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SIGNAL PROCESSING PATHWAY FOR AN ULTRASONIC IMAGING DEVICE

TECHNICAL FIELD

|1] The field 1s 1n ultrasonic 1maging devices.

BACKGROUND

|2] This invention relates to ultrasound diagnostic imaging systems.

SUMMARY

|3] Ultrasound 1imaging systems are typically designed for ultrasonic transducer arrays
over arange of frequencies and voltage. Ultrasound 1imaging systems rely on the
transmission of ultrasound waves (sound waves greater than 1 MHz) through the body
tissue to form an 1image. The frequency of the ultrasound wave 1s proportional to the
resolution of the image, 1.e., higher frequencies allow higher resolutions. However,

higher frequency waves are attenuated more 1n tissue and do not penetrate as deep 1n

the body.

|4] Various frequencies are useful for balancing resolution (higher frequencies) with field
of view (lower frequencies). Conventional ultrasound imaging devices allow for a
frequency range from 1 MHz up to 15 MHz. For example, a 3.5 MHz transducer may
be used to 1mage deep abdominal structures such as the bladder and kidney (up to 30
cm from the skin surface), while a 6.5 MHz transrectal transducer may be used to

1mage the prostate (up to 6 cm from the rectal wall).

|5] Newer micro-ultrasound devices used for pre-clinical (small animal) imaging allow a
frequency range from 15 MHz to 50 MHz. These systems allow greater resolutions

down to 30 um, but field of view 1s limited to about 3 cm or less.

|6] A recent pilot study suggests that using a 21 MHz ultra-high resolution transrectal
transducer to provide a detailed view of the microscopic structures (< 1 mm) within

the prostate may be beneficial in the diagnosis of prostate cancer. This invention
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allows the improved resolution of these small animal 1maging systems in an
ultrasound 1maging device that can also be used for general ultrasound 1imaging of the

human body.

|'7] In an aspect, there 1s provided an ultrasound diagnostic imaging system that allows
the imaging of large organs in the human body (about 30 ¢cm, such as the kidney) and
small organs (about 3 ¢cm, such as the prostate) at ultra-high resolution (down to 30

um) using a single signal processing pathway.

|8] In an aspect, there 1s provided an ultrasound diagnostic 1maging system which

supports a range of transducer frequencies and voltage levels.

|9] In another aspect, there 1s provided a system and method for using a single signal
pathway for a variety of ultrasonic transducer arrays. The signal pathway described
herein 1s capable of being used with ultrasonic transducer arrays with a range of
center frequencies from 1 MHz to 40 MHz without the need to replace system boards

in the ultrasound 1maging device.

[10] In an example embodiment, a signal processing pathway for an ultrasonic
imaging device 1s provided. The signal processing pathway has a transnut pathway
configured to transmut a signal to an ultrasonic transducer array. The signal processing
pathway also has a receive pathway configured to receive a received signal from the
ultrasonic transducer array. The signal processing pathway also has a control pathway
for controlling the transmission of the signal and a reception of the received signal.
The transmut pathway, receive pathway, and control pathway are configured to

operate 1n a frequency range of 1 MHz to 40 MHz inclusive and a voltage range of -

SOV to +80V 1nclusive.

[11] In another example embodiment, a signal processing pathway for an ultrasonic
1maging device 1s provided. The signal processing pathway includes a channel board
configured to transmut a signal to and receive a signal from an ultrasonic transducer
array. The signal processing pathway also includes a beamformer control board

configured to control the channel board. The channel board and beamformer control
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board are configured to operate in a frequency range of 1 MHz to 40 MHz inclusive

and a voltage range of -80V to +80V inclusive.
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BRIEF DESCRIPTION OF THE DRAWINGS

[12] FIG. 1 (SHEET 1 of 28 SHEETS) 1s a block diagram of an embodiment of a

signal processing pathway for an ultrasonic imaging device.

[13] FIG. 2A (SHEET 2 of 28 SHEETS) 1s a block diagram showing an example
configuration of FIG. 1.

[14] FIG. 2B (SHEET 3 of 28 SHEETS) 1s a block diagram showing an example
configuration of FIG. 1.

[15] FIG. 3 (SHEET 4 of 28 SHEETS) 1s a block diagram of an example
configuration of FIG. 1, the signal pathway having a multiplexer for simultaneously

driving more than one ultrasonic transducer element 1n the ultrasonic transducer array.

[16] FIG. 4 (SHEET 5 of 28 SHEETS) 1s a block diagram of an example
configuration of FIG. 2A, the signal pathway having a multiplexer for simultaneously

driving more than one ultrasonic transducer element 1n the ultrasonic transducer array.

[17] FIG. 5 (SHEET 6 of 28 SHEETS) 1s a block diagram of an example
configuration of FIG. 1, the signal pathway configured to operate with N ultrasonic

transducer arrays.

[18] FIG. 6 (SHEET 7 of 28 SHEETYS) 1s a block diagram of an example
configuration of FIG. 2A, the signal pathway configured to operate with N ultrasonic

transducer arrays.

[19] FIG. 7 (SHEET 8 of 28 SHEETYS) 1s a block diagram of an example
configuration of FIG. 1, the signal pathway configured to operate with N ultrasonic
transducer arrays and the signal pathway having a multiplexer for simultaneously

driving more than one ultrasonic transducer element 1n the ultrasonic transducer array.

[20] FIG. 8 (SHEET 9 of 28 SHEETS) 1s a block diagram of an example

configuration of FIG. 2A, the signal pathway configured to operate with N ultrasonic

A
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transducer arrays and the signal pathway having a multiplexer for simultaneously

driving more than one ultrasonic transducer element 1n the ultrasonic transducer array.

[21] FIG. 9 (SHEET 10 of 28 SHEETYS) 1s a block diagram of an example
configuration of FIG. 1, the signal pathway configured to operate with an abdominal

(3.5 MHz), a trans-rectal (6.5 MHz), and an ultra-high resolution trans-rectal (21

MHZz) ultrasonic transducer arrays.

[22] FIG. 10 (SHEET 11 of 28 SHEETYS) 1s a block diagram of an example
configuration of FIG. 2A, the signal pathway configured to operate with an abdominal

(3.5 MHz), a trans-rectal (6.5 MHz), and an ultra-high resolution trans-rectal (21

MHZz) ultrasonic transducer arrays.

[23] FIG. 11 (SHEET 12 of 28 SHEETYS) 1s a block diagram of an example
configuration of FIG. 1, the signal pathway configured to operate with an abdominal
(3.5 MHz), a trans-rectal (6.5 MHz), and an ultra-high resolution trans-rectal (21

MHZz) ultrasonic transducer arrays, and the signal pathway having a multiplexer for

simultaneously driving more than one ultrasonic transducer element 1n the ultrasonic

transducer array.

[24] FIG. 12 (SHEET 13 of 28 SHEETYS) 1s a block diagram of an example
configuration of FIG. 2A, the signal pathway configured to operate with an abdominal
(3.5 MHz), a trans-rectal (6.5 MHz), and an ultra-high resolution trans-rectal (21
MHZz) ultrasonic transducer arrays, and the signal pathway having a multiplexer for
simultaneously driving more than one ultrasonic transducer element in the ultra-high

resolution ultrasonic transducer array.

[25] FIG. 13 (SHEET 14 of 28 SHEETS) 1s a block diagram of an embodiment

where the signal path 100 1s configured on a channel board and a beamformer control

board.

[26] FIG. 14 (SHEET 15 of 28 SHEETYS) 1s a block diagram showing an example
configuration of FIG. 13.
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[27] FIG. 15 (SHEET 16 of 28 SHEETYS) 1s a block diagram of an example
configuration of FIG. 13, the signal pathway having a multiplexer for simultaneously

driving more than one ultrasonic transducer element 1n the ultrasonic transducer array.

[28] FIG. 16 (SHEET 17 of 28 SHEETYS) 1s a block diagram of an example
configuration of FIG. 14, the signal pathway having a multiplexer for simultaneously

driving more than one ultrasonic transducer element 1n the ultrasonic transducer array.

[29] FIG. 17 (SHEET 18 of 28 SHEETYS) 1s a block diagram of an example
configuration of FIG. 13, the signal pathway configured to operate with N ultrasonic

transducer arrays.

[30] FIG. 18 (SHEET 19 of 28 SHEETYS) 1s a block diagram of an example
configuration of FIG. 14, the signal pathway configured to operate with N ultrasonic

transducer arrays.

