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PLANAR LOUDSPEAKERS, OR THE LIKE, AND ASSOCIATED METHODS

TECHNICAL FIELD
The present disclosure generally relates to electromechanical transducers and,
more particularly, to planar speaker systems and methods for manufacturing webs for

use therein.

BACKGROUND

For many years, speaker systems with loudspeakers have been used in various
applications for conveying audio signals to listeners. Many loudspeakers in use are
referred to as “cone” speakers because of their cone-shaped design. Cone speakers
use a magnet and moving coil arrangement to convert incoming electrical signals to
vibrations of the cone, and the vibrations produce sound waves.

Another type of loudspeaker is the planar speaker, which has a substantially
planar shape. A portion of the structure of a planar speaker typically includes an
arrangement of magnets that create a standing magnetic field. The planar speaker also
includes, within the magnetic field, a flexible substrate upon which a speaker circuit is
formed. In response to electrical signals propagating through the speaker circuit,
which consequently alters its magnetic properties, the speaker circuit experiences a
force of attraction to one magnetic pole while experiencing a repelling force from the
other pole. In this way, the substrate vibrates in response to the electrical audio
signals, thus creating sound waves. As examples, each of U.S. Patent Application
Publication No. 2004/0200801, U.S. Patent No. 6,492,009 and U.S. Patent No.
6,645,389 disclose some aspects of planar speakers, and the entire disclosure of each
of the above-referenced documents is incorporated herein by reference.

Many speaker systems include multiple loudspeakers. In order to sufficiently
produce a wide range of audible frequencies, different types of loudspeakers can be
used. For example, a relatively large loudspeaker, referred to as a “woofer”, is
typically able to accurately produce sounds within a relatively lower frequency range.
A relatively small loudspeaker, referred to as a “tweeter”, is typically able to

accurately produce sounds within a relatively higher frequency range. In addition,
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speaker systems typically use a “midrange” loudspeaker to produce sounds within a
relatively intermediate frequency range that is between the relatively lower and higher
frequency ranges. In many systems, a crossover circuit is used to filter out certain
out-of-range frequencies for each respective loudspeaker. In this way, each speaker is
supplied with a range of frequencies that it can properly handle.

In the field of speaker system design, there is always a desire for a new
balance of properties, for example with respect to simplifying the manufacturing

process for creating speaker systems, particularly planar speaker systems.

SUMMARY

The present disclosure describes electromechanical transducers, such as planar

~ speakers of audio systems. In one embodiment, among others, an electromechanical

transducer comprises a frame adapted to support a substrate having a plurality of
electrically conductive circuits formed thereon. The substrate, or at least a portion
thereof, may be substantially planar, and the circuits may be formed by selective
demetalization with an echant. In one example, at least first and second speaker
circuits are provided on the same substrate. The first speaker circuit may be subjected
to a first magnetic field, and the second speaker circuit may be subjected to a second
magnetic field, or both speaker circuits may be subjected to the same magnetic field.
A first force (e.g., related to the first magnetic field) acts upon the first speaker circuit,
such as when electrical current flows through the first speaker circuit. Also, a second
force (e.g., related to the second magnetic field) acts upon the second speaker circuit,
such as when electrical current flows through the second speaker circuit. These forces
cause vibrations that produce audible noise.

The present disclosure also describes methods of manufacturing planar
speaker systems. In one implementation, a method comprises the step of forming
multiple planar speaker circuits on a single substrate. The method also includes the
step of supporting the single substrate (e.g., the web that includes the substrate and
speaker circuits) using a frame.

Other features, advantages, and implementations of the present invention will
be apparent to one of ordinary skill in the art upon examination of the following

detailed description and accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

The following figures are schematic, and the components shown in the figures
are not necessarily drawn to scale. Instead, emphasis is placed upon clearly
illustrating the general principles of the present disclosure. Reference characters
designating corresponding components are repeated as necessary throughout the
figures for the sake of consistency and clarity.

Fig. 1 is a side cross-sectional view of portions of a planar speaker system, in
accordance with a first embodiment of the present invention.

Fig. 2 is front view of a representative speaker subcomponent exploded away
from an associated subframe, in accordance with the first embodiment of the present
invention.

Fig. 3 is an exploded front view of a web and portions of a frame of a planar
speaker system, in accordance with a second embodiment of the present invention.

Fig. 4 is an exploded front view of a web and portions of a frame of a planar
speaker system, in accordance with a third embodiment of the present invention.

Fig. 5 is an exploded front view of a web and portions of a frame of a planar
speaker system, in accordance with a fourth embodiment of the present invention.

Fig. 6 is an isolated view of a web of a planar speaker system, wherein the
web is shown in a flat configuration, although the web includes regions for
respectively extending in different planes, in accordance with a fifth embodiment of
the present invention.

Fig. 7A is an isolated view of a web of a planar speaker system, wherein the
web is shown in a flat configuration, although the web includes regions for
respectively extending in different planes, in accordance with a sixth embodiment of
the present invention.

Fig. 7B is an exploded view of portions of the planar speaker system of the
sixth embodiment of the present invention.

