is assembled a closed volume
behind the diaphragm will include a volume externally
to the ring-shaped member 12, where the housing 21
and the bottom wall 41 delimit the volume.

[0058] Compared to the prior art this embodiment is
made possible because the ring-shaped member 12
can be scaled to a smaller size in both axial and radial
directions, and the radially extending openings give ac-
cess to a volume of air externally to the ring-shaped
member 12. The presented embodiment will have a sig-
nificant impact in areas where physical dimensions only
allow the use of a very thin transducer, and where it is
necessary to measure with the same high accuracy and
stability as in normal measurement microphones.
[0059] Figures 3 and 3A show that the surface 14 is
recessed relative to the surface 15 carrying the dia-
phragm 11. When the capacitive transducer of figure 3A
in the cylindrical microphone housing 21 of figure 2 or
in the large-diameter plate-shaped housing 21 of figures
5B and 5A with the reference plane 14 abutting the cor-
responding reference plane 23 of the respective micro-
phone housings, the diaphragm 11 will be flush with the
front end of the microphone housing, whereby in partic-
ular no cavity is formed with the diaphragm forming the
bottom of the cavity. Such a cavity is undesirable, since
it will inevitably influence the acoustic performance of
the microphone.

[0060] However, a diaphragm which is flush with the
front end of the microphone housing is vulnerable, and
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it may therefore be desirable to have the diaphragm re-
cessed a fraction of a mm, say 20-100 um, relative to
the front end of the microphone housing. This is easily
obtained by proper dimensioning of the height of the up-
standing wall 15 carrying the diaphragm and the thick-
ness of the inwardly extending flange with the reference
plane 23 of the microphone housing.

[0061] A special version of the condenser microphone
is the pre-polarised microphone, also known as an elec-
tret microphone. A microphone of this type has a pre-
polarised material, which stores a permanent electrical
charge providing the electrical field necessary for the
operation of the microphone. The pre-polarised material
is an insulating material, usually thin sheet of a plastics
material. In the invention the pre-polarised material will
be placed either on the stationary electrode or back
plate electrode 17 before this is mounted in the ring-
shaped member 12.

[0062] A system comprising a microphone similar to
the one in figure 2, a preamplifier and possibly other
electronics may be easily composed.

[0063] Some preferred embodiments have been
shown in the foregoing, but it should be stressed that
the invention is not limited to these, but may be embod-
ied in other ways within the subject matter defined in the
following claims. For example, instead of planar elec-
trodes and back plate electrode as illustrated in the fig-
ures, these parts may have any convenient shape such
as hyperbolic, parabolic, dome, or they may have a con-
tour comprising steps or bends.

Claims
1. A capacitive transducer (1) comprising

- aring-shaped member (12) with a central open-
ing and an axis defining an axial direction, the
ring-shaped member (12) having a radially ex-
tending disc-shaped portion (13), an outer an-
nular wall (15) and an inner annular wall (16)
both being in rigid connection with the radially
extending disc-shaped portion (13) and extend-
ing in the axial direction and with a space be-
tween the outer and inner annular walls,

- adiaphragm (11) secured to the outer annular
wall (15) of the ring-shaped member (12) and
overlaying the central opening, the diaphragm
(11) having an outer periphery and an electri-
cally conductive portion, the diaphragm and its
electrically conductive portion being movable in
response to sound pressure,

- adisc-shaped member (17) secured within the
inner annular wall (16) and in parallel relation-
ship to the diaphragm (11), the disc-shaped
member (17) having a first side with an electri-
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cally conductive portion (19) facing the dia-
phragm (11), and a second side opposite the
first side, the second side having a contact
member in electrical contact with the electrical-
ly conductive portion (19) on the first side of the
disc-shaped member (17), the electrically con-
ductive portion (19) on the first side of the disc-
shaped member (17) being spaced from the di-
aphragm (11) in a predetermined distance
therefrom, whereby the diaphragm (11) and the
electrically conductive portion (19) on the disc-
shaped member (17) form an electrical capac-
itor, characterized in that the second side of
the disc-shaped member (17) and the contact
member are directly accessible.

A transducer according to claim 1, characterized
in that the ring-shaped member (12) has, outside
the outer periphery of the diaphragm (11), a free
surface (14) extending transversally to the axis of
the ring-shaped member (12).

