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ULTRASOUND SYSTEM WITH HIGH
FREQUENCY DETAIL

PRIORITY

[0001] This application claims the benefit, under 35 U.S.
C. § 119(e), of U.S. Provisional Patent Application No.
62/583,416, filed 8 Nov. 2017, which is incorporated herein
by reference.

TECHNICAL FIELD

[0002] The disclosed technology relates to imaging sys-
tems and to ultrasound imaging systems in particular.

BACKGROUND

[0003] High frequency and ultrahigh frequency ultrasound
(10-50 MHz center frequency) is often used for pre-clinical
and clinical imaging applications. One advantage of high
frequency ultrasound is its detailed resolution. For 50 MHz
center frequency transducers, objects as small as 30 um can
be imaged. However, there are drawbacks to imaging with
such high frequencies.

[0004] The higher the frequency of the ultrasound signal,
the more attenuation there is and this limits the imaging
depth. For example, in soft tissue, signals from a 2 MHz
transducer can image penetrate over 20 cms but signals from
a 50 MHz transducer have a usable depth range of less than
1 cm.

[0005] In order to achieve better lateral resolution, the
array element spacing has to be as small as possible. A
transducer element pitch of less than 1A is preferred for
linear arrays and less than ¥2A is preferred for phased arrays.
Using a 256 element 50 MHz array as an example, an
element spacing of 1A, requires that the footprint of the array
be less than 1 cm. The size of the array on its field of view
is analogous to a microscope where the higher the magni-
fication, the smaller the field of view will be.

[0006] With current ultrasound imaging systems, an
operator has to switch between two different types of trans-
ducers to view tissue with low and high frequency ultra-
sound. The use of a low frequency (LF) transducer takes
advantage of the deeper and wider field of view that can be
used to image a larger area of tissue with less detail.
Conversely, the use of a high frequency (HF) transducer
allows the operator to image a smaller area of tissue in
greater detail. Having to switch between transducers is not
very convenient and takes practice to find a landmark tissue
structure in the same orientation in order to match two
different imaging studies. Also, because imaging studies
obtained by swapping transducers are acquired in different
time slices, there is little valuable time related information
that can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a simplified block diagram of a dual
frequency ultrasound imaging system in accordance with an
embodiment of the disclosed technology;

[0008] FIG. 2 is a more detailed block diagram of a dual
frequency ultrasound imaging system in accordance with an
embodiment of the disclosed technology;

[0009] FIG. 3A shows a combined low and high frequency
display in accordance with one embodiment of the disclosed
technology;
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[0010] FIG. 3B shows another embodiment of a combined
low and high frequency display in accordance with the
disclosed technology;

[0011] FIG. 4A shows a simplified diagram of a test set up
for obtaining low and high frequency ultrasound images in
accordance with an embodiment of the disclosed technol-
0gy;

[0012] FIG. 4B is a timing diagram of a method of
obtaining low and high frequency images of tissue in
accordance with an embodiment of the disclosed technol-
0gy;

[0013] FIG. 4C is a timing diagram of a method of
obtaining low and high frequency images of tissue in
accordance with an embodiment of the disclosed technol-
ogy; and

[0014] FIG. 4D is a timing diagram of a method of
obtaining low and high frequency images of tissue in
accordance with an embodiment of the disclosed technol-

ogy.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0015] To address the problems described above, the dis-
closed technology relates to an ultrasound imaging system
that is designed to support simultaneous high and low
frequency ultrasound imaging transducers. Two synchro-
nous or asynchronous images obtained with the same trans-
ducer can be constructed and displayed on the screen to
allow a user to view tissue in a region of interest and a subset
of the tissue with additional detail.

