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(54) Combination loudspeaker unit

(57) A loudspeaker unit comprises, in combination,
a pistonically driven diaphragm loudspeaker and a gen-
erally planar resonant panel loudspeaker, in which the
plane of the resonant panel lies in the same orientation
as an axis along which the diaphragm is pistonically driv-
en. The resonant panel loudspeaker may be located be-

hind the diaphragm loudspeaker, with the resonant pan-
el loudspeaker functioning as a diffuse dipole, e.g. to
generate surround sound reproduction, and the dia-
phragm loudspeaker located in the null of the dipole and
functioning as an acoustic monopole, e.g. to generate
imaged stereophonic sound reproduction.

Figure 1

Printed by Jouve, 75001 PARIS (FR)



1 EP 1408 717 A2 2

Description

Field of The Invention

[0001] The present invention relates to loudspeaker
units, and particularly for use in "home cinema" applica-
tions.

Background of the Invention

[0002] A crucial aspect of home cinema systems is
the nature and quality of the sound reproduction. An im-
portant feature of good home cinema sound reproduc-
tion is so-called "surround sound", i.e. the illusion that
the reproduced sound is emanating from all around the
listener rather than from specific discrete sources (i.e.
the surround sound loudspeakers). Conventionally, sur-
round sound loudspeakers are located behind and/or to
the side of the viewer and generally comprise two pis-
tonic diaphragm drivers operating out of phase in order
to produce a "figure-of-eight" dipole acoustic radiation
directivity characteristic (the drivers may be in phase at
base frequencies, or there may be a separate low fre-
quency driver in the enclosure). However, such conven-
tional pistonic surround sound loudspeakers suffer from
the disadvantages that they tend to be expensive, and
generally do not produce an entirely convincing ambient
sound profile for the listener.

Brief Summary of the Invention

[0003] The present invention seeks to provide a new
type of loudspeaker unit suitable for five channel super
audio compact disc (SACD) and/or suitable for creating
surround sound reproduction, for example for home cin-
ema applications. The present invention particularly
seeks to avoid the need for separate surround sound
loudspeakers located behind the viewer of a home cin-
ema system. However, the present invention is not lim-
ited to SACD or home cinema applications, or to sur-
round sound in general, although such applications will
be particularly suited to the present invention.

[0004] Accordingly, afirst aspect of the presentinven-
tion provides a loudspeaker unit comprising, in combi-
nation, a pistonically driven diaphragm loudspeaker and
a generally planar resonant panel loudspeaker, wherein
the plane of the resonant panel lies generally in the
same orientation as an axis along which the diaphragm
is pistonically driven (i.e., a loudspeaker in which a dia-
phragm moves in a piston-like motion as a generally rig-
id whole for at least part of its operating frequency
range).

[0005] The plane of the resonant panel loudspeaker
may, for example, be generally parallel to the axis along
which the diaphragm is pistonically driven. Preferably,
however, the plane of the resonant panel and the axis
are generally in line with each other (i.e. the axis pref-
erably lies in generally the same plane as the panel).
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Preferably the plane of the panel lies substantially in the
same orientation as the axis along which the diaphragm
is pistonically driven. Consequently the panel and the
axis preferably are either substantially parallel to each
other or substantially in line with each other (i.e. the axis
preferably lies in substantially the same plane as the
panel).

[0006] Preferably the resonant panel loudspeaker is
located relative to the pistonically driven diaphragm
loudspeaker (hereinafter the "diaphragm loudspeaker")
such that the emission of the acoustic radiation from the
diaphragm loudspeaker is substantially unimpeded by
the resonant panel loudspeaker. Advantageously, the
resonant panel may be located above, below, to the
side, or behind the diaphragm loudspeaker. Most pref-
erably the panel is located behind the diaphragm loud-
speaker.

[0007] Preferably the resonant panel loudspeaker is
arranged to radiate sound from both opposite major sur-
faces of the panel simultaneously.

