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ACOUSTICALLY TRANSPARENT 
WAVEGUIDE 

BACKGROUND 

0001. The present invention relates to the use of acoustical 
waveguides in multi-way coaxial loudspeakers. 

SUMMARY 

0002. A waveguide, sometimes referred to as a horn, has 
two purposes. The first purpose is to confine the Sound radi 
ated by a transducer coupled to the waveguide to precise 
horizontal and vertical angles. The second purpose is to more 
efficiently transmit the sound from the transducer into the 
listening space, thus making it louder. 
0003. Many loudspeaker applications require the delivery 
of wide bandwidth signals, confined to a specific area. To 
deliver wide bandwidth signals originating from one position, 
coaxial loudspeaker systems are often used. Coaxial loud 
speakers include two frequency band sections—a low-fre 
quency band section and a high-frequency band section, with 
the high-frequency section mounted coaxially within the low 
frequency section. The low-frequency section transmits 
Sound below a crossover frequency, and the high-frequency 
section transmits Sound above the crossover frequency. 
Waveguides are used to precisely control the Sound pattern 
radiating from the loudspeakers and confine the Sound to the 
listening area. However, a coaxial design has a disadvantage 
in that the Smaller high-frequency section presents an 
obstruction to low-frequency section. The obstruction 
changes how the sound radiates from the low-frequency sec 
tion, resulting in the Sound coverage being uneven off axis. 
Thus, listeners positioned directly in front of the loudspeaker 
hear one thing, but listeners positioned off to the sides hear 
Something different. 
0004. This presents two problems. First, not every listener 
in the audience hears the same audio quality. Second, spoken 
words coming through the loudspeakers may not be intelli 
gible to every listener in the audience. A listener in the audi 
ence will not only hear the sound radiating directly from the 
loudspeaker, but will also hear the sound that reflects off the 
floor, walls, and ceiling. The reflected Sound causes echoes 
and reverberations that make it hard to understand speech and 
other Sound content. In a coaxial loudspeaker system, the 
obstruction created by the high-frequency section disrupts the 
Sound traveling through low-frequency section. This disrup 
tion makes the Sound radiation from the lower-frequency 
section inconsistent; thus decreasing intelligibility. 
0005 Prior art systems include waveguides having large 
holes in them to allow sound from the lower-frequency sec 
tion to pass through the high-frequency waveguide, making 
the high-frequency wave guide less of an obstruction. How 
ever, the larger holes also allow sound from the high-fre 
quency transducer to leak out of the high-frequency 
waveguide, seriously compromising the performance of the 
high-frequency section. 
0006. The present invention minimizes the obstruction 
footprint by making the high-frequency waveguide Substan 
tially acoustically transparent to low-frequency sound waves, 
while minimizing the degradation of the performance of the 
high-frequency section. 
0007. In one embodiment, the invention provides a high 
frequency acoustic waveguide for use in coaxial loudspeaker 
systems. The waveguide is made up of a plurality of walls that 
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define a conduit with an input end and an output end. Each of 
the walls includes a mask layer and a perforation layer. The 
mask layer has a plurality of openings sized and shaped to 
make the mask layer acoustically transparent to Sound waves 
below a crossover frequency. The perforation layer has a 
plurality of micro-perforations sized and shaped to make the 
perforation layer acoustically opaque to Sound waves above 
the crossover frequency and acoustically transparent to Sound 
waves below the crossover frequency. The waveguide directs 
Sound waves above the crossover frequency, and is acousti 
cally transparent to sound waves below the crossover fre 
quency. 
0008. In some embodiments of the invention, the perfora 
tion layer is positioned on an inner Surface of the mask and 
covers the plurality of openings in the mask. 
0009. In some embodiments of the invention, the perfora 
tion layer is positioned on an outer Surface of the mask and 
covers the plurality of openings in the mask. 
0010. In some embodiments of the invention, the perfora 
tion layer is made up multiple micro-perf screens, and each of 
the screens is positioned to cover one of the openings in the 
mask layer. The multiple screens can be positioned on either 
the inner surface or the outer surface of the mask layer. 
0011. In other embodiments of the invention, the perfora 
tion layer is integrated into the mask layer, such that the mask 
and the perforation layer are a single component. 
0012. In another embodiment the invention provides a 
coaxial loudspeaker system. The system includes a low-fre 
quency section and a high-frequency section. The low-fre 
quency section has at least one low-frequency transducer 
coupled to a low-frequency waveguide. The low-frequency 
transducer emits sound at frequencies below a crossover fre 
quency. The high-frequency section has a plurality of walls 
that define a conduit with an input end and an output end. 
Each of the walls includes a mask layer and a perforation 
layer. The mask layer has a plurality of holes sized and shaped 
to make the mask layer acoustically transparent to Sound 
waves below a crossover frequency. The perforation layer has 
a plurality of micro-perforations sized and shaped to make the 
perforation layer acoustically opaque to Sound waves above 
the crossover frequency and acoustically transparent to Sound 
waves below the crossover frequency. The high-frequency 
section is positioned within the low-frequency section, and 
the high-frequency waveguide directs Sound waves above the 
crossover frequency, and is acoustically transparent to Sound 
waves below the crossover frequency. 
0013. Other aspects of the invention will become apparent 
by consideration of the detailed description and accompany 
ing drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 FIG. 1 illustrates a high-frequency loudspeaker sec 
tion for a coaxial loudspeaker. 
0015 FIG. 2 illustrates the high-frequency loudspeaker 
section of FIG. 1 deployed in a coaxial loudspeaker system. 
(0016 FIG. 3 is a perspective view of the front of the 
waveguide. 
0017 FIG. 3A is a detailed view of the front of the 
waveguide illustrated in FIG. 3. 
(0018 FIG. 4 is a perspective view of the rear of the 
waveguide. 
0019 FIG. 4A is a detailed view of the rear of the 
waveguide illustrated in FIG. 4. 
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DETAILED DESCRIPTION 

