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LOUDSPEAKER WITH WAVEGUIDE

CROSS-REFERENCE TO RELATED APPLICATION
[0001]  This application claims priority to US Patent Application No. 16/296,305,

filed on March 8, 2019, which is hereby incorporated by reference in its entirety.

TECHNICAL FIELD
[0002]  This disclosure generally relates to loudspeakers. More particularly, the
disclosure relates to a loudspeaker having a waveguide for controlling sound radiation

patterns relative to the size of the loudspeaker source.

BACKGROUND
[0003]  There is an increasing demand for high-powered loudspeakers. However,
higher-powered speakers require transducers with ever larger voice coils. The larger
voice coil corresponds with a larger dome tweeter, which at high frequencies, creates
a larger source and a narrower beamwidth as compared with a lower power-rated

loudspeaker with a smaller dome tweeter.

SUMMARY
[0004]  All examples and features mentioned below can be combined in any
technically possible way.
[0005]  Various implementations include loudspeakers and related drivers. The
loudspeakers and drivers can include a waveguide that extends along the arcuate outer
surface of the speaker diaphragm.
[0006] In some particular aspects, a loudspeaker includes: a diaphragm; a basket;
an electro-magnetic motor supported by the basket and coupled to the diaphragm for
driving motion of the diaphragm relative to the basket along a motion axis; a surround
coupling an outer peripheral edge of the diaphragm to the basket; and a waveguide

coupled to the basket and surrounding the diaphragm. The waveguide has an arcuate
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inner surface that is complementary with an arcuate outer surface of the diaphragm
and extends along a portion of the arcuate outer surface of the diaphragm.

[0007] In another aspect, a high frequency (HF) driver includes: a diaphragm; a
basket; a surround coupling an outer peripheral edge of the diaphragm to the basket
and protruding from an outer surface of the basket; and a waveguide coupled with the
basket and surrounding the diaphragm. The waveguide includes: an arcuate inner
surface that is complementary with an arcuate outer surface of the diaphragm and
overlies a portion of the arcuate outer surface of the diaphragm, such that the outer
peripheral edge of the diaphragm is visually obstructed by the waveguide from a front
of the loudspeaker.

[0008] In an additional aspect, a loudspeaker includes: a waveguide having a
centrally located aperture; and a tweeter mounted within the aperture, the tweeter
having a dome-shaped acoustic radiating surface. The aperture is configured such
that the waveguide overlies a peripheral edge of the dome-shaped acoustic radiating
surface of the tweeter.

[0009] Implementations may include one of the following features, or any
combination thereof.

[0010] In some cases, the waveguide further includes an outer surface that extends
beyond the outer peripheral edge of the diaphragm.

[0011]  In particular aspects, the waveguide overhangs the surround.

[0012]  In certain implementations, a core of the waveguide overhangs the
surround. The core has a height as measured from the outer surface of the basket in a
direction parallel with the motion axis that is equal to approximately 35 percent to
approximately 85 percent of a height of the diaphragm as measured from the outer
surface of the basket in the axial direction.

[0013]  In certain cases, the surround is visually obstructed by the waveguide from
a front of the loudspeaker.

[0014]  In particular implementations, the arcuate inner surface of the waveguide is
separated from the arcuate outer surface of the diaphragm by a distance of
approximately 0.25 millimeters (mm) to approximately 0.75 mm when the diaphragm

is in its rest position.



WO 2020/185390 PCT/US2020/019622

[0015] In some aspects, the arcuate inner surface of the waveguide extends along
approximately 5 percent to approximately 40 percent of the outer surface of the
diaphragm.

[0016]  In particular cases, the diaphragm includes a dome-shaped radiating
surface.

[0017]  In certain implementations, the loudspeaker includes a high frequency (HF)
driver.

[0018]  In certain aspects, the aperture is defined by an arcuate surface that extends
from a first open end having a first diameter to a second open end having a second
diameter that is smaller than the first open end. The arcuate surface has a curvature
that corresponds to a curvature of the dome-shaped acoustic radiating surface.

[0019]  In particular implementations, the second diameter is smaller than a
diameter of the peripheral edge of the dome-shaped acoustic radiating surface of the
tweeter.

[0020] In some cases, the tweeter further includes a suspension element that
radially surrounds and is coupled to the peripheral edge of the dome-shaped acoustic
radiating surface. The waveguide overlies the suspension element, and where the first
diameter is smaller than a diameter of an outer peripheral edge of the suspension
element.

[0021] Two or more features described in this disclosure, including those described
in this summary section, may be combined to form implementations not specifically
described herein.

