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(57) Abstract: There is provided a passive radiator, comprising a frame, a diaphragm attached to the frame by a surround such that the
diaphragm can move relative to the frame, and a suspension system comprising at least one flat spring that couples the diaphragm and
the frame. There is also provided a playback device comprising a passive radiator, the passive radiator comprising a frame, a diaphragm
attached to the frame by a surround such that the diaphragm can move relative to the frame, and a suspension system comprising at
least one flat spring that couples the diaphragm and the frame.
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PASSIVE RADIATOR AND A PLAYBACK DEVICE INCLUDING THE PASSIVE
RADIATOR
CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of priority to U.S. Patent Application No.
63/510,245, filed June 26, 2023, and to U.S. Patent Application No. 63/510,247, filed June 26,
2023, each of which is incorporated herein by reference in its entirety.
FIELD OF THE DISCLOSURE
[0002] The present disclosure is related to consumer goods and, more particularly, to
methods, systems, products, features, services, and other elements directed to media playback
or some aspect thereof.
BACKGROUND

[0003] Options for accessing and listening to digital audio in an out-loud setting were limited
until in 2002, when SONOS, Inc. began development of a new type of playback system. Sonos
then filed one of its first patent applications in 2003, entitled “Method for Synchronizing Audio
Playback between Multiple Networked Devices,” and began offering its first media playback
svstems for sale in 2005. The Sonos Wireless Home Sound System enables people to
experience music from many sources via one or more networked plavback devices. Through a
software control application installed on a controller (e.g., smartphone, tablet, computer, voice
input device), one can play what she wants in any room having a networked plavback device.
Media content (e.g., songs, podcasts, video sound) can be streamed to plavback devices such
that each room with a playback device can play back corresponding different media content.
In addition, rooms can be grouped together for synchronous playback of the same media

content, and/or the same media content can be heard in all rooms synchronously.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0004] Features, aspects, and advantages of the presently disclosed technology may be better
understood with regard to the following description, appended claims, and accompanying
drawings, as listed below. A person skilled in the relevant art will understand that the features
shown in the drawings are for purposes of illustrations, and variations, including different
and/or additional features and arrangements thereof, are possible.
[0005] Figure 1A is a front perspective view of a playback device configured in accordance
with aspects of the disclosed technology.
[0006] Figure 1B is a front perspective view of the playback device of Figure 2A without a
grille.
[0007] Figure 2 is a rear perspective view of a first embodiment of a passive radiator in
accordance with aspects of the disclosed technology.
[0008] Figure 3 is a rear perspective view of a second embodiment of a passive radiator in
accordance with aspects of the disclosed technology.
[0009] Figure 4A is a perspective view of a back-to-back configuration of two passive
radiators of Figure 3 in accordance with aspects of the disclosed technology.
[0010] Figure 4B is a side view of the back-to-back configuration of Figure 4A.
[0011] Figure 5 is an exploded, perspective view of a third embodiment of a passive radiator
in accordance with aspects of the disclosed technology.
[0012] Figure 6A is a perspective view of a back-to-back configuration of the passive
radiator of Figure 5 and a transducer in accordance with aspects of the disclosed technology.
[0013] Figure 6B is a partially exploded, perspective view of the back-to-back configuration
of Figure 6A.
[0014] Figure 7A is a perspective view of a back-to-back configuration of two passive

radiators of Figure 5 in accordance with aspects of the disclosed technology.
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[0015] Figure 7B is a partially exploded, perspective view of the back-to-back configuration
of Figure 7A.

[0016] Figure 8 is a partially exploded, perspective view of a further back-to back
configuration of two transducers that may be operated as passive radiators in accordance with
aspects of the disclosed technology.

[0017] Figure 9 is a partially exploded, perspective view of a yet further back-to-back
configuration of two passive radiators of a fourth embodiment in accordance with aspects of
the disclosed technology.

[0018] Figures 10 to 18 are schematic diagrams illustrating arrangements of transducers and
passive radiators within a playback device, in accordance with aspects of the disclosed
technology.

[0019] The drawings are for the purpose of illustrating example embodiments. but those of
ordinary skill in the art will understand that the technology disclosed herein is not limited to

the arrangements and/or instrumentality shown in the drawings.

DETAILED DESCRIPTION

L Overview

[0020] Embodiments described herein relate to passive radiators for use in playback devices.
Further embodiments relate to playback devices including one or more passive radiators. The
passive radiators as described in these embodiments may enable greater freedom in design of
playback devices, for example by allowing more compactness in playback devices, and/or more
flexibility in how a desired or targeted response is achieved. The passive radiators may be easy
to tune to give the desired response.

[0021] According to some aspects of the invention, there may be provided a passive radiator

comprising a frame, a diaphragm attached to the frame by a surround such that the diaphragm
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can move relative to the frame, and a suspension system comprising a flat spring that couples
the diaphragm and the frame. The properties of the passive radiator, and particularly the use of
a flat spring in the passive radiator, may allow for greater variety and precision in the acoustic
design process of the passive radiator and/or playback devices in which the passive radiator is
incorporated. Such a passive radiator may have the advantage of being compact whilst
maintaining stability. Improved stability in a passive radiator may enable improvements in how
much excursion is achievable without distortion from the diaphragm for a given radiating
surface area, which may be referred to as an effective surface area, an effective radiation area,
or a radiation area. In other words, because of the improved stability, a greater excursion may
be achievable from a diaphragm having a smaller radiation area. Improved stability in a passive
radiator may enable greater radiation areas to be achieved via diaphragms having greater
surface areas and/or more passive radiators. The properties may be selected to allow the
passive radiator to be tuned to a particular frequency or frequencies.

[0022] The term flat spring is used herein to refer to an element that provides resilience in a
direction parallel to a central axis of the diaphragm of the passive radiator. A flat spring may
be a spring that achieves stiffness without overlapping turns, loops, or coils. While the term
“flat spring” is used herein, other elements providing resilience in this way may also be used.
Similarly, flat springs may have different configurations to those described below and need not
themselves be comprised of substantially planar and/or substantially flat elements in directions
normal to the direction where resilience is provided. For example, a flat spring may include
one or more additional features, such as stiffening ribs, or may have different forms, such as a
tubular form or a beam form. Examples of flat springs are described in US provisional patent
applications 63/377,652 and 63/503,389, which are incorporated by reference in their entirety

herein for all purposes.
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[0023] A flat spring may comprise one or more arms. Each arm may comprise a strip of
material, which may be flat or substantially flat but may also have other cross-sectional shapes.
Each arm may be configured to bend to provide a spring-like behavior. A flat spring may have
multiple arms and may be configured to connect to multiple points on the frame. A flat spring
may be manufactured from any suitable material including spring steel or thermoplastic. Flat
springs may be distinguished from conventional spiders used in passive radiators and
loudspeakers as they attach at a small number of discrete points, such as two, three or four
points, rather than substantially surrounding a portion of the passive radiator.

[0024] The suspension system may comprise at least two flat springs. The at least two flat
springs may be provided in the same plane or in different planes. The at least two flat springs
may be evenly spaced about a central axis of the diaphragm, such as an axis passing through a
center of the diaphragm and normal to the surface of the diaphragm at that point. Evenly
distributing the flat springs may provide improved stability. In particular, evenly spaced flat
springs may reduce the impact of, or prevent, rocking modes in the diaphragm. The flat springs
may provide improved linearity in the response of the diaphragm.

[0025] The at least two flat springs may be symmetrically arranged. The at least two flat
springs may be arranged symmetrically in a plane defined by the flat springs. The at least two
flat springs may be arranged symmetrically in two or more different planes. The symmetrical
arrangement may include reflection about an axis of symmetry of the diaphragm.
Symmetrically arranged flat springs may also provide improved stability by reducing the
impact of rocking modes. Symmetrically arranging the flat springs may allow a more compact
suspension system in which the flat springs are arranged close to the axis of symmetry, whilst
maintaining improvements in stability. In other examples, the at least two flat springs may be
arranged asymmetrically. For example, the springs may be arranged asymmetrically when

evenly spaced about the central axis. The flat springs may have an asymmetrical form, such
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that a spacing results in an asymmetry between flat springs. In some examples, the flat springs
may have different sizes. The flat springs may be arranged so that the stiffnesses of the flat
springs are balanced around the diaphragm, but in these configurations the flat springs may
have differing sizes. For example, two flat springs having a first stiffness may balance a single
flat spring having a second stiffness that is double the first stiffness. Differing arrangements of
flat springs may enable them to be positioned around other components of a playback device,
so that the playback device remains compact without impacting operation.

[0026] The passive radiator may comprise at least one mass coupled to the diaphragm. The
diaphragm may be coupled to the suspension system via the at least one mass. Alternatively,
the diaphragm may be coupled to the mass separately from the suspension system. In some
examples, the diaphragm may comprise the at least one mass, such as when the diaphragm and
mass are integrally formed.

[0027] The at least one mass may comprise a first mass having a center of mass positioned
on a central axis of the diaphragm, and the suspension system may comprise at least two flat
springs that couple the first mass to the frame. The at least two flat springs may be spaced apart
from the central axis of the diaphragm. The at least two flat springs may extend from an edge
of the mass. Providing a mass and more than one flat spring connecting the mass to the frame
may provide improved stability and allow for greater compliance in the suspension system.
The flat springs and/or the mass may be tailored to provide specific characteristics for
improving the stability of the diaphragm.

