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(57) Abstract: A balanced armature driver assembly comprises a first balanced armature driver having an armature surrounded by a
coil, said first balanced armature driver having two taps for connecting respective end points (12,14) of said coil to an input signal
circuit. The coil further comprises an intermediate point (16) which is electrically connected to one ot said respective end points (12,14)
such that the coil is shorted (16) between said intermediate point and said one of said respective points (12,14).
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Improved balanced armature driver assembly

The invention concerns the field of in-ear audio, and particularly the field of balanced

armature driver based devices.

The field of balanced armature driver speakers (also called in-ear monitors, or IEMs)
has known an extraordinary development in the past twenty years. They have allowed
delivering high fidelity like qualities with extremely high sensitivity, allowing for great
portable use. As a result, [IEMs have greatly developed their scope of use, from on stage

monitoring to audiophiles.

Initially, IEMs contained a single driver, generally of the balanced armature type,
responsible for covering the full audio spectrum. Progressively, IEMs were produced
with several drivers, allowing for better quality of reproduction. The development of
IEMs has been accompanied with the development of better digital sound sources, in

particular better digital audio players (also known as DAPs).

Among the technical challenges that have emerged in the past years is the effect of the
output impedance of the headphone amplifiers in digital audio players which influences
the quality of the sound reproduction by an IEM, negatively affecting the reproduction

of bass band frequencies.

It is generally accepted that the impedance of an IEM must be at least eight times that of
the output impedance of a DAP in order to not alter the rendering of the music by

the IEM.

This means that customers are restricted to either buying DAPs with very low
impedance in order to have a great choice of IEMs, or are restricted to a very limited set
of IEMs with sufficient impedance when the output impedance is high, with the added
issue that high impedance IEMs require more power from portable sound sources to

achieve like sound pressure levels (SPL), which increases battery drain. Typically, it is
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considered that smartphones are not fit for powering IEMs with impedance above 100

ohms.

The invention aims at improving the situation. This is achieved by a balanced armature
driver assembly, comprising a first balanced armature driver having an armature
surrounded by a coil, said first balanced armature driver having two taps for connecting
respective end points of said coil to a cabling having a positive signal cable and a
negative signal cable, and the coil further comprises an intermediate point which is
electrically connected to one of said respective end points such that the coil is shorted

between said intermediate point and said one of said respective points.

This balanced armature assembly is advantageous because it is essentially insensitive to
the output impedance of the sound amplifier to which it is connected. The Applicant has
discovered that this is surprisingly achieved because the balanced armature according to
the invention essentially acts as a resistance, whereas they act essentially inductively in

convention assemblies.

In other embodiments, the balanced armature assembly may have one or more of the
following features:

- the balanced armature assembly further comprises a second balanced armature driver
having an armature surrounded by a coil, said second balanced armature driver having
three taps for connecting respective end points of said coil and/or an intermediate point
to the cabling, said first balanced armature driver and said second balanced armature
driver being cabled such that a high pass filter is achieved at the first balanced armature
driver output,

- the intermediate point of the first balanced armature driver is electrically connected to
the end point which is connected to the negative signal cable of the cabling,

- the other end point of the first balanced armature driver is wired to an end point of the
second balanced armature driver, the intermediate point of the second balanced
armature driver being connected to the negative signal cable of the cabling, and the
other end point of the second balanced armature driver being connected to the positive

signal cable of the cabling,
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- the balanced armature assembly further comprises a capacitor placed in series between
the other end point of the first balanced armature driver and the end point of the second
balanced armature driver,

- the other end point of the first balanced armature driver is wired to the intermediate
point of the second balanced armature driver with a capacitor placed in series between
them, an end point of the second balanced armature driver is connected to the negative
signal cable of the cabling, and the other end point of the second balanced armature
driver is connected to the positive signal cable of the cabling,

- the balanced armature assembly further comprises a second balanced armature
balanced armature driver having an armature surrounded by a coil, said second balanced
armature driver having three taps for connecting respective end points of said coil
and/or an intermediate point to the cabling, and said first balanced armature driver and
said second balanced armature driver are cabled such that a low pass filter is achieved at
the first balanced armature driver output,

- the intermediate point of the first balanced armature driver is electrically connected to
the end point which is connected to the positive signal cable of the cabling,