[0022]  The details of one or more implementations are set forth in the
accompanying drawings and the description below. Other features, objects and

benefits will be apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023]  FIG. 1 shows a cut-away perspective view of a loudspeaker according to
various implementations.

[0024]  FIG. 2A shows a perspective cut-away view of a conventional waveguide.
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[0025]  FIG. 2B shows a perspective cut-away view of the conventional waveguide
of FIG. 2A, overlain by the loudspeaker of FIG. 1.
[0026]  FIG. 3 shows an additional cut-away perspective view of the conventional
waveguide of FIG. 2A, overlain by the loudspeaker of FIG. 1.
[0027]  Itis noted that the drawings of the various implementations are not
necessarily to scale. The drawings are intended to depict only typical aspects of the
disclosure, and therefore should not be considered as limiting the scope of the
implementations. In the drawings, like numbering represents like elements between
the drawings.

DETAILED DESCRIPTION
[0028]  This disclosure is based, at least in part, on the realization that a waveguide
can be beneficially incorporated into a loudspeaker to control the loudspeaker’s
radiation pattern. For example, a loudspeaker having a waveguide can provide a
desired radiation pattern in certain applications, such as low-profile applications.
[0029] Commonly labeled components in the FIGURES are considered to be
substantially equivalent components for the purposes of illustration, and redundant
discussion of those components is omitted for clarity. Numerical ranges and values
described according to various implementations are merely examples of such ranges
and values, and are not intended to be limiting of those implementations. In some
cases, the term “approximately” is used to modify values, and in these cases, can refer
to that value +/- a margin of error, such as a measurement error, which may range
from up to 1-3 percent.
[0030]  As described herein, as the size of the high frequency (HF) driver (or,
tweeter) in a loudspeaker increases, the corresponding change in the radiation pattern
can create acoustic challenges. For example, in low profile applications such as flush-
mounted or surface-mounted speaker designs, loudspeaker system designers must
attempt to provide desired radiation patterns while meeting higher frequency
requirements of larger speakers (e.g., at frequencies of 8 kilohertz (kHz) or greater).
[0031] In contrast to conventional systems, the loudspeakers disclosed according
to various implementations have a waveguide coupled to the loudspeaker basket that

surrounds the speaker diaphragm and has an arcuate inner surface that is
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complementary with an arcuate outer surface of the diaphragm. The waveguide
extends along a portion of the arcuate outer surface of the diaphragm and can control
the width of the loudspeaker’s radiation pattern. These implementations provide a
loudspeaker with a higher power rating (and larger dome tweeter) than smaller dome
tweeters, with improved performance at low frequencies relative to those smaller
dome tweeters. Additionally, the loudspeakers disclosed according to various
implementations integrate the larger dome tweeter in a low profile configuration.
[0032]  FIG. 1 shows a cut-away perspective view of a loudspeaker 10 according to
various implementations. In some particular cases, the loudspeaker 10 includes a high
frequency (HF) driver, also referred to as a tweeter. However, it is understood that
the loudspeaker 10 can be configured to operate at one or more frequency ranges that
fall within the mid to low-frequency range.

[0033]  According to various implementations, the loudspeaker 10 includes a
diaphragm 20, a basket 30, and an electro-magnetic motor (motor) 40 supported by
the basket 30 and coupled to the diaphragm 20. In particular cases, the diaphragm 20
can include a dome-shaped radiating surface, however, it is understood that in
additional implementations, the diaphragm 20 may take other conventional speaker
shapes (e.g., cone, horn, etc.). The basket 30 houses the motor 40, which is
configured to drive motion of the diaphragm 20 relative to the basket 30 along a
motion axis (An). Some details of the basket 30 and motor 40 are omitted in this
depiction. The loudspeaker 10 also includes a surround (or, suspension element) 50
coupling an outer peripheral edge 60 of the diaphragm 20 to the basket 30. The
surround 50 helps to control movement of the diaphragm 20 relative to the basket 30
as it is driven by the motor 40.

