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METHODS AND SYSTEMS FOR
MANUFACTURING AN ULTRASOUND
PROBE

FIELD

[0001] Embodiments described herein generally relate to
forming a conductive layer of an ultrasound probe.

BACKGROUND OF THE INVENTION

[0002] Conventional ultrasound probes include a series of
matching layers. The matching layers are configured to
adjust acoustic impedance characteristics of a piezoelectric
layer, by decreasing acoustic waves within the ultrasound
probe to match the patient. The matching layers include one
or more conductive layers. For example, the conductive
layers are configured as a ground return for the matching
layers of the ultrasound probe to an electrical ground.
[0003] However, the conventional methods to form the
conductive layers are cost prohibitive. For example, a plastic
material (e.g., Rexolite, Acrylonitrile Butadiene Styrene) is
machined to a specified shape. A metalized surface is formed
on a surface of the plastic material. The metalized surface is
formed using a vapor deposition process. The vapor depo-
sition process is initiated using a seed layer of gold. Addi-
tional gold is applied, using a sputter process, to produce a
thickness of the gold to a required level. The rate of growth
of the thickness is slow due to the slow deposition rate
within the sputter chamber, which further increases costs.

BRIEF DESCRIPTION OF THE INVENTION

[0004] In an embodiment a method (e.g., for manufactur-
ing a second matching layer) is provided. The method
includes forming a second matching layer of an ultrasound
probe from a material having a select acoustic impedance.
The method includes activating a bottom surface area of the
second matching layer using a laser beam based on a
template to form a conductive layer, and electrically cou-
pling the conductive layer to a piezoelectric layer.

[0005] Inan embodiment a method (e.g., for manufactur-
ing a first matching layer) is provided. The method includes
receiving a template for a second matching layer, and using
a three-dimensional (3D) printer to form the second match-
ing layer of an ultrasound probe based on the template. The
second matching layer having a conductive material with a
select acoustic impedance. The method includes electrically
coupling the second matching layer to a piezoelectric layer.

[0006] Inanembodiment, an ultrasound probe is provided.
The probe includes a piezoelectric layer, and first and second
matching layers. The first matching layer is interposed
between the second matching layer and the piezoelectric
layer. The second matching layer formed from a material
having a select acoustic impedance from a laser activated
molded interconnect device (MID) or a three-dimensional
printer. The second matching layer being electrically
coupled to the piezoelectric layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 illustrates an embodiment of a perspective
view of an ultrasound probe.
[0008] FIG. 2 illustrates an embodiment of an acoustic
stack of an ultrasound probe.
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[0009] FIG. 3 illustrates an embodiment of a process for
laser activated molded interconnect devices to form a second
matching layer.

[0010] FIG. 4 illustrates an embodiment of a flow chart of
a method for manufacturing a second matching layer.
[0011] FIG. 5 illustrates an embodiment of a schematic
block diagram of a manufacturing system.

DETAILED DESCRIPTION OF THE
INVENTION

[0012] The following detailed description of certain
embodiments will be better understood when read in con-
junction with the appended drawings. To the extent that the
figures illustrate diagrams of the functional modules of
various embodiments, the functional blocks are not neces-
sarily indicative of the division between hardware circuitry.
Thus, for example, one or more of the functional blocks
(e.g., processors or memories) may be implemented in a
single piece of hardware (e.g.. a general purpose signal
processor or a block of random access memory, hard disk, or
the like). Similarly, the programs may be stand-alone pro-
grams, may be incorporated as subroutines in an operating
system, may be functions in an installed software package,
and the like. It should be understood that the various
embodiments are not limited to the arrangements and instru-
mentality shown in the drawings.

[0013] As used herein, an element or step recited in the
singular and proceeded with the word “a” or “an” should be
understood as not excluding plural of said elements or steps,
unless such exclusion is explicitly stated. Furthermore,
references to “one embodiment” of the present invention are
not intended to be interpreted as excluding the existence of
additional embodiments that also incorporate the recited
features. Moreover, unless explicitly stated to the contrary,
embodiments “comprising” or “having” an element or a
plurality of elements having a particular property may
include additional elements not having that property.
[0014] Various embodiments described herein generally
relate to manufacturing a conductive layer at a matching
layer of a ultrasound probe. The conductive layer is inter-
posed between first and second matching layers of the
ultrasound probe. The matching layers are configured to
reduce the acoustic impedance difference between the piezo-
electric layer and the patient. The matching layer includes a
conductive layer positioned along a backside of the second
matching layer. The conductive layer is configured to elec-
trically couple the second matching layer to a electrodes of
a flex. The matching layers are formed utilizing a laser
activated molded interconnect device (MID) and/or a three-
dimensional (3D) printer.

[0015] A technical effect of at least one embodiment
described herein eliminates the use of high cost vapor
deposition process to form the conductive layer. A technical
effect of at least one embodiment described herein improves
yield fallout seen from current metalized matching layers
where metallization adhesion variation results in partial
delamination during element dicing.

