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A SONAR TRANSDUCER ARRAY ASSEMBLY AND
METHODS OF MANUFACTURE THEREOF

BACKGROUND
[0001] Sound navigation and ranging (sonar) transducer arrays typically include a
plurality of transducer elements that can be configured to transmit a steerable sonar beam or
receive a steerable sonar beam. The transducer elements are positioned in a linear array with

spacing between the elements.

SUMMARY

[0002] Embodiments of the present technology provide a sonar transducer array
assembly for transmitting and/or receiving sonar beams. The sonar transducer array assembly
comprises a first flexible circuit, a second flexible circuit, and a plurality of transducer elements.
The first and second flexible circuits each include a first side, a second side, and a plurality of
adhesive areas spaced apart and positioned in a line along one edge of the first side. The
transducer elements each include a first surface attached to one of the adhesive areas of the first
flexible circuit, an opposing second surface attached to one of the adhesive areas of the second
flexible circuit, and a third surface positioned between the first and second surfaces. The
transducer elements form a linear array with the third surface of each transducer element in
alignment and configured to transmit and receive an acoustic pressure wave.

[0003] This summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the detailed description. This summary is not intended
to identify key features or essential features of the claimed subject matter, nor is it intended to be
used to limit the scope of the claimed subject matter. Other aspects and advantages of the
present technology will be apparent from the following detailed description of the embodiments

and the accompanying drawing figures.

BRIEF DESCRIPTION OF THE DRAWING FIGURES
[0004] Embodiments of the present technology are described in detail below with
reference to the attached drawing figures, wherein:
[0005] Fig. 1 is a perspective view of a sonar transducer array assembly constructed in

accordance with various embodiments of the current technology;
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[0006] Fig. 2 is a perspective view of a transducer element utilized with the sonar
transducer array assembly;
[0007] Fig. 3A is a top view of a first side of a flexible circuit utilized with the sonar
transducer array assembly;
[0008] Fig. 3B is a top view of a second side of the flexible circuit utilized with the sonar

transducer array assembly;

[0009] Fig. 4 is a perspective view of a transducer array and a first flexible circuit;

[0010] Fig. 5 is a perspective view of the transducer array attached to the first flexible
circuit;

[0011] Fig. 6 is a perspective view of the transducer array, the first flexible circuit, and a

second flexible circuit;

[0012] Fig. 7 is a perspective view of the transducer array attached to both the first
flexible circuit and the second flexible circuit;

[0013] Fig. 8 is a perspective view of the sonar transducer array assembly depicting an
electrical connection between the transducer array and the second flexible circuit;

[0014] Fig. 9 is a bottom view of the sonar transducer array assembly depicting a
plurality of spacers, with one spacer positioned between each adjacent pair of transducer
elements; and

[0015] Fig. 10 is a flow diagram listing at least a portion of the steps of a method of
manufacturing a sonar transducer array assembly.

[0016] The drawing figures do not limit the present technology to the specific
embodiments disclosed and described herein. The drawings are not necessarily to scale,

emphasis instead being placed upon clearly illustrating the principles of the technology.

DETAILED DESCRIPTION
[0017] The following detailed description of the technology references the accompanying
drawings that illustrate specific embodiments in which the technology can be practiced. The
embodiments are intended to describe aspects of the technology in sufficient detail to enable
those skilled in the art to practice the technology. Other embodiments can be utilized and
changes can be made without departing from the scope of the present technology. The following

detailed description is, therefore, not to be taken in a limiting sense. The scope of the present
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technology is defined only by the appended claims, along with the full scope of equivalents to
which such claims are entitled.

[0018] In this description, references to “one embodiment”, “an embodiment”, or
“embodiments” mean that the feature or features being referred to are included in at least one
embodiment of the technology. Separate references to “one embodiment”, “an embodiment”, or
“embodiments” in this description do not necessarily refer to the same embodiment and are also
not mutually exclusive unless so stated and/or except as will be readily apparent to those skilled
in the art from the description. For example, a feature, structure, act, etc. described in one
embodiment may also be included in other embodiments, but is not necessarily included. Thus,
the present technology can include a variety of combinations and/or integrations of the
embodiments described herein.