[0034]  In various implementations, the loudspeaker 10 also includes a waveguide
70 coupled to the basket 30 and surrounding the diaphragm 20. In certain cases, the
waveguide 70 has a centrally located aperture 80 that is sized to mount the diaphragm
2(), basket 30 and the motor 40. That is, the diaphragm 20 is sized to fit in the
centrally located aperture 80, such that the waveguide 70 overlies the (outer)

peripheral edge 60 of the diaphragm 20.
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[0035]  As described according to various implementations, and in contrast to
conventional loudspeakers, the waveguide 70 has an arcuate inner surface 90 that is
complementary with an arcuate outer surface 100 of the diaphragm 20. That is, the
arcuate inner surface 90 of the waveguide 20 has a curvature that corresponds to a
curvature of the dome-shaped acoustic radiating surface of the diaphragm 20. In
particular implementations, when the diaphragm 20 is in its rest position, the arcuate
inner surface 90 of the waveguide 20 is separated from the arcuate outer surface 100
of the diaphragm 20, for example, by a distance of approximately 0.25 millimeters
(mm) to approximately 0.75 mm, and in some particular examples, by a distance of
approximately 0.5 mm.

[0036] In addition to overlying the peripheral edge 60 of the diaphragm 20, the
arcuate inner surface 90 of the waveguide 70 also extends along a portion 110 of the
arcuate outer surface 100 of the diaphragm 20. In particular examples, the arcuate
inner surface 90 of the waveguide 70 extends along approximately 5 percent to
approximately 40 percent (in some particular cases, approximately 25 percent) of the
outer surface 100 of the diaphragm 20.

[0037] In various implementations, the aperture 80 is defined by the arcuate inner
surface 90 of the waveguide 70. That is, the arcuate inner surface 90 extends from a
first open end 120 having a first diameter (d1) to a second open end 130 having a
second diameter (d>). In various implementations, the second diameter (d») is smaller
than the first diameter (d;), which may be approximately equal to a diameter of the
peripheral edge 60 of the dome-shaped acoustic radiating surface of the diaphragm
20. As shown in FIG. 1, in additional particular cases, the first diameter (di) is
smaller than a diameter (dsrpe) of an outer peripheral edge 135 of the suspension
element 50.

[0038]  In certain cases, as shown in FIG. 1, the waveguide 70 includes an outer
surface 140 that extends radially beyond the outer peripheral edge 90 of the
diaphragm 20 (i.e., in a direction perpendicular to the motion axis (Am)). In
additional cases, a portion of the outer surface 140 of the waveguide 70 is forward of
the apex of the dome-shaped acoustic radiating surface of the diaphragm 20 as

measured along the motion axis (Am)). That is, this portion of the outer surface 140 is
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closer to the front 150 of the loudspeaker 10 than the apex of the dome-shaped
acoustic radiating surface of the diaphragm 20. These features of the loudspeaker 10
are additionally illustrated in FIGS. 2A and 2B, which show a cut-away perspective
view of a conventional waveguide 200 (in FIG. 2A), and a cut-away perspective view
of loudspeaker 10 overlain with the conventional waveguide 200 (in FIG. 2B). FIG. 3
shows an additional cut-away perspective view of the loudspeaker 10 as compared
with the conventional waveguide 200.

[0039] In various implementations, the waveguide 70 has a taper angle (o) that
defines the radiation pattern of the loudspeaker 10 (FIG. 3). That is, the waveguide
70 tapers along its outer surface 140, for example, at an angle of approximately 20
degrees to approximately 40 degrees, and in some particular examples, approximately
30 degrees. As compared with the conventional waveguide 200, this taper angle (o),
in some examples, is approximately 30 percent to approximately 160 percent greater
than the comparable taper angle (e.g., of approximately 15 degrees) when measured
from the surface of the diaphragm 20 to the outermost point on the outer surface 140.
[0040]  As can be seen in FIGS. 1-3, with particular reference to FIG. 2B, the
waveguide 70 in loudspeaker 10 overhangs the surround 50 in various
implementations. In particular, a core (or radially inner) section 210 of the waveguide
70 overhangs the surround 50 in these cases. In this sense, the surround 50 is visually
obstructed by the waveguide 70 from the front 150 of the loudspeaker 10. In
particular cases, the waveguide 70 visually obstructs the entire surround 50 as viewed
from the front 150 of the loudspeaker 10. This is contrasted with the conventional
waveguide 200 (FIG. 2A, FIG. 2B, FIG. 3), which does not overhang the surround 50
in such a way as to visually obstruct the surround 50 from the front 150 of the
loudspeaker. This is further illustrated in FIGS. 2B and 3, by the dashed vertical lines
showing the radial extent of the conventional waveguide 200.

[0041] In particular examples, the core section 210 of the waveguide 70 has a
height (hw.) as measured from the outer surface 220 of the basket 30 (in an axial
direction parallel with the motion axis (Am)) that is equal to approximately 35 percent
to approximately 85 percent (and in some particular examples, approximately 50

percent) of a height (hg) of the diaphragm 20 as measured from the outer surface 220
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of the basket 30 in the axial direction. As seen in FIGS. 2B and 3, some examples of
the waveguide 70 have a core section height that is approximately twice the height of
the core section of the conventional waveguide 200.

