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A microphone capsule (40) for an in-the-ear hearing aid Is disclosed. The capsule (40) can include a top plate (80) having first and
second spaced openings defining front and rear sound Inlets (83, 84), and a directional microphone cartridge (20) enclosing a
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(57) Abrege(suite)/Abstract(continued):

diaphragm (21). The diaphragm (21) Is oriented generally perpendicular to the top plate and divides directional microphone
cartridge housing into a front chamber (22) and a rear chamber (24). A front sound passage (85) communicates between the front
sound Inlet and the front chamber, and a rear sound passage (86) communicates between the rear sound inlet and the rear
chamber. Front and rear acoustic damping resistors (81, 82) having selected resistance values are associated with the front and
rear sound passages. The acoustic resistor pair provides a selected time delay, such as about 4 microseconds, between the front
and rear sound passages. The use of two acoustic resistors instead of one levels the frequency response, compared to the

frequency response provided by a rear acoustic damping resistor alone.
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| (57) Abstract

A microphone capsule (40) for an
in~the—ear hearing aid is disclosed. The cap-
sule (40) can include a top plate (80) hav-
| ing first and second spaced openings defin-
ing front and rear sound inlets (83, 84), and a
directional microphone cartridge (20) enclos-
| ing a diaphragm (21). The diaphragm (21)
1s oriented generally perpendicular to the top
plate and divides directional microphone car-
tridge housing into a front chamber (22) and
a rear chamber (24). A front sound passage
(85) communicates between the front sound
inlet and the front chamber, and a rear sound
passage (86) communicates between the rear
| sound inlet and the rear chamber. Front and
rear acoustic damping resistors (81, 82) hav-

89 |

83

80

| ing selected resistance values are associated N \\\‘-&
with the front and rear sound passages. The RE.-.Q{\ Nt 80 |
acoustic resistor pair provides a selected time RSN \ e\

| delay, such as about 4 microseconds, be- e I S“"‘§ |
tween the front and rear sound passages. The 82 N s 81

| use of two acoustic resistors instead of one > >

O"
Q0O
On

levels the frequency response, compared to 86
the frequency response provided by a rear
| acoustic damping resistor alone.

2155




- h

10

15

WO 00/4983¢6

CA 02364120 2008-01-29

bt

PCT/US00/04021

TITLE OF THE INVENTION

DIRECTIONAL MICROPHONE ASSEMBLY

BACKGROUND OF THE INVENTION
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of directional microphones to heart
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the patent literature (\Vittkowski, U.S. Patent No. 3,662,124 dated 1972; Knowles
and Carlson, U.S. Patent No. 3,770,911 dated 1973; Killion, U.S. Patent No.
3,835,263 dated 1974; Ribic, U.S. Patent No. 5.214.709, and Killion et al. U.S.

Patent No. 5,524,056, 1996) as well as commercial practice (Maico hearing aid

heari g aid, and others).
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[t 1s important to recognize that substantial advances have been made in the
last decade 1n the hearing aid art to help those with hearing loss hear better in noise.
Available research indicates, however, that the advances amounted to eliminating
defects 1n the hearing aid processing, defects such as distortion, limited bandwidth,

peaks in the frequency response, and improper automatic gain control or AGC
action. Research conducted in the 1970's, before these defects were corrected,
indicated that the wearer of hearing aids typically experienced an additional deficit
of 5 to 10 dB above the unaided condition in the signal-to-noise ratio ("S/N")
required to understand speech. Normal hearing individuals wearing those same
hearing aids might also experience a 5 to 10 dB deficit in the S/N required to carry
on a conversation, indicating that it was indeed the hearing aids that were at fault.
These problems were discussed by applicant in a recent paper "Why some hearing
aids don't work well!!!" (Hearing Review, Jan. 1994, pp. 40-42).

Recent data obtained by applicant and his colleagues confirm that hearing
impaired individuals need an increased signal-to-noise ratio even when no defects in
the hearing aid processing exist. As measured on one popular speech-in-noise test,
the SIN test, those with mild loss typically need some 2 to 3 dB greater S/N than
those with normal hearing; those with moderate loss typically need 5 to 7 dB greater
S/N; those with severe loss typically need 9 to 12 dB greater S/N. These figures
were obtained under conditions corresponding to defect free hearing aids.

As described below, a headworn first-order directional microphone can
provide at least a 3 to 4 dB improvement in signal-to-noise ratio compared to the
open ear, and substantially more in special cases. This degree of improvement will
bring those with mild hearing loss back to normal hearing ability in noise, and
substantially reduce the difficulty those with moderate loss experience in noise. In
contrast, traditional omnidirectional head-worn microphones cause a signal-to-noise
deticit of about 1 dB compared to the open ear, a deficit due to the effects of head
diffraction and not any particular hearing aid defect.

A little noticed advantage of directional microphones is their ability to

reduce whistling caused by feedback (Knowles and Carlson, 1973, U.S. Patent No.
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3,770,911). If the ear-mold 1itself 1s well fitted, so that the vent outlet is the
principal source of feedback sound, then the relationship between the vent and the
microphone may sometimes be adjusted to reduce the feedback pickup by 10 or 20
dB. Smmilarly, the higher-performance directional microphones have a relatively
low pickup to the side at high frequencies, so the feedback sound caused by
faceplate vibration will see a lower microphone sensitivity than sounds coming from
the tront.

