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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This non-provisional patent application claims
the benefit and priority to U.S. Provisional Patent Appli-
cation No. 62/615,398, titled "MULTI-WAY ACOUSTIC
WAVEGUIDE FOR A SPEAKER ASSEMBLY" and filed
January 9, 2018, which is incorporated herein in its
entirety by reference thereto.

TECHNICAL FIELD

[0002] This application relates to acoustic waveguides
for speakers.

BACKGROUND

[0003] Many audio speaker systems include multiple
speaker drivers that are each responsible for producing
sounds in specific frequency ranges. For example, con-
ventional speaker systems often include one or more
woofers having a speaker driver designed to produce
low-frequency sounds (i.e., approximately 20Hz -
250Hz), one or more midrange drivers designed to pro-
duce midrange sounds (i.e., approximately 250Hz -
2kHz), and one or more tweeters having speaker drivers
designed to produce high-frequency sounds (i.e., ap-
proximately 2kHz - 20kHz). In these speaker systems,
the woofers, midranges, and tweeters may each be
housed in individual speaker housings. Separating the
speaker drivers into individual speaker housings, how-
ever, can be detrimental to the uniformity and quality of
sound received at a given location due to the different
positions of the individual speakers. For example, muddy
sound localization and poor dialog intelligibility can also
result due to the smearing of sound across multiple
speakers. In addition, two or more sound sources spaced
apart from each other and playing at the same frequency
can cause a phenomenon called lobing to occur. Lobing
occurs when the sound waves from two or more sound
sources cancel each other out at some off-axis locations
and reinforce at others, resulting in the degradation of the
sound at some off-axis listening positions.

[0004] Other speaker systems include multiple speak-
er drivers in a single speaker housing. In these systems,
the speaker drivers can be coupled to horn structures
and/or waveguides positioned adjacent to each other
within the single speaker housing. This configuration with
the speaker drivers positioned near each other can pro-
vide a combined sound at a given location having better
uniformity than in the speaker systems having speaker
drivers in different housings. The speaker drivers, how-
ever, are still separated from each other and the separa-
tion can lead to a sub-optimal wave summation of the
sounds emitted by the individual drivers, which may
provide a non-coherent wave front at the device output.
[0005] Acoustic waveguides have been developed to
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provide improved sound distribution from selected dri-
vers. Examples of such improved waveguides include
the waveguides and associated technology set forth in
U.S. Patent Nos: 7177437, 7953238, 8718310,
8824717, and 9204212, each of which is incorporated
herein in its entirety by reference thereto. These wave-
guides are configured to work with a single high fre-
quency driver and are therefore limited in their operating
bandwidth. It would be desirable to provide a waveguide
thatemits across an extended frequency range using one
or more high-frequency drivers and one or more mid-
range drivers. The inventors of the present technology,
however, have discovered substantive improvements to
the conventional waveguide technologies to provide
these and other benefits.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006]

Figure 1 is a schematic front elevation view of a
speaker assembly with a waveguide in accordance
with an embodiment of the present technology.

Figure 2 is an isometric view of the waveguide and
speaker drivers in the assembly of Figure 1.

Figure 3 is a top plan view of the waveguide of Figure
2 with the speaker drivers removed for purposes of
illustration.

Figure 4 is a cross-sectional view of the waveguide
taken substantially along lines 4-4 of Figure 2.

Figure 5is a schematic front view of the waveguide of
Figure 3.

Figure 6 is a top plan view of a waveguide configured
in accordance with a different embodiment of the
technology.

Figure 7 is a cross-sectional view of the waveguide
taken substantially along lines 7-7 of Figure 6.

Figure 8 is a front elevation view of the waveguide of
Figure 6.

Figure 9 is a side elevation view of a waveguide
configured in accordance with an alternative embo-
diment of the present technology.

Figure 10 is a cross-sectional view of a waveguide in
accordance with another embodiment of the present
technology.

Figure 11 is a front elevation view of the waveguide
shown in Figure 10.
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Figure 12 is a cross-sectional view of a waveguide
having a mixer portion coupled to the front surface of
the waveguide in accordance with embodiments of
the present technology.

Figure 13A is a rear elevation view of a speaker
assembly configured in accordance with an embodi-
ment of the technology.

Figure 13B is a rear elevation view of a speaker
assembly configured in accordance with a different
embodiment of the technology.

Figure 13C is a rear elevation view of a speaker
assembly configured in accordance with yet another
embodiment of the technology.

Figure 13D is a rear elevation view of a speaker
assembly configured in accordance with yet another
embodiment of the technology.

Figure 13E is a rear elevation view of a speaker
assembly configured in accordance with yet another
embodiment of the technology.

Figure 13F is a rear elevation view of a speaker
assembly configured in accordance with yet another
embodiment of the technology.

Figure 14 is a side elevation view of the speaker
assembly shown in Figure 13B.

DETAILED DESCRIPTION

[0007] The presenttechnology is directed to an acous-
tic waveguide for a speaker assembly and associated
systems. Several embodiments of the present technol-
ogy are related to acoustic waveguides coupled to mid-
range and high-frequency speaker drivers and that in-
clude midrange and high-frequency sound channels con-
figured to direct the sound waves produced by the speak-
er drivers out of a front surface of the waveguide. Specific
details of the present technology are described herein
with respect to Figures 1-14. Although many of the em-
bodiments are described with respect to acoustic wave-
guides, it should be noted that other applications and
embodiments in addition to those disclosed herein are
within the scope of the present technology. Further, em-
bodiments of the present technology can have different
configurations, components, and/or procedures than
those shown or described herein. Moreover, a person
of ordinary skill in the art will understand that embodi-
ments of the present technology can have configurations,
components, and/or procedures in addition to those
shown or described herein and that these and other
embodiments can be without several of the configura-
tions, components, and/or procedures shown or de-
scribed herein without deviating from the present tech-
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nology.

[0008] Figure 1 is a schematic view of a speaker as-
sembly 2 having a speaker housing 4 that contains an
acoustic waveguide 6 in accordance with embodiments
of the present technology, and Figure 2 shows the wa-
veguide 6 removed from the speaker housing 4. The
waveguide 6 of the illustrated embodiment is connected
toapairof speakerdrivers 10 and 12 (Figure 2), which are
coupled to a source signal generator that provides elec-
trical signals to the drivers. Upon receiving the electrical
signals, the drivers 10 and 12 generate acoustic sound
waves having selected frequencies, such as high-fre-
quency sound waves or mid-frequency soundwaves.
The waveguide 6 is configured to receive sound from a
plurality of drivers 10 and 12 (Figure 2) and independently
direct the sound through the waveguide 6 to a plurality of
output openings 16/18, such that the sound from each
driver exits the front of the waveguide 6 in a plurality of
selected directions for a desired range of sound distribu-
tion from the waveguide 6.