[0042] It is understood that the electro-magnetic motor 40 can be coupled with one
or more control circuits (not depicted) for providing electrical signals to excite the
diaphragm 20. The control circuit(s), where applicable, can include a processor
and/or microcontroller, which in turn can include decoders, DSP hardware/software,
etc. for playing back (rendering) audio content at the loudspeaker 10. The control
circuit(s) can also include one or more digital-to-analog (D/A) converters for
converting the digital audio signal to an analog audio signal. This audio hardware can
also include one or more amplifiers which provide amplified analog audio signals to
the loudspeaker 10.

[0043]  One or more components in the loudspeaker 10 can be formed of any
conventional loudspeaker material, e.g., a heavy plastic, metal (e.g., aluminum, or
alloys such as alloys of aluminum), composite material, etc.

[0044]  In operation, the control circuit in loudspeaker 10 is configured to convert
an electrical signal to an acoustic output at the diaphragm 20. As noted herein, the
waveguide 70 is configured such that the acoustic output of the loudspeaker 10 has a
sound radiation pattern that remains wide despite its impression as a small acoustic
source.

[0045]  In contrast to conventional loudspeakers, loudspeaker 10 can provide a low-
profile (e.g., flush-mounted or surface-mounted) speaker configuration with a wider
radiation pattern at higher frequencies (e.g., 8 kHz or higher).

[0046]  Itis understood that the relative proportions, sizes and shapes of the
loudspeaker 10 and components and features thereof as shown in the FIGURES
included herein can be merely illustrative of such physical attributes of these
components. That is, these proportions, shapes and sizes can be modified according
to various implementations to fit a variety of products. For example, while a
substantially circular-shaped loudspeaker may be shown according to particular
implementations, it is understood that the loudspeaker could also take on other three-

dimensional shapes in order to provide acoustic functions described herein.
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[0047]  In various implementations, components described as being “coupled” to
one another can be joined along one or more interfaces. In some implementations,
these interfaces can include junctions between distinct components, and in other
cases, these interfaces can include a solidly and/or integrally formed interconnection.
That is, in some cases, components that are “coupled” to one another can be
simultaneously formed to define a single continuous member. However, in other
implementations, these coupled components can be formed as separate members and
be subsequently joined through known processes (e.g., soldering, fastening, ultrasonic
welding, bonding). In various implementations, electronic components described as
being “coupled” can be linked via conventional hard-wired and/or wireless means
such that these electronic components can communicate data with one another.
Additionally, sub-components within a given component can be considered to be
linked via conventional pathways, which may not necessarily be illustrated.

[0048] A number of implementations have been described. Nevertheless, it will be
understood that additional modifications may be made without departing from the
scope of the inventive concepts described herein, and, accordingly, other

implementations are within the scope of the following claims.
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CLAIMS

We claim:
1. A loudspeaker comprising:

a diaphragm;

a basket;

an electro-magnetic motor supported by the basket and coupled to the
diaphragm for driving motion of the diaphragm relative to the basket along a motion
axis;

a surround coupling an outer peripheral edge of the diaphragm to the basket;
and

a waveguide coupled to the basket and surrounding the diaphragm, wherein
the waveguide has an arcuate inner surface that is complementary with an arcuate
outer surface of the diaphragm and extends along a portion of the arcuate outer

surface of the diaphragm.

2. The loudspeaker of claim 1, wherein the waveguide further comprises an outer

surface that extends beyond the outer peripheral edge of the diaphragm.

3. The loudspeaker of claim 1, wherein the waveguide overhangs the surround.

4. The loudspeaker of claim 3, wherein a core of the waveguide overhangs the
surround, the core having a height as measured from the outer surface of the basket in
a direction parallel with the motion axis that is equal to approximately 35 percent to
approximately 85 percent of a height of the diaphragm as measured from the outer

surface of the basket in the axial direction.

5. The loudspeaker of claim 1, wherein the surround is visually obstructed by the

waveguide from a front of the loudspeaker.

10
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6. The loudspeaker of claim 1, wherein the arcuate inner surface of the waveguide is
separated from the arcuate outer surface of the diaphragm by a distance of
approximately 0.25 millimeters (mm) to approximately 0.75 mm when the diaphragm

is in its rest position.

7. The loudspeaker of claim 1, wherein the arcuate inner surface of the waveguide
extends along approximately 5 percent to approximately 40 percent of the outer

surface of the diaphragm.

