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CONICAL STRUCTURE AND ULTRASONIC
TRANSDUCER

BACKGROUND

[0001] Ultrasonic transducers receive acoustic energy at
ultrasonic frequencies as an input and provide electrical
energy as an output, or receive electrical energy as an 1input
and provide acoustic energy at ultrasonic frequencies as an
output. A structure may be coupled to the ultrasonic trans-
ducer to receive or transmit ultrasonic waves. An ultrasonic
transducer can include a piece of piezoelectric material that
changes size 1n response to the application of an electric
field. If the electric field 1s made to change at a rate
comparable to ultrasonic frequencies, then the piezoelectric
clement can vibrate and generate acoustic pressure waves at
ultrasonic frequencies. Likewise, when the piezoelectric
clement resonates 1n response to 1mpinging ultrasonic
energy, the element can generate electrical energy.

BRIEF SUMMARY

[0002] Implementations of the disclosed subject matter
provide an apparatus that includes a conical structure having
a first circumference and a second circumierence, respec-
tively located at opposite ends of the comnical structure,
where the first circumierence has a greater length than the
second circumiference. A rim may be coupled at or adjacent
to the first circumierence of the conical structure. An ultra-
sonic transducer may be coupled to the second circumier-
ence of the conical structure.

[0003] Implementations of the disclose subject matter may
provide an apparatus including a conical structure having a
first circumierence and a second circumierence, respectively
located at opposite ends of the conical structure, where the
first circumierence has a greater length than the second
circumierence. An angle between a plane including the
second circumierence and a surface of the conical structure
may be 165° or greater. The apparatus may include an
ultrasonic transducer coupled to the second circumierence of
the conical structure.

[0004] Additional features, advantages, and embodiments
of the disclosed subject matter may be set forth or apparent
from consideration of the following detailed description,
drawings, and claims. Moreover, 1t 1s to be understood that
both the foregoing summary and the following detailed
description are examples and are intended to provide further
explanation without limiting the scope of the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The accompanying drawings, which are included
to provide a further understanding of the disclosed subject
matter, are incorporated in and constitute a part of this
specification. The drawings also 1illustrate embodiments of
the disclosed subject matter and together with the detailed
description serve to explain the principles of embodiments
of the disclosed subject matter. No attempt 1s made to show
structural details 1n more detail than may be necessary for a
fundamental understanding of the disclosed subject matter
and various ways 1n which 1t may be practiced.

[0006] FIG. 1A shows an example of a conical structure
coupled to an ultrasonic transducer according to an 1mple-
mentation of the disclosed subject matter.

Oct. 24, 2019

[0007] FIG. 1B shows a bottom view of an example
ultrasonic transducer according to an implementation of the
disclosed subject matter.

[0008] FIG. 2 shows a conical structure coupled to an
clongated polygon-shaped electrically active material layer
according to an implementation of the disclosed subject
matter.

[0009] FIGS. 3A-3D show side views of an example of a
conical structure according to implementations of the dis-
closed subject matter.

[0010] FIGS. 4A-4B show top views of a conical structure
according to implementations of the disclosed subject mat-
ter.

[0011] FIGS. 5A-5B show a cross-section view and a side
view, respectively, of an example conical structure having
radial ribs according to implementations of the disclosed
subject matter.

[0012] FIGS. 6 A-6B show examples of conical structures
having concentric ribs according to implementations of the
disclosed subject matter.

[0013] FIGS. 7A-7D show example side views of a coni-
cal structure having longitudinally disposed circular, oval,
rectangular, and polygonal cut-outs according to implemen-
tations of the disclosed subject matter.

[0014] FIGS. 8A-8D show example side views of a coni-
cal structure having hornizontally disposed circular, oval,
rectangular, and polygonal cut-outs according to implemen-
tations of the disclosed subject matter.

[0015] FIGS. 9A-9G show example cross-sectional views
of b profiles for a conical structure according to 1mple-
mentations of the disclosed subject matter.

[0016] FIG. 10 shows an example of a transducer array
according to an implementation of the disclosed subject
matter.

DETAILED DESCRIPTION

[0017] Implementations of the disclosed subject matter
provide a conical structure coupled to an ultrasonic trans-
ducer that has a lower profile and larger opening angle than
typical structures that may be coupled to a transducer. The
conical structure of the disclosed subject matter may
increase the rigidity of the conical structure, and may have
a mass below a predetermined amount to decrease eigen-
modes. In some 1mplementations, a rim may be added to the
conical structure, as well as structural ribs, to increase
rigidity. Cutouts may be added to the conical structure to
reduce the mass of the conical structure. The shape of the
conical structure may be selected to provide acoustic match-
ing between the operating medium (e.g., air) and a trans-
ducer.

