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IN-EAR DEVICE INCORPORATING ACTIVE NOISE REDUCTION

Field of the Invention

This invention relates to in-ear devices incorporating active noise reduction. Such devices
include but are not limited to earphones, “in-ear monitors”, hearing aids and similar assisted
listening devices. Moreover, the term “in-ear” includes devices that may be partially located

in the human auditory canal.
Background

The active noise reduction functionality relevant to the present invention is realized using
“feedback” or hybrid (a combination of feedback and feed-forward) control architectures, in
which a or a plurality of sensors which include but are not limited to a microphone is located
inboard (i.e. closer to the wearer’s ear) of the “receiver” (miniature loudspeaker or driver) in
the device. The output of the microphone is used to provide the observation required for
feedback (or equivalent) control of the pressure in the ear. Those skilled in the art will
understand that systems using pure “feed-forward” controllers do not require the presence of
such an inboard microphone.

The in-ear device typically has a housing in which the driver and microphone are located,
and which provides an acoustic path from the driver to the outlet of the in-ear device. The
outlet is in use located in the ear canal, so that the acoustic signal from the outlet can be

delivered to the tympanic membrane (also known as the ear drum).

Positioning of a sensing microphone inboard of the driver requires the microphone is located
in the acoustic path between the driver and the outlet. Thus the sound generated by the
driver is required to pass around the partial obstacle constituted by the microphone (the
body of which is acoustically opague) in travelling to the ear drum. In existing constructions
sufficient space is left around the microphone so that there is no significant acoustic
impedance.

The considerations at hand for designing in-ear devices having active noise reduction using
feedback control are very different to those present with headphones, or feed-forward
architectures. In particular, stability is an issue as the load condition of the device can greatly
¢ affect the open loop transfer function (OLTF). This dynamic is the main constraint during the
design of the active noise reduction functionality performance of the device. In fact, the
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larger the dyn'amic of the OLTF the larger the stability margin of the closed loop system must
be in order to ensure the robustness of the active noise reduction functionality.

Further miniaturisation is only exacerbating these issues. For example, commonly used
electrodynamic drivers see their source impedance increasing with the inverse of the square
of the diaphragm area. Additional measures must therefore be taken to ensure the stability
and performance of the system since they become increasingly sensitive to their loads. In
addition, moving the electronics required to create a feedback controller, or part thereof,
inside the housing would require considerable miniaturisation of the écoustic system to
achieve a decrease in overall size of the device and consequently a carefully tuned OLTF
would be required to reduce the necessary controller complexity to design a high
performance noise cancellation system. The use of acoustic impedances as described in
embodiments of the present invention provides a solution for tuning the OLTF for a
miniaturised in-ear device incorporating active noise reduction through feedback or hybrid
control architectures.

Object

It is an object of the invention to provide improved active noise cancellation performance in
an in-ear device or to at least provide the public with a useful alternative to existing devices.

Other objects of the invention may become apparent from the following description, which is
given by way of example only.

Summary of the Invention
In one aspect the invention provides an in-ear device comprising:

a housing adapted for location in or adjacent to an auditory canal, the housing having
an acoustic outlet for location in the auditory canal;

a driver provided in the housing;
an acoustic path within the housing extending from the driver to the outlet;
a microphone provided in the acoustic path between the driver and the outlet, and

a high acoustic impedance provided in the acoustic path.
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In one embodiment the high acoustic impedance is such that the impedance of the device
from the driver input to the microphone output over a selected audio frequency range is
greater than the impedance of the driver over the selected audio frequency range.

In one embodiment the frequency range comprises the mid-range audio frequencies.
In one em'bodiment the frequency range is 1kHz to 2kHz.

In one embodiment the frequency range is 200Hz to 2kHz.

In one embodiment the frequency range is 1kHz to 2.5kHz.

In one embodiment the acoustic impedance is provided by a constriction in the acoustic

path.

In one embodiment the acoustic impedance is provided at a periphery of the microphone.
Preferably the impedance is provided between the periphery of the microphone and a wall of
the device.

In another embodiment the acoustic impedance is provided between the microphone and the

outlet.
In one embodiment the impedance comprises an acoustic resistance

In one embodiment the impedance is selected to improve stability of the device when used
in an active noise reduction feedback or hybrid control architecture.