[0016] As shown in FIG. 1, an ultrasound imaging system
includes a dual frequency transducer 10. The dual frequency
transducer has one or more low frequency ultrasound trans-
ducer arrays 12 and one or more high frequency transducer
arrays 14. Numerous configurations of the dual frequency
transducer are possible. For example, the high frequency
transducer can be positioned in-line (behind or ahead) with
the low frequency transducer. One suitable dual frequency
transducer design is described in commonly-assigned U.S.
patent application Ser. No. 16/051,060, filed 31 Jul. 2018,
which is incorporated herein by reference. Alternatively, the
one or more low frequency transducers can be positioned
offset to (flanking) the high frequency transducer. One
suitable dual frequency transducer design is described in
commonly assigned PCT Application No. WO/2017/
173414A1 and United States Patent Publication No.
20170282215, which are herein incorporated by reference in
their entireties. These applications describe a transducer
design where a low frequency transducer array is positioned
behind a high frequency transducer array but is angled in one
or more of the azimuthal and elevation directions so that the
low frequency transducer array is facing in a slightly dif-
ferent direction to reduce reflections. In another embodi-
ment, one or more low frequency transducer arrays can be
positioned to flank a high frequency transducer array so that
beams from the low frequency transducer arrays intersect
the imaging plane of the high frequency transducer array.
Such a design is described in U.S. Provisional Patent appli-
cation No. 62/553,497 filed Sep. 1, 2017 and is also incor-
porated by reference in its entirety.

[0017] An ultrasound imaging system 20 provides signals
or pulses that drive the dual frequency transducer 10 and
processes the detected echo signals. The ultrasound imaging
system 20 includes electronics that are adapted to interface
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with both the high and low frequency transducers and
process the detected echo signal in order to produce images
of tissue being examined. In one embodiment, the imaging
system 20 produces images on a video display 30 that
include an image 32 from the electronic echo signals that are
produced by the low frequency transducer 12 and an image
34 from the electronic echo signals that are produced by the
high frequency transducer 14. The image 32 from the low
frequency transducer has less detail but covers a greater field
of view. Conversely, the image 34 from the high frequency
transducer has much more detail but covers a smaller field
of view. The images 32, 34 can be shown side by side or the
image 34 can take up part of the image 32 or vice versa in
a manner similar to a picture in picture window in a
television system. Fither image can be removed from the
display so that the user can view just one of the images at a
time if desired. In some embodiments, the area of tissue
encompassed in the image 34 from the high frequency
transducer is shown on the image 32 with a dashed box 38
or other graphic symbol that allows the user to understand
which section of tissue in the low frequency image 32 is
being shown in the high frequency ultrasound image 34.

[0018] In some embodiments, the operator of the ultra-
sound imaging system can interact with one or more user
controls (keyboard, trackball, sliders, touch screen, touch
pad, touch wheel etc.) on the imaging system 20 to move the
position of the dashed box 38 within the low frequency
image 32 in order to change tissue area that is shown in the
high frequency image 34 (if the area of the dashed box is
smaller than the field of view of the high frequency trans-
ducer). In some embodiments, the ultrasound imaging sys-
tem 20 is designed with very wide bandwidth transmit (TX)
and receive (RX) channels so that same channels can be used
to process signals from either of the HF and LF transducer
arrays. It can also be designed with separate HF TX/RX
channels and LF TX/RX channels that are connected via
multiplexers.

[0019] FIG. 2 shows additional detail of a dual frequency
ultrasound imaging system in accordance with an embodi-
ment of the disclosed technology. The imaging system
includes a system computer 100 (e.g. one or more CPUs)
that is configured to execute programmed instructions to
cause the dual frequency transducer 10 to transmit and
receive ultrasound signals. The computer system 100 inter-
faces with one or more digital signal processors 110 that are
configured to convert ultrasound data into pixel data that can
be displayed on the video monitor 30 and/or stored in a local
or remote computer readable memory device 112 (hard
drive, flash drive etc.) A graphics processor 120 is also in
communication with the computer system 100 to perform
computational tasks related to the display of ultrasound data
on the video monitor 30.