[0019] Embodiments of the present technology relate to sonar transducer array
assemblies. Sonar transducer array assemblies typically include a plurality of transducer
elements that are positioned in a linear array with spacing between the elements. One or more
assemblies are utilized to form a sonar element in a multibeam phased array sonar system.
Multibeam sonar systems traditionally have not been developed for the consumer market. The
sonar element is often packaged in a housing that is large in size and may require multiple people
to install it on a marine vessel.

[0020] Embodiments of the present technology provide a sonar transducer array
assembly that includes an array of transducer elements which are connected to first and second
flexible circuits. The flexible circuits can be bent or shaped to fit into smaller and lower profile
housings so that a sonar element which includes the sonar transducer array assembly can be
handled more easily.

[0021] Embodiments of the technology will now be described in more detail with
reference to the drawing figures. Referring initially to Fig. 1, a sonar transducer array assembly
10 is illustrated. The transducer array assembly 10 broadly comprises a plurality of transducer
elements 12, a first flexible (flex) circuit 14, a second flex circuit 16, a plurality of spacers 18,
and an insulating sleeve 20 for providing mechanical and/or acoustical isolation.

[0022] Each transducer element 12 may be formed from piezoelectric materials like
ceramics such as lead zirconate titanate (PZT) or polymers such as polyvinylidene difluoride

(PVDF). Each transducer element 12, as seen in Fig. 2, may have a rectangular box shape with a
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top face 22, a bottom face 24, and four side faces 26. In various embodiments, the top face 22
and the bottom face 24 may each have a metallic coating applied thereto. In exemplary
embodiments, the top face 22 and the bottom face 24 may each be silver plated.

[0023] The transducer element 12 may function as an acoustic (pressure) wave receiver
or an acoustic wave transmitter. In the acoustic wave receiver mode, when any of the side faces
26 are impinged by acoustic waves generating a force or pressure thereon, the transducer element
12 may develop a voltage between the top face 22 and the bottom face 24 corresponding in
magnitude and frequency to the impinging acoustic waves. In the acoustic wave transmitter
mode, when a periodic voltage is applied between the top face 22 and the bottom face 24, the
transducer element 12 may generate pressure, acoustical, mechanical, and/or vibrational waves
from the side faces 26 corresponding in magnitude and frequency to the periodic voltage.

[0024] The first flex circuit 14, also known as a flexible printed circuit (FPC), may
include one or more sheets of flexible film with one or more conductive layers. The flexible film
may be considered a base layer and may be formed from polymer materials such as polyimide
(PD), polyester (PET), polyethylene napthalate (PEN), polyetherimide (PEI), along with various
fluoropolymers (FEP) and copolymers, or the like. The flexible film may present nearly any
shape and may have a thickness ranging from approximately 12 micrometers (um) to
approximately 125 um. The conductive layer may be formed from conductive materials such as
copper, gold, aluminum, nickel, silver, alloys thereof, or the like. The conductive layer may be
laminated to one side or surface of the flexible film and is typically covered with a flexible
insulator. If two conductive layers are included, then a first conductive layer may be laminated
to one side of the flexible film, while a second conductive layer may be laminated to the other
side of the flexible film, with each conductive layer being covered with a flexible insulator.
[0025] The first flex circuit 14, as seen in Figs. 1 and 3A-9, may include a first side 28,
an opposing second side 30, a plurality of adhesive areas 32, a plurality of pads 34, a plurality of
vias 36, a plurality of traces 38, and a stiffener 40. The adhesive areas 32 may be formed with
bonding agents that attach one object to another and may be positioned on the first side 28, the
second side 30, or both. In configurations, the adhesive areas 32 may comprise a continuous
sheet of adhesive with a plurality of holes cut therein. In other configurations, the adhesive areas
32 may comprise a plurality of individual pads. The pads 34 may be formed from the conductive

layer and may be positioned on the first side 28, the second side 30, or both. The pads 34 may
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provide electrical connection to a connector that connects to another system or device and
communicates electronic signals to and from the transducer elements 12. In some embodiments,
the pads 34 may provide electrical connection to optional electrical or electronic components,
such as amplifier circuits or signal processor circuits.