0020. Before any embodiments of the invention are 
explained in detail, it is to be understood that the invention is 
not limited in its application to the details of construction and 
the arrangement of components set forth in the following 
description or illustrated in the following drawings. The 
invention is capable of other embodiments and of being prac 
ticed or of being carried out in various ways. 
0021 FIG. 1 illustrates a high-frequency loudspeaker sec 
tion 10. The high-frequency loudspeaker section 10 includes 
a high-frequency waveguide 12. The high-frequency 
waveguide 12 includes four walls 14 arranged to form a 
conduit 16. Each of the walls 14 includes a mask layer 18 and 
a perforation layer 20. The perforation layer 20 is positioned 
on the inner surface of the mask layer 18, inside of the conduit 
16. In other embodiments, perforation layer 20 is mounted on 
the outer surface of mask layer 18, on the exterior of the 
conduit 16. The mask layer 18 has a plurality of openings 24. 
The mask layer can be made of metal, plastic, or another 
suitable material. The perforation layer 20 can be made or 
perforated sheet metal, or another suitable material. In FIG.1. 
the perforation layer 20 is visible through the plurality of 
openings 24. The plurality of openings 24 can be other shapes 
and patterns than those illustrated in FIG. 1. 
0022. The high-frequency waveguide 12 has an input end 
26, and an output end 28. The loudspeaker section 10 also 
includes two transducers 30, each one of which is coupled to 
one of two acoustic transformers 32. The acoustic transform 
ers 32 are coupled to the input end 26. In other embodiments, 
a single transducer 30 is employed. In some embodiments, the 
transducers 30 are coupled directly to the high-frequency 
waveguide 12 without an acoustic transformer. The transduc 
ers 30 produce high-frequency sound waves, which travel 
through the acoustic transformers 32 and are received by the 
input end 26. The Sound waves are guided by the waveguide 
boundary walls that define conduit 16, and emitted from the 
output end 28. 
0023 FIG. 2 illustrates a coaxial loudspeaker system 40. 
The coaxial loudspeaker system 40 includes the high-fre 
quency loudspeaker section 10 of FIG. 1 and a low-frequency 
section 42. The low-frequency section 42 has two low-fre 
quency transducers 44 and a low-frequency waveguide 46. 
The high-frequency loudspeaker section 10 is mounted 
coaxially within the low-frequency section 42. Loudspeaker 
system 40 operates using a cross-over frequency to divide 
sound waves between the two sections. The low-frequency 
transducers 44 emit sound waves below the crossover fre 
quency, and the high-frequency transducers 30 emit Sound 
waves above the crossover frequency. 
0024 FIG. 3 illustrates a perspective view of the front of 
the high-frequency waveguide 12. The perforation layer 20 is 
mounted on the inner surface of the mask layer 18, inside 
conduit 16, and covers the plurality of openings 24 in the 
mask layer 18. FIG.3A illustrates a close up view of the front 
of the high-frequency waveguide 12. A plurality of micro 
perforations 48 are visible in the perforation layer 20. The 
combination of the mask layer 18 and the perforation layer 20 
allows the high-frequency waveguide 12 to direct Sound 
waves above the crossover frequency, and be acoustically 
transparent to Sound waves below the crossover frequency. 
0025. In some embodiments, the perforation layer 20 is 
made from perforated sheet metal. The open area is the ratio 
of the hole area in the screen to the solid area in the screen. No 
screen would have a 100% open area, and a solid sheet would 
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have 0% open area. A screen with larger holes and larger open 
area typically allows Sound to transmit through equally at 
both low and high frequencies. A screen with smaller holes 
and a smaller open area typically reduces sound transmission 
at high frequencies while allowing more Sound to transmit 
through at low frequencies. 
0026 Perforated screen with smaller holes and smaller 
open area is often referred to as “micro-perf or “micro 
perforation'. Micro-perf is sometimes employed in acoustic 
applications where reduced Sound transmission at high fre 
quencies is desired compared to low frequencies. 
0027. The present invention uses the difference in sound 
transmission of low and high frequencies to make the high 
frequency waveguide 12 Substantially transparent to low 
frequency sound waves. 
0028. If the perforated screen transitioned from being 
acoustically opaque to acoustically transparent at a precise 
frequency, the entire high-frequency waveguide could be 
constructed from perforated Screen by choosing perforated 
screen that had the appropriate acoustical properties. At 
higher frequencies, such a screen waveguide would appear to 
be a solid material. At the lower frequencies, the high-fre 
quency Screen waveguide would be nearly invisible to low 
frequency sound. However, real-world perforated screens do 
not perform this way. Instead, they exhibit a gradual fre 
quency transition. Some perforation manufacturers have opti 
mized their hole perforation detail to make a less gradual 
transition, but the transition is still gradual. A waveguide, 
constructed entirely of a screen that passed all the low-fre 
quency Sound output, would leak too much sound from the 
high-frequency transducers, thus degrading the waveguide's 
performance. Similarly, a waveguide constructed entirely 
from a screen that did not leak any of the sound from the 
high-frequency transducers would act as a low-frequency 
obstruction, degrading the performance of the low-frequency 
Sound. Therefore, the micro-perforation alone is inadequate 
as a waveguide. 
0029. As illustrated in FIGS. 4 and 4A, exemplary 
embodiments of the present invention combine a micro-perf 
screen in a perforation layer 20 with a mask layer 18, which 
has openings 24. This maximizes the Sound transmission of 
low frequencies through the high-frequency waveguide 12, 
while minimizing the leakage of high-frequency sound from 
the high-frequency transducers 30 through the high-fre 
quency waveguide 12. 
0030. In prior art coaxial loudspeakers, the sound energy 
from the low-frequency transducers 44 that encounters the 
back side of the high-frequency waveguide 12 will not be 
constant throughout the low-frequency waveguide 46. The 
high-frequency waveguide 12 thus acts as an obstruction, 
which results in the sound pressure level distribution being 
unequal. By strategically introducing the openings 24 in the 
mask layer 18, and covering the openings 24 with the perfo 
ration layer 20, low-frequency Sound passes through the high 
frequency waveguide 12. This results in the low-frequency 
Sound waves propagating from input to output of the low 
frequency waveguide 46 as if the high-frequency waveguide 
12 was not there. Likewise, the leakage of the high-frequency 
Sound through the high-frequency waveguide 12 is mini 
mized. 