- the other end point of the first balanced armature driver is connected to an end point of
the second balanced armature driver, the other end point of the second balanced
armature driver is connected to the positive signal cable of the cabling, and the
intermediate point of the second balanced armature driver is connected to the negative
signal cable of the cabling,

- the other end point of the first balanced armature driver and the intermediate point of
the second balanced armature driver are connected to the negative signal cable of the
cabling, an end point of the second balanced armature driver is connected to the positive
signal cable of the cabling, and the other end point of the second balanced armature
driver is connected in series with a capacitor to the intermediate point of the first
balanced armature driver and the end point which is connected to the positive signal
cable of the cabling, a resistor being further placed in series between the positive signal
cable of the cabling and the intermediate point of the first balanced armature driver,

- the balanced armature driver assembly further comprises a second balanced armature
driver having an armature surrounded by a coil, said second balanced armature driver

having three taps for connecting respective end points (12,14) of said coil and/or an
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intermediate point to the cabling, and said first balanced armature driver and said
second balanced armature driver are cabled such that a band pass filter is achieved at the
first balanced armature driver output,

- an end point of the second driver is connected to the negative signal cable of the
cabling, the intermediate point of the first driver is electrically connected to the end
point which is connected to the positive signal cable of the cabling, the intermediate
point of the second balanced armature driver is further connected to the positive signal
cable of the cabling, and the other end points (14, 24) of the first driver and the second
driver are wired together and are connected to the positive signal cable of the cabling
with a capacitor placed in series,

- the first driver has three taps each connected to one of the respective end points of the
coil and the intermediate point, and the electrical connection such that the coil is shorted
between said intermediate point and said one of said respective points (12, 14) is
realized by electrical wiring of the corresponding taps,

- the first driver has two taps each connected to one of the respective end points of the
coil, and the electrical connection such that the coil is shorted between said intermediate
point and said one of said respective points (12, 14) is realized internally to the coil, and
- the balanced armature driver assembly further comprises an input circuit for an input
signal, the positive signal cable and the negative signal cable of the cabling being

respectively coupled to a positive output and a negative output of the input circuit.

Other features and advantages of the invention will appear when reading the following
specification of the drawings which embodies examples given by way of illustration in a
non-limiting manner, and on which:

- Figure 1 is a generic view of an IEM comprising a balanced armature assembly
according to the invention,

- Figure 2 shows a close-up view of the cabling of the balanced armature assembly of
Figure 1,

- Figure 3 shows a frequency response of a balanced armature driver cabled
conventionally when connected to a high output impedance sound source, and when

connected to a low output impedance sound source,
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- Figure 4 shows an impedance and phase curve of the balanced armature driver of
Figure 3 when cabled conventionally,

- Figure 5 shows an impedance and phase curve of the balanced armature driver of
Figure 3 when cabled according to Figure 2, as well as the impedance curve of Figure 4,
- Figure 6 shows the frequency response of the balanced armature driver of Figure 3
when cabled according to Figure 2, when connected to a high output impedance sound
source, and when connected to a low output impedance sound source,

- Figure 7 shows a generic view of a balanced armature assembly comprising a high-
pass filter with a balanced armature driver cabled according to Figure 2,

- Figure 8 shows the difference in frequency response at the first driver output in the
balanced armature assembly of Figure 7 and at the first driver output when cabled
conventionally,

- Figure 9 shows an impedance and phase curve of the balanced armature assembly of
Figure 7,

- Figure 10 shows a generic view of a balanced armature assembly comprising a low-
pass filter with a balanced armature driver cabled according to Figure 2,

- Figure 11 shows an impedance and phase curve of the balanced armature assembly of
Figure 10,

- Figure 12 shows the difference in frequency response at the first driver output in the
balanced armature assembly of Figure 10 and at the first driver output in a balanced
armature assembly of Figure 10 with the first driver being cabled conventionally,

- Figure 13 shows a generic view of a balanced armature assembly comprising a band-
pass filter with a balanced armature driver cabled according to Figure 2,

- Figure 14 shows the frequency response at the first driver output between the balanced
armature assembly of Figure 13 with various capacitor values,

- Figure 15 shows the difference in frequency response between the two higher curves
of Figure 14,

- Figure 16 shows an impedance and phase curve of the balanced armature assembly of
Figure 13,

- Figures 17 and 18 show other generic views of a balanced armature assembly
comprising a high-pass filter with a balanced armature driver cabled according to

Figure 2, and
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- Figure 19 shows another generic view of a balanced armature assembly comprising a

low-pass filter with a balanced armature driver cabled according to Figure 2.