[0028] The at least one mass may comprise at least a first mass and a second mass. The flat
spring may comprise a first flat spring that couples the first mass to the frame and the
suspension system may comprise a second flat spring that couples the second mass to the frame.
The first flat spring may be aligned with the first mass in a direction of movement of the

diaphragm. The second flat spring may be aligned with the second mass in a direction of
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movement of the diaphragm. The first mass and the second mass may be positioned on opposite
sides of an axis of the diaphragm. Providing multiple masses and corresponding flat springs
allows for variations in arrangements of the suspension system. For example, the masses may
be arranged to each side of a diaphragm, rather than centralized. These variations may allow
for improvements to compactness of the passive radiator and playback devices including the
passive radiator. Multiple masses and flat springs may also allow variations in the response of
the passive radiator, by tuning the masses and flat springs to a desired response. Multiple
masses and flat springs may also allow for improved response for different shapes of
diaphragm.

[0029] The at least one mass may comprise a power supply for a playback device in which
the passive radiator is to be incorporated. The at least one mass may comprise another
functional component of the playback device in which the passive radiator is to be incorporated.
Utilizing functional components of a playback device as the mass may allow the internal
volume to be used more efficiently. The playback device may therefore be made smaller,
additional components may be introduced, or the size of other components may be increased.
This may allow for larger transducers or new functionalities for the playback device.

[0030] According to aspects of the invention, there may be provided a playback device
comprising the passive radiator as discussed above, with or without the optional features also
described. The playback device may comprise a transducer. The transducer may comprise a
diaphragm attached to a frame by a surround such that the diaphragm can move relative to the
frame. The frame may be a frame shared with the passive radiator. The transducer may
comprise a drive unit, which may also be referred to as a motor. The drive unit may comprise
a magnetic element and a voice coil. The transducer may also comprise a suspension system.
The suspension system may comprise a spider and/or a flat spring that couples the diaphragm

and the frame. The transducer and passive radiator may be housed in an enclosure. In some
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examples, the drive unit, diaphragm, and suspension system of a transducer may be arranged
concentrically or coaxially. Altematively, at least one of the drive unit or the suspension system
may be offset relative to a central axis of the diaphragm. The transducer may comprise a first
drive unit and a second drive unit that are positioned at opposite sides of an axis of the
diaphragm. The suspension system of the transducer may comprise a first flat spring and a
second flat spring that respectively connect the first drive unit and the second drive unit to the
frame.

[0031] In the playback device, the passive radiator may be arranged in a back-to-back
configuration. The back-to-back configuration may include the passive radiator and the
transducer. In examples where the motor, diaphragm, and suspension system of the transducer
are arranged concentrically or coaxially, the flat springs and masses of the passive radiator may
be positioned around the drive unit. In examples where the transducer has an offset drive unit
and/or suspension system, the transducer and the passive radiator may be arranged so that their
respective drive units and/or suspension systems do not interfere with one another. The flat
springs and drive units may be symmetrically arranged and may be arranged in an alternating
manner. The flat springs and drive units may be symmetrically arranged and arranged in the
alternating manner about a central axis of one or both diaphragms. Drive units and flat springs
may be arranged in an alternating manner such that each drive unit is positioned between two
flat springs and each flat spring between two drive units about the central axis. The drive units
and flat springs mayv be positioned around a periphery of their respective diaphragms. The
transducer may have two drive units that may be on opposite sides of an axis of symmetry of
the diaphragm of the transducer, and the passive radiator may have two flat springs at opposite
sides of another axis of symmetry of the diaphragm of the passive radiator. These axes may be

perpendicular. Diaphragms of the transducer and passive radiator may be aligned. A central
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axis of each may be aligned. In other examples, the central axes may be misaligned. The
diaphragms of the transducer and passive radiator may have different shapes.

[0032] Alternatively, the back-to-back configuration may include the passive radiator and a
further passive radiator. The further passive radiator, which may be referred to as a second
passive radiator, may comprise a second diaphragm and a second suspension system. The
further passive radiator may have the same construction or a different construction to the
passive radiator. The further passive radiator may include any of the features of the passive
radiators referred to above.

[0033] Back-to-back configurations of a passive radiator with a transducer and/or a further
passive radiator may be useful to enable the space within a playback device to be used
effectively. Due to the compact nature of the passive radiators described herein, back-to-back
configurations may occupy less volume. For example, the back-to-back configurations may be
able to occupy volumes previously occupied by only a single passive radiator or transducer.
Although back-to-back configurations are described above, in other examples, two transducers,
two passive radiators, or a passive radiator and a transducer may be arranged in other
configurations, such as front-to-front configurations or back-to-front configurations. Other
arrangements of passive radiators and/or transducers are also possible, such as where a plurality
of transducers or passive radiators are positioned in series along a face of a playback device
and/or are oriented in different directions to one another.

[0034] In the playback device, additionally or alternatively, the transducer may be a first
transducer, the playback device may comprise a second transducer. The first and second
transducers may be arranged in a back-to-back configuration. One or more back-to-back
configurations may be provided in an arrangement of transducers and passive radiators. For
example, a first back-to-back configuration of a first and second transducer may be combined

with a second and possibly a third back-to-back configuration each comprising two passive
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radiators. It will be appreciated that other numbers of transducers and passive radiators may be
used depending on the requirements for a playback device. A playback device may comprise
an odd number of transducers (e.g. 1, 3, 5, 7, 9) or an even number of transducers (e.g. 2, 4, 6,
8, 10). A playback device may comprise an odd number of passive radiators (e.g. 1, 3, 5,7, 9)
or an even number of passive radiators (e.g. 2, 4, 6, 8, 10). The number of passive radiators
may be different from the number of transducers. For example, a playback device which can
reproduce a large number of audio channels, such as a soundbar, may have more transducers
and/or passive radiators than a playback device for reproducing mono and/or stereo audio.
[0035] The playback device may comprise an enclosure in which the transducer and passive
radiator are mounted. The transducer and passive radiator may seal the enclosure. The
enclosure may include an internal air volume. A suspension system of the passive radiator may
be outside the enclosure, and therefore not in the internal air volume. Where a back-to-back
configuration of passive radiators or of a transducer and passive radiator is provided, the back-
to-back configuration may be mounted across a vent, gap, or through-hole defined by the sealed
enclosure, such that the suspension systems are external to the enclosure.

[0036] The playback device may comprise a drive unit coupled to the diaphragm of the
passive radiator. The playback device mav be operable in a first mode in which the drive unit
1s powered and a second mode in which the drive unit is unpowered. The playback device may
be configured to operate in the first mode when powered by an external power source and in
the second mode when powered by an internal power source. This may allow power savings
when operating on the internal power source, such as a battery.

[0037] The playback device may comprise one or more passive radiators that can displace a
first volume of air and one or more transducers that can displace a second volume of air. The

first volume of air may be at least double the second volume of air. The playback device may
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consist of the one or more passive radiators and the one or more transducers. This may result
in a useful response from the passive radiators.

[0038] One or more passive radiators of the playback device may have a first radiation area
and one or more transducers of the playback device may have a second radiation area. The first
radiation area may be at least double the second radiation area. A maximum excursion of the
passive radiators may be at least as large as that of the transducers. Including passive radiators
having double the radiation area of the transducers may result in the passive radiators
displacing twice the volume of air as the transducers.

[0039] One or more passive radiators of the playback device may have a first average
maximum excursion and one or more transducers of the playback device may have a second
average maximum excursion. The first average maximum excursion may be at least double the
second average maximum excursion. A radiation area of the passive radiators may be at least
as large as that of the transducers. Including passive radiators having double the average
maximum excursion of the transducers may result in the passive radiators displacing twice the
volume of air as the transducers.

[0040] While some examples described herein may refer to functions performed by given
actors such as “users,” “listeners,” and/or other entities. it should be understood that this is for
purposes of explanation only. The claims should not be interpreted to require action by any
such example actor unless explicitly required by the language of the claims themselves.
[0041] In the Figures, identical reference numbers identify generally similar, and/or
identical, elements. To facilitate the discussion of any particular element, the most significant
digit or digits of a reference number refers to the Figure in which that element is first
introduced. Many of the details, dimensions, angles and other features shown in the Figures
are merely illustrative of particular embodiments of the disclosed technology. Accordingly,

other embodiments can have other details, dimensions, angles and features without departing
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from the spirit or scope of the disclosure. In addition, those of ordinary skill in the art will
appreciate that further embodiments of the various disclosed technologies can be practiced
without several of the details described below.

1L Example Playback Device

[0042] Figure 1A is a front perspective view of a playback device 110 configured in
accordance with aspects of the disclosed technology. Figure 1B is a front perspective view of
the playback device 110 without a grille 112b. Referring to Figures 1A and 1B together, the
playback device 110 comprises a housing 112 that includes side portions 112a, the grille 112b,
and a rear portion (not visible in Figures 1A and 1B). A frame 114 is attached to the housing
112 by a plurality of fasteners 116 (e.g., one or more screws, rivets, clips). The playback device
110 also includes electronics (not shown in Figures 1A and 1B), which are housed within the
housing 112. The frame 114 is configured to carry a plurality of transducers 118 (identified
individually in Figure 1B as transducers 118a-d) and a plurality of passive radiators (identified
individually in Figure 1 as passive radiators 120a and 120b).

[0043] The electronics of the playback device are configured to receive audio content from
an audio source and send electrical signals corresponding to the audio content to the transducers
118 for playback.

[0044] The transducers 118 are configured to receive the electrical signals from the
electronics, and further configured to convert the received electrical signals into audible sound
during playback. For instance, the transducers 118a-c (e.g.. tweeters) can be configured to
output high frequency sound (e.g.. sound waves having a frequency greater than about 2 kHz).
The transducer 118d (e.g., a mid-woofer, woofer, midrange speaker) can be configured to
output sound at frequencies lower than the transducers 118a-c (e.g., sound waves having a
frequency lower than about 2 kHz). In some embodiments, the playback device 110 includes a

number of transducers different than those illustrated in Figures 1A and 1B. For example, the
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playback device 110 can include fewer than four transducers (e.g., one, two, three). In other
embodiments, however, the playback device 110 includes more than four transducers (e.g., six,
nine, ten). Moreover, in some embodiments, all or a portion of the transducers 114 are
configured to operate as a phased array to desirably adjust (e.g., narrow or widen) a radiation
pattern of the transducers 114, thereby altering a user’s perception of the sound emitted from
the playback device 110.

