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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to miniature microphones used in listening devices, such as hearing aids. In particular, the
present invention relates to a method and apparatus for damping the frequency response in such miniature microphones.

BACKGROUND OF THE INVENTION

[0002] A conventional listening device such as a hearing aid includes, among other things, a microphone and a receiver. The
microphone receives sound waves and converts the sound waves to an audio signal. The audio signal is then processed (e.g.,
amplified) and provided to the receiver. The receiver converts the processed audio signal into an acoustic signal and
subsequently broadcasts the acoustic signal to the user.

[0003] The microphone generally has a rigid, electrically charged backplate and a moveable metallic diaphragm. The diaphragm
divides the inner volume of the microphone into a front volume and a rear volume. Sound waves enter the microphone via a
sound inlet and pass into the front volume. The air vibrations created by the entering sound waves cause the metallic diaphragm
to move, thereby inducing an electric signal in the electrically charged backplate corresponding to the sound waves. The electric
signal is then processed by audio processing circuitry connected to the charged backplate and converted into an audio signal.

[0004] For certain applications, including hearing aids and other listening devices, it is desirable to dampen the resonance
frequency of the microphone system. One way to dampen the frequency response is to increase the inertance presented to the
sound waves entering the microphone by placing an obstruction near the sound inlet in the front volume. Common types of
obstructions include a damping screen made of a grid-like mesh material placed over the sound inlet, a shaped embossment or
structure formed or placed inside the housing of the microphone near the sound inlet, and the like.

[0005] A damping screen, however, can become clogged as debris and foreign material accumulate on its surface. As the
dampening screen becomes increasingly clogged, the microphone's frequency response may depart from the specification. A
shaped structure can also become less effective as debris accumulates, since the shaped structure depends on its shape to
create the desired dampening effect. If the accumulated debris alters the shape of the shaped structure, the microphone's
frequency response will be altered. In both of the above cases, the accumulation of debris, such as dust, hairspray, pollen, and
other particles, may adversely affect the frequency response of the microphone and may even cause it to malfunction.

[0006] Unlike the front volume, the rear volume is typically sealed off and largely impervious to debris. Therefore, some
microphones place the damping mechanism in the rear volume to avoid debris accumulation. These microphones use a damping
frame between the diaphragm and the backplate to dampen the frequency response. The damping frame has inner slits cut into
its opposing edges that, together with the backplate, define apertures through which air may escape from the area between the
diaphragm and the backplate to the rest of the rear volume. The escaping air results in a damping of the frequency response of
the microphone. An example of such a microphone may be found in commonly-owned U.S. Published Application No.
20030063768 to Cornelius et al.

[0007] The dimensions of the inner slits in the above microphones have to be very precise in order to achieve the desired level
of escaping air for damping purposes. Also, the damping frame is normally made of a stiff or rigid material, usually plastic or
Kapton®. Moreover, a hole is sometimes punched through the backplate to facilitate handling during assembly of the microphone.
This hole has to be subsequently filled (e.g., with adhesive or similar material) in order to prevent air from escaping through the
hole. Accordingly, what is needed is an improved way to control the frequency response of the microphone.

[0008] Document EP 0 499 237 discloses a method of assembling an electret capacitor microphone by use of an automatic
assembly machine. The microphone comprises a housing, a diaphragm, and a backplate having a through-hole, where an air
layer is defined between the backplate and the diaphragm.

SUMMARY OF THE INVENTION
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[0009] The present invention is directed to a method and apparatus for damping the resonance frequency in a microphone. The
method and apparatus of the invention involve providing an elastomeric frame to support the backplate. The elastomeric frame
forms a substantially air tight seal around the backplate. A hole is formed in the backplate and a cover having an opening therein
is placed over the hole in the backplate. The frequency response of the microphone may then be controlled by precisely
controlling the size, shape, and/or location of the opening in the cover overlaying the hole. The cover may also serve as an
electrical contact to other components in the microphone.