[0020] The computer system 100 is in communication
with a field programmable gate array (FPGA) 130 that
controls the transmission and reception of ultrasound signals
from the transducer 10. The FPGA 130 includes control
logic 132 that controls the timing of transmit pulses that are
provided to the transducers. The FGPA 130 also includes
logic 134 for high frequency beamforming and logic 136 for
low frequency beamforming. Outputs of the beamforming
logic 134, 136 are supplied to RF signal processing logic
140 that is configured to process the radio frequency (RF)
ultrasound signals to down convert the beamformed ultra-
sound signals to a lower baseband frequency. The output of
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the RF signal processing logic 140 supplies signals to the
DSP 110 that operates in conjunction with the graphics
processor unit 120 to perform such tasks as gain adjustment,
filtering, envelope detection, dynamic range compression
(log compression in most cases) and additional 2D process-
ing followed by scan conversion in order to generate the low
and high frequency ultrasound images. The details of the
FPGA logic and techniques for processing ultrasound imag-
ing signals in order to produce corresponding ultrasound
images on a video monitor are considered to be known to
those of ordinary skill in the art.

[0021] A transmit FPGA 150 includes logic 152 that is
configured to generate the drive pulses for the low frequency
transducer 12 and logic 154 that is configured to generate the
drive pulses for the high frequency transducer 14. In one
embodiment, the transmit FPGA 150 generates 128 drive
pulses that can be delivered to 128 transducer elements in
the low frequency transducer or to the 128 elements in the
high frequency transducer or to a split between transducer
elements of the low and high frequency transducers as
indicated by control signals received from the control logic
132. Of course, it will be appreciated that transducer arrays
with a larger or smaller number of transducer elements could
also be used. In addition, it is not necessary that the low and
high frequency transducers have the same number of trans-
ducer elements.

[0022] Inoneembodiment, the HF and LF drive pulses are
transmitted at the same trigger point and delivered to dif-
ferent transducer elements. The pulses applied to the low
and high frequency transducer elements need not be iden-
tical but can be tailored in accordance with the frequency
range of the transducer. In some embodiments, the HF and
LF TX drive pulses are transmitted at the same time or with
delays but in the same pulse-echo sequence.

[0023] The HF and LF TX pulses will be on top of each
other during transmit and receive. If the HF and LF fre-
quency ranges are far away enough between each other, LF
and HF images can be acquired at the same time. For
example, with a 2 MHz/20 MHz duval frequency array, each
having 100% bandwidth, the received acoustic echoes will
have both 1-3 MHz low frequency components and 10-30
MHz high frequency components. The arrays will naturally
function as band pass filters, but further filtering can also be
performed in analog or digitally.

[0024] Drive pulses from the transmit FPGA 150 are
applied to a 128 channel high frequency/low frequency
transmit ASIC 160 that operates to increase the voltage of
the drive signals and otherwise condition the pulses in a
manner that will cause selected transducer elements to
produce ultrasonic acoustic waves into the tissue of the
subject.

[0025] In one exemplary embodiment, the ASIC 160 is a
quad, five-level RTZ, high-voltage, ultra high-speed pulser
part number HDL6VS541HF available from Hitachi/SII.
The ASIC 160 consists of logic interfaces, level translators,
MOSFET gate drive buffers, and high-voltage, high-current
MOSFETs. The ASIC pulse waveforms are controlled by
1.8V to 5V CMOS logic interface. The frequency range of
the pulse waveforms is from 1 MHz to 100 MHz.

[0026] The conditioned drive pulses from the transmit
ASIC 160 are applied to an N:1 multiplexer 164 that in one
embodiment is located in the housing of the dual frequency
transducer 10. The N:1 multiplexer 164 connects, for
example, each of 128 input lines to a designated transducer
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element. If the low frequency transducer has 128 elements
and the high frequency transducer has 128 elements, then a
2:1 multiplexer could be used to connect each of the 128
input lines to either a low or a high frequency transducer
element. If a 256 element low frequency transducer and a
128 element high frequency transducer are used, then a 3:1
multiplexer could be used to direct the drive pulses to either
transducer elements in the lower or upper half of the low
frequency transducer or to the elements of the high fre-
quency transducer. Other combinations including larger or
smaller low and high frequency transducer arrays are pos-
sible.

[0027] In the embodiment shown, control of the multi-
plexer 164 is provided by signals from the control logic 132
in the FPGA 130. The control logic 132 in the FPGA 130 is
configured to direct how many low frequency and high
frequency transmit pulses are produced by the TX FPGA
150, when the pulses are produced and to set the positions
of the multiplexer 164 so that the correct drive pulses are
delivered to the correct transducer elements.