[0018] Implementations of the disclosed subject matter
provide a conical structure and a transducer to increase
and/or maximize the acoustic pressure of a transmitted
signal or signal-to-noise ratio of a received ultrasonic signal,
so that an electric signal with decreased noise may be
obtained by a receiving device for processing. That 1is,
implementations of the disclosed subject matter provide the
conical structure and transducer to generate maximum
power from input signals. The conical structure and the
transducer may generate a useable signal (even from
received low-amplitude signals), regardless of the signal-to-
noise ratio of the received signal. In the apparatus of the
disclosed subject matter, the surface area of the exposed
conical structure may be maximized to capture as much of
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an incident ultrasonic wave as possible, while having a
surtace area and/or size of the conical structure be below a
predetermined threshold. The surface area of the conical
structure may be adjusted by varying the angle between the
first and second circumfterences of the conical structure, as
well as the height and/or the width of a rim attached to the
conical structure. In some implementations, the surface area
of the conical structure may be adjusted by adding a rim to
a portion of the conical structure. These features of the
conical structure may be adjusted so as to maximize the
surface area to capture as much of an incident ultrasonic
wave as possible and generate a useable signal. The thick-
ness of the conical structure can be adjusted based on the
selected material of the conical structure to tune the conical
structure’s stiflness and/or rnigidity, so as to improve the
acoustic output power for a transmitted signal or signal-to-
noise ratio for a received signal. The weight of the conical
structure may be adjusted (e.g., based on the selection of
materials) so as to minmimize a damping effect by the conical
structure on the transducer, which may interfere with gen-
erating a useable signal.

[0019] In some implementations, at least one of the cir-
cumferences that defines an opening of the conical structure
may be adjusted from a circle shape to an oval shape so as
to adjust the focus of the conical structure for a transmitted
signal or a received ultrasonic signal. The sidewalls disposed
between the circumierences that define the openings of the
conical structure may be formed 1n a planar shape, a convex
shape, or a concave shape to adjust the focus of the conical
structure for a transmitted signal or a received ultrasonic
signal.

[0020] FIGS. 1A-4B show an example of a conical struc-
ture coupled to an ultrasonic transducer according to an
implementation of the disclosed subject matter. An appara-
tus 100 may include a conical structure 110 that has a first
circumiference 120 and a second circumierence 130, that are
respectively located at opposite ends of the conical structure
110. The conical structure 110 may be formed from steel,
stainless steel, aluminum, plastic, carbon fiber composite, or
any other suitable material. The conical structure 110 may be
formed through any suitable additive or subtractive pro-
cesses. A rim 140 may be coupled at or adjacent to the first
circumierence 120 of the conical structure 110. The rim 140
may be formed structurally with the conical structure 110
through the additive or subtractive process. In some 1mple-
mentations, the rim 140 may be formed separately, and then
welded, soldered, aflixed (e.g., using an adhesive), and/or
coupled 1n any suitable manner to the conical structure 110.
The type of coupling used may be selected based on, for
example, the type of maternial used to form the conical
structure 110 and/or the rim 140.

[0021] The first circumierence 120 and the second cir-
cumference 130 may be any suitable length. In some 1mple-
mentations, the first circumference of the conical structure
110 may have a length that 1s 5-10 mm, 10-15 mm, 15-20
mm, 20-25 mm, or 25-30 mm. In some implementations, the
first circumierence of the conical structure 110 may have a
length that 1s 15-25 mm. The second circumierence of the
conical structure 110 may have length that 1s 1-2 mm, 2-3
mm, 3-4 mm, or 4-5 mm. In some 1mplementations, the
second circumierence of the conical structure 110 may have
length that 1s 2-4 mm.

[0022] In some implementations, the first circumierence
120 and the second circumierence 130 may each form
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openings respectively located at opposite ends of the conical
structure 110. The first circumference 120 may form a first
opening 131 (e.g., as shown in FIGS. 3A-3C). In some
implementations, a second opening may be formed in at
least a portion of the area of the second circumierence 130
may form a hole 132a (e.g., as shown in FIGS. 3-4). In some
implementations, a covering 13256 may be formed over the

opening formed by the second circumiference 130 (e.g., as
shown i FIGS. 4A-4B).

[0023] The rim 140 of the conical structure 110 shown 1n
FIGS. 1A-4B may have a height 141, which may be 10-30
um, 30-50 um, 50-70 um, 70-90 um, 90-110 um, 110-130
um, 130-1350 um, 150-170 um, 170-190 um, or 190-210 um,
or any other suitable height. In some 1implementations, the
height 141 of the rim 140 may be 25-105 um. A width 142
of the rim 140 may be 0-0.1 mm, 0.1 mm-0.2 mm, 0.2-0.4
mm, and 0.4-0.5 mm, 0.5-0.6 mm, 0.6-0.7 mm, 0.7 mm-0.8
mm, or 0.9-1.0 mm, or any other suitable width. In some
implementations, the width 142 of the rim 140 may be
0.01-0.2 mm. The width 142 of the rim may be a distance
from an mner rim circumierence 122 to an outer rim
circumierence 124. An inner rim circumierence 122 may
correspond to that of the first circumierence 120 of the
conical structure 110.

[0024] The thickness 111 of the conical structure 110 may
be 10-30 um, 30-350 um, 50-70 um, 70-90 um, 90-110 pum,
110-130 pum, 130-150 pwm, 150-170 um, 170-190 um, or
190-210 um, or any other suitable thickness. In some
implementations, the thickness 111 of the conical structure
110 may be 25-105 um. The thickness 111 may be substan-
tially the same as the height 141 of the rim 140. In some
implementations, the thickness of the conical structure 110
may be 90 um.