Fig. 8A is an isolated view of a web of a planar speaker system, wherein the
web is shown in a flat configuration, although the web includes regions for
respectively extending in different planes, in accordance with a seventh embodiment

of the present invention.



WO 2009/108208 PCT/US2008/055836

10

15

20

25

30

Fig. 8B shows the web of Fig. 8A formed into a three-dimensional shape, in
accordance with a version of the seventh embodiment of the present invention.

Fig. 9 is a flow chart illustrating an embodiment of a method for
manufacturing a speaker system.

Fig. 10 is a flow chart illustrating an embodiment of a method for forming a

web of a planar speaker system.

DETAILED DESCRIPTION

In the following, a brief discussion of one aspect of a first embodiment of the
present invention is followed by a more detailed discussion. As described in greater
detail below, a single web can include multiple speaker circuits formed on a flexible
substrate. The web, which includes the multiple speaker circuits, can be mounted on
a frame in a manner such that at least some of the multiple speaker circuits are
substantially simultaneously aligned with respective features (e.g., subframes) of the
frame and/or respective features (e.g., magnets) carried by the frame.

Fig. 1 is a schematic cross-sectional view of portions of an electromechanical
transducer, which is described in the following in accordance with the first
embodiment of the present invention. The electromechanical transducer may be
configured as a planar speaker system 10 that includes, among other things, a frame
12 (e.g., an enclosure and/or cabinet-like frame) that includes a fixed support 14. The
planar speaker system 10 also includes a web 15, and the web includes a flexible
substrate 16. At least portions of the substrate 16 are for being vibrated to create
sound waves, and the substrate may be any suitable material, as will be discussed in
greater detail below. The flexible substrate 16 includes edge portions that are
typically held stationary by the frame 12. If desired, the web 15 may be covered with
a fabric cover (not shown) or any other suitable cover for the purpose of decoration
and/or protection. Typically any such cover will be spaced apart from the portions of
the substrate 16 / web 15 that vibrate, so as not to interfere with the vibrating of the
substrate 16.

In some embodiments, the planar speaker system 10 includes a second web
positioned on an opposite side of the fixed support 14 from the web 15. The second

flexible substrate can be configured to include substantially the same structure and
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functions as mentioned herein with respect to the web 15. Thus, multiple webs may
be used in the planar speaker system 10.

Residing on the fixed support 14 are one or more magnets, or sets of magnets
(e.g., permanent magnets) for creating standing magnetic fields. As shown in Fig. 1,
the fixed support 14 includes a first set of magnets 18, which creates a first magnetic
field pattern, and a second set of magnets 20, which creates a second magnetic field
pattern. Depending on the design of the planar speaker system 10, the fixed support
14 can include additional sets of magnets positioned thereon to create additional
magnetic field patterns. The number of corresponding sets of magnets typically
depends primarily on the number of speakers or speaker circuits included in the planar
speaker system 10. Alternatively, multiple speaker circuits may be associated with a
single set of magnets, or the like.

The flexible substrate 16 is positioned near the fixed support 14. The
peripheral edges of the flexible substrate 16 are typically respectively supported by
fixed edge supports 22. The fixed edge supports 22 form part of the structure of the
frame 12. The fixed edge supports 22 are positioned to support at least two edges
(e.g., the fixed edge supports 22 may respectively support all of the peripheral edges)
of the flexible substrate 16 in a fixed relationship with the fixed support 14 and the
corresponding sets of magnets. The peripheral edges of the flexible substrate 16 may
be fixedly mounted to the edge supports 22 by way of adhesive material, clips, or by
way of any other suitable material, devices or mounting method.

In accordance with the first embodiment and as best understood with reference
to Fig. 1, the web 15 includes at least two composite components (e.g., loudspeaker
subcomponents 24-1 and 24-2) formed on one side or both sides of the flexible
substrate 16. Fig. 2 is a schematic front view that illustrates a speaker subcomponent
24 that is representative of each of the speaker subcomponents 24-1 and 24-2 shown
in Fig. 1, and Fig. 2 shows the representative speaker subcomponent 24 exploded
away from a representative subframe 32, as will be discussed in greater detail below.

As will also be discussed in greater detail below, features of the representative

~ speaker subcomponent 24 may be formed, for example, by selective demetalization

with an echant. In accordance with the first embodiment, the representative speaker
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subcomponent 24 includes a speaker circuit 25 and a border 30 that are formed (e.g.,
by selective demetalization with an echant) on the flexible substrate 16.

As best understood with reference to Fig. 2, the speaker circuit 25 of the

representative speaker subcomponent 24 includes a serpentine electrically conductive
path 26 formed on the flexible substrate 16. The ends of conductive path 26 typically
terminate at terminal pads 28, which can be connected to electrical conductors that
supply audio signals in electrical form. In some embodiments, the terminal pads 28
may be connected to terminal pads of other speaker circuits formed on the same
flexible substrate 16. As a result, the electrical signals can be applied to the different
speaker circuits in parallel. The conductive path 26 can be configured as illustrated in
Fig. 2 or in any other suitable configuration.