[0028] In the receive path, the ultrasound imaging system
includes a transmit/receive switch 170 that is controlled by
the control logic 132 in the FPGA 130 to protect receive
circuitry in the imaging system from the high voltage pulses
that are applied to the transducer elements during the
transmit phase. In one embodiment, the transmit/receive
switch 170 has 128 input channels that can be connected to
selected transducer elements in the low frequency transducer
or to transducer elements in the high frequency transducer or
can be placed in an open state whereby the switch is
disconnected from any transducer elements during the trans-
mit phase. The echo signals that are received on each
channel of the transmit/receive switch 170 are controlled by
the position of the multiplexer 164. In some embodiments,
the low frequency ultrasound transducer is not very respon-
sive to the high frequency ultrasound signals. Similarly, the
high frequency ultrasound transducer is not very sensitive to
low frequency ultrasound signals. Therefore, the transducers
themselves perform the first level of filtering the signals.

[0029] Further processing of the signals received on the
channels the T/R switch 170 is performed by a receive ASIC
180 that performs such tasks as low noise amplification, time
gain control that varies the level of amplification with time
gain compensation to compensate for the attenuvation of
ultrasound signals in tissue. In addition, the receive ASIC
performs filtering to remove artifacts.

[0030] Inoneembodiment, the receive ASIC 180 is a high
performance, wide-bandwidth ultrasound front-end receiver
and filter. The ASIC 180 includes a low noise amplifier
(LNA) that is optimized for high dynamic range and low
distortion to enable Tissue Harmonic Imaging (THI). AHigh
Pass Filter (HPF) has a 4th order response with precision
frequency tuning to improve performance in THI. There is
also a 2"¢ order mode of operation for the HPF used to
reduce power during other modes of operation. Transmit
gain control provides additional gain range control and has
an additional precision clipper to prevent Low Pass Filter
(LPF) overload and distortion. The Low Pass Filter (LPF)
has both 2 and 4 pole modes of operation and also has
precision tuning to enable fine channel to channel phase
matching for high resolution imaging. An output buffer stage
has a programmable gain control for additional optimization
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control of the overall signal path gain. The configuration of
the ASIC 180 is through SPI (Serial Peripheral Interface)
bus

[0031] Control signals from the control logic 132 inform
the receive ASIC 180 whether the signals received on any
particular channel should be processed as a low or high
frequency ultrasound signal. The processing steps pet-
formed for each channel are generally similar. However,
filter coeflicients, coeflicients for time gain compensation
amplification and other signal processing steps may be set
for each particular channel depending on whether the chan-
nel receives a low or high frequency ultrasound signal.

[0032] In some embodiments, the signals from the HF
channels are group together and go through the same pro-
cesses but with different parameters to generate the HF
images. They can use separate processing resources (such as
dedicated FPGA logic resources) or share the same
resources but be time interleaved. The drawback of firing
both the low and high frequency transducer elements at the
same time is that even though the arrays can function as a
band pass filter during receive, the low frequency compo-
nent of the received signals could still be significant enough
to overwhelm the receive signal path for the HF signals.

[0033] Signals from the receive ASIC 180 are supplied to
an analog to digital (A/D) converter 190. The A/D converter
190 receives signals from the control logic 132 that inform
the A/D converter 190 whether the analog signal received is
a high or low frequency ultrasound signal. Depending on the
frequency of the echo signal received, the appropriate set-
tings to the A/D converter 190 are selected and the analog
echo signals are converted into a corresponding stream of
digital samples.

[0034] The ADC converter is a low-power, high-perfor-
mance, 16-channel, analog-to-digital converter (ADC) such
as an ADS52J90 A/D converter available from Texas Instru-
ments. The conversion rate of the A/D converter goes up to
amaximum of 100 MSPS in 10-bit mode. The device can be
configured to accept 8, 16, or 32 inputs. In 8 input mode, two
ADCs convert the same input in an interleaved manner,
resulting in an effective sampling rate that is twice the ADC
conversion rate which is up to 200 MHz. The ADC outputs
are serialized and output through a LVDS interface along
with a frame clock and a high-speed bit clock. The configu-
ration interface is an SPI bus. In one embodiment, a multi-
plexer (not shown) precedes the A/D converter 190 so that
selected channels of the 128 channels from the receive ASIC
180 are applied to the inputs of the A/D converter 190.