[0016] FIG. 1 illustrates an embodiment of a perspective
view of an ultrasound probe 100. Additionally or alterna-
tively, embodiments of the ultrasound probe 100 is described
in US. Pat. No. 9,539,667, entitled, “SYSTEMS AND
METHODS FOR CONNECTION TO A TRANSDUCER
IN ULTRASOUND PROBES;” which is incorporated by
reference in its entirety.
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[0017] The probe 100 includes a scanning end 102, having
an integrated support and electrical connection member
illustrated as a molded interconnect device (MID) 103. The
probe 100 may be an ultrasound imaging probe having a
non-mechanically moving (e.g., electronically steerable) or
mechanically moving scan head, which includes a trans-
ducer carrier (provided by the MID 103) for supporting a
transducer array 120 (which in various embodiments may be
formed from piezoelectric ceramic elements, matching lay-
ers, and/or acoustic stack laminated thereon). However, it
should be noted that various embodiments may be imple-
mented in different types of probes having different designs
and are not limited to the probes illustrated and described
herein.

[0018] The transducer array 120 in various embodiments
may be formed from any suitable components, for example,
a piezoelectric ceramic, which is supported on the MID 103.
The probe 100 includes electrical interconnects 106 inte-
grated with the MID 103 for communicating with and
electrically controlling the transducer array 120. A pair of
connectors 110 are also coupled to the MID 103 to allow
connection to the electrical interconnects 106. The electrical
interconnects 106 are applied to or formed on a base 112,
such as a plastic base. In various embodiments, a single
interface and support element, such as the MID 103, is
provided having the electrical interconnects 106 and support
portion for the transducer array 120 combined or integrated
into a single physical structure or part. Additionally or
alternatively, the MID 103 provides the functionality and/or
operation of a support structure and electrical interconnect
(instead of, for example, a separate carrier and scan head flex
PCB). The MID 103 in various embodiments supports and
provides interconnection to the transducer array 120 within
the probe 100.

[0019] A pair of connectors 116 are also coupled to the
MID 103 to allow connection to the electrical interconnects
106, such as for connection to a system cable. It should be
noted that although two connectors 116 are shown, fewer or
additional connectors 116 may be provided and coupled to
the same or different portions of the MID 103. The connec-
tors 116 may be any suitable type of connection interface,
which in one embodiment is a board-to-board connector
114, such as for cable interconnect and includes a plurality
of connector elements.

[0020] Optionally, an additional portion 104 may be pro-
vided that extends from the base 112, which may be coupled
thereto or form part of the base 112. In various embodi-
ments, the portion 104 allows for connection of the MID 103
of the probe 100, such as mounting of the MID 103 to and
within the housing of the probe 100.

[0021] FIG. 2 illustrates an embodiment of an acoustic
stack 200, such as for the ultrasound probe 100. The acoustic
stack 200 includes one or more matching layers 202, 204
and a piezoelectric layer 206. The piezoelectric layer 206
represents an electrically conductive structure, such as
ceramic. The acoustic stack 200 is shown having a second
matching layer 202 and a first matching layer 204. The
second matching layer 202 is interposed between the first
matching layer 204 and a lens (not shown). The lens is
positioned adjacent to the patient (e.g., skin). The first
matching layer 204 is interposed between the second match-
ing layer 204 and the piezoelectric layer 206. The matching
layers 202, 204 have acoustic impedance characteristics,
which are configured to reduce the acoustic impedance of
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the piezoelectric layer 206 emitted by the ultrasound probe
100. For example, the materials of the first and second
matching layers 202, 204 are configured to have select
acoustic impedances. The first matching layer 204 is con-
figured to reduce the acoustic impedance characteristics of
the piezoelectric layer 206 at the select acoustic impedance
at arange of 2-3 Megarayles. In another example, the second
matching layer 202 is configured to reduce the acoustic
impedance characteristics of the first matching layer 204 at
the select acoustic impedance at a range of 6-15 Megarayles.
Optionally, the acoustic stack 200 includes dematching layer
(not shown) interposed between the piezoelectric layer 206
and a flex 210. Additionally or alternatively, the acoustic
stack 200 does not include the dematching layer, rather the
flex 210 (as shown in FIG. 2) is positioned adjacent to the
piezoelectric layer 206. The flex 210 is configured to elec-
trically couple the ultrasound probe to an ultrasound imag-
ing system.

[0022] The matching layers 202, 204 and the piezoelectric
layer 206 (e.g., the ceramic) include conductive layers 212,
214, 216 that electrically couple the piezoelectric layer 206
to electrodes (not shown) on the flex 210. The electrodes are
positioned a long a surface of the flex and/or positioned
within the flex. The conductive layers 214, 216 are posi-
tioned on opposing sides of the piezoelectric layer 206. The
conductive layer 212 is electrically coupled to an electrically
conductive portion of the first matching layer 204. The
electrically conductive portion electrically couples the con-
ductive layers 212, 214, which enables the conductive layer
212 to be electrically coupled to the electrodes of the flex
210. For example, the conductive layer 212 enables the
matching layer 202 to electrically couple the electrodes of
the flex 210 via the electrically conductive portion of the
matching layer 204 and the piezoelectric layer 206 (e.g,,
ceramic).