[0008] The present invention has the advantage that
by orientating the plane of the resonant panel loud-
speaker so that it is in generally the same orientation as
the axis of the pistonically driven diaphragm loudspeak-
er the resonant panel loudspeaker normally produces a
generally "figure-of-eight" acoustic radiation pattern by
radiating sound from both opposite major surfaces of the
panel with the "null" of the radiation pattern generally
coincident with the axis of the diaphragm loudspeaker.
Consequently, the use of a resonant panel loudspeaker
in this orientation produces the type of acoustic radiation
pattern generally required of surround sound. Addition-
ally, and most advantageously, resonant panel loud-
speakers tend to produce diffuse acoustic radiation,
which is ideal for surround sound. These two character-
istics in combination mean that the resonant panel loud-
speaker of the loudspeaker unit according to the present
invention generally provides an extremely effective sur-
round sound loudspeaker system. The fact that the loud-
speaker unit according to the present invention com-
bines such a surround sound loudspeaker with a dia-
phragm loudspeaker (which preferably operates as a
monopole) has the tremendous advantage that sepa-
rate surround sound loudspeakers situated behind the
viewer/listener can be dispensed with, and instead one
or more (preferably a pair) of loudspeaker units accord-
ing to the present invention situated adjacent to (or as
part of) the television (or other home cinema screen) will
provide both imaged sound and surround sound.
[0009] A second aspect of the present invention pro-
vides the use of a loudspeaker unit according to the first
aspect of the presentinvention, to provide both surround
sound reproduction and imaged stereophonic sound re-
production simultaneously. The resonant panel loud-
speaker preferably provides the surround sound repro-
duction and the pistonically driven diaphragm loud-
speaker preferably provides the imaged stereophonic
sound reproduction.
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[0010] Athird aspectof the presentinvention provides
an audio-visual system comprising a visual display
means and at least one (but preferably two) loudspeaker
unit(s) according to the first aspect of the present inven-
tion. Preferably the audio-visual system is a home cin-
ema (or home entertainment) system. Preferably the
visual display means comprises a television set. The
visual display means and the loudspeaker unit(s) may
be combined in a single unit.

[0011] Other preferred and optional features of the
present invention are described below.

Brief Description of the Drawings

[0012] These and other features, aspects and advan-
tages of the present invention will become understood
with reference to the following description, appended
claims and accompanying figures where:

Figure 1 is a schematic illustration of the relative po-
sitions and orientations of a resonant panel loud-
speaker and a diaphragm loudspeaker of an em-
bodiment of a loudspeaker unit according to the
present invention;

Figure 2 is a schematic illustration of an audio-vis-
ual system according to the present invention in
use; and

Figure 3 is an exploded diagram of a preferred em-
bodiment of a loudspeaker unit according to the
present invention.

Detailed Description of the Invention

[0013] Figure 1 shows, schematically, a loudspeaker
unit 10 according to an embodiment of the present in-
vention, comprising a resonant panel loudspeaker 1 and
adiaphragm loudspeaker 7. The example resonant pan-
el loudspeaker 1 comprises a generally planar resonant
panel 3 having exciters 5 attached thereto. The exciters
5 (two of which are shown, but the panel 3 may have
just one exciter 5 or more than two exciters) are the driv-
ers of the resonant panel loudspeaker 1, and cause the
panel 3 to resonate and thereby to emit acoustic radia-
tion.

[0014] The exciter(s) 5 may generally comprise any
type of transducer, for example electromagnetic (e.g.
moving coil), piezoelectric, or electrostatic. The panel 3
itself may be formed from any of a wide variety of ma-
terials, for example polymeric materials and/or glass fi-
bre materials and/or carbon fibre materials and/or card-
board (or the like). The panel 3 may comprise a single
sheet of material, a plurality of layers (or other compos-
ite construction) and/or may include a core, for example
of honeycomb or foam construction.

[0015] Inthis example, the panel 3 is substantially pla-
nar (i.e. a generally thin and flat panel). This has the
advantage that the acoustic radiation patterns which
emanate from each major surface of the panel 3 may be
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substantially the same as each other (thereby, for ex-
ample, enhancing the diffuse surround sound nature of
the sound reproduction).

[0016] Resonant panel loudspeakers are often
termed "distributed-mode" loudspeakers (DMLs) be-
cause they generally function by exciting a plurality of
vibrational modes distributed throughout the panel (the
panel generally operating wholly in resonance). The res-
onant panel loudspeaker may, for example, be substan-
tially as described in international patent application no.
PCT/GB96/02145, the entire disclosure of which is in-
corporated herein by reference.

[0017] Referring to the pistonically driven diaphragm
loudspeaker 7, the terms "pistonic loudspeaker" and
"pistonically driven diaphragm loudspeaker" in this
specification refer to a loudspeaker in which a dia-
phragm moves in a piston-like motion as a generally rig-
id whole for at least part of its operating frequency range
(for example up to approximately 700 Hz). As such, the
example pistonically driven diaphragm loudspeaker 7
comprises a generally conical diaphragm 9 and a driver
11 for the diaphragm 9. The driver 11 can be an electro-
mechanical transducer, e.g. a moving coil transducer,
but other types of drivers can also be used.