[0025] A distance 180 may be any suitable distance
between the first circumference 120 and the second circum-
ference 130. The distance 180 may be 0.1-0.3 mm, 0.3-0.7
mm, 0.7-1.1 mm, or 1.1-1.5 mm. In some implementations,
the distance 180 may be any suitable distance between the
first circumterence 120 and the second circumiference 130
may be 0.7-1.2 mm.

[0026] The first circumference 120 may have a greater
length than the second circumierence 130. An angle 190
between the second circumierence 130 and the first circum-
ference 120 may be between a plane including the second
circumierence and a surface of the conical structure (e.g., as
shown i FIG. 3A). The angle 190 between the second
circumierence 130 and the first circumierence 120 may
variably increase. In implementations of the disclosed sub-
ject matter, the angle 190 may be 150°-170°. This angle 190
of the conical structure 110 may maximize the surface area
to capture as much of an incident ultrasonic wave as possible
and generate a useable signal.

[0027] In some implementations, the angle 190 between
the second circumierence 130 and the first circumierence
120 may be 160° or greater, and the distance 180 between
the first circumference 120 and the second circumiference
130 may be less than 0.9 mm. In combination with the wider
angle 180, implementations where the distance 180 i1s less
than 0.9 may form a conical structure 110 that may maxi-
mize the surface area of the conical structure 110 to capture
as much of an incident ultrasonic wave as possible and
generate a useable signal.

[0028] The comnical structure 110 may either include or
omit the rim 140. The distance 180 between the first
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circumierence 120 and the second circumierence 130 may
be adjusted, as well as the angle 190 to improve the
performance of the conical structure 110 of the apparatus
100. In some implementations, the distance 180 may be 0.9
mm, the angle 190 may be 160°, and the conical structure
110 may include the rim 140. This may improve the signal
gain for the apparatus 100 by about 1.7 times, in comparison
to a conical structure 110 with similar features that does not
have a rim 140 (heremafter referred to as a reference
structure). In some 1mplementations, the distance 180 may
be 0.7 mm, the angle 190 may be 165°, and the conical
structure 110 may omit the rim 140. This may improve the
signal gain for the apparatus 100 by about 2.4 times in
comparison to the reference structure. In some 1mplemen-
tations, the distance 180 may be 0.7 mm, the angle 190 may
be 165°, and the conical structure 110 may include the rim
140. This may improve the signal gain for the apparatus 100
by about 2.9 times 1n comparison to the reference structure.

[0029] FIG. 3A-3D show side views of an example of the
conical structure 110 according to implementations of the
disclosed subject matter. FIG. 3A shows a planar surface
121a of the conical structure 110 that 1s disposed between
the first circumference 120 and the second circumierence
130. FIG. 3B shows a convex surface 1215 of the conical
structure 110 that 1s disposed between the first circumier-
ence 120 and the second circumference 130. FIG. 3C shows
a concave surface 121c¢ of the conical structure 110 that i1s
disposed between the first circumierence 120 and the second
circumference 130. The surfaces 121a, 1215, and 121¢ may
have a consistent thickness, or may have a variable thick-
ness, such as surface 1214 shown 1n FIG. 3D. The selection
of a concave surface or a convex surface may be used to
adjust the focus of the conical structure 110 of the apparatus
100 for a transmitted signal or a received ultrasonic signal.
The adjustment and/or variation of the thickness (e.g., such
as surface 121d shown 1n FIG. 3D) may be used to adjust the
stiflness of the conical structure 110, which may improve the
conical structure’s stifiness and/or rigidity, so as to improve
the acoustic output power for a transmitted signal or signal-
to-noise ratio for a recerved signal.

[0030] FIGS. 4A-4B show top views of the conical struc-
ture 110 according to implementations of the disclosed
subject matter. FIG. 4A shows an implementation of the
conical structure 110 that has a circular first circumterence
120 and a circular second circumference 130. FIG. 4B
shows an implementation of the conical structure 110 that
has an oval-shaped first circumierence 120 and an oval-
shaped second circumierence 130. The selection of a circu-
lar or oval-shaped first and second circumierences 120, 130
may be used to adjust the focus of the conical structure 110
of the apparatus 100 for a transmitted signal or a received
ultrasonic signal. Although FIGS. 4A-4B show pairs of like
circular or oval-shaped circumferences, the conical structure
110 may have one circumierence (e.g., the first circumier-
ence 120) which 1s oval, and another circumierence (e.g., the
second circumierence 130) which 1s circular. In some 1mple-
mentations, the conical structure may have at least one
circumierence (e.g., first circumierence 120 and/or second
circumierence 130 which may be a polygon).

[0031] The second circumierence 130 of the conical struc-
ture 110 may be coupled an ultrasonic transducer 150, which
may 1nclude an elongated polygon transducer membrane
160 and elongated polygon-shaped electrically active mate-
rial layer 170, as shown 1n FIG. 1B. Attachment points 163
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(which may be, e.g., silicone) may be disposed on a bottom
surface of the elongated polygon transducer membrane 160
(as shown 1n FIG. 1B) and may be used to attach transducer
150 to a support structure or base. In some 1implementations,
the attachment points 163 may be disposed on a top surface
of the elongated polygon transducer membrane 160.