The drawings and the following specification contain, for the most part, elements of
tangible nature. They will thus not only serve to help better understand the invention,

but may also contribute to its definition.

Figure 1 shows a generic view of an IEM comprising a balanced armature assembly 2
according to the invention, and Figure 2 shows a close-up of the cabling of this

balanced armature assembly 2.

The balanced armature assembly 2 comprises an input circuit 4 which receives the audio
input cables from a sound source, a cabling assembly 6, a balanced armature driver 8

and a sound tube 10.

The input circuit 4 processes the input audio signal and adapts it in view of the
downward circuitry. In some instances, the input circuit 4 may be a crossover circuit
which processes the audio signal to divide into multiple frequency bands fed into
separate balanced armature drivers, so that each one works into a specified frequency
band. The cabling assembly 6 has a positive signal cable and a negative signal cable
which connect the input circuit 4 to the balanced armature driver 8, the output of which
is connected to the sound tube 10. The sound tube 10 is the part which is input in the
user’s ear to transmit the sound. In some embodiments, particularly where the balanced
armature assembly 2 comprises a single balanced armature driver, the input circuit 4

maybe omitted and only cabling 6 remains.

In the following, the balanced armature driver 8 will also be referred to as driver 8. In
the example described herein, the driver 8 is a 2389 receiver made by Sonion (registered
trademark). This type of driver is known a “three-taps” driver. As shown on Figure 2,
this means that the cabling 6 may be connected at three different points, each of which

is connected to a specific portion of the coil of the driver 8:
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- a first tap 12, located at the leftmost part of Figure 2, which is connected to
an extremity of the coil of the driver §,

- a second tap 14, located at the rightmost part of Figure 2, which is
connected to the other extremity of the coil of the driver 8, and

- a third tap 16, located between the first tap 12 and the second tap 14, and

which is connected to the middle of the coil of the driver §.

In a conventional balanced armature driver assembly, the cabling 6 will be connected to
two of the three taps (that is either to first and second, first and third or second and
third), in order to adjust the sonic frequency response of the driver 8. Indeed, if the
cabling 6 is connected to the third tap, then the signal is only passing through half of the

coil, hence changing the sound injected in the sound tube 10.

According to the invention, the cabling 6 is arranged in a different manner:

- the first tap 12 is connected to the positive signal cable of the cabling 6 which is
connected to the positive output of the input circuit 4,

- the second tap 14 is connected to the negative signal cable of the cabling 6 which is
connected to the negative output of the input circuit 4, and

- the third tap 16 is connected to the first tap 12, thereby creating a short between the
first tap 12 and the third tap 16.

This arrangement is extremely unconventional, because shorts are conventionally
avoided. The Applicant has not only discovered that it causes no problem in this
arrangement, but it also provides significant advantages which will be detailed below

with reference to Figures 3 to 5.

Figure 3 shows a frequency response of the 2389 driver used in Figure 1 and 2, when
cabled conventionally, being connected to a high output impedance sound source, and

when connected to a low output impedance sound source.

As appears on these graphs, the 2389 driver response changes greatly, depending on the

impedance of the sound source. The frequency response which is measured when
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connected to a high output impedance sound source is that which is lower under 1 kHz,
and higher over 1 kHz, whereas the frequency response which is measured when
connected to a low output impedance sound source is that which is higher under 1 kHz

and lower over 1 kHz.

As a result, when connected to a high impedance source, the 2389 driver will provide a
sound with a lot less bass and up to mediums frequencies (between 20 Hz and 500 Hz,
the frequency response difference is between 3 dB and 6 dB), and with significantly
more high frequencies (over 3,5 kHz, the frequency response difference is between 3 dB

and 8 dB) than when connected to a low impedance source.

Figure 4 shows an impedance and phase curve of the 2389 driver when cabled
conventionally. It appears clearly that the impedance of the driver varies greatly
depending on the frequency of the input signal, from around 8 ohms between 10 Hz and
about 1 kHz, with a peak at 40 ohms around 2,5 kHz, and then a ramp from 8 ohms
at 3 kHz up to 64 ohms at 20 kHz. The more the impedance varies, the more the
frequency response of a driver will be sensitive to the output impedance of the sound

source, as shown by Figure 3.