Despite these many advantages, the application of directional microphones
has been restricted to only a small fraction of Behind-The-Ear (BTE) hearing aids,
and only rarely to the much more popular In-The-Ear (ITE) hearing aids which
presently comprise some 80% of all hearing aid sales. '

Part of the reason for this low usage was discovered by Madafarri, who
measured the diffraction about the ear and head. He found that for the same spacing
between the two inlet ports of a simple first-order directional microphone, the ITE
location produced only half the microphone sensitivity. Madafarri found that the
diffraction of sound around the head and ear caused the effective port spacing to be
reduced to about 0.7 times the physical spacing in the ITE location, while 1t was
increased to about 1.4 times the physical spacing in the BTE location. In addition to
a 2:1 sensitivity penalty for the same port spacing, the constraints of ITE hearing
aid construction typically require a much smaller port spacing, further reducing
SensItivity. ‘

Another part of the reason for the low usage of directional microphones in
ITE applications is the difficulty of providing the front and rear sound inlets plus a
microphone cartridge in the space available. As shown in FIG. 17 of the '056
patent mentioned above, the prior art uses at least one metal inlet tube (often
referred to as a nipple) welded to the side of the microphone cartridge and a
coupling tube between the microphone cartridge and the faceplate of the hearing aid.
The arrangement of FIG. 17 of the '056 patent wherein the microphone cartridge is
also parallel with the faceplate of the hearing aide forces a spacing D as shown in

that figure which may not be suitable for all ears.
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A further problem is that of obtaining good directivity across frequency.
Extensive experiments conducted by Madafarri as well as by applicant and his
colleagues over the last 25 years have shown that in order to obtain good directivity
across the audio frequencies in a head-worn directional microphone it, requires
great care and a good understanding of the operation of sound in tubes (as
described, for example, by Zuercher, Carlson, and Killion in their paper "Small
acoustic tubes,"” J. Acoust. Soc. Am., V. 83, pp. 1653-1660, 1988).

A still further problem with the application of directional microphones to
hearing aids 1s that of microphone noise. Under normal conditions, the noise of a
typical non-directional hearing aid microphone cartridge is relatively unimportant to
the overall pertormance of a hearing aid. Sound field tests show that hearing ald
wearers can often detect tones within the range of O to 5 dB Hearing Level, 1.e.,
within 5 dB of average young normal listeners and well within the accepted 0 to 20
dB lmmits of normal hearing. But when the same microphone cartridges are used to
form directional microphones, a low frequency noise problem arises. The
subtraction process required in first-order directional microphones results in a
frequency response falling at 6 dB/octave toward low frequencies. As a result, at a
frequency ot 200 Hz, the sensitivity of a directional microphone may be 30 dB
below the sensitivity of the same microphone cartridge operated in an
omnidirectional mode.

When an equalization amplifier is used to correct the directional microphone
frequency response for its low frequency drop in sensitivity, the amplifier also
amplifies the low frequency noise of the microphone. In a reasonably quiet room,
the amplified low frequency microphone noise may now become objectionable.
Moreover, with or without equalization, the masking of the microphone noise will
degrade the best aided sound field threshold at 200 Hz to approximately 35 dB HL,
approaching the 40 dB HL lower limits for what is considered a m(_iderate hearing
Impairment.

The equalization amplifier itself also adds to the complication of the hearing

aid circuit. Thus, even in the few cases where ITE aids with directional
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microphones have been available, to applicant's knowledge, their frequency
response has never been equalized. For this reason, Killion et al (U.S. Patent No.
5,524,056) recommend a combination of a conventional omnidirectional microphone
and a directional microphone so that the lower internal noise omnidirectional
microphone may be chosen during quiet periods while the external noise rejecting
directional microphone may be chosen during noisy periods.

Although directional microphones appear to be the only practical way to
solve the problem of hearing in noise for the hearing-impaired individual, they have
been seldom used even after nearly three decades of availability. It 1s the purpose of
the present 1nvention to provide an improved and fully practical directional
microphone for ITE hearing aids. '

Before summarizing the invention, a review of some further background
information will be useful. Since the 1930s, the standard measure of performance in
directional microphones has been the "directivity index” or DI, the ratio of the on-
ax1s sensitivity of the directional microphone (sound directly in front) to that in a
diffuse field (sound coming with equal probability from all directions, sometimes
called random incidence sound). The majority of the sound energy at the listener's
eardrum 1n a typical room is reflected, with the direct sound often less than 10% of
the energy. In this situation, the direct path interference from a noise source located
at the rear of a listener may be rejected by as much as 30 dB by a good directional
microphone, but the sound reflected from the wall 1n front of the listener will
obviously arrive from the front where the directional microphone has (intentionally)
good sensitivity. If all of the reflected noise energy were to arrive trom the front,
the directional microphone could not help.

Fortunately, the reflections for both the desired and undesired sounds tend to
be more or less random, so the energy 1s spread out over many arrival angles. The
difference between the "random incidence" or "diffuse field" sensitivity of the
microphone and its on-axis sensitivity gives a good estimate of how much help the
directional microphone can give in difficult situations. An additional refinement can

be made where speech intelligibility 1s concerned by weighing the directivity index
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at each frequency to the weighing function of the Articulation Index as described,
for example, by Killion and Mueller on page 2 of The Hearing Journal, Vol. 43,
Number 9, Sept. 1990. Table 1 gives one set of weighing values suitable for
estimating the equivalent overall improvement in signal-to-noise ratio as perceived
by someone trying to understand speech in noise.