[0032] The ultrasonic transducer 150 may be coupled to
the conical structure 110 by applying an adhesive, bonding,
welding, or soldering, and/or may be coupled 1n any other
suitable manner. The type of coupling used may be selected
based on, for example, the type of material used to form the
conical structure 110. The elongated polygon-shaped elec-
trically active material layer 170 may be disposed on the
clongated polygon-shaped transducer elastic layer 160 to
transform electrical excitation into a high-frequency vibra-
tion to produce ultrasonic acoustic emissions or transform
received high-frequency acoustic vibration into electrical
signals.

[0033] FIGS. 1A-1B show the conical structure 110

coupled to the elongated polygon transducer membrane 160,
with elongated polygon-shaped electrically active material
layer 170 disposed on the bottom of the elongated polygon
transducer membrane 160 according to implementations of
the disclosed subject matter. In some implementations, such
as shown 1n FIG. 2, the conical structure 110 may be coupled
to the elongated polygon-shaped electrically active material
layer 170, and the elongated polygon transducer membrane
160 may be disposed on the bottom of the elongated
polygon-shaped electrically active material layer 170.

[0034] The ultrasonic transducer 150, as shown i1n FIGS.
1A-2, may receive an electrical control signal (a “driving
signal™), causing the elongated polygon-shaped electrically
active material layer 170 (e.g., a tlexure to bend and/or the
tip) to vibrate relative to 1ts base at or around ultrasonic
frequencies. The elongated polygon-shaped -electrically
active material layer 170 can be 1n direct or indirect com-
munication with the elongated polygon transducer mem-
brane 160, and can cause the elongated polygon transducer
membrane 160 to vibrate and create ultrasonic frequency
acoustic waves.

[0035] The ultrasonic transducer 150 may include an
clectromechanically active device, such as the elongated
polygon-shaped electrically active matenial layer 170. The
clongated polygon-shaped electrically active material layer
170 may be a cantilever or flexure, and may be, for example,
a piezoceramic unimorph, bimorph, or trimorph. The elon-
gated polygon-shaped electrically active material layer 170
may include an electrically active material, such as piezo-
clectric maternial or piezo-ceramic, electrostrictive material,
or ferroelectric material, which may able to transform elec-
trical excitation into a high-frequency vibration to produce
ultrasonic acoustic emissions. The geometry of an elongated
polygon-shaped electrically active material layer 170 may
aflect the frequency, velocity, force, displacement, capaci-
tance, bandwidth, and efliciency of electromechanical
energy conversion produced by the electromechanically
active device when driven to output ultrasound and the
voltage and current generated by the elongated polygon-
shaped electrically active material layer 170 and efliciency
of electromechanical energy conversion when driven by
received ultrasound. The elongated polygon-shaped electri-
cally active material layer 170 may have a hexagonal profile,
or may have a profile based on any other suitable geometry.
The geometry of the elongated polygon-shaped electrically
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active material layer 170 may be selected, for example, to
tune the balance and other various characteristics of the
clongated polygon-shaped electrically active material layer
170. The elongated polygon-shaped electrically active mate-
rial layer 170 may be made using single layer of piezoelec-
tric material laminated onto a single passive substrate mate-
rial. The elongated polygon-shaped electrically active
material layer 170 may also be made with a single piezo-
electric layer and multiple passive layers; two piezoelectric
layers operating anti-phase, or two piezoelectric layers,
operating anti-phase and combined with one or more elec-
trically passive materials. Diflerent layers of the elongated
polygon-shaped electrically active material layer 170 may
have different shapes. For example, 1n a unimorph, a piezo-
electric material may be shaped diflerently from a passive
substrate material to which the piezoelectric matenal 1s
bonded. The piezoelectric matenal, for example, piezocer-
amic, used 1n the electromechanically active device may be
poled in any sutable manner, with polarization in any
suitable direction.

[0036] In some implementations, the polarization direc-
tion may be along the thickness of the piezoelectric material
(e.g., elongated polygon-shaped electrically active material
layer 170). The polarization defines the direction along
which the electric field 1s created 1n the piezoelectric mate-
rial once a voltage 1s applied. The operation mode of the
piezoelectric material may be based on how the piezoelectric
material 1s integrated into and/or clamped to a structure. The
piezoelectric material may be polarized 1n the direction of its
thickness. As one of the surfaces of the piezoelectric mate-
rial 1s polarized along its thickness, and because on one side
of the piezoelectric material 1s attached to the elongated
polygon transducer membrane 160, by applying the voltage
across the top and bottom side of the piezoelectric material,
it deforms and bends up and down (e.g., from a concave
shape to a convex shape, and vice-versa).

[0037] The elongated polygon-shaped electrically active
material layer 170 may be any suitable size for use in the
ultrasonic transducer 150, and for vibrating at ultrasonic
frequencies. The elongated polygon-shaped -electrically
active material layer 170 may be made in any suitable
manner, such as, for example, by cutting polygon-shaped
geometries from a larger laminate material. The laminate
material may be made from, for example, an electrically
active material, such a piezoceramic, bonded to an electri-
cally mactive substrate, such as, for example, metals such as
aluminum, Invar, Kovar, silicon/aluminum alloys, stainless
steel, and brass, using any suitable bonding techniques and
materials. The materials used may be non-optimal for the
performance of an individual electromechanically active
device. For example, materials may be selected for consis-
tent performance across a larger number of electromechani-
cally active device or for ease of manufacture.