[0010] In general, in one aspect, the invention is directed to a microphone. The microphone comprises a housing, a diaphragm
mounted in the housing, and a backplate mounted in the housing at a known location relative to the diaphragm. An electrical-
contact element is provided for carrying signals from the backplate, the electrical-contact element providing an acoustic feature
for controlling a frequency response of the microphone.

[0011] In general, in another aspect, the invention is directed to a method of manufacturing a microphone, the microphone
having a housing, a diaphragm, and a backplate. The method comprises the steps of lancing a hole through the backplate and
surrounding the backplate with a support frame. The support frame forms a substantially airtight seal around the backplate and
keeps the backplate centered over the diaphragm. In one embodiment, the support frame also keeps the backplate substantially
parallel to and spaced apart from the diaphragm. The method further comprises the step of covering up the hole in the backplate
with a cover, the cover having an interior wall defining an opening of a predetermined size, shape, and/or location to control a
frequency response of the microphone.

[0012] In general, in yet another aspect, the invention is directed to a mechanism for damping a frequency response of a
microphone. The mechanism comprises a backplate mounted in the microphone, the backplate having an inner wall defining a
hole through backplate. The mechanism further comprises a cover covering up the hole in the backplate, the cover having an
interior wall defining an opening through the cover, the opening having a predetermined size, shape, and/or location for allowing
air to escape through the opening.

[0013] In general, in still another aspect, the invention is directed to a method of damping a frequency response of a
microphone, the microphone having at least a housing, a diaphragm mounted in the housing, and a backplate mounted in the
housing at a known location relative to the diaphragm. The method comprises the steps of creating at least one hole through the
backplate and covering up the at least one hole with a cover such that at least one opening having a predetermined size, shape,
and/or location remains over the at least one hole. The frequency response of the microphone is dampened based on the
predetermined size, shape, and/or location of the at least one opening.

[0014] In general, in yet another aspect, the invention is directed to a microphone. The microphone comprises a housing, a
diaphragm mounted in the housing, and a backplate mounted substantially parallel to and spaced apart from the diaphragm. The
backplate has at least one hole through it. A cover covers up the at least one hole in the backplate. The cover has at least one
opening through it, the at least one opening having a predetermined size, shape, and/or location to control a frequency response
of the microphone.

[0015] The above summary of the present invention is not intended to represent each embodiment, or every aspect, of the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

The foregoing and other advantages of the invention will become apparent upon reading the following detailed description and
upon reference to the drawings, wherein:

FIGS. 1A and 1B illustrate a prior art microphone;
FIGS. 2A-2C illustrate a microphone according to some embodiments of the invention; and
FIG 3 illustrates another microphone according to some embodiments of the invention.

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.



DK/EP 1653770 T3

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0017] As mentioned above, embodiments of the invention provide a method and apparatus for damping the frequency response
in a microphone of a listening device, such as a hearing aid. The method and apparatus of the invention makes use of a hole in
the backplate by partially covering the hole to control the frequency response. A substantially airtight seal is formed between the
backplate and a frame supporting the backplate to prevent air from escaping through the seal.

[0018] A prior art microphone 100 for a conventional listening device is shown in FIGS. 1A-1B. Referring first to the perspective
view of FIG. 1A, the microphone 100 includes a housing 102 that houses the audio components inside the microphone 100. The
housing 102 may be of a size and shape that allows the microphone 100 to be used in miniature listening devices, such as
hearing aids. A sound inlet 104 in the housing 102 enables sound waves to enter the microphone 100.

[0019] FIG. 1B is a top cut away view of the microphone 100 in FIG. 1A, showing a backplate 110 mounted to a damping frame
112. The rigid, electrically charged backplate 110 is, in some cases, attached to the damping frame 112 by drops of cured
adhesive 114 at the corners of the backplate 110. Inner slits, defined by the recessed areas 116 in the damping frame 112, are
cut out of opposing sides of the damping frame 112 to allow the passage of air therethrough for damping purposes. A hole,
defined by the inner wall 118 of the backplate 110, is punched near the middle of the backplate 110 to facilitate handling thereof
during assembly of the microphone 100. The hole is subsequently filled in with adhesive and the like to prevent air from escaping
through the hole.