The border 30 of the representative speaker subcomponent 24 is typically
included, but in some situations it is optional and may be omitted. The border 30,
when present, typically extends at least substantially all the way around the speaker
circuit 25, and the border is shown as extending all the way around the speaker circuit
25 in Fig. 2. As will be discussed in greater detail below, the border 30 may be
fixedly mounted in a manner that isolates the portion of the flexible substrate 16 that
is bounded by the border from those portions of the flexible substrate that are exterior
to the border, so that from a functional standpoint the representative speaker
subcomponent 24 may be characterized as including (e.g., consisting essentially of)
the speaker circuit 25, border 30, and the portion of the flexible substrate 16 that is
bounded by (e.g., substantially surrounded by) the border.

In accordance with the first embodiment and as best understood with reference
to Fig. 1, the frame 12 includes subframes 32-1 and 32-2 respectively for the speaker
subcomponents 24-1 and 24-2. In accordance with the first embodiment, each
subframe 32-1, 32-2 includes a base 34-1, 34-2 mounted to the fixed support 14, and a
face 36-1, 36-2 fixedly mounted to the border 30 (see Fig. 2) of the respective speaker
subcomponent 24-1, 24-2. The bases 34-1, 34-2 may be mounted to the fixed support
14 by way of adhesive material, clips, or by way of any other suitable material,
devices or mounting method.

Fig. 2 shows the representative speaker subcomponent 24, which is

representative of each of the speaker subcomponents 24-1, 24-2 of Fig. 1, exploded
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away from a subframe 32, which is representative of each of the subframes 32-1, 32-2
of Fig. 1. The border 30 of the representative speaker subcomponent 24 may be
fixedly mounted to the face 36 of the representative subframe 32 by way of adhesive
material, or by way of any other suitable material, device or mounting method. In
accordance with the first embodiment, the face 36 of the representative subframe 32 is
shaped and sized substantially the same as the border 30 of the representative speaker
subcomponent 24, and the face 36 extends around and defines an opening 38.
Accordingly, the border 30 of the representative speaker subcomponent 24 can be
characterized as extending substantially around the opening 38. While they are
vibrating, the speaker circuit 25 of the representative speaker subcomponent 24 and
the speaker subcomponent’s portion of the flexible substrate 16 may extend into the
subframe’s opening 38.

In accordance with the first embodiment, the border 30 of the representative
speaker subcomponent 24 and the face 36 of the representative subframe 32 are
oriented toward one another (e.g., if it weren’t for the adhesive material interposed
between them, the border 30 of the representative speaker subcomponent 24 and the
face 36 of the representative subframe 32 would be in opposing face-to-face
configuration with respect to one another, although other arrangements may be
suitable. Accordingly and as an example of the schematic nature of some of the
figures of this disclosure, Fig. 2 may appear to be schematic with respect to a version
of the first embodiment in which the border 30 and the speaker circuit 25 are formed
on only the back side of the flexible substrate 16 (e.g., the border 30 and the speaker
circuit 25 may appear to be on the front side of the flexible substrate 16 in Fig. 2).
However, the border 30 and the speaker circuit 25 may be on either or both sides of
the flexible substrate 16, and the flexible substrate 16 may be transparent to light, so
that the border 30 and the speaker circuit 25 may be seen through the flexible
substrate 16. For example, Fig. 2 can be characterized as being illustrative of an
embodiment in which the flexible substrate 16 is substantially transparent, such that
the speaker circuit 25 and the border 30 are seen through the flexible substrate. It is
also within the scope of the present invention for the substrate 16 not to be

transparent.
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As best understood with reference to Fig. 1, when electrical current flows
through the speaker circuits 25 (Fig. 2) of the speaker subcomponents 24-1, 24-2, the
magnetic properties of the speaker circuits change. Since the web 15 is subjected to
magnetic fields from one or more sets of magnets 18, 20, etc., changes in the
magnetic properties causes magnetic forces on the speaker circuits 25. The magnetic
forces can attract the speaker circuits 25 toward the fixed support 14 or repel the
speaker circuits 25 away from the fixed support 14. Typically, the flexible substrate
16 remains fixed, except for those portions of the flexible substrate that are
respectively bounded by the borders 30. That is, the portions of the flexible substrate
16 that are bounded by the borders 30 flex with the respective movement of the
speaker circuits 25. Stated differently, portions of the flexible substrate 16 that are
respectively bounded by the borders 30 can oscillate toward and away from the fixed
support 14 in response to the electrical current flowing through respective speaker
circuits 25. In effect, the side to side motion of the respective portions of the flexible
substrate 16 are vibrations that create sound waves.