[31] FIG. 19 (SHEET 20 of 28 SHEETYS) 1s a block diagram of an example
configuration of FIG. 13 the signal pathway configured to operate with N ultrasonic
transducer arrays and the signal pathway having a multiplexer for simultaneously

driving more than one ultrasonic transducer element 1n the ultrasonic transducer array.

[32] FIG. 20 (SHEET 21 of 28 SHEETS) 1s a block diagram of an example
configuration of FIG. 14 the signal pathway configured to operate with N ultrasonic
transducer arrays and the signal pathway having a multiplexer for simultaneously

driving more than one ultrasonic transducer element 1n the ultrasonic transducer array.

[33] FIG. 21 (SHEET 22 of 28 SHEETYS) 1s a block diagram of an example
configuration of FIG. 13, the signal pathway configured to operate with an abdominal
(3.5 MHz), a trans-rectal (6.5 MHz), and an ultra-high resolution trans-rectal (21

MHZz) ultrasonic transducer arrays.

[34] FIG. 22 (SHEET 23 of 28 SHEETYS) 1s a block diagram of an example
configuration of FIG. 14, the signal pathway configured to operate with an abdominal
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(3.5 MHz), a trans-rectal (6.5 MHz), and an ultra-high resolution trans-rectal (21

MHZz) ultrasonic transducer arrays.

[35] FIG. 23 (SHEET 24 of 28 SHEETYS) 1s a block diagram of an example
configuration of FIG. 13, the signal pathway configured to operate with an abdominal
(3.5 MHz), a trans-rectal (6.5 MHz), and an ultra-high resolution trans-rectal (21
MHZz) ultrasonic transducer arrays, and the signal pathway having a multiplexer for
simultaneously driving more than one ultrasonic transducer element 1n the ultrasonic

transducer array.

[36] FIG. 24 (SHEET 25 of 28 SHEETYS) 1s a block diagram of an example
configuration of FIG. 14, the signal pathway configured to operate with an abdominal
(3.5 MHz), a trans-rectal (6.5 MHz), and an ultra-high resolution trans-rectal (21
MHZz) ultrasonic transducer arrays, and the signal pathway having a multiplexer for
simultaneously driving more than one ultrasonic transducer element in the ultra-high

resolution ultrasonic transducer array.

[37] FIG. 25A (SHEET 26 of 28 SHEETYS) 1s a block diagram of an example
configuration of a signal pathway and 1ts associated data bandwidth requirements, the
data bandwidth requirements between the channel boards, beamformer control boards
of the signal processing pathway, and the processing device of an ultrasonic 1maging

device.

|38] FIG. 25B (SHEET 27 of 28 SHEETYS) 1s a block diagram of an alternate
configuration of a signal pathway and 1ts associated data bandwidth requirements, the
data bandwidth requirements between the channel boards, beamformer control boards

of the signal processing pathway, and the processing device of an ultrasonic 1maging

device.

[39] FIG. 26 (SHEET 28 of 28 SHEETYS) 1s a block diagram of an example
configuration of the signal processing pathway as used in an ultrasonic imaging

device.
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[40] The drawings are not necessarily to scale and may be 1llustrated by phantom
lines, diagrammatic representations and fragmentary views. In certain istances,
details unnecessary for an understanding of the embodiments (and/or details that

render other details difficult to perceive) may have been omutted.

[41] Corresponding reference characters indicate corresponding components
throughout the several figures of the drawings. Elements 1n the several figures are
1llustrated for simplicity and clarity and have not been drawn to scale. The
dimensions of some of the elements 1n the figures may be emphasized relative to
other elements for facilitating an understanding of the various disclosed embodiments.
In addition, common, but well-understood, elements that are useful or necessary 1n
commercially feasible embodiments are often not depicted to provide a less

obstructed view of the embodiments of the present disclosure.

LISTING OF REFERENCE NUMERALS USED IN THE DRAWINGS

[42] 100  signal processing pathway

[43] 1000 ultrasonic imaging device

[44] 103 Ultrasonic transducer array

[45] 102 channel board

[46] 104  beamformer control board

[47] 106  Transmit (Tx) Pathway

[48] 108  Receive (Rx) Pathway

[49] 110 Control Pathway

[50] 200  Transmit (Tx) Beamformer

[51] 202 Pulser

[52] 204  Recelve (Rx) Beamformer

[53] 206  Analog/Digital Converter (ADC)
[54] 208  Vanable Gain Amplifier (VGA)
[55] 210  Anfti-aliasing Filter (AAF)

[56] 212 Lownoise Amplifier (LNA)
[57] 214  T/R Switch

[58] 216  Analog Front End (AFE)

[59] 300  Transducer element multiplexer

8
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[60] 400  Transducer switch board
[61] 700  21Mhz UHR-TRUS

[62] 702  6.5Mhz TRUS

[63] 704  3.5Mhz Abdominal
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DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[64] The following detailed description 1s merely exemplary and 1s not intended to
limit the described embodiments or the application and uses of the described
embodiments. As used, the word “exemplary™ or “illustrative” means “serving as an
example, instance, or illustration.” Any implementation described as “exemplary™ or
“1llustrative™ 1s not necessarily to be construed as preferred or advantageous over
other implementations. All of the implementations described below are exemplary
implementations provided to enable persons skilled 1n the art to make or use the
embodiments of the disclosure and are not intended to linut the scope of the
disclosure. The scope of the invention 1s defined by the claims. There 1s no intention
to be bound by any expressed or implied theory 1n the preceding Technical Field,
Background, Summary or the following detailed description. It 1s also to be
understood that the devices and processes 1llustrated in the attached drawings, and
described 1n the following specification, are exemplary embodiments (examples),
aspects and/or concepts defined 1in the appended claims. Hence, dimensions and other
physical characteristics relating to the embodiments disclosed are not to be considered
as limiting, unless the claims expressly state otherwise. It 1s understood that the
phrase “at least one” 1s equivalent to “a”. The aspects (configurations, examples,
alterations, modifications, options, variations, embodiments and any equivalent
thereof) are described regarding the drawings. It should be understood that the
invention 1s limited to the subject matter provided by the claims, and that the

invention 1s not limited to the particular aspects depicted and described.

[65] A skilled person understands that the transmit, receive, and control pathways
are signal processing pathways 1n an electronic circuit comprised of analog and/or
digital electronic components. The electronic components may be integrated circuits,
FPGAs, ASICs, and other known analog and/or digital electronic components. It 1s
understood that an FPGA, ASIC, and other electronic components may be
interchangeable. And, that the components may operate under the control of or in

cooperation with software.

[66] A skilled person would understand that an ultrasound transducer array 1s

comprised of an array of ultrasound elements. Ultrasound transducer array 1s

10
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equivalent to ultrasound transducer element array. Also, a skilled person understands

that an ultrasound probe comprises an ultrasound transducer array.

[67] Referring now to FIG. 1, a signal processing pathway 100 for an ultrasonic
imaging device 1000 1s depicted. The signal processing pathway 100 1s configured to

transmut, recelve, process, and control signals to and from a connected ultrasonic

transducer array 103.

|68] The signal processing pathway 100 of FIG. 1 has a transmut pathway 106, a
receive pathway 108, and a control pathway 110. The signal processing pathway 100
1s configured to operate in a frequency range of 1 MHz to 40 MHz inclusive and a

voltage range of -80V to +80V 1nclusive.

|69] The transmut pathway 106 of the signal processing pathway 100 1s configured
to prepare and transmit a signal, at least in part, to the ultrasonic transducer array 103.
This can include, but 1s not limited to, beamforming (at least in part) the transmit

signal, converting the transmit signal from a digital to an analog format, and pulsing

the transmit signal to the ultrasonic transducer array 103

[70] The receive pathway 108 of the signal processing pathway 100 1s configured
to recerve a signal from the ultrasonic transducer array 103 and prepare the signal for
transmission to the data processing device. This can include, but 1s not limited to,
filtering the received signal, amplitying the received signal, removing noise from the

recerved signal, beamforming (at least in part) the received signal, and digitizing the

recerved signal.

[71] The control pathway 110 of the signal processing pathway 100 1s configured
to control the transmit pathway 106 and the receive pathway 108. For instance, the
control pathway 110 may be configured to direct the signal pathway to transmit a
signal through the transmit pathway 106 or to receive a signal from the receive
pathway 108. The control pathway may also direct the transmit beamformer and the
recerve beamformer to form, at least in part, the transmitted signal or the received

signal respectively.

11
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[72] In the example depicted in FIG. 1, the signal processing pathway 100 1s
communicatively connected to an ultrasonic transducer array 103. The ultrasonic
transducer array 1s configured to transmut and receive ultrasonic signals, at least in

part, in a 1 MHz to 40 MHz range.

