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LOUDSPEAKERS AND SYSTEMS

Background of the Invention

This application claims the benefit of filing of United States Provisional Patent
Application Serial No. 60/608,755, filed September 9, 2004, the teachings of which are
incorporated herein by reference.

The invention relates to sound reproduction and, in particular, provides improved
loudspeakers, components and methods pertaining thereto. The invention has application,
by way of non-limiting example, in sound reproduction of the type required by woofer and
subwoofer drivers and loudspeakers.

A large percentage of loudspeakers used in audio systems are electrodynamic
speakers. Such speakers employ a magnetic “motor” to produce movement of a cone-shaped
diaphragm which, in turn, causes sound. The cone is typically disposed within a frame (or
basket), with the wide end of the cone coupled to the frame by way of flexible membrane,
called a suspension or surround, which axially centers the cone within the frame, yet, allows
to move back and forth at audio frequencies. The narrow end of the cone is coupled to the
frame by another flexible membrane, called a spider, which also helps to axially center the
moving diaphragm.

The motor is made up of a voice coil, which is disposed (usually) behind the narrow
end of the cone, and a magpetic circuit, which is disposed adjacent to and/or partially
surrounding the coil. In operation, electrical audio signals from an amplifier (or other source)
are applied to the voice coil, producing a varying electromagnetic field. This interacts with
the magnetic field of the magnet circuit, causing the voice coil to move.

Because the voice coil is coupled to the diaphragm, its movement causes the
diaphragm to pump in and out — explaining why the diaphragm and coil are sometimes
referred to as a “piston.” That, in turn, causes air around the speaker to pressurize and
depressurize, producing sound waves. To prevent sound waves omitted from the rear of the
diaphragm from canceling those emitted from the front, the speakers are usually mounted
within an enclosure.

Traditionally, speakers are divided into three categories: woofer, midrange and
tweeter. The woofer reproduces low frequency (bass) sound ranging from about 20 to 3000
Hz. The midrange speaker reproduces a broad spectrum of sound, typically from about 1000
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Hz to 10 kHz. The tweeter speaker reproduces high frequency (treble) sound ranging from
about 4 to 20k Hz. In home audio systems, the woofer, midrange and tweeter are often
housed in a single enclosure, as in the case of free-standing or floor speaker configurations.
Where space is a consideration, the functions of the woofer and midrange may be combined in
a single speaker, as in the case with bookshelf-sized speaker configurations.

In the last few decades, a new category (or sub-category) of speaker had come to the
fore, the sub-woofer. Though definitions vary, these are designed to reproduce sounds in the
range of 20 to 150 Hz, i.e., in the low end of what was traditionally the woofer range.
Subwoofers are finding increased use throughout the home. In home theater applications,
their increased bass response lends to a more authentic movie theater-like feel. In computer
applications, they provide, in addition to improved overall frequency response, a convenient
location for housing amplification circuitry used by satellite speakers that provide mid- and
high-range reproduction. In more traditional home stereo applications, subwoofers add
increased punch and/or fidelity to many musical genre.

Subwoofers available today suffer from any number of shortcomings. Depending on
design, they may be to boomy; suffer roll-off at the lowest frequencies; consume excessive
power; produce an overly a “dry” sound; and/or be too large for practical use. Although the
art has made strides toward minimizing these problems, there remains a need for a compact,

low-cost, high fidelity loudspeaker that can be easily installed and operated.

An object of this invention is to provide such loudspeakers.

More generally, an object of the invention is to provide improved apparatus and
methods for sound reproduction and, specifically, improved loudspeakers and systems.

Another object is to provide such loudspeakers and methods as are particularly suited
for reproducing low frequency sounds, e.g., as low as 20 Hz (or lower), for use in home
theater, high fidelity, computer and other applications.

A further object of the invention is to provide loudspeakers with desired response
characteristics, yet, of minimal size.