As shown in Fig. 1, the web 15 includes at least two speaker subcomponents
24-1, 24-2. The first speaker subcomponent 24-1 is positioned in the vicinity of the
first set of magnets 18 such that the first speaker subcomponent 24-1 experiences the
effects of the magnetic field created by this set of magnets. More specifically, the
first speaker subcomponent 24-1 may be formed so as to be adjacent to or near the
first set of magnets 18. Similarly, the second speaker subcomponent 24-2 is located at
a position proximate the second set of magnets 20. Any desirable number N of
speaker subcomponents 24-1 to 24-N can be included in the web 15. In variations of
the first embodiment in which the web 15 includes more than two speaker
subcomponents 24, the design of the web 15 and frame 12 typically includes
additional speaker subcomponents respectively associated with additional sets of
magnets and subframes.

The speaker subcomponents 24-1 to 24-N can be configured to be different
types of speaker subcomponents. More specifically and for example, each of the
speaker subcomponents 24-1 to 24-N may be any one of a woofer speaker
subcomponent having a substantially level frequency response within a range of

relatively low audible frequencies, a tweeter speaker subcomponent having a
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substantially level frequency response within a range of relatively high audible
frequencies, and a midrange speaker subcomponent having a substantially level
frequency response within a range of frequencies including frequencies between the
relatively low audible frequencies and the relatively high audible frequencies.
Alternatively, the planar speakef system 10 may include other types of speakers (e.g.,
subwoofers and super-tweeters).

The differences between the woofer, midrange and tweeter speakers described
in the present disclosure may be related to the size of the conductive paths 26 (Fig. 2)
and/or borders 30 (Fig. 2) of each speaker subcomponent. For example, a woofer
speaker subcomponent may have a relatively large border 30 that is about six inches
by twenty-four inches, a midrange speaker subcomponent may have a relatively mid-
sized border 30 that is about four inches by eight inches, and a tweeter speaker
subcomponent may have a relatively small border 30 that is about two inches by four
inches. However, other sizes and other features and/or characteristics for providing
specific frequency ranges are within the scope of the present invention. In addition,
the different speakers may have different frequency response. For example, the
woofer speakers may have a relatively flat frequency response within a range of about
40Hz to about 1kHz; the midrange speakers may have a relatively flat frequency
response within a range of about 300 Hz to about SkHz; and the tweeter speakers may
have a relatively flat frequency response within a range of about 2kHz to about
20kHz. Although similar electrically conductive path configurations for the speaker
circuits are illustrated in the figures herewith, the speaker circuits may include any
suitable path configuration as desired and the speakers may have any suitable size and
frequency response.

In accordance with one acceptable method of the first embodiment, the single
web 15 of the first embodiment includes all of the speaker subcomponents 24-1 to 24-
N of the first embodiment, and the following occurs substantially simultaneously: the
mounting of the edges of the flexible substrate 16 to the edge supports 22 and/or the
mounting of the borders 30 to the faces 36 of the subframes 32. As best understood
with reference to Fig. 1 and in accordance with the first embodiment: all of the
borders 30 (Fig. 2) extend (e.g., substantially extend) in a common first plane; all of

the subframe’s faces 36 extend (e.g., substantially extend) in a common second plane
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that is parallel to and closely adjacent to the first plane; and, while the planar speaker
system 10 is not operating, all of the speaker circuits 25 extend (e.g., substantially
extend) in the first plane with the borders 30, whereas at least the portions of the
substrate 16 that are portions of the speaker subcomponents 24-1 to 24-N extend in a
common third plane that is parallel to and closely adjacent to the second plane. The
second plane is between the first and third planes. However, different configurations
are within the scope of the present invention, and some examples of possible different
configurations are described in the following.

Fig. 3 is an exploded, schematic front view of portions of a planar speaker
system 110, in accordance with a second embodiment of the present invention. More
specifically, Fig. 3 illustrates a substantially planar web 115, which includes speaker
subcomponents 124-1, 124-2, 124-3, exploded away from a frame 112, which
includes edge supports 122 and subframes 132-1, 132-2, 132-3. Fig. 3 and similar
figures are schematic, for example, because the frame’s fixed support (e.g., see the
fixed support 14 in Fig. 1) and the magnets (e.g., see the magnets 18, 20 shown in Fig.
1) are not shown in Fig. 3. The second embodiment of the present invention is like
the first embodiment, except for variations noted and variations that will be apparent
to one of ordinary skill in the art. Accordingly, reference numerals for features of the
second embodiment that are like corresponding features of the first embodiment are
incremented by 100.

In accordance with the second embodiment, the web 115 includes three
differently sized speaker subcomponents 124-1, 124-2, 124-3, and the frame 112
includes three differently sized subframes 132-1, 132-2, 133-3 / subframe faces 136-1,
136-2, 136-3 that are respectively aligned with and mounted to the borders (e.g., see
border 30 in Fig. 2) of the speaker subcomponents 124-1, 124-2, 124-3. The
periphery of the web 115 is sized for being mounted to / is mounted to the frame’s
peripheral edge supports 122.