The directivity index (DI) of the two classic, first-order directional
microphones, the "cosine" and "cardioid" microphones, is 4.8 dB. In the first case
the microphone employs no internal acoustic time delay between the signals at the
two inlets, providing a symmetrical figure 8 pattern. The cardioid employs a time
delay exactly equal to the time it takes on-axis sound to travel between the two
inlets. Compared to the cosine microphone, the cardioid has twice the sensitivity
for sound from the front and zero sensitivity for sound from the rear. A further
Increase 1n directivity performance can be obtained by reducing the internal time
delay. The hypercardioid, with minimum sensitivity for sound at 110 degrees from
the front, has a DI of 6 dB. The presence of head diffraction complicates the
problem of directional microphone design. For example, the directivity index for an
omn! BTE or ITE microphone is -1.0 to - 2.0 dB at 500 and 1000 Hz.

Recognizing the problem of providing good directional microphone
performance 1n a headworn ITE hearing aid application, applicant's set about to
discover improved means and methods of such application. It is readily understood
that the same solutions which make an ITE application practical can be easily

applied to BTE applications as well.

BRIEF SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide improved speech
intelligibility in noise to the wearer of a small in-the-ear hearing aid.

It 1s a further object of the present invention to provide the necessary
mechanical and electrical components to permit practical and economical directional
microphone constructions to be used in head-worn hearing aids.

It 1s a st1ll further object of the present invention to provide a mechanical
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arrangement which permits a smaller capsule than heretofore possible.

It 1s a still further object of the present invention to provide a switchable
noise reduction feature for a hearing aid whereby the user may switch to an
omnidirectional microphone mode for listening 1n quiet or to music concerts, and
then switch to a directional microphone in noisy situations where understanding of
conversational speech or other signals would otherwise be ditfficult or impossible.

It 1s a still further object of the present invention to provide a self-contained
microphone capsule containing the microphone cartridges, acoustic couplings, and
electrical equalization necessary to provide essentially the same frequency response
for both omnidirectional and directional operation.

It 1s another object of the invention to provide a replaceable protectiVe
screen.

It 1s yet another object of the invention to provide a means of color match to
the hearing aid faceplate.

These and other objects of the invention are obtained in a microphone
capsule that employs both an omnidirectional microphone element and a directional
microphone element. The capsule contains novel construction features to stabilize
performance and minimize cost, as well as novel acoustic features to 1mprove
performance.

Known time-delay resistors normally used in first-order directional
microphones will, when selected to provide the extremely small time delay
associated with ITE hearing aid applications, give insufficient damping of the
resonant peak in the microphone. This problem is solved in accordance with one
embodiment of the present invention by adding a second novel acoustic damping
resistor to the front inlet of the microphone, and adjusting the combination of
resistors to produce the proper difference in time delays between the front acoustic
delay and the rear acoustic delay, thereby making it possible to provide the desired
directional characteristics as well as a smooth frequency response.

In another embodiment of the present invention, a set of gain-setting resistors

1s included in the equalization circuit so that the sensitivities of the directional and
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omnidirectional microphones can be inexpensively matched and so the user will
experience no loss of sensitivity for the desired frontal signal when switching from
omnidirectional to directional microphones.

In still another embodiment of the present invention, a molded manifold is
used to align the parts and conduct sound through precise sound channels to each
microphone inlet. This manifold repeatably provides the acoustic inertance and
volume compliance required to obtain good directivity, especially at high
frequencies.

In yet another embodiment of the present invention, a protective screen
means 18 provided which reduces wind noise and provides a protective barrier
against debris, but does not appreciably affect the directivity of the module.' In
addition, the protective screen enables color matching of the microphone to the

hearing aid.

BRIEF DESCRIPTION OF THE
SEVERAL VIEWS OF THE DRAWINGS

FIG. 1A 1s a side elevation view of one embodiment of a hearing aid
mounted 1n an ear in accordance with the present invention.

FIG. 1B 1s a partial cross-sectional view taken along the section line B-B
showing the capsule of the present invention.

FIGS. 2A, 2B, and 2C show the 1solated capsule of the present invention
from the top, side, and bottom views.

FIG. 3 shows a subassembly of one embodiment of the capsule of the present
invention, showing a top plate with sound inlets and sound tubes coupling to the two
microphone cartridges.

FIG. 4 shows a cutaway view of one embodiment of a complete capsule in
accordance with the present invention, the capsule containing two microphone
cartridges mounted in the top plate of FIG. 3 along with appropriate coupling tubes
and acoustic resistances and an equalization circuit in order to form directional and

omnidirectional microphones having similar frequency response after the directional
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microphone signal has passed through the equalization circuit.

FIG. 5 shows a schematic drawing of one embodiment of the equalization
circuit of the present invention.

FIG. 6, plot 41, shows the prominent peak in the frequency response of the
directional microphone of the present invention when a single acoustic resistance is
placed 1n the rear inlet tube of the microphone to provide the time delay of
approximately 4 microseconds required to obtain good directivity in accordance with
the present invention when the capsule is mounted on a head worn ITE hearing aid.