In one embodiment the impedance is selected to attenuate noise from a source external to
the device, also referred to as passive attenuation.

In one embodiment the impedance comprises a plurality of pathways arranged around the
periphery of the microphone. Preferably the pathways are parallel with the axis of symmetry
of the microphone. Preferably the multiple pathways are disposed in a regular distribution
around the circumference of the microphone.

In another aspect the invention provides an in-ear device comprising:

a housing adapted for location in or adjacent to the auditory ear canal, the housing
having an acoustic outlet for location in the auditory canal;

a driver provided in the housing;

an acoustic path within the housing extending from the driver to the outlet;
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a microphone provided in the acoustic path between the driver and the outlet;

a feedback controller for providing a signal to the driver depending upon a signal
received from the microphone in order to cancel noise sensed by the microphone, and;

an acoustic impedance provided in the acoustic path adapted to limit the dynamic of
the system and improve stability of the device.

In one embodiment the high acoustic impedance is such that the impedance of the device
from the driver input to the microphone output over a selected audio frequency range is
greater than the impedance of the driver over the selected audio frequency range.

In one embodiment the frequency range comprises the mid-range audio frequencies.

In another aspect the invention provides a method of improving the stability of an in-ear

device having:

a housing adapted for location in or adjacent to the auditory ear canal, the housing
having an acoustic outlet for location in the auditory canal;

a driver;
an acoustic path extending from the driver to the outlet;
a microphone provided in the acoustic path between the driver and the outlet; and

a feedback controller for providing a signal to the driver depending upon a signal
received from the microphone in order to cancel noise sensed by the microphone,

the method comprising providing an acoustic impedance in the acoustic path which is
sufficient to improve the stability of the device.

In one embodiment the method includes the steps of determining the impedance of the
driver over a selected audio frequency range, and selecting the acoustic impedance
such that the impedance of the device from the driver input to the microphone output
is greater than the impedance of the driver over the selected audio frequency range.

In one embodiment the frequency range comprises the. mid-range audio frequencies.

Other aspects of the invention will be apparent from the following description.

Drawing Description
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One or more embodiments of the invention will be described below with reference to the
accompanying drawings, in which:

Figure 1 is a diagrammatic cross-sectional view of an in-ear device in use in conjunction
with a human auditory canal.

Figure 2 is a representation of the arrangement of Figure 1 in which transmitters are
represented as two point networks, connecting electrical signals to the acoustic domain.

Figure 3 is a diagrammatic cross-sectional view of an in-ear device in use in conjunction
with a human auditory canal.

Figure 4A is a diagrammatic cross-section through a capsule containing a driver and
sensing microphone for implementation within an in-ear device. The arrangement is also
shown in the end elevation.

Figure 4B is an end elevation of the capsule construction shown in Figure 4A

Figure 5 is a plot of the open loop transfer function of a device such as that shown in
Figures 4A and 4B showing both magnitude and phase as a function of frequency when the
present invention is used as impedance modifier.

Figure 6 demonstrates the effects of additional resistance on absolute OLTF differences.

Figures 7 and 8 are plots of the OLTF and are OLTF absolute differences (correlated to
stability) respectively when measured under two significant loading conditions. Note
“optimized value” refers to the desired complex acoustic impedance arrangement described
in here.

Figure 9 is a diagrammatic view in cross-section of an in-ear device according to the present
invention in use and in conjunction with the human ear canal.

Figure 10 and 11 is a plot of the OLTF showing the difference in magnitude when what is
essentially an acoustic resistance is is used when coupled to the IEC711 ear simulator and
compared to the blocked pipe condition and the OLTF absolute differences (correlated to
stability) respectively.

Figure 12 shows a plot of impedance against frequency for a typical dever for an in-ear
device, the IEC711 standard load, and an in-ear device coupled with the I[EC711 load.