[0026] The vias 36 may connect from the first side 28 to the second side 30 and may be
plated with an electrically conductive material, such as copper, that also forms a ring around the
circumference of the hole. The traces 38 may be formed from the conductive layer and may be
positioned on the first side 28, the second side 30, or both. The traces 38 may provide electrical
connection from pads 34 and vias 36 to other pads 34 and vias 36. The stiffener 40 may include
a sheet of flexible film with a similar or greater rigidity as compared with the base layer. Instead
of the vias 36 described throughout the present disclosure, through holes (plated and/or non-
plated) may be used to connect the various elements of the transducer element 12. In
configurations, combinations of vias and through holes may be used as the vias 36.

[0027] In an exemplary embodiment, the first side 28 may be configured to receive the
transducer elements 12 and may include one adhesive area 32 for each of the transducer elements
12 of the transducer array 46, as shown in Fig. 3A. The adhesive areas 32 are generally shaped
to match the shape of the top face 22 or the bottom face 24 and may be distributed in a line along
one edge of the first flex circuit 14. In addition, the adhesive areas 32 may be spaced apart from
one another with the spacing being determined by, or related to, a wavelength of the waves
transmitted and received by the transducer elements 12. In configurations, adhesive areas 32
may comprise a continuous strip of adhesive with a plurality of holes cut or otherwise formed
therein. In other configurations, the adhesive areas 32 included a plurality of individual pads.
Furthermore, one via 36 is positioned within each adhesive area 32. Traces 38 on the second
side 30 connect the vias 36 to pads 34 for communication with external devices or to pads 34
with optional electronic circuits. The stiffener 40 may be attached to the second side 30, as
shown in Fig. 3B, with adhesive and may be aligned with the adhesive areas 32 on the first side
28 at the edge of the first flex circuit 14. The stiffener 40 may also include a plurality of holes
that are aligned with the row of vias 36.

[0028] The second flex circuit 16, as seen in Figs. 1 and 6-9, may be substantially similar
and in some embodiments identical, in size, shape, electrical configuration, and/or mechanical

configuration to the first flex circuit 14 and may include a first side 42 and a second side 44, as



WO 2016/010618 PCT/US2015/030866

well as adhesive areas 32, pads 34, vias 36, traces 38, and the stiffener 40. The adhesive areas 32
may be positioned on the first side 42 to align with the adhesive areas 32 on the first side 28 of
the first flex circuit 14. The second flex circuit 16 may also include one via 36 positioned within
each adhesive area 32. The stiffener 40, with a plurality of holes, may be attached to the second
side 44, in a similar fashion to that of the first flex circuit 14. The layout of the pads 34, other
vias 36, and the traces 38 may be similar to that of the first flex circuit 14 or may be different. In
addition, the second flex circuit 16 may include optional electronic circuitry. In various
embodiments, the electronic circuitry of the second flex circuit 16 is the same or substantially
similar to the electronic circuitry of the first flex circuit 14.

[0029] The spacers 18, as seen in Fig. 9, may be formed from materials that are resilient
and reduce or dampen movement, such as soft urethane or expanding urethane foam. The
spacers 18 may hold the transducer elements 12 in position in the sonar transducer array
assembly 10 and may be sized to fit between adjacent transducer elements 12. In configurations,
the spacers 18 may be discrete mechanical or physical elements. In other configurations, the
spacers 18 may be spaces, gaps, or air pockets filled with urethane, foam, or other similar
materials. In some configurations, spacers 18 may be air gaps positioned between the transducer
elements 12 lacking filler materials.