[0023] FIG. 3 illustrates an embodiment of a process 300
for the laser activated MID to form a second matching layer.
The process 300 illustrates forming the conductive layer 212

utilizing the laser activated molded interconnect device
(MID).

[0024] At 302, a second matching layer is formed using an
injection molding, such as a single-component injection
molding. The injection molding is configured to produce a
form factor and/or shape of a second matching layer 304.
The second matching layer 304 may include an array of
transducer elements 303a-d arranged as a matrix array. For
example, the transducer elements 303a-d are shown as
columns along a top surface area 308 of the second matching
layer 304. A material of the first matching layer is configured
to reduce an acoustic impedance at a select acoustic imped-
ance (e.g., 10-15 Megarayles). A material of the second
matching layer 304 may include at least one of Acrylonitrile
butadiene styrene (ABS), polycarbonate (PC), Polymeriza-
tion (PA), Polyphthalamide (PPA), Polybutylene terephtha-
late (PBT), Cyclic Olefin Copolymer (COP), Polyphenyl
Ether (PPE), Liquid-crystal polymer (LCP), Polyethylen-
imine (PEI), Polyether ether ketone (PEEK), Polyphenylene
sulfide (PPS), and/or the like.

[0025] Additionally or alternatively, an additive may be
included along an outer surface of the material from the
forming process. For example, a coating is applied to the
outer surface of the material to encapsulate with an organic
coating. The additive can be a metallic particulate encapsu-
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lated with an organic coating, which does not alter the
proprieties of the material of the second matching layer 304.
[0026] At 306, the bottom surface area 310 of the second
matching layer 304 is activated using heat, such as from a
laser beam 312. For example, the laser beam 312 activates
the additive (e.g., the organic coating) along the bottom
surface area 310 of the second matching layer 304. The laser
beam 312 is operably coupled to a pair of actuators (e.g.,
electric motors), which enables the laser beam 312 to
traverse along directions 314-315. The laser beam 312
activates the organic coating along the bottom surface area
310 by heating the entire bottom surface area 310 of the
second matching layer 304.

[0027] The heat of the laser beam 312 generates a physi-
cal-chemical reaction on the bottom surface area 310 of the
second matching layer 304. For example, the laser beam 312
breaks down the organic coating of the additive to expose
the metallic particles. Additionally or alternatively, the laser
beam 312 forms a rough surface and/or cavities (e.g., 324)
on the bottom surface area 310 of the second matching layer
304. For example, the activated additives catalysis the area
to increase adhesion for the metallization process.

[0028] At 318, the second matching layer 304 is sub-
merged into a container 320. The container 320 holds a
chemical compound 322 that induces metal to form at the
positions activated by the laser beam 312, such as at cavities
324. For example, the chemical compound 322 may be a
chemical electrolyte that includes at least one of copper,
nickel, gold, iron, magnesium, aluminum, lithium, and/or
the like. When the chemical electrolyte is in contact with the
cavities 324 formed by the laser beam 312, an electronega-
tive potential is deposited from the chemical compound 322
onto the cavities 324. The electronegative potential attracts
additional metal within the chemical compound 322, which
thickens the metal layer over time to form the conductive
layer 212 (FIG. 2) and the second matching layer 202.
[0029] Additionally or alternatively, the chemical com-
pound 322 may be adjusted overtime to a predefined
sequence. The predefined sequence adjusts the metal content
of the chemical compound 322 over time. For example only,
the sequence may alternate between different metals of the
chemical electrolytes such that the conductive layer 212
includes different metal layers.

[0030] Additionally or alternatively, the laser beam 312
may activate alternative surface areas of the second match-
ing layer 304. For example, the laser beam 312 may activate
the top surface area 308 of the second matching layer 304.
Based on the activation of the second matching layer 304,
the top surface area 308 includes a metal layer when
submerged in the chemical compound 322. The metal layer
provides an electromagnetic shield, which protects the ultra-
sound probe 100 from electrical noise emitted from alter-
native electrical systems proximate to the ultrasound probe
100.

[0031] FIG. 4 illustrates an embodiment of a flow chart of
a method 400 for manufacturing a first matching layer. The
method 400, for example, may employ structures or aspects
of various embodiments (e.g., systems and/or methods)
discussed herein. In various embodiments, certain steps (or
operations) may be omitted or added, certain steps may be
combined, certain steps may be performed simultaneously,
certain steps may be performed concurrently, certain steps
may be split into multiple steps, certain steps may be
performed in a different order, or certain steps or series of
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steps may be re-performed in an iterative fashion. In various
embodiments, portions, aspects, and/or variations of the
method 400 may be used as one or more algorithms to direct
hardware to perform one or more operations described
herein.