[0018] The pistonically driven diaphragm loudspeak-
er 7 preferably provides imaged sound reproduction
(whereas the resonant panel loudspeaker 1 preferably
provides diffuse surround sound reproduction). Most
preferably, the diaphragm loudspeaker 7 functions as a
monopole acoustic source (and preferably the resonant
panel loudspeaker 1 functions as a diffuse dipole acous-
tic source). The diaphragm loudspeaker 7 preferably
emits the acoustic output of the left/right signal of the
stereophonic source.

[0019] Therefore, as shown by example in Figure 2
and described further below, in use two loudspeaker
units 10 according to the present invention are used by
a listener (or viewer of a home cinema system), with
each of the two diaphragm loudspeakers 7 of the two
units 10 emitting imaged stereophonic acoustic radia-
tion and the two resonant panel loudspeakers 1 emitting
diffuse (non-imaged) surround sound acoustic radia-
tion.

[0020] The plane of the resonant panel loudspeaker
1 may, for example, be generally parallel to the axis
along which the diaphragm 9 is pistonically driven. Pref-
erably, however, the plane of the resonant panel 3 and
said axis are generally in line with each other (i.e. the
axis preferably lies in generally the same plane as the
panel). Preferably the plane of the panel 3 lies substan-
tially in the same orientation as the axis along which the
diaphragm 9 is pistonically driven. Consequently, the
panel 3 and the axis preferably are either substantially
parallel to each other or substantially in line with each
other (i.e. the axis preferably lies in substantially the
same plane as the panel).

[0021] As shown by example in Figure 1, the plane of
the resonant panel 3 lies in the same orientation as the
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axis A-A along which the diaphragm 9 is pistonically
driven. In fact, the axis A-A lies in the same plane as the
resonant panel 3. Preferably, the resonant panel loud-
speaker 1 is located relative to the pistonically driven
diaphragm loudspeaker 7 such that the emission of the
acoustic radiation from the diaphragm loudspeaker 7 is
substantially unimpeded by the resonant panel loud-
speaker 1. Advantageously, the resonant panel loud-
speaker 1 may be located above, below, to the side, or
behind the diaphragm loudspeaker 7. Most preferably
the resonant panel speaker 1 is located behind the dia-
phragm loudspeaker 7. As such, in Figure 1, the reso-
nant panel 3 is located to the rear of the diaphragm loud-
speaker 7, so that the directional acoustic output (as in-
dicated by arrow D) of the diaphragm loudspeaker 7 is
unimpeded by the resonant panel loudspeaker 1.
[0022] The acoustic output of the resonant panel loud-
speaker 1 is indicated by arrows R. As can be seen, the
output of the resonant panel 3 is generally perpendicular
to that of the diaphragm 9. However, the output of the
resonant panel 3 is diffuse and in the form of dipole with
the "null" centred on the axis A-A of the diaphragm loud-
speaker 7. Consequently, the null of the diffuse dipole
of the resonant panel loudspeaker 1 will generally be
centred on the listener/viewer, if the diaphragm loud-
speaker 7 is directed towards the listener/viewer, and
the output of the resonant panel 3 will be perceived as
ambient surround sound despite the fact that loud-
speaker units will normally be located only in front of the
listener/viewer.

[0023] Preferably the resonant panel loudspeaker 1
is arranged to radiate sound from both opposite major
surfaces of the panel 3 simultaneously. A loudspeaker
unit 10 according to the present invention has the ad-
vantage that by orientating the plane of the resonant
panel loudspeaker 1 so that it is in generally the same
orientation as the axis of the pistonically driven dia-
phragm loudspeaker 7 the resonant panel loudspeaker
1 normally produces a generally "figure-of-eight" acous-
tic radiation pattern by radiating sound from both oppo-
site major surfaces of the panel 3 with the "null" of the
radiation pattern generally coincident with the axis of the
diaphragm 9 loudspeaker 7. Consequently, the use of a
resonant panel loudspeaker 1 in this orientation produc-
es the type of acoustic radiation pattern generally re-
quired of surround sound. Additionally, and most advan-
tageously, resonant panel loudspeakers tend to pro-
duce diffuse acoustic radiation, which is ideal for sur-
round sound. These two characteristics in combination
mean that the resonant panel loudspeaker 1 of the loud-
speaker unit 10 according to the present invention gen-
erally provides an extremely effective surround sound
loudspeaker system. The fact that the loudspeaker unit
10 according to the present invention combines such a
surround sound loudspeaker 1 with a diaphragm loud-
speaker 7 (which preferably operates as a monopole)
has the tremendous advantage that separate conven-
tional surround sound loudspeakers situated behind the
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viewer/listener can be dispensed with, and instead one
or more (preferably a pair) of loudspeaker units 10 ac-
cording to the present invention situated adjacent to (or
as part of) the television (or other home cinema screen)
will provide both imaged sound and surround sound, as
described further below in relation to Figure 2.