[0038] The elongated polygon-shaped electrically active
material layer 170 may be oriented at any suitable angle. The
top surface of the elongated polygon-shaped electrically
active material layer 170, which may be, for example, a
passive material of a umimorph or an active maternial of a
bimorph. The elongated polygon-shaped electrically active
material layer 170 may be attached to the elongated polygon
transducer membrane 160 of an ultrasonic transducer 150 in
any suitable manner. For example, any sides of the elongated
polygon-shaped electrically active material layer 170 may
be bonded to the elongated polygon transducer membrane
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160. The bonds used to secure the elongated polygon-shaped
clectrically active material layer 170 to the elongated poly-
gon transducer membrane 160 may be any suitable combi-
nation of organic or inorganic bonds, using any suitable
conductive and non-conductive bonding materials, such as,
for example, epoxies or solders. The area of contact between
the elongated polygon-shaped electrically active material
layer 170 and the elongated polygon transducer membrane
160 may be any suitable size and shape. In some implemen-
tations, an ultrasonic transducer 150 may include more than
one elongated polygon-shaped electrically active material
layer 170. As shown in FIG. 10 as disclosed below, any
number of ultrasonic transducers may be formed in any
suitable arrangement.

[0039] The elongated polygon-shaped electrically active
material layer 170 may be bonded 1n a suitable position, with
the passive or active layers of the elongated polygon-shaped
clectrically active material layer 170 facing down depending
on whether the electromechanically active device 1s a uni-
morph, bimorph, trimorph, or has some other structure. The
bond may use any suitable bonding agent, solder, or epoxy.
For example, conductive adhesive film may be applied to the
areas of the electromechanically active device to be bonded
to the elongated polygon transducer membrane 160.

[0040] The elongated polygon transducer membrane 160
may be bonded to the ultrasonic transducer 150 to create an
ultrasonic device with a membrane. The elongated polygon
transducer membrane 160 may be attached with adhesive in
a manner that may define the outline of a number of cells of
the electromechanical transducer array which the elongated
polygon transducer membrane 160 will cover. The elongated
polygon-shaped electrically active material layer 170 may
be bonded to the elongated polygon transducer membrane
160, for example, at or near the tip of the electromechani-
cally active device. The elongated polygon transducer mem-
brane 160 may be multiple separate pieces of material. The
clongated polygon transducer membrane 160 may act to
acoustically couple the motion of cantilevers to the air, as the
motion of cantilevers may cause the membrane to move.

[0041] The elongated polygon transducer membrane 160
may be any suitable material or composite material struc-
ture, which may be of any suitable stiflness and weight, for
vibrating at ultrasonic frequencies. For example, the elon-
gated polygon transducer membrane 160 may be both stiif
and light. For example, the elongated polygon transducer
membrane 160 may be aluminum shim stock, metal-pat-
terned Kapton, or any other metal-pattern film. The mem-
brane may be impedance matched with the air to allow for
more eflicient air-coupling of the ultrasonic transducers.

[0042] FIGS. SA-5B show a cross-section view and a side
view, respectively, of an example conical structure having
radial ribs according to implementations of the disclosed
subject matter. The conical structure 110 may have radial
ribs 200 disposed on an outer surface 112. The radial ribs
200 may be formed through any suitable additive or sub-
tractive processes. The radial ribs 200 may be bonded,
welded, soldered, fixed (e.g., with an adhesive), or coupled
in any suitable manner to the outer surface 112 of the conical
structure 110. In some 1mplementations, the radial ribs 200
may be integrally formed with the conical structure 110
through any suitable additive or subtractive processes. The
radial ribs 200 and/or the rim 140 may have a thickness,
profile, structure, and/or placement so as to increase the
rigidity of the comical structure 110. The radial ribs 200
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and/or the rim 140 may be used to tune the conical structure
110’s stifiness and/or rigidity, so as to improve the acoustic
output power for a transmitted signal or signal-to-noise ratio
for a recerved signal.

[0043] FIGS. 6 A-6B show an example of conical structure
having concentric ribs according to implementations of the
disclosed subject matter. The conical structure 110 may have
concentric ribs 202 disposed on an outer surface 112. The
concentric ribs 202 may be formed through any suitable
additive or subtractive processes. The concentric ribs 202
may be bonded, welded, soldered, fixed (e.g., with an
adhesive), or coupled 1n any suitable manner to the outer
surface of the conical structure 110. In some 1mplementa-
tions, the concentric ribs 202 may be integrally formed with
the conical structure 110 through any suitable additive or
subtractive processes. The concentric ribs 202 and/or the rim
140 may have a thickness, profile, structure, and/or place-
ment so as to increase the rigidity of the conical structure
110. The concentric ribs 202 and/or the rim 140 may be used
to tune the conical structure 110’s stifiness and/or rigidity, so
as to improve the acoustic output power for a transmitted
signal or signal-to-noise ratio for a received signal.