[0045] The passive radiators, 120a, 120b, which may be referred to as passive transducers,
are configured to resonate in response to movement of air within the housing 112. The air in
the housing 112 is moved by operation of the transducers 118d. Movement of the transducer
118d causes changes in the air pressure that in turn cause movement of the passive radiators
120a, 120b. The passive radiators 120a, 120b can be tuned to specific frequencies or frequency
ranges to enhance the frequency response of the playback device 110.

IIL. Example passive radiators and transducers

[0046] Passive radiators may be used in playback devices for a variety of reasons. For
example, they may reduce the amount of movement required by a transducer for a given output
sound pressure level from the playback device as a whole. Reducing movement of a transducer
may preserve batterv life as well as improving the lifespan of the transducer. Additionally, or
altematively, passive radiators may be used to adjust a frequency response of the playback
device, such as amplifying a particular frequency range. In some applications, passive radiators
are used to increase a low frequency (bass) response of a playback device.

[0047] Passive radiators have been proposed which comprise single- or double- suspension
svstems. Single suspension passive radiators include a diaphragm with a single suspension in
the form of a continuous, compliant surround that flexibly connects the diaphragm to the frame.
Single suspension systems are compact and relatively cheap, but it is difficult to provide

sufficient linearity. compliance, and/or stability. Double suspension passive radiators comprise
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an additional second suspension. These are larger, more expensive, and not as easily tuned to
desired frequency responses but generally have greater linearity, compliance, and/or stability
than single-suspension passive radiators.

[0048] According to techniques described herein, a passive radiator may include a frame and
a diaphragm that is attached to the frame by a surround. The diaphragm may be attached to the
frame by the surround so that it can move relative to the frame. The passive radiator may
include a suspension system that comprises a flat spring that couples the diaphragm and the
frame. The use of a suspension system comprising a flat spring may provide both compactness
and stability. Improved compactness may enable greater design freedom for playback devices.
Increased stability may allow greater displacement of air relative to the moving surface area
formed by the diaphragm and surround. Flat springs may also be tuned to have a particular
stiffness. meaning that the response of the passive radiator may be adjusted as desired for the
particular implementation.

[0049] As indicated in relation to Figures 1A and 1B, such a passive radiator may be
incorporated into a playback device. The playback device may comprise at least one transducer
and the passive radiator. The playback device may comprise a plurality of transducers and/or a
plurality of passive radiators. Examples of passive radiators are described below in relation to
Figures 2 to 13.

[0050] Figure 2 is a rear perspective view of a first embodiment of a passive radiator 200.
The passive radiator 200, along with other passive radiators described herein, may be compact
and may have beneficial linearity, compliance, and stability characteristics.

[0051] The passive radiator 200 includes a circular diaphragm 202. The diaphragm is
mounted in a frame 204 by a surround 206. The surround 206 allows the diaphragm 202 to
move relative to the frame 204 and also seals the diaphragm 202 against the frame 204,

preventing air from moving between the diaphragm 202 and the frame 204.
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[0052] The frame 204 has a front portion 208, including an opening in which the diaphragm
202 and surround 206 are provided. Four frame connection portions, referred to hereafter as
tabs, 210 extend perpendicularly from the front portion 208. Each of the tabs 210 extends from
arespective edge of the front portion 208.

[0053] The passive radiator 200 includes a suspension system 212, in addition to the surround
206. The suspension system 212 comprises four flat springs 214. The flat springs 214 couple
the diaphragm 202 to the frame 204 via a mass 216. The flat springs 214 are provided in a
common plane. Each of the flat springs 214 has a first end 218, which connects to a respective
tab 210 of the frame 204, and a second end 220 that connects to the mass 216.

[0054] The mass 216, in the embodiment of Figure 2, comprises a uniform ring. The center
of mass of the mass 216 is aligned with a central axis 222 of the diaphragm. The central axis
222 of the diaphragm 202 is an axis passing through a center point of the diaphragm 202 and
is an axis along which or about which the diaphragm 202 may move in use. The mass 216 is
also therefore arranged so that the central axis of the diaphragm is aligned with a central axis
of the mass 216, the central axis of the mass 216 being an axis about which the ring is formed.
The mass 216 is in contact with, and therefore coupled to, the diaphragm 202. The mass 216 is
held in contact with the diaphragm by the flat springs 214.

[0055] The second end 220 of each flat spring 214 connects to an outer surface 224 of the
mass 216. The flat springs 214 are evenly spaced about, i.e. even or equally distributed around,
a central axis of the diaphragm 202. As the mass 216 is aligned with the diaphragm 202, the
flat springs 214 are also evenly spaced about the mass 216. The flat springs 214 are therefore
positioned at 90-degree intervals around the central axis. Because the flat springs 214 connect
at their second ends 220 to the mass, they are displaced from the central axis of the diaphragm

202.
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[0056] In use, air within an enclosure, such as a sealed enclosure of a playback device, in
which the passive radiator 200 is provided may be moved by a transducer. The movement of
the air may cause movement of the diaphragm 202, and therefore part of the surround 206. The
mass 216 is configured to move back and forth with the diaphragm 202 during such movement.
The movement of the mass 216 is constrained by the flat springs 214. The diaphragm 202 and
surround 206 together form a moving surface area that oscillates at a resonance frequency,
thereby generating sound waves at that frequency. Both the resonance frequency and the
amplitude of the sound waves may be dependent on characteristics of the surround 206, the
mass 216, the suspension system 212, and the diaphragm 202. Particularly, the stiffness of the
flat springs 214 and the surround, as well as the mass of the mass 216 and the diaphragm 202
may influence how the diaphragm 202 moves, and therefore the frequency and amplitudes that
are attainable.

[0057] Providing a passive radiator that makes use of at least one flat spring may enable a
more compact arrangement of components within a playback device while providing stability
for the passive radiator, by supporting the mass and diaphragm in the directions in which they
may rotate. Providing such support may mitigate unwanted rotational vibration about axes
perpendicular to the central axis 222, sometimes referred to as rocking modes, and may
enhance the desirable modes of vibration. Preventing rocking modes may improve the
efficiency of the passive radiator. Providing a mass whose center of mass is aligned with that
of the diaphragm may also ensure greater stability in the movement of the diaphragm. An
annular mass such as mass 216 has such an aligned center of mass. is inexpensive, and can be
manufactured from cheap and readily available materials.

[0058] The passive radiator of Figure 2, along with the other examples of passive radiators
described herein, may have a higher efficiency for the surface area that is configured to move

air than a conventional passive radiator. Specifically, due to the increased stability, the
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diaphragm may be able to have a greater excursion than would otherwise be possible. As a
result, the movement of air may be higher for a given surface area of the passive radiator. This
may allow the design of smaller passive radiators for a desired volume of air moved, which in
turn may allow for greater freedom in both the physical design and audio design of playback
devices incorporating those passive radiators.

[0059] Figure 3 is a perspective view of a second embodiment of a passive radiator 300. The
passive radiator 300 includes a circular diaphragm 302. The diaphragm is mounted in a frame
304 by a surround 306. The surround 306 allows the diaphragm 302 to move relative to the
frame 304. The surround 306 seals the diaphragm 302 against the frame 304 preventing air
from moving between the diaphragm 302 and the frame 304.

[0060] The frame 304 has a front portion 308, including an opening in which the diaphragm
302 and surround 306 are provided, and first and second tabs 310a, 310b extending
perpendicularly from the front portion 308 and rearward, relative to the main direction of
radiation of the passive radiator 300. The first and second tabs 310a, 310b are arranged to
extend from two opposing edges of the front portion 308 of the frame 304.

[0061] The passive radiator 300 includes a suspension system 312, in addition to the surround
306. The suspension system 312 comprises four flat springs 314. The flat springs 314 couple
the diaphragm 302 to the frame 304 via a mass 316. The flat springs 314 are provided in a
common plane.

[0062] The flat springs 314 are arranged into a plurality of pairs of flat springs, which in the
embodiment shown in Figure 3 comprises a first pair 318a of flat springs 314 and a second pair
318b of flat springs 314. Each of the flat springs 314 has a first end 320, which connects to a
tab 310a. 310b of the frame 304. and a second end 322 that connects to the mass 316. The flat
springs 314 of the first pair 318a connect at their first ends 320 to the first tab 310a. The flat

springs 314 of the second pair 318b connect at their first ends 320 to the second tab 310b.
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[0063] The flat springs 314 of the first pair 318a and the flat springs 314 of the second pair
318b are arranged symmetrically on either side of a first line of symmetry 324 of the mass 316
and of the diaphragm 302. The first pair 318a of flat springs 314 are also arranged
svmmetrically to the second pair 318b of flat springs 314 on either side of a second line of
symmetry 326 of the mass 316 and of the diaphragm 302 that is perpendicular to the first line
of symmetry 324.

[0064] The mass 316 comprises a uniform ring. The center of mass of the mass 316 is aligned
with a central axis 328 of the diaphragm. The central axis of the diaphragm 302 is an axis
passing through a center point of the diaphragm 302 and perpendicular to the surface of the
diaphragm at this point, it forms an axis along which the diaphragm 302 may move in use. The
mass 316 is also therefore arranged so that the central axis of the diaphragm is aligned with a
central axis of the mass 316, the central axis of the mass 316 being an axis about which the
ring is formed. The mass 316 is in contact with, and therefore coupled to, the diaphragm 302.
The mass 316 is held in contact with the diaphragm by the flat springs 314.