[ 73] In some embodiments, the signal processing pathway 100 1s configured to
operate with commercially available ultrasonic transducer arrays. Examples of
commercially available ultrasonic transducer arrays include, but are not limited to the
FUJIFILM VISUALSONICS MX ULTRA-HIGH FREQUENCY LINEAR ARRAY
TRANSDUCERS, a sidefire ultra-high resolution transrectal ultrasound transducer
array, an endfire transrectal ultrasound transducer array, and a curved linear

abdominal transducer array.

[74] A skilled person, however, would understand that the signal processing
pathway 100 may also be used with other types of ultrasonic transducer arrays. For
example, the signal processing pathway 100 may also be configured to operate with
phased transducer arrays, 2D array transducers, and 1.5D array transducers, among
others. Furthermore, the signal processing pathway 100 may also be used with custom

or proprietary ultrasonic transducer arrays.

[75] The signal processing pathway 100 1s configured to transmit, receive, and
process signals from an ultrasonic transducer array that operates, in whole or 1n part,
in a 1| MHz to 40 MHz range inclusive. In an example embodiment, a signal
processing pathway 100 1s configured to operate with ultrasonic transducer arrays 103
that are configured to scan using low frequency (centered around 3.5 MHz), medium
frequency (centered around 6.5 MHz), and ultra-high frequency (centered around 21

MHZ or higher) ultrasound signals.

[76] The ability to transmut, receive, and process signals 1n the frequency range of
1MHz to 40MHz allows the same signal processing pathway 100 to be used for
scanning both large and small objects 1n a human body. That 1s, an ultrasonic 1maging
device having the presently disclosed signal processing pathway would be usable with
a variety of ultrasonic transducer arrays without the need to replace system boards of

the ultrasonic 1imaging device.

12
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[77] For example, the same signal pathway 100 can be used to scan both the
kidneys in the abdominal cavity of a human and structures within a human prostate.
Examples of structures include, but are not limited to, lesions within the human

prostate that are less than S5Smm 1n size.

[ 78] In the example depicted in FIG. 1, the ultrasonic transducer array 103 may be
any one of a low, high, or ultra-high frequency ultrasonic transducer array. These
ultrasonic transducer arrays may be used interchangeably with the signal processing
pathway 100. For example, a low frequency ultrasonic transducer array (e.g., a curved
linear abdominal transducer array having a transmit frequency centered around 3.5
MHz and having 128 ultrasonic transducer elements) may be used to provide a wide
area scan of an abdomen. An operator might then replace the low frequency ultrasonic
transducer with a medium frequency ultrasonic transducer (e.g., an endfire transrectal
ultrasound transducer having a transmit frequency centered around 6.5 MHz and
having 128 transducer elements) in order to obtain a more detailed scan of the

prostate and bladder.

[79] In another embodiment, the ultrasonic transducer array 103 may be capable of
transmitting and recerving signals 1n the entirety of the frequency and voltage range of
the signal processing pathway 100. That 1s, a singular ultrasonic transducer array 103

that can scan 1n the range of 1 MHz to 40 MHz can also be used.

[80] A skilled person would understand that the voltage range required for
transmutting a signal through an ultrasonic transducer array 103 1s proportional to the
frequency range of the ultrasonic transducer array 103. That 1s, driving a low
frequency ultrasonic transducer array requires a higher voltage when compared to a
higher frequency ultrasonic transducer array. For instance, an abdominal ultrasonic
transducer centered 1n the 3.5 MHz frequency range may require that the signal have a
voltage range of roughly -80V to +80V. An ultra-high frequency ultrasonic transducer
array may require that the signal have a significantly lower voltage range. For
example, an ultra-high resolution trans-rectal ultrasonic transducer centered in the 21

MHz frequency range may require that the signal have a voltage range of roughly -

20V to +20V.

13
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[81] The signal processing pathway 100 1s configured to handle this wide range of
voltages. In some example embodiments, the components used in the signal pathway
100 are selected to be able to handle the frequency and voltage ranges required. In
other embodiments, the signal pathway may also contain power monitoring

subsystems to manage overcurrent situations.

[82] For instance, 1n the example depicted in FIG. 1, the signal processing pathway
1s configured to handle a wide range of ultrasonic transducer arrays. These can
include, but are not limited to, abdominal ultrasonic transducer arrays (centered at 3.5
MHZz), endfire trans-rectal ultrasonic transducer arrays (centered at 6.5 MHz), and
ultra-high resolution sidefire trans-rectal ultrasonic transducer arrays (centered at 21
MHz). In the example depicted in FIG. 1, the signal pathway 100 and 1ts associated
components are configured to handle the wide voltage range required to operate an
ultrasonic transducer array 103 between 1 MHz and 40 MHz. In this example
embodiment, the signal pathway 100 and 1ts associated components are configured to

handle a voltage range of at least -80V to +80V inclusive.

[83] The signal processing pathway 100 1s further configured to impedance match
the various ultrasonic transducer arrays that could be used. It 1s known that elements
in transducer arrays 103 operating at different center frequencies have different
characteristic impedances. For example, a low frequency ultrasonic transducer array
would have a relatively high impedance when compared to a higher frequency
ultrasonic transducer array. The transmit pathway 106 and receive pathway 108 are
configured to accommodate the different characteristic impedances of the ultrasonic
transducer arrays 103 used in the system. A skilled person would understand that
various impedance matching solutions may trade-off sensitivity, resolution, and/or

bandwidth, or other factors related to the transmitted or received signal.

|84] The signal processing pathway 100 1s also communicatively connected to a
data processing device. In an example embodiment, the data processing device may
be any processing device designed for use 1n ultrasonic 1imaging devices 1000. The
processing devices may be configured, for example, to generate human-usable 1images

and video from the data collected from the ultrasonic transducer array 103 via the

14
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signal pathway 100. The data processing devices may also allow for raw, unprocessed

data to be duplicated or shunted to another interface for further processing.

[85] In another example the data processing device may be a general purpose
computer (PC). Examples of a PC include, but are not limited to, general purpose
computers having the following specifications: INTEL CORE 17 processor, 16GB of
random access memory, WiF1, 1 Gbps Ethernet, USB 3.0 ports, and a mass storage

device such as a hard drive or solid state drive.

[86] The signal processing pathway 100 may be configured on a peripheral device,
expansion card, or daughterboard that can be connected to the PC. The connection
may be any one of an external connection (e.g., USB 3.0, THUNDERBOLT, etc), an
internal connection to the PC (e.g., via an expansion slot or bus), or an integrated

circuit integrated directly on the motherboard of the ultrasonic 1imaging device.

[87] Referring now to FIG. 2A, a block diagram showing an example embodiment
of FIG. 1 1s depicted. In this example configuration, the signal processing pathway
has a transmit and receive switch 214. The transmit and receive switch 214 1s
provided for switching between the transmit pathway 106 and the receive pathway
108. In this example, the transmit and receive switch 214 1s controlled by the control
pathway. In the event where transmitting a signal from the ultrasonic transducer array
103 1s desired, the transmit and receive switch 214 1s commanded, via the control
pathway 110, to activate the transmit pathway 106. Stmilarly, when receiving a signal
from an ultrasonic transducer array 103 1s desired, the transmit and receive switch 214

1s commanded, via the control pathway 110, to activate the receive pathway 108.

[88] Commercial examples of a transmut/recerve switch 214 include, but are not
limited to, a TEXAS INSTRUMENTS TX810 Programmable transmit/receive switch,
and a MICROCHIP MDO0105 High Voltage Protection Transmit/Receive Switch. A
skilled person would understand that other suitable transmit/receive switches could be

used without departing from the scope of this disclosure.

[89] In the example provided in FIG. 2A, the transmut pathway 106 includes a
pulser 202 and a transmit beamformer 200.
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[90] The transmit beamformer 200 1s configured to, among other things, generate,
at least 1in part, the transmut signals that will be applied to the ultrasonic transducer

elements 1n the ultrasonic transducer array 103.

[91] It 1s known that a transmit signal can be directed towards a desired location by
adjusting, via a transmit beamformer, the transmit signal to the ultrasonic transducer
array 103. That 1s, properties of the transmut signal such as, but not limited to, the
scanning depth, f-number, and steering angle can be adjusted using the transmit
beamformer. The transmit beamformer 200 adjusts the waveform so that the transnut
signal can be focused to a specified direction and depth from the transducer array. By
way of a non-limiting example, the transmit signals can be uniquely delayed and/or

apodized to direct the ultrasonic wavetront to a small area at 1 5mm depth.