[0044] Adjusting the ngidity of the conical structure 110,
such as with the radial ribs shown 1 FIGS. SA-5B or with
the concentric ribs shown in FIGS. 6 A-6B, may at least
partially acoustically match the operating medium (e.g., air)
and the transducer 150, as well as to assist the transducer 150
in increasing the signal-to-noise ratio so that the transducer
150 may generate a useable signal even from received
low-amplitude signals. The ribs (e.g., radial ribs 200 and/or
concentric ribs 202) may increase the rigidity of the conical
structure 110, so to minimize the cup deformation, while
mimmizing the added weight to the conical structure 110.
Higher energy, such as energy levels above a predetermined
threshold, may be converted between an acoustic domain
and a mechanical structure (e.g., the transducer 150), result-
ing 1n a higher power conversion efliciency.

[0045] FIGS. 7A-7D show example side views of a coni-
cal structure having longitudinally disposed circular, oval,
rectangular, and polygonal cut-outs according to implemen-
tations of the disclosed subject matter. The conical structure
110 may include at least one cutout disposed longitudinally
between the first circumierence 120 and the second circum-
terence 130, where the cutout may be a circular cutout (see,
e.g., FIG. 7A), an oval cutout (see, e.g., FIG. 7B), a
rectangular cutout (see, e.g., FIG. 7C), and a polygon cutout
(see, e.g., FIG. 7D). The cutouts shown in FIGS. 7A-7D may
be formed, for example, by a subtractive process. The
cutouts may be formed in the conical structure 110 so as to
reduce weight while maintaining a predetermined threshold
of structural rigidity. The weight of the conical structure may
be adjusted to minimize a damping eflect by the conical
structure on the transducer, which may interfere with gen-
erating a useable signal.

[0046] FIG. 7A shows an example of circular cutouts 210
formed through the thickness 111 of the conical structure
110. The circular cutouts 210 may be formed 1n a longitu-
dinal direction on the conical structure 110.

[0047] FIG. 7B shows an example of oval cutouts 212
formed through the thickness 111 of the conical structure
110. The oval cutouts 212 may be formed in a longitudinal
direction on the conical structure 110.

[0048] FIG. 7C shows rectangular cutouts 214 that may be
formed 1n a longitudinal direction on the conical structure
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110. The rectangular cutouts 214 may be formed through the
thickness 111 of the conical structure 110.

[0049] FIG. 7D shows polygon cutouts 216 that may be
formed 1 a 1 a longitudinal direction on the conical
structure 110. As an example, the polygon cutouts 216
shown 1 FIG. 7D may be hexagonal cutouts that may be
formed through the thickness 111 of the conical structure
110.

[0050] FIGS. 8A-8D show example side views of a coni-
cal structure having horizontally disposed circular, oval,
rectangular, and polygonal cut-outs according to implemen-
tations of the disclosed subject matter. The conical structure
110 may include at least one cutout disposed horizontally
between the first circumierence 120 and the second circum-
terence 130, where the cutout may be a circular cutout (see,
e.g., FIG. 8A), an oval cutout (see, e.g., FIG. 8B), a
rectangular cutout (see, e.g., FIG. 8C), and a polygon cutout
(see, e.g., F1IG. 8D). The cutouts shown in FIGS. 8 A-8D may
be formed, for example, by a subtractive process. The
cutouts may be formed in the conical structure 110 so as to
reduce weight while maintaining a predetermined threshold
of structural rigidity. The weight of the conical structure 110
may be adjusted to minimize a damping eflect by the conical
structure 110 on the transducer 150, which may interfere
with generating a useable signal. By maintaining the struc-
tural rnigidity of the conical structure 110, the acoustic output
power for a transmitted signal or signal-to-noise ratio for a
received signal may be improved.

[0051] FIG. 8A shows an example of circular cutouts 218
formed through the thickness 111 of the conical structure
110. The circular cutouts 218 may be formed in a horizontal
direction on the conical structure 110.

[0052] FIG. 8B shows an example of oval cutouts 220
formed through the thickness 111 of the conical structure
110. The oval cutouts 220 may be formed in a horizontal
direction on the conical structure 110.

[0053] FIG. 8C shows rectangular cutouts 222 that may be
formed 1n a horizontal direction on the conical structure 110.
The rectangular cutouts 222 may be formed through the
thickness 111 of the conical structure 110.

[0054] FIG. 8D shows polygon cutouts 224 that may be
formed 1n a 1n a horizontal direction on the conical structure
110. As an example, the polygon cutouts 224 shown in FIG.
8D may be hexagonal cutouts that may be formed through
the thickness 111 of the conical structure 110.

[0055] FIGS. 9A-9G show example cross-sectional views
of b profiles for a conical structure according to 1mple-
mentations of the disclosed subject matter. The conical
structure 110 may include at least one rib disposed longi-
tudinally or horizontally between the first circumierence 120
and the second circumierence 130, where the at least one rib
may be a rectangular rib, an oval rib, a trapezoidal rib, a
tubular rib, a C-shaped rib, a D-shaped rib, and a V-shaped
rib. The cross-sectional rib profiles may be used for the
radial ribs shown 1in FIGS. 5A-5B, or with the concentric
ribs shown 1n FIGS. 6 A-6B. The different rib profiles shown
in FIGS. 9A-9G may add different levels of structural
rigidity to the conical structure 110, and may add differing
weight to the to the conical structure 110. That 1s, the rib
profile may be selected based on the desired structural
rigidity for the conical structure 110, while considering the
added weight of the rib profile. By maintaiming the structural
rigidity of the conical structure 110 using the rib profile, the
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acoustic output power for a transmitted signal or signal-to-
noise ratio for a received signal may be improved.