[0065] While Figures 2 and 3 illustrate circular diaphragms 202, 302 with circular masses
216, 316, these components are not limited to circular forms. Diaphragms may take any suitable
shape. For example, rectangular, oblong, or oval shaped diagrams may be incorporated.
Similarly, masses may be any suitable shape. A mass may be oblong, oval, square, rectangular,
or another shape. A mass may have a different shape to the diaphragm to which it is coupled.
In some examples, a mass may be a uniform or non-uniform ring. Alternatively, the mass may
be a solid shape. The mass may be a collection of components that together form the mass. The
components may be attached to one another to form a coherent mass.

[0066] Asin Figure 2, in use, movement of air within an enclosure, such as a sealed enclosure
of a playback device, in which the passive radiator 300 is provided may cause movement of

the diaphragm 302 and surround 306 at a resonance frequency, resulting in a sound wave at
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that frequency. The symmetrical arrangement of flat springs in the passive radiator 300
provides further benefits in compact arrangements for use in playback devices without
compromising the stability of the mass and diaphragm. Specifically, while the flat springs are
arranged along, e.g., the °y” axis of the mass (along the line of symmetry 324), stability is also
provided in the °x’ direction (along the line of symmetry 326) due to the symmetrical
arrangement. Accordingly, the passive radiator 300 can achieve similar output and performance
as the passive radiator 200 with flat springs that that connect to only two tabs on the frame
rather than four. The arrangement of flat springs in the passive radiator 300 allows for back-
to-back configurations of the passive radiator with another passive radiator or transducer with
a reduced likelihood of the flat springs interfering with one another. A back-to-back
configuration may also be referred to as a back-to-back arrangement.

[0067] An example of a back-to-back configuration 400 is shown in the respective
perspective and side views of Figures 4A and 4B. The configuration 400 comprises a first
passive radiator 402a and a second passive radiator 402b. The first and second passive radiators
402a, 402b are substantially identical, and so only the first passive radiator 402a is described
below. The second passive radiator 402b has the same components as the first passive radiator
402a. and these components are labelled with the same reference numerals in Figure 4 where
they are visible, except with a *b’ suffix rather than the “a’ suffix associated with the first
passive radiator 402a.

[0068] The first passive radiator 402a includes a diaphragm 404a mounted in a frame 406a
by a surround 408a that allows the diaphragm 404a to move relative to the frame 406a and
seals the diaphragm 404a against the frame 406a. The frame 406a has a front portion 410a
including an opening in which the diaphragm 404a and surround 408a are provided. The frame
406a has four tabs 412a (only two are visible in Figure 4A and only three are visible in Figure

4B) that extend from respective edges of the respective front portions 410a, 410b.
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[0069] The first passive radiator 402 also has a suspension system comprising four
svmmetrically arranged flat springs 418a and a mass (not visible in Figures 4A and 4B). These
are arranged in the same way as the suspension system 312 and mass 316 are arranged in the
passive radiator 300 of Figure 3.

[0070] The first and second passive radiators 402a, 402b are arranged in a back-to-back
configuration, such that the four tabs 412a of the frame 406a of the first passive radiator 402a
are in contact with the four tabs 412b of the frame 406b of the second passive radiator 402b.
In this way the suspension systems 414a, 414b and the masses of the first and second passive
radiators 402a, 402b are arranged between the diaphragms 404a, 404b and front portions 410a,
410b of the passive radiators 402a, 402b, and the diaphragms 404a, 404b have their ‘outer’
faces, 1.e. the face that is unattached to a mass, facing outwardly. In other words, the first and
second passive radiators 402a, 402b are arranged in the back-to-back configuration so that
sound is radiated in opposite directions by the radiators 402a, 402b.

[0071] To avoid mechanical interference or impacts between the flat springs 418a of the first
passive radiator 402a and the flat springs 418b of the second passive radiator 402b, in this
embodiment the first passive radiator 402a is rotated by 90 degrees relative to the second
passive radiator 402b, so that the flat springs 418a. 418b of each radiator 402a, 402b are not
aligned and so do not vibrate in the same space. The masses of each radiator 402a, 402b are
also arranged so that they do not collide, for example one mav have a smaller diameter than
the other so that they can be arranged in a nested configuration. In other examples, the passive
radiators may be rotated by differing amounts relative to one another to avoid collisions
between the flat springs.

[0072] Back-to-back configurations such as the back-to-back configuration 400 of Figures

4A and 4B may provide an improved response while occupying a lower volume than two
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separate passive radiators. Back-to-back configurations may also enable force cancelling
between two passive radiators.

[0073] Figure 5 illustrates a third embodiment of a passive radiator 500, shown in an
exploded view. The passive radiator 500 includes a circular diaphragm 502. The diaphragm
502 connects to a first frame portion 504 via a surround 506. The surround 506 allows the
diaphragm 502 to move relative to the first frame portion 504. The surround 506 seals the
diaphragm 502 against the first frame portion 504 preventing air from moving between the
diaphragm 502 and the first frame portion 504. Two further seals 540 are also provided to seal
the diaphragm 502 against the first frame portion 504.

[0074] The first frame portion 504 is part of a frame. The first frame portion 504 includes
connection elements 530 to connect to at least a second frame portion (not shown in Figure 5)
to form the frame. The connection elements 530 extend from a front portion 532 of the first
frame portion 504 in which the diaphragm 502 and surround 506 are received. The second
frame portion may be part of the first frame portion 504, a frame portion of another passive
radiator, a frame portion of a transducer, or a frame portion or portion of an enclosure of a
playback device more generally.

[0075] The passive radiator 500 includes a suspension system 508, in addition to the surround
506. The suspension svstem 508 comprises two flat springs 510. Each flat spring 510 couples
the diaphragm 502 to the second frame portion via a respective ring-shaped mass 512 and a
support 518. Each flat spring 510 is connected to the first frame portion 504 at a first end by a
connector 514, and to the mass 512 at a second end by a lower mass holder 516, arranged to
couple the flat spring 510 to its respective mass 512. The flat spring 510 is shaped to follow a
circumference of a circle having a diameter that is substantially the same as a diameter of the

ring-shaped mass 512 for that flat spring 510.
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[0076] The masses 512 are coupled to the diaphragm 502 via the support 518. The support
518 comprises an upper mass holder 520 for each mass 512 and a central portion 522. The
central portion 522 is coupled to the diaphragm 502 and extends between the upper mass
holders 520 along a diameter 524 of the diaphragm 502. Each mass 512 is sandwiched between
the upper and lower mass holders 520, 516. The upper and lower mass holders 520, 516 and
the masses 512 are positioned on opposite sides of the diaphragm 502 along the diameter 524,
and are positioned to be substantially outside the perimeter of the diaphragm 502.

[0077] In use, movement of the diaphragm 502 due to movement of air within a sealed
enclosure to which the passive radiator 500 is mounted is influenced by, and constrained by,
the surround 506 and the flat springs 510 in combination with the masses 512. The use of two
masses 512 and their distribution to each side of the diaphragm 500 provides benefits in
compactness by allowing for reduced mass dimensions relative to a single mass, as well as
different arrangements within a playback device. For example, the passive radiator 500 of
Figure 5 may be arranged in a back-to-back configuration with a transducer or another passive
radiator.

[0078] Figures 6A and 6B show a back-to-back configuration 600 of a passive radiator 602
and a transducer 604. Figure 6A shows a perspective view of the back-to-back arrangement
600, while Figure 6B shows a partially exploded perspective view to demonstrate the
orientation and positioning of the passive radiator 602 relative to the transducer 604.

[0079] The passive radiator 602 has the same elements as the passive radiator 500 of Figure
5. These elements are labelled with the same reference numerals as those in Figure 5. The flat
springs 510 of the passive radiator are connected to a second frame portion 608 of the
transducer 604. The first frame portion 504 and the second frame portion 608 together form a

frame 632. The connecting elements 530 of the first frame portion 504 connect to
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corresponding connecting elements 630 that extend from a front portion 632 of the second
frame portion 608.

[0080] The transducer 604 has a circular diaphragm 606. The diaphragm 606 is mounted in
the second frame portion 608 via a surround 610. A support 612 extends across the diaphragm
606. The support 612 couples the diaphragm 606 to two voice coils 614. The support 612
connects to each coil 614 via a coil holder 616. The coil holders 616 and coils 614 are provided
at opposing ends of a central portion 618 of the support 612. The central portion 618 is
connected to the diaphragm 606 and is fixed to the diaphragm 606 along a diameter 620 of the
diaphragm 606. The coil holders 616 and coils 614 are therefore positioned to opposite ends of
the diameter 620 of the diaphragm 606 along which the support 612 is positioned. A magnetic
element 622 is provided for each coil 614. Each magnetic element 622 is dimensioned to pass
through the center of its respective coil 614. Each coil 614 and its respective magnetic element
622 may together form a drive unit for driving the diaphragm 606 according to an audio input
signal by passing a current through the coils 614. Movement of the coils 614 is transferred to
the diaphragm 606 via the coil holders 616 and support 612. The transducer 604 may take the
form of a transducer as described in the international patent application PCT/NL2020/050685,
which is incorporated by reference in its entirety herein for all purposes.

[0081] In use, driving the diaphragm 606 of the transducer 604 by passing a current through
the coils 614 moves air within the back-to-back arrangement. The movement of the air may
cause movement of the diaphragm 502 of the passive radiator 602 to produce sound waves,
particularly at frequencies close to the resonance frequency or frequencies of the passive
radiator 602. The diaphragm 502 of the passive radiator 602 may move in the same direction
as the diaphragm 606 of the transducer 604.

[0082] The masses 512 of the passive radiator 602 are arranged at either end of a diameter

524 of the diaphragm 502 of the passive radiator 602. The coils 614 of the transducer 604 are
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arranged to either end of a diameter 620 of the diaphragm 606 of the transducer 604. In the
back-to-back configuration 600, the passive radiator 602 and transducer 604 are arranged so
that the diameter 526 and the diameter 620 are perpendicular. Such an arrangement enables
compactness without interference between the operation of the transducer and of the passive
radiator.