[92] The pulser 202 1s configured to adjust the voltage range of the waveform so
that the voltage of the transmut signal can appropnately drive the ultrasonic transducer
in the ultrasonic transducer array 103. For example, the pulser 202 may increase the
voltage range of a beamformed transmuit signal to +/-80V so that the beamformed
signal can be used with an abdominal ultrasonic transducer array. A skilled person
would also understand that a pulser 202 1s provided for each channel 1n the transmit

pathway 106.

[93] Once the beamformed transmit signal has been transmitted from the ultrasonic
transducer array 103, a control signal, via the control pathway 110, instructs the
transmit and receive switch 214 to switch to the receive pathway 108. Signal from the
tissue being 1imaged are reflected back to the ultrasonic transducer array 103 based on
the speed of sound 1n the tissue. The reflected signal 1s received by the ultrasonic

transducer array 103 and then sent to the receive pathway 108 for processing.

[94] In the example provided in FIG. 2A, the receive pathway includes a Low
Noise Amplifier (LNA) 212, Vanable Gain Amplifier (VGA) 208, Anti-Aliasing
Filter (AAF) 210, and an Analog to Digital Converter (ADC) 206. A skilled person
would understand that these devices are configured to convert, clean, and amplify the

signal recerved from the ultrasonic transducer array for further processing. A skilled
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person would also understand that these devices would be provided for each channel

in the receirve pathway 108.

[95] Referring now to FIG. 2B, 1n the example depicted the LNA 212, VGA 208,
AAF 210, and ADC 206 may be integrated into an Analog Front End (AFE). This
AFE may be an integrated circuit having the functionality of the LNA 212, VGA 208,
AAF 210, and ADC 206.

[96] In the example provided in FIG. 2A, the receive pathway 108 further includes
a receive beamformer 204. The receive beamformer 204 1s configured, at least in part,
to process the received signals (or beamform). This can include, but 1s not limited to,

any combination of uniquely delaying, apodizing, and summing the received signals.

[97] In another embodiment, the receive beamformer does not sum the received
signals so that the beamforming can be completed on a PC, GPU, and/or data
processor. Also, the receive beamformer optionally does not delay and/or apodize the

recerved signals.

[98] Once the received signals have been processed by the receive beamformer
204, the signal 1s sent, via a data bus, to the data processing device for additional

processing.

[99] It will be understood that, generally, each ultrasonic transducer element in the
ultrasonic transducer array 103 has an associated channel in the signal processing
pathway 100. That 1s, the signal processing pathway 100 generally has as many
channels as there are ultrasonic transducer elements 1n an ultrasonic transducer array
103. For example, 1n order to operate with an ultrasonic transducer array having 64
ultrasonic transducer elements, the signal processing pathway 100 should have 64

channels.

[100] It 1s further understood that the scanning field of view (FOV) of an ultrasonic
scanning device 1s proportional, at least in part, to the number of elements 1n an
ultrasonic transducer array 103. Thus, the signal processing pathway 100 should have

a sufficient number of channels to maintain a usable field of view for the object being
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scanned. For instance, 1n the case of a human prostate 1t was found that a signal
processing pathway 100 having 128 channels was sufficient for a curved linear end-
fire 6.5 MHz transducer to scan and maintain a usable field of view for trans-rectal
ultrasonic transducer arrays 103. A skilled person would understand that transducers
operating at different center frequencies may require fewer or additional channels. For
instance, a 21 MHz side-fire transducer may require additional channels 1n order to
maintain a usable field of view. In the non-limiting example where the usable field of
view 1s for trans-rectal prostate exams, the signal processing pathway may require, for

example, 512 channels.

[101] Generally, the resolution of an ultrasonic transducer array 103 1s related to the
scanning frequency of the ultrasonic transducer array 103. That 1s, the higher the
scanning frequency, the higher the resolution. A tradeotf, however, 1s that the FOV
for the ultrasonic transducer array 103 decreases as the scanning frequency increases.
One possible way to increase the field of view for a higher frequency ultrasonic
transducer array 103 1s to increase the number of ultrasonic transducer elements that

are transmitting.

[102] One method of increasing the number of ultrasonic transducer elements being
driven 1n an ultrasonic transducer array 103 1s to increase the number of channels 1n
the signal processing pathway 100. This 1s because, generally, a channel 1s assigned to
a corresponding ultrasonic transducer element 1n the ultrasonic transducer element

array 103.

[103] Due to cost, space, power, or other limitations, however, 1t may not be
possible to provide a sufficient number of channels 1n a signal processing pathway
100 to achieve the desired resolution. In these circumstances, other ways of increasing
the number of ultrasonic transducer elements being driven per signal processing
pathway channel, in order to increase the FOV, can be contemplated. For instance, in
an example embodiment a transducer element multiplexer 300 can be used to drive
more ultrasonic transducer elements than there are channels 1n the signal processing

pathway 100.
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[104] Referring now to FIG. 3 and FIG. 4, which are embodiments of FIG. 1 and
FIG. 2A respectively, a transducer element multiplexer 300 1s provided on the signal
path 100 1n order to mitigate, at least in part, the problem of driving more ultrasonic

transducer elements than there are channels 1n the signal processing pathway 100.

[105] The transducer element multiplexer 300 allows more than one ultrasonic
transducer element 1n the ultrasonic transducer element array 103 to be driven for
each channel 1n the signal pathway 100. This allows an increase in the FOV for the
ultrasonic transducer array 103 while maintaining the desired resolution without

having to increase the number of channels in the signal pathway 100.

[106] The multiplexer 300 switches which elements are active between each
ultrasound line within the ultrasound 1image so that lines can be acquired using the
elements from different spatial locations along the array. For example, for a line on
the left edge of the imaging field of view, the elements closest to that edge may be
selected, while for a line on the right edge of the imaging field of view the elements
closest to that edge may be selected. Using elements close to the line being acquired
1s useful to avoid artifacts and signal loss due to beam steering, and permits a larger
FOV to be captured. This 1s equivalent to stacking N ultrasonic transducer element
arrays beside each other and generating an 1mage on each separately and then

combining those 1mages.

[107] Simultaneously 1n the context of simultaneously driving more than one
ultrasound transducer element refers to the ability to switch between individual
ultrasound transducer elements or groups of ultrasound transducer elements within
one ultrasound 1mage acquisition period without matenially affecting the frame rate of

acquisition.

[108] In the examples depicted in FIG. 3 and FIG. 4, the transducer element
multiplexer 300 selects, at least in part, the transmit signal being sent through the
channels 1n the signal processing pathway 100. These replicated signals are then sent
to the ultrasonic transducer elements 1n the ultrasonic transducer element array 103.

That 1s, a signal being sent through a single channel of the signal processing pathway
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100 may be used to activate more than one ultrasonic transducer element in the

ultrasonic transducer array 103.

[109] Once the reflected signal 1s received, the transducer element multiplexer 300
may also select, at least in part, the reflected signal from one of a set of individual
transducer elements so that the selected reflected signal can be sent to a single

channel 1n the signal processing pathway 100.

[110] For instance, in some examples a 4:1 transducer element multiplexer 300 may
be used to maintain a usable field of view for an ultra-high resolution trans-rectal
ultrasound transducer array. In the case where the signal pathway 100 has 128
channels, the 4:1 transducer element multiplexer 300 would be able to drive 512 (128
X 4) ultrasonic transducer elements in the ultra-high resolution trans-rectal ultrasound
transducer array. Stmilarly, when the 512 ultrasonic transducer elements 1n the ultra-
high resolution trans-rectal ultrasound transducer array receive the reflected signal,
the 4:1 transducer element multiplexer 300 1s configured to select, in groups of 128
elements, the received data from the 512 individual transducer elements to 128 signals
(512/4) for transmission through the 128 channels of the signal processing pathway
100.

[111] In another example, the transducer element multiplexer 300 may allow for a
selectable multiplexer. For example, the transducer element multiplexer 300 may
selectably allow for driving 4, 3, or 2 ultrasonic transducer elements for each channel
1n the signal processing pathway 100 (e.g., a selectable 4:1, 3:1, and 2:1 transducer
element multiplexer). This would allow for a multiple fields of view for the ultrasonic

transducer array 103.