Description of One or More Embodiments
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The present invention relates specifically to the designbof the acoustic path or conduit
between the driver and the outlet of the device. In some embodiments the invention is
realised in the design of the conduits / passageways through which sound is conducted
around the microphone. The acoustic impedance of these elements may be designed so as
to engineer the electro-acoustic transfer function between the input to the driver and the
output from the microphone, which constitutes (a component of) the “open-loop transfer
function” (OLTF) of the “system-under-control” or “plant” (to use the terminology of automatic
control). This transfer function is a key determinant of system stability and noise cancelling
performance. The desired improvement in robustness of the closed loop system is achieved
by decreasing the dynamic (i.e. the variation) of the OLTF with regard to vulnerability and
sensitivity of the earphone to varying load conditions. Those skilled in the art will understand
that a device designed within the ambit of the present invention will exhibit improvements in
the active noise reduction functionality performance compared to the same system outside it.

In one embodiment, the present invention teaches the deliberate design of acoustic path(s)
around the inboard microphone of an in-ear device in order to introduce desirable properties
to the overall system, specifically in terms of robust controllability.

Figure 1 shows a first embodiment of an in-ear device (1), comprising a driver (2), mounted
in such a way as to be positioned in or near to the opening of the external auditory meatus
(8). Sounds generated by the driver are conducted into the meatus through an acoustic
network (4, 7, 8, 9) comprising at least some form of waveguide element. This acoustic
network is shown with an acoustic resistance in order to further tune the impedance (8). The
system may be coupled to the ear in such a way as to form an intended seal by a “tip” or
“grommet” component (5).

It has been shown to be beneficial in many noisy environments that the device be capable of
actively cancelling, (or at least substantially reducing) sounds that propagate by various
paths from external ambient noise fields to the ear. This can usefully be achieved by control
strategies in which there is direct observation of the pressures within the (partially) sealed
system comprising the device and the remaining volume of the wearer’s meatus. For
convenience, such observation is provided by a microphone (6) incorporated within the body
of the device.

The interaction between the acoustic network constituted by the acoustic output “port” or
outlet of the device (4) (which embodies a substantially inductive acoustic impedance) and
the volume of air in the meatus (3) (which behaves to first order of approximation as a
compliance) is known to exhibit non-trivial acoustic behaviour, introducing a “Helmholtz”
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Noise Reduction (ANR) enabled system, by favourably influencing the transfer function
between receiver input and microphone output {(Vmic/Vreceiver of Figure 1), as taught in
International Patent publication WO 2007/054807 which is included herein by reference. This
transfer function, Vmic/Vreceiver, constitutes a component of the “open loop” in an active
control application and is directly important to stability and performance. A feedback
controller 11 is shown in Figure 1. Controller 11 may also be provided within the device, for
example immediately behind the driver, or adjacent to the microphone.

The present invention addresses the path(s) by which sound is conducted around the
microphone (7). These paths express a series acoustic impedance, the optimisation of which
constitutes another means for adjusting the overall acoustic (and electro-acoustic)
performance of the device, with consequent impact on system stability and performance.
The existence of such paths is unique to those applications where an inboard microphone is
present (typically those in which it is intended to apply feedback control, hybrid
feedback/feed-forward control, or adaptive control).

There are a number of options available for modelling the OLTF of the system. One of the
ways to model the OLTF of the system is further illustrated by Figure 2, in which the |
transducers (2, 6) are represented as Two Port networks, connecting the electrical signals to
the acoustic domain. The acoustic network is comprised of the volume upstream of the
microphone (here represented as the shunting impedance 8), the acoustic paths around the
microphone (shown here as the series impedance 7), the volume downstream of the
microphone (the shunting impedance 9), the outlet port (4) and the acoustic load presented
by the ear (10). It is the deliberate manipulation of the acoustics of the pathway impedance
around the microphone, represented to first-order of approximation by the impedance (7), in
order to introduce desirable features to the transfer function OLTF, Vmic / Vreceiver, which
is the subject of this embodiment. Examining the system as a Two Port network allows
simulations to be extended beyond the reach of lumped parameter models and ailows for
more accurate determination of the impedance modifiers necessary to enhance the
performance of the closed loop system.

These impedance modifiers can be, but are not limited to, path constrictions, expressing
both acoustic inductance and resistance. In order to make these impedances sufficiently
large to have significance to the overall system dynamics, the paths typically have small
cross-sectional area (with carefully defined aspect ratio) and specified length. They have



10

15

20

25

30

WO 2012/165976 PCT/NZ2012/000079
8

been found to have one embodiment as a series of “slits”, regularly disposed around the
periphery of the microphone, as discussed further below with reference to Figures 4A and
4B.