[0056] FIG. 9A shows a rectangular rib profile 300, FIG.
9B shows an oval rib profile 302, FIG. 9C shows a C-shaped
rib profile 304, and FIG. 9D shows a D-shaped rib profile
306. FIG. 9E shows a V-shaped rib profile 308, FIG. 9F
shows a trapezoid shaped rim profile 310, and FIG. 9G
shows a tubular shaped rib profile 312. The rib profiles
shown 1n FIGS. 9A-9G may be formed through any suitable
additive or subtractive processes, and may increase the
structural rigidity of the conical structure 110. In some
implementations, the type of rib profile selected may
increase the rigidity of the conical structure more than
another type of rib profile.

[0057] FIG. 10 shows an example transducer array accord-
ing to an implementation of the disclosed subject matter. An
electromechanical transducer array may include any number
of ultrasonic transducers. The ultrasonic transducers may
share a common piece of material as a substrate, or may use
any suitable number of separate pieces of maternal, for
example, with each ultrasonic transducer having its own
separate piece of substrate material. The ultrasonic trans-
ducers of an electromechanical transducer array may be
divided into cells. Each cell may include a single ultrasonic
transducer covered by a membrane or membrane section, or
may include multiple ultrasonic transducers. The cells of
may be any suitable shape, 1n any suitable pattern. Cells may
be any suitable polygon, and may be arranged in any suitable
pattern. For example, as shown in FIG. 10, the transducer
array 10 may include a plurality of the apparatus 100 shown
in FIG. 1A and disclosed above that include ultrasonic
transducers. The ultrasonic transducers may be arranged in
any suitable manner, such as, for example, 1n a grid pattern.

[0058] The foregoing description, for purpose of explana-
tion, has been described with reference to specific embodi-
ments. However, the 1llustrative discussions above are not
intended to be exhaustive or to limit embodiments of the
disclosed subject matter to the precise forms disclosed.
Many modifications and variations are possible 1n view of
the above teachings. The embodiments were chosen and
described in order to explain the principles of embodiments
of the disclosed subject matter and their practical applica-
tions, to thereby enable others skilled in the art to utilize
those embodiments as well as various embodiments with
various modifications as may be suited to the particular use
contemplated.

1. An apparatus comprising:

a conical structure having a first circumference and a
second circumierence, respectively located at opposite
ends of the conical structure, wherein the first circum-
ference has a greater length than the second circum-
ference;

a rim coupled at or adjacent to the first circumierence of
the conical structure; and

an ultrasonic transducer coupled to the second circumier-
ence of the conical structure.

2. The apparatus of claim 1, wherein an angle between a
plane including the second circumierence and a surface of
the comical structure 1s 160° or greater.

3. The apparatus of claim 1, wherein an angle between a
plane 1including the second circumierence and a surface of
the conical structure variably increases.
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4. The apparatus of claim 1, wherein a distance between
the first circumiterence and the second circumfierence of the
conical structure 1s between 0.7-1.2 mm.

5. The apparatus of claim 1, wherein the rim has a height
that 1s between 25-105 um.

6. The apparatus of claim 1, wherein a thickness of the
conical structure 1s substantially the same as a height of the
rim, wherein the thickness 1s a distance between an inner
circumierence of the first circumierence and an inner cir-
cumierence of the rim.

7. The apparatus of claim 1, wherein a thickness of the
conical structure 1s varied between the first circumference
and the second circumtierence, wherein the thickness 1s a
distance between an inner circumference ot the first circum-
ference and an inner circumfterence ot the rim.

8. The apparatus of claim 1, wherein the rim has a width
that 1s between 0.01-0.2 mm.

9. The apparatus of claim 8, wherein the width of the rim
1s a distance from an inner circumference of the rim to an
outer circumierence of the rnm.

10. The apparatus of claim 1, wherein at least a shape of
an inner circumierence of the rim corresponds to that of the
first circumierence of the conical structure.

11. The apparatus of claim 10, wherein the inner circum-
ference corresponds to the first circumference of the conical
structure.

12. The apparatus of claim 1, wherein at least one of the
first circumference and the second circumierence 1s selected
from the group consisting of: a circle and an oval.

13. The apparatus of claim 1, wherein a thickness of the
conical structure 1s 90 um.

14. The apparatus of claim 1, wherein the conical struc-
ture 1s formed from at least one of a group consisting of:
steel, stainless steel, aluminum, plastic, and carbon fiber
composite.

15. The apparatus of claim 1, wherein the conical struc-
ture includes at least one cutout disposed longitudinally
between the first circumierence and the second circumier-
ence, wherein the at least one cutout 1s selected from the
group consisting of: a circular cutout, a rectangular cutout,
an oval cutout, and a polygon cutout.

16. The apparatus of claim 1, wherein the conical struc-
ture includes at least one cutout disposed horizontally
between the first circumierence and the second circumier-
ence, wherein the at least one cutout 1s selected from the
group consisting of: a circular cutout, a rectangular cutout,
an oval cutout, and a polygon cutout.