[0032] Beginning at 402, the controller circuit 502 (FIG.
4) receives a material having an acoustic impedance to form
the second matching layer 202 of the ultrasound probe 100.
The material is configured to have the select acoustic
impedance, which can reduce the impedance characteristics
by 2-3 Megarayles of the first matching layer 202. The
material is received by a manufacturing system 500.
[0033] FIG. 5 illustrates an embodiment of the manufac-
turing system 500. The manufacturing system 500 includes
a controller circuit 502. The controller circuit 502 is con-
figured to control the operation of the manufacturing system
500. The controller circuit 502 may include one or more
processors. Optionally, the controller circuit 502 may
include a central processing unit (CPU), one or more micro-
processors, a graphics processing unit (GPU), or any other
electronic component capable of processing inputted data
according to specific logical instructions. Optionally, the
controller circuit 502 may include and/or represent one or
more hardware circuits or circuitry that include, are con-
nected with, or that both include and are connected with one
or more processors, controllers, and/or other hardware logic-
based devices. Additionally or alternatively, the controller
circuit 502 may execute instructions stored on a tangible and
non-transitory computer readable medium (e.g., the memory
504).

[0034] The memory 504 includes parameters, templates,
algorithms, data values, and/or the like utilized by the
controller circuit 502 to perform one or more operations
described herein. The memory 504 may be a tangible and
non-transitory computer readable medium such as flash
memory, RAM, ROM, EEPROM, and/or the like.

[0035] The controller circuit 502 is operably coupled to
the display 532 and the user interface 530. The display 532
may include one or more liquid crystal displays (e.g., light
emitting diode (LED) backlight), organic light emitting
diode (OLED) displays, plasma displays, CRT displays,
and/or the like. The display 532 may display a status of the
manufacturing process of the second matching layer 202.
[0036] The user interface 530 controls operations of the
controller circuit 502 and the manufacturing system 500.
The user interface 530 is configured to receive inputs from
the user and/or operator of the manufacturing system 500.
The user interface 530 may include a keyboard, a mouse, a
touchpad, one or more physical buttons, and/or the like.
Optionally, the display 532 may be a touch screen display,
which includes at least a portion of the user interface 530.
[0037] The controller circuit 502 is operably coupled to a
laser activated MID 506 and a 3D printer 520. The controller
circuit 502 may receive the material at reservoirs for the
laser activated MID 506 and the 3D printer 520. Optionally,
the operations performed by the laser activated MID 506
and/or the 3D printer 520 may be integrated with and/or
performed by the controller circuit 502.

[0038] For example, the laser activated MID 506 includes
an injection molding subsystem 508. The injection molding
subsystem 508 includes a mold and/or die, which forms the
second matching layer 304 (FIG. 3). The mold and/or die
represents a shape and/or size of the second matching layer
304. For example, the mold and/or die may include trans-
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ducer elements (e.g., the transducer elements 303a-d shown
in FIG. 3) to form the matrix array. The injection molding
subsystem 508 is operably coupled to a reservoir (not
shown) which includes the material. For example, the mate-
rial for the laser activated MID 506 may include Acryloni-
trile butadiene styrene (ABS), polycarbonate (PC), Polym-
erization (PA), Polyphthalamide (PPA), Polybutylene
terephthalate (PBT), Cyclic Olefin Copolymer (COP), Poly-
phenyl Ether (PPE), Liquid-crystal polymer (LCP), Poly-
ethylenimine (PEI), Polyether ether ketone (PEEK), or Poly-
phenylene sulfide (PPS), and/or the like. The controller
circuit 502 may detect when the material is received at the
reservoir of the injection molding subsystem 508.

[0039] The laser activated MID 506 includes an enclosure
512 and a container 510. The enclosure 512 includes a laser
beam (e.g., the laser beam 312 of FIG. 3) for activating
surface areas of the second matching layer 202 generated by
the injection molding subsystem. For example, the enclosure
512 include a set of actuators (e.g., electrical motors) which
are configured to adjust a position of the laser beam 312, a
position of the second matching layer 202, and/or the like.
The laser beam 312 forms cavities on a surface of the second
matching layer 202. The laser activated MID 506 includes a
container 510 that is filled from a reservoir with a chemical
compound that induces metal to form on surface of the
second matching layer 202.

[0040] The 3D printer 520 may represent an electron-
beam freeform and/or additive fabrication, an inkjet head 3D
printer, a direct ink writing 3D printer, and/or the like. The
3D printer 520 is operably coupled to a reservoir 524. The
reservoir may include a conductive metal for constructing
the second matching layer 202. For example, the second
matching layer 202 constructed by the 3D printer 520
includes a conductive layer 212 which extends throughout
the second matching layer 202. The 3D printer 520 forms the
second matching layer 202 from the conductive material.
The conductive material for the 3D printer 520 may include
at least one of copper, nickel, gold, iron, magnesium, alu-
minum, lithium, and/or the like. The controller circuit 502
may detect when the material is received at the reservoir
524.

[0041] At 404, the controller circuit 502 selects the manu-
facturing process to form the second matching layer 202.
The manufacturing process can represent the laser activated
MID 506 and/or the 3D printer 520. For example, the
controller circuit 502 may receive a selection from the user
interface 530 indicative and/or representing a selection of
the manufacturing process. Additionally or alternatively, the
controller circuit 502 may automatically select one of the
manufacturing processes based on an identification by the
controller circuit 502 on which of the detected laser acti-
vated MID 506 and/or the 3D printer 520 receives the
material.