[0009] The illustrated waveguide 6 includes a housing
8 coupled to first and second speaker drivers, which may
be a midrange driver 10 and a high-frequency driver 12.
The midrange and high-frequency drivers 10 and 12 are
configured to receive source signals from one or more
source signal generator 5 (Figure 1) and to generate
respective midrange and high-frequency sound signals
based on the received source signals. The two drivers 10
and 12 are attached to separate, spaced apart mounting
portions on the housing 8, such that both the midrange
and high-frequency sound signals are directed into and
through the housing 8 along separate, isolated, and
interleaved sound channels 30/32. As discussed in great-
erdetail below, one set of sound channels 30 is coupled to
the midrange driver 10, and a separate set of sound
channels 32 is coupled to the high-frequency driver 12.
The sound channels 30 and 32 terminate at openings 16
and 18 in the front 20 of the housing 8. In the illustrated
embodiment, a mounting flange 14 is provided at the front
20 of the housing 8 generally adjacent to the openings 16
and 18. The mounting flange 14 is configured to be affixed
to the speaker housing 4 (Figure 1) to hold the waveguide
6 and the associated drivers 10 and 12 (Figure 2) in
position in the speaker housing 4. In some embodiments,
the mounting flange 14 can be used to couple the wave-
guide 6 to a horn, such as a horn attached to the speaker
housing 4.

[0010] As seen in Figures 2 and 3, the midrange and
high-frequency drivers 10 and 12 are removably
mounted to the housing 8 and are oriented orthogonally
relative to each other. The midrange driver 10 is mounted
to the top surface of the housing 8, and the high-fre-
quency driver 12 is affixed to the rear of the housing 8
opposite the output openings 16 and 18. In some embo-
diments, the midrange and high-frequency drivers 10 and
12 may be oriented relative to the housing 8 such that a
front portion of the midrange driver 10 (i.e., the portion of
the driver 10 out of which the midrange sound signal is
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emitted)is substantially parallel with the top surface of the
housing 8, and the front portion of the high-frequency
driver 12 (i.e., the portion of the driver 12 out of which the
high-frequency sound signal is emitted) is substantially
parallel with the rear surface of the housing 8 and gen-
erally perpendicular to the housing’s top surface. How-
ever, this mounting configuration of the drivers is merely
an example. In other embodiments, the front portion of
the midrange driver 10 may not be parallel with the top
surface of the housing 8, and the midrange and high-
frequency drivers 10 and 12 may be angled relative to
each other, although not necessarily perpendicular to
each other. In other embodiments, the high-frequency
driver 12 and/or the mounting flange may be arranged so
the high-frequency driver 12 oriented at an angle relative
to the inlet aperture 40 (i.e., not axially aligned).

[0011] The illustrated housing 8 includes rear and top
driver mounting portions 24 and 22. The rear driver
mounting portion 24 has a mounting flange 25 surround-
ing an inlet aperture 40 acoustically coupled to a plurality
of spaced apart high-frequency sound channels 30 ex-
tending through the housing 8. The high-frequency driver
12 removably attaches to the mounting flange 25 so the
high-frequency driver 12 is substantially axially aligned
with the inlet aperture 40. The top driver mounting portion
22 removably receives the midrange driver 10 (Figure 2)
atop the housing 8, and the mounting portion has a
plurality of sound input portions 28a-e each positioned
over a respective sound port 38a-e, each of which is
coupled to a respective one of the sound channels 30
within the housing 8. During operation of the speaker
assembly 2 (Figure 1), the midrange sound signal from
the midrange driver 10 passes through the plurality of
sound input portions 28a-e and into the sound ports 38a-
e.
[0012] The size, shape, and position of the individual
sound input portions 28a-e may be dependent on the
size, shape, and position of the sound ports 38a-e within
the housing 8. In the illustrated embodiment each sound
input portions 28a-e is aligned with a respective one of
the sound ports 38a-e to ensure that the sound emitted by
the midrange driver 10 is directed through sound ports
38a-e. In some embodiments, such as the embodiment
shown in Figure 3, the sound input portions 28a-e are
wedge-shaped openings in the top surface of the housing
8 that align with and are acoustically coupled to respec-
tive rectangular sound ports 38a-e.

[0013] As seen in Figure 4, the waveguide 6 includes
interleaved sets of sound channels within the housing 8.
One set includes a plurality of midrange sound channels
30a-¢ that define isolated midrange sound paths 34a-e,
each of which is coupled between the midrange driver 10
and a respective one of the spaced apart midrange
openings 16a-e at the front of the housing 8. A plurality
of high-frequency sound channels 32a-d that define high-
frequency sound paths 36a-d are interleaved with the
midrange sound channels 30a-e and are each coupled
between the high-frequency driver 12 and a respective
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one of the spaced apart high-frequency openings 18a-d
at the front of the housing 8. During operation, the mid-
range driver 10 generates the midrange sound waves,
which enters the housing 8 through the sound input
portions 28a-e and the sound ports 38a-e, and the mid-
range sound waves travel along the midrange sound
paths 34a-e, and exit the housing in selected directions
through the midrange openings 16a-e. At the same time,
the high-frequency driver 12 generates the high-fre-
quency sound waves, which enter the housing 8 and
travel through the inlet aperture 40, and the high-fre-
quency sound waves travel through the plurality of
high-frequency sound paths 36a-d and exit the housing
8in selected directions through the high-frequency open-
ings 18a-d. Accordingly, each of the midrange sound
paths 34a-e of the illustrated embodiment extends from
a front face of the midrange driver 10, through one of the
sound input portions 28a-e into the respective sound
ports 38a-e, and through the midrange sound channels
30a-e. Each of the illustrated high-frequency sound paths
36a-d extends from a front face of the high-frequency
driver 12, into the inlet aperture 40, and through the high-
frequency sound channels 32a-d.

[0014] In the illustrated embodiment, the midrange
driver 10 is mounted to the housing’s top surface such
that the midrange driver 10 is not axially aligned with the
housing 8. The mid-frequency sound enters the housing
8 through the sound input portions 28a-e and sound ports
38a-e generally normal to the housing’s longitudinal axis,
and changes direction as the sound enters the midrange
sound paths 34a-e to move in a plane generally parallel to
the housing’s longitudinal axis. This arrangement of the
midrange driver 10 wherein the mid-frequency sound
enters the housing substantially non-axially is suitable
because the mid-frequency sound waves from the mid-
range driver are large enough so that a standing wave will
notformin the bend or curve of the midrange sound paths
34a-e. Additionally, the size and shape of the sound input
portions 28a-e, the sound ports 38a-e, and the sound
paths 34a-d can be selected to help mitigate the forma-
tion of any standing waves.

[0015] Inthe housing 8 shown in Figure 4, some of the
sound ports 38a-e are closer to the front 20 of the housing
8 than others. The midrange sound channels 30a-e,
however, are curved or otherwise shaped such that, in
some embodiments, all of the midrange sound paths
34a-e have substantially equal lengths (e.g., equal
acoustic lengths). Accordingly, the midrange sound sig-
nal received in a given one of the sound ports 38a-e must
travel the same distance through the waveguide 6 as the
midrange sound signals entering the other sound ports
38a-e. All of the midrange sound signals entering the
waveguide 6 at the same time will all exit the waveguide 6
at the same time, although through different midrange
openings 16 a-e and in different directions. In other
embodiments, the individual midrange sound channels
30a-e can be sized such that some or all of the corre-
sponding sound paths 34a-e have different lengths.
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[0016] Similarly, in some embodiments, the lengths of
each of the plurality of high-frequency sound paths 36a-d
are all substantially equal to each other (i.e., at least
acoustically equal) so that all of the high-frequency sound
signals entering the inlet aperture 40 atthe same time are
divided between the four high-frequency sound channels
32a-d and travel the same distance as the other high-
frequency sound signals moving along the high-fre-
quency sound paths 36a-d. All of the high-frequency
sound signals entering the waveguide 6 at the same time
will exit the high-frequency openings 18a-d at the same
time even though they each pass through different high-
frequency openings 18a-d and travel in different direc-
tions. In other embodiments, however, the individual
high-frequency sound channels 32a-d can be sized such
that some or all of the corresponding sound paths 36a-d
have different lengths.