[0035] Digital samples of the low and high frequency echo
signals on the input channels to the FPGA 130 are supplied
to beamformer logic 134, 136 that combine the signals with
techniques such as delay and sum to produce a sample
representing the echo intensity or other tissue characteristic
such as signal power or phase shift at a point on a beamline
that will be used to construct an image. Although the
beamformer logic blocks 134, 136 are shown as separate
logic blocks for ease of understanding, it will be appreciated
that in implementation, a single beamformer logic circuit
with control inputs to indicate whether an input channel
should be processed as a high or low frequency ultrasound
signal may be configured in the FPGA 130. Beamformed
signals corresponding to the low and high frequency ultra-
sound echoes are delivered to the RF signal processing logic
140 where they are downconverted to a baseband frequency



US 2019/0133557 Al

and then supplied to the DSP image processor 110 to
assemble into a low frequency ultrasound image and a high
frequency ultrasound image.

[0036] As indicated above, the ultrasound signals from a
low frequency transducer can penetrate deeper into tissue to
be examined and the transducer has a larger field of view.
However, the details that can be imaged with such a low
frequency transducer (e.g. 1-10 MHz) are limited. Small
features in the tissue or quickly moving tissue/fluids cannot
be resolved using the signals from the low frequency trans-
ducer. On the other hand, the high frequency transducer can
image the tissue with greater resolution/speed but has a
smaller field of view. In order to give a user the ability to
view additional detail in an area that is imaged with a low
frequency transducer, the disclosed technology operates to
produce and simultaneously display images created by the
low and high frequency transducers. The images produced
from the high frequency transducer typically include more
detail than the images produced from the low frequency
transducer. Because the transducers are located in the same
transducer housing, the area of tissue imaged with the high
frequency transducer is a subset of the area imaged by the
low frequency transducer. In addition, the temporal differ-
ences between when the low and high frequency images of
the tissue are obtained can be minimized thereby allowing
the same tissue area to be seen in each image contempora-
neously.

[0037] FIG. 3A shows one embodiment of a combined low
and high frequency image that are shown on a display. On
the left side of the display is a low frequency ultrasound
image obtained with echo signals received from the low
frequency transducer. On the right side of the display is a
more detailed, high frequency ultrasound image that is
obtained with ultrasound signals received by the high fre-
quency transducer. In the embodiment shown, the low
frequency ultrasound image includes a visual marker or
graphic such as a dashed box that is overlaid on a portion of
the low frequency ultrasound image that shows the area of
the tissue that is included in the high frequency ultrasound
image.

[0038] Ifthe field of view of the high frequency transducer
is larger than the area encompassed by the visual marker,
then the user can interact with a user control to change the
position of the visual marker on the low frequency image
and change the area of tissue included in the high frequency
ultrasound image. The position of the marker can be
changed with an input device such as a keyboard, trackball,
joystick, touch sensitive screen. touchpad, touch wheel or
the like on the ultrasound imaging machine. As will be
appreciated by those skilled in the art, changing the position
of the graphic on the low frequency ultrasound image
correlates to changes to one or both of the transmit and
receive beamforming signal parameters in order to change
the region of tissue that is shown in the high frequency
ultrasound image.

[0039] FIG. 3B shows a low frequency ultrasound image
obtained with a convex shaped low frequency ultrasound
transducer or a phased array low frequency transducer. The
low frequency ultrasound image has a conventional fan-like
shape over a field of view that is wider at it maximum width
than a width of the ultrasound transducer. Within the low
frequency ultrasound image is the visual marker or graphic
showing the area of tissue that is displayed in a high
frequency ultrasound image obtained from signals transmit-
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ted from and received by the high frequency transducer.
Again, the position of the visual marker or graphic can be
moved in the low frequency ultrasound image to change the
area of tissue that is displayed in the high frequency ultra-
sound image.