[0020] FIGS. 2A-2C illustrate a microphone 200 according to embodiments of the invention. As can be seen in FIG. 2A, the
microphone 200 is similar to the microphone 100 shown in FIGS. 1A-1B in that it has a housing 202, an inlet port 204a over which
a sound inlet (not shown) may be attached. Also present (FIG. 2B) are a diaphragm 206 and a diaphragm support structure 208
for supporting the diaphragm 206. The diaphragm 206 divides the housing 202 of the microphone 200 into a front volume
containing the inlet port 204a (FIG. 2A), and a rear volume containing a rigid, electrically charged backplate 210. The backplate
210 is supported by a backplate support frame 212 that keeps the backplate 210 centered over the diaphragm 206.

[0021] The backplate support frame 212, unlike the plastic or Kapton® damping frame 112 (see FIGS. 1A-1B), is made of an
elastomeric material, such as rubber, silicon, and the like. The elastomeric material of the backplate support frame 212 forms a
substantially airtight seal around the backplate 210 that helps prevent air from escaping between the backplate support frame
212 and the backplate 210. This allows the frequency response of the microphone 200 to be more precisely controlled, resulting
in higher quality and better manufacturing yields. In some embodiments, the elastomeric material of the backplate support frame
212 is sufficiently rigid to keep the backplate 210 substantially parallel to and spaced apart from the diaphragm 206. Alternatively,
or in addition, spacers (not expressly shown) may be used in some implementations to keep the backplate 210 substantially
parallel to and spaced apart from the diaphragm 206. The spacers may be, for example, Kapton® bumps commonly known to
those having ordinary skill in the art, although any type of spacer may be used without departing from the scope of the invention.

[0022] In some embodiments, the backplate support frame 212 may be in the form of an O-ring surrounding the outer
circumference of the backplate 210. This may be better viewed in FIG. 2B, which is a cross-section of the microphone 200 along
line B-B. As can be seen, the O-ring/backplate support frame 212 is flushed against the outer circumference of the backplate 210
to form an airtight seal. Note that the two components are flushed against each other, but do not overlap in this embodiment. In
other embodiments, however, it is possible for the backplate 210 to extend under and/or over and/or into the backplate support
frame 212 without departing from the scope of the invention. Further, no slits are cut into the inner edges of the backplate
support frame 218, since the present invention uses a different mechanism to dampen the frequency response of the microphone
200, discussed below.

[0023] In accordance with embodiments of the invention, the backplate 210 has a hole formed therein, defined by an inner wall
216 of the backplate 210. The hole is located in the middle of the backplate 210 and preferably has a generally round shape,
although the particular shape and location of the hole is not overly important to the practice of the invention. As such, the hole
may be formed using any suitable means, including by poking or lancing the backplate 210. The shape of the hole may then be
reworked if needed. The poking or lancing, however, may result in formation of a stub 218 protruding upward from the backplate
210. With prior art microphones, the stub 218 is not used at all and the hole is used merely to facilitate handling of the backplate
210 and is normally filled in afterwards. In the present invention, however, the hole is left opened to help dampen the frequency
response of the microphone 200. In some embodiments, the stub 218 is also used, as will be described below.
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[0024] To control the frequency response of the microphone 200, the amount of air allowed to escape through the hole in the
backplate 210 needs to be carefully controlled. Therefore, a foil or cover 220, which may be a metal or plastic cover, is placed
over the hole in the backplate 210. The foil or cover 220 may reside on either side of the backplate 210, but is preferably on the
side facing away from the diaphragm 206. At least one slit or opening is formed in the foil or cover 220, as defined by the interior
wall 222, that is smaller than the hole in the backplate 210. This smaller slit or opening consequently limits the amount of air
escaping through the backplate 210 and, hence, the frequency response of the microphone 200. The size, shape, location,
and/or number of slits or openings may be determined using any suitable technique known to those having ordinary skill in the
art, including by trial and error. The desired amount of frequency response damping may then be achieved by precisely following
the determined size, shape, location, and/or number of the slit or opening in the foil or cover 220.