[0030] The insulating sleeve 20, as seen in Fig. 1, may be formed from material, such as
synthetic rubbers (e.g., neoprene foam), cork, corprene, vinyl, polyurethane, other foams,
combinations thereof, and the like, that can isolate mechanical energy, vibrations, and/or
acoustical energy. An exemplary insulating sleeve 20 may be formed from neoprene. The
insulating sleeve 20 may be flexible and have a tubular or cylindrical shape with a circumference
that is proportional to the width of the first flex circuit 14 and the second flex circuit 16. The
insulating sleeve 20 may have a height approximately equal to the height of the stiffener 40.
[0031] The sonar transducer array assembly 10 may have the following construction.
The transducer elements 12 may be positioned to form a linear array 46, with spacing
therebetween being determined by, or related to, a wavelength of the waves transmitted and
received by the transducer elements 12. The transducer array 46 may be positioned on and
attached to the adhesive areas 32 of the first side 28 of the first flex circuit 14 such that the top
face 22 of each transducer element 12 contacts one adhesive area 32, as shown in Figs. 5 and 6.

Each transducer element 12 may be electrically connected to the via 36 positioned within each
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adhesive area 32. The electrical connection may be made with conductive epoxy paste or tin-
lead solder, as shown in Fig. 8. In configurations, the adhesive areas 32 function as a gasket to
prevent the conductive epoxy from shorting the adjacent channels. The second flex circuit 16
may be attached to the transducer array 46 such that each adhesive area 32 of the first side 42
may contact the bottom face 24 of one transducer element 12. In addition, each transducer
element 12 may be electrically connected to the via 36 positioned within each adhesive area 32
of the second flex circuit 16.

[0032] In one configuration, the length of each flex circuit 14, 16 is about approximately
1.5 to 2.5 inches, the height of each flex circuit is about approximately 0.25 to 1.0 inches, the
length of the transducer array 46 is approximately about 1.5 to 2.5 inches, and the gap between
each transducer element 12 in the array 46 is approximately 0.05 to 0.10 inches. Thus,
embodiments of the present invention provide a compact transducer array assembly 10.
However, the assembly 10 may present configurations and dimensions of any size.

[0033] The spacers 18 may be positioned within the transducer array 46 such that one
spacer 18 is positioned between each pair of adjacent transducer elements 12, as shown in Fig. 9.
The insulating sleeve 20 may be positioned around a lower portion of the first flex circuit 14 and
the second flex circuit 16 such that it covers the stiffener 40 on each flex circuit 14, 16 and the
opposing ends of the transducer array 46, as shown in Fig. 1.

[0034] During operation of the sonar transducer array assembly 10, the insulating sleeve
20 mechanically and/or acoustically isolates the exposed portion of the transducer array 46 and
prevents, or at least reduces, acoustic energy from being transferred to other areas of the
assembly 10. The sleeve 20 may be configured to envelope, encapsulate, and/or at least partially
surround one or more of the transducer elements 12 to provide for acoustic decoupling and/or
isolation.

[0035] Typically, the sonar transducer array assembly 10 is configured as a transmitting
array that transmits a steerable sonar beam or a receiving array that receives a steerable sonar
beam. The sonar transducer array assembly 10 is usually paired with a second sonar transducer
array assembly which performs the complementary function to form a sonar element. The two
sonar transducer array assemblies 10 may couple with sonar equipment that sends electronic

signals to and receives electronic signals from the assemblies 10. The sonar equipment may
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calculate sonar data and generate sonar imagery based on the electronic signals received from the
sonar transducer array assemblies 10.