[0083] Further improvements in compactness may be achieved using such a back-to-back
configuration by designing the passive radiator 602 and transducer 604 to have their maximum
excursion occur at different frequencies or across different frequency ranges. At a first
frequency or set of frequencies, the transducer 604 may be designed to have a maximum
excursion, while the passive radiator 602 may be designed to have a lower excursion at this
frequency or frequencies. At a second frequency or set of frequencies, passive radiator 602
may be designed to have a maximum excursion, while the transducer 604 may be designed to
have a lower excursion at this frequency or frequencies. The back-to-back configuration may
be made more compact in these circumstances because the excursion ranges of the transducer
604 and passive radiator 602 can overlap without collisions between the central portions 618,
522 due to the differing maximum excursions.

|0084] Figures 7A and 7B show a back-to-back configuration 700 of a first passive radiator
702a and a second passive radiator 702b. Figure 7A shows an perspective view of the back-to-
back configuration 700, while Figure 7B shows a partiallv exploded view of the configuration
700 in which one of the passive radiators 702a is shown exploded and the other of the passive
radiators 702b is shown unexploded, to demonstrate the relative orientation and positioning of
the passive radiators 702a, 702b.

[0085] The passive radiators 702a, 702b have the same elements as the passive radiator 500
of Figure 5. These elements are labelled with the same reference numerals as those in Figure

5, using the suffixes "a’ and ‘b’ to distinguish to which passive radiator 702a, 702b they belong.
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The connecting elements 530a, 530b of the frame portions 504a, 504b connect to form the
frame 732. The flat springs 510a of the first passive radiator 702a are connected via their
connectors 510a to the frame portion 504b of the second passive radiator 702b, and the flat
springs 510b of the second passive radiator 702b are connected via their connectors 510b to
the frame portion 504a of the first passive radiator 702a.

[0086] The masses 512a of the first passive radiator 702a are arranged to either end of a
diameter 524a of the diaphragm 502a, and the masses 512b of the second passive radiator 702b
are arranged to either end of a diameter 526b of the diaphragm 502b.In the back-to-back
configuration 700, the first and second passive radiators 702a, 702b are arranged so that the
diameters 526a, 526b are perpendicular. This arrangement enables compactness of
arrangements of passive radiators.

[0087] Figure 8 shows a further back-to-back arrangement 800. The back-to-back
arrangement 800 includes a first transducer 802a and a second transducer 802b. The first and
second transducers 802a and 802b are substantially identical, and so only the first transducer
802a 1s described below. The second transducer 802b has the same components as the first
transducer 802a, and they are labelled with the same reference numerals in Figure 8, except
with a ‘b’ suffix rather than the ‘a’ suffix associated with the first transducer 802a.

[0088] The first transducer 802a, like the transducer 604 of Figures 6A and 6B, includes a
circular diaphragm 806a mounted in a frame portion 808a via a surround 810a. The frame
portion 808a is part of a frame that also includes a frame portion 808b of the second transducer
802b. The frame portion 808a of the first transducer 802a includes connecting elements 830a
that extend from a front portion 832 of the frame portion 808a. The connecting elements 830a
connect to corresponding connecting elements 830b of the frame portion 808b of the second

transducer 802b to form the frame.
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[0089] A support 812a extends across the diaphragm 806a. The support 812a couples the
diaphragm 806a to two voice coils 814a. The support 812a connects to each coil 814a via an
upper coil holder 816a. The upper coil holders 816a and coils 814a are provided at opposing
ends of a central portion 818a of the support 812a. The central portion 818a is connected to the
diaphragm 806a and is fixed to the diaphragm 806a along a diameter 820a of the diaphragm
806a. The upper coil holders 816a and coils 814a are therefore positioned to opposite ends of
the diameter 820a of the diaphragm 806a along which the support 812a is positioned. A
magnetic element 822a is provided for each coil 814a. Each magnetic element 822a is
dimensioned to pass through the center of its respective coil 814a. Each coil 814a and its
respective magnetic element §22a may together form a drive unit for driving the diaphragm
806a according to an audio input signal by passing a current through the coils 814a. Movement
of the coils 814a is transferred to the diaphragm 806a via the upper coil holders 816a and
support 812a.

[0090] In contrast to the transducer 604 of Figures 6A and 6B, the first transducer 802a also
includes a suspension svstem 824a in addition to the surround 810a. The suspension system
824a comprises two flat springs 826a. Each flat spring 826a is associated with a respective coil
814a. Each flat spring 826a couples the diaphragm 806a to the second frame portion §08b of
the second transducer 802b via the voice coil 814a and the support 812a. Each flat spring 826a
is connected to the frame portion 808b of the second transducer 802b at a first end by a
connector 828a, and to the voice coil 814a at a second end by alower coil holder 834a, arranged
to couple the flat spring 826a to its respective voice coil 814a. The flat spring 826a is shaped
to follow a circumference of a circle having a diameter that is substantially the same as a
diameter of the voice coil 814a for that flat spring 826a. Each voice coil 814a is therefore

sandwiched between the upper and lower coil holders 816a, §34a.
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[0091] The first transducer 802a may be operated as a passive radiator. The voice coils 814a
are arranged and dimensioned to function as masses for use in a passive radiator, such as the
masses 512 in the passive radiator 500 of Figure 5, when the drive unit is unpowered. The flat
springs 826a also perform the same function as the flat springs 510 in the passive radiator 500
of Figure 5. The second transducer 802b may also be operated as a passive radiator in the same
way. Depending on a desired effect, one or both of the first and second transducers 802a, 802b
may be operated as passive radiators.

[0092] In an example, a playback device incorporating the back-to-back configuration 800
of Figure 8 may be operable in a first mode, in which both the first and second transducers
802a, 802b are actively operated, and therefore function as transducers to generate sound in
response to an audio signal. The playback device may also be operable in a second mode, in
which the first transducer 802a is actively operated and functions as a transducer while the
second transducer 802b is not actively operated and therefore functions as a passive radiator.
In some examples. the playback device may also be operable in a third mode, in which both
the first and second transducers 802a, 802b are not actively operated and so function as passive
radiators. In such examples, the playback device may include a further transducer.

[0093] The mode in which a plavback device including the arrangement 800 is operated may
be selected by a user. For example, a user may select one of the modes directly by interacting
with a user interface element, such as a button on the playback device. or by selecting an option
in a control application. Altematively, or additionally, a selection by the user mav cause a
particular mode to be implemented indirectly. For example, if the user requests a volume level
above a threshold or a particular frequency response, the first mode may be implemented. A
particular mode may also be implemented based on the audio being played. for example based

on frequency components or genre of the audio.
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[0094] Additionally, or alternatively, a mode in which the arrangement 800 is operated is
based on how a playback device including the arrangement 800 is powered. The first mode
may be used when the playback device is powered by an external power source, such as mains
power. The second or third modes may be used when the playback device is powered by an
internal power source, such as a battery pack. Alternatively, the use of a particular mode may
be linked to a mechanism for supplying power. For example, the first mode may be used when
a playback device is mounted on a dock configured to supply power from an external power
source, and the second or third mode may be implemented when the playback device is
removed from the dock.

[0095] Further details in relation to such back-to-back configurations such as shown in
Figure 8 may be found in international patent application PCT/NL2021/050308, which is
incorporated by reference in its entirety herein for all purposes. The principles may be applied
to similar back-to-back transducer configurations, including those in international patent
application PCT/EP2018/079509, which is also incorporated by reference in its entirety herein
for all purposes.

[0096] Figure 9 shows a back-to-back arrangement 900 of a first passive radiator 902a and a
second passive radiator 902b. The first and second passive radiators 902a and 902b are
substantially identical, and so only the first passive radiator 902a is described below. The
second passive radiator 902b has the same components as the first passive radiator 902a, and
they are labelled with the same reference numerals in Figure 9, except with a *b” suffix rather
than the *a’ suffix associated with the first passive radiator 902a.

[0097] The first passive radiator 902a has a circular diaphragm 904a connected to a frame
portion 906a by a surround 908a. The surround 908a allows the diaphragm 904a to move
relative to the frame portion 906a and seals the diaphragm 904a against the frame portion 906a.

The frame portion 906a is part of a frame that also includes a frame portion 906b of the second
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passive radiator 902b. The frame portion 906a includes connection elements 930a that extend
from a front portion 932a to connect to corresponding connection elements 930b of the frame
portion 906b to form the frame.

[0098] The first passive radiator 902a includes a suspension system 910a, in addition to the
surround 906a. The suspension system 910a comprises two flat springs 912a. Each flat spring
912a couples the diaphragm 904a to the frame portion 906b of the second passive radiator 902a
via a support 918a. Each flat spring 912a is connected to the frame portion 906b of the second
passive radiator 902a at a first end by a connector 914a, and to the support 918a at a second
end by a lower coupling 916a.

[0099] The support 918a comprises an upper coupling 920a and a central portion 922a. The
central portion 922a is connected to the diaphragm 902a and extends between the upper
couplings 902a along a diameter 922a of the diaphragm 902a.

[0100] A mass 924ais connected to the diaphragm 904a. The mass 924a comprises a power
source for supplying power to one or more elements of a playback device in which the passive
radiator 902a is included. For example, the power sources may supply power to one or more
transducers of the playback device. The power source may be a battery or a cell. Using power
sources for other parts of the playback device as the mass for the passive radiators may allow
more compactness and reduced parts count in playback devices incorporating passive radiators.
[0101] While the passive radiators 902a, 902b are here shown in a back-to-back
configuration, in some embodiments, only one passive radiator 902a, 902b may be provided.
Although the embodiment of Figure 9 uses a power supply as a mass, in some embodiments
other functional components of a playback device may be used as the mass.