The slits referred to above can be used in embodiments where the microphone faces toward
the driver, see Figure 1, and in embodiments where the microphone faces away from the
driver.

Although some of the examples taught in this specification relate to the case in which the
microphone is intentionally sensitive to pressures “upstream” of the impedance embodied by
the acoustic path(s) around the microphone (as depicted in Figures 1 & 2), the present
invention does teach that it is possible to engineer the passage of sound around the
microphone in such a way as to introduce desirable acoustic path impedances in those
cases where the microphone is sensitive to pressures downstream of the acoustic path(s)
around the microphone as shown in Figure 3.

An embodiment in which the acoustic path around the microphone is provided in the form of
engineered slits is shown in Figure 4. Referring to that Figure, the three slits (7) are formed
between the microphone and an inner housing wall. The microphone in this embodiment
faces toward the driver (2), but could alternatively face away from the driver. In the former
case the slits can be used for creating a high impedance load within the acoustic path. As
exhibited in the Figures, having the microphone facing towards the driver offers the designer
the opportunity to create an impedance loading a volume between the driver and the
microphone.

The addition of the high impedance in the acoustic path and having the microphone facing
towards the driver dampens the Helmholtz resonance, providing a smoother, more regular
and larger phase increase, whilst reducing the magnitude and phase differences in the OLTF
for a number of key loading conditions, which are typically found during the use of such a
product. The former aspect is illustrated in Figure 5 looking at the OLTF (IEC711 coupled
system) for a number of impedances. The latter is illustrated in Figure 6 by analyzing the
magnitude and phase difference for IEC711 and blocked pipe boundary conditions (i.e. a
blocked outlet), which are key conditions when assessing stability of the system. |IEC711
refers to a standard which is used for modelling the acoustic load behaviour of the human

ear.

As can be seen, the addition of the impedance increases the performance of the system and
improves the stability, although the optimization of this last point is discussed next. Referring
again to Figures 4A and 4B, where the front acoustics is considered, it can be seen that a



10

15

20

25

30

WO 2012/165976 | PCT/NZ2012/000079
9

number of physical dimensions are available to the designer. Although best results are found
with the microphone facing towards the driver, this is also considered as a design parameter
and ideal dimensions could be found for each microphone orientation. These should be
varied, including the value of the resistive path, to limit the dynamic of the OLTF of the
system and therefore increase the stability of the closed loop system for a number of loading
conditions of the device. These can include various:

a) outlet port geometries (dimensions and associated damping/inductance implicitly
included in such definition); and

b) outlet port loading conditions, with the two typical cases used being:
IEC711 or normal wear load condition
Blocked outlet which aims to simulate non- deal load conditions

This is illustrated in Figure 7 and Figure 8 for the OLTF and OLTF absolute differences
(correlated to stability) respectively, where outlet port dimensions are also part of the
optimization process in this particular implementation of the optimization method.

It should be noted that the practical implementation of the “optimized” internal dimensions
and transmittance properties must account for:

(i) the effective damping on the frequency response of the system; and

(ii) the “noise cancelling decoupling” that can occur between the noise cancelling
performance observed at the error microphone of the device and observed at IEC711
microphone in this illustration or experienced by the user in general use.

The embodiments described above teach the use of the inboard microphone as an
obstructing object, around which we establish sound-carrying “conduits”, the acoustics of
which are designed to optimize other features of the closed loop system and enhance its
performance. In the embodiments described below these engineered impedances are not
necessarily “around” the microphone, but are located at other (or additional) locations in the
acoustic path between the driver and the outlet port.

Referring to Figure 9, an embodiment is shown in which an aperture provided between the
microphone and the outlet provides the necessary high impedance. Although the
construction is shown as a single aperture, those skilled in the art will appreciate that it may
take a variety of forms including a plurality of apertures.
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Figure 10 and 11 illustrate the system OLTF under a closed outlet load condition and the
OLTF in the IEC711 with and without the designed acoustic impedance and OLTF absolute
differences (correlated to stability) respectively, where no other parameters where changed.