[0042] If the controller circuit 502 receive a selection that
the laser activated MID 506 is selected, then at 406, the
controller circuit 502 forms the second matching layer 202.
In connection with FIG. 3, the process 300 begins by
forming the second matching layer 304. The controller
circuit 502 sends instructions to the injection molding sub-
system 508 to receive the material from the reservoir. The
material is heated and filled within the injection molding
subsystem 508, which forms a shape of the second matching
layer 304.
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[0043] Additionally or alternatively, the second matching
layer 304 is coated with a metallic particulate encapsulated
with an organic coating. The organic coating breaks down
when exposed to heat, such as from the laser beam 312. The
break down of the organic coating exposes the metallic
particles on a surface of the second matching layer 304.

[0044] At 408, the laser activated MID 506 adjusts a
bottom surface area 310 of the material using the laser beam
312. The laser beam 312 is operably coupled to an actuator.
The actuator is configured to adjust a position of the laser
beam 312 along the directions 314-315 with respect to the
second matching layer 304. Movement of the laser beam 312
is based on a template stored in the memory 504. For
example, the template may include details on positions
along one or more surface areas of the second matching
layer 304, which is activated by the laser beam 312. The
template may include instructions to adjust the bottom
surface area 310 of the material of the second matching layer
304. For example, based on the template the laser activated
MID 506 instructs the laser beam 312 to expose the bottom
surface area 310 with the laser beam 312.

[0045] As the laser beam 312 activates the bottom surface
area 310, the laser beam 312 activates the additive within the
material of the second matching layer 304. The laser beam
312 generates a physical-chemical reaction on the bottom
surface area 310 of the second matching layer 304. For
example, the laser beam 312 breaks down the organic
coating of the additive on the material to expose the metallic
particles underneath the organic coating. Additionally or
alternatively, the laser beam 312 forms a rough surface
and/or cavities on the bottom surface area 310 of the second
matching layer 304. The heat from the laser beam 312
activates the additives to increase adhesion for the metalli-
zation process.

[0046] At 410, the controller circuit 502 determines
whether an electromagnetic shield is needed. For example,
the controller circuit 502 identifies whether the template
includes positioning the laser beam 312 along a top surface
area 308 of the second matching layer 304. The controller
circuit 502 may identify whether the template includes
positions along opposing sides (e.g., the bottom surface area
310, the top surface area 308) of the second matching layer
304.

[0047] If the controller circuit 502 determines the electro-
magnetic shield is needed, then at 412, the laser activated
MID 506 adjusts the top surface area 308 of the material
using the laser beam 312. For example, the laser activated
MID 506 rotates the second matching layer 304. The second
matching layer 304 can be operably coupled to an actuator
(e.g., electric motor), which rotates the second matching
layer 304 about an axis 316. The actuator rotates the second
matching layer 304 such that the top surface area 308 is
facing the laser beam 312. The controller circuit 502 is
positioned such that a position of the laser beam 312 is
adjusted along the directions 314-315 with respect to the
second matching layer 304. For example, based on the
template the controller circuit 502 instructs the laser beam
312 to heat the top surface area 308. As the laser beam 312
heats the top surface area 308, the laser beam 312 activates
the additive within the material of the second matching layer
304. For example, the laser beam 312 forms a rough surface
and/or cavities on the top surface area 308 of the second
matching layer 304.
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[0048] At 414, the laser activated MID 506 positions the
material in the container 510 to form a metal layer. The
container 510 holds a chemical compound, such as a chemi-
cal electrolyte, that induces metal to form within the cavi-
ties. For example, the chemical compound may include at
least one of copper, nickel, gold, iron, magnesium, alumi-
num, lithium, and/or the like. When the chemical electrolyte
is in contact with the cavities formed by the laser beam 312,
an electronegative potential is deposited from the chemical
compound onto the cavities. The electronegative potential
attracts additional metal within the chemical compound,
which thickens the metal layer over time to form the
conductive layer 212 (FIG. 2) and the second matching layer
202.

[0049] Additionally or alternatively, the chemical com-
pound may be adjusted according to a predefined sequence
stored in the memory 504. The sequence may adjust the
metal of the chemical compound based on the predefined
sequence. The sequence may form different metal layers
within the cavities formed by the chemical compound. For
example, the laser activated MID 506 may drain the chemi-
cal compound within the container 510, and refill the con-
tainer 510 with an alternative chemical compound from the
reservoir. The laser activated MID 506 may alternate
between different chemical electrolytes representing differ-
ent metal compounds such that the conductive layer 212 is
formed by different metal layers.

[0050] For example, the laser activated MID 506 fills the
container 510 with the chemical compound that includes the
metal compound of copper. Overtime, as the copper depo-
sition increases in thickness. After a set period of time and/or
thickness, the laser activated MID 506 drains the chemical
compound from the container 510, and refills the chemical
compound to include an alternative metal compound, such
as nickel. For example, copper has poor oxidation resis-
tance, the nickel further protects the copper. Overtime, the
nickel deposition increases in thickness. The laser activated
MID 506 drains the chemical compound from the container
510 after a set period of time and/or thickness. Optionally,
the controller circuit 502 may fill the container 510 with the
chemical compound that includes the metal compound of
gold, which provides further oxidation resistance.