Yet another object is to provide such loudspeakers that can be easily connected with
receivers, amplifiers, computers or other sound-producing equipment.
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Still another object is to provide such loudspeakers that can be easily and safely

interconnected with existing power sources.
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Summary

The foregoing are among the objects attained by the invention which provides, in one
aspect, an improved driver for use, for example, in loudspeakers as described below. The
driver comprises a three-part piston having first and second diaphragms coupled back-to-
back, with one of the diaphragms facing outward (i.e., toward the exterior of the loudspeaker
enclosure) and the other diaphragm facing inward (i.e., into the interior of the enclosure). A
voice coil that moves the piston is face-mounted (or front-mounted) within the inward-facing
diaphragm. Together, the combination of the diaphragms and coil form a truss-like structure.

Drivers so constructed are flatter, or slimmer, than prior art constructions, yet, permit
the same amount or more piston travel. This slimness facilitates implementations where
space is a premium, e.g., panel (or flat) televisions, car audio, and wall-mounted subwoofers,
to name a few. It also provides for improved tumble stability. Moreover, on account of this
construction, the voice coil can be much larger than provided for in the prior art. This
permits higher energy and greater thermal capacity and, as a result, the voice coil can drive
heavy diaphragms that have low resonant frequencies within smaller enclosures.

According to a related aspect of the invention, such a three-part piston is disposed
within a frame, supported by a pair of opposing surrounds — rather than by a combination
of a surround and a spider (as is commonly used to support a diaphragm). Preferably those
surrounds are identical or otherwise arranged so as to form a force-neutral, symmetrical, error-
compensating suspension. This leads to lower distortion and better centering in mid-position
for surer long-distance piston travel.

Further aspects of the invention provide loudspeakers that incorporate drivers, e.g., as
described above, e.g., within enclosures or cabinets that have large passive radiators —
thereby providing “moving wall speakers” that can be small and/or flat. One such
loudspeaker has a cube-like enclosure with an electrodynamically-driven piston mounted in
one external wall and movable panels in four other external walls. Those panels are air-
coupled to the piston, e.g., via air within the enclosure, such that vibrational motion of the
piston causes the vibration of the panels, thereby, improving the overall air coupling of the
piston to the external environment, e.g., the listening room. In an alternate aspect, a driver as
described above (or of alternate design) is enclosed within a flat or panel-like loudspeaker
having a piston mounted in a front wall and one or more large passive radiators in a rear wall.

Another aspect of the invention provides loudspeakers as described above comprising
the aforementioned truss-like driver mounted in the loudspeaker enclosure such that the first
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diaphragm (of the driver) has its face directed externally from one side of enclosure and the
second diaphragm has its face directed externally from another side of the enclosure, with the
voice coil disposed internally to the enclosure.

In a related aspect of the invention, the truss-like piston as described above is flush-
mounted in a rear side wall of the aforementioned cubic enclosure. Portions of the top wall
and of each of the three other side walls (front, left and right) are elastically suspended into
their respective walls. Those portions (or panels, as referred to above) can comprise
polycarbonate panels, or other materials of suitable acoustical characteristics. The walls into
which those portions are suspended, e.g., via an overmolding process, can comprise steel or
other materials providing necessary structural support. The suspension material, according
to related aspects of the invention, comprises rubber or other materials of suitable elasticity
and integrity.

By way of example, a cubic loudspeaker as described above can be sized to reproduce
bass and/or or low-bass sounds, e.g., in the manner of a woofer or sub-woofer. As a
subwoofer, for example, the loudspeaker can have an enclosure which is a 7” (18cm) cube, or
an approximately 4.5 liter box. The four moving panels, combined with the
electrodynamically-driven piston, move external air in an amount equal to that of a 14”
woofer — thus, providing the performance of a large woofer in a very small box.

According to a further related aspect of a driver of the type described above is
arranged for mounting in a loudspeaker enclosure with the first diaphragm baving its face (or
front) directed externally from the enclosure, the second diaphragm having its face (or front)
directed internally into the enclosure, and the voice coil disposed internally to the enclosure.
In one practice of the invention, that enclosure is of the type described above, with the driver
(flush-mounted) on a first external side wall and with the moveable panels elastically mounted
in four (or fewer) of the other external walls and air-coupled to the driver’s internally-directed

diaphragm via air internal to the enclosure.