The addition of engineered acoustic high impedances in the acoustic path modifies the
OLTF dynamics. It reduces the difference between the wearing load conditions, as illustrated
in this example when coupled with the IEC711 ear simulator, and under closed pipe load
condition. The controller can therefore be designed with smaller but still sufficient stability
margins to cope with the reduced range of realisable OLTF and/or increase the useable
feedback gain with a constant stability margin and/or widen the frequency range covered by
the noise cancelation function.

As outlined above, the Two Port representation provides a convenient model to express the
system in terms of transmittance and impedances, as approximations of the loads and |
source impedance of the different parts of the acoustic system can be easily calculated. As
an example, in cases where a multiplicity of conduits are employed, their acoustic
impedances will (to first order of approximation) act in parallel. It is convenient (though not
necessary) that the dimensions (and, therefore, acoustic impedance) of each of a multiplicity
of such pathways are equal.

An introduction to the TwoPort network method is shown in Table 1 below. Further information is
available in M E Van Valkenberg Network analysis, 3" ed., Prentice Hall (1974).

Table 1
Name Circuit Representation TwoPort Matrix Representation
Series Impedance = 1 z
A 0 1
Parallel 1 O
Impedance [hr; i 1
B 9!
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Potential Divider:
Combination of N 1+ L 2
the parallel and [:],; 122
series — 1
C=AxB Z,

A TwoPort representation of an electrodynamic loudspeaker (other types of transducers have other
Twoport representations) where the inputs are the usual electrical variables and outputs are the
usual acoustical variables is:

[ ZoS 2 Zgp + (BD?
vl | B Bi 7
T g Zm Z
5 E _‘B—j. d

in which:

V and i are the electrical variables

® Zwis the blocked electrical impedance
® 7. is the mechanical impedance
10 ® p, the pressure, and u, the diaphragm velocity are the acoustical variables
¢ All other symbols have their usual meaning as those skilled in the art will recognise
Further information can be found in M Colloms & P Darlington, High Performance Loudspeakers, 6™
ed., John Wiley, 2005
The source impedance Zsource of the driver can be calculated as:
| 14
ZSOoUrce=-
15 u

The two Port method can be used to characterise acoustic networks. Example of a Two Port of a
uniform lossless acoustic waveguide of section S and length L, has the acoustic variables at each end
related by a Two Port in which k is the wave number:

cos(b) L sin(ikr)
o5

~ L

IS Ginery  rosiny | 1Pk
pnC

20  The elements of an unknown Two Port can be determined performing some measurements
according to Egolf, D.P., and Leonard, R.G. (1977) “Experimental scheme for analyzing the dynamic
behavior of electro-acoustic transducers,” J. Acoust. Soc. Am. 62, 1013-1023. Also, many acoustic
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elements and their lumped parameters equivalent circuits are showed in J. Borwick Loudspeaker
and headphone handbook, 3" ed., 2001, 9780240515786, p588.

The introduction of one or more high impedance pathways within the body of an in-ear
device increases the overall series impedance of the device. This has the generally
beneficial effect of reducing the transmission of unwanted noise through the body of the
device to the ear (i.e. it will increase the passive attenuation of the device). This is
particularly important in the case of dynamic receivers, which may require openings to the
rear of their diaphragm in order to avoid undesirable high-compliance loading on the
diaphragm. Sound from an external ambient noise field can pass through these openings,
through the diaphragm and onward to the ear. The introduction of high impedance obstacles
in this subsequent path to the ear is seen to afford means to control the level of attenuation
provided by this noise transmission path.

The introduction of the engineered acoustic conduits around the microphone increases the
acoustic source impedance of the device. Note the small drivers used in these
implementations have high source impedance (in the order of 5.6M Rayl compared to
typically 415 Rayl for the air and 1.8M rayls for the IEC711 ) and thus are very sensitive to
load variation hence care that must be taken in designing the acoustic conduits. This has
known (and, potentially damaging) consequences to aspects of system performance
(including sensitivity, leak sensitivity, stability and frequency response). Notwithstanding
these consequences, the conduits offer overall benefit in giving the designer more control

~over the open loop response, Vmic / Vreceiver.