FI1G. 6, plot 42, shows the smooth frequency response obtained when an
acoustic resistor 1s added to the front inlet tube of the microphone so that the total
resistance 1S chosen in order to provide the desired response smoothness while the
two resistances 1S chosen in order to provide the required time delay.

FIG. 7 shows the on-axis frequency response of the omnidirectional
microphone and the directional microphone after equalization with the circuit of
F1G. 5. Both curves were obtained with the capsule of the present invention
mounted m an ITE hearing aid as shown in FIG. 1 placed in the ear of a KEMAR
mannequin.

FIG. 8 shows polar plots of the directional microphone of the present
invention at frequencies of 0.5, 1, 2, 4, 6 and 8 kHz, measured as in FIG. 7.

FIG. 9 shows still another embodiment of the top plate where molded sound
passages and a manifold construction eliminate the need for three coupling tubes and
their time consuming assembly operations.

FIG. 10 shows a schematic of a simple low frequency adjustment for the
directional microphone response for those cases where some low frequency
attenuation is desired in high level noise.

FIG. 11 shows yet another embodiment of a microphone assembly built in
accordance with the present invention.

FIG. 12 1s an exploded view of the microphone assembly of FIG. 11.

FIG. 13 1s a different exploded view of the microphone assembly of FIG. 11.
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FIG. 14 1s a cross-sectional view of the microphone assembly of FIG. 11.

FIG. 15 1s an enlarged view of a portion of FIG. 14 illustrating the location
of acoustic dampers and the sealing of the microphone sound openings in accordance
with the present invention.

FIG. 16 illustrates the frequency response of the directional microphone
assembly of FIG. 11 according to the present invention, along with the frequency
response of that assembly 1f only a single acoustic damper were used.

FIG. 17 shows the polar characteristics of the directional microphone
assembly of FIG. 11 having only a single acoustic damper.

FIG. 18 shows the polar characteristics of the directional microphone
assembly of FIG. 11 having both acoustic dampers according to the present‘

invention.

DETAILED DESCRIPTION OF THE INVENTION

Certain elements of the functions of the present invention, in particular the

use of a switch to choose directional or omnidirectional operation with the same

~ frequency response, were described in Applicant's U.S. Patent No. 3,835,263,

dated 1974. The combination of directional and omnidirectional microphones 1n a
hearing aid with an equalization circuit and a switch to provide switching between
omnidirectional and directional responses with the same frequency response was
described in Applicant's U.S. Patent No. 5,524,056, 1996. The disclosures of these
two patents are incorporated herein by reterence.

A hearing aid apparatus 100 constructed in accordance with one embodiment
of the 1nvention 1s shown generally at 10 of FIG. 1. As illustrated, the hearing aid
apparatus 10 utilizes a microphone capsule 40, a switch 55 to select the directional
microphone or omnidirectional microphone outputs of capsule 40, and a protective
screen 90 to reduce the troublesome effects of wind noise, protect against debris
contamination, and provide a visual color match with the hearing aid face plate.

FIG. 2 shows more of the construction of capsule 40, consisting of a top
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- plate 80 (defining an exterior portion of said capsule as worn), a cylinder or housing

50 and an equalization circuit 60.

FIG. 3 shows a subassembly 45 of one embodiment of the capsule 40 of the
present invention, showing a top plate 80 with sound tubes 85 and 86 coupling
sound inlets 83, 84, to the front chamber 22 and the rear chamber 24 of microphone
cartridge 20. Adhesive 27 seals tubes 85 and 86 to microphone cartridge 20.
Microphone cartridge 20 is mounted with the plane of the diaphragm 21 generally
normal to the top plate 80. This configuration eliminates the need for the prior art
metal 1nlet tube or tubes of the microphone and provides a smaller distance D
(measured as shown in FIG. 17 of the '056 patent) than would be possible using
prior art constructions. As a result, the diameter of capsule 40 may be main'tained
at 0.25 inches or less.

Also shown 18 sound inlet 88, to which omnidirectional microphone cartridge
30 (not shown) is to be connected. Shoulder 89 in inlets 83, 84, and 88 provides a
mechanical stop for the tubings 85 and 86 and microphone cartridge 30 (not shown).
Tubings 85 and &6 are attached or sealed to top plate 80 and to microphone
cartridge 20. Acoustical resistors 81 and 82 provide response smoothing and the
time delay required for proper directional operation. Resistors 81 and 82 may for
example be like those described by Carlson and Mostardo in U.S. Patent No.
3,930,560 dated 1976.

FIG. 4 shows a cutaway view of one embodiment of a complete capsule 40
In accordance with the present invention, the capsule containing microphone
cartridge 20 mounted as shown in FIG. 3 in order to form a directional microphone,
and omnidirectional microphone cartridge 30 mounted into inlet 88 of top plate 80.
Each of the microphones 20, 30 is used to convert sound waves into electrical
output signals corresponding to the sound waves. Cylinder 50 may be molded in
place with compound 51 which may be epoxy, UV cured acrylic, or the like.

Conventional directional microphone construction would utilize only acoustic
resistance 81, chosen so that the R-C time constant of resistance 81 and the

comphiance formed by the sum of the volumes in tube 85 and the rear volume 24 of

PCT/US00/04021
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- cartridge 20 would provide the correct time delay. For example, in the present

case, the inlets 83 and 84 are mounted approximately 4 mm apart, so the free-space
time delay for on-axis sound would be about 12 microseconds. In order to form a
cardioid microphone, therefore, an internal time delay of 12 microseconds would be
required. In this case, sound from the rear would experience the same time delays
reaching rear chamber 24 and front chamber 22 of the microphone, so that the net
pressure across diaphragm 21 would be zero and a null in response would occur for
180 degrees sound incidence as is well known to those skilled in the art.