Continuing the above example, the air-coupled walls of a seven cubic-inch woofer or
subwoofer as described above can be powered by such a driver, e.g., if it has an extreme-
energy long-stroke flat piston woofer. The driver’s dual opposed surrounds enable a long
stroke (e.g, of 1.257, or otherwise) and, as noted, form a stable force-neutral highly
symmetrical error compensating suspension. With a 2.6” (65.5mm) voice coil, by way of
example, such a woofer or sub-woofer can handle large amounts of short-term power.
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Such large powerful coil in a small woofer is possible, because the area normally
occupied by a centering spider is now available for the installation of a magnetic circuit. This
permits a subwoofer that can be tuned to 25Hz by optimally aligning all moving masses,
springs and damping. It can achieve sound pressures of more than 105dB @ 1m and 36Hz,
e.g., given 1000W of drive power.

In a further aspect of the invention, that magnetic circuit is an extreme-energy dual
neodymium magnet circuit, e.g., of the type described by this inventor hereof in U.S. Patent
5,802,191. That circuit includes a pair of stacked magnetic members, preferably comprising
neodymium boron, that are stacked on top of one another, 180° out of phase (i.e., such that
the “north” poles are adjacent one another) and that are separated by a top plate and/or pole

piece.

Still further aspects of the invention provide a loudspeaker as described above in
which galvanic connection is provided between line power and an on-board amplifier. This is
a direct benefit of the dual rubber suspension design, which provides complete UL, and VDE
- compliant electrical line isolation in case of coil or amplifier failure while eliminating the
need for — as well as the cost, size and weight of — a separate power supply. Electrical
isolation of the voice coil and magnet from the front of the loudspeaker and its enclosure is
further insured by use, according to some practices of the invention, of a frame and/or other
mounting members that are constructed from polycarbonate, acrylonitrile butadiene styrene
(ABS) or other insulative material. Use of an audio input that is opto-coupled or wirelessly
coupled (e.g., via Bluetooth or otherwise) to the loudspeaker further insures electrical

isolation.

Related aspects of the invention provide loudspeakers as described above in which
digital audio input is supplied via a wireless microwave link, facilitating installation and
improving line isolation. That link can be via Bluetooth, 802.11x, Home-plug, or otherwise.
Regardless, these links can be bi-directional and permit optional room acoustic or woofer
servo controls.

These and other aspects of the invention are evident in the drawings and in the
description that follows.
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Brief Description of the Drawings

A further understanding of the invention may be attained by reference to the
drawings, in which:

Figure 1A is an external perspective view of a cubic loudspeaker according to one

practice of the invention;

Figures 1B and 1C are views of back and side walls, respectively of the loudspeaker
of Figure 1A;

Figure 2 is a top cross-sectional view of a loudspeaker according to one practice of the

invention;

Figures 3A — 3D depict a driver according to one practice of the invention; and

Figures 4A — 4C depict a flat loudspeaker according to a further practice of the
invention.
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Detailed Description of the Illustrated Embodiment

The invention provides speakers, drivers and fabrications therefor with improved
footprint (e.g., flat-panel), sound fideltity and/or usability, among other things, as evident in

the sections that follow.

Figure 1A is an external perspective view of a loudspeaker 90 according to one
practice of the invention. The cube-shaped device 90 comprises an enclosure 100 having a
piston 102 mounted in one external wall, e.g., back wall 100a. That wall is separately
depicted in Figure 1B, showing the piston diaphragm 103 and the surround 104 via which it is
retained in a frame (see Figure 2). In the illustrated embodiment, the diaphragm is flush-
mounted with the wall 100a, though, in other embodiments it may be recessed or otherwise.

Four of the other walls, namely, front 100b, top 100c, right side 100d, and left side
100e, have centrally disposed panels or portions that are elastically mounted to the enclosure
(and, specifically, to the perimeter portions of the respective walls) and that are air-coupled
to the piston 102 via air within the enclosure 100. One of those other walls, namely, right
side 100d, is separately depicted in Figure 1B. In that drawing, the central portion is labelled
106, the perimeter portion is labelled 108 and the elastic portion used to suspend the former
within the latter is labelled 110.