The corresponding phase curve is a ramp from 0° at 20 Hz up to 45° at 2 kHz, with a
dip to -15° at 3 kHz and then a plateau at about 60° until 20 kHz. The phase angle
determines how much the current will lead or lag the voltage waveform in a reactive
circuit. In an inductive circuit, the current will lag behind the voltage, and the phase
angle will be positive. In a capacitive circuit, the current will lead the voltage, and the
phase angle will be negative. This means that this driver will have a varying nature
(close to resistor at 20 Hz, then inductive at 2 kHz, capacitive at 3 kHz then capacitive

again), which will cause issues in multi-driver setups.

Figures 3 and 4 show a typical problem encountered with balanced armature driver
assemblies: depending on the output impedance of the sound source to which the

balanced armature driver is connected, the sound output will be completely different.
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This means that users have a very hard time finding the combination of a satisfying
source with the balanced armature driver assembly of their liking, when they can find
onc at all. And on the designer side, this means that there is an extremely high
unpredictability in the customers’ opinions, since it is unclear to which extent the

impedance of their DAP will influence the sound output.

Figure 5 shows the impedance curve of the 2389 driver when cabled according to
Figure 2, as well as its phase curve. The impedance curve of the 2389 driver when

cabled conventionally has been added for comparison.

In the arrangement according to the invention, the 2389 driver exhibits an almost flat
impedance — it varies from about 4 ohms at 20 Hz to about 7 ohms at 20 kHz, and the
phase frequency response is nearly flat, between 0° and 10° at the maximum. As seen

above, the near 0° phase means that the driver will behave essentially as a resistor.

These results are unheard of in existing balanced armature assemblies, and enable to
provide balanced armature assemblies which will sound nearly identical on all types of
output impedance sound sources, as shown by Figure 6, which shows the frequency
response of the 2389 cable according to Figure 2 when connected to a high output
impedance sound source (lower under 1 kHz, and higher over 1 kHz) and when
connected to a low output impedance sound source (higher under 1 kHz, and lower over
1 kHz). These curves show that this balanced armature driver assembly will sound

nearly the same in both cases.

The Applicant has discovered that the benefits of this cabling extend beyond the
impedance and phase uniformity achievements. In fact, when used in multiple balanced-
driver assemblies, the Applicant has discovered that the invention allows executing high

pass filters and band filters in a way unknown before.

This is groundbreaking because high pass filters and band pass filters are traditionally
intended to make use of specific regions of the frequency responses of drivers, in order

to combine the best abilities of all drivers of a multi-driver assembly.



10

15

20

25

30

WO 2018/019963 PCT/EP2017/069080

10

The only way known to date to realize those filters was through crossover circuits, at
the input circuit 4. These crossover circuits are electronic circuits at the input of the
balanced armature driver assembly, and which “cut” the audio signal in several bands,
and feed each given band to one or more of the drivers of the assembly. However,
crossover circuits are known to introduce singularities in the frequency response, and to

create phase issues which are most of the time impossible to compensate.

Turning to Figure 7, the Applicant has discovered that, by using a driver cabled
according to Figure 2, a high pass filter can be achieved. In order to do so, another 2389
receiver made by Sonion (registered trademark) having three taps referenced 22, 24 and
26 is connected to a 2389 driver having three taps referenced 12, 14 and 16. The two
drivers are connected by wiring taps 12 and 22 together. The 2389 driver having taps
12, 14 and 16 is cabled according to Figure 2 by shorting taps 14 and 16, and
connecting them to the wire of the cabling 6 corresponding to the negative signal cable
of the cabling 6. Tap 26 is also connected to the negative signal cable of the cabling 6,

while tap 24 is connected to positive signal cable of the cabling 6.

Figure 8 shows the difference of the frequency response of the 2389 driver having
taps 12, 14 and 16 in a balanced armature assembly according to Figure 7, and the
frequency response of the same driver when cabled conventionally. This curve shows

that the assembly of Figure 7 acts as a high pass filter above 1 kHz on this 2389 driver.

Figure 9 shows the impedance and phase frequency response of the driver assembly of
Figure 7, showing that it remains largely flat, the impedance varying from 5 ohms at 20
Hz to 10 ohms at 20 kHz, and the phase remaining nearly flat, between 0° and 15° at the
maximum. This means that the balanced armature assembly will again not be output

impedance sensitive.