17. The apparatus of claim 1, wherein the conical struc-
ture includes at least one rib disposed longitudinally
between the first circumierence and the second circumier-
ence, wherein the at least one rib 1s selected from the group
consisting of: a rectangular rib, an oval rib, a trapezoidal rib,
a tubular rib, a C-shaped rib, a D-shaped rib, and a V-shaped
rib.

18. The apparatus of claim 1, wherein the ultrasonic
transducer 1s coupled to the conical structure with at least
one from the group consisting of: applying an adhesive,
bonding, welding, and soldering.

19. The apparatus of claim 1, wherein the first circum-
ference and the second circumierence each form openings
respectively located at opposite ends of the conical structure.

20. The apparatus of claim 1, wherein the first circum-
terence of the conical structure 1s 15-25 mm.
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21. The apparatus of claim 1, wherein the second circum-
ference of the conical structure 1s 2-4 mm.

22. The apparatus of claim 1, wherein the second circum-
ference forms an opening.

23. The apparatus of claim 1, wherein a covering 1s
formed over the second circumierence.

24. The apparatus of claim 1, wherein a surface of the
conical structure disposed between the first circumierence
and the second circumierence 1s selected from the group
consisting of: a convex surface, a concave surface, and a
planar surface.

25. The apparatus of claim 1, wherein a surface of the
conical structure disposed between the first circumierence
and the second circumierence has a constant thickness or a
variable thickness.

26. An apparatus comprising;:

a conical structure having a first circumference and a
second circumierence, respectively located at opposite
ends of the conical structure, wherein the first circum-
ference has a greater length than the second circum-
ference, and wherein an angle between a plane includ-
ing the second circumierence and a surface of the
conical structure 1s 165° or greater; and

an ultrasonic transducer coupled to the second circumier-
ence of the conical structure.

27. The apparatus of claim 26, wherein a distance between
the first circumierence and the second circumference of the
conical structure 1s between 0.7-1.2 mm.

28. The apparatus of claim 26, wherein the conical
structure further comprises:

a rim coupled at or adjacent to the first circumierence of
the conical structure that has a height that 1s between
25-105 um.

29. The apparatus of claim 28, wherein a thickness of the
conical structure 1s substantially the same as a height of the
rim, wherein the thickness i1s a distance between an inner
circumierence of the first circumierence and an inner cir-
cumierence of the rim.

30. The apparatus of claim 28, wherein the rim has a width
that 1s between 0.01-0.2 mm, wherein the width of the rim
1s a distance from an inner circumierence of the rim to an
outer circumiference of the rim.

31. The apparatus of claim 28, wherein at least a shape of
an 1nner circumierence of the rim corresponds to that of the
first circumierence of the conical structure.

32. The apparatus of claim 26, wherein a thickness of the
conical structure 1s varied between the first circumierence
and the second circumference, wherein the thickness 1s a
distance between an mnner circumierence and an outer cir-
cumierence of the first circumference.
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33. The apparatus of claim 26, wherein at least one of the
first circumference and the second circumierence 1s selected
from the group consisting of: a circle, an oval, and a

polygon.
34. The apparatus of claim 26, wherein a thickness of the

conical structure 1s 90 um.

35. The apparatus of claim 26, wherein the conical
structure 1s formed from at least one of a group consisting of:
steel, stainless steel, aluminum, plastic, and carbon fiber
composite.

36. The apparatus of claim 26, wherein the conical
structure 1ncludes at least one cutout disposed longitudinally
between the first circumierence and the second circumier-
ence, wherein the at least one cutout 1s selected from the
group consisting of: a circular cutout, a rectangular cutout,
an oval cutout, and a polygon cutout.

37. The apparatus of claim 26, wherein the conical
structure includes at least one cutout disposed horizontally
between the first circumiterence and the second circumier-
ence, wherein the at least one cutout 1s selected from the
group consisting of: a circular cutout, a rectangular cutout,
an oval cutout, and a polygon cutout.

38. The apparatus of claim 26, wherein the conical
structure includes at least one rib disposed longitudinally
between the first circumierence and the second circumier-
ence, wherein the at least one rib 1s selected from the group
consisting of: a rectangular rib, an oval rib, a trapezoidal rib,
a tubular rib, a C-shaped rib, a D-shaped rib, and a V-shaped
rib.

39. The apparatus of claim 26, wherein the ultrasonic
transducer 1s coupled to the conical structure with at least
one from the group consisting of: applying an adhesive,
bonding, welding, and soldering.

40. The apparatus of claim 26, wherein the first circum-
terence of the conical structure 1s 15-25 mm.

41. The apparatus of claim 26, wherein the second cir-
cumierence of the conical structure i1s 2-4 mm.

42. The apparatus of claim 26, wherein the second cir-
cumierence forms an opening.

43. The apparatus of claim 26, wherein a covering 1s
formed over the second circumierence.

44. The apparatus of claim 26, wherein a surface of the
conical structure disposed between the first circumierence
and the second circumference 1s selected from the group
consisting of: a convex surface, a concave surface, and a
planar surface.

45. The apparatus of claim 26, wherein a surface of the
conical structure disposed between the first circumierence
and the second circumierence has a constant thickness or a
variable thickness.
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