Though four walls 100b — 100e of the illustrated embodiment have elastically
mounted central portions for improving the air coupling of the piston 102 to the external
environment (e.g., a listening room in which the loudspeaker 90 is placed), other embodiments
may have greater or fewer walls so arranged. Moreover, although the illustrated embodiment
is cubic, it will be appreciated that other volumetric shapes may be used instead.

In the illustrated embodiment, the enclosure 100 and, specifically, bottom wall 100f
and perimeter portions of walls 100a — 100e are comprised of steel panels, though, materials
of suitable rigidity, weight and acoustic properties can be used instead or in addition. The
central portions of walls 100b — 100e comprise polycarbonate, though, again, other materials
(such as steel or other metal, acrylonitrile butadiene styrene (ABS), and so forth), of suitable
rigidity, weight and acoustic properties can be used instead or in addition. The elastomeric
material used to mount/suspend the central portions of walls 100b — 100e to their respective
perimeter portions can comprise rubber or other material of suitable elasticity and acoustic
properties.



WO 2006/029378 PCT/US2005/032308

In the illustrated embodiment, the walls 100b — 100e are fabricated by overmolding
polycarbonate central portions (or central portions comprised of ABS or other materials of
suitable properties) into steel perimeter portions using synthetic rubbers or other elastomers.
Preferred such compounds are thermoplastic elastomers (TPEs), such as, by way of non-
limiting example, thermoplastic urethane (TPU), thermoplastic vinyl (TVP), poly(styrene)-
poly(ethylene,butylene)-poly(styrene) (SEBS), and so forth, though it will be appreciated
that other elastomers can be used instead or in addition — indeed, even real rubber could be
used, though, present-day overmolding techniques are not adapted for this. One preferred
TPV, which can be used with conventional overmolding, is sold under the tradename
Uniprene® by Teknor Apex, though, competing products may be used instead.

The overmolding process utilized in the illustrated embodiment forms each panel 100b
— 100e from the aforementioned polycarbonate, steel and TPE substituents on a single
molding machine. This is accomplished by forming a small hole in each steel perimeter
portion and injecting the TPE to the opposite side, where it fuses the polycarbonate central
portion of that opposite side to the steel perimeter portion of that side. Of course, it will be
appreciated that other overmolding techniques can be used instead and, additionally, that
techniques other than overmolding can be used to fabricate the walls 100b — 100e.

Ilustrated loudspeaker 90 is sized to reproduce bass and/or or low-bass sounds, e.g.,
in the manner of a woofer or sub-woofer, respectively. In one embodiment, the loudspeaker
is configured as a subwoofer with an enclosure 100 defining a 7” (18cm) cube, or an
approximately 4.5 liter box. The four walls 100b — 100e with moving central panels,
combined with the piston 102, move external air in an amount equal to that of a 14” woofer

— thus, providing the performance of a large woofer in a very small box.

More specifically, an advantage of walls 100b — 100e constructed as above is that
stetching of the elastomer is minimized due to the relatively large surface of the radiating
panels formed by the central portions of those walls. In an enclosure of that comprises an 8”
cube, these provide an overall surface area that is three to four times greater surface area than
a conventional active speaker, so panel travel is limited and suitable to 115dB sound pressure
level (again, from an 8” cube). This results in a low cost solution with a slim footprint —
since, the travel of the panels is limited to a few millimeters, because of the large panel
area(s) is driven by a small active piston of long travel capability, as detailed below.

Line power, routed via cable 110, supplies an amplifier (not shown) that is preferably
internal to the loudspeaker enclosure. That amplifier can be of a conventional variety known
in the art. That of the illustrated embodiment is designed to supply 1000 Watts of digital
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audio power, though amplifiers of other sizes may be used in addition or instead. Galvanic
connection is utilized between line power and an on-board amplifier. This is a direct benefit
of the dual rubber suspension design, which provides complete UL, and VDE - compliant
electrical line isolation in case of coil or amplifier failure while eliminating the entire kilowatt
power supply.