The relatively large speaker subcomponent 124-1 is a subcomponent of a
woofer speaker, which is better able to handle relatively lower frequency signals. The
woofer speaker subcomponent 124-1 can thus produce low frequency oscillation of
the respective portion of the flexible substrate 116 to create relatively low frequency

sound waves. The relatively medium-sized speaker subcomponent 124-2 is a
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component of a midrange speaker, which is better able to handle frequency signals
within a relatively middle range between the woofer and tweeter speakers. The
medium speaker subcomponent 124-2 can thus produce oscillations in the respective
portion of the flexible substrate 116 at these relatively middle frequencies for creating
sound waves in the relatively intermediate audible range. The relatively small
speaker subcomponent 124-3 represents a subcomponent of a tweeter speaker, which
is better able to handle higher frequency signals. The small speaker subcomponent
124-3 can thus produce relatively high frequency oscillation of the respective portion
of the flexible substrate 116 to create high frequency sound waves.

Fig. 4 is a schematic front view of a substantially planar web 215, which
includes speaker subcomponents 224-1, 224-2, 224-3, exploded away from a frame
212, which includes edge supports 222 and subframes 232-1, 232-2, 232-3, in
accordance with a third embodiment of the present invention. The third embodiment
of the present invention is like the second embodiment, except for variations noted
and variations that will be apparent to one of ordinary skill in the art. Accordingly,
reference numerals for features of the third embodiment that are like corresponding
features of the second embodiment are incremented by 100. Unlike the embodiment
of Fig. 3, the embodiment of Fig. 4 includes, for example, multiple tweeters / tweeter
speaker subcomponents 224-3 and multiple midrange speakers / midrange speaker
subcomponents 224-2. In some embodiments, there can be multiple woofers / woofer
speaker subcomponents 224-1. As illustrated in Fig. 4, the tweeter speaker
subcomponents 224-3 are positioned proximate the four corners of the flexible
substrate 216.

Fig. 5 is a schematic front view of a substantially planar web 315, which
includes speaker subcomponents 324-1, 324-2, 324-3, exploded away from a frame
312, which includes edge supports 322 and subframes 332-1, 332-2, 332-3, in
accordance with a fourth embodiment of the present invention. The fourth
embodiment of the present invention is like the third embodiment, except for
variations noted and variations that will be apparent to one of ordinary skill in the art.
Accordingly, reference numerals for features of the fourth embodiment that are like
corresponding features of the third embodiment are incremented by 100. The

arrangement of Fig. 5 is different from that of Fig. 4 in that, for example, the tweeter
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speaker subcomp'onents 324-3 are positioned at a top portion of the flexible substrate
316, the midrange speaker subcomponents 324-2 are positioned at a middle portion of
the flexible substrate 316, and the woofer speaker subcomponent 324-1 is positioned
at a lower portion of the flexible substrate 316. A variety of arrangements are within
the scope of the present invention.

Fig. 6 is a schematic isolated view of a web 415 of a planar speaker system in
a flat configuration, in accordance with a fifth embodiment of the present invention.
The fifth embodiment of the present invention is like the fourth embodiment, except
for variations noted and variations that will be apparent to one of ordinary skill in the
art. Accordingly, reference numerals for features of the fifth embodiment that are like
corresponding features of the fourth embodiment are incremented by 100.

In accordance with the fifth embodiment, the web 415 is segregated into
regions 50, 52, 54 that respectively include the woofer, midrange and tweeter speaker
subcomponents 424-1, 424-2, 424-3. The regions 50, 52, 54 may be respectively
defined, at least in part, by lines of disruption 46, 48 formed in or on the flexible
substrate. Each of the lines of disruption 46, 48 may, for example, be a fold line (e.g.,
a score line for facilitating at least partial folding there along) a line formed by the
application of a marking agent or the like (e.g., a line formed by the application of
ink), or any other type of line of disruption which is visually apparent, facilitates
folding therealong, and/or helps to facilitate mounting to a frame (e.g., see the frame
12 of Fig. 1), as will be discussed in greater detail below. As another specific
example, the lines of disruption 46, 48 may be formed at the same time as the speaker
subcomponents 424-1, 424-2, 424-3 by selective demetalization with an echant, as
will be discussed in greater detail below.

As shown in Fig. 6, the lines of disruption 46, 48 are parallel (e.g.,
substantially parallel) to one another. However, in other embodiments, the lines of
disruption 46, 48 may be oblique with respect to one another or in other arrangements
depending on the particular design. More specifically regarding the regions 50, 52, 54
into which the web 415 is segregated, the flexible substrate 416 includes a first region
50, a second region 52, and a third region 54. As shown in Fig. 6, the periphery of
each region 50, 52, 54 is at least partially defined by the lines of disruption 46, 48,

although there may be other arrangements. The regions 50, 52, 54 may accommodate
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different types of speaker subcomponents if desired. For example, as illustrated, the
tweeter speaker subcomponents 424-3 are positioned in the first region 50, the
midrange speaker subcomponents 424-2 are positioned in the second region 52, and
the woofer speaker subcomponent 424-1 is positioned in the third region 54.
Alternatively, the different regions 50, 52, 54 may include different types and
combinations of speaker subcomponents to meet particular design parameters. From
the arrangement shown in Fig. 6, the flexible substrate 416 can be folded (e.g.,
partially folded) along the respective lines of disruption 46, 48 to direct groups of
speakers within the respective regions 50, 52, 54 in different directions.