[0040] FIGS. 4B-4D illustrate several alternative methods
of triggering high frequency and low frequency transmit
pulses in accordance with the disclosed technology. In one
embodiment, high frequency and low frequency transmit
pulses can be generated by the same trigger so that the
individual transducer driving pulses are aligned or are
generated with defined time offsets. The corresponding echo
signals are received by the high frequency transducer array
and the low frequency transducer array at, or nearly at, the
same time. Because both arrays are bandwidth limited,
received echo signals in a frequency range that are not in the
array’s receive bandwidth are mostly filtered out by the
array itself. Further filtering can also be applied to generate
echo signal data used to produce the low frequency and high
frequency images. In some embodiments, the number of
echo signals that can be processed is less than the number of
elements in the low frequency or high frequency transduc-
ers. Therefore, multiple sets of transmit pulses may be
required to produce an image of the tissue. The position of
the multiplexor 164 as controlled by the control logic 132
directs the transmit pulses to the correct transducer elements
depending on whether low frequency, high frequency or
combined low/high frequency ultrasound signals are being
obtained by the imaging system.

[0041] In some embodiments, the number of transducer
elements used to obtain images during simultaneous LEF/HF
imaging can be pre-defined based on the size of the different
transducers, the desired imaging depth, the ultrasound imag-
ing mode (e.g. B-mode, Doppler mode, power mode etc.)
Alternatively, the number of transducer elements used in the
low and high frequency transducers can be adjusted by the
user. For example, the user can increase the number of high
frequency transducer elements used if more detail is desired
in the high frequency image with a corresponding decrease
in the number of transducer elements to be used to produce
the low frequency image. Alternatively, the number of
elements used to create the low frequency image can be
increased and with a corresponding decrease in the number
of elements used in creating the high frequency ultrasound
image.

[0042] One suitable test setup is shown in FIG. 4A where
a dual frequency transducer is positioned over a water bath
with phantom wires in the beam path of the transducers. A
low frequency image of the bath area is obtained with the
low frequency ultrasound transducer array while a more
detailed image of the wire phantoms is obtained with the
high frequency transducer array.

[0043] As shown in FIG. 4B, the low frequency and high
frequency transmit pulses are transmitted at the same time
and the corresponding echo signals are received at the same
time. Depending on the processing speed of the imaging
system, it is possible to transmit multiple high frequency
ultrasound pulses between successive low frequency ultra-
sound pulses. This allows fast moving tissue to be captured
with the high frequency ultrasound while a larger area of
tissue that doesn’t move as fast can be captured with the low
frequency ultrasound.

[0044] In another embodiment as shown in FIG. 4C,
transmit pulses for the high frequency transducer array are
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interleaved between transmit pulses for the low frequency
transducer array. In this embodiment, the system scans each
beam line twice, once using low frequency ultrasound
signals and again using high frequency ultrasound signals.
[0045] Yet another method in accordance with the dis-
closed technology is to interleave low frequency and high
frames as shown in FIG. 4D. For example, a complete low
frequency ultrasound frame can be constructed followed by
a high frequency ultrasound frame or vice versa. The frame
data can be stored in a memory until both frames are ready
to be simultaneously displayed on the video monitor. In
particular embodiments, the frames may be ready for simul-
taneous display based on the timestamps of each frame.
[0046] This disclosed technology is not limited to tradi-
tional 2D line-to-line scanning. It can also be used in plane
wave imaging where transmit pulses are not focused and RF
channel data is acquired during receive. In plane wave
imaging, all or groups of the transducer elements are excited
at the same time and signals generated in response to the
corresponding echo signals from each of the elements are
digitized and stored in an RF memory (not shown). Receive
beamforming is performed offline so as not to delay the
frame rate in real time.

[0047] As indicated above, the low and high frequency
ultrasound images are not limited to 2D B mode images.
Either or both images can be any image mode, for example:
a low frequency 2D image with a color flow high frequency
image; a low frequency color flow image with a high
frequency color flow image etc.

[0048] Embodiments of the subject matter and the opera-
tions described in this specification can be implemented in
digital electronic circuitry, or in computer software, firm-
ware, or hardware, including the structures disclosed in this
specification and their structural equivalents, or in combi-
nations of one or more of them. Embodiments of the subject
matter described in this specification can be implemented as
one or more computer programs, i.e., one or more modules
of computer program instructions, encoded on computer
storage medium for execution by, or to control the operation
of, data processing apparatus.