A transducer according to any one of claims 1-2,
characterized in that it comprises a housing (21,
41), which together with the diaphragm (11) defines
a substantially closed volume, and that the housing
has an externally accessible electrical connection
to the electrically conductive portion (19) on the
disc-shaped member (17).

A transducer according to claim 3, characterized
in that the substantially closed volume extends
through one or more radially extending openings in
the ring-shaped member (12).

A transducer according to any one of claims 1-4,
characterized in that the ring-shaped member
(12) is made of an electrically conducting material.

A transducer according to any one of claims 1-5,
characterized in that the disc-shaped member
(17) is retained in the ring-shaped member (12) by
frictional forces.

A transducer according to any one of claims 1-6,
characterized in that the disc-shaped member
(17) comprises an electrically insulating material
(20) carrying the electrically conductive portion
(19), the electrically insulating material being cho-
sen from the group of materials consisting of ceram-
ic materials, plastics, ruby, sapphire and quartz.

A transducer according to any one of claims 1-7,
characterized in that the electrically insulating ma-
terial is Al,O4.

A transducer according to any one of claims 1-8,
characterized in that an electrically pre-polarised
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material at least partially covers the first side of the
disc-shaped member (17) or the side of the dia-
phragm (11) facing the disc-shaped member (17) or
both.

A transducer according to any one of claims 3-9,
characterized in that the free surface (14) extend-
ing transversally to the axis of the ring-shaped
member (12) is recessed relative to the diaphragm

(11).

A transducer according to claim 10,characterized
in that it comprises a ring-shaped or tubular mem-
ber (21, 41) with a first surface in abutment against
the free surface (14) of the ring-shaped member
and with a front surface parallel to the diaphragm
(11) and opposite the first surface, and with the di-
aphragm (11) recessed between 20 um and 100 um
relative to the front surface.

A transducer according to claim 10, characterized
in that it comprises a ring-shaped or tubular mem-
ber (21, 41) with a first surface in abutment against
the free surface (14) of the ring-shaped member
and with a front surface parallel to the diaphragm
(11) and opposite the first surface, and with the di-
aphragm (11) substantially flush with the front sur-
face.

Patentanspriiche

1.

Ein kapazitiver Wandler (1), bestehend aus

- einem ringformigen Element (12) mit einer mit-
tigen Offnung sowie einer Achse, die eine axia-
le Richtung definiert, wobei das ringférmige
Element (12) einen sich radial erstreckenden
scheibenférmigen Teil (13), eine auBere ring-
férmige Wand (15) und eine innere ringformige
Wand (16) besitzt, die beide starr mit dem sich
radial erstreckenden scheibenférmigen Teil
(13) verbunden sind und sich in axialer Rich-
tung erstrecken, wobei sich zwischen dul3erer
und innerer ringférmiger Wand ein Zwischen-
raum befindet;

- einer Membrane (11), die an der aueren ring-
férmigen Wand (15) des ringférmigen Elements
(12) befestigt ist und (iber der mittigen Offnung
liegt, wobei die Membrane (11) ein &ulleres
Umfangsteil und ein elektrisch leitendes Teil
aufweist und sich die Membrane und das elek-
trisch leitende Teil als Reaktion auf Schalldruck
bewegen kénnen,

- einem scheibenférmigen Element (17), das in
der inneren ringférmigen Wand (16) befestigt
ist und parallel zur Membrane (11) liegt, wobei
das scheibenférmige Element (17) eine erste
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Seite mit einem elektrisch leitenden Teil (19),
das zur Membrane (11) zeigt, und eine zweite,
ihr gegenuberliegende Seite hat und die zweite
Seite mit einem Kontaktelement versehen ist,
das in elektrischem Kontakt mit dem elektrisch
leitenden Teil (19) auf der ersten Seite des
scheibenférmigen Elements (17) steht, und wo-
bei das elektrisch leitende Teil (19) auf der er-
sten Seite des scheibenférmigen Elements
(17) einen bestimmten Abstand zur Membrane
(11) hat, wodurch die Membrane (11) und das
elektrisch leitende Teil (19) auf dem scheiben-
férmigen Element (17) einen elektrischen Kon-
densator bilden, dadurch gekennzeichnet,
dass die zweite Seite des scheibenférmigen
Elements (17) und das Kontaktelement direkt
zuganglich sind.