8. The loudspeaker of claim 1, wherein the diaphragm comprises a dome-shaped

radiating surface.

9. The loudspeaker of claim 1, wherein the loudspeaker comprises a high frequency

(HF) driver.

10. A high frequency (HF) driver comprising:

a diaphragm;

a basket;

a surround coupling an outer peripheral edge of the diaphragm to the basket
and protruding from an outer surface of the basket; and

a waveguide coupled with the basket and surrounding the diaphragm, wherein
the waveguide comprises:

an arcuate inner surface that is complementary with an arcuate outer
surface of the diaphragm and overlies a portion of the arcuate outer surface of
the diaphragm, such that the outer peripheral edge of the diaphragm is visually

obstructed by the waveguide from a front of the loudspeaker.

11. The HF driver of claim 10, wherein the waveguide overhangs the surround.

12. The HF driver of claim 10, wherein a core of the waveguide overhangs the

surround, the core having a height as measured from the outer surface of the basket in

11
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a direction parallel with the motion axis that is equal to approximately 35 percent to
approximately 85 percent of a height of the diaphragm as measured from the outer

surface of the basket in the axial direction.

13. The HF driver of claim 10, wherein the surround is visually obstructed by the

waveguide from a front of the loudspeaker.

14. The HF driver of claim 10, wherein the arcuate inner surface of the waveguide is
separated from the arcuate outer surface of the diaphragm by a distance of

approximately 0.25 millimeters (mm) to approximately 0.75 mm.

15. The HF driver of claim 10, wherein the arcuate inner surface of the waveguide
extends along approximately 5 percent to approximately 40 percent of the outer

surface of the diaphragm.

16. The HF driver of claim 10, wherein the diaphragm comprises a dome-shaped

radiating surface.

17. A loudspeaker comprising:

a waveguide having a centrally located aperture; and

a tweeter mounted within the aperture, the tweeter comprising a dome-shaped
acoustic radiating surface,

wherein the aperture is configured such that the waveguide overlies a

peripheral edge of the dome-shaped acoustic radiating surface of the tweeter.

18. The loudspeaker of claim 17, wherein the aperture is defined by an arcuate
surface that extends from a first open end having a first diameter to a second open end
having a second diameter that is smaller than the first open end, wherein the arcuate
surface has a curvature that corresponds to a curvature of the dome-shaped acoustic

radiating surface.

12
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19. The loudspeaker of claim 18, wherein the second diameter is smaller than a
diameter of the peripheral edge of the dome-shaped acoustic radiating surface of the

tweeter.

20. The loudspeaker of claim 18, wherein the tweeter further comprises a suspension
element that radially surrounds and is coupled to the peripheral edge of the dome-
shaped acoustic radiating surface, wherein the waveguide overlies the suspension
element, and wherein the first diameter is smaller than a diameter of an outer

peripheral edge of the suspension element.

13



PCT/US2020/019622

WO 2020/185390

1/4

0L

c

)

8

f
Ovt

g

<
Q.,-,....,_-..,.,-..,.,_-...,_-..,.,-.,.

0

e

O



WO 2020/185390 PCT/US2020/019622
2/4

150

PRIOR ART

FIG. 2A




WO 2020/185390 PCT/US2020/019622
3/4

/’" i 5 0

TS
FIG. 2B

S
S
Y

10




WO 2020/185390 PCT/US2020/019622
4/4

FIG. 3




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2020/019622

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4R1/34
ADD. HO4R1/30

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO4R

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X JP S54 172730 U (UNKNOWN)
6 December 1979 (1979-12-06)
the whole document

/B

X US 3 867 586 A (MAEKAWA KOUJI
18 February 1975 (1975-02-18)
the whole document

X US 2005/175207 Al (ALEXANDER ERIC J [US] 1-3
ET AL) 11 August 2005 (2005-08-11) 5-1

paragraphs [0031] - [0039]; figures 1A, 3,

1-20

N e
O

13-

ET AL) 1-20

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

22 April 2020

Date of mailing of the international search report

04/05/2020

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Lorch, Dominik

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2020/019622
Patent document Publication Patent family Publication
cited in search report date member(s) date
JP S54172730 U 06-12-1979  NONE
US 2005175207 Al 11-08-2005  NONE
US 3867586 A 18-02-1975 DE 2250697 Al 03-05-1973
JP S4847824 A 06-07-1973
JP $5629440 B2 08-07-1981
us 3867586 A 18-02-1975

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - wo-search-report
	Page 21 - wo-search-report