[0025] To keep the foil or cover 220 in place on the backplate 210, in some embodiments, a lug 224 may be formed on the foil or
cover 216. The lug 224 is then braced against the stub 218 to anchor the foil or cover 220 in place on the backplate 210. Any
suitable means may be used to form the lug 224, including by poking or lancing the foil or cover 220. Both the lug 224 and the
stub 218 may need to be trimmed for optimal efficacy. It is also possible, for example, to glue or weld the foil or cover 220 to the
backplate 210 to secure the foil or cover 220 to the backplate 210. In these latter embodiments, the lug 224 is not needed.

[0026] In some embodiments, the foil or cover 220 may further include a clip portion 226 extending from one end of the foil or
cover 220 away from the backplate 210 at an upward angle. The upward angle may be less than 90°, in which case the clip
portion 226 extends over the foil or cover 220, or it may be greater than 90° (but less than 180°), in which case the clip portion
226 does not extend over the foil or cover 220. In either case, the upward angle of the clip portion 226 gives the foil or cover 220
a spring-like effect, pressing against the other components (e.g., a circuit board) on top of the foil or cover 220 when the housing
202 is closed to keep the foil or cover 220 in place on the backplate 210.

[0027] In some embodiments, the clip portion 226 also serves as an electrical contact between the backplate 210 and other
components in the microphone 200, like a circuit board (not shown). In existing microphones, some type of electrically conductive
wire connects the backplate to the circuit board. The wire carries the electric signals induced in the backplate to the circuit board
and is usually attached (e.g., soldered) to the circuit board. In the present invention, however, the electrical contact between the
backplate 210 and the circuit board may be provided by the spring-like effect of the clip portion 226 pushing against the circuit
board. Preferably, the foil or cover 220 and the clip portion 226 are made of a metallic material that is the same as or similar to
the material of the backplate 210 for improved electrical contact.

[0028] As mentioned above, spacers may be used to keep the backplate 210 substantially parallel to and spaced apart from the
diaphragm 206. FIG. 2C illustrates a cross-section of the microphone 200 in which exemplary spacers 228 (e.g. Kapton® bumps)
are used. The spacers 228 are disposed between the backplate 210 and the diaphragm 206, and rest on diaphragm support
structures 208a, which have been horizontally extended here relative to their counterparts in FIG. 2B. In addition, some
embodiments may include standoffs or protrusions (not expressly shown) formed under the diaphragm support structures 208a
and extending to the floor of the housing 202 for supporting the diaphragm support structures 208a.

[0029] Although the backplate 210 has been shown and described with a single hole through it, the invention is not to be limited
thereto. For example, in one embodiment, it is possible to have multiple holes punched through the backplate 210. Then, at least
one slit or opening may be formed in the foil or cover 220 over each hole in the backplate 210, with each slit or opening
preferably smaller in size than its corresponding hole. It is also possible, of course, to have a single slit or opening in the cover
220 overlapping multiple holes in the backplate 210 without departing from the scope of the invention.

[0030] FIG. 3 is a perspective view of another microphone 300 according to embodiments of the invention. As can be seen, the
microphone 300 is essentially identical to the microphone 200 of FIGS. 2A-2C in that it includes a housing 302, a sound inlet (not
shown), a diaphragm 306, and a diaphragm support structure 308 for supporting the diaphragm 306. Also present are a rigid,
electrically charged backplate 310 and an elastomeric backplate support frame 312 for supporting the backplate 310. The
backplate 310 has a hole formed therein, as defined by an inner wall 316 thereof, and a stub 318 adjacent to the hole. A foil or
cover 320 having a slit or opening therein, as defined by an interior wall 322, covers the hole in the backplate 310. However,
unlike the previous embodiments, the foil or cover 320 here is recessed within the backplate 310 (i.e., coplanar with) instead of
residing on the backplate 310. This arrangement allows the foil or cover 320 to be simply snapped into place and may result in
more consistent positioning of the foil or cover 320 in the backplate 310.