[0017] The midrange and high-frequency channels
30a-e and 32a-d are configured to isolate the midrange
sound signals from the high-frequency sound signals as
they travel through the wave guide. Accordingly, the
midrange sound signals do not mix with or travel in the
high-frequency channels 32a-d, and the high-frequency
sound signals do nottravel in the midrange channels 30a-
d. In the illustrated embodiment, the interleaved mid-
range and high-frequency sound channels 30a-e and
32a-d are curved and contoured within the housing 8,
although the channels can have different shapes and
arrangements in other embodiments.

[0018] While the midrange sound paths 34a-e all have
substantially the same path length as each other, and the
high-frequency sound paths 36a-d also have substan-
tially the same path length as each other, the path length
of the midrange sound paths 34a-e is not necessarily the
same as the path length of the high-frequency sound
paths 36a-d. In some embodiments, such as the embodi-
ment shown in Figure 4, the high-frequency sound paths
36a-d have a longer path length than that of the midrange
sound paths 34a-e. However, this is merely an example.
In otherembodiments, the shape, size, position, and path
lengths of the midrange and high-frequency channels
30a-e and 32a-d relative to each other can be selected to
accommodate the selected drivers mountable to the
waveguide and to provide the desired acoustic output
performance and balance of the waveguide 6. For ex-
ample, in some embodiments, the mid-range sound
paths 34a-e and high-frequency sound paths 36a-d have
approximately the same path length. In these embodi-
ments, the midrange and high-frequency sound signals
can be time-aligned such that the midrange driver 10 and
the high-frequency driver 12 emit the midrange and high-
frequency sound signals at the same time. This can
minimize the interaction between the pipe resonances
of the sound channels.

[0019] To provide a desired and positive acoustic ex-
perience for a listener of the speaker assembly, the
midrange sound signal and the high-frequency sound
signal should arrive at a listener effectively at the same
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time (i.e., the midrange sound signals leave the first
plurality of openings 16a-e at the same time the high-
frequency sound signals leave the second plurality of
openings 18a-d). The midrange and high-frequency
bands may partially overlap such that the midrange driver
10 and high-frequency driver 12 are both capable of
producing sounds at frequencies within the overlapping
frequencies. When two such overlapping sound waves
meet, they may interfere with each other and provide a
combined wave with an amplitude equal to the sum of the
amplitude of the amplitudes for the two original sound
waves. When the two waves are in phase with each other
(i.e., the peaks and troughs of the first sound wave are
aligned with the peaks and troughs of the second sound
wave), the two waves constructively interfere and the
amplitude of the combined wave is equal to the sum of the
maximum amplitudes of the two original waves. How-
ever, when the two waves are out of phase with each
other, (i.e., the peaks and troughs of the first sound wave
are not aligned with the peaks and troughs of the second
sound wave), the two waves destructively interfere and
the amplitude of the combined wave is less than the sum
of the maximum amplitudes of the two original waves.
[0020] In embodiments where the path length of the
midrange sound paths 34a-e in the housing 8 is greater
than the path length of the high-frequency sound paths
36a-d, the time required for the high-frequency sound
signal to travel through each of the high-frequency sound
channels 32a-d is longer than the time required for the
midrange sound signal to travel through each of the
plurality of midrange sound channels 30a-e. As a result,
the time required for the high-frequency sound signal to
travel from the high-frequency driver 12 to alistener of the
speakerassembly is greater than the time required for the
midrange sound signal to travel from the midrange driver
10 to the location of the listener. If care is not taken, the
midrange and high-frequency sound signals may be out
of phase with each other, creating a non-uniform listening
experience.

[0021] To ensure that the midrange and high-fre-
quency sound signals reach the listener atthe same time,
the drivers 10 and 12 may be connected to a controller,
such as a digital signal processor or other controller, to
delay the signal generation from one of the drivers. In
other embodiments, other delay techniques, such as a
passive crossover network, as an example, may be
coupled to the speaker drivers 10 and 12 and/or the
waveguide 6 to delay the transmission and/or generation
of one of the sound signals. The time delay may be based
on the operational frequency ranges of the drivers, the
signal phases, and the difference between the path
lengths of the midrange and high-frequency sound paths
34a-e and 36a-d. Delaying selected sound signal gen-
eration can help ensure a coherent wave front or other
optimal wave summation at the output of the housing 8.
[0022] In the illustrated embodiment, the high-fre-
quency sound channels 32a-d can be sized and shaped
such that the sum of the cross-sectional area for each of
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the high-frequency sound channels 32a-d at points near
the second input aperture 40 is substantially equal to the
surface area of the output surface of the high-frequency
driver 12. On the other hand, the midrange driver 10 may
have an output surface area significantly larger than that
of the high-frequency driver 12. Equating the sum of the
cross-sectional areas for each of the midrange sound
channels 30a-e at points adjacent to the first input aper-
ture 26 to the surface area of the output surface of the
midrange driver 10 would result in an oversized housing
8. Because of this, the midrange sound channels 30a-e
are sized and shaped such that the sum of the cross-
sectional areas for the midrange sound channels 30a-e
at points adjacent to the first input aperture 26 are less
than the surface area of the midrange driver output sur-
face. However, because the midrange driver 10 and the
first input aperture 26 are significantly larger than the
high-frequency driver and second input aperture 40, the
cross-sectional area of each of the plurality of midrange
sound channels 30a-e at points near the first input aper-
ture 26 is greater than the cross-sectional area of each of
the plurality of high-frequency sound channels 32a-d at
points near the second input aperture 40. Other embodi-
ments can have midrange sound channels 30a-e and
high-frequency sound channels 32a-d with different
cross-sectional area ratios or configurations. For exam-
ple, some or all of the sound channels 30a-e and 32a-d
may have a flared configuration wherein the cross-sec-
tional areas of the channels gradually increase between
the respective first or second input apertures 26 and 40
and the openings 16a-e and 18a-d at the front 20 of the
housing 8.

[0023] As seen in Figure 4, the midrange and high-
frequency sound channels 30a-e and 32a-d are inter-
leaved with each high-frequency sound channels 32a-d
positioned in the spaces between adjacent midrange
sound channels 30a-e. As a result, the sound from the
drivers is emitted from the interleaved midrange and
high-frequency openings 16a-e and 18a-d fully across
the width of the waveguide’s front surface 20. The inter-
leaved openings 16a-e and 18a-d also allow the wave-
guide 6 to emit sounds at frequencies within a frequency
band equal to the sum of the midrange band (i.e., the
frequency band for which the midrange driver 10 can emit
sounds) and the high-frequency band (i.e., the frequency
band for which the high-frequency driver 12 can emit
sounds). Accordingly, the waveguide 6 is configured so
the sounds from the two drivers 10 and 12 sum to a
coherent, broadband wave front.