[0036] At least a portion of the steps of a method 100, in accordance with various aspects
of the current technology, of manufacturing a sonar transducer array assembly 10 is listed in Fig.
10. The steps of the method 100 may be performed in the order as shown in Fig. 10, or they may
be performed in a different order. Furthermore, some steps may be performed concurrently as
opposed to sequentially. In addition, some steps may not be performed.

[0037] Referring to step 101, a plurality of transducer elements 12 is attached to a first
flexible (flex) circuit 14, as shown in Figs. 5 and 6. Each transducer element 12 may be formed
from piezoelectric materials and may have a rectangular box shape with a top face 22, a bottom
face 24, and four side faces 26, as seen in Fig. 2. The first flex circuit 14 may include a first side
28, an opposing second side 30, a plurality of adhesive areas 32, a plurality of pads 34, a
plurality of vias 36, and a plurality of traces 38.

[0038] The transducer elements 12 and the first flex circuit may be prepared in advance.
The top face 22 and the bottom face 24 of every transducer element 12 may each be coated with
a metal, such as silver. Referring to Figs. 3A and 3B, the adhesive areas 32 may be distributed in
a line along one edge of the first side 28 of the first flex circuit 14, with each adhesive area 32
shaped to match the shape of the top face 22 or the bottom face 24. The first flex circuit 14 may
include one adhesive area 32 for each transducer element 12. In addition, the first flex circuit 14
may include one via 36 positioned within each adhesive area 32. Furthermore, the first flex
circuit 14 may include traces 38 and pads 34 laid out as needed.

[0039] The transducer elements 12 may be placed on the first flex circuit 14 in an
automated fashion, such as by robotic pick and place, or in a manual fashion. The transducer
elements 12 may be placed on the first flex circuit 14 such that the top face 22 of each transducer
element 12 contacts one adhesive area 32 on the first side 28 of the first flex circuit 14. The
transducer elements 12 then stick to the first flex circuit 14, as shown in Figs. 5 and 6.
Furthermore, the transducer elements 12 placed in a linear arrangement with space between each
element 12 forms a transducer array 46.

[0040] Referring to step 102, the transducer elements 12 and the first flex circuit 14 are
inspected. The inspection is a visual inspection to check that the transducer elements 12 are

placed on the first flex circuit 14 with the proper orientation, alignment, and spacing
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therebetween. The inspection may be performed as an automated optical inspection. If any
errors are found, then one or more of the transducer elements 12 may be replaced on the first flex
circuit 14.

[0041] Referring to step 103, a second flex circuit 16 is attached to the transducer array
46, as shown in Fig. 7. The second flex circuit 16 may be substantially similar, and in some
configurations identical, to the first flex circuit 14 and may include a first side 42, an opposing
second side 44, a plurality of adhesive areas 32, and a plurality of vias 36. The second flex
circuit 16 may be prepared in advance such that the adhesive areas 32 are distributed in a line
along one edge of the first side 42 of the second flex circuit 16, with each adhesive area 32
shaped to match the shape of the top face 22 or the bottom face 24. The second flex circuit 16
may include one adhesive area 32 for each transducer element 12 and one via 36 positioned
within each adhesive area 32. In addition, the adhesive areas 32 are positioned to align with the
adhesive areas 32 on the first flex circuit 14. Furthermore, the first flex circuit 14 may include
traces 38 and pads 34 laid out as needed.

[0042] The second flex circuit 16 may be oriented such that the first side 42 faces the
first side 28 of the first flex circuit 14, as shown in Fig. 6. The second flex circuit 16 may be
pressed onto the transducer array 46 such that each adhesive area 32 contacts the bottom face 24
of each transducer element 12. At this point, the sonar transducer array assembly 10 may include
the transducer array 46 attached to the first sides 28, 42 of both the first flex circuit 14 and the
second flex circuit 16.