The paths or conduits may take simple form (such as a uniform section pipe) or more
complex form (including for example bent pipes, concatenated pipes of changing cross-
section, etc). In the case of the simpler, similarly simple models of the acoustic impedance
(such as inductances and resistances) will appear as the first-order models of the conduit
transfer acoustics. This may permit adequate parameterisation of the path to allow
optimisation of aspects of overall system behaviour. More complete modelling of the
acoustics of simple conduit forms — or modelling of the acoustics of more complex forms —
both will motivate more sophisticated statements of the impedance (such as the generalized
solutions that may arise from finite element analysis or similar numerical models). The
conduits are then designed such that these generalized impedances confer the desired
significant impedance compared to the driver source impedance.
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Other forms of acoustic impedance may be used, apart from, or in combination with, the slits
or constrictions described above. Thus for example an acoustically resistive mesh may be
located at area 7 in the Figure 1 and 3 embodiments as an alternative, or addition to, the
engineered slits between the periphery of microphone 6 and the internal wall of housing 1.
Furthermore, an acoustically resistive mesh may be provided at another location in the
acoustic path, for example as an alternative to, or in addition to, the constriction 7 shown in
the Figure 9 embodiment.

Referring now to Figure 12, the vertical axis represents impedance on a logarithmic scale
(dBOhms), and the horizontal axis represents frequency on a logarithmic scale. The
variation in impedance with frequency for an in-ear device such as that shown in the Figure
1 embodiment when coupled to an IEC711 load is shown by locus 20. The variation in
impedance with frequency for a 9mm diameter driver for an in-ear device is shown by locus
21. The variation in impedance with frequency for an IEC711 load is shown by locus 22.

The in-ear device (locus 20) in Figure 12 does not include an engineered high impedance in
the acoustic path between the driver and the outlet. As can be seen, from around 200Hz to
2kHz the driver impedance dominates, so the device is much more susceptible to changes in
load. We have found that adding an acoustic impedance in the acoustic path of the device
which is sufficient to increase the impedance of the device (i.e. the impedance from the
driver input to the microphone outpu)t to be greater than that of the driver over a required
audio frequency range, particularly the mid-range audio frequencies (i.e. those between
approximately 200Hz to 2kHz) greatly improves stability. The impedance can be designed
using the physical apparatus and modelling methodologies described above. In the
example shown in Figure 12, the performance of the in-ear device deteriorates in the
frequency range between approximately 200Hz to 2kHz. The driver impedance in this range
is approximately 56 megohm. As can be seen, the impedance of the device at its lowest
point (approximately 800Hz) is at least a factor of ten less than 56 megohm, so an additional
impedance of at least 50 megohm across the 200Hz to 2kHz frequency range is required to
be incorporated in the device design to ensure that the impedance of the device is greater
than that of the driver over the frequency range of interest. In practice this can be achieved
using engineered slits such as those described above which can be used to add significantly
to the impedance (for example in 10 megohm increments) and other impedance devices
such as mesh which can add impedance in smaller increments. The impedance of the mesh
can be defines by its permeability which is in the range from 160 to 1500 L/m*2.s (liter per
square meter per second). The impedance can be added through other design approaches,
for example mechanical housing design.
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The use of a high impedance load as described in this document between the error
microphone and ear has the benefits that it:

1. Defines a large impedance, which becomes the dominant factor in the series of
impedances as described above), and as such:

a. Reduces the sensitivity of the OLTF to loading conditions

b. Reduces the sensitivity to the design of the earphone itself around the encapsulated driver
and microphone of the product

2. The increase in inductance lowers the Helmholtz resonance (the resonance described in
international patent publication WO 2007/054807 “Noise Cancellation Earphone”).

3. The specified resistance will ensure that the transmission line between the driver and
microphone is loaded by a large resistance at the Helmholtz resonance (i.e. it damps a
resonance that is otherwise a core feature of in-ear device acoustics) thus:

a. Improving the open loop transfer function smoothness (decreases dips and peaks
difference) thus increase stability across a range of acoustic loads

b. Improving the consistency of the gain and phase response & thus increase stability
across a range of acoustic loads

The specified impedance is therefore ‘optimized’ by balancing these points and the other
design parameters:

the receiving frequency response of the earphone;
the open loop response and — hence, noise cancellation; and

internal acoustics of the system which determine how active cancellation at the
sensing microphone maps to useful active attenuation at the eardrum.

Where in the foregoing description, reference has been made to specific components or
integers of the invention having known equivalents, then such equivalents are herein
incorporated as if individually set forth.