The frame of the fifth embodiment (not shown, but for example see frame 12
of Fig. 1) is configured to properly support the flexible substrate 416 in its folded
state. Further, the fifth embodiment’s fixed support (not shown, but for example see
fixed support 14 of Fig. 1) and magnets (not shown, but for example see magnets 18,
20 of Fig. 1) are configured to respectively correspond to the location of the speaker
subcomponents 424-1, 424-2, 424-3 with the flexible substrate 416 in its folded state.
In this respect, the frame of the fifth embodiment may be designed with additional
supports for holding the edges of each region 50, 52, 54. These additional supports of
the frame can also help to orient the regions 50, 52, 54 in specific directions according
to the design. For each of the regions 50, 52, 54 of the fully assembled and not
operating speaker system, the region’s borders 30 and speaker circuits 25 typically
extend in a common plane.

In some embodiments, the flexible substrate can inciude one line of disruption
to create two regions. Or, the flexible substrate can include any number of lines of
disruption to create as many regions as needed to create a specific sound distribution
according to a particular design. As explained in more detail below, the flexible
substrate can be trimmed or cut to allow the typically single piece of flexible substrate
to be formed (e.g., folded) into any desirable shape or configuration.

Fig. 7A is a schematic isolated view of a web 515 of a planar speaker system
in a flat configuration, in accordance with a sixth embodiment of the present
invention. The sixth embodiment of the present invention is like the fifth
embodiment, except for variations noted and variations that will be apparent to one of

ordinary skill in the art. Accordingly, reference numerals for features of the sixth
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embodiment that are like corresponding features of the fifth embodiment are
incremented by 100 or 500.

In accordance with the sixth embodiment, the lines of disruption 546, 548 are
not parallel. Rather, the lines of disruption 546, 548 are perpendicular (e.g.,
substantially perpendicular) to one another, although they can be oriented at any
desirable angle with respect to each other. The lines of disruption 556, 558 divide the
flexible substrate 516 into a first region 550, a second region 552, and a third region
554, When the flexible substrate 516 is folded about the lines of disruption 556, 558,
an edge 66 of the first region 550 can be aligned to abut an edge 68 of the third region
554. In some embodiments, the flexible substrate 516 may include one or more tabs
(not shown) along one or both of the edges 66, 68 to facilitate attachment (e.g.,
adhesion) of the edges 66, 68 together. Adhesive material may be used for adhering
the tabs, or they may be attached by way of any suitable devices (e.g., clips), materials
and/or methods.

Fig. 7B is an exploded schematic view of portions of a planar speaker system
510, in accordance with the sixth embodiment of the present invention. More
specifically, Fig. 7B schematically shows the single web 515 of Fig. 7A folded along
the lines of disruption 546, 548 into a three-dimensional shape and exploded away
from a frame 512, which includes edge supports 522 and subframes 532-1, 532-2,
532-3, in accordance with the sixth embodiment. The three-dimensional shape may
be formed by folding the flexible substrate 516 along the lines of disruption 546, 548
and optionally joining the edges 66, 68 together. As shown in Fig. 7B, the three
regions 550, 552, 554 form a shape that appears to be three sides of a cube, where
each side is adjacent to the other two sides.

In accordance with the sixth embodiment, the frame 512 is configured so that
the subframe face 536-1 extends (e.g., substantially extends) in a first plane, the
subframe faces 536-2 extend (e.g., substantially extend) in a common second plane
that is not parallel to (e.g., is substantially perpendicular to) the first plane, and the
subframe faces 536-3 extend (e.g., substantially extend) in a common third plane that
is not parallel to (e.g., is substantially perpendicular to) the first and second planes.
When the speaker system 510 of the sixth embodiment is fully assembled, edges and

corners of the folded substrate 516 are typically respectively adhered to (or otherwise
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attached to in any suitable manner) the edge supports 522 of the frame 512. For
example, the lines of disruption 546, 548 may be adhered to or otherwise attached to
respective edge supports 522 of the frame. Also, the subframe faces 536-1, 536-2,
536-3 are respectively aligned with and mounted to the borders (e.g., see border 30 of
Fig. 2) of the speaker subcomponents 524-1, 524-2, 524-3. Accordingly, the regions
550, 552, 554 extend in (e.g., substantially extend in) planes that are respectively
parallel to and adjacent to the first, second and third planes that the subframe faces
536-1, 536-2, 536-3 extend in.

Fig. 8A is a schematic isolated view of a web 615 of a planar speaker system
in a flat configuration, in accordance with a seventh embodiment of the present
invention. The seventh embodiment of the present invention is like the sixth
embodiment, except for variations noted and variations that will be apparent to one of
ordinary skill in the art. Accordingly, reference numerals for features of the seventh
embodiment that are like corresponding features of the sixth embodiment are
incremented by 100.