In the case of a head-mounted ITE hearing aid application, however, head
diffraction reduces the effective acoustic spacing between the two inlets to
approximately 0.7X, or about 8.4 microseconds. If an approximately hyperéardioid
directional characteristic is desired, the appropriate internal time delay is less than
half the external delay, so that the internal time delay required in the present
invention would be approximately 4 microseconds. We have found that an acoustic
resistance of only 680 Ohms will provide the required time delay. This value is
about one-third of the resistance used in conventional hearing aid directional
microphone capsules, and leads to special problems as described below.

As shown 1n FIG. 5, microphone cartridges 20 and 30 are wired to
equalization circuit 60 with wires 26 and 28 respectively. Circuit 60 provides
equalization for the directional microphone response and convenient solder pads to
allow the hearing aid manufacturer to connect to both the omnidirectional and
equalized directional microphone electrical outputs. An additional output is also
provided for the directional microphone without equalization.

FIG. 5 shows a schematic drawing of one embodiment of equalization circuit
60. Input resistor 61 can be selected from among several available values 61A
through 61E at the time of manufacture, allowing the sensitivity of the equalized
directional microphone to be made equal to that of the omnidirectio"nal microphone.

Transistors 76 and 77 form a high gain inverting amplifier 160, so that the feedback
path consisting of resistor 64 and resistor 62 and capacitor 73 can be chosen to

provide compensation for the lower gain and the low frequency rolloff of the
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directional microphone.
Suitable values for the components in equalization circuit 60 are:

61A 56K Q

61B 47K Q
01C 39K Q
61D 33K Q
61E 27K Q
62 18K
63 IM Q
64 47K QO
65 22K Q
66 22K Q
67 1M Q
08 IM Q
71 0.047 uF
72 0.1 uF
73 1000 pF
74 0.047 uF
76  2N3904
77 2N3906

Circuit 60 has power supply solder pads VBAT, ground pad GND, omnidirectional
microphone signal output pad OMNI, directional microphone signal output pad
DIR, and equalized directional microphone output pad DIR-EQ.

FIG. 6 shows an undesirable peak in the directional microphone frequency
response curve 41 at approximately 4 kHz. This results when a single resistance
such as 680 Q 1s chosen for resistor 81 in the rear inlet tube 85 of the microphone
20, and a single resistance such as 0 Q is chosen for resistor 82 in the front inlet
tube 86 of Figure 3. This value provides a time delay of approximately 4

microseconds as required to obtain good directivity in accordance with the present
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- 1nvention when the capsule 40 1s mounted on the head in an I'TE hearing aid, but
produces an undesirable peak. Curve 42 of FIG. 6 shows the frequency response
obtained when a total resistance of 2500 Ohms 1s chosen instead for the combination
of resistors 81 and 82 to provide the desired response smoothness. The values of

S resistors 81 and 82 1s then chosen to provide the required time delay of
approximately 4 microseconds. We have found that a value of 1500 Q for resistor
82 and 1000 Q for resistor 81 provides a desired combination of response
smoothness and time delay when a Knowles Electronics TM-series microphone
cartridge 1s used for microphone 20, as shown 1n curve 42 of FIG. 6 and the polar
10 plots of FIG. 8. We have also found that a value of 1250 Q for resistor 82 and
1250 Q) for resistor 81 provides a similar desired combination of response -
smoothness and time delay.
FIG. 7 shows the on-axis frequency response 43 of the ommnidirectional
microphone 30 and on-axis frequency response 44 of the directional microphone 20
15 after equalization with the circuit of FIG. 5. Both curves were obtained in an
anechoic chamber with the capsule 40 of the present invention mounted 1n an ITE
hearing aid placed in the ear of a KEMAR Mannequin.
FIG. 8 shows polar plots of the directional microphone of the present
invention obtained on a KEMAR Mannequin (Right Ear). Table 1 below gives the
20 - measurement frequency and the corresponding polar response curve number,

Directivity Index, and Articulation Index weighing number.

TABLE 1
Directivity
Frequency Curve# Index Al weighing

25 0.5 kHz 31 3.5dB 0.20

1 kHz 32 3.1dB 0.23

2 kHz 33 6.3 dB 0.33

4 kHz 34 6.0 dB 0.24

6 kHz 35 3.7 dB 0.0

30 8 kHz 36 2.4 dB 0.0
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- The Directivity Index values give an Articulation-Index-weighted average

Directivity Index of 4.7 dB. To the applicant's knowledge, this is the highest figure
of merit yet achieved in a headworn hearing aid microphone.

F1G. 9 shows still another embodiment of the capsule of the present
invention. Capsule 140 includes top plate 180 which contains molded sound
passages 185 and 186 in a manifold type construction, eliminating the need for
coupling tubes 85 and 86 of Figure 4 and their time consuming assembly operations.