[0024] Figure 2 is a schematic plan view of an exam-
ple home cinema system 12 according to the present
invention. The system 12 comprises a television set 13
(or other visual display means) and two loudspeaker
units according to the present invention, such as the
loudspeaker units 10 shown in Figure1. The loudspeak-
er units 10 are located on either side of the television 13
and orientated such that their diaphragm loudspeakers
7 are directed towards the listener/viewer 15. As de-
scribed above, this arrangement creates the perception
of ambient surround sound for the viewer/listener, de-
spite the loudspeakers 10 being situated only in front
(and not to the rear or side) of the viewer/listener. The
arrangement also creates imaged stereophonic sound,
due to the directional monopole diaphragm loudspeak-
ers.

[0025] Each loudspeaker unit 10 may comprise more
than one pistonically driven diaphragm loudspeaker 7
and/or more than one resonant panel loudspeaker 1.
For example, the function of the pistonic loudspeaker 7
may be carried out by a plurality of pistonic loudspeak-
ers (e.g. with each such loudspeaker dedicated to a re-
spective frequency range). The pistonically driven dia-
phragm loudspeaker 7 may, for example, comprise a
compound loudspeaker of the type disclosed in United
States Patent No. 5,548,657, the entire disclosure of
which is incorporated herein by reference.

[0026] An enclosure for the loudspeaker unit 10 is
omitted from Figure 1 for clarity. Preferably, a loud-
speaker unit 10 according to the present invention, fur-
ther comprises an enclosure in which the resonant panel
loudspeaker 1 and the diaphragm loudspeaker 7 are
housed. Figure 3 is an exploded diagram of a preferred
embodiment of a loudspeaker unit 14 according to the
present invention. In this embodiment, the loudspeaker
unit 14 comprises a resonant panel loudspeaker 1 com-
prising a resonant panel 3 with an exciter 5 (in the form
of an electro-mechanical transducer) attached thereto,
and a pistonically driven diaphragm loudspeaker 7. The
diaphragm loudspeaker 7 comprises a diaphragm 9 and
a driver 11. The example pistonically driven diaphragm
loudspeaker 7 illustrated in Figure 3 can be a compound
loudspeaker of the type disclosed in United States Pat-
ent No. 5,548,657. The compound diaphragm loud-
speaker 7 comprises a low frequency part having the
generally conical diaphragm 9 shown, and a high fre-
quency part having a generally dome-shaped dia-
phragm (not shown) located in or adjacent to the neck
of the conical diaphragm 9.

[0027] The loudspeaker unit 14 shownin Figure 3 also
includes an enclosure 17 in which the resonant panel
loudspeaker 1 and the diaphragm loudspeaker 7 are
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housed. The enclosure 17 comprises a plurality of sec-
tions, or panels, assembled together around the loud-
speakers 1 and 7. In the example shown, the enclosure
17 comprises two side panels 17a and 17b, a front panel
17c, and arear panel 17d. The various panels have gas-
kets (or other seals) 19 situated between them, to seal
the enclosure. The gaskets (or other seals) 19 may, for
example, be formed from polymeric foam or other poly-
meric sealing material. The resonant panel 3 is retained
in place in the enclosure 17 by means of an adhesive
pad 21 (and/or by means of adhesive tape, not shown).
[0028] As can clearly be seen in Figure 3, the enclo-
sure 17 comprises two main parts. A first part 23 of the
enclosure 17 encloses (preferably fully encloses) the
pistonically driven diaphragm loudspeaker 7 other than
by the front panel 17c that includes openings 25 through
which the forwardly-directed acoustic radiation emitted
by the diaphragm loudspeaker 7 is arranged to propa-
gate. A second part 27 retains the resonant panel loud-
speaker 1 but is open on opposite major sides thereof
adjacent to the opposite major sides of the resonant
panel 3, to allow the sidewardly directed acoustic radi-
ation emitted by the resonant panel loudspeaker 1 to
propagate substantially freely from the unit. The (or
each) exciter 5 is protected by means of small enclosure
elements 29 located within the open sides of the second
part 27 of the enclosure. A lead 31 is connectable to
both loudspeakers 1, 7 of the unit 14 via terminal pins 33.
[0029] As such, the presentinvention provides a nov-
el loudspeaker unit suitable for e.g. five channel super
audio compact disc (SACD) and/or suitable for creating
surround sound reproduction, for example for home cin-
ema applications. The present invention particularly
avoids the need for separate surround sound loud-
speakers located behind the viewer of a home cinema
system. However, the present invention is not limited (at
least in its broadest aspects) to SACD or home cinema
applications, or to surround sound in general, although
such applications will be particularly suited to the
present invention.