Ein Wandler nach Anspruch 1, dadurch gekenn-
zeichnet, dass das ringférmige Element (12) au-
Rerhalb des duleren Umfangs der Membrane (11)
eine freie Flache (14) aufweist, die quer zur Achse
des ringformigen Elements (12) liegt.

Ein Wandler nach einem der Anspriche 1-2, da-
durch gekennzeichnet, dass er ein Gehause (21,
41) hat, das zusammen mit der Membrane (11) ein
im Wesentlichen geschlossenes Volumen definiert,
und dass das Gehause Uber einen von aufien zu-
ganglichen Anschluss zum elektrisch leitenden Teil
(19) des scheibenférmigen Elements (17) verfligt.

Ein Wandler nach Anspruch 3, dadurch gekenn-
zeichnet, dass sich das im Wesentlichen geschlos-
sene Volumen Uber eine oder mehrere radial ange-
ordnete Offnungen im ringférmigen Element (12)
erstreckt.

Ein Wandler nach einem der Anspriiche 1-4, da-
durch gekennzeichnet, dass das ringférmige Ele-
ment (12) aus einem elektrisch leitenden Material
besteht.

Ein Wandler nach einem der Anspriche 1-5, da-
durch gekennzeichnet, dass das scheibenférmi-
ge Element (17) durch Reibung im ringférmigen
Element (12) festgehalten wird:

Ein Wandler nach einem der Anspriiche 1-6, da-
durch gekennzeichnet, dass das scheibenférmi-
ge Element (17) aus einem elektrisch isolierenden
Material (20) besteht, das das elektrisch leitende
Teil (19) tragt, wobei das elektrisch isolierende Ma-
terial aus der Werkstoffgruppe ausgewahlt wird, zu
der keramische Materialien, Kunststoffe, Rubin, Sa-
phir und Quarz gehéren.

Ein Wandler nach einem der Anspriiche 1-7, da-
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durch gekennzeichnet, dass das elektrisch isolie-
rende Material Al,O3 ist.

Ein Wandler nach einem der Anspriiche 1-8, da-
durch gekennzeichnet, dass ein elektrisch vorpo-
larisiertes Material die erste Seite des scheibenfor-
migen Elements (17) oder die dem scheibenférmi-
gen Element (17) gegenuberliegende Seite der
Membrane (11) oder beide zumindest teilweise ab-
deckt.

Ein Wandler nach einem der Anspriiche 3-9, da-
durch gekennzeichnet, dass die freie Flache (14),
die quer zur Achse des ringférmigen Elements (12)
liegt, gegeniiber der Membrane (11) versetzt ist.

Ein Wandler nach Anspruch 10, dadurch gekenn-
zeichnet, dass er ein ringférmiges oder réhrenfor-
miges Element (21, 41) mit einer ersten Flache um-
fasst, die an die freie Flache (14) des ringférmigen
Elements anstdRt, und einer Vorderflache, die par-
allel zur Membrane (11) verlauft und der ersten FIa-
che gegenuberliegt, und dass die Membrane (11)
gegenlber der Vorderflache zwischen 20 um und
100 um zuriickgesetzt ist.

Ein Wandler nach Anspruch 10, dadurch gekenn-
zeichnet, dass er ein ringformiges oder rohrenfor-
miges Element (21, 41) mit einer ersten Flache um-
fasst, die an die freie Flache (14) des ringférmigen
Elements anstdRt, und einer Vorderflache, die par-
allel zur Membrane (11) verlauft und der ersten Fla-
che gegenuberliegt, und dass die Membrane (11)
im Wesentlichen biindig mit der Vorderflache ab-
schlief3t.

Revendications

1.

Transducteur capacitif (1) comprenant

- un élément annulaire (12) avec une ouverture
centrale et un axe définissant une direction
axiale, I'élément annulaire (12) ayant une partie
en forme de disque (13) qui s'étend radiale-
ment, une paroi annulaire externe (15) et une
paroi annulaire interne (16) toutes deux raccor-
dées de maniére rigide a la partie en forme de
disque (13) qui s'étend radialement et s'éten-
dent dans la direction axiale et avec un espace
entre les parois annulaires externes et inter-
nes,