[0051] If the controller circuit 502 receive a selection that
the 3D printer 520 is selected, then at 416, the controller
circuit 502 loads a template from the memory 504 to the 3D
printer 520. The template may represent a file format utilized
(e.g., CAD) by the 3D printer 520 to construct the second
matching layer 202. For example, the template includes a
series of instructions (e.g., shapes, sizes, measurements)
used to form the second matching layer 202. The 3D printer
520 executes the template to construct the second matching
layer 202.

[0052] At 418, using the 3D printer 520 to form the second
matching layer 202. The reservoir 524 may include a con-
ductive metal that includes at least one of copper, nickel,
gold, iron, magnesium, aluminum, lithium, and/or the like.
The conductive metal is configured to have the select
acoustic impedance of the second matching layer 202.
Optionally, the conductive metal may be in the form of a
metal powder and/or a metal wire. The 3D printer 520 forms
the second matching layer 202 utilizing a laser 522. For
example, the 3D printer 520 forms the second matching
layer 202 by melting the metal powder using the heat (e.g.,
an electron-beam melting) generated by the laser 522. In
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another example, the 3D printer 520 forms the first matching
later 202 by melting the metal wire using the heat generated
by the laser 522.

[0053] At 420, the controller circuit 502 -electrically
couples the metal layer (e.g., the conductive layer 212) to the
piezoelectric layer 206. For example, the controller circuit
502 positions the second matching layer 202 directly adja-
cent to the first matching layer 204. Optionally, the first
matching layer 204 may be manufactured utilizing the laser
activated MID 506 and/or the 3D printer 520. The conduc-
tive layer 212 of the second matching layer 202 is electri-
cally coupled to the electrically conductive portion of the
first matching layer 204. The electrically conductive portion
electrically couples the conductive layer 212 of the second
matching layer 202 to the piezoelectric layer 206 and the
electrodes of the flex 210.

[0054] In an embodiment a method (e.g., for manufactur-
ing a second matching layer) is provided. The method
includes forming a second matching layer of an ultrasound
probe from a material having a select acoustic impedance.
The method includes activating a bottom surface area of the
second matching layer using a laser beam based on a
template to form a conductive layer, and electrically cou-
pling the conductive layer to a piezoelectric layer.

[0055] Optionally, the material includes Acrylonitrile
butadiene styrene (ABS), a polycarbonate (PC), Polymer-
ization (PA), Polyphthalamide (PPA), Polybutylene
terephthalate (PBT), Cyclic Olefin Copolymer (COP), Poly-
phenyl Ether (PPE), Liquid-crystal polymer (LCP), Poly-
ethylenimine (PEI), Polyether ether ketone (PEEK), or Poly-
phenylene sulfide (PPS). Optionally, the method includes
coating the material with a metallic particulate encapsulated
with an organic coating such that the laser beam is config-
ured to break down the organic coating to expose the
metallic particles. Optionally, the method includes position-
ing the material in a container to form a metal layer on the
activated bottom surface area, wherein the container
includes a chemical electrolyte that includes a metal com-
pound. Additionally or alternatively, the method includes
adjusting the metal compound within the container based on
a predetermined sequence, such that the conductive layer
includes different metal layers. Optionally, the template
includes an electromagnetic shield, and further comprising
directing the laser beam to activate a top surface area of the
second matching layer. Optionally, the template includes an
activation path for the laser beam to follow with respect to
the second matching layer.

[0056] In an embodiment a method (e.g., for manufactur-
ing a second matching layer) is provided. The method
includes receiving a template for a second matching layer,
and using a three-dimensional (3D) printer to form a second
matching layer of an ultrasound probe based on the template.
The second matching layer having a conductive material
with a select acoustic impedance. The method includes
electrically coupling the second matching layer to a piezo-
electric layer,

[0057] Optionally, to form the second matching layer the
3D printer heats the conductive material using a laser based
on the template. Additionally or alternatively, the conductive
material represents a metal powder that is melted by the laser
to form the second matching layer. Optionally, the conduc-
tive material represents a metal wire that is melted by the
laser to form the second matching layer. Additionally or
alternatively, the template indicates a shape or size of the



US 2019/0084004 A1

second matching layer. Optionally, the conductive material
includes at least one of copper, nickel, gold, iron, magne-
sium, aluminum, or lithium.

[0058] Inanembodiment, an ultrasound probe is provided.
The probe includes a piezoelectric layer, and first and second
matching layers. The first matching layer is interposed
between the second matching layer and the piezoelectric
layer. The second matching layer formed from a material
having a select acoustic impedance from a laser activated
molded interconnect device (MID) or a three-dimensional
printer. The second matching layer being electrically
coupled to the piezoelectric layer.