[0024] Intheillustrated embodiment shownin Figure 4,
the midrange sound channels 30a-e and the high-fre-
quency sound channels 32a-d have a flared configura-
tion along all or portions of the channels. For example, in
some embodiments, the sound channels 30a-e and 32a-
d continuously flare outwards along the entire length of
the channels. In other embodiments, the sound channels
30a-e and 32a-d only flare out at portions near the near
the front 20 of the housing 8. In general, the channels
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30a-e and 32a-d can have any suitable flaring configura-
tion. The flaring of the one or more of the midrange sound
channels 30a-e and the high-frequency sound channels
32a-d can be achieved by a change in the channel’s width
along some or all of the channel, or by a change in the
channel’s height along some or all of the channel, or by a
change in both the channel's height and width along
some or all of the channel. The flared shape helps to
maximize the efficiency with which sound waves travel-
ing through the midrange and high-frequency sound
channels 30a-e and 32a-d are transferred into the air
outside of the housing 8. The flaring also helps smooth
out any pipe resonances that may be experienced by the
midrange and/or high-frequency sound channels 30a-e
and 32a-d. In other embodiments, however, the sound
channels 30a-e, 32a-d may not have a flared configura-
tion, orthe amount of flaring occurring in some or all of the
sound channels may be different. In other embodiments,
the midrange and/or high-frequency sound channels
30a-e and 32a-d can be further divided, such as by
providing shaped inserts or dividing structures that split
the channel into two or more subchannels, each of which
has the same overall sound path length as the other
sound channels for the selected sound signals (e.g.,
midrange, high-frequency, and/or low frequency sound
waves).

[0025] As seen in Figures 4 and 5, the midrange and
high-frequency sound channels 30a-e and 32a-d of the
illustrated embodiment are flared such that each of the
midrange and high-frequency openings 16a-e and 18a-d
have the same width W1 and W2, and/or area. As aresult,
the midrange and high-frequency sound signals may be
emitted uniformly across the front surface 20 of the
housing 8 through the interleaved midrange and high-
frequency openings 16a-e and 18a-d. However, this is
merely an example. In other embodiments shown in
Figures 7 and 8, the widths W1 and W2 of the midrange
and high-frequency openings 66a-e and 68a-d, respec-
tively may be different from each other.

[0026] Figures 6-8 show various views of an alternative
embodiment of a waveguide 41 in accordance with as-
pects of the present technology. In this embodiment, the
waveguide 41 has a waveguide housing 42 similar to the
housing 8 discussed above, but the firstinput aperture 50
includes sound input portions 52a-e and sound ports
54a-e with different shapes. For example, sound input
portions 52a-e formed in the top surface of the housing 42
have an ellipsoid shape, and the sound ports 54a-e have
a generally circular shape to direct the sound waves into
the midrange sound channels 58a-e (Figure 7).

[0027] The waveguide 41 is configured so the mid-
range sound signal travels through the plurality of mid-
range sound channels 58a-e along the midrange sound
paths 62a-e toward the front 44 of the housing 42, and the
high-frequency sound signal travels through the plurality
of high-frequency sound channels 60a-d along the high-
frequency sound paths 64a-d toward the front surface 44
ofthe housing 42. Each midrange sound path 62a-e has a
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path length substantially equal to that of the other mid-
range sound paths 62a-e, and each high-frequency
sound path 64a-d has a path length substantially equal
to that of the other high-frequency sound paths 64a-d.
[0028] In the illustrated embodiment, the midrange
sound channels 58a-e have a substantially constant
width and height along the entire length to the midrange
openings 66a-e. The high-frequency sound channels
60a-d also have a substantially constant width and height
(although less than the width of the midrange sound
channels 58a-e) along most, but not all, of the high-
frequency sound path 64a-d. The high-frequency sound
channels 60a-d of the illustrated embodiment flare out-
wardly as they approach the front 44 of the housing 42,
such that the high-frequency openings 68a-d have a
width W4 greater than the width W3 of the midrange
openings 66a-e. In other embodiments, the high-fre-
quency openings 68a-d can have the same width or
smaller width as those of the midrange openings 66a-e.
[0029] Adjustments to the sound channel's dimen-
sions can also be achieved by controlling the channel
height along some or all of the channel's length. For
example, Figure 9 shows a side elevation view of a
housing 72 of a waveguide 70. The housing 72 includes
atop mounting portion 76 and a rear mounting portion 78.
During operation of the waveguide 70, a midrange driver
coupled to the top mounting portion 76 can generate
midrange sound waves that enter the housing 72 of
the waveguide 70 by passing through one or more sound
input portions 80 formed through the top mounting por-
tion 76. Atthe same time, a high-frequency driver coupled
to the rear mounting portion 78 can generate high-fre-
quency sound waves that enter the housing 72 by pas-
sing through inlet aperture 82. Upon entering the housing
72, the midrange and high-frequency sound waves are
directed into respective midrange and high-frequency
sound channels that direct the sound waves toward
the front surface 74 of the housing 72. Dashed-line 71
shows a proximal portion of a curved top wall of the high-
frequency sound channels through which the high-fre-
quency sound waves move.

[0030] |In this illustrated embodiment, each high-fre-
quency sound channel can flare vertically as it ap-
proaches the front surface 74 of the housing 72, such
that the channel has a first height H1 at a point near the
inlet aperture 82 and a second height H2 that is greater
than the first height H1. In some embodiments, all of the
high-frequency sound channels and all of the midrange
sound channels can increase in height as they extend
toward the front surface 74. As discussed above, the
midrange and the high-frequency sound channels can
also flare horizontally along some or all of the sound
paths (i.e., increasing in width) as the sound channels
extend toward the front surface 74. In some embodi-
ments, the height and/or width of the high-frequency
sound channels may change at a different rate than
the change to the respective height and/or width of the
midrange sound channels over the same distance. In the
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illustrated embodiment, the front surface of the wave-
guide at the midrange and high-frequency openings is
substantially flat or planar and perpendicular to the long-
itudinal axis of the waveguide. In other embodiments, the
waveguide can be configured with a curved or arcuate
front surface which can help with controlling the distribu-
tion of the sound exiting the waveguide. In yet other
embodiments, the waveguide’s front surface can have
other shapes (i.e., multi-planar, partially-circular, par-
tially-spherical, etc., or combinations thereof), and the
front surface can be at one or more selected angles
relative to the waveguide’s longitudinal axis.

[0031] In the previously illustrated embodiments, the
waveguide is depicted as having a housing that includes
five midrange sound channels interleaved with four high-
frequency sound channels and the various channels are
arranged such that the outermost sound channels are
midrange sound channels. However, this is only an ex-
ample. In other embodiments, the housing can include a
different number of midrange and high-frequency sound
channels, and the various sound channels can be ar-
ranged such that the outermost sound channels are high-
frequency sound channels. Figure 10 is a cross-sectional
view of another embodiment of a waveguide 106, and
Figure 11 shows a front view of the waveguide 106. The
waveguide 106 includes a housing 108 having six high-
frequency sound channels 132a-f interleaved with five
midrange sound channels 130a-e. During operation of
the waveguide 106, a high-frequency driver coupled to
the mounting portion 124 emits high-frequency sound
waves that pass through inlet aperture 140 and enter the
high-frequency sound channels 132a-f. Atthe same time,
a midrange driver coupled to a top surface of the housing
108 can emit midrange sound waves, which pass into
sound ports 138a-e and enter the midrange sound chan-
nels 130a-e. The high-frequency and midrange sound
waves travel through their respective sound channels
130a-e and 132a-f until reaching the front surface 120 of
the housing 108. When the sound waves reach the front
surface 120, the high-frequency sound waves are
emitted from the waveguide 106 via output openings
116a-f while the midrange sound waves are emitted via
output openings 118a-e.