As shown in Fig. 8A, the web 615 is somewhat circular except for a section or
slice that is removed. The removed section in combination with the lines of
disruption 646, 648 respectively partially define the generally pie-shaped regions 650,
652, 654. The regions 650, 652, 654 are configured to have substantially the same
size and shape as one-another to provide at least some symmetry in a folded state.
When the web 615 is folded along the lines of disruption 646, 648, an edge 80 of the
first region 650 can be aligned to and abut with an edge 82 of the third region 654. In
some embodiments, the flexible substrate 616 may include one or more tabs (not
shown), such as adhesion tabs, along one or both of the edges 80, 82 to facilitate
attachment of the edges 80, 82 together. This attachment between the edges 80, 82
may be made in any suitable manner, and in some situations these edges may not be
directly attached to one another.

Fig. 8B illustrates the web 615 of Fig. 8A formed (e.g., folded) into a three-
dimensional shape. The three-dimensional shape can be formed, for example, by
folding the web 615 along the lines of disruption 646, 648 and optionally joining the
edges 80, 82 together. Fig. 8B is a schematic pictorial view of the planar speaker

system 610 of the seventh embodiment, with the three regions 650, 652, 654 together
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forming a generally three-sided pyramidal shape with a substantially or somewhat
circular base (e.g., substantially a cone). Nonetheless, at least portions of each of the
three regions 650, 652, 654 (e.g., at least the speaker subcomponents 624-1, 624-2,
624-3) of the speaker system 610 can be characterized as being substantially planer.
The frame of the seventh embodiment (not shown, but for example see frame 12 of
Fig. 1 and frame 512 of Fig. 7B) can be designed to have a three-dimensional shape
that is sufficient to support the web 615 in its three-dimensional shape.

Fig. 9 is a flow chart illustrating an embodiment of a method that may be used,
for example, for manufacturing the above-discussed speaker systems. The method of
Fig. 9 can also be performed to manufacture other planar speaker systems according
to other various design specifications that may be contemplated by one of ordinary
skill in the art having an understanding of the present disclosure. Fig. 9 includes
designing a planar speaker system, as indicated in block 86. The design of the
speaker system can include a design layout of the speaker circuits on a substrate and a
structural plan of the frame used for supporting the substrate. Block 86 may be
optional and in some implementations may be omitted from the process flow. For
instance, when a design is already planned, the method of Fig. 9 can begin with block
88.

In block 88, multiple speaker circuits (and optionally also multiple borders
and/or lines of disruption) are formed on one or both sides of a single substrate
according to the design of the particular planar speaker system. The multiple speaker
circuits may include any size or type of speaker circuits for oscillating the substrate.
Each of the speaker circuits / speaker subcomponents may have any suitable
frequency response characteristics and may be classified as a tweeter subcomponent,
midrange subcomponent, woofer subcomponent, or other frequency range responsive
device. In block 90, the method includes coupling conductors, such as speaker wires,
to termination pads of the speaker circuits. In some embodiments, the pads of all the
speaker circuits on the substrate can be connected in parallel if no cross-over circuit is
needed.

Block 92 includes the step of preparing the substrate to fit the corresponding
frame. The preparing step can include folding along lines of disruption, cutting edges

of the substrate, cutting and removing sections of the substrate, and/or other
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preparation actions. In block 94, the substrate is attached to the frame according to
the particular design. The substrate is supported by the frame in such a way that the
substrate (e.g., respective portions of the substrate) can vibrate or oscillate without
significant restriction to reproduce desired sound output. Also, the frame may include
magnets or other suitable apparatus for establishing a constant magnetic field pattern.
Fig. 10 is a flow chart illustrating an embodiment of a method that may be
used for forming, or at least partially forming, any one of the above-discussed webs
by forming multiple speaker subcomponents onto a substrate. As an example, the
method of Fig. 10 may correspond to block 88 shown in Fig. 9 for forming multiple
speaker circuits (and optionally also multiple borders and/or line(s) of disruption) on a
single substrate. In block 96 of Fig. 10, the method includes providing a plastic film
base or any other suitable base as the substrate. The plastic film base can include any
flexible material suitable for sound reproduction when oscillated. For example, the
plastic film base may comprise polyester, such as polyethylene naphthalate (PEN).
The method further includes laminating the base with a foil layer, such as an
aluminum foil layer, as indicated in block 98. In some embodiments, both sides of the
base can be laminated with foil. In block 100, at least a design of the speaker
subcomponents (e.g., the speaker circuits, and optionally also the multiple borders
and/or line(s) of disruption) is printed onto the foil layer, such as with a protective ink
or another type of protective coating. The printed design may be for defining any
size, shape, frequency response, type, etc., of a plurality of planar speaker circuits and
optionally also multiple borders and/or line(s) of disruption. Printing the design
typically also entails printing / defining termination pads for each speaker circuit for
contact with external circuitry. In some embodiments, block 100 may also include
printing / defining conducting paths that connect the multiple speaker circuits in
parallel. Block 102 includes the step of immersing the base into a caustic bath or
otherwise suitably exposing the base to a suitable echant to etch away the unprotected
foil to form the resultant web. More specifically, typically a plurality of the webs are
formed in series and subsequently separated from one another by cutting, such that
each resulting web includes at least two of the speaker subcomponents. Other post-
production steps, such as adding protection layers, can be included in the method of

Fig. 10 as well. The etching away of the unprotected foil can be generally referred to
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as selective demetalizing with an etchant, and the demetalizing can be carried out in
any suitable fashion.