[0043] Referring to step 104, the transducer array 46 is electrically connected to the first
flex circuit 14 and the second flex circuit 16. The transducer array 46 may be accessible along
the second sides 30, 42 of both the first flex circuit 14 and the second flex circuit 16 through vias
36 that are aligned with the transducer elements 12. Thus, the top face 22 of each transducer
element 12 may be electrically connected to one via 36 of the first flex circuit 14. And, the
bottom face 24 of each transducer element 12 may be electrically connected to one via 36 of the
second flex circuit 16. The electrical connection may be made through the use of conductive
epoxy paste which is applied to the vias 36 such that the hole of the via 36 is filled with the
paste, as shown in the exemplary embodiment in Fig. 8. Screening components may be utilized
when filling the vias 36 with the paste. The electrical connection may also be made with tin-lead

solder wherein the transducer elements 12 are soldered to the vias 36. The combination of a
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single transducer element 12 along with the vias 36, traces 38, and pads 34 on both flex circuits
14, 16 to which the transducer element 12 is connected may form a channel.

[0044] Referring to step 105, the sonar transducer array assembly 10 is cured at an
elevated temperature sufficient to cure electrical bonds. Referring to step 106, the space between
the transducer elements 12 is filled. The space between the transducer elements 12, also known
as the kerf, may be filled with a plurality of spacers 18, such that one spacer 18 is positioned
between each two adjacent transducer elements 12, as shown in Fig. 9. The spacers 18 may be
formed from urethane, such as a soft urethane or an expanding urethane foam. The spacers 18
may be created and positioned by applying (e.g., spraying, filling, and the like) a urethane foam
onto the transducer array 46 such that the foam covers the entire array 46. In other
configurations, a backing, comprising an acoustic isolation foam and/or other dampening
material, is positioned between the flex circuits 14, 16. In embodiments, a single polymer
piezoelectric transducer array with pre-filled kerfs may be employed. In such embodiments, the
single polymer assembly may be pressed and adhered to the adhesive areas 32 of the
corresponding transducer element 12.

[0045] Referring to step 107, the sonar transducer array assembly 10 is cured again at an
elevated temperature sufficient to cure the filler.

[0046] Referring to step 108, the electrical characteristics of the sonar transducer array
assembly 10 are tested. The electrical characteristics may include inductance, capacitance, and
resistance, also known as LCR. The testing may involve probing a pad 34 on the first flex circuit
14 and a pad 34 on the second flex circuit 16, wherein the two pads 34 form the endpoint of one
channel. The inductance, capacitance, and resistance between these two points may be
measured. Alternatively or in addition, two other points, such as intermediate test points, may be
probed along the path of a channel, and the inductance, capacitance, and resistance may be
measured. This testing may determine open circuits, short circuits, and impedances.

[0047] Referring to step 109, an insulating sleeve 20 is placed on the sonar transducer
array assembly 10. The insulating sleeve 20 may be formed from synthetic rubbers, such as
neoprene, and may have a tubular or cylindrical shape. The insulating sleeve 20 may be placed
around the sonar transducer array assembly 10 so that it covers a lower portion of the second
sides 30, 44 of the first flex circuit 14 and the second flex circuit 16 as well as the opposing ends

of the transducer array 46, as shown in Fig. 1.
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[0048] Although the technology has been described with reference to the embodiments
illustrated in the attached drawing figures, it is noted that equivalents may be employed and

substitutions made herein without departing from the scope of the technology.
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CLAIMS

What is claimed is:

1. A sonar transducer array assembly comprising:

a first flexible circuit including a first side, a second side, and a plurality of adhesive
areas spaced apart and positioned in a line along one edge of the first side;

a second flexible circuit including a first side, a second side, and a plurality of adhesive
areas spaced apart and positioned in a line along one edge of the first side; and

a plurality of transducer elements, each transducer element including a first surface
attached to one of the adhesive areas of the first flexible circuit, an opposing
second surface attached to one of the adhesive areas of the second flexible circuit,
and a third surface positioned between the first and second surfaces,

wherein the transducer elements form a linear array with the third surface of each
transducer element in alignment and configured to transmit and receive an

acoustic pressure wave.