[0032] When the sound waves are emitted from the
waveguide, the sound waves tend to spread out. Even-
tually, the individual sound waves can spread out until
they overlap with a different sound wave. If the two
different sound waves have a similar frequency and
are in phase with each other, the two sound waves can
combine together to form a single united wavefront hav-
ing a generally evenly distributed intensity. In this way,
when the midrange sound waves are emitted from the
output openings 118a-e, the midrange sound waves can
combine together to form a single midrange wavefront.
On the other hand, the high-frequency sound waves tend
to not spread out as quickly as the midrange sound waves
and the distance between individual output openings
116a-f can be too far for the high-frequency sound waves



13 EP 4 819 637 A2 14

to sufficiently combine and form a united wavefront be-
fore the high-frequency sound waves reach listeners. As
a result, some of the listeners may experience louder
high-frequency sounds than other listeners because the
high-frequency sound waves are not evenly distributed.
To cause the high-frequency sound waves to spread out
sufficiently so that they can form a more-united wave-
front, the high-frequency sound channels 132a-f can start
to flare out before the front surface 120. With this ar-
rangement, the high-frequency sound waves can start to
spread out before reaching the front surface 120 and can
cause the distance between two of the output openings
116a-f to be reduced so that the high-frequency sound
waves can merge into a single wavefront more quickly.
[0033] To further improve the uniformity of the high-
frequency wavefront, the midrange sound channels
130a-e and the high-frequency sound channels 132a-f
can be arranged such that the high-frequency sound
channels 132a-f are interleaved with the midrange sound
channels 130a-e. With this arrangement, the outermost
sound channels for the waveguide 106 are the high-
frequency sound channels 132a and 132f. The housing
108 caninclude amounting flange 114 thatcan be used to
couple the housing 108 to a horn. During operation of the
waveguide 106, when the sound waves are emitted from
the front surface 120, the horn can direct the high-fre-
quency and midrange sound waves toward listeners of
the speaker system. By arranging the sound channels
such that the high-frequency sound channels 132a and
132f are the outermost sound channels, the associated
high-frequency sound waves can travel along the side-
walls of the horn.

[0034] Whileformingthe waveguide such that the high-
frequency sound channels 132a and 132f are the outer-
most sound channels can help to increase the uniformity
of the high-frequency wavefront, the distances between
adjacent output openings 118a-f may still be too far for the
high-frequency sound waves to sufficiently combine and
form a uniform wavefront before the sound waves reach
the listeners. To further increase the uniformity of the
high-frequency wavefront, in some embodiments, the
waveguide can include a mixing portion coupled to the
front surface of the housing and configured to reduce the
spacing between the individual high-frequency sound
waves when the sound waves are emitted from the
waveguide. Figure 12 shows a cross-sectional view of
the waveguide 206 having a mixing portion 284 coupled
to the front surface of the housing 208. The mixing portion
284 includes a plurality of high-frequency sound channel
extensions 286a-f.

[0035] During operation of the waveguide 206, high-
frequency sound waves enter the housing 208 and pass
into the high-frequency sound channels 232a-f, which
direct the high-frequency sound waves toward the front of
the housing 208. Upon reaching the front surface of the
housing 208, the high-frequency sound waves pass into
the extensions 286a-f. The extensions 286a-f are each
centered over one of the high-frequency sound channels
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232a-f and are shaped such that the sidewalls of the
extensions 286a-f are aligned with the sidewalls of the
high-frequency sound channels 232a-f. In this way, the
extensions 286a-f act as continuations of the flared por-
tions of the high-frequency sound channels 232a-f. After
passing through the extensions 286a-f, the high-fre-
quency sound waves are emitted from a front surface
292 of the mixing portion 284. With this arrangement,
each of the extensions 286a-f is formed immediately
adjacent to a neighboring extension 286a-f such that,
at the front surface 292 of the mixing portion 284, the
extensions 286a-f are not separated from each other.
Because the distance between each of the extensions
286a-f at the front surface 292 is minimized, after passing
through the extensions 286a-f and being emitted from the
front surface 292, the high-frequency sound waves can
quickly merge together to form a uniform wavefront.
[0036] To allow the midrange sound waves to also be
emitted by the mixing portion 284, the mixing portion 284
can include a plurality of ducts 288 that couple the mid-
range sound channels 230a-e to the extensions 286a-f.
In this way, after the midrange sound waves pass through
the midrange sound channels 230a-e, the midrange
sound waves can pass into the ducts 288, which direct
the midrange sound waves into the extensions 286a-f.
The midrange sound waves can then pass through the
extensions 286a-f and mix with the high-frequency sound
waves before being emitted from the front surface 292 of
the mixing portion 284. However, if the individual ducts
288 are too wide, the high-frequency sound waves can
interact with the ducts 288 as they pass through the
extensions 286a-f, which can affect the high-frequency
sounds emitted from the mixer portion 284. For example,
if the ducts 288 are too wide, the high-frequency sound
waves can enter the ducts 288 and bounce off of the walls
of the ducts 288, which can cause acoustic modes to
form. Accordingly, to prevent the high-frequency sound
waves from interacting with the ducts 288, the ducts 288
can be thin enough so that the high-frequency sounds do
not significantly interact with the ducts 288.

[0037] In some embodiments, each of the midrange
sound channels 230a-e can be coupled to the corre-
sponding extensions 286a-f with just a single duct 288.
In other embodiments, however, some or all of the mid-
range sound channels 230a-e can be coupled to the
corresponding extensions 286a-f with a plurality of thin
ducts 288. For example, in the illustrated embodiment,
the mixer apparatus 284 includes a single duct 288 that
couples the midrange sound channel 230e to the exten-
sion 286e and two ducts 288 that couple the midrange
sound channel 230d to the extension 286e. In still other
embodiments, each of the midrange sound channels
230a-e can be coupled to the corresponding extensions
286a-f with two or more ducts 288. In some embodi-
ments, the ducts 288 coupled to opposing sides of a
given extension 286 can be staggered from each other.
Further, because the high-frequency sound waves tend
to spread out as they move through the extensions 286a-
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f, the ducts 288 positioned closer to the front surface 292
can be wider than ducts 288 positioned near the throat of
the extensions 286a-f without the high-frequency sound
waves interacting with the wider ducts 288. In embodi-
ments for which the midrange sound channels 230a-e
are coupled to multiple ducts 288, the sum of the widths of
each of ducts 288 coupled to a given one of the sound
channels 230a-e can be equal to the width of the given
midrange sound channel 230a-e. In general, the mixer
portion 284 can include any suitable number of ducts 288
coupled between the individual midrange sound channel
230a-e and the extensions 286a-f and the individual
ducts 288 can have any suitable width that does not
cause the high-frequency sound waves to interact with
the ducts 288.

[0038] In some embodiments, the mixer portion 284
can be formed separately from the housing 208 and can
be attached to the front surface of the housing 208 (e.g.,
with an adhesive, screws, other fasteners, etc.). For
example, in the illustrated embodiment, the mixer portion
284 is coupled to the housing 208 using the lip portion 214
of the housing 208. The mixer portion 284 can be con-
figured to attach to a waveguide with a flat front surface or
an arcuate or otherwise shaped front surface as dis-
cussed above. Similarly, the front surface 292 of the
mixing portion 284 can be substantially planar, arcuate
or otherwise shaped as discussed above. The front sur-
face 292 can be substantially perpendicular to the long-
itudinal axis of the waveguide or at one or more angles
relative to the longitudinal axis, which can help to selec-
tively control sound distribution as the sound exits the
waveguide and the mixing portion. In other embodi-
ments, however, the mixer portion 208 can be integrally
formed as part of the housing 208 such that the wave-
guide 206 is formed from a single component. Further, in
embodiments for which the mixer portion is integrally
formed as part of the housing 208, the ducts 288 can
be positioned further from the front surface 292 of the
mixer portion 284. For example, in some embodiments,
the ducts 288 can be formed such ducts 288 can couple
individual of the midrange sound channels 230a-e to
adjacent high-frequency sound channels 232a-f.