[0031] In some embodiments, the foil or cover 320 may further include a backing 324. The backing 324 may be buttressed
against the stub 318 to anchor the foil or cover 320 to the backplate 310. Although not expressly shown, a similar backing 324
may be used to secure the foil or cover 220 in the embodiment of FIGS. 2A-2C (i.e., the backing 324 is not specific to any
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embodiment).

[0032] An upwardly angling clip portion 326, similar to the clip portion 226 of FIGS. 2A-2C, may be provided. As before, the clip
portion 326 imparts a spring-like effect to the foil or cover 320 that, in some embodiments, helps maintain electrical contact
between the backplate 310 and other components, such as a circuit board (not shown), in the microphone 300.

[0033] Advantages of the above embodiments include a single foil or cover 220/320 in a microphone 200/300 that can be used
both to control the frequency response of the microphone 200/300 as well as to establish an electrical connection between the
backplate 210/310 and other components in the microphone. The electrical connection is established and maintained based on
the spring-loaded physical contact (i.e., no wire attachment to the circuit board is necessary), which make it easier to assemble
the microphone 200/300. In addition, in some embodiments, the foil or cover 220/320 is also self-anchoring in that it keeps itself
secured to the backplate 210/310 by virtue of being spring-loaded.

[0034] Moreover, the use of a separate component 220/320 to control the frequency response of the microphone 200/300 allows
the microphone to be modular. Thus, the same diaphragm 206/306, backplate 210/310, along with the supporting structures
208/308/212/312 therefor, may be used for all microphones, and only the foil or cover 220/320 need vary. As a result, large
variations may occur in the size and/or shape of the hole in the backplate 210/310 without affecting the manufacturability of the
microphones. This allows manufacturers to pick and choose the desired level of damping by simply selecting a foil or cover
220/320 with a certain size opening.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not form part of the European patent
document. Even though great care has been taken in compiling the references, errors or omissions cannot be excluded and the
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PATENTKRAV

1. Mikrofon omfattende:

et hus (202, 302),

en i huset (202, 302) monteret membran (206, 306),

en bagplade (210, 310), som er monteret i det vaesentlige parallelt med og med afstand til
membranen (206, 306), idet bagpladen (210, 310) har mindst ét hul gennem bagpladen (210,
310), og kendetegnet ved, at den har

et deeksel (220, 320), som dakker det mindst ene hul i bagpladen (210, 310), hvilket deeksel
(220, 320) har mindst én 8bning gennem daekslet (220, 320), hvilken mindst ene dbning har
en forudbestemt stgrrelse, form og/eller placering med henblik pd at regulere et

frekvensrespons fra mikrofonen.

2. Mikrofonen ifglge krav 1, hvilken mikrofon yderligere omfatter en stgtteramme (212, 312),
som omgiver en omkreds af bagpladen (210, 310), idet stgtterammen (212, 312) danner en
luftteet forsegling til bagpladen (210, 310).

3. Mikrofonen ifglge krav 2, hvori stgtterammen (212, 312) er lavet af et elastomermateriale.
4. Mikrofonen ifglge krav 3, hvori elastomermaterialet omfatter gummi og silikone.
5. Mikrofonen ifglge krav 1, hvori daekslet (220, 320) befinder sig i bagpladen (210, 310).

6. Mikrofonen ifglge krav 1, hvori daekslet (220, 320) befinder sig oven p& bagpladen (210,
310).

7. Mikrofonen ifglge krav 1, hvori den mindst ene 8bning i deekslet (220, 320) har en i det

vaesentlige rektangular form.