Audio input to the loudspeaker are supplied via a wireless link 112, facilitating
installation, improving line isolation, and insuring electrical isolation of the internal line
voltage-coupled power circuitry. That link can be Bluetooth, 802.11x, Home-plug, or
otherwise. Opto-coupling can be used instead or in addition. In addition to supporting the
transfer of audio information, e.g., from a receiver, amplifier or other audio device, to the
loudspeaker 100, the link 112 can support acoustic control signals (e.g., loudness, on/off,
etc.). In addition it can be bi-directional and/or facilitate control of acoustics or woofer

S€rvos.

Figure 2 depicts the loudspeaker 100 in a cross-sectional view from the top. As
shown in the drawing, piston 102 is mounted in back wall 100a via frame 112. Also shown in
the drawing are the elastically mounted panels that are disposed in side walls in front 100b,
top 100c, right side 100d, and left side 100e.

Figure 3A is an exploded view of a speaker or driver 114 according to one practice of
the invention comprising piston 102, frame 112, baffle 113, and magnetic circuit 117. Piston
102 comprises first diaphragm 103 and second diaphragm 116 coupled back-to-back, as
shown, with the face of the first diaphragm 103 facing externally vis-a-vis the enclosure 100
and the face of second diaphragm 116 facing internally vis-a-vis that enclosure. A voice coil
118 is mounted internally in the face of the second diaphragm, as shown. As more plainly
evident in Figure 3B, together, the combination of the diaphragms and coil can be seen to form
a truss-like structure.

In the illustrated embodiment, diaphragm 103 is flat or substantially flat, although
other embodiments may use cone-shaped, dome-shaped, or diaphragms of other shapes.
Likewise, in the illustrated embodiment, diaphragm 116 is cone-shaped, although other
embodiments may use diaphragms of other shapes. These diaphragms 103, 116 can
fabricated from cloth, plastics, composites or other conventional materials known in the art
loudspeaker design; however, in a preferred embodiment diaphragm 103 comprises metal, e.g.,
like the elastically-mounted central portions of loudspeakers walls 100b — 100e, discussed
above. In the illustrated embodiment, a dustcap 103a occupies a central portion of diaphragm
103, which is annularly shaped. That dustcap 103a can be fabricated from the same material

10
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as the diaphragm 103, or otherwise, and is preferably interference-fit and secured (e.g., via
adhesives, welds, or otherwise) thereto. In embodiments that do not incorporate a dustcap,
the diaphragm 103 is preferably fabricated as a solid disk, not an annulus.

As further shown in Figures 3A — 3B, the piston 102 is disposed within - frame 112
and baffle 113 (which, themselves, are disposed within the enclosure 100) supported by
opposing rubber (or other elastomeric) surrounds 104, 105, as shown. Preferably those
surrounds are identical or otherwise arranged so as to form a force-neutral, symmetrical, error-
compensating suspension.

The foregoing contrasts with the prior art use of a single surround and a spider to
retain a cone diaphragm. In such (prior art) configurations, travel of the diaphragm is limited
by the spider, corrugations in which must increasingly unfold as the voice coil moves the
diaphragm further from its (and the spider’s) resting position. Longer travel requires more
corrugations which, in turn, requires a larger spider. However, longer travel also requires a
larger voice coil (and magnetic circuit). Since, the space occupied by the voice coil and spider
overlap — in prior art configurations — both cannot be large. Hence, diaphragm travel is
unduly limited.

The driver 114 overcomes this limitation. The truss-like diaphragm/coil structure and
the dual roll surrounds enable much larger piston travel (e.g., 1.25” in the illustrated
embodiment). The compensating forces exerted by the dual roll surrounds, moreover,

facilitate diaphragm motion that ensures precise audio reproduction.