Figure 10 is similar to Figure 7, except that the first 2389 driver has been replaced by

a 2015 receiver by Sonion (registered trademark).

Furthermore, the electrical scheme is different in that:
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- taps 14 and 24 are wired (instead of 12 and 22),

- taps 12 and 16 are shorted (instead of 14 and 16),

- tap 26 is connected to the negative signal cable of the cabling 6,

- tap 22 and the shorted taps 12 and 16 are connected to the positive signal cable of the
cabling 6.

As aresult, a low pass filter is achieved at the 2015 driver output.

Figure 11 shows the impedance and phase frequency response of the driver assembly of
Figure 10, showing that it remains largely flat, the impedance varying from 5 ohms
at 20 Hz to 9 ohms at 20 kHz, and the phase remaining nearly flat, between 0° and 10°

at the maximum.

Figure 12 shows the difference of the frequency response of the 2015 driver in a
balanced armature assembly according to Figure 10 with the 2015 driver being cabled
conventionally, and the frequency response of the 2015 driver in the balanced armature
assembly of Figure 10. This curve shows that the balanced armature assembly of

Figure 10 acts as a low pass filter under 1 kHz.

In the balanced armature assembly of Figure 13, the first driver cabled according to
Figure 2 is a 2015 driver, and the second driver is a 2389 driver. Figure 13 is similar to
Figure 10, except that:

- tap 22 is connected to the negative signal cable of the cabling 6,

- taps 14 and 24 are connected (instead of taps 12 and 22),

- taps 12 and 16 are shorted and connected with tap 26 to the positive signal cable of the
cabling 6, and

- a capacitor 28 is connected between the positive signal cable of the cabling 6 and the

wire connecting taps 14 and 24.

As aresult, a band-pass filter is achieved, as evidenced by Figure 14.
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Figure 14 shows the frequency responses achieved at the output of the 2015 driver by
using capacitors having respectively 2uF value (highest curve), 50 uF value (middle
curve), and 100 uF value. Here, the band-pass filter is achieved between 1 kHz

and 2 kHz.

Figure 15 shows the difference in frequency response between the higher and middle
curve, thereby exhibiting the effect of the value of the capacitance on the low pass

cutoff steepness.

Figure 16 shows that this is achieved while maintaining a generally flat impedance
(between 5 ohms at 20 Hz and 7 ohms at 20 kHz), and a flat phase (between 0° and
10°), which means that the balanced armature assembly will again not be output

impedance sensitive.

Figures 17and 18 show other generic schemes which have allowed achieving a high-

pass filter.

On Figure 17:

- tap 22 is connected to the positive signal cable of the cabling 6,- tap 26 is wired to tap
12, with a capacitor 28 in series between them,

- tap 24 is connected to negative signal cable of the cabling 6, and

- taps 14 and 16 are shorted and connected to the negative signal cable of the cabling 6.

Figure 18 is identical to Figure 7 except that a capacitor 28 has been put in series

between taps 12 and 22 wired together.
The measurements of the Applicant have shown that a high pass filter is achieved at the
driver having taps 12, 14 and 16 in the balanced armature assemblies of Figures 17

and 18.

Figure 19 shows another generic scheme which has allowed achieving a low-pass filter.
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On Figure 19:

- taps 26 and 14 are connected to the wire of the cabling 6 corresponding to the negative
signal cable of the cabling 6,

- tap 22 is connected to the positive signal cable of the cabling 6,

- taps 12 and 16 are shorted and tap 24 is connected in series with a capacitor 28 to this
short, and

- taps 12 and 16 are connected in series with a resistor 30 to the positive signal cable of

the cabling 6.

The measurements of the Applicant have shown that a low pass filter is achieved at the

driver having taps 12, 14 and 16 in the balanced armature assembly of Figure 19.

Other balanced armature wirings may be envisioned, combining one or more of the
above designs, and by introducing one or more resistor or capacitor in series with the
positive tap or negative tap of the first or second driver, or by shorting the central tap

and the negative tap of the first driver instead of the positive tap and the central tap.

What is described as shorting here may be realized by effectively shorting the taps via

wire soldering, or by directly producing a driver incorporating said short.
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Claims

1.