Gasket 170 may be cut from a thin foam with adhesive on both sides to provide
ready seal for microphone cartridges 20 and 30 as well as top plate 180. Cylinder
150 may be molded 1n place around the microphone cartridges, leaving opening 187
to cooperate with passage 185 of top plate 180. Circuit 60 provides equalizétion
and solder pads as described above with respect to FIG. 4.

By mounting microphone cartridges 20 and 30 adjacent to each other in
Capsule 140, a single inlet 184 provides sound access to both microphone cartridges
20 and 30, so that resistor 182 provides damping for both cartridges. In this
application, the presence of the second cartridge approximately doubles the acoustic
load, so to a first approximation only one half the value for acoustic resistor 182 is
required. As before, the values of resistors 182 and 181 are chosen to provide bOth
response smoothness and the correct time delay for proper
directional operation.

Alternately, plate 180 can be molded with three inlets as i1s done with plate
80 of FIG. 3. In this case, the front sound passage 186 and rear sound passage 185
plus 187 can be chosen to duplicate the acoustic properties of tubes 85 and 86 of
FIG. 3, so that similar acoustic resistors may be used to provide the desired
response and polar plots.

FIG. 10 shows a schematic of a stmple low frequency adjustment circuit 200,
where a trimpot adjustment of the directional microphone low frequency response
can be obtained by adding a variable trimpot resistor 202 and fixed resistor 201
connected 1n series between the DIR-EQ pad capacitor 205 and ground 225. The
output 210 of circuit 200 is connected to switch 535, as is the output 230 of the
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-~ ommidirectional microphone. By adjusting resistor 202, the low frequency roll-off

introduced by circuit 200 can be varied between approximately 200 and 2000 Hz
dependent upon the mput impedance of the hearing aid amplifier. Switch 55 permits
the user to select omnidirectional or directional operation. Although the same
frequency response 1n both cases is often desirable, rolling off the lows when
switching to directional mode can provide a more dramatic comparison between
switch positions with little or no loss in intelligibility in most cases, according to
dozens of research studies over the last decade. In some cases, some low frequency
attenuation for the directional microphone response will be desired in high level
noise as well as with windy conditions. The degree of such attenuation can be
selected by the dispenser by adjusting trimpot 202. '

FIG. 11 illustrates yet another embodiment of a microphone assembly built
in accordance with the present invention. Microphone assembly 301 is comprised
of assembly portions or halves 303 and 305. As explained more completely below
with respect to FIGS. 12 and 13, the portions 303 and 305 fit or snap together
during assembly to form the microphone assembly 301. Each of the assembly
portions 303 and 305 include a retaining member 307 and a releasable retaining
member 309 for releasable mounting of a printed circuit board 311 in the
microphone assembly 301. As can be seen, portions of the printed circuit board 311
are received under the retaining members 307 and releasable retaining members
309. The microphone assembly 301 further includes a protective screen assembly
313. It should be noted that this assembly provides an additional benefit of allowing
the color of the hearing aid to be matched to that of the microphone.

FIGS. 12 and 13 illustrate different exploded views of the microphone
assembly 301 of FIG. 11. FIGS. 12 and 13 show assembly portions 303 and 305,
retaining members 307, releasable retaining members 309, printed circuit board 311
and protective screen assembly 313, all disassembled. FIGS. 12 and 13 also
illustrate directional microphone cartridge 315 and omnidirectional microphone
cartridge 317. Directional microphone cartridge 315 has sound openings 319 and

320 for receiving sound energy therethrough. Omnidirectional microphone
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inlet passage352 has an input end located pear acoustical opening 343 and an output

>

— o R S —— - o wh -

end iocated neat sound.openmg 320. Similarly, sound rr'lét passage 344 has an

mput end located near acoustical opening 345 and an output end located near sound

opening 319. The protective screen assembly 313 also has an acoustical opening

347 that permits acoustical coupling of sound energy to the ommdirectional

mif‘:rophone cartridge 317 via sound inlet pbrt 329. Each of the acoustical openings
. 343,345

and 347 receive screen elements 349 that reduce wind r@ise and help

ear wayx Ol‘ t.he d hﬂg +Nm aAanferimo ﬂ-. 11 d i I at

M )
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sages 352 gnd 344
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JQ

T
—
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and the 1nlet port 329.

As mentioned above, the printed circuit board 311 is mounted directly o

surfaces 321 and 323 of the directional microphone capsule 315 and omnidirectional

nicrophone capsule 317, respectively. Such a confignration enables the printed

circuit board to be soldered directly to the microphone capsules 315 and 317,

elmminating the need for any separate wiring. In addition, also as mentioned above,

portions of the printed circuit board 311 are received under retaining members 307

and releasable retaining members 309. Thus, if the .icrophone assembly 301 1s

damaged during, for example, fnanufa.cmre, the printed circuit board 311 and

microphone capsules 315 and 317, the more costly componpents, may be rernoved as

a unit and thus salvaged.

FIG. 14 is a cross-sectional view of the microphone assembly of FIG. 11.