Turning back to the drawing, frame 112 of the illustrated embodiment comprises to
members a cylindrical ring 112a and a cone-shaped basket 112b. Ring 112a holds retains
surrounds 104, 105, securing it within the enclosure. Basket 112 likewise retains the
magnetic circuit 115 and secures it, too, within the enclosure. Although the frame is
comprises two parts in the illustrated embodiment, in other embodiments it comprises a
single, larger cone-shaped member. Regardless, the frame 112 membex(s) can be steel or other
metals, though preferably, they are polycarbonate, ABS, or other insulative materials of
suitable weight, strength and acoustic properties. As noted elsewhere herein, the use of
insulative materials better insures electrical isolation of the loudspeaker’s exterior from the

power supply.

Baffle 113 provides fit and finish for the assembled loudspeaker, securing the frame to
the corresponding wall 100 of the enclosure and sealing any gaps therebetween. It can be

11
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comprised of the aforementioned materials (e.g., steel, polycarbonate, ABS, etc.) or other
materials of suitable weight, strength and acoustic properties.

The piston 102 is driven by a dual neodymium magnetic circuit 115 of the type
generally described by the inventor hereof in U.S. Patent 5,802,191, entitled “Loudspeakers,
Systems, and Components Thereof,” the teachings of which are incorporated herein by
reference (see, by way of non-limiting example, the discussion of magnet driver 74 at column
5, lines 32 — 44, of the incorporated-by-reference patent and the accompanying illustration).
Referring to Figures 3A and 3C, that circuit includes a pair of stacked magnetic members 120,
122, preferably comprising neodymium boron, that are stacked on top of one another and
180° out of phase (i.e., such that the “north” poles are adjacent one another) and that are
separated by a top plate or pole piece 124, as shown.

A further top plate (or turbo plate) 128 and a magnetic plug 129 are provided at the
distal ends of the stacked assembly, as shown. These serve to concentrate and focus the
magnetic flux within a gap formed between a shell 126 and the sandwiched magnet-plate
assembly (comprising elements 120, 122, 124, 128 and 129). It is within that gap that the
voice coil resides, with the plates focussing the flux, e.g., as generally described by the
inventor hereof in U.S. Patent Application Serial No. 09/895,003, entitled “Low Profile
Speaker and System,” the teachings of which are incorporated herein by reference (see, by
way of example, the magnetic structure 30° in Figure 2 of the incorporated-by-reference
application and the corresponding text at page 6, lines 8, et seq.).

Figure 3D depicts the loudspeaker as fully assembled, e.g., for assembly and use
within the enclosure 100. For simplification, the voice coil 118 is not shown in this drawing.

When embodied in a seven cubic-inch woofer of sub-woofer of the type shown in
Figures 1 and 2, the driver’s dual roll surrounds 104, 105 enable a long stroke (e.g., of 1.25%,
or otherwise) and, as noted, form a stable force-neutral highly symmetrical error
compensating suspension. With its 2.6” (65.5mm) voice coil, by way of example, such a
woofer or sub-woofer can handle large amounts of short-term power. Such large powerful
coil in a small woofer is possible, because the area normally occupied by a centering spider is
now available for the installation of a magnetic circuit. This permits a subwoofer that can be
tuned to 25Hz by optimally aligning all moving masses, springs and damping. It can achieve
sound pressures of more than 105dB @ 1m and 36Hz, e.g., given 1000W of drive power.

A driver constructed as discussed above can be built much slimmer than conventional
drivers because the magnet circuit 117 nests partially inside the plane that normally is

12
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occupied by the spider. Combining that with the enclosure wall construction discussed above
permits fabrication of the flattest speaker for any given excursion with low extended
frequency response, assuming there is enough magnetic and electric forces to displace the
moving masses. The illustrated embodiment provides both. One, by virtue of the extreme
magnetic energy of the dual neodymium magnet; the other, by use of a low cost off-line digital
half bridge amplifier powered at 1,000W @8 Ohms. The air volume of the enclosure serves
as a highly effective coupling medium between the moving components — unlike
conventional speakers, in which the enclosed air volume that gets compressed or rarified.