[0102] Figures 10 to 18 show schematic diagrams of arrangements of transducers and passive
radiators within a playback device. The diagrams of Figures 10 to 18 represent only some

arrangements of the possible arrangements of playback devices including the passive radiators
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described herein and one or more transducers. Other arrangements may include more or fewer
passive radiators and/or more or fewer transducers. Furthermore, for ease of illustration, the
figures illustrate the playback devices schematically and in two dimensions. The arrangements
of passive radiators and transducers is not limited as such, and so they may be arranged in
different planes or at different positions around the playback device as desired.

[0103] Passive radiators may be useful to improve a low-frequency response of a playback
device. To achieve a suitable low-frequency response from the passive radiators, it may be
desirable to move or displace a volume of air with the passive radiators of the playback device
that is double the volume of air displaced by the transducers of the playback device.
Displacement of air may be influenced by a moving surface area of a passive radiator or
transducer, which may be referred to as a radiation area, and by a maximum excursion of the
passive radiator or transducer. Accordingly, a doubling in the volume of air displaced may be
achieved by having one or more passive radiators with at least double the radiation area of one
or more transducers, for the same maximum excursion, or by having passive radiators with
double the maximum excursion for the same surface area. Combinations of differing surface
areas and excursions may also achieve a doubling in the air displaced.

[0104]  Figure 10 illustrates an example of a first plavback device 1000 including at least
one passive radiator 1014 and at least one transducer 1004. The first playback device 1000 has
four passive radiators 1014 and two transducers 1004. The passive radiators 1014 move at least
double the volume of air than the transducers 1004 because they have a radiation area that is at
least double that of the transducers 1004 and the same excursion as transducers 1004. This is
because their diaphragms are the same size as those of the transducers but there are double the
number of passive radiators. In other examples designed to the above principles. it is not

necessary to have two transducers and four passive radiators, because any number of
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transducers and passive radiators may be provided so long as the passive radiators together
move double the volume of air as the transducers, as will be shown in later figures.

[0105] In Figure 10, the two transducers 1004 are provided in a central back-to-back
transducer configuration 1002. The transducers 1004 are depicted with their respective
diaphragms 1006 and drive units 1008. The drive units 1008 are coaxial with the diaphragms
1006 in this example. Two of the passive radiators 1014 are provided in a left back-to-back
transducer configuration 1010 and two of the passive radiators 1014 are provided in a right
back-to-back transducer configuration 1012. The left and right configurations 1010, 1012 are
provided to each side of the central back-to-back transducer configuration 1002. The passive
radiators 1014 are depicted with their diaphragms 1016 and suspension systems 1024. Frames
of the transducers and passive radiators are connected to allow air flow between the central
transducer configuration 1002 and the left and right transducer configurations 1004, 1006.
Arranging the transducers 1006 as in Figure 10 may achieve some force balancing across the
playback device 1000. In other examples, the transducers and the back-to-back configurations
may be distributed or arranged in any suitable combination.

[0106] Examples of how air may flow from the transducers to the passive radiators are
schematically depicted using arrows 1020. The transducers and passive radiators are enclosed
in a sealed, air-tight housing 1022 of the plavback device 1000, schematically represented in
Figure 10 using a solid line. Air moved by the diaphragms 1006 of the transducers 1004 within
the sealed enclosure 1022 passes outwardly from between the transducers 1004 and into the
volume between the passive radiators 1014, this changes the pressure and that part of the
housing 1022 and moves the diaphragms 1016 of the passive radiators 1014,

[0107] Back-to-back configurations referred to in Figures 10 to 18 may be arranged as shown
in the examples of Figure 4A, or any of Figures 6A to 9 as appropriate. Alternatively, the

passive radiators and/or transducers may be arranged in other back-to-back configurations,
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such as any configuration in which rear sides of two passive radiators or transducers face one
another, where the rear side of a passive radiator or transducer may be a side at which the
suspension system is provided. Altematively, passive radiators and/or transducers may be
arranged in front-to-back or front-to-front configurations such that a front side of a passive
radiator or transducer faces either a front side or a rear side of another passive radiator or
transducer. Although the transducers in the examples of Figures 10 to 18 are illustrated as
having a motor that is centrally aligned with a central axis of a diaphragm, they may have any
form, including, for example, displaced motors relative to the central axis of a diaphragm as
described in relation to Figures 6A and 6B and 8.

[0108] Figure 11 illustrates a second playback device 1100, in which there are provided a
left back-to-back transducer configuration 1102 and a right back-to-back transducer
configuration 1104 that each include a transducer 1106 and a passive radiator 1108. Between
these transducer configurations 1102, 1104 is provided a central back-to-back transducer
configuration 1110 including back-to-back passive radiators 1108. In this transducer
configuration, as indicated schematically by arrows 1114, the transducers 1106 may cause air
movement in the direction of movement of their diaphragm 1116 by drive units 1118 that
moves the diaphragms 1120 of the passive radiators 1108 in their own left and right back-to-
back transducer configurations 1102, 1104, as well as moving air laterally in the plane of the
diaphragm to move the passive radiators 1108 of the central transducer configuration 1110
therebetween, as indicated schematically by arrows 1122.

[0109] Figure 12 illustrates a third playback device 1200. The third playback device 1200
has a similar arrangement of two transducers 1202 and passive radiators 1204 provided in a
sealed enclosure 1216 as the first playback device 1000, in that it has a central back-to-back
configuration 1206 of transducers and left and right back-to-back configurations 1208, 1210 of

passive radiators. The third playback device 1200 differs from the first playback device 1000
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in that the passive radiators 1204 together have a substantially similar radiation area to the
transducers. In this example, the radiation area of one transducer is similar to the radiation area
of two of the passive radiators, but the average maximum excursion of the passive radiators is
double the average maximum excursion of the transducers. This is achieved by each of the
passive radiators having a maximum excursion that is double that of a maximum excursion of
a transducer. As a result, the diaphragms 1212 of each passive radiator 1206 may be smaller
and therefore occupy less surface area in the playback device 1200. The suspension systems
1214 of the passive radiators 1206 are depicted as being larger in Figure 12 than in other
figures. and accordingly the suspension systems may be configured to occupy more volume
within the enclosure 1216 to achieve the required excursion and the stiffness attributes for said
excursion. In other examples, the properties of the suspension system may be varied to maintain
a similar volume but to increase the excursion. For example, properties of the one or more flat
springs of the suspension system may be varied or the number of flat springs and their
arrangement within the suspension system may be varied. Examples of how air may flow from
the transducers to the passive radiators are schematically depicted using arrows 1218.

[0110] The radiation area and/or excursion of the passive radiators is variable and may allow
more freedom in the design of the playback device. This is because the properties of the passive
radiators can be configured to suit the desired orientations and positionings, and available
surface area and volume of the playback device. Furthermore, improvements in stability of
passive radiators due to the suspension systems described herein may enable variation in the
size of the transducers. For example, because of an improved low-frequency response, smaller
transducers may be utilized or transducers with a smaller frequency range. The design freedom
is therefore improved even more.

[0111] Figure 13 shows a fourth playback device 1300. The fourth playback device 1300 has

two transducers 1302 and two passive radiators 1304. The transducers 1302 are arranged in a

33



WO 2025/006480 PCT/US2024/035436

back-to-back configuration 1306, and the passive radiators 1304 are also arranged in a back-
to-back configuration 1308. The passive radiators 1304 and transducers 1302 are provided in
a sealed enclosure 1310In this example, each passive radiator 1304 has a radiation area that is
at least double the radiation area of each transducer 1302, such that the total volume of air that
can be displaced by the passive radiators 1304 is double that of the transducers 1302. Examples
of how air may flow from the transducers to the passive radiators are schematically depicted
using arrows 1312,

[0112] Figures 10 to 13 illustrate how the parameters of the passive radiators and transducers
may be varied to achieve a desirable low-frequency response from each playback device, as
well as demonstrating how such considerations may allow for variation in the size of passive
radiators and playback devices. Figures 14 to 18 provide further arrangements of playback
devices to demonstrate how different enclosures and arrangements may be used to improve
design freedom and/or other features of playback devices such as heat dissipation.

[0113] Figure 14 shows a fifth playback device 1400. The fifth playback device 1400 has
two transducers 1402 arranged in a back-to-back configuration 1406. The fifth playback device
1400 also has four passive radiators 1404. The passive radiators 1404 are provided in pairs that
face each other across two respective vents or through-holes 1410. Accordingly, air within the
sealed enclosure 1408 may be moved by the transducers 1402 according to arrows 1414and
may cause resonance in the diaphragms 1412 of the passive radiators 1404. The diaphragms
1412 may cause audio output from the vents 1410 according to the arrows 1416. Such a design
may enable more compactness in how the passive radiators and transducers are arranged, as
the passive radiators do not occupy area on the outside of the playback device.

[0114] Figure 15 shows a sixth playback device 1500. The sixth playback device 1500 is
similar to the fifth playback device 1400 as it includes two transducers 1502 in a back-to-back

configuration 1506 and four passive radiators 1504 arranged in two pairs across respective
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through holes 1510. However, in the sixth playback device 1500 the passive radiators 1504 are
provided in back-to-back configurations 1512, 1514 such that their suspension systems 1516
are outside of the sealed enclosure 1520 and positioned within the through-holes 1510. Such a
removal of the suspension system 1516 from the internal volume 1518 of the playback device
1500 may enable the internal volume 1518 to be occupied by other components and/or to be
made smaller. Moreover, the shape and configuration of the playback device 1500 may be
varied because it no longer needs to accommodate the suspension systems 1516 therein.
Providing the suspension system of one or more passive radiators externally to the playback
device’s sealed enclosure or internal volume may improve heat dissipation without affecting
operation or performance of the passive radiators. Air within the sealed enclosure 1520 may be
moved by the transducers 1506 according to arrows 1522 and may cause resonance in
diaphragms 1524 of the passive radiators 1504. The diaphragms 1524 may cause audio output
from the vents 1510 according to the arrows 1526.