Although this invention has been described by way of example and with reference to
possible embodiments thereof, it is to be understood that modifications or improvements
may be made thereto without departing from the spirit or scope of the appended claims.
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CLAIMS

An in-ear device comprising:

a housing adapted for location in or adjacent to an auditory canal, the housing having
an acoustic outlet for location in the auditory canal;

a driver provided in the housing;

an acoustic path within the housing extending from the driver to the outlet;

a microphone provided in the acoustic path between the driver and the outlet, and
a high acoustic impedance brovided in the acoustic path.

The device of claim 1 wherein the high acoustic impedance is such that the
impedance of the device from the driver input to the microphone output over a
selected audio frequency range is greater than the impedance of the driver over the
selected audio frequency range.

The device of claim 2 wherein the frequency range comprises the mid-range audio
frequencies.

The device of claim 2 wherein the frequency range is 1kHz to 2kHz.
The device of claim 2 wherein the frequency range is 200Hz to 2kHz.
The device of claim 2 wherein the frequency range is 1kHz to 2.5kHz.

The device of any one of the preceding claims wherein the high acoustic impedance
is provided by a constriction in the acoustic path.

The device of any one of the preceding claims wherein the acoustic impedance is

provided at a periphery of the microphone.

The device of claim 8 wherein the impedance comprises a plurality of pathways
arranged around the periphery of the microphone.



10

15

20

25

10.

1.

12.

13.

14.

15.

16.

17.

18.

WO 2012/165976 : PCT/NZ2012/000079

16

The device of claim 9 wherein the pathways are parallel with the axis of symmetry of
the microphone.

The device of claim 8 or claim 9 wherein the multiple pathways are disposed in a
regular distribution around the circumference of the microphone.

The device of any one of claims 7 to 11 wherein the impedance is provided between
the periphery of the microphone and a wall of the device.

The device of any one of claims 1 to 7 wherein the acoustic impedance is provided
between the microphone and the outlet.

The device of claim 13 wherein the impedance comprises an acoustic resistance.
The device of claim 14 wherein the acoustic resistance comprises a mesh.

The device of any one of claims 2 to 15 wherein the impedance is selected to
improve stability of the device when used in an active noise reduction feedback or
hybrid control architecture.

The device of any one of the preceding claims wherein the impedance is selected to
attenuate noise from a source external to the device.

An in-ear device comprising:

a housing adapted for location in or adjacent to the auditory ear canal, the housing
haVing an acoustic outlet for location in the auditory canal;

a driver provided in the housing;
an acoustic path within the housing extending from the driver to the outlet;
a microphone provided in the acoustic path between the driver and the outlet;

a feedback controller for providing a signal to the driver depending upon a signal
received from the microphone in order to cancel noise sensed by the microphone,
and;

an acoustic impedance provided in the acoustic path adapted to improve stability of
the device.
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The device of claim 18 wherein the feedback controller is provided within the

housing.

20.

21.

10 22

15

20 28.

25 24,

The device of claim 18 or claim 19 wherein the acoustic impedance is such that the
impedance of the device from the driver input to the microphone output over a
selected audio frequency range is greater than the impedance of the driver over the
selected audio frequency range.

The device of claim 20 wherein the frequency range comprises the mid-range audio

frequencies.

A method of improving the stability of an in-ear device having:

a housing adapted for location in or adjacent to the auditory ear canal, the housing
having an acoustic outlet for location in the auditory canal;

a driver;
an acoustic path extending from the driver to the outlet;
a microphone provided in the acoustic path between the driver and the outlet; and

a feedback controller for providing a signal to the driver depending upon a signal
received from the microphone in order to cancel noise sensed by the microphone,

the method comprising providing an acoustic impedance in the acoustic path which is
sufficient to improve the stability of the device.

A method as claimed in claim 22 including the steps of determining the impedance of
the driver over a selected audio frequency range, and selecting the acoustic
impedance such that the impedance of the device from the driver input to the
microphone output is greater than the impedance of the driver over the selected
audio frequency range.

A method as claimed in claim 22 or claim 23 wherein the frequency range comprises
the mid-range audio frequencies.
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Figure 8. Absolute OLTF differences comparison
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