[0039] Figures 13A-13F show various embodiments of
the waveguide 6. As in the embodiments shown in Fig-
ures 2-12, the waveguide 6 shown in Figure 13A is
configured to have a single high-frequency speaker dri-
ver 12 coupled to arear surface of awaveguide housing 8
and a mid-frequency speaker driver coupled to a top
surface of the housing (e.g., substantially orthogonal to
the high-frequency speaker driver 12). In other embodi-
ments, the waveguide 6 can be configured for use with a
different number of high-frequency speaker drivers, mid-
frequency speaker drivers, and/or housings. For exam-
ple, in the embodiment shown in Figure 13B, the wave-
guide 6 has a single high-frequency speaker driver 12
coupled to a rear surface of housing 8, a first midrange
speaker driver 10 coupled to a top surface of the housing
8, and a midrange speaker driver 10 coupled to a bottom
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surface of the housing 8 that opposes the top surface. In
this embodiment, the two midrange speaker drivers 10
are acoustically coupled to the same set of sound chan-
nels (e.g., midrange sound channels 30a-e of Figure 4)
such that sound emitted from both of the midrange speak-
er drivers 10 travels through a single set of sound chan-
nels while the single high-frequency speaker driver 12 is
coupled to a different set of sound channels (e.g., high-
frequency sound channels 32a-d of Figure 4). Figure 14
shows a side elevation view of the waveguide 6 shown in
Figure 9B.

[0040] Figure 13C shows an alternative embodiment of
the waveguide 6 where two high-frequency speaker dri-
vers 12 are laterally spaced apartfrom each otherand are
coupled to the rear surface of the housing 8, and two
midrange speaker drivers 10 are coupled to opposing top
and bottom surfaces of the housing 8. As in the embodi-
ment shown in Figure 13B, housing 8 includes a single
set of midrange sound channels such that the two mid-
range speaker drivers 10 are acoustically coupled to the
same set of sound channels. Conversely, housing 8
includes two sets of high-frequency sound channels such
that the two high-frequency speaker drivers are acous-
tically coupled to different sound channels.

[0041] Figure 13D shows an alternative embodiment of
the waveguide 6. In this embodiment, the waveguide 6 is
formed from two waveguide housings 8 coupled to each
othertoforma single, elongated waveguide housing. The
waveguide 6 is configured to have two midrange speaker
drivers 10 coupled to the housings 8 such that a first one
of the drivers 10 is coupled to a top surface of one of the
housings 8 while a second one of the driver 10 is coupled
to the top surface of the second housing 8. Each of the
housings 8 includes a set of midrange sound channels
and each of the midrange speaker drivers 10 is acous-
tically coupled to the set of midrange sound channels in
the associated housing 8. The waveguide 6 is also is
configured to have two high-frequency speaker drivers
12 coupled to the housings 8 such that a first one of the
high-frequency drivers 12 is coupled to the rear surface of
the first housing 8 while a second one of the high-fre-
quency drivers 12 is coupled to the rear surface of the
second housing 8. Each of the housings 8 includes a set
of high-frequency sound channels and each of the speak-
er drivers 12 is acoustically coupled to the set of high-
frequency sound channels in the associated housing 8.
[0042] In the embodiment shown in Figure 13E, the
waveguide 6 is formed from two waveguide housings 8
coupled to each other to form a single, elongated wave-
guide housing. The waveguide 6 is configured to have
four midrange speaker drivers 10, where two of the
midrange speaker drivers 10 are coupled to opposing
top and bottom surfaces of one of the housings 8 while the
other two midrange speaker drivers 10 are coupled to
opposing top and bottom surfaces of the other housing 8.
The housings 8 each include a set of midrange sound
channels such that the two speaker drivers 10 coupled to
a first of the housings 8 are both acoustically coupled to
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the midrange sound channels in the first housing 8 while
the speaker drivers 10 coupled to a second of the hous-
ings 8 are both acoustically coupled to the midrange
sound channels in the second housing 8. The waveguide
6 is also configured to have two high-frequency speaker
drivers 12, each of which is coupled to the back surface of
one of the housings 8. The housings 8 each includes a set
of high-frequency sound channels such that the driver 12
coupled to the first housing 8 is acoustically coupled to
the high-frequency sound channels in the first housing 8
while the driver 12 coupled to the second housing 8 is
acoustically coupled to the high-frequency sound chan-
nels in the second housing 8.

[0043] Asinthe embodiment shown in Figure 13E, the
embodiment shown in Figure 13F includes a waveguide
6 formed from two waveguide housings 8 coupled to-
gether and four midrange speaker drivers 10 coupled to
the housings 8 and acoustically coupled to two different
sets of midrange sound channels in the housings 8. The
waveguide 8 also has three high-frequency speaker
drivers 12 coupled to the back surfaces of the housings
8, where a first of the drivers 12 is coupled to a first of the
housings 8, a second high-frequency speaker drivers 12
is coupled to a second of the housings 8, and a third high-
frequency speaker drivers 12 is coupled to both the first
and second housings 8. The housings 8 include three
sets of high-frequency sound channels where the first set
is formed in the first housing 8 and acoustically coupled to
the first driver 12, the second set is formed in the second
housing 8 and acoustically coupled to the second driver
12, and the third set is formed in both the first and second
housings and acoustically coupled to the third driver 12.
[0044] From the foregoing, it will be appreciated that
specific embodiments of the invention have been de-
scribed herein for purposes of illustration, but that various
modifications may be made without deviating from the
scope of the invention. Accordingly, the invention is not
limited except as by the appended claims.

The further embodiments of the present invention are as
follows:

1. An acoustic waveguide for a use with a first driver
that generates midrange sound signals and a sec-
ond driver that generates high-frequency sound sig-
nals, the acoustic waveguide comprises:

a first mounting location at a top surface of the
acoustic waveguide and configured to connect
to the first driver;

a second mounting location at a rear surface of
the acoustic waveguide and configured to con-
nect, wherein the second driver is coupled to the
acoustic waveguide at the second mounting
location;

a first plurality of openings in a front surface of
the acoustic waveguide;

a second plurality of openings in the front sur-
face of the acoustic waveguide, wherein the first
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plurality of openings is interleaved with the sec-
ond plurality of openings;

a first plurality of sound channels coupled to the
first plurality of openings and to the first mount-
ing location, wherein the first plurality of sound
channels are configured to carry the midrange
sound signals from the first driver to the first
plurality of openings; and

a second plurality of sound channels coupled to
the second mounting location and the second
plurality of openings, wherein the second plur-
ality of sound channels are isolated from the first
plurality of sound channels and are configured to
carry the high-frequency sound signals from the
second driver to the second plurality of open-
ings, wherein each sound channel of the second
plurality of sound channels has a path length
substantially equal to the path lengths of the
other sound channels of the second plurality
of sound channels.