Figures 4A — 4D depict a loudspeaker 190 according to another practice of the
invention. The device 190 is constructed and operated as described above, with respect to
loudspeaker 90, except insofar as shown in Figures 4A — 4D and discussed below. Thus,
apart from stand 192, the loudspeaker 190 comprises an enclosure 192 that is generally “flat”
or panel-like in shape, i.e., with a length and/or height that exceeds its depth. In this regard,
the enclosure (or one of generally similar configuration) is suitable for use with “panel”
televisions, car stereo, wall-mounted or in-wall speakers, and other configurations where slim
footprint is desired.

As with speaker 90, loudspeaker 190 has a driver 202 mounted in one external wall,
e.g., front 200a. That driver can be constructed in manner of driver 114, discussed above and
shown in Figures 3A — 3D. However, in the illustrated embodiment, a driver more
conventional design is utilized, as illustrated. Unlike conventional prior art drivers, the driver
of illustrated speaker 190 preferably has a magnetic circuit of the type described by the
inventor hereof in incorporated-by-reference U.S. Patent 5,802,191, entitled “Loudspeakers,
Systems, and Components Thereof” (see, by way of non-limiting example, the discussion of
magnet driver 74 at column 5, lines 32 — 44, of the incorporated-by-reference patent and the
accompanying illustration) and U.S. Patent Application Serial No. 09/895,003, entitled “Low
Profile Speaker and System” (see, by way of example, the magnetic structure 30’ in Figure 2
of the incorporated-by-reference application and the corresponding text at page 6, lines 8, et
seq.), as described above — albeit in a behind-the-cone (or rear-mounted configuration), as

shown — in order to achieve increased efficiency and audio power.

Referring to Figure 4B, the back wall 200b of illustrated speaker 190 includes panels
or portions that are elastically mounted to the enclosure in the same matter as the centrally
disposed panels of loudspeaker 90, described above. Speaker 190 can utilize one such panel
in back wall 200b. However, in the illustrated embodiment, it utilizes two such panels 204a,
204b. These are disposed on opposing sides of a mount 206 that secures the back side of
driver 202, as illustrated, and that accommodates wiring, user controls and the like, thereof.
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As above, the enclosure walls (including walls 200a, 200b) of loudspeaker 190 are
comprised of steel, though, materials of suitable rigidity, weight and acoustic properties can
be used instead or in addition. The panels 204a, 204b comprise polycarbonate, though, again,
other materials (such as steel or other metal, ABS, and so forth), of suitable rigidity, weight
and acoustic properties can be used instead or in addition. And, as above, the elastomeric
material used to mount/suspend the central portions of walls 100b — 100e to their respective
perimeter portions can comprise rubber or other material of suitable elasticity and acoustic
properties. Moreover, as above, wall 200b can be fabricated by overmolding polycarbonate
central portions (or central portions comprised of ABS or other materials of suitable
properties) into steel perimeter portions using synthetic rubbers or other elastomers, or by
other techniques discussed or alluded to above. Figure 4C depicts the back wall 200b of
speaker 190, specifically highlighting panels 204a and 204b.

Described above and shown in the drawings are loudspeakers and drivers that achieve
the objects of the invention, and more. As evident in the discussion above, among the unique
features of those loudspeakers and drivers are:

« Unlike the prior art, drivers according to the invention employ two surrounds
instead of one surround and a spider. As noted above, the surrounds can (though
they need not) be identical and can be coupled back-to-back as in the illustrated
embodiment, for motional symmetry. This leads to lower distortion and better

centering in mid—position for surer long-distance piston travel.

« The voice coil and magnetic circuit positioned inside the reverse (or inward-facing)
cone or diaphragm, forming a truss-like structure that is 35% flatter, or slimmer,
than prior art constructions, yet, permits the same amount of piston travel.
Slimness facilitates implementations where space is a premium, e.g., panel (or flat)
televisions, car audio, and wall-mounted subwoofers, to name a few. This
configuration also improves tumble stability due to larger moment of inertia.