- undiaphragme (11) fermement fixé sur la paroi
annulaire externe (15) de I'élément annulaire
(12) et recouvrant l'ouverture centrale, le
diaphragme (11) ayant une périphérie externe
et une partie électriquement conductrice, le
diaphragme et sa partie électriquement con-
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ductrice étant mobile en réponse a une pres-
sion acoustique,

- élément en forme de disque (17) fermement
fixé a l'intérieur de la paroi annulaire interne
(16) et en relation paralléle avec le diaphragme
(11), I'tlément en forme de disque (17) a au ni-
veau du premier c6té avec une partie électri-
quement conductrice (19) faisant face au
diaphragme (11), et un second c6té opposé au
premier coté, le second cbté ayant un élément
de contact en contact électrique avec la partie
électriquement conductrice (19) sur le premier
coté de I'élément en forme de disque (17), la
partie électriquement conductrice (19) sur le
premier cbté de I'élément en forme de disque
(17) étant écarté du diaphragme (11) sur une
distance prédéterminée a partir de celui-ci,
moyennant quoi le diaphragme (11) et la partie
électriquement conductrice (19) sur I'élément
en forme de disque (17) forment un condensa-
teur électrique, caractérisé en ce que le se-
cond c6té de I'élément en forme de disque (17)
etl'élément de contact sont directement acces-
sibles.

Transducteur selon la revendication 1, caractérisé
en ce que I'élément annulaire (12) comporte, a I'ex-
térieur de la périphérie externe du diaphragme (11),
une surface libre (14) qui s'étend transversalement
a l'axe de I'élément annulaire (12).

Transducteur selon l'une quelconque des revendi-
cations 1 a 2, caractérisé en ce qu'il comprend un
logement (21, 41) qui définit avec le diaphragme
(11) un volume en grande partie clos, et en ce que
le logement a un raccordement électrique accessi-
ble de I'extérieur a la partie électriquement conduc-
trice (19) sur I'élément en forme de disque (17).

Transducteur selon la revendication 3, caractérisé
en ce que le volume en grande partie clos s'étend
atravers une ou plusieurs ouvertures qui s'étendent
radialement dans I'élément annulaire (12).

Transducteur selon l'une quelconque des revendi-
cations 1 a 4, caractérisé en ce que I'élément an-
nulaire (12) est composé d'un matériau électrique-
ment conducteur.

Transducteur selon l'une quelconque des revendi-
cations 1 a 5, caractérisé en ce que I'élément en
forme de disque (17) est retenu dans I'élément an-
nulaire (12) par des forces de friction.

Transducteur selon l'une quelconque des revendi-
cations 1 a 6, caractérisé en ce que I'élément en
forme de disque (17) comprend un matériau d'iso-
lation électrique (20) qui supporte la partie électri-
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quement conductrice (19), le matériau d'isolation
électrique étant choisi dans le groupe de matériaux
constitué de matériaux céramique, de plastiques,
de rubis, de saphir et de quartz.

Transducteur selon l'une quelconque des revendi-
cations 1 a 7, caractérisé en ce que le matériau
d'isolation électrique est du Al,O5.

Transducteur selon I'une quelconque des revendi-
cations 1 a 8, caractérisé en ce qu'un matériau
prépolarisé électriquement recouvre au moins par-
tiellement le premier coté de I'élément en forme de
disque (17) ou le cbété du diaphragme (11) qui fait
face a I'élément en forme de disque (17) ou les
deux.

Transducteur selon l'une quelconque des revendi-
cations 3a 9, caractérisé en ce que la surface libre
(14) qui s'étend transversalement a I'axe de I'élé-
ment annulaire (12) est évidée par rapport au
diaphragme (11).

Transducteur selon la revendication 10, caractéri-
sé en ce qu'il comprend un élément annulaire ou
tubulaire (21, 41) avec une premiere surface qui
s'appuie contre la surface libre (14) de I'élément an-
nulaire et avec une surface avant paralléle au
diaphragme (11) et opposée a la premiére surface,
et avecle diaphragme (11) évidé entre 20 um et 100
um par rapport a la surface avant.

Transducteur selon la revendication 10, caractéri-
sé en ce qu'il comprend un élément annulaire ou
tubulaire (21, 41) avec une premiere surface qui
s'appuie sur la surface libre (14) de I'élément annu-
laire et avec une surface avant paralléle au
diaphragme (11) et opposée a la premiére surface,
et avec le diaphragme (11) aligné en grande partie
avec la surface avant.
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