[0115] Figure 16 shows a seventh playback device 1600. The seventh playback device 1600
has a sealed enclosure 1606 through which a through-hole 1602 extends. Although shown
centrally within the device 1600 in Figure 16, in other examples the through-hole may be
positioned at any suitable position within or through the device. In the seventh playback device
1600, two transducers 1604 are provided on either side of the through-hole 1602, such that
respective diaphragms 1608 of the transducers 1604 face one another across the through-hole
1602. Motors 1610 of the transducers 1604 are provided within the sealed enclosure 1606. The
playback device 1600 also includes four passive radiators 1612 arranged around the sealed
enclosure 1606 and configured in two back-to-back arrangements 1614. The passive radiators
1612 may have a form as described in any of the embodiments herein. Air may be moved
within the sealed enclosure 1606 by operation of the transducers 1604 so as to resonate the

passive radiators 1612, as indicated by arrows 1616.
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[0116] Figure 17 shows an eighth playback device 1700. The eighth playback device 1700
has a sealed enclosure 1706 through which a through-hole 1702 extends. In the eighth playback
device 1700, two transducers 1704 are arranged in a back-to-back configuration 1708 across
the through-hole 1702. Accordingly, motors 1710 of the transducers 1704 are positioned
between two diaphragms 1712 and within the through-hole 1702. This results in the motors
1710 being exposed to free air, external to the sealed enclosure 1706, which may result in
improved cooling. In other embodiments, a passive radiator and a transducer may be arranged
in such a back-to-back configuration across a through-hole, using an arrangement such as that
shown in Figures 6A and 6B. The eighth playback device 1700 also includes four passive
radiators 1714 arranged around the sealed enclosure 1706 and configured in two back-to-back
arrangements 1716. The passive radiators 1714 may have a form as described in any of the
embodiments herein. Air may be moved within the sealed enclosure 1706 by operation of the
transducers 1704, and such movement of air may result in operation of the passive radiators
1714, Examples of air movement are indicated by arrows 1718.

[0117] Figure 18 shows a ninth plavback device 1800. The ninth playback device 1800 has
a similar set of features to the first playback device 1000, having two transducers 1804, each
having a diaphragm 1806 and motor 1808 each, and four passive radiators 1814, each having
a diaphragm 1816 and a suspension system 1824, that are mounted in a sealed enclosure 1822
having an internal volume 1818. The ninth playback device 1800 differs from the first playback
device 100 by the arrangement of the transducers 1804 and passive radiators 1814 being
arranged such that their respective motors 1808 and suspension systems 1824 are positioned
outside of the sealed enclosure 1822. Accordingly, the transducers 1804 and passive radiators
1814 may be considered to be “facing™ into the sealed enclosure. Such an arrangement may

improve heat dissipation. Air within the sealed enclosure 1822 may flow according to the
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arrows 1820. The lack of motor or suspension systems within the internal volume 1818 may
allow for smoother air flow around the enclosure 1822.

[0118] While Figures 10 to 18 show playback devices having transducers and passive
radiators that are arranged in pairs or specific configurations, in other examples, any number
of transducers may be combined with any number of passive radiators in any suitable
arrangement. For example, a single transducer and a single passive radiator may be provided
in a playback device. In other examples, two transducers may be provided with one, two, three,
four, five, or more passive radiators. Example playback devices may include more transducers
than passive radiators, more passive radiators than transducers, or the same number of passive
radiators and transducers. Passive radiators and transducers may be placed on different faces
of the playback device, and may be provided either with their motors or suspension systems
inside or outside the playback devices as desired.

[0119] The combination of passive radiators and/or transducers in back-to-back
configurations as shown in Figures 6A to 9, and the combinations of back-to-back
configurations in arrangements such as in Figures 10 to 17, enables a multi-membrane, single
frame architecture for use in playback devices that has a greater packing density than other
multi-membrane systems. This is because the membranes of the passive radiators and/or
transducers can move in a shared space. Even without arranging the passive radiators and
transducers in back-to-back configurations. arrangements of the passive radiators described
herein with transducers in playback devices may provide packing improvements or enable
greater sharing of space with other componentry within an enclosure. Such arrangements may
be the front-to-front configurations as shown in Figures 14, 16, and 18, front-to-back
configurations, or other arrangements of passive radiators and transducers, such as individual
passive radiators or transducers or differing orientations. The passive radiators described herein

lend themselves to achieving improved use of space in any playback device.
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[0120] Although the embodiments of passive radiators described above include distinct
masses as part of a passive radiator, in some embodiments the diaphragm of a passive radiator
may have sufficient mass so that the passive radiator does not require a separate mass. For
example, the diaphragm may be formed from a different material, such as glass or metal, and/or
may incorporate one or more functional components that add mass. Although circular
diaphragms have been discussed in the embodiments above, the skilled persons will appreciate
that the same principles can be applied to diaphragms having shapes other than a circle.
[0121] References herein to “embodiment” means that a particular feature, structure, or
characteristic described in connection with the embodiment can be included in at least one
example embodiment of an invention. The appearances of this phrase in various places in the
specification are not necessarily all referring to the same embodiment, nor are separate or
alternative embodiments mutually exclusive of other embodiments. As such, the embodiments
described herein, explicitly and implicitly understood by one skilled in the art, can be combined
with other embodiments.

[0122] Examples are set out in the following clauses:

[0123] Clause 1. A passive radiator, comprising: a frame; a diaphragm attached to the frame
by a surround such that the diaphragm can move relative to the frame; and a suspension
svstem comprising at least one flat spring that couples the diaphragm and the frame.

[0124] Clause 2. The passive radiator of clause 1. wherein the suspension system comprises
at least two flat springs that are evenly spaced about a central axis of the diaphragm.

[0125] Clause 3. The passive radiator of clause 1, wherein the suspension system comprises
at least two flat springs that are symmetrically arranged.

[0126] Clause 4. The passive radiator of clause 1, comprising at least one mass coupled to the

diaphragm.
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[0127] Clause 5. The passive radiator of clause 4, wherein the diaphragm is coupled to the
suspension system via the at least one mass.

[0128] Clause 6. The passive radiator of clause 5, wherein the at least one mass comprises a
first mass having a center of mass positioned on a central axis of the diaphragm, and wherein
the suspension system comprises at least two flat springs that couple the first mass to the
frame.

[0129] Clause 7. The passive radiator of clause 5, wherein the at least one mass comprises at
least a first mass and a second mass, wherein the suspension system comprises a first flat
spring that couples the first mass to the frame and a second flat spring that couples the second
mass to the frame.

[0130] Clause 8. The passive radiator of clause 7, wherein at least the first flat spring is
aligned with the first mass in a direction of movement of the diaphragm.

[0131] Clause 9. The passive radiator of clause 7, wherein the first mass and the second mass
are positioned on opposite sides of an axis of the diaphragm.

[0132] Clause 10. The passive radiator of clause 9, comprising a support that couples (i) the
first mass to the second mass and (i) the first mass and the second mass to the diaphragm.
[0133] Clause 11. The passive radiator of clause 10, wherein the support is coupled to the
diaphragm along the axis.

[0134] Clause 12. The passive radiator of clause 4, wherein the at least one mass comprises a
power supply for a playback device.

[0135] Clause 13. The passive radiator of clause 1, wherein the flat spring comprises a first
flat spring and wherein the suspension system comprises a second flat spring that couples the
diaphragm and the frame, wherein the first flat spring and the second flat spring are

positioned on opposite sides of an axis of the diaphragm, and wherein the passive radiator
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comprises a support that couples (1) the first flat spring to the second flat spring and (ii) the
first flat spring and the second flat spring to the diaphragm.

[0136] Clause 14. A playback device comprising a passive radiator, the passive radiator
comprising: a frame; a diaphragm attached to the frame by a surround such that the
diaphragm can move relative to the frame; and a suspension system comprising at least one
flat spring that couples the diaphragm and the frame.

[0137] Clause 15. The playback device of clause 14, comprising a drive unit coupled to the
diaphragm, and wherein the playback device is operable in a first mode in which the drive
unit is powered and a second mode in which the drive unit is unpowered.

[0138] Clause 16. The playback device of clause 15, wherein the playback device is
configured to operate in the first mode when powered by an external power source and is
configured to operate in the second mode when powered by an internal power source.

[0139] Clause 17. The playback device of clause 14, wherein the suspension system
comprises at least two flat springs, wherein the two flat springs are at least one of: evenly
spaced about a central axis of the diaphragm; or symmetrically arranged.

[0140] Clause 18. The playback device of clause 14, comprising at least one mass coupled to
the diaphragm, and wherein the diaphragm is coupled to the suspension system via the mass.
[0141] Clause 19. The playback device of clause 18, wherein the at least one mass comprises
a first mass having a center of mass positioned on a central axis of the diaphragm, and
wherein the suspension system comprises at least two flat springs that couple the first mass to
the frame.

[0142] Clause 20. The playback device of clause 18, wherein the at least one mass comprises
at least a first mass and a second mass, wherein the suspension system comprises a first flat
spring that couples the first mass to the frame and a second flat spring that couples the second

mass to the frame.
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[0143] Clause 21. A playback device comprising at least one transducer; and at least one
passive radiator, the at least one passive radiator comprising: a frame; a diaphragm attached to
the frame by a surround such that the diaphragm can move relative to the frame; and a
suspension system comprising at least one flat spring that couples the diaphragm and the frame.
[0144] Clause 22. The playback device of clause 21, wherein the at least one transducer
and the at least one passive radiator are arranged in a back-to-back configuration.