[112] Referring now to FIG. 5, FIG. 6, FIG. 7, and FIG. 8, in some embodiments the
signal processing pathway 100 1s operable with more than one ultrasonic transducer
array 103. In these embodiments, a transducer switch 400 1s provided. The transducer

switch 400 1s configured to selectably switch between the multiple ultrasonic

transducer arrays 103.
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[113] In some examples, the ultrasonic imaging device 1000, via the control
pathway 110, may automatically select the appropriate ultrasonic transducer array 103
based on the dimensions of the object to be scanned. For instance, 1f a user selects the
scanning parameters for targeted prostate structures for biopsy, the ultrasonic imaging
device 1000 will 1ssue a command, via the control pathway 110, to the transducer
switch 400 to switch to an ultra-high resolution ultrasonic transducer array 103 that 1s
appropriate for scanning targeted prostate structures for biopsy. Examples of targeted

prostate structures for biopsy include, but are not limited to, lesions 1n the prostate

that are smaller than 5Smm.

[114] Alternately, the transducer switch 400 may be a manual switch whereby a user

can manually select which ultrasonic transducer array 103 to use.

[115] In yet another example, the transducer switch 400 may be a part of a hot-swap
mechanism that allows users to plug and unplug ultrasonic transducer arrays 103 as
required. This allows for different ultrasonic transducer arrays 103 to be used in the
same signal processing pathway 100. In the embodiments depicted in FIG. 5 to FIG.
12, for instance, the attached ultrasonic transducer arrays 103, 700, 702, 704, may be
recognized using a transducer ID. Once an ultrasonic transducer array having a
transducer ID 1s inserted into the hot-swap system, the transducer switch 400 can then

initialize the ultrasonic transducer array 103 for use 1n the ultrasonic 1maging system

1000.

[116] In another example embodiment, the transducer switch 400 may have
connectors for each of the ultrasonic transducer arrays 103. The transducer switch 400
may also include one or more latching relays to allow the system to switch between
one or more ultrasonic transducer arrays 103. Control of the latching relays (and

other solid-state switches for digital signals) will be through the control path.

[117] It should be clear that the ultrasonic transducer arrays 103 (each having a
respective voltage and frequency range) should operate within the frequency and
voltage range of the signal processing pathway 100. In some embodiments, the
ultrasound 1maging device 1000 will raise a warning when an ultrasonic transducer

array 103 that 1s incompatible with the signal processing pathway 100 1s attached.

21



CA 03038573 2015-03-27

WO 2018/058248 PCT/CA2017/051155

This warning can include, but 1s not limited to, alerting a user of the incorrectly

inserted ultrasonic transducer array.

[118] Referring now to FIG. 9, FIG. 10, FIG. 11, and FIG. 12, these figures depict

various signal pathways 100 having combinations of the features described herein.

[119] Typically, individual ultrasonic transducer arrays 103 are limited in their
frequency scanning range. For example, ultrasonic transducer arrays 103 configured
for scanning a large portion of a human abdominal cavity (1.e., abdominal ultrasonic
transducer arrays) generally operate in the 3.5 MHz range. Scanning smaller objects
such as a specific organ or part of an organ requires higher frequency ultrasonic
transducer arrays. For instance, scanning a human prostate typically requires a trans-
rectal ultrasonic transducer which typically operates in the 6.5 MHz range. For seeing
structural detail within the human prostate (for example, urethra, ejaculatory duct,
lesions smaller than 5mm) an ultra-high frequency trans-rectal ultrasonic transducer

that operates 1n the 21 MHz range may be required.

[120] The signal pathway 100 1s configured to be operable with an ultrasonic
transducer array 103 that has a transmit frequency 1n the range of 1 MHz to 40 MHz
and a voltage range of +/- 80V. This frequency range includes the frequency ranges of
any combination of an abdominal ultrasonic transducer array, trans-rectal ultrasonic

transducer array, and ultra-high frequency trans-rectal ultrasonic transducer array.

[121] Referring now to FIG. 13 and FIG. 14, alternate embodiments of FIG. 1 and
FIG. 2A are depicted. In these examples the signal processing pathway 100 comprises
a channel board 102 and a beamformer control board 104. That 1s, both the transmut
pathway 106 and the receive pathway 108, and the control pathway 110 of FIG. 1 and
FIG. 2A are implemented, at least in part, on the channel board 102 and the

beamformer control board 104

[122] The channel board 102 1s configured to generate the transmit signals to the
ultrasonic transducer array 103. These signals are then used by the ultrasonic
transducer array 103 to ultrasonically scan a body. By way of example, the signals

transmutted to the ultrasonic transducer array 103 are converted from an electrical
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signal to an analog, ultrasonic signal, and the ultrasonic signal 1s transmitted to the

body.

[123] The channel board 102 1s also configured to receive data scanned from the
ultrasonic transducer array 103. By way of example, the ultrasonic transducer array
103 receives, or acquires, reflected ultrasonic signals. These ultrasonic signals are
then converted to an electrical signal that 1s then sent to the control board. The control
board then processes, at least in part, the receirved signal. The processed received

signal 1s then sent to the beamformer control board 104 for further processing.

[124] The ultrasonic imaging device 1000 can have more than one channel board
102. Spatial, heat, bandwidth, or other considerations may require that more than one
channel board 102 be provided for the ultrasonic imaging device 1000. In one
example embodiment, a signal pathway 100 having 128 channels 1s made up of two
1dentical channel boards 102, each channel board having 64 channels. In another

configuration, a single channel board 102 may contain all 128 channels.

[125] In the embodiment depicted in FIG. 13 and FIG. 14, the beamformer control
board 104 1s configured to, at least in part, to process both the signal transmitted to,

and the signal received from, the ultrasonic transducer array 103.

[126] In some embodiments, the beamformer control board provides the main data
uplink to the PC or data processor. The beamformer control board 104 may also
process, at least in part, the received signal before sending 1t to the PC or data
processor. For example, the beamformer control board 104 may partially sum the

recerved signal data before sending 1t to the PC or data processor.

[127] In some embodiments the control pathway 110 may be implemented, at least
in part, in any combination of the channel board 102 and the beamformer control
board 104. In the examples provided 1in FIG. 13 and FIG. 14, commands from the data
processor may be passed through the beamformer control board 104 and the channel
board 102. These commands can include, but are not limited to, selecting the
appropriate ultrasonic transducer array 103, directing the beamformer control board

104 to apply a specific beamformed pattern to a transmitted or received signal, or
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activating a transducer multiplexer 300 to change the FOV for the ultrasonic

transducer array 103.

[128] Referring now to FIG. 15 and FIG. 16, a transducer element multiplexer 300 1s
provided on the signal path 100 in order to mitigate, at least in part, the problem of
activating more ultrasonic transducer elements than there are signal processing

channels. The transducer element multiplexer 300 has the same role as in FIG. 3 and

FI1G. 4.

[129] As was previously discussed, the transducer element multiplexer 300 allows
more than one ultrasonic transducer element 1n the ultrasonic transducer element array
103 to be activated for each channel 1n the signal pathway 100. This allows an

increase in the field of view for the ultrasonic transducer array 103 while maintaining

the desired resolution.

[130] Referring now to FIG. 17, FIG. 18, FIG. 19, and FIG. 20 in some
embodiments the signal processing pathway 100 1s operable with more than one
ultrasonic transducer array 103. In these embodiments, a transducer switch 400 1s
provided. The transducer switch 400 1s configured to selectably switch between more
than one ultrasonic transducer array 103. This role of the transducer switch 400 1s the

same as was discussed for FIG. 5, FIG. 6, FIG. 7, and FIG. 8.

[131] Referring now to FIG. 21, FIG. 22, FIG. 23, and FIG. 24, these figures depict
various signal pathways 100 having combinations of the features described above. It

1s noted that the combinations are similar to those described in FIG. 9, FIG. 10, FIG.
11, and FIG 12.

[132] The below data bandwidth requirements do not apply for the non-summed or

non-beamtormed receive beamformer embodiment.

[133] Referring now to FIG. 25A, the data bandwidth requirements for an example
signal processing pathway 100 having 128 channels 1s provided. A skilled person
would understand that the data bandwidth requirements for the signal processing

pathway 100 will depend on various factors such as, but not limited to, the number of
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samples taken, the number of signal processing pathway channels, and the amount of
beamforming performed prior to transmitting the received data towards the data

Processor.