0031. Because the sound transition from low to high fre 
quencies is different with different micro-perforation 
designs, that transition is matched to the crossover frequency 
from the low-frequency section 42 to the high-frequency 
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section 10 in the coaxial loudspeaker design. This can be 
accomplished by choosing an available perforation that has 
transition region characteristics that are close to the crossover 
frequency of the coaxial loudspeaker System 40. Shapes of 
the holes in the micro-perforation screen may be round, rect 
angular, triangular, trapezoidal, diamond or other shapes. Any 
perforation that exhibits the appropriate transition in low-to 
high frequency transmission is suitable for use as a perfora 
tion layer 20. 
0032. The placement of the openings 24 in the mask layer 
18 is highly geometry dependent. A coaxial loudspeaker sys 
tem designed to have a 60-degreex40-degree sound radiation 
pattern will have waveguides with different geometry than a 
loudspeaker system designed to have a 40-degreex30-degree 
Sound radiation pattern. Thus, the pattern of the openings in 
the mask layer is different for each loudspeaker system 
design. The loudspeaker system 40 in FIG. 2 has two low 
frequency transducers 44 on a single low-frequency 
waveguide 46 and two high-frequency transducers 30 on a 
single high-frequency waveguide 12. A loudspeaker system 
with only one transducer on each waveguide would require a 
different pattern of openings in the mask layer. 
0033. As known to one skilled in the art, the high-fre 
quency waveguide 12 can be considered to consist of a series 
cross-sectional areas from the input to the output. Different 
areas of the high-frequency waveguide 12 have a dominant 
effect on the performance of the high-frequency waveguide 
12 in different frequency bands. Openings 24 in the mask 
layer 18 cause leaking of high-frequency sound energy, 
degrading the performance of the high-frequency waveguide 
12. This degradation takes the form of a change in the fre 
quency response of the high-frequency section 10, a change 
in the Sound radiation pattern of the high-frequency 
waveguide 12, or both. For example, if too many openings 24 
are made in a specific area of the mask layer 18 of the high 
frequency waveguide 12, Sound waves in the frequency band 
corresponding to that area will leakthrough. However, if that 
section does not have enough openings 24, it will make the 
high-frequency waveguide opaque to the low-frequency 
Sound waves. 