[0145] Clause 23. The playback device of clause 22, wherein the at least one flat spring is
offset relative to a central axis of the diaphragm.

[0146] Clause 24. The playback device of clause 23, wherein the at least one transducer
comprises a further diaphragm and a motor that is coaxially coupled to the further diaphragm.
[0147] Clause 25. The playback device of clause 23, wherein the at least one transducer
comprises a further diaphragm and at least one motor that is offset relative to a central axis of
the further diaphragm.

[0148] Clause 26. The playback device of clause 25, wherein the suspension system
comprises at least two flat springs and the transducer comprises at least two motors, wherein
the at least two flat springs and the at least two motors are symmetrically arranged in an
alternating manner.

[0149] Clause 27. The playback device of clause 22, wherein a central axis of the
diaphragm and a central axis of a further diaphragm of the transducer are aligned.

[0150] Clause 28. The playback device of clause 21, wherein the at least one passive
radiator includes a first passive radiator and a second passive radiator, wherein the first and
second passive radiators are arranged in a back-to-back configuration.

[0151] Clause 29. The playback device of clause 28, wherein the first passive radiator
comprises a first flat spring and a second flat spring positioned on opposite sides of a first axis

of the diaphragm of the first passive radiator, and wherein the second passive radiator

41



WO 2025/006480 PCT/US2024/035436

comprises a third flat spring and a fourth flat spring positioned on opposite sides of a second
axis of the diaphragm of the second passive radiator, wherein the first axis and the second axis
are perpendicular.

[0152]

[0153] Clause 30. The playback device of clause 28, comprising a sealed enclosure in
which the at least one transducer and the at least one passive radiator are mounted, wherein the
suspension systems of the first passive radiator and of the second passive radiator are outside
of the sealed enclosure.

[0154] Clause 31. The playback device of clause 21, wherein the diaphragms of the first
and second passive radiators are positioned on opposite sides of a through-hole in the sealed
enclosure.

[0155]

[0156] Clause 32. The playback device of clause 21, wherein the at least one transducer
comprises a first transducer and a second transducer, wherein the first and second transducers
are arranged in a back-to-back configuration.

[0157] Clause 33. The playback device of clause 32, comprising a sealed enclosure in
which the first transducer, the second transducer, and the at least one passive radiator are
mounted, wherein the first and second transducers comprise at least one motor, and wherein
the at least one motor are outside of the sealed enclosure.

[0158] Clause 34. The playback device of clause 21, wherein the diaphragms of the first
and second transducers are positioned on opposite sides of a through-hole in the sealed
enclosure.

[0159] Clause 35. The playvback device of clause 21, wherein a first radiation area of the at

least one passive radiator is at least double a second radiation area of the at least one transducer.
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[0160] Clause 36. The playback device of clause 35, wherein the at least one passive
radiator comprises two passive radiators that together have the first radiation area, and wherein
the at least one transducer comprises two transducers that together have the second radiation
area.

[0161] Clause 37. The playback device of clause 35, wherein the at least one passive
radiator comprises four passive radiators that together have the first radiation area, and wherein
the at least one transducer comprises two transducers that together have the second radiation
area.

[0162] Clause 38. The playback device of clause 21, wherein a first average maximum
excursion of the at least one passive radiator is at least double a second average maximum
excursion of the at least one transducer.

[0163] Clause 39. The playback device of clause 35, wherein the at least one passive
radiator comprises four passive radiators that together have the first average maximum
excursion, and wherein the at least one transducer comprises two transducer that together have
the second average maximum excursion.

[0164] Clause 40. The playback device of clause 21, comprising a sealed enclosure in
which the at least one transducer and the at least one passive radiator are mounted, and wherein

the suspension system is outside of the sealed enclosure.
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CLAIMS
1. A passive radiator, comprising;
a frame;
a diaphragm attached to the frame by a surround such that the diaphragm can
move relative to the frame; and
a suspension system comprising at least one flat spring that couples the

diaphragm and the frame.

2. The passive radiator of claim 1, wherein the suspension system comprises at least two

flat springs that are evenly spaced about a central axis of the diaphragm.

3. The passive radiator of claim 1. wherein the suspension system comprises at least two

flat springs that are symmetrically arranged.

4. The passive radiator of any of claims 1 to 3, comprising at least one mass coupled to
the diaphragm.
5. The passive radiator of claim 4, wherein the at least one mass comprises a power

supply for a playback device.

6. The passive radiator of claim 4 or 5, wherein the diaphragm is coupled to the

suspension system via the at least one mass.
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7. The passive radiator of claim 4, 5 or 6, wherein the at least one mass comprises a first
mass having a center of mass positioned on a central axis of the diaphragm, and wherein the

suspension system comprises at least two flat springs that couple the first mass to the frame.

8. The passive radiator of claim 4, 5 or 6, wherein the at least one mass comprises at
least a first mass and a second mass, wherein the suspension system comprises a first flat
spring that couples the first mass to the frame and a second flat spring that couples the second

mass to the frame.

9. The passive radiator of claim 8§, wherein at least the first flat spring is aligned with the

first mass in a direction of movement of the diaphragm.

10.  The passive radiator of claim 8 or 9, wherein the first mass and the second mass are

positioned on opposite sides of an axis of the diaphragm.

11. The passive radiator of claim 10, comprising a support that couples (i) the first mass

to the second mass and (i1) the first mass and the second mass to the diaphragm.

12. The passive radiator of claim 11, wherein the support is coupled to the diaphragm

along the axis.

13.  The passive radiator of claim 1, wherein the flat spring comprises a first flat spring
and wherein the suspension system comprises a second flat spring that couples the diaphragm
and the frame, wherein the first flat spring and the second flat spring are positioned on

opposite sides of an axis of the diaphragm, and wherein the passive radiator comprises a
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support that couples (i) the first flat spring to the second flat spring and (ii) the first flat spring

and the second flat spring to the diaphragm.

14. A playback device comprising a passive radiator according to any preceding claim.

15. The playback device of claim 14, comprising a drive unit coupled to the diaphragm,
and wherein the playback device is operable in a first mode in which the drive unit is

powered and a second mode in which the drive unit is unpowered.

16. The playback device of claim 15, wherein the playback device is configured to
operate in the first mode when powered by an external power source and is configured to

operate in the second mode when powered by an internal power source.

17. A playback device comprising
at least one transducer; and

at least one passive radiator according to any of claims 1 to 13.

18. The playback device of claim 17, wherein the at least one transducer and the at least

one passive radiator are arranged in a back-to-back configuration.

19.  The playback device of claim 18, wherein the at least one flat spring is offset relative

to a central axis of the diaphragm.

20.  The playback device of claim 19, wherein the at least one transducer comprises a

further diaphragm and a motor that is coaxially coupled to the further diaphragm.
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21.  The playback device of claim 19, wherein the at least one transducer comprises a
further diaphragm and at least one motor that is offset relative to a central axis of the further

diaphragm.

22. The playback device of claim 21, wherein the suspension system comprises at least
two flat springs and the transducer comprises at least two motors, wherein the at least two flat

springs and the at least two motors are symmetrically arranged in an alternating manner.

23.  The playback device of claim 18, wherein a central axis of the diaphragm and a

central axis of a further diaphragm of the transducer are aligned.

24, The playback device of claim 17, wherein the at least one passive radiator includes a
first passive radiator and a second passive radiator, wherein the first and second passive

radiators are arranged in a back-to-back configuration.

25. The playback device of claim 24, wherein the first passive radiator comprises a first
flat spring and a second flat spring positioned on opposite sides of a first axis of the
diaphragm of the first passive radiator, and wherein the second passive radiator comprises a
third flat spring and a fourth flat spring positioned on opposite sides of a second axis of the
diaphragm of the second passive radiator, wherein the first axis and the second axis are

perpendicular.

26.  The playback device of claim 24, comprising a sealed enclosure in which the at least

one transducer and the at least one passive radiator are mounted, wherein the suspension
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svstems of the first passive radiator and of the second passive radiator are outside of the

sealed enclosure.

27.  The playback device of claim 26, wherein the diaphragms of the first and second

passive radiators are positioned on opposite sides of a through-hole in the sealed enclosure.

28.  The playback device of claim 17, wherein the at least one transducer comprises a first
transducer and a second transducer, wherein the first and second transducers are arranged in a

back-to-back configuration.

29. The playback device of claim 28, comprising a sealed enclosure in which the first
transducer, the second transducer, and the at least one passive radiator are mounted. wherein
the first and second transducers comprise at least one motor, and wherein the at least one

motor are outside of the sealed enclosure.

30. The playback device of claim 29, wherein the diaphragms of the first and second

transducers are positioned on opposite sides of a through-hole in the sealed enclosure.

31. The playback device of anv of claims 17 to 30, wherein a first radiation area of the at
least one passive radiator is at least double a second radiation area of the at least one

transducer.

32.  The playback device of claim 31, wherein the at least one passive radiator comprises
two passive radiators that together have the first radiation area, and wherein the at least one

transducer comprises two transducers that together have the second radiation area.
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33.  The playback device of claim 31, wherein the at least one passive radiator comprises
four passive radiators that together have the first radiation area, and wherein the at least one

transducer comprises two transducers that together have the second radiation area.

34, The playback device of any of claims 17 to 33, wherein a first average maximum
excursion of the at least one passive radiator is at least double a second average maximum

excursion of the at least one transducer.

35.  The playback device of claim 34, wherein the at least one passive radiator comprises
four passive radiators that together have the first average maximum excursion, and wherein
the at least one transducer comprises two transducer that together have the second average

maximum excursion.

36. The playback device of any of claims 17 to 25, comprising a sealed enclosure in

which the at least one transducer and the at least one passive radiator are mounted, and

wherein the suspension system is outside of the sealed enclosure.
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