2.

3.

4.

14

Balanced armature driver assembly, comprising a first balanced armature driver
having an armature surrounded by a coil, said first balanced armature driver
having two taps for connecting respective end points (12,14) of said coil to a
cabling (6) having a positive signal cable and a negative signal cable, wherein
the coil further comprises an intermediate point (16) which is electrically
connected to one of said respective end points (12,14) such that the coil is
shorted (16) between said intermediate point and said one of said respective

points (12,14).

Balanced armature driver assembly according to claim 1, further comprising a
second balanced armature driver having an armature surrounded by a coil, said
second balanced armature driver having three taps for connecting respective end
points (22, 24) of said coil and/or an intermediate point (26) to the cabling (6),
wherein said first balanced armature driver and said second balanced armature
driver are cabled such that a high pass filter is achieved at the first balanced

armature driver output.

Balanced armature driver assembly according to claim 2, wherein the
intermediate point (16) of the first balanced armature driver is electrically

connected to the end point (14) which is connected to the negative signal cable

of the cabling (6).

Balanced armature driver assembly according to claim 3, wherein the other end
point (12) of the first balanced armature driver is wired to an end point (22) of
the second balanced armature driver, wherein the intermediate point (26) of the
second balanced armature driver is connected to the negative signal cable of the
cabling (6), and wherein the other end point (24) of the second balanced

armature driver is connected to the positive signal cable of the cabling (6).



10

15

20

25

30

WO 2018/019963 PCT/EP2017/069080

5.

7.

8.

9.

15

Balanced armature driver assembly according to claim 4, further comprising a
capacitor (28) placed in series between the other end point (12) of the first
balanced armature driver and the end point (22) of the second balanced armature

driver.

Balanced armature driver assembly according to claim 3, wherein the other end
point (12) of the first balanced armature driver is wired to the intermediate
point (26) of the second balanced armature driver with a capacitor (28) placed in
series between them, wherein an end point (24) of the second balanced armature
driver is connected to the negative signal cable of the cabling (6), and wherein
the other end point (22) of the second balanced armature driver is connected to

the positive signal cable of the cabling (6).

Balanced armature driver assembly according to claim 1, further comprising a
second balanced armature driver having an armature surrounded by a coil, said
second balanced armature driver having three taps for connecting respective end
points (22, 24) of said coil and/or an intermediate point (26) to the cabling (6),
wherein said first balanced armature driver and said second balanced armature
driver are cabled such that a low pass filter is achieved at the first balanced

armature driver output.

Balanced armature driver assembly according to claim 7, wherein the
intermediate point (16) of the first balanced armature driver is electrically
connected to the end point (12) which is connected to the positive signal cable of

the cabling (6).

Balanced armature driver assembly according to claim 8, wherein the other end
point (14) of the first balanced armature driver is connected to an end point (24)
of the second balanced armature driver, wherein the other end point (22) of the
second balanced armature driver is connected to the positive signal cable of the
cabling (6), and wherein the intermediate point (26) of the second balanced

armature driver is connected to the negative signal cable of the cabling (6).
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10. Balanced armature driver assembly according to claim 8, wherein the other end

point (14) of the first balanced armature driver and the intermediate point (26) of
the second balanced armature driver are connected to the negative signal cable
of the cabling (6), wherein an end point (22) of the second balanced armature
driver is connected to the positive signal cable of the cabling (6), and wherein
the other end point (24) of the second balanced armature driver is connected in
series with a capacitor (28) to the intermediate point (16) of the first balanced
armature driver and the end point (22) which is connected to the positive signal
cable of the cabling (6), a resistor (30) being further placed in series between the
positive signal cable of the cabling (6) and the intermediate point (16) of the first

balanced armature driver.

11. Balanced armature driver assembly according to claim 1, further comprising a

second balanced armature driver having an armature surrounded by a coil, said
second balanced armature driver having three taps for connecting respective end
points (12,14) of said coil and/or an intermediate point (16) to the cabling (6),
wherein said first balanced armature driver and said second balanced armature
driver are cabled such that a band pass filter is achieved at the first balanced

armature driver output

12. Balanced armature driver assembly according to claim 11, wherein an end

point (22) of the second driver is connected to the negative signal cable of the
cabling (6), wherein the intermediate point (16) of the first driver is electrically
connected to the end point (12) which is connected to the positive signal cable of
the cabling (6), wherein the intermediate point (26) of the second balanced
armature driver is further connected to the positive signal cable of the
cabling (6), and wherein the other end points (14, 24) of the first driver and the
second driver are wired together and are connected to the positive signal cable of

the cabling (6) with a capacitor (28) placed in series.