0034. In another embodiment of the invention, the perfo 
ration layer 20 is made up of many Small screens covering 
only the openings 24 with the perforation layer 20 (e.g., round 
disks of perforation installed in the openings 24). In another 
embodiment, the mask layer and perforation layer are formed 
from a single layer of material with groupings of Small holes 
strategically placed in the material, mimicking the perfora 
tion-covered openings. 
0035. Thus, the invention provides, among other things, a 
high frequency waveguide, which is transparent to low-fre 
quency sound waves, for mounting inside a low-frequency 
waveguide. Various features and advantages of the invention 
are set forth in the following claims. 

1. A high-frequency acoustic waveguide for use in coaxial 
loudspeaker systems, the waveguide comprising: 

a plurality of walls defining a conduit having an input end 
and an output end, the plurality of walls including a 
mask layer and a perforation layer, 

wherein the mask layer includes a plurality of openings 
sized and shaped to make the mask layer acoustically 
transparent to Sound waves below acrossover frequency, 
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the perforation layer has a plurality of micro-perforations 
sized and shaped to make the perforation layer acousti 
cally opaque to Sound waves above the crossover fre 
quency, and 

the waveguide directs Sound waves above the crossover 
frequency, and is acoustically transparent to Sound 
waves below the crossover frequency. 

2. The waveguide of claim 1, wherein the perforation layer 
is positioned on an inner Surface of the mask layer and covers 
the plurality of openings. 

3. The waveguide of claim 1, wherein the perforation layer 
is positioned on an outer Surface of the mask layer and covers 
the plurality of openings. 

4. The waveguide of claim 1, wherein the perforation layer 
includes a plurality of screens, each of the plurality of screens 
having a plurality of micro-perforations sized and shaped to 
make the screen acoustically opaque to Sound waves above 
the crossover frequency, and each of the plurality of screens is 
positioned to cover one of the plurality of openings in the 
mask layer. 

5. The waveguide of claim 4, wherein the plurality of 
screens are positioned on an inner Surface of the mask layer. 

6. The waveguide of claim 4, wherein the plurality of 
screens are positioned on an outer Surface of the mask layer. 

7. The waveguide of claim 1, wherein the mask layer and 
the perforation layer are formed from a single layer of mate 
rial. 

8. A coaxial loudspeaker system, the system comprising: 
a low-frequency section having at least one low-frequency 

transducer coupled to a low-frequency waveguide, the at 
least one low-frequency transducer emitting sound at 
frequencies below a crossover frequency; and 

a high-frequency section including 
at least one high-frequency transducer emitting Sound at 

frequencies above the crossover frequency; 
a high-frequency waveguide having a plurality of walls 

defining a conduit having an input end and an output 
end, the plurality of walls including a mask layer and a 
perforation layer, wherein the mask layer includes a 
plurality of openings sized and shaped to make the mask 
layer acoustically transparent to Sound waves below the 
crossover frequency, the perforation layer has a plurality 
of micro-perforations sized and shaped to make the per 
foration layer acoustically opaque to Sound waves above 
the crossover frequency; 

wherein the at least one high-frequency transducer is 
coupled to the high-frequency waveguide; 

wherein the high-frequency section is positioned within 
the low-frequency section, the high-frequency 
waveguide directs sound waves above the crossover fre 
quency, and is acoustically transparent to Sound waves 
below the crossover frequency. 

9. The system of claim 8, wherein the perforation layer is 
positioned on an inner Surface of the mask layer and covers 
the plurality of openings. 

10. The system of claim 8, wherein the perforation layer is 
positioned on an outer Surface of the mask layer and covers 
the plurality of openings. 

11. The system of claim 8, wherein the perforation layer 
includes a plurality of screens, each of the plurality of screens 
having a plurality of micro-perforations sized and shaped to 
make the screen acoustically opaque to Sound waves above 
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the crossover frequency, and each of the plurality of screens is 
positioned to cover one of the plurality of openings in the 
mask layer. 

12. The system of claim 11, wherein the plurality of screens 
are positioned on an inner Surface of the mask layer. 

13. The system of claim 11, wherein the plurality of screens 
are positioned on an outer Surface of the mask layer. 

14. The system of claim 8, wherein the mask layer and the 
perforation layer are formed from a single layer of material. 
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