2. The sonar transducer array assembly of claim 1, further comprising a mechanical
insulating sleeve positioned to cover a portion of the first and second flexible circuits and to

align with the transducer array.

3. The sonar transducer array assembly of claim 2, wherein the mechanical
insulating sleeve contacts the second side of each of the first and second flexible circuits and the

transducer elements at opposing ends of the transducer array.

4. The sonar transducer array assembly of claim 1, further comprising an insulating

material occupying the space between adjacent transducer elements.

5. The sonar transducer array assembly of claim 1, wherein the first and second

surfaces of each transducer element are coated with a metal.

12
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6. The sonar transducer array assembly of claim 1, wherein the first and second
flexible circuits each include a plurality of conductively plated vias extending from the first side
to the second side and each transducer element is electrically connected to one via on the first

flexible circuit and one via on the second flexible circuit.

7. The sonar transducer array assembly of claim 6, wherein the vias are filled with

electrically conductive paste to electrically connect the transducer elements to the vias.

8. The sonar transducer array assembly of claim 7, wherein at least one of the
adhesive areas of each flexible circuit form a gasket to prevent the conductive paste from

shorting adjacent electrical channels.

13
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9. A sonar transducer array assembly manufactured by a method comprising the
steps of:

attaching a plurality of transducer elements to adhesive areas on a first flexible circuit so
that the transducer elements form a transducer arrays;

attaching the transducer array to adhesive areas on a second flexible circuit;

electrically connecting the transducer array to the first flexible circuit and the second
flexible circuit;

filling spaces between the transducer elements; and

placing a mechanical insulating sleeve on the assembly to cover a portion of the first and

second flexible circuits and to align with the transducer array.

10. The sonar transducer array assembly of claim 9, wherein the first flexible circuit
includes a plurality of plated through holes, each positioned within one adhesive area and the
second flexible circuit includes a plurality of plated through holes, each positioned within one

adhesive area.

11. The sonar transducer array assembly of claim 10, wherein the transducer array is
electrically connected to the first flexible circuit and the second flexible circuit by filling the
plated through holes of the first flexible circuit and the second flexible circuit with electrically

conductive epoxy.

12. The sonar transducer array assembly of claim 9, wherein the mechanical
insulating sleeve contacts the second side of each of the first and second flexible circuits and the

transducer elements at opposing ends of the transducer array.

13. The sonar transducer array assembly of claim 9, further comprising an insulating

material occupying the space between adjacent transducer elements.

14. The sonar transducer array assembly of claim 1, wherein the first and second

surfaces of each transducer element are coated with a metal.

14
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15. The sonar transducer array assembly of claim 9, wherein the first and second
flexible circuits each include a plurality of conductively plated vias extending from the first side
to the second side and each transducer element is electrically connected to one via on the first

flexible circuit and one via on the second flexible circuit.

16. The sonar transducer array assembly of claim 15, wherein the vias are filled with

electrically conductive paste to electrically connect the transducer elements to the vias.

17. The sonar transducer array assembly of claim 16, wherein at least one of the
adhesive areas of each flexible circuit form a gasket to prevent the conductive paste from

shorting adjacent electrical channels
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ELEMENTS TO A FIRST FLEXIBLE CIRCUIT
TO FORM A TRANSDUCER ARRAY

INSPECT THE TRANSDUCER ARRAY |— 102
AND THE FIRST FLEXIBLE CIRCUIT
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ATTACH A SECOND FLEXIBLE CIRCUT [~ 109
TO THE TRANSDUCER ARRAY

!

ELECTRICALLY CONNECT THE TRANSDUCER | — 104
ARRAY TO THE FIRST FLEXIBLE CIRCUIT AND THE
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!
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THE TRANSDUCER ELEMENTS

Y
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