The embodiments described herein merely represent exemplary
implementations and are not intended to necessarily limit the present disclosure to any
specific examples. Instead, various modifications can be made to these embodiments
as would be understood by one of ordinary skill in the art. Any such modifications
are intended to be included within the spirit and scope of the present disclosure and
protected by the following claims. That is, it will be understood by those skilled in
the art that while the present invention has been discussed above with reference to
exemplary embodiments, various additions, modifications and changes can be made
thereto without departing from the spirit and scope of the invention as set forth in the

following claims.
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CLAIMS

I claim:

1. An electromechanical transducer comprising:

a web including a substrate and a plurality of circuits formed on the substrate
by selective demetalization with an echant, wherein at least a portion of the substrate
is substantially planar, and the circuits are electrically conductive; and

a frame to which the web is mounted.

2. The electromechanical transducer of claim 1, wherein the

electromechanical transducer is a speaker system.

3. The electromechanical transducer of claim 1, wherein at least two of
the electrically conductive circuits are on the substantially planar portion of the

flexible substrate.

4, The electromechanical transducer of claim 1, wherein:

the substantially planar portion of the flexible substrate is a first substantially
planar portion of the flexible substrate;

the flexible substrate includes a second substantially planar portion that
extends nonparallel to the first substantially planar portion of the flexible substrate;

at least a first of the electrically conductive circuits is on the first substantially
planar portion of the flexible substrate; and

at least a second of the electrically conductive circuits is on the second

substantially planar portion of the flexible substrate.
5. The electromechanical transducer of claim 1, wherein:

the substrate together with the circuits at least partially forms a plurality of

electromechanical transducer components; and
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each component of the plurality of electromechanical transducer components
is configured to provide a substantially level frequency response within a particular

frequency range.

6. The electromechanical transducer of claim 5, wherein the plurality of
electromechanical transducer components comprises a tweeter speaker, a midrange

speaker, and a woofer speaker.

7. The electromechanical transducer of claim 6, wherein the plurality of
electromechanical transducer components further comprises multiple tweeter

speakers.

8. The electromechanical transducer of claim 1, wherein the substrate

comprises at least one fold line.

9. The electromechanical transducer of claim 8, wherein:

the web is at least partially folded along the fold line so that the fold line at
least partially defines regions of the web that face different directions; and

the frame is configured for sufficiently supporting each of the regions of the

web.

10.  The electromechanical transducer of claim 1, wherein the plurality of

electrically conductive circuits are connected in parallel.

11. A method of manufacturing a planar speaker system, the method
comprising:

providing a web that includes a plurality of speaker circuits; and

then mounting the web, which includes the plurality of speaker circuits, to a

frame.
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12. The method of claim 11, wherein:
the providing step comprises forming the speaker circuits, and

the forming step comprises selectively demetalizing with an echant.

13. The method of claim 11, wherein:
the web includes a plurality of borders;
the borders respectively extend substantially around the speaker circuits;

the mounting step comprises substantially simultaneously mounting the

borders to the frame.

14. The method of claim 13, wherein:
the frame includes a plurality of openings, and

the borders respectively extend substantially around the openings.

15.  The method of claim 11, wherein the mounting step comprises at least

partially folding the web along the at least one fold line, the at least one fold line

divides the substrate into a plurality of regions, and each region contains at least one

of the speaker circuits.

16.  The method of claim 15, wherein the folding step comprises orienting

the plurality of regions to face different directions.

and

17.  The method of claim 15, further comprising:

before the folding step, cutting the web to form a first edge and a second edge;
aligning the first edge and the second edge with one another.

18.  The method of claim 11, wherein the providing step comprises:
laminating a substrate with foil;

printing a design of at least the plurality of speaker circuits on the foil; and

removing the unprinted portions of the foil.
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19.  The method of claim 18, wherein the removing step comprises

immersing the substrate in a caustic bath.

20.  The method of claim 11, wherein the providing step comprises:

forming a first speaker subcomponent, wherein the first speaker subcomponent
comprises a first speaker circuit of the plurality of speaker circuits, and the first
speaker subcomponent is configured for having a substantially uniform frequency
response within a range of relatively low audible frequencies;

forming a second speaker subcomponent, wherein the second speaker
subcomponent comprises a second speaker circuit of the plurality of speaker circuits,
and the second speaker subcomponent is configured for having a substantially
uniform frequency response within a range of relatively high audible frequencies; and

forming a third speaker subcomponent, wherein the third speaker
subcomponent comprises a third speaker circuit of the plurality of speaker circuits,
and the third speaker subcomponent is configured for having a substantially uniform
frequency response at least within a range of frequencies between the low audible

frequencies and the high audible frequencies.
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