[0059] Optionally, the second matching layer is formed by
the laser activated MID having a laser beam, such that a
conductive layer of the second matching layer is formed by
activating a bottom surface area of the second matching
layer. Optionally, the material includes Acrylonitrile buta-
diene styrene (ABS), polycarbonate (PC), Polymerization
(PA), Polyphthalamide (PPA), Polybutylene terephthalate
(PBT), Cyclic Olefin Copolymer (COP), Polyphenyl Ether
(PPE), Liquid-crystal polymer (LCP), Polyethylenimine
(PED), Polyether ether ketone (PEEK), or Polyphenylene
sulfide (PPS). Optionally, the material includes a metallic
particulate encapsulated with an organic coating such that
the laser beam is configured to break down the organic
coating to expose the metallic particles. The metallic par-
ticles are configured to attract a metal compound of a
chemical electrolyte. Optionally, the second matching layer
is formed by the 3D printer, the material representing a
conductive material. Optionally, the 3D printer is configured
to heat the conductive material using a laser based on the
template. Optionally, the conductive material represents a
metal powder or a metal wire.

[0060] It may be noted that the various embodiments may
be implemented in hardware, software or a combination
thereof. The various embodiments and/or components, for
example, the modules, or components and controllers
therein, also may he implemented as part of one or more
computers or processors. The computer or processor may
include a computing device, an input device, a display unit
and an interface, for example, for accessing the Internet. The
computer or processor may include a microprocessor. The
microprocessor may be connected to a communication bus.
The computer or processor may also include a memory. The
memory may include Random Access Memory (RAM) and
Read Only Memory (ROM). The computer or processor
further may include a storage device, which may be a hard
disk drive or a removable storage drive such as a solid-state
drive, optical disk drive, and the like. The storage device
may also be other similar means for loading computer
programs or other instructions into the computer or proces-
SOf.

[0061] As used herein, the term “computer,” “subsystem,”
“controller circuit,” “circuit,” or “module” may include any
processor-based or microprocessor-based system including
systems using microcontrollers, reduced instruction set com-
puters (RISC), ASICs, logic circuits, and any other circuit or
processor capable of executing the functions described
herein. The above examples are exemplary only, and are thus
not intended to limit in any way the definition and/or
meaning of the term “controller circuit”.

[0062] The computer, subsystem, controller circuit, circuit
execute a set of instructions that are stored in one or more
storage elements, in order to process input data. The storage
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elements may also store data or other information as desired
or needed. The storage clement may be in the form of an
information source or a physical memory element within a
processing machine.

[0063] The set of instructions may include various com-
mands that instruct the computer, subsystem, controller
circuit, and/o circuit to perform specific operations such as
the methods and processes of the various embodiments. The
set of instructions may be in the form of a software program.
The software may be in various forms such as system
software or application software and which may be embod-
ied as a tangible and non-transitory computer readable
medium. Further, the software may be in the form of a
collection of separate programs or modules, a program
module within a larger program or a portion of a program
module. The software also may include modular program-
ming in the form of object-oriented programming. The
processing of input data by the processing machine may be
in response to operator commands, or in response to results
of previous processing, or in response to a request made by
another processing machine.

[0064] As used herein, a structure, limitation, or element
that is “configured to” perform a task or operation is
particularly structurally formed, constructed, or adapted in a
manner corresponding to the task or operation. For purposes
of clarity and the avoidance of doubt, an object that is merely
capable of being modified to perform the task or operation
is not “configured to” perform the task or operation as used
herein. Instead, the use of “configured to” as used herein
denotes structural adaptations or characteristics, and denotes
structural requirements of an structure, limitation, or ele-
ment that is described as being “configured to” perform the
task or operation. For example, a controller circuit, circuit,
processor, or computer that is “configured to” perform a task
or operation may be understood as being particularly struc-
tured to perform the task or operation having one or more
programs or instructions stored thereon or used in conjunc-
tion therewith tailored or intended to perform the task or,
operation and/or having an arrangement of processing cir-
cuitry tailored or intended to perform the task or operation).
For the purposes of clarity and the avoidance of doubt, a
general purpose computer (which may become “configured
to” perform the task or operation if appropriately pro-
grammed) is not “configured to” perform a task or operation
unless or until specifically programmed or structurally modi-
fied to perform the task or operation.

[0065] As used herein, the terms “software” and “firm-
ware” are interchangeable, and include any computer pro-
gram stored in memory for execution by a computer, includ-
ing RAM memory, ROM memory, EPROM memory,
EEPROM memory, and non-volatle RAM (NVRAM)
memory. The above memory types are exemplary only, and
are thus not limiting as to the types of memory usable for
storage of a computer program.