« Due to the above construction, the voice coil can be much larger than provided for
in the prior art: e.g., 65.5mm (as discussed above) versus 25 mm (common to
prior art). This permits higher energy (BL%*Re) and greater thermal capacity. As
a result, the voice coil can drive heavy cones (or diaphragms), e.g., of the type
described above, for low resonant frequency (F,), permitting smaller enclosures.
For example, in the cubic loudspeaker described above, an enclosure under 5 liter
provides a system with F,=32Hz. Moreover, the size of outward-facing
diaphragm can be scaled over wide range of diameters without taller enclosure.
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The discussion above, for example, utilizes a diaphragm of 6-inch diameter in a 7-
cubic inch enclosure. However, an enclosure of same configuration and not much
greater height can support an 8 or 10” diaphragm. With larger diameters,
surrounds can (but need not) be different. Utilizing back-to-back geometry, as
discussed above, retains high degree of motional symmetry.

«  Air-coupling, via the loudspeaker cabinet, of powerful drivers as described above
with large passive radiators disposed in cabinet walls provides “moving wall
speakers” that can be both small and/or flat.

« The voice coil and magnet are electrically isolated from the front of the
loudspeaker and its enclosure (or cabinet) by way of a frame, baffle or other
mounting members constructed from polycarbonate, ABS or other insulative
material. This permits use of a direct alternating current (a/c) internal amplifier
and, thereby, eliminates the cost, bulk and waste of a separate power supply. For
example, as noted above, in the illustrated embodiment an 8-ohm voice coil
achieves 1000W with half bridge class D amplifier. This lowers cost, size and
weight of the loudspeaker. Opto-coupling or wireless coupling (e.g., via
Bluetooth or otherwise) of the audio input also insures isolation from internal
amplifier, as does use of non-conductive frame members.

Those skilled in the art will appreciate that the embodiments disclosed herein are

merely examples of the invention and that other embodiments, incorporating changes thereto,
fall within the scope of the invention, of which I claim:
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L. A flat or panel-like loudspeaker comprising

an enclosure,

a piston mounted in one external wall of the enclosure,

a passive panels elastically mounted in another external walls of the enclosure and
each air-coupled to the piston.

2. A loudspeaker according to claim 1, wherein audio input is wirelessly or optically
coupled to amplification circuitry within the enclosure.

3. A loudspeaker according to claim 2 that includes a line-voltage amplifier within the
enclosure.
4. A loudspeaker comprising

an enclosure,

a piston mounted in one external wall of the enclosure,

two or more panels, each elastically mounted in a respective one of each of two or
more other external walls of the enclosure and each air-coupled to the piston.

5. The loudspeaker according to claim 4, wherein the enclosure is a cube-shaped.

6. The loudspeaker according to claim 4, wherein a panel is elastically mounted to each
of for external walls of the enclosure other than the wall in which the piston is
mounted.

7. The loudspeaker of claim 4, wherein at least one of the panels is elastically suspended

in it respective external wall.

8. A driver for use in a loudspeaker, the driver comprising

a piston having first and second diaphragms coupled back-to-back with one another,

a voice coil within the second diaphragm.

16
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10.

11.

12.

13.

14.

15.

The driver of claim 8, wherein the piston is disposed within a frame and wherein the
each of the diaphragms is supported by an elastomeric surrounds.

The driver of claim 9, wherein the surrounds are arranged so as to form a force-neutral
suspension for the back-to-back diaphragms.

A loudspeaker comprising

an enclosure,

a driver mounted in one external wall of the enclosure, the driver comprising

a piston having first and second diaphragms coupled back-to-back with one

another,

a voice coil within the second diaphragm, and

two or more panels, each elastically mounted in a each of one or more other external
walls of the enclosure and each air-coupled to the piston.

The loudspeaker of claim 11, wherein the piston is disposed within a frame and
wherein the each of the diaphragms is supported by an elastomeric surrounds.

The loudspeaker of claim 12, wherein the surrounds are arranged so as to form a force-
neutral suspension for the back-to-back diaphragms.

The loudspeaker of claim 11, comprising a wireless audio input.

The loudspeaker of claim 14, comprising an amplifier that is galvanically coupled to
line power.
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