2. The acoustic waveguide of embodiment 1 further
comprising:

a plurality of sound ports below the first mounting
location, wherein the first plurality of sound channels
is coupled between the plurality of sound ports and
the first plurality of opening.

3. The acoustic waveguide of embodiment 1, where-
in the path length of each second sound channel is a
first path length, and wherein each sound channel of
the first plurality of sound channels has a second
path length substantially equal to the second path
lengths of the other sound channels of the first plur-
ality of sound channels.

4. The acoustic waveguide of embodiment 1, where-
in each of the first plurality of sound channels has a
first portion adjacent to an opening in the first mount-
ing portion and having a first channel width; and has
a second portion adjacent to a respective one of the
first plurality of openings, wherein each of the second
portions flares to a second channel width greater
than the first channel width.

5. The acoustic waveguide of embodiment 4, where-
in each of the second plurality of sound channels has
a third portion adjacent to the second mounting por-
tion and having a third channel width; and has a
fourth portion adjacent to a respective one of the
second plurality of openings, wherein each of the
fourth portions flares to a fourth channel width great-
er than the third channel width.

6. The acoustic waveguide of embodiment 5 wherein
the second width is equal to the fourth width.

7. The acoustic waveguide of embodiment 5 wherein
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each of the first plurality of openings has a width
equal to the second width, and each of the second
plurality of openings has a width equal to the fourth
width.

8. An acoustic waveguide for use with a first driver
that generates midrange sound signals and with a
second driver that generates high-frequency sound
signals, the acoustic waveguide comprising:

a waveguide body having a first, second, and
third surfaces, wherein the first surface is con-
figured to receive the first driver, and the second
surface is configured to receive the second dri-
ver,

the waveguide body having:

a first input aperture in the first surface
adjacent to the first driver;

a second input aperture in the second sur-
face adjacent to the second driver;

first, second, third, and fourth openings in
the third surface;

first, second, third, and fourth sound chan-
nels, wherein-

the first sound channel is acoustically
coupled between the first input aper-
ture and the first opening,

the second sound channel is acousti-
cally coupled between the second input
aperture and the second opening,

the third sound channel is acoustically
coupled between first input aperture
and the third opening, wherein the sec-
ond sound channel is between and iso-
lated from the first and third sound
channels, and

the fourth sound channel is acoustically
coupled between the second input
aperture and fourth opening, wherein
the third sound channel is between and
isolated from the second and fourth
sound channels.

9. The acoustic waveguide of embodiment 8 wherein
the first driver is a midrange driver 10 configured to
generate first sound signals in a first frequency
range, wherein the first and third sound channels
carry the first sound signals to the first and third
openings in the third surface, and the second driver
is a high-frequency driver configured to generate
second sound signals in a second frequency range
greater than the first frequency range, wherein the
second and fourth sound channels carry the second
sound signals to the second and fourth openings,
and where the second and fourth sound channels
have substantially the same path length.
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10. The acoustic waveguide of embodiment 8, the
waveguide body further comprising:

a first sound port adjacent to the first input aper-
ture and acoustically coupled between the first
input aperture and the first sound channel; and
a second sound port adjacent to the first input
aperture and acoustically coupled between the
firstinput aperture and the fourth sound channel.

11. The acoustic waveguide of embodiment 10
wherein-

the first sound channel defines a first sound path
having a first path length substantially equal to
the length of the first sound channel,

the second sound channel defines a second
sound path having a second path length sub-
stantially equal to the length of the second sound
channel,

the third sound channel defines a third sound
path having the second length,

the fourth sound channel defines a fourth sound
path having the first length, and

the first length is less than the second length.

12. The acoustic waveguide of embodiment 11
wherein-

the first and fourth sound ports are configured to
receive the midrange sound signal from the first
driver via the first input aperture,

the second input aperture is configured to re-
ceive the high-frequency sound signal,

the first sound channel is configured to receive
the midrange sound signal from the first sound
port such that the midrange sound signal travels
through the first sound channel along the first
sound path towards the first opening,

the second sound channel is configured to re-
ceive the high-frequency sound signal from sec-
ond input aperture such that the high-frequency
sound signal travels through the second sound
channel along the second sound path towards
the second opening,

the third sound channel is configured to receive
the high-frequency sound signal from the sec-
ond input aperture such that the high-frequency
sound signal travels through the third sound
channel along the third sound path towards
the third opening,

the fourth sound channelis configured toreceive
the midrange sound signal from the second
sound port such that the midrange sound signal
travels through the fourth sound channel along
the fourth path towards the fourth opening,

the first and fourth openings are configured to
emit the midrange sound signal, and
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the second and third openings are configured to
emit the high-frequency sound signal.

13. A speaker assembly, comprising:

a waveguide housing having a top surface, a
front surface, and a rear surface, the waveguide
housing having a first plurality sound channels
with first openings communicating with the top
surface and configured to receive midrange
sound signals, and a second plurality of sound
channels isolated from the first plurality of sound
channel and connected to a second opening in
the rear surface, the second plurality of sound
channels being configured to receive high-fre-
quency sound signals;

a first driver coupled to the waveguide housing
atthe top surface and configured to generate the
midrange sound signals; and

a second driver coupled to the waveguide hous-
ing at the rear surface and configured to gen-
erate a high-frequency sound signal;

wherein the waveguide housing is configured to
receive the midrange sound signal from the first
driver through the first plurality of openings, and
to receive the the high-frequency sound signal
from the second driver through the second
opening, and the waveguide housing is config-
ured to emit the midrange and high-frequency
sound signals from the front surface.

14. The speaker assembly of embodiment 13 where-
in the first plurality sound channels are interleaved
with the second plurality of sound channels.

15. The speaker assembly of embodiment 13, the
waveguide housing further having a first mounting
portion at the top surface and configured to receive
the firstdriver, and having a second mounting portion
at the rear surface and configured to receive the
second driver, wherein the first mounting portion
includes a plurality of inlet openings in the top surface
and in direct communication with the first plurality of
sound channels, and the second mounting portion
having a second input opening in direct communica-
tion with the second plurality of sound channels and
isolated from the first plurality of sound channels.

16. The speaker assembly of embodiment 15, the
waveguide housing further comprising:

a plurality of sound ports within the waveguide hous-
ing, wherein each of the plurality of sound ports is
coupled between a given one of the first plurality of
sound channels and a given one of the plurality of
aperture openings.

17. The speaker assembly of embodiment 15 where-
in the first plurality of sound channels is configured to
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receive the midrange sound signal from the plurality
of aperture openings and the plurality of sound ports.

18. The speaker assembly of embodiment 17, the
waveguide body further comprising:

a first plurality of openings in the front surface;
and

a second plurality of openings in the front sur-
face, wherein-

each of the first plurality of sound channels
is coupled between a given one of the plur-
ality of sound ports and a given one of the
first plurality of openings,

each of the second plurality of sound chan-
nels is coupled between the second input
aperture and a given one of the second
plurality of openings,

the waveguide housing is configured to emit
the midrange sound signal from each of the
first plurality of openings, and

the waveguide housing is configured to emit
the high-frequency sound signal from each
of the second plurality of openings.

19. The speaker assembly of embodiment 13 where-
in-

each of the first plurality of sound channels
defines one of a first plurality of sound paths
along which the midrange sound signal travels,
each of the second plurality of sound channels
defines one of a second plurality of sound paths
along which the high-frequency sound signal
travels,

each of the first plurality of sound paths has a
path length substantially equal to a first length,
and

each of the second plurality of sound paths has a
path length substantially equal to a second
length.