[134] In the example provided in FIG. 25A, the data bandwidth requirements

between the channel board 102 to the beamformer board 104 1s determined as

follows:

[135] The number of samples generated for each line 1s given by:
depth
NSamples/Line — Speed s NApe'rature

[136] If this value 1s partially beamformed over the number of channels on the

channel board the final number of bits will be:

depth
DSamples/Line — speed fs " Nbpits

[137] This data must be transmutted to the beamformer control board 1n, at worst, the

time 1t takes to acquire the line (depth/speed). Therefore the data transfer rate must be

at least:

Ratecg_gce = [s " Npits

[138] Given a sampling rate of SOMSPS with 16bit resolution (originally 12bits,
converted to 16 during partial beamforming), the system must support at least 1.28
Gbps. Since we require multi-line beamforming, this rate must be multiplied by

Nuutti-Lines = 4 which 1s the number of simultaneously received lines permitted, for a

total of 5.12Gbps.

[139] It should be noted that the data bandwidth between the beamformer control
board and the data processor/PC may be less than the data bandwidth between the
beamformer control board and the channel board. This 1s because the beamformer
board can be configured to process, including compressing, the received signal so as

to reduce the bandwidth requirements.
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[140] Referring now to FIG. 25B, the data bandwidth requirements for an alternate
signal processing pathway 100 (as compared to FIG. 25A) having 128 channels 1s
provided. A skilled person would understand that the data bandwidth requirements for
the signal processing pathway 100 will depend on various factors such as, but not
limited to, the number of samples taken, the number of signal processing pathway
channels, and the amount of beamforming performed prior to transmitting the

recerved data towards the data processor.

[141] In this embodiment considerably more of the processing 1s performed by the
data processor/PC when compared to FIG. 25A. In this embodiment the beamformer
control board transmuts raw data directly to the data processor. The data processor
then performs the transformations and/or processing that would have been performed
on the beamformer control board in FIG. 25A. Relying on the data processor
simplifies the beamformer control board which may translate to cost and/or power
savings. Furthermore, upgrading the data processor may result in data processing

performance improvements without the need to replace the beamformer control board.

[142] Referring now to FIG. 26, an example ultrasound imaging device 1000 having
a signal control pathway 100 of the present disclosure 1s depicted. In this example, the
signal control pathway 100 has two channel control boards 103, each having 64
channels (128 channels total). The signal processing pathway 100 1s configured to be
switchably operable with three ultrasonic transducer arrays — an abdomunal transducer
array, a trans-rectal ultrasonic transducer array, and an ultra-high resolution ultrasonic
transducer array. In this example, the trans-rectal ultrasonic transducer array, and the
ultra-high resolution ultrasonic transducer array also have biopsy guides. The ultra-
high resolution ultrasonic transducer array also includes a motion tracker to track the
motion of the transducer array. A skilled person would understand that other
transducer array accessories could be used without departing from the scope of this

disclosure.

[143] The signal processing pathway 100 1s a part of a larger ultrasound 1maging
device 1000. The ultrasound 1imaging device 1000 1s configured to acquire and

process ultrasonic imaging data from the ultrasonic transducer arrays through the
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signal processing pathway 100. In this example a computer 1s configured to allow a

user, through the user interface panel, to acquire and process ultrasound 1imaging data.

[144] It will be appreciated that the signal processing pathway 100 will be a part of a
larger ultrasonic imaging device 1000. An example of a method for using an
ultrasonic imaging device 1000 having a signal processing pathway 100 as presently

disclosed includes, but 1s not limited to, the following steps:

a) selecting, via a user interface, switch, or selection device, an ultrasonic
transducer array 103 that will be used to scan an object 1n a human body:
b) activating, the selected ultrasonic transducer array 103 to obtain data about the
object;
c) processing the data about the object; and

d) presenting the data in a human-readable format.

[145] It would be understood that other methods for using the ultrasonic imaging
device 1000 and the signal processing pathway 100 can be contemplated that would
be within the scope of this disclosure. Examples include, but are not limited to,
outputting unprocessed data to a second interface, sending the human-readable data to

an off-site location, or printing the human-readable data.

[146] In an example, a method of using an ultrasonic imaging device 1000 having
the signal processing pathway 100 as presently disclosed 1s as follows: An ultrasonic
1maging device operator selects a low-frequency ultrasonic transducer array (3.5 MHz
Abdomuinal) to scan the abdomen of a subject in order to locate and 1image the
subject’s prostate. Once the subject’s prostate 1s located, the trans-rectal ultrasonic
transducer array (6.5 MHz TRUS) may be selected to scan the subject’s prostate to
measure prostate volume and locate zones within the prostate. For instance, a

systematic sextant biopsy may be performed using the trans-rectal ultrasonic

transducer array (6.5 MHz TRUS).

[147] The ultra-high resolution trans-rectal ultrasonic transducer array (21 MHz)
may be selected to locate and 1dentify structures in the prostate that are smaller than

Smm. In this example, a doctor may guide a needle towards the suspicious area in the
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prostate 1n order to obtain a targeted biopsy sample. In some examples, the needle
head may also be detected by the ultra-high resolution trans-rectal ultrasonic
transducer array (21 MHz). This 1s useful 1n helping the person performing the biopsy

to guide, at least 1in part, the needle head towards the suspicious area in the prostate.

[148] The following clauses are offered as further description of the examples of the
apparatus. Any one or more of the following clauses may be combinable with any
another one or more of the following clauses and/or with any subsection or a portion
or portions of any other clause and/or combination and permutation of clauses. Any
one of the following clauses may stand on 1ts own merit without having to be
combined with any other clause or any portion of any other clause, etc. CLAUSE 1
An apparatus of any clause 1n this paragraph, further comprising (1f so desired) a
signal processing pathway 100 for an ultrasonic 1imaging device 1000, the signal
processing pathway 100 comprising: a transmit pathway 106 configured to transmit a
transmitted signal to an ultrasonic transducer array 103; a receive pathway 108
configured to receive a recerved signal from the ultrasonic transducer array 103; and
a control pathway 110 for controlling a transmission of the transmutted signal and a
reception of the received signal; wherein the transmit pathway, receive pathway, and
control pathway are configured to operate 1n a frequency range of 1 MHz to 40 MHz~
inclusive and a voltage range of -80V to +80V 1nclusive. CLAUSE 2 An apparatus of
any clause 1n this paragraph, further comprising (if so desired) the signal processing
pathway 100 of claim 1, further comprising: the control pathway 110 comprising: a
transmit/receive switch 214 for switching between the transmit pathway and the
recerve pathway; the transmut pathway 106 comprising: a transmit beamformer 200
for controlling a timing and a shape of the transmitted signal; and a pulser 202 for
adjusting a voltage of the transmutted signal; and the receive pathway 108 comprising;
a receive beamformer 204 for storing and transferring, at least in part, the received
signal; an ADC (analog/digital converter) 206 for converting the received signal, a
VGA (variable gain amplifier) 208 for amplifying selected properties of the received
signal; an AAF (anti-aliasing filter) 210 for preventing aliasing and for limiting a
noise of the received signal; and a LNA (low noise amplifier) 212 for amplifying
the recerved signal; CLAUSE 3 An apparatus of any clause 1n this paragraph, further
comprising (1f so desired) the signal processing pathway 100 of any one of claims 1 to

2, further comprising a transducer element multiplexer 300 configured for selecting
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one or more ultrasonic transducer elements 1n the ultrasonic transducer array 103 to
be driven for each channel 1n the transmut pathway. CLAUSE 4 An apparatus of any
clause 1n this paragraph, further comprising (if so desired) the signal processing
pathway 100 of any one of claims 1 to 3 further comprising: a transducer switch 400
for switching between two or more ultrasonic transducer arrays 103, wherein each of
the ultrasonic transducer arrays 103 1s configured to operate 1n a frequency subrange
of the signal processing pathway 100. CLAUSE 5 An apparatus of any clause 1n this
paragraph, further comprising (if so desired) the signal processing pathway 100 of any
one of claims 1 to 4, wherein, the ultrasonic transducer array 103 has a frequency
band centered around any one of 21MHz (UHR-TRUS) 700, 6.5 MHz (TRUS) 702,
and 3.5MHz (Abdominal) 704. CLAUSE 6 An apparatus of any clause in this
paragraph, further comprising (if so desired) the signal processing pathway 100 of any
one of claims 1 to 5, wherein, the ultrasonic transducer array 103 has a frequency
band configured for scanning a human prostate. CLAUSE 7 An apparatus of any
clause 1n this paragraph, further comprising (if so desired) the signal processing
pathway 100 of any one of claims 1 to 6, wherein, the transmit pathway and the
recerve pathway have 128 channels, each channel being configured to transmait the
transmitted signal and to receive the received signal from an ultrasonic transducer
element 1n the ultrasonic transducer array 103. CLAUSE 8 An apparatus of any clause
in this paragraph, further comprising (if so desired) the signal processing pathway ot
any one of claims 1 to 6, wherein, the transmit pathway and the receive pathway have
a number of channels, the number of channels being proportional to the highest
frequency ultrasonic transducer so as to maintain a resolution operable to scan a
human prostate. CLAUSE 9 An apparatus of any clause in this paragraph, further
comprising (1f so desired) the signal processing pathway 100 of any one of claims 3 to
8, wherein, the transducer element multiplexer 300 1s a 4:1 multiplexer so that the
ultrasonic transducer array 103 having 512 ultrasonic transducer elements 1s driven by
the transmit pathway, the transmit pathway having 128 channels. CLAUSE 10 An
apparatus of any clause 1n this paragraph, further comprising (1f so desired) the signal
processing pathway 100 of any one of claims 2 to 8, wherein, the receive beamformer
204 also delays, scales, and sums, at least 1n part, the received signal. CLAUSE 11 An
apparatus of any clause 1n this paragraph, further comprising (if so desired) a signal
processing pathway 100 for an ultrasonic imaging device 1000, the signal processing