[0049] A computer storage medium can be, or can be
included in, a computer-readable storage device, a com-
puter-readable storage substrate, a random or serial access
memory array or device, or a combination of one or more of
them. Moreover, while a computer storage medium is not a
propagated signal, a computer storage medium can be a
source or destination of computer program instructions
encoded in an artificially-generated propagated signal. The
computer storage medium also can be, or can be included in,
one or more separate physical components or media (e.g.,
multiple CDs, disks, or other storage devices). The opera-
tions described in this specification can be implemented as
operations performed by a data processing apparatus on data
stored on one or more computer-readable storage devices or
received from other sources.

[0050] The terms “programmed processor, processing cir-
cuitry or programmed logic” encompasses all kinds of
apparatus, devices, and machines for processing data,
including by way of example a programmable processor, a
computer, a system on a chip, or multiple ones, or combi-
nations, of the foregoing. The apparatus can include special
purpose logic circuitry, e.g., an FPGA (field programmable
gate array) or an ASIC (application-specific integrated cir-
cuit).
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[0051] A computer program (also known as a program,
software, software application, script, or code) can be writ-
ten in any form of programming language, including com-
piled or interpreted languages, declarative or procedural
languages, and it can be deployed in any form, including as
a stand-alone program or as a module, component, subrou-
tine, object, or other unit suitable for use in a computing
environment. A computer program may, but need not, cor-
respond to a file in a file system. A program can be stored in
a portion of a file that holds other programs or data (e.g., one
or more scripts stored in a markup language document), in
a single file dedicated to the program in question, or in
multiple coordinated files (e.g., files that store one or more
modules, sub-programs, or portions of code).

[0052] The processes and logic flows described in this
specification can be performed by one or more programmed
processors or processor logic executing one or more com-
puter programs or configured to perform actions by operat-
ing on input data and generating output. The processes and
logic flows can also be performed by, and apparatus can also
be implemented as, special purpose logic circuitry, e.g., an
FPGA (field programmable gate array) or an ASIC (appli-
cation-specific integrated circuit).

[0053] Processors suitable for the execution of a computer
program include, by way of example, both general and
special purpose microprocessors, and any one or more
processors of any kind of digital computer. Generally, a
processor will receive instructions and data from a read-only
memory or a random access memory or both. The essential
elements of a computer are a processor for performing
actions in accordance with instructions and one or more
memory devices for storing instructions and data. Generally,
a computer will also include, or be operatively coupled to
receive data from or transfer data to, or both, one or more
mass storage devices for storing data, e.g., magnetic, mag-
neto-optical disks, or optical disks or non-volatile memory
logic. However, a computer need not have such devices.
Devices suitable for storing computer program instructions
and data include all forms of non-volatile memory, media
and memory devices, including by way of example semi-
conductor memory devices, e.g,, EPROM, EEPROM, and
flash memory devices; magnetic disks, e.g., internal hard
disks or removable disks; magneto-optical disks; and CD-
ROM and DVD-ROM disks. The processor and the memory
can be supplemented by, or incorporated in, special purpose
logic circuitry.

[0054] From the foregoing, it will be appreciated that
specific embodiments of the invention have been described
herein for purposes of illustration, but that various modifi-
cations may be made without deviating from the spirit and
scope of the invention. Accordingly, the invention is not
limited except as by the appended claims.

What is claimed is:
1. An ultrasound imaging system, comprising:

a dual frequency transducer comprising a low frequency
transducer and a high frequency transducer;

processing circuitry for receiving echo signals produced
by the low frequency transducer and the high frequency
transducer, and producing a low frequency ultrasound
image in a first image mode with echo signals received
by the low frequency transducer, and a high frequency
ultrasound image in a second image mode with echo
signals received by the high frequency transducer; and
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a display on which the low frequency ultrasound image in
the first image mode and the high frequency ultrasound
image in the second image mode are simultaneously
displayed.

2. The ultrasound imaging system of claim 1, wherein the

first image mode and the second image mode each comprise:

a two-dimensional B mode image;

a plane wave image; or

a color flow image.