20. The speaker assembly of embodiment 197
wherein the first length is different than the second
length.

Claims

An acoustic waveguide assembly, comprising:

a first driver (10) that generates first sound sig-
nals;

a second driver (12) that generates second
sound signals; and

an acoustic waveguide (6, 41, 70, 106, 206)
comprising:
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a first mounting portion (22, 80) connected
to the first driver (10) at a first orientation;
a second mounting portion (24, 82) spaced
apart from the first mounting portion (22, 80)
and connected to the second driver (12)ina
second orientation different than the first
orientation;

a first plurality of openings (16, 66a-f, 116a-
f, 286a-f) in a front surface of the acoustic
waveguide (6, 41, 70, 106, 206);

a second plurality of openings (18, 68a-f,
118af, 288) in the front surface of the acous-
tic waveguide (6, 41, 70, 106, 206), wherein
the first plurality of openings (16, 66a-f,
116a-f, 286a-f) is interleaved with the sec-
ond plurality of openings (18, 68a-f, 118af,
288);

a first plurality of sound channels (30a-e,
130ae, 230a-e) coupled to the first plurality
of openings (16, 66a-f, 116a-f, 286a-f) and
to the first mounting portion, wherein the
first plurality of sound channels (30a-e,
130ae, 230a-e) are configured to carry
the first sound signals from the first driver
(10) to the first plurality of openings (16,
66a-f, 116a-f, 286a-f); and

a second plurality of sound channels (32a-
d, 132a-d, 232a-d) coupled to the second
mounting portion (24, 82)and the second
plurality of openings (18, 68a-f, 118af,
288), wherein the second plurality of sound
channels (32a-d, 132a-d, 232a-d) are inter-
leaved with and isolated from the first plur-
ality of sound channels (30a-e, 130ae,
230a-e) and are configured to carry the
second sound signals from the second dri-
ver (12) to the second plurality of openings
(18, 68a-f, 118af, 288).

The acoustic waveguide assembly of claim 1 where-
in the acoustic waveguide (6, 41, 70, 106, 206) has a
plurality of sound ports adjacent to the first mounting
portion, and the first plurality of sound channels (30a-
e, 130ae, 230a-e) is coupled to the plurality of sound
ports.

The acoustic waveguide assembly of claim 1 where-
in each sound channel of the second plurality of
sound channels (32a-d, 132a-d, 232a-d) has a path
length substantially equal to path lengths of other
sound channels of the second plurality of sound
channels (32a-d, 132a-d, 232a-d).

The acoustic waveguide assembly of claim 1 where-
in each of the first plurality of sound channels (30a-e,
130ae, 230a-e) has a first portion adjacent to an
opening in the first mounting portion (22, 80)and
having a first channel width, and each of the first
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10.

1.

24

plurality of sound channels (30a-e, 130ae, 230a-¢)
has a second portion adjacent to a front portion of the
acoustic waveguide (6, 41, 70, 106, 206), wherein
each of the second portions flares to a second chan-
nel width greater than the first channel width.

The acoustic waveguide assembly of claim 1 where-
in the first plurality of sound channels (30a-e, 130ae,
230a-e) is connected to a first plurality of openings
(16, 66a-f, 116a-f, 286a-f) positioned at a front por-
tion of the acoustic waveguide (6, 41, 70, 106, 206),
and the second plurality of sound channels (32a-d,
132a-d, 232a-d) is connected to a second plurality of
openings (18, 68a-f, 118af, 288) at the front portion
and adjacent to the first plurality of openings (16,
66a-f, 116a-f, 286a-f).

The acoustic waveguide assembly of claim 1 where-
in afrontportion of the acoustic waveguide (6,41, 70,
106, 206) is coupled to a mounting flange configured
to attach to a horn.

The acoustic waveguide assembly of claim 1 where-
in afront portion of the acoustic waveguide (6,41, 70,
106, 206) is configured to attach to a horn.

The acoustic waveguide assembly of claim 1 where-
in each sound channel of the first plurality of sound
channels (30a-e, 130ae, 230a-e) has a path length
substantially equal to path lengths of other sound
channels of the first plurality of sound channels (30a-
e, 130ae, 230a-e).

The acoustic waveguide assembly of claim 1, further
comprising a horn coupled to a front portion of the
acoustic waveguide (6, 41, 70, 106, 206), wherein
the horn is configured to direct the first and second
sound signals toward listeners of the acoustic wa-
veguide assembly.

The acoustic waveguide assembly of claim 1 where-
in the acoustic waveguide (6,41, 70, 106, 206) has a
housing, and the first driver (10) is mounted to the
first mounting portion (22, 80) on a top portion of the
housing, and the second driver (12) is mounted to the
second mounting portion (24, 82) on a rear portion of
the housing, and further comprising a third driver
mounted to a third mounting portion on a bottom
portion of the housing, wherein the third driver is
acoustically coupled to the first plurality of sound
channels (30a-e, 130ae, 230a-e).

The acoustic waveguide assembly of claim 10,
further comprising a fourth driver mounted to a fourth
mounting portion on the rear portion of the housing
adjacent to the second driver (12) and acoustically
coupled to a further plurality of sound channels of the
acoustic waveguide.
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12. A method of directing sound through a waveguide,

13.

14.

comprising:

directing first sound signals from a first driver
(10) into a first inlet aperture of the waveguide,
wherein the first sound signals are within a first
range of frequencies;

directing second sound signals from a second
driver (12) into second inlet aperture of the wa-
veguide, wherein the second sound signals are
within a second range different than the first
range of frequencies, and wherein the second
inlet aperture is spaced apart from the first inlet
aperture;

directing the first sound signals through a first
plurality of sound channels (30a-e, 130ae,
230a-e) coupled to the first inlet aperture and
to a first plurality of outlet openings;

directing the second sound signals through a
second plurality of sound channels (32a-d,
132a-d, 232a-d) coupled to the second inlet
aperture and to a second plurality of outlet open-
ings, wherein the second plurality of outlet open-
ings are interleaved with the first outlet open-
ings, and wherein the second plurality of sound
channels (32a-d, 132a-d, 232a-d) are inter-
leaved with and isolated from the first plurality
of sound channels (30a-e, 130ae, 230a-e); and
substantially simultaneously directing the first
sound signals out of the waveguide (6, 41, 70,
106, 206) through the first plurality of outlet
openings and directing the second sound sig-
nals out of the waveguide (6, 41, 70, 106, 206)
through the second plurality of outlet openings.

The method of claim 12 wherein directing the first
sound signals through a first plurality of sound chan-
nels (30a-e, 130ae, 230a-e) comprises directing the
first sound signals through a first plurality of sound
channels (30a-e, 130ae, 230a-e) wherein each
sound channel of the first plurality of sound channels
(30a-e, 130ae, 230a-e) has a path length substan-
tially equal to the path lengths of other sound chan-
nels of the first plurality of sound channels (30a-e,
130ae, 230a-e).

The method of claim 12 wherein directing the second
sound signals through a second plurality of sound
channels (32a-d, 132a-d, 232a-d) comprises direct-
ing the second sound signals through a second
plurality of sound channels (32a-d, 132a-d, 232a-
d) wherein each sound channel of the second plur-
ality of sound channels (32a-d, 132a-d, 232a-d) has
a path length substantially equal to the path lengths
of other sound channels of the second plurality of
sound channels (32a-d, 132a-d, 232a-d).
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Fig. I
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