pathway 100 comprising: a channel board 103 configured to transmit a transmitted
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signal to, and, to receive a received signal from an ultrasonic transducer array 103;
and a beamformer control board 104 configured to control the channel board 103;
wherein, the channel board 103 and the beamformer control board 104 are configured
to operate 1n a frequency range of 1 MHz to 40 MHz inclusive and a voltage range of
-80V to +80V inclusive. CLAUSE 12 An apparatus of any clause 1n this paragraph,
further comprising (if so desired) the signal processing pathway 100 of claim 11,
wherein: the channel board 103 comprises:a transmit/receive switch 214 for switching
between the transmit pathway and the receive pathway; a transmit beamformer 200
for controlling a timing and a shape of the transmitted signal; a pulser 202 for
adjusting a voltage of the transmitted signal; a receive beamformer 204 for storing
and transferring, at least in part, the received signal; an ADC (analog/digital
converter) 206 for converting the received signal; a VGA (variable gain amplifier)
208 for amplifying selected properties of the received signal; an AAF (anti-aliasing
filter) 210 for preventing aliasing and for limiting a noise of the received signal; and a
LNA (low noise amplifier) 212 for amplifying the received signal. CLAUSE 13 An
apparatus of any clause 1n this paragraph, further comprising (1f so desired) the signal
processing pathway 100 of any one of claims 11 to 12, further comprising: a
transducer element multiplexer 300 configured for selecting one or more ultrasonic
transducer elements 1n the ultrasonic transducer array 103 to be driven for each
channel 1n the transmit pathway. CLAUSE 14 An apparatus of any clause 1n this
paragraph, further comprising (if so desired) the signal processing pathway 100 of any
one of claims 11 to 13, further comprising: a transducer switch 400 for switching
between two or more ultrasonic transducer arrays 103, wherein each of the ultrasonic
transducer arrays 103 1s configured to operate 1n a frequency ubrange of the signal
processing pathway 100. CLAUSE 15 An apparatus of any clause 1n this paragraph,
further comprising (if so desired) the signal processing pathway 100 of any one of
claims 11 to 14, wherein, the ultrasonic transducer array 103 has a frequency band
centered around of any one of 21MHz (UHR-TRUS) 700, 6.5 MHz (TRUS) 702, and
3.5MHz (Abdomunal) 704. CLAUSE 16 An apparatus of any clause 1n this paragraph,
further comprising (if so desired) the signal processing pathway 100 of any one of
claims 11 to 15, wherein, the ultrasonic transducer array 103 has a frequency band
configured for scanning a human prostate. CLAUSE 17 An apparatus of any clause in
this paragraph, further comprising (1f so desired) the signal processing pathway 100 of

any one of claims 11 to 16, the transmit pathway and the receive pathway have 128
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channels, each channel being configured to transmut the transmitted signal and to
recerve the received signal from an ultrasonic transducer element 1n the ultrasonic
transducer array 103. CLAUSE 18 An apparatus of any clause in this paragraph,
further comprising (1f so desired) the signal processing pathway of any one of claims
11 to 17, wherein, the transmit pathway and the receive pathway have a number of
channels, the number of channels being proportional to the highest frequency
ultrasonic transducer so as to maintain a resolution operable to scan a human prostate.
CLAUSE 19 An apparatus of any clause 1n this paragraph, further comprising (if so
desired) the signal processing pathway 100 of claims 13 to 18, wherein, the transducer
element multiplexer 300 1s a 4:1 multiplexer so that the ultrasonic transducer array
103 having 512 ultrasonic transducer elements 1s driven by the transmit pathway, the
transmut pathway having 128 channels. CLAUSE 20 An apparatus of any clause in
this paragraph, further comprising (if so desired) the signal processing pathway 100 of
any one of claims 11 to 19, wherein, the recerve beamformer 204 also delays, scales,
and sums, at least in part, the received signal. CLAUSE 21 An apparatus of any
clause 1n this paragraph, further comprising (if so desired) the signal processing
pathway 100 of any one of claims 1 to 20, wherein, the signal processing pathway 100
has a data bandwidth configured to allow for high speed transfer of data from the
channel board 102 to a processing device. CLAUSE 22 An apparatus of any clause 1n
this paragraph, further comprising (if so desired) the signal processing pathway 100 of
any one of claims 1 to 21, wherein, the signal processing pathway 1s configured on a
daughterboard for an ultrasonic imaging device. CLAUSE 23 An apparatus of any
clause 1n this paragraph, further comprising (if so desired) the signal processing
pathway 100 of any one of claims 1 to 21, wherein, the signal processing pathway 1s
configured on an expansion board for a PC. CLAUSE 24 An ultrasonic imaging
device 1000 having the features of any of the clauses 1n this paragraph. CLAUSE 25
A method for using the ultrasonic imaging device 100 having the features of any of
the clauses 1n this paragraph. CLAUSE 26 A method for operating an ultrasonic
1maging device, comprising: providing a transmit pathway 106 for transmitting a
transmitted signal to an ultrasonic transducer array 103; providing a receive pathway
108 for recelving a recerved signal from the ultrasonic transducer array 103;
providing a control pathway 110 for controlling a transmission of the transmitted

signal and a reception of the received signal; and configuring the transmit pathway,
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the recerve pathway, and the control pathway to operate in a frequency range of 1

MHz to 40 MHz inclusive and a voltage range of -80V to +80V inclusive.

[149] It will be appreciated that the description 1dentifies and describes options and
variations of the signal processing pathway 100, regardless of whether the description
1dentifies the options and/or vanations of the signal processing pathway 100 by way
of explicit terms and/or non-explicit terms. Other options for the signal processing
pathway 100 as i1dentified 1n this paragraph may include any combination and/or
permutation of the technical features (assemblies, components, 1tems, devices, etc.) as
1dentified 1n the detailed description, as may be required and/or desired to suit a
particular technical purpose and/or technical function. It will be appreciated, that
where possible, any one or more of the technical features and/or any one or more
sections of the technical features of the signal processing pathway 100 may be
combined with any other one or more of the technical features and/or any other one or
more sections of the technical features of the bread product 100 in any combination
and/or permutation. Any one or more of the technical features and/or any one or more
sections of the technical features of the signal processing pathway 100 may stand on
1ts own merit without having to be combined with another technical feature. It will be
appreciated that persons skilled 1n the art would know that technical features of each
embodiment may be deployed (where possible) in other embodiments even 1f not
expressly stated as such above. It will be appreciated that persons skilled in the art
would know that other options would be possible for the configuration of the
components of the signal processing pathway 100 (1f so desired) to adjust to
manufacturing requirements and still remain within the scope of the invention as
described 1n at least one or more of the claims. This written description uses examples
to disclose the invention, including the best mode, and also to enable any person
skilled 1n the art to make and use the invention. The patentable scope of the invention
1s defined by the claims, and may include other examples that occur to those skilled 1n
the art. Such other examples are within the scope of the claims 1f they have structural
elements that do not differ from the literal language of the claims, or 1f they include
equivalent structural elements with insubstantial differences from the literal language
of the claims. It may be appreciated that the assemblies and modules described above
may be connected with each other as required to perform desired functions and tasks

within the scope of persons of skill in the art to make such combinations and
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permutations without having to describe each and every one 1n explicit terms. There 1s
no particular assembly or component that may be superior to any of the equivalents
available to the person skilled 1n the art. There 1s no particular mode of practicing the
disclosed subject matter that 1s superior to others, so long as the functions may be
performed. It 1s believed that all the crucial aspects of the disclosed subject matter
have been provided 1n this document. It 1s understood that the scope of the present
invention 1s limited to the scope provided by the independent claim(s), and 1t 1s also
understood that the scope of the present invention 1s not limited to: (1) the dependent
claims, (11) the detailed description of the non-limiting embodiments, (111) the
summary, (1v) the abstract, and/or (v) the description provided outside of this
document (that 1s, outside of the instant application as filed, as prosecuted, and/or as
oranted). It 1s understood, for this document, that the phrase “includes™ 1s equivalent
to the word “comprising.” The foregoing has outlined the non-limiting embodiments
(examples). The description 1s made for particular non-limiting embodiments
(examples). It 1s understood that the non-limiting embodiments are merely illustrative

as examples.
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What 1s claimed 1s:

1. A signal processing pathway 100 for an ultrasonic imaging device 1000, the signal
processing pathway 100 comprising:

a transmit pathway 106 configured to transmit a transmutted signal to an ultrasonic
transducer array 103;

a recelve pathway 108 configured to receive a received signal from the ultrasonic
transducer array 103;

and a control pathway 110 for controlling a transmission of the transmitted signal and
a reception of the received signal;

wherein the transmit pathway, receive pathway, and control pathway are configured
to operate 1n a frequency range of 1 MHz to 40 MHz inclusive and a voltage range of -80V to

+80V 1nclusive.

2. The signal processing pathway 100 of claim 1, further comprising:
the control pathway 110 comprising:
a transmit/receive switch 214 for switching between the transmit pathway and
the recerve pathway:;
the transmuit pathway 106 comprising:
a transmit beamformer 200 for controlling a timing and a shape of the
transmitted signal; and
a pulser 202 for adjusting a voltage of the transmutted signal; and
the recerve pathway 108 comprising:
a recerve beamformer 204 for storing and transferring, at least in part, the
recerved signal:;
an ADC (analog/digital converter) 206 for converting the received signal,
a VGA (vanable gain amplifier) 208 for amplifying selected properties of the
received signal;
an AAF (anti-aliasing filter) 210 for preventing aliasing and for limiting a
noise of the recerved signal; and

a LNA (low noise amplifier) 212 for amplifying the received signal;

3. The signal processing pathway 100 of any one of claims 1 to 2, further comprising:
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a transducer element multiplexer 300 configured for selecting one or more ultrasonic
transducer elements 1n the ultrasonic transducer array 103 to be driven for each channel 1n the

transmut pathway .

4. The s1gnal processing pathway 100 of any one of claims 1 to 3 further comprising:
a transducer switch 400 for switching between two or more ultrasonic transducer
arrays 103, wherein each of the ultrasonic transducer arrays 103 1s configured to operate in a

frequency subrange of the signal processing pathway 100.

5. The signal processing pathway 100 of any one of claims 1 to 4, wherein, the ultrasonic
transducer array 103 has a frequency band centered around any one of 21MHz (UHR-TRUS)
700, 6.5 MHz (TRUS) 702, and 3.5MHz (Abdomuinal) 704.

6. The signal processing pathway 100 of any one of claams 1 to 5, wherein, the ultrasonic

transducer array 103 has a frequency band configured for scanning a human prostate.

7. The signal processing pathway 100 of any one of claims 1 to 6, wherein, the transmit
pathway and the receive pathway have 128 channels, each channel being configured to
transmit the transmutted signal and to receive the received signal from an ultrasonic

transducer element 1n the ultrasonic transducer array 103.

8. The signal processing pathway of any one of claims 1 to 6, wherein, the transmit pathway
and the receive pathway have a number of channels, the number of channels being
proportional to the highest frequency ultrasonic transducer so as to maintain a resolution

operable to scan a human prostate.

9. The signal processing pathway 100 of any one of claims 3 to 8, wherein, the transducer
element multiplexer 300 1s a 4:1 multiplexer so that the ultrasonic transducer array 103
having 512 ultrasonic transducer elements 1s driven by the transmit pathway, the transmait

pathway having 128 channels.

10. The signal processing pathway 100 of any one of claims 2 to 8, wherein, the receive

beamformer 204 also delays, scales, and sums, at least in part, the received signal.
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11. A signal processing pathway 100 for an ultrasonic imaging device 1000, the signal
processing pathway 100 comprising:

a channel board 103 configured to transmit a transmitted signal to, and, to receive a
recerved signal from an ultrasonic transducer array 103; and

a beamformer control board 104 configured to control the channel board 103;

wherein, the channel board 103 and the beamformer control board 104 are configured
to operate 1n a frequency range of 1 MHz to 40 MHz inclusive and a voltage range of -80V to

+80V 1nclusive.

12. The signal processing pathway 100 of claim 11, wherein:
the channel board 103 comprises:

a transmit/receive switch 214 for switching between the transmit pathway and
the recerve pathway:;

a transmit beamformer 200 for controlling a timing and a shape of the
transmitted signal;

a pulser 202 for adjusting a voltage of the transmitted signal;

a recerve beamformer 204 for storing and transferring, at least in part, the
recerved signal;

an ADC (analog/digital converter) 206 for converting the received signal;

a VGA (vanable gain amplifier) 208 for amplifying selected properties of the
received signal;

an AAF (anti-aliasing filter) 210 for preventing aliasing and for limiting a
noise of the received signal; and

a LNA (low noise amplifier) 212 for amplifying the received signal.
13. The signal processing pathway 100 of any one of claims 11 to 12, further comprising:
a transducer element multiplexer 300 configured for selecting one or more ultrasonic
transducer elements 1n the ultrasonic transducer array 103 to be driven for each channel 1n the

transmit pathway.

14. The signal processing pathway 100 of any one of claims 11 to 13, further comprising:
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a transducer switch 400 for switching between two or more ultrasonic transducer
arrays 103, wherein each of the ultrasonic transducer arrays 103 1s configured to operate in a

frequency subrange of the signal processing pathway 100.

15. The signal processing pathway 100 of any one of claims 11 to 14, wherein, the ultrasonic

transducer array 103 has a frequency band centered around of any one of 21MHz (UHR-

TRUS) 700, 6.5 MHz (TRUS) 702, and 3.5MHz (Abdominal) 704

16. The signal processing pathway 100 of any one of claims 11 to 15, wherein, the ultrasonic

transducer array 103 has a frequency band configured for scanning a human prostate.

17. The signal processing pathway 100 of any one of claims 11 to 16, the transmit pathway
and the receive pathway have 128 channels, each channel being configured to transmit the
transmitted signal and to receive the received signal from an ultrasonic transducer element 1n

the ultrasonic transducer array 103.

18. The signal processing pathway of any one of claims 11 to 17, wherein, the transmut
pathway and the receive pathway have a number of channels, the number of channels being
proportional to the highest frequency ultrasonic transducer so as to maintain a resolution

operable to scan a human prostate.

19. The signal processing pathway 100 of claims 13 to 18, wherein, the transducer element
multiplexer 300 1s a 4:1 multiplexer so that the ultrasonic transducer array 103 having 512
ultrasonic transducer elements 1s driven by the transmit pathway, the transmit pathway

having 128 channels.

20. The si1gnal processing pathway 100 of any one of claims 11 to 19, wherein, the receive

beamformer 204 also delays, scales, and sums, at least in part, the received signal.
21. The signal processing pathway 100 of any one of claims 1 to 20, wherein, the signal
processing pathway 100 has a data bandwidth configured to allow for high speed transfer of

data from the channel board 102 to a processing device.

22. The signal processing pathway 100 of any one of claims 1 to 21, wherein, the signal

processing pathway 1s configured on a daughterboard for an ultrasonic 1maging device.
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23. The signal processing pathway 100 of any one of claims 1 to 21, wherein, the signal

processing pathway 1s configured on an expansion board for a PC.

24. An ultrasonic 1maging device 1000 having the features of any one of claims 1 to 23.

25. A method for using the ultrasonic imaging device 100 having the features of any one of

claams 1 to 23.

26. A method for operating an ultrasonic imaging device, comprising:

providing a transmit pathway 106 for transmitting a transmitted signal to an ultrasonic
transducer array 103;

providing a receive pathway 108 for receiving a recerved signal from the ultrasonic
transducer array 103;

providing a control pathway 110 for controlling a transmission of the transmitted
signal and a reception of the received signal; and

configuring the transmit pathway, the receive pathway, and the control pathway to
operate 1n a frequency range of 1 MHz to 40 MHz inclusive and a voltage range of -80V to

+80V 1nclusive.
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