1 L}

As can be seen, assembly portions 303 and 305 are in an assembled relationship,

g

with directional zilicmphone cartridge 315 mounted thereon. AISO as can be seen,

acoustic damper 340 and o-ring 342 are mounted on a surface inside pocket 338,

and acoustic damper 339 and o-ring 341 are likewise mounted on a surface inside

pocket 337. O-rings 341 and 342 engage surfaces of the microphone cartridge 1o

provide a seal around sound openings 320 and 319, respectively. Adhesive material

12y be used 10 cem

=y

ent the acoustic dampers and 0-TIngs in the pockets, as well as 1o

cement the 0-rings agamst the surfaces of the microphone cartridge 315, Further,

7 -

1

the printed circuit board 311 1s mounted on the microphone cariridges 315 and

()

and 18 retamed by retaming members 307 and 309 as discussed above.
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their acoustical value and thus degrade the performance of the directional

microphone. Also, placement of the dampers as such helps prevent damage that

1ay occur thereto by mmproper installation of the protective screen assembly 313,

such as, for example, if the mating elements 314 of the protective screen assembly

313 were 'istakénly placed n the sound inlet passages 352and 344,

In addition, placement of the dampers as such enables the o-ring sealing

arrangement discusséd above. By sealing the acoustical dampers and o-rings
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342 and 341 against the microphone cartridge 315 to surround the sound openings

319 and 320, the embodiment of FI.G'S. 11-15 reduces the amount of sound pick up

entermg the sound openings 319 and-320 via paths other than the desired sound inlet

passages 344 and352. - FIG. 16 illustrates the frequency resfaonse'of the

b

directional microphone assemb]y of FIGS. 11-15, along with the frequency response

of that assembly if only a single acoustic damper were used as suggested by the

prior art. Curve 401 of FIG. 16 represents the frequency response of the directional

micrOPhone assembly of FIGS. 11-15 having only a.single 1500 O acoustic damper

as taught by the prior art (1.e., no front or frequency response shaping resistor IS

used). Curve 403 of FIG. 16 represents the frequency response of the directional

g

mcrophone és.se bly of FIGS. 11-15 having two reSist‘ors, here each having a value

of 1500 Q, as taught By the prcsént mmvention.: As can be seen, at a frequency of
about 4 kHz

, the frequency response 1s smoothed by the addition of the second

resistor.

FIG. 17 represents the polar characteristics of the microphone assembly of

FIGS. 11-15 under free f1eld con mons where onTv a smgle 1500 Q acoustic

damper 15 used (i.e., no front or fre "’L"“”Cy mspoghss ‘shaping resistor 1s used;.

A

Curves 405, 407,

~

and 409 represent the chmracteristics at 500, 1000, and 2000 Hz,

d

P

respectively, and have a_ directivity index 0f 5.5, 5.4, and 5.2 dB, respectively.

3

FIG. 18, on the other hand, represents that polar characteristics of the

- microphone assembly of FIGS. 11-15 where two acoustic dampers are used, eac
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having a value of 1500 Q3. Curves 411, 413, and 415 represent the characteristics at
500, 1000, and 2000 Hz, respectively, and have a directivity index of 6.0, 5.7, and
3.5 dB, respectively.

Many modifications and variations of the present invention are possible in
light of the above teachings. Thus, it is to be understood that, within the scope of
the appended claims, the invention may be practiced otherwise than as described

hereinabove.
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CLAIMS:
1. A directional microphone assembly for an in-the-ear hearing aid comprising:

a directional microphone cartridge having a first sound opening and a second
sound opening;

a first sound inlet passage acoustically coupling sound energy to the first
sound opening, the first sound inlet passage having an input end and an output end;

a second sound 1nlet passage acoustically coupling sound energy to the
second sound opening, the second sound inlet passage having an input end dnd an

output end;

a tirst acoustic damper located at the output end of the first sound inlet
passage; and
a second acoustic damper located at the output end of the second sound inlet

passage.

2. The directional microphone assembly of claim 1 further comprising a first o-
ring located adjacent the first acoustic damper and a second o-ring located adjacent

the second acoustic damper.

3. The directional microphone assembly of claim 2 wherein the first o-ring is
located between the first acoustic damper and the first sound opening, and the
second o-ring 1s located between the second acoustic damper and the second sound

opening.

4. The directtonal microphone assembly of claim 1 further comprising a
microphone assembly housing, and wherein the first and second sound inlet
passages are formed 1n the housing, and the microphone cartridge is mounted in the

housing.
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5. The directional microphone assembly of claim 4 further comprising a
protective screen mounted on the housing and having a first acoustical opening
coupling sound energy to the input end of the first sound inlet passage and a second

acoustical opening coupling sound energy to the input end of the second sound inlet

passage.

0. The directional microphone assembly of claim 4 further comprising a printed
circuit board releasably mounted on the housing and operatively connected to the

microphone cartridge.

7. The directional microphone assembly of claim 4 wherein the housing 1s
comprised of a first portion having the first sound inlet passage formed therein and a
second portion having the second sound inlet passage formed therein, the first
portion having at least one recess and the second portion having at least one mating
member, the at least one recess receiving the at least one mating member in mating

relation during assembly of the housing.

8. The directional microphone assembly of claim 4 further comprising a first
pocket located in the housing for seating the first acoustic damper and a second

pocket located in the housing for seating the second acoustic damper.

9. The directional microphone assembly of claim 8 wherein the first pocket and

second pockets also respectively seat first and second o-rings.

10.  The directional microphone assembly of claim 6 wherein the printed circuit
board rests on a surface of the microphone cartridge and 1s directly soldered to the

microphone cartridge.

11.  The directional microphone assembly of claim 6 further comprising at least
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one releasable retaining member forming part of the housing that assists in retaining
the circuit board in a mounted position on the housing and enables removal of the

circult board from the housing.