[0066] It is to be understood that the above description is
intended to be illustrative, and not restrictive. For example,
the above-described embodiments (and/or aspects thereof)
may be used in combination with each other. In addition,
many modifications may be made to adapt a particular
situation or material to the teachings of the various embodi-
ments without departing from their scope. While the dimen-
sions and types of materials described herein are intended to
define the parameters of the various embodiments, they are
by no means limiting and are merely exemplary. Many other
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embodiments will be apparent to those of skill in the art
upon reviewing the above description. The scope of the
various embodiments should, therefore, be determined with
reference to the appended claims, along with the full scope
of equivalents to which such claims are entitled. In the
appended claims, the terms “including” and “in which” are
used as the plain-English equivalents of the respective terms
“comprising” and “wherein.” Moreover, in the following
claims, the terms “first,” “second,” and “third,” etc. are used
merely as labels, and are not intended to impose numerical
requirements on their objects. Further, the limitations of the
following claims are not written in means-plus-function
format and are not intended to be interpreted based on 35
US.C. § 112(f) unless and until such claim limitations
expressly use the phrase “means for” followed by a state-
ment of function void of further structure.
[0067] This written description uses examples to disclose
the various embodiments, including the best mode, and also
to enable any person skilled in the art to practice the various
embodiments, including making and using any devices or
systems and performing any incorporated methods. The
patentable scope of the various embodiments is defined by
the claims, and may include other examples that occur to
those skilled in the art. Such other examples are intended to
be within the scope of the claims if the examples have
structural elements that do not differ from the literal lan-
guage of the claims, or the examples include equivalent
structural elements with insubstantial differences from the
literal language of the claims.
What is claimed is:
1. A method, comprising:
forming a second matching layer of an ultrasound probe
from a material having a select acoustic impedance;

activating a bottom surface area of the second matching
layer using a laser beam based on a template to form a
conductive layer; and

electrically coupling the conductive layer to a piezoelec-

tric layer.

2. The method of claim 1, wherein the material includes
Acrylonitrile butadiene styrene (ABS), a polycarbonate
(PC), Polymerization (PA), Polyphthalamide (PPA), Poly-
butylene terephthalate (PBT), Cyclic Olefin Copolymer
(COP), Polyphenyl Ether (PPE), Liquid-crystal polymer
(LCP), Polyethylenimine (PEI), Polyether ether ketone
(PEEK), or Polyphenylene sulfide (PPS).

3. The method of claim 1, further comprising coating the
material with a metallic particulate encapsulated with an
organic coating such that the laser beam is configured to
break down the organic coating to expose the metallic
particles.

4. The method of claim 1, further comprising positioning
the material in a container to form a metal layer on the
activated bottom surface area, wherein the container
includes a chemical electrolyte that includes a metal com-
pound.

5. The method of claim 4, further comprising adjusting the
metal compound within the container based on a predeter-
mined sequence, such that the conductive layer includes
different metal layers.

6. The method of claim 1, wherein the template includes
an electromagnetic shield, and further comprising directing
the laser beam to activate a top surface area of the second
matching layer.
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7. The method of claim 1, wherein the template includes
an activation path for the laser beam to follow with respect
to the second matching layer.

8. A method, comprising:

receiving a template for a second matching layer;

using a three-dimensional (3D) printer to form the second

matching layer of an ultrasound probe based on the
template, the second matching layer having a conduc-
tive material with a select acoustic impedance;

electrically coupling the second matching layer to a

piezoelectric layer.

9. The method of claim 8, wherein to form the second
matching layer the 3D printer heats the conductive material
using a laser based on the template.

10. The method of claim 9, wherein the conductive
material represents a metal powder that is melted by the laser
to form the second matching layer.

11. The method of claim 9, wherein the conductive
material represents a metal wire that is melted by the laser
to form the second matching layer.

12. The method of claim 7, wherein the template indicates
a shape or size of the second matching layer.

13. The method of claim 8, wherein the conductive
material includes at least one of copper, nickel, gold, iron,
magnesium, aluminum, or lithium.

14. An ultrasound probe comprising:

a piezoelectric layer; and

first and second matching layers, the first matching layer

is interposed between the second matching layer and
the piezoelectric layer, the second matching layer
formed from a material having a select acoustic imped-
ance from a laser activated molded interconnect device
(MID) or a three-dimensional printer, the second
maitching layer being electrically coupled to the piezo-
electric layer.

15. The ultrasound probe of claim 14, wherein the second
matching layer is formed by the laser activated MID having
a laser beam, such that a conductive layer of the second
matching layer is formed by activating a bottom surface area
of the second matching layer.

16. The ultrasound probe of claim 15, wherein the mate-
rial includes Acrylonitrile butadiene styrene (ABS), poly-
carbonate (PC), Polymerization (PA), Polyphthalamide
(PPA), Polybutylene terephthalate (PBT), Cyclic Olefin
Copolymer (COP), Polyphenyl Ether (PPE), Liquid-crystal
polymer (LCP), Polyethylenimine (PEI), Polyether ether
ketone (PEEK), or Polyphenylene sulfide (PPS).

17. The ultrasound probe of claim 15, wherein the mate-
rial includes a metallic particulate encapsulated with an
organic coating such that the laser beam is configured to
break down the organic coating to expose the metallic
particles, the metallic particles are configured to attract a
metal compound of a chemical electrolyte.

18. The method of claim 14, wherein the second matching
layer is formed by the 3D printer, the material representing
a conductive material.

19. The ultrasound probe of claim 18, the 3D printer is
configured to heat the conductive material using a laser
based on the template.

20. The ultrasound probe of claim 19, wherein the con-
ductive material represents a metal powder or a metal wire.
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