[0030] The present invention has been described in
considerable detail with reference to certain preferred
versions thereof; however, other versions are possible.
Therefore, the spirit and scope of the appended claims
should not be limited to the description of the preferred
versions contained herein.

Claims

1. A loudspeaker unit comprising, in combination, a
pistonically driven diaphragm loudspeaker and a
generally planar resonant panel loudspeaker,
wherein the plane of the resonant panel lies gener-
ally in the same orientation as an axis along which
the diaphragm is pistonically driven.

2. A loudspeaker unit according to claim 1, in which
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10.

1.

12.

13.

the plane of the resonant panel lies substantially in
the same orientation as an axis along which the di-
aphragm is pistonically driven.

A loudspeaker unit according to claim 2, in which
the axis along which the diaphragm is pistonically
driven lies substantially in, or is substantially paral-
lel to, the plane of the resonant panel.

A loudspeaker unit according to any preceding
claim, in which the resonant panel loudspeaker is
located relative to the pistonically driven diaphragm
loudspeaker such that emission of acoustic radia-
tion from the diaphragm loudspeaker is substantial-
ly unimpeded by the resonant panel loudspeaker.

A loudspeaker unit according to any preceding
claim, in which the resonant panel loudspeaker is
located above, below, to the side, or behind the di-
aphragm loudspeaker.

A loudspeaker unit according to any preceding
claim, in which the resonant panel loudspeaker is
located behind the diaphragm loudspeaker.

A loudspeaker unit according to any preceding
claim, in which the panel of the resonant panel loud-
speaker comprises two opposite major surfaces
thereof, and the resonant panel loudspeaker is ar-
ranged to radiate sound from both opposite major
surfaces of the panel simultaneously.

A loudspeaker unit according to any preceding
claim, in which the resonant panel loudspeaker
comprises a resonant panel and one or more excit-
ers arranged to excite the panel.

A loudspeaker unit according to claim 8, in which
the, or each, exciter comprises a transducer.

A loudspeaker unit according to any preceding
claim, in which the resonant panel loudspeaker
functions as a diffuse dipole acoustic source.

A loudspeaker unit according to claim 10, in which
the resonant panel loudspeaker provides diffuse
surround sound reproduction.

A loudspeaker unit according to claim 10 or claim
11, in which a null of the dipole is substantially co-
incident with the axis along which the diaphragm is
pistonically driven.

A loudspeaker unit according to any preceding
claim, in which the pistonically driven diaphragm
loudspeaker functions as a monopole acoustic
source.
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. A loudspeaker unit according to any preceding
claim, further comprising an enclosure in which the
resonant panel loudspeaker and the pistonically
driven diaphragm loudspeaker are housed.

A loudspeaker unit according to claim 14, in which
the resonant panel loudspeaker and the pistonically
driven diaphragm loudspeaker are housed in one
and the same single said enclosure.

A loudspeaker unit according to claim 14 or claim
15, in which the enclosure comprises a first part
housing the pistonically driven diaphragm loud-
speaker and a second part housing the resonant
panel loudspeaker.

A loudspeaker unit according to claim 16, in which
the second part of the enclosure retains the reso-
nant panel loudspeaker but is open on opposite ma-
jor sides thereof adjacent to opposite major surfac-
es of the resonant panel, to allow acoustic radiation
emitted by the resonant panel loudspeaker to prop-
agate substantially freely from the unit.

Use of a loudspeaker unit according to any preced-
ing claim, to provide both surround sound reproduc-
tion and imaged stereophonic sound reproduction
simultaneously.

The use according to claim 18, in which the reso-
nant panel loudspeaker provides the surround
sound reproduction and the pistonically driven dia-
phragm loudspeaker provides the imaged stereo-
phonic sound reproduction.

The use according to claim 18 or claim 19, in which
the loudspeaker unit comprises part of an audio-vis-
ual system.

The use according to claim 20, in which the audio-
visual system includes a visual display means, and
the loudspeaker unit is situated adjacent to the vis-
ual display means.

The use according to claim 21, in which a second
said loudspeaker unit is also situated adjacent to
the visual display means.

The use according to claim 21 or claim 22, in which
no additional surround sound loudspeakers are
used.

An audio-visual system comprising a visual display
means and at least one loudspeaker unit according
to any one of claims 1 to 17.

An audio-visual system according to claim 24, in
which the visual display means and the loudspeak-
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er unit(s) are combined in a single unit.
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Figure 1
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Figure 2
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