3. The ultrasound imaging system of claim 1, where the
displayed low frequency ultrasound image comprises a
graphic that indicates an area in a field of view of the low
frequency transducer that is captured in the high frequency
ultrasound image.

4. The ultrasound imaging system of claim 1, wherein the
low frequency transducer and the high frequency transducer
are driven at the same time.

5. The ultrasound imaging system of claim 1, wherein the
low frequency transducer and the high frequency transducer
are driven with interleaved driving pulses.

6. The ultrasound imaging system of claim 1, wherein the
low frequency transducer and the high frequency transducer
are driven such that a frame of ultrasound data obtained with
the low frequency transducer is interleaved with a frame of
ultrasound data obtained with the high frequency transducer.

7. The ultrasound imaging system of claim 1, wherein:

the low frequency transducer acts as a band pass filter of
high frequency ultrasound signals; and

the high frequency transducer acts as a band pass filter of
low frequency ultrasound signals.

8. A method of operating an ultrasound imaging system
that includes a dual frequency transducer comprising a low
frequency transducer and a high frequency transducer, com-
prising:

transmitting ultrasound signals from the low frequency
transducer and the high frequency transducer;

processing received echo signals from the low frequency
transducer to produce a low frequency ultrasound
image in a first image mode and echo signals from the
high frequency transducer to produce a high frequency
ultrasound image in a second image mode; and

simultaneously displaying the low frequency ultrasound
image in the first image mode and the high frequency
ultrasound image in the second image mode.

9. The method of claim 8, wherein the first image mode

and the second image mode each comprise:

a two-dimensional B mode image;

a plane wave image; or

a color flow image.

10. The method of claim 8, where the displayed low
frequency ultrasound image comprises a graphic that indi-
cates an area in a field of view of the low frequency
transducer that is captured in the high frequency ultrasound
image.

11. The method of claim 8, wherein the low frequency
transducer and the high frequency transducer are driven at
the same time.
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12. The method of claim 8, wherein the low frequency
transducer and the high frequency transducer are driven with
interleaved driving pulses.

13. The method of claim 8, wherein the low frequency
transducer and the high frequency transducer are driven such
that a frame of ultrasound data obtained with the low
frequency transducer is interleaved with a frame of ultra-
sound data obtained with the high frequency transducer.

14. The method of claim 8, wherein:

the low frequency transducer acts as a band pass filter of

high frequency ultrasound signals; and

the high frequency transducer acts as a band pass filter of

low frequency ultrasound signals.

15. One or more computer-readable non-transitory stor-
age media embodying software operable when executed by
one or more computing devices of an ultrasound imaging
system that includes a dual frequency transducer including
a low frequency transducer and a high frequency transducer
to:

transmit ultrasound signals from the low frequency trans-

ducer and the high frequency transducer;

process received echo signals from the low frequency

transducer to produce a low frequency ultrasound
image in a first image mode and echo signals from the
high frequency transducer to produce a high frequency
ultrasound image in a second image mode; and
simultaneously display the low frequency ultrasound
image in the first image mode and the high frequency
ultrasound image in the second image mode.

16. The computer-readable non-transitory storage media
of claim 15, wherein the first image mode and the second
image mode each comprise:

a two-dimensional B mode image;

a plane wave image; or

a color flow image.

17. The computer-readable non-transitory storage media
of claim 15, where the displayed low frequency ultrasound
image comprises a graphic that indicates an area in a field of
view of the low frequency transducer that is captured in the
high frequency ultrasound image.

18. The computer-readable non-transitory storage media
of claim 15, wherein the low frequency transducer and the
high frequency transducer are driven at the same time.

19. The computer-readable non-transitory storage media
of claim 15, wherein the low frequency transducer and the
high frequency transducer are driven with interleaved driv-
ing pulses.

20. The computer-readable non-transitory storage media
of claim 15, wherein the low frequency transducer and the
high frequency transducer are driven such that a frame of
ultrasound data obtained with the low frequency transducer
is interleaved with a frame of ultrasound data obtained with
the high frequency transducer.

* #* * #* #®
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