13. Balanced armature driver assembly according to one of claims 1 to 12, wherein

the first driver has three taps each connected to one of the respective end points
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of the coil and the intermediate point, and wherein the electrical connection such
that the coil is shorted (16) between said intermediate point and said one of said
respective points (12, 14) is realized by electrical wiring of the corresponding

taps.

Balanced armature driver assembly according to one of claims 1 to 12, wherein
the first driver has two taps each connected to one of the respective end points of
the coil, and wherein the electrical connection such that the coil is shorted (16)
between said intermediate point and said one of said respective points (12, 14) is

realized internally to the coil.

Balanced armature driver assembly according to one of the preceding claims,
further comprising an input circuit (4) for an input signal, the positive signal
cable and the negative signal cable of the cabling (6) being respectively coupled

to a positive output and a negative output of the input circuit (4).



SUBSTITUTE SHEET (RULE 26)

WO 2018/019963 PCT/EP2017/069080
Fig.1
! :
1 i
. 8 :
| !
! s i
|
I
| - 6
! ’ i
! 10 i
: :
e R e !
2
Fig.2
12 16 14
+ -
Fig.3
FR Magnitude dB re 20uPa/V (smoothed 1/120c¢t)
130 A
R
NN T
120 LD, A
10— REE e
- “_,,w""‘ R
] s
100
90 | EAWIR
80 N
20 50 100 200 500 1k 2k 5k 10k 20k
Frequency (Hz)



WO 2018/019963 PCT/EP2017/069080
Fig.4
0 Magnitude (ohms) Impedance Phase {") %
72 - g 45
S R o
: \V :
56 - ALl as
48 ).' -80
40 = 44 Avg:0
it /
32 7Y /
'R Pl
24 3 ;
d s
16 o L
ok - e ’ |
gty S PR S B i g ey e M
0 i P
20 50 100 200 500 1k 2k 5k 10k 20k
Frequency (Hz)
Fig.5
0 Magnitude (ohms) ’ Impedance Phase (%) g0
72 45
56 - S| -48
48 I.' -80
40 - v Avg:D
i ¥,
32 Fi £
24 a T
SN e
16 B A =-
o b e e ol o e s T e s == M
O—-._-____—_--—— , . P
20 50 100 200 500 1k 2k Bk 10k 20k
Frequency (Hz)
Fig.6
FR Magnitude dB re 20uPa/V {smoothed 1/120ct)
130 A
R
\ I
120 A A
R ALY
AR
=G
110 S gt e e -
- - ]
L
100 Vo
W
\ i
90 ,‘
Y
80 !
20 50 100 200 500 1k 2k &k 10k 20k

Frequency (Hz)

SUBSTITUTE SHEET (RULE 26)



WO 2018/019963 PCT/EP2017/069080

22 (D 26 @ 24 ()
e
Fig.7 |
120 16 O 14 (O
Fig.8
Level dBr (smoothed 1/120ct)
10 A
R
T
0 A
. -~ A
10 .a"—-——’ \\,//‘ /// ‘/”“ Y
g W
P !
-20 pran
. -~
L
-30 y r
// g
-~
40 vd
20 50 100 200 500 1k 2k 6k 10k 20k
Frequency (Hz)
Fig.9
Magnitude {(omhs) impedance Phase (*) 90
45 45
40 s 0
35 -45
30 -850
25 Avg:0
20
15
10 L ) b
_____.-—""\.-._,r”," ]
6 H =5 M
0 | P
20 50 100 200 500 1k 2k 5k 10k 20k
Frequency (Hz)

SUBSTITUTE SHEET (RULE 26)



WO 2018/019963 PCT/EP2017/069080

22() 26 24 (p j
Fig.10 I !
120 16O 14 5 j
Fig.11
Magnitude (chms) impedance Phase {*} %
45 45
40 ‘ T 0
35 -45
30 -80
25 Avg:0
20
15
10 ERpr—rr— :-
5 ; e ] — Svdarn M
0 ; P
20 50 100 200 500 1k 2k 5k 10k 20k
Frequency (Hz)
Fig.12
Level dBr {smoothed 1/120c¢t)
20 A
R
T
10 A
L) S e s S s S s A s 5 A
- ——TT P My
Ty \/
10 :
-20
-39 j -
20 50 100 200 500 1k 2k Bk 10k 20k
Frequency {Hz)