12.  The directional microphone assembly of claim 1 wherein the first acoustic
damper primarily affects the frequency response of the directional microphone
assembly and the second acoustic damper primarily affects the directivity index of

the directional microphone assembly.
13. A directional microphone assembly for an in-the-ear hearing aid comprising:

a directional microphone cartridge having a first sound opening and a second
sound opening; and

an assembly housing comprised of a first housing portion and a second
housing portion, the first housing portion having a first sound inlet passage and at
least one mating recess formed therein, the second housing portion having a second
sound 1nlet passage formed therein and at least one mating member, the at least one
mating member engaging the at least one recess in mating relation during assembly
of the first and second housing portions into a final assembled relationship wherein
the first sound inlet passage is acoustically coupled to the first sound opening and

the second sound inlet passage is acoustically coupled to the second sound opening.

14.  The directional microphone assembly of claim 13 wherein the first and
second sound inlet passages each have an input end and an output end, and further
comprising a first acoustic damper located at the output end of the first sound inlet
passage and a second acoustic damper located at the output end of the second sound

Inlet passage.

15.  The direction microphone assembly of claim 14 further comprising a first o-
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ring located adjacent the first acoustic damper and a second o-ring located adjacent

the second acoustic damper.

16.  The directional microphone assembly of claim 15 wherein the first o-ring is
located between the first acoustic damper and the first sound opening, and the
second o-ring 1s located between the second acoustic damper and the second sound

opening.

17.  The directional microphone assembly of claim 13 further comprising a
protective screen mounted on the assembly housing and having a first acoustical
opening coupling sound energy to the input end of the first sound inlet passage and a
second acoustical opening coupling sound energy to the input end of the second

sound inlet passage.

18.  The microphone assembly of claim 14 further comprising a first pocket
located 1n the first housing portion for seating the first acoustic damper and a second

pocket located in the second housing portion for seating the second acoustic damper.

19.  The microphone assembly of claim 18 wherein the first and second pockets

also respectively seat first and second o-rings.

20.  The microphone assembly of claim 13 further comprising a printed circuit
board releasably mounted on the assembly housing and operatively coupled to the

microphone cartridge.

21.  The microphone assembly of claim 20 wherein the printed circuit board rests
on a surface of the microphone cartridge and 1s directly soldered to the microphone

cartridge.
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22.  The microphone assembly of claim 20 further comprising at least one
releasable retaining member forming part of the housing that assists in retaining the

circuit board in a mounted position on the housing and enables removal of the circuit

board from the housing.

23. A directional microphone assembly for an in the in-the-ear hearing aid
comprising:

an assembly housing having first and second sound inlet passages located
therein and at least one releasable retaining member;

a microphone cartridge mounted on the assembly housing, the microphone
cartridge having first and second sound openings, the first and second sound inlet
passages acoustically coupling sound energy to the first and second sound openings,

respectively; and

a printed circuit board operatively connected to the microphone cartﬁdge and
releasably mounted on the assembly housing, the releasable retaining member
assisting to retain the printed circuit board in a mounted position on the assembly
housing and enabling removal of the printed circuit board from the asserﬁbly

housing by movement of the at least one retaining member and without requiring

- removal of the releasable retaining member from a remainder of the assembly

housing.

24.  The directional microphone assembly of claim 23 wherein the assembly

housing further comprises at least one non-releasable retaining member, the at least

one non-releasable retaining member assisting to retain the printed circuit board in

the mounted position on the assembly housing.

25.  The directional microphone assembly of claim 23 wherein the printed circuit

board rests on a surface ofthe microphone cartridge.

26.  The directional microphone assembly of claim 25 wherein the printed circuit

board 1s directly soldered to the microphone cartridge and wherein tll";le releasable

retaining member enables removal of the printed circuit board and the microphone

cartridge as a unit from the assembly housing.
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27.' The directional microphone assembly of claim 23 wheremn the first and

second sound 1nlet passages each have an input end and an output end, and further

comprising a first acoustic damper located at the output end of the first sound inlet

S

passage and a second acoustic damper located at the output end of the second sound

inlet passage.

28..  The directional microphone assembly of claim27 further comprising a first

o-ring located adjacent the first acoustic damper and a second o-ring located

adjacent the second acoustic damper.

-

29.  The directional microphone assembly of claLj 28wherein the first o—riﬁg 1S

located between the first acoustic damper and the first sound opening and the second

o-ring 1S located between the second acoustic damper and the second sound opening.

| -

nal microphone assembly of claim 2 7further COmprising a

protective screen mounted on the assembly housing and having a first acoustical

opening coupling sound energy to the input end of the first sound inlet passage and a

second acoustical opening coupling sound e érgy to the mmput end of the second

sound 1nlet passage.

-31.  The darectional microphone assembly of clatm 23 wherein the assembly

housing 1s comprised of a first portion having the first sound inlet passage formed

theremn and a second portion having the second sound inlet passage therein, the first

portion baving at least one reeess and the second portion having at least one mating
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32.  The directional microphone assembly of claim 97 futthet comiprising a firs

o

pocket Jocated 1n the housing for seating the first acoustic damper and a second

pocket located 1 the housing for seating the second acoustic damper.

33.  The directional microphone assembly of claim 3pwherein the first and

second pockets also respectively seat first and second o-rings.
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