8. Mikrofonen ifglge krav 1, hvori deekslet (220, 320) inkluderer en klemmedel (226, 326),
som streekker sig veek fra bagpladen (210, 310) i en vinkel, idet klemmedelen (226, 326)
tilvejebringer en fjederbelastning for daekslet (220, 320).

9. Mikrofonen ifglge krav 7, hvori klemmedelen (226, 326) tilvejebringer en elektrisk

forbindelse mellem bagpladen (210, 310) og andre komponenter i mikrofonen.

10. Mikrofonen ifglge krav 1, hvori bagpladen (210, 310) inkluderer en stump (218, 318), som
rager frem fra bagpladen (210, 310), og deekslet (220, 320) inkluderer et fremspring (224),
som er dannet deri, idet fremspringet (224) er stgttet mod stumpen (218, 318) for at bidrage
til at holde deekslet (220, 320) pa plads.
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11. Mikrofonen ifglge krav 1, hvori bagpladen (210, 310) inkluderer en stump (218, 318), som
rager frem fra bagpladen (210, 310), og daekslet (220, 320) inkluderer en bagbeklaedning
(324), som er dannet derp3, idet bagbekleedningen (324) er stgttet mod stumpen (218, 318)
for at bidrage til at holde dekslet (220, 320) pa plads.

12. Mikrofonen ifglge krav 1, hvori deekslet (220, 320) er kleebet fast til bagpladen (210, 310)
for at bidrage til at holde daekslet (220, 320) pd plads.

13. Mikrofonen ifglge krav 1, hvori deekslet (220, 320) er fastsvejset til bagpladen (210, 310)
for at bidrage til at holde deaekslet (220, 320) pa plads.

14. Fremgangsmade til fremstilling af en mikrofon, hvilken mikrofon har et hus (202, 302), en
membran (206, 306) og en bagplade (210, 310), omfattende det:
at tilvejebringe et hul gennem bagpladen (210, 310),
at omkranse bagpladen (210, 310) med en stgtteramme (212, 312), hvilken
stgtteramme (212, 312) danner en i det vaesentlige lufttaet forsegling omkring
bagpladen (210, 310),
at montere bagpladen (210, 310) i huset (202, 302); og kendetegnet ved,
at hullet i bagpladen (210, 310) deekkes af et deeksel (220, 320), hvilket
daeksel (220, 320) har en indre vaeg, som definerer en 8bning gennem daekslet
(220, 320), idet dbningen har en forudbestemt stgrrelse, form og/eller placering

med henblik p8 at regulere et frekvensrespons fra mikrofonen.

15. Fremgangsmaden ifglge krav 14, hvilken fremgangsmade yderligere omfatter det at
forbinde bagpladen (210, 310) elektrisk med andre komponenter i mikrofonen ved anvendelse
af deekslet (220, 320).

16. Fremgangsmaden ifglge krav 15, hvor membranen (206, 306), bagpladen (210, 310),
stgtterammen (212, 312), deekslet (220, 320) og de gvrige komponenter danner en
delkomponent, hvilken fremgangsmade yderligere omfatter montage af delkomponenten i
mikrofonhuset (202, 302).

17. Fremgangsmaden ifglge krav 14, hvilken fremgangsmade yderligere omfatter det at
fastkile daekslet (220, 320) til bagpladen (210, 310) for at bidrage til at holde deekslet (220,
320) pé plads.

18. Fremgangsmaden ifglge krav 14, hvilken fremgangsmade yderligere omfatter det at
klemme daekslet (220, 320) mod bagpladen (210, 310) for at bidrage til at holde daekslet (220,
320) pé plads.
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19. Fremgangsmaden ifglge krav 14, hvilken fremgangsmade yderligere omfatter det at
placere deekslet (220, 320) i bagpladen (210, 310) for at bidrage til at holde daekslet (220,
320) pa plads.
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