SUBSTITUTE SHEET (RULE 26)



WO 2018/019963

PCT/EP2017/069080
22(p 26 24 )
B |
Fig.13 ] |
28
12 16 () 140 j
Fig.14
FR Magnitude dB re 20uPa/V (smoocthed 1/120ct)
130 A
R
T
120 A
110 * '. '“‘
¢ - s
‘ - 1 \
LL
100 s \‘. - '.
L] d “‘ "/ "
£ s
90 L~ L
fe 1
a0 L) i
20 50 100 200 500 1k 2k 6k 10k 20k
Frequency (Hz)
Fig.15
Level dBr {smoocthed 1/120ct)
10 A
R
T
0 = S A
AN
o
N\
=10 -
\\
A
ALA h i
I i
- ! 1"
-30 !
-40
20 50 100 200 500 1k 2k &k 10k 20k

Frequency (Hz)

SUBSTITUTE SHEET (RULE 26)



WO 2018/019963 PCT/EP2017/069080

6/7
Fig.16
Magnitude (chms) Impedance o o Phase ) %
45 45
40 ‘ 0
35 45
30 -90
25 ‘ Avg:Q
20
15
10 e ko ___.,..,.._—-—:-
5 mjem 3T = M
20 50 100 200 500 1k 2k 5k 10k 20k
Frequency (Hz)
Fig.17
22 (p) 26 () 24 (] j
28 _ +} B
12 () 16 (O 14 ® j

SUBSTITUTE SHEET (RULE 26)



WO 2018/019963

PCT/EP2017/069080

717
Fig.18
EZ O 26 O 24 O j
28 T - |+
|
(%0 | |0 | ].0)
Fig.19
Qz O 26 O 24 O j
+{ ;
. 30
1
(120 16 o 140 )

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2017/069080

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4R3/08 HO4R11/02
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO4R

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y Sonion: "Data Sheet Receiver 2389", 1-15
éo January 2015 (2015-01-20), XP055358331,
Retrieved from the Internet:
URL:http://www.sonion.com/wp/wp-content/up
loads/2389-3002874.pdf
[retrieved on 2017-03-23]
the whole document
Y US 2 380 869 A (QUAM JAMES P) 1-15
31 July 1945 (1945-07-31)
page 2, column 2, lines 2-9; figures 1,4
page 5, column 1, line 19 - column 2, line
26
A JP 2011 040933 A (AUDIO TECHNICA KK) 1-15
24 February 2011 (2011-02-24)
abstract; figures 1-3
- / -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

11 September 2017

Date of mailing of the international search report

20/09/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Carriére, Olivier

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2017/069080

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A US 2012/008814 Al (ALWICKER MICHAEL JOSEPH
[US] ET AL) 12 January 2012 (2012-01-12)
paragraphs [0004] - [0008]; figures
la,1b,2

A US 2006/008110 Al (VAN HALTEREN AART Z
[NL]) 12 January 2006 (2006-01-12)
paragraphs [0005], [0015], [0018],
[0019], [0037]; figures 2,3

1-15

1-15

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2017/069080
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2380869 A 31-07-1945  NONE

JP 2011040933 A 24-02-2011  NONE

US 2012008814 Al 12-01-2012 CN 102986245 A 20-03-2013
EP 2591612 Al 15-05-2013
JP 5793566 B2 14-10-2015
JP 2013534115 A 29-08-2013
KR 20130041196 A 24-04-2013
SG 186794 Al 28-02-2013
W 201208400 A 16-02-2012
US 2012008814 Al 12-01-2012
WO 2012006211 Al 12-01-2012

US 2006008110 Al 12-01-2006 AT 375073 T 15-10-2007
CN 1719948 A 11-01-2006
DE 602005002688 T2 17-07-2008
DK 1617704 T3 05-11-2007
EP 1617704 A2 18-01-2006
US 2006008110 Al 12-01-2006

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - wo-search-report
	Page 27 - wo-search-report